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ABSTRACT

PROMOTING AND INVESTIGATING PRE-SERVICE MIDDLE SCHOOL
MATHEMATICS TEACHERS' TPACK-PRACTICAL DEVELOPMENT IN THE
CONTEXT OF AN UNDERGRADUATE COURSE

Kostur, Merve
Ph.D., Department of Elementary Education

Supervisor: Assoc. Prof. Dr. Cigdem Haser

July 2018, 270 pages

The purpose of the study was to enhance and investigate the technological
pedagogical content knowledge-practical (TPACK-P) development of pre-service
middle school mathematics teachers (PMTs) through the Technology Use in
Mathematics Education (TUME) course aiming TPACK-P development in three
pedagogical domains: Assessment, Planning and Design, and Enactment. TUME
course was designed and implemented based on four principles driven from the
TPACK and TPACK-P frameworks which were transformative approach,
collaborative learning, activity-supported learning, and practice-based learning.
Following the single case study methodology, TPACK-P levels of 11 PMTs were
determined from pre-questionnaires, initial and final technology-integrated lesson
plans, observations, researcher’s field notes, micro-teaching, peer and self-

assessments, and semi-structured post-interviews. PMTs’ beginning TPACK-P in



Assessment domain and Planning and Design domain was detected at level 1, the
Lack of Use Level. PMTs” TPACK-P levels increased from level 1 to higher levels
in all three domains. According the their TPACK-P developments, PMTs were
placed in three groups which were Mostly Simple Adoption Group, Mostly Infusive
Application Group, and Mostly Reflective Application Group corresponding to
levels 2, 3, and 4, respectively. Findings showed that the TUME course was effective
in promoting PMTs’ TPACK-P development. Participants’ knowledge and practices
in each group were narrated to provide a holistic picture of their progress and
TPACK-P levels. The principles, design, and implementation details of practice-
based and content-specific the TUME course were explicitly reported for researchers
to be able to implement the course in teacher education programs to develop and
assess PMTs” TPACK-P.

Keywords: Mathematics Education, Pre-service Middle School Mathematics
Teachers, Teacher Education, Technology, TPACK, TPACK-Practical



0z

ORTAOKUL MATEMATIK OGRETMEN ADAYLARININ TPAB-PRATIK
GELISIMLERININ BiR LISANS DERSI KAPSAMINDA DESTEKLENMESI VE
INCELENMESI

Kostur, Merve
Doktora, Tlkdgretim Boliimii

Tez Yoneticisi: Dog. Dr. Cigdem Haser

Temmuz 2018, 270 sayfa

Bu calismanin amaci, Degerlendirme, Planlama ve Tasarim ve Uygulama
olmak tizere {li¢ pedagojik alanda TPAB-P gelisimini hedefleyen Matematik
Egitiminde Teknoloji Kullannomi (METK) dersinde ortaokul matematik 6gretmen
adaylarinin (OMOA) teknolojik pedagojik alan bilgisi-pratik (TPAB-P) gelisimini
desteklemek ve incelemektir. METK dersi, TPAB ve TPAB-P teorik ¢ergevelerinden
yola cikarak belirlenmis doniisiimcii yaklasim, isbirlikli 6grenme, etkinlik destekli
O0grenme ve uygulamaya dayali 0grenme olmak tiizere dort ilkeyi temel alarak
planlanmis ve uygulanmistir. Tek durum ¢alismasi deseni kullanilarak 11
OMOA’nin TPAB-P seviyeleri én testler, teknoloji entegre edilmis &n ve son ders
planlari, gozlemler, arastirmacinin saha notlari, mikro Ogretim, akran ve 0z
degerlendirmeler ve yari-yapilandirilmis goriigmelerden elde edilen veri ile
belirlenmistir. OMOA nin baslangic TPAB-P seviyelerinin Degerlendirme alan1 ve

Planlama ve Tasarim alaninda 1. seviye olan Kullanim Eksikligi Seviyesinde oldugu
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tespit edilmistir. OMOA’nin TPAB-P seviyeleri her ii¢ alanda da 1. seviyeden daha
yiiksek seviyelere yiikselmistir. OMOA’lar1 TPAB-P gelisimlerine gore, Cogunlukla
Basit Benimseme Grubu, Cogunlukla Kaynastiric1 Uygulama Grubu ve Cogunlukla
Yansitict Uygulama Grubu olan ve sirasiyla 2, 3 ve 4 seviyelerine karsilik gelen ii¢
gruba yerlestirilmistir. Bulgular, METK dersinin OMOA ’larinin TPAB-P gelisimini
artirmada etkili oldugunu gostermistir. Katilimcilarin gelisimlerinin ve TPAB-P
diizeylerinin biitiinsel bir resmini sunmak i¢in her gruptaki katilimcilarin bilgileri ve
uygulamalar1 ayrintili olarak agiklanmustir. Arastirmacilarin OMOA’larinin TPAB-P
gelisimini artirmak ve incelemek amaciyla 6gretmen egitimi programlarinda METK
dersini verebilmeleri i¢in uygulama temelli ve alana 6zgii olan METK dersinin

prensipleri, tasarim1 ve uygulama detaylar1 agik bir sekilde anlatilmistir.

Anahtar Kelimeler: Matematik Egitimi, Ortaokul Matematik Ogretmen Adaylari,
Ogretmen Egitimi, Teknoloji, TPAB, TPAB-Pratik
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CHAPTER 1

INTRODUCTION

Teaching is a difficult and ill-structured process, and technology integration
adds upon the difficulties of the process (Graham, Borup, & Smith, 2012). Hence,
teaching with technology is a “wicked problem” (Rittel & Webber, 1973, p. 160).
Effective utilization of technology in education is highly expected (Kaufman,
2015) which brings another challenge. Such a challenge can be solved effectively
which requires teachers to be equipped with necessary knowledge and experience
about how to utilize technology in teaching (Akbaba-Altun, 2006; Cakiroglu &
Haser, 2002). Yet, some teachers have been rather late to utilize technologies in
classrooms and fall behind meeting the needs of 21 century mathematics
classrooms for all learners (Kavanoz, Yuksel, & Ozcan, 2015; Zelkowski, 2011c).
Moreover, many teachers are not familiar with digital technologies and they meet
students who are native to these technologies in classrooms (Prensky, 2001).
Knowing only the facilities of technologies is not adequate for adopting them for
instruction (Angeli & Valanides, 2009; Mishra, Koehler, & Kereluik, 2009).
Teachers need to know how to benefit from the opportunities that technology
provides for designing lessons which help students to understand the content
meaningfully (Lee & Hollebrands, 2008). They also need to progress in designing
and implementing technology enhanced effective courses in line with curriculum
goals and standards (Lawless & Pellegrino, 2007).

Education in the 21% century demands teachers who possess “sound
technical skills that keep pace with real-world, everyday use of technology and that

reinforce content knowledge” (Kaufman, 2015, p. 8). Among the recent



educational standards, International Society for Technology in Education (ISTE,
2017) proposed standards for educators many of which were about digital
competencies. Among these, under the leader characteristic, teachers are expected
to “advocate for equitable access to educational technology, digital content and
learning opportunities to meet the diverse needs of all students, and model for
colleagues the identification, exploration, evaluation, curation and adoption of new
digital resources and tools for learning” (ISTE, 2017, p. 1). Teachers are expected
to “design authentic learning activities that align with content area standards and
use digital tools and resources to maximize active, deep learning, and explore and
apply instructional design principles to create innovative digital learning
environments that engage and support learning” (ISTE, 2017, p. 2). Therefore, they
need to have competencies as asserted more explicitly in ISTE (2008) in four
teacher actions:

(1) design or adapt relevant learning experiences that incorporate digital tools and
resources to promote student learning and creativity,

(2) develop technology-enriched learning environments that enable all students to
pursue their individual curiosities and become active participants in setting their
own educational goals, managing their own learning, and assessing their own
progress,

(3) customize and personalize learning activities to address students’ diverse
learning styles, working strategies, and abilities using digital tools and resources,
(4) provide students with multiple and varied formative and summative
assessments aligned with content and technology standards, and use resulting data
to inform learning and teaching. (p. 1)

Turkish Ministry of National Education (MoNE) recommends technology
integration into mathematics in the middle school (5", 6%, 7", and 8" grades)
mathematics curriculum (MoNE, 2013). It is suggested among the general aims of
the curriculum that teachers use technology effectively in the teaching and learning
process. In order to achieve this goal, teachers need to possess the basic skills to
use technology and adapt technological tools with the appropriate pedagogy to
teach mathematics content (MoNE, 2013). Similarly, National Council of Teachers
of Mathematics (NCTM) in the United States indicates that technology is essential
for effective teaching and learning of mathematics (NCTM, 2014) and Association
of Mathematics Teacher Educators (AMTE) emphasizes the role of technology in

identifying and meeting diverse student needs (AMTE, 2009).



There has been an increasing tendency to enhance the use of educational
technology in Turkey, as exemplified by the Movement of Enhancing Opportunities
and Improving Technology (Firsatlar1 Artirma Teknolojiyi lyilestirme Hareketi)
(FATIH) project which has been carried out by the MoNE, aiming to enhance
teaching quality by integrating technology and pedagogy in order to enable equal
opportunities for all students. Specifically, this project aimed to encourage teachers
to use educational technology, inspire students’ creative thinking ability, share
technological resources with students, and ensure that students have technological
learning opportunities (FATIH, 2018). As a result, each teacher is expected to be
competent to effectively apply educational technology in their curriculum designs,
practice, classroom management, and assessment.

Koehler and Mishra (2006) presented Technological Pedagogical Content
Knowledge (TPACK) as a framework for teacher knowledge of technology
integration into education which is formed by the complex interaction between
three bodies of knowledge: Technology, Pedagogy, and Content. The knowledge
constructs in the framework can be investigated separately. However, in practice
they are embedded and cannot be separated (Angeli & Valanides, 2005, 2009).
TPACK is a unified body of knowledge which is developed for using technology in
teaching (Koehler & Mishra, 2008; Mishra & Koehler, 2006) and goes beyond the
knowledge constructs it includes (Angeli & Valanides, 2009, 2015; Koehler &
Mishra, 2009; Thompson & Mishra, 2007; Yeh, Hsu, Wu, Hwang, & Lin, 2014).
From this view, TPACK is the knowledge of context, student needs, pedagogy, tool
affordances, content (Angeli & Valanides, 2009), and knowledge about and
application of technology integration to enhance students' learning and teachers'
instruction (Jen, Yeh, Hsu, Wu, & Chen, 2016). Throughout the TPACK
development process, teachers build connections between pedagogical approaches
appropriate for a specific content that is supported by technology.

TPACK is a fruitful framework that empowers potential for new approaches
derived from it (Hewitt, 2008). Researchers proposed other models that were
adopted and derived from the epistemology of TPACK framework each of which

grows upon a construct that the framework comprises (see Chapter I11). Among
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these, TPACK Practical (TPACK-P) framework (i.e., Yeh, Hsu, Wu, et al., 2014) is
distinctive from the other models of TPACK since it was driven from both
knowledge- and practice-based nature of TPACK and emphasized content-specific
development of TPACK. In addition, TPACK-P is a two dimensional framework
that serves for identifying TPACK proficiencies belonging to three pedagogical
domains which are assessment, designing and planning, and enactment (Yeh, Lin,
Hsu, Wu, & Hwang, 2015).

Teachers need to experience designing technology-integrated concrete
activities through their teacher education program before they practice in the field
since the teacher education programs have great influence on graduate teachers’
technology integration in their instructions (Tondeur, Roblin, van Braak, VVoogt, &
Prestridge, 2017; Tondeur, Scherer, Siddiq, & Baran; 2017). However, it has been a
challenging and debated issue to fulfill this aim in teacher education programs
(Niess, 2011) which was explicitly stated as follows:

“The main issue emerging seems to be the lack of relationship between what
beginning teachers learned in their pre-service education and what is needed in
order to make progress in using technology in the classroom. Therefore, teacher
education institutions need to actively help future teachers to make the link between
technology, pedagogy and content knowledge in all aspects of their education and
fieldwork” (Tondeur, Roblin, et al., 2017, p. 175).

Therefore, teacher education programs need a reform to improve course contents
(Koehler, Mishra, & Yahya, 2007; Niess, 2006) in order to provide pre-service
teachers (PTs) with content-specific and pedagogy-related experiences of
technology integration (Tondeur, Roblin, et al., 2017) blended with curriculum goals
(Agyei & Voogt, 2011a). Utilization of TPACK framework is suggested to
transform teacher education programs to prepare PTs who are competent in effective
technology integration to education (Koehler & Mishra, 2009) and to design fruitful
environments which support PTs to gain experiences about technology integration
(Agyei & Voogt, 2012). The framework aims at preparing PTs who are skillful in
effective integration of technology to teach a specific content to a specific group
(Tondeur et al., 2012).

Recently, there has been a considerable increase in the amount of research



about developing and evaluating PTs’ TPACK in mathematics education within
teacher education course contexts through different time intervals. TPACK
framework and the other models were used as the base for designing courses that
aim at developing PTs’ technology integration competencies, thereby their TPACK.
Researchers either integrated technology to the existing teacher education courses
such as content courses (e.g., Meagher et al., 2011), methods courses (e.g., Lee &
Hollebrands, 2008; Meng & Sam, 2013), teaching practice courses (Agyei & Voogt,
2012; Balgalmis, 2013) or designed and implemented new courses (e.g., Akyuz,
2016). Besides, several strategies were utilized to develop and assess PTs’ TPACK
in these courses. Linking theory with practice, learning technology integration by
designing, the teacher educator being the role model, and working collaboratively
with peers were among the characteristics of effective interventions of teacher
education programs for preparing PTs sufficiently competent in integrating
technology effectively in their teaching practices (Tondeur et al., 2012).

1.1 Statement of the Purpose and the Research Question

The main purpose of the present study was to enhance and investigate
TPACK-P development of pre-service middle school mathematics teachers
(PMTs). To serve this aim, the Technology Use in Mathematics Education Course
(TUME) was designed and implemented based on the TPACK-P framework. The
study was conducted to answer the following research question and the sub-
questions:

1. How does the Technology Use in Mathematics Education Course influence
pre-service middle school mathematics teachers’ TPACK-P development?

a) What are pre-service middle school mathematics teachers” TPACK-P

proficiency levels in the beginning of the Technology Use in
Mathematics Education Course?

b) What are pre-service middle school mathematics teachers” TPACK-P

proficiency levels at the end of the Technology Use in Mathematics

Education Course?



1.2 Significance of the Study

Middle school mathematics education curriculum consists of five learning
areas; numbers and operations, algebra, geometry and measurement, data
processing, and probability (MoNE, 2013). In the curriculum, the use of Information
and Communication Technologies (ICT) is recommended in three of these five
learning areas which are algebra, geometry and measurement, and data processing
learning areas. As it is not specifically mentioned in the curriculum, the selection
and integration of the technology to be used in teaching mathematics is left to
teachers. Therefore, teacher education programs have a crucial role and
responsibility for preparing future teachers who are competent in technology
integration in education (Hofer & Grandgenett, 2012; Niess, 2005; Yeh, Hsu, Wu, et
al., 2014) and for helping them to enhance mathematics teaching with digital
technologies of 21% century (Niess, 2012). In order to enhance pre-service teachers’
TPACK proficiency, teacher training programs should introduce them with ICTs
(Zelkowski, 2011a), enable them to discover utilizations of ICTs in practice, and
guide them to design and implement ICT integrated lessons (Ay, Karadag, & Acat,
2016). Because, when pre-service teachers develop TPACK integrally, they become
prepared for both today’s and tomorrow’s mathematics classrooms (Lee &
Hollebrands, 2008).

Teacher education programs have not completely provided adequate
environment and content to enhance PTs’ knowledge about and skills of technology
integration in practice (Chien, Chang, Yeh, & Chang, 2012), and thereby the
development of practical TPACK (Yeh, Lin, Hsu, et al., 2015), which is a broad and
complex task to achieve (Aslan & Zhu, 2016; Liu, 2016). The focus of such
development attempt should be on how and why PTs integrate technology to
teaching (Graham et al., 2012; Yeh, Lin, Hsu, et al., 2015) in order to reveal their
reasons for using technology in instruction and to evaluate their TPACK (Yeh, Lin,
Hsu, et al., 2015). TPACK is embedded in experience and develops through practice
(Yeh, Lin, Hsu, et al., 2015). Therefore, TPACK studies investigating technology
use in practice (Voogt, Fisser, Tondeur, & van Braak; 2016) within content-specific



domains (Baran & Canbazoglu-Bilici, 2015; Chai, Koh, & Tsai, 2013; Voogt,
Fisser, Pareja-Roblin, Tondeur, & van Braak, 2013) are needed. The theoretical
basis of the present study was grounded on the practice-based and content-specific
nature of TPACK to contribute to the field. Thus, TPACK-P framework, which
focused both on knowledge about and application of technology integration in
education, was utilized (Yeh, Lin, Hsu, et al., 2015).

Jen et al. (2016) provided exemplary behaviors of science teachers
corresponding to the TPACK-P proficiency levels in three domains. In the present
study, a different sample provided additional knowledge and behaviors that were
general and mathematics content-specific. These were explained in detail in this
study. PMTs’ knowledge and applications provided exemplary instances
corresponding to all of the four TPACK-P proficiency levels in three pedagogical
domains. This was a contribution to the TPACK-P framework in terms of providing
additional behaviors belonging to its levels and domains in the field of mathematics
education. Moreover, the researchers who intend to conduct general or mathematics
content-specific TPACK studies could use these knowledge and applications to
analyze and validate the findings of their studies.

Niess (2011) suggested that future studies should provide examples of
teacher education applications such as courses, programs, or instructional
manipulations that ensure development and assessment of PTs” TPACK. In this
study, an undergraduate course was designed for developing PMTs’ TPACK-P
through the course context. The aim was to understand to what extent PMTs develop
and demonstrate TPACK-P through the course. This study was unique for
comprising distinctive and effective strategies emphasized in the literature within a
content-specific course context. Several strategies were emphasized for being
effective in enhancing PTs’ TPACK development in teacher education courses in
the related literature. Four principles were determined based on these effective
strategies, the TPACK framework (Mishra & Koehler, 2006) and TPACK-P
framework (Yeh, Hsu, Wu, et al., 2014): (1) transformative approach (Angeli &
Valanides, 2005, 2009; Koehler & Mishra, 2009; Thompson & Mishra, 2007; Yeh,
Hsu, Wu, et al., 2014), (2) collaborative learning (Agyei & Voogt, 2011a; Jang,
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2008b; Koehler et al., 2007; Polly, Mims, Shepherd, & Inan, 2010; Tondeur et al.,
2012; Tondeur, Roblin, et al., 2017; Tondeur, Scherer, et al., 2017; Yeh, Lin, Hsu, et
al., 2015), (3) activity-supported learning (Agyei & Voogt, 2012; Angeli &
Valanides, 2009; Harris & Hofer, 2009; Lee & Lee, 2014; Mouza, Karchmer-Klein,
Nandakumar, Ozden, & Hu 2014; Yeh, Lin, Hsu, et al., 2015), and (4) practice-
based learning (Jen et al., 2016; Yeh, Hsu, Wu, et al., 2014). The TUME course was
designed and implemented based on these four principles. Another contribution was
that the content of the TUME course was broad in terms of technology types and
mathematics subjects. Most of the related studies limited the content to one type of
technology (e.g., Agyei & Voogt, 2012; Chai et al., 2013; Durdu & Dag, 2017; Kurt,
2016; Meagher et al., 2011; Meng & Sam, 2013; Ozgun-Koca, Meagher, &
Edwards, 2010), which limited PTs’ content selections and designs; or to a single
mathematics subject (e.g., Lee & Hollebrands, 2008), which limited content
selections and designs. In the TUME course, the PMTs were introduced with both
the general and content-specific technologies and they were free to choose any of
these technologies and learning objectives from the five learning areas in the
national middle school mathematics curriculum content (i.e., MoNE, 2013) from
fifth to eighth grades when designing technology-integrated activities and lessons.

In Turkey, TPACK studies have mostly been conducted by using surveys
(Baran & Canbazoglu-Bilici, 2015). The present study was designed and reported
following a qualitative approach which provided to make detailed investigation and
observation from various perspectives in order to reveal PMTs’ TPACK-P
development through the course by seeking answers for whys and hows of their
knowledge about and application of technology integration to teaching of middle
school mathematics subjects. In qualitative studies conducted in Turkey, contexts
were not described in detail (Baran & Canbazoglu-Bilici, 2015), which limits the
further studies to make comparisons and develop better contexts. The principles,
design, and implementation details of the TUME course were explicitly reported
which would lead similar courses to be designed and implemented in teacher
education programs. The detailed description of the course might gain researchers’

attention to rethink about how TPACK-P can be developed through an integrated
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course. Moreover, the course can be instructed with the same principles in teacher
education programs for PTs’ TPACK-P development in all areas by utilizing the

same principles.
1.3 Definitions of Important Terms

Pedagogical Content Knowledge (PCK): A framework which was proposed
by Shulman (1987) referring to “the special amalgam of content and pedagogy that
is uniquely the province of teachers, their own special form of professional
understanding” (Shulman, 1987, p. 8).

Technological Pedagogical Content Knowledge (TPACK): A framework
which builds on Shulman’s (1986, 1987) descriptions of PCK to describe how
teachers’ understanding of educational technologies and PCK interact with one
another to produce effective teaching with technology (Mishra & Koehler, 2006).
Among the models that were adopted and derived from the epistemology of
TPACK framework, Technological Pedagogical Content Knowledge Practical
(TPACK-P) framework (Yeh, Hsu, Wu, et al., 2014) formed the basis of the
present research.

Technological Pedagogical Content Knowledge Practical (TPACK-P):
TPACK-P is a practice-based and content-specific framework which refers to
teachers’ knowledge of using ICTs which they “develop from and for their
practical teaching” (Yeh, Lin, Hsu, et al., 2015, p. 79). The TPACK-P proficiency
is identified in four levels and three pedagogical areas which are assessment,
planning and design, and enactment (Jen et al., 2016; Yeh, Lin, Hsu, et al., 2015).

Technology: Mishra and Koehler (2006) defined technology as the
“hardware and software such as computers, educational games, and the Internet and
the myriad applications supported by it” (p. 1023).

Pre-Service Middle School Mathematics Teachers (PMTSs): Fourth year
students in their last semester at an Elementary Mathematics Education Program of
an Elementary Education Department at a Faculty of Education at a private

University located in Ankara, Turkey.



CHAPTER 2

THEORETICAL FRAMEWORK

Technological Pedagogical Content Knowledge (TPACK) framework and
Technological Pedagogical Content Knowledge-Practical (TPACK-P) framework
which was adopted and derived from the epistemology of TPACK framework were
introduced in this chapter. The theoretical roots of TPACK and the generation,

validation, and application of TPACK-P framework were explained in detail.
2.1 TPACK Framework

The conceptualization of TPACK was developed from the theoretical
framework of Shulman’s (1986, 1987) Pedagogical Content Knpwledge (PCK)
framework. The PCK is the framework for teacher knowledge about not only
differentiated knowledge of a specific content and pedagogical strategies, but also
knowing how to teach subject content with appropriate pedagogical strategies in
order to meet student needs in the context. For effective teaching, teachers require
to be competent in PCK which is “an understanding of how particular topics,
problems, or issues are organized, represented, and adapted to the diverse interests
and abilities of learners, and presented for instruction” (Shulman, 1986, p. 8).

The differentiation between content knowledge (CK) and PCK is that CK is
teacher knowledge about representations to teach a content, whereas PCK is the
knowledge of transforming representations to make content understandable. To be
competent in CK, teachers are required to explain knowledge and justification and
to know how subjects are related with other subjects and why they are needed in

theory and practice (Shulman, 1986).
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Shulman (1986) described pedagogical knowledge (PK) as the second type
of content knowledge related with teaching dimension of subject matter
knowledge. The differentiation between PK and PCK is that teacher knowledge in
pedagogy is rather a general type of pedagogical knowledge or a content specific
pedagogy. In addition, related with the teachability of the content, PK includes
representations and formulations (Shulman, 1986). Shulman (1986) emphasized
that since there is no best representation for a specific subject matter, teachers
should be equipped with a variety of effective representations which they can
obtain from research or produce while teaching. As for teacher knowledge, in
addition to the aspects above, knowledge of classroom management strategies,
curriculum, learners, learner characteristics, educational contexts, and educational
values are included (Shulman, 1986, 1987).

Current reforms in education emphasize the role of technology use in
education (National Research Council, 2012). Accordingly, there has been a
tendency to integrate knowledge of technology to PCK. In connection to PCK,
Mishra and Koehler (2006) proposed TPACK as a framework for teachers’
knowledge of technology integration into education as illustrated in Figure 1.
Throughout the TPACK development process, teachers build connections between
pedagogical approaches appropriate for a specific content that is supported by
technology.

In TPACK model, three knowledge domains — Pedagogical Knowledge
(PK), Content Knowledge (CK), and Technological Knowledge (TK) — form pairs
of knowledge intersections: Pedagogical Content Knowledge (PCK),
Technological Content Knowledge (TCK), Technological Pedagogical Knowledge
(TPK), and Technological Pedagogical Content Knowledge (TPACK). These
knowledge types and context recognition come together and build TPACK
framework which possesses integration of technology into teaching (Koehler &
Mishra, 2008).

11
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Figure 2.1 Technological Pedagogical Content Knowledge Framework. Reprinted
from “What is Technological Pedagogical Content Knowledge?,” by M. J. Koehler
and P. Mishra, 2009, Contemporary Issues in Technology and Teacher Education,
9, p. 63.

CK is subject matter knowledge of teachers which is needed to be learned
or taught in teachers’ discipline of profession (Koehler & Mishra, 2008; Mishra &
Koehler, 2006). CK is, built on Shulman’s (1986) definition, teachers’ subject
matter knowledge, knowledge of the relationship of the content with other concepts
and fields, understanding of nature of the knowledge and inquiry, knowledge of
facts and theories, and knowledge of evidence and proof (Mishra & Koehler,
2006). PK is the intense knowledge of “the processes and practices or methods of
teaching and learning and how it encompasses overall educational purposes,
values, and aims” (Mishra & Koehler, 2006, p. 1026). It is a broad knowledge
domain including understanding students’ diverse learning types and knowledge
constructions and knowledge about teaching strategies such as classroom
management skills, lesson planning skills, and assessment techniques (Mishra &
Koehler, 2006).
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PCK is presenting the subject matter understandable to students which is
teaching the way the subject matter addresses students’ learning characteristics
(Shulman, 1986, 1987). Technology was not mentioned and discussed explicitly in
PCK framework. Indeed, the role of technology in relation with pedagogy and
content was not explained (Angeli & Valanides, 2009), most probably because
using technology was not common in teaching at the time of the framework
(Mishra & Koehler, 2006). However, Shulman (1986) emphasized that the teachers
should be able to employ “the most useful forms of representation of ideas, the
most  powerful analogies, illustrations, examples, explanations, and
demonstrations” (p. 9) to represent and formulate the subject matter for students.
These features meet what instructional technology provides for students. Mishra
and Koehler (2006) combined TK to PCK framework and showed that its
affordances in teaching the content through pedagogy are explicit in TPACK
framework. In TPACK framework, technology is not limited to digital
technologies. Koehler and Mishra (2009) stated that TK is the consistently
changing knowledge dimension of TPACK. Yet, many researchers using TPACK
framework in their studies refer technology as digital technologies (Angeli &
Valanides, 2009; Lee & Tsai, 2010).

Koehler and Mishra (2009) addressed that one should consider the impact
of educational technologies on knowledge in various disciplines in order to use and
develop them. Using technology provides multiple, effective, and new
representations and metaphors to understand concepts which has resulted in
profound changes of facts and knowledge in social, applied, and clinical sciences.
Therefore, they define TCK as the teachers’ knowledge of technologies and
decision about the one that best complies with the subject matter.

Teachers’ knowledge about affordances and constraints of technological
tools affect their pedagogical decisions in designing the courses or the pedagogical
strategies can lead to the selection of technology (Mishra & Koehler, 2006). TPK
includes the knowledge of kinds of technology available for a particular task and
the affordances and constraints of the technologies, knowledge of pedagogical

strategies, the ability to select the technology and pedagogical strategy that would
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serve best to achieve the educational aim, and the ability to match these together
(Mishra & Koehler, 2006).

Context is the embracing aspect of the TPACK framework as it is also
mentioned visually in Figure 1. In the figure, context covers all knowledge
domains in the framework. It affects the interactions between and among the
knowledge dimensions. Teachers’ reflections of their TPACK into teaching vary
according to the diverse classroom contexts where teaching takes place (Koehler &
Mishra, 2009).

The knowledge dimensions of TPACK are highlighted briefly above so as
to define how the framework occurred and what it is comprised of. However, in the
present study, TPACK was used as a unified body of knowledge which is
developed for using technology in teaching (Koehler & Mishra, 2008; Mishra &
Koehler, 2006). Therefore, to serve the purpose of this study, TPACK was
considered as teacher knowledge of technology integration which is a knowledge
type different than bringing its seven dimensions together. Taking three knowledge
types, CK, PK, and TK, into consideration, one cannot differentiate their existence
in practice. Rather, these knowledge types interrelate and constitute a “dynamic
equilibrium” (Mishra & Koehler, 2006, p. 1029). In maintaining this equilibrium,
teachers need continually to create, fulfill, and reconstruct the needs that occur in
their teaching (Koehler & Mishra, 2009).

TPACK framework is a lens for identifying how teachers integrate
technology into their lessons (Harris & Hofer, 2009; Hofer & Harris, 2010) and a
guide to investigate teachers’ instructional decisions (Graham et al., 2012).
Shulman (1987) stated that PK and CK surpassed the meanings they referred and
formed the elaborated teacher knowledge, which is PCK. Similarly, TPACK
denotes more than knowledge of pedagogy, content, and technology (Koehler &
Mishra, 2009). Multiple interactions exist among PK, CK, and TK which differ in
different contexts. The multiple interactions that take place while teachers make
several decisions such as; technology choice and selection of pedagogical strategies
suitable for the learning goals while considering the opportunities of the context at

the same time results in various implications of technology use in education.
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Therefore, teachers’ TPACK development is the key for performing effective
technology enhanced instructions (Koehler & Mishra, 2009).
Relying on Shulman’s PCK definition, TPACK was defined as;

“the basis of 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 ones”
(Mishra & Koehler, 2006, p. 1029).

Teachers cannot continue their regular instruction when they use a new
technology. Hence, they need to reconstruct the pedagogical techniques, redesign
the course content, and reconsider the context of the teaching environment for
technology use (Koehler & Mishra, 2009; Mishra & Koehler, 2006). It can be
concluded that integrating technology effectively into teaching is difficult and
multifaceted due to the nature of teaching where interconnections occur between

teachers’ TK, PK, CK, and the context in which the teaching takes place.

2.2 Technological Pedagogical Content Knowledge-Practical (TPACK-P)

Framework

Technological Pedagogical Content Knowledge-Practical (TPACK-P) (Yeh,
Hsu, Wu, et al., 2014) refers to teachers’ knowledge of using ICTs which they
“develop from and for their practical teaching” (Yeh, Lin, Hsu, et al., 2015, p. 79).
Different than other models proposed for TPACK, TPACK-P framework is based
on both knowledge and experience (Yeh, Hsu, Wu, et al., 2014). Relying on
technology, pedagogy, and content knowledge, TPACK-P framework guides
researchers to identify TPACK within teaching contexts. In order to improve and
assess teachers’ practical knowledge of technology that they need in teaching,
TPACK-P proposes a multidimensional framework in which TPACK-P proficiency
was determined in four levels and three pedagogical dimensions (Jen et al., 2016).
Teachers can practically develop and succeed in planning and performing
technology-integrated instructions with the help of TPACK-P framework (Yeh,
Hsu, Wu, et al., 2014).
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TPACK-P framework was developed by Yeh, Hsu, Wu, et al. (2014) as the
product of a two-stage study which started by generating the model and then
validating it in a gradual study together with six researchers and 54 educators by
using Delphi survey techniques. The experts were determined according to several
principles and features. The six researchers were academics in instructional
technology and 54 educators were faculty members with science teaching
experience in high schools. Firstly, the researchers determined the possible
competencies and knowledge types expected for teachers to be competent in using
technology in teaching. Research panels were conducted with the researchers to
build a temporary framework. Developed from technology, pedagogy, and content
knowledge areas, the TPACK-P framework focused on five knowledge domains
that are learners, subject and content, planning and design, practical teaching, and
assessment (Yeh, Hsu, Wu, et al., 2014). Secondly, 54 educators provided opinions
for the framework to reorganize and expand the model generated in the researchers’
panel. Consensus was reached among the educators with some suggestions. Names
of the knowledge dimensions were modified, more clarified descriptions were
made, and some knowledge dimensions were combined. There are eight knowledge
dimensions in the final model of the TPACK-P framework located under five
pedagogical areas as illustrated in Figure 2.

It can be interpreted based on Figure 2 that the eight knowledge dimensions
were constructed under five pedagogical areas which are learners, subject content,
curriculum design, practical teaching, and assessment. The eight knowledge
dimensions referring to these pedagogical areas are (i) using ICT to understand
students, (ii) using ICT to understand content, (iii) planning ICT-infused
curriculum, (iv) using ICT representations, (v) using ICT-integrated teaching
strategies, (vi) applying ICT to instructional management, (vii) infusing ICT into
teaching contexts, and (viii) using ICT to assess students. Learners, pedagogy,
representations, and tool affordances are situated in the center of the framework
(Yeh, Hsu, Wu, et al., 2014).

Content plays a significant role among the parts of the framework in

directing teachers for determining student needs, comprehending the goals,
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designing instructional plans, selecting teaching strategies, technology choices, and
assessment techniques for the goals (Yeh, Hsu, Wu, et al., 2014). Therefore,
teachers are expected to develop domain-specific TPACK-P and be able to
reconstruct their knowledge of TPACK-P for a specific content. In addition, the
emphasis should also be given on context. Teachers are expected to design
instruction by considering the affordances of and needs in the context (Yeh, Hsu,
Wu, et al., 2014).

Figure 2.2 TPACK-Practical Framework. Reprinted from “Developing and
Validating Technological Pedagogical Content Knowledge-Practical (TPACK-
Practical) through the Delphi Survey Technique,” by Y. F. Yeh, Y. S. Hsu, H. K.
Wu, F. K. Hwang, and T. C. Lin, 2014, British Journal of Educational Technology,
45, p. 714.

In their proceeding research, Yeh, Lin, Hsu, et al. (2015) studied with

practicing science teachers. Their aim was to identify and categorize teachers’
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TPACK-P levels. The participating teachers were grouped according to their
academic majors, experience in teaching, and award gains. The data were collected
through semi-structured interviews and video-tapes of teachers’ classroom
instructions. Triangulation of the data revealed evidences for teachers” TPACK-P.
Participants were evaluated according to five proficiency levels from 0 to 4 named
as no idea, lack of use, simple adoption, infusive application, and reflective
application, respectively. The levels proposed by Yeh, Lin, Hsu, et al. (2015) have
a hierarchical structure. Level O indicates no use of and no information about
technology. The other four levels indicate qualified behaviors and views in terms of
TPACK-P. In addition, Yeh, Lin, Hsu, et al. (2015) determined the most common
behaviors and views expected from teachers for each category. Then, they recorded
these as the indicators for the dimensions. That is, the indicators showed the degree
of competency for the dimensions in corresponding levels.

Yeh, Lin, Hsu, et al. (2015) categorized eight knowledge dimensions in
TPACK-P into three domains of assessment, planning and designing, and practical
teaching. Assessment domain covers gaining information about learners via ICTSs.
Planning and designing domain consists of strategies to design technology-infused
lessons by considering learner needs and curriculum goals. Practical teaching
domain is teachers’ competency of implementing the technology-integrated
instruction which meets learners’ needs and suitable for the learning context (Yeh,
Lin, Hsu, et al., 2015).

The analysis of the interview data revealed three types of teacher groups
with different proficiency levels of TPACK-P as Technology Infusive (TI),
Technology Transitional (TR), and Planning and Design (PD). Characteristics and
practices of teachers in these three groups were thoroughly described in Yeh, Lin,
Hsu, et al. (2015). A summary of these groups are provided here. Teachers in the
TI group considered ICT use in a student-centered strategy. They were eager to
design ICT-infused instructions, knew the affordances and constraints of ICT tools
and selected appropriate tools for students’ learning needs, allowed students to
participate actively in learning with ICTs, and generate students’ interpersonal

interactions and their communication with the teacher through ICT support. Some
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of the teachers considered online communications such as blogs and forums as time
consuming to organize and manage. Overall, teachers in this group were considered
as high level teachers in terms of TPACK-P. Even some of them were found to be
at Level 4 (reflective application and self evaluation). Secondly, teachers in the TR
group showed teacher-centered approaches in their ICT-infused instructions. They
were aware of ICT-infused assessments and considered them entertaining for
students. However, they preferred usual assessment techniques which were
traditionally common to them. Due to these teachers’ subjectivity in approaching
ICT use in planning and designing, their TPACK-P levels fit Level 2 (simple
adoption). Lastly, PD group consisted of teachers who were competent in planning
and designing ICT-infused instruction; however, they lacked interest in using ICTs
in instruction and assessment. They were aware of the misconceptions and
challenges that students faced and they suggested the use of ICTs to overcome
these problems. On the other hand, they did not rationalize the assistance of
technology in instructions and assessments. The knowledge of and practice in
TPACK-P of teachers in PD group was not very similar to those in Tl and TR
groups. Compared to teachers in TR and PD groups, teachers in TI group
elaborated on student-centered use of technology more and they were willing to
adapt ICTs to assist their instruction.

Some of the builders of the TPACK-P framework and their colleagues (Jen
et al., 2016) conducted a study to validate the TPACK-P framework proposed by
Yeh, Hsu, Wu, et al. (2014) and to identify the edges of the proficiency levels for
TPACK-P knowledge mentioned in Yeh, Lin, Hsu, et al. (2015) by using a
standard-testing method. Jen et al. (2016) studied with a sample of 52 senior level
pre-service and 47 in-service science teachers. More than 90% of the in-service
teachers had at least five years of experience in the field. Moreover, all of the in-
service teachers were experienced in technology use. They were either the
attendants or the lecturers of workshops about teaching with technology and all of
them expressed that they had experience in implementing technology-integrated
instructions.

Jen et al. (2016) prepared a 17-item questionnaire which was consisted of
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17 instructional scenarios and four response options for each scenario. In their first
study about TPACK-P (Yeh, Hsu, Wu, et al.,, 2014), participating teachers
mentioned their experiences that underlie the importance of technology integration
to instruction. These experiences were considered while developing the scenarios.
After building the scenarios, Jen et al. (2016) developed four responses for each
item to meet the teachers’ possible actions and views about scenarios. Teachers’
interview data, which were collected previously in Yeh, Lin, Hsu, et al.(2015),
were consulted to build options for the criteria and indicators of the TPACK-P
levels. The four responses for each item were created such that each of them
referred to the indicators depicted in each TPACK-P level.

After finalizing the 17-item questionnaire, the pre-service and in-service
teachers were asked to select responses for the 17 scenarios in the questionnaire.
The items were divided in two dimensions which were the knowledge of TPACK-P
and the applications of TPACK-P. For the knowledge dimension, participants put
the responses in the order of importance. For the application dimension, they
selected one response that fit their classroom implementations. Participants’
responses provided information about their knowledge and actions within various
instructional contexts which were presented to them as instructional scenarios in
the questionnaire. Analysis of the participants’ responses to the 17-item
questionnaire supported the proficiency levels in Yeh, Lin, Hsu, et al. (2015) study.
Analysis showed that teachers sharing similar TPACK-P proficiency levels
selected the same response options in the 17-item scale. Therefore, teachers with
the same levels assumed to share similar views about technology use in instruction
(Jen et al., 2016). The four proficiency levels of TPACK-P and benchmarks and
indicators belonging to the levels introduced previously by Yeh, Lin, Hsu, et al.
(2015) and then modified by Jen et al. (2016) were presented in Table 2.1.
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The indicators of the four TPACK-P levels were identified and validated for
three domains of teaching which were assessment, planning and designing, and
enactment as presented in Table 2.1. In addition to the indicators, the criteria for
the teaching domains were explained under the title of benchmark. Teachers in
levels 2, 3, and 4 showed similar features in terms of technology use in instruction.
Moreover, for these levels, student-centered applications and effective use of ICT
were more developed as the levels increased. On the other hand, teachers in levels
0 and 1 showed little or no willingness to know about or use technology in
instruction (Jen et al., 2016).

Another result of the study by Jen et al. (2016) was that there was no
significant difference between in-service and pre-service teachers' TPACK-P. In
the study, although in-service teachers were expected to show higher TPACK-P
level in terms of application, they did not develop better TPACK-P than PTs.
Another prominent result was that although the knowledge levels of the
participants were at levels 2 and 3, their applications stayed at level 1. In other
words, participants demonstrated lower proficiency of TPACK-P in application
compared to that of the knowledge about TPACK-P. Researchers suggested that
these level differences in knowledge and application can be balanced by providing
practice opportunities in teacher education programs (Jen et al., 2016).

Ay, Karadag, and Acat (2015) adapted the 17-item TPACK-P scale to
Turkish context without any changes in the original scale. The scale with all its 17
items corresponded to eight knowledge dimensions under five pedagogical areas
which were learners, subject content, curriculum design, practical teaching, and
assessment as it was proposed by Yeh, Hsu, Wu, et al. (2014) in its original form.
In their subsequent study, Ay et al. (2016) used the scale to investigate Turkish
teachers’ technology integration in relation with four variables as gender, FATIH
project implementation in school, school type, and experience in teaching. The data
were collected from 296 teachers working at public schools. Within TPACK-P
framework, it was possible to determine Turkish teachers’ knowledge and practice
of TPACK in two pedagogical domains, which are curriculum design and

assessment, and one knowledge dimension under practical teaching domain, which
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is using ICTs in instruction. About overall proficiency in TPACK-P, teachers had
the highest averages in curriculum design domain and the lowest averages in
assessment domain. In addition, teachers showed low proficiency skills in practical
teaching domain. Ay et al. (2016) indicated that PTs’ technological knowledge and
integration skills need to be enhanced through teacher training especially within the
context of Instructional Technologies and Material Design course, School Practice
course, and Teaching Experience course.

TPACK is embedded in experience and develops through practice (Yeh,
Lin, Hsu, et al., 2015). The aim of the current study was to develop PMTs’
TPACK-P through their practices within a course about teaching mathematics with
technology. In addition, the study aimed to determine PMTs’ TPACK-P
proficiency levels by investigating their technology-infused activity designs, lesson
plans, teaching practices, and their knowledge about technology integration
through the course. Therefore, the present study pursued the TPACK-P framework
because the aim of the study was aligned with the rationale of the framework. The
dimensions and indicators in the TPACK-P framework (Jen et al., 2016) were used
to interpret the data collected throughout the study and to determine PMTs’
TPACK-P proficiency levels accordingly.
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CHAPTER 3

LITERATURE REVIEW

In TPACK literature, to identify what is missing carries crucial importance
for knowing about pre-service teachers’ (PTs) TPACK development in teacher
education programs. This review aimed to address the related literature and identify
the attempts for and gaps about developing TPACK in teacher education programs.
In this respect, this chapter documented the TPACK models that focused on
investigating different aspects of this complex knowledge and the intervention
attempts to develop and measure TPACK in teacher education.

In the first part, the transformative and integrative views towards TPACK
were explained briefly. Then, the models which were based on transformative view
were described. In the second part, the role of teacher education in PTs” TPACK
development was discussed. Then, the approaches for developing and investigating
PTs’ TPACK pertained to mathematics education within teacher education courses

were presented in detail.

3.1 How to Give Meaning to TPACK: The Integrative View versus

Transformative View

Canbazoglu-Bilici, Guzey, and Yamak (2016) stressed out the importance
of deciding the view towards TPACK accurately in advance of conducting research
on TPACK. In this section, the integrative and transformative approaches towards
TPACK framework were briefly explained by mentioning the well-known
researchers who advocate these perspectives. Then, the models generated from

TPACK were summarized and synthesized with emphasis on the main principles
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they were grounded on.

According to the integrative view supporters, the seven knowledge types
and their integrations form TPACK (Angeli, Valanides, & Christodoulou, 2016).
Researchers, who were the integrative view supporters, intended to investigate the
constructs of TPACK distinctively (Cox & Graham, 2009; Jaipal & Figg, 2015).
For instance, emphasizing the technology related constructs of TPACK, Graham et
al. (2012) investigated the TK related constructs of TPACK framework; TPK,
TCK, and TPACK.

Some indicators correspond to more than one TPACK construct which
leaves the decision to the researcher. This would lead to confusion between the
studies which intend to investigate TPACK from an integrative view. Therefore,
this view was transformed into how technology assisted instruction (Niess, 2005)
imply the complex combination of knowledge constructs that emerge within
teachers’ knowledge and practices (Jen et al., 2016). Transformative view
supporters expressed that rather than merely bringing TPACK components
together, it is about forming a new type of knowledge by using the three constructs
(i,e,, PK, CK, and TK) and their integrations. Hence, TPACK is a unified and
distinct body of knowledge that cannot be restricted to its sub knowledge domains
(Angeli & Valanides, 2009, 2015; Thompson & Mishra, 2007; Yeh, Hsu, Wu, et
al., 2014).

According to transformative approach supporters, TPACK knowledge
includes the knowledge of context, student needs, pedagogy, tool affordances, and
content (e.g., Angeli & Valanides, 2009). Angeli and Valanides (2009) indicated a
counter argument towards integrative approaches towards TPACK by implying that
integrative approach fails to explain technology integration in components of
teaching and learning practices. In other words, components of technology
integration in teaching and learning with pedagogy and transformation of these
components with technology infusion are ignored in integrative approaches.
Growth in PK, CK, and TK do not necessarily result in TPACK development
(Angeli & Valanides, 2005). TPACK development can only be achieved if only it

is regarded as an explicit unified body of knowledge that both pre-service and in-
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service teachers can present in their technology-infused designs and teaching
practices (Angeli et al., 2016).

Almost all teacher education programs consist of instructional technology
courses (Polly et al., 2010). These courses mostly depend on enhancing
technological knowledge such as the affordances and constraints of technologies
rather than presenting the interrelations with pedagogy and content (Bakir, 2016;
Koehler & Mishra, 2009; Koehler et al., 2007; Mouza & Karchmer-Klein, 2013;
Polly et al., 2010; So & Kim, 2009). However, TPACK can be developed through
integration of technology considering pedagogical aims rather than only learning
how to operate a technological tool (Yeh, Hsu, Wu, et al., 2014). Similarly, Papert

(1997) criticized this view by referring it as technocentrism:

When we talk about computers in education, we should not think about a machine
having an effect. We should be talking about the opportunity offered us, by this
computer presence, to rethink what learning is all about, to rethink education. (p.
4)

PTs need to develop their knowledge and skills about how to use
technology for transforming content through various representations to enhance
teaching and learning (So & Kim, 2009). TPACK is a framework that refers to and
provides basis for this aim (Chai et al., 2013; Lee & Lee, 2014). Hence, studies
shifted focus from technology-centered approaches to pedagogical approaches of
technology (Ay et al., 2016; Koehler & Mishra, 2005). When designing and
implementing technology-supported instructions, the focus should be on how
technology is used rather than the type or frequency of its use (Yeh, Lin, Hsu, et
al., 2015). TPACK framework asserts that the effective use of technology can be
rated by its cohesiveness with the content (Graham et al., 2012), whether the
technology-integrated instruction enhances learning, serves to meet student needs
and learning styles, and appropriate instructional strategies are selected (Angeli &
Valanides, 2009). Considering these aspects, researchers proposed and validated
several models by raising the importance of specific knowledge and applications of
TPACK.
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3.1.1 Models of TPACK

TPACK is a fruitful framework that empowers potential for new
approaches derived from it (Hewitt, 2008). Since it was first introduced,
researchers proposed several models emerged from TPACK framework by
addressing to different, intrinsic, complex, and contextual aspects and limitations of
the framework to ascertain the variables that would have roles in TPACK (Angeli
et al., 2016). Researchers proposed models that were adopted and derived from the
epistemology of TPACK framework each of which grows upon a construct that the
framework comprises. The unique parts of these models which approach TPACK
from transformative view were provided in this part.

Koehler and Mishra (2005) and Koehler et al. (2007) proposed Learning
Technology by Design approach in which they define PTs as practitioners. PTs
engaged in lesson design activities in a collaborative environment. The approach
supported transition from referring the constructs of TPACK separately to viewing
it as an integrated knowledge. Koehler et al. (2007) investigated graduate students’
discussions through a course when they were engaged in design activities. They
concluded that students’ TPACK was developed through the end of the course.

Angeli and Valanides (2005), as an initial attempt, proposed ICT-related
PCK model as a unified body of knowledge including five knowledge types which
were content, pedagogy, learner, ICT, and context. The ICT-related PCK model
referred to the unique knowledge that appeared from the interaction of these
knowledge types. Angeli and Valanides (2005) stated the following teacher

competencies connected with effective teaching with technology:

1. Identify topics to be taught with ICT in ways that signify the added value of ICT
tools, such as topics that students cannot easily comprehend, or teachers face
difficulties in teaching them effectively in class.

2. ldentify representations for transforming the content to be taught into forms that
are comprehensible to learners and difficult to support by traditional means.

3. ldentify teaching strategies, which are difficult or impossible to be implemented
by traditional means, such as application of ideas into contexts not possible to be
experienced in real life.

4. Select ICT tools with inherent features to afford content transformations and
support teaching strategies.

5. Infuse ICT activities in the classroom. (p. 294)
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Angeli and Valanides (2009) proposed ICT-TPCK Model by extending
ICT-related PCK Model. They investigated primary PTs’ TPACK development in
their first two years in teacher education program through a three-cycled
intervention. PTs’ performances through technology mapping activities and peer-
assessments about those activities were investigated. In technology mapping
activities, participants identified the technology’s role in accordance with its
applicability to represent the content and coherence with pedagogical strategies.
Next, PTs worked together on their instructional designs for peer-assessment. They
were guided to assess the work according to the five criteria by Angeli and
Valanides (2005) expressed above. Design activities supported PTs’ TPACK
development as also mentioned by Koehler et al. (2007). The peer-assessment
practices provided PTs to develop ideas about efficient ways of incorporating
technology to enhance their designs (Angeli & Valanides, 2009).

Technology-integrated approaches for teacher knowledge were suggested
after technology showed presence in education. Based on Shulman’s (1987) PCK
framework, Grossman (1990, 1991) presented four components of teacher
knowledge which were suggested as a base for developing teacher knowledge in
teacher education programs. Niess (2005) added knowledge of technology to PCK
as a main teacher knowledge specified for mathematics field and identified the
following principles belonging to teacher knowledge relying primarily on the

principles directed by Grossman (1990, 1991):

1) An overarching conception about the purposes for incorporating technology in
teaching mathematics;

2) Knowledge of students’ understandings, thinking, and learning of mathematics
with technology;

3) Knowledge of curriculum and curricular materials that integrate technology in
learning and teaching mathematics; and

4) Knowledge of instructional strategies and representations for teaching and
learning mathematics with technologies. (Niess et al., 2009, p. 8)

Niess et al. (2009) described a five-stage developmental model based on
Rogers’s (1995) model of innovation-decision process. This model helps to identify
the progression of a teacher’s effective integration of technology into mathematics

learning environment. Mathematics Teacher TPACK Development Model suggests
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five levels; recognizing, accepting, adapting, exploring, and advancing (Niess et
al., 2009):

1. Recognizing (knowledge), where teachers are able to use the technology and
recognize the alignment of the technology with mathematics content yet do not
integrate the technology in teaching and learning of mathematics.

2. Accepting (persuasion), where teachers form a favorable or unfavorable attitude
toward teaching and learning mathematics with an appropriate technology.

3. Adapting (decision), where teachers engage in activities that lead to a choice to
adopt or reject teaching and learning mathematics with an appropriate technology.
4. Exploring (implementation), where teachers actively integrate teaching and
learning of mathematics with an appropriate technology.

5. Advancing (confirmation), where teachers evaluate the results of the decision to
integrate teaching and learning mathematics with an appropriate technology. (p. 9)

According to Niess et al. (2009), teachers progress through these five stages
in order from recognizing to advancing when learning how to integrate technology
in teaching mathematics. This model has been frequently used among researchers
to define TPACK levels of teachers. However, the levels show complexity when
deciding the boundaries between them. Hence, other models were proposed based
on Mathematics Teacher TPACK Development Model without hierarchical levels
to remedy these issues or focused on other aspects.

Koh and Divaharan (2011) proposed TPACK-Developing Instructional
Model to support PTs” TPACK development. They criticized that the previously
proposed models (e.g., Angeli & Valanides, 2009; Koehler & Mishra, 2005)
depended on how design activities facilitated TPACK development. Therefore,
they developed a model for TPACK development through experiencing unfamiliar
technological tools within three instructional phases. These phases were proposed
based on the five stages described by Niess et al. (2009) in Mathematics Teacher
TPACK Development Model. The first phase, Foster Acceptance Phase,
recommended the use of technological tools to facilitate teachers’ own instruction.
The second phase, Technological Proficiency and Pedagogical Modeling Phase,
emphasized the awareness of how teaching strategies can be supported with the
affordances of technology. Subject-specific technology integration was about
exploring technology affordances and using effectively to represent the content.
The third phase, Pedagogical Application Phase, included designing technology-
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integrated activities and lesson plans to explore and develop skills about how
technology can foster teaching and learning. Although the phases referred to the
sub-constructs of TPACK framework, the model overall aimed at developing
TPACK as a unique knowledge and reforming teacher education programs.

TPACK is embedded in experience and develops through practice (Yeh,
Lin, Hsu, et al., 2015). Yeh, Hsu, Wu, et al. (2014) proposed TPACK-P framework
as knowledge-based and experience-driven set of teacher competencies. Eight
knowledge dimensions were constructed under five pedagogical areas at the end of
the consensus from a group of researchers and educators. This model was proposed
as a path way for teachers who intend to design and implement technology infused
courses. Yeh, Lin, Hsu, et al. (2015) identified observable indicators and
exemplary behaviors of teachers to determine teachers’ proficiency levels in terms
of technology integration in practice. On the basis of practical use of technology in
education, TPACK-P framework proposed four proficiency levels in Assessment
domain, Planning and Design domain, and Enactment domain (Jen et al., 2016).
Deriving from both knowledge- and practice-based nature of TPACK and
emphasizing content-specific development, TPACK-P framework is distinctive
from the other models of TPACK.

3.1.2 Measurement of PTs’ TPACK

PTs’ knowledge of and skills about technology integration need to be
analyzed from the pedagogical perspective and specific to the subject matter (Chai,
Koh, Tsai, & Tan, 2011). Different methods and valid, reliable, and robust
instruments for measuring TPACK development were needed (Mishra & Koehler,
2006; Schmidt et al., 2009). Thus, a variety of qualitative and quantitative
instruments were developed for understanding the nature of TPACK (Schmidt et
al., 2009). Among these techniques (i.e., surveys, performance assessments,
interviews, observations, and open-ended questionnaires) and related instruments
(Koehler, Shin, & Mishra, 2012), the prevalently valid and reliable thereby
preferred and applied techniques and instruments in the related literature were

presented in this part.
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Schmidt et al. (2009) constructed the Survey of Pre-service Teachers’
Knowledge of Teaching and Technology. The survey included demographic
questions and served for measuring all seven subscales of TPACK. The survey
addressed the mathematics, science, social studies, and literacy content areas. It
was a commonly used survey in the literature both for investigation of PTs’
perceptions of their TPACK development through time and for generation of other
reliable TPACK surveys (Niess, 2011). Further instrument validation studies of
Schmidt et al.’s survey were also conducted (e.g., Chai, Koh, Tsai, & Tan, 2011;
Koh, Chai, & Tsai, 2010).

TPACK-deep scale, developed by Kabakci-Yurdakul et al. (2012), was
another attempt to assess PTs’ TPACK. The scale was comprised of 33 items under
four factors of design, exertion, ethics, and proficiency. Design factor is aligned
with competencies of designing technology-enhanced instruction and materials;
exertion factor is the competency of implementation of the design; ethics factor is
about the ethical awareness; and proficiency factor comprises innovativeness,
problem solving, and field specialization. TPACK was the center of these four
factors and was embedded in the items of the scale which reflects the
transformative approach towards measuring TPACK (Kabakci-Yurdakul et al.,
2012).

Tondeur, van Braak, Siddig, and Scherer (2016) developed a self-report
instrument to measure PTs’ perceived support from their teacher training
institutions about developing skills for integrating technology into practice. In this
respect, the instrument was suggested to be used to identify the effective strategies
needed to develop PTs’ technology integration skills. The instrument was based on
six of the twelve themes determined by Tondeur et al. (2012) in Synthesize
Qualitative Data (SQD) model as effective strategies in teacher preparation
programs to improve PTs’ technology integration skills. The selected strategies for
developing the items of the self-report instrument were researchers being the role
models, reflecting on successful implementations, collaboration, authentic
experience, and feedback.

TPACK is considered as a situated, complex, and multidimensional
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knowledge that requires deep investigation. Therefore, in addition to exploring
PTs’ TPACK via surveys, qualitative approaches were also used. PTs” TPACK was
investigated through evaluating lesson plans and implementation of the designs.
Performance assessments have been utilized for teaching experiences such as
micro-teaching. For instance, Harris, Grandgenett, and Hofer (2010) constructed
Technology Integration Assessment Rubric to assess TPACK through the
investigation of lesson plans. The rubric served for scoring lesson plans ranging
from one to four in four dimensions regarding (1) alignment of curriculum goal
with technology, (2) alignment of technology with instructional strategy, (3)
compatibility of the technology with the content and instructional strategy, and (4)
overall harmony between three constructs. Yeh, Chien, Wu, and Hsu (2015)
recommended utilization of rubrics for evaluation of lesson plans and
implementation of the plans via micro-teaching. Hence, Yeh, Chien, Wu, et al.
(2015) developed a rubric that would be helpful in both preparation and evaluation
of PTs’ technology-enhanced implementation performances. While interviews,
mostly semi-structured, and open-ended questionnaires provided researchers about
overall experience with technology, observations reveal the TPACK in practice
(Koehler et al., 2012).

As a result of a systematic investigation of both theoretical and practical
TPACK studies, Voogt, Fisser, Roblin, Tondeur, and van Braak (2012)
recommended that demonstration of content-specific technology-integrated
applications, assessment instruments of these designs, and applications need to be
investigated. TPACK studies investigating technology use in practice (Voogt et al.,
2016) within content-specific domains (Voogt et al., 2013) are needed. Niess
(2011) suggested that future studies should provide examples of teacher education
applications such as courses, programs, or instructional manipulations that ensure

development and assessment of PTs” TPACK.
3.2 PTs’ TPACK Development: The Role of Teacher Education Programs

Teacher education programs have a crucial role in PTs’ TPACK

development and attitudes and self-efficacy towards technology integration
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(Tondeur, Scherer, et al., 2017). Engaging in design activities about technology
integration, collaboration with peers, and providing feedback have been some of
the suggested strategies in teacher education programs to develop PTSs’
competencies about effective technology integration in classroom practice
(Tondeur, van Braak, et al., 2012).

Teacher education programs have great influence on newly graduated
teachers’ technology integration in their instructions (Tondeur, Roblin, et al.,
2017). However, it has been a challenging and debated issue to fulfill this aim in
teacher education programs (Niess, 2011) since PTs’ technology integration skills
are not well-developed through their teacher education (Aslan & Zhu, 2016;
Tondeur, van Braak, et al., 2012). Profiles of both PTs and starting teachers having
less than three years in teaching profession revealed that basic level use of
technologies were not effective for discovery or experiment (Aslan & Zhu, 2016).
Tondeur, Roblin, et al. (2017), drawing upon from beginning in-service teachers’
experiences, indicated that teachers need to experience designing technology-
integrated concrete activities through their teacher education. Aslan and Zhu (2017)
investigated PTs’ practices to find out ICT-related variables predicting their ICT-
integration. They reached 599 fourth-year PTs from four different subject areas that
were Turkish language education, science education, elementary mathematics
education, and social sciences education. Among the variables, pedagogical
knowledge, ICT-related courses, and PTs’ perceived competency in ICT use were
found to predict 17 % of PTs’ ICT integration into practice.

Tondeur, Scherer, et al. (2017) identified PTs> ICT profiles related with
their ICT related characteristics and perceived technological support they gain from
teacher training institutions. In the study, researchers developed a survey for
identifying PTs’ characteristics which were related with support provided by the
teacher education institutes about technology integration in relation with the factors
defined in the synthesis of qualitative evidence model and their TPACK. The
survey was comprised of three sub-scales measuring PTs’ (1) technology
dimensions of TPACK, (2) attitudes towards ICT use, and (3) perceived technology

support by the teacher training institutes according to synthesis of qualitative
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evidence model. As a result, two PT profiles were emerged as low and high
educational ICT profiles. The important result of the study was that support
provided by teacher training institutes was correlated with the direction of the PT
profile.

Tondeur, van Braak, et al. (2012) reviewed 19 qualitative articles to reveal
effective strategies in teacher education programs to develop PTs’ technology
integration to classroom practices. In the light of the analysis, researchers identified
the effective strategies in terms of key themes related with PTs’ preparation and
institutional conditions. Linking theory with practice, learning technology
integration by designing, the teacher educator being the role model, and working
collaboratively with peers were among the 12 key themes identified for PTs’
preparation for technology-integration in their teaching practices.

Polly et al. (2010) analyzed the findings of the peer-reviewed journal
articles and project evaluation reports related with The United States Department of
Education's Preparing Tomorrows Teachers to Teach with Technology (PT3)
initiative projects. These projects aimed at transforming teacher training programs
focusing on changes in some courses and field practices. Researchers indicated that
there had been several approaches to develop PTs’ technological integration skills.
These approaches were infusing technology to faculties, enhancing instructors’
technology integration skills, providing assistance for the technology-integrated
activities in methods courses through mentoring, and developing technology-
enhanced instructional materials. Besides, PT3 projects brought some changes to
teacher education programs. Infusing technology to methods courses and field
practices supported the development of PTs in terms of technology integration.

PTs need to experience technological knowledge in relation with integration
to educational content (Tondeur, van Braak, et al., 2012). Teacher education
programs recently aim at motivating PTs “to think critically about using
technology” (Bakir, 2016, p.27) for making sensible choices to integrate into their
teaching practices. Yeh, Hsu, Wu, et al. (2014) indicated the role of teacher
education programs in TPACK development by linking it to the principles of
TPACK framework:
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From the transformative point of view, teacher education programs should focus
on preparing teachers to customize subject-specific curricula with a consideration
for both learners and contexts, through a recursive process of instructional
planning, enacting and reflecting. Knowledge transformation is indispensible when
technology is included in PCK. Inherited from PCK, TPACK is also a unique body
of knowledge into which constituent bodies of knowledge not only should be
integrated but inside of which those constituent bodies must be transformed. (p.
710)

It has been a common and effective approach to develop and examine PTs’
TPACK through technology-integrated lesson designs (Chai et al., 2013) and
implementation (Niess, 2011; Yigit, 2014). Technological knowledge needs to be
blended within pedagogical knowledge related with content should take place
within methods and field experience courses rather than merely informing about
the uses of technological tools (Mishra et al., 2009; Niess, 2012). Lesson planning,
micro-teaching, and field experiences are activities in an increasing order of
influence on PTs to align theory with practice (Lee & Lee, 2014).

There is a need for further studies presenting development of technology-
enhanced settings that are based on TPACK framework principles (Chai et al.,
2013). When integrating technology to education, teachers are in the position of a
decision-maker selecting the ICT that best meets the related educational objective
in the particular content of a specific field of study. Literature provides evidence
for developing PTs’ TPACK in various course settings and methods. These studies

were extensively covered in the following section.
3.2.1 Approaches for Development of PTs’ TPACK in Mathematics Education

Exemplary attempts for TPACK development such as instructional
interventions mainly in mathematics education were presented in this section. The
related literature embraces a variety of studies about development of PTs” TPACK
through courses. A systematic search of different combinations of keywords which
were “pre-service mathematics teachers TPACK” and “TPACK course” on online
databases were conducted. There were no time limit set in the search and the
research studies approached were published between 2005 and 2018. In addition,
the related studies indicated in the review articles and the handbooks of AACTE
(2008), Angeli and Valanides (2015), and Herring, Koehler, and Mishra (2016)
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were examined. Among all, the studies aimed at developing and investigating PTs’
TPACK in mathematics field that were employed in teacher education courses,
excluding the online courses, were selected. In this part, these studies were
addressed by mainly focusing on the strategies that were used to develop TPACK,
the technologies selected, the assessment techniques to measure TPACK, and the
main results.

Huang and Zbiek (2016) reviewed 18 articles which were selected from six
refereed core mathematics education journals. These articles were about pre-service
secondary mathematics teachers’ experiences of using technology in three conteXts:
Mathematics content courses, methods or pedagogy courses, and teaching
practices. In this critical review, it was concluded that engagement with
technological tools enhanced pre-service mathematics teachers’ subject matter
knowledge and attitudes. Integration of mathematics-related technologies and
video-based cases supported PTs to design technology-infused courses and
consider and identify students’ learning needs and styles. However, support for the
development of integrating technology to teaching practice was still needed.

Chai et al. (2013) searched four broad databases and selected 74 journal
papers about technology integration based on TPACK framework dated back from
2003 to 2011. Among the 55 empirical studies, 17 intervention studies examined
course designs to improve PTs” TPACK. The intervention studies were concerned
with empowering the effectiveness of the teacher education courses for TPACK
development. There were 10 studies in the mathematics field. The mathematics-
specific technologies employed in these studies were Geometer’s Sketchpad,
GeoGebra, Cabri Geometry, graphing calculators, and simulation applets. The
subject-general technologies utilized in these studies included Tablet PC,
PowerPoint, spreadsheet, virtual manipulatives, and interactive white boards.

Yigit (2014) conducted a systematic literature review study consisting 17
peer-reviewed articles about pre-service mathematics teachers’ development and
assessment of TPACK in terms of the strategies and assessment techniques
published between 2005 and early 2013. There were 15 empirical articles among

these and 11 of them were different than the studies reviewed in Chai et al. (2013).
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In the light of the extensive review, Yigit (2014) concluded that TPACK
framework could provide basis for teacher education courses to develop pre-service
mathematics teachers’ competencies to design and implement technology-
integrated mathematics activities and instructions, and to enhance and assess their
TPACK.

Baran and Canbazoglu-Bilici (2015) reported a critical analysis of the
TPACK studies conducted in Turkey. The systematic analysis revealed 30 research
articles published between 2015 and 2013 which utilized TPACK framework in
teacher education contexts. In Turkey, TPACK studies had mostly been conducted
with the use of surveys. Moreover, among the investigated studies, design and
application studies were conducted through redesigning existing or designing new
teacher education courses based on TPACK framework principles. The most
frequent courses redesigned were the second Methods courses and Instructional
Technologies and Material Design courses. There were five studies among 30
which focused on pre-service elementary and secondary mathematics teachers’
TPACK development. There were a few studies conducted with content-specific
technologies. Moreover, in qualitative studies, context was not described in detail
(Baran & Canbazoglu-Bilici, 2015) which limits the further studies to make
comparisons and develop better contexts.

Niess (2005) conducted a study to develop PTs’ TPACK throughout a year
in teacher education. PTs majoring in fields of science and mathematics enrolled to
courses about pedagogy, technology, and micro-teaching implementation. In the
first semester of the study, PTs engaged with technologies within several activities,
discussed pedagogical approaches, and enacted courses through micro-teaching. In
the second half, they involved in practical uses of technology within course designs
and implementations of those plans. They planned, taught, and reflected on each
other’s performances. PTs revised their lesson plans in accordance with the
feedback from the instructor, the cooperating teacher, and peers. The results
indicated that 14 PTs showed considerable increase in TPACK in terms of
integrating technology to enhance students’ science and mathematics learning.

In some studies, researchers have focused on the use of specific
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technologies to improve PTs’ TPACK. For instance, Balgalmis (2013) focused on
the use of GeoGebra technology to develop pre-service middle school mathematics
teachers’ (PMTs) TPACK within the field experience course. PMTs designed
lesson plans and enacted three mathematics courses at a middle school. These
lectures were developed with reflection-on-action method which was found to be
effective in increasing TPACK levels. PMTs’ TPACK levels were identified based
on Niess’s (2005) TPACK Development model through the rubric generated by
Lyublinska and Tournaki (2011). The results of the study showed that at the end of
the three authentic implications of technology-assisted mathematics courses, PMTs
expressed the influence of technology utilization in enhancing students’ learning
and motivation.

Cavin (2008) conducted a practice-based study that PTs developed TPACK
through micro-teaching experiences. The researcher designed a course lasted for
one semester and conducted three hours a week. Five PTs were majoring in
mathematics education and one PT was enrolled in science education department.
PTs engaged in a cycled-practice in which they worked in groups and taught,
reflected, and modified technology-integrated mathematics courses repetitively.
The data were collected through video and audio records, documents, observations,
and interviews. TPACK framework and curriculum standards in conjunction with
the framework were used to analyze the data. The course technologies contained
several types of graphing calculators and the spreadsheet software Excel. It was
indicated that before micro-teaching experience, PTs considered technology useful
for computational utility which saves time. After engaging the repetitive cycle, they
considered technology useful for providing conceptual understanding. PTs
indicated that collaborative work with peers facilitated their technology-integrated
lesson designs. In addition, it was asserted that PTs recognized the need for
pedagogical shift when technology was integrated to course in a student-centered
learning environment.

Agyei and Voogt (2012) investigated the influence of working in
collaborative design teams on four PMTSs’ integration of technology-enhanced

lessons and on their TPACK. The research aimed at identifying PMTs’ views on
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the influence of working in design teams to examine exemplary curriculum
materials, design technology integrated materials and lesson plans, PMTs’
classroom implementations and the peers’ views on these micro-teachings, and
PMTs’ TPACK development. PMTs engaged in two design teams in a
collaborative environment where they developed curriculum materials to provide
solutions to the authentic problems they faced in teaching practice experiences in
school training. The researchers aimed at promoting the view of technology as an
educational tool to reach educational goals and learning by active engagement in
the collaborative environment in design teams. Moreover, the researchers relied on
goals and materials in the curriculum to direct PMTs develop more qualified
technology-enhanced student-centered materials. PMTs were guided to design and
implement spreadsheet-supported mathematics materials. Spreadsheet was selected
as the technology to enhance mathematical thinking skills and for being user-
friendly and available in high schools and teacher education classrooms. The
professional development process consisted three parts which were (i) a two-week
workshop about theoretical base of TPACK and two practical examples of
spreadsheet applications, (ii) three-week collaborative lesson design, and (iii)
implementation via 80-minute micro-teaching for each PMT. Data sources were
interviews about the design and implementation process, a self-evaluation
questionnaire adapted from Schmidt et al. (2009), group discussions, a 23-item
questionnaire to obtain 125 peers’ views about micro-teachings, and researcher’s
field notes. The PMTs expressed that they gained confidence about using
spreadsheet to teach mathematics as they worked more on lesson and material
designs. They expressed that their implementations were student-centered and
encouraged participation. The spreadsheet was used in the implementations for
verification of calculations, demonstrating the relationship between functions and
graphs, exploring multiple graphs in less time, and exploration of number patterns.
The researchers concluded that TPACK development was evident in four PMTs’
implementations and self-reports and that collaborative design supported this
development. The researchers criticized the use of one technology type for the

possibility of resulting in design challenges and overuse of the tool. Time
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management in the implementations was not easy for PMTs for the reason that the
plans were overloaded. Researchers indicated that PMTs were in need of more
practice for enhancing their TPACK competencies. This was an example of a short-
term study in which the effect of the implementation and design team work on
PMTs’ TPACK was examined through design and implementation by using a
single technology.

PTs gain the role and responsibility of a mathematics teacher when they are
provided with the proper environment to integrate knowledge constructs of
TPACK (Ozgun-Koca et al., 2010). Ozgun-Koca et al. (2010) investigated pre-
service secondary mathematics teachers” TPACK development through TI-Nspire
graphing calculator supported designs and implementations in their first methods
course. Within the context of the course carried out by inquiry-based learning, 22
PTs engaged in content-specific and pedagogical activities. PTs designed lesson
plans and activities supported with TI-Nspire which they implemented afterwards
as part of their field experiences. It was revealed that PTs’ views on the role of
technology in mathematics education shifted from technology as a reinforcing tool
to technology as a tool supporting development of mathematical understanding.
Another result was that, changes observed in PTs’ identities through the methods
course as being teachers of mathematics rather than learners of mathematics
(Ozgun-Koca et al., 2010). Regardless of their improved confidence towards
integrating technology in their future teaching, PTs were reluctant to utilize
technology in their implementations when it was not compulsory. It was suggested
that more emphasis on practical application of technology in authentic settings was
needed.

In their following study, Meagher et al. (2011) examined PTs’ use of TI-
Nspire graphing calculator technology in terms of the roles of technology and
inquiry strategy in their lesson plans and the implementation of the technology-
integrated mathematics courses. PTs’ technology usage was investigated in their
lesson plans and in the two implementations of the lesson plans through a two-
week teaching practice in both middle and high schools. The tasks and assignments

consisted of field experience reports, five secondary level mathematics activities,
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and a project in which they searched problems and suggested ways to be solved
with the support of TI-Nspire graphing calculator. PTs filled in four surveys with
multiple-choice and open-ended questions in three different weeks of the course
and another survey at the end of the course. The surveys mainly investigated PTs’
views about teaching, experiences with technology in the course, experiences in
relation with technology and mathematics in class, and experiences in the field
practices. These altogether served for identifying their views regarding their
development of TPACK throughout the semester. The analysis was based on the
components defined by Niess (2005). The results showed that PTs viewed graphing
calculators as supportive tools for doing mathematics, useful in terms of
discovering algebraic rules and providing facilities to explore a problem in multiple
ways. PTs’ ideas reflected higher level of TPACK than it was in their lesson plans.
Most of the PTs agreed that they learned practical uses of technology in teaching
and learning of mathematics throughout the methods course. Although most of the
PTs expressed that field experiences enhanced their critical thinking towards
technology enhanced mathematics teaching, the inconsistent views emerged from
lack of technological equipments in the practice school or participants’ lack of
interest or ability of technology to integrate in teaching mathematics. Almost half
of the PTs did not consider field experience as a support for designing technology-
integrated activities or lesson plans. The researchers recommended that PTs need
more than a methods course and authentic practices to enhance positive attitude
towards technology integration in education.

In these two studies, the one-semester methods course depended mainly on
a single technology, the TI-Nspire graphing calculator. Moreover, it was an early
attempt for field practice since PTs engaged the course in their early years at the
teacher education program. Therefore, the course content also consisted of
pedagogical and content related information for PTs. The content of the three
knowledge types (i.e., TK, PK, and CK) were new for them. In addition to these,
designing lesson plans and field practice were among the assignments of the
course. Gaining knowledge, designing, and classroom implementation altogether

can be considered as an over-loaded program for PTs.
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Meng and Sam (2013) conducted a study of six-week program with a single
group consisting 46 pre-service secondary mathematics teachers as a part of a
methods course which aimed at TPACK development. The lesson study part of the
course was designed as a professional development program for PTs in developing
skills for Geometer’s Sketchpad integration to secondary mathematics education.
The researchers expressed that Geometer’s Sketchpad was chosen for being useful
in several mathematics subjects related with Algebra, Statistics, Trigonometry, and
Geometry which provide dynamic manipulation and promote mathematical inquiry.
The lesson study was a special type of professional development which started with
two one-hour workshops provided by the researchers to the PTs in four groups. The
workshops covered the instructions for Geometer’s Sketchpad use and the design
of activities about secondary mathematics content. Then, it continued with
collaborative planning of a lesson, activity sheets, and related Geometer’s
Sketchpad sketches in groups of two, individual implementations to peers,
discussion on these implementations, revision of the plans, implementation of the
revised version, and discussion about the final implementations. The Survey of Pre-
service Secondary Teachers' TPACK for Teaching Mathematics scale by Schmidt
et al. (2009) was conducted as pre and post tests. The survey was adapted to be
aligned with the research aim and design. The technology word was changed to
Geometer’s Sketchpad and the content knowledge subscales (i.e. mathematics,
literacy, science, and social sciences) were changed to Algebra, Statistics,
Trigonometry, and Geometry. The results confirmed a significant development in
PTs> TPACK about teaching mathematics with Geometer’s Sketchpad. This was
another example of a single-technology short-term study requiring practical
applications to develop TPACK.

Bowers and Stephens (2011) designed and implemented a 6-week course
which took place in a computer laboratory with 21 PTs, 16 of which were pre-
service secondary mathematics teachers. Participants were free to attend face-to-
face, online, or both sessions of the course for 3 hours a week. They were required
to write views on the web-based discussion board and hand in TPACK project

assignments. The project assignments required PTs to choose a mathematics topic
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and produce an activity on Geometer’s Sketchpad to support textbook content. In
addition to the activity plan, PTs were asked to express the topic and the expected
result of the activity; identify the goal for utilizing several features of Geometer’s
Sketchpad such as providing exploration and visualization and remedying
misconceptions; and explain the support of the activity plan to the textbook
context. PTs presented their activities to their peers and discussions were held as a
class. In the analysis, attempts for building mathematical relations and probing
questions that encourage learners to think from different perspectives were
considered in PTs’ plans and presentations when determining TPACK
development. The results indicated that only three of the plans demonstrated
TPACK. This was explained by the mode of attendance to the course that the
online attendees showed the minimum development of TPACK. Reflecting on each
others’ work and classroom discussion both online and face to face were expressed
as the powerful strategies for developing PTs’ TPACK in mathematics. The course
model might be considered insufficient in terms of time and technology type since
Bowers and Stephens (2011) also recommended repeating the study with other
technologies.

Lee and Hollebrands (2008) conducted a study as a part of the project called
Preparing to Teach Mathematics with Technology. The instructional model
involved probability and statistics in a methods course based on the principles of
TPACK asserted by Koehler and Mishra (2005) and Niess (2005), and
recommendations in AMTE (2006). The aim of the study was to develop PTs’
TPACK integrally through participating in technology-enhanced tasks, reflecting
on the tasks from students’ point of view, watching a video about the authentic
implications of the same tasks, and criticizing the students’ performances on the
sample course video. It was indicated that reflecting on their work was useful for
PTs’ future professions as teachers and working in groups was a useful strategy for
developing and identifying PTs’ reasoning of TPACK. It was reported that,
although PTs’ technology utilization skills were developed, they lacked
pedagogical understanding.

Mudzimiri (2012) aimed at developing five PTs’ TPACK in three
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associated and concurrent courses within the same semester. These courses were
methods for teaching mathematics, technology-supported mathematical modeling,
and teaching practice. TPACK survey, teaching philosophy statements, technology-
integrated lesson plans and implementation of these plans, and researchers’ field
notes were the data sources to investigate PTs’ TPACK development. The survey
was a combination of open-ended questions based on the four components
expressed by Niess (2005) and mathematics content related items of the TPACK
survey developed by Schmidt et al. (2009). The lesson plans and implementations
were analyzed based on the rubric developed by Lyublinskaya and Tournaki
(2011). The researchers concluded that PTs’ TPACK was affected by many
variables such as prior knowledge about and experiences with technology,
mathematics content knowledge, and beliefs about using technology in teaching
mathematics.

Akkaya (2016) employed a mixed methods research with 34 PMTs to
develop and identify the changes of perceptions regarding technology integration in
teaching mathematics. The researcher provided PMTs with training on TPACK in
the context of a course which was three hours a week and lasted for a semester.
GeoGebra, Cabri, and TI-Nspire graphing calculator were the technologies utilized
in the context of the course. The course covered theoretical knowledge about
TPACK, application of mathematical activities with the three technologies, micro-
teaching practice in groups, and feedback from peers and the instructor. Perception
Scale for Technology Use (Oksuz, Ak, & Uca, 2009) was employed as pretest and
posttest. PTs’ written views were obtained through five open-ended questions
about technology use in teaching mathematics after the training session. In
addition, PMTs’ lesson plans, micro teaching videos, and interviews were the other
data sources. Overall data analysis showed that the training which integrated
pedagogy, content, and technology enhanced PTs’ perceptions towards technology
use in mathematics education. There were applications which provided
environment for students to construct their own knowledge. As it was indicated in
the study, all PMTs selected geometry subjects in their micro-teachings. PMTs

mostly preferred dynamic geometry software, whereas, they did not prefer to utilize
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virtual manipulatives in the micro-teachings. The results revealed that PMTs’
perceptions towards incorporating technology in mathematics teaching improved in
the course. Similar to Akkaya (2016), Durdu and Dag (2017) conducted a mixed-
methods study with same data collection sources with 71 PTs in their fourth year in
several departments of the teacher education program. Researchers designed and
implemented the Computer-based Mathematics Course. The influence of the course
on TPACK development and on its knowledge constructs, the relationship between
micro-teaching experience and TPACK development, and the change in
conceptions towards integrating technology in teaching and learning of
mathematics were examined in the study. Besides the results about the knowledge
constructs of TPACK, the course contributed to PTs’ TPACK development. In
addition, a significant relationship was reported between micro-teaching scores and
TPACK scores.

According to Akkaya (2016), emphasis should be on developing teachers’
perceptions in order to enhance their technology use. The broad course content,
mixed method approach with the multiple data sources, and the length of the study
were effective for TPACK development and assessment. Although the findings did
not rely only on self-reported data, the course context was limited to three content-
oriented technologies, which in turn would have limited PMTs’ mathematics goal
selections in lesson plans. Similarly, in the study conducted by Durdu and Dag
(2017), the course content and assignments were based on one type of technology,
GeoGebra software, which would have limited PTs’ selections of the mathematics
subjects. In the study conducted by Akkaya (2016), PMTs were in their third year
in the teacher education program. Although it was expressed that PMTs were
informed with related knowledge about teaching methods, they did not complete
the methodological and pedagogical courses and did not experience teaching
practice yet. This might have affected their TPACK development, and especially
their practices. Although Durdu and Dag (2017) held an integrative view towards
TPACK framework in the analysis, the courses in both studies were attentive
examples of teacher education courses aiming at developing PTs’ TPACK.

Akyuz (2016) examined PTs’ TPACK development in the context of
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Exploring Geometry with Dynamic Geometry Applications course which was
designed and implemented by the researcher. The participants were 58 junior, 18
senior, and 4 graduate students in different fields enrolled to the course in five
different semesters. The course was implemented with different instructional
strategies that were design-based strategy, problem solving-based strategy, and
activity-based strategy. Dynamic geometry activity, worksheet, and lesson plan
referring to a learning goal in the curriculum were used as the data sources. Four
from each assignment were gathered from 80 participants. The micro-teaching of
the selected course assignments were also used as the data source. The theoretical
model proposed by Bowers and Stephens (2011) was adapted for the data analysis.
As a result, 28 participants were detected having high level TPACK at the end of
the course. Other participants mostly lacked pedagogical knowledge. Design-based
strategy outperformed activity-based strategy. In addition, problem solving-based
strategy was detected to have the least influence on TPACK development among
other strategies. The results also revealed that there was a positive correlation
between the grade level and TPACK development. The study was broad in terms of
mathematics content but was restricted to the GeoGebra and Cabri 3D dynamic
geometry tools as the aim of the research and the content of the course were
aligned with this selection.

Kurt (2016) aimed at developing and assessing PMTs” TPACK in a course
about statistics. After being informed about the types of virtual manipulatives that
could be incorporated in teaching statistics, 9 PMTs were assigned to design lesson
plans collaboratively in two groups by using virtual manipulatives. Then, they
performed micro-teachings of these lesson plans. Pre-interviews were conducted to
identify PMTs’ views towards teaching statistics and integrating technology to
teaching this subject. In addition, Distinguishing Teacher Assessment in Statistics
Test was conducted to identify PMTs’ pedagogical and content knowledge. PMTs’
TPACK development was observed via micro-teaching lesson study. The micro-
teaching lesson study was found to be effective on PMTs” TPACK development.
This study was limited to statistics subject and one type of technology which was

virtual manipulatives since the aim of the research was aligned with these
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preferences.

Mouza and Karchmer-Klein (2013) investigated PTs’ TPACK development
through the five-week period of the Integrating Technology in Education course.
Participants were the junior and senior students in three different fields which were
literacy and social studies, science, and mathematics. They enrolled to the methods
and field placement courses at the same semester with the course. The PTs’
beginning TPACK was identified through the Survey of Pre-Service Teachers’
Knowledge of Teaching and Technology developed by Schmidt et al. (2009). The
results showed that PTs experienced primitive technology utilization such as
projectors by their instructors at K-8 or university education. They did not
experience any technology support for enhancing learning and had no idea about
integrating technology, pedagogy, and content. In the course, PTs were firstly
introduced with certain technologies such as concept mapping programs,
interactive manipulatives, Internet resources, and Web 2.0 tools. TPACK
framework was explained to support their technology-integrated lesson designs.
Course projects and assignments required technology-supported designs by
utilizing different tools. The course projects required a critique on an exemplary
technology-integrated course, proposing lesson designs about utilizing concept
mapping software, enacting the lesson plans, and reflecting on their
implementations. Among the 58 PTs enrolled to the course, 22 PTs’ lesson plans
were analyzed according to the Technology Integration Assessment Rubric
constructed by Harris, Grandgenett, and Hofer (2010) and evaluated in terms of
eight pedagogical decisions proposed by Harris and Hofer (2009). In addition to
lesson plans, case reposts were analyzed to reveal what PTs learned from their
experiences. Although the analysis corresponded some of the TPACK constructs
separately, results for PTs’ overall TPACK indicated development that PTs raised
awareness about the interactions among technology, pedagogy, and content. There
were inconsistency between lesson plans and instructions in the field placements.
This research was exemplary for utilizing case development pedagogy for
including extensive analysis of case reports provided by PTs’ designs and

implementations. However, PTs were not introduced with the content-specific
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technologies. Although PTs conducted instructions in authentic setting, the
elementary and middle schools were not equipped with the technological resources.
This caused implementation problems as indicated by Mouza and Karchmer-Klein
(2013). Moreover, the five-week period was considerably insufficient. The design,
enactment, and reflection cycle implemented in this study would be effective to be
the end of a technology integration course. In their following studies (i.e., Mouza,
et al.,, 2014; Mouza, Nandakumar, Yilmaz-Ozden, & Karchmer-Klein, 2017),
researchers investigated PTs’ TPACK developments within similar course
contents.

Haciomeroglu, Bu, and Haciomeroglu (2010) examined the pre-service
secondary mathematics teachers’” TPACK development in their designs, micro-
teaching implementations of GeoGebra integrated lessons, and reflections. In the
context of the methods course, PTs were first introduced with GeoGebra and
experienced its facilities. Then, they worked collaboratively with peers to design
worksheets and discussed on the pedagogical and content related dimensions of
their designs. Most of the designs consisted dynamic activities and most of these
were student-centered activities. The findings revealed that most of the PTs
recommended the use of GeoGebra in teaching mathematics. Authentic

experiences in real classroom settings were recommended.

3.2.1.1 Summary of the Approaches for Development of PTs’ TPACK in
Mathematics Education

The summarized studies presented exemplary interventions within teacher
education courses that aimed at both developing and assessing pre-service
elementary and secondary mathematics teachers. Besides, there were challenges
and limitations reported regarding these interventions. To remedy these challenges
and limitations, successful implementation strategies were recommended for
designing and implementing teacher education courses in this regard.

Utilization of emerging technologies are powerful in terms of supporting
pedagogical strategies in instruction and TPACK framework could be used to
support these technologies to reach their potential in teaching (Chai, Koh, & Tsai,
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2013). In the literature about development and investigation of PTs’ TPACK
presented above, there were examples of utilization of general or content-specific
technologies. However, there were few studies in which both technologies were
utilized. Moreover, in most of the studies one type of technology was utilized such
as graphing calculator (e.g., Meagher et al., 2011; Ozgun-Koca et al., 2010),
Spreadsheet (e.g., Agyei & Voogt, 2012), GeoGebra (e.g., Balgalmis, 2013; Durdu
& Dag, 2017; Haciomeroglu et al., 2010), Geometer's Sketchpad (e.g., Bowers &
Stephens, 2011; Meng & Sam, 2013), virtual manipulatives (e.g., Kurt, 2016) two
types of dynamic geometry software (e.g., Akyuz, 2016) and three types of
content-specific technologies (e.g., Akkaya, 2016) which limited PTs’ content
selections and designs. The studies which limited the content to statistics (e.g., Lee
& Hollebrands, 2008) or geometry, also limited the technology types. In addition,
in some of the studies, researchers selected certain technologies and trained PTs to
develop integration skills regarding those technologies. There were studies in
which technology selection was more than three or more (e.g., Mouza &
Karchmer-Klein, 2013)

There were studies which offered limited time changing from four to six
weeks to develop and assess PTs’ TPACK (e.g., Bowers and Stephens, 2011;
Mouza & Karchmer-Klein, 2013; Lee & Hollebrands, 2008; Meng and Sam, 2013).
On the other hand, there were courses lasted for a semester which were 14 or 15
weeks and 2 to 4 hours in a week. There were a few studies that employed the
research in more than one course (e.g., Mudzimiri, 2012; Niess, 2005).

In the studies reported above, multiple data sources were utilized to assess
PTs’ TPACK. Activity designs or lesson plans, video cases, peer, self, and
instructor reflections, micro-teaching, self-report surveys, researchers' field notes,
and interviews were the data sources. The overall analysis of the related literature
showed that emphasis should be on developing and assessing PTs’ knowledge
about and application of TPACK which PTs could use in their subject content.
However, there were studies which examined TPACK only through self-reports
(e.g., Akkaya, 2016). PTs'" TPACK can best be identified in their authentic
practices. Therefore, most of the studies investigated PTs' TPACK in
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microteachings or school environments. In the teaching practices that took place in
real classrooms (e.g., Balgalmis, 2013; Meagher et al., 2011; Mouza & Karchmer-
Klein, 2013; Mudzimiri, 2012), PTs had challenges in implementing their
technology integrated lesson plans. The reason was that technology equipments
were limited in classroom settings. Therefore, micro-teaching experience was more
convenient in this regard.

The participants of the studies in the literature were selected among PTs
enrolled in the first year to fourth year. Some of the researchers expressed this as
the reason of the low level of TPACK development (e.g., Akkaya, 2016).
Therefore, participants of the present study were selected among fourth year PMTs
in their last semester in the program who completed pedagogy related courses,
method courses, and school observation and simultaneously going to middle
schools for teaching practices.

Huang and Zbiek (2016) asserted the need for further research to suggest
strategies for developing PTs’ technology integration skills in mathematics content
courses, methods courses, and field practice courses and for developing PTs’ skills
for identifying students’ learning needs and diverse learning styles. Collaboration
and reflection, engaging design activities, and implementing the activities and
plans through microteaching were the most frequent and successful strategies used
to develop PTs TPACK (e.g., Agyei & Voogt, 2012; Akyuz, 2016; Bowers &
Stephens, 2011; Haciomeroglu et al., 2010; Kurt, 2016; Meng & Sam, 2013; Niess,
2005; Cavin, 2008). Integrating the successful strategies reported in the literature,
TUME course was designed and implemented to develop and assess PMTs’
TPACK-P based on four principles which were transformative approach,

collaborative learning, activity-supported learning, and practice-based learning.
3.3 Summary of the Related Literature

TPACK is the teacher knowledge about effective teaching with technology
(Mishra & Koehler, 2008). According to integrative view, TPACK is formed of
seven knowledge types and their integrations (Angeli et al., 2016). There are
studies which investigated PTs' TPACK development through investigating
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knowledge constructs of TPACK (e.g., Cox & Graham, 2009; Graham, Borup, &
Smith, 2012; Jaipal & Figg, 2015). On the other hand, from the transformative
view, TPACK is a unified and distinct body of knowledge that goes beyond the
knowledge constructs it includes (Angeli & Valanides, 2009, 2015; Koehler &
Mishra, 2009; Thompson & Mishra, 2007; Yeh, Hsu, Wu, et al., 2014). From this
view, TPACK includes knowledge of context, student needs, pedagogy, tool
affordances, content (e.g., Angeli & Valanides, 2009), and knowledge and
practices in which PTs utilize technology to enhance students' learning and
teachers' instruction (Jen et al., 2016).

TPACK is more than knowledge of technology. To be competent in
TPACK, teachers are required to select the effective technologies to support
student understanding of a specific content with appropriate pedagogies, design
instruction suitable to the teaching environment, and instruct the plan as designed.
Therefore, genuine practices should become the focus of context-based studies of
TPACK. There is need for discipline-specific examination of TPACK (Baran &
Canbazoglu-Bilici, 2015; Chai et al., 2013; Voogt et al., 2013). Graphing
calculators (Chai et al., 2013; Ozgun-Koca et al., 2010, 2011), dynamic geometry
software (Chai et al., 2013), and virtual manipulatives (Ozgun-Koca & Meagher,
2012) enhance both students’ mathematics learning and teachers’ implementation.
Moreover, using these technologies in teaching mathematics provides building
dynamic connections between representations (Ozgun-Koca et al., 2010).

TPACK is an effective framework to design environments which provide
opportunity for PTs to gain experiences about utilizing technology (Agyei &
Voogt, 2012). TPACK framework serves for preparing PTs for effective
integration of technology to teach a specific content to a specific group (Tondeur,
van Braak, et al., 2012). Koehler and Mishra (2009) suggested the utilization of the
framework for the transformation of the teacher education programs to prepare PTs
who are competent in effective technology integration to education by integrating
knowledge about and skills in pedagogy, content, and technology. Hence, literature
reported many approaches in this regard.

Koehler and Mishra (2005) and Koehler et al. (2007), in Learning
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Technology by Design approach emphasized lesson design activities in
collaborative environment as an effective strategy. Angeli and Valanides (2005), in
ICT-related PCK model, expressed teacher competencies for effective teaching
with technology. These were identifying topics, representations and teaching
strategies to teach the content with technology; selecting the technology and
infusing the technology to the activities. The model was extended and ICT-TPCK
Model was proposed by Angeli and Valanides (2009). Peer-assessment and design
activities were the strategies that enhanced PTs" TPACK development. As an
example of mathematics content-based model, Niess et al. (2009) proposed
Mathematics Teacher TPACK Development Model that presented five levels
which were recognizing, accepting, adapting, exploring, and advancing. This is an
adopted form of a model which specifically directs teachers for mathematics field.
In TPACK-Developing Instructional Model (Koh & Divaharan, 2011), PTs were
expected to utilize subject-specific technology in their lesson plans to foster
teaching and learning. Yeh, Hsu, Wu, et al. (2014) proposed TPACK-P framework
as knowledge-based and experience-driven teacher competencies. On the basis of
practical use of technology in education, TPACK-P framework proposed four
proficiency levels in Assessment, Planning and Design, and Enactment domains
(Jen et al., 2016). TPACK is embedded in experience and develops through
practice (Yeh, Lin, Hsu, et al., 2015). Deriving from both knowledge- and practice-
based nature of TPACK and emphasizing content-specific development, TPACK-P
framework is distinctive from the other models of TPACK.

TPACK framework and the other models were used as the base for
designing courses that aim at developing technology integration competencies. The
studies that consisted course designs implementations based on the principles of
TPACK models to develop and investigate pre-service middle school or secondary
mathematics teachers were addressed in the previous section. For PTs to
professionally incorporate technology into teaching, an environment fostering to
investigate technological tools’ affordances in mathematics education was prepared
for them in the courses. These courses showed positive impact on teachers’

effective integration of technology into education (Angeli & Valanides, 2009; Chai
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et al., 2010). Researchers attempted to enhance PTs’ TPACK in mathematics by
redesigning methods courses (Haciomeroglu et al., 2010; Lee & Hollebrands, 2008;
Meng & Sam, 2013; Ozgun-Koca et al., 2010), teaching practice courses (Agyei &
Voogy, 2012; Balgalmis, 2013), mathematics courses (Durdu & Dag, 2017; Kurt,
2016; Meagher et al., 2011), many of these courses concurrently (Mudzimiri, 2012;
Niess, 2005) or designing new courses (Akkaya, 2016; Akyuz, 2016; Bowers &
Stephens, 2011; Cavin, 2008). The present study was conducted by designing and
implementing the TUME course with effective strategies as suggested in the related
literature. The principles of the TUME course reflect these effective strategies.

Course designs contextualized in TPACK principles yielded positive
influences on technology integration competencies of PTs (i.e., Angeli &
Valanides, 2009; Chai et al., 2010; Jimoyiannis, 2010) and effective strategies for
teacher education course designs were expressed in these studies in terms of
content and instructional strategies which aim at development of PTs” TPACK. For
instance, linking theory with practice, learning technology integration by
designing, the teacher educator being the role model, and working collaboratively
with peers were among the 12 key themes Tondeur, van Braak, et al. (2012)
identified as the characteristics of effective interventions of teacher education
programs for PTs’ preparation for technology-integration in their teaching
practices. Continuous feedback is supportive and effective in terms of enhancing
technology-integration skills (Niess, 2005; Tondeur, van Braak, et al., 2012).

Collaboration provides opportunity for PTs to share and develop abilities
and attitudes within groups (Tondeur, Scherer, et al., 2017). Within collaboration,
sharing ideas, feedback, discussing and sharing with peers, and peer-interaction
enhance TPACK development (Agyei & Voogt, 2011; Jang, 2008b; Tondeur,
Roblin, et al., 2017). It is effective for PTs to feel self-competent when they work
together and participate actively within the groups while designing technology-
supported materials that meet curriculum objectives (Angeli & Valanides, 2009;
Lee & Lee, 2014; Mouza et al., 2014). Hence, collaborative design environments
support development of TPACK (Koehler & Mishra, 2005; Koehler, Mishra, &
Yahya, 2007, Polly et al., 2010; Tondeur, van Braak, et al., 2012).
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TPACK develops through practice for being a situated and practice-based
knowledge. PTs should engage in technology-facilitated designs to develop
TPACK (Agyei & Voogt, 2012). Practical knowledge is a developing knowledge
centrally related with actions, people, and contexts in that teacher education
programs should provide continuous development and authentic experiences (Yeh,
Hsu, Wu, et al., 2014). PTs” TPACK needs to be examined in practice that the
lesson plans should be considered with the implementations (Mouza & Karchmer-
Klein, 2013). TPACK-P model was proposed as a practice-based TPACK
approach. Experience-driven methodology is needed to elicit PTs’ TPACK
embedded in their practices (Yeh, Lin, Hsu, et al., 2015).

This study is unique for comprising distinctive features emphasized in the
literature in one context. PMTs’ TPACK-P was aimed to be developed in a
technology-enhanced course which was designed based on TPACK-P principles
with a transformative view towards TPACK. The evidences of TPACK-P were
investigated through data sources that provided both perceived and observed
TPACK-P of PMTs’.
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CHAPTER 4

METHODOLOGY

The purpose of this study was to enhance and investigate pre-service middle
school mathematics teachers’ (PMTs’) TPACK-P development through the
Technology Use in Mathematics Education (TUME) course. Answers to the
following research question and two sub-questions were sought throughout the
study:

1. How does the Technology Use in Mathematics Education Course influence
pre-service middle school mathematics teachers’ TPACK-P development?
a) What are pre-service middle school mathematics teachers” TPACK-P
proficiency levels in the beginning of the Technology Use in
Mathematics Education Course?

b) What are pre-service middle school mathematics teachers’ TPACK-P
proficiency levels at the end of the Technology Use in Mathematics
Education Course?

In this chapter, context, research design, participants of the study, data
collection procedures, data collection instruments, and data analysis procedures
were explained in detail. In addition, strategies to prevent possible threads to
internal validity and reliability, limitations of the study, and ethical considerations

were addressed.
4.1 Research Design

The intention of the research, which was to investigate PMTs’ TPACK-P
development in detail throughout a course about integrating technology to
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mathematics education, led to a qualitative design. Qualitative research strategies
were used to collect and analyze the data to reveal PMTs’ TPACK-P development.
This study was a single-case study with a holistic design. In a case study design,
researchers explore a case, process, activity, program, event, individuals (Creswell,
2013), decisions, programs, and/or implementation process and conduct in-depth
analysis of multiple data sources (Yin, 2013). The holistic single-case study design
refers to a single experiment with a single unit of analysis including no embedded
sub groups and having a holistic nature (Yin, 2003). Hence, the case in the present
study was the group of PMTs who were 11 senior-level Elementary Mathematics
Education (EME) Program students enrolled to the undergraduate course TUME.

The reason for using case study approach in this study was to be able to
make detailed investigation and observation from various perspectives in order to
reveal PMTs’ TPACK-P progress through the course by seeking answers for whys
and hows of their views on and use of technologies. In order to answer the research
question about PMTs’ TPACK-P development, the researcher looked for answers
of several questions such as why they selected to use certain technologies with
pedagogical strategies to teach specific mathematical concepts; what they thought
about technology use in mathematics education and about affordances and
constraints of technologies; and how they designed and enacted technology
integrated mathematics courses.

In this study, PMTs’ TPACK-P development was limited to the semester
and to the content of the TUME course. In the context of the TUME course, the
data were collected from multiple sources in order to provide a complete
understanding of PMTs” TPACK-P development. The data were collected via
questionnaires, pre and post lesson plans, observations, researcher’s field notes,
micro-teaching, self-assessments, and face-to-face semi-structured interviews. In
the end, the researcher investigated PMTs” TPACK-P development from multiple
perspectives to elucidate the issue in a larger detailed picture. PMTs were
investigated in the natural context of the TUME course at the university. In the data
collection process, according to PMTs’ behaviors and development of TPACK-P

through the study, the researcher focused more on the reasons of participants’ use
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of the technology and their views about technologies by frequently asking for their
feedback. The emergent design was due to the flexible nature of the qualitative
approach. In addition, researcher’s familiarity with the subject and experience in
the field directed the research process and interpretation of the data. According to
Yin (2009), researcher’s position moves a case study to the right direction and
eliminates focusing on other distracting information. The researcher was the key
instrument as being both the instructor of the course and the first-hand data

collector in all steps of the study.
4.2 The Context: Elementary Mathematics Teacher Education Program

The study was conducted in Elementary Mathematics Education (EME)
Program under the Department of Elementary Education in the Faculty of
Education at a private university in Ankara, Turkey. EME is a four-year bachelor's
degree program training PTs to be mathematics teachers for middle schools (grades
5 to 8). These programs last for 8 semesters and consist of 54 courses with a total
of 240 credits of European Credit Transfer and Accumulation System (ECTS). The
Higher Education Institution in Turkey determines the compulsory courses of the
program which refers to 206 ECTS. The faculties only have the authority to
determine the elective courses of 34 ECTS. The program offers courses on
mathematics, mathematics teaching and learning, and practicum. Students can also
take general, cultural, and educational knowledge elective courses. The list of
courses in each semester were provided in Appendix A. Lessons are carried out
theoretically and practically in the program. The TUME course was planned and
designed by the researcher and offered as an elective course with 5 ECTS. This
program, similar to all university departments in Turkey, accepts students
according to their scores on the national university entrance examination which is
carried out annually. Only the students in their last year of high school education or

graduated from the high school can take this examination.
4.3 Participants

Turkish EME Programs at Faculties of Education aim to train mathematics
teachers for teaching middle school mathematics. Participants were selected among
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the senior students in their last semester at the EME Program of Elementary
Education Department at a private university in Ankara, Turkey. PTs in the EME
program had completed compulsory and elective courses of 210 ECTS at the end of
the seventh semester. In their last semester, they enrolled to three compulsory and
two elective courses. Eleven PTs were enrolled in the elective TUME course at the
Spring semester of the 2015-2016 academic year. The other four courses they
attended simultaneously were Fundamental Concepts in Mathematics Education (8
ECTS), Turkish Education System and School Management (4 ECTS), School
Practice (9 ECTS) as the compulsory courses and Diction (4 ECTS) as the other
elective course.

Purposive sampling helps to gain rich data to investigate the research
interest (Creswell, 2013). Of the 17 seniors in the EME program, 11 seniors who
enrolled to the five-credit elective TUME course in 2015-2016 academic year
composed the participants of this study. They were ten female students and one
male student whose ages ranged from 21 to 27. These 11 PMTs at their last
semester in the EME Program served the purpose of the research for several
reasons. First of all, they had completed 50 out of 54 courses in the program which
made them qualified in the mathematics education courses, pedagogical courses,
and cultural, field specific, and educational elective courses. Hence, they were
familiar with pedagogical strategies; they had completed courses about basic
computer skills, revised the curriculum more than once, and observed mathematics
courses at a middle school for one semester. Moreover, in the same semester with
the TUME course, they were taking the Teaching Practice course. In the context of
that course, they were practicing at a middle school where they were gaining
experience in an authentic environment about classroom context, mathematics
instruction, student characteristics, time and classroom management, and other
aspects of mathematics teaching and learning process. Teaching Practice course
was a compulsory course for EME Program in which PMTs observed mathematics
courses in a public middle school for six hours a week for 14 weeks. In addition,
they taught a minimum four mathematics courses in the context of this course.

Knowing the conditions about mathematics teaching and learning in the middle
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school context was compulsory to experience, design, and implement technology
supported mathematics instruction effectively. Therefore, they had essential
background to learn for and from practical experience in terms of TPACK-P.

The group was also convenient to study with. The researcher had access to
and familiarity with the University she was working at and the students of the
university. Therefore, the study was conducted at the University’s EME Program at
the Faculty of Education and the participants of the study were volunteering seniors
in the program. Moreover, the researcher designed and offered the course.

Therefore, she had the control of the content and the flow of the course.
4.4 Data Collection Procedure

Data collection process covered three stages. In the first stage, at the
beginning of the semester the data were collected to determine PMTs’ initial
TPACK-P levels before they attend the TUME course derived from their
perceptions towards teaching profession, experience in technology use in
education, and their technology-integrated lesson designs. In the second stage,
participants were supported for one semester throughout the TUME course to
enhance their TPACK-P development through the activities and assignments in the
context of the course. In the last stage, individual interviews were conducted after
the course ended. In this section, researchers’ role in the study, the content of the
TUME course, and the data collection sources used in the three stages were

explained thoroughly.
4.4.1 The Role of the Researcher

The researcher had been working as a research assistant at the EME
Program at the Faculty of Education in a private university for eight years at the
time of the study. She was familiar with the faculty and the students in the
Department of Elementary Education. Researcher’s past studies were also on
educational technologies. In her master’s thesis, she investigated PMTs’ use of
graphing calculators in teaching algebra in middle school. Therefore, conducting a

study with one educational technology led to intentions for conducting a study with

62



a range of technological tools. Hence, there was a connection between researchers’
academic background, research interests, and the intention of the present study.
The researcher was the instructor of the TUME course which positioned her
as a participant-observer. The participant-observer role enabled the researcher to
control the direction of the study, to organize the course, and to observe
participants both with the instructor and the researcher views. Senior level PMTs
who enrolled to the course were familiar with the researcher since their first year in
the Program either as their instructor or as their graduate assistant in several
courses. It is believed that PMTs’ familiarity with the researcher formed a relaxed
course environment in which PMTs were comfortable in expressing their ideas
within the class, in their reflections, discussions, group works, and in the individual

interviews conducted after the course.
4.4.2 Technology Use in Mathematics Education (TUME) Course

As it was stated by several other studies mentioned in the previous chapter,
this study relied on the assumption that PMTs can progress their TPACK-P through
a course where they not only learn about technologies, but also integrate
technologies with pedagogies through designing and enacting technology
supported instructions to enhance mathematics teaching and learning. Connecting
this proposition, TUME course for developing TPACK-P was designed and PMTs’
TPACK-P development was investigated through that course.

The general purpose of the TUME course was to prepare future teachers who
are competent in effective technology integration in mathematics education. In this
mathematics discipline-focused course, it was aimed to provide PMTs with the
opportunity to develop skills in and knowledge of using technology in designing and
instructing middle school mathematics courses. To achieve this aim, PMTs
explored, examined, practiced, and adapted educational technologies throughout the
TUME course. The educational technologies in the course were selected among
current, frequent, and effective educational technologies that were suggested to be
used in middle school mathematics education in Turkey and all over the world in the
related literature. Besides, based on the content of the course, PMTs were also
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updated by pedagogical strategies for technology integration and the content of
middle school mathematics curriculum in Turkey.

The setting of the course was the mathematics laboratory at the Faculty of
Education (see Appendix B). In the mathematics laboratory, there were 6 round
desks each for 5 people which supported collaborative and group work. There were
material cabinets filled with mathematical materials, posters, and stationary.
Moreover, the mathematics laboratory was equipped with a computer for the
instructor and a projector connected to the computer. Some course hours were spent
in the computer laboratory where each participant could have his own computer.
Providing each participant with one computer enabled participants to engage
individually in GeoGebra program, poster preparation programs, online games, and
virtual manipulatives.

TUME course was planned and designed based on TPACK-P framework
suggested by Yeh, Hsu, Wu, et al. (2014). The course with all its components was
intended to carry the characteristics of TPACK-P model (i.e. Jen et al., 2016; Yeh,
Hsu, Wu, et al., 2014; Yeh, Chien, Wu, et al., 2015). In their subsequent studies, Jen
et al. (2016) proposed four levels of competency regarding teachers’ TPACK-P. The
researcher formed a coding scheme with the benchmarks and indicators for each
level. The highest level considering TPACK-P was reflective application level
corresponding to level 4. The TUME course objectives were based on the indicators
of reflective application level shown in Table 4.1 (Jen et al., 2016, p. 49).

As proposed by Jen et al. (2016), the indicators in Table 4.1 were identified
for three teaching domains which are i) assessment, ii) planning and designing, and
iii) enactment. In TPACK-P competency levels, a teacher should accomplish the
eight indicators in order to reach level 4. The two indicators for assessment are
about evaluating student knowledge both before and after teaching. The four
indicators in planning and designing refers to teachers’ competency and skills in
designing technology enhanced courses by adopting appropriate teaching and
learning strategies to improve diverse student learning. The two indicators for
enactment regards implementing technology assisted courses where technology is

used efficiently to meet individual student needs in a student-centered environment
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and constructing instructional materials with technology that serve for different

instructional purposes (Jen et al., 2016).

Table 4.1

Indicators of Level 4: Reflective Application

Domains

Indicators

Assessment

1. Be able to use various representations or ICTs in instruction
that enables teachers to identify students’ learning styles and
learning difficulties (e.g., cognitive, affective) for the
preparation of adaptive instruction.

2. Be able to construct technology-supported assessments
through which students’ knowledge of and about science can be
evaluated.

Planning and designing

3. Be able to utilize functions of technology to facilitate
teachers’ (their) and students’ exploration of scientific
phenomena and construction of their science knowledge.

4. Consider and design technology-supported curricula for the
purpose of enhancing students’ learning of and about science
with skillful use of technology.

5. Be able to construct technology-supported curricula based on
students’ prior knowledge or for purposes of inquiry learning,
with strategic uses of digital representations or ICT tools.

6. Be able to use student-centered instructional strategies to
accommodate students’ learning of and about science inquiry-
based tasks in technology-supported environment.

Enactment

7. Be able to use a variety of technology flexibly and
strategically to accommodate students’ different learning needs,
support their knowledge construction, and improve instructional
effectiveness.

8. Be able to customize instructional materials with skillful uses
of technology or multimedia resources for different instructional
purposes.

Note. Reprinted from “Science Teachers' TPACK-Practical: Standard-Setting
Using an Evidence-Based Approach,” by T. H. Jen, Y. F. Yeh, Y. S. Hsu, H. K.
Wu, and K. M. Chen, 2016,Computers & Education, 95, p. 49.

In order to reach the Reflective Application level, TUME course was

designed, planned, and implemented based on the following principles driven from
TPACK framework (Koehler & Mishra, 2008, 2009) and TPACK-P framework
(Yeh, Hsu, Wu, et al.,, 2014; Yeh, Chien, Wu, et al., 2015): Transformative
approach, collaborative learning, activity-supported learning, and practice-based

learning. The definition and adaptation of these principles in TUME course were

explained below.
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Transformative approach: From the transformative view, TPACK is a
unified knowledge that extends beyond its components (Angeli & Valanides, 2005,
2009). From this point of view, the TUME course was built on the composition of
TPACK-P components. These components are examining the role of technology in
mathematics education, investigating educational technologies and technology
integrated teaching and learning strategies, regenerating mathematics courses by
infusing educational technologies, and reflecting on these issues from a distinct
perspective of transformative approach.

Collaborative learning: Collaborative work in designing technology-
enhanced teaching materials enhances development of TPACK (Koehler & Mishra,
2005; Koehler et al., 2007; Polly et al., 2010; Tondeur, van Braak, et al., 2012).
Moreover, collaborative work empowers designing high level quality materials
suitable for practical use (Yeh, Hwang, & Hsu, 2015). Therefore, teaching, thereby
learning, in the TUME course was designed on a collaborative principle.
Collaborative environment offered participants to exchange ideas, experience, and
skills. Moreover, interacting with and gaining from each other while designing
technology integrated products in each activity and discussion was an important
consideration. While working on designing learning products in every activity in the
second part of the course, discussions held within groups led participants to create a
common view from diverse views within a group. Following the group discussions,
whole-class discussions provided opportunity to criticize the opposing or different
Views.

Activity-supported  learning:  Activity-supported learning enhances
development of TPACK which is learning to plan effective technology supported
instruction in the context of curriculum (Harris & Hofer, 2009) and thereby
TPACK-P (Yeh, Chien, Wu, et al., 2015). Moreover, activity-supported learning
shifts the focus from teacher-centered approach to student-centered teaching (Agyei
& Voogt, 2012). In each activity, participants conducted research on the given topic
in the scenario. They gathered information about the technology, its affordances,
and sample uses. Then, they searched learning goals in the mathematics curriculum

and the misconceptions about the mathematical subjects. Finally, they analyzed and
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synthesized this information to form a technology-supported learning product.
Practice-based learning: TPACK-P is a knowledge construct that educators
can develop for using in practice from their own practices with technology and it can
only be improved through practical usage of technology (Jen et al., 2016). Although
knowledge of pedagogical strategies, technological tools, and content are required
for TPACK development, the essential focus should be on “learning or actual uses
of technology to support different instructional purposes” (Jen et al., 2016, p. 57).
Accordingly, practice-based content of the TUME course aimed at developing and
strengthening participants’ TPACK-P through interaction with technologies,
engaging technology-enhanced activities in a supportive environment, and creating
and implementing technology-integrated designs as suggested by Jen et al. (2016).
Thereby, practice lied behind all activities, discussions, and assignments in the
TUME course. Both course activities and the micro-teaching assignment were
teaching practice experiences that provided opportunities to participants for

transforming their theoretical knowledge into practice.
Table 4.2

The Content of the TUME Course

The Parts of the TUME Course

Content

Part 1: TPACK: Theoretical
Background
(3 weeks)

Technology use in mathematics
education

Educational technologies
FATIH project

TPACK framework

Research in TPACK

Part 2: Educational Technologies:
Investigating, Designing, and
Reflecting

(8 weeks)

Examination of general technologies and
mathematics field specific technologies
Social network for teachers

The role of technology in evaluating
teaching and learning

Planning and designing technology
supported mathematics courses

Part 3: Integrating Technology into
Mathematics Education
(3 weeks)

Micro-teaching
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The TUME course was designed considering the principles explained in
detail above. An overview of the content of the TUME course was presented in
Table 4.2. As shown in Table 4.2, the course was consisted of three following parts
mainly; 1) Theoretical background of TPACK, 2) Educational technologies:
Investigating, designing, and reflecting, and 3) Integrating technology into
mathematics education. The course lasted for one semester of 14 weeks. There
were 3 course hours in a week and 42 course hours in total in the semester. The
course syllabus was presented in Appendix C. In the following three sections, the

content of the three parts of the TUME course was explained in detalil.
4.4.2.1 First Part of TUME Course: Theoretical Background of TPACK

In the first part, the first three weeks, theoretical background about using
educational technologies in mathematics education and TPACK framework were
examined and discussed. PMTs were briefly informed about the current educational
technologies, technology use in mathematics education, TPACK framework, recent
studies about development of teachers” TPACK, technology related standards of
NCTM, NCATE, ISTE, and national curriculum in Turkey, and FATIH Project,
current trends in technology use in education, and methods and approaches about
effective technology integration in education.

To inform the participants about these titles, book chapters and articles about
the review of TPACK framework and the studies conducted based on the framework
were weekly assigned to the participants (see Appendix C). As the participants did
not have sufficient English language skills, the books and articles and books were
selected in Turkish. Selected studies and applications of technology enhanced
education in all science areas were reviewed in the context of the course.
Additionally, discussions were held about the facilities of educational technology

applications in classrooms.

4.4.2.2 Second Part of TUME Course: Educational Technologies:

Investigating, Designing, and Reflecting

The content of the course provided an environment for PMTSs to investigate
both educational technologies and mathematics discipline-specific technologies.
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That is, throughout the eight-week long second part of the course, participants met
general and content specific educational technologies and discussed on the issues
related with educational role of the technologies. The researcher selected
technologies that were commonly used in education for being effective, functional,
user friendly, and preferably free. The list of these technologies and the discussion
topics are given in

Table 4.3.

Table 4.3

Educational Technologies: Investigating, Designing, and Reflecting

General technologies Visual sharing platforms
Concept map preparation applications
Poster and infographic programs
Assessment: constructing quizzes and
student reflection systems
Video editing applications
Course platform

Mathematics field specific Interactive math games

technologies Dynamic environments
Smart Boards

Discussion topics Social network for teachers

The role of technology in evaluating
teaching and learning

Planning and designing technology
supported mathematics courses

While some of the selected technologies were compatible to be used in
every field of education, the others were specific to mathematics content. In the
beginning, participants investigated educational technologies which were adaptable
to teaching and learning of all fields of science. For visual sharing websites, Flickr
and Pinterest; for preparing concept map, Inspiration; for assessment and
constructing quizzes, Socrative and Kahoot-it; for preparing poster and
infographics, Piktochart and Glogster, and for video editing, Video Show and
Inshot Viva Video were introduced as the sample programs among many other
similar functioning programs. In addition to the discipline-free educational

technologies, the course consisted of technologies specific to mathematics
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education which were Construct 3D, Vector Grapher, and zSpace Euclid’s Shapes
for augmented and virtual reality, GeoGebra, Desmos, and Cabri 3D for dynamic
environments, ClassPad for graphing calculators, and selected websites for online
mathematics games and virtual manipulatives. In addition to these technologies,
participants experienced using three types of Smart Boards in the Faculty
classrooms and in an authentic context in a mathematics course at a middle school.

The technology introducing weeks, which was the second part of the TUME
course, was different from other parts of the course in terms of design. There was a
three-step implementation in investigating each educational technology. The steps
were 1) introducing the technology, 2) connection with education, and 3) reflecting
on the technology’s role in teaching middle school mathematics.

In the first step, the researcher introduced brief tutorials including the
technology’s features, its educational affordances and presented sample applications.
Then, for the second step, participants experienced the technology by exploring it on
their own. After getting used to the features of the technology, participants engaged
in the group activities that the researcher planned beforehand. Although each
activity had its own scenario, the common context mainly required participants to
investigate the affordances of the related technology and match these affordances
with the objectives in the middle school mathematics education curriculum in
Turkey. The activities required participants to determine objectives from the
curriculum that could match the technology’s affordances.

Then, for the goals participants selected from the curriculum, the researcher
motivated them to plan an alternative instruction design via the help of the week’s
technology. They were also asked to design materials and activities that can be used
in teaching several middle school mathematics subjects. Participants worked within
groups as directed in the instructions. When completed, groups presented their
product of technology supported materials and designs at the end of each activity. In
the final step, discussions were held within and among groups about their designs
referring to the utilities and deficiencies of the technology in terms of middle school
mathematics education. They mentioned the role they gave to the technology and

justified their selection of the pedagogical strategies in relation with the particular
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mathematics content in their groups’ design.

The researcher selected five weeks to gather participants’ written views
about the weeks’ technologies. Participants reflected on their experiences with
educational technologies that they met in the technology weeks. They provided
answers to five open-ended questions that required answers blending pedagogy, the
technologies introduced in the related week, and middle school mathematics content.
Two researchers with doctoral degrees in the field of mathematics education who
had research articles about technology use in education reviewed the questions in
terms of TPACK-P framework. The questions were finalized accordingly. They
answered the questions digitally by sending a message or e-mail via their mobile
phones. Each reflection session took approximately 10 minutes. The evaluation
questions were as follows:

1. Can you describe your experiences with the educational technology?

2. What are the affordances of the educational technology?

3. What aspects of the educational technology should be improved?

4. Would you prefer to use this educational technology as a teacher? Why?

5. In which grades and subjects would you suggest the use of this

educational technology? Please specify objectives from the curriculum.

While providing answers to the questions, participants gained the role of an
educational expert and criticized the utilities and feasibilities of the educational
technologies. In addition, the questions led them to discuss the place of the
particular technology as a supportive tool matched with appropriate pedagogical
strategies when teaching a particular middle school mathematics subject in the
educational setting. This assignment was aimed at contributing to their TPACK-P
development by motivating them to think about the affordances and constraints of
several technologies and about the pedagogical strategies to empower the
affordances in relation with middle school mathematics content.

In addition to introducing educational technologies in the second part of the
course, participants’ knowledge on middle school mathematics content was
refreshed with quick curriculum revision sessions every week. Pedagogical

approaches for technology integrated mathematics teaching were also investigated
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thoroughly. They were introduced with instructional designs that can be
incorporated with technologies. The last week of this second part of the course was
spent on examining the technology integrated sample plans in mathematics
education and discussing them thoroughly in terms of knowledge dimensions of
TPACK, namely technology, pedagogy, and content.

The educational technologies that were covered in the second part of the
TUME course are explained in detail below. They were explained within the

activities conducted in the class hours.
4.4.2.2.1 Educational Technologies and Related Activities in TUME Course

In the second part of the TUME course, participants engaged in 10 activities.
PMTs were assigned these pre-designed activities that were prepared for their
development of technology integration skills and practical use of these technologies
in mathematics education. Participants were given opportunities to practice each
technology in various activity contexts designed for and defined in middle school
settings. Discussions and reflections led participants to investigate how technology
can be transformed for educational aims and be utilized in teaching mathematics to
promote different instructional needs. The course activities and the related
educational technologies were presented in Table 4.4.
Table 4.4
Technology Activities in TUME Course

Activities Technologies
1 Exploring mathematics activities Flickr and Pinterest
2 Exploring concept maps Inspiration and Mindly
3 Creating educative posters Pictochart, Glogster, and Powerpoint
4 Constructing mathematics GeoGebra, Cabri 3D, and Classpad
5 Evaluating student learning Socrative and Kahoot-it
6 Exploring Smart Board in authentic Smart Boards
setting
7 Vlogger video recording Video Show
8 Interactive game competition Online platforms for math games and

virtual manipulatives
9 Designing lesson plans via TPACK All technologies
game
10 Posting on the online course platform  Facebook
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The activities listed in Table 4.4 were meticulously prepared cognitive tasks
addressing TPACK-P objectives. In the procedure of completing the activities,
several opportunities were given to PMTs to engage in, practice, and reflect on
educational technologies where they were encouraged to (i) think, plan, and
redesign technology infused instructional activities and (ii) provide reasons for the
practical use of the design in a middle school mathematics course (Yeh, Hsu, Wu,
et al., 2014). This environment was provided to foster PMTs to rethink and
reconceptualize middle school mathematics content through utilization of
technology.

In the activities, participants firstly gained general information about the use
and features of the technology from the instructor; secondly investigated the
affordances of the technological tool; thirdly searched the middle school
mathematics curriculum goals, and selected the goals that the technology would
enhance learning and meet the instructional needs of that goal, and lastly designed
a learning material or an activity. Collaborative group work and all-class
discussions afforded participants opportunity to develop and share ideas about the
recently introduced technology. Activities were designed by the researcher except
Activity 10. The instructions, application process, and details about the activities
were explained thoroughly below.

Activity 1: Exploring mathematics activities

The aim was to enlightening participants in terms of online shared materials
all over the world such as posters, concept maps, and activities in several
mathematics topics. They downloaded the mobile application of Pinterest and
Flickr visual sharing websites for this search. Moreover, in the context of this
activity, the researcher instructed about social networks for teachers and
participants searched relevant websites.

Activity 2: Exploring concept maps

Participants selected a topic in which a concept map would enhance learning.
They sequenced the concepts in the mathematical subject. They also determined
which part of the course they planned to use the concept map and for which reason.

They worked on Inspiration and Mindly programs on the computer. They were not
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asked to prepare a concept map since they did it in Computer |1 and Methods |
courses. Instead, they searched for and selected effective and extensive concept
maps online, commented on the strong and weak parts of those maps, and provided
ideas as a group to improve them.
Activity 3: Creating educative posters

This activity was about preparing posters and infographics by Piktochart,
Glogster, or Powerpoint poster preparation programs on the computer. The
instructions involved searching middle school objectives that infographics and
posters could evoke misconceptions and designing one to preclude or remedy them.
Activity 4: Constructing mathematics

Casio ClassPad 330 is a handheld device that embodies graphical
representations, algebraic representations, and data tables while linking these
representations. In the course, the online application of the graphing calculator was
used. Participants downloaded Casio ClassPad 330 application on their mobile
phones and computers. The dynamic environments GeoGebra and Cabri 3D were
also used on the computer. The aim of the activity was to construct geometrical
figures and relate the algebraic, graphical, and tabular representations. In the
context of the activity, participants made extensive online research and shared the
effective uses of these technologies in mathematics in the course. Finally, they
searched the curriculum and selected goals to improve teaching and learning
through GeoGebra. Then, groups generated and presented activities with
GeoGebra.
Activity 5: Evaluating student learning

The activity was about assessment of teaching and learning. The activity
involved constructing quizzes via Socrative and Kahoot-it applications. Moreover,
selected groups applied their quizzes to other students in the classroom. At the end
of the activity, the role of technology in evaluating teaching and learning was
discussed thoroughly. The researcher provided participants with related research and
samples about this issue.

Activity 6: Exploring Smart Board in authentic setting
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Participants experienced two types of Smart Boards for this activity. One
was Classic 2810 version of PolyVision brand situated at the computer laboratory
in the Faculty of Education. Participants experienced the Smart Board features on
this one and used it as if they were teaching in a middle school mathematics
classroom. They set the Smart Board ready for the course, opened and created files
on it, made changes on the files, experienced the features of the drawing and
editing buttons on its side and turned the Smart Board off. In addition, PMTs
visited a private middle school in the neighborhood where Smart Board 800version
of Smart brand was equipped. In the school, Smart Boards were equipped in all
classrooms and teachers were using them in all courses. Before the visit, the
researcher arranged an appointment with one of the mathematics teachers at the
middle school. The teacher was at the beginning of the Transformations subject in
7" grades. Without affecting the flow of the course, the researcher and the
mathematics teacher planned a two-hour course where GeoGebra and basic features
of the Smart Board were used. PMTs observed this middle school mathematics
course implementation via Smart Board. After that course, they had the opportunity
to use the Smart Board and ask questions to the mathematics teacher.

Activity 7: Vlogger video recording

Video Show mobile application was introduced to the participants. They
experienced the menus and features of the application. Within the scope of the
Vlogger Video Recording activity, the researcher gave a problematic scenario to
each participant in which an imaginary middle school mathematics teacher was
expressing his teaching problem of a particular subject (See Appendix D). There
were two problems in each scenario which were pedagogy and content-based
problems in middle school contexts. An example of a pedagogy-based problem was
“Students solve the operational problems about rational numbers by following the
rules of operations. They do not understand the relationship between rational
numbers and a whole. How can I guide them in these issues?” An example of a
content-based problem was “l cannot engagge all of the students in the discussions.
How can | enhance their active participations to the lessons?” The contents of all

scenarios included similar situations.
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Scenarios were numbered from 1 to 10 and each participant selected one
number randomly. One scenario was selected twice. The two participants who
selected the same scenario were put in separate groups. Participants worked in
groups of two or three to find alternative solutions with the support of educational
technologies to the teaching problems presented in the scenarios belonging to
middle school mathematics context. Each participant was expected to shoot a
famous video that would receive a million clicks in a video sharing website. Hence,
the aim was to motivate groups to develop solutions that were informative,
applicable, creative, and attractive which suited to be a vlogger video. In this
collaborative work in groups, participants were instructed to provide technology
supported solutions to authentic instructional problems in the scenarios and work
together in preparing their videos.

The aspects that should be included in the context of the video were a) the
goals in the curriculum related to the mathematics topic, b) the background
mathematics knowledge related to this topic, c) parts of the lesson plan that will be
focused in the suggestion, d) technology suggestion that will be best to overcome
the problem, and e) pedagogical strategy that will integrate effectively with the
suggested technology. Moreover, they were given a list of contextual principles
some of which were about considering individual student needs, crowded
classrooms, and misconceptions on the specified mathematics concept.

Activity 8: Interactive game competition

Participants made extensive online research of websites for online
mathematical games and virtual manipulatives. The groups selected the most
effective game and/or virtual manipulative to improve mathematics learning and
shared the game in the course Facebook page, which was explained below.
Moreover, groups competed at the selected games and the winner was determined.
Activity 9: Designing lesson plans via TPACK game

This activity was about planning and designing technology supported
mathematics instruction. In this respect, before the activity, sample technology
infused mathematics plans were examined with the guidance of the instructor and

they were discussed in terms of components of technology, pedagogy, content,
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context, and availability into practice.

The TPACK game, developed by Richardson (2010), is about designing
instruction according to the items coming from technology, pedagogy, and content
pools. In the context of this activity, the researcher prepared the items of the pools.
The technology pool included various technologies extending the ones mentioned in
the context of the course such as Wikibooks and Sketchpad. The content pool
included all learning areas mentioned in the Turkish Middle School Mathematics
Curriculum (MoNE, 2013) from 5" to 8" grade. The pedagogy pool included the
instructional techniques that participants had learnt in a relevant course. The items
of the pools were reviewed all together with the participants to prevent any
misunderstanding about the items.

In the TPACK game, participants worked collaboratively in three groups.
Two groups included four and one group included three participants. All groups had
three cups with same items written on piece of papers. As applied in a study (i.e.,
Baran & Uygun, 2016), participants played the game in 4 different tours. In three of
the tours, one item from one of the technology, pedagogy, and content pool was
selected non-random and the rest of the items were randomly selected from the
pools. In the fourth tour, all items were randomly chosen from the pools. After
selecting random items, participants decided on the non-random item. Then, they
made research and brainstormed their ideas for integrating the three domains and
came up with the best design. Discussions were held when participants reflected on
the designs and criticized the affordances and constraints of the designs in terms of
middle school context and feasibility in practice.

Activity 10: Posting on the online course platform

At the beginning of the semester, all participants were enrolled to the course
platform on Facebook named as Technology Use in Mathematics Education Group.
There were several reasons for forming an online accessible course platform. First
and foremost, participants were able to engage with peers and the instructor not only
in the course hours, but throughout the week. Secondly, participants had opportunity
to experience each other’s in-class works and share ideas on Facebook course page.

This was considered essential that they might miss seeing other works in class, or
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miss listening to others’ ideas and stating their views in the classroom discussions.
The online course platform provided them a discussion environment outside of the
classroom beyond the class hours. It also provided a visual archive for participants
which gathered their works together in an online page through the semester.
Furthermore, the data gathered in the Facebook page were planned to be used in the
interview process as a recall to participants about their group products and
individual posts.

On the Facebook course page, participants were required to post about the
topic of each week. These posts were the products of the activities prepared by the
groups weekly. In addition to their classroom products, they were asked to find and
share online learning materials such as articles, blog posts, news, and any post they
found worth to share about technology use in education. Moreover, they were
assigned to comment on at least two of others’ work. Weekly assignments such as
readings were also announced via the platform. The classroom page served as the
schedule and place to present products of weekly topics. The aim was to maintain
the collaborative environment outside of the classroom. Participants engaged in

discussions with their peers in the context of their posts.

4.4.2.3 Third Part of TUME Course: Integrating Technology into

Mathematics Education

In the last three weeks, which was the third and the last part of the course,
participants were encouraged to plan, design, and enact a technology integrated
mathematics course. As shown in Table 4.5, this was the final assignment of the
course in which participants were instructed to prepare a technology integrated
lesson plan, present it to the instructor, finalize the plan according to the instructor’s
suggestions, and implement the finalized lesson plan via micro-teaching in class.

Presenting lesson plan through micro-teaching was decided for two reasons.
First, the micro-teaching assignment was an opportunity for the application of
TPACK knowledge through designing and enacting lesson plans. The participants
had the opportunity to apply their skills in practice where their peers were the
students. It was considered important both to receive and to provide feedback for
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peers since peer-learning was considered to be useful to build on each other’s work
and develop their TPACK (Angeli & Valanides, 2009; Tondeur, van Braak, et al.,
2012).

Table 4.5

Integrating Technology into Mathematics Education

The Content of TUME Course Technologies

Designing lesson plans Not restricted
Micro-teaching

The other reason was that participants were going to be restricted in terms of
technology if they were to implement their lesson plans in the middle schools in the
neighbourhood or in their practice schools. The initial plan was to implement the
lesson plans in the schools which they were simultaneously visiting in the context of
Teaching Practice course. However, after they prepared the lesson plans, all
participants articulated the poor technological facilities and lack of essential
infrastructure in the middle schools to implement their lesson plans. In the middle
schools they were practicing at, mobile phone use was forbidden, too. If they were
assigned to implement at the middle school anyway, the content of the lesson plans
would have to be changed, which was contrary to the aim of the research. Therefore,
PMTs conducted micro-teaching in the TUME course.

Participants were assigned to design and plan one class hour mathematics
course and were given a brief list about the lesson plan outline avoiding a stereotype
outline and the micro-teaching instructions. The instructions they should consider
while designing the lesson plan were constructed by combining the principles of
TPACK-P (Yeh, Hsu, Wu, et al., 2014; Jen et al.,, 2016) and the aspects of
technology-infused activities designed for authentic settings (Papert, 1997). These
instructions were provided below.

i. Determine a problematic middle school mathematics concept relying on

the relevant previous research.

ii. Define the learning outcomes of the subject relying on the national middle

school mathematics curriculum.
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iii. Explain the school and classroom context where you will teach.

iv. Select technologies that will best serve to enhance teaching and learning

of the selected subject.

v. Modify selected technologies to become educational technologies serving

for educational purposes about teaching and learning of the selected topic.

vi. Prepare technology integrated activities that will serve for solving the

existing misconceptions or preventing the possible misconceptions in the

selected subject and enhancing learning of the selected subject thoroughly.

vii. Decide on the appropriate pedagogical approaches that will best integrate

with the activities to the selected subject.

While preparing the lesson plans, they were asked to design a course to
reach the goals at the national middle school mathematics education curriculum.
They were not limited in terms of technology types and number of technology they
should use. Instead, they were allowed to choose from a wide range of both general
and content-specific technological tools. Participants designed lesson plans and
performed micro-teaching in Methods |, Methods Il, and School Experience
courses in their previous semesters. Hence, they were familiar with general aspects
of micro-teaching. After each micro-teaching session, they completed the peer-
evaluation form about each other’s implementation. In addition, each participant

completed a self-evaluation form about his/her own micro-teaching experience.
4.4.3 Data Collection Sources

In case study approach, researchers rely on “multiple sources of evidence”
(Yin, 2003, p.14) and theoretical propositions lead selection of these data sources
(Yin, 2003). Hence, using several sources of evidences is the strength of case
studies (Yin, 2003). In the present study, the data set was gathered before, during,
and after the TUME course from multiple sources. All data sources were not used
in the data analysis. Data from some of the sources were used to confirm the
findings from primary sources. The primary data sources that provided a chain of
evidence for TPACK-P proficiency levels to answer the research question of the

present study were documentation, observation, and interview. To provide more
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detail, the list of the data sources and data they provided for the intent of the study
from each source were explained in the following three sections referring to before,

during, and after the TUME course, respectively.
4.4.3.1 Data Collection Sources Employed Before the TUME Course

Before starting the TUME course, two questionnaires were implemented
and a lesson plan assignment was given to the participants to obtain background
information in terms of technology familiarity and the ability to integrate
technology to lesson design. Table 4.6 presented the data sources before the TUME
course.

These two questionnaires were prepared by the researcher to gather
information about participants’ views about being a competent mathematics teacher
and background about technology knowledge. The questionnaires were prepared
together by the researcher and a researcher with the doctoral degree in the field of
mathematics education who was familiar with the aim of this study. In addition, an
educator who had a doctoral degree in Turkish language education also reviewed
the questionnaires. The questionnaires were finalized accordingly. They were

administered to the participants at the beginning of the semester.
Table 4.6

Data Collection Sources Before the TUME Course

Data Collection Sources What data were gathered?

Questionnaire 1: The Views  Views about technology as part of teacher
about Teaching Profession knowledge and views on the role of technology in

education
Questionnaire 2: Technology Background about computers and other
Usage technologies
Lesson Plan 1 Integration of technology to a lesson plan about a

middle school mathematics subject

The first questionnaire was The Views about Teaching Profession
Questionnaire (see Appendix E). This questionnaire aimed at gaining insights into
participants’ images of teaching profession. There were two open-ended questions.

In the first question, a dialogue between a tailor and his apprentice about being a
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qualified tailor was given. Analogous to this scenario, participants were asked to
mention the knowledge and skills that middle school mathematics teachers should
possess and to provide reasons for these. In the second question, participants were
asked to give advices to freshmen in order to prepare themselves teaching
profession through their four academic years. The second questionnaire was
Technology Usage Questionnaire (see Appendix F). This questionnaire consisted
of four open-ended questions, as listed below, which aimed to learn about
participants’ familiarity with computers, the technologies they had encountered
before, the technologies they used for their education, the courses they utilized
technology, and the reasons of their use.

1. How long have you been using computers?

2. What is your purpose of using computers?

3. In which courses did you use computers?

4. In which courses did you use technology other than computers
(calculators, projectors, Smart Boards, etc.)? What were thes
technologies? What was the purpose of using them?

Second questionnaire was implemented after all of the participants
completed the first one. The reason was not to mention “technology” word, which
might have influenced their responses in the first questionnaire. Participants
provided answers to both questionnaires approximately in one hour.

Participants were assigned to design a lesson plan in which at least one
technology was adapted. They were also required to mention the reason of their
choice of the technology and its relation with the content. This data source was
aimed at gaining information about participants’ TPACK-P level prior to the
TUME course.

4.4.3.2 Data Collection Sources Employed During the TUME Course

During the TUME course, there were a number of data sources infused in
the context of the course. The data sources, duration of data collection, and the
acquisition relevant to each data source was provided in Table 4.7.

Participants were observed through the TUME course for 14 weeks. The
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observation video records consisted of the implementation of the whole TUME
course for a semester and participants’ performances throughout the course. As the
instructor of the course, the researcher was the participant-observer, which
provided the opportunity to investigate and control the events as an insider (Yin,
2003). The purpose of these observations was to investigate participants’
performance through the activities, their views about the weekly subjects in
classroom discussions, their presentations of activity products, the rationales they
provided for their products, and micro-teaching performances. The researcher took
field notes during and immediately after the course. These notes were about
participants' actions and comments in the course hours referring to their TPACK-P.
The individual performances were not always evident in the observation records.
Therefore, field notes which mainly included the researcher’s immediate written
records of participants’ individual performances were utilized. The observation

data were used to support researcher’s field notes.
Table 4.7

Data Collection Sources During the TUME Course

Data Collection Duration What data were gathered?
Sources
Observation and 14 weeks Information about each participant in
Researcher’s field the collaborative learning process within
notes group presentations and classroom
discussions
Lesson plan 2 To be completed by Which technology, pedagogical
the 12" week methods, and learning goals they chose
and how they integrated them
Micro-teaching One video for each How the lesson plan was implemented
videos participant
Self-assessment of  Last three weeks Views about the T, P, C, and practical
micro-teaching constructs of their own implementation

Participants were assigned to prepare a second lesson plan until the 121
week when the activities were completed. In this assignment, they were challenged
to reconsider subject-matter content in the middle school mathematics curriculum
which could be taught better and enhance learning when integrated with

technology. This assignment was given to identify the level of integration of
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technology into instruction that matched pedagogical content knowledge with
appropriate technological knowledge to enhance teaching and learning. Lesson
plan was an important source of evidence for determining participants’ TPACK-P
development through the 12 weeks of the course, because it provided an
opportunity to see their best design of a technology-enhanced mathematics course
they intended to teach, by focusing on the technologies they chose and how they
adapted technological tools with the appropriate pedagogy to teach a mathematics
subject.

Each participant presented the lesson plan to other participants by micro-
teaching method. Eleven micro-teaching sessions were video-recorded. This data
source provided evidence about participants’ practical skills in terms of enacting a
technology-enhanced mathematics course. Accordingly, the micro-teaching videos
were data sources to identify the consistency between the intended design in the
lesson plans and participants’ implementation of those lesson plans.

When each micro-teaching was completed, peers evaluated the micro-
teaching by filling the peer-assessment form (see Appendix G) and each participant
evaluated his/her own micro-teaching by filling the self-assessment form (see
Appendix H). These forms were prepared by the researcher. A mathematics
education researcher with the doctoral degree who had several studies conducted
with qualitative methods and one researcher with doctoral degree in education with
experience in qualitative methods reviewed the two questionnaires. The
questionnaires were finalized according to their suggestions. Both forms included
six open-ended questions asking for the strengths and weaknesses of the micro-
teaching, the reasons for considering strengths and the suggestions to remedy the
weaknesses, the convenience of the technologies with the pedagogical techniques
and content, and required grading the micro-teaching out of 10 points. In addition,
there were three boxes for technology, pedagogy, and content. The participants
were expected to fill those boxes for what the micro-teaching consisted of. The
self-reflection forms were used as a data source to reveal participants’ TPACK-P.
The peer-reflection forms, on the other hand, were used as an incentive source in

the interviews to encourage participants to reflect on their own micro-teaching by
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seeing others’ ideas about their technology-supported course instruction.
4.4.3.3 Data Collection Sources Employed After the TUME Course

Fraenkel and Wallen (2006) stated that interviews contribute to the
accuracy of what was observed. Therefore, interviews were conducted as the final
data source to interpret all the data obtained from the above mentioned sources.
After the TUME course ended, individual interviews were conducted with the
participants with the aim of unveiling their perceived TPACK-P development,
views on their micro-teaching, and the impact of the TUME course on their

professional development as given in Table 4.8.
Table 4.8

Data Collection Sources After the TUME Course

Data Collection Sources What data was gathered?

Individual interviews Overall views on the course and on integration of
technology in middle school mathematics teaching

Perceived TPACK-P development throughout the
TUME course

Actual TPACK-P through reflecting on micro-
teaching videos and peer- and self- assessment forms

Semi-structured individual interviews were conducted to identify
participants’ overall views about integrating technology to mathematics education,
thereby their TPACK-P development. Their responses were directed by the seven
questions and probing sub-questions in the interview protocol which was
developed by the researcher based on the TPACK-P framework (see Appendix I).
Two educators who had doctorate degree in mathematics education and familiar
with technology use in mathematics education and TPACK literature reviewed the
questions in terms of content. In addition, two educators who had doctorate degree
in Turkish language education inspected the clarity of the questions. Interview
questions were finalized according to the views of the four educators. Order of the
questions was changed and some questions were combined based on their

suggestions. The first interview with one of the participants was conducted as the
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pilot interview. Throughout this pilot interview, probing questions were added to
the protocol. The interview data from this participant was also included in the data
set because the probing questions were asked to this participant even though they
were not in the original protocol. Each interview was conducted face to face and
lasted for an hour in average.

Interview questions aimed to reveal the reasons for participants’ decisions
of pedagogy and content in their lesson plans, their rationales about how and why
they chose to utilize technology, their interpretation of their instruction, the
comparison of the micro-teaching with the lesson plan, and the contribution of the
course to their teaching profession. In the interview process, in order to gain insight
into the process of how they think, design, implement, and reflect on their
implementation, they were reminded about their lesson plans, micro-teaching
performance, and peer-assessments. They were given the hard-copy of their lesson
plans, they watched the parts of their micro-teaching videos, and they were asked
to read out loud all of the peer-assessment forms and comment on peers’
reflections. Before the question about the contribution of the course to their
teaching, the researcher went through the TUME course syllabus and Facebook
course page for the participants to recall the content of the course and the activities.
Consequently, the content of the questions covered the main components of
TPACK-P components. Answers to the interview questions were expected to reveal

participants” TPACK-P levels after completing the TUME course.
4.5 Data Analysis

The data sources were documents, observation notes and videos, and
interviews. Documents covered the diverse sub-sources which were pre-
questionnaires, initial and final lesson plans, and self-assessment forms.
Observation data source covered participants’ progress in the TUME course and
discussions as expressed in researcher’s field notes and video records of their
micro-teaching performances. Interviews covered participants’ statements about all
of their experiences within the TUME course and their views on the peer and self-
reflection forms. The data from these sources altogether aimed at revealing the

86



participants” TPACK-P development through the TUME course. Content analysis
technique was employed to analyze the data. Triangulation of multiple sources
should be considered to maximize evidence in qualitative studies and to reveal
converging themes of the phenomena (Yin, 2003). In this study, convergence of
multiple sources of evidence (Yin, 2003) was maintained in data analysis.

Relying on a framework was suggested by Yin (2003) as one of the
analytical strategies in data analysis. The data analysis relied on TPACK-P
framework. Propositions in the TPACK literature and TPACK-P framework led the
design of the TUME course, data sources, and the analysis of the data. The aim and
the data collection procedure of the present study were introduced via e-mail to the
researchers who proposed the TPACK-P framework (Yeh, Hsu, Wu, et al., 2014)
and the ensuing studies related with it. Their suggestions confirmed drawing out
specific indicators from their explanations to the four levels in their framework.
Therefore, first, the existing indicators belonging to TPACK-P levels were divided
into pieces in order to obtain single skill, action, or thought in each indicator. Then,
the word science was replaced with the word mathematics. Because the TPACK-P
framework was the product of the research which was specifically on science
content and the word science was used in the benchmarks and indicators of the
TPACK-P levels in the framework.

In order to determine whether it was necessary to include more descriptive
behaviors of TPACK-P to make the rubric to analyze data obtained from PMTs
more comprehensively, the researcher read all of the documents and transcribed
data and watched the observation and micro-teaching videos. The researcher
selected three participants’ data randomly and asked a mathematics education
researcher with a doctoral degree about mathematics teachers’ TPACK
development to match the behaviors and knowledge of the participants with the
existing indicators in the rubric.

The researcher and the mathematics educator went through three
participants’ lesson plans, micro-teaching videos, and interview transcriptions
together diffusively to see if any new indicator was needed to be added to the

rubric. There were no additional behaviors or thoughts appeared in the data.
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Therefore, TPACK-P indicators were not expanded or synchronized. Besides, there
were no marginal skills, actions, or thoughts emerged that did not suit the content
of the rubric. Hence, the rubric in Table 4.9 was comprehensive, thereby efficient
to analyze all the data to evaluate participants’ TPACK-P. In addition to the
indicators, exemplary behaviors and knowledge for each indicator of the TPACK-P
levels were also written on the rubric to describe and embody the indicators. These
behaviors and knowledge were presented by Jen et al. (2016) in their 17-item
questionnaire. They were written under the related indicator in italic format. The
rubric consisted of criteria about expected behaviors and knowledge belonging to
each TPACK-P level within the three domains of 1) assessment, 2) planning and
design, and 3) enactment. The benchmarks, indicators, and exemplary behaviors
and knowledge were presented separately in the rubric in Table 4.9.

In order to understand whether the prepared rubric was a useful data
analysis tool for the data, a pilot study for the use of the rubric was conducted. A
researcher who was about to complete her doctoral study about mathematics
teachers” TPACK development analyzed two participants’ lesson plans, micro-
teaching videos, and interview transcripts via using the rubric for inter-rater
reliability. Two participants’ data were selected due to providing the longest and
shortest data and assumed to be the most and least detailed data, respectively. The
data from each participant’s second lesson plan, micro-teaching video, and
interview transcript were considered while using the rubric. The separately coded
data analysis results for two participants were cross-referenced between two inter-
raters. When the discrepancies were compared, there were three different selections
for one of the participants and one for the other participant. The different indicators
showed difference in consecutive levels. In other words, the researcher selected one
indicator from level 2 and the other rater selected an indicator from level 3 for the
same behavior in enactment domain. However, the overall level of the participant
with respect to the enactment domain remained the same in both ratings. This
indicated that there was a considerable consistency between the two inter-raters and
the rubric was useful for analyzing the data collected throughout the study.
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In the data analysis, firstly, it was aimed to determine each participant’s
TPACK-P levels for three pedagogical domains. The knowledge and behaviors of
each participant gathered from the data sources were placed under the related
indicators existed in the TPACK-P rubric. The benchmarks, indicators, and sample
behaviors existed in the rubric were helpful for deciding where to place the
participant’s knowledge and behaviors. Some examples were provided below to
explain how the knowledge and behaviors of participants were aligned with the
indicators in the rubric. The data analysis was explained by providing instances of
PMTs’ knowledge and behaviors gathered from various data sources. These
examples regarding assessment domain, planning and design domain, and

enactment domain were presented in Tables 4.10, 4.11, and 4.12, respectively.

Table 4.10

TPACK-P Rubric for Assessment Domain

TPACK-P  Benchmarks, Indicators, and Example Behaviors
Levels

Level 4—  Benchmark:
Reflective  Evaluate students’ learning of and about mathematics before and after
application mathematics learning.

Observed indicators and related knowledge and behaviors:

1. Be able to use various representations or ICTs in instruction that enables
teachers to identify students’ learning styles and learning difficulties (e.g.,
cognitive, affective) for the preparation of adaptive instruction.

P11 conducted an activity on GeoGebra. (Lesson plan and micro-teaching
video)

P11 addressed questions to the class continuously to identify students’ prior
knowledge about the properties of a parallelogram. (Micro-teaching video)

“I managed the instruction according to the students’ answers reflecting
what they know about the content.” (P11, Interview)

2. Be able to construct technology-supported assessments through which
students’ knowledge of and about mathematics can be evaluated.

P11 implemented a quiz on the online assessment platform Socrative.
(Lesson plan and micro-teaching video)

P11 provided feedback to the students based on the performance report
provided by the online assessment platform. (Micro-teaching video)

“I conducted a quiz on Socrative both to assess mathematical knowledge and
to evaluate my instruction.” (P11, Interview)
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Table 4.10

TPACK-P Rubric for Assessment Domain (continued)

TPACK-P  Benchmarks, Indicators, and Example Behaviors

Levels

Level 3—  Benchmark:

Infusive Use technology to assess students before and after instruction.

application  Observed indicators and related knowledge and behaviors:
1. Be able to use appropriate technology or online platforms to observe
students’ learning styles and learning difficulties and to assist student
learning.
P3 conducted an origami activity in the beginning of the instruction by
utilizing a demonstrative video from YouTube. (Lesson plan and micro-
teaching video)
“I demonstrated the video to assist students visually.” (P3, Interview)
“Videos provide visual support and provide all students to engage in the
activity.” (P3, Self-assessment form)
2. Be able to implement appropriate multimedia or ICT tools into instruction
for the purposes of evaluation and learning.
P3 directed questions about basic properties of triangles and rectangles
through the activity referring to the steps on the video. (Lesson plan and
micro-teaching video)

Level 2—  Benchmark:

Simple Evaluate students through presenting content with ICTs.

adoption Observed indicators and related knowledge and behaviors:
1. Be able to use different representations or ICTs to present mathematics
content, from which they observe students’ learning performance and student
learning is made possible.
P10 used the online assessment program Socrative at the end of the course.
(Lesson plan and micro-teaching video)
“As a teacher it is easy to prepare quizzes either premeditated or instantly-
decided through utilizing different types of question formats.” (P10,
Interview)
2. Be able to use online assessments, digital representation or ICT tools to
evaluate students’ learning.
“I used Socrative to increase participation. It is useful to engage students
with different backgrounds and motivations to the assessment process.”
(P10, Interview)

Level 1 -  Benchmark:

Lack  of Think technology make no specific contributions to student evaluation.

use Observed indicators and related knowledge and behaviors:

1. Think technology are not good tools to be used for knowing students’
learning styles or learning difficulties.

2. Think technology-supported assessments are no different from
conventional assessments or they have concerns regarding implementing
ICTs to assist their assessments.

3. They have concerns regarding implementing ICTs to assist their
assessments.
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In the assessment domain, a teacher in level 2 is expected to “be able to use
different representations or ICTs to present content, from which they observe
students' learning performance [...] and to evaluate students' learning” (Jen et al.,
2016, p. 49). For instance, P10 expressed in the interview that she took advantage
of online assessment programs to enhance participation of students with different
backgrounds and motivations. She also mentioned in the interview that “as a
teacher it is easy to prepare quizzes either premeditated or instantly-decided
through utilizing different types of question formats.” However, she did not
consider the students’ performance on the performance report that the online
assessment programs provided and did not use the results to discuss about wrong
answers. Therefore, she was considered to be at level 2 in Assessment domain. On
the other hand, P3 conducted an origami activity in the beginning of the instruction
by supporting the activity with a demonstrative video from YouTube. P3 implied in
the interview that she utilized the video to assist students by providing visual
representation of the activity. Moreover, she directed questions about basic
properties of triangles and rectangles through the activity. In these knowledge and
behaviors, technology was not directly utilized for assessing students’ prior
knowledge and needs. Rather, it was selected and used to assist student
understanding. This was aligned with the first indicator of level 3 in Assessment
domain that the teacher is “able to implement appropriate multimedia or ICT tools
into instruction for the purposes of evaluation and learning” (Jen et al., 2016, p.
49). In the end of the course, P3 utilized the online assessment platform Socrative
same as P11. However, P3 did not provide feedback for open-ended questions in
the quiz. She aimed at assessing students’ mathematics knowledge. Therefore, P3
was determined to be at level 3 in Assessment domain. The indicators in level 3
state that the teacher is “able to use appropriate technology or online platforms to
observe students’ learning styles and learning difficulties and to assist student
learning” (Jen et al., 2016, p. 49). In the assessment domain, the highest level of
TPACK-P anticipates teachers to assess and evaluate students in terms of their
mathematics knowledge both before and after the instruction through utilizing

various representations provided by appropriate technologies. In addition to
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assessing mathematics knowledge, students’ learning needs and styles should be
identified to design and implement effective instructions. For instance, P11
initiated her micro-teaching with an activity on GeoGebra. She addressed questions
to the class continuously to identify students’ prior knowledge about the properties
of a parallelogram. She expressed in the interview that she managed the rest of the
instruction according to the students’ prior knowledge. At the end of her micro-
teaching P11 implemented a quiz that she had prepared before the course on the
online assessment platform Socrative. She provided feedback to the students based
on the performance report provided by the online assessment platform. The online
program showed the false and true answers after every question. She guided
classroom discussions to criticize false answers. P11 implied in the interview that
she used Socrative in post-assessment both to assess students’ mathematical
knowledge and for evaluation of her teaching. In the assessment domain, the
highest level of TPACK-P anticipates teachers to assess and evaluate students in
terms of their mathematics knowledge both before and after the instruction through
utilizing various representations provided by appropriate technologies. In addition
to assessing mathematics knowledge, students’ learning needs and styles should be
identified to design and implement effective instructions. Therefore, P11 was
determined to be at level 4 in Assessment domain. TPACK-P rubric for Planning
and Design Domain with example behaviors are given in Table 4.11 below.

In Planning and Design domain, the benchmarks explain what is expected
from the teacher in each level (Table 4.11). It was stated in the benchmark of level
2 that teachers design technology-infused instructions “with a focus on developing
students’ content comprehension or learning motivation” (Jen et al., 2016, p. 49).
The plans that consisted teacher-centered use of technology and aiming only
motivation and comprehension of the content were aligned with level 2. For
instance, P7 planned to use calculators in calculation-based estimation topic

belonging to the 5™ grade.
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Table 4.11

TPACK-P Rubric for Planning and Design Domain

TPACK-P
Levels

Benchmarks, Indicators, and Example Behaviors

Level 4 —
Reflective
application

Benchmark: Design technology-supported instruction that accommodates
students’ learning of and about mathematics.

Observed indicators and related knowledge and behaviors:

1. Be able to utilize functions of technology to facilitate teachers’ (their)
exploration of mathematical phenomena and construction of their
mathematics knowledge.

2. Be able to utilize functions of technology to facilitate students’
exploration of mathematical phenomena and construction of their
mathematics knowledge.

P1 planned to utilize GeoGebra to demonstrate the relationship between
height and base in three types of triangles. (Lesson plan)

P1 planned to use GeoGebra for providing exploration, rationalization, and
association of concepts. (Interview)

“GeoGebra served to build connection between concepts of height, angle,
base, and area of a triangle.” (P1, Interview)

3. Consider and design technology-supported curricula for the purpose of
enhancing students’ learning of and about mathematics with skillful use of
technology.

4. Be able to construct technology-supported curricula based on students’
prior knowledge or for purposes of inquiry learning, with strategic uses of
digital representations or ICT tools.

The activity aimed to overcome two misconceptions. (Lesson plan)
“GeoGebra provided the necessary representations and dynamicity to
overcome the two misconceptions.” (P1l, Self-assessment form and
interview)

5. Be able to use student-centered instructional strategies to accommodate
students’ learning of and about mathematics inquiry-based tasks in
technology-supported environment.

P1 designed a student-centered activity on GeoGebra. (Lesson plan and
interview)

Level 3 —
Infusive
application

Benchmark: Design technology-supported instruction from the student-
centered perspective or with a focus on developing students’ mathematics
learning.

Observed indicators and related knowledge and behaviors:

1. Be able to use appropriate representations or ICT tools to facilitate
teachers’ (their) mathematics learning through investigating mathematical
phenomena and making virtual experiments.

2. Be able to use appropriate representations or ICT tools to facilitate
students’ mathematics learning through investigating mathematical
phenomena and making virtual experiments.

P8 planned to use isometric background on Smart Board to explicitly
present content, promote mathematical thinking, and provide students the
opportunity to construct their own knowledge. (Lesson plan and interview)
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Table 4.11

TPACK-P Rubric for Planning and Design Domain (continued)

Level 3— 3. Consider and design technology-supported instruction for enhancing
Infusive instructional effectiveness and students’ learning of mathematics.
application 4. Be able to implement appropriate digital representations or ICT tools that
facilitate students’ learning of abstract concepts and mathematical
investigations.
5. Be able to use appropriate instructional strategies to facilitate teachers’
instruction and student learning of mathematics in technology-supported
curricula (e.g. engaging students in collaborative learning).
P8 planned to guide students to work collaboratively while working on
isometric background to reach the general rule for perimeter and area.
(Lesson plan and interview)

Level 2—  Benchmark: Design technology-supported instruction with a focus on
Simple developing students’ content comprehension or learning motivation.

adoption Observed indicators and related knowledge and behaviors:
1. Be able to use representations or ICT tools for teachers (themselves) to
learn abstract concepts.
2. Be able to use representations or ICT tools for students to learn abstract
concepts.
3. Consider technology uses in instruction according to external factors.
4. Consider technology uses in instruction according to students’ learning
motivations.
5. Be able to present mathematics content with digital representations that
are available and good for enhancing students’ learning motivations.
P7 planned to use calculators in calculation-based estimation topic
belonging to the 5" grade. (Lesson plan)
The teacher uses the calculator to show the actual results of the calculations.
(Lesson plan)
“My aim was to motivate learners to make more accurate guesses.” (P7,
Interview)
6. Be able to teach mathematics with technology in couple of instructional
strategies for the purpose of enhancing students’ motivations and conceptual
understanding.

Level 1 -  Benchmark: Think technology make no specific contributions to curriculum
Lack of design over conventional teaching.
use Observed indicators and related knowledge and behaviors:

1. View learning mathematics content through technology no better than
learning from professional books or magazines.

2. Consider teaching with technology to be an alternative instructional
method to conventional instruction.

3. Consider technology to be useful only in limited instructional occasions.
4. View teaching with technology to be good enough for instructional
purposes, in need of no other teaching strategies for support.
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P7 planned that the teacher uses the calculator to express the actual results
of the calculations to motivate learners to make more accurate guesses. Whereas, in
level 3, the instruction is designed “from the student-centered perspective or with a
focus on developing students’ learning” (Jen et al., 2016, p. 49). For instance, P8
planned to use Smart Board technology to explicitly present content, promote
mathematical thinking, and provide students the opportunity to construct their own
knowledge. P8 planned to use isometric background on Smart Board by guiding
students to reach the perimeter and area formula of a square. To achieve this, she
planned to guide students to draw squares with different sizes on the Smart Board,
calculate the perimeter and area for each of them by making use of isometric
background, and then interpret the general rule for perimeter and area
collaboratively by brainstorming technique. In level 4, in addition to the student-
centered design of the technology-infused instruction, the instruction is designed in
a way that “accommodates students’ learning of and about” (Jen et al., 2016, p. 49)
the content. For instance, P1 utilized GeoGebra to demonstrate the relationship
between height and base in three types of triangles. In her lesson plan, she designed
a student-centered activity on GeoGebra aiming to overcome two misconceptions
regarding this subject. She explained in the interview and self-assessment form that
this was available by the representations and dynamicity that GeoGebra provided.
Moreover, she referred to the role of GeoGebra for exploring and rationalizing
mathematics and associating concepts. She stated that GeoGebra served to build
connection between concepts of height, angle, base, and area of a triangle. P1 was
“able to utilize functions of technology to facilitate students’ exploration of
mathematical phenomena and construction of their mathematics knowledge” as
indicated in level 4 in Planning and Design domain. In addition, P1 considered the
most common misconceptions and was “able to construct technology-supported
curricula [...] for purposes of inquiry learning, with strategic uses of digital
representations or ICT tools” (Jen et al., 2016, p. 49). Therefore, P1’s lesson design
was aligned with level 4 in Planning and Design domain. Table 4.12 below
illustrates TPACK-P rubric for Enactment Domain with example behaviors.
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Table 4.12

TPACK-P Rubric for Enactment Domain

TPACK-P  Benchmarks, Indicators, and Example Behaviors
Levels
Level 4—  Benchmark:
Reflective  Use technology skillfully to assist instructional material creation and student
application independent learning.
Observed indicators and related knowledge and behaviors:
1. Be able to use a variety of technology flexibly and strategically to
accommodate students’ different learning needs.
2. Be able to use a variety of technology flexibly and strategically to support
students’ knowledge construction.
She utilized GeoGebra to make students learn through constructing a
parallelogram. (Micro-teaching video)
3. Be able to use a variety of technology flexibly and strategically to
improve instructional effectiveness.
P11 implemented about the parallelogram which covered three objectives
from the 7" grade and one objective from the 8" grade. (Lesson plan and
micro-teaching video)
4. Be able to customize instructional materials with skillful uses of
technology or multimedia resources for different instructional purposes.
P11 implemented the activity in a student-centered environment by using
guestion and answer technique to incorporate students in the construction
activity. (Micro-teaching video)
Level 3—  Benchmark:
Infusive Use technology flexibly to assist students’ learning and teachers’ instruction
application management.

Observed indicators and related knowledge and behaviors:

1. Be able to use appropriate technology to improve the quality of content
presentation.

P5 implemented an origami activity to construct a cube to teach addition of
fractions with equal and unequal denominators in the 5" grade level. She
featured an origami video from YouTube online video channel at the time of
the activity. (Micro-teaching video)

2. Be able to use appropriate technology to support communications.

P5 guided students to work collaboratively and facilitate from the video
together in groups. (Micro-teaching video)

P5 guided a discussion environment based on the video. (Micro-teaching
video)

P5 expressed that she utilized demonstration on video to manage and
improve the quality of the instruction. (Interview)

3. Be able to use appropriate technology to build up students’ learning
profiles.

Students worked collaboratively through the technology-supported activity.
4. Be able to use different technology to manage instructional resources.

5. Be able to use different technology to track student learning progress.
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Table 4.12

TPACK-P Rubric for Enactment Domain (continued)

TPACK-P  Benchmarks, Indicators, and Example Behaviors

Levels
Level 2—  Benchmark:
Simple Use technology to make teaching more interesting and better supported.

adoption Observed indicators and related knowledge and behaviors:
1. Be able to implement technology in class to impress students in
mathematics learning.
P3 presented a cube-construction video from YouTube video sharing
channel. (Micro-teaching video)
P3 aimed at enhancing active participation by motivating students with the
visual demonstration. (Self-assessment form and interview)
2. Be able to implement technology in class to make teachers’ instruction
easier.
P3 expressed that she utilized the video to support mathematical
investigation visually and to make instruction easier. (Interview)
3. Be able to use word processors or online platforms to manage
instructional resources.

Level 1—  Benchmark:
Lack  of Think technology make no contributions to teaching practices.
use Observed indicators and related knowledge and behaviors:

1. Believe teaching with technology brings similar contributions to student
learning as conventional instruction.

2. View current technology as not accommodating teachers’ needs in
instructional management.

In Enactment domain, level 2 indicates that a teacher implements
technology “to impress students” and “to make teachers’ instruction easier” (Jen et
al., 2016, p. 50). For instance, P3 used a cube-construction video from YouTube
video sharing channel to support students’ mathematical investigation by the
demonstration of the origami activity and to support her instruction visually. She
expressed in the interview that her aim was to enhance active participation by
impressing students. Therefore, her performance was aligned with level 2.
Similarly, P5 implemented an origami activity to construct a cube where she
managed students to work in groups. Meanwhile, P5 featured a video from
YouTube online video channel at the time of the activity. The video was
demonstrating the steps of the origami activity. The subject was addition of
fractions with equal and unequal denominators in the 5" grade level. She guided a

discussion which proceeded based on the content of the video. P5’s application was
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superior than the application of P3 in several pedagogical aspects. This was a
student-centered construction activity including multiple representations that were
conducted in a collaborative environment in which P5 utilized technology to
manage and improve the quality of the instruction. The benchmark and indicators
in level 3 identify that teachers “use technology flexibly to assist students’ learning
and teachers’ instruction management”, “to improve the quality of content
presentation”, and “to support communications” (Jen et al., 2016, p. 49). Therefore,
P5’s implementation was aligned with level 3 in Enactment domain. In level 4,
teachers are expected to use technology skillfully, flexibly, and strategically “to
accommodate students’ different learning needs”, “to support students’ knowledge
construction”, and “to improve instructional effectiveness” (Jen et al., 2016, p. 49).
P11 designed a plan about the parallelogram which covered three objectives from
the 7™ grade and one objective from the 8" grade. P11 was “able to customize
instructional materials with skillful uses of technology [...] for different
instructional purposes” (Jen et al., 2016, p. 49). She utilized GeoGebra in teaching
the first three objectives through construction of a parallelogram collaboratively
with students. P11 implemented the activity in a student-centered environment by
using question and answer technique to incorporate students in the construction
activity. Therefore, she was determined at level 4 in Enactment domain.

The researcher analyzed the data of all participants separately. The first step
of the analysis was resulted with eleven rubrics belonging to each participant.
Then, for each participant, the data from all sources were triangulated to support
her/ his emerging level that appeared in the analysis based on the rubric. This
provided a better understanding and nature of each participant’s TPACK-P
development through the TUME course. After evaluating each participant
separately, eleven filled-out rubrics were superimposed to see the evaluation of
eleven participants all together. The TPACK-P rubrics for eleven participants
showed that a participant having a high level in a domain can be at a lower level in
other domains. Participants were clustered according to the interpretive results of
their TPACK-P levels. The rule applied for forming groups was that if a participant

progressed at a level in at least two domains then the participant was considered to
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be at that level for overall TPACK-P. To illustrate, P3 performed at level 3 in
Assessment domain and Planning and Design domain and performed at level 2 in
Enactment domain. P3 was accepted to be in level 2 in her overall TPACK-P
performance due to progressing at level 3 in two domains. The groups were formed
likewise. It was not appropriate to identify a participant to be at a level although he
did not perform at that level in one domain. Therefore, the names of the groups
were formed by modifying the names of the levels. Consequently, the names of the
groups were determined as Mostly Simple Adoption group, Mostly Infusive
Application group, and Mostly Reflective Application group.

In carrying out the analyses of multiple sources, the aim was to strengthen
the research findings and enhance better understanding of the PMTs” TPACK-P
development. Horizontal analysis of all data belonging to each participant provided
determination of TPACK-P levels for each participant. The overall analysis was
conducted from a holistic perspective (Patton, 2002) which aimed at determining
eleven participants’ overall progress in terms of TPACK-P competencies
throughout the TUME course.

4.6 Trustworthiness of the Study

In this study, single case study approach was employed. Therefore, the
validity and reliability issues were explained based on qualitative research
principles referring as the trustworthiness of the study (Merriam, 2009). The
possible threats to trustworthiness and precautions taken to overcome these threats
were explained in this section. Researchers need to conduct multiple strategies for
validation to demonstrate the accuracy of the results (Creswell, 2013). The
strategies to display the preciseness of the findings were identified in this section.

Credibility is the first issue to be considered as it is related with the data
collection process. Yin (2003) indicated that the researcher should state what
specific issue he intends to investigate and decide what measures provide evidences
for the research problem. The strategies employed in this research were using
multiple data sources to provide saturated evidence and find converging patterns

among the data gathered from multiple sources. In this research, trustworthiness
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was attained by data triangulation as the case was explored by multiple sources of
evidence to increase the accuracy, authenticity, and trustworthiness of the results
(Patton, 1999).

The researcher was the key instrument as being both the instructor of the
TUME course and the first-hand data collector in all steps of the study. The
influence of being involved in all parts of the study might have affected the data
analysis, and therefore the results of the study. Data triangulation remedied
researcher bias (Patton, 1999) that would have been aroused from researcher’s
participant observer role and from being the instructor of the course. In addition, to
remedy this effect, peer-coding technique were used in the analyses.

The two strategies which were triangulation of data obtained from multiple
sources and peer-coding promoted to obtain confirmability. First of all,
triangulation provided to maintain a chain of evidence (Yin, 2003). Secondly, there
were two research assistants in the same Faculty who provided support for peer-
coding. One of them was conducting her dissertation research on technology
related issues in mathematics education and the other on TPACK development of
science teachers. Both of them were given two participants’ final lesson plans,
micro-teaching videos, and the transcribed version of their interview data. They
were asked to match the codes prepared by the researcher with the numerated
transcriptions. Their initial coding was aligned with the researcher’s coding to the
88%. Then, the differences between the codings were discussed and the researchers
reached total consensus. The analysis was finalized accordingly.

In order to provide transferability, the context of the study and the content
of the implementation were described in detail as suggested by Fraenkel and
Wallen (2006). Moreover, as mentioned by Yin (2003), the research report
provided sufficient citation from all data sources about every theme and identified
the conditions of and all procedures about the data collection process. Although
there was no aim for generalizing the results obtained from this research, the aim of
the research, purpose for selecting the participants, the preparation of data
collection instruments, application of the data collection process and data analysis

process, and the findings were reported in detail to provide researchers the insight
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of the study accurately.
4.7 Limitations and Assumptions

The findings of the study only represented the group of PMTs participated
to the study through the TUME course. The study was limited with the time and the
content of the TUME course. The PMTs and the researcher of the course had
known each other before the course. Therefore, the PMTs might not have
expressed their genuine thoughts in order to impress the researcher. The multiple
forms of data collected in this study had the potential to reduce the effect of such
behaviors on the study findings. With a more positive perspective, such
relationship between the researcher and the PMTs might have led them to provide
their true ideas during the study in order to help the researcher in her study.
Accordingly, it was assumed that all participants provided honest and accurate
information in the questionnaires, course discussions, written reflections, and
interviews.

There were some pre-cautions taken to remedy for conducting unbiased
interviews. Semi-structured individual interviews were conducted after the grading
was completed and the semester ended, which was planned to ensure that
participants responded the questions honestly. Nevertheless, to remedy distortional
answers that would be caused by participants’ familiarity with the researcher, the
researcher asked each participant to provide real thoughts without any hesitation
prior to every interview session. They were told that their actual ideas were of vital
importance in this study which would be a part of the educational literature.
Questions were prepared and directed to the participants in a friendly nature in
order to fulfill Yin’s (2003) definition of a qualified interview.

Participants’ prior TPACK-P levels were determined in two domains:
Assessment domain and Planning and Design domain. Their implementations of
first lesson plans were not investigated. Therefore, TPACK-P proficiency levels in
Enactment domain in the beginning of the TUME course could not be identified.
Moreover, prior individual interviews were not conducted at the beginning of the

course. Therefore, the researcher relied on participants’ answers to the open-ended
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questions in the two pre-questionnaires and their initial technology-integrated
lesson plans to identify their knowledge of technology integration and their
TPACK-P levels. All participants’ beginning TPACK-P levels were determined to
be at level 1 in two domains. It was rational to assume that their TPACK-P levels
in Enactment domain were the same with other domains or lower. Because the
related literature emphasized that both pre-service and inservice teachers showed
lower performance in implementating a technology-integrated plan than their
knowledge of technology integration (e.g., Jen et al., 2016; Meagher et al., 2011;
Mouza & Karchmer-Klein, 2013; So & Kim, 2009) and the quality of the lesson
plan (e.g., Ay et al., 2016; Meagher et al., 2011).

Participants’ instruction of their lesson plans through micro-teaching
method was among the data sources of the study. Micro-teaching performances
took place at the faculty classroom. Therefore, micro-teaching experiences lacked
the facility of an authentic context. The reason was that, available middle schools
for instruction were not equipped with technologies. If participants were to enact
their lesson plans in mathematics classes in the middle schools, they would lack the
opportunity to use the technology they intended to use. This was going to limit
their choices which would be data loss for understanding their TPACK-P. Besides,
micro-teaching provided teachers the opportunity to get reflections from their peers
and to see examples of various technology integrated instructions from their peers’
micro-teachings.

The pilot work of the TUME course was not conducted. The TUME course
was desgined based on the principles of TPACK framework and TPACK-P
framework. In addition, effective strategies identified in the related studies to
develop TPACK in teacher education courses were utilized in the TUME course
activities. Therefore, it was assumed in the beginning that the course would be
effective for developing PMTs’ TPACK-P. A pilot study of the TUME course and
testing of the data collection tools would have provided more grounded

interpretations. Therefore, these could be indicated as the limitations of the study.
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4.8 Ethical Considerations

Official permission to conduct the research and use participants’ documents
was obtained from Ethical Committee of Middle East Technical University (see
Appendix J). In addition, consent form informing participants about the aim of the
study and permission for video recording (see Appendix K) was signed by each
participant prior to the research. As it is a public report, throughout the research
report, participants’ names and the name of the institution that the study was
conducted were hidden in this research report. Pseudonyms were used for each
participant to ensure privacy. Codes from P1 to P11 were used to refer to each
participant attended to the study.
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CHAPTER 5

FINDINGS

The purpose of this study was to investigate pre-service middle school
mathematics teachers’ [PMTs’] technological pedagogical and content knowledge
practical (TPACK-P) development through the undergraduate level course
Technology Use in Mathematics Education [TUME]. In this chapter, the data
gathered from multiple sources were analyzed to answer the following research
question and the sub-questions:

1. How does the Technology Use in Mathematics Education Course influence
pre-service middle school mathematics teachers’ TPACK-Pdevelopment?

a) What are pre-service middle school mathematics teachers” TPACK-P
proficiency levels in the beginning of the Technology Use in
Mathematics Education Course?

b) What are pre-service middle school mathematics teachers’ TPACK-P
proficiency levels at the end of the Technology Use in Mathematics
Education Course?

In this chapter, participants’ beginning TPACK-P levels were reported first.

After that, participants’ individual progresses were identified in terms of levels
proposed in the TPACK-P framework classified in three domains. Participants
showing similar proficiency levels were grouped accordingly. The third part
exemplifies and narrates plans, implementations, and views of the participants in

each group. The results regarding each group were reported in separate sections.
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5.1 PMTs’ TPACK-P Levels at the Beginning of the TUME Course

Two questionnaires were implemented and a technology-integrated lesson
plan was collected prior to the TUME course to identify participants’ starting
TPACK-P levels and to interpret their TPACK-P development at the end of the
TUME course more accurately. The Views about Teaching Profession
questionnaire provided information about participants’ views about the importance
of technology as part of teacher knowledge and competency both through teacher
education and as in teaching profession. The Technology Usage Questionnaire
revealed their experiences with and recognition about the facilities of educational
technologies.

The answers provided for the questionnaires were analyzed through content
analysis by focusing on technological knowledge and TPACK-P knowledge. The
lesson plans were individually analyzed using the TPACK-P rubric to identify how
participants utilized technology in a mathematics course design. In this part,
participants’ beginning levels were reported aligned with these analyses in the light

of the data obtained from these sources.
5.1.1 Findings of Teaching Profession and Technology Usage Questionnaires

The analysis of the answers that the participants provided for The Views
about Teaching Profession Questionnaire showed that all of the participants began
the course with a similar image of being a teacher. Their views on teaching
profession were basically being competent in subject matter knowledge,
pedagogical knowledge, and experience in teaching.

Participants emphasized the necessity of competency in subject matter
knowledge, which is mathematics content knowledge. For instance, P3 pointed out
that a teacher “should be well-equipped in his field, know every detail about the
subjects, and develop himself continuously.” Most of the participants emphasized
the importance of pedagogical knowledge by stating that subject matter knowledge

is needed but not enough. The quote below illustrates this.

It is not enough for a teacher to know merely about mathematics. He should also
be skillful about how to transfer content to the students. Moreover, it is necessary
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that the teacher chooses the right method by which the subject will be transferred
to students. (P1)

Participants emphasized the crucial necessity of teachers’ competency in
pedagogical knowledge in relation with subject matter knowledge by mentioning
some areas of competency such as “methods and techniques used in transferring
the subject” (P2), “identifying the mistakes that students can make and preventing
beforehand” (P3) by adapting several pedagogical approaches such as,
“connection with daily life” (P7), “managing students” (P9), “measurement and
evaluation” (P9), “identify and consider students’ individual differences and
needs” (P10), and “being aware of that all students come with different level of
readiness... designing the instruction accordingly” (P11).

Some of the participants emphasized the importance of experience in
teaching as a teacher competence and stated that “feachers should be involved in
lifelong development” (P10) because “accumulation of knowledge and experience
are required” (P4) to be a successful teacher. P10 also expressed that “a teacher
should always trust his knowledge, but he must be open to different ideas” (P10) at
the same time. The development was pointed to both through teacher education
years and teaching profession.

Participants were asked what they would suggest for teacher candidates for
developing themselves through their four-year teacher education program. They
made various suggestions for PTs to improve themselves as competent teachers.
They pointed out that PTs must be aware and focus on their professional
development starting from the first year. Their suggestions were that PTs should
“be volunteer for teaching” (P3), “specialize in utilizing various types of materials
such as technological tools” (P9), and “create various materials and activities in
undergraduate courses” (P8). They expressed these views about teacher education
more than a suggestion and addressed them as absolute necessities if a PT wants to
develop pedagogically.

Technology was only mentioned by P9 and P11 as a tool among other
educational materials. P9 expressed that PTs would develop themselves in terms of

developing and using materials such as technological tools. P11 stated that teachers
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should decide whether they would utilize technology and if so, they should plan
how to use.

The second questionnaire was the Technology Usage Questionnaire.
Participants’ answers revealed how long they had been using computers, which
technologies they were familiar with, and why they utilized them. Participants’
duration of computer use changed from 3 to 18 years. P9’s computer experience
was the least among others which was three years. She was a transfer student from
Mathematics Department of a public university. She had been using computers in
education since she enrolled to the Faculty of Education three years ago. P3’s
experience with computers was the highest among others which was 18 years. She
expressed that she had been playing video games on computer since she was a

child. The technologies participants mentioned were presented in Table 5.1.
Table 5.1

The Technologies Participants Used

Technologies Participants N
1 Calculator P1-P11 11
2 Projector P1-P11 11
3  Poster preparation programs P2, P3, P4, P6, P7, P11 6
4 Microsoft office programs P1, P2, P8, P9, P10 5
5 Smart Board P1, P6, P10, P11 4
6 GeoGebra P6, P8, P11 3
7 Video edit programs P3, P4, P7 3
8 Comics preparation programs P3, P7 2
9 Puzzle preparation programs P3, P7 2
10 Social network websites P4, P6 2
11  Websites P1 1
12 Cplus P2 1
13 Csharp P2 1
14 Fireworks P2 1
15 Concept map preparation programs P4 1
16 Animation preparation programs P4 1
17 Test preparation programs P4 1
18 Prezi P4 1

As it can be seen on Table 5.1, all of the participants mentioned calculators

and projector as the technologies they use in education. They wrote that they used
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calculators in Probability and Statistics course and instructors in the program were
using projector which existed in all classrooms in the Faculty. Six participants
mentioned poster preparation programs without referring to a specific program.
Only five participants mentioned Microsoft Office Programs although all of them
had used Microsoft Word to write reports and Microsoft Powerpoint to prepare
presentations in the previous semesters. Four participants noted that the instructor
used Smart Board in Computer Skills | and 1l courses. Three participants
mentioned they were introduced with GeoGebra in an elective course. They
mentioned that they were introduced with animation, concept map, test, poster,
puzzle, comics creation programs, and video edit programs in Instructional
Technology and Material Design course. They also used computers and several
programs on computer in Computer Skills I and Il courses. P2 was a transfer
student from Faculty of Engineering and mentioned C plus, C sharp, and Fireworks

programs which she was introduced there.
Table 5.2

The Aims for Using Technologies

Aims of Use Participants N
1 To make presentations P1, P3, P4, P5, P9, P10, P11 7
2  To make research P3, P4, P5, P6, P7, P8, P10 7
3 To prepare course assignments P1, P2, P4, P6, P9, P11 6
4 To prepare posters P2, P3, P4, P9, P11 5
5  To play games P1, P3, P6, P7, P11 5
6  To make complicated calculations easy  P5, P8, P11 3
7 To create comics P1, P3 2
8 For educational aims P2, P4 2
9  To prepare puzzles P3 1
10 To edit videos P3 1
11  To watch videos P3 1
12 To prepare concept maps P4 1
13  To prepare tests P4 1
14  To explore the coordinate axis P6 1
15 Todraw graphs P8 1
16  To draw geometrical shapes accurately P11 1
17 To socialize P6 1
18 Toread news P7 1
19 To send e-mails P9 1
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Participants stated purposes for using some of the technologies they
mentioned. They mentioned reasons of technology utilization both for their own
uses as students and their instuctors’ uses. Some of them stated reasons by
specifying the kind of technology whereas some of them mentioned only the aims
of use without mentioning a certain technology. The aims of use were listed in
Table 5.2 without specifying the technology.

Participants seemed to be aware of many technologies and they had been
using some of them for educational purposes. The most stated purposes were
making presentations via projector and making research on the Internet. Six
participants stated that they used computers and technology for preparing course
assignments such as writing reports. Three participants referred to calculator use in
Probability and Statistics course to make complicated calculation easier. P8
mentioned drawing graphs and P6 mentioned making exploration on coordinate
axis as the purposes of using GeoGebra. P11 stated that Smart Boards can be
utilized for drawing geometric shapes accurately. Utilizing computers for the
Internet use was mentioned by P6, P7, and P9 for the aims of socializing, reading
news, and e-mailing. Most of other purposes were linked with the technologies
they were introduced in Educational Technology and Material Design course.

5.1.2 Initial Lesson Plans

Participants were assigned to prepare technology-integrated lesson plans.
Analysis of the initial lesson plans provided data about participants’ beginning
TPACK-P levels. Their plans were analyzed for Assessment domain and Planning
and Design domain in TPACK-P framework. The Enactment domain was
neglected since they did not implement these lesson plans. P2 and P9 designed
lesson plans for measurement of the area of a parallelogram and division of
fractions, respectively, topics at the 6™ grade level. They did not mention about
utilization of any technologies in the lesson plan. P7 did not submit the first lesson
plan. The plans submitted by P8 and P10 showed close similarity with plans in an
online teacher platform. Therefore, they were not analyzed. The mathematics topic
and the grade level, type of technologies integrated to the lesson plan and the
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teaching strategies selected in each participant’s lesson plan were presented in

Table 5.3.
Table 5.3
The Content of Technology-Integrated Initial Lesson Plans
Participant ~ Grade - Topic Type of technology Pedagogical strategy
No integrated with
technology
P1 8 — Similar triangles  Powerpoint, Lecture, question and
projector, and answer, student-
GeoGebra centered
P2 6 — Measurement of — -
the area of a
parallelogram
P3 5 — Properties of Video Demonstration,
triangles and teacher-centered
rectangles
P4 7 — Linear equations  Powerpoint and Demonstration,
with one unknown projector teacher-centered
P5 7 — Integers Video Demonstration,
teacher-centered
P6 6 — Converting Powerpoint Demonstration,
fractions to decimals teacher-centered
P7 - - -
P8 - - -
P9 6 — Division of — -
fractions
P10 - - -
P11 6 — Area of a GeoGebra Construction, teacher-

parallelogram

centered

Powerpoint integration was suggested by three participants for visual

demonstration of content. P1 designed a lesson plan which did not include

information about the learning and teaching process. She provided information

about the grade, the learning area and objectives, the materials, and the aim of the

course. At the end of the plan she noted that she suggested the use of Powerpoint

and projector but did not mention how she planned to utilize them. P4 mentioned

supporting the instruction by visual demonstrations of linear equations on
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Powerpoint to take students’ attention. Moreover, she suggested that “more
materials could be prepared to enrich the plan which could enhance students’
understanding of the subject by addressing individual differences.” However, she
did not mention any technology-integrated materials. P4’s initial lesson plan was
provided as an example in Appendix L. P6 designed a course about converting
fractions to decimals. She planned to use Powerpoint to demonstrate the different
representations of fractions. She explained the aim by mentioning the
concretization of the subject. However, she neither explained how to achieve this
aim, nor identified the content of the Powerpoint.

Utilizing GeoGebra was mentioned by three participants for demonstration
and construction purposes. P1 noted that she planned to utilize GeoGebra for
demonstrating similarity of triangles. She stated that she would “initially introduce
definition of a triangle, how it is constructed, and the triangular elements on
GeoGebra”. She mentioned that GeoGebra should be used to achieve these aims in
a student-centered environment in a computer laboratory. In contrast with these
statements, she ended the plan with an instruction that “triangles will be drawn
with the help of a ruler in the sample questions”” which was a construction and not
supported with GeoGebra as she stated before. There was no further information
about instructional tips for construction on GeoGebra. P11 suggested GeoGebra
utilization to teach the area of a parallelogram. She mentioned that GeoGebra
supported learning by visual presentation of the subject as follows:

They [students] learn the properties of geometric shapes and calculation of the area
often by rote learning. But the teacher, who teaches these subjects by utilizing this
program [GeoGebra], can explain and present the height and area of the
parallelogram more visible and more concrete. (P11)

Two participants used videos on their lesson plans to motivate students and
summarize the content. P3 designed a lesson plan about the properties of triangles
and rectangles for 5™ grade. She utilized a YouTube video in the beginning of the
course about only the basic properties of a triangle and visuals of triangles. These
properties were about the sides and the vertices of a triangle. There was a song in
the video which was describing two properties of triangles in rhyming clauses.

There was no statement about other properties such as angles. There was no
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technology utilization for the other objectives which were the properties of
quadrilaterals and construction of triangles. P5 suggested demonstration of videos
about integers at the end of the lesson to summarize the properties of integers.
There was no technology integration for assessment and evaluation aims.
The plans were also analyzed for prior and end of course assessments. There were
problems in the lesson plans to be solved through the course. However, there was
no sign that these problems were planned for measuring students’ mathematical

knowledge, learning styles, needs, or difficulties.
5.1.3 Beginning TPACK-P Levels

Participants’ initial TPACK-P levels were identified for two domains, the
assessment domain and the planning and design domain. Participants’ responses to
the two questionnaires and the content of the technology-integrated lesson plans
were considered to identify their initial TPACK-P levels. The data were analyzed
to identify participants’ beginning TPACK-P levels by considering the indicators
and behaviors in the TPACK-P rubric which was presented in the previous chapter.

There was no emphasis on technological knowledge among the answers
participants provided for the two questions in The Views about Teaching
Profession Questionnaire. It was evident that participants did not consider
technology as a teacher knowledge type such as pedagogical knowledge and
content knowledge. Technology was only mentioned by P9 and P11 as a tool
among other educational materials without expressing the facility or need for it.

Answers provided for Technology Usage Questionnaire revealed 18 types
of technologies that participants knew about and used before. Preparing
presentations, posters, puzzles, concept maps, and tests, drawing graphs and
geometric shapes, exploring coordinate axis, and making calculations were among
the educational aims of technology use. Each participant indicated at least two of
these goals. Although there were a broad range of technologies that they were
aware of and that they had used for several educational aims, they did not utilize

them in their lesson plans.
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The technologies mentioned in the lesson plans were Powerpoint, projector,
GeoGebra, and video. Yet, P2 and P9 could not integrate any technologies to their
lesson plans and P7, P8, and P10 did not even submit an original technology-
integrated lesson plan. Six participants who suggested the use of technology in the
lesson plans could not express details of these uses. The goals were concretization
and visualization of the concepts, motivating students, and summarizing the
subject. However, they could not specify the content of the technology-integration
and how to integrate and implement. Powerpoint and projector were suggested for
demonstration of mathematics content visually by P1 and P4. In addition, P6
suggested Powerpoint use but did not mention how she planned to utilize it.
GeoGebra was suggested for demonstration of similarity of triangles and visual
representation of area of a parallelogram. Video was suggested for motivating
students and to summarize the subject. P3 suggested a video in which two
properties of triangles were presented as a song. In this way, the use of technology
was reinforcing but not essential. The aims of technology integration suggestions
were accurately insufficient in terms of technology affordances and inadequate for
meeting the course objectives. The technologies were incompatible with the
mathematical content. In other words, the selected technologies and content were
separate entities. Moreover, the pedagogical strategies matched with the selected
technologies were undefined.

Technology was planned to be used only in a limited part of the course in
the lesson plans. There were no examples of technology utilization to provide
students for constructing their own knowledge. Five among six plans with
technology suggestions were examples of teacher-centered uses of the technology.
Only P1 suggested the use of GeoGebra in a student-centered environment. P1
designed a relatively better technology-integrated course plan by suggesting the use
of Powerpoint and construction on GeoGebra in a student-centered environment.
Although these suggestions referred to a higher level TPACK-P, the plan lacked
instructional details for implementation such as the aim of using these
technologies, the steps and guidance to implement, the content and details of the

activity, the role of the teacher, and expectations from the students. In addition, the

123



subject was planned to be taught on GeoGebra with individual performances of
students in a computer laboratory. While it was appropriate to solve the questions
on GeoGebra according to the flow of the course, she advised the use of ruler for
drawing triangles while solving problems. She used drawing and measurement
functions of GeoGebra rather than its functionality of dynamic environment and
multiple representations.

According to the responses to the Technology Usage Questionnaire, it
appeared that all participants were aware of various technologies and had used
them for educational purposes in some of the other courses. However, they did not
mention technology as a teacher competency in their responses to questionnaires.
Only P9 and P11 mentioned technology by referring it as a tool. Although the
participants recognized and used several technologies, their choices of technology
in their initial lesson plans were inadequate. They did not utilize technology to
contribute to the lesson design more than the current strategies and designs. They
also used technologies in limited facilities. According to these findings, it was
decided that all participants were at level 1 in the Planning and Design domain of
TPACK-P. In addition, there was no participant who mentioned technology use for
assessment and evaluation purposes neither in lesson plans nor in the
questionnaires. Therefore, all participants were considered to be at level 1 in the

Assessment domain.
5.2 PMTs’ TPACK-P Levels at the End of the TUME Course

Participants’ TPACK-P levels were determined according to their second
lesson plans, micro-teaching videos where they enacted the course in their lesson
plans, the peer and self assessment forms filled by their peers and by themselves
considering their micro-teaching, and the individual interviews after they
completed all of the TUME course requirements. The TPACK-P rubric was filled
for every participant separately by using the data from these sources respectively.
The rubric is comprised of TPACK-P indicators and exemplary teacher actions.
The TPACK-P indicators were presented by Jen et al. (2016) and these indicators
were based on the TPACK-P proficiency levels presented by Yeh et al. (2015). Jen
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et al. (2016) provided exemplary teacher actions and views to clarify the meaning
of each indicator. In the present study, these indicators were modified and
converted into a rubric form. The rubric was presented in the previous chapter. The
analysis revealed each participant’s final TPACK-P levels. Participants” TPACK-P
levels were presented in Table 5.4 regarding the three domains of TPACK-P.

Table 5.4

TPACK-P Levels of the Participants at the End of the TUME Course

Levels Assessment Planning and Enactment
Design
4: Reflective P2, P6, P11 P1, P11 P1, P11
Application
3: Infusive Application  P1, P3, P4, P5, P7, P2, P3,P5,P6,P8, P2, P5, P6, P8
P8, P9 P9
2: Simple Adoption P10 P4, P7,P10 P3, P4, P7, P9,
P10

1: Lack of Use

Participants’ TPACK-P levels differ in three domains. For instance, P2 and
P6 progressed at level 4 for assessment domain whereas they progressed at level 3
in planning and design domain and enactment domain. There were participants
whose performance pertained to the same level in all domains. For instance, P11
performed at level 4 in three domains. There were no participants detected at level
1.

Each participant designed a technology-integrated lesson plan which
supposed to address effective teaching of a middle school mathematics subject and
they performed their plans to their peers in the classroom. Participants determined
the mathematics objectives, the technologies and the teaching and learning
strategies without any restrictions. Table 5.5 presents the technologies that
participants utilized to transform the mathematics subjects with the teaching and

learning strategies.
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Participants determined objectives from 5" to 8" grade curriculum. They
used one of the online assessment programs Kahoot or Socrative for end-of-course
assessments. Presentations via Powerpoint and Pinterest and posters prepared by
Powerpoint and Glogster were used as pre-assessment tools to determine student
needs and prior knowledge. Other technologies served for different purposes in
transforming the given mathematics subject. Participants applied many teaching
and learning strategies in their course designs and implementations. However, only
the strategies they integrated when utilizing technology were reported under the
Teaching and Learning Strategies section in Table 5.5 for each participant
separately. TPACK-P levels belonging to each TPACK-P domain were also
presented in Table 5.5.

5.3 PMTs’ TPACK-P Progress in Clustered Groups

The TPACK-P rubrics for eleven participants showed that a participant
having a high level in a domain can be at a lower level in other domains.
Participants were clustered according to the interpretive results of their TPACK-P
levels. They were included in three groups which were Mostly Simple Adoption
group, Mostly Infusive Application group, and Mostly Reflective Application
group. P4, P7, and P10 were included in Mostly Simple Adoption group. P10
showed stable progress at level 2 in all three domains. Hence, P10 was accurately
at Simple Adoption Level. P4 and P7 were counted in this group as they performed
at level 2 in two domains which are planning and design domain and enactment
domain. P5 and P8 showed performance corresponding to level 3 — Infusive
Application Level — in all three domains. Although P2 and P6 performed at level 4
in assessment domain, they were included in the Mostly Infusive Application group
for performing at level 2 in other two domains. In addition, P3 and P9 were
included to this group for performing at level 3 in two domains, which are
assessment domain and planning and design domain. Therefore, P2, P3, P5, P6, P8,
and P9 together formed Mostly Infusive Application group. P11 performed at level
4 in three domains. Differing from P11, P1 performed at level 3 in assessment

domain. P1’s performance was also included to be aligned with P11 as she was at
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level 4 for other two domains. Therefore, P1 and P11 were grouped as Mostly
Reflective Application.

Detailed explanations were provided about the TPACK-P development of
each group in three separate sections below. Participants’ practices and behaviors
in each group were narrated to provide a holistic picture of their progress and
TPACK-P levels. The explicit and detailed narrations of PMTs’ knowledge and
applications were provided to identify the influence of the TUME course on PMTs’

TPACK-P levels which presented the answer of the research question in the study.
5.3.1 Group 1: Mostly Simple Adoption

Participants included in the Mostly Simple Adoption group were P4, P7,
and P10. As mentioned earlier in this chapter, P4, P7, and P10 progressed at level 1
at the beginning of the TUME course (Table 5.6). Compared to the beginning of
the course, their TPACK-P was slightly developed. In other words, the end-of-
course levels tell that they could not demonstrate and perform intended technology
instruction in mathematics education. Their knowledge and progress in three
domains of TPACK-P were explained in detail aligned with the principles of
TPACK-P framework.

Table 5.6

TPACK-P Levels of the Participants in Mostly Simple Adoption Group

Levels Assessment Planning and Design ~ Enactment

4: Reflective Application

3: Infusive Application P4, P7

2: Simple Adoption P10 P4, P7, P10 P4, P7, P10
1: Lack of Use

5.3.1.1 Assessment Domain

In the assessment domain, the highest level of TPACK-P anticipates
teachers to assess and evaluate students in terms of their mathematics knowledge
both before and after the instruction through utilizing various representations

provided by appropriate technologies. According to TPACK-P framework, besides

130



assessing student knowledge of mathematics, the assessment is expected to identify
students’ learning needs and styles to design and implement effective instructions.
This is the highest performance expected from teachers in assessment domain in
TPACK-P framework. However, the basic characteristic of PTs in this Mostly
Simple Adoption group is that they assessed students’ mathematics knowledge
only by presenting mathematics content through technology. Online assessment
platforms were used for summative assessment at the end of teaching with no effort
to use multiple representations.

P4 and P10 used online assessment programs to offer students repeated
practices about the mathematics content. P4 prepared and implemented a quiz
comprised of 8 comprehensive questions about exponential numbers to assess
students’ mathematics knowledge at the end of the instruction. Although the
questions were comprehensive for exponential numbers subject in 8" grade, they
were routine questions about calculating positive and negative exponents of natural
numbers. P4, P7, and P10 used multiple-choice question and true-false question
that Kahoot offered and open-ended question that Socrative offered. It was allowed
to attach photos to the questions in Kahoot and Socrative. However, participants
did not use different representations in the questions although they learned in the
TUME course in the 6" activity which was the Evaluating Student Learning
activity. Participants utilized Kahoot and Socrative as assessment tools that provide
instant feedback and record students’ progresses for each question. P4, P7, and P10
discussed with peers about true and false answers relying on this detailed
performance feedback through using question and answer technique. In the
discussions, the instructing participants asked peers to explain the solution of each
question and search for the possible reasons of wrong answers that appeared on the
detailed feedback report.

In addition to assessing mathematical knowledge, P4, P7, and P10 took
advantage of online assessment programs to enhance participation of students with
different backgrounds and motivations. P10 indicated in the interview that she
featured all online assessment programs for providing students with reinforcement

and motivation to participate. In her instruction, she utilized the online assessment
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program Kahoot. She prepared a quiz consisting 6 questions on Kahoot. With a
similar aim, which is to motivate his peers, P7 assigned an attractive name as the
room name in Socrative which was in the meaning of “the teacher’s class”. Besides
the aim of motivating learners, it was evident that P10 was also motivated as a
teacher to use online assessment programs. Confirming this, she indicated in the
interview that Kahoot is a user-friendly assessment program for teachers. As a
support to P10’s motivation to use online assessment programs, all participants in
this group considered online assessment programs as user-friendly for both
teachers and students. They all mentioned in the interviews that as a teacher it is
easy to prepare quizzes either premeditated or instantly-decided through utilizing
different types of question formats. P4 indicated in the interview that from the time
she met online assessment programs in the TUME course, she had been using

Kahoot in her private courses for several reasons.

Kahoot application is easy to use and motivating. It is attention grabbing. Its music
and font takes attention on the subject for presenting content. Moreover, it forms a
competitive environment that enhances participation. (P4)

P7 preferred to use Socrative instead of Kahoot. He explained why he
preferred Socrative in his micro-teaching in the interview. He stated that he
attended one of his peers quiz in the Evaluating Student Learning activity in the
TUME course and there was a question in the quiz in which geometric shapes were
the answer options. Kahoot also uses geometric shapes to represent the options. As
the quiz was conducted on Kahoot, both the answer buttons and options were
geometric shapes. This was confusing and he struggled when answering the

questions in that geometry quiz.

There was a question about the geometric shapes that compose hexagonal prism. |
immediately selected the triangle option on the Kahoot screen. However, the
option was not representing triangle. So, | answered wrong. (P7)

P7 expressed that, Socrative had a more formal interface compared to Kahoot,
thereby appropriate for middle school level.

Timing in Kahoot was criticized by P4’s peers in her micro-teaching and
was mentioned in the peer-assessment forms. Similarly, the answer time limits

assigned to the questions in the quiz conducted by P10 were very short that all of
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her peers criticized. In the interviews, P4 and P10 reflected on their timing problem
about their online quiz implementation via Kahoot. They mentioned that it was
important to manage suitable time limits considering the students’ needs.

In the interview, P4 stated that she intended to assess students in the
beginning of the course to identify their prior knowledge. This was an intended
action of TPACK-P corresponding to level 3 in assessment domain. However, for
her micro-teaching, she did not plan or implement an assessment regarding this
aim. P10’s utilization of technology in assessment was in accordance with the
indicators of level 2, a lower level than P4 and P7. The reason was that P10 used
online assessment program to reinforce participation by motivating learners. Unlike
P10, P4 and P7 pointed out to the classroom performance on the performance
report that the online assessment programs provided and used the results to discuss

about wrong answers.
5.3.1.2 Planning and Design Domain and Enactment Domain

For planning and design domain and enactment domain, participants in the
Mostly Simple Adoption group planned and designed instructions to develop
students’ understanding and increase students’ learning motivation. They presented
mathematics content through appropriate and available technological tools with
suitable instructional strategies. P4, P7, and P10 demonstrated TPACK-P at level 2
both in planning and design domain and enactment domain.

P4 designed activities and explained them in her lesson plan. However, she
did not integrate any technologies in the activity plans. Although the researcher
provided feedback to enhance the lesson plan in terms of technology support, there
was no improvement in her final lesson plan. Similarly, in the peer-assessment
forms, eight of her peers expressed that material support and technology-
integration was needed to enhance the instruction. She accepted this criticism in the
interview. However, she hardly provided suggestions for a technology-supported
material. She expressed that exponential numbers subject in 8" grades was not
appropriate to teach via technological tools that she was familiar with. She only

pointed that her micro-teaching was inadequate in terms of visualization. Similar to
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P4, P7 mentioned the lack of visualization in his instruction while watching his
micro-teaching video prior to reading the peer-assessment forms. He expressed that
he should have prepared a poster showing the types of estimation strategies and
their applications on visually-represented daily-life problems. He also suggested
the use of online games as tools that visualize mathematics and motivate learners.
He mentioned that he would use them in the future when teaching patterns subject.

Lack of supportive technological tools was mentioned by P7’s peers, too. In
the peer assessment forms, P1 suggested using posters and P6, P9, P11 suggested
the use of calculators. P7 mentioned using calculators in his lesson plan about
calculation-based estimation subject belonging to 5" grade. However, there was no
explanation about how and in which part of the course he was going to utilize
calculators. Because of being unprepared, he could not integrate calculators to the
instruction. In the interview, he criticized his micro-teaching and stated that he
should have supported his instruction by using calculators.

When | watch now, | think the subject was not understood at all. | should have
used a calculator to calculate the actual results of the problems. Then, they (peers)
would have developed ideas about the nearest result of the problem. In the end,
they would have discussed the reason of the different results referring to the
guesses and the result on the calculator. (P7)

As stated in the quote above, P7 planned to integrate calculators while
solving problems about calculation-based estimation subject through discussion
and reasoning instructional strategies. In addition, P7 stated that he would utilize
online games in the beginning of a mathematics course to show the concept as a
whole. He also expressed that he implemented the same lesson plan in the Methods
of Teaching Mathematics course in the previous year. He mentioned using Prezi
presentation program in that implementation. Moreover, he used Piktochart in the
Poster Preparation activity in the TUME course. Although he was good at
preparing presentations and using presentation technologies, he did not use a
presentation considering that the level of students was not appropriate as in the

following excerpt.
My implementation was based on daily life situations. For instance, ‘in which

situations do you make a guess?’ was one of the warm up questions. Moreover, the
examples in the plan were prepared considering their [students’] mathematical
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knowledge levels. Presentation is not suitable for 5™ grades. If | was not teaching
to this level [5" grade], | would not have taught teach this way. (P7)

P4 distributed two worksheets which she prepared digitally by Microsoft
Word. One of them was for summarizing the key points of the subject and one
included questions about exponential numbers. In the interview, she expressed that
providing students with a summary of the content at the beginning of the course
was important to motivate them more on learning. In addition, she highlighted that
this summary including the key points should be determined and prepared by the
teacher through word processors to be neat, accurate, and comprehensible. In the
interview she suggested this to increase student motivation.

P10 started the instruction with a warm-up question of how the length of a
water bottle can be measured. Then, she hanged cardboards on the wall that had
geometric shapes on it and asked peers to find their perimeters by using a ruler. In
the interview, P10 criticized her micro-teaching and stated that she would have
used GeoGebra instead of cardboards. Her suggestion was a teacher-centered
implementation where only the teacher uses GeoGebra for demonstration. P10 also
stated that she would have used a poster about length measurement units to be used
in the time of teaching and afterwards to stay on the bulletin board of the
classroom. Preparing a poster was also suggested in peer assessment forms.
Confirming this, P1 also indicated that P10 should have supported the
implementation with technologies such as a poster to visualize the subject. Peers
criticized that the implementation should have been supported with technology to
enhance learning.

P4, P7, and P10 planned and implemented teacher-centered lessons. Their
technology-integrated lesson plans and micro-teaching implementations were
strong in terms of content, but weak in terms of technology integration and student-
centered implementation. Although participants were given the opportunity in the
interviews to criticize their instruction through watching their micro-teaching
videos and reading the peer-assessment forms, they did not suggest any student-
centered strategies in supporting their micro-teaching plans with technology.

P7 was good at solving technical problems about technological tools. For
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instance, in his micro-teaching experience, Socrative gave feedback to all answers
as false. He immediately found and fixed the problem which was about selecting
more than one true answer in the answer key. In the interview, he stated that he can
easily inform teachers about how to use a technology. P10’s doubts were explicit in
the interview. She stated that “/ feel confident in using only the technologies | met
in the (TUME) course.” She added that she was also confident in considering
herself as a leader to teach other teachers how to use these technologies. She stated
that “in the future I will definitely adapt these technologies in teaching all of the
related mathematics subjects in my courses.” The advantages she pointed were
motivation and gaining time. Likewise, P4 was confident in using technologies in
teaching mathematics. She expressed that she would use poster and Pinterest
website to visualize concepts and to foster permanent learning and use online

games to reinforce students in her future teaching career.
5.3.1.3 Summary of TPACK-P Progress

As an overall review, participants in the Mostly Simple Adoption group
tended to utilize technology to assess mathematics learning by providing repeated
practices in a motivating platform to enhance participation. They basically
considered using online assessment programs for their physical properties such as
sound and font in Kahoot (P4), formal appearance of Socrative (P10), and being
user-friendly both for students and teachers (P4, P7, and P10). All of them prepared
comprehensive questions and were able to use different question types that the
programs offered. The time given to each question was not determined accurately
in the online assessment implementations (P4, P10).

They particularly emphasized technology integration in their plans and
interviews to present mathematics content digitally for increasing student
motivation towards learning mathematics. P4 prepared worksheets in Microsoft
Word for summarizing the key points of and presenting example questions about
the exponential numbers subject; P7 planned using calculators in teaching
estimation strategies subject; and P10 suggested using GeoGebra in measurement

of length subject to impress students and make instruction easier. Moreover, P4,
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P7, and P10 and their peers mostly criticized their instructions for the lack of
visualization. To fill this need, they suggested preparing posters (P7, P10) and
utilizing GeoGebra (P10). They reflected positive views on utilizing technology to
enhance instruction and promote student learning. Their views about integrating
technology were teacher-centered as well as their plans and micro-teaching

implementations.
5.3.2 Group 2: Mostly Infusive Application

Participants in Mostly Infusive Application group were P2, P3, P5, P6, P8,
and P9. As mentioned earlier in this chapter, these participants progressed at level 1
at the beginning of the TUME course. According to the analysis of the data
obtained during and at the end of the course, their overall TPACK-P performances
were aligned with level 3, named as Infusive Application Level in TPACK-P
framework (Table 5.7).

Table 5.7

TPACK-P Levels of the Participants in Mostly Infusive Application Group

Levels Assessment Planning and Design  Enactment

4: Reflective Application P2, P6

3: Infusive Application P3, P5, P8, P9 P2, P3, P5, P6, P8, P2, P5, P6, P8
P9

2: Simple Adoption P3, P9

1: Lack of Use

As it can be seen in Table 5.7, P2 and P6 performed at level 4 in assessment
domain whereas they were detected at level 3 in planning and design domain and
enactment domain. P3 and P9 performed at level 3 in assessment domain and
planning and design domain. However, they performed at level 2 in enactment
domain. P5 and P8 were at level 3 in all domains. Hence, compared to the
beginning of the course, there was a considerable development in their TPACK-P.
The end-of-course levels tell that they could select and use appropriate technology

for evaluation reasons; design and implement technology-supported effective
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instructions with respect to the needs of students to develop mathematical learning.
In this section, participants’ knowledge and progress in Mostly Infusive
Application group were explained in detail aligned with the principles of TPACK-P

framework.
5.3.2.1 Assessment Domain

The basic characteristic of PTs in the Mostly Infusive Application group in
terms of assessment domain is that they assessed and evaluated student
performance not by merely presenting mathematics content through technology but
presenting difficult subject content in diverse and efficient ways such as presenting
dynamic content through multimedia. The aims were to identify students’ learning
styles and learning difficulties and to assist student learning by utilizing various
representations provided by appropriate technologies. Additionally, some
participants used technology to identify students’ learning needs and styles which
led to design instruction accordingly. This is identified as one of the highest level
assessment aims in TPACK-P.

Participants conducted technology-assisted assessments in the beginning of
the instruction to assess prior knowledge, to identify learning needs, and to design
the instruction accordingly. To start with, P2 instructed a course about measuring
the area of a parallelogram at the 6" grade level. She designed a poster about the

basic geometric shapes as shown in Figure 5.1.

Figure 5.1 P2 presenting her poster about area of basic geometric shapes
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She initiated the course by presenting this poster. She asked questions about
the properties of and relationship between a triangle, a square, and a parallelogram
relying on the visual representations of figures with different sizes on the poster.
Then, she guided the participants to draw parallelograms and tell any properties
that they can infer from their drawings. By doing these two linked activities, P2
assessed learners’ readiness and needs. She mentioned in the interview that 6™
grade students were equipped with the knowledge of properties of the triangle and
the parallelogram and the poster possessed her aim to remind them about this prior
knowledge linked with the new subject. Hence, she was able to detect and remind
any missing information considering the properties of a parallelogram before
teaching the area of a parallelogram. She suggested that this poster could be copied
in notebook size and distributed to students to be pasted on their notebooks as a
course note rather than only hanging on the wall. This was another pedagogical aim
of utilizing the poster. Although she used a poster formed by her drawings with
paper and pencil, she expressed that she would use Powerpoint or Glogster to
prepare the poster with proper drawings of geometrical figures when she would
teach to 6™ graders.

P6 also used technology support to detect prior knowledge. She initiated the
instruction by a Powerpoint presentation about geometric solids. The presentation
was comprised of pictures of several geometric figures from daily life which she
gathered from Pinterest. One of them was a clock figure composed of polygon
shapes in the place of hours. She addressed questions about the relationship
between the properties of the polygons and the hours they correspond to. She
guided and managed a classroom discussion on this question. This enabled P6 to
identify participants’ prior knowledge and misunderstandings about geometric
solids. She emphasized in the interview that she would use a presentation in the
beginning of the course for identifying and remedying the learning needs about

prior knowledge.
If there are students with deficient learning backgrounds about geometry | will

prepare a Powerpoint presentation and use it at the beginning of the course. The
aim is to remind them prior knowledge linked with the new subject. (P6)
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P3 planned and designed a course about basic properties of triangles and
rectangles subject in 5" grade. P3’s lesson plan was provided in Appendix M as an
example. She used technology support with the same aim with P6 which was to
determine prior knowledge and learning needs. She conducted an origami activity
in the beginning of the instruction. She supported the activity by a demonstrative
video from YouTube. P3 implied that she utilized the video to assist students with
different learning styles by providing visual representation of the activity. She
directed several questions about the shapes occurred every step on the video
through question and answer technique. Some of these questions were “Which
geometrical shape is this?”, “How many diagonals do this geometrical shape
have?”, and “What are the angles of the triangle occurred after folding the paper
precisely overlapped?” This allowed P3 to identify learning needs accordingly.
She manipulated and arranged all upcoming steps of the origami activity according
to the answers and progresses of the participants. When answers were incomplete
or wrong, P3 gave another instruction and rewound the video according to the
misunderstandings and needs of the participants. Although these applications were
not examples of assessment through technology directly, YouTube video mediated
assessing prior knowledge, identifying learning needs, and shaping the following
steps of the instruction.

P5 mentioned the importance of starting every course by assessing and
reminding about prior knowledge connected with the new subject in the interview.
She commented on her micro-teaching by comparing it with the same course she
implemented in the collaborating middle school. She expressed that she considered
her experiences with the students in the collaborating school when she was
preparing the lesson plan. According to her statements in the interview, she
identified the needs and expectations of middle school students regarding the
fractions subject and finalized the planning of micro-teaching accordingly.
However, she did not utilize technology for evaluation purpose prior to the course.

P8 did not conduct any technology-assisted assessments in the beginning of
the instruction. She designed and enacted a course about square concept from the

geometry and measurement learning area corresponding to 7" grade. The plan
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covered perimeter and area of a square. She directed warm up questions about
properties of a square by referring to examples from daily life. For instance, she
asked “Can you mention square shapes from the tools you use in your daily life?”
and “How do you decide that it is a square? ” While doing so, P8 aimed to identify
participants’ prior knowledge about squares. However, she did not support this step
with technology to help students to answer. This restricted the question-answer part
within students’ few answers about square shapes they could think of at that
moment. P9 implemented a similar prior assessment part. She directed warm up
questions about Pythagoras theorem and right-angled triangles without technology
support.

All of the participants in the Mostly Infusive Application group assessed
and evaluated mathematical knowledge through online assessment programs at the
end of the implementations. They constructed quizzes including different problem
types supported with multiple representations to assess and evaluate mathematical
knowledge and to identify individual and diverse student learning. P3 used
Socrative assessment program. She indicated that her aim was not only to assess
knowledge but to revise the subject and identify and support students’ learning.
Confirming this, P11 expressed in the peer-assessment form that P3 used Socrative
both to assess their learning and revise the subject by presenting different problem
types such as true-false, open-ended and multiple choice regarding the content.
Similar to P3, P9 expressed that Socrative was useful to assess and evaluate
students’ knowledge, to identify students’ needs, and to determine whether the
subject was understood and implemented well.

P8 utilized Kahoot for the end-of-course assessment. She conducted a quiz
consisting 10 questions. She mentioned that she tried to prepare an extensive set of
questions about the measurement of perimeter and area of a square subject. She
used various representations in the quiz such as verbal, algebraic, and model
representations about squares. Her peers also mentioned the quality of
comprehensive questions in P8’s quiz. Similarly, P5 and P6 prepared quizzes on
Kahoot online assessment program. P5 mentioned that she was against routine

procedural problems as on textbooks, therefore she created contextual, challenging,
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and visualized problems. The problems included visual models of fractions where
the corresponding fractions were asked, word problems, and one procedural
problem about the addition of fractions. She constructed questions which included
multiple representations to be used for evaluating the objectives about the fractions
subject. Likewise, P6 visually supported the questions on Kahoot by integrating
pictures of prisms and asking the name of the solid presented in the geometric

Figure 5.2.

Jiallil 1. Asagidaki sekil hangi geometrik cismin bir aginimidir? o

rrrrrr

Sl s

Figure 5.2 P6’s two dimensional representation of a hexagonal prism

She used “adding a photo” feature in all of the questions in her quiz. The questions
referred to these pictures.

P2 preferred Kahoot for the end-of-course assessment. P2 prepared
questions that were about construction of geometrical shapes instead of
computational and routine questions. Specifically, the questions asked for
determining the height with respect to different bases in a paralellogram. She
emphasized that she observed in collaborating middle school and her private
courses with middle school students that students struggled while determining the
height of a geometrical shape. She added that this resulted in misconception about
measuring the area of geometrical shapes.

Participants commented about the physical aspects of the online assessment
programs and how teachers should use them pedagogically. P5 expressed that she
was fond of online assessment programs and she considered them useful in all
mathematics subjects for middle school level. She especially suggested the use of

Kahoot for motivating students to participate.
I think online assessment systems are very useful. They are applicable not only for
fractions but for all subjects in mathematics. (...) There is a competition

environment in Kahoot. That attracted all of us. One reason is that we see our
progress immediately in the feedback. Secondly, everyone tries to answer fast to
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compete. This motivated us to participate. (P5)
Although P3 implemented end-of-course assessment through Socrative, she
mentioned in the interview that she favored Kahoot over Socrative for being more
enjoyable for its sound feature. Considering P3’s quiz, P8 criticized the lack of
feedback to open-ended questions and suggested that P3 should have guided
discussions about the false answers. P8 emphasized that the size of the shapes in
the questions and the time provided for each question were important issues when
utilizing Kahoot in assessment. P8 provided instant feedback to her peers’ answers.
Considering P5’s quiz, P6 mentioned that the difficulty order of the questions was
not determined and most of the peers criticized that the time given for solving the

questions was too short.
5.3.2.2 Planning and Design and Enactment Domain

Participants in the Mostly Infusive Application group, with exception of P3
and P9, progressed at level 3 in planning and design domain and enactment
domain. P3 and P9 progressed at level 2 in enactment domain. The participants
used appropriate technology and digital representations to explicitly present
mathematics content, to encourage mathematical thinking, to promote students’
learning through investigating mathematical concepts, and to enhance instructional
effectiveness.

P3 planned and designed a course about properties of triangles and
rectangles subject in the 5" grade. She initiated the course with an origami activity
to construct a cube. The aim of the activity was to enable students to identify the
relationship between square, rectangle, triangle, and the types of these geometrical
figures. The triangle types were pronounced in each folding step. P3 considered
using a cube-construction video from YouTube video sharing channel to support
students’ mathematical investigation by the demonstration of the origami activity
and to support her instruction visually. She stopped the video several times to
discuss about geometrical shapes occurred on the origami paper. In these
discussions, she referred to the image of different steps of the origami activity from

the video displayed on the screen. As a pedagogical aspect of selecting and using
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appropriate technology strategically, she mentioned that the video should be used
in mute mode since the videos she searched did not include instructions with proper
mathematical language. P11 mentioned in the peer-assessment form that using the
video to support the origami activity would be effective when applied to 5%
graders. P6 and P7 mentioned that P3’s student-centered origami activity was
effective for providing their active participation. Similarly, P5 designed and
implemented an origami activity to construct a cube where she managed students to
work in groups. The subject was addition of fractions with equal and unequal
denominators in the 5" grade level. Meanwhile, P5 featured a video from YouTube
online video channel at the time of the activity with the aims similar to P3’s aims.
The video was demonstrating the steps of the origami activity. In the activity, the
origami cube was formed by 6 pieces of folded paper with different colors. These
pieces come together and form the sides of the cube. Each side was formed by 4
different pieces. P5 asked the fraction of each color in one side. For instance, she
asked the fraction of yellow in all of the sides of the cube. Then, she guided her
peers to write other questions about addition of fractions according to different
colors that form the cube. The discussion proceeded based on the video. These
were student-centered construction activities including multiple representations that
were conducted in a collaborative environment.

Participants in this group constructed technology-supported instructions
based on students’ prior knowledge and built a base for related concepts through
strategic uses of technology. For instance, P3 associated the basic properties of
triangles and rectangles subject with several other mathematical concepts such as
angles and fractions through the activity. She also mentioned in the interview that
she considered the importance of prior knowledge and association between
concepts. Supporting this, she expressed that she designed the course to constitute a
base for the following subject which was identification of three dimensional
geometric solids. She used a video from YouTube and planned to utilize a Smart
Board to serve these aims.

P3 and P8 planned to use Smart Board technology to explicitly present

content, promote mathematical thinking, and provide students the opportunity to
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construct their own knowledge. P8 planned to use isometric background on Smart
Board by guiding students to reach the perimeter and area formula of a square. To
achieve this, she planned to guide students to draw squares with different sizes on
the Smart Board, calculate the perimeter and area for each of them by making use
of isometric background, and then interpret the general rule for perimeter and area
collaboratively through brainstorming. P8 stated that she learned how to use a
Smart Board in the TUME course in the middle school visit for learning about
Smart Boards and wanted to utilize it in the collaborating school since then. She
expressed that there were Smart Boards in some classes in the collaborating middle
school and teachers were not able to use them. She initiated its use in the school at
the times she was there, once in every week through the semester. P8 instructed the
same course in the collaborating middle school in the context of Teaching
Experience course. She expressed in the interview that “it is an effective platform
that enhanced [students’] learning by experimenting, visualizing, and
manipulating. This helped to construct their own mathematical knowledge.”
However, P8 could not implement the lesson plan exactly in the micro-teaching
since Smart Board was not present in the classroom at the faculty. P8 criticized her
own instruction and stated that she would have supported her instruction with
GeoGebra to construct a square. All of the participants reported on the peer
assessment forms that P8 should have constructed a square and guide students to
reach its perimeter and area formula on GeoGebra.

Similar to P8, P3 designed a plan where Smart Board was the main tool for
teaching the properties of triangles and rectangles through construction in a
student-centered instruction. P2 and P10 expressed that P3’s plan to utilize a Smart
Board would be beneficial in terms of accurate and visual representation of the
content. P2, P7, and P11 suggested P3 to utilize additional technologies since there
are many online manipulative and software that would enrich the geometry content
of the implementation. P3 responded to these suggestions by expressing that
“Firstly, I planned to use GeoGebra. The students were using it [GeoGebra]. But, |
don’t think it is appropriate for 5™ grade students since they cannot use it easily.
That is why I changed my decision.” P1, P6, and P10 suggested utilization of
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GeoGebra, too. P6 emphasized that the course objectives were completely aligned
with the affordances of the tool. Among the course objectives, P6 especially
mentioned drawing and identifying basic elements of the quadrilaterals in a
student-centered environment to provide students construct, explore, and associate
the geometrical shapes.

P6 used cardboards to show the triangular and hexagonal prisms in two
dimensional forms. In the interview, P6 stated that she would have searched and
used virtual reality about geometric shapes to present the three dimensional
versions next time she instructs this subject. P6 also added that she would have
used GeoGebra to construct the geometric solids. According to P5 and P10, the
subject was applicable to be presented using GeoGebra for the three dimensional
views and parts of geometric solids. P6 showed triangular and hexagonal prisms on
a Powerpoint presentation and asked questions about their properties. P1 criticized
the technology use as teacher-centered and suggested the use of a website with
manipulatives about three dimensional figures in a student-centered environment.

P2 presented a poster showing the area formulas of a rectangle,
parallelogram, a trapezoid, triangles with three types of angles, and a circle. On the
poster, the heights of seven geometric shapes were drawn. She emphasized that the
most essential concept to be emphasized was the height concept and demonstrating
heights on each geometric shape was an important goal. Then, she drew the heights
of the shapes on the poster with students and discussed the area measurement
altogether. The printed version of the poster was hanged on the bulletin board. She
stated that the digital version of the poster should be presented on Smart Board. P4
stated in the peer-assessment form that the design of the poster was aligned with
students’ level and can motivate them to learn the subject. In addition, P8, P9, and
P11 emphasized that posters visually enriched the instruction where geometrical
shapes and height were represented visually in a way that facilitated mathematics
learning. P11 highlighted the effectiveness of forming relationship via posters that
consisted relational information about parallelogram and prior knowledge about
other geometrical shapes. P8, P9, and P11 suggested supporting the implementation

with other technologies to create a more effective and fruitful instruction. In this
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respect, P9 especially suggested the use of GeoGebra. P2 mentioned in the
interview that she was eager to use GeoGebra in her implementation about the area
of a parallelogram. However, she did not plan or conduct the micro-teaching
likewise. P1, P4, and P9 mentioned the need for enhancing active student
participation in the implementation. P4 added on this by suggesting learners’ own
construction of heights of the geometric shapes through utilizing technology. She
suggested this both in finding the area formulas and in the assessment part.
Visualization was the most common issue that participants criticized in the
peer-assessment forms and interviews. Participants made specific suggestions
about how to enhance instructions via appropriate technologies in terms of
visualization of mathematical concepts. For instance, P3 made some criticisms on
her micro-teaching when she watched the video in the interview as “I see now. I
should have used materials with appropriate technology for visualization.
Visualization of concepts definitely enhance students’ understanding.” P3
expressed in the micro-teaching that she planned to utilize Smart Board to serve
this aim. P2 and P10 expressed that P3’s plan to utilize a Smart Board would be
beneficial in terms of accurate and visual representation of the content. P3
expressed in the interview that next time she instructs 5" graders about properties
of geometric shapes, she would present pictures from Pinterest to provide visual
examples of the geometric shapes. Likewise, P9 expressed in the peer-assessment
form that P3 should have used online manipulatives to support visualization. She
expressed that the origami video P3 showed in the activity enhanced the instruction
visually which also encouraged and supported peers’ participation to the activity.
Another micro-teaching that was criticized in terms of visualization was
P5’s micro-teaching about addition of fractions referring to the 5" grade. In the
peer-assessment form, P9 suggested the use of online games and manipulatives
about fractions since the level of students was inclined to playing games. P1 and P6
criticized that the subject was inadequately supported with technology although
there were a plenty of options for enhancing this instruction about fraction subject.
P1 stated that she used Pinterest when she instructed this subject in the

collaborating middle school and offered P5 to use especially Pinterest to search for
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several materials and to create a poster that supports visual representation of
fractions in different models. P8 pointed the need for visualization in the
instruction, too. To remedy this, P10 suggested using Smart Board features to draw
different wholes and show pieces to visualize fractions.

P6 was favored in terms of visualization by her peers. Her microteaching
was about solids in the 8" grade level. She started the implementation by
presenting photographs of design objects that she downloaded from Pinterest.
These objects were formed by geometrical shapes found in daily life such as
triangles, hexagonal prisms, and spheres. P4 favored P6’s utilization of Powerpoint
for enhancing instruction in crowded classrooms. P3 favored the visualization of
the subject content through presenting daily life objects. In addition, P6 prepared a
worksheet by combining the tasks which she also found from Pinterest.

The tasks included nets of some geometric solids leading students to find
the properties of solids. P6 stated in the interview that the subject was abstract and
visualization was necessary to concretize it. She suggested utilization of virtual

reality and GeoGebra to provide investigation of the solids.
5.3.2.3 Summary of TPACK-P Progress

The performance of the participants in this group in three domains of
TPACK-P included considerably effective technology-enhanced applications.
However, the plans and implementations could have been improved at some points.
To start with, some prior assessment examples existed in the implementations.
There were three technology integrations to identify prior knowledge,
misunderstandings, learning styles, and learning needs. Classroom discussions
were held relying on the poster prepared by Powerpoint or Glogster to build
relationship with the previous knowledge linked with the new one (P2), the
Powerpoint presentation of geometric figures in daily life selected from Pinterest
(P6) and an origami video on YouTube (P3). Then, the instructions were organized
based on the answers of the students. However, technologies were indirectly used
in these assessments. Other three participants (PS5, P8, and P9) assessed students’

prior knowledge and learning needs verbally but they did not facilitate any
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technologies in this step.

All of the participants in the Mostly Infusive Application group conducted
post-assessments by using online assessment programs to assess and evaluate
mathematical knowledge and to identify and support diverse student-learning.
There were different problem types including different representations of the
mathematics subjects. In addition, the participants formed discussion environments
and evaluated the assessment results relying on the detailed feedback provided by
the assessment programs. However, there were no attempts of conducting
assessment to determine whether the instruction was implemented well. Only one
participant (P9) mentioned in the interview that technology can also be used to
assess the quality of the instruction.

Participants considered some pedagogical aspects in the construction of
quiz items and application of the quizzes. They guided and managed interactive
classroom discussions by asking leading and interpretive questions relying on
Powerpoint presentation, YouTube video or online assessment programs. All of
them were aware of the importance of identifying prior knowledge connected with
the new subject and determining learning needs and misconceptions. All of the
participants used the affordances of the online assessment programs while
preparing and conducting the quizzes. The questions in the quizzes included
construction of height in geometrical shapes (P2), word problems (P6), different
types of questions (P3 and P6), and various representations (P5 and P8). They
constructed multiple-choice, true-false, and open-ended questions and added
photos to some of the questions. They managed the settings of the quizzes such as
the size of the pictures in the questions, the difficulty order of the questions, the
time given for solving each question, and the feedback provided by the program
which is written by the teacher while preparing the quiz.

Participants in the Mostly Infusive Application group planned and enacted
technology-assisted courses which included student-centered activities. The
activities were conducted in a collaborative environment to promote
comprehension and aimed to enhance active-participation. In addition, technology

use aimed at promoting students’ own construction of knowledge. For instance, P8
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planned to use isometric background on a Smart Board to provide a dynamic
setting where students can construct different squares, calculate perimeter and area
of them, and conclude to general rules for finding perimeter and area of a square.
P6 planned teaching prisms by using virtual reality programs and GeoGebra to
provide students construct prisms and investigate their properties.

Participants criticized their plans and micro-teachings afterwards in terms
of lack of technology-support. They suggested the use of GeoGebra dynamic
environment for teaching and learning of subjects such as perimeter and area of a
square, properties of quadrilaterals, and prisms through construction. Pinterest was
facilitated by all participants to search up-to-date materials and designs such as
activity ideas, posters, or pictures about any mathematics subject. Materials and
pictures from Pinterest, YouTube videos, online games, online manipulatives, and
Powerpoint presentation were commonly mentioned by the participants to enhance
visualization of the concepts, to concretize abstract concepts, and to promote
diverse student-learning.

Planning and design performances of the participants in this group were
relatively better than their enactment performances. Their plans and suggestions
about integration of appropriate technologies such as Smart Board and GeoGebra
were aimed at facilitating learning through investigating and constructing concepts
in a student-centered environment. Although participants mentioned several
technologies that would enhance their instructions, they recognized the need for
and effectiveness of integrating these technologies after they watched their micro-
teaching videos and read peer-reflection forms. Therefore, the micro-teachings did

not include all the technologies they suggested.
5.3.3 Group 3: Mostly Reflective Application

Participants included in this group were P1 and P11. Their overall TPACK-
P performances were aligned with level 3 and 4 according to the analysis of the
data obtained during and at the end of the course. Participants’ TPACK-P levels in
three domains were given in Table 5.8.
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Table 5.8

TPACK-P Levels of the Participants in Mostly Reflective Application Group

Levels Assessment ~ Planning and Design  Enactment

4: Reflective Application P11 P1, P11 P1, P11
3: Infusive Application P1

2: Simple Adoption

1: Lack of Use

As mentioned earlier in this chapter, these participants progressed at level 1
in the three domains of TPACK-P at the beginning of the TUME course. Hence,
compared to the beginning of the course, there was a remarkable development in
their TPACK-P. Their performances were consistent with the indicators of level 4
in all domains in exception of P1’s performance at level 3 in assessment domain.
The participants in this group were able to select and adapt appropriate
technologies to evaluate students’ learning styles and difficulties, prior knowledge,
and mathematics knowledge before, through, and after instruction. They designed
and implemented technology-supported student-centered instructions in which
functions of technologies were utilized efficiently and strategically to enhance
students’ exploration of mathematical concepts and construction of their
knowledge. Technologies were meaningfully and purposefully integrated to
curriculum goals to improve instructional efficiency. In this section, participants’
progresses in the three domains of TPACK-P were explained aligned with the

principles of TPACK-P framework and examples were provided.
5.3.3.1 Assessment Domain

The PMTs in the Mostly Reflective Application group utilized technology-
assisted assessments for several educational aims. These were exemplified below
with instances from their lesson plans, classroom implementations, and interviews.
To start with, P11 considered students’ prior knowledge about the properties of a
parallelogram. She asked questions to identify prior knowledge through an activity
on GeoGebra and the answers formed the base of the construction of a

parallelogram on GeoGebra. She managed the instruction accordingly. Besides, in
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the interview, P1 suggested the use of technological assessments to provide
teachers with the detailed information about students’ needs. She expressed as

follows:
It is a challenging task [for teachers] to identify what students’ misunderstandings
and needs are. | know some of these from my observations in the individual
private courses. It is really very hard to identify and compensate the
misconceptions. Because, when you ask the student, he does not know what he
knows wrong and what he needs to know. Simply asking students and relying on
their statements is an unreliable way to identify their [students’] prior knowledge

and misconceptions. It is your [teacher’s] job to reveal it [misconceptions and
learning needs]. Technology will be very helpful for teachers in this regard. (P1)

She also mentioned that middle school students frequently confronted
misconceptions about height concept in geometry and therefore, she focused on it
through her instruction. However, she did not utilize technology to serve prior
assessment purpose. She expressed the reason of this in the interview as:

I did not utilize technology to identify prior knowledge or learning needs in the
beginning of the course [micro-teaching]. Because, | already designed my lesson
plan considering the misconceptions that middle school students faced which | had
known from my individual private courses with them [students]. (P1)

P1 and P11 preferred Socrative online assessment program to conduct
quizzes at the end of their micro-teachings. P11 implied that she used Socrative in
post-assessment both to assess students’ mathematical knowledge and for
evaluation of her teaching. She also criticized the assessments in her peers’ micro-
teachings from this point of view. For instance, she expressed that P3’s quiz on
Socrative served for both of these aims. P1 favored the use of technology-
integrated assessments for both students’ and teachers’ benefit. She expressed that
online assessment programs inform about both individual student performance and

efficiency of the instruction. Her view was as follows.

Knowing about who performed how can be useful. This would be better for me as
a teacher. It can help me to see to what extent my instruction influenced students.
This can provide a variety of feedback both for children in terms of pedagogical
needs and the teacher in terms of how much she achieved the goals and reached to
the children, how much she was understandable, or what her deficiencies were.
(P1)

P11 also stated that Socrative provided learners feedback that helps to

determine their learning needs. The online assessment programs provided detailed
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results for each participant. P11 guided a discussion about the wrong answers given
by the peers that was presented in the performance report of Socrative. P1
expressed that Kahoot and other online assessment programs can be used to track
students’ performance and present the assessment reports to the parents.
Participants asserted pedagogical principles for assessing through online
assessment programs. For P1’s quiz on Socrative, participants mentioned the
quality of the problems. Moreover, they expressed at the end of the micro-teaching
that P1 fitted the questions and answer options to Socrative strategically. P1
instructed the micro-teaching subject in the collaborating school, too. She
mentioned that some of the middle school students in the collaborating school
could not understand and solve questions related with measurement of height and
area of the triangle subject. She expressed that, this might have been resulted from
the lack of knowledge or hesitation for giving wrong answers. She stated that “if |
was able to use Socrative in the assessment part, all students would have actively
participated willingly. In addition, they would have participated with no reason for
hesitation since they have the chance to use nicknames when connecting [to the
assessment program].” Peers stated that they intended to draw on the geometrical
shapes in P11’s quiz but they could not. P11 expressed in the interview that she
agreed with this criticism for the reason that geometry is a visual subject needing
construction on the geometrical shapes. P11 pointed to the implementation of the

technology-integrated assessment by stating that as follows:

The time assigned to each question should be attentively determined [by the
teacher]. In addition, the questions [in the assessment] can also be given to
students on a paper to provide them for making calculations or drawings on the
figures with pencil. They will both see the question on Socrative and solve it on
the paper. (P11)

To sum up, participants did not implement all of the planned assessments in
the micro-teachings. However, they presented ideas reflecting skillful and strategic
uses of technologies in their lesson plans and/or interviews for assessment and
evaluation purposes. P11 identified students’ prior knowledge which was
knowledge about properties of geometrical shapes to link with the new concept

which was the properties and area of a parallelogram. She utilized an activity on
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GeoGebra for identifying students’ needs about the concepts and managed the
instruction accordingly. P1 emphasized the importance of identifying students’
misconceptions prior to the course through online assessment programs. P1 and
P11 used Socrative for end-of-course assessments. P1 favored the program for
enhancing active participation, informing students about their individual
performance, and informing teachers about the effectiveness of the instruction. P1
and P11 both favored Socrative’s report about students’ as they mentioned in the
interviews that “the reports can be used to evaluate students’ performance and can
inform both teachers and parents ” (P1) and “teachers should give feedback [to the
students] about the wrong answers relying on the performance report [provided by

the online assessment programs]” (P11).
5.3.3.2 Planning and Design Domain and Enactment Domain

Participants in the Mostly Reflective Application group planned and
implemented courses about geometry and measurement subjects. P1 designed a
lesson plan about height and area of a triangle referring to 6" grade. She considered
middle school students’ misconceptions about height concept in geometry when
designing the lesson plan. One misconception was about students’ assumption that
height should always be inside a triangle. To remedy this, she demonstrated on
GeoGebra that the place of height changes when the measure of the angle changes
from acute to obtuse. As the second misconception, she considered the
misunderstood relationship between height and base. She presented three types of
triangles with cardboards. These were acute-angled triangle, right-angled triangle,
and obtuse-angled triangle. Then, P1 utilized GeoGebra to demonstrate the
relationship between height and base in these three types of triangles. She
constructed a triangle and generated different angled triangles by sliding vertex A
and showed the change in the place of height as shown in Figure 5.3.
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Figure 5.3 Construction of a triangle and height

Firstly, she wrote a function, f(x)=5 on the algebra window. Then, she
created a slider; fixed it between -10 and +10; and created point A connected to this
slider. This point was moving along the f(x)=5 line. As a second construction, she
drew triangle ABC. Point A was situated as the vertex of the triangle. Then, she
drew a line from point A to side BC. She intended to draw the height. Therefore,
she checked the measure of the angle to see whether the line was perpendicular to
side BC. In the third step, the area of triangle ABC was found from area calculation
command. After the construction ended, she moved vertex A along the f(x)=5 line
by using the slider while showing that the measure of the area stayed the same. The
measure of angle ABC changed depending on the movement of vertex A. Hence,
the heights of acute-angled, right-angled, and obtuse-angled triangle were
demonstrated dynamically. It was seen that measure of the height stayed the same.
She also proved that the area of the triangle did not change as the length of height
stayed the same. She managed this construction process by addressing questions to
the class in every step.

P1 mentioned in the self-assessment form that utilizing GeoGebra was one
of the strengths of her implementation. She mentioned her main aim in utilizing
this technology as demonstrating proof through concretization and visualization:

I used GeoGebra which is an effective program in concretizing the relationship
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between theorem and proof in mathematics. Yet, many concepts can be
concretized through using only GeoGebra. In my implementation, | showed that
although the angle of a triangle and position of the height changes, area of the
triangle stays constant. (P1)

P1 asserted several specific reasons in the interview about why she utilized
GeoGebra to overcome or hinder the misunderstandings about the subject. Firstly,
she explained that this was available by the representations and dynamicity that
GeoGebra provided. In the dynamic ABC triangle on GeoGebra, she showed
different versions of a right-angled triangle mentioning that teachers are used to
show one version of a right-angled triangle in traditional classrooms. Secondly, P1
stated in the interview that geometry develops spatial intelligence and GeoGebra
supports this development dynamically by mentioning her micro-teaching
application. P1 referred to the grid background of the GeoGebra as a functioning
feature for teaching geometry subjects. Thirdly, she referred to the role of
GeoGebra for exploring and rationalizing mathematics. Fourthly, among the
capabilities of GeoGebra, P1 mentioned its role in associating concepts. She
mentioned that teachers start a subject without relating with the previous
knowledge which results in students’ construction of disconnected knowledge. She
exemplified this by mentioning the relationship between rectangle and square. She
stated that GeoGebra served to build connection between concepts of height, angle,
base, and area of a triangle.

P1 taught this subject in the collaborating middle school in 6" grade
classroom. She used cardboards as there was no computer in the classroom for
using GeoGebra. In the interview, she specified the affordances of GeoGebra by
expressing her experience with a 6™ grade student in the collaborating school when
she was teaching the same subject with the micro-teaching. She stated that the
student asked the area of a triangle when it was divided into four equal triangles.
P1 expressed that she used cardboards to show a rectangle to answer the question.
However, she complained for the inadequacy of the cardboards to present what she
intended. She stated that she would have preferred to demonstrate on GeoGebra if

there was a computer or a Smart Board in the classroom. She continued as follows:

Besides the visual representation advantage, GeoGebra provides what cardboards
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cannot serve. That is, GeoGebra calculates the measure of the area simultaneously
when | move the vertex of the triangle. This was impossible to be accomplished in
my instruction in the collaborating middle school. | needed GeoGebra very much
then [in the collaborating school]. Students cannot comprehend that measures of
height and area stays the same when the place of vertex moves along a line parallel
to the base of a triangle. This can easily be understood when GeoGebra is utilized.
(P1)

P11 designed a plan about the parallelogram which covered three objectives
from the 7" grade and one objective from the 8" grade. These objectives were
about the length of the sides, the angles, the diagonals, the angles between the
diagonals, and the area. Similar to P1, she utilized GeoGebra in teaching the first
three objectives. She constructed the parallelogram shown in Figure 6 and she
referred to its properties throughout the construction.

Figure 5.4 Parallelogram construction on GeoGebra

After the construction, she divided the parallelogram into two equal
triangles. She replaced one triangle and formed a rectangle. She showed the angles
between the diagonals of the parallelogram as presented in Figure 5.4. She referred
to the misconception that the measure of this angle is generally assumed to be 90
degrees. Moreover, by dragging the figure from one corner, it was seen on the left
column on the GeoGebra screen that the sum of the measures of opposite angles
was constant and the measure of the opposite angles were always equal. She also
demonstrated that the lengths of the diagonals of a parallelogram are not equal but
they always cut each other into two equal pieces from the center.

When P11 was asked to explain the role of the technologies she utilized in

her micro-teaching, she told about her implementation in the collaborating middle
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school in the context of her Teaching Experience course. She mentioned that in the
collaborating school, the students tended to memorize the properties of geometry

subjects.

I instructed about the sides, angles, and diagonals of a parallelogram in the middle
school. It was superficial. Students tend to memorize. For example, they directly
say that the angle between the diagonals (of a parallelogram) is 90 degrees. They
confuse parallelogram with rhombus. Some of them think that the angles (of a
parallelogram) are 90 degrees. (P11)

P11 also mentioned that it is effective to overcome the misconceptions
since GeoGebra provides to build a relationship between elements of geometrical
shapes through construction. She mentioned another experience from the
collaborating middle school as follows.

They (students) don’t know where it comes from, why the area is like that, without
any visualization, they memorize the rules like a linguistic course. There are
students who can not differentiate a parallelogram from a rectangle visually. But
they can accurately count their properties. Then, when a question is asked, they
can assign the values on the area formula but they confuse the properties. (P11)

The fourth objective was not addressed through GeoGebra. P11 stated that
she rather used cardboards since it was difficult for her to demonstrate on
GeoGebra. As she expressed in the interview, she searched about the construction
of area of a parallelogram on GeoGebra and that she watched videos about it.
However, she considered that demonstration of area of a parallelogram on
GeoGebra was not appropriate for students’ learning styles and levels.

P1 and P11 utilized technology by effective interaction with peers through
directing guiding questions continuously. They performed exemplary student-
centered technology-integrated instructions. They, as the teachers, used the
computer by themselves due to the conditions in the faculty classroom that peers
did not have computers. However, they both stated in the interviews that they
would implement the same courses in a computer laboratory. P1 expressed that this
would provide the middle school students with the opportunity to individually
explore the relationship between heights, areas, and angles of the triangles. In
addition, P1 pointed to the importance of students’ own construction of triangles

and heights for their own learning:
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If they draw by themselves, they can recognize the elements of a triangle in
detail which would result in true determination and construction of height
belonging to a base. (P1)

P11 mentioned the need for student-centered instruction as follows.
If | teach to 7™ grades, | would ask students to use GeoGebra on a Smart

Board to enable them explore the angles, sides, and other properties of a
parallelogram respectively. They would learn better. (P11)

P1 explained how he/she used GeoGebra technically well at the end of the
micro-teaching session. P11 considered the technical issues about Socrative and
GeoGebra whether she would be able to operate it in the instruction without having
any technical problems. Moreover, she considered the time management for
construction on GeoGebra. Therefore, she expressed that she made rehearsals more
than once prior to the micro-teaching. P11 expressed in the interviews that she was
introduced with GeoGebra in another undergraduate course and developed her
GeoGebra using skills on her own since then. She stated that she considered
GeoGebra easy-to-use for teachers and very functional in teaching geometry
subjects that was why she used it as the main tool in her micro-teaching

professionally.
5.3.3.3 Summary of TPACK-P Progress

Participants in the Mostly Reflective Application group presented ideas
reflecting skillful and strategic uses of technologies for assessment and evaluation
in their lesson plans and interviews. P11 identified students’ prior knowledge
which was knowledge about properties of geometrical shapes to link with the new
concept which was the properties and area of a parallelogram. She utilized an
activity on GeoGebra for identifying students’ needs about the concepts and
managed the instruction accordingly. P1 emphasized the importance of identifying
students’ misconceptions through online assessment programs. Pl and P11
integrated Socrative for end-of-course assessments. P1 favored the program for
enhancing active participation, informing students about their individual
performance, and informing teachers about the effectiveness of the instruction. P1

and P11 both favored Socrative’s report about students’ performance. Pl
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mentioned that the reports can be used to evaluate students’ performance and can
inform both teachers and parents. P11 suggested teachers to give feedback about
the wrong answers relying on the performance report.

Participants utilized technology to enhance students’ learning, to facilitate
both teacher’s and students’ exploration, and construction of mathematical
knowledge with strategic, skillful, purposeful, and meaningful uses of technology.
Technology integration improved their instructional effectiveness. They redesigned
mathematics objectives in the curriculum to integrate technology meaningfully.
The implementations referred to the learning objectives in the curriculum but they
were redesigned in a way that was completely different than traditional content.
The objectives about a concept were covered all together rather than separately.
Moreover, participants presented the relationship between them through
construction and representations. The measurements were related with the positions
of the geometrical figures. The visual and numeric representations were shown
simultaneously on GeoGebra.

Participants designed the courses considering middle school students’
learning needs that they identified in the collaborating middle school. According to
their experiences, they considered GeoGebra as an appropriate and effective
technology to explicitly represent properties and area of a triangle and a
parallelogram. They related the representations with each other such as the place of
the height on the triangle and the measure of the angle appeared on the algebra
screen. They mentioned the importance of student-centered strategies to construct
both their own learning and students’ learning and to facilitate students’
exploration of mathematical phenomena. Their intention for future courses was that
students learn mathematics through constructing and manipulating on GeoGebra.
They were comfortable with using GeoGebra and all of the technologies included
in the TUME course. They took advantage of the powerful capabilities that were
specific to each technology. For instance, P1’s dynamic construction of a triangle
to demonstrate the relationship between angles, sides, and kinds of triangles was an

effective implication of transformation of the subject matter through technology.
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5.4 Summary of the Findings

The present study aimed at developing PMTs’ TPACK-P through an
undergraduate course and then identifying the development of their TPACK-P
proficiency levels. Their initial and final TPACK-P proficiency levels were
investigated and determined to reveal the influence of the TUME course. Their
TPACK-P proficiency levels were determined with respect to the three pedagogical
domains identified in the TPACK-P framework which were Assessment domain,
Planning and Design domain, and Enactment domain. Knowledge about and
practices of technology integration were exemplified by detailed narration in this
chapter.

Participants’ responses to the two questionnaires and the content of the
technology-integrated lesson plans were investigated to identify their initial
TPACK-P levels for two domains, the assessment domain and the planning and
design domain. Participants did not consider technology as a teacher knowledge
type such as pedagogical knowledge and content knowledge since here was no
emphasis on technological knowledge among the answers participants provided for
the two questions in The Views about Teaching Profession Questionnaire. Answers
provided for Technology Usage Questionnaire revealed 18 types of technologies
that participants knew about and used before. Although there were a broad range of
technologies that they were aware of and that they had used for several educational
aims, they did not integrate these technologies in their lesson plans. Six participants
among 11 integrated technologies to their initial lesson plans. However, the
technologies were incompatible with the mathematical content. Moreover, the
pedagogical strategies matched with the selected technologies were not mentioned.
According to these findings, it was decided that all participants were at level 1 in
the Planning and Design domain of TPACK-P. In addition, there was no participant
who mentioned technology use for assessment and evaluation purposes neither in
the lesson plans nor in the questionnaires. Therefore, all participants were

considered to be at level 1 in the Assessment domain.
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Participants’ TPACK-P proficiency levels at the end of the TUME course
were determined according to their second lesson plans, micro-teaching videos
where they enacted the course in their lesson plans, the peer- and self-assessment
forms filled by their peers and by themselves considering their micro-teaching, and
the individual interviews after they completed all of the TUME course
requirements. Participants’ TPACK-P levels differ in three domains. Considering
the proficiency levels for each domain, participants were clustered in three groups:
(1) Mostly Simple Adoption group, (2) Mostly Infusive Application group, and (3)
Mostly Reflective Application group, corresponding to TPACK-P proficiency
levels of 2, 3, and 4, respectively.

The participants in the Mostly Simple Adoption group tended to utilize
technology to assess mathematics learning by providing repeated practices in a
motivating platform to enhance participation. They basically considered using
online assessment programs for their physical properties and being user-friendly
both for students and teachers. All of them prepared comprehensive questions and
were able to use different question types that the programs offered. They
particularly emphasized technology integration in their plans and interviews to
present mathematics content digitally for providing visualization, summarizing the
subject, and increasing student motivation towards learning mathematics. Their
views about integrating technology were teacher-centered as well as their plans and
micro-teaching implementations.

The performance of the participants in the Mostly Infusive Application
group in three domains of TPACK-P included considerably effective technology-
enhanced applications. Three participants utilized technology for pre-assessment to
identify prior knowledge, misunderstandings, learning styles, and learning needs
and to build relationship between previous knowledge and the new knowledge
through classroom discussion. All of the participants in the Mostly Infusive
Application group conducted post-assessments by using online assessment
programs to assess and evaluate mathematical knowledge and to identify and
support diverse student-learning. There were different problem types including

different representations of the mathematics subjects. In addition, the participants
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formed discussion environments and evaluated the assessment results relying on
the detailed feedback provided by the assessment programs. They considered
several pedagogical aspects while utilizing technologies for post-assessment
purposes. All of them were aware of the importance of identifying prior knowledge
connected with the new subject and determining learning needs and
misconceptions. All of the participants used the affordances of the online
assessment programs while preparing and conducting the quizzes. However, there
were no attempts of assessment to determine whether the instruction was
implemented well. They planned and enacted technology-assisted courses which
included student-centered activities. The activities were conducted in a
collaborative environment to promote comprehension and aimed to enhance active-
participation. In addition, technology use aimed at promoting students’ own
construction of knowledge. Planning and design performances of the participants in
this group were relatively better than their enactment performances.

The participants in the Mostly Reflective Application group were able to
select and adapt appropriate technologies to evaluate students’ learning styles and
difficulties, prior knowledge, and mathematics knowledge before, through, and
after instruction. They designed and implemented technology-supported student-
centered instructions in which functions of technologies were utilized efficiently
and strategically to enhance students’ exploration of mathematical concepts and
construction of their knowledge. Technologies were meaningfully and purposefully
integrated to curriculum goals to improve instructional efficiency. Participants’
utilized technology to enhance students’ learning, to facilitate both teacher’s and
students’ exploration and construction of mathematical knowledge with strategic,
skillful, purposeful, and meaningful uses of technology. Technology integration
improved their instructional effectiveness. They redesigned mathematics objectives
in the curriculum to integrate technology meaningfully. The implementations
referred to the learning objectives in the curriculum but they were redesigned in a
way that was completely different than traditional content. The objectives about a
concept were covered all together rather than separately. Moreover, participants
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presented the relationship between them through construction and representations.

The measurements were related with the positions of the geometrical figures.
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CHAPTER 6

DISCUSSION

The aim of the present study was to enhance and investigate pre-service
middle school mathematics teachers” (PMTs’) Technological Pedagogical Content
Knowledge - Practical (TPACK-P) development through the undergraduate course
Technology Use in Mathematics Education (TUME). The theoretical basis of the
present study was grounded on the practice-based and content-specific nature of
TPACK. Thus, TPACK-P framework was used as a practice-based framework to
develop and investigate PMTs’ technology-integration skills through an
undergraduate course which focused on effective utilization of various technologies
in relation with pedagogical strategies in teaching middle school mathematics
content. The results showed that the TUME course empowered PMTs’ technology
integration proficiencies with respect to TPACK-P framework. PMTs’ beginning
TPACK-P was detected at level 1 which is the Lack of Use Level. PMTs’
progresses revealed TPACK-P development at the end of the TUME course.
Hence, their TPACK-P levels increased from level 1 to higher levels in all three
domains.

PMTs’ TPACK-P proficiencies at the end of the TUME course were mainly
reported with respect to the indicators in the TPACK-P framework in the previous
chapter. PMTs’ TPACK-P developments were reported in three groups which were
Mostly Simple Adoption Group, Mostly Infusive Application Group, and Mostly
Reflective Application Group corresponding to levels 2, 3, and 4, respectively. The
group members showed similar knowledge and behaviors in Assessment domain,

Planning and Design domain, and Enactment domain as proposed in TPACK-P
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framework (i.e., Jen et al., 2016). PMTs’ technology integration revealed their
TPACK-P in various extends and these aspects were discussed in comparison with
the relevant literature in this section. Then, implications for practice and
recommendations for further studies were provided in the light of the findings of
the study.

Stating the definitions of TPACK-P levels at this point was considered
important in order to have a complete understanding of the findings. Teachers’
TPACK-P proficiencies were investigated and the components of this knowledge
were identified by Yeh, Hsu, Wu, et al. (2014). Then, the features of teachers who
possess TPACK-P proficiencies were identified by Yeh, Lin, Hsu, et al. (2015).
Finally, the TPACK-P framework was validated and finalized by four levels of
teachers’ knowledge about and application of TPACK-P and indicators belonging
to these levels were identified by Jen et al. (2016). In brief, level 1 (Lack of Use
Level) referred to knowing about technologies but not integrating into instruction;
level 2 (Simple Adoption Level) referred to integrating technology into instruction
to facilitate student learning; level 3 (Infusive Application Level) referred to
appropriate selection and meaningful integration of technology to instruction
compatible with learning goals and student needs, and supports teachers’
instruction; and level 4 (Reflective Application Level), in addition to the purposes
in the lower levels, referred to integration of technology in a student-centered
learning environment providing reflective thinking and development of creative

materials aligned with curriculum (Jen et al., 2016).
6.1 PMTs’ TPACK-P Levels at the Beginning of the TUME Course

PMTs’ technology acceptance was low that none of them mentioned
technological knowledge as teacher knowledge and they hardly mentioned about
technology as an educational tool in The Views about Teaching Profession
Questionnaire. On the other hand, Technology Usage Questionnaire revealed 18
types of technologies that PMTs knew about and used before, most of which they
met in the teacher education program. They mentioned several purposes of their

utilization of technology as preparing presentations, posters, puzzles, concept
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maps, and tests, drawing graphs and geometric shapes, exploring coordinate axis,
and making calculations. There was no indication about use of technology for
assessment purposes.

Although PMTs had experienced a large spectrum of general and
mathematics content-specific technologies previously, five PMTs were not able to
prepare a technology-integrated lesson plan in their first lesson plan assignment at
the beginning of the TUME course. The rest of the lesson plans included
Powerpoint, projector, GeoGebra, and video. PMTs’ beginning lesson plans
demonstrated technology use for content transfer instead of providing knowledge
construction or promoting understanding. They utilized technology as a substitute
in their lesson plans. This has been widely discussed among researchers that
teachers adapt technologies in transferring the content rather than enhancing
student learning (Harris, Mishra, & Koehler, 2009; Sang, Valcke, van Braak, &
Tondeur, 2010; So & Kim, 2009). Ozgun-Koca et al. (2010) reported pre-service
secondary mathematics teachers’ naive use and superficial incorporation of
technology at the beginning of the first methods course. Moreover, in their
following research, Meagher et al. (2011) identified similar uses of technology in
pre-service secondary mathematics teachers’ initial lesson plans such as additional
tools with no aim for improving the instruction or facilitating students’
understanding. The goals PMTs expressed for using the technologies in the present
study were concretization and visualization of the mathematics concepts,
motivating students, and summarizing the subject. The lesson plans were not
detailed about how the technology would be integrated and how it would be
implemented in a classroom. The pedagogical strategies were not mentioned either.
In addition, there was no technology utilization for assessment purposes such as
assessing students’ prior knowledge, needs, learning styles, mathematics
knowledge, or the effectiveness of the instruction. Moreover, the technology
selections in PMTSs’ initial lesson plans were not related with the mathematics
objectives or the mathematics objectives to be addressed in technology utilization
were not identified. The learning of the mathematics content was not carried out

through the selected technology.
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PMTs’ beginning TPACK-P levels asserted that they improved capabilities
in terms of recognizing and experiencing a variety of technologies in the teacher
education program. However, their technology integration knowledge and skills
were not adequate for adapting technology to mathematics education. They used
technologies in limited facilities although the technologies offered more
affordances. Their technology integration experiences were from instructors’ use of
technology and their own use for preparing assignments and presentations. They
indicated that the aim of instructors’ technology utilization was to share content.
Such technology familiarization of junior and senior PTs were reported elsewhere
(i.e., Mouza & Karchmer-Klein, 2013). However, this situation has been a concern
raised in the related literature that the courses in teacher education programs, which
are merely concerned about the development of technology usage skills, cannot
build technology integration skills thereby TPACK, because the technological
knowledge presented to PTs is generally isolated (Bakir, 2015; Koehler & Mishra,
2009; Koehler et al., 2007; Mouza & Karchmer-Klein, 2013; Polly et al., 2010; So
& Kim, 2009) despite the importance of supporting the development of content-
specific knowledge about and application of technology integration (Baran &
Canbazoglu-Bilici, 2015; Voogt et al., 2013; Yeh, Hsu, Wu, et al., 2014).
Therefore, it might be the case that the teacher education program did not offer
sufficient technology integration opportunities for PMTs. The technology emphasis

in the program seemed to be rather isolated.
6.2 PMTs’ TPACK-P Levels at the End of the TUME Course

The findings showed that all of the PMTs’ TPACK-P proficiency levels
were increased at the end of the TUME course. While some PMTs performed at the
same level in all of the three domains, others” TPACK-P levels differed between
the domains. PMTs were clustered according to their TPACK-P levels in three
domains. If a PMT progressed at a specific level in at least two domains, then s/he
was considered to be at that level for overall TPACK-P. Besides, PMTs” TPACK
in using technology in assessment, designing technology-integrated courses, and

application of technology-infused instructions were also investigated. Therefore,
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discussion about PMTs’ TPACK-P performances both referred to PMTs’
performances between the three groups and the comparison of their performances

between three domains in comparison with the results of the related past studies.
6.2.1 PMTs’ TPACK-P Levels in Groups

PMTs in the Mostly Simple Adoption Group utilized technology mostly for
motivation and to increase participation. To serve these aims, technology was
incorporated in summarizing the content, presenting example questions, presenting
the subject through technology to ease the instruction, and visualizing the content.
There were also purposes linked directly with the mathematics content such as
using calculators in estimation topic and showing the length measure on GeoGebra.
However, their technology integration did not serve for transformation of
mathematics subjects to support students’ needs and students’ construction of
mathematics knowledge. Moreover, PMTs utilized only the technologies which
fitted to the lesson plans by using them in less potential, although they were aware
of the affordances of the technologies and experienced them through the course.
They criticized their technology-integrated mathematics course designs in the
interviews and expressed that they would add more representations of the content
through technology when they would teach the same subject again. This difference
might be because PTs tend to have ideas reflected higher level of TPACK than they
reflect in their lesson plans (e.g., Meagher et al., 2011). PMTs in this group also
emphasized the power of technology in enhancing the instruction and promoting
student learning. Appropriate technology selection and cohesiveness with the
content (Graham et al., 2012) were successful aspects investigated in PMTs’
knowledge about and application of TPACK-P in this group. Apart from their
knowledge of TPACK, PMTs in this group could not design and implement
technology-integrated lesson plans in student-centered environments. They showed
similar characteristics with the teachers in technology transitional group in the
study conducted by Yeh, Lin, Hsu, et al. (2015) in terms of considering students’
learning difficulties and needs. Yeh, Lin, Hsu, et al. (2015) identified 40 teachers’
TPACK-P through interviews. The teachers who were determined as technology
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transitional teachers stated inflexible utilization of technology. Their knowledge
about utilizing technology for assessment purposes was adequate. However, they
tended to use traditional assessments. This was also the case for PMTs’
instructional planning and design in the present study. They were willing to use
technology to assist students’ learning and showed efforts to serve this purpose. As
indicated in Yeh, Lin, Hsu, et al. (2015), their efforts would have been elaborated
by more student-centered uses of technology. These technology transitional
teachers were determined to be at level 2 which is Simple Adoption Level (Yeh,
Lin, Hsu, et al., 2015) as the PMTs in this group.

In the Mostly Infusive Application Group, PMTs demonstrated effective
technology-enhanced designs and applications. Some PMTs in this group utilized
technology for prior assessment in addition to the end of course assessment
applications in the first group. They utilized technology not by merely presenting
mathematics content through technology as in the first group but presenting
difficult subject content in diverse and efficient ways such as presenting dynamic
content through multimedia. Their technology utilization aims were identifying
students’ learning styles and learning difficulties and assisting learning by utilizing
various representations provided by appropriate technologies. PMTs need to
develop skills to look beyond most common uses for technologies, reconfigure
them for customized pedagogical purposes (Koehler & Mishra, 2009), and
repurpose tools for pedagogical purposes (Koehler, et al.,, 2011). These were
evidenced in this group. The technology-infused instructions provided the
opportunity to construct knowledge such as, with the support of isometric
background on Smart Board. Some of the PMTs considered associating related
mathematical concepts and referred to these relations by using the affordances of
the technologies. Utilization of technology to build connections between associated
concepts was considered as indicator of high level of TPACK in the related studies.
For instance, when determining pre-service secondary mathematics teachers’
TPACK development, Bowers and Stephens (2011) focused on the attempts for
building mathematical relations and probing questions that encourage learners to

think from different perspectives in lesson plans and micro-teaching instructions. In
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this group in the present study, pedagogical strategies were shifted towards student-
centered applications in a collaborative environment with the support of
technology. For instance, PMTs guided and managed interactive classroom
discussions by asking leading and interpretive questions relying on Powerpoint
presentation, YouTube video or performance reports of online assessment
programs. PMTs mentioned several technologies that would enhance their
instructions. However, they recognized the need for and effectiveness of
incorporating other technologies after they had watched their micro-teaching
videos and had read peer-reflection forms. The peer-assessment practices were
reported as having the potential to provide PTs to develop ideas about efficient
ways of incorporating technology to enhance their designs (i.e., Agyei & Voogt,
2012; Angeli & Valanides, 2009; Bowers & Stephens, 2011). When compared with
their implementations, the knowledge of the PMTs in this group reflected higher
level of TPACK-P. Their lesson plans and/or statements in the reflection forms and
interviews indicated more effective technology-integration, but their enactments
were not at that level, reflecting the previously reported gap between PTs’
knowledge about and application of TPACK (So & Kim, 2009). The PMTs in this
group possessed similar knowledge and behaviors about technology integration
with the technology-infusive teachers determined by Yeh, Lin, Hsu, et al. (2015).
Technology-infusive teachers tended to empower the affordances of the
technologies to identify and support students’ learning needs and styles and to
support instruction to enhance students’ self-construction of knowledge. They
provided student-centered implementation suggestions to conceptualize the content
with high interaction between teacher and the students (Yeh, Lin, Hsu, et al., 2015)
which was the case for the PMTs’ planning and implementations in this group.

The PMTs in the Mostly Reflective Application Group designed and
implemented technology-integrated mathematics lessons to enhance students’
learning, to facilitate both teacher’s and students’ exploration and construction of
mathematical knowledge, and building connections between concepts through
strategic, skillful, flexible, purposeful, and meaningful uses of technology. For

instance, P11 utilized an activity on GeoGebra for identifying students’ needs and
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prior knowledge about properties of geometrical shapes and managed the
instruction accordingly which was about the properties and area of a parallelogram.
PMTs revised the objectives in the curriculum and demonstrated the relationships
between the objectives through construction and multiple representations with
technologies. Their lesson designs included dynamic construction and manipulation
which would not be conducted with paper and pencil. For instance, GeoGebra was
incorporated to demonstrate dynamically the change of the place of height of a
triangle and the relationship between height and base in three types of triangles in
P1’s implementation. In addition to their lesson plans and implementations, in the
interviews PMTs emphasized the importance of student-centered strategies to
facilitate students’ exploration of mathematical phenomena and to construct both
their own learning and students’ learning through technology integration. Both of
the PMTs in this group preferred to utilize GeoGebra to support students to
construct their own knowledge, a highest level characteristic that was examined in
PMTs’ use of dynamic geometry software (i.e., Akkaya, 2016). In this group,
PMTs’ knowledge about and skills of technology integration to mathematics
education met the intended characteristics of teachers in the highest level of
TPACK-P.

The selection of the technologies adaptable with the subject and the
selection of appropriate instructional methods are important for planning and
designing curriculum goals (Niess et al., 2009). The technologies used in the three
groups served as instructional necessities rather than substitutes for other tools.
Mathematics content was found to be the determinant for technology preferences of
PMTs. They thoroughly examined the affordances of the technologies to
effectively represent the content. In addition to the technology selection appropriate
with the content, another important decision was the pedagogical strategies
employed to empower the technology-infused instruction. In the related studies
about PTs’ mathematics content-specific TPACK development, it was examined
that PTs recognized the need for a pedagogical shift when technology was
integrated to course and they tended to design and implement student-centered

courses or activities (e.g., Agyei & Voogt, 2012; Cavin, 2008; Haciomeroglu et al.,
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2010). Although all of the PMTs’ views reflected student-centered uses of
technology, in practice this was not the case for all. In contrary to their knowledge
about a range of instructional strategies that would fit to their lesson plans, the
lesson plans were not qualified in terms of instructional activities such as drill and
practice as was the case of PTs mentioned in similar studies (e.g., Mouza &
Karchmer-Klein, 2013). The lack of experience of classroom practices (Koh &
Divaharan, 2011) could have been the reasons for the poor pedagogical strategies

implemented in the micro-teachings.
6.2.2 PMTs’ TPACK-P Levels within Pedagogical Domains

PMTs” TPACK-P development was discussed on a horizontal basis above.
Their progress was also examined from another perspective to reveal their TPACK-
P development vertically within the three pedagogical domains of TPACK-P which
are Assessment domain, Planning and Design domain, and Enactment domain.
Besides, PMTs’ knowledge about and application of TPACK-P in Planning and
Design domain and Enactment domain were compared.

Technological tools could be transformed for pedagogical purposes
(Koehler & Mishra, 2009) such as assessment and evaluation. PMTs’ technology
utilizations for pre-assessment and post-assessment purposes reflected different
levels of TPACK-P changing from level 2 to level 4. There was one example of
technology-assisted assessment in level 2. This was a post assessment application
to enhance motivation, participation, and receive the performance report provided
by an online assessment platform. The design of the assessment was not
pedagogically supported. There was one type of question although the program
served for many alternatives; the facilities of the program were not considered and
used; and the PMT did not provide any feedback to the students. The technology-
integrated assessments in level 3 indicated instances of assessments applied at the
beginning and the end of the course. Technology-assisted prior assessments aimed
to identify prior knowledge and learning needs through classroom discussions by
increasing the interaction between teacher and the students which were their peers

in the micro-teaching. Although all of the PMTs in level 2 were aware of the
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importance of identifying prior knowledge connected with the new subject and
determining learning needs and misconceptions, only some of them designed and
implemented technology-integrated prior assessments. Technologies were
indirectly used in these prior assessments. Online assessment platforms were
selected as the end-of-course assessments considering their physical properties,
being user-friendly both for students and teachers, and offering different question
types. The purposes of these applications were to assess and evaluate mathematical
knowledge and to identify and support diverse student-learning by using different
problem types, addressing different representations of the mathematics subjects,
providing feedback by discussing the solution after every question, and assessing
mathematical knowledge by using the performance report. The technology-infused
assessments in level 4 were skillful and strategic uses of technologies. The aims
added to that of level 3 were identifying misconceptions and learning needs about
the mathematics concepts through online assessment programs and dynamic
software, then managing the instruction accordingly. Other aims for end-of-course
assessments in level 4 were evaluating students’ performances, informing students
about their individual performance, discussing with the students about the possible
solution ways of the questions, informing teachers about the effectiveness of the
instruction, and using the performance report provided by the online assessment
programs to inform parents.

Assessment domain in TPACK-P framework indicates gaining information
about students’ learning through technology before and after the course (Yeh, Lin,
Hsu et al., 2015). However, assessment and feedback is a problematic issue in
terms of technology integration (Tondeur, van Braak, et al., 2012). All of the PMTs
utilized online assessment programs in the present study. However, there were no
technologies used for end-of-course assessment other than the online assessment
programs. This could be explained by the content of the TUME course that only the
online assessment programs were examined in the technology week related with
assessment. Another reason for the lack of technology-infused assessment and
evaluation could be the nature of traditional assessment techniques (Yeh, Lin, Hsu,

et al., 2015). Pre-service and in-service teachers might depend on traditional
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assessment and tend to integrate technology with assessment especially at the end
of the lesson. Indeed, previous studies showed that assessment is the domain which
teachers have problems the most in their TPACK-P (Ay et al., 2016).

On the other hand, the prior assessments which were performed with the
support of technology were exemplary applications. In prior assessments, PMTs
utilized several technologies which demonstrated the consideration of the
affordances of the technologies and repurposing the technologies skillfully for
assessment and evaluation with supportive pedagogical strategies by addressing
guiding questions to initiate a discussion. Although most of the PMTs emphasized
the importance of prior assessment in the interviews, only some of them planned
prior assessments with the support of technology. There were technology
utilizations to identify prior knowledge and needs through displaying poster, video,
and photos on Powerpoint including pictures from Pinterest. There was one
example of technology-assisted assessment at the beginning of the course for the
purpose of planning the instruction. The only example of assessment during the
course was a construction process on GeoGebra. P11 managed the activity she
created on GeoGebra by leading questions to identify students’ prior knowledge
and needs.

PMTs’ TPACK-P proficiency levels in Planning and Design domain and
Enactment domain performances were discussed together because they are
interrelated domains. Studies have addressed that teachers’ lesson plans and/or
activity designs indicated higher TPACK than their implementations (e.g., Ay et
al., 2016; Meagher et al., 2011). In fact, there were PMTs who did not implement
the technology-supported activity in the micro-teaching the way they designed in
the lesson plans, which also emerged in similar studies (e.g., Mouza & Karchmer-
Klein, 2013; Niess, Sadri, & Lee, 2007). Moreover, about overall proficiency in
TPACK-P, Ay et al. (2016) indicated that teachers had highest average in
curriculum design domain, lowest point average in assessment domain, and
teachers showed low proficiency skills in practical teaching domain. In the present
study, some PMTs had one level difference between Planning and Design domain

and Enactment domain. Although technology integration in their lesson plans were
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aligned with level 3 in Planning and Design domain, their levels in Enactment
domain were corresponding to level 2. However, this difference was only observed
in two cases. The rest of the PMTs’ levels in Planning and Design domain and
Enactment domain were the same. This result indicated that through the TUME
course, PMTs developed their TPACK-P both in knowledge about and application
of TPACK. The ability of effectively integrating technology in practice as it was
planned could be explained by the effectiveness of the TUME course. Throughout
the technology weeks in the TUME course, PMTs had an active designer role in
planning technology-integrated activities for middle school mathematics subjects,
and engaged discussions in the classroom and in an online platform about the
practical application of the activities. The TUME course was developed through
the practice-based and content-oriented characteristics of the TPACK-P framework
which supported the view that TPACK develops for and from content-specific
teaching practices (Jen et al., 2016; Yeh, Hsu, Wu, et al., 2014). Moreover, the
transformative, collaborative, activity-supported, and practice-based learning
principles of the TUME course were believed to influence PMTs’ consistent
development of both planning and practical skills as parts of their TPACK-P.

It has been the case that PTs cannot fully transfer their knowledge about
technology utilization while planning (Meagher et al., 2011; So & Kim, 2009) and
teaching (Jen et al., 2016) technology-integrated courses and cannot fully enact
their technology-supported lesson plans during their teaching (Mouza & Karchmer-
Klein, 2013). The present study also had similar findings that PMTs’ knowledge
and views about the role of technology in enhancing mathematics teaching and
learning, which was observed in the reflections on peers’ micro-teachings and in
the interviews, reflected higher TPACK-P than their actual practices in the micro-
teachings. In addition, PMTs’ lesson plans indicated higher level of TPACK than
their practices.

The TUME course had the potential and aim to encourage PMTSs to use new
technologies in transforming teaching. The course directed PMTs to rethink about
the role of technology. Viewing technology as a tool to achieve instructional goals
(Agyei & Voogt, 2012) and repurposing technology for pedagogical purposes
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(Koehler et al., 2011) are the expected skills of teachers with qualified TPACK.
Although PMTs were talking about how to use technology in mathematics content
in the beginning of the TUME course, they were referring to the pedagogical issues
such as considering student needs and learning to address by repurposing
technology at the end of the course. At the beginning of the TUME course, PMTs
integrated technology as an add-on tool for reinforcement without relating to the
content and to pedagogical issues in their first lesson plans and they did not
consider technology as a teacher competency in their responses to The Views about
Teaching Profession Questionnaire. In contrary, their final lesson plans and
implementations were exemplary mathematics courses where technology was
incorporated for identifying students’ prior knowledge and learning needs and for
constructing knowledge by repurposing technological tools. PMTs’ views towards
the role of technology were shifted from viewing technology as a motivating tool to
considering it as an instructive tool for enhancing learning, which was also reported
for the case of training pre-service secondary mathematics teachers for TPACK
within the methods course and field practice (Ozgun-Koca et al., 2010).

Such shift, however, was reached within a combination of experiences that
were reflected on the TUME course. PMTs observed middle school mathematics
courses in the context of School Experience course in their previous semesters. As
the follow up course of the School Experience course, PMTs enrolled to the
Teaching Experience course at the same semester with the TUME course. In the
context of the Teaching Practice course, they were practicing at the collaborating
middle school and they instructed lesson plans in that school. In addition, they
observed middle school mathematics courses from 5" to 8" grades and gained
experience about authentic classroom contexts, student characteristics, classroom
management, and other aspects of teaching and learning process in these
observations, and teaching practice experiences during the two semesters. PMTs
mentioned about these experiences in the classroom discussions in the TUME
course and in the interviews when talking about their decisions for the technology
integration and pedagogical strategies in their designs. Their statements showed

that observing and practicing at authentic classroom environments in the middle
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school affected their decisions in designing technology-infused activities through
the technology weeks at the TUME course, the end-of-course lesson plans, and the
micro-teaching of these lesson plans.

PMTs in the present study seemed to have the benefit of having almost
completed all the courses and practice teaching at the teacher education program.
They were qualified in basic computer skills through Computer I and 11 courses and
Instructional Technologies and Material Design courses; they were familiar with
the middle school mathematics content and curriculum which they
comprehensively examined in the methods courses; they were trained and
experienced in planning and designing mathematics courses in methods courses,
knowledge of pedagogical strategies from pedagogy courses, and they had the
opportunity to observe authentic mathematics courses and practiced several times
in the school experience and teaching practice courses. They explicitly referred to
their field experiences and one-to-one private courses throughout the course
discussions and interviews. On the other hand, when PTs do not consider field
experience as a support while designing technology-integrated activities and lesson
plans, they do not always have the desired TPACK development (Meagher et al.,
2011). Additionally, when the training that aims to develop pre-service
mathematics teachers’” TPACK is placed in existing courses focusing on other
domains (such as content and pedagogy), the desired TPACK development does
not take place (Meagher et al., 2011). Therefore, the key element in the shift in
views about technology integration seemed to be PMTs’ views about the benefits
of teaching practice and the nature of the TUME course.

Knowledge about and application of incorporating technology to
accommodate students’ learning needs and supporting learning by remedying their
misunderstandings correspond to skills in higher levels of TPACK-P (Jen et al.,
2016). PMTs mentioned about their experiences mostly while discussing on middle
students’ prior-knowledge, misconceptions, learning needs, and learning styles. In
addition to what they had experienced from the observations of the middle school
mathematics courses, most of the PMTs implemented the same mathematics

subject both in the middle school and the TUME course. Therefore, they expressed
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that their selection and integration of technology were depended on the learning
difficulties of the middle school students which they experienced when they taught
the same subject in the collaborating middle school. Similarly, in the interviews
some of the PMTs also provided instances from their private courses that the
purposes of their technology selections were aimed at addressing the
misconceptions and learning difficulties of students. Some PMTs exemplified
about situations from their experiences that they could not overcome learning
difficulties about content even they had the necessary materials. They suggested
several technologies to effectively support students’ understanding and emphasized
the strong need for technology utilization at those times.

In addition to observing and experiencing middle school students’
misconceptions about mathematics subjects, PMTs detected several needs
regarding other pedagogical issues such as instructional management and
motivation for participation in the collaborating school and suggested technology-
integrated solutions for these issues. Some of the PMTs asserted that they utilized
technologies such as Smartboards in the collaborating schools and online
assessment platforms in their private courses when they experienced these
technologies in the TUME course. The authentic experiences in middle school
classrooms encouraged PMTs to use technology in different ways for effective
teaching.

PMTs’ decisions of technology integration were driven from their puposes
of pedagogy. For instance, if they saw the need for assessing prior knowledge and
misconceptions about the subject they looked for diverse ways of effective
assessment and evaluation with technology. Another instance was that the
technology was considered for multiple representations to surve the purpose of
differentiating instruction for students’ knowledge construction in a student-
centered environment. Moreover, some of the PMTs utilized the affordances of
technologies to manage the student-centered instructional strategies and to track
each student’s progress. TPACK-P framework was proposed as a two-dimensional
framework based on TPACK-P levels and three pedagogical domains. Therefore,

the framework was applicable for the case of eleven PMTs in the present study for
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its emphasis on pedagogy.
6.3 The Influence of the TUME Course on PMTs’ TPACK-P Development

The related literature embodies studies about facilitating and investigating
PTs’ technology integration skills through courses in teacher education (e. g.,
Baran & Uygun, 2016; Graham et al., 2012; Meagher et al., 2011; Meng & Sam,
2013). Similarly, the TUME course was designed for enhancing and promoting
PMTs’ knowledge about and application of technology in designing and
implementing technology-infused mathematics courses. The content of the course
was comprised of three parts which were (1) the theoretical background of TPACK
and technology use in mathematics education, (2) investigation of a variety of
technologies, designing technology-integrated mathematics activities, and
reflecting on the designs, and (3) planning, designing, and implementing
technology-infused mathematics lessons. Moreover, the TUME course content was
designed and implemented with the view of TPACK as a unique body of
knowledge which embraces more than the components of TPACK which was also
addressed as a powerful approach by several researchers (e.g., Yeh, Hsu, Wu, et al.,
2014). The results of the present study implied that the TUME course succeeded in
developing all PMTs’ TPACK-P because it provided introduction of several
technologies, engagement in technology-related activities, practical applications of
technologies in mathematics content and these were supported with collaborative
work, guidance, and feedback from peers and the researcher. All PMTs’ TPACK-P
levels increased at the end of the TUME course. PMTs’ technology integration
skills developed both in planning and practice. Moreover, knowledge about and
confidence towards supporting teaching and learning of mathematics with
technology were developed. The possible reasons of this development were
detected in the TUME course content. The progress of PMTs’ TPACK-P was
discussed herein after in relation with the principles and content of the TUME
course.

Improving PTs’ technology utilization skills effectively requires meaningful

and supportive integration of effective approaches (Chien et al., 2012; Mouza et al.,
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2014). After reviewing the 19 qualitative studies related with TPACK, Tondeur,
van Braak, et al. (2012) stated that linking theory with practice, the teacher
educator being the role model, learning technology integration by designing, and
working collaboratively with peers were among the key factors that affect PTs’
technology integration. Based on the related literature, a transformative approach
including collaborative learning, activity-supported learning, and practice-based
learning were determined as the effective approaches to be utilized to serve the aim
of the TUME course and the present study. These were designated as the four
principles that the TUME course was grounded on to develop PMTs’ technology
integration knowledge and practices, namely their TPACK-P. In addition to the
emphasis in the literature, these principles were also covered in the TPACK-P
framework (i.e., Yeh, Hsu, Wu, et al., 2014, 2015; Jen et al., 2016).

The design and implementation of the TUME course, data collection tools,
data analysis, and interpretation of the findings were based on TPACK-P
framework which reflected transformative view towards TPACK. TPACK is a
unified and distinct body of knowledge that cannot be restricted to its sub
knowledge domains (Angeli & Valanides, 2009, 2015; Thompson & Mishra, 2007;
Yeh et al., 2014) and the complex combination of knowledge constructs that
emerge within teachers’ knowledge and practices (Jen et al., 2016). Therefore,
interpreting the findings of the study with an integrative view of TPACK, which
fails to explain technology integration in components of teaching and learning
practices (Angeli & Valanides, 2009), would be limited. All of the PMTs were
aware of various technologies and experienced their use for educational purposes in
some of their courses. Hence, they were well-equipped with technological
knowledge before the TUME course as evidenced in the Technology Usage
Questionnaire which was gathered at the beginning of the TUME course. They had
completed content-related courses and examined the middle school mathematics
content thoroughly in the two of the Methods courses. They had completed most of
the pedagogical courses before enrolling to the TUME course. From an integrative
view, being equipped with technological knowledge, pedagogical knowledge, and

content knowledge would have reflected its effect on the prior lesson plans of the
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participants. However, all of the PMTs were detected at level 1 proficiency level of
TPACK-P. Almost half of them could not provide an original technology-
integrated lesson plan. The rest of the PMTs who submitted technology-integrated
lesson plans used technology for demonstration of pictures and motivating
students. There were no aims for enhancing instruction, supporting learning, or
identifying students’ needs through technology utilization.

The TUME course was designed and implemented from a transformative
view towards TPACK with the aim of “preparing teachers to customize subject-
specific curricula with a consideration for both learners and contexts, through a
recursive process of instructional planning, enacting and reflecting” (Yeh, Hsu,
Wu, et al., 2014, p. 710). At the end of the TUME course, all of the PMTs
performed higher proficiency levels and their efforts of technology integration
showed elaboration of three knowledge constructs that form TPACK. Form an
integrative view, PMTs would also be expected to show similar competency in
utilizing technology in planning, assessment, and implementation of the lesson
plans at the end of the TUME course. However, most of the PMTs’ technology
integration levels differed among the domains. For instance, PMTs performing at
higher levels in Planning and Design domain could not show similar performances
in Assessment domain. Their performances also differed in technology utilization
for different assessment purposes. Technology-incorporated end-of-course
assessments were exemplary. However, effective technology integration for prior
assessment purposes was not examined in all plans and implementations.

The other principles of the TUME course were collaborative learning,
activity-supported learning, and practice-based learning which promoted PMTs’
TPACK-P development. Collaborative work in designing technology-enhanced
teaching materials enriches development of TPACK (Agyei & Voogt, 2012;
Koehler & Mishra, 2005; Koehler, Mishra, & Yahya, 2007, Polly et al., 2010,
Tondeur, van Braak, et al., 2012). Moreover, collaborative work empowers
designing high level quality materials suitable for practical use (Yeh et al., 2015).
PMTs developed TPACK through developing their technology integration

competencies by engaging collaborative design activities, completing all of the
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required tasks of the TUME course within the class as a group through exchanging
ideas, experiences, and skills, and sharing their activities online on Facebook
course page. Interacting with each other while designing technology-integrated
products in every activity and discussion, reflecting on each other’s technology-
integrated activity designs at the technology weeks, and peer- and self-reflections
upon the micro-teachings triggered PMTs to think critically. These altogether
assisted to develop and evaluate PMTs” TPACK-P. Engaging in designs activities
about technology integration, collaboration with peers, and providing feedback
have been some of the effective strategies in teacher education programs to develop
PTs’ competencies about effective technology integration in classroom practice
(Tondeur, van Braak, et al., 2012). Similar results were revealed in the practice-
based study conducted by Cavin (2008) that PTs developed TPACK through
micro-teaching experiences through an undergraduate course. PTs engaged in a
cycled-practice in which they worked in groups and thought, reflected, and
modified technology-integrated mathematics courses repetitively. PTs indicated
that collaborative work with peers facilitated their technology-integrated lesson
designs (Cavin, 2008).

In the process of developing TPACK, teachers are expected to seek for the
ways in which technologies best match with several pedagogical strategies and
content to support and enhance learning (So & Kim, 2009). In this respect, the
activities in the technology weeks provided a fruitful environment for PMTs to
search for the best matches of technology, pedagogy, and content by exchanging
ideas and criticizing each other’s designs. PMTs gained an active role in
technology supported activity planning in technology weeks and through lesson
planning at the end of the course. Collaborative work and active engagement in
designing technology-integrated materials were effective strategies for TPACK
development (Lee & Lee, 2014; Mouza et al., 2014). Agyei and Voogt (2012)
investigated the influence of working in collaborative design teams on four PMTs’
integration of technology-enhanced lessons and on their TPACK. It was found that
active engagement in design teams supported PMTs’ TPACK development.

According to Lee and Lee (2014) being a designer provides PTs an active role
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while building connections between technology, pedagogy, and content. It was
found in recent research that designing activities supports critical thinking about
what kind, why, and how about incorporating technology to teaching and learning
(e.g., Meagher et al., 2011). Activity-supported learning shifts the focus from
teacher-centered approach to student-centered learning (e.g., Agyei & Voogt, 2012)
which was indicated in PMTs’ final lesson plans, implementations, and interviews.

TPACK-P is a knowledge construct that educators develop from their own
practices with technology and for using technology in practice (Jen et al., 2016).
Emphasis on practical use of technology is needed (Niess, 2008; Voogt et al.,
2016) and observations can unveil TPACK in practice (Koehler et al., 2012).
Practice-based content of the TUME course aimed at developing and strengthening
participants” TPACK-P through interaction with technologies, engaging
technology-enhanced activities in a supportive environment, and creating and
implementing technology-integrated designs as suggested by Jen et al. (2016). The
high level of practical skills of the PMTs in the micro-teachings could be linked to
their active role and practical experiences with technologies in the activities
through the TUME course.

In most of the studies which aimed at development and assessment of PTs’
TPACK in mathematics content, the technology was limited to one or at most four
software (e.g., Agyei & Voogt, 2012; Chai et al., 2013; Durdu & Dag, 2017; Kurt,
2016; Meagheret al., 2011; Meng & Sam, 2013; Ozgun-Koca et al., 2010), which
in turn limited PTs’ selections of the mathematics subjects to some extent. The
studies in the accessible literature did not report a course introducing both general
and content-specific technologies to develop PTs’ TPACK in mathematics.
Considering these, in the present study, the technologies introduced in the context
of the TUME course were adaptable to be used in accordance with diverse
pedagogical strategies and mathematics subjects. This provided PMTs with the
opportunity to reconsider the entire middle school mathematics curriculum by
deciding the technology they selected to utilize. The PMTs were introduced with
both content-specific technologies (i.e., virtual manipulatives and interactive

games, graphing calculators and GeoGebra as dynamic environments, Smart
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Boards) and general technologies (i.e., online visual sharing platforms, concept
map preparation applications, poster and infographic programs, quiz preparation
programs and online assessment programs, video editing applications). After
introducing the technologies, PMTs designed and offered activities supported with
pedagogical strategies within the context of middle school mathematics curriculum.
PMTs were able to recognize the ease of use and benefit of technology and built
interrelationship between these technologies, pedagogical strategies, and middle
school mathematics subjects when they experienced various technologies through
the TUME course. PMTs were free to choose technologies to adapt in their final
lesson plan and implementations. It was revealed that they utilized various general
and content specific technologies according to the purpose of their designs.
Moreover, all of the PMTs explored mobile applications (i.e., mind map, graphing
calculator ClassPad, poster, 3D, Pinterest, Video Show) intentionally, developed an
expertise for them easily, and integrated them in their group works through several
activities. In the interviews, PMTs provided instances from how they utilized
mobile applications with middle school students in the collaborating middle school
and in the private courses. When the types of technologies PMTs utilized at the
final lesson plans were compared with the technologies introduced in the context of
the TUME course, it was ascertained that PMTs incorporated most of the
technologies they experienced in the context of the TUME course. The other
technologies (i.e., online games, graphing calculator) that were not included in the
lesson plans and micro-teachings were suggested for use in the peer-reflections and
interviews.

The literature indicated that teachers’ confidence in using technologies was
low and teacher education programs can support them with several practices to
raise their confidence (Kaufman, 2015). In the present study, all of the PMTs
expressed at the end of the TUME course that they were confident in using
technologies. They also mentioned that they would lead other teachers for
integrating technologies in mathematics courses in the future, which might indicate
their increased confidence in employing appropriate technologies in teaching

mathematics. Such intentions for leadership was expressed explicitly in one of
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ISTE standards for educators that teachers should be leaders who “model for
colleagues the identification, exploration, evaluation, curation and adoption of new
digital resources and tools for learning” (ISTE, 2017, p. 1). IT might be the case
that the content and the implementations of the TUME course also provided PMTs
the confidence for the leadership in technology integration.

Teachers are expected to be skillful in effective use of new technologies in
education (OECD, 2010). However, pre-service and in-service teachers struggle
about technology integration with appropriate pedagogical strategies to effectively
teach content when new technologies are offered in education (Yeh, Lin, Hsu, et
al., 2015). Experiencing and exploring successful technology-infused practices
with several types of technologies, teachers can develop confidence towards
integrating technology to education (Yeh, Lin, Hsu, et al., 2015) which was
accomplished in content-specific teacher education courses (e.g., Agyei & Voogt,
2012; Ozgun-Koca et al., 2010). PMTs in the first group in the present study
indicated that they were comfortable with using only the technologies they
experienced in the TUME course. The PMTs in the other two groups expressed that
they felt confident about using new technologies and integrating them in
mathematics education, as similar studies reported (e.g., Ozgun-Koca et al., 2010).
However, regardless of their improved confidence towards integrating technology
in their future teaching, PTs tend to be reluctant to utilize technology in their
implementations when it is not compulsory (Ozgun-Koca et al., 2010). Although it
was compulsory, all of the PMTs in the present study both improved confidence
and willingness towards technology-integration and demonstrated effective
integration in their lesson plans and/or implementations and did not present only
lack of motivation to integrate technology. The gains from the TUME course
requirements, which were based on engaging actively in the technology-integrated
design processes, provided extensive experience with technology to adapt in
middle school mathematics content. PMTs were also encouraged to repurpose
technological tools which in turn developed their confidence towards using not
only the technologies they experienced in the course but also new technologies

they would meet in the future.
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PMTs’ TPACK-P proficiency levels indicated a balanced development
considering the three domains. There were no participants with more than one level
difference between the TPACK-P proficiency levels in three domains. The levels
of each participant in three domains were either the same (i. e., P3, P8, P10, and
P11) or there was one level difference between them (i. e., P1, P2, P4, P5, P6, P7,
and P9). For example, a participant performing at level 2 in one domain did not
perform at level 4 in another, or a participant labeled at level 4 in one domain, did
not perform at 2 or 1 in the other domains. This demonstrated that participants who
recognized the affordances of the technologies and how to adapt in teaching
showed close performance in integrating technology to planning, implementation,
and assessment. Every participant acknowledged similar knowledge and
application in three domains. Therefore, the proximity of levels was +1 or -1
difference in three domains which was considered as evidence that the TUME
course achieved its purpose by effectively supporting the three domains together.

The findings revealed that increase was detected regarding all PMTs’
TPACK-P proficiency levels at the end of the TUME course. However, all of the
PMTs did not reach at the intended level, which was level 4, in terms of knowledge
about and application of TPACK-P. This shows that a single course, the TUME
course, might not be sufficient for the desired development of TPACK-P for all
PMTs. Similarly, Akyuz (2016) expressed that it was unlikely for all of the PTs to
develop TPACK in a limited time within one course. In the present study, the
teacher education program that the PMTs were enrolled in was comprised of a
variety of courses supporting PK, CK, and TK. On the other hand, there were no
courses aimed at developing all of them in a combined approach and the TUME
course was the only course in the program based on transformative view designed
for developing PMTs> TPACK. In their critical review of the intervention studies
concerning TPACK development, Chai et al., (2013) asserted that there appeared
the need to redesign multiple courses to enhance PTs’ technology-integrated design
skills. Therefore, TUME course might be considered as a good example of such
courses.

TPACK is a multifaceted knowledge type which involves the effective
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incorporation of technology in teaching (Angeli & Valanides, 2009; Niess, 2005).
Similarly, Koehler and Mishra (2009) defined TPACK as the professional
knowledge which necessitates the ability to “flexibly navigate the spaces defined
by the three elements of content, pedagogy, and technology and the complex
interactions among these elements in specific contexts” (p. 66) to create effective
and unique solutions. Meaningful selection and integration of technologies to
middle school mathematics content were evident in PMTs’ final lesson plans and
implementations. However, none of them provided or implemented the intended
level of flexible and creative technology incorporation to identify and address
students’ learning needs and to enhance learning. To remedy the lack of
repurposing of tools to serve pedagogical aims, PMTs could be provided with more
authentic experiences with designing lesson plans and activities and implementing
those activities in micro-teaching and middle school classrooms which afford
technological equipment.

6.4 TPACK-P Framework

TPACK-P framework was constructed with the participation of researchers
and teachers in the science field. Therefore, this framework was named to be a
science content-specific framework (Angeli et al., 2016). Although it was asserted
that this framework would be different with the contributions of researchers and
educators from other fields (Angeli et al., 2016), the benchmarks and the indicators
in the framework was adequate to analyze the data gathered in a mathematics
teacher education context in the present study. This might be the reason that
science and mathematics have been interrelated fields of education and technology
integration serves for similar purposes in both fields.

There were limitations in the framework in terms of pedagogical aspects.
To start with, the indicators in the framework do not explicitly cover management-
related competencies. Effective technology practices in teaching would result in
increase of teachers’ abilities to manage student learning (Yeh et al., 2014). In their
initial model, Yeh et al. (2014) proposed instructional management as one of the
eight knowledge dimensions of TPACK-P framework. This knowledge dimension
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covered teahcers’ ability to identify the affordances of technologies on instructional
management and to use technology skillfully in this regard. Then, this knowledge
dimension was placed under enactment pedagogical domain in the framework (Jen
et al., 2016). However, technology use for instructional management purposes was
only indicated in levels one and three. In other levels this dimension is implicitly
stated and it was left to researchers’ interpretations. In this case, it may be
suggested that the role of technology in teaching management is clearly expressed
at each level in both knowledge about and application of its use.

Another limitation of the framework was that the practice-based actions
were not present in the indicators of low levels. For instance, statements indicating
teachers’ practical implementations such as use various representations,”, and
utilize functions of technology to facilitate exploration in level 4, use appropraite
technology, implement appropriate multimedia, and implement appropriate digital
representations in level 3, and use online assessments and use different
representations in level 2 were examples for action-related statements (i.e., Jen et
al., 2016). These levels lack statements about knowledge of TPACK-P. On the
other hand, the indicators in level 1 reflected statements only about teachers’ views
of TPACK-P such as think technology supported assessments which were not
different from conventional assessments and had concerns regarding implementing
ICTs. The indicators did not consist statements about what was lacked in the
implementations of these teachers in level 1. These indicators need to be extended
considering knowledge of and application of TPACK-P in each level and domain
since since TPACK-P was proposed as both knowledge-based and practice-based
framework. The knowledge and applications of PMTs in the present study could
serve as examplary behaviors to state new indicators or extend the existing ones in

four levels.
6.5 Implications and Recommendations

In this section, implications and recommendations were provided in light of
the results of the present study. The implications and recommendations referred to

two main issues. The first issue was about integrating the TUME course in teacher
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education programs as an approach for PMTs” TPACK-P development. The other
issue was about transformation of other courses in teacher education programs for
promoting PMTs’ proficiencies in terms of knowledge about and application of

technology integration to education, thereby enhancing PMTs’ TPACK-P.
6.5.1 Implications for Practice

This study contributed the field with the meticulously designed
undergraduate course. The design and implementation of a TPACK development
course relying on four design principles were explained in detail in the methods
chapter. The course demonstrated design and implementation suggestions for
teacher educators to plan and conduct similar context-specific courses. The course
was based on certain main characteristics. To start with, the TUME course was
designed based on four principles about pedagogical approaches for TPACK
development which were transformative approach (Angeli & Valanides, 2005,
2009; Yeh, Hsu, Wu, et al., 2014), collaborative learning (Koehler & Mishra, 2005;
Tondeur, van Braak, et al., 2012; Yeh, Lin, Hsu, et al., 2015), activity-supported
learning (Agyei & Voogt, 2012; Harris & Hofer, 2009; Yeh, Lin, Hsu, et al., 2015),
and practice-based learning (Jen et al, 2016; Yeh, Hsu, Wu, et al., 2014; Yeh, Lin,
Hsu, et al., 2015). Secondly, the TUME course covered a variety of technologies
that serve for several educational aims. The course was not limited to one or a few
technologies. Rather, PMTs were encouraged to meet, explore, and incorporate
many technologies when designing mathematics activities. The other major
characteristic of the course was that it covered all middle school mathematics
content rather than focusing on a single mathematics subject. The national middle
school mathematics curriculum content (MoNE, 2013) covered five learning areas
that were numbers and operations, algebra, geometry, measurement, and data
analysis. The PMTs were free to choose any learning objective from any of these
five learning areas from fifth to eighth grades when designing technology-
integrated activities and lessons. One of the unique characteristics of the TUME
course was the timing of the course and the experiences of the PMTs in the
program. The course was offered to the PMTs who were in their last semester in
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the teacher education program. PMTs have completed almost all the courses in the
program and were placed in collaborating school for their teaching practice.
Therefore, they were able to design and implement technology-infused lesson plans
by making use of their cumulative experiences in the program. Being in the last
semester of the teacher education program might have motivated PMTs to pay
more attention to the TUME course experiences and make sense of these
experiences considering their teaching practice, even though they did not
implement their lesson plans in middle school settings. Therefore, it can be
considered as an exemplary model of effective incorporation of technology for PTs
to experience as students (Niess, 2005) and as teachers.

Research on developing PTs’ technology incorporation skills pointed on the
need for revising the entire teacher education curriculum accordingly (Tondeur,
Pareja-Roblin, van Braak, Fisser, & Voogt, 2013). Promoting PTs’ technological
awareness for designing and enacting student-centered mathematics courses
(Huang & Zbiek, 2016) can be realized by infusing technology systematically and
inclusively in all courses offered in teacher education programs (Mouza et al.,
2017; Tondeur, Scherer, et al., 2017). Literature provides effective course designs
which attempted to enhance PTs” TPACK in mathematics by redesigning methods
course (Haciomeroglu et al., 2010; Lee & Hollebrands, 2008; Meng & Sam, 2013;
Ozgun-Koca et al., 2010), teaching practice course (Agyei & Voogy, 2012;
Balgalmis, 2013), mathematics courses (Durdu & Dag, 2017; Kurt, 2016; Meagher
etal., 2011), multiple of these courses concurrently (Mudzimiri, 2012; Niess, 2005)
or designing new courses (Akkaya, 2016; Akyuz, 2016; Bowers & Stephens, 2011;
Cavin, 2008). Among these, infusing technology to methods courses and field
practices supported development of PTs in terms of technology integration (Mishra
et al., 2009; Niess, 2012; Polly et al., 2010). The TUME course content covered the
content of these two courses to enhance and evaluate PMTs’ TPACK-P by
providing them opportunities in which they develop TPACK-P from and for their
experiences with technology. The practice courses are believed to provide PTs with
the opportunity to enact their technology-integrated lesson plans and develop their
knowledge about and application of TPACK, thereby develop their TPACK-P.
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This study does not intend to present the best course model for developing and
assessing PMTs> TPACK, rather to provide an approach for the development and
identification to foster teacher educators to consider the issue. The increased
TPACK-P levels of PMTs showed the positive influence of the TUME course. The
principles, content, and implementation details of the TUME course was believed
to take researchers’ attention to rethink about how TPACK can be developed
through an integrated course. The TUME course with its principles and content
could be implemented in other teacher education programs. Evaluation of the
influence of the TUME course on other PMTs’> TPACK-P would contribute to the
content of the TUME course. Moreover, the course can be instructed with the same
principles in teacher training programs for PTs’ TPACK-P development with
modifications.

This study revealed promising results that was achieved within a single
course which aimed at developing PMTs’ technology integration competencies.
However, all of the PMTs did not reach at the intended level which was level 4 in
terms of knowledge about and application of TPACK-P. PTs’ technology
integration skills need to be developed through multiple courses to enhance the
development of TPACK (Akyuz, 2016; Chai et al., 2013; So & Kim, 2009). Then,
it would be expected for all PTs to reach the intended proficiency level of TPACK-
P. Therefore, the content of the teacher education programs needs to be revised in a
more systematic way (So & Kim, 2009). For instance, Ay et al. (2016) indicated
that PTs’ technological knowledge and integration skills need to be enhanced in
teacher training especially within the context of Instructional Technologies and
Material Design course, School Practice course, and Teaching Experience course
or the courses with different names but similar contents with these. Niess (2011)
suggested that investigation efforts regarding TPACK can lead teacher educators to
reconsider and revise the teacher preparation programs. She also suggested
alternative ways to develop and measure TPACK. The results of this study
presented promising development of TPACK-P in the context of an undergraduate
teacher education program. In the present study, the technologies that were utilized

and the ways of integrating them should be considered in the context of EME
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programs in teacher training courses. Policy makers should initiate this reforn
process in all teacher education programs. The more PTs experience technology-
integrated activities, the more they will understand the relationship between
technology and pedagogy (Koh & Divaharan, 2011) within content.

The present study was grounded on TPACK-P framework. Hence, one of
the principles of the TUME course was practice-based learning. The results of the
study showed that the TUME course promoted PMTs’ technology integration
knowledge and applications derived from and for their practices with technology,
thereby their TPACK-P. TPACK is embedded in experience and develops through
practice (Yeh, Lin, Hsu, et al., 2015). PTs need opportunities to demonstrate their
knowledge in practice (Niess, 2008). Therefore, this study suggests that the courses
in teacher education programs should guide PTs both to design and practice the
technology-integrated instructions. Practice opportunities should be provided more
in teacher education within the context of multiple courses for increasing the
proficiency in Enactment domain. Related studies (e.g., Kurt et al., 2014) referred
to the importance of transformation of teacher education course contents to include
both design and practice of technology integrated instructions. The need for
offering technology-rich methods courses and field practice together for PTs to
develop their TPACK and instructional practices in designing and implementing
technology-enhanced courses has been a concern in the field (Meagher et al., 2011;
Polly et al., 2010). Therefore, consistent integration of technology in content,
methods, and field experience courses to develop PTs’ technology implementation
skills (Huang & Zbiek, 2016) should be considered in teacher education programs.

Technological tools could be transformed for pedagogical purposes
(Koehler & Mishra, 2009) such as assessment and evaluation. Technology-
integrated assessments allow evaluation of various skills and knowledge that
traditional assessment techniques cannot achieve. Although there was no indication
about use of technology for assessment purposes at the beginning of the TUME
course, PMTs utilized technology for several assessment purposes such as
assessing students’ prior knowledge, misconceptions, learning needs, learning

styles, mathematics knowledge, and the effectiveness of the instruction by using
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online assessment programs and/or repurposing other technological tools such as
Powerpoint presentation, poster, Pinterest, and GeoGebra. Their technology
utilizations for pre-assessment and post-assessment purposes corresponded to the
indicators in different levels of TPACK-P changing from level 2 to level 4.
However, there were no technologies used for end-of-course assessment other than
the online assessment programs. This could be explained by the content of the
TUME course that only the online assessment programs were examined in the
technology week related with assessment. The Measurement and Evaluation course
in teacher education programs can introduce technology-supported assessments to
PMTs and demonstrate that every technology can be transformed for assessment
purposes. Another reason for the lack of technology-infused assessment and
evaluation could be the dominance of traditional assessment techniques (Yeh, Lin,
Hsu, et al., 2015). In teacher education courses, PMTs’ performances could be
assessed and evaluated through technology such as e-portfolios (Tondeur, van
Braak, et al., 2012).

The technological constraints in the middle schools prevented PMTs to
practice technology use in authentic classroom environments since Internet, mobile
phones, computers, tablets, or laptops were not allowed in the collaborating middle
schools. Some classrooms only had projection software and a few included
Smartboards which were provided in the FATIH project. However, PMTs
emphasized that these were not actively used by the mathematics teachers in the
middle schools. The middle schools need technological equipments in this regard.
The major equipments could be listed as the Internet, computers, and Smartboards.
In addition, the general and mathematics content specific technologies which were
utilized in the context of the TUME course can be downloaded to the computers. In
addition, PMTs utilized or recommended the use of all of the technologies which
they experienced in the TUME course in their designs. Therefore, the general and
mathematical specific technologies used within the scope of the TUME course
should be accessible in schools. Moreover, both teachers’ and students’ access to
these programs need to be provided. Because, PMTs in the higher levels of

TPACK-P desgined and implemented student-centered mathematics courses in the
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present study in which they gave the responsibility to the students to construct their
own knowledge and meet their needs.

Middle school mathematics teachers’ professional development also needs
to be enhanced. Teachers can be supported within their training programs by
similar content-based, activity-supported, practice-based, and collaborative design
and enactment trainings as in the TUME course. These trainings would serve them
with designs and practice experiences which they can use in their mathematics
classrooms. In Turkey, Educational Informatics Network (EBA) provides a wide
range of materials for teachers in all fields. Moreover, there is a variety of
technology utilization suggestions and implementations in the videos on the
website (i.e., EBA, 2018). However, this network is only allowed to be accessed by
the public school teachers. It could also be available to private school teachers,

PTs, and teacher educators.
6.5.2 Recommendations for Research

The present study contributed to the practice-based studies by specializing
the framework to mathematics field. The study was grounded on TPACK-P
framework proposed by Yeh, Hsu, Wu, et al. (2014) and Yeh, Lin, Hsu, et al.
(2015). Although researchers and educators in science education contributed to the
generation of the TPACK-P framework by their remarks (Jen et al., 2016; Yeh,
Lin, Hsu, et al., 2015), the framework presented TPACK proficiency levels that
were applicable to PTs and in-service teachers of all fields. Knowledge and
behaviors corresponding to each proficiency level seemed content-specific at first
sight that there were science words among the indicators and behaviors identified
for the proficiency levels. The word science was converted to mathematics, which
did not result in any ambiguity regarding the intended meaning of the indicators.
This was the only aspect of the framework pointing at science education. There
was no need for major changes while modifying the rubric for mathematics
content. Therefore, the framework could be considered to fit for further studies
investigating PTs’ and in-service teachers’ TPACK in mathematics.

On the other hand, Jen et al. (2016) provided exemplary behaviors of
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teachers corresponding to the TPACK-P proficiency levels in three domains. Some
of these behaviors were incompatible with mathematics. For instance, as an
exemplary teacher behavior, the use of simulations pertains to science field
applications that cannot be exemplified in a mathematics course. These science
content-related behaviors were still giving idea for the TPACK-P components they
included. These example behaviors were supportive for understanding the meaning
of the indicator and the level they belonged to. Therefore, they were used as
example behaviors for the analysis of PMTs’ knowledge and actions in the present
study. These science-related behaviors were inserted to the table of the framework
and used as a rubric in the present study. This rubric was used to analyze all the
data obtained from the PMTs, and then to detect PMTs” TPACK-P levels in the
beginning and end of the TUME course. Although the TPACK-P proficiency
levels, indicators, and related behaviors were developed through extensive research
conducted by teachers, PTs, and researchers (Yeh, Hsu, Wu, et al., 2014; Jen et al.,
2016), a different sample of PTs in this study provided additional characteristics
and behaviors. These additional knowledge and behaviors were either general or
mathematics content-specific which were presented in detail in the findings
chapter. These provided exemplary knowledge and behaviors corresponding to all
of the four TPACK-P proficiency levels in three domains, which would be useful
for researchers who intend to conduct general or mathematics content-specific
TPACK studies. This was a significant contribution of the present study that can
lead further studies to analyze and validate their results in comparison with these
behaviors in similar settings. This was also a contribution to the TPACK-P
framework in terms of providing additional behaviors belonging to its levels and
domains.

The low number of participants in the Mostly Reflective Application group,
representing Level 4, indicated that more practice was needed for the rest of the
participants to achieve technology integration skills at this level. Considering that
the TUME course content mostly included student-centered activities and
discussions about technology, technology-enhanced course designs, and micro-

teaching practices, it would be useful to provide participants with practices in
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authentic settings. As mentioned in the methods chapter, participants had been
observing the mathematics courses in the context of the field observation course in
the previous semester. Then, in the same semester with the TUME course,
participants experienced teaching in the same middle school in the context of the
teaching experience course. Participants mentioned about their observations and
teaching experiences in the middle school through their designs and discussions in
the TUME course and in the interviews. They provided instances that they had
experienced in the collaborating middle school. The middle school experience
affected PMTs’ designs and implementations of technology-integrated activities
and courses and their views towards technology utilization in the TUME course.
All of the participants expressed that they considered middle school students’ needs
and misconceptions they observed in their observations in the collaborating school
while preparing technology-integrated plans and implementations in the TUME
course. PMTs’ statements about their experiences in the middle school revealed the
pedagogical rationale behind their technology selections. Therefore, the influence
of authentic classroom observation and practicum on PMTs’ technology-infused
design decisions needs be investigated thoroughly in further studies.

PMTs’ implementations of technology-integrated courses were observed
through micro-teaching practices in the faculty classroom instead of observing
them at the mathematics classrooms in the collaborating middle school. The reason
was the technological constraints in the middle schools that Internet, mobile
phones, computers, tablets, or laptops were not allowed in the school. Some
classrooms only had projection software and a few included Smartboards. The lack
of technological equipments in the practice schools did not provide a sufficient
context for the implementation of the technology-integrated lesson plans that PMTs
designed. Therefore, micro-teaching technique was used to allow teacher
candidates with more technological tool choices, which would have affected their
designs. Studies focusing on the development of PTs’ technology integration skills
and TPACK point out to the importance of authentic experience provided to PTs in
teacher education programs (Tondeur, van Braak, et al., 2012). In future studies,

schools that are equipped with the Internet connection and technologies such as
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Smart Boards and computer laboratories can be selected to investigate PTs’
TPACK-P development in authentic settings in field practice courses.

In the present study, PMTs selected objectives from the middle school
mathematics curriculum, which they decided that the technologies would support
students to reach that objective, and then designed activities and lesson plans with
suitable instructional strategies. These activities can be expanded in time and
become a longitudinal study. It can be suggested to support and monitor PTs in
these courses through time and enhance their technology integration skills in
mathematics education according to their needs. The PTs can be monitored in
terms of their TPACK development through the entire teacher education program.
This would help to improve the content of teacher education curricula which would
improve PTs’ TPACK.
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APPENDICES

APPENDIX A: THE LIST OF COURSES IN ELEMENTARY
MATHEMATICS EDUCATION PROGRAM

University Compulsory Courses T C | ECTS
BTU100 | COMPUTER LITERACY 2 |2
ORY100 | INTRODUCTION TO UNIVERSITY LIFE 1 111
First Term (Fall) T C | ECTS
ATA101 | ATATURK'S PRIN. AND THE HIST. OF THE | 2 2 |2
TURKISH REP. |
EGT141 | INTRODUCTION TO EDUCATION 3 3 |4
SCIENCES
ENG125 | ENGLISH I 4 4 |5
GNK103 | COMPUTER SKILLS I 2 3|5
MTE101 | FUNDAMENTALS OF MATHEMATICS 4 5 (12
TURK103 | TURKISH I: WRITTEN COMMUNICATION 2 2 |2
Second Term (Spring) T C | ECTS
ATA102 | ATATURK'S PRIN. AND THE HIST. OF THE | 2 2 |2
TURKISH REP. Il
EGT142 | EDUCATIONAL PSYCHOLOGY 3 3 |4
ENG126 | ENGLISH II 4 4 |5
GNK104 | COMPUTER SKILLS 2 3|5
MTE102 | ABSTRACT MATHEMATICS 3 3|6
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MTE104 | GEOMETRY 3 3 |6
TURK104 | TURKISH Il: ORAL COMMUNICATION 2 2 |2
Third Term (Fall) T C | ECTS
EGT241 PRINCIPLES AND METHODS OF 3 |4
INSTRUCTION
ENG225 | ENGLISH Il 4 4 15
GNK255 | RESEARCH METHODS 2 2 |3
MTEXXX | DEPARTMENTAL ELECTIVE | 2 2 |4
MTE203 | LINEAR ALGEBRA | 3 3 |4
MTE205 | PHYSICS | 4 4 |4
MTE213 | ANALYSIS | 4 5 |6
Fourth Term (Spring) T C | ECTS
EGT242 EDUCATIONAL TECHNOLOGY AND 2 3 |4
MATERIAL DESIGN
ENG226 ENGLISH IV 4 4 |5
GNKXXX | CULTURAL ELECTIVE V 3 3 |4
MTE206 | PHYSICS I 4 4 |4
MTE212 | ANALYSIS II 4 518
MTE214 | LINEAR ALGEBRAII 3 315
Fifth Term (Fall) T C | ECTS
EGTXXX | EDUCATIONAL ELECTIVE I 2 2 |3
EGT347 | METHODOLOGY I 2 3 |4
GNKXXX | CULTURAL ELECTIVE I 3 315
GNK301 | HISTORY OF SCIENCES 2 2 |3
MTE301 | ANALYSIS III 3 315
MTE303 | ANALYTIC GEOMETRY I 3 313
MTE305 | STATISTICS AND PROBABILITY | 2 3 |4
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MTE307 INTRODUCTION TO ALGEBRA 3 3|3
Sixth Term (Spring) T C | ECTS
EGT346 MEASUREMENT AND EVALUATION 3 3 |4
GNKXXX | CULTURAL ELECTIVE Il 3 3|5
GNK302 | COMMUNITY SERVICE 1 2 |4
GNK392 | ORIGAMI 2 2 |3
MTE302 | DIFFERENTIAL EQUATIONS 4 4 |4
MTE312 | COMPLEX ANALYSIS 2 3|3
MTE314 | METHODOLOGY Il 2 3 |4
MTE316 | ANALITIK GEOMETRI I 3 3|3
Seventh Term (Fall) T C | ECTS
EGT403 GUIDANCE 3 3 |4
EGT441 SPECIAL EDUCATION 2 2 |4
EGT443 CLASSROOM MANAGEMENT 2 2 |4
EGT449 SCHOOL EXPERIENCE 1 3|8
GNK405 | HISTORY OF MATHEMATICS 2 2 |2
MTEXXX | DEPARTMENTAL ELECTIVE Il 3 3 14
MTE407 | ELEMENTRY NUMBER THROY 3 3 |4
Eighth Term (Spring) T C | ECTS
EGTXXX | EDUCATIONAL ELECTIVE Il 3 3 |4
EGT406 TEACHING PRACTICE 2 519
EGT448 TURKISH EDUCATION SYSTEM AND 2 2 |4
SCHOOL ADMINISTRATION
GNKXXX | CULTURAL ELECTIVE VI 3 315
MTE406 | BASIC MATHEMATICAL CONSEPTS 2 2 |8

T: Theory, P: Practice, C: Credit, ECTS: European Credit Transfer System
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APPENDIX B: THE SETTING OF THE TUME COURSE: THE
MATHEMATICS LABORATORY
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APPENDIX C: TECHNOLOGY USE IN MATHEMATICS EDUCATION
COURSE SYLLABUS

XXX UNIVERSITESI EGITIiM FAKULTESI

DERS BILGILERI Matematik Egitiminde Teknoloji Kullanimi
(Genel Kiiltiir Segmeli VI/ T-U-K: 3-0-3 AKTS: 5)

Giin ve saat: Pazartesi 11:00 — 13:50

Yer: B307 Matematik Laboratuari

(Ders size dnceden bildirilecek haftalarda B206
Bilgisayar Laboratuarinda yapilacaktir.)

DONEMIi 2015-2016 Bahar Yariyilh
DERSIN SORUMLUSU  Ars. Gor. Merve Kostur
Ofis: A 204

e-posta: Xx@x

Derste kullanilacak teknolojiler:
Facebook ders sayfasi: https://www.facebook.com/groups/baskenteknoloji/
Cep telefonunuz

Laptop, tablet ve masaiistii bilgisayar

216




Matematik Egitiminde Teknoloji Kullanin Dersi Haftalik icerigi

TARIH

KONU

15 Subat

Ders igerigi ve dersin iglenisi ile ilgili bilgi verme

22 Subat*

Matematik egitiminde teknoloji kullanimi
Egitim teknolojisi nedir?
FATIH projesi

29 Subat*

Teknolojik Pedagojik Alan Bilgisi (TPAB) nedir?
TPAB arastirmalari

7 Mart

Mobil 6grenme

Ogretmenlerin sosyal paylasim aglari

Gorsel paylagim siteleri

ETKINLIK 1: Matematik aktivelerini kesfedelim!

14 Mart

Sinav ve puzzle hazirlama programlari

Kavram haritas1 ve poster hazirlama programlari
Zaman cizelgesi hazirlama programi
ETKINLIK 2: Kavram haritalarin1 kesfedelim!
ETKINLIK 3: Egitici posterler hazirlama

21 Mart

Dinamik Matematik programlari
Acik egitim materyalleri
ETKINLIK 4: Matematigin Insas1

28 Mart

Teknolojinin 6gretimin degerlendirilmesindeki rolii
Ogrenci doniit sistemleri
ETKINLIK 5: Ogrenmeyi degerlendirme

4 Nisan (Vize haftasi)

ETKINLIK 6: Akilli tahtalar1 kesfetme

11 Nisan

Video hazirlama programlari

ETKINLIK 7: Vlogger video ¢ekimi

18 Nisan

Interaktif matematik manipiilatifleri ve oyunlari

ETKINLIK 8: Interaktif oyun yarismasi
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25 Nisan ETKINLIK 9: TPACK oyunu ile ders planlar1 hazirlama

Matematik ve diger alanlarda teknoloji entegre edilmis
ders plani 6rnekleri incelenmesi

2 Mayis Mikro-6gretim
9 Mayis Mikro-6gretim
16 Mayis Mikro-6gretim
*{lgili kaynaklar

Akyltiz, D. (2014). Cember 6zelliklerini 6gretmeyi amaglayan teknoloji ve
sorgulama tabanli bir sinifta olusan sosyomatematiksel normlarin incelenmesi.
Egitim ve Bilim, 39(175), 58-72. doi:10.15390/EB.2014.3220

Pamuk, S., Cakir, R., Ergun, M., Yilmaz, H. B., & Ayas, C. (2013). Ogretmen ve
Ogrenci Bakis Acisiyla Tablet PC ve Etkilesimli Tahta Kullanimi: FATIH Projesi
Degerlendirmesi. Kuram ve Uygulamada Egitim Bilimleri, 13(3), 1799-1822.

Ural, A. (2015). Ortaokul Matematik Ogretmenlerinin Bilgi Iletisim Teknolojisi
ve Psikomotor Beceri Kullanimlarinin Incelenmesi. Turkish Journal of Computer
and Mathematics Education, 6(1),93-116.

Van de Walle, J.A., Karp, K. S. & Bay-Williams, J. M. (2013). Elementary and
middle school mathematics: Teaching developmentally (8thed.). New York: Long-
man.

Yanpar Yelken, T., Sancar Tokmak, H., Ozgelen, S. ve incikabs, L. (2013). Fen ve
matematik egitiminde teknolojik pedagojik alan bilgisi temelli 6gretim tasarimlari
(1. bs.). Ankara: An1 Yayincilik.
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GOREVLER

A. Ders plam (Donem bas) (% 10)

Ortaokul miifredatindan en az iki ders saatlik kazanim(lar) secgerek teknoloji
entegre ettiginiz bir ders plani hazirlayiniz. Bu plani ikinci hafta yapilacak teorik

dersten 6nce moodle sistemine yiikleyiniz.
B. Haber ve soru paylasimi (% 10)

Size belirtilen haftalarda Facebook ders sayfasinda o haftanin konusuyla ilgili bilgi

paylasiniz. Bu bilgi gazete haberi, video, forum paylasimi, blog yazisi, kitap,
makale, tweet, vb. olabilir.

C. Katihim (% 20)

Smif i¢ci ve online aktivitelere ve tartigmalara aktif katihm saglamaniz
beklenmektedir. Dersteki 9 etkinlikte olusturdugunuz grup veya bireysel
tiriinlerinizi Facebook ders sayfasinda paylasmaniz ve arkadaslarinizin veya

gruplarin en az iki paylagimina yorum yapmaniz beklenmektedir.
D. Haftalik Degerlendirme (%10)

Size belirtilen 5 haftada dersin son 10 dakikasinda ‘“haftalik degerlendirme”

sorularina o hafta derste yaptiklarinizla ilgili bir degerlendirme yaziniz. Bu

degerlendirmenizi e-posta veya mesgj ile iletiniz.
E. VIZE: Ders plam (%20)

Ortaokul (5-8. simiflar) miifredatindan iki ders saatlik konu (dénemin basinda
secilen konudan farkli) segerek teknoloji entegre ettiginiz bir ders planit hazirlayiniz

ve teorik dersten 6nce moodle sistemine ylikleyiniz.
F. FINAL: Ders anlatimi (Simif i¢i mikro-6gretim) (% 30)

Vize i¢in hazirladiginiz ders planinizi sinifimizda arkadaglariniza anlatmaniz

beklenmektedir.
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APPENDIX D: VLOGGER VIDEO ACTIVITY

Vlogger Etkinligi

Son 1 yildir etkinliklerini, materyallerini ve deneyimlerini videolar ile
paylasan ve ¢ok takip edilen bir Vlogger oldunuz. Tiirkiye’de ve diinyada
matematik etkinliklerindeki yaraticilifiyla, matematik bilgisiyle ve Ogretmenlik
meslegindeki basarisiyla fenomen olmus bir 21. yiizyill 6gretmenisiniz. Bugiin,
Bagkent Kolejindeki ortaokul matematik 6gretmenlerinden gelen sorulara ¢oziim
bulacak ve cevaplarimizi bir video ile sosyal medyada duyuracaksiniz. Bu
videolarn ¢ekimi icin derste 2 kisilik gruplar halinde calisacaksiiz. Ogretmenler

yasadiklar1 zorluklar i¢in yaratic fikirlerinizi bekliyor!

Ipuclar:

Bu matematik konusunun miifredattaki kazanimlar1 neler?
Onceki ve sonraki baglantili oldugu konular diisiiniin.
Ders plan1 basamaklarini hatirlayin.

Pedagojik yaklasim ne olmali?

Teknolojik destek ne olmali?

Sorulara doniit verirken dikkat ettiginiz maddeler var. Bunlar sizin &gretim
prensipleriniz. Cevaplarinizi hazirlarken her zaman bu prensipleri géz 6niine alarak

hazirlaniyorsunuz.

e Smiflarin kalabalik olusu, matematik Ogretiminin gergeklesmesini
zorlastirmaktadir.

e Kavramlar 6gretilirken, 6grencilerin yasadigr cevreden ornekler verilip,
giinliik hayatla iligkilendirilmelidir.

e Smftaki 6grencilerin 6grenme diizeyleri homojen olmadig: i¢in, istenilen
nitelikte matematik 6gretimi yapilamamaktadir. Bu nedenle, her 6grencinin
bireysel ihtiyacina ve oOgrenme sekline yonelik c¢esitli aktivitelere yer
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verilmelidir.

e Ogretmenlerimizin islenilen miifredattaki kazanimlar1 takip etmesi ve
sorular1 6gretilen konular ¢ercevesinde sormasi gerekmektedir.

e Ogretmenlerin anlattiklar1  konular icerisinde, sorduklar sorular1
kendilerinin ¢6zmemesi, Ogrencilere ¢ozdiirmesi ve onlarin sorular
tizerindeki diisiincelerini almasi, problem c¢o6ziimiinde nerelerde hata
yaptyorlarsa, oralarda ogrencilere yardimeci olmasi kavram ve konu
ogreniminde yararli olmaktadir.

e Matematik Ogretiminde sadece islemsel ve kurala dayali bilgiye Onem
verilmemeli, bu bilginin temelini olusturan kavramsal bilgi iizerinde de
durulmalidir

e Matematik Ogretiminde sadece tahta kullanilarak sunus yoluyla 6gretim
yapilmamalidir. Konularin 6zelligine gore degisik Ogretim yontemleri ve
teknoloji de kullanilmalidir.

e Ogrencilerin matematige kars1 ilgisini artirmak igin, birbirleriyle iyi iletisgim
kurmalari, matematigi tartigacaklari iyi bir 6grenme ortami hazirlanmalidir.

Ogretmen Adaylarina Verilen Senaryolar

1. Olasilik ¢esitlerini ayirmada zorluk yasiyorlar.

Kagit iizerinde matematik sinavinda basar1 sansini hesaplayan Yakup konulari
kavrayisina gore % 80 basarili olacagim1 hesaplamistir. Bu hangi tiir olasiliga
girmektedir?

A) Subjektif olasilik B) Deneysel olasilik C) Oznel olasilik D) Teorik olasilik
Permiitasyon, kombinasyon ve olasilik konularimi ayiramiyorlar. Bu konularda
kavram yanilgis1 yasiyorlar. Ayrica, genel olarak konular islenirken siniftaki biitiin

ogrencilerin derse katilimini saglayamiyorum.

2. 5. smiflarda bir 6grencim var ¢ok zeki, 70 soruda 5-10 yanlisi ¢ikiyor ve bu
yaptig1 yanlislar ¢ok basit sorularda meydana geliyor. Smavdan sonra denemesine
baktiginda dikkatsizliginden sorularin kagtigin1 goriiyor ve tiziiliiyor. Bu 6grencinin
sorular1 dikkatli okumasi i¢in nasil bir yontem izlemeliyim. Ne gibi bir ¢aligma

yapmaliyim?
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7. Smiflarda rasyonel sayilarla iglemler (dort islem) konusunda 6grenciler ezber
yolu ile sorular1 ¢oOziiyorlar. Rasyonel sayilarla bir biitiin arasindaki iliskiyi
kavrayamiyorlar. Bu konuda nasil bir yol izleyebilirim?

Ayrica, genel olarak konular iglenirken siniftaki biitiin 6grencilerin derse katilimini

saglayamiyorum.

3. Boliinebilme kurallarin1 anlatirken 100 liik kagit ve boya kalemleri disinda nasil
materyal kullanabilirim liitfen yardimci olur musunuz?
Ayrica, genel olarak konular islenirken siniftaki biitiin 6grencilerin derse katilimin

saglayamiyorum.

4. Ogrenciler 7. smifta dogrusal denklemlerin grafikleri konusunu gercek yasamla
bagdastiramiyorlar. Bu durumda, test kitaplarinda ve ders kitabinda yer alan
sorular1 simifta ¢ozdiigiimiizde ve oOdev olarak verdigimde konunun giinliik
yasamda karsimiza ¢ikmadigmi, sorularin (6rnegin koordinat sisteminde
olusturulan sorularin) gercekte anlam tagimadigini sdylemekteler. Konuya bdyle
yaklastiklar1 i¢in motivasyonlar1 diisiiyor ve konuyla ilgili sorular1 yalnizca
dogrunun denklemini bulma kurallarin1 uygulayarak ¢oziip gegiyorlar. Boyle
olunca sadece kural bilerek yapilamayacak bir soruyu yanitlamakta giiclik
cekiyorlar. Kartezyen koordinat sistemini anlamlandirmakta zorlaniyorlar.

Matematik dersinde 6grenci kaynakli olarak “sinifta konusma ve giilme”, “derse
kars1 ilgisizlik” ve “dersten basarisiz olma” durumu ile karsit karsiyayim. Smif
ortaminda ¢ikan problemlere karst etkili olamadigimi goriiyorum. Bunun
nedenlerinden birisi matematik dersine kars1 olan kaygi ve korku olabilir. Basari
korkusu yasayan 6grenciler sinifta gergin ve stresli olabilirler ve bunun sonucunda
istenmeyen davraniglar ve olumsuz olaylar gelisebilir. Yapilan arastirmalarda
ilkemizdeki pek c¢ok Ogrencinin matematigi zor buldugu, basaramama kaygisi
yasadiklar1 ve bunlarin sonucunda matematige yonelik tutumlarinin olumsuz yonde
etkilenebilecegi sonucuna ulasilmistir (Alkan, Giizel ve Elgi, 2004; MEB, 2005).
Genel olarak konular islenirken siniftaki biitlin Ogrencilerin derse katilimini

saglayamiyorum.
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5. Ogrenciler oriintiiler konusunu gercek yasamla bagdastiramryorlar. Bu durumda
test kitaplarinda ve ders kitabinda yer alan sorular1 sinifta ¢ézdiiglimiizde ve d6dev
olarak verdigimde konunun giinliikk yasamda karsimiza c¢ikmadigini, sorularin
gercekte anlam tasimadigini soylemekteler. Motivasyonlar1 diisiikk bir sekilde
konuyla ilgili sorular1 kurallar1 uygulayarak ¢dzmeye calisiyorlar. Boyle olunca
sadece kural bilerek yapilamayacak bir soruyu yanitlamakta giigliik ¢ekiyorlar.
Fraktal, yansima, donme konularinda da ayn1 sorunu yastyorum.

Ayrica, genel olarak konular islenirken siiftaki biitiin 6grencilerin derse katilimin

saglayamiyorum.

6. Yasadigim sorun 8. siniftaki egim konusunda. Ogrenciye tanimi veriyorum,
islemin nasil yapilacagin1 sdyliiyorum ondan sonra ornekler yapiyorum ve ddev
olarak alistirmalar ve problemler veriyorum. Aradaki bagi kuramiyor veya kurma
geregi duymuyor oOgrenci; gergeklestiremeyince de ezberleme yoluna gidiyor.
Ogrenciye 6nceden sorular sorarak; dgrenciyi, orada ulasilmak istenen genelleme
ve ilkeleri bulmaya yonlendirip, ondan sonra kendisi ¢ikarim yapsin istiyorum.
Ogrenciye diisiinme imkan1 saglamak, kendi basia 6grenmeyi saglamada yardimci
olmak istiyorum. Sinifta gelisen duruma basit bir érnek vermek istiyorum: Dort
islemde, toplama, ¢ikarma, ¢arpmada belli bir yere kadar gelmistir hatta bolmede.
Ogretmen bir problem sorar ve "Hangi islemle ¢dzeriz bu problemi?" Toplariz
ogretmenim. Iyi diisiin burada toplama yapilsa olur mu? Ogretmenim gikaririz.
Cocuklar aman 1yi diisliniin burada ¢ikarmayla ilgili bir sey var mi1? Bir bagka
O0grenci Ogretmenim carpariz. Oda olmadi bir baskast bdleriz Ogretmenim
diyebilmektedir. Egim kavrami anlasilmiyor ve soru ¢dziimlerinde aynen bdyle bir
durum yastyorum.

Ayrica, genel olarak konular islenirken siniftaki biitiin 6grencilerin derse katilimini

saglayamiyorum.

7. Ogrenciler denklemler konusunu ger¢ek yasamla bagdastiramiyorlar. Bu
durumda test kitaplarinda ve ders kitabinda yer alan sorular1 sinifta ¢ézdiigiimiizde
ve Odev olarak verdigimde konunun giinlilk yasamda karsimiza c¢ikmadigini,

sorularin (6rnegin yas problemleri) gercekte anlam tagimadigini sdylemekteler.
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Ali ile babasinin yaglar1 toplami 54°diir. Ali’nin yasi, ikisinin yaslar1 toplaminin
1/3’linden 3 eksiktir. Ali ve babasi kag¢ yasindadir?

Konuya boyle yaklastiklar1 i¢in motivasyonlar1 diisiiyor ve konuyla ilgili sorulari
yalnizca denklem kurma kurallarin1 uygulayarak ¢oziip geciyorlar. Boyle olunca
sadece kural bilerek yapilamayacak asagidaki gibi bir soruyu yanitlamakta giicliik
cekiyorlar.

Ayrica, genel olarak konular islenirken smiftaki biitiin 6grencilerin derse katilimin

saglayamiyorum.

8. Yasadigim sorun EBOB ve EKOK konusunda. Ogrenciye tanimi veriyorum,
islemin nasil yapilacagini soyliiyorum ondan sonra ornekler yapryorum ve odev
olarak alistirmalar ve problemler veriyorum. Aradaki bagi kuramiyor veya kurma
geregi duymuyor Ogrenci; gerceklestiremeyince de ezberleme yoluna gidiyor.
Ogrenciye dnceden sorular sorarak; dgrenciyi, orada ulasilmak istenen genelleme
ve ilkeleri bulmaya yonlendirip, ondan sonra kendisi ¢ikarim yapsin istiyorum.
Ogrenciye diisiinme imkan1 saglamak, kendi basina 6grenmeyi saglamada yardimci
olmak istiyorum. Sinifta gelisen duruma basit bir 6rnek vermek istiyorum: Dort
islemde, toplama, ¢ikarma, ¢arpmada belli bir yere kadar gelmistir hatta bolmede.
Ogretmen bir problem sorar ve "Hangi islemle ¢dzeriz bu problemi?" Toplariz
ogretmenim. lyi diisiin burada toplama yapilsa olur mu? Ogretmenim gikaririz.
Cocuklar aman iyi diislinlin burada ¢ikarmayla ilgili bir sey var mi1? Bir bagka
O0grenci O6gretmenim carpariz. Oda olmadi bir bagkasi bdleriz 6gretmenim
diyebilmektedir. EBOB ve EKOK kavrami anlagilmiyor ve soru ¢oziimlerinde
aynen bdyle bir durum yasiyorum. Asagidaki gibi c¢ozerek ve ezberleyerek

yapiyorlar.

“24 ve 32'i once en kiiciik asal sayt olan 2've béleriz. Ikisini de béldiigii icin 2'yi
isaretleriz. Sonra benzer sekilde devam ederiz. Her iki sayr da 1 olunca islemimiz
biter ve isaretli sayilarin ¢arpimi bu sayilarin en biiyiik ortak béleni yani

ebobudur.”

Ancak asagidaki gibi problem ciimlesi seklinde yazilmis sorular1 yapamiyorlar.
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“80cm ve 120cm uzunlugunda iki demir ¢ubuk, boylari birbirine esit parcalara
ayrilacaktir.Bir par¢anin uzunlugu en fazla ka¢ cm olur?”
Ayrica, genel olarak konular islenirken smiftaki biitiin 6grencilerin derse katilimini

saglayamiyorum.

9. Merhaba, ii¢cgenlerin siniflandirilmasini anlatacagim. Yillardir bu konuyu
anlatryorum ancak kenarlarina gore acilarina gore vb siniflandirmalarda birbirinden
bagimsiz diisiiniiyorlar ve karma sorular1 yapamiyorlar. Ogrenciler pasif dinledikge
geleneksel onu anlattmimla smiflandirmay1 ezberletmekten ileriye gidemiyorum.
Nasil bir yol izlemeliyim? Etkili materyaller yapmak belki de 0Ogrencilere
yaptirmak gerek. Bana fikir verebilir misiniz?

Ayrica, genel olarak konular islenirken siniftaki biitiin 6grencilerin derse katilimini

saglayamiyorum.

1
10. 7% sayisini, say1 dogrusu tizerinde gosteriniz?
Bu soruya 6grencilerin %35°1 dogru yanit vermis, digerleri ise ya islemleri yanlig

yapmis ya da soruyu bos birakmiglardir.
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b AR b | T T — ==,
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4) \-3= sif%,-sayi dog '

) ;,_2/‘ Say"",rl", sayi (Pgrusg LIZ(zr,ndEgésteriniz?
~—~ ettt e
Ag)-4 =328 240
Lol it S 2 ‘

\H * 2

Burada 6grencilerin, rasyonel sayilarla ilgili temel islem yapma ve denklem kurma

ile ilgili becerilerinin tam olarak gelismedigi anlagilmaktadir.
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Ayrica, genel olarak konular iglenirken siniftaki biitiin 6grencilerin derse katilimini

saglayamiyorum.
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APPENDIX E: THE VIEWS ABOUT TEACHING PROFESSION
QUESTIONNAIRE

Ogretmenlik Meslegine iliskin Goriisler Anketi

Merhaba,

Asagidaki sorular1 elinizden geldigi kadar ayrinti vererek cevaplandirmaya
calisiniz. Sorularin dogru bir cevabi yoktur ve sadece sizin diislincelerinizi
O0grenmek amaciyla sorulmaktadir.

Tesekkiir ederiz.
Merve KOSTUR

1. Terzi ve yaninda bir siiredir ¢alisan ¢irag1 arasinda asagidaki diyalog geger.
Cirak: Usta, dikisi 6grendim. Ben de artik usta olabilir miyim? Usta olmak igin
baska ne 6grenmem gerek?

Terzi: Dikisi 6grendin. Peki Mustafa beyin istedigi pantolonu elde mi dikersin
makineyi mi kullanirsin? Makinenin tek sira dikisini mi ¢ift dikisini mi tercih
edersin? Tabii Oncesinde kumasi se¢men gerek. Hangi tiir kumasta hangi dikis
uygun duracak? Aman potluk yapmasin sonra tiim emegin bosa gider. Olgii
alacaksin bir de. Olgiiden sonra hesap kitap yapip maliyet belirleyeceksin.

Cirak: Tamam usta. Oyleyse ben su kumaslari katlayip raflara yerlestirmeye devam
edeyim...

Terzinin ¢iragi ile diyalogundan yola ¢ikarak bir 6gretmenin sahip olmasi gereken
bilgi ve becerilerin neler olabilecegini ve neden bu bilgi ve becerilere sahip olmasi

gerektigini aciklayiniz.

2. Dordiincti sinif bir 6gretmen aday1 olarak birinci siniftaki 6gretmen adaylarina
ogretmenlik meslegine kendilerini hazirlamalar1 ve yeterli hissedebilmeleri i¢in ne

tiir tavsiyelerde bulunursunuz?
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APPENDIX F: TECHNOLOGY USAGE QUESTIONNAIRE

Teknoloji Kullanimi Anketi

Ad1 Soyadi:
Yast:
Cinsiyet:
GNO:

Iletisim (Telefon ve e-posta):

1. Kag yildir bilgisayar kullaniyorsunuz?

2. Bilgisayar1 hangi amaglarla kullaniyorsunuz?

3. Bugtine kadar aldigiiz derslerin hangilerinde bilgisayar kullandiniz?

4. Bugiine kadar aldiginiz derslerin hangilerinde bilgisayar disinda teknoloji (hesap
makinesi, projeksiyon aleti, akilli tahta, vb.) kullandiniz mi? Nelerdir? Bu

teknolojileri hangi amagla kullandiniz?

228



APPENDIX G: PEER-ASSESSMENT FORM

MIKRO OGRETIM AKRAN DEGERLENDIRME FORMU

Degerlendirmeyi yapanin adi soyadi: Tarih:

Mikro 6gretim yapanin adi soyadi:

a4 I

ALAN OGRETIM TEKNOLOJI

YONTEMI
Sinif diizeyi:

Konu:

Bu mikro 6gretimde,

Sizce, teknoloji destekli bu dersin en iyi olan iki yonii ne idi? Bu yonleri neden iyi
buldugunuzu liitfen agiklayiniz:

1.

2.

Sizce, teknoloji destekli bu dersin en zayif iki yonii ne idi? Bu zayif yonleri
giiclendirmesi i¢in arkadasiniza onerilerinizi liitfen yaziniz.

1.

2.

Bu matematik konusunun 6gretiminde kullanilan teknoloji destekli 6gretim
hakkinda ne diisiiniiyorsunuz? Diger bir deyisle, kullanilan teknoloji(ler) ile

ogretim yontemi ve kazanimlarin iliskisi nasildir?

Mikro 6gretime genel olarak 10 tizerinden kag puan verirsiniz?

229




APPENDIX H: SELF-ASSESSMENT FORM

MIKRO OGRETIM OZ DEGERLENDIRME FORMU

Mikro 6gretim yapanin adi soyadi: Tarih:

a I

ALAN OGRETIM TEKNOLOJI

YONTEMI
Sinif diizeyi:

Konu:

Bu mikro 6gretimde,

Sizce, teknoloji destekli bu dersin en iyi olan iki yonii ne idi? Bu yonleri neden iyi
buldugunuzu lLitfen agiklayimniz:

1.

2.

Sizce, teknoloji destekli bu dersin en zayif iki yonii ne idi? Daha iyi nasil
olabilirdi? Bu zayif yonleri gliclendirmek i¢in dnerilerinizi liitfen yaziniz.

1.

2.

Bu matematik konusunun 6gretiminde kullanilan teknoloji destekli 6gretim

hakkinda ne diisliniiyorsunuz? Diger bir deyisle, kullanilan teknoloji(ler) ile
Ogretim yontemi ve kazanimlarin iliskisi nasildir?

Mikro 6gretiminize genel olarak 10 tizerinden ka¢ puan verirsiniz?
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(Kodu:

APPENDIX I: INTERVIEW PROTOCOL

Goriisme Siiresi: )

Matematik Ogretiminde Teknoloji Kullanimi Gériisme Sorulari

Merhaba, sonuna geldigimiz bu donemde (2015-2016 bahar yariyili) GNKXXX —
Matematik Egitiminde Teknoloji Kullanimi dersini benimle birlikte yiiriittiiniiz.
Size genel olarak matematik egitimi ve bu dersin sonunda sundugunuz ders plani
ile ilgili sorular sormak istiyorum. Bu goriismenin 60 dakika kadar vakit alacagini
diisiiniiyorum. Istediginiz zaman goriismeyi birakabilirsiniz. Bu gdriismede
vereceginiz bilgiler sakli kalacaktir. Higbir sekilde isminizle birlikte bir yerde
kullanilmayacaktir. Simdi hazirsaniz goriismeye baslayalim.

Merve KOSTUR

> ow

Matematik Egitiminde Teknoloji Kullanimi dersinde haftalik olarak neler
yaptigimizdan bahseder misin?
Derste 0grendigin teknolojileri kullanabilmek icin gerekli teknik beceriye
sahip misiniz? Ileride yeni karsilasacagm bir teknolojiyi kullanabilir misin?
Ortaokul matematik 6gretiminde teknoloji kullanmanin amaci nedir?
Ikinci ders plan1 ve mikro-6gretimin ile ilgili sorular
(Bu sorular sorulmadan 6nce 6grencinin ders plant dgrenciye gosterilir,
ardindan mikro-6gretim videosu izlenerek ¢alismasini hatirlamasi saglanir.)
a. Ogretecegin konuyu, nasil égretecegini ve dgrencilerin dgrenmesini
destekleyen ve artiran teknolojiyi nasil belirdin?
b. Bu ders planinda teknolojinin rolii nedir? Teknolojiyi neden ve nasil
entegre ettin?
C. Bu ders planinizda teknolojiyi kullandigmiz i¢in Ogretim
yonteminizde degisiklik yaptin mi1?
d. Mikro-6gretim videonu izledikten sonra bu ders igin goriislerin
nelerdir? Neleri degistirirdin? Neler ayn1 kalirdi? Neden?
e. Ders planinda kullandigin teknolojiyi kullanma imkanin olmasaydi
bu derste ne eksik olurdu? Neyi yapamazdin?
f. Akran degerlendirmelerinin her birini sesli olarak okuyup goriisiinii
belirtir misin?
Tiim bu konustuklarimizdan sonra teknolojinin matematik egitiminde nasil
kullanilmasin1 6nerirsin?
Ileride ¢alistigin okullardaki diger matematik Ogretmenlerine derslerine
teknoloji entegre etmek isterlerse destekler misin? Onlara bu konuda
liderlik edebilir misin?
Uzerinde konugsmadigimiz, ama sormami bekledigin ve sormadigim bir soru
var m1? Simdi sorsam cevaplar misin?
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oDTU 2015
BU BOLUM, iLGILI BOLUMLERI TEMSIL EDEN INSAN ARASTIRMALARI
ETIK ALT KURULU TARAFINDAN DOLDURULACAKTIR.

Protokol No: {2 4{:/ J%T;_‘4{%’J’

IAEK DEGERLENDIRME SONUCU
Saymn Hakem,

Asagida yer alan ii¢ secenekten birini isaretleyerek degerlendirmenizi tamamlaymiz. Liitfen “Revizyon
Gereklidir” ve “Ret” degerlendirmeleri icin gerekli aciklamalar: yapiniz.

Degerlendirme Tarihi: T&@ ;@6"@{‘6‘3 yin

Ad Soyad: Metin girmek icin taklayin

>@]erhangi bir degisiklige gerek yoktur. Veri toplama/uygulama baslatilabilir.

O Revizyon gereklidir
[ Géniilli Katilim Formu yoktur.
0 Goniilli Katilim Formu eksiktir.
Gerekgenizi ayrintili olarak agiklayiniz: s T8 7 iE
0J Katilim Sonras: Bilgilendirme Formu yoktur.
0J Katihm Sonras; Bilgilendirme Formu eksiktir.
Gerekgenizi ayrintili o]a:a.k agiklayimz: -
[ Rahatsizlik kaynag: olabllecek sorular/maddeler ya da prosediirler igerilmektedir.
Gerekgenizi ayrintili olarak agiklaymz:
O Diger.
Gerekgenizi ayrintili olarak agiklaymz: -+ ©: ... - 1

O Ret
Ret gerekgenizi ayrintili olarak agiklaymiz: = = - - - . ¢
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APPENDIX K: CONSENT FORM

Goniilli Katilim Formu

Merhaba,

Ben Merve Kostur, Baskent Universitesi Egitim Fakiiltesi ilkdgretim
Boliimii’ndellkdgretim Matematik Egitimi Ana Bilim Dalinda arastirma
gorevlisiyim. Orta Dogu Teknik Universitesi (ODTU) Sosyal Bilimler Enstitiisii
[Ikdgretim Doktora Programinda ogrenciyim. Ilkogretim Boliimiinde Dog. Dr.
(Cigdem Haser tarafindan danismanlig: yiiriitiilen doktora tez ¢calismam kapsaminda
sizinle goriismek istiyorum. Bu ¢aligmanin amaci, ilkgretim matematik 6gretmen
adaylarinin tniversite egitimlerinin 8. yariyilinda aldiklari,matematik egitiminde
teknoloji kullanimu ile ilgili segmeli derste teknolojik pedagojik alan bilgilerinin
gelisimi ve matematik egitiminde teknoloji kullanimi ile 1ilgili goriislerini
incelemektir. Calismadan elde edilen sonuglarin 6gretmen egitimi konusunda
yararlar saglamasi beklenmektedir.

Calismada dersi iyilestirmek amaciyla bir takim etkinlikler uygulanmistir.
Bu etkinliklerin uygulandig: ders siirecinde katilimcilar tarafindan yazilan raporlar
calisma i¢in kullanilacaktir. Bu ¢alisma kapsaminda her katilimc ile bir defaya
mahsus olmak tizere sozlii goriisme yapmayi planliyorum. Etkinlikler ve goriisme
genel olarak kisisel rahatsizlik verecek sorular icermemektedir. Goriisme sirasinda
ses kaydi yapilacaktir. Calisma siiresince sizden edinilen bilgiler tamamen gizli
tutulacak; sadece arastirmacilar tarafindan degerlendirilecektir.

Calismaya katilm tamamen gonilliliik esasina dayalidir. Katilimer,
goriigme esnasinda sorulardan ya da baska nedenlerden dolayr herhangi bir
rahatsizlik hissettigi takdirde ¢aligmayi yarida birakma hakkina sahiptir. Caligma
hakkinda daha fazla bilgi almak i¢in arastirma gorevlisi Merve Kostur (Oda: A-
204; Tel: 2466666/2227; E-posta:mkaplan@baskent.edu.tr) ya da ilkdgretim
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Boliimii 6gretim tiyelerinden Dog. Dr. Cigdem Haser (Oda: 105; Tel: 210 6415; E-
posta:chaser@metu.edu.tr) ile iletisim kurabilirsiniz.

Tesekkiirler.

Bu ¢alismaya tamamen goniillii olarak katilyyorum ve istedigim zaman

yarida kesip c¢ikabilecegimi biliyorum. Verdigim bilgilerin bilimsel amacgh

yaywnlarda kullanilmasini kabul ediyorum.

Ad Soyad:

Imza:

Tarih
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APPENDIX L: INITIAL LESSON PLAN EXAMPLE

6. SINIF MATEMATIK DERSi GUNLUK DERS PLANI

BOLUM I

Dersin Adi Matematik

Stif 6

Unitenin Adi Kesirlerin ondalik gosterimi

Konu Ondalik kesirler arasindaki iliskiler ve kesirlerin ondalik
acilimlari

Onerilen Siire 4 ders saati

BOLUM 11

HEDER 1: Ondahk Kkesirler arasindaki iliskileri
kavrayabilme

DAVRANISLAR

1-Paydas1 10 veya 10’un kuvveti seklinde olan veya bu
duruma getirilebilen kesirleri virgiil kullanarak yazip
okuma

2-Sozle veya yaziyla verilen bir ondalik kesri virgiil
kullanarak yazip okuma

3-Bir ondalik kesrin tam ve kesir kisimlarinda bulunan
basamaklarin adlarini séyleyip yazma

4-Bir ondalik kesrin tam ve kesir kisimlarinda bulunan
rakamlarin say1 ve basamak degerlerini sdyleyip yazma
5-Bir ondalik kesrin farkli basamaklarinda tekrar eden
bir rakamin basamak degerleri arasindaki farklilig:
sOyleyip yazma

6-Bir ondalik kesri ¢oziimleme

7-Coziimlenmis olarak verilen bir ondalik kesri yazip
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Ogrenci Kazanimlari /

Hedef ve Davranislart

okuma

8-Bir ondalik kesre esit olan diger ondalik kesri yazma
9O-iki ondalik kesri, biiyiikliik veya kiiciikliik sirasina
koyup sembol kullanarak yazma

10-Verilen bir ondalik kesirden biiyiik veya kiiciik olan
bir ondalik kesri yazma

11-En ¢ok bes ondalik kesri, biiyiikliik veya kiiciikliik
sirasina koyup sembol kullanarak yazma

12-En ¢ok bes ondalik kesri say1 dogrusunda gosterme
13-Birinci ikinciye, ikinci lglinciiye gore aymi iligki
icinde bulunan ii¢ ondalik kesirden, birinci ile ti¢iincii
arasindaki iligskiyi s0yleme ve sembol olarak kullanarak
yazma

HEDEF 2: Kesirlerin ondahk acilimini
kavrayabilme

DAVRANISLAR

1-Paydas1 10 veya 10’un kuvveti seklinde yazilabilen
kesirlerin ondalik agilimini yazma ve bunlarin sifir
devreden bir ondalik kesir oldugunu séyleme

2-Paydas1 10 veya 10’un kuvveti seklinde yazilamayan
kesirlerin aciliminin, devirli ondalik a¢ilim oldugunu
sOyleyip yazma

3-Devreden sayisi sifirdan farkli olan devirli ondalik
acilimlarin, ondalik kesir olmadigini sdyleme

4-Devirli  ondalik acilimlardan  devreden veya
devretmeyen sayilar1 gosterip isaretleme

5-Her kesrin bir devirli ondalik ag¢ilimi oldugunu
sOyleyip yazma

6-Bir ondalik kesri, verilen bir basamaga gore yuvarlak

yapma

Unite Kavramlari ve

Tanim kismi, kesir kismi, ¢dziimleme, genisletme,
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Sembolleri/ Davranis

Ortintuisti

ondalik agilim, devreden, devirli ondalik agilim,

yuvarlatma...

Ogretme-Ogrenme-

Yontem ve Teknikleri

Ogrencilerin konuyu c¢oklu zeka kuramina goére 8

etkinlik alantyla kazanmalar1 saglanacak

Kullanilan Egitim
Teknolojileri-Arag,

Geregler ve Kaynak¢a

Ders kitaplar1 (MEB ONAYLI), calisma kagitlari,

tepegoz, seker, boncuk, bozuk para... vb

Osgrenme-Ogretme

Sozel-Dilsel:
Ondalik kesrin tanimi1 yapilir. Tam kisim ve kesir kismi1
belirtilir.  Basamak  adlari, ondalik  kesirlerin

karsilastirilmast 6grencilere ifade edilir.

Sosyal-Kisiler Arast:
2,15<3,n6 karsilastirllmasinda n yerine yazilabilecek

rakamlar kiimesini yazmalari istenir.

Mantiksal-Matematiksel:
Ahmet0,3m, Naz 0,30m, Asl0,300m ip almistir.

Hangisinin aldig1 ip daha uzundur?

Igsel-Bireysel:
0,75 ondalik kesrinden kiiciik ve biiylik olan birer

ondalik kesir yazmalart istenir.

Etkinlikleri Gorsel-Uzaysal:
Ondalik kesirlerinin ondalik agilimlar1 ve okunuslar1 bir
tablo tizerinde gosterilir. Say1 dogrusu lizerinde Verilen
noktalara karsilik gelen ondalik kesirleri yazmalari
saglanir.

BOLUM 111
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ONDALIK KESIRLER ARASINDAKI ILISKILER ve KESIRLERIN
ONDALIK ACILIMI
p/q bi¢imindeki rasyonel bir saymin paymni paydasina boldiigiimiizde saymin
ondalik agilimini buluruz. Ondalik agilim ile bulunan sayilara ondalik sayilar denir.
ORNEK :

1. 13/5= 26

2. 1/3=0,3333...

Biitlin sayilar ondalik say1 olarak yazilabilir.
ORNEK : 6,0 = 6,00 = 6,000...
DEVIRLI ONDALIK SAYILAR
Baz1 ondalik sayilar sonsuza kadar devreder. Bunlara devirli ondalik sayilar denir.
Ondaliklt sayr yoktur. Ondalikli yazilig vardir. Cilinkii onlarin hepsi rasyonel
sayidir.
ONDALIK SAYILARIN KESiR SAYISI OLARAK YAZILMASI
Devretmeyen ondalik sayilari kesre cevirirken sadece virglilden sonrasini kesre
cevirip tam kismi aynen yazmak daha kullaniglidir.
Virgiilden sonra kag¢ basamak var ise payda da 1’in yanina o kadar sifir konulur.
ORNEKLER

1. 0,50 ondalikli sayisin1 rasyonel sayiya ¢evirelim.

0,50=50/100=1/2

2. 2,005 ondalikl1 sayisini rasyonel sayiya ¢evirelim.
2,005=2005/1000=401/200

DEVIRLI ONDALIK SAYILARIN KESIR SAYISI OLARAK YAZILMASI
Yapilan islemin ederi uzun ispatlar1 gerektirmez Bu sebepten dolay1 ispatsiz formiil
verelim.
Ondalik sayisini kesirli olarak yazalim

1. Tam kismi aynen yazariz

2. Ondalik kisimdan devretmeyen kismi ¢ikararak kesrin payina

yazariz.
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3. Kesrin paydasmma devreden kadar 9, devretmeyen kadar 0

koyariz.

Ol¢me ve Degerlendirme
< Bireysel 6grenme etkinliklerine ydnelik Olgme-Degerlendirme
< Grupla 6grenme etkinliklerine yonelik Olgme-Degerlendirme
o Ogrenme giicliigii olan dgrenciler ve ileri diizeyde dgrenme hizinda olan

ogrenciler i¢in Ek Olgme-Degerlendirme etkinlikleri

Alhstirmalar:
1. a)2,65 b) 4,76 c)0,77
sayilarini kiiclikten biiylige yada biiytikten kiiciige siralayiniz.

2. 5 sayisin1 ondalik kesre ceviriniz.

3. 2,5,8 sayilarini ondalik say1 olarak ifade ediniz.

Burada adi gecen “6.Smuf Giinliik Ders Plan1”n1 ayirac.com adresinden aldim. Ders
planinm “Boliim III” teki “Ondalik Kesirler Arasindaki Iliskiler ve Kesirlerin
Ondalik Agilimlar” konularint M.S. Power Point kullanarak projeksiyon makinesi
yardimiyla ¢esitli gosterimlerden yararlanarak kesirli ifadeleri Powerpoint
yardimiyla olabildigince gosterebilmek Ogrencilere anlatmanin daha faydal

olabilecegini diislinmekteyim.

Neden bunu sectigime gelecek olursak; 6. sinif i¢in kesirler, ondalik kesirler ve
bunlarin ondalik agilimlarinin 6grencilere soyut gelmesindense daha somut ve en
azindan daha gorsel bir anlatimla, bu konunun daha iyi anlasilabilecegini

diistinmekteyim.
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APPENDIX M: FINAL LESSON PLAN EXAMPLE

GUNLUK DERS PLANI
Sinif Diizeyi: 5. sinif
Ders: Matematik
Ogrenme Alam: Geometri ve Olgme
Alt Ogrenme Alam: Uggen ve Dortgenler
Kazanimlar:
1. Cokgenleri isimlendirir, olusturur ve temel elemanlarindan kenar, i¢ aci,
kose ve kdsegeni tanir.
2. Dikdortgen, paralelkenar, eskenar dortgen ve yamugun temel 6zelliklerini
anlar.
3. Dikdortgen, paralelkenar, eskenar dortgen ve yamugun kareli veya noktali

kagit tizerinde ¢izer; olusturulanlarin hangi sekil oldugunu belirler.

Derste Verilen Kazamim: Dikdortgen, dik liggen ve karenin temel 6zelliklerini
anlar.

Siire: 1 ders

Arag Gerecler: Renkli A4 kagitlari, akilli tahta, tahta, telefon

Derse Giris: Bugiin ‘geometrik cisim ne demektir?” bunu &grenecegiz.
Gordiiglimiiz her cismin aslinda 6zel bir geometrik cisim oldugunun farkina
varacagiz ve bu geometrik cisimlerin 6zelliklerini 6grenecegiz.

Isindirma: Etrafimizda gordiiglimiiz geometrik cisimler nelerdir, 6rnekler veriniz.
Bunlarin benzer ve farkli oldugu yonleri sdyleyebilir misiniz?

Kiip olusturmak i¢in origami etkinligi yapilir. Etkinligin amaci, d6grencilerin kare,
dikdortgen, iiggen ve bu geometrik sekiller arasindaki iligkileri 6grencilerin
kesfetmesidir. Bu etkinlik siiresince YouTube’dan origami ile kiip yapimi videosu
acilir. Video kullanarak hem her 6grencinin adimlar takip etmesi hem de adimlari
dogru takip edemeyen veya tahmin edemeyen Ogrencilerin de {i¢ boyutlu gorselle

desteklenmeleri saglanir. Bunun yaninda video her adimda durdurularak
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ogrencilere sorular yonlendirilir ve geometrik cisimlerle ilgili eski bilgileri ortaya
cikarilir. Etkinligin devamindaki adimlarda sorular &grencilerin seviyesine gore
sorulur. Videodaki adimlarda kullanilan matematiksel ifadeleri 6grencilerin de
kullanmasi1 ve adimlar1 dogru ifade etmeleri beklenir.

Ogretme Ogrenme Siireci: Sinifa etkinlik uygulanmasi icin renkli A4 kagitlari
dagitilir. Etkinligin her asamasinda olusan geometrik sekiller tek tek vurgulanarak
anlatilir, geometrik sekillerin 6zelliklerinden bahsedilir ve bu siiregte soru cevap
yontemi ile diger konularla iliskilendirme yapilir. Ogrencilerden alman cevaplara
gore uygulamaya devam edilir veya her asama tekrarlanir. Etkinlik sonlandiginda
ogrencilerden geometrik sekillerin 6zelliklerini bilmesi beklenir ve bir sonraki

konu olan geometrik cisimlere altyap1 hazirlanir.
ETKINLiK PLANI

Elimizde bir kenar1 uzun bir kenar1 kisa ve kenarlar1 birbirine dik olan bir kagit var.
Bu kagit dikdortgendir. Dikdortgenimizin kisa kenarini taban alacak sekilde
kagidimiz1 ¢evirelim. Dikddrtgenimizin sag iist kosesinden tutuyoruz ve kdsemizi
dik ticgen elde edecek sekilde uzun kenarimiz ile birlestiriyoruz, dik iiggenin en
uzun kenar1 hipoteniistiir ve hipoteniis kenar1 iizerinde bir iz yapiyoruz.
Kagidimizin altinda bir dikdortgen olustu. Olusan bu dikdodrtgeni elimiz yardimiyla
olusturdugumuz dik tiggenden ayirtyoruz. Kenarlari birbirine esit ve dik olan sekle
kare denir. Kagidimizin biitiin kenarlar1 esit uzunluktadir ve dikdortgende oldugu
gibi biitiin kenarlar1 birbirine diktir bu durumda elimizde bir kare kagit olusmustur
ayrica kagidimizi actifimizda iiggenimizin hipoteniisiiniin karemizin bir kdsegeni
oldugunu goriiyoruz, karenin iki késegeni vardir ve bunlar birbirine diktir.

1. Sekil: Olusturdugumuz kare kagidimiz ve kdsegeni.

Kare kagidimiz1 kenarlar st iiste gelecek sekilde ikiye katliyoruz ve izimizi belli
ediyoruz. Kagidimizi actifimizda iki tane es dikdortgen olusturdugumuzu
gorilyoruz. Izimizi belli ettigimiz yer, dikddrtgenlerimizin ortak uzun kenari
olmustur. Simdi dikddrtgenlerimizin ortak olamayan kenarlarini ortak olan kenarla
st iiste gelecek sekilde katliyoruz ve iki kiiclik es dikdortgen elde ediyoruz.

2. Sekil: Olusturdugumuz iki kiiclik dikdortgenimiz.
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Seklin biitiiniine baktigimizda bir dikdortgen goriiyoruz. Olusturdugumuz kiigiik iki

3

dikdortgenden her biri, biiyiik dikddrtgenimizin % sini (yarisini) temsil ediyor.
Simdi biiyiik dikdortgenimizin kisa kenarlari iist iiste gelecek sekilde tam ortadan
ikiye katlayalim ve bir iz olusturalim. Bir kare elde etmis olduk. Sekli tekrar
acalim, iki es kare elde etmis olduk ve kerelerimizin bir kenar1 ortaktir. Simdi
seklimizi kenarlar o ortak kenarda birlesecek sekilde katlayalim ve bir kare elde
edelim .

3. Sekil: En son olarak olusturdugumuz kare.

En son katladigimiz iki kenar1 90° agiyoruz, 90° dik ac¢1 demekti. Yani
kenarlarimiz tabanimiza dik olacak sekilde agiyoruz kenarlarimizi.

4. Sekil: En son elde ettigimiz seklimiz.

Bu yaptigimiz sekilden ayn1 adimlar izleyerek 6 adet sekil olusturuyoruz.

5. Sekil: Yapmis oldugumuz 6 adet sekil.

En son olusturdugumuz 6 sekilden iki tane aliyoruz ve birini dik kenarlardan
herhangi birinin bize doniik olmasina dikkat ederek seklimizi masa yerlestiriyoruz.
Ardindan ikinci seklimizi 90° ile agtigimiz tabani {izerinde tutuyoruz ve masadaki
seklimizin ortasinda bulunan soldaki dikddrtgeni iizerine yerlestiriyoruz.

6. Sekil: Cesitli geometrik sekillerden olusan sekil.

Iki tane daha seklimizden aliyoruz ve birini yine dik kenari iizerinde masamiza
yerlestirdigimiz ilk seklimizin i¢indeki sag dikdortgene yerlestiriyoruz. Aldigimiz
4. pargamizi ise uzun kenari ilk seklimizin dik kanarini i¢ine alacak sekilde ve dik
kenarlar1 icerde kalacak sekilde yerlestiriyoruz.

7. Sekil: Cesitli geometrik sekillerden olusan sekil.

Bir parca daha aliyoruz ve son yerlestirdigimiz par¢camizin karsisina ayni sekilde
yerlestiriyoruz.

Seklimize kutu goriiniimii vermek i¢in yandaki kenarlar1 dik konuma getirelim.

8. Sekil: Kutu goriintimlii sekil.

Son parcamizi da seklimizin agik kalan yiiziinii kapatmak i¢in kullanacagiz. Ustte
kalan iki dikdortgenimiz ile son pargamizin i¢ kismindaki dikdortgenlerimiz
birbiriyle 90°’1lik a¢1 yapacak sekilde yerlestiriyoruz. Olusan sekil bir geometrik

cisimdir ve adi1 kiiptiir.
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Ol¢cme ve Degerlendirme: Socrative programi ile ders sonunda 10 soruluk bir

degerlendirme yapilir.

socrative

by MasteryConnect

Name: 11—
Quiz name: Geometri ve Ulqme

1. Yalmzca karenin 2 kosegeni vardir?
o True
False
2 Buttin kenarlan birbirine esit ve dik olan sekle ne denir?
(») Dikdértgen
o Ucgen

o Kare
o Yamuk

3. Karenin en kisa kenari hipotenustir.
0 True
o False
4. Sinifinizda gordigliniz geometrik sekillere 3 érnek veriniz.
5. Dikddrtgenden kare ve ticgen elde edemeyiz.

@ True
False

6. Dik Gggen, kare ve dikdortgenin ortak ozelligi varsa yaziniz,

7. Kip nedir?
o Geometrik sekil
o Geometrik cisim
o Geometrik sekillerin genel adi

o Geometrik cisimlerin genel ad
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8. Kup ve karenin benzerlikleri nelerdir?

9. Dik bir tggen, bir karenin 1/2 sini (yarimini) temsil edebilir.

o True
e False

10.  Yaptigimiz etkinlikte kac tane geometrik sekil kullandik?
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APPENDIX N: TURKISH SUMMARY / TURKCE OZET

Ogretim karmasik yapilanmus bir siirectir ve teknoloji entegrasyonu siirecin
zorluklarina katkida bulunur (Graham, Borup, & Smith, 2012). Bu nedenle,
teknoloji ile 68retmek zor bir problemdir (Rittel & Webber, 1973). Egitim, yiiksek
talepleri beraberinde getirmektedir ve son zamanlarda teknolojinin egitimde yaygin
olarak kullanilmas igin bir istek vardir (Kaufman, 2015). Ogrencilerin konularmn
temelini anlamasimi kolaylastirmak icin dijital teknolojilerin kolayliklarindan
faydalanarak ders planlarin1 yapilandirmada, eski miifredati yeni yollarla
Ogretmede ve yeni miifredatlar gelistirmede teknoloji Ogretmenlere daha fazla
secenek ve olanak sagladigindan bu zorlugun etkin bir sekilde c¢o6ziilmesi
gerekmektedir (Koehler & Mishra, 2006). Bu ¢6ziim Ogretmenlerin 6gretimde
teknolojinin nasil kullanilacagi konusunda gerekli bilgi ve deneyime sahip
olmalarim1 gerektirir (Akbaba-Altun, 2006; Cakiroglu & Haser, 2002). Ancak bazi
ogretmenler, smif ortaminda teknolojilerden faydalanmakta ve 21. yiizyil
matematik derslerinin gereksinimlerini tiim Ogrenciler icin karsilamada geride
kalmaktadir (Kavanoz, Yiiksel & Ozcan, 2015; Zelkowski, 2011c). Bircok
ogretmen dijital teknolojilere asina degildir ve bu teknolojilere asina olan
ogrencilerle tanisirlar (Prensky, 2001). Sadece teknolojinin 6zelliklerini bilmek
onlar1 egitimde kullanabilmek igin yeterli degildir (Angeli & Valanides, 2009;
Mishra, Koehler, & Kereluik, 2009). Ogretmenlerin, &grencilerin kavramlar
anlamli bir sekilde Ogrenmelerinde yardimci olacak dersler planlamak igin
teknolojilerin sundugu olanaklardan nasil yararlanabileceklerini bilmeleri gerekir
(Lee & Hollebrands, 2008). Ayrica, miifredattaki kazanim ve ilkelere uygun olan
teknoloji entegre edilmis derslerin tasarlanmasinda ve uygulanmasinda da
deneyimli olmalar1 gerekmektedir (Lawless & Pellegrino, 2007).

21. yilizy1l egitiminde, diinyadaki gelisimlere ayak uydurabilecek,
teknolojiyi giinlik hayatta kullanabilmek ve alan bilgisini gelistirebilmek i¢in

yeterli dijital becerilere sahip 6gretmenler istenmektedir (Kaufman, 2015). Yakin
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zamanda bildirilen egitim standartlar1 arasinda, Uluslararast Egitim Teknolojileri
Dernegi (ISTE, 2017) egitimciler i¢in ¢ogu dijital yeterlilikler hakkinda olan
standartlar yayimlamistir. Bunlar arasinda, liderlik 6zelligi altinda, dgretmenlerin
tim Ogrencilerin farkli ihtiyaclarimi karsilamak i¢in egitim teknolojisine, dijital
icerige ve Ogrenme firsatlarina esit erisimi saglamayi amaglamasi beklendigi
belirtilmektedir (ISTE, 2017). Ogretmenlerin alanlarindaki igerik ile uyumlu 6zgiin
ogrenme etkinlikleri tasarlamalari, aktif 6grenmeyi en iist diizeye ¢ikarmak icin
dijital araclar1 ve kaynaklar1 kullanmalar1 ve 68renmeyi destekleyen yenilikei
dijital Ogrenme ortamlar1 yaratmak i¢in Ogretim tasarim ilkelerini arastirip
uygulayabilmeleri beklenmektedir (ISTE, 2017).

Tiirkiye Milli Egitim Bakanligt (MEB), ortaokul (5, 6, 7 ve 8. smif)
matematik miifredatinda matematik derslerinde teknoloji kullanimini 6nermektedir
(MEB, 2013). Miifredatta genel amagclar arasinda ogretmenlerin teknolojiyi
O0grenme ve O0gretme siirecinde etkin bir sekilde kullanmalart 6nerilmektedir. Bu
hedefe ulagmak igin, 6gretmenlerin teknoloji kullanabilmeleri igin temel becerilere
sahip olmalar1 ve teknoloji kullanarak matematik dersi igerigini Ogretmek icin
uygun pedagojik yontemler kullanmalart gerekmektedir (MEB, 2013). Benzer
sekilde, Amerika Birlesik Devletleri Ulusal Matematik Ogretmenleri Konseyi
(NCTM) teknolojinin matematigin etkili 6gretim ve 6grenimi i¢in gerekli oldugunu
(NCTM, 2014) ve Matematik Ogretmeni Egitimcileri Dernegi (AMTE) farkli
ogrenci ihtiyaglarim1  tanimlamada ve karsilamada teknolojinin  roliinii
vurgulamaktadir. (AMTE, 2009).

Koehler ve Mishra (2006) Teknoloji, Alan ve Pedagoji olmak {iizere ii¢
temel bilgi arasindaki karmasik etkilesimin olusturdugu Teknolojik Pedagojik Alan
Bilgisi'ni (TPAB), 6gretmenlerin egitimde teknoloji entegrasyonu ile ilgili bilgisine
yonelik  kavramsal bir c¢erceve olarak sunmuslardir. TPAB kavramsal
cercevesindeki bilgi yapilari ayri ayri incelenebildigi gibi uygulamada bu bilgi
yapilar1 birbirine ge¢mistir ve ayrit edilemezler (Angeli & Valanides, 2005, 2009).

TPAB o6gretimde teknolojiyi kullanmak icin gelistirilmis biitiinlesik bir
bilgidir (Koehler & Mishra, 2008; Mishra & Koehler, 2006) ve icerdigi bilgi
yapilarinin Otesine geger (Angeli & Valanides, 2009, 2015; Koehler & Mishra,
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2009). Thompson & Mishra, 2007; Yeh, Hsu, Wu, Hwang & Lin, 2014). Bu bakis
acistyla, TPACK ortam, 6grenci ihtiyaglari, pedagoji, teknoloji yeterlikleri, icerik
(Angeli & Valanides, 2009) ve Ogrencilerin 6grenmesini ve Ogretmenlerin
egitimini gelistirmeyi kapsayan teknoloji entegrasyonu ile ilgili bilgi ve uygulama
becerisi biitiiniidiir (Jen, Yeh, Hsu, Wu & Chen, 2016). Ogretmenler TPAB
gelisimleri siiresince teknoloji ile destekleyecekleri icerik ve buna uygun pedagojik
yaklagimlar arasinda baglantilar kurarlar.

TPAB kavramsal cercevesi, yeni yaklasimlarin ortaya ¢ikmasina elverisli
olan genis bir ¢ercevedir (Hewitt, 2008). Arastirmacilar, her biri TPAB kavramsal
cergevesinin igerdigi bir yapi iizerine kurulmus olan, TPAB epistemolojisini
benimseyen ve oradan tiiretilen ¢esitli modeller 6nermistir. Bunlardan biri olan
TPAB-Pratik (TPAB-P) modelini (Yeh, Hsu, Wu, vd., 2014) diger TPAB
modellerinden ayiran yonler, TPAB-P’nin TPAB'In bilgi ve uygulama tabanli
dogasindan tiiretilmis olmasi ve alana 6zgii TPAB gelisimini vurgulamasidir. Buna
ek olarak, TPAB-P degerlendirme, tasarim ve planlama ve uygulama olmak {izere
iic pedagojik alana yonelik TPAB yeterliklerini dort seviyede tanimlayan iki
boyutlu bir ¢er¢evedir (Yeh, Lin, Hsu, Wu, & Hwang, 2015).

Ogretmenlerin derslerinde teknoloji kullanmalari {izerinde dgretmen egitimi
programlarinda aldiklar1 egitimin 6nemli bir etkisi oldugundan) 6gretmen egitimi
programlar1 siiresince teknoloji entegre edilmis etkinlikler planlamalar1 ve
uygulamalar1 gerekir (Tondeur, Roblin, van Braak, Voogt, & Prestridge, 2017;
Tondeur, Scherer, Siddiq, & Baran, 2017). Ancak, bu amaci 6gretmen egitim
programlarinda yerine getirmek zor ve tartigsmali bir konu olmustur (Niess, 2011).
Bu nedenle, 6gretmen egitim programlarindaki ders igeriklerinin iyilestirilmesi
yoniinde bir reform yapilmasi gerekmektedir (Koehler, Mishra & Yahya, 2007
Niess, 2006). Bu iyilestirmede amac¢ 6gretmen adaylarinin alana 6zgii ve pedagoji
ile iliskilendirilmis (Tondeur, Roblin vd., 2017) ve miifredat hedefleriyle
harmanlanmis teknoloji entegrasyonu deneyimleri yagamalarini saglamaktir (Agyei
& Voogt, 2011a). Ogretmen egitim programlarmin igeriginin yenilenmesinde
TPAB cergevesinin kullanilmasi, 6gretmen adaylarinin egitimde etkili teknoloji

kullanim1 konusunda yetkin olarak yetismesi (Koehler & Mishra, 2009) ve egitime
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teknoloji entegrasyonu ile ilgili deneyim kazanabilmelerini destekleyen verimli

ortamlarin tasarlanmasi i¢in 6nerilmektedir (Agyei & Voogt, 2012).
Arastirmanin Amaci ve Arastirma Sorulari

Bu ¢aligmanin amaci ortaokul matematik 6gretmen adaylarmin (OMOA)
TPAB-P gelisimlerini desteklemek ve incelemektir. Bu amag¢ dogrultusunda
TPAB-P modeli temel alinarak Matematik Egitiminde Teknoloji Kullanimi
(METK) dersi planlanmis ve uygulanmistir. Arastirmada asagidaki arastirma
sorusuna ve ona ait alt sorulara yanit aranmastir.

1. Matematik Egitiminde Teknoloji Kullanimi dersi ortaokul matematik

Ogretmen adaylarinin TPAB-P gelisimlerini nasil etkilemektedir?

a) Ortaokul matematik 6gretmen adaylarmin Matematik Egitiminde
Teknoloji Kullanimi1 dersinin basinda TPAB-P yeterlik diizeyi
nedir?

b) Ortaokul matematik 6gretmen adaylarmin Matematik Egitiminde
Teknoloji Kullanim1 dersinin sonunda TPAB-P yeterlik diizeyi

nedir?
Kavramsal Cerceve

TPAB-P (Yeh, Hsu, Wu vd., 2014) 6gretmenlerin 6gretim uygulamalari
icin ve bu uygulamalar1 yaparak gelistirdikleri teknoloji kullanimi bilgisidir (Yeh,
Lin, Hsu, vd., 2015). Diger TPAB modellerden farkli olarak, TPAB-P hem bilgiye
hem de deneyime dayanmaktadir (Yeh, Hsu, Wu vd., 2014). Ogretmenlerin
egitimde teknoloji kullanma bilgisini gelistirmek ve degerlendirmek i¢in TPAB-P
modeli dort diizeyde ve tli¢ pedagojik boyutta TPAB-P yeterliginin belirlendigi ¢ok
boyutlu bir ¢erceve Onermektedir (Jen vd., 2016). TPAB-P modeli yardimiyla
ogretmenler teknoloji entegre edilmis dersler planlamada ve uygulamada basarili
olabilirler (Yeh, Hsu, Wu vd., 2014). TPAB-P modelindeki dort yeterlik seviyesi
ve seviyelere ait olan kriterler ve gostergeler (Yeh, Lin, Hsu vd., 2015) son halini

Jen vd. (2016) tarafindan yapilan ¢aligmada almistir.

Alanyazin incelenmesi
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TPAB alanyazininda, neyin eksik oldugunu tanimlamak, ogretmen
yetistirme programlarinda 6gretmen adaylarinin TPAB gelisiminin nasil oldugunun
bilinmesi i¢in oldukg¢a onemlidir. TPAB, 6gretmenin teknoloji ile etkin 6gretme
hakkindaki bilgisidir (Mishra & Koehler, 2008). Biitiinlestirici goriise gore, TPAB
yedi bilgi tiirlinden ve bunlarin entegrasyonundan olugmaktadir (Angeli vd., 2016).
Ogretmen adaylarmin TPAB’m1 arastirmak amaciyla TPAB bilesenlerinin
gelisimlerini ayr1 ayri arastiran c¢alismalar vardir (bkz. Cox & Graham, 2009;
Graham, Borup & Smith, 2012; Jaipal & Figg, 2015). Diger taraftan, doniisiimcii
bakis acisiyla TPAB, igerdigi bilgi yapilarinin Otesine gegen biitlinlesik ve
bilesenlerinden farkli bir bilgi biitiiniidir (Angeli & Valanides, 2009, 2015;
Koehler & Mishra, 2009; Thompson & Mishra, 2007; Yeh, Hsu, Wu vd., 2014). Bu
bakis acistyla, TPACK baglam, 6grenci ihtiyaclari, pedagoji, teknoloji yeterlikleri
ve igerik bilgisini (bkz. Angeli & Valanides, 2009) ve Ogretmen adaylarinin
ogrencilerin O0grenmesini ve Ogretmenlerin Ogretimini  gelistirmek amaciyla
teknolojiden faydalandig bilgi ve uygulamalari icermektedir (Jen vd., 2016).

TPAB, teknoloji bilgisinden daha fazlasini igerir. TPAB’da yeterli olmak
icin, Ogretmenlerin belirli bir igerigin Ogrenilmesini desteklemek icin uygun
pedagojik yontemlerle etkili teknolojileri segmeleri, 6gretimi 0grenme ortamina
uygun olarak tasarlamalart ve bu plam1 tasarlandigi sekilde uygulamalari
gerekmektedir. Bu nedenle TPAB, alan temelli c¢alismalarin odagi haline
gelmelidir. TPAB'In alana 6zgii olarak incelenmesine ihtiya¢ vardir (Baran &
Canbazoglu-Bilici, 2015; Chai vd., 2013, Voogt vd., 2013). Grafik hesap
makineleri (Chai vd., 2013; Ozgun-Koca vd., 2010, 2011), dinamik geometri
yazilimlar1 (Chai vd., 2013) ve sanal manipiilatifler (Ozgun-Koca & Meagher,
2012) hem 6grencinin §grenmesini hem de dgretmenin 6gretimini gelistirmektedir.
Buna ek olarak, bu teknolojilerin matematik &gretiminde kullanilmasi temsiller
arasinda dinamik iligkiler kurulmasini saglar (Ozgun-Koca vd., 2010).

TPAB, Ogretmen adaylarinin teknolojinin kullanimi ile ilgili deneyim
kazanmalar1 ic¢in firsat yaratan ortamlarin tasarlanmasi i¢in etkin bir ¢ergcevedir
(Agyei & Voogt, 2012; Tondeur, van Braak vd., 2012). Koehler ve Mishra (2009),

pedagoji, alan bilgisi ve teknolojik bilgi ve becerileri biitlinlestirebilen ve
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teknolojiyi egitimde etkin bir bicimde kullanabilen 6gretmen adaylari yetistirmek
igin  Ogretmen egitimi programlarinin  donlisimiinde TPAB ¢ergevesinin
kullanilmasini 6nermistir. Alanyazinda bu konuda bir¢ok yaklasim bulunmaktadir.
Yeh, Hsu, Wu vd. (2014) bu yaklasimlardan biri olan TPAB-P ¢ercevesini bilgi
tabanli ve deneyim odakli O6gretmen yeterliklerini iceren bir cergeve olarak
sunmustur. Egitimde teknolojinin uygulamali kullanimini temel alan TPAB-P
cercevesinde, Degerlendirme, Planlama ve Tasarim ile Uygulama alanlarindaki
dort yeterlik seviyesi ortaya konmustur (Jen vd., 2016). TPAB'In hem bilgi hem de
uygulamaya dayali dogasindan tiireyen ve alana 6zgii gelisimi vurgulayan TPAB-P
cercevesi bu yonleriyle diger TPAB modellerinden farklilik gosterir.

TPAB cergevesi ve ona bagh olarak gelistirilen diger modeller, teknoloji
entegrasyonu ile ilgili yetkinlikleri gelistirmeyi amaclayan derslerin tasarlanmasi
icin kullanilmistir. Alanyazindaki calismalarda, 6gretmen adaylarinin teknolojiyi
Ogretime profesyonel olarak dahil edebilmeleri i¢in 6gretmen egitimi derslerinde
teknolojilerin  matematik egitimine katkilarin1  arastirabilecekleri  ortamlar
olusturulmustur. Bu dersler, 6gretmen adaylarinin egitimde teknoloji kullanimina
yonelik gelisimlerini olumlu yonde etkilemistir (Angeli & Valanides, 2009; Chai
vd., 2010). Ogretmen adaylarmin TPAB gelisimini ders kapsaminda desteklemeyi
amaglayan arastirmalarda yontem dersini yeniden tasarlayan (Haciomeroglu vd.,
2010; Lee & Hollebrands, 2008; Meng & Sam, 2013; Ozgun-Koca vd., 2010),
ogretim dersleri (Agyei & Voogy, 2012; Balgalmis, 2013) ve matematik dersleri
(Durdu & Dag, 2017; Kurt, 2016; Meagher vd., 2011) kapsaminda ¢alisan, bu
derslerin birkacinda eszamanl olarak (Mudzimiri, 2012; Niess, 2005) ya da yeni
dersler tasarlayarak (Akkaya, 2016; Akyiliz, 2016; Bowers & Stephens, 2011;
Cavin, 2008) yapilmis ¢alismalar bulunmaktadir. Bu ¢alisma ise ilgili alan yazinda
Onerildigi gibi etkili stratejiler kullanilarak tasarlanan ve uygulanan Matematik
Egitiminde Teknoloji Kullanimi (METK) dersi kapsaminda gergeklestirilmistir.
METK dersi, bu etkili stratejilerin bir kismint ansitan ilkeler dogrultusunda
Olusturulmustur. Tondeur, van Braak vd. (2012), 6gretmen adaylarinin teknolojiyi
Ogretim uygulamalarinda etkili kullanimlarmin  gelistirilmesini  amaclayan

Ogretmen egitim programlarindaki etkili uygulamalarin 6zellikleri arasinda teorinin
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pratige aktarimi, tasarim yoluyla 6grenme, d6gretmen egitimcinin rol model olmasi
ve isbirlikli 6grenme gibi ana temalar1 vurgulamistir. Bunlara ek olarak, siirekli
geri bildirim de egitimde teknolojinin etkin kullanimi becerilerinin gelistirilmesi
acisindan destekleyici ve etkilidir (Niess, 2005; Tondeur, van Braak vd., 2012).

Bu c¢alisma, alanyazinda vurgulanan ozelliklerin tek bir baglamda
toplanmas1 bakimindan &zgiindiir. OMOA’nin TPAB-P gelisimlerinin TPAB-P
ilkelerine dayali olarak tasarlanmis ve teknoloji ile gili¢lendirilmis bir ders
kapsaminda desteklenmesi ve incelenmesi amaglanmistir. OMOA’nin TPAB-P
gelisimi, hem kendi gelisimleri ilgili algilar1 hem de aragtirmacinin gdzlemine
dayali gelisimleri ile ilgili bilgi almayr saglayan veri kaynaklari araciligiyla

arastirilmistir.
Yontem

OMOA'nin TPAB-P gelisimilerini desteklemek ve incelemek amaciyla veri
toplanmas1 ve analiz edilmesinde nitel arastirma stratejileri kullanilmistir. Bu
calisma, biitiincil bir tasartma sahip olan tek durum c¢alismas: tiiriinde
tasarlanmistir. Bu ¢alismadaki durumu, METK dersini alan lkdgretim Matematik
Ogretmenligi  lisans programina kayith 11 dordiincii smif  Ogrencisi
olusturmaktadir. Programda dordiincii smifta olan 17 o6grenciden 2015-2016
ogretim yilinda bes krediye sahip segmeli ders olan METK dersine kayit yaptiran
11 6grenci bu calismanin katilimcilarint olusmustur. Yaslar1 21 ile 27 arasinda
degisen 11 6grenciden 10'u kiz ve biri erkek 6grencidir.

Calismada, METK dersini veren arastirmaci, katilimci-goézlemci roliini
tistlenmistir. Katilimci-gozlemci rolii, aragtirmacinin aragtirmanin gidisatini kontrol
etmesini, dersi organize etmesini ve katilimcilar1 hem 6gretmen hem de arastirmact

bakis agisindan gézlemlemesini saglamistir.
Matematik Egitiminde Teknoloji Kullanim Dersi Icerigi

METK dersinin genel amaci, teknolojiyi matematik egitiminde etkili sekilde
kullanabilen gelecegin 6gretmenlerini  hazirlamaktir. METK dersi  Egitim
Fakiiltesi'ndeki matematik laboratuvarinda yiiriitiilmistiir (bkz. Ek B). Bazi dersler

ise her katilmcmin bir bilgisayar kullanabilecegi bilgisayar laboratuarinda

252



yapilmistir. METK dersi, Yeh, Hsu, Wu vd. (2014) tarafindan 6nerilen TPAB-P
cercevesi temel alinarak planlanmis ve tasarlanmistir.

METK dersi, TPAB (Koehler & Mishra, 2008, 2009) ve TPAB-P (Yeh,
Hsu, Wu, vd., 2014; Yeh, Chien, Wu vd., 2015) modellerinin ilkelerine dayali
olarak tasarlanmis, planlanmis ve uygulanmistir. Bu ilkeler doniisiimcii yaklagim,
isbirlikli 6grenme, etkinlik destekli 6grenme ve uygulamaya dayali 6grenmedir. Bu
ilkelerin METK dersinde tanimlanmasi ve uygulama sekilleri asagida agiklanmustir.

Doniistimcti yaklasim: TPAB, donlisimcii bakis agisina gore, bilesenlerinin
Otesine uzanan bilgiler biitiiniidiir (Angeli ve Valanides, 2005, 2009). Bu a¢idan
METK dersi, TPAB-P bilesenlerinin entegrasyonu iizerine kurulmustur. METK
dersindeki bu bilesenler matematik egitiminde teknolojinin roliiniin incelenmesi,
egitim teknolojileri ve teknoloji entegrasyonuna uygun ogretme ve Ogrenme
yontemlerinin arastirilmasi, egitim teknolojileri kullanilarak matematik derslerinin
yeniden tasarlanmasidir. Bu konular doniisiimcii yaklasim ile ele alinmistir.

Isbirlikli 6grenme: Teknoloji entegre edilmis Ogretim materyallerinin
tasarlanmasinda isbirlikli calisma TPAB gelisimini artirmaktadir (Koehler &
Mishra, 2005; Koehler vd., 2007; Polly vd., 2010; Tondeur, van Braak vd., 2012).
Dahasi, igbirlikli ¢aligma pratik kullanimli yiiksek kaliteli materyaller ortaya
cikarmay1 saglar (Yeh, Hwang, & Hsu, 2015). Bu nedenle, METK dersinde
Ogretme ve Ogrenme siireci igbirlikli 6grenme yaklagimima dayali tasarlanmustir.
Isbirligi ortami1 katilimcilarin fikir, deneyim ve beceri alisverisinde bulunmalarini
saglamistir. Ayrica, katilimcilarin her bir etkinlikte teknoloji destekli materyaller
tasarlarken birbirleriyle etkilesime girmesi ve birbirlerinden 6grenmeleri onemli
kazanimlar olarak kabul edilmistir. Dersin ikinci boliimiinde her etkinlikte
teknoloji destekli tasarim Onerileri tlizerinde ¢alisirken gruplar iginde yapilan
tartismalar, katilimcilar1 grup i¢indeki farkli goriislerden ortak bir goris
olusturmaya yonlendirmistir. Grup i¢i tartismalarinin ardindan, biiylik grup
tartismalarinda farkli goriislerin ortaya ¢ikarilmasi firsatini saglamistir.

Etkinlik destekli é6grenme: Etkinlik destekli 6grenme, miifredattaki
kazanimlara uygun etkili teknoloji destekli 6gretim planlamasinin 6grenilmesine

yardimci olur (Harris & Hofer, 2009) ve TPAB-P gelisimini destekler (Yeh, Chien,
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Wu, vd., 2015). Bunun yani sira, etkinlik destekli &grenme, odagi Ogretmen
merkezli yaklasimdan 6grenci merkezli 6gretime kaydirmaktadir (Agyei & Voogt,
2012). Katilimcilar bu arastirmadaki her bir etkinlikte verilen konu hakkinda
arastirma yapmis; teknolojiler, katkilart ve oOrnek kullanimlari hakkinda bilgi
toplamislardir. Son olarak da, katilimcilar matematik miifredatindaki 6grenme
hedeflerini ve matematiksel konular hakkindaki kavram yanilgilarin1 aragtirmis ve
bu bilgileri teknoloji destekli bir 6grenme iirlinii olusturmak icin analiz etmis ve
sentezlemislerdir.

Uygulama temelli ogrenme: TPAB-P, egitimcilerin uygulamalarini
teknolojiyle biitiinlestirerek kullanabilecekleri bir bilgi biitiiniidiir ve yalnizca
teknolojinin pratikte kullanilmasiyla gelistirilebilir (Jen vd., 2016). TPAB gelisimi
icin pedagojik yontem, teknolojik araglar ve alan bilgisine ihtiya¢ duyulmasina
ragmen, temel odak farkli 6gretim amaglarina hizmet etme amaciyla teknolojinin
ogrenilmesi ve uygulamada kullanimi tizerinde olmalidir (Jen vd., 2016). Buna
gore, METK dersinin uygulamaya dayali igerigi, katilimcilarin teknolojilerle
etkilesim yoluyla TPAB-P'lerini gelistirmeyi ve giliglendirmeyi, destekleyici bir
ortamda teknoloji ile gliglendirilmis faaliyetler ger¢eklestirmeyi ve Jen vd. (2016)
tarafindan onerilen teknoloji entegre edilmis tasarimlar olusturmay1 ve uygulamayi
amaglamaktadir. Boylece, METK dersinde tiim etkinliklerin, tartigmalarin ve
odevlerin temelinde uygulama vardir. Hem dersteki etkinlikler hem de mikro
ogretim Odevi katilimcilara teorik bilgilerini pratige doniistiirmek i¢in firsatlar
sunan 0gretim deneyimleri olmustur.

Yukarida detayli olarak agiklanan dort ilke temel alinarak tasarlanan METK
dersi baslica ii¢ bolimden olusmaktadir: 1) TPAB modelinin teorik altyapisi, 2)
Egitim teknolojileri: Arastirllma, tasarlama ve yansitma ve 3) Teknolojinin
matematik egitimine entegrasyonu. Ders haftada 3 saat ve toplamda 42 ders olarak

14 haftadan olusan bir ddnem boyunca siirdiiriilmiistiir.
Veri Toplama Aracglari ve Veri Analizi

Veri seti, METK dersi oncesinde, ders esnasinda ve ders sonrasinda cesitli

veri kaynaklarindan toplanmistir. Bu ¢alisma igin kanit saglayan veri kaynaklari
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dokiimantasyon, gozlem ve goriismedir. METK dersine baslamadan Once,
katilimcilara iki anket uygulanmis ve teknoloji bilgileri ve teknolojiyi ders
tasariminda kullanma becerilerini belirlemek {izere bir ders plani hazirlama gorevi
verilmistir. Katilimcilar METK dersi boyunca 14 hafta gozlemlenmistir. Gézlem
video kayitlari, METK dersinin bir donem boyunca islenisi ve ders boyunca
katilimcilarin  sergiledikleri performanslardan olusmaktadir. Arastirmaci ders
sirasinda ve dersten hemen sonra saha notlar1 kaydetmistir. Katilimcilara,
etkinliklerin tamamlandig1 12. haftaya kadar ikinci bir ders plani hazirlama gorevi
verilmistir. Her katilimc1, mikro 6gretim yontemiyle ders planini diger katilimcilara
sunmustur. On bir mikro 6gretim seansi video ile kayit edilmistir. Her bir mikro
Ogretim tamamlandiginda, katilimcilar akran degerlendirme formunu doldurarak
diger katilimcilarin mikro 6gretimini (bkz. Ek F) ve her katilimei1 6z degerlendirme
formunu doldurarak kendi mikro 6gretimini degerlendirmistir (bkz. Ek G). METK
dersi sona erdikten sonra, katilimcilarin teknolojiyi matematik egitimine entegre
etme konusundaki genel goriislerini belirlemek i¢in yar1 yapilandirilmis bireysel
goriismeler yapilmastir.

Veri analizinde igerik analizi teknigi kullanilmistir. Nitel ¢alismalarda
kanitlar1 en st diizeye ¢ikarmak igin veri kaynaklarinin ¢esitlendirilmesi gerekir
(Yin, 2003). Kapsamli degerlendirme rubrigi katilimcilarin TPAB-P diizeyini
belirlemek igin toplanan tim veriyi degerlendirmek i¢in kullanilmistir. Rubrik,
Degerlendirme, Planlama ve Tasarim ve Uygulama pedagojik alanlari dahilinde her
bir TPAB-P seviyesine ait bilgi ve beklenen davranislar ile ilgili kriterlerden

olusmaktadir.
Bulgular

Oncelikle katilimcilarin baslangictaki TPAB-P seviyeleri belirlenmistir.
Daha sonra katilimcilarin bireysel TPAB-P gelisimleri ii¢ alanda siiflandirilan
TPAB-P modeli dogrultusunda oOnerilen seviyelere gore belirlenmistir. Benzer
yeterlilik seviyelerinde belirlenen katilimcilar bu seviyelere gore gruplandiriimastir.
Son olarak, her gruptaki katilimcilarin uygulamalar1 ve goriisleri ayrintili olarak

betimlenmistir.
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METK Dersinin Baslangicinda OMOA'nin TPAB-P Seviyeleri

Katilimcilarin ders oncesi TPAB-P seviyeleri, Degerlendirme alani ve
Planlama ve Tasarim alanmi olmak tizere iki alan i¢in belirlenmistir. Ders Oncesi
TPAB-P seviyelerinin belirlenmesi i¢in katilimcilarin iki ankete verdikleri yanitlar
ve teknoloji entegre ettikleri ders planlari analiz edilmistir.

Ogretmenlik Meslegine Yonelik Goriisler Anketi'nde bulunan sorulara
katilimeilarin -~ verdigi cevaplar arasinda teknolojik bilgiye dair bulgu
bulunamamustir. Katilimcilarin, teknolojik bilgiyi bir 6gretmenin sahip olmasi
gereken pedagojik bilgi ve alan bilgisi gibi bir bilgi tiirii olarak gérmedikleri tespit
edilmistir. Teknoloji yalnizca P9 ve P11 tarafindan, kullanildig1 ortami ve buna
yonelik bir ihtiyaci ifade etmeden diger egitim materyalleri arasinda bir ara¢ olarak
belirtilmistir.

Teknoloji Kullanim1 Anketi i¢in verilen cevaplar, katilimcilarin daha 6nce
bildigi ve kullandigr 18 tiir teknoloji oldugunu ortaya cikarmistir. Egitimde
teknoloji kullanimi ile ilgili olarak sunum hazirlama, poster, bulmaca, kavram
haritalar1 ve testler hazirlama, grafikler ve geometrik sekiller ¢izme, koordinat
sistemini kesfetme ve hesaplama yapma gibi cevaplar anketten elde edilen amaglar
arasinda yer almaktadir. Sonuglar, her katilimcinin bu teknolojilerden en az ikisi
hakkinda bilgisi oldugunu gostermistir. Bir¢ok teknolojinin farkinda olmalarma ve
daha oOnceden egitim amagli kullanmis olmalarina ragmen katilimcilarin bu
teknolojileri ders planlarinda kullanmadiklari tespit edilmistir.

Katilimeilarin ders planlarinda Powerpoint, projeksiyon, GeoGebra ve
video olmak tizere dort tiir teknoloji kullandiklari tespit edilmistir. P2 ve P9'un ders
planlarinda herhangi bir teknoloji entegrasyonu yapamadigi; P7, P8 ve P10’un ise
ders plan1 hazirlamadig tespit edilmistir. Ders planlarinda teknolojinin kullanimin
oneren alti katilimcr teknolojiyi nasil kullanacaklarinin ayrintilarimi  ifade
edememistir. Ders planlarinda ortaya ¢ikan amaglar, kavramlarin somutlagtirmak
ve gorsellestirmek, ogrencileri motive etmek ve konuyu oOzetlemektir. Ancak
katilimcilar, teknoloji entegrasyonunun igerigini, nasil entegre edilece8ini ve
uygulanacagini belirtmemislerdir. P1 ve P4 matematiksel igerigin gorsel olarak

gosterilmesi igin Powerpoint ve projeksiyon kullanimi Onermistir. Ayrica, P6
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Powerpoint kullanimini 6nermis, ancak bu kullanimi ders kapsaminda nasil
planladigin1 belirtmememistir. Bir bagka planda, ticgen benzerliinin gosterilmesi
ve paralelkenarin alaninin gorsel temsili i¢in GeoGebra Onerilmistir. Ogrencileri
motive etmek ve konu &zetlemek igin ise video kullanilmasi 6nerilmistir. P3 ise
ticgenlerin iki 6zelliginin miizikli bir sekilde soylendigi bir video kullanilmasini
Onermistir. Teknolojinin kullanim amaglari, teknoloji kullanimlarinin 6gretimi
destekleyici oldugu ancak gelistirmedigi gostermistir. Teknoloji entegrasyonu
oOnerilerinin, teknolojilerin faydalarinin  kullanilmadigi ve ders hedeflerini
karsilamada yetersiz kalan amaglari oldugu belirlenmistir. Bunun yani sora,
kullanilan teknolojiler ders planlarindaki matematiksel icerikle uyumsuzdur.
Ayrica, segilen teknolojilerle eslestirilmis pedagojik yontemler belirtilmemistir.
Teknoloji, ders planlarinda sadece dersin sinirli bir boliimiinde kullanilmak
tizere planlanmig, 6grencilere teknoloji kullanimi ile ilgili altyap1 olusturmalari i¢in
ornek gosterilmemistir. Bu dogrultuda, teknolojik igerik barindiran alti ders
planindan besinde teknolojik igerik, teknolojinin 6gretmen merkezli olarak
kullanilmasimi1 hedeflemistir. P1 tarafindan hazirlanan ders planinda ise
GeoGebra'nin 0grenci merkezli bir ortamda kullanilmasi Onerilmistir. P1,
Powerpoint'in ve GeoGebranin 6grenci merkezli bir ortamda kullanilmasini
onererek daha 1yi bir teknolojik entegre edilmis ders plani tasarlamistir. Bu 6neriler
g6z Oniinde bulunduruldugunda daha yiiksek diizeyde bir TPAB-P diizeyinde
belirlenmesi beklenilebilir. Ancak ders planinda bu teknolojilerin kullanim amaci,
uygulanmasi gereken adimlar ve yonergeler, teknoloji destekli etkinliklerin igerik
ve detaylari, Ogretmenin rolii ve oOgrencilerden beklentiler gibi O6gretimsel
detaylarin olmadigi goriilmiistiir. Bunlara ek olarak, konunun bir bilgisayar
laboratuarinda Ggrencilerin bireysel performanslart dogrultusunda GeoGebra
tizerinde ogretilmesini planlayan P1, ders planindaki sorulari GeoGebra'da ¢6zmek
daha uygun olmasma ragmen, soru ¢oziimlerinde ti¢genlerin ¢izimi igin cetvel
kullanilmasi tavsiyeSinde bulunmustur. Ayrica, GeoGebra'nin dinamik ortam ve
coklu gosterim fonksiyonlar1 yerine sadece ¢izim ve 6l¢iim fonksiyonlarina agirlik

vermistir.
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Teknoloji Kullanim Anketi’ne verilen yanitlara gore, tiim katilimcilarin
cesitli teknolojilerden haberdar olduklar1 ve bazi1 derslerde egitim amagh
kullandiklar1 ortaya c¢ikmustir. Ancak, anketlere verilen cevaplarda teknolojiyi
ogretmen yetkinligi olarak belirtmedikleri goriilmiistiir. Sadece P9 ve P11, s6z
konusu teknolojilerin bir ara¢ oldugunu ifade etmistir. Katilimcilar daha 6nceden
cesitli teknolojileri taniyip kullanmis olsalar da, baslangic ders planlarindaki
teknoloji tercihlerinin yetersiz oldugu tespit edilmistir. Katilimcilarin  ders
planlarinda kullandiklar1 teknolojiler ders tasarimlarina mevcut 6gretimden daha
fazla katkida bulunmadigi gibi teknolojinin olanaklarindan ¢ok sinirli Olciide
faydalanabildikleri goriilmiistir. Bu bulgulara gore, tiim katilimcilarin TPAB-P
diizeyinin Planlama ve Tasarim alaninda 1. seviyede oldugu belirlenmistir. Buna ek
olarak, katilimcilardan higbiri anket ve ders planinda teknolojinin 6lgme ve
degerlendirme amagli kullanimindan bahsetmemistir. Bu nedenle, tiim
katilimcilarin TPAB-P diizeyinin Degerlendirme alaninda 1. seviyede oldugu

belirlenmistir.
METK Dersi Sonunda OMOA'nin TPAB-P Seviyeleri

Katilimcilarin TPAB-P diizeyleri ikinci ders planlarina, ders planlarindaki
dersi anlattiklar1 mikro &gretim videolarina, mikro &gretim videolarina yonelik
akranlar1 ve kendileri tarafindan doldurulan akran ve 6z degerlendirme formlarina
ve METK dersinin sonunda yapilan bireysel goriismelere gore belirlenmistir. Her
katilimei i¢in TPAB-P rubrigi bu kaynaklardan elde edilen veriler kullanilarak ayr
ayri doldurulmustur. Rubrik, TPAB-P ile ilgili gostergeler ve 6gretmenlerin 6rnek
davraniglarindan olusmaktadir. Jen vd. (2016) tarafindan olusturulmus TPAB-P
gostergeleri Yeh et al. (2015) tarafindan hazirlanmis olan TPAB-P yeterlilik
seviyelerini ac¢iklamaktadir. Jen vd. (2016) her bir gostergenin anlamim agikliga
kavusturmak igin 6rnek 6gretmen goriislerini ve davraniglarimi belirtmiglerdir. Bu
caligmada, bu gostergeler yeniden yapilandirilmis ve bir degerlendirme formuna
dondstiirilmiistiir. Analizler sonucunda her bir katilimcinin nihai TPAB-P seviyesi

belirlenmistir.
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Katilimcilarin TPACK-P seviyeleri ii¢ alanda farklilik gosterebilmektedir.
Ornegin, P2, P5 ve P6 Degerlendirme alaninda 4. seviyede, Planlama ve Tasarim
ile Uygulama alanlarinda 3. seviyede olarak belirlenmislerdir. Her alanda ayni
performansa sahip olan katilimcilar da bulunmaktadir. Ornegin P11'in, ii¢ alanda da
4. seviyede oldugu tespit edilmistir. Ayrica, 1. seviyede kalan bir katilimci

bulunmamaktadir.
OMOA'nin TPAB-P Gelisimlerinin Gruplar Halinde incelenmesi

Sonuglar TPAB-P modeli temelli hazirlanmis ve uygulanmis METK
dersinin OMOA'nin egitimde teknoloji entegrasyonu yeterliliklerini giiclendirdigini
gostermistir. OMOA'nin baslangigta TPAB-P  diizeyleri, Kullanim Eksikligi
Seviyesi olan 1. seviyede tespit edilmistir. OMOA'min METK dersinin sonunda
TPAB-P seviyelerinin arttigi ortaya ¢ikmistir. Bu nedenle, TPAB-P seviyelerinin,
her li¢ pedagojik alanda da seviye 1'den daha yiiksek seviyelere yiikseldigi tespit
edilmigtir. Katilimcilar ders sonrast TPAB-P diizeylerinin sonuglarina gore
gruplandirilmistir. Katilimeilar, Cogunlukla Basit Benimseme grubu, Cogunlukla
Kaynastirict Uygulama grubu ve Cogunlukla Yansitict Uygulama grubu olan ve

sirastyla 2, 3 ve 4 seviyelerine karsilik gelen {i¢ gruba yerlestirilmistir.
Grup 1: Cogunlukla Basit Benimseme

Cogunlukla Basit Benimseme grubuna dahil olan katilimcilar P4, P7 ve
P10'dur. Cogunlukla Basit Benimseme grubundaki katilimeilar, teknolojiyi derse
katilimi arttirmak i¢in motive edici bir platformda tekrara dayali uygulamalar
kullanarak matematik 6grenimini degerlendirme amaciyla kullanma egilimi
gostermiglerdir. Temel olarak c¢evrimi¢i degerlendirme platformu olan Kahoot
uygulamasini ses ve yazi tipi (P4), Socrative uygulamasinin goériiniimii (P10) ve
hem 6grenciler hem de 6gretmenler i¢in kullanici dostu olmasi (P4, P7 ve P10) gibi
fiziksel o6zellikleri i¢in tercih etmislerdir. Katilimcilarin tamami kapsamli sorular
hazirlamis ve programlarin sundugu farkli soru tiplerini kullanabilmislerdir.
Katilimcilarin ¢evrimigi degerlendirme uygulamalarinda sorularin ¢dziimleri igin

ayirdigl zamanin yetersiz oldugu belirlenmistir (P4, P10).
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Katilimcilar 6zellikle ders planlarinda ve goriismelerde matematiksel igerigi
dijital olarak sunma amaglarmin 6grenci motivasyonunu matematik 6grenmeye
kars1 artirmak oldugunu vurgulamislardir. P4, Microsoft Word'de iisli sayilar
konusuyla ilgili 6rnek sorular1 6zetleyip sunmak i¢in ¢alisma sayfalari hazirlamis;
P7, tahmin stratejileri konusunu Ogretmek igin hesap makinesi kullanmay1
planlanmis; ve P10, 6grencilerin dikkatini ¢ekmek ve 6gretimi kolaylastirmak igin
uzunluk 6l¢iimlerinde GeoGebra kullanilmasini 6nermistir. Ayrica, P4, P7 ve P10
ve diger katilimcilar, degerlendirmelerinde bu grupta bulunan katilimcilarin
ogretimlerinde gorselligin eksik oldugunu belirtmislerdir. Poster hazirlama (P7,
P10) ve GeoGebra programini kullanma (P10) bu ihtiyac1 gidermek igin verilmis
olan Oneriler arasindadir. Ayrica bu gruptaki katilimcilar, 6gretimi gelistirmek ve
ogrenci 6grenimini tesvik etmek icin teknolojiden yararlanma konusunda olumlu
goriislere sahip olduklarimi gostermislerdir. Bu gruptaki katilimcilarin dgretime
teknolojinin entegrasyonu ile ilgili goriislerinin, ders planlari ve mikro 6gretim

uygulamalariyla benzer olarak 6gretmen merkezli oldugu tespit edilmistir.
Grup 2: Cogunlukla Kaynastirict Uygulama

Cogunlukla Kaynagtirict Uygulama grubundaki katilimeilar P2, P3, P5, P6,
P8 ve P9'dur. Bu gruptaki katilimcilarin TPAB-P'nin {i¢ pedagogij alanindaki
performanslari, etkili teknoloji destekli Ogretim tasarimlari ve uygulamalar
icermektedir. Ancak, katilmcilarin  hazirladigi planlarin ve uygulamalarin
gelistirilebilir  oldugu  belirlenmistir.  Oncelikle, uygulamalarda baz1 &n
degerlendirme 6rnekleri ile 6grencilerin dnceki bilgilerini, kavram yanilgilarini ve
ogrenme ihtiyaclarmi belirlemek i¢in teknoloji kullandiklar1 tespit edilmistir.
Ayrica, Powerpoint ya da Glogster ile hazirlanmis poster (P2), Pinterest
uygulamasindan secilmis giinlilk yasamda geometrik figiirlerin Powerpoint sunumu
(P6) ve YouTube'da bir origami videosu kullanilarak (P3) yeni bilgiyle iliski
kurmak i¢in sinif tartigmalar1 yapilmistir. Katilimeilar dersin geri kalanini 6grenci
cevaplarina gore diizenlenmistir. Ancak, bu 6n degerlendirmelerde teknolojiler

dolayli olarak kullanilmistir. Diger ti¢ katilimc1 (P5, P8 ve P9) ise 6grencilerin 6n
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bilgi ve Ogrenim ihtiyaclarin1 degerlendirmis, ancak bu asamada herhangi bir
teknoloji destegi kullanmamuslardir.

Cogunlukla Kaynastirict Uygulama grubundaki tiim katilimcilar, matematik
bilgisini 6l¢mek, degerlendirmek, farkli 6grenci 6grenmelerini belirlemek ve
desteklemek icin g¢evrimigi degerlendirme programlarini kullanarak ders sonu
degerlendirmesi yapmustir. Bu degerlendirmelerde matematik konularinin farkli
temsillerini igeren farkli problem tiirleri Kkullandiklar1 goriilmistiir. Ayrica,
katilimeilar tartisma ortamlar1 olusturmus ve degerlendirme programlarinin verdigi
ayrintili geri bildirim raporuna dayanarak sonuglari degerlendirmislerdir. Ancak,
Ogretimin iyi uygulanip uygulanmadigimmi belirlemek ic¢in herhangi bir
degerlendirme calismasi yapilmamistir. Goriismelerde yalnizca bir katilimei (P9)
teknolojinin ~ 0gretimin  kalitesini  degerlendirmek i¢in  kullanilabilecegini
belirtmisgtir.

Katilimcilar ~ smmav ~ sorularinin  olusturulmasinda  ve  sinavlarin
uygulanmasinda bazi pedagojik yontemleri dikkate almiglardir. Powerpoint
sunumuna, YouTube videosuna veya cevrimici degerlendirme programlarina gore
hazirlanmig yonlendirici ve yoruma dayali sorular sorarak etkilesimli sinif
tartigmalar1 olusturmus ve yonetmislerdir. Gruptaki tiim katilimcilar yeni konuyla
baglantili olan 6n bilginin, 6grenme gereksinimlerinin ve kavram yanilgilarinimn
belirlenmesinin  6neminin farkinda olup smavlar1 hazirlarken ve uygularken
cevrimici degerlendirme programlarinin faydali 6zelliklerini  kullanmiglardir.
Siavlardaki sorular arasinda geometrik sekillerde yiikseklik (P2), kelime
problemleri (P6), farkli soru tiirleri (P3 ve P6) ve cesitli temsiller (P5 ve P8) yer
almistir. Ayrica, katilimeilar ¢oktan se¢meli, dogru-yanlis ve acgik uclu sorular
olusturmus, baz1 sorulara fotograf eklemis, sorulardaki resimlerin boyutu, sorularin
zorluk derecesi, sorularin ¢oziimii i¢in verilen siire, smavin hazirlanmasinda
Ogretmen tarafindan hazirlanmis smavdaki geri bildirimler gibi sinavlarla ilgili
ayarlar1 bagaril bir sekilde yonetmislerdir.

Cogunlukla Kaynastirict Uygulama grubundaki katilimcilar, 06grenci
merkezli etkinlikleri i¢eren teknoloji destekli dersler planlamis ve uygulamistir.

Etkinlikler, 6grenmeyi kolaylastirmayr ve aktif katilimi arttirmayr amaglayan
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igbirlikli bir ortamda yliriitiilmustiir. Ayrica, teknoloji kullanimi ile 6grencilerin
kendi bilgilerini yapilandirmalarmin tesvik edilmesi amaclanmistir. Ornegin PS8,
ogrencilerin farkli kareler olusturabilecekleri, bu karelerin ¢evrelerini ve alanlarini
hesaplayabilecekleri ve bir karenin c¢evresini bulmak ic¢in genel kurallar
belirleyebilecekleri dinamik bir ortam saglamak i¢in akilli tahta tizerinde izometrik
arka plan kullanmayr planlamistir. P6 ise sanal gerceklik programlarini ve
GeoGebra'yr kullanarak dgrencilerin prizmalar olusturup prizmalarin 6zelliklerini
arastirmasini saglamay1 amaclamistir.

Katilimeilar hazirladiklar1 planlarint ve mikro dgretimlerini goriismelerde
teknoloji desteginin eksikligi bakimindan elestirmislerdir. Ozellikle katilimcilarmn
karenin cevresi ve alani, dortgenlerin Ozellikleri ve prizmalar gibi konularin
ogretilmesi ve Ogrenilmesi i¢in GeoGebra programini Ve matematik konulari
hakkindaki etkinlik fikirleri, posterler veya resimler gibi giincel materyallere ve
tasarimlara kolayca ulasabilmek icin Pinterest uygulamasini tavsiye ettikleri
goriilmistlir. Ayrica kavramlarin  gorsellestirilmesini, soyut kavramlarin
somutlastirilmasi ve 6grencilerin kendi 6grenmelerini g¢esitlendirmek ve onlar1 bu
anlamda tesvik etmek icin Pinterest, YouTube videolari, g¢evrimi¢i oyunlar,
¢evrimi¢i manipiilatifler ile Powerpoint sunumunda materyaller ve resimler
kullanilmas1 katilimcilar tarafindan siklikla 6neri olarak verilmistir.

Bu gruptaki katilimcilarin planlama ve tasarim performanslarinin uygulama
performanslarina goére daha 1yi oldugu tespit edilmistir. Ayrica, akilli tahta ve
GeoGebra gibi teknolojilerin entegrasyonu ile ilgili plan ve onerilerinin, 6grenci
merkezli bir ortamda kavramlar1 sorgulama ve O0grenmeyi kolaylagtirma amacl
oldugu anlagilmistir. Katilmcilar, 06gretimi gelistirme amaciyla cesitli
teknolojilerin kullanimini1 6nermelerine ragmen, bu teknolojilerin entegrasyonunun
gerekliligini ve etkililiginin farkina mikro 6gretim videolarini izledikten ve akran
degerlendirme formlarin1 okuduktan sonra varmislardir. Bu nedenle mikro

ogretimlerinde kullandiklari teknolojilerin yetersiz oldugu belirlenmistir.

Grup 3: Cogunlukla Yansitic1 Uygulama
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Bu gruptaki katilimecilar P1 ve P11'dir. Cogunlukla Yansitict Uygulama
grubundaki katilimcilar, ders planlarinda ve goriismelerde 6lgme ve degerlendirme
icin teknolojilerin ustaca ve stratejik kullanimlarini yansitan fikirler sunmuslardir.
P11i 6grencilerin geometrik sekillerin 6zellikleriyle ilgili dnceki bilgilerini ortaya
cikarmig ve bu bilginin yeni 6gretecegi konu olan paralelkenarin 6zellikleri ve alani
konusuyla baglantisimm  kurmustur. Ayrica P11, GeoGebra'da Ogrencilerin
kavramlarla ilgili eksiklerini tespit etmek i¢in bir etkinlik hazirlamis ve 6gretimini
buna gore sekillendirmistir. P1, g¢evrimi¢i degerlendirme programlari yoluyla
ogrencilerin kavram yanilgilarin1 belirlemenin 6gretimin etkililigi bakimindan
onemli oldugunu da vurgulamistir. P1 ve P11 ders sonunda yaptiklart
degerlendirmelerde Socrative programini kullanmiglardir. P1, 6grencilerin aktif
katilimin arttirmak, 6grencileri bireysel performanslar1 hakkinda bilgilendirmek ve
Ogretmenlerin  6gretimin  etkililigi hakkinda bilgilendirmek i¢in Socrative
programinin uygun oldugunu belirtmistir. P1 ve P11 Socrative’in 6grencilerin
performansiyla ilgili raporunu degerlendirme i¢in uygun bulmuslardir. P1 raporlari
Ogrencilerin performansini  degerlendirmek icin kullanabilecegini ve hem
ogretmenleri hem de velileri bu anlamda bilgilendirebilecegini belirtmis; P11 ise
Ogretmenlerin yanlis cevaplart inceleyerek &grencilere geri bildirim vermesini
Onermistir.

Katilimeilar teknolojileri 6grencilerin 6grenmelerini gelistirmek igin ve
hem Ogretmenlerin hem &grencilerin  matematiksel bilgiyi  kesfetmeleri ve
olusturabilmeleri i¢in kullanmislardir. Katilimcilar teknoloji entegrasyonunun
Ogretim becerilerini gelistirdigini belirtmiglerdir. Ayrica ders planlarina teknolojiyi
anlamli bir gsekilde entegre edebilmek amaciyla katilimcilar miifredattaki
matematik kazanimlarini revize etmislerdir. Uygulamalarda, miifredatta bulunan
kazanimlara atifta bulunulmus, ancak kazanimlar geleneksel igerikten tamamen
farkli bir sekilde yeniden tasarlanmistir. Bir kavram ile ilgili kazanimlar ayr1 ayn
degil, biitiin olarak ele alinmistir. Dahasi, katilimcilar kazanimlar arasindaki
iliskileri temsiller kullanarak sunmuslardir.

Katilimcilar, 6gretmenlik uygulamasi dersi igin isbirligi yapilan ortaokul

derslerinde ortaokul 6grencilerinin 6grenme ihtiyaglarini ve kavram yanilgilari

263



belirlemisler ve bunlari géz éniinde bulundurarak teknoloji destekli ders planlarini
tasarlamiglardir. Katilimcilar, bir iiggen ve paralelkenarin 6zelliklerini ve alanim
acikca temsil etmek i¢in GeoGebra'yt uygun ve etkili bir teknoloji olarak
gordiiklerini  belirtmislerdir. Ayrica, tg¢genin yiiksekliginin yeri ve cebir
ekranindaki a¢inin 6lgiisii gibi temsilleri birbirleriyle iliskilendirmislerdir.
Katilimcilar, hem kendi 6grenmelerini hem de 6grencilerin 6grenmelerini
ve matematiksel olgular1 kesfetmelerini kolaylastirmak ic¢in Ogrenci merkezli
stratejilerin oneminden bahsetmislerdir. Katilimcilarin gelecekte 6gretmen olarak
verecekleri  derslerle ilgili hedefleri, Ogrencilerin GeoGebra'da bilgiyi
yapilandirarak ve manipiile ederek matematik Ogrenmeleridir. Bu gruptaki
katilimcilarin  GeoGebra ve METK dersine dahil edilen tiim teknolojileri
kullanmakta kendilerine giivendikleri ve her teknolojiye 6zgii giiclii 6zelliklerden
yararlandiklar1 goriilmiistiir. Ornegin, P1'in agilar, kenarlar ve iicgenler arasindaki
iliskiyi gostermek i¢in bir iicgeni dinamik olarak olusturmasi, konunun teknoloji

araciligiyla 6gretiminde etkili bir uygulama olarak nitelendirilmistir.
Tartisma ve Oneriler

Calismadaki katilimcilarin baslangictaki TPAB-P diizeylerinin 1. Seviyede
belirlenmis olmasi 6gretmenlerin teknolojiyi, 6grenmeyi gelistirmek yerine, icerigi
aktarma yoniinde kullandiklar1 seklinde tartisilmistir (Harris, Mishra, & Koehler,
2009; Sang, Valcke, van Braak, & Tondeur, 2010; So & Kim, 2009). Ozgun-Koca
vd. (2010) ¢alismalarinda baslangicta ortadgretim matematik 6gretmen adaylarinin
teknolojiyl yetersiz ve ylizeysel olarak kullandigini belirtmislerdir. Benzer bir
sekilde, Meagher vd. (2011) ortadgretim matematik 6gretmen adaylarinin ilk ders
planlarinda teknolojiyi yetersiz kullandiklarini tespit etmislerdir.

Cogunlukla Basit Benimseme Grubundaki OMOA, teknoloji entegre
ettikleri matematik ders planlarin1 yapilan goriismelerde elestirmisler ve aym
konuyu tekrar dgretecekleri zaman igerigin teknolojiyle aktarilmasna daha fazla
agirlik vereceklerini ifade etmislerdir. Bu farklilik, 6gretmen adaylarinin TPAB ile
ilgili bilgilerinin ders planlarindaki TPAB igeriginden daha yiiksek diizeyde
olmasindan kaynaklaniyor olabilir (bkz. Meagher vd., 2011). Ayrica bu gruptaki
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OMOA, &gretimin gelistirilmesinde ve dgrenmenin desteklenmesinde teknolojinin
giiciinii vurgulamislardir. Bu gruptaki OMOA'nin TPAB-P hakkindaki bilgi ve
uygulamalarinda uygun teknoloji se¢imi ve igerige uygunluk (Graham vd., 2012)
bakimindan basarili olduklart goriilmiistiir. TPAB ile ilgili bilgilerinin yani sira, bu
gruptaki OMOA, o6grenci merkezli ortamlarda teknoloji entegre edilmis ders
planlar1 tasarlayamamis ve uygulayamamislardir. Bu gruptaki katilimcilar
ogrencilerin 6grenme giicliiklerini ve ihtiyaglarinni g6z Oniinde bulundurma
konularinda Yeh, Lin, Hsu vd. (2015) tarafindan yapilan ¢alismada teknolojiye
gecis grubundaki 6gretmenlerle benzer 6zellikler gostermistir.

Cogunlukla Kaynastirict Uygulama Grubundaki OMOA teknoloji ile
desteklenmis etkili uygulamalar hazirlamiglardir. OMOA'nin, teknolojinin yaygin
kullaniminin  Gtesine ge¢meleri, onlar1 pedagojik amaglar i¢in yeniden
yapilandirmalar1 (Peehler & Mishra, 2009) ve pedagojik ihtiyaglar dogrultusunda
teknoloji  kullaniom amaglarin1  yeniden belirleyebilmeleri ig¢in  beceriler
gelistirmeleri gerekmektedir (Koehler, et al., 2011). Bu sonuglar bu grupta ortaya
cikmustir.

flgili alan yazinda 6gretmen adaylarinin teknoloji entegrasyon becerilerinin
ogretmen egitimindeki derslerde gelistirilmesi ve arastirilmasi ile ilgili ¢alismalari
icermektedir (bkz. Baran & Uygun, 2016; Graham vd., 2012; Meagher vd., 2011;
Meng & Sam, 2013). Benzer sekilde, METK dersi, teknoloji destekli matematik
derslerinin tasarlanmasinda ve uygulanmasinda OMOA'nin teknolojiye iliskin bilgi
ve uygulamalarmin gelistirilmesi ve desteklenmesi i¢in tasarlanmistir. METK
dersinin sonunda, tiim OMOA daha yiiksek yeterlilik seviyeleri sergilemislerdir ve
teknoloji entegrasyon c¢abalarmin TPAB'i olusturan i¢ pedagogik alanda
derinlestirildigini gostermistir. METK dersinin ilkeleri olan déniisiimcii yaklagim,
isbirlikli dgrenme, etkinlik destekli 6grenme ve OMOA'nin TPAB-P gelisimini
destekleyen uygulama tabanli 6grenme etkili yontemler olarak belirlenmistir.
Teknoloji  kullanilan ~ 6gretim  materyallerinin  tasarlanmasindaki  isbirlikli
calismalar, TPAB'In gelisimini zenginlestirmektedir (Agyei & Voogt, 2012;
Koehler & Mishra, 2005; Koehler, Mishra, & Yahya, 2007, Polly vd., 2010,
Tondeur, van Braak, vd., 2012). Dahasi isbirlikli ¢alisma, pratik kullanima uygun
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kaliteli materyaller tasarlamayi destekler (Yeh vd., 2015). OMOA, isbirlikli tasarim
etkinliklerine katilarak teknoloji entegrasyon yetkinliklerini gelistirerek, fikirlerini,
deneyimlerini ve becerilerini paylasarak gruplar halinde METK dersinin tim
gerekliliklerini tamamlamis ve uygulamalarin1 Facebook ders sayfasinda ¢evrimigi
paylasmiglar ve tartismiglardir. Teknoloji destekli materyaller tasarlarken her
aktivite ve tartismada birbirleriyle etkilesime girmek, birbirlerinin tasarimlarin
teknoloji haftalarinda ve akran ve 6z degerlendirmelerinde yansitmak, OMOA'nin
elestirel diisiinme becerilerini tetiklemistir. Dersteki uygulamalar OMOA'nin
TPAB-P becerilerinin gelistirilmesini ve incelenmesini desteklemistir. Cavin
(2008) tarafindan yapilan uygulamaya dayali TPAB arastirmasinda 6gretmen
adaylarinin bir lisans dersindeki teknoloji destekli mikro dgretim deneyimlerinin
TPAB seviyelerini gelistirdigi tespit edilmistir. Ogretmen adaylari, isbirlikli
caligmalarinin teknoloji ile biitiinlesmis ders tasarimlarini kolaylagtirdigini
belirtmistir (Cavin, 2008).

Calismada TPAB ¢ercevesindeki seviyelere ve pedagogij alanlara ait genel
ve matematik ilgili 6rnek davranislar ortaya c¢ikmistir. Genel ya da matematik
alaninda TPAB c¢alismalar1 yiiriitmek isteyen arastirmacilar bu ¢aligmanin
sonuclarint benzer ortamlardaki davranislarla analiz etmek ve dogrulamak igin
kullanmalar1 ilgili ¢aligmalara yol gosterebilecek oOnemli bir katkidir. Bu
caligmanin bir bagka katkis titizlikle tasarlanmis ve uygulanmis ayrica 6gretmen
adaylarinda TPAB gelisimi sagladigi ortaya ¢ikmis bir lisans dersi 6rnegini
ayritilartyla sunmasidir. Dort tasarim ilkesine dayanan bir TPAB gelistirme
dersinin tasarimi ve uygulanmasi, birgok amaca hizmet eden ¢esitli teknolojileri
kapsamakta ve tek bir matematik konusuna odaklanmak yerine tiim ortaokul
matematik icerigini kapsamaktadir. Bu nedenle, 6gretmen adaylari i¢in teknolojinin
etkili bir sekilde entegre edilmesine Ornek bir model olarak diisiiniilebilir. Bu
calismanin amaci, OMOA'nin TPAB becerilerini gelistirmek ve degerlendirmek
icin en iyi ders modelini ortaya koymaktan ziyade 6gretmen egitimcilerinin bu
konuya ilgisini ¢ekmek i¢in bir yaklasim Ornegi sunmaktir. Artan TPAB-P
seviyeleri OMOA'n iizerindeki METK dersinin olumlu etkisini gostermistir.

METK dersinin prensipleri, igerigi ve uygulama detaylarinin, benzer amaglar
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dogrultusunda bir dersin nasil gelistirilebilecegi konusunda arastirmacilarin
yeniden diisiinmesi i¢in dikkatlerini ¢ekebilecegi diistiniilmektedir.

Dordiincii seviyeyi temsil eden Cogunlukla Yansitict Uygulama grubundaki
katilimer  sayisinin - diisiik  olmasi, katilimcilarin - geri  kalanimin  teknoloji
entegrasyonu becerilerinin bu diizeye ¢ikarilmasi i¢in daha fazla uygulamaya
ihtiya¢ oldugunu gdstermistir. Ogretmen adaylarinin teknoloji entegrasyon
becerilerinin gelisimine ve TPAB gelisimine odaklanan c¢alismalarda 6gretmen
egitim programlarinda 6gretmen adaylarina sunulan 6zgiin deneyimlerin énemine
dikkat ¢ekilmektedir (Tondeur, van Braak vd., 2012). Gelecek c¢alismalarda,
Internet baglantisi, akilli tahtalar ve bilgisayar laboratuarlari gibi teknolojilerle
donatilmis okullar, 6gretmen adaylarina pratik becerilerini artiracak 0zgiin
deneyimler saglamalar1 i¢in segilebilir.

Bu calisma, OMOA'min egitime teknoloji entegrasyonu yeterliklerini
gelistirmeyi amaclayan ve tek bir derste elde edilen imit verici sonuglar ortaya
cikarmustir. Bununla birlikte, tim OMOA TPAB-P ile ilgili bilgi ve uygulama
acisindan seviye 4 olan hedef seviyesine ulasmamustir. Ogretmen adaylarmin
teknoloji  entegrasyon becerilerinin  gelismesi i¢in  birden fazla derste
desteklenmeleri gerekmektedir (Akyuz, 2016; Chai vd., 2013; So & Kim, 2009).
Ancak bu durumda tim Ogretmen adaylarinin amaglanan TPAB-P yeterlilik
seviyesine ulagsmasi beklenebilir. Bu nedenle, 6gretmen yetistirme programlarinin

icerigi daha sistematik bir sekilde gozden gecirilmelidir (So & Kim, 2009).
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