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ABSTRACT

A PRE-SERVICE MATHEMATICS TEACHER’S
TECHNOLOGICAL PEDAGOGICAL CONTENT KNOWLEDGE
REGARDING DIFFERENT VIEWS OF 3-D FIGURES IN GEOMETRY

Saralar, Ipek
M. S., Department of Elementary Science and Mathematics Education

Supervisor: Assoc. Prof. Dr. Mine Isiksal Bostan
Co-Supervisor: Assoc. Prof. Dr. Didem Akyiiz

April 2016, 184 pages

This study attempted to investigate a pre-service mathematics teacher’s
Technological Pedagogical Content Knowledge regarding different views of 3-D
figures in geometry. Data were collected from a pre-service teacher, enrolled in one
of the large public universities in Ankara while she was teaching different views of
3-D figures in seventh-grade level in one of the private schools. Interviews,
observations, field notes, GeoGebra files, and lesson plans were the data collection
tools used in the study.

Data analysis revealed that the participant’s TPACK level increased during
school experience course. State differently, there was a development in the pre-
service teacher’s TPACK level. While there was just a slight increase in technology
integration to the curriculum and access of students to technology levels, there was
a significant rise in teaching and learning with technology levels of the participant
during school experience course.

Findings of the study show that there is a need for complementary
technology courses during school experience course in teacher education programs
because teacher candidates need necessary competencies in using technology like
selection and usage of appropriate technology to provide effective teaching in

mathematics classes.

Keywords: Pre-service Middle School Mathematics Teacher,

Technological Pedagogical Content Knowledge, Different Views of 3-D Figures
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0z

ILKOGRETIM MATEMATIK OGRETMEN ADAYININ GEOMETRIDE
CISIMLERIN FARKLI YONLERDEN GORUNUMLERI KONUSUNDA
TEKNOLOJIK PEDAGOIJIK ALAN BILGISI

Saralar, Ipek

Yiiksek Lisans, ilkdgretim Fen ve Matematik Alanlar1 Egitimi Béliimii
Tez Yoneticisi: Dog. Dr. Mine Isiksal-Bostan
Ortak Tez Yoneticisi: Dog. Dr. Didem Akyliz

Nisan 2016, 184 sayfa

Bu calisma, bir ilkdgretim matematik 6gretmen adayimin, 6gretmenlik
uygulamasi dersi sirasinda, geometride {i¢ boyutlu cisimlerin farkli yonlerden
goriniimleri konusunu anlatirken Teknolojik Pedagojik Alan Bilgisi’ndeki
degisimi incelemek icin yapilmistir. Orneklem bir &gretmen aday1 olarak
Ankara’daki biiylik iiniversitelerden birinden secilmis, katilimci anlagsmali 6zel
okulda stajin1 yaparken gozlemlenmistir. Calismada kullanilan veri toplama

araglar1 goriismeler, gézlemler, alan notlari, GeoGebra dosyalari ve ders planlaridir.

Aragtirmanin sonucu diistiniildiigiinde, ilkogretim matematik 6gretmen
adaymin Teknolojik Pedagojik Alan Bilgisi’nde (TPAB) dgretmenlik uygulamasi
dersi boyunca bir gelisim oldugu goriilmektedir. Miifredati teknoloji ile birlestirme
ve Ogrencilerin teknolojiye erisimini saglama konusundaki gelisim kiiciik olsa da,
teknoloji araciligiyla 6gretme ve Ogrencilerin 6grenmelerini saglama konusunda

ogretmen adaymin TPAB seviyesinde 6nemli bir artis gozlemlenmistir.

Sonuglar g6z 6niinde bulunduruldugunda, 6gretmen egitimi programlarinda
ogretmenlik uygulamasi dersi sirasinda 6gretmen adaylarini destekleyici teknoloji
derslerinin gerekliligi ortaya ¢ikmaktadir ¢linkii matematik siniflarinda etkili bir
O6grenme ortami saglanabilmesi i¢in 6gretmen adaylarinin gerekli temel becerilere

sahip olmas1 beklenmektedir.



Anahtar Kelimeler: ilkdgretim Matematik Ogretmen Adaylar1, Teknolojik

Pedagojik Alan Bilgisi, U¢ Boyutlu Cisimlerin Farkli Y&nlerden Goriiniimleri
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CHAPTER 1

INTRODUCTION

National Research Council (1996) says that teacher is the most significant
factor which affects the learning of students with their teaching. The teaching
requires comprehension and reasoning, as transformation and reflection (Shulman,
1986) because teaching is an interactive act between the students and the teacher.
Therefore, most people would agree that teachers have the most important role in
students’ learning. Teacher knowledge is one of the characteristics which affects
students’ learning (Grossman, 1990). To extend the understanding of the
knowledge of teachers, researchers needed to divide teachers’ knowledge into parts
as pedagogical knowledge (PK) and content knowledge (CK) (Ball and Cohen,
1996; Shulman, 1986).

According to Shulman, pedagogical knowledge is ‘what is known from
how to teach the concept’ (1986, p.6). He states that pedagogical knowledge
consists of teachers’ decisions on what to teach, teachers’ representations, their
student assessment types and their ways to deal with problems of misunderstanding.
On the other hand, he sees content knowledge as the knowledge of the content of
the lessons taught or the knowledge of subject matter. He explains that content
knowledge consists of the questions asked and explanations offered on a subject
matter.

Analyzes (1986, 1987) of Shulman’s work show that content knowledge
and pedagogical knowledge of teachers were the focus of researchers up to 21%
century. Then, as the interaction of PK and CK, pedagogical content knowledge
(PCK) is defined by researchers (Ball and Cohen, 1996; Grossman, 1990;
Grossman, 1992; Mishra and Koehler, 2006; Shulman, 1986, 1987). Shulman
emphasized that content and pedagogy are the indistinguishable bodies of
understanding knowledge. Then, he defined pedagogical content knowledge (PCK)
as “the content knowledge that deals with the teaching process, including the ways

of representing and formulating the subject that make it comprehensible to others”
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(Shulman, 1986, p.9). Mishra and Koehler (2006) also defined PCK as the manner
in which subject matter is transformed for teaching. They said that this
transformation happens when the teacher commentates the subject matter, makes
inferences, and discovers different illustrations and representations of it to make it
easy to understand for students. Moreover, Shulman (1986) represented PCK “as a
special kind of technical knowledge key to the profession of teaching” (as cited in
Ball, Thames and Phelps; 2008, p.390).

Currently, teaching with technology is an important issue. Mid-Pacific
Information and Communication Technology Centre (2015) explains the
importance of technology emphasizing information and communication technology
(ICT) as a need of being good students, citizens and workers. The center includes
that technology is significant to be successful in academic and work careers, and
also to efficiently participate in modern technical society. This society made upon
anew generation of students and their perspectives, therefore, ICT education should
not be ignored (MICT, 2015). In his companion papers, Prensky (2011) defines a
new generation of students as the ‘Digital Natives’. By saying digital natives, he
emphasizes that today’s children are not learning technology in time, they are being
born into the new technology. It’s said in his article that today’s students think and
process information different than their ancestors, therefore, their views about
technology are different than their predecessors. The difference from the past is that
today, those technologies like typewriters started to be seen as transparent (Bruce
& Hogan, 1998 as cited in Mishra & Koehler, 2006) and they were not regarded as
technologies by a new generation of students and their teachers. Instead of those,
computer software (educational games, educational programs like GeoGebra, Cabri
II Plus, Geometer’s Sketch Pad, and Cabri 3-D), Smart Board software
(Activinspire, Hitachi and A-migo Clasus Board etc.) and the Internet are seen as
technology in classrooms (Mishra & Koehler, 2006). New technologies known by
‘digital natives’ (Prensky, 2011) have altered the technology perspective of teachers
and the nature of the classrooms (Mishra & Koehler, 2006). Therefore, the use of
these technologies in the classroom is important for students’ learning.

Mishra and Koehler (2006) considered that teachers may wise to the basic
working principles of the technology or they may use technology in their daily lives.
However, using technology in their daily lives does not enough for them to use this

technology effectively into the classrooms (Report of E-twinning Conference,
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2010). In order to provide effective technology usage in educational settings, they
should be aware of their technology knowledge which will be used in classrooms
to provide students with effective teaching. If they know what they can afford to
teach, they can better reach their students while they are teaching (Report of E-
Twinning Conference, 2010).

Even though Shulman (1986) did not mention the word technology and
its link to content knowledge and pedagogy knowledge, he discussed accessibility
which implies technology (Mishra and Koehler, 2006). It’s known that even in
traditional classrooms, teachers use many technologies to make content accessible
for students such as head projectors and typewriters (Mishra and Koehler, 2006).
With the needs of the new generation and the new nature of the classrooms,
teachers’ knowledge of technology is needed more to be investigated in addition to
their pedagogical content knowledge. According to the Report of E-twinning
Conference, education has to change to respond to the requirements of the society.
It’s said that teachers need to take future competence needs about technology into
account. The report shows that enhancing teachers’ professional development and
promoting educational innovation are important to catch the needs of the new
generation. It says that it is important to enable all teachers to be confident with
technologies. Indeed, to promote teachers’ professional development, it is needed
to know teachers’ existing competencies for technology integration (Report of E-
Twinning Conference, 2010).

Researchers started to develop frameworks for technology integration into
teaching. Technological pedagogical content knowledge (TPCK, TPACK) by
Mishra and Koehler is one of these frameworks, which investigates teachers’ PCK
with the integration of technology. According to Mishra and Koehler (2006), “It
may be inappropriate to see knowledge of technology as being isolated from the
knowledge of pedagogy and content” (p.1025). Mishra and Koehler (2006) defined
TPACK as the combination of pedagogical knowledge (PK), content knowledge
(CK) and technological knowledge (TK). Indeed, TPACK is more than just the
combination of PCK and technology knowledge, it is the interconnection between
these three knowledge components (Graham, 2011). In this study, in general,

participant’s TPACK including all these components will be in consideration.



1.1. Purpose of the Study

Current studies show that technology integration into classes is an
important issue (Mishra and Koehler, 2006). Pre-service teachers need new
competencies in order to integrate technology into their classes effectively (Niess
et al., 2009). Indeed, Niess (2005) states that pre-service teachers should be
challenged to learn fundamental concepts and skills needed to use educational
technology in their lessons. She suggests to teacher education programs to provide
numerous technology integration experiences during internship for engaging pre-
service teachers with new educational technologies. It is also important for pre-
service teachers to have those technological skills for understanding the needs of
new generation. Therefore, it is needed to give a chance to pre-service teachers to
think, plan and implement technology-based classes to see whether these
experiences improve their skills and therefore increase their TPACK level.

The purpose of this study is to investigate a pre-service middle school
mathematics teacher’s technological pedagogical content knowledge (TPACK)
regarding different views of 3-D figures in geometry while she is doing her
internship in the cooperating school of her university. In other words, how a middle
school pre-service mathematics teacher integrated her technological pedagogical
content knowledge into her class while she was doing her internship is tried to be
investigated. Moreover, the interaction between the components of TPACK of a
pre-service teacher examined using Mishra and Koehler’s Framework (2006) and

the instrument of Niess and her colleagues (2009).
1.2. My Motivation to Conduct this Study

In middle school, my interaction with the technology was little. While
doing my internship in a middle school during School Experience course, | realized
that this student-technology interaction might be related to my own technological
pedagogical content knowledge as a middle school pre-service mathematics
teacher. Then, I took a course named Technology in Elementary Education during
my master education. In this course, | have conducted a small case study as an
assignment and | have learnt that pre-service mathematics teachers’ technological
pedagogical content knowledge is mostly at the middle level and their knowledge

might change during School Experience course. Indeed, | thought that practicum



(Peker, 2009; Ozgun-Koca et al., 2010; Dogan, 2012; Balgalmis, 2013) and
reflection on someone’s own experience might affect a pre-service teacher’s
technological pedagogical content knowledge (Dewey, 1933; Dietz & Davis, 2009;
Niess, 2011). Moreover, planning technology activities and implementing and
reflection on them might affect their TPACK. Different than these, participant of
the current study will prepare and implement four technology-based lessons. I
consider time spend on technology-based activities and thinking about them might
change a pre-service teacher’s technological pedagogical content knowledge. Then
| decided to conduct the current study. Also, in addition to interviews, an in-depth
investigation of a pre-service teacher’s lesson implementations could give an
explanation of her TPACK change. Therefore, | decided to investigate a pre-service
teacher’s TPACK giving specific evidence about all TPACK themes during school

experience course.
1.3. Statement of the Research Problem

In the light of current literature, the central question guiding this study

emerged.

e How does a pre-service middle school mathematics teacher’s technological
pedagogical content knowledge themes (curriculum and assessment,
learning, teaching and access) change during school experience course,
while teaching the concept of different views of 3-D figures in technology-

based classrooms?
1.4. Definitions of Important Terms

Pre-service middle school mathematics teacher: A pre-service middle school
mathematics teacher is the teacher who is at the senior grade of the Elementary
Mathematics Education program, registered to school experience course and doing

internship in practice schools.

Technology-based classroom: Technology-based classroom is a classroom in
which some of the digital technology resources -computers, mobile devices like
smartphones and tablets, digital cameras, social media platforms and networks,
software applications, the Internet, etc. are used to enhance teaching and students’

learning (Starr, 2011). In the current study, technologies used by the participant
5



during lesson implementations in the technology-based classroom are Office tools,
GeoGebra 3-D, virtual manipulative, and interactive white board.

TPACK Components: TPACK components include content knowledge,
pedagogical knowledge, pedagogical content knowledge, technological knowledge,

technological content knowledge and technological pedagogical knowledge.

Content Knowledge (CK): Content knowledge is defined as “subject matter
knowledge of a teacher to be learned or taught” (Kochler & Mishra, 2009, p.63).
Ball (1996) described content knowledge as the subject matter to teach. That is,
also, knowledge of a teacher that can be used to understand the structures of subject
matter (Shulman, 1986). In the study, content knowledge refers to the pre-service

teachers’ knowledge of Different Views of 3-D Figures.

Pedagogical Knowledge (PK): Pedagogical knowledge is defined as “teachers’
knowledge about the processes and practices or methods of teaching and learning”
(Koehler & Mishra, 2009, p.64). In the current study, pedagogical knowledge refers
to pre-service middle school mathematics teachers’ classroom management skills,
teaching strategies, development of lesson plans and understanding and assessing

students’ learning.

Pedagogical Content Knowledge (PCK): Pedagogical content knowledge is
defined as “the content knowledge that deals with the teaching process, including
the ways of representing and formulating the subject that make it comprehensible
to others” (Shulman, 1986, p.9) It is derived from a combination of pedagogical
knowledge and content knowledge (Shulman, 1986; 1987). In this study,
pedagogical content knowledge refers to how pre-service teachers use their
pedagogical knowledge, while teaching the concept of Different Views of 3-D
figures. Indeed, it refers to participants’ representations of the concept to the

students with manipulatives and GeoGebra 3-D.
Technological Knowledge (TK): Technological knowledge is defined as

“...the knowledge about standard technologies, such as books, chalk and
blackboard, and more advanced technologies, such as the Internet and
digital video. In the case of digital technologies, this includes knowledge of

operating systems and computer hardware, and the ability to use standard
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sets of software tools such as word processors, spreadsheets, browsers, and
e-mail” (Mishra and Koehler, 2006, p. 1027).

In this study, technological knowledge refers to the pre-service teachers’ use of

Office tools, and smart boards in addition to their daily internet use.

Technological Pedagogical Knowledge (TPK): Technological pedagogical
knowledge (TPK) is defined as “the knowledge of the existence, components, and
capabilities of various technologies as they are used in teaching and learning
settings, and conversely, knowing how teaching might change as the result of using
particular technologies” (Mishra & Koehler, 2006, p.1028). More specifically, in
the current study, it refers to pre-service teachers’ ability to choose an appropriate
tool (solid figures such as unit cubes and linking cubes, GeoGebra or virtual
manipulative) for a particular tasks designed by them, their strategies of using that
tool (preparing notes before implementation, practice etc.) and their ability to apply

those strategies during implementation.

Technological Content Knowledge (TCK): Technological content knowledge is
defined as “the knowledge about the manner in which technology and content are
reciprocally related” (Mishra & Koehler, 2006, p.1028). In this study, technological
pedagogical content knowledge refers to teachers’ total package of all knowledge
components defined above. More specifically, in this study, it consists of effective
use of tools, classroom management skills, assessments of students’ learning and

curriculum knowledge.

TPACK Themes: TPACK themes include curriculum and assessment, learning,

teaching and access (Niess, 2005).

Curriculum and Assessment: It is the knowledge of curriculum and curriculum
materials that teachers need to know to integrate technology to enhance learning. In
other words, that is the knowledge of curriculum which enhances learning and
provides opportunities for teachers to use technology for more and better learning.
It covers the mathematics program knowledge and material knowledge and usage
of teachers which will help them for their teaching. It also includes the knowledge

of technology to assess students’ learning. This theme covers the content



knowledge and technological content knowledge components of TPACK (Niess,
2008).

Learning: It is the knowledge of students’ misconceptions, thinking,
understandings, and learning with technology. Learning can be seen as “increase in
knowledge (with assessments), as memorization, as the acquisition of facts,
procedures, etc. that can be retained, as the abstraction of meaning and as an
interpretive process aimed at the understanding of reality” (Saljo, 1979 as cited in
Purdie & Hattie, 2002, p. 17). Learning theme covers teachers’ understanding and
awareness of students’ learning. Moreover, learning theme of Niess (2005) includes
the representations of a particular subject matter via technology. This theme covers
pedagogical knowledge, pedagogical content knowledge and technological

pedagogical knowledge components of TPACK (Niess, 2008).

Teaching: It is an overarching conception and understanding of what it means to
teach a particular subject using technology to facilitate student learning. That is the
knowledge of teaching a particular subject matter using technology to make it easy
to learn for the students. It gives importance to the number of technology usage and
the effectiveness of the usage of these technologies for students’ learning in a
teaching environment. This theme covers content knowledge, pedagogical
knowledge, pedagogical content knowledge and technological pedagogical
knowledge components of TPACK (Niess, 2008).

Access: It is the knowledge of instructional strategies and representations for
teaching particular topics with technology. According to Niess (2005), it also covers
teacher’s knowledge on how to provide students’ access to the technology. This
theme covers technology knowledge, technological pedagogical knowledge and

technological content knowledge components of TPACK (Niess, 2008).

Three dimensional figure: A three-dimensional figure, in general, is a solid having
length, height and depth. It covers solid cubes, polyhedrons like prisms, cones,
cylinders, spheres, and a set of multilinked cubes in mathematics (Gutiérrez, 1992).
In this study, three-dimensional figures refer to different combinations of unit

cubes.



1.5. Significance of the Study

Ministry of National Education in Turkey is laboring and creating a big
budget for technology integration into classes (MoNE, 2011). On the other hand,
bringing technology into classes with these projects will also require teachers to
have necessary competencies for using that technology. Without well-trained
teachers, providing these latest technologies does not satisfy the needs of
technology integration (Cakir & Oktay, 2013). Technology integration requires
using technology for teaching and learning purposes. To attain to integrate
technology into classes, it is needed to know how to use technology effectively.
Effective use of technology requires identifying the needs of curriculum,
determining the best ways to achieve curriculum objectives and allowing students
to achieve those goals by using their technological skills (Mooney & Mausbach,
2008). In addition to curriculum objectives, it is important for teachers to know
skills to guide students while they are using technology to fulfill the requirements
of technology integration (Turner, 2005). Hereby teachers can ensure that students
use technology effectively and purposefully. Thus, to understand whether
tomorrow’s teachers have those necessary competencies, their technological
pedagogical content knowledge is needed to be investigated. Pre-service teachers
will need these new technological competencies while teaching. Today’s pre-
service teachers constitute tomorrow’s in-service teachers, thus, to investigate their
techno-pedagogical content knowledge is important to be successful in technology
integration.

There are some projects of Ministry of National Education (MoNE) about
technology integration into classes which are e-twinning, electronic exams of
OSYM (Student Selection and Placement Center), telecast, INTEL teacher and
INTEL students. However, it could be said that lack of teacher knowledge about
the usage of technology in classrooms makes these projects difficult to succeed
(MoNE, 2012; Akgul, 2013a; 2013b). Akgul (2013b) supports the idea that,
informally, the results of projects are not good because of the problem in teacher
training. He says that although projects’ pilot studies started at 2011, teacher
training started at 2013 and it is too late for teachers to learn and apply what they
learn in their classes. To conclude, all of these projects show that teachers are the

key factors and they need training and support to improve their knowledge of


http://fatih.inetd.org.tr/

technology integration. On the other hand, teachers’ knowledge has not been
assessed in any part of the projects (Akgul, 2013a). Teacher’s knowledge, which
could have an important effect on the success of FATIH (Akgul, 2013a),
investigated in this study might provide a basis for teacher training of Ministry of
National Education.

In the literature, there are quantitative studies conducted with pre-service
mathematics teachers about their TPACK (Chai et al., 2010; Kafyulilo, 2010; Chai
et al., 2011; Bulut, 2012; Jang & Tsai, 2012; Bate et al., 2013). Also, there are
studies about pre-service teachers’ TPACK development during a method/school
experience course (Peker, 2009; Ozgun-Koca et al., 2010; Dogan, 2012; Balgalmis,
2013; Yigit, 2014). However, as revealed in the literature review, there are limited
number of qualitative studies investigating chance in the pre-service teachers’
TPACK levels during practicum (Baran & Canbazoglu-Bilici, 2015; Bowers, 2011,
Hixon & So, 2009; Mouza & Karchmer-Klein, 2013). Even though there are some
TPACK-related studies during some courses, for instance effects of a method
course on pre-service teachers’ TPACK (Peker, 2009; Kilic, 2010), there are a few
studies about implementation of these suggestions in the field while pre-service
teachers are teaching at cooperating schools (Baran & Canbazoglu-Bilici, 2015).
However, practicum can be one of the best ways to acquaint pre-service teachers
with the field experience and to understand pre-service teachers’ development
during internship (Munsey, 2012). This study will provide an investigation of a pre-
service teacher’s TPACK during her practicum. More specifically, a pre-service
teacher’s curriculum knowledge, assessment of students’ learning, teaching
abilities and her knowledge related to students’ access to technology will be
investigated. Thus, this study might help a pre-service teacher to have important
hints to apply what she knows theoretically. To investigate the techno-pedagogical
content knowledge during practicum might also provide us with a chance to assess
the change in pre-service teacher’s knowledge levels and the effectiveness of the
internship classes in school experience course.

As critically analyzed in the reviews on TPACK, (Baran & Canbazoglu-
Bilici, 2015; Chai et al., 2013) it is said that obviously there is a need for further
studies to investigate pre-service teachers’ TPACK while they are teaching
different concepts in different contexts. In this study, TPACK development of a

pre-service mathematics teacher while teaching the concept of different views of 3-
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D figures is investigated. The concept three-dimensional figures is important to
investigate because one of the goals in the Turkish mathematics curriculum is to
provide three-dimensional thinking to students (MoNE, 2013). It is thought that
working on three-dimensional figures helps both students and teachers to develop
spatial awareness, geometrical intuition and the ability to visualize (Jones et al.,
2006). According to Jones (2002), benefits of 3D thinking are not limited but one
of them is that it develops an understanding of geometrical properties and theorems.
3-D figures are one of the concepts to understand pre-service teacher’s techno-
pedagogical content knowledge related to 3D thinking goal of MoNE since it
requires the use visuospatial ability, which is composed of several different abilities
(Hegarty & Waller, 2005). Thus, conducting such a study seems significant to add
detailed information about a pre-service teacher’s theoretical and practical
knowledge on 3-D figures.

Furthermore, researchers who conducted quantitative studies such as Baran
and Canbazoglu-Bilici (2015) and Bulut (2012) suggest more detailed qualitative
studies about specific areas in both mathematics and science. Therefore, it can be
said that even though there are some studies, TPACK is still needed to be
investigated further in different samples and with different topics. Furthermore,
Baran and Bilici (2015) stated that “because TPACK is a multifaceted and complex
construct, qualitative research methods and data sources such as observations and
design artifacts need to be used in the research” (p.32). They also mentioned that
quantitative methods dominate the TPACK research context in Turkey. This
qualitative study will also provide an in-depth exploration of a pre-service teacher’s
technological pedagogical content knowledge on a specific topic which is different
views of three dimensional figures.

Pre-service mathematics teachers constitute the mathematics teachers of the
future and they will educate the students who will be the future of the country.
Learning a pre-service teacher’s level of TPACK and adapting the university
mathematics education programs according to the pre-service teachers’ knowledge
development is important for teacher educators who plan/develop the mathematics
education programs and for policy makers who approve the designs of programs.
Thus, the results of the study might give clues to teacher educators and policy

makers about the design of the pedagogy and technology-related courses (e.g. about
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effective dynamic geometry, office tools or smartboard usage) in the teacher

education programs.
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CHAPTER 2

LITERATURE REVIEW

The purpose of this study is to investigate a pre-service middle school
mathematics teacher’s technological pedagogical content knowledge (TPACK)
regarding different views of 3-D figures in geometry while she is doing an
internship in the cooperating school of her university. Because this study focuses
on a pre-service teacher’s TPACK levels, the review will start with the theoretical
background of TPACK, and it will continue with the comparison and contrast of
the current TPACK studies in the last decade. Then, it will continue with the studies
about pre-service mathematics teachers’ usage of the Geometry software
GeoGebra, virtual manipulative and smart boards in the classrooms. Finally, it will

end with the studies related to 3-D figures.
2.1. Theoretical Background of TPACK

In the light of reviewed literature, teacher knowledge is an essential part of
teaching process (Ball et al., 2008). There are a number of studies investigating
teacher knowledge (Ball and Cohen, 1999; Ball et al, 2008; Grossman, 1992,
Shulman, 1986). For example, a teacher’s pedagogical knowledge is the
combination of necessary skills and strategies for classroom management and
systematization of subject matter to teach (Shulman, 1987). Content knowledge is
a body of knowledge including subject matter which teachers teach and students
expected to learn (Grossman, 1990; Shulman, 1986; 1987).

According to Shulman (1986), teacher knowledge is composed of three
knowledge components; propositional knowledge, case knowledge and strategic
knowledge. Propositional knowledge (Shulman, 1986, pp.11-13) is knowledge of
propositions which are short but sometimes not easy to recall if there is a long list
to memorize while case knowledge is ‘knowledge of specific, well-documented,
and richly described events (Shuman, 1986, p.11)’. In order words, case knowledge

is the knowledge required for teaching a specific topic to a specific learner group.
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Lastly, strategic knowledge is the knowledge generated to extend understanding
beyond principle to the wisdom of practice (Shulman, 1986, p.13)’. It covers the
teacher’s skills needed during teaching practice.

The next year, Shulman (1987) published another study explaining seven
major categories of teacher knowledge. The first category is related to general
pedagogical knowledge. It includes the principles and strategies of classroom
management and systematization of subject matter to teach. The second category is
knowledge of learners and their characteristics. It deals with the learners’ previous
knowledge and current knowledge and personal differences between learners. The
third category is the knowledge of educational contexts. It covers a wide range of
topics; which are collaborative working in the classroom, the governance and
financing of school districts and the character of communities and cultures. The
other (fourth) category is the knowledge of educational ends, purposes and values
and their philosophical and historical grounds. The fifth category is content
knowledge which is defined as the subject matter knowledge of the teachers. The
sixth category is the curriculum knowledge which is the knowledge of programs
and materials, which help teachers as trading tools. The final category is the
pedagogical content knowledge defined as teachers’ special mixture of content
knowledge and their own pedagogical strategies; and the interaction between
content and pedagogy in teachers’ minds. Shulman defined PCK as “a special
amalgam of pedagogy and content that is uniquely province teachers, their own
special form of professional understanding” (1987, p.8).

By Shulman (1986), Pedagogical Content Knowledge (PCK) is defined as
“the content knowledge that deals with the teaching process, including the ways of
representing and formulating the subject that make it comprehensible to others”

(Shulman, 1986, p.9). He also included

“an understanding of what makes the learning of specific topics
easy or difficult: the conceptions and preconceptions that students
of different ages and backgrounds bring with them to the learning

of those most frequently taught topics and lessons (p.9)”

to PCK.
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Grossman (1990) defined four main components of PCK. Those
components were (1) conception of teaching purposes, (2) knowledge of students,
including students’ understanding of subject matter; (3) curricular knowledge; and
(4) knowledge of instructional strategies and representations. The difference
between Shuman (1986; 1987) and Grossman is that Grossman’s PCK has one more
component which is ‘knowledge of conceptions of teaching purposes which is
related to teaching subject matter’” while Shulman’s (1987) PCK has three main
components which are (1) knowledge of topics/concepts, (2) knowledge of
structuring and representing the topics, and (3) knowledge of students’
understanding of the topics, including difficulties and misconceptions.

After two decades, Ball and her colleagues (2008) reminded that PCK is
underdeveloped and still continued its survival with the needs of current
descriptions and clear definitions. They said that

“Throughout the past 20 years ... researchers have used

pedagogical content knowledge to refer to a wide range of

aspects of subject matter knowledge and the teaching of subject

matter and, indeed, have used it differently across—and even

within—subject areas” (p.389).

They said that it needs theoretical developments and empirical test, too. Therefore,
they needed clarification while doing their research about pre-service mathematics
teachers’ TPACK and they wrote their own definition combining the previous
researchers’ definitions of PCK to make their research clear and understandable.
The difference between Shulman’s (1986; 1987) and Ball, Thames and Phelps’s
(2008) studies is that Shulman’s definition of knowledge is a general teacher
knowledge while Ball’s knowledge components are specifically deals with the
mathematics teachers. According to Ball, Thames and Phelps (2008) PCK is seen

“as a concept, pedagogical content knowledge, with its focus on

representations and conceptions/misconceptions, broadened

ideas about how knowledge might matter to teaching,

suggesting that it is not only knowledge of content, on the one

hand, and knowledge of pedagogy, on the other hand, but also a

kind of amalgam of knowledge of content and pedagogy that is

central to the knowledge needed for teaching” (p.392).
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It is to say, pedagogical content knowledge is a mixture of content knowledge and
pedagogical knowledge, and it includes content and pedagogy and also their
intermixture covering the concepts like representations, mis/conceptions and
knowledge of teaching (Ball et al., 2008).

After Shulman (1986) and Ball, Thames and Phelps (2008), researchers who
would like to investigate teachers’ knowledge in more detail defined PCK and then
used their own definitions to define new frameworks about teacher knowledge. For
example, Cox and Graham (2009) described PCK as the important feature of
teaching. They explained the idea that PCK is a mixture of content knowledge and
pedagogical knowledge which are used to make the subject matter more
understandable by students. Moreover, Koehler and Mishra (2006, p. 1021)
described PCK as “the intersection of content and pedagogy, thus, it goes beyond a
simple consideration of content and pedagogy in isolation from one another.” To
sum up, even though researchers defined PCK different from each other, they all
agreed that PCK has two main components: content knowledge and pedagogy
knowledge (knowledge of representation and knowledge of assessment—mainly
related to students’ understandings and difficulties).

2.2. TPACK Framework

Until the 21% century, technology integration to the teachers’ knowledge
pack was not discussed so much. After that time, researchers started to integrate
technology into teachers’ knowledge packages. Niess (2005), Mishra and Koehler
(2005), Koehler and Mishra (2006) and Cox and Graham (2009) explained the need
for technology knowledge while teaching. Niess (2005) defined technological
pedagogical content knowledge (TPCK) as a technology extension of PCK. After
Niess (2005), technological pedagogical content knowledge is defined as a distinct
body of knowledge by Mishra and Koehler (2006). In 2007, Thompson and Mishra
published a paper and updated the name of the framework, from TPCK to TPACK.
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TPACK

Technology

Figure 1. Technological Pedagogical Content Knowledge Framework (Graham,
2011, p. 1954)

TPACK is more than a simple totaling of technological, pedagogical and
mathematical knowledge. In Figure 1 Technological Pedagogical Content
Knowledge Framework from Graham’s Study is given.

As seen in Figure 1, there are three more interaction other than TPACK.
TPACK also consists of other components derived from basic three components,
which are content knowledge (CK), pedagogical knowledge (PK) and technological
knowledge (TK). Namely those types are Technological Pedagogical Knowledge
(TPK), Technological Content Knowledge (TCK), and Pedagogical Content
Knowledge (PCK). These components are derived because of the relations between
main components (CK, PK, TK). For example, because of the relation between
content knowledge which is the subject matter (Shulman, 1986) and pedagogical
knowledge which is the knowledge of teaching, PCK is derived as their
combination. Similarly, the relation between CK and TK caused the derivation of
TCK. Finally, the intersection of the pedagogical knowledge and technological
knowledge is defined as TPK.
Technological Pedagogical Content Knowledge (TPCK or TPACK):
Technological pedagogical content knowledge is the combination or connection of
aforementioned three components technological knowledge, pedagogical
knowledge and content knowledge TPACK is defined by Koehler and Mishra
(2009) as
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the basis for effective teaching with technology, requiring an understanding
of the representation of concepts using technologies, pedagogical
techniques that use technologies in constructive ways to teach content,
knowledge of what makes concepts difficult or easy to learn and how
technology can help redress some of the problems that students face,
knowledge of students’ prior knowledge and theories of epistemology, and
knowledge of how technologies can be used to build on existing knowledge

to develop new epistemologies or strengthen old one (p.16).
As Niess (2005, p.510) defined

TPCK ... is the integration of the development of
knowledge of subject matter with the development of
technology and of knowledge of teaching and learning.
And it is this integration of the different domains that
supports teachers in teaching their subject matter with

technology.

As Niess (2005) indicated there are four themes of TPACK that help
researchers assess teacher candidates’ TPACK; curriculum and assessment,
learning, teaching and access. Those themes are combinations of 7 sub-components
of Mishra and Koehler’s TPACK (2009) which are defined previously. With a focus
on the intersection of the three components of TPACK; namely, technology,
content, and pedagogy, Niess (2005) described four different themes that comprise
teachers” TPACK: curriculum and assessment, learning, teaching and access.

To sum up, these four themes are closely related to teachers’ technological
pedagogical content knowledge (TPACK) combining different sub-components of
it. They are explaining the teachers’ levels of the intermixture of content
knowledge, technology knowledge and pedagogy knowledge in four different
themes to come up with a level showing total package of subgroups as the name of
TPACK.

After Koehler and Mishra’s (2005) clear definition of TPACK and its
components, Niess et al. (2009) published mathematics teacher standards and
created mathematics teacher TPACK development model. Niess et al. (2009)

emphasized the strategies to build up pre-service mathematics teachers’ TPACK
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development. They aimed to increase mathematics teachers’ and mathematics
teacher educators’ usage of technology in teaching from kindergarten to 12" grade.
They asserted that these standards could be used to identify teachers’ TPACK.
Niess (2011) also stated that their new standards might provide a framework to
assess pre-service mathematics teachers” TPACK levels and their career
development. It could be advantageous to use their framework to understand how
mathematics teacher candidates develop their TPACK knowledge. Moreover, Niess
etal.’s (2009) TPACK model might allow the researcher to investigate not only the
total development in the TPACK levels of teacher candidates but also the
development of the components of TPACK (curriculum and assessment, learning,
teaching and access). This study attempted to use the Niess et al.’s (2009)
mathematics teacher TPACK standards and development model as a framework for
measuring TPACK development of a pre-service middle school mathematics
teacher.

2.3. Research Studies related to TPACK

Currently, teaching with technology is an important issue to investigate.
Kaput and Thompson (1994) indicates that in 25 years, it will continue its popularity
in different ways and still the need for this investigation will remain the same. To
evaluate the effectiveness of teaching with technology, it is needed to know
teachers’ TPACK levels (Mishra & Koehler, 2009). Being aware of this, there are
some TPACK studies conducted all around the world to investigate teachers’ and
teacher candidates’ TPACK levels.

Koehler and Mishra (2005) tried to investigate TPACK perceptions of
graduate students and instructors. They tried to investigate participants TPACK
levels using a course called ‘Learning Technology by Design’. In their quantitative
study, they investigated TPACK development of the participants and they found
significant development in their TPACK levels during the course. At the end of the
study, they mentioned that all of the components of the TPACK are affecting
participants’ TPACK independently. Beside Koehler and Mishra (2005), Niess’s
(2005) study is important to assess pre-service teachers’ TPACK development.
Niess offered three courses to 22 pre-service science and mathematics teachers.
Courses were about technology, pedagogy and micro-teaching. Assignments were

given and their classes were observed during these courses. Participants’ TPCK
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levels assessed at the end of each course and at the end of the study. As a result of
the study, it is seen a significant development at the TPCK levels of more than half
of the participants. They recommended that teacher education programs should
involve technology-integrated courses so that teacher candidates who learn with
technology may show more attempt to use technology while teaching a specific
subject into their classes (Niess, 2005).

Furthermore, other researchers conducted studies using the TPACK
framework of Mishra and Koehler (2005) and Niess (2005). To illustrate, a mail-
survey developed by Archambault and Crippen (2009) to measure teachers’
perceptions of their TPACK. Those teachers were chosen from a group of teachers
who theoretically had knowledge of content, technology and pedagogy components
of TPACK. Indeed, they would like to investigate online distance educators’
knowledge levels using the TPACK model of Mishra and Koehler (2005) as a
framework. About 600 teachers participated in this study by filling their mail
surveys which have likert-type questions in it. Results of the study showed that even
though online distance educators had relatively high levels of pedagogy, content
and pedagogical content knowledge when technology knowledge added to these
knowledge components (TCK, TPK, TPACK), they were failed to have high levels
of knowledge. Therefore, it can be said that online distance educators’ knowledge
components related to the technology needed to be improved.

Lee and Hollebrands (2008) designed an education program that combines
mathematical content, pedagogy and technology to assess pre-service mathematics
teachers’” knowledge of technology integration. The program is called as Preparing
to Teach Mathematics with Technology (PTMT) Project. Their aim was to find
methods to teach how to use appropriate technologies while teaching mathematical
concepts in classes. According to the aim of the project, Lee and Hollebrands (2008)
prepared a course for a typical class having a size between 13 and 20. Participants
were observed during the courses of the program in three semesters and they were
videotaped during the courses. To reach their goal, they used Niess (2005)’s and
Mishra and Koehler’s (2006) definitions of sub-components of the TPACK and
they developed an assessment tool to understand pre-service mathematics teachers’
TPACK levels. As a result of their study, it has found that the mixture teaching of
mathematical content, pedagogy and technology could help teacher candidates to

improve their TPACK reasoning.
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Graham et al. (2009) developed an instrument to assess in-service teachers’
TPACK before and after an intensive professional development experience to
understand their TPACK confidence. They said that they piloted their instrument in
four of the seven types of the TPACK components which have the technology
knowledge in them, TK, TCK, TPK and TPACK, to measure a small sample of
teachers’ (almost 20 participants) confidence. Scholars thought that the data they
gathered from the pilot study of their survey might provide information to program
coordinators to help teachers develop technology-related knowledge confidence.
Another instrument developed in the same year belongs to Schmidt, Baran,
Thompson and their friends (2009). While the instrument of Graham et al. (2009)
is developed for assessing in-service teachers” TPACK; the instrument of Schmidt
et al. (2009) is developed for assessing pre-service teachers’ TPACK. The aim of
their survey was to investigate pre-service teachers’ self-assessment of their own
TPACK. Namely, it was Assessment Instrument for Pre-service Teachers. While
other instruments were related to in-service teachers and their TPACK, this
instrument focused on investigating the pre-service teachers’ TPACK. In addition
to these instruments, after two years, Chai et al. (2011) examined the construct
validity of a TPACK survey. The results of the survey show that Singaporean
primary school pre-service teachers’ TPACK could develop in a 12-week ICT
course designed with the help of TPACK framework.

In 2012, as three scholars Larkin, Jamieson-Proctor and Finger conducted
a study aiming to overcome some problems that teacher educators faced while
helping pre-service mathematics teachers’ TPACK development. Instead of face-
to-face courses, they prepared an online course using the content of the existing
course emphasizing that they are integrating information and communication
technology into their courses. They taught mathematical concepts in an online
setting to improve pre-service teachers TPACK. The results of their study showed
that online teaching is effective to develop pre-service mathematics teachers’
TPACK levels. In addition to these, some TPACK studies were conducted in
Turkey. In the following section studies that are conducted in Turkey will be

mentioned.
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2.3.1. Research Studies in Turkey

In the previous studies in Turkey, it is tended to design courses and measure
pre-service teachers’ TPACK using surveys with likert-type questions. Ozgun-
Koca et al. (2010) used the TPACK Framework to examine how pre-service
mathematics teachers’ TPACK emerged during a method course. They planned
activities, each of which was about one of the sub-components of the TPACK
Framework. To illustrate, some of the activities were preparing lesson plans,
creating mathematical activities using technology, and solving mathematical
problems. Participants were observed during the method course, their assignments
were collected and they were asked to fill a survey designed to examine their
TPACK levels. According to the data collected, the conclusion of the study revealed
that technology integrated course is effective for development of TPACK and
understanding pre-service mathematics teachers’ perspective of their future
teaching.

In addition to these, a course designed to understand TPACK development
of the pre-service mathematics teachers belongs to Ozmantar, Akkoc, Bingolbali,
Demir, and Ergene (2010). Basically, they planned a program to understand pre-
service mathematics teachers’ different usage of multiple representations in a
technology integrated course of mathematics. Their study revealed that teaching
with technology may help pre-service mathematics teachers develop their
knowledge of multiple representations, which might cause an increase in their
TPACK.

Bulut (2012) developed an instrument, namely Perceived TPACK regarding
Geometry to investigate pre-service elementary mathematics teachers’ TPACK
regarding geometry. Seven hundred and eighty pre-service mathematics teachers of
seven public universities attended to the study. Participants’ demographics as
descriptive information used while determining their levels of TPACK. The
MANOVA results of the study showed that pre-service elementary mathematics
teachers have significantly different knowledge of TK, TPK, and TPACK with
respect to gender. Males had a higher level in these sub-components of TPACK
than females. However, for both males’ and females’ perceptions regarding
geometry were found higher than moderate. Another result of this quantitative study

is that teacher candidates taught themselves’ the most powerful knowledge as
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content and the least powerful knowledge as technology knowledge. At the end of
his study, Bulut (2012) suggested more qualitative studies on specific areas in
mathematics to investigate the reasons for the results of his study in detail.

Under the TPACK Framework, Yigit (2014) reviewed 12 studies
conducted between 2005 and 2012 using the keywords about TPACK and pre-
service teachers and eliminating the theoretical studies. In the review, it is said that
some researchers try to investigate pre-service mathematics teachers” TPACK
development during a course or a lesson that is aimed to improve their TPACK
levels. Yigit (2014) concludes from studies she reviewed (Larkin, Jamieson-
Proctor, and Finger, 2012; Lee & Hollebrands, 2008; Ozgun-Koca et al., 2010) that
designing courses might support pre-service teachers’ knowledge of technology
integration and help assessing their TPACK. The results of this review show that a
lesson or a technology integrated course is significantly effective for pre-service
mathematics teachers’ development of TPACK.

Even though studies mentioned above do not include the use of dynamic
geometry, some of the technology-related studies may include the usage of dynamic

geometry. The following section summarizes a list of those studies.
2.4. Dynamic Geometry Usage in Mathematics Education

TPACK consists of three components which are technology, content and
pedagogy. Dynamic geometry is a technology in the center of this TPACK study.
In this section, studies about the teachers’ usage of dynamic and interactive
mathematics learning environments were reviewed.

The term dynamic in mathematics refers to the ideas of motion and change.
Dynamic geometry is a term coined in response to the new software packages such
as Sketchpad and Cabri which use motion and change in digital settings.! It was
found that dynamic geometry software has an effect on teaching settings (Oldknow
& Tetlow, 2008). Specifically, NCTM’s Principles and Standards for School
Mathematics (2000) indicate that teachers’ usage of interactive and dynamic
geometry software can enhance students’ learning. Studies show that using dynamic
geometry software is vital in students’ conceptual learning (Hollebrands, 2007).

GeoGebra is one of the most common dynamic geometry software used in the last

! Definitions of dynamic and dynamic geometry is retrieved from
http://mtl.math.uiuc.edu/node/16.
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decade. Pre-service teachers started to take elective GeoGebra courses and fresh
teachers have started to use GeoGebra in their classes. With the help of smart boards
and tablets, students have started to follow the steps of the teachers while they were
using GeoGebra (MoNE, 2011). This software enables teachers to create, drug and
move the figures virtually with its three representation menus; graphics, algebra and
spreadsheet (Hohenwarter and Hohenwarter, 2008). These three menus are related
to each other, and they are vital to show multiple representations to students for
providing effective learning (Hohenwarter and Hohenwarter, 2008). Studies were
conducted to investigate the effective usage of the dynamic geometry software
programs in mathematics teaching.

To illustrate, Akkaya et al.’s (2011), Battista’s (2002), and Shadaan and
Kwan Eu’s (2013) studies were about effective usage of dynamic geometry
software on students’ understanding of learning shapes. The authors, Akkaya et al.
(2011) and Shadaan and Kwan Eu (2013), concluded that GeoGebra is an effective
tool for teachers and students to achieve goals of constructivist learning. They
(Akkaya et al., 2011; Shadaan and Kwan Eu, 2013) recommended teachers to use
dynamic geometry software GeoGebra in mathematics education. The authors of
the studies also suggested a replication of their study to see whether the usage of
GeoGebra is really effective for students to learn mathematical concepts. While
most of the researchers preferred to use GeoGebra, Battista (2002) used Shape
Makers’ MicroWorld Software which enables students to move the vertices of a
parallelogram on the screen. The author concluded that this software helped
students to improve their geometrical thinking skills. Battista (2002) claimed that
students actively learned the mathematical concepts with the help of interactive
software.

Furthermore, Balgalmis (2013) investigated pre-service elementary
mathematics teachers’ development of TPACK in geometry and algebra in her case-
study. Her participants were three student teachers from elementary mathematics
education program of the education faculties. Participants were prepared three
technology-based lessons using the geometry software GeoGebra. Participants were
interviewed before and after of the each lesson, and their TPACK levels determined
accordingly. The data which collected through interviews, observations, videotaped
classes and documents were analyzed using the rubric of Lyublinskaya and

Tournaki (2011). The results of Balgalmis (2013) study show that pre-service
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teachers’ TPACK is developing during their teaching experience. Interviews of the
study revealed that pre-service teachers are feeling more confident while using
technology after some experience in the classroom, which affects to the
improvement in their techno-pedagogical content knowledge. Balgalmis (2013)
suggested more qualitative studies in more specific areas in mathematics to discover
the TPACK development of pre-service teachers, or to indicate their TPACK levels.

Different than Balgalmis (2013), Dogan (2012) did not choose a specific
area of the mathematics education. He preferred to investigate views of primary
school mathematics teachers about the usage of computer in mathematics education
using perceived TPACK survey. Survey was applied to more than three hundred
and fifty pre-service teachers. The results of the survey showed that prospective
teachers’ views about the usage of computer in mathematics classes are generally
positive. Therefore, it can be said that prospective teachers have positive views
about using computers in mathematics class. However, they are not feeling
confident about their ability to use computers while teaching mathematics. That is,
they are not sure about their technological pedagogical knowledge.

Martinovic and Karadag (2011, 2012) investigated dynamic and interactive
mathematics learning environments, such as Cabri, GeoGebra, Geometer
Sketchpad, Fathom and the like, in the case of teaching the limit concept. Their
study supported the idea that software like Cabri and GeoGebra provides many
opportunities for pre-service teachers in their future teaching. As Karadag and
Aktiimen (2013) indicated dynamic and interactive learning environments like
Cabri and GeoGebra might provide interactivity and dynamism for learners. These
technologies could help teacher candidates to enhance their understanding of the
students’ learning and their knowledge of mathematical concepts. They also pointed
out that there is more than one technological tool to represent mathematical
concepts, and teachers’ job is to find the effective one which makes the learning
process easier for the students.

While they are dealing with the limit concept in their case study, Shivelya
and Yerrick (2014) examined pre-service science teachers’ preparation for inquiry
teaching with technology in their case-study. They asserted that previous learning
experiences and teaching placements support the idea that there is insufficient
preparation for effective technology usage, therefore, more practices in real

learning and teaching settings are needed (Shivelya and Yerrick, 2014). Pre-service
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teachers should be aware of the usage of effective technological tools for their
classes either by watching their teachers’ use or by practicing them during the
internship. The authors claimed that watching or practicing the use of technology
in learning settings might improve teacher candidates’ technological knowledge.
Koehler and Mishra (2011) indicates that with the help of factors like culture,
demographics, grade levels, individual teachers, and school-specific factors, we
could be ensure that each learning and teaching situation are unique and so there is
not just one single combination of technology, pedagogy and content which is
applicable to every teaching setting. Therefore, qualitative studies needed to
investigate different cases in different situations (Koehler and Mishra, 2011).

In addition, Erbas and Yenmez (2011) tried to understand the effects of
using dynamic geometry software on students’ achievement. To reach their goal,
authors prepared an experimental research design with two groups. While one of
the groups taught with dynamic geometry software, other group taught with direct
teaching. As a result of their study, they found that experimental group was
significantly high achievement scores. In this way, they supported the idea that
using dynamic geometry software programs has an important positive effect on
students’ achievement in mathematics.

Moreover, Hiahkioniemi and Leppdaho (2012) investigated pre-service
mathematics teachers’ assessments of their students’ learning and reasoning while
they were using GeoGebra in their classes. Their study revealed that pre-service
mathematics teachers have difficulty to use software program GeoGebra while trial
and showing solutions. Hahkioniemi and Leppdaho (2012) suggested pre-service
mathematics teachers take courses related to effective technology use in
classrooms. The authors of the study also proposed that micro-teaching or teaching
experience during internship may help pre-service teachers to improve their
technological pedagogical content knowledge. They thought that dynamic
geometry usage of pre-service mathematics teachers affects students’ success
(Hahkioniemi and Leppédaho, 2012).

2.5. Studies on 3-D Figures

As explained earlier, TPACK includes technology, content and pedagogy;
and the main technologies focused in the study are dynamic geometry and virtual

learning environments. There are different studies conducted to understand the pre-

26



service teachers’ understanding of 3-D figures, and students’ success in the concept
of 3-D figures. In this section, those studies were summarized.

Ural (2011) created a scale of information in order to determine pedagogical
content knowledge in three-dimensional objects. Then, he investigated pre-service
mathematics teachers’ criteria of dimension (length, width, height). His aim was to
determine 2", 3™, 4""-grade mathematics education students’ criteria of dimension.
In the study, familiar objects were given to the participants and they were asked to
determine dimensions of those 3D objects. The results of his study indicated that
pre-service teachers used the criteria of area-volume, the number of axes, length-
width-height and plane-space position. The findings of Ural’s study also show that
none of the participants could establish correct and/or consistent criteria for three-
dimensional objects.

Bozkurt and Koc (2012) conducted a study to investigate first-year pre-
service elementary mathematics teachers’ content knowledge of three-dimensional
figures regarding the prism concept. They have found that teacher candidates have
difficulty to understand prisms. They included that those pre-service mathematics
teachers do not have sufficient knowledge to use mathematical language and so they
are not good enough to define three-dimensional figures (Bozkurt and Koc, 2012).

Altayli, Konyalioglu, Hizarct and Kaplan (2014) investigated pre-service
elementary mathematics teachers’ pedagogical content knowledge regarding three-
dimensional objects without adding technology theme of TPACK. The results of
their study supported the idea that pre-service mathematics teachers feel partially
sufficient regarding the concept of three-dimensional objects. Moreover, during the
study, it was investigated that those teacher candidates have misconceptions on
prism, pyramid and cone and they are not aware of some types of cone and pyramid,
like truncated cone and truncated pyramid (Altayl et al., 2014).

Another research related to 3D figures is Cakmak, Konyalioglu and Isik’s
(2014) recognition of geometric shapes. They tried to understand pre-service
elementary mathematics teachers’ content knowledge regarding three-dimensional
objects taking drawing, defining, exemplifying, recognizing and spatial thinking
sub-concepts of 3D figures into consideration. As a result, they found that pre-
service mathematics teachers have difficulties to define and recognize geometric

shapes at their content of three-dimensional objects. They claimed that pre-service
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teachers are giving general descriptions and visual answers rather than clear
definitions of 3D figures (Cakmak et al., 2014).

Gokkurt, Sahin, Soylu and Dogan (2015) examined pre-service mathematics
teachers’ pedagogical content knowledge regarding students’ mistakes on the
subject of geometric shapes. Their aim was to understand participants PCK taking
three-dimensional figures as content. The findings of their study showed that pre-
service teachers have difficulty to find students’ mistakes of their verbal statements.
Moreover, solutions suggested by pre-service teachers to eliminate those
misconceptions are also not sufficient enough for eliminating students’ difficulties
of the concept geometrical shapes like prisms, cylinders, and undetermined 3D
figures made up on unit cubes (Gokkurt et al., 2015).

2.6. Summary for the Literature Review

Over the last decade, technology has an important role while teaching
geometrical concepts in mathematics (Graham et al., 2009; Koehler and Mishra,
2009). Tablets, computers and smart boards with Geometry software such as
GeoGebra and Geometer’s Sketch Pad exist almost in every classroom (Ceratto-
Pargman & Milrad, 2016; Johnson et al., 2014). The important point is teachers’
knowledge of using new technology in their classes (Balgalmis, 2013, Dogan, 2012,
Bulut, 2012; Shivelya and Yerrick, 2014). Therefore, researchers started to try to
find effective ways to use technology in classrooms (Lim, 2007; Richards, 2005;
Richards, 2006; Wang & Woo, 2007). Do teachers have enough knowledge to teach
with technology is still a question needed to be answered.

There are some studies focus on pre-service teachers’ knowledge
components (Bulut, 2012; Gokkurt, Sahin, Soylu & Dogan, 2015). However, they
were mostly quantitative studies and their data collected at one time. Because of
this, there is no implication of the process of the pre-service teachers knowledge
change. Therefore, there is a need for the current trend study in which the data were
not collected at one time. Thus, the findings of this study will add important
implications about a pre-service teacher’s technological pedagogical content
knowledge development.

Even though there are studies about effectiveness of using Geometers’
Sketch Pad (Bennet, 1999; Oztoprake¢i, 2014), GeoGebra (Bakar et al., 2010;
Akkaya et al., 2011) while teaching 2-D figures and using Cabri (Eryigit, 2010;
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Simsek and Yucekaya, 2014) and also while teaching 3-D figures, the focus of this
study is not only about dynamic geometry tool as they did before but also about
investigating TPACK change while teaching three-dimensional figures. In this
study, a pre-service teacher’s curriculum knowledge about three-dimensional
figures, the instructional strategies used in classrooms-pedagogy knowledge- and
the technologies she used during the teaching process -technology knowledge-, and
their combination technological pedagogical content knowledge are investigated
under Niess et al. (2009)’s four themes (curriculum and assessment, learning,

teaching and access).

Currently, there are rapid improvements in technology. Today’s pre-service
teachers will be tomorrow’s teachers and they should be taught about these
improvements to be successful in their jobs (HEC, 2006). There are some
technology courses taken by pre-service teachers while they are undergraduate
students (HEC, 2006). There are also quantitative studies about pre-service
teachers’ development of TPACK; and their assessments of their own TPACKs,
mentioned above. However, quantitative studies are not enough for explaining
situations and processes in learning settings while teachers are teaching a concept.
As they are mentioned above, there are also some qualitative studies and reviews
(Balgalmis, 2013, Baran & Canbazoglu-Bilici, 2015) and they are suggesting more
qualitative studies in different cases since qualitative studies explore naturally
occurring phenomenon without an experimental invention (Yin, 2003) and focus on
the particular case, not the general (Willig, 2008). Thus, there is a need for the
current qualitative study to investigate a pre-service teacher’s TPACK development

process.

Other than these, investigating a pre-service teacher’s technological
pedagogical content knowledge will help teacher educators about the preparation
of undergraduate and training programs. It also contributes to the literature on the
technology integration of pre-service teachers in real classroom contexts. To sum
up, there is a gap in the literature in connection with research focusing on the pre-
service teachers’ process of TPACK development during practicum and their
teaching of three-dimensional figures. The result of such a work would contribute
to the literature in order to observe the development of a pre-service teacher’s

technological pedagogical content knowledge.
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CHAPTER 3

METHODOLOGY

In this chapter, the method of inquiry will be explained in detail. The
methodology chapter of this study has nine sub-titles, namely, research design, the
context of the study, participants, data collection, data analysis, role of the
researcher, trustworthiness and credibility, quality and ethical issues, and lastly the

limitations and assumptions of the study.
3.1. Research Design

The current study is a case study. A case study is an in-depth study of a
particular situation and a method used to narrow down a very broad field of research
into one easily researchable topic (Shuttleworth, 2008). It constitutes “an approach
to the study of single entities, which may involve the use of a wide range of diverse
methods of data collection and analyzes” (Willig, 2008, p.74). Creswell (2009)
stated that a case study involves an up-close, in-depth, and detailed examination of
the natural case, as well as its related contextual conditions. One of the benefits of
using case study is that it can be pragmatic in approach exploring the context and
generating data to inductively reveal understanding about how something is
occurring in general. There is no manipulation or interruption, instead, the natural
environment is observed. Another benefit of case study design is that different than
quantitative methods, in case studies the context is important. It is suggested that
the context of the case studies should be written clearly and in detail (Denscombe,
2003).

A descriptive case study attempts to explain unique nature of the case.
Because the current study attempts to understand the case of a pre-service teacher
in the practicum without making any manipulation, the descriptive case was
selected as the design of the study. Case studies focus on a specific concept to reach
an in-depth exploration of the specific cases (Yin, 2003), as the current study had.

The study involves the observation of a pre-service teacher while she was teaching
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the concept of different views of 3-D figures. Using descriptive case study
techniques allows the researcher to study on the implementation process itself.
Therefore, the researcher has a chance to observe the participant during practicum
and to triangulate the observation notes with the interviews. Furthermore, the design
seeks to develop a deep understanding of the change in a pre-service teacher’s
TPACK during practicum and it is a theoretical target in the research. It deepens
the understanding of the phenomenon under investigation during the practicum
(case of a pre-service teacher’s TPACK change during the practicum). Because
TPACK change is an ongoing process, the design might help pre-service teachers
to reflect on their own practice and highlighting the details.

3.2. Context of the Study

In this qualitative case study, the purpose of research is to investigate how
a pre-service middle school mathematics teacher utilizes her technological
pedagogical content knowledge in real learning settings and how her TPACK
changes during the internship.

The context of the study is Elementary Mathematics Education program
of the Middle East Technical University and the collaborative middle schools of
this program. The education language in the Middle East Technical University
(METU) is English. Students had to pass one of these exams (IELTS, TOEFL, and
METU Proficiency Test) to start their four-year education at the Elementary
Mathematics Education (EME) program of the Education Faculty. The program has
nine mathematics courses, seven mathematics and science teaching courses, three
technology courses, five pedagogy related courses, and also six elective courses.
These three technology courses are 1S 100, CEIT 100, and ELE 329. IS 100
(Introduction to Information Technologies and Applications) is a must course that
students have to take in the first year of their undergraduate education (METU
General Catalogue, 2014). The IS 100 course aims to introduce the basic
information technology concepts (expected to be used during their undergraduate
studies in their respective disciplines, as well as during their professional lives) and,
applications to all METU students and make all students both computer and
information literate (Graduate School of Informatics, 2015). CEIT100 is a must
course aims to teach Office tools and their applications. While students have the

option of passing the exam and not taking the course for IS 100, all students have

31



to take the other courses in classrooms. Lastly, ELE 329 is the course related to
“Instructional Technology and Material Development”. The course has two
sessions, theory and laboratory classes. In the theory course, students learn the
theories and relevant information that they can use in their projects. In the
laboratory session, they plan PowerPoint projects and Excel projects, and they are
getting used to using some programs like GIMP, those can be useful in their daily
life (METU General Catalogue, 2014).

In addition to these technology courses, students might also support their
technology usage by preparing PowerPoint and Excel presentations in the pedagogy
and mathematics teaching courses like ELE 341 (Methods of Teaching
Mathematics 1), and ELE 342 (Methods of Teaching Mathematics Il1). Other than
their own department, they also have the option to choose their elective courses
from one of the technology or technology related courses from the departments of
the Computer Education and Instructional Technology (CEIT), and the Secondary
Science and Mathematics Education (SSME). Participant of the current study is a
pre-service mathematics teacher who enrolls in this EME program and chose ELE
430 (Exploring Geometry with dynamic Geometry Applications) as an elective
course. ELE 430 course aims to introduce GeoGebra software program to students.
At the middle and at the end of the course, students were required to prepare
GeoGebra projects in order to use either elementary or secondary mathematics
education. The students enrolled in the course generally prepared projects those can
be useful in their future job (METU General Catalogue, 2014).

3.3. Participants

This part of the study starts with the sampling procedure and general
information about participants. It continues with the detailed information about the
participant of the pilot and the main study, one by one.

According to Frankel and Wallen (2006), choosing a certain group of people
who are available for study according to the needs of the study is a purposeful
sampling. Furthermore, according to Creswell (2007) and Patton (2002), to get
more information about the research question, it is important to select participants
purposefully. In descriptive case studies, it is needed to describe the case without
any manipulation. It was important for the current study to find a middle school in

which students were familiar with the technology usage in the mathematics
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classroom. Therefore, the participant was selected from pre-service middle school
teachers who were doing the internship in the cooperating schools whose teachers
and students were familiar with technology. Moreover, the participant of the study
was selected from pre-service teachers who took elective technology courses so it
was assumed that the participant has theoretical knowledge of technology
integration. Thus, the researcher preferred to use purposeful sampling method in
this study.

The pseudonym name of the participant of the pilot study was Elif, and
participant of the main study was Deniz. The following parts of the study give
detailed information about Elif and Deniz.

3.3.1. Elif- Pilot Study

Elif was the participant of the pilot study. Cumulative GPA of Elif is 3.07
out of 4.00. Her grade of ELE 329 (Instructional Technology and Material
Development) is BA and grade of ELE 430 (Exploring Geometry with Dynamic
Geometry Applications-GeoGebra) is AA. She was in one of the public schools in
Ankara, during her first-term internship. She also passed IS 100 course
successfully. She thought that she had enough technological knowledge that she
could use any kind of technology in her classrooms if she had a chance to use. She
added that even though she has enough knowledge to use technology herself, she is
not totally sure whether she could use in the teaching settings effectively. In the
pre-interview, she said she hoped not to face with any problem about technology
while teaching. While she was doing her internship, she was preparing for the KPSS
Exam of OSYM to be a recruit to a public middle school. Moreover, she was
tutoring to middle school students in her free times.

All procedures of the main study applied in pilot study to get experience and
to see the direction of the TPACK change if any. Elif prepared lesson plans as the
main participant would do. Lesson plans of Elif (pilot) have 7 parts; grade level,
learning and sub-learning areas, duration, materials, learning objectives, teaching
methods, and sequencing of the lesson (before phase of the lesson [be sure task is
understood, establish task expectations], during phase of the lesson, and after phase
of the lesson). She also attended to the interviews before and after her lesson
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implementations, her lessons were observed, and her implementations were
recorded.

The pilot study has helped the researcher to review and improve interview
questions. It also helped the researcher to improve the observation protocol.
Moreover, the researcher has got the experience of using interviews and observation
before the main study. It contributed to researcher’s ability conduct the main study.
The pilot study also provided some evidence of the TPACK change during school

experience course.

3.3.2. Deniz

Deniz was the main participant in the study. Cumulative GPA of Deniz is
3.58 out of 4.00. Her grade of ELE 329 (Instructional Technology and Material
Development) is BA and grade of ELE 430 (Exploring Geometry with Dynamic
Geometry Applications-GeoGebra) is AA. She was in one of the public schools in
Ankara, during her first-term internship. In her opinion, she could use Office Tools
such as PowerPoint and Office Word effectively because of her experience during
the courses she took in her academic life. However, she added that because she used
Excel very seldom, she needs more experience on excel to use it in her classroom.
She also considered the usage of virtual manipulative and dynamic and interactive
software in her classes to enhance students’ learning. She was tutoring to four
students from the grades 5-8 during her university education. She was planning to
work in a private middle school after graduation. Furthermore, she applied to the

graduate program in the same program.

3.4. Data Collection Tools

The data were collected in the Spring Semester of the academic year of
2014- 2015 with two pre-service teachers. They were taught all objectives of the
different views of three-dimensional figures to one seventh grade class, in which
there are about twenty-five students. They preferred to teach this topic in the
curriculum, which is the next topic at that time, in order not to affect teaching and
learning plans of the school they were doing their internship.

Researcher met with the participants of the pilot and main studies and
informed them about the aim of the study. The only thing they knew about the study

is that they are required to plan four technology-based classes and implement those
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in the cooperating school of their university while they were observed and video-
recorded. Pre and post interviews with the pilot participant and observations of her
implementations were to get experience as a novice researcher.

Two weeks before the main study, the researcher went to classes in which
data will be collected, met with students and mathematics teacher, and observed the
classes about two weeks. Lesson plans prepared by participant up to the third
meeting. Pre-interview was held at the beginning of the study. After each
implementation in class, the researcher met with the participant to learn more
detailed information about her experience and TPACK level. Post interviews were
conducted after each implementation. The last interview was held at the end of the
study. The last meeting with the participant for member-checking to get informant
feedback as respondent validation. While coding and getting themes, it helped to
validate the data. Finally, two raters (researcher and the second rater) decided on
the participant’s TPACK levels independently and then they met to compare their
findings and decide on TPACK levels.

Table 1 on the next page shows the summary of data collection procedures

of this study.

35



Table 1. Data Collection Procedures of the Study

Data Collection Procedures Implications

Pilot study - Meeting with the participant
- Conducting pre and post interviews

- Observing 4-hour lesson implementations

Meeting with - Getting to know each other
the main participant - Informing about the aim of the study
- Signing of Informed Consent Forms

- Planning for the next meeting

Meeting - Observing the natural learning setting
with students

Meeting - Checking lesson plans

with the participant - Conducting the pre-interview
Video-recording - Video-recording of four implementations
& Observation - Taking field notes during observation

- Conducting post-interviews after each lesson

Last meeting - Conducting post-interview at the end of the study
with the participant: - Member-checking to get informant feedback
Meeting with - Determining the TPACK levels

the second rater:

The data of the study were collected through the different resources;

interview, observation, and lesson plan.

3.4.1. Interviews

An interview is an interactional relationship, both informant and
interviewer are engaged in (Kvale, 1996). Interviewer’s intent is to understand
informants on their own terms and how they make meaning of their own lives,
experiences, and cognitive processes (Brenner, 2006). In the current study, semi-
structured interviews were used to identify a pre-service teacher’s TPACK in more
detail. There were two types of interviews with the pre-service teacher. The first

interview was semi-structured and conducted prior to the beginning of classroom
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observations to investigate the pre-service teacher’s TPACK level at the beginning
of the study. It focussed on the different components of TPACK. There were
questions covering all seven components of TPACK (CK, PK, TK, PCK, TCK,
TPK and TPCK). During the interview, 4-5 questions dealing with each of the
components of TPACK asked to investigate participant’s TPACK. Also, the
participant talked about her plan for the classroom implementations while
answering the questions. Table 2 shows some example questions from pre-
interviews, about all components of technological pedagogical content knowledge.
The combination of these components creates TPACK themes of Niess (2005). As
it was explained in definitions of the important terms, the combination of the
content knowledge and technological content knowledge components of TPACK
creates curriculum and assessment theme; the combination of pedagogical
knowledge, pedagogical content knowledge and technological pedagogical
knowledge components of TPACK creates learning dimension, the combination of
content knowledge, pedagogical knowledge, technology knowledge, pedagogical
content knowledge and technological pedagogical knowledge components of
TPACK creates teaching dimension, and, finally, the combination of technology
knowledge, technological pedagogical knowledge and technological content
knowledge components of TPACK creates access theme. Table 2 shows example

questions for TPACK components.
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Table 2. Example Questions for TPACK Components

TPACK
Component

Example Question

CK

What are the objectives of the concept different views
of 3D figures at the middle school mathematics

curriculum? (mathematical content knowledge)

PK

How do you plan to evaluate/assess students’ learning
levels during the courses? How do you organize your

lesson plans for students at different learning levels?

TK

What challenges do you face while learning and
applying new technologies (hardware, software) you

encounter? How do you cope with these challenges?

PCK

What could be the misconceptions of students in the
concept different views of 3D figures? What methods
do you plan to use for eliminating these

misconceptions which students might encounter?

TCK

Which technologies (dynamic software, applications,
virtual manipulative) do you plan to use while
teaching different views of 3D figures? Why do you

think these technologies are effective?

TPK

How do you decide on the technology which makes
your teaching method more effective? How adequate
do you see yourself in the selection of this

technology? Why?

TPACK

What are the benefits of using technology, on the topic

of different views of 3D figures, in your teaching

experience and students’ learning?

The second interview type was again semi-structured and conducted at the

end of the participant’s teaching experience to investigate the change in the TPACK

level at the end of the study. Before each post interview, the participant watched

her related experience. After watching her own experience, the pre-service
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mathematics teacher was asked to comment on her own implementations, her
teaching, and students’ learning. She was asked to comment on the reasoning and
thinking of her behaviors and her feelings in their technology-based classrooms.
Furthermore, quotes from her pre-interviews were read and the interviewee’s
perceptions about whether she achieved her goals for teaching the concept and her
usage of technology were asked (Appendix F and Appendix G).

All interviews were face-to-face and semi-structured and they were
conducted consistent with the participant’s lesson program. Interviews were
conducted in the Faculty of Education in which the participant was studying.
Extended wait time was observed and guiding questions and hints were avoided
during interviews. Questions were repeated when necessary. All interviews were
audio-recorded and then transcribed for analysis. The duration of interviews were

about 90 minutes.
3.4.2. Observation

Observation is a research method in which the researcher directly observes
and interprets behaviors rather than relying on what people say they did. It is often
used as a method of case study research and allows the exploration of naturally
occurring phenomena (Yin, 2014). The aim of the observations in the current study
IS going into in-depth analyzes of the TPACK dimensions of the participant to
investigate how effective they are used in the classes. The participant was observed
during the practicum and her actions were recorded as field observation notes. She
taught all objectives of the different views of 3-D figures to the same class. Lesson
plans were used as check-list during observation. Moreover, as Creswell (2007)
suggested observation protocol with two parts (descriptive and reflective) were
used. In the descriptive part, notes related to the classroom environment, pre-service
teacher’s purpose of technology usage, reactions of students and problems related
to technology were noted. In the reflective part, reflective field notes were taken
related to researcher’s reflections on participant’s use of technology and his/her
TPACK change. Then, the observation protocol piloted in the same setting and
necessary improvements were done. After the revision, the final version of the
observation protocol was formed. Furthermore, there was another observer during

the lesson implementations for validity and reliability purposes.
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3.4.3. Documentation

In addition to interviews and observation, a pre-service teacher was asked
to prepare 4-hour lesson plans, and activity sheets to teach the concept different
views of 3-D figures in geometry primarily with GeoGebra 3-D. Participant of the
study also prepared GeoGebra activities and chose online mathematics software
pages that could be useful to teach the concept of different views of 3-D figures.
Participant’s lesson plans and activity sheets were based on the Turkish Elementary
Mathematics Program. Two objectives of the same concept chosen by her; and she
prepared lesson plans and activities accordingly.

Lesson plans of Deniz include 8 parts, grade level, learning and sub-
learning areas, duration, materials, learning objectives, teaching methods, pre-
requisite knowledge, and sequencing of the lesson (starting, middle and ending). In
addition, Deniz wanted to add pre-requisite knowledge of the students to her lesson
plan template.

Participant of the study also required preparing activity sheets to support
their GeoGebra activities. She included descriptive information of activity and
questions planned to be solved using GeoGebra file. During the implementation,
the participant has distributed activity sheets to the students and students are
expected to answer them to the given isometric or squared papers. The pre-service
teacher’s answer sheets, students’ answers, lesson plans and activity sheets, and
GeoGebra files were collected as documents (Appendix B, Appendix C, Appendix
D and Appendix E).

3.5. Data Analyses

Data were analyzed using qualitative methods. Data sources of the current
study were interview transcriptions, videotape recordings of the implementations,
observation field notes and documents compiled from the participant. In this
section, data analysis of the current study was clarified.

The first data source of the current study was an interview. In order to
analyze interview data, open coding was used. Interviews were transcribed and read
several times. Then, they were translated into English. Important sentences were
identified to be used for further explanation. Coding and sorting were used to

analyze the data collected through interviews. The data organized according to four
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themes, which were curriculum and assessment, learning, teaching, and access. Pre-
service teacher’s comments on her own implementations (interview transcriptions)
were read and actions of the participant supported by her own wordings.

Videotapes, as the second data source, were watched numerous times and
participant’s actions in each classroom implementation were noted. Then,
participant’s actions in the videotape recordings -noted by the researcher- compared
with the descriptors in the Niess et al. (2009)’s mathematics teacher TPACK
standards and development model rubric. This rubric was used to evaluate
participant’s performances in classroom implementations. The same procedure was
done independently by two raters. The second rater was the mathematics teacher of
the cooperating school having Ph.D. in the same program with the researcher. He
also rated the classroom implementations of the participant.

The third data source of the current study was documentation. Lesson plans,
activity sheets, and GeoGebra files were the documents used in document analysis.
Parts of the participant’s lesson plans were explained in the data collection section.
Lesson plans, activity sheets, and GeoGebra files used to triangulate data gathered
from interviews for the participant’s each classroom experience. They were used as
checklists to determine how much of the goals achieved by the participant. These
data were also used to prepare post-interview questions. Content analysis
procedures were used to provide evidence with TPACK dimensions.

As it was mentioned in the literature review, to analyze data, Niess et al.
(2009)’s TPACK development model (TPACK Framework) was used. In other
words, TPACK Levels Rubric of Niess was used for the data analysis of the current
study (see Appendix A). Recognizing, accepting, adapting, exploring and
advancing were five levels of that can be used to assess the pre-service mathematics
teacher’s TPACK. The model’s usage of descriptors and examples for each of the
levels helped the researcher to decide on the levels of the participant in different
lesson implementations. The data collected from interviews, documentation and
observation were compared with the descriptors and examples, and then, the level
of the participant was decided. This framework allowed the researcher to identify
the dimensions of the teachers’ knowledge according to four themes (curriculum
and assessment, learning, teaching and access) and descriptors related to those

themes. The Table 3 below shows these four themes and related descriptors.
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Table 3. Descriptors for Major Themes in the Mathematics Teacher TPACK
Development Model (Niess, 2008)

Theme

Curriculum and

Assessment

Learning

Teaching

Access

Descriptors
Curriculum, the treatment of the subject matter

Assessment, assessing the students’ understandings

Focus on subject matter (i.e., learning of mathematics
topics)
Demonstration of conceptions of how students learn

(i.e., development of students’ thinking skills)

Focus on subject matter (i.e., learning of mathematics
topics)

Instructional approaches

Classroom environment

Professional development

Usage (whether or not students are allowed to use
technology)

Barriers (how teachers address barriers to technology
integration)

Availability (how technology makes higher levels and
more mathematics available for investigation for

greater numbers of more and more diverse students.

According to the aim of the study, the participant of the study prepared 4-

hour lesson plans to teach the concept different views of 3-D figures in geometry.

It is aimed to understand the difference, if any, in the TPACK levels of a pre-service

mathematics teacher during the implementation of these 4 hours lessons and to

investigate the development of a pre-service middle school mathematics teacher’s
TPACK during the practicum.
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3.6. Trustworthiness of the Study

There are many frameworks to evaluate the trustworthiness of qualitative
data (Guba, 1981, Lincoln & Guba, 1985). Credibility, transferability,
confirmability, and dependability are main indicators of trustworthiness for a
qualitative study (Guba, 1981). Writing down the strategies to establish extensive
understanding is important for case studies (Baxter & Jack, 2008). The strategies of
this study for establishing these indicators explained below in detail.

Credibility: Credibility is the internal validity of qualitative studies. It involves the
answer to the question, how credible or believable the results of the qualitative
research are (Trochim, 2006). While interpreting the results, the researcher should
obviate the biases. There are numerous ways of establishing the credibility of the
data. To deal with credibility peer examination, prolonged involvement of the
participant, member checks, and triangulation techniques were used in this study.
The first strategy used in the study was peer evaluation. The researcher
worked with two associate professors to discuss the analysis of the study. Interview
transcripts and video recordings were evaluated with the associate professors. They
listened to the opinions and the evaluations of the researcher. The second strategy
used to ensure credibility was prolonged involvement of the participant. The
participant of the current study had been doing their internship in the schools for
three months. She was familiar with the students and the teaching environment in
the classroom. Before the current study, she taught and covered different topics in
the same school. Then, she commented on her own teaching and she wrote
reflections in a school experience course. The third strategy used for credibility
was member-checks. Member-checking is another technique for establishing the
internal validity of an account in case studies. This is (Merriam, 1998) “taking data
and tentative interpretations back to the people from whom they were derived and
asking them if results are plausible continuously throughout the study” (p. 204). As
Cohen and Crabtee (2006) pointed out that all data, interpretations, and conclusions
are being tested with the participant of the study from whom the data were gathered.
It is though that the participants are the best judgers of the credibility of the results
(Trochim, 2006). Member-checking used in this study to get informant feedback as
respondent validation after writing transcriptions of the interviews while

interpreting data. Lastly, triangulation techniques used to increase the credibility of
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the data. According to Merriam (1998), one of the six strategies to enhance internal
validity is called as triangulation. In the current study, two types of triangulation
were used. During the investigations (classroom implementations of the
participant), there was also another researcher for observation in order to decrease
researcher’s intrinsic bias. This specific type of strategy is called as investigator
triangulation. In addition to investigator triangulation, as Patton (2002) suggested
data triangulation strategies were also used in this study. To answer the research
questions, multiple sources of data were reviewed. Interviews, video-recordings,
field notes and documentation (lesson plan and activity sheets) were used to decide
on pre-service teacher’s TPACK levels in different implementations.
Interpretations were made from multiple different sources.

Transferability: Transferability is the external validity of qualitative studies. It
involves the answer to the question, to what extend the results of the study can be
generalized (Trochim, 2006). First of all, the aim of this qualitative study is not a
generalization of results. On the other hand, member check-bucks were used for
transferability. They are important in qualitative studies to improve transferability
and to prove an opportunity to summarize and assess findings of the data collected.
Furthermore, detailed information about the context and the assumptions were
explained so that one can compare this study with other studies. Because it is known
that the qualitative researcher can improve transferability by doing a thorough job
of describing the context and the assumptions that were central to the research
context and the assumptions that were central to the research (Trochim, 2006). If
other researchers would like to transfer the results of this study to a different
context, it is their responsibility to make the judgment of how sensible the transfer

is.

Confirmability: Confirmability is the objectivity of qualitative studies. It involves
the answer to the question, how objectively the study findings were supported by
data (Merriam, 1998). It is tended to assume that each researcher brings a unique
perspective to the study, in qualitative research. Confirmability is important in
qualitative studies to enhance objectivity and to minimize researcher bias (Trochim,
2006). The role of the researcher for this study is explained in detail to decrease the
effect of researcher bias. The aim is to make readers agree with the conclusion of

the study. There should not be any contradiction or uncertainty about the findings
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of the study. For this purpose, a pre-service teacher's TPACK levels decided based
on the TPACK levels rubric, namely, Mathematics Teacher TPACK Standards and

Development Model, developed by Niess and her colleagues in 2009.

Dependability: Dependability is the reliability of qualitative studies. It involves the
answer to the question how researchers can repeat the study, in other words,
whether we would obtain the same results if we could observe the same thing twice.
It aims to minimize errors in data collection and data analyzes of the study and it
helps researchers to replicate the study. For this purpose, data collection and
implementation methods explained in detail for the current study. Interview dates
and lesson implementation dates were recorded in the researchers’ daily journals.
Demographic information of the participant, daily observation notes and informal
conversations with the participant were recorded in the journal. Furthermore, lesson
implementations were videotaped and videos were watched numerous times to
evaluate the TPACK level of the participant objectively. Interviews were audio-

taped and they were transcribed by the researcher.
3.7. Quality and Ethical Issues

The researcher applied to the Research Center for Applied Ethics at the
Middle East Technical University to obtain required permission. After getting
permission from the university, the researcher applied to Turkish Ministry of
National Education ethical committee to obtain permission for the research in one
of the private schools in Ankara. According to both of the committees, there are no
known risks of this study on the participant by mentally or physically. After the all
necessary permissions, the researcher started to collect data.

Some procedures were prepared in the study to protect rights of informants.
Informed consent forms, which were prepared to inform subjects of the study, were
signed by the participant and the researcher. The participant voluntarily attended to
the study knowing that anytime she could quit the study. For this purpose, the
document (Informed Consent Form, see Appendix K) was used. The participant
was guaranteed about her anonymity. At the end of the study, the pseudonym name
of the participant was used for anonymity, which was guaranteed at the beginning
of the study (Creswell, 2007). The information gathered via interviews and
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observations was used only for the research purposes and data they provided kept
as confidential.

3.7.1. Researcher Role

According to Merriam (1998), it is important to give information about
researcher’s role in qualitative studies. The researcher tried to be objective about
the usage of technology in classes to minimize researcher bias. The researcher met
with students and attended their courses starting from two weeks before the
observations began so that students would not be affected from the researcher
during the observation and video recording. The camera was at the back side of the
students, again, so that students were not affected and behave as usual. The
researcher introduced herself and explained the aim of the study to the students. She
also explained that the data will not be collected from students, and students will
not be evaluated at any part of the study.

Furthermore, usage of researcher’s personal ideas on dynamic geometry
integration in classrooms was avoided while data collection and data analysis. All
of the lesson implementations were video-recorded and all interviews were audio-
recorded to minimize researcher bias. It is important to say that the researcher was
in continuous contact with the participant during the study. She observed the
participant and took field notes during classroom implementation of the participant
as non-participant observer. She also conducted interviews with the participant
before and after the classroom implementations. Finally, it could be said that
informal discussions prior to and following an observation were helped the

researcher to understand participant’s beliefs and feelings.

3.8. Limitations and Assumptions of the Study

3.8.1. Limitations of the Study

According to Frankel and Wallen (2006), using non-random sampling
method limits the generalizability of research. However, the aim of the case studies
is not to generalize but to explain the case in more detail than the quantitative
studies. The participant of this descriptive case study selected from the senior pre-
service teachers of the elementary mathematics education program in one of the
large public universities in Ankara and purposeful sampling method is used to

choose the sample according to the needs of the study. This study requires
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classrooms those have the technology of smart-boards and related software
packages of smart boards, Internet access and licensed GeoGebra 3-D. For this
purpose, the participant doing an internship in one of the middle schools having
required technology was chosen. Therefore, the data is limited with this school.

There was not any interaction between participants and researcher. The
researcher tried to be objective throughout the study. Even though it is tried to be
objective, it might possible to see researcher bias because the researcher was
coordinator and facilitator of the study. Moreover, the technology was limited with
dynamic geometry (GeoGebra and virtual manipulatives). Office tools and smart
board were used as assistive devices to use GeoGebra and virtual manipulatives.
The content was limited with the different views of 3D figures in the seventh grade.
Furthermore, 4-hour lesson implementations were observed for the study so time
could be seen as a limitation. The participant did not have enough time to practice
more. Lastly, the participant of the study was limited to a pre-service mathematics
teacher. Therefore, it is suggested to replicate the study in different contexts with
more participants.

The content was limited with the different views of 3D figures in the seventh
grade. It might be said that the concept could be seen as more appropriate to use
various technologies than some other concepts in mathematics. Thus, it is a

limitation and a replication of this study with different contents might be suggested.

3.8.2. Assumptions of the Study

It is assumed that Koehler and Mishra’s (2006) Framework with Niess et
al.’s Mathematics Standards Model (2009) is explanatory framework/model for
TPACK change, therefore, this study will use their sub-components of TPACK to
better analyze the pre-service teacher’s TPACK. It is also assumed that private
schools have better facilities about technology having smart boards and computer
in each class than public schools. This is the reason for choosing one of the private
schools in Ankara. Lastly, it is assumed that the participant of the study is not
affected from the researcher during both in classroom implementations —

observations- and in interviews.
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CHAPTER 4

FINDINGS OF THE STUDY

4.1. Pre-service Teacher’s Implementations

In this section findings of the case of Deniz is presented. Each lesson
implementation of Deniz explained according to four themes of Niess et al. (2009).
At the end of the chapter, findings of the study were summarized. She taught the
concept different views of three-dimensional figures to a seventh-grade class with
twenty-three students. Change in the TPACK level of Deniz during the 4-hour
implementation process is explained using four themes of TPACK (curriculum and

assessment, learning, teaching and access) in detail.
4.1.1. 1% lesson implementation of Deniz:

Curriculum and Assessment:

In this lesson, even though she taught the objective students will be able to
draw two-dimensional views of three-dimensional figures, she did not explicitly
stated objective of the lesson for her 1% implementation to the class. Deniz used a
power-point presentation at the beginning of the class to encourage students to
discover different views of 3-D figures which she prepared before coming to the
classroom. Then, she used office word, to convert different views to the 2-D
dimension by asking questions to the students. As she mentioned in the interview,
she was feeling confident while she was using office tools in her implementation.
The reason for this confidence with her words is that as she used office tools in her
undergraduate courses, she was experienced to use them. Deniz added in the

interview that

I am using technological tools in my courses carefully because |
am not a digital native who was born into the technology.

However, | do not feel | have a lack of knowledge about using
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technology in my classrooms. | think that some middle school
students are learning better with technology. In one of my
projects, | realized that even some university students are learning
better with the help of technology. In my opinion, the effect of
using technology on students’ learning in middle schools is more
than the effect of using technology on students’ learning in

universities.

To illustrate, in her first lesson implementation, she used the smartboard to show
word-document she prepared for classroom implementation and concrete materials
to teach the concept. At the post-interview after 1% implementation, she said that
she found it useful to use unit cubes for students to understand the 3D figures if we
integrate technology into concrete material like showing virtual manipulatives

using office word documents. She added that

At the beginning, | was planning to use GeoGebra, however, at
the class | realized that students liked the concrete material and
smart board interaction. ... I wanted to see all students’
constructions with unit cubes. After all, students showed their
answers, | used office document to show the correct answer and
then, continued to the next question. When I think about whether
we used technology in class effectively, we really did. Giving unit
cubes and showing prepared office word document related to
questions made all students work on the problem and all students

constructed the figures which | wanted at that time.

Therefore, her performance was consistent with the third level which is
adapting level for the curriculum descriptor, which is one of two descriptors of the
curriculum and assessment theme. In the adapting level of the Niess’ rubric, it is
expected from pre-service teachers to understand the benefits of the technologies
as tools for teaching and learning the mathematics curriculum. In her case, Deniz
explains that she is aware of the benefits of using office tools and interactive white
board in the class.

The second descriptor is about assessment. In her first implementation, she

asked students to solve problems on the smart board to see whether they understand
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the problems. She helped them to draw figures by asking guiding questions. Her
questions were in a sequential order, from the easiest to the hardest. She also
prepared her questions in a way that students could answer them using unit cubes.
She allowed students to use unit cubes while drawing figures to their papers. She
showed all of the answers on the smart board. She did not feel any hesitance to
show answers of the questions on smart board using office tools as technologies
while students were answering the questions (by drawing figures to their papers)
which will be graded by her after the classroom session. Hence, as the framework
indicates, her performance was consistent with the adapting level for the assessment
descriptor.
Learning:

In the rubric of Niess et al. (2009), there were two descriptors in this theme.
The first descriptor is about mathematics learning. In the first class, Deniz preferred
to use Office tools (PowerPoint Presentation and Office Word) in her
implementation. She used PowerPoint Presentation herself to take students’
attention to the lesson at the beginning of the lesson. Then, she asked students to
solve questions prepared by her in the Office word document. Students came to the
smartboard and they solved the questions by drawing the answers to the Office word
document. The only tool she used in her first implementation is the office tools,
specifically PowerPoint presentation and Office word document. It can be said that
she started making students explore the topic of 3-D figures in mathematics using
one technology. Through the first classroom implementation, the performance of
Deniz was consistent with the adapting level. As Niess et al. (2009) indicates, in the
adapting level, pre-service teachers “begins to explore, experiment and practice
integrating technologies as mathematics learning tools. For example, students
explore some mathematics topics using technology ” (p.21).

The second descriptor is about the conception of students’ thinking.
During implementation, she asked from students to answer the questions on the
smart board. To assess student thinking, she used activity sheets having the same
questions which she showed on the smartboard to solve. She checked students’
answers on the activity sheets. She reminded students that activity sheets of the
students will be collected at the end of the class and she collected them to assess
students’ performance. As Niess et al. (2009) stated, in the adapting level of

learning theme, pre-service teachers “begin developing appropriate mathematical
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thinking skills when technology is used as a tool for learning. To illustrate, although
students use technology for most topics, assessing student thinking remains mostly
technology-free” (p.21). Deniz used technology while teaching; however, the
assessment was paper-based and technology free. Therefore, Deniz’s performance
for this conception of students’ thinking descriptor of the learning theme was
consistent with the adapting level.

Teaching:

There were four descriptors in the theme of teaching; mathematics learning,
instruction, environment and professional development. Teaching theme is mainly
related to instructional strategies used in the technology enhanced classroom and
the professional development of the pre-service teachers. The performance of Deniz
was consistent with the adapting level. As Niess et al. (2009) stated, in the adapting
level of teaching theme, “pre-service teachers use technology to enhance or
reinforce mathematics ideas that students have learned previously and they mimic
the simplest professional development activities with the technologies but attempts
to adapt lessons for his/her mathematics classes” (p.22). As it is mentioned, she
used only office tools in her first classroom implementation. After starting with a
PowerPoint presentation, she continued with the questions which are prepared by
her in Office word document. At the interview, she said that “Actually I planned to
use GeoGebra in the first implementation. However, during class, | thought that
using unit cubes are more appropriate than using dynamic geometry because |
thought students like concrete manipulative.” As she mentioned she preferred not
to use one more technology (in addition to office tools-power point and office word)
to continue her classroom. She taught that using concrete material and using office
tools -power point and office word- were enough engaging for them to learn
necessary learning objectives. As the example in the adapting level of the Niess et
al.’s rubric (2009), she “continued to learn and explore ideas for teaching and
learning mathematics using only one type of technology ” (p.22).

Furthermore, even if she asked help for students to solve problems on the
smart board, her implementation was mainly teacher directed in order not to lose
the control of the classroom. In the pre-interview before her implementation, she

commented on this. She said that:
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If I were their real mathematics teacher, instead of a pre-service
mathematics teacher doing internship in their school, | would feel
that I could control the classroom more easily. | am feeling scared
to lose the control of the classroom the most, | hope I could handle
this problem.
She also added that:
However, after graduation, while being class’s own teacher, there
will also be cases which I may live difficulty to teach. For example,
there might be hyperactive students. | faced with such a case during
my practicum last term and I realized that class’s mathematics
teacher was ignoring those students’ misbehaviors in order to
continue his teaching.
According to Niess et al. (2009), “instructional strategies with technologies are
primarily deductive, teacher-directed in order to maintain control of the how the
activity progresses”, in the adapting level (p.22). That is, the pre-service teacher
has the control of technology to provide effective classroom management.
Therefore, Deniz’s performance for this descriptor is consistent with the adapting

level in her first implementation.

Access:

There were three descriptors in the theme of access; barrier descriptor,
availability descriptor and usage descriptor.

Barrier descriptor is mainly related to how teachers address barriers to
technology integration. Deniz thought that linking cubes are the most appropriate
tool for her particular tasks designed by her for the first classroom implementation.
Students constructed the figures using linking cubes. She prepared activities using
office tools and showed those using the interactive whiteboard to take students’
attention to the tools she distributed. As Niess et al. (2009) stated, “Concepts are
taught differently since technology provides access to connections formerly out of
reach” in the adapting level of barrier descriptor of the adapting level (p.24).
Therefore, this is an evidence for her being in adapting level.

Availability in the rubric means how technology helps students reach
higher levels and provides more mathematics available. Deniz assessed students’

learning by giving one by one immediate feedback to their constructions saying
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either correct or please, try again. She asked students to put their hands up and to
show their constructions for each question. She engaged students to actively attend
to the classroom activities. As Niess mentioned, in the adapting level of the rubric
(2009), “concepts learned with technology are not assessed with technology ” (p.24)
in Deniz’s classroom implementation.

Usage descriptor covers whether or not teacher allowed students to use
technology in the classroom. Deniz used the technology of PowerPoint presentation
herself to introduce the concept of 3-D figures. After exploring the main points of
the concept with the students, she allowed students to answer the questions on the
smartboard -using the technology-. In other words, she preferred to teach the
concept herself at the beginning the classroom, then she gave a chance to students
to answer the questions using the technology. Therefore, her implementation was
consistent with the adapting level. Niess indicated in adapting level that pre-service
teachers “permit students to use technology in specifically designed units. Access to
and use of technology is available for exploration of new topics” (p.24). To state
differently, pre-service teachers allow students to use technology in some parts of

the lesson, e.g. at the beginning or at the end.
4.1.2. 2" ]esson implementation of Deniz:

Curriculum and Assessment:

In her lesson plan, Deniz explained curriculum objectives of her second
implementation as students will be able to draw two-dimensional views of given

three-dimensional figures.

In the second lesson implementation, she used GeoGebra as a
technological tool for learning to enhance students’ learning of the concept different
views of three-dimensional figures. She constructed 3D figures, which she had
prepared a plane representation of them using Office word document. Then, she
rotated the figures which she constructed in GeoGebra during the class to make
students visualize and to enhance their 3D thinking. In the post interview after 2"
implementation, she explained her opinions about using GeoGebra and her aim with

these words:
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GeoGebra was really useful in this class. | drew the figures, and |
rotate the figures which | drew. GeoGebra gave me a chance to
rotate my drawings. Therefore, | had a chance to help students’

investigation of three-dimensional figures by rotating them.

In addition to the plane representation of solids which were on the paper and
simultaneously on the smartboard, Deniz preferred to use 3D illustrations of a
dynamic geometry software to reach the goal of Turkish Mathematics Curriculum
which she wrote to her lesson plan. Therefore, Deniz’s performance for curriculum
descriptor was consistent with the exploring level. Deniz’s level for curriculum
descriptor increased from adapting level to exploring the level. Niess et al. (2009)
declares that pre-service teachers “investigate the use of topics in own curriculum
for including technology as a tool for learning; seeks ideas and strategies for
implementing technology in a more integral role in the development of the
mathematics that students are learning” (p.20-21), in the exploring level of the
curriculum descriptor of curriculum and assessment theme. That is, Deniz clearly
stated curriculum objectives and integrated technology (GeoGebra and Office tools)

to teach drawings of given three-dimensional figures’ two-dimensional views.

In her classroom implementation, she asked students to solve the problem
on the smartboard to assess their learning. Similar to her first implementation, she
asked students to draw figures to their papers (activity sheets distributed by her)
which will be graded by her. She chose different web sources to use in her
implementation. Before coming to the second implementation, she transferred an
SBS (standardized exam for middle school students) question from MoNE web-site

to the Office word. She attached the question as an enhancement to her lesson plan.

Specifically, she wrote to her lesson plan that she found an SBS question
from the official web-site of Ministry of National Education. The following is the
SBS question which she integrated to her class.
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Which one of the following is the right view of the figure above?

A) B)

Figure 2. Implementation Photo 1

She asked this question at the end of the class to assess students’ learning. Thus,
Deniz’s performance for assessment descriptor was consistent with the exploring
level in the second lesson implementation. Deniz’s level for assessment descriptor
increased from adapting level to exploring level. In exploring level of assessment
descriptor in Niess et al. (2009)’s rubric, it is said that pre-service teachers actively
investigate the use of different types of technology-based assessment items and
questions (e.g., technology active, inactive, neutral or passive) (p.20-21). In this
case, the pre-service teacher used some questions from different websites and add

them to their natural classroom settings.

Learning:

Through the second classroom implementation, Deniz preferred to use
Office word and GeoGebra in her implementation. She used Office word to show

questions to students. She also distributed activity sheets which have the same
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questions with the word document. She explained the questions and then, she asked

students to solve questions prepared by her on the smart board.

Figure 3. Implementation Photo 2

Students came to the smartboard and they solved the questions by drawing the

answers to the Office word document.

Figure 4. Implementation Photo 3

Furthermore, she practiced integrating GeoGebra to her classroom implementation.
She constructed all the figures on the word document using GeoGebra. The photos,
below, show some of the GeoGebra constructions of Deniz from her second lesson

implementation.
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Figure 5. Implementation Photo 4

Thus, in the second classroom implementation, the performance of Deniz was
consistent with the adapting level. Deniz’s level of learning remained at the
adopting level in first learning descriptor of the learning theme, which is about
mathematics learning. That is, she was at the same level with her previous
implementation. In the adapting level, pre-service teachers start to explore, try to
integrate new technologies into their mathematics classes to enhance students’
learning.

Throughout her practice, she requested from seventh-grade students to
draw the answers of the problems using the smart board. She controlled students’
answers on the activity sheets to evaluate their thinking. She reminded students that
she will gather activity sheets of them at the last moment of the lesson. She collected
the sheets to evaluate students’ thinking and to investigate the points
misunderstood. Therefore, when we think of the second descriptor in the adapting
level, which is about the conception of students’ thinking, Deniz’s performance for
this descriptive was consistent with the adapting level. Niess et al. (2009) maintain
that, in the adapting level, pre-service teachers start developing some mathematical
strategies to integrate technology into their classes. For example, even though
students are allowed to use technology in some parts of the class, they are not

assessed by technology at the end.
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Teaching:

Teaching theme is mainly related to instructional strategies used (as
explained above), which belongs to the technological pedagogical knowledge
(TPK) of the pre-service teachers. In detail, it is related to pre-service teachers’
ability to choose an appropriate tool for particular tasks designed by them, their
strategies of using that tool (preparing notes before implementation, practice etc.)
and their ability to apply those strategies during implementation. While Deniz
preferred to use only Office tools as a digital technology in her first classroom
experience, she used both Office tools and GeoGebra in the second classroom
implementation. She did not use concrete materials which she used in her first
implementation. She said in the post interview after 2"d implementation that

| was planning to use linking cubes during the second classroom
implementation for students to make their own constructions. |
prepared my plan accordingly. However, after my first class, I
realized that students may play with the cubes instead of using them
as learning tools. | assessed their learning looking at their
construction with the linking cubes. | saw that their answers are
generally correct. Then, at the second implementation, | directly

passed to the second technology which is GeoGebra.

Deniz pointed out that GeoGebra is more complex than the concrete materials.
Therefore, using data from observation protocol, it could be said that she needed to
check students’ learning levels before the usage of GeoGebra. Then, she used
GeoGebra through her second lesson. Specifically, for example, she showed Figure
6, below, and then the figure was constructed by her using GeoGebra. At the end,
students were asked to draw the figure from different directions with and without
the cube A.
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Figure 6. Example Drawing Question 1

The dialogue between Deniz and students:

Deniz: What happens to the views if we remove the cube A?

Student A: The view from up will not change.

Deniz: What about the view from the front?

Students B: Looks like two cubes will be seen.

[Majority of the students discussed the question, there were many voices.]

Deniz: Let me draw this using GeoGebra. [She constructed the figure in 10

seconds.] Do you think the figure you’ve seen on your papers similar this one?

Student C: Yes, they are the same. [Deniz used rotation tool of GeoGebra and

showed different views of Figure 6 to students. Then, she removed the cube A.]

Deniz: Did the view from front change after removing A? [She rotated the figure

and showed the front view.]
Students: Yes.

Deniz: What about the view from up? [She rotated figure and showed the upper

view.]

Students: No.

Deniz: What happened to view from right?
Students: Remained as the same.

Deniz: From left?
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Students: Same again.

In her classroom implementation, she used GeoGebra as an instructional
tool after trying concrete material in her first implementation. She also used
questioning [e.g. see the dialogue above] as an instructional strategy and asked the
answers of the questions to the class to increase students’ participation in classroom
activities. Thus, Deniz’s level for teaching descriptors increased from adapting
level to exploring level. The performance of Deniz was consistent with the
exploring level. As Niess et al. (2009) stated, in exploring level of the teaching
theme, “pre-service teachers explore various instructional strategies to engage

students in thinking about the mathema