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The purpose of the study is to determine relationships between the pre-service math
teachers’ TPACK efficacy and self-efficacy perception levels. In the study it was focused
on the polygons one of the geometry subjects, and pre-service teachers’ Content
Knowledge (CK), Pedagogical Content Knowledge (PCK), Technological Content
Knowledge (TCK), and Technological Pedagogical Content Knowledge (TPACK) levels
were examined. Correlational research approach was used in the research. The
participants composed of 88 pre-service teachers who were attended in Special
Teaching Methods Il course. In order to evaluate the pre-service teachers’ CK, PCK, TCK,
TPACK efficacy levels in the collection of data, Multiple Choice Achievement Test on
Polygons, Question Forms, Lesson Plan Preparation Method and Participant Report
were used. Also TPACK Regarding Geometry Instrument was used to evaluate pre-
service teachers’ TPACK self-efficacy levels. In conclusion according to the results
obtained from different data sources in the study, for the TPACK efficacy scores and self-
efficacy scores there is no statistically significant relation for both pre-test and post-test.
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Bu arastirmanin amaci, ilkogretim matematik Ogretmen adaylarinin Teknolojik
Pedagojik Alan Bilgisi (TPAB) yeterlilik diizeyleri ve TPAB 6z-yeterlilik algi diizeyleri
arasindaki iligkileri belirlemektir. Arastirmada geometri konularindan biri olan gcokgenler
konusu Uzerinde durulmustur ve 6gretmen adaylarinin Alan Bilgisi (AB), Pedagojik Alan
Bilgisi (PAB), Teknolojik Alan Bilgisi (TAB) ve Teknolojik Pedagojik Alan Bilgisi (TPAB)
dlzeyleri incelenmistir. Arastirmada korelasyonel arastirma yaklagimi kullaniimistir.
Arastirmanin katiimcilarini Ozel Ogretim Yéntemleri |l dersini alan 88 ilkogretim
matematik 6gretmen adayi olusturmustur. Verilerin toplanmasi asamasinda 6gretmen
adaylarinin AB, PAB, TAB, TPAB vyeterlilik diizeylerinin belirlenmesi icin Cokgenler
Konusunda Coktan Se¢meli Basari Testi, Soru Formlari, Ders Plani ve Katilimci Raporu
kullanilmistir.  Ayrica 6gretmen adaylarinin  TPAB 6z-yeterlilik algi dizeylerinin
belirlenmesi icin Geometri Konusunda TPAB Olcegi kullaniimistir. Ozetle arastirmada
farkh veri kaynaklarindan elde edilen sonuglara gore, hem 6n test hem de son test
puanlari icin TPAB yeterlilik puanlari ve 6z-yeterlilik algi puanlari arasinda istatistiksel
olarak anlaml bir iliski olmadigi belirlenmistir.
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Introduction

Technological Pedagogical Content Knowledge is a theoretical framework, which is utilized for
determining what teachers should know to use technology effectively in teaching or developing an
effective teaching for a specific subject (Akkog, 2011). Technological Pedagogical Content Knowledge
model was introduced into the field of educational studies by Matthew J. Kohler and Punya Mishra
(Koehler and Mishra, 2005) in 2005 as a theoretical framework to understand the necessary teacher
knowledge for integration of technology (Agyei and Voogt, 2012; Graham, 2011). Later, in 2006 TPACK
model was published as a theoretical framework that addresses necessary field knowledge teachers
should obtain in order to integrate technology effectively (Mishra and Koehler, 2006).

Theoretically, TPACK was structured on theoretical framework of Pedagogical Content Knowledge
(PCK) defined by Shulman (1986) (Koehler and Mishra, 2005, 2009). Theoretical framework of TPACK is
based on the ground that teachers’ knowledge is necessary for teaching in technologically enhanced
environments have three sources, namely content knowledge, pedagogical knowledge and technological
knowledge, and focused on the relationships and interactions between these components (Abbitt, 2011a,
2011b; Harris, Mishra and Koehler, 2009; Koehler and Mishra, 2005, 2009; Mishra and Koehler, 2006;
Schmidt et al., 2009).

Within this context, theoretical framework of TPACK presents seven fields including content,
pedagogical and technological knowledge and intersections of these fields: Content Knowledge,
Pedagogical Knowledge, Technological Knowledge, Pedagogical Content Knowledge, Technological
Content Knowledge, Technological Pedagogical Knowledge and Technological Pedagogical Content
Knowledge (Koehler and Mishra, 2009; Mishra and Koehler, 2006). TPACK, however, does not only focus
on what teachers should know, it is also a useful framework that teachers can utilize while thinking about
how to develop this knowledge (Schmidt et al., 2009). Although TPACK framework is relatively new
(Abbitt, 2011a), it has been accepted as a theoretical structure that provides an explanation for teacher
knowledge in effective integration of technology; and it has commonly been cited in teacher training
programs which aim to provide technological knowledge and skills to prospective teachers since it was
introduced into the literature (Alayyar, Fisser and Voogt, 2012; Baran and Canbazoglu Bilici, 2015). The
importance of developing methods to measure TPACK in research has been emphasized, since the
knowledge teachers should have in the integration of technology process is being addressed within TPACK
structure (Graham et al., 2009; Schmidt et al., 2009).

Methods for TPACK Measurement

With the technological developments affecting mathematics education, the interest in and the
importance given to the use of technology in many branches of mathematics have been increasing (Habre
and Grundmeier, 2007; Laborde, 2003). Responsibility for the use of technology effectively is given to
mathematic teachers (NCTM, 2000). With the responsibility given to the teachers during the process of
integration of technology, it is considered significant that mathematics teachers and pre-service teachers
have the qualifications regarding content, pedagogy, technology fields and intersection and combination
of these fields (TPACK) (Niess, 2005; Niess et al., 2009). Also in studies conducted with mathematics pre-
service teachers, the effect of their own fields’ structure is claimed to be important on their TPACK
development (Niess, 2005). This situation brought out the importance of measuring TPACK of pre-service
teachers exclusively based on their fields.

Outlines of the methods used for measuring TPACK share similarities with evaluation methods of
teacher efficiency (Alshehri, 2012). Based on the history of utilizing survey methods for teachers’
technological integration levels, researchers started studying for developing survey/scale that evaluate
teachers’ and pre-service teachers’ TPACK levels (Schmidt et al., 2009). As a reflection of the general
tendency to use survey/scale to measure TPACK, in most studies conducted with pre-service teachers
surveys/scales were developed in order to measure pre-service teachers’ TPACK levels (Abbitt, 20113;
Archambault and Crippen, 2009; Baran, Chuang and Thompson, 2011; Graham et al., 2009; Jang and Tsai,
2012; Schmidt et al., 2009). Measuring TPACK via survey/scale has been considered useful, since it
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provides the opportunities for collecting the data sufficiently and easily and measuring TPACK again and
again (Abbitt, 2011b). Surveys providing the opportunity to measure and examine the TPACK of a big
group is claimed to be one of the reasons for them to be preferred regularly (Archambault and Crippen,
2009). Also with the potential of TPACK surveys/scales’ being applied in different content and
technologies, they have been considered as data collection tools that can be utilized on a more general
and abstract level (Agyei and Keengwe, 2014). As a result, in studies self-report forms that use surveys
and scales have become the most used data source in determining TPACK (Archambault and Crippen,
2009; Lyublinskaya and Tournaki, 2015; Voogt, Fisser, Pareja Roblin, Tondeur, Van Braak, 2013).

Even though, TPACK framework in effective technology integration is a model that addresses teacher
knowledge, data collected through measuring tools such as surveys/scales have reflected the perception
levels of pre-service teachers rather than their knowledge levels and in studies participants’ TPACK scores
were treated as their perception scores (Acikglil and Aslaner, 2015; Koehler and Mishra, 2005; Sad, Acikgil
and Delican, 2015). Also in studies self-efficacy concept within the Social Learning Theory by Bandura
(1977) has been considered as an important factor that affects integration of technology into the class by
teachers (Abbitt and Klett 2007; Abbitt, 2011a; Wang, Ertmer and Newby, 2004). As a result, some
researchers have addressed TPACK perception under the self-efficacy structure (Aquino, 2015;
Canbazoglu Bilici, Yamak, Kavak and Guzey, 2013; Niess, Van Zee and Gillow-Wiles, 2010).

On the other hand, determining TPACK levels mostly by using survey/scale is criticized by several
researchers. Voogt et al. (2013) claimed that evaluating TPACK levels with self-report forms like
survey/scale causes confusing teacher knowledge with belief. Abbitt (2001b) stated that the ability of self-
reporting tools like surveys for representing knowledge levels regarding TPACK are limited with
participants’ ability to evaluate their own knowledge and to reflect in a manner suitable for the survey.
Similarly in their study Archambault and Barnett (2010) addressed the inability to measure behavior that
is directly observed as a limitation and because of this reason asked the participants how they perceive
their knowledge levels through scaling. Sad et al. (2015) suggested TPACK framework is limited by the
concept of knowledge and mentioned the difficulty of measuring knowledge in practice; also stated that
this situation leads the researchers to ask indirect questions regarding participants’ perception in
determining TPACK levels.

While in their study Agyei and Keengwe (2014) did not ignore the benefits of surveys that enabled the
participants to reflect their awareness and increased confidence about their TPACK, they supported the
use of measurement tools, through which pre-service teachers can display their TPACK. Abbitt (2011a)
stated that both knowledge and belief measurements would provide unique and informative
understanding for preparing teachers, who utilize technology to form an interesting and effective class
environment. Researcher also claimed that examining the relationship between knowledge and self-
efficacy beliefs about technology integration might provide a unique connection between these two
research fields. Spazak (2013) argued that a potential relationship between pre-service teachers’ TPACK
and their self-efficacy regarding technology would provide insight to the effective use of technology.
Abbitt (2011b), however, pointed out that the contribution of a pre-service teachers’ TPACK perception
level to their ability to plan the use of technology effectively in teaching is mostly ambiguous. Akyiiz (2018)
stated that in the literature emphasis placed on the relationship between TPACK scores based on
performance regarding use of technology in teaching and TPACK scores based on self-evaluation but it is
still a subject that is mostly neglected. Indeed, when the literature was reviewed, a limited number of
studies about this subject was encountered (Agyei and Keengwe, 2014; Akytliz, 2018; Kopcha, Ottenbreit-
Leftwich, Jung and Baser, 2014).

The aim of study by Kopcha et. al. (2014) is to determine the relationship between the pre-service
teachers’ TPACK performance and perception scores. Researchers conducted their study with 27 pre-
service teachers (24 primary school pre-service teachers, 3 pre-school pre-service teachers), who took
introduction to technology integration course. In the research lesson plans prepared by pre-service
teachers were determined through performance evaluation rubric developed by Harris, Grandgenett and
Hofer (2010); and their perceptions were determined through the TPACK scale developed by Schmidt et
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al. (2009). Study examined the relationships between obtained TPACK scores. In their study Agyei and
Keengwe (2014) investigated the relationship between mathematics pre-service teachers’ TPACK learning
outputs (Lesson plan rubric, TPACK observation rubric, product evaluation rubric) and scores obtained
from self-report forms regarding their TPACK. In the study 104 final year pre-service teachers, who
attended Instructional Technology course, prepared lesson plans and activities supported by electronic
spreadsheet programs, implemented and also revised them based on feedback. Findings of the study were
obtained by 5 different data collection tools used for evaluating pre-service teachers learning outcomes
and TPACK developments; namely TPACK lesson plan rubric, TPACK observation rubric, product evaluation
rubric, ICT skills test and TPACK scale. The research examined the relationships between TPACK scores
obtained from different data collection tools.

Only one study (Akyiiz, 2018) conducted in our country studied the relationship between different
TPACK measurement methods. In her study Akyiiz (2018) examined the relationship between TPACK
scores of 9 mathematics pre-service teachers based on performance and self-evaluation. Study was
conducted with pre-service teachers, who attended the selective “Exploring Geometry with Dynamic
Geometry Applications” course. While the participants’ performance scores were obtained through the
analyses of lesson plans, activity pages and dynamic geometry software files, their self-evaluation scores
were determined using TPACK scale developed by Schmidt et al. (2009). Researcher interpreted the
relationship between TPACK measurements by comparing mean scores of TPACK performance and TPACK
self-evaluation.

To sum up, statements reveal the importance of investigating the relationships between TPACK scores,
which are indicators of mathematics pre-service teachers’ knowledge, skill and performance regarding
use of technology in teaching, and TPACK scores based on pre-service teachers’ self-evaluation for
realizing the effective integration of technology. But the limited number of studies about this subject show
the necessity for investigating the relationship between TPACK scores obtained by various measurement
tools, in order to have more and detailed information about these relationships. Thus Akyiz (2018) put
emphasis on the need for more research investigating the relationships between scores obtained from
various self-evaluation and performance evaluation tools, when determining TPACK levels of pre-service
teachers. Within this context in this research investigating the relationships between TPACK self-efficacy
levels and TPACK efficacy levels indicating mathematics pre-service teachers’ knowledge, skill and
performances regarding technology integration through various measurement tools is considered
important.

In order to identify the measurement tools used for determining TPACK levels of pre-service teachers
literature was reviewed. For determining TPACK levels studies have suggested self-evaluation tools
(survey/scale, interview, diaries etc.) in addition to classroom observations, performance evaluation
scales/rubrics (classroom observations, lesson plans, works of students, class activities and evaluation of
teaching materials) and tools like question forms with open ended questions etc. (Abbitt, 2011b; Agyei
and Keengwe, 2014; Alshehri, 2012; Harris et al., 2010; Koehler, Shin and Mishra, 2012; Lyublinskaya and
Tournaki, 2015). Among the aforementioned measuring tools performance evaluation tools are
considered important for understanding practical applications of TPACK and observe their TPACK
development by examining pre-service teachers’ design and planning process (Abbitt, 2011b). In fact in
their study, within which they examined various approaches used for measuring TPACK, Koehler et al.
(2012) stated that self-evaluation and performance evaluation are widely used for determining TPACK.
The researchers, however, have revealed that question forms consisting of open ended questions are the
least popular measuring tool and argued the reason behind this might the difficulty to code and analyze
the data from open ended questions. In this study to determine the TPACK efficacy levels of pre-service
teachers multiple choice test, question form with open ended questions, lesson plan and participant
report and to determine their TPACK self-efficacy perception levels Likert type scale were used. By
examining relationships between TPACK efficacy and self-efficacy perception scores obtained from
different data sources, it was believed that a deeper understanding regarding pre-service teachers TPACK
would be gained and more detailed and reliable results would be acquired.
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In her literature review article Yigit (2014) stated that there is a limited number of studies about how
to measure mathematics pre-service teachers’” TPACK developments and measurement tools in those
studies are not clearly defined. Within this context it is considered significant to make the measurements
with data sources, which have clearly defined intended aims and development processes. This way it is
thought that the study would contribute to the literature regarding the data sources, which can be used
to measure mathematics pre-service teachers’ TPACK.

On the other hand, the necessary teacher knowledge for integrating technology effectively and the
ways teachers utilize technology can differ in different content fields (Graham et al., 2009; Harris, et al.,
2009). This situation reveals the importance and necessity of defining and addressing TPACK exclusively
for each field (Agyei and Keengwe, 2014; Graham et al., 2009; Harris et al., 2009; Schmidt et al., 2009). It
is thought that the most affected field from the use of technology in mathematics education is geometry
(Acikgil, 2012), and studies mention the potential of technology in teaching and learning geometry (Lai
and White, 2012; Leung, 2008; Mariotti, 2000; Straesser, 2001). Studies also showed the benefits of using
technology while teaching and learning the subject of polygons, one of the subjects in geometry (Erez and
Yerushalmy, 2006; Jones, 2001; Kordaki and Balomenou, 2006). So in this study examining pre-service
teachers’ TPACK levels on a subject, where technology is effective, was considered important; the
relationships between pre-service teachers’ TPACK efficacy levels regarding the subject of polygons and
their TPACK self-efficacy perception levels regarding the subject of geometry were investigated.

In their study Voogt et al. (2013) suggested that a teachers’ TPACK can be evaluated better, if the
meaning of TPACK is better understood in specific subject fields. Based on this knowledge while evaluating
pre-service teachers’ TPACK regarding polygons in this study, dimensions consist of Content Knowledge
(CK) were focused on and Content Knowledge (CK), Pedagogical Content Knowledge (PCK), Technological
Content Knowledge (TCK) and Technological Pedagogical Content Knowledge (TPACK) dimensions were
examined.

Method

Correlational research approach was used in this study. In correlational research, the relationships
between two or more variables are examined and the level of relationship between these variables is
explained by using correlation coefficient (Fraenkel, Wallen and Hyun, 2012, p. 331).

Participants

This research was conducted with 88 pre-service teachers (female=72, male=16), who were juniors in
Elementary Mathematics Education Department attending Special Teaching Methods Il course at a middle
sized university in Eastern Anatolia Region.

The prerequisite of being a participant was to have already attended Special Teaching Methods |
course and pre-service teachers took part in the study voluntarily. Pre-service teachers were randomly
assigned into 4 groups (G1, G2, G3, G4). In all groups pre-service teachers practiced exercises aimed at
utilizing technology for teaching the subject of polygons.

The Course of the Study and the Role of the Researcher

Special Teaching Methods course is given in fall and spring semesters as Special Teaching Methods |
and Special Teaching Methods Il. The subjects of Special Teaching Methods | course are the importance,
necessity and basic goals of mathematics teaching, approaches, strategies, methods and techniques used
in mathematics teaching and materials used in mathematics teaching. The focus point of the course is the
use of technology in mathematics teaching. Dynamic Geometry Software (GeoGebra), which is used to
teach geometry, was also practically introduced.

Special Teaching Methods Il course included Micro Teaching Applications regarding technology
supported teaching of 7th grade polygons subject. Micro Teaching Application courses consisted of
subject teaching, video watching, evaluation and discussion parts. Also during Micro Teaching
Applications two of the groups (G2, G4) were provided with technological support by supplying them
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GeoGebra materials developed by the researchers. Pre-service teachers in the other groups mostly used
GeoGebra program during Micro Teaching Applications, while teaching polygons. On the other hand, in
two groups (G1, G4) TPACK game activities were implemented. TPACK Game was introduced by Judi
Harris, Punya Mishra and Matt Koehler (Hofer, 2015; Mishra, 2010, 2013; Richardson, 2010). For TPACK
Game a game page including bags with 7th grade polygons subject learning outcomes; teaching model,
method and techniques; technologies was prepared. By clicking on the bags pre-service teachers picked
random cards. After that pre-service teachers discussed their ideas regarding the effectiveness of a
potential course design -keeping in mind the mathematical content of the chosen learning outcome,
limitations and advantageous aspects of pedagogy or technology components- that could be structured
using the chosen components together.

First researcher was also the operator of the research in every group. During the Micro Teaching
Applications course researcher participated as an observer. While pre-service teachers performed their
lesson plans during Micro Teaching Applications, researcher recorded the process by taking observation
notes. During this process the researcher did not interrupt the pre-service teachers in any way but
provided technical support about electronics, if pre-service teachers needed it. During the video watching
stage, researcher watched the videos with pre-service teachers and filled TPACK Micro Teaching
Evaluation Rubric. In discussion stage, she took the role as moderator. In this stage she discussed the
effectiveness of the course with pre-service teachers. In TPACK Games stage the researcher did not
intervene in choices and discussions of pre-service teachers. In all groups data sources were practiced in
the same environment and by the same researcher, in order to avoid location and practitioners threats.
Also during data analysis categorization was not made by groups, evaluations were made randomly by
covering the names of the participants.

Data Collection

In the research pre-service teachers’ TPACK efficacy and TPACK self-efficacy perception levels were
measured twice at the beginning and at the end of Special Teaching Methods Il course. During the process
between pre-test and post-test pre-service teachers performed activities aimed at the use of technology
in mathematics classes. Data sources used for determining pre-service teachers’ TPACK efficacy and
TPACK self-efficacy perception levels are introduced below.

Multiple Choice Achievement Test Regarding the Subject of Polygons

For the study a multiple choice achievement test regarding the subject of polygons on 7th grade level
was developed, in order to determine pre-service teachers’ CK efficacy levels. The draft achievement test
including 57 items and 5 choices was evaluated by 3 faculty member specialized in geometry, mathematics
education and program development fields and 2 mathematics teachers in terms of content and face
validity, comprehensibility and conformability to the target population; and 2 questions with Content
Validity Index (CVI) lower than 0,6 were removed from the test. This way draft form with 55 questions
was formed (Davis, 1992). After that items were reviewed by 5 pre-service teachers to check the
comprehensibility. Pilot scheme was conducted with 312 pre-service teachers enrolled in Elementary
Mathematics Education Department (N1.year = 72, N2.year= 56, N3.year = 87, N4.year = 97).

As a result of the evaluation regarding the construct validity of the test, 16 items with item
discrimination index lower than 0,30 were removed from the test and item discrimination index of the
test was calculated as ,467. Item discrimination index of test items vary between ,319 and ,770. These
scores show that distinctiveness level of the test is perfect and items have good and perfect levels (Ebel
and Frisbie, 1986). Item difficulty index of the final test, which includes 39 items, was calculated ,767. This
score shows that the test, which was developed in accordance with learning outcomes on 7th grade level,
is an easy test for the pre-service teachers (Hingorjo and Jaleel, 2012). Pre-service teachers finding the
achievement test easy developed within the scope of learning outcomes on secondary school level was
expected. Item-total correlation coefficient for the achievement test was calculated ,317. Within the
reliability studies, internal consistency coefficient was calculated KR20 and reliability coefficient was
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calculated ,765. Minimum value of reliability coefficient is expected to be ,70 (Wells and Wollack, 2003).
This determines that the achievement test is reliable.

Question Forms

For the research question forms consist of open ended questions were developed, in order to measure
pre-service teachers PCK, TCK, TPACK efficacy levels. The draft form included 27 questions in total; 9 for
PCK, 9 for TCK and 9 for TPACK.

Draft form was evaluated by 2 mathematics teachers, 1 assessment and evaluation and 1 education
sciences specialist in terms of content validity, comprehensibility and conformability to assessment and
evaluation principles; 6 items with CVI scores lower than 0,8 were removed from the form (Davis, 1992).
As aresult, there were 7 items in PCK dimension, 7 items in TCK dimension and 7 items in TPACK dimension
remained. 21 item question form was divided into three parts, as Question Form 1, Question Form 2 and
Question Form 3.

After third adjustment question forms were carried out with 8 final year pre-service teachers, who
attended Special Teaching Methods course. The answers were examined by the researcher and one
mathematics education specialist and the forms were finalized. Below the content of the questions are
explained in terms of the dimensions.

PCK Dimension: In order to determine pre-service teachers PCK efficacy levels, questions about
general aims of Secondary School Mathematics curriculum, basic skills predicted to be gained, learning
domains, learning domain/domains including the subject of polygons, on which grade level are the
learning outcomes regarding polygons and content, the knowledge students are supposed to learn within
the scope of an unit about polygons were prepared.

TCK Dimension: In order to determine pre-service teachers’ TCK efficacy levels, questions about
technologies used for mathematics subjects (tools/software), general technological tools, the differences
between technological tools used for making mathematics and technological tools used for teaching
mathematics, “Mathematical Appropriateness” concept that is required for technologies used for
mathematical subjects, definition and features of Dynamic Geometry Software, concepts of drawing,
geometric shape and dynamic shape were prepared.

TPACK Dimension: In order to determine pre-service teachers TPACK efficacy levels, questions about
definition of Technology Supported Mathematics Teaching, the aims, advantages and disadvantages of
using technology in mathematics teaching and how technology is used in mathematics teaching,
advantages and disadvantages of using technology in teaching the subject of polygons were prepared.

Lesson Plan and Participant Report

Lesson plan preparation methods was used to determine pre-service teachers’ CK, PCK, TCK and TPACK
efficacy levels about the subject of polygons. While preparing the plan Van der Valk and Broekman’s
(1999) lesson plan preparation method, which they used in their studies, was used. Pre-service teachers
were asked to prepare a plan, where technology is used to achieve a chosen learning outcome about 7th
grade polygons subject. After the plans were prepared, pre-service teachers filled out a participant report
including questions about the plan they prepared. Data obtained from participant reports were used to
support the data obtained from the analyses of the lesson plans.

Before developing the participant report, 3 pre-service teachers attended the Special Teaching
Methods course were asked to prepare lesson plans. During the analysis made for determining pre-service
teachers’ CK, PCK, TCK and TPACK levels, points, where detailed information would be needed in the parts
clear inferences cannot be made, were determined. Based on the examinations hold on prepared lesson
plans, questions in the participant report were prepared. In participant reports participants were asked
to explain their reasons for choosing content, pedagogy and technology components, the ways they used
them, superior aspects and limitations of the chosen pedagogy and technologies, the troubles they had
during the preparation lesson plan and the accordance between the chosen content, pedagogy and
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technology components. Before using the participant report form 2 specialists in mathematics education
evaluated the items in terms of content, expediency, comprehensibility, language and expression. Edited
based on the feedback from the specialists, participant report was also examined by 3 pre-service
teachers, who prepared the lesson plans. Form was edited again based on the views of pre-service
teachers.

Technological Pedagogical Content Knowledge (TPACK) Scale about Geometry

In order to determine pre-service teachers’ self-efficacy perceptions regarding their TPACK in
geometry teaching, items from CK, PCK, TCK, TPACK dimensions in Technological Pedagogical Content
Knowledge (TPACK) scale about geometry developed by Bulut (2012) was used. After the pre-test for
determining whether the 4 dimensional structure of the scale is valid and reliable for the participants,
validity and reliability studies were conducted.

To examine the construct validity, it was decided to make a confirmatory factor analysis. Correlation
between variables, nonexistence of extreme and missing values, normal distribution of data set, sample
size and sampling adequacy (KM0=,921 and Bartlett's test for sphericity X2= 2199,613; df=406; p=,000)
showed that data set is suitable for factor analysis (Field, 2005). During confirmatory factor analysis,
realizing the modification suggestions provided by the program improved the model. Goodness of fit
values measured in consequence of modifications (between 27-28. items in TPACK dimension) calculated
as x2/df=1,54, p=,000, RMSEA=,079, NFl=,94, CFI=,98, GFl=,68, RMR=,065.

In the literature for goodness of fit values CFl >,90, GFI>,90, RMSEA<,08, NFI>,90 RMR<,08 are
indicated as acceptable criteria equals (Brown, 2006; Hair, Black, Babin, Anderson and Tatham, 2006;
Hooper, Coughlan and Mullen, 2008; Tabachnick and Fidell, 2007). Comparing the criteria equals to the
CFl, RMSEA, NFI, RMR values obtained from the study validated the model. But it was found out that GFI
value calculated as , 68 is pretty low than the criteria equals. GFl index is not independent from sample
size, rather it is strongly affected by it and intended values are obtained in cases of big sample sizes
(Anderson and Gerbing, 1984; Hooper et al., 2008; Shevlin and Miles, 1998). On the other hand, even
though, in the literature the ideal sample size for confirmatory factor analysis in terms of the fitness of
sample size is designated as 300 (Hair et al., 2006), in this study confirmatory factor analysis was carried
out with N=88 participants. GFl value is believed to be low, since the participant number is a lot smaller
that the number accepted as the suitable sampling size. Within this context examining the other fit
indices, it was concluded that the values obtained from participants validate the 4 factor structure.

Cronbach alpha values for reliability of TPACK scale about geometry were measures a=,904 for CK
dimension, a=,916 for PCK dimension, a=,892 for TCK dimension and a=,933 for TPACK dimension. These
values show the reliability of the scale (Kline, 2011).

Data Analysis

In this research data analysis was carried out in two stages. First qualitative data were quantified and
then quantitative data were analyzed by using appropriate statistical tests. For the aims of this research
pre-service teachers were divided into 4 groups. Implementation processes were slightly different in each
group. But in all groups pre-service teachers basically planned and implemented technology supported
courses about the subject of polygons. Since participation of pre-service teachers in technology supported
teaching processes is considered important in this study, data analysis was made with data set of 88
participants and examination on the basis of groups were not made.

Quantification of Qualitative Data

In the achievement test “correct” answers were given 1 point and “wrong” answers were given 0
points. TPACK Scale about Geometry was quantified by giving 1 point to Strongly disagree, 2 points to
Disagree, 3 points to Somewhat disagree, 4 points to Somewhat agree, 5 points to Agree and 6 points to
Strongly agree.
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Analysis of the data obtained from question forms were made by 2 raters, who are knowledgeable
with theoretical framework of TPACK and technology use in the subject of polygons. In order to determine
reliability among raters, Intraclass Correlation Coefficient was calculated. Calculated values were between
,862 and ,999. In this case it can be claimed that concordance among raters is on a satisfactory level and
ratings are reliable (Szymanski and Linkowski, 1993; as cited in: Deliceoglu, 2009). After determining the
concordance coefficient between raters, 2 raters got together, discussed about the disagreed points and
came to a consensus about the final points.

For the analysis of lesson plan and participant reports TPACK Efficacy Evaluation Rubric designed by
the researchers was used. While the items of TPACK Efficacy Evaluation Rubric were prepared, lesson
plans prepared by pre-service teachers and participant reports were examined. Based on theoretical
framework of TPACK and examination of lesson plans, rubric items were prepared so that they include
basic outcomes in CK, PCK, TCK, TPACK dimensions. Ultimately 16 item grading key was prepared,
including 3 items for CK dimension, 5 items for PCK dimension, 3 items for TCK dimension and 5 items for
TPACK dimension. Criteria determined for each dimension are explained below.

1. CKdimension: scientific efficacy; consistency; command of mathematical content,

2. PCK dimension: explained mathematical contents’ inclusiveness level of the mathematical content
of the learning outcome; concordance between the learning outcome and teaching strategy, methods,
techniques; command of the features of teaching strategy, methods and techniques; use of teaching
strategy, methods and techniques in such a way that learning outcome is realized; concordance between
learning outcome and assessment and evaluation approaches,

3. TCK dimension: being knowledgeable about technologies specific for mathematical content;
command of the features of technologies specific for mathematical content; level of technology use in
the manner that it involves mathematical content,

4. TPACK dimension: being knowledgeable about technologies used for the realization of the learning
outcome; command of the features of the technologies used for the realization of the learning outcome;
concordance between the strategy, method, technique and technologies used for teaching and the
learning outcome; use of teaching strategy, method, techniques and technologies in the manner that it
realizes the learning outcome; concordance between the learning outcome and approaches and
technologies used in assessment and evaluation process.

Expert opinion was received for content and construct validity and reliability studies of prepared
TPACK Efficacy Evaluation Rubric. Based on the expert opinions evaluation criteria for each item was
determined as; “Completely (3 points)”, “Highly (2 points)”, “Partially (1 point)” and “None (0 point)”.

In order to determine the rater reliability of TPACK Efficacy Evaluation Rubric, researcher graded the
lesson plans and participant reports obtained from pre-test and post-test (Npre=88, Npost=88) twice, one
month apart. The concordance between the scores of the researcher was examined by calculating
correlation coefficients. Before calculating the correlation coefficients, it was investigated whether the
data sets validate the normal distribution assumptions (Field, 2005). In the cases assumptions were
validated, Pearson Correlation Coefficient was calculated; in cases assumptions were not validated,
Spearman Correlation Coefficient was calculated. Examinations showed that points given to TCK1 item in
post tests are not normally distributed (TCK1lskewness= 2,431, TCKlkurtosis= 9,376, p=,000). Data
obtained for other items show a normal distribution and through scatterplots, it was determined that
relationship between scores obtained from two scorings is linear. Because of this reason for correlation
values Spearman’s Rank Difference Correlation Coefficient for TAB1 item and Pearson Correlation
Coefficient for the rest of the items were calculated. Correlation coefficient values are ranging between
,837 and 1.00 shows that there is a high level relationship between two scorings (Cohen, 1988; Field,
2005).
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Analysis of Quantitative Data

In order to determine whether there is a significant correlation between pre-service teachers’ TPACK
efficacy and self-efficacy perception scores, Pearson Correlation Test was run. For examining the normal
distribution while determining the conformity of the data set, researchers paid attention to having
skewness and kurtosis coefficient values between -2 and +2 (Cameron, 2004) and mode, median, mean,
trimmed mean values were checked. Also histogram and Q-Q plot graphics and scatter graphics were
examined and it was determined that data set is suitable for Pearson Correlation test. At this stage 24
relationship tests were applied and in order to prevent the increase in Type 1 error rate, which would
affect the results of the study, Bonferroni correction was used and a was found 0,002 (=0,05/24) (Abdi,
2010).

Correlation coefficients were calculated separately for pre-tests and post-tests. Obtained correlation
coefficients are interpreted as follows; r=,10-,29 “small”, r=,30-,49 “medium” and r=,50-1,0 “large” level
relationship (Cohen, 1988).

Result

Table 1 presents findings regarding the existence of a statistically significant correlation between pre-
service teachers efficacy scores acquired from Achievement Test (AT) and Question Forms (QF) and
efficacy scores acquired from Lesson plan (LP) and Participant Reports (PR) in CK, PCK, TCK and TPACK
dimensions.

Table 1.
Relationship between TPACK Efficacy Levels Obtained From Achievement Test and Question Forms and
TPACK Efficacy Levels Obtained From Lesson Plan and Participant Reports

Variables
CKip and PR PCKip and Pr TCKLp and PR TPACKLP and PR
r p r p r p r p
Pre-test ,092 ,394
CKat
Post-test ,099 ,360
Pre- 12 2
PCKar re-test ,120 ,265
Post-test ,328 ,002
Pre- 1 7
TCKar re-test ,188 ,079
Post-test ,281 ,008
Pre- 1
TPACKar re-test ,100 ,353
Post-test ,306 ,004
p<,002

Examining Table 1 shows that for the scores obtained from pre-tests and post-tests there is not a
statistically significant correlation between CKar and CKtp and pr; PCKar and PCKip and pr; TCKar and TCKLip and
pr; TPACKqr and TPACKLr and pr. LOOking at the relationship coefficients (r), a positive and small level
relationship between pre-test efficacy scores obtained from achievement test and question forms and
pre-test efficacy scores obtained from lesson plan and participant report in CK, PCK, TCK, TPACK
dimensions was determined. Relationship coefficients between post-test efficacy scores show a positive
and small level relationship in CK and TCK dimensions; and a positive and medium level relationship in
PCK and TPACK scores.

Whether there is a statistically significant correlation between pre-service teachers’ efficacy scores
obtained from achievement test and question forms and self-efficacy perception scores obtained from
TPACK scale in CK, PCK, TCK, TPACK dimensions presented in Table 2.
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Table 2.
Relationship between TPACK Efficacy Levels Obtained from Multiple Choice Achievement Test and
Question Forms and TPACK Self-efficacy Perception Levels Obtained from TPACK Scale

Variables
CKrpack scale PCKrpack scale TCKrpACK scale TPACKrtpACK scale
r p r p r p r p
Pre-test ,167 ,119
CKar
Post-test ,119 ,271
PCKar Pre-test ,043 ,689
Post-test ,035 ,749
Pre- 2 4
TCKar re-test ,023 ,83
Post-test ,165 ,125
TPACKar Pre-test -,078 ,469
Post-test ,285 ,007
p<,002

Table 2 shows that for the scores obtained from pre and post-tests there are no statistically significant
correlations between CKar and CKrpack scale, PCKar and PCKrpack scale, TCKar and TCKrpack scale, TPACKor and
TPACKtpack scale (p>,002). Relationship coefficients (r) determined a positive and small level relationship
between scores obtained from multiple choice achievement test and question forms and scores obtained
from TPACK scale in CK, PCK and TCK dimensions in pre and post-tests. In TPACK dimension while a
negative and small level relationship between scores in pre-test was determined, in post-test a positive
and small level relationship was determined.

Findings regarding whether the relationship between pre-service teachers’ efficacy scores obtained
from lesson plan and participant report and self-efficacy perception scores obtained from TPACK scale in
CK, PCK, TCK and TPACK dimensions is statistically significant or not is presented in Table 3.

Table 3.
Relationship between TPACK Efficacy Scores Obtained from Lesson plan and Participant Report and
TPACK Self-efficacy Scores Obtained from TPACK Scale

Variables
CKTPACK scale PCKTPACK scale TC KTPACK scale TPACK TPACK scale
r p r p r p r P
Pre-test ,182 ,089
CKLP and PR
Post-test -,091 ,397
Pre-test ,075 ,490
PCKLP and PR
Post-test -,151 ,161
Pre-test ,067 ,533
TCKLP and PR
Post-test -,074 ,493
Pre-test ,055 ,612
TPACKLP and PR
Post-test -,066 ,541
p<,002

Examining Table 3 shows that for the scores obtained from pre-tests and post-tests there is no
statistically significant correlation between CKip andpr and CKrpack scale, PCKip and pr @and PCKrpack scale, TCKLp and
pranNd TCKrpack scale, TPACK(Lp and PraNd TPACKTpack scale (p>,002). Relationship coefficients (r) determined that
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in all dimensions there is a positive and small level relationship between scores obtained from lesson plan
and participant report and scores obtained from TPACK scale in pre-tests and a negative and small level
relationship in post-tests.

Discussion and Conclusion

In this research relationships between TPACK efficacy and self-efficacy perception scores obtained
from different data sources were examined. Findings of the study showed that there is no statistically
significant correlation between CK efficacy scores obtained from achievement test, CK efficacy scores
obtained from lesson plan-participant report and CK self-efficacy perception scores obtained from TPACK
scale, in both for pre-test and post-test scores. Similarly no statistically significant correlation was
determined between PCK, TCK and TPACK efficacy scores obtained from question forms, PCK, TCK and
TPACK efficacy scores obtained from lesson plan-participant report and PCK, TCK and TPACK self-efficacy
perception scores obtained from TPACK scale. These results support previous studies findings that show
the inconsistencies between different TPACK measurements (Agyei and Keengwe, 2014; Kopcha et al.,
2014; So and Kim, 2009). In their study, where the relationship between TPACK performance scores
obtained from lesson plan analysis and self-evaluation scores obtained from TPACK scales was examined,
Kopcha et al. (2014) determined weak relationships that are not statistically significant between pre-
service teachers’ self-evaluation scores and performance scores in TCK and TPACK dimensions. Similarly
Agyei and Keengwe (2014) determined that there is no relationship between pre-service teachers’ TPACK
performance scores acquired through lesson plan, observation and product evaluation and self-evaluation
scores obtained from TPACK scale. The findings of our study also support Nathan’s (2009) findings that
pre-service teachers’ perception of confidence regarding technology integration does not always have a
strong relationship with their knowledge and skill levels.

In this study it was found out that there is a medium level relationship between PCK and TPACK scores
obtained from question forms and lesson plan-participant reports. In other cases small level relationships
were determined between CK, PCK, TCK and TPACK scores obtained from different data sources. Kopcha
et al. (2014) stated that having some discordance between two measurements is expected. But in this
study having small level relationships between measurements in many cases, brings out the concerns
regarding pre-service teachers’ TPACK. So and Kim (2009) claimed that pre-service teachers can have
problems making connections between their beliefs, knowledge and implementations, while designing
technology supported courses. Weak relationships between pre-service teachers’” TPACK self-efficacy
perceptions regarding their beliefs and TPACK efficacy regarding their knowledge, skill and performances
that are determined in this study, show that pre-service teachers might have trouble making connections
using technology in their courses in the future.

On the other hand, weak and insignificant relationships determined in this study between CK, PCK,
TCK and TPACK scores show that each measuring tool provides different evidence about mathematics pre-
service teachers’” TPACK (Kopcha et al., 2014). This result support the explanations in the literature
regarding the necessity to use multiple data sources to determine TPACK levels, in order to provide
sensitive of TPACK measurements and developing a better understanding of pre-service teachers’ TPACK
(Abbitt, 2011b; Agyei and Keengwe, 2014; Holmes, 2009). It can also be claimed that this finding justifies
the criticisms that addressing TPACK only as perception does not reflect the knowledge structure (Sad et
al., 2015) and causes confusion among knowledge and belief (Voogt et al., 2013). Within this context it is
suggested to thoroughly investigate TPACK levels of pre-service teachers by using different data collection
tools.

On the other hand, there might be different reasons behind the insignificant relationships between
TPACK scores obtained from different data sources. In their study Agyei and Keengwe (2014) point out
that one of the reasons that there is no relationship between TPACK measurements might be the use of
electronic spreadsheets by pre-service teachers in teaching mathematics. Akyiiz (2018) suggested that
inconsistencies between measurements might be caused by the subject field as well as the characteristics
of the used technologies. In this study pre-service teachers participated in teaching practices, where a
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specific geometry subject (polygons) was thought mostly by using GeoGebra. Thus the results of this study
might be originated from the fact that pre-service teachers used a specific technology to teach a specific
subject.

Agyei and Keengwe (2014) also pointed out that, since the TPACK scale they use in their studies has a
general and abstract structure, it is possible that pre-service teachers might not keep their fields
(mathematics) and the specific technology they used (electronic spreadsheet) in mind in answering the
questions. Similarly, while this study focuses on the subject of polygons in achievement test, question
forms, lesson plans and participant reports, TPACK Scale about Geometry being specifically designed for
geometry subjects but not focusing on a specific technology, might be the reason behind the weak
relationships between TPACK efficacy scores and TPACK self-efficacy perception scores.

There are also study results that are in contradiction with results of this study. In her study Akyiz
(2018) found out that mean TPACK performance scores of 9 mathematics pre-service teacher is close to
the mean TPACK self-evaluation scores. Researcher claimed that the similarity between self-evaluation
and performance evaluation scores in the study give rise to the thought that performance evaluation
might not be necessary in every case.

In their study, where they examined the relationship between mathematics pre-service teachers’
TPACK self-efficacy levels and academic achievements, Erdogan and Sahin (2010) found out that pre-
service teachers’ self-efficacy scores have a significant correlation with their total GPA. Result of Erdogan
and Sahin’s (2010) study is different from the result of this study regarding the relationship between CK
efficacy score obtained from multiple choice achievement test and CK self-efficacy perception score
obtained from TPACK scale. One reason behind this difference might be the examination of the
relationship between pre-service teachers’ knowledge levels regarding the subject of polygons and TPACK
self-efficacy perception levels regarding geometry. This situation can be interpreted as measurements of
specific content fields can generate different results from general measurements.

In the study of Spazak (2013), conducted with elementary school mathematics pre-service teachers, it
was aimed to examine the relationship between pre-service teachers’” TPACK levels and technology
integration self-efficacy perception levels. The study showed that there are statistically significant
correlations between pre-service teachers’ self-efficacy perception levels determined with “Technology
Integration Confidence Scale” and CK, PK, TK, PCK, TPK, TCK, TPACK levels determined by “Survey of
Teachers’ Knowledge of Teaching and Technology”. But it can be claimed that this result that contradicts
with our study originated from the use of scales for both measurements. Indeed results of studies
conducted with pre-service teachers from different departments showed a significant correlation
between TPACK level determined by scales and self-efficacy perception regarding technology integration.
For example Abbitt (2011a) examined the relationship between pre-school pre-service teachers’ self-
efficacy belief levels determined by “Computer Technology Integration Survey” and TPACK levels
determined by “Survey of Preservice Teachers’ Knowledge of Teaching and Technology”. Results of the
study showed that there is a statistically significant correlation between pre-service teachers TK, PK, TPK,
TCK and TPACK scores and self-efficacy scores prior to the course, which focuses on technology
integration; and between pre-service teachers’ TK, PK, PCK, TPK, TCK, TPACK scores and self-efficacy
scores following the course. Similarly in their study Keser, Karaoglan Yilmaz and Yilmaz (2015), where they
examined the relationship between TPACK efficacy and self-efficacy perception regarding technology
integration of pre-service teachers enrolled in different departments, found a positive high level
relationship between efficacy and self-efficacy scores obtained by Technopedagogical Education
Competency Scale and Technology Integration Self Efficacy Scale. Results of this study show that the
relationship between scores obtained from structurally same data sources is strong.

This study has some limitations. Research was conducted with a study group of 88 mathematics pre-
service teachers, who attended Special Teaching Methods course. This situation limits the generalizability
of the study. In order to increase the generalizability of the study, the relationships between TPACK levels
obtained from different data sources with participation of more pre-service teachers can be investigated.
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Also the research focused on the subject of 7th grade polygons. This prevents the generalizability of the
study to other subjects. Thus future studies can examine the relationships between TPACK levels of pre-
service teachers on different mathematical subjects.
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Tiirkge Siirimui

Giris

Teknolojik Pedagojik Alan Bilgisi (TPAB), 6gretimde teknolojinin etkili bir sekilde kullaniimasi igin
ogretmenlerin ne bilmesi gerektigini tespit etme veya 6zel bir konuda etkili bir 6gretim gelistirme
konusunda vyararlanilan teorik bir c¢ercevedir (Akkog, 2011). Teknolojik Pedagojik Alan Bilgisi
(Technological Pedagogical Content Knowledge) modeli 2005 yilinda Matthew J. Kohler ve Punya Mishra
tarafindan (Koehler ve Mishra, 2005), teknoloji entegrasyonunda gerekli olan 6gretmen bilgisini anlamak
icin bir teorik ¢erceve olarak egitim arastirmalari alaninda tanitilmistir (Agyei ve Voogt, 2012; Graham,
2011). Ardindan 2006 yilinda TPAB modeli etkili teknoloji entegrasyonu igin 6gretmenlerin edinmesi
gereken bilgi alanlarini ele alan bir kuramsal gergeve olarak yayinlanmistir (Mishra ve Koehler, 2006).

TPAB kuramsal agidan, Shulman’in (1986) tanimladigi Pedagojik Alan Bilgisi (PAB) teorik cercevesi
Gzerine yapilandirilmistir (Koehler ve Mishra, 2005, 2009). TPAB kuramsal cercevesi, teknolojik agidan
zengin ortamlarda 6gretim yapmak icin gerekli olan 6gretmen bilgisinin alan bilgisi, pedagoji bilgisi ve
teknoloji bilgisi olmak tzere ti¢ kaynagi oldugu temeline dayanmakta olup bu bilesenler arasindaki iliskiler
ve etkilesimlere odaklanmaktadir (Abbitt, 2011a, 2011b; Harris, Mishra ve Koehler, 2009; Koehler ve
Mishra, 2005, 2009; Mishra ve Koehler, 2006; Schmidt vd., 2009).

Bu baglamda TPAB kuramsal gergevesi, alan, pedagoji ve teknoloji bilgisine ek olarak bu bilgi alanlarinin
kesisimlerini de ele alarak toplam yedi bilgi alani ortaya koymustur: Alan Bilgisi, Pedagoji Bilgisi, Teknoloji
Bilgisi, Pedagojik Alan Bilgisi, Teknolojik Alan Bilgisi, Teknolojik Pedagoji Bilgisi ve Teknolojik Pedagojik
Alan Bilgisi (Koehler ve Mishra, 2009; Mishra ve Koehler, 2006). Ote yandan TPAB, yalnizca 6gretmenlerin
ne bilmesi gerektigine odaklanmayip bu bilgiyi nasil gelistirebileceklerine iliskin Gzerinde diisinmeleri igin
kullanilabilecek yararli bir gergevedir (Schmidt vd., 2009).

TPAB cergevesi, nispeten yeni ortaya ¢ikmasina karsin (Abbitt, 2011a), literatiirle tanistirildigi glinden
beri teknolojik bilgi ve beceriye sahip 6gretmenlerin yetistirilmesi amaciyla 6gretmen egitiminde yaygin
olarak basvurulan ve etkili teknoloji entegrasyonunda 6gretmen bilgisini agiklamayi saglayan kuramsal bir
yapi olarak kabul gérmustir (Alayyar, Fisser ve Voogt, 2012; Baran ve Canbazoglu Bilici, 2015). Teknoloji
entegrasyon siirecinde 6gretmenlerin sahip olmasi gereken bilgilerin TPAB yapisi icerisinde ele alinmasiyla
arastirmalarda TPAB ol¢limi icin yontemler gelistirmenin 6nemi vurgulanmistir (Graham vd., 2009;
Schmidt vd., 2009).

TPAB’1 Olgme Yollari

Teknolojide yasanan gelismelerin matematik egitimini de etkilemesi ile matematigin bircok dalinda
teknoloji kullanimina olan ilgi ve verilen dnemin giderek artmistir (Habre ve Grundmeier, 2007; Laborde,
2003). Teknolojinin etkin kullanimi konusunda sorumluluk ise matematik 6gretmenlerine verilmistir
(NCTM, 2000). Teknoloji entegrasyonu esnasinda matematik 6gretmenlerine yiklenen sorumlulukla
birlikte, matematik 6gretmen adaylarinin ve matematik 6gretmenlerinin icerik, pedagoiji, teknoloji bilgi
alanlarina ve bu bilgi alanlarinin kesisimleri ve birlesimlerine (TPAB) iliskin yeterliliklere sahip olmalari
onemli gorulmistir (Niess, 2005; Niess vd., 2009). Ayrica, matematik 6gretmen adaylariyla yapilan
calismalarda adaylarin TPAB gelisimleri izerinde kendi alanlarinin yapisinin etkisinin 6nemli oldugu ileri
strialmistir (Niess, 2005). Bu durum matematik 6gretmen adaylarinin TPAB’larinin alanlarina 6zgi
6l¢lilmesinin 6Gnemini ortaya ¢ikarmistir.

TPAB’'1 6lgmede kullanilan yoéntemlerin ana hatlari 6gretmenin etkinligini degerlendirmek icgin
kullanilan degerlendirme ydntemleriyle benzerlik géstermistir (Alshehri, 2012). Ogretmenlerin teknoloji
entegrasyon dizeylerini degerlendirmek icin anket yontemlerini kullanma gec¢misi (izerine arastirmacilar,
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O6gretmen adaylarinin ve 6gretmenlerin TPAB seviyelerini degerlendiren anket/6lgcek olusturma
galismalarina baglamistir (Schmidt vd., 2009). TPAB’1 6lgmek igin anket/6lgek kullanma konusunda genel
egilimin bir yansimasi olarak 6gretmen adaylariyla yapilan arastirmalarin ¢ogunda adaylarin TPAB
duizeylerini belirlemek icin anketler/6lcekler gelistirilmistir (Abbitt, 2011a; Archambault ve Crippen, 2009;
Baran, Chuang ve Thompson, 2011; Graham vd., 2009; Jang ve Tsai, 2012; Schmidt vd., 2009). Anket/6lgek
yoluyla TPAB 6l¢limi yeterli ve kolay veri toplama, TPAB’I tekrar tekrar 6lgme imkani vermesi 6zellikleri
ile yararh gortlmustir (Abbitt, 2011b). Anketlerin bliyik bir grubun TPAB’larini 6lgmek ve incelemek igin
firsat sunmasi siklikla tercih edilme nedenleri arasinda gosterilmistir (Archambault ve Crippen, 2009).
Ayrica TPAB anketleri/6lgekleri farkli icerik ve teknolojilere uygulanabilme potansiyeli ile daha genel ve
soyut bir seviyede kullanilabilir veri toplama araglari olarak degerlendirilmistir (Agyei ve Keengwe, 2014).
Bunun sonucunda galismalarda, TPAB’I belirlemede en ¢ok kullanilan veri kaynaklari anket ve 6lgeklerin
kullanildigi 6z bildirim raporlari olmustur (Archambault ve Crippen, 2009; Lyublinskaya ve Tournaki, 2015;
Voogt, Fisser, Pareja Roblin, Tondeur, Van Braak, 2013).

Etkili teknoloji entegrasyonunda TPAB cercevesi 6gretmen bilgisini ele alan bir model olmasina karsin
anket/6lcek gibi 6lcme araglariyla elde edilen veriler 6gretmen adaylarinin bilgi dizeylerinden ¢ok algi
dizeylerini yansitmis, katilimcilarin TPAB puanlari algi puanlari olarak ele alinmistir (Agikgiil ve Aslaner,
2015; Koehler ve Mishra, 2005; Sad, Agikgul ve Delican, 2015). Ayrica ¢alismalarda Bandura (1977)
tarafindan ileri siiriilen Sosyal Ogrenme Kurami icerisinde &ne cikan éz-yeterlilik kavrami, 6gretmenlerin
teknolojiyi derslerine entegre etmelerini etkileyen 6nemli bir faktor olarak kabul edilmistir (Abbitt ve Klett
2007; Abbitt, 2011a; Wang, Ertmer ve Newby, 2004). Sonugta, arastirmacilar TPAB algisini 6z-yeterlik
yapisi altinda ele almistir (Aquino, 2015; Canbazoglu Bilici, Yamak, Kavak ve Guzey, 2013; Niess, Van Zee
ve Gillow-Wiles, 2010).

Diger taraftan TPAB diizeyinin daha gok anket/6lcek kullanilarak belirlenmesi arastirmacilar tarafindan
elestirilmistir. Voogt ve digerleri (2013), TPAB duzeyinin anket/6lgek gibi 6z bildirim raporlariyla
belirlenmesinin 6gretmen bilgisi ile inancinin birbirine karistirilmasina neden oldugunu ileri sirmustar.
Abbitt (2001b) anket gibi 6z degerlendirme araglarinin TPAB alanlarindaki bilgi diizeyini dogru bir sekilde
temsil edebilme yeteneginin, katilimcilarin kendi bilgilerini degerlendirip ankete uygun bir bicimde
yansitma becerileri ile sinirh oldugunu belirtmistir. Benzer sekilde, Archambault ve Barnett (2010)
calismasinda dogrudan gozlemlenen davranislari 6lgememelerini sinirlilik olarak ele almis, bu nedenle
olgek ile katihmcilara bilgi diizeylerini nasil algiladiklarini sorduklarini ifade etmistir. Sad ve digerleri (2015)
¢alismalarinda TPAB cergevesinin bilgi kavramiyla sinirlandirilmis olduguna ve uygulamada bilgiyi
olgmenin glicligline deginmis, bu durumun TPAB dizeyini belirlerken arastirmacilari katihmcilarin
algilarina yénelik dolayli sorular sormaya yonelttigini belirtmistir.

Agyei ve Keengwe, (2014) calismalarinda katilimcilarin TPAB’lari hakkindaki farkindaliklarinin ve artan
glvenlerinin yansimasini saglayan anketlerin yararlarini géz ardi etmezken, 6gretmen adaylarinin
TPAB’larini sergileyebilecekleri 6lgme araclarinin kullanimini savunmustur. Abbitt (2011a), hem bilgi hem
de inang 6lctimlerinin, teknolojiyi ilgi cekici ve etkili sinif ortamlari olusturmak icin kullanan 6gretmenlerin
hazirlanmasina yoénelik benzersiz ve bilgilendirici anlayislar saglayacagini ifade etmistir. Ayrica arastirmaci,
teknoloji entegrasyonu hakkindaki bilgi ile 6z yeterlilik inanglari arasindaki iliskinin incelenmesinin bu iki
arastirma alani arasinda benzersiz bir baglanti saglayabilecegini de ileri slirmistiir. Spazak (2013),
o6gretmen adaylarinin TPAB'lari ve teknolojiile ilgili 6z-yeterlilikleri arasindaki olasi bir iliskinin teknolojinin
etkin kullanimi konusunda fikir verebilecegini belirtmistir. Ancak Abbitt (2011b), bir 6gretmen adayinin
TPAB algi diizeyinin, teknolojinin 6gretimsel olarak etkin bicimde kullanimini planlama becerisine ne kadar
katki sagladiginin biyik 6lctide belirsiz olduguna dikkat cekmistir Akyliz (2018) ise, teknolojinin 6gretimde
kullanimina iliskin performansa dayali TPAB puanlar ile 6z-degerlendirmeye dayali TPAB puanlari
arasindaki iliskinin literatirde 6nem verilen ancak ¢ogu zaman ihmal edilen bir konu oldugunu belirtmistir.
Gergekten literatir incelendiginde bu konuda sinirli sayida ¢alismaya rastlanmistir (Agyei ve Keengwe,
2014; Akylz, 2018; Kopcha, Ottenbreit-Leftwich, Jung ve Baser, 2014).

Kopcha ve arkadaslari (2014)'nin arastirmalarinin amaglarindan biri 6gretmen adaylarinin TPAB
performans ve algl puanlari arasindaki iliskiyi belirlemektir. Arastirmacilar ¢alismalarini teknoloji
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entegrasyonu giris dersine katilan 27 6gretmen adayi (24 ilkogretim 6gretmen adayi, 3 okul dncesi
O0gretmen adayi) ile gerceklestirmistir. Arastirmada 6gretmen adaylari tarafindan hazirlanan ders planlari
Harris, Grandgenett ve Hofer (2010) tarafindan gelistirilen performans degerlendirme rubrigi ile
belirlenirken 6gretmen adaylarinin algilari Schmidt ve arkadaslari (2009) tarafindan gelistirilen TPAB 6lgegi
ile belirlenmistir. Arastirmada elde edilen TPAB puanlari arasindaki iliskiler incelenmistir. Agyei ve
Keengwe (2014) calismalarinda matematik 6gretmen adaylarinin TPAB 6grenme ciktilari (TPAB ders plani
rubrigi, TPAB gozlem rubrigi, Griin degerlendirme rubrigi) ile TPAB’larina iliskin 6z degerlendirme
raporlarindan elde edilen puanlar arasindaki iliskiyi incelemistir. Calismada Ogretim Teknolojisi dersine
katilan 104 son sinif 6gretmen adayi elektronik tablolama programlariyla desteklenen ders planlari ve
etkinlikler hazirlamis, ders planlarini uygulamis ve verilen donutler ile plan ve etkinliklerini revize etmistir.
Arastirmanin verileri, 6gretmen adaylarinin 6grenme g¢iktilarini ve TPAB gelisimlerini degerlendirmek
amaciyla kullanilan TPAB ders plani rubrigi, TPAB godzlem rubrigi, triin degerlendirme rubrigi, BIT beceri
testi ve TPAB Olcegi olmak Uzere 5 farkli veri toplama araci ile elde edilmistir. Arastirmada farkli veri
toplama araglarindan elde edilen TPAB puanlari arasindaki iliskiler arastirilmistir.

Ulkemizde ise farkli TPAB 6lciim ydntemlerinin birbirleriyle ne kadar iliskili oldugunu inceleyen tek bir
¢alismaya rastlanmistir. Akyiiz (2018) galismasinda 9 matematik 6gretmen adayinin performansa ve 6z
degerlendirmeye dayali TPAB puanlari arasindaki iligskiyi incelemistir. Arastirma se¢meli “Geometriyi
Dinamik Geometri Uygulamalari ile Kesfetme” isimli derse katilan 06gretmen adaylariyla
gerceklestirilmistir. Ogretmen adaylarinin performans puanlari ders planlari, etkinlik sayfalari ve dinamik
geometri yazilim dosyalarinin analizinden elde edilirken 6z-degerlendirme puanlari Schmidt ve arkadaslari
(2009) tarafindan gelistirilen TPAB olgegi ile belirlenmistir. Arastirmaci TPAB performans puan
ortalamalari ve TPAB 6z-degerlendirme puan ortalamalarini karsilastirarak TPAB oOlgimleri arasindaki
iliskiyi yorumlamistir.

Ozetle yapilan agiklamalar etkili teknoloji entegrasyonunun gergeklesmesi icin matematik 6gretmen
adaylarinin 6gretimde teknoloji kullanimina iliskin bilgi, beceri ve performanslarinin géstergesi olan TPAB
puanlari ile adaylarin 6z degerlendirmelerine dayali TPAB puanlari arasindaki iligkilerin arastiriimasinin
6nemini ortaya ¢ikarmaktadir. Ancak bu konuda yapilan galismalarin sinirli sayida olmasi s6z konusu
iliskiler hakkinda daha fazla ve daha detayli bilgi edinebilmek i¢in cesitli lgme araglarinin kullaniimasiyla
elde edilecek TPAB puanlari arasindaki iliskilerin arastirilmasinin gerekliligini géstermektedir. Nitekim
Akyiiz (2018) calismasinin sonucunda 6gretmen adaylarinin TPAB diizeylerinin belirlenmesinde farkli 6z-
degerlendirme ve performans degerlendirme araglari kullanilarak elde edilen puanlar arasindaki iliskileri
arastiran daha fazla arastirmaya ihtiyac¢ olduguna dikkat ¢ekmistir. Bu baglamda bu ¢alismada gesitli 6lgme
araglan kullanilarak matematik 6gretmen adaylarinin teknoloji entegrasyonuna iligskin bilgi, beceri ve
performanslarinin gostergesi olan TPAB yeterlilik dizeyleri ile TPAB 6z-yeterlilik algi dizeyleri arasindaki
iliskilerin arastirilmasi 6nemli géralmdstir.

Ogretmen adaylarinin TPAB diizeylerinin belirlenmesinde kullanilacak élgme araclarinin tespiti igin
literattrdeki ilgili calismalar incelenmistir. Calismalarda TPAB dizeyini belirlerken 6z degerlendirme
araglarinin (anket/dlgek, gérisme, guinlukler vb.) yani sira, sinif gozlemleri, performans degerlendirme
Olcekleri/rubrikleri (sinif gozlemleri, ders planlar, 68renci galismalar, sinif etkinlikleri ve 6gretim
materyallerinin degerlendirilmesi) ve agik uglu sorulardan olusan soru formlari vb. araglarin kullaniimasi
onerilmistir (Abbitt, 2011b; Agyei ve Keengwe, 2014; Alshehri, 2012; Harris vd., 2010; Koehler, Shin ve
Mishra, 2012; Lyublinskaya ve Tournaki, 2015). Bahsedilen 6lgme araglar arasinda performans
degerlendirme araglari, 6gretmen adaylarinin tasarim ve planlama siirecini inceleyerek TPAB’In pratik
uygulamalarini anlamak ve TPAB gelisimini izlemek icin énemli gérilmustir (Abbitt, 2011b). Nitekim
Koehler ve digerleri (2012) TPAB’1I dlgmek igin kullanilan gesitli yaklasimlari inceledikleri ¢alismalarinda,
TPAB’In belirlenmesinde 0z-degerlendirme ve performans degerlendirmenin siklikla kullanildigini
belirlemistir. Diger taraftan arastirmacilar, agik uglu sorulardan olusan soru formlarinin popiilerligi en az
olan 6lgme araci oldugunu tespit etmis, bu durumun nedeninin agik uglu sorulardan olusan verilerin
kodlanmasi ve analiz edilmesi asamalarindaki zorluklar olabilecegini 6ne slirmistiir. Bu c¢alismada
6gretmen adaylarinin TPAB yeterlilik dizeylerini belirlerken ¢oktan se¢meli test, acik uclu sorulardan
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olusan soru formu, ders plani ve katihmci raporu kullanilirken, TPAB 6z-yeterlilik algi dizeylerinin
belirlenmesinde likert tipi 6lgek kullanilmistir. Farkli veri kaynaklarindan elde edilen TPAB yeterlilik ve 6z-
yeterlilik algisi puanlari arasindaki iliskilerin incelenmesiyle 6gretmen adaylarinin TPAB’larina iliskin daha
derin bir anlayis saglanacagi, kapsamli ve giivenilir sonuglar elde edilecegi diistintImistar.

Yigit (2014) yaptigi literatir derlemesi c¢alismasinda matematik 6gretmen adaylarinin TPAB
gelisimlerinin nasil 6lgilecegi konusunda sinirli sayida ¢alisma bulundugunu ve bu ¢alismalarda kullanilan
olgme araglarinin agik¢a tanimlanmadigini belirtmistir. Bu baglamda ¢alismada kullanim amaglari ve
gelistiriime sirecleri agikga tanimlanan veri kaynaklari ile olgiimlerin yapilmasi 6nemli goérilmustir.
Boylece calismanin matematik 6gretmen adaylarinin TPAB’larini 6lgmek igin kullanilabilecek veri
kaynaklari konusunda literatuire katki saglayacagi dusiinilmektedir.

Diger taraftan farkh igerik alanlarinda teknolojiyi etkili bir sekilde entegre etmek igin gerekli olan
o6gretmen bilgisi ve 6gretmenlerin teknolojiyi kullanim sekilleri degisiklik gésterebilmektedir (Graham vd.,
2009; Harris, vd., 2009). Bu durum TPAB’in alana 6zgl tanimlanmasi ve ele alinmasinin gerekliligini ve
o6nemini ortaya ¢ikarmaktadir (Agyei ve Keengwe, 2014; Graham vd., 2009; Harris vd., 2009; Schmidt vd.,
2009). Matematik egitiminde teknoloji kullanimindan en c¢ok etkilenen alanin geometri oldugu
dusunilmekte (Agikgll, 2012), calismalarda teknolojinin geometri Ogrenimi ve 06gretimindeki
potansiyelinden bahsedilmektedir (Lai ve White, 2012; Leung, 2008; Mariotti, 2000; Straesser, 2001).
Ayrica, yapilan ¢calismalar geometri konularindan biri olan gokgenler konusunun 6grenimi ve 6gretiminde
teknoloji kullaniminin faydalarini ortaya koymustur (Erez ve Yerushalmy, 2006; Jones, 2001; Kordaki ve
Balomenou, 2006). Bu baglamda bu ¢alismada teknolojinin etkili oldugu bir konuda 6gretmen adaylarinin
TPAB diizeylerini incelemek onemli gorilmis, 6gretmen adaylarinin ¢okgenler konusundaki TPAB
yeterlilik dizeyleri ile Geometri konusundaki TPAB 0Oz-yeterlilik algi dlzeyleri arasindaki iliskiler
arastirilmistir.

Voogt ve arkadaslari (2013) ¢alismalarinda TPAB’in belirli konu alanlari igin ne anlama geldiginin daha
iyi anlagilmasi durumunda, bir 6gretmenin TPAB'inin daha iyi degerlendirilebilecegine dikkat ¢cekmistir. Bu
bilgiden hareketle ¢alismada 6gretmen adaylarinin ¢okgenler konusundaki TPAB’larini degerlendirirken
icerisinde Alan Bilgisi (AB) olan boyutlara odaklanilmis ve calismada Alan Bilgisi (AB), Pedagojik Alan Bilgisi
(PAB), Teknolojik Alan Bilgisi (TAB) ve Teknolojik Pedagojik Alan Bilgisi (TPAB) boyutlari incelenmistir.

Yontem

Bu arastirmada korelasyonel arastirma yaklasimi kullanilmistir. Korelasyonel arastirmalarda, iki veya
daha fazla degisken arasindaki iligkiler incelenerek, bu degiskenlerin ne derecede iliskili oldugu korelasyon
katsayisi kullanilarak agiklanmaktadir (Fraenkel, Wallen ve Hyun, 2012, s. 331)

Katilimcilar

Bu arastirma, Dogu Anadolu Bélgesi'nde yer alan orta biyiikliikte bir Gniversitenin ilkdgretim
Matematik Ogretmenligi Programi 3. sinifinda dgrenim goren ve Ozel Ogretim Yéntemleri Il dersini alan
88 (bayan=72, erkek=16) 6gretmen adayiyla gerceklestirilmistir.

Katilimcilarin belirlenmesinde Ozel Ogretim Yéntemleri | dersini almis olmalari &n kosul olarak
belirlenmis ve arastirmaya katilmaya géniillii 6gretmen adaylariyla calisiimistir. Ozel Ogretim Yontemleri
Il dersi kapsaminda 6gretmen adaylari rastgele atama yoluyla 4 gruba (G1, G2, G3, G4) ayrilmistir. Tim
gruplarda o6gretmen adaylar ¢okgenler konusunun Ogretiminde teknoloji kullanimina yonelik
uygulamalarda bulunmustur.

Calismanin Yapildigi Ders ve Arastirmacinin Rolii

Ozel Ogretim Yontemleri dersi Ozel Ogretim Yontemleri | ve Ozel Ogretim Yontemleri Il seklinde giiz
ve bahar déneminde okutulmaktadir. Ozel Ogretim Yontemleri | dersi kapsaminda matematik 6gretiminin
onemi, gerekliligi ve temel amaglari, matematik 6gretiminde kullanilan yaklasimlar, stratejiler, yontemler
ve teknikler, matematik 6gretiminde kullanilan materyaller konu olarak ele alinmistir. Ders esnasinda
matematik 6gretiminde teknoloji kullanimina odaklaniimistir. Ayrica derste geometri Ogretiminde
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kullanilan DGY (GeoGebra) kullanimi uygulamali olarak gosterilmistir. Ozel Ogretim Uygulamalari Il dersi
kapsaminda 7. sinif cokgenler konusunun teknoloji destekli 6gretimine iliskin Mikro Ogretim Uygulamalar
gerceklestirilmistir. Mikro Ogretim Uygulamalari ders anlatimi, videolarin izlenmesi, degerlendirme ve
tartisma asamalarindan meydana gelmistir. Ayrica, Mikro Ogretim Uygulamalari esnasinda gruplardan
ikisine (G2, G4) arastirmacilar tarafindan gelistirilen GeoGebra materyalleri verilerek teknoloji destegi
saglanmistir. Diger gruplarda ise Mikro Ogretim Uygulamasi esnasinda dgretmen adaylari cokgenler
konusunun &gretiminde ¢ogunlukla GeoGebra programini kullanmistir. Ote yandan iki grupta (G1, G4)
TPAB Oyun etkinlikleri gergeklestirilmistir. TPAB Oyunu Judi Harris, Punya Mishra ve Matt Koehler
tarafindan ortaya atilmistir (Hofer, 2015; Mishra, 2010, 2013; Richardson, 2010). TPAB Oyunu’nda Java
programi kullanilarak igerisinde 7. sinif gokgenler konusunda kazanimlarin; 6gretim model, yontem ve
tekniklerin; teknolojilerin yer aldigi torbalarin oldugu oyun sayfasi olusturulmustur. Ogretmen adaylar
torbalara tiklayarak rastgele kartlar se¢cmislerdir. Ardindan 6gretmen adaylari segtikleri kazanimin
matematiksel icerigi, pedagoji ya da teknoloji bilesenlerinin Gstiin yanlarini ve sinirliliklarini géz 6niinde
bulundurarak bu bilesenlerin birlikte kullaniimasiyla yapilabilecek olasi bir ders tasariminin etkililigi ile ilgili
fikirlerini tartismislardir.

Arastirmacilardan ilki ayni zamanda tim gruplarda arastirmanin uygulayicisidir. Mikro Ogretim
Uygulamasi kapsaminda ders anlatimi yapilirken arastirmaci sinifta gdzlemci olarak yer almistir. Mikro
o6gretim uygulamasi esnasinda 6gretmen adaylari ders anlatimlarini gergeklestirirken arastirmaci sinifta
gozlemci roliinde yer alarak ders anlatim sirecini gézlem notlari ile kayit altina almistir. Bu siregte
dgretmen adaylarina hicbir midahalede bulunmamistir. Ogretmen adaylarinin ihtiyag duymalari
durumunda elektronik aletlerle ilgili sorunlarda teknik destek saglamistir. Videolarin izlenmesi asamasinda
arastirmaci 8gretmen adaylariyla birlikte videolari izleyerek TPAB Mikro Ogretim Degerlendirme Rubrigi’ni
doldurmustur. Tartisma asamasinda ise, tartismayl yoneten kisi konumunda olmustur. Tartisma
asamasinda 6gretmen adaylariyla dersin etkililigini tartismistir. TPAB Oyunlari esnasinda ise 6gretmen
adaylarinin segimlerine ve tartismalarina miidahalede bulunmamistir. Veri toplama asamasinda tim
gruplarda veri kaynaklari 6gretmen adaylarina ayni ortamda ve ayni arastirmaci tarafindan uygulanmis
olup yer ve uygulayici tehdidi giderilmeye calisiimistir. Ayrica uygulama sonrasinda veriler analiz edilirken
gruplara goére siniflandirilma yapilmamis, 6gretmen adaylarinin isimleri kapatilarak degerlendirmeler
rastgele yapilmistir.

Verilerin Toplanmasi

Arastirmada égretmen adaylarinin TPAB yeterlilik ve TPAB 6z-yeterlilik alg diizeyleri Ozel Ogretim
Yéntemleri Il dersinin basinda ve sonunda olmak iizere iki defa dl¢lilmistiir. On test ve son test arasindaki
siirecte Ogretmen adaylari matematik derslerinde teknoloji kullanimina yoénelik uygulamalarda
bulunmustur. Matematik 6gretmen adaylarinin TPAB yeterlilik dizeylerini ve TPAB 6z-yeterlilik algl
dizeylerini belirlemek i¢in kullanilan veri kaynaklari asagida agiklanmustir.

Cokgenler Konusunda Coktan Se¢meli Basari Testi

Calismada 6gretmen adaylarinin AB yeterlilik diizeylerini belirlemek i¢in 7. sinif dlizeyinde ¢okgenler
konusu ile ilgili goktan segmeli basari testi gelistirilmistir. 57 madde ve 5 se¢enekten olusan taslak basari
testi kapsam ve gorinis gecerliligi, anlasilirhk ve hedef kitleye uygunluk 6lgltleri agisindan geometri,
matematik egitimi ve program gelistirme alaninda uzman 3 6gretim Uyesi ve 2 matematik 6gretmeni
tarafindan degerlendirilmis ve Kapsam Gegerlik indeksi (KGi) 0,6’nin altinda olan 2 soru testten cikarilarak
55 maddelik taslak form elde edilmistir (Davis, 1992). Ardindan maddeler 5 matematik 6gretmen adayina
okutularak maddelerin anlasilirig kontrol edilmistir. Pilot uygulama ilkégretim Matematik Ogretmenligi
Programi’nda 6grenim géren 312 (N1.sinif = 72, N2.sinif = 56, N3.sinif = 87, N4.sinif = 97) 6gretmen
adayiyla gergeklestirilmistir.

Testin yapi gegerliligine iliskin yapilan inceleme sonucu madde ayirt edicilik indeksi 0,30’dan disiik
olan 16 madde testten gikarilmis ve testin madde ayirt edicilik indeksi ,467 olarak hesaplanmistir. Testteki
maddelerin madde ayirt edicilik indeksleri ,319-,770 arasinda degismektedir. Bu degerler testin ayirt
ediciliginin miikemmel diizeyde oldugunu, maddelerin ise iyi ve milkemmel dizeyde ayirt edicilige sahip
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oldugunu gostermektedir (Ebel ve Frisbie, 1986). 39 maddelik nihai testin madde giglik indeksi ,767
olarak hesaplanmistir. Bu deger ortaokul 7. sinif diizeyindeki kazanimlara uygun olarak gelistirilen testin
O6gretmen adaylar igin kolay bir test oldugunu géstermektedir (Hingorjo ve Jaleel, 2012). Ortaokul
dizeyindeki kazanimlar kapsaminda olusturulan basari testinin 6gretmen adaylarina kolay gelmesi
calismada beklenen bir durumdur. Basari testi icin madde toplam korelasyon katsayisi ,317 olarak
hesaplanmistir. Guvenirlik ¢alismalari kapsaminda i¢ tutarhhk katsayisi KR20 givenirlik katsayisi ,765
olarak hesaplanmistir. Glvenirlik katsayisinin minimum degerinin ,70 olmasi beklenmektedir (Wells ve
Wollack, 2003). Bu baglamda basari testinin glvenilir oldugu belirlenmistir.

Soru Formlari

Arastirmada 6gretmen adaylarinin PAB, TAB, TPAB vyeterlilik dizeylerini 6lgmek icin agik uglu
sorulardan olusan soru formlari gelistirilmistir. Taslak formda PAB boyutunda 9, TAB boyutunda 9 ve TPAB
boyutunda 9 olmak Uzere toplam 27 soru bulunmaktadir.

Taslak form kapsama uygunluk, anlasilirlik, 6lgme degerlendirme ilkelerine uygunluk agisindan 2
matematik egitimi, 1 6lcme degerlendirme ve 1 egitim bilimleri uzmani tarafindan degerlendirilmis ve KGi
degeri 0,8’den kiiclik olan 6 madde formdan g¢ikarilmistir (Davis, 1992). Bu durumda PAB boyutunda 7,
TAB boyutunda 7, TPAB boyutunda 7 madde kalmistir. 21 maddelik soru formu Soru Formu 1, Soru Formu
2 ve Soru Formu 3 seklinde li¢ boliime ayrilmistir.

Yapilan diizenlemenin ardindan Ozel Ogretim Yéntemleri derslerini almis 4. sinifta 6grenim géren 8
o6gretmen adayina soru formlari uygulanmistir. Adaylarin cevaplari arastirmaci ve bir matematik egitimi
uzmani tarafindan incelenerek formlarin son hali verilmistir. Asagida sorularin kapsami boyutlara gore
actklanmistir.

PAB Boyutu: Ogretmen adaylarinin PAB yeterlilik diizeylerini belirlemek icin Ortaokul Matematik Dersi
Programi’nin genel amaglari, programda kazandirilmasi éngoriilen temel beceriler, 6grenme alanlari,
cokgenler konusunun yer aldigi 6grenme alani/alanlarn, cokgenlere iliskin kazanimlarin hangi sinif
dizeyinde yer aldig1 ve igerigi, cokgenlerle ilgili verilen bir linite kapsaminda 6grencilerin 6grenmesi
gereken bilgiler hakkinda sorular hazirlanmistir.

TAB Boyutu: Ogretmen adaylarinin TAB yeterlilik diizeylerini belirlemek icin adaylara matematik
konularinda kullanilan teknolojiler (araglar/yazilimlar); genel teknolojik araglar, matematik yapmak igin
kullanilan teknolojik araglar ve matematik 6gretimi icin kullanilan teknolojik aracglar arasindaki farklar;
matematik konularinda kullanilan teknolojilerin sahip olmasi gereken “Matematiksel Uygunluk” kavrami;
Dinamik Geometri Yazilimlarinin tanimi ve ozellikleri; ¢izim, geometrik sekil ve dinamik sekil kavramlar
hakkinda sorular hazirlanmistir.

TPAB Boyutu: Ogretmen adaylarinin TPAB yeterlilik diizeylerini belirlemek icin adaylara Teknoloji
Destekli Matematik Ogretiminin tanimi; matematik 6gretiminde teknoloji kullaniminin amaglari,
avantajlari, dezavantajlari ve teknolojilerin matematik 6gretiminde nasil kullanilacagi; cokgenler
konusunun 06gretiminde teknoloji kullaniminin avantajlari ve dezavantajlari hakkinda sorular
hazirlanmistir.

Ders Plani ve Katilimci Raporu

Ders plani hazirlama yontemi 6gretmen adaylarinin gcokgenler konusundaki AB, PAB, TAB ve TPAB
yeterlilik dizeylerini belirlemek amaciyla kullaniimistir. Ders planlari hazirlanirken Van der Valk ve
Broekman’in (1999) calismalarinda kullandigi ders plani hazirlama ydntemi kullanilmistir. Ogretmen
adaylarindan 7. sinif seviyesinde ¢okgenler konusu ile ilgili sectikleri bir kazanimi gergeklestirmeleri igin
teknolojinin kullanildigi ders plani hazirlamalari istenmistir. Ders planlarinin hazirlanmasinin ardindan
6gretmen adaylarina hazirladiklari ders planina iliskin sorulardan olusan katilimci raporu uygulanmistir.
Katiimci raporundan elde edilen veriler ders planlarinin analizlerinden elde edilen verileri desteklemek
amaciyla kullanilmistir.
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Katilimci raporunun gelistirilme asamasina gegilmeden énce Ozel Ogretim Yéntemleri dersini almis 3
dgretmen adayindan ders plani hazirlamalari istenmistir. Ogretmen adaylarinin AB, PAB, TAB ve TPAB
dizeylerini belirlemek amaciyla yapilacak analiz esnasinda ders planlarinda agik¢a ¢ikarimda
bulunulamayan kisimlarda detayl bilgiye ihtiya¢ duyulabilecek noktalar belirlenmistir. Hazirlanan ders
planlari Gzerinde yapilan incelemeler sonucunda katilimci raporunda yer alacak sorular hazirlanmistir.
Katihmci raporlarinda adaylardan sectikleri icerik, pedagoji ve teknoloji bilesenlerini tercih etme
nedenlerini, kullanim sekillerini, sectikleri pedagoji ve teknolojilerin tstiin yonlerini ve sinirhliklarini, ders
planini hazirlarken zorlandiklari noktalari, kullandiklari icerik, pedagoji ve teknoloji bilesenlerinin
birbirleriyle uyumunu acgiklamalari istenmistir. Katilimci raporu uygulamada kullanilmadan 6nce
maddelerin kapsami, amaca uygunlugu, anlasilabilirligi, dil ve anlatimi agisindan degerlendirilmesi
amaclyla 2 matematik egitimi uzmaninin gorisleri alinmistir. Uzmanlarin gorisleri dogrultusunda
diizenlenen rapor ders planlarini hazirlayan 3 &gretmen adayi tarafindan incelenmistir. Ogretmen
adaylarinin gorusleri dogrultusunda form tekrar diizenlenmistir.

Geometri Konusunda Teknolojik Pedagojik Alan Bilgisi (TPAB) Olgegi

Ogretmen adaylarinin geometri 8gretiminde TPAB’larina iliskin 6z-yeterlilik alg diizeylerini belirlemek
icin Bulut (2012) tarafinda gelistirilen Geometri Konusunda Teknolojik Pedagojik Alan Bilgisi (TPAB)
Olgegi'nin AB, PAB, TAB, TPAB boyutlarindaki maddeleri kullanilmistir. Olgegin 4 boyutlu yapisinin
¢alismanin katilimcilari igin gegerli ve glivenilir olup olmadigini belirlemek amaciyla yapilan 6n
uygulamanin ardindan gegerlik ve glvenirlik galismalari yapilmigtir.

Yapi gecerliligini incelemek icin dogrulayici faktor analizi yapilmasina karar verilmistir. Degiskenler
arasi korelasyon, ug ve kayip degerlerden ariniklik, veri setinin normal dagilimi, 6rneklem blyiklGgi ve
ornekleme yeterliligi (KM0O=,921 ve Bartlett's kiresellik testi X2= 2199,613; sd=406; p=,000) veri setinin
faktor analizi igin uygun oldugunu gostermistir (Field, 2005). Dogrulayici faktor analiz esnasinda programin
sundugu modifikasyon ©nerileri gergeklestirilerek modelin iyilestiriimesi saglanmistir. Yapilan
modifikasyon (TPAB boyutunda yer alan 27-28. maddeler arasinda) sonucu hesaplanan uyum iyiligi
degerleri x2/df=1,54, p=,000, RMSEA=,079, NFl=,94, CFI=,98, GFI=,68, RMR=,065 olarak hesaplanmistir.

Literatlirde uyum iyiligi degerleriicin CFI >,90, GFI>,90, RMSEA<,08, NFI>,90 RMR<,08 kabul edilir 6l¢iit
degerler olarak belirtilmistir (Brown, 2006; Hair, Black, Babin, Anderson ve Tatham, 2006; Hooper,
Coughlan ve Mullen, 2008; Tabachnick ve Fidell, 2007). Olgiit degerler ile caismada elde edilen CFl,
RMSEA, NFI, RMR degerleri karsilastirildiginda modelin dogrulandigi belirlenmistir. Ancak ,68 olarak
hesaplanan GFI degerinin esik degerin olduk¢a altinda oldugu gorilmektedir. GFI indeksi érneklem
biyukliginden bagimsiz olmayip 6rneklem buylkliginden glicli bir sekilde etkilenmekte ve 6rneklem
biyuklGginin yiksek oldugu durumlarda istenilen degerlere ulasilmaktadir (Anderson ve Gerbing, 1984;
Hooper vd., 2008; Shevlin ve Miles, 1998). Diger taraftan dérneklem blyukliglinin uygunlugu agisindan
literattirde dogrulayici faktér analizi igin ideal bir 6rneklem buyukliga 300 olarak belirlense de (Hair vd.,
2006) bu calismada dogrulayici faktor analizi N=88 katilimciyla gercgeklestirilmistir. Katilmci sayisinin
uygun orneklem biylkligl olarak kabul edilen sayinin oldukga altinda olmasi nedeniyle GFI degerinin
disuk ciktigi dusinilmektedir. Bu baglamda diger uyum indeksleri incelendiginde katilimcilardan elde
edilen degerlerin 4 faktorli yapiyr dogruladigi sonucuna varilmistir.

Geometri konusunda TPAB Olgeginin giivenirligi Croanbach alpha degerleri AB boyutu igin a=,904, PAB
boyutu icin a=,916, TAB boyutu icin a=,892 ve TPAB boyutu a=,933 olarak hesaplanmistir. Degerler 6lgegin
givenilir oldugunu gostermektedir (Kline, 2011).

Verilerin Analizi

Bu arastirmada veri analiz siireci iki asamada gerceklestirilmistir. Oncelikle nitel veriler nicellestirilmis
ardindan nicel veriler uygun istatistiksel testler kullanilarak analiz edilmistir. Arastirmada kapsaminda
o6gretmen adaylari 4 gruba ayrilmistir. Gruplarda uygulama siiregleri bazi farkliliklar géstermistir. Ancak
temelde tiim gruplarda 6gretmen adaylari cokgenler konusunun 6gretiminde teknoloji destekli dersler
planlayarak uygulamistir. Bu arastirma kapsaminda 6gretmen adaylarinin teknoloji destekli bir 6gretim
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siirecine katilmalari 6nemli gorilduginden veri analizi 88 kisilik veri seti (izerinden yapilmis olup grup
bazinda inceleme yapilmamistir.

Nitel Verilerin Nicellestirilmesi

Basari testinde “dogru” cevaplara 1 puan “yanlis” cevaplara O puan verilmistir. Geometri Konusunda
TPAB Olgegi Kesinlikle katilmiyorum=1, Katilmiyorum=2, Biraz katilmiyorum=3, Biraz Katiliyorum=4,
Katillyorum=5, Kesinlikle Katiliyorum=6 puan verilerek nicellestirilmistir.

Soru formlarindan elde edilen verilerin analizi TPAB kuramsal cergevesi ve ¢okgenler konusunda
teknoloji kullanimi ile ilgili bilgi sahibi olan 2 puanlayici tarafindan yapilmistir. Puanlayicilar arasi
givenilirligin belirlenmesi amaciyla Sinif-ici Korelasyon Katsayisi (Intraclass Corelation Coefficient)
hesaplanmistir. Hesaplanan degerlerin ,862-,999 araliginda oldugu gorilmistir. Bu durumda
puanlayicilar arasi uyumun yeterli diizeyde oldugu ve yapilan puanlamalarin giivenilir oldugu sdylenebilir
(Szymanski ve Linkowski, 1993; akt: Deliceoglu, 2009). Puanlayicilar arasindaki uyum katsayisinin
belirlenmesinin ardindan 2 puanlayici tekrar bir araya gelerek uyusmadiklari puanlar izerinde tartismis ve
ortak kararlar dogrultusunda puanlara son halini vermistir

Ders plani ve katilimci raporlarinin ¢éziimlenmesi arastirmacilar tarafindan gelistirilen TPAB Yeterlilik
Degerlendirme Rubrigi kullanilarak yapilmistir.

TPAB Yeterlilik Degerlendirme Rubriginin maddeleri hazirlanirken 6gretmen adaylarinin 6n test ve son
testte hazirladiklari ders planlari ve katilimci raporlari incelenmistir. TPAB kuramsal ¢ergevesi ve ders
planlarinda yapilan incelemeler dogrultusunda rubrik maddeleri AB, PAB, TAB, TPAB boyutlarindaki temel
kazanimlari icerecek sekilde hazirlanmistir. Sonugta AB boyutu icin 3 madde, PAB boyutu icin 5 madde,
TAB boyutu icin 3 madde, TPAB boyutu icin 5 madde olmak lizere toplam 16 maddelik bir puanlama
anahtari hazirlanmistir. Asagida her bir boyut icin belirlenen dl¢itler agiklanmustir.

1. AB boyutu: Bilimsel agidan yeterlilik; tutarlihk; matematiksel icerige hakimiyet,

2. PAB boyutu: Agiklanan matematiksel icerigin kazanimin matematiksel igerigini kapsama dizeyi;
kullanilan 6gretim strateji, yontem ve teknikler ile kazanimin uyumu; 6gretim strateji, yontem ve
tekniklerin 6zelliklerine hakimiyet; 6gretim strateji, ydontem ve tekniklerin kazanimi gergeklestirecek
sekilde kullanimi; 6lgme degerlendirme yaklasimlarinin kazanima uygunlugu,

3. TAB boyutu: Matematiksel icerige 6zgi teknolojiler hakkinda bilgi sahibi olma; matematiksel icerigi
6zgli teknolojilerin 6zelliklerine hakimiyet; teknolojilerin matematiksel icerigi kapsayacak sekilde kullanim
dizeyi,

4. TPAB boyutu: Kazanimin gergeklestirilmesinde kullanilacak teknolojiler hakkinda bilgi sahibi olma;
kazanimin gergeklestiriimesinde kullanilacak teknolojilerin 6zelliklerine hakimiyet; kullanilan &6gretim
strateji yontem teknikler ve teknolojiler ile kazanimin uyumu; 6gretim strateji, yontem-tekniklerin ve
teknolojilerin kazanimi gergeklestirecek sekilde kullanimi; 6lcme degerlendirme asamasinda kullanilan
yaklasimlar ve teknolojilerin kazanima uygunlugu 6l¢itlerinden olusmustur.

Hazirlanan TPAB Yeterlilik Degerlendirme Rubrigi'nin kapsam ve yapi gecerliligi ve glvenirlik
calismalari icin uzman gortsd alinmistir. Uzman gorisleri dogrultusunda degerlendirme kriterleri her
madde icin “Tamamen (3 puan)”, “Olduk¢a (2 puan)”, “Kismen (1 puan)” ve “Hi¢ (0 puan)” olarak
belirlenmistir.

TPAB Yeterlilik Degerlendirme Rubrigi'nin puanlama glivenilirligini belirlemek igin arastirmaci 6n test
ve son testten elde edilen ders planlari ve katilimci raporlarini (N6n=88, Nson=88) 1 ay arayla iki kez
puanlamistir. Arastirmacinin yaptigl puanlamalar arasi uyum korelasyon katsayilari hesaplanarak
incelenmistir. Korelasyon katsayilari hesaplanmadan once veri setlerinin normal dagilim varsayimlarini
saglayip saglamadigi arastirilmistir (Field, 2005). Bu varsayimlarin saglanmasi durumunda Pearson
Korelasyon Katsayisi hesaplanirken, saglanmamasi durumunda Spearman Korelasyon Katsayisi
hesaplanmistir. Yapilan incelemede son testler (izerinde yapilan puanlamada TAB1 maddesine verilen
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puanlarin normal dagilmadigi belirlenmistir (TAB1garpiklik= 2,431, TABlbasiklik= 9,376, p=,000). Diger
maddeler icin elde edilen verilerin normal dagilim gosterdigi ve cizilen serpilme grafikleriyle iki
puanlamadan elde edilen puanlar arasindaki iligkinin dogrusal oldugu tespit edilmistir. Bu nedenle TAB1
maddesi igin korelasyon degeri igin Spearman Sira Farklari Korelasyon Katsayisi hesaplanirken diger
maddeler icin Pearson Korelasyon Katsayisi hesaplanmistir. ,837-1.00 arasinda degisen korelasyon
katsayilari iki puanlama arasinda yuksek diizeyde iliski oldugunu gostermistir (Cohen, 1988; Field, 2005).

Nicel verilerin analizi

Ogretmen adaylarinin TPAB yeterlilik ve &z yeterlilik algi puanlari arasinda anlamh bir iliski olup
olmadigini belirlemek amaciyla Pearson Korelasyon Testi yapilmasina karar verilmistir. Veri setinin
uygunlugunun belirlenmesi agsamasinda normal dagilimini incelemek igin carpiklik ve basiklik katsayilarinin
-2 ve +2 degerleri arasinda olmasina dikkat edilmis (Cameron, 2004) ve mod, medyan, aritmetik ortalama,
dizeltilmis aritmetik ortalama (trimmed mean) degerlerine bakilmistir. Ayrica histogram ve Q-Q plot
grafigi ve serpilme grafikleri incelenmis ve veri setinin Pearson Korelasyon Testi yapilmasi icin uygun
oldugu belirlenmistir. Bu asamada 24 iliski testi uygulanmis ve ¢calismanin sonuglarini etki edecek Tip | hata
oraninin artmasini énlemek icin Bonferroni diizeltmesi yapilarak a=0,002 (=0,05/24) olarak alinmistir
(Abdi, 2010).

Korelasyon katsayilari 6n testler ve son testler igin ayri ayri hesaplanmistir. Elde edilen korelasyon
katsayilari r=,10-,29 arasi “kii¢lk”, r=,30-,49 arasI “orta” ve r=,50-1,0 arasI “blylik” diizeyde iliski olarak
yorumlanmistir (Cohen, 1988).

Sonuglar

AB, PAB, TAB ve TPAB boyutlarinda 6gretmen adaylarinin Basari Testi (BT) ve Soru Formlarindan (SF)
aldiklari yeterlilik puanlari ile Ders Plani (DP) ve Katilimci Raporundan (KR) aldiklari yeterlilik puanlari
arasinda istatistiksel olarak anlamli bir iliski olup olmadigina dair bulgular Tablo 1'de sunulmustur.

Tablo 1.
Basari Testi ve Soru Formlarindan Elde Edilen TPAB Yeterlilik Diizeyleri ile Ders Plani ve Katilimci
Raporundan Elde Edilen TPAB Yeterlilik Diizeyleri Arasindaki iliski

Degiskenler
ABDP ve KR PABDP ve KR TABDP ve KR TPABDP ve KR
r P r p r P r P
ABsr On test ,092 ,394
Son test ,099 ,360
PABs On test ,120 ,265
Son test ,328 ,002
N 1
TABs: On test ,188 ,079
Son test ,281 ,008
On test 100 353
TPABst ntes ’ ’
Son test ,306 ,004
p<,002

Tablo 1 incelendiginde 6n testler ve son testlerden elde edilen puanlar igin ABgrile ABpp ve kr; PABsk
puanlari ile PABpp ve kr; TABsr ile TABop ve kr; TPABsr ile TPABDr ve kr Yeterlilik puanlari arasinda istatistiksel
olarak anlamli bir iliski olmadig goriilmektedir. iliski katsayilari (r) incelendiginde, AB, PAB, TAB, TPAB
boyutlarinda basari testi ve soru formlariile ders plani ve katilimci raporundan elde edilen 6n test yeterlilik
puanlari arasinda pozitif yonde ve kigik diizeyde bir iliski oldugu tespit edilmistir. Son test yeterlilik
puanlari arasindaki iliski katsayilari, AB ve TAB boyutlarinda puanlar arasinda pozitif yonde ve kiiglik
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diizeyde bir iliski, PAB ve TPAB boyutlarinda puanlar arasinda pozitif yonde ve orta dizeyde bir iliski
oldugunu gostermistir.

AB, PAB, TAB ve TPAB boyutlarinda 6gretmen adaylarinin basari testi ve soru formlarindan aldiklari
yeterlilik puanlariile TPAB 6lgeginden aldiklari 6z-yeterlilik algi puanlari arasinda istatistiksel olarak anlamh
bir iliski olup olmadigina dair bulgular Tablo 2’de sunulmustur.

Tablo 2.
Coktan Seg¢meli Basari Testi ve Soru Formlarindan Elde Edilen TPAB Yeterlilik Diizeyleri ile TPAB

Olceginden Elde Edilen TPAB Oz-yeterlilik Algi Diizeyleri Arasindaki fliski
Degiskenler

ABTPAB 6lcegi PABTpAB sicegi TABTPAB 6lcei TPABTPAB sicegi
r P r P r P r P
0 167 11
ABer On test ,16 ,119
Son test ,119 ,271
PABs: On test ,043 ,689
Son test ,035 ,749
TABs: On test ,023 ,834
Son test ,165 ,125
0 -,07 4
TPABs On test ,078 ,469
Son test ,285 ,007
p<,002

Tablo 2 incelendiginde 6n testler ve son testlerden elde edilen puanlar igin ABsrile ABtpas sicezi, PABsF
ile PABTpaB cicei, TABsk ile TABtpas sicezi, TPABsr ile TPAB1TraB sicegi puanlari arasinda istatistiksel olarak anlamh
bir iliski olmadigi belirlenmistir (p>,002). iliski katsayilari (r) incelendiginde, AB, PAB ve TAB boyutlarinda
coktan se¢cmeli basari testi ve soru formlari ile TPAB 6lceginden elde edilen puanlar arasinda 6n ve son
testlerde pozitif yonde ve kiiglik diizeyde bir iliski oldugu tespit edilmistir. TPAB boyutunda ise, puanlar
arasinda on testte negatif yonde ve kiiclik diizeyde bir iliski belirlenirken, son testte pozitif yonde ve kiiglik
diizeyde iliski oldugu belirlenmistir.

AB, PAB, TAB ve TPAB boyutlarinda 6gretmen adaylarinin ders plani ve katilimci raporundan aldiklari

yeterlilik puanlariile TPAB 6lgeginden aldiklari 6z-yeterlilik algi puanlari arasinda istatistiksel olarak anlamh
bir iliski olup olmadigina dair bulgular Tablo 3’te sunulmustur.

Tablo 3.
Ders plani ve Katilimci Raporundan Elde Edilen TPAB Yeterlilik Puanlari ile TPAB Olgedinden Elde Edilen

TPAB Oz-yeterlilik Algi Puanlari Arasindaki fliski

Degiskenler
ABTPAB slcei PABTpAB slcegi TABTPAB slcegi TPAB 1paB slcei
r P r P r P r p
On test ,182 ,089
ABbp ve kR
Son test -,091 ,397
On test ,075 ,490
PABDP ve KR
Son test -,151 ,161
On test ,067 ,533
TABDP ve KR
Son test -,074 ,493
TPABopvekr  On test ,055 ,612
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Son test -,066 ,541

p<,002

Tablo 3 incelendiginde 6n testler ve son testlerden elde edilen puanlar igin ABop ve kr ile ABtpag siceg;,
PABbDP ve kr ile PABTpaB sicegi, TABDP ve kr ile TABTpaB dicezi, TPABDP ve kr ile TPABtpas cicezi puanlari arasinda
istatistiksel olarak anlamli bir iliski olmadigi belirlenmistir (p>,002). iliski katsayilari (r) incelendiginde, tim
boyutlarda ders plani ve katilimci raporu ile TPAB oOlgeginden elde edilen puanlar arasinda 6n testlerde
pozitif yonde ve kiglik diizeyde bir iliski, son testlerde negatif yonde ve kiiglik diizeyde bir iliski oldugu
tespit edilmistir.

Tartisma ve Oneriler

Bu arastirmada farkli veri kaynaklarindan elde edilen TPAB vyeterlilik ve 6z yeterlilik algi puanlari
arasindaki iliskiler arastirilmistir. Arastirma sonuglari, basari testinden elde edilen AB yeterlilik puanlari,
ders plani-katilimci raporundan elde edilen AB yeterlilik puanlari ve TPAB 6&lgeginden elde edilen AB 6z
yeterlilik algisi puanlari arasinda hem 6n test puanlari igcin hem de son test puanlari igin istatistiksel olarak
anlaml bir iliski olmadigini gdstermistir. Benzer sekilde, soru formlarindan elde edilen PAB, TAB ve TPAB
yeterlilik puanlari, ders plani-katilimci raporundan elde edilen PAB, TAB ve TPAB yeterlilik puanlari ve TPAB
olgeginden elde edilen PAB, TAB ve TPAB 0z yeterlilik algisi puanlari arasinda istatistiksel olarak anlamli
bir iliski olmadigi belirlenmistir. Bu sonuglar, farkh TPAB 6l¢limleri arasindaki tutarsizliklari gésteren énceki
¢alisma sonuglarini desteklemektedir (Agyei ve Keengwe, 2014; Kopcha vd., 2014; So ve Kim, 2009).
Kopcha ve arkadaslari (2014) ders planlarinin analizinden elde edilen TPAB performans puanlari ile TPAB
oOlgegiile elde edilen 6z-degerlendirme puanlari arasindaki iliskiyi arastirdiklari galismalarinda TAB ve TPAB
boyutlarinda 6gretmen adaylarinin 6z-degerlendirme puanlariyla performans puanlari arasinda
istatistiksel olarak anlamli olmayan zayif iliskiler oldugunu belirlemislerdir. Benzer sekilde Agyei ve
Keengwe (2014) calismalarinda matematik 6gretmen adaylarinin ders plani, gozlem, triin degerlendirme
yoluyla elde edilen TPAB performans puanlari ile TPAB 6lcegi ile elde edilen 6z degerlendirme puanlari
arasinda iliski olmadigini tespit etmistir. Ayrica bu galismadan elde ettigimiz sonuglar Nathan’in (2009)
o6gretmen adaylarinin teknoloji entegrasyon giiven algilari ile bilgi ve beceri diizeylerinin her zaman gigla
iliski gostermeyecegi seklindeki ¢alisma sonucunu desteklemektedir.

Bu calismada soru formlari ile ders plani ve katilimci raporundan elde edilen PAB ve TPAB puanlari
arasinda orta diizeyde iliskiler oldugu belirlenirken, diger durumlarda farkli veri kaynaklarindan elde edilen
AB, PAB, TAB ve TPAB puanlari arasinda kiiclik diizeyde iliskiler oldugu tespit edilmistir. Kopcha ve
arkadaslari (2014) iki 6lgim arasinda bir miktar uyumsuzluk olmasinin beklenen bir durum oldugunu
belirtmistir. Ancak bu ¢alismada 6lgiimler arasi iliskilerin bir¢ok durumda kiigiik diizeyde olmasi 6gretmen
adaylarinin TPAB'larina iliskin endiseleri ortaya gikarmaktadir. So ve Kim (2009) teknoloji destekli dersleri
tasarlarken 6gretmen adaylarinin inanglari, bilgileri ve uygulamalari arasinda tam olarak baglanti
kurmakta zorlanabileceklerini ifade etmistir. Bu ¢alismada belirlenen 6gretmen adaylarinin inanglarina
iliskin TPAB 6z-yeterlilik algilari ile bilgi, beceri ve performanslarina iliskin TPAB yeterlilikleri arasindaki
zayif iliskiler gelecekte oOgretmen adaylarinin derslerinde teknoloji kullanirken baglanti kurmakta
zorlanabileceklerini gostermektedir.

Diger taraftan bu calismada elde edilen AB, PAB, TAB ve TPAB puanlari arasindaki zayif ve anlamsiz
iliskiler her bir 6lgme aracinin matematik 6gretmen adaylarinin TPAB’larina iliskin farkli kanitlar
sundugunu gostermektedir (Kopcha vd., 2014). Bu sonug literatiirde yer alan TPAB dlgiimlerin duyarliligini
saglamak ve 6gretmen adaylarinin TPAB’lari hakkinda daha iyi bir anlayis gelistirmek igin TPAB diizeyinin
belirlenmesinde ¢oklu veri kaynagl kullanilmasinin  gerekliligine iliskin yapilan agiklamalari
desteklemektedir (Abbitt, 2011b; Agyei ve Keengwe, 2014; Holmes, 2009). Ayrica bu sonucun TPAB'In
yalnizca algi olarak ele alinmasinin bilgi yapisini tam olarak yansitmadigi (Sad vd., 2015) ve bilgi ile inancin
birbirine karistirilmasina neden olduguna dair yapilan elestirileri hakh ¢ikardigi séylenebilir (Voogt vd.,
2013). Bu baglamda 6gretmen adaylarinin TPAB diizeylerinin farkli veri toplama araglari ile derinlemesine
arastirilmasi 6nerilmektedir.
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Ote yandan bu ¢alismada farkli veri kaynaklarindan elde edilen TPAB puanlari arasinda anlamli iliskiler
olmamasinin gesitli nedenleri olabilir. Agyei ve Keengwe (2014) ¢alismalarinda TPAB 6lglimleri arasinda
iliski ¢ikmamasinin nedenlerinden birinin 6gretmen adaylarinin matematik konularini 6gretirken
elektronik tablolama programlarini kullanmalari olabilecegine dikkat ¢cekmistir. Akyliz (2018) ise TPAB
Olgiimleri arasindaki tutarsizliklarin ¢alisilan konu alanindan kaynaklanabilecegi gibi kullanilan
teknolojilerin 6zelliklerinden de kaynaklanabilecegini belirtmistir. Bu ¢alismada 6gretmen adaylari 6zel bir
geometri konusunun (¢okgenler) 6gretiminde g¢ogunlukla GeoGebra programinin kullanildigi 6gretim
deneyimlerine katilmislardir. Dolayisiyla bu ¢alismada elde edilen sonuglarin da 6gretmen adaylarinin 6zel
bir icerigin 6gretiminde belirli bir teknolojiyi kullanmalarindan kaynaklanmis olabilecegi distinilmektedir.

Ayrica Agyei ve Keengwe (2014) calismalarinda kullandiklari TPAB 6lgeginin genel ve soyut bir yapida
olmasi sebebiyle 6gretmen adaylarinin 6lgme aracina kendi alanlarini (matematik) ve kullandiklari 6zel
teknolojiyi (elektronik tablolama) dikkate alarak cevap verememis olabileceklerine dikkat ¢cekmistir.
Benzer sekilde bu calismada basari testi, soru formlari, ders planlari ve katilimci raporunda ¢okgenler
konusunun Ogretimine odaklanilirken Geometri konusunda TPAB o&lgeginin geometri konulari igin
hazirlanmis olmasi ve 6zel bir teknolojiye odaklanmamasi TPAB yeterlilik puanlari ile TPAB 6z-yeterlilik algl
puanlari arasindaki zayif iliskilerin nedeni olabilir.

Bu calismanin sonuglariyla gelisen ¢alisma sonuglari da bulunmaktadir. Akyiz (2018) calismasinda 9
matematik 6gretmen adayindan elde ettigi TPAB performans puan ortalamalari ile TPAB 6z degerlendirme
puan ortalamalarinin birbirine yakin oldugu sonucuna ulagmistir. Arastirmaci ¢calismasinda elde ettigi 6z
degerlendirme ve performans degerlendirme puanlari arasindaki benzerligin her durumda performans
degerlendirmesinin mutlaka gerekli olmadigini distindirdGgiini belirtmistir.

Erdogan ve Sahin (2010), matematik 6gretmen adaylarinin TPAB 6z-yeterlilik dizeyleri ile akademik
basarilari arasindaki iliskiyi arastirdiklari ¢alismalarinda, adaylarin 6z-yeterlilik puanlarinin genel not
ortalamalariyla anlamli 6lglde iligki oldugunu belirtmistir. Erdogan ve Sahin’in (2010) ¢alismasinda elde
edilen sonucun, bu ¢alismada ¢oktan segmeli basari testinden elde edilen AB yeterlilik puani ile TPAB
olgeginden elde edilen AB 6z-yeterlilik algi puani arasindaki iliskiye dair elde edilen sonugtan farkli oldugu
gorulmektedir. Bu farkliligin nedenlerinden biri, bu calismada 6gretmen adaylarinin cokgenler konusuna
6zgl bilgi diizeyleri ile geometri konusundaki TPAB 6z yeterlilik algi diizeyleri arasindaki iliskinin
incelenmesi olabilir. Bu durum, icerik alanina 6zgii yapilan ol¢timlerin genel 6l¢limlerden farkh sonuglar
ortaya cikarabilecegi seklinde yorumlanabilir.

Spazak (2013), ortadgretim matematik O6gretmen adaylari ile yaptigl calismasinda Ogretmen
adaylarinin TPAB diizeyleri ile teknoloji entegrasyonu 0z-yeterlilik algi duzeyleri arasindaki iligkiyi
arastirmay! amaglamistir. Calismada &gretmen adaylarinin “Teknoloji Entegrasyon Giiven Olgegi” ile
belirlenen &z-yeterlilik algi diizeyleri ile “Ogretmenlerin Ogretim ve Teknoloji Bilgisi Anketi” ile belirlenen
AB, PB, TB, PAB, TPB, TAB, TPAB diizeyleri arasinda istatistiksel olarak anlamli iliskiler oldugu gorilmastdr.
Ancak calismamizla celisen bu sonucun, Spazak (2013)'G4n calismasinda iki o6lcimde de olgek
kullanmasindan kaynaklandigi soéylenebilir. Nitekim farkli bélimlerde okuyan 6gretmen adaylariyla
yapilan ¢alisma sonuglari da, dlgeklerle belirlenen TPAB diizeyi ile teknoloji entegrasyonuna yonelik 6z-
yeterlik algi diizeyi arasindaki iliskinin anlamli oldugunu gdstermistir. Ornegin, Abbitt (2011a) okul éncesi
ogretmen adaylarinin “Bilgisayar Teknolojisi Entegrasyon Anketi” ile belirlenen 6z-yeterlilik inang
diizeyleri ile “Ogretmen Adaylarinin Ogretim ve Teknoloji Bilgi Anketi” ile belirlenen TPAB diizeyleri
arasindaki iliskiyi arastirmistir. Calismanin sonuglari, teknoloji entegrasyonuna odaklanilan ders 6ncesinde
adaylarin TB, PB, TPB, TAB ve TPAB puanlari ile 6z yeterlilik puanlari arasinda ve ders sonrasinda adaylarin
TB, PB, PAB, TPB, TAB ve TPAB puanlariile 6z yeterlilik puanlari arasinda istatistiksel olarak anlamli iliskiler
oldugunu ortaya koymustur. Benzer sekilde, farkli bélimlerde 6grenim goren 6gretmen adaylarinin TPAB
yeterlikleri ve teknoloji entegrasyonuna yonelik 6z-yeterlik algilari arasindaki iliskiyi inceleyen Keser,
Karaoglan Yiimaz ve Yilmaz (2015)in calismalarinin sonucu, Teknopedagojik Egitim Yetkinlik Olcegi ve
Teknoloji Entegrasyonu Oz Yeterlik Olgegi ile elde edilen yeterlilik ve 6z-yeterlilik puanlari arasinda pozitif
yonde yiksek iliski oldugunu géstermistir. Bu calisma sonuglari ayni yapida veri kaynaklarindan elde edilen
puanlar arasindaki iliskinin yiksek oldugunu gostermektedir.
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Bu arastirmanin bazi sinirliliklari bulunmaktadir. Arastirma Ozel Ogretim Yéntemleri dersini alan 88
matematik 6gretmen adayinin yer aldigi bir ¢galisma grubu Gzerinde yapilmistir. Bu durum arastirmanin
genellenebilirligini sinirlandirmaktadir. Arastirmadan elde edilen sonuglarin genellenebilirligini arttirmak
daha fazla 6gretmen adayinin katilimi ile adaylarinin farkh veri kaynaklarindan elde edilen TPAB duzeyleri
arasindaki iliskiler arastirilabilir. Ayrica, arastirmada konu sinirlandiriimasi yapilarak 7. sinif cokgenler
konusu Uzerinde calisiimistir. Bu durum c¢alisma sonuglarinin farkh konulara genellenmesini
engellemektedir. Bu nedenle gelecekte yapilacak ¢alismalarda matematigin farkli konularinda 6gretmen
adaylarinin TPAB diizeyleri arasindaki iliskiler arastirilabilir.
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