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ABSTRACT

MIDDLE SCHOOL MATHEMATICS TEACHERS’ BELIEFS AND
GOALS
REGARDING DYNAMIC GEOMETRY SOFTWARE GEOGEBRA

MA, Learning Technology and Education
Supervisor: Professor Shaaron Ainsworth

August 2016

This study attempted to investigate four middle school mathematics teachers’
beliefs and goals regarding dynamic mathematics software GeoGebra. Data
were collected from four experienced mathematics teachers who work in
public schools in four different regions of Turkey (Aegean, Marmara,
Mediterranean, and Central Anatolia Regions) and teach to seventh-grade
level by integrating GeoGebra into their math classes. Interviews, observation

field notes, and surveys were the data collection tools used in the study.

Data analysis revealed that a common belief of middle school teachers is that
GeoGebra is a useful tool for teaching units which link geometry and algebra.
Specifically, the majority of the participants of the study think that the most
appropriate units to integrate GeoGebra in the seventh grade are Circle and
Circular Regions, Linearity and Analytic Geometry. Furthermore, three
fourth of the teachers stated that they incorporate GeoGebra in their classes
by mostly using inquiry learning method, which provides a learning
environment based more on students’ discovery. In addition to these,
particular goals to use GeoGebra mentioned during the interviews were
decreasing their workload, facilitating students’ learning, increasing students’

engagement, providing visual representations and saving time even though



they listed a number of challenges including classroom management,

planning, and technology infrastructure.

Findings of the study show that there is a need for in-service training and
complementary workshops to handle existing challenges regarding the use of
GeoGebra as it could be concluded that mathematics teachers need necessary
competencies to use this software effectively into their classes. Since, most
of the teachers reported that they would continue integrating GeoGebra even
though, for instance, they had difficulty to plan and manage their classroom.
In addition to these, all of the teachers also argue that using GeoGebra is time-
consuming if technology-related problems, like the power outage and the
Internet disconnection, occur. Therefore, it might be suggested to Ministry of
National Education to expedite providing necessary technological
infrastructure to provide equal opportunities to the students and teachers in
different regions. Since, while the teachers from western regions reported that
they all have interactive whiteboards and the Internet connection in their
middle schools, albeit sometimes problematic, others highlighted the fact that
they are still on the waiting list for the Internet connection and using their
flash drives to integrate GeoGebra.

Keywords: Middle School Mathematics Teachers, Beliefs and Goals,

Dynamic Mathematics Software, and GeoGebra
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CHAPTER 1

INTRODUCTION

Currently, teaching mathematics with technology is an important issue
because of the research evidence on benefits of technology integration such
as providing immediate feedback via different forms of assessments (Cooper
& Mclintyre, 1996; Kim & Reeves, 2007), facilitating learning and enhancing
understanding (Bu et al., 2011; Mussoi et al., 2011), increasing student
engagement and increasing positive attitudes toward mathematics (Miheso,
2002; Nur, 2010; Unsini & Sanches, 2008) and saving time (Arnaud & Pierre-
Yves, 2010; Hohenwarter et al., 2008a). Current technologies could also
provide access to knowledge and connections with the networks of people
(Ala-Mutka et al., 2010). In order to provide access to knowledge and
connections to teachers, countries have started to create their strategies and to
prepare their projects in addition to their collaborative projects with other

nations for technology integration into classrooms.
1.1 Research Background

One of the most ambitious projects regarding the technology integration into
classrooms in Turkey is the Movement to Enhance Opportunities and
Improve Technology Project or FATIH Project. FATIH Project aimed (1) to
enhance software and hardware infrastructure, (2) to provide e-sources for
teachers, (3) to plan in-service training for teachers about new technologies,
and (4) to prepare training about Information and Communication
Technologies (Turkish Ministry of National Education [MoNE], 2010). To
achieve these goals, the latest technology of the time is provided to forty
thousand schools and almost six hundred thousand classes (ibid). Because the

first aim of the project is to enhance software and hardware infrastructure,



after providing the necessary equipment, the next step was providing some
software into the learning environments. Hence, some dynamic software is
suggested from MoNE to teachers to integrate their classrooms. Some
dynamic software recommended to mathematics teachers are Cabri,
GeoGebra, Microsoft Mathematics Software (MMS), PhET Interactive
Simulations for Science and Maths, and Geometer’s SketchPad. Then, some
studies are conducted which are aimed to provide suggestions that will allow
teachers to give the best possible learning outcomes with the help of hardware
(tablets and interactive whiteboards) given to all schools in Turkey (Bilgen,
2012; Diindar & Akgayir, 2014; Pamuk et al., 2013; Simsek & Dogru, 2014).
These studies tend to focus on the effectiveness of the tablets and interactive
whiteboards and teachers’ and students’ experiences with this hardware.
There are also other studies related to the effectiveness of suggested software
and its impact on students’ practices, learning, motivation, and engagement
(Aydos, 2015; Giilsegen et al., 2012; Karaarslan et al., 2013). On the other
hand, most of these studies are either based on samples of students and thus
they focus on the student side or based on the effectiveness of software
provided. As such, there is still a need for studies related to teachers’ beliefs

and experiences with the suggested software.

Another project to integrate technology into all classrooms (e.g.,
mathematics, science and geography classrooms) specifically, for increasing
connectedness between different countries is E-twinning Project, started by
European countries. E-twinning is the Community of European Schools in
Europe (E-twinning, 2016). The project is begun in 2005 as the central
movement of Commission of the European Communities’ Learning Program.
Then, it is integrated to Lifelong Learning Program of Europe (ibid). It is
directed by European Schoolnet which involves 33 European Ministries of
National Education, and it is supported by 35 National Help Services (ibid).
Aforementioned Ministry of National Education in Turkey has taken a part in
the E-twinning Project since 2009. By joining E-twinning Project, YEGITEK

Department of the MoNE aimed to provide life-long learning for each student



and teacher and to create a substantial budget with the help of this project for
the teachers who are willing to develop their online-based projects (MoNE,
2014). Besides, the purpose of being a part of this program is to provide an
up-to-date online portal for the teachers that they can use in their classes
(MoNE, 2014). It could be concluded that being in contact with the teachers
from other countries might provide benefits for teachers while teaching
concepts whereby they can learn some information from their twins (potential
partners) who have an interest in the same topic from different countries, and
they can work on the same online-based project. What teachers need to do is
to use twin-finder bottom or to fill and upload the Partner-Finding Form to
find twins for them from the following website: http://www.etwinning.net/
(E-twinning, 2016). Until now, more than 40.000 teachers and students out of
25.000 schools of Turkey have registered to the e-twinning program, and they
took part in more than 7600 projects (MoNE, 2014). Twin teachers from
different countries can also help each other handle the challenges they faced
in their classrooms, or they can share their experiences and course material
with each other. For instance, twin mathematics teachers can talk about their
experiences with dynamic mathematics software. They can also talk about
specific content-related technological problems they faced and they can ask
help from each other or can work on the problem together. Indeed, some of
the teachers explain their reason to be a part of E-twinning Project as easy
access to other teachers’ course material and other resources and ease of
getting immediate help from their twins related to some challenges including
their technology-based problems (MoNE, 2016a). Specifically, in Turkey,
researchers reported that mathematics teachers need some help in the use of
content-related software such as GeoGebra and Cabri (e.g., Kul & Smith,
2011; Kul, 2013). To sum up, MoNE requires all mathematics teachers to
have the necessary competencies of using dynamic software, and it suggests
to use GeoGebra, Microsoft Mathematics Software, and PhET Interactive
Simulations for Science and Maths as a part of EBA—a Moodle for teachers

having e-documents, different software packages, and applications— Thus,



some of the teachers have started to integrate suggested software package to
their mathematics teaching. On the other hand, we do not have enough
evidence on how and for what purposes mathematics teachers use these
software packages. To conclude, how these teachers use the suggested
software and what their aims and beliefs are still needed to be further

investigated.
1.2 Purpose of the Study and Research Questions

Studies support the idea that GeoGebra is one of the most common used
dynamic mathematics software in Turkish mathematics classes (Icel, 2011,
Karaarslan etal., 2013). However, some studies reported that there are limited
number of studies about dynamic mathematics software use in Turkish
mathematics classrooms and mathematics teachers’ beliefs on the utilisation
of this software (Guven & Kosa, 2008; Isiksal, 2005; Isiksal & Askar, 2005).
Therefore, it is still needed to be investigated that how and why mathematics

teachers use GeoGebra.
With the light of reviewed literature, the following questions appeared:

Question 1: What are the middle school mathematics teachers' goals and
beliefs about the use of GeoGebra in the seventh grade middle school

mathematics classes in Turkey?

Sub Question 1.1. For what purposes do middle school mathematics
teachers use GeoGebra in the seventh grade middle school
mathematics classes in Turkey?

Sub Question 1.2. What do middle school mathematics teachers
believe about the effectiveness of using GeoGebra in the seventh

grade mathematics classes in Turkey?

Question 2: How do middle school mathematics teachers use GeoGebra in

the seventh grade middle school mathematics classes in Turkey?



Sub Question 2.1. In which topics do middle school mathematics
teachers use GeoGebra in the seventh grade middle school

mathematics classes in Turkey?

Sub Question 2.2. Which instructional strategies and methods do
middle school mathematics teachers utilise while integrating
GeoGebra into their seventh grade middle school mathematics

classes in Turkey?

The aim of the current study is to investigate middle school mathematics
teachers' experiences with GeoGebra, their purposes to use this software, and
their beliefs about the utilisation of this software. Moreover, middle school
mathematics teachers’ instructional strategies and methods and their favourite
mathematics topics to teach with the help of GeoGebra were further
explained. To state differently, why and how middle school math teachers use
GeoGebra in the seventh grade middle school mathematics classes in Turkey

were tried to be scoped.
1.3 Definitions of the Important Terms

Middle School Mathematics Teachers: In this study, middle school
mathematics teachers are the teachers who are graduated from Middle School
Mathematics Education Programs of Education Faculties in Ankara and who

are currently working in one of the public middle schools.

GeoGebra: GeoGebra is a dynamic mathematics software which brings
together geometry, algebra, graphing, statistics and calculus in one package
for teaching and learning mathematics at all levels of education from middle
school through college (GeoGebra, 2015; Hohenwarter & Preiner, 2007).

Instructional Strategies and Methods: Instructional strategies and methods
are the possible ways teachers use in their teaching to engage students with
the content, to enhance and facilitate students’ learning, to improve student
performance and to overcome encountered misconceptions (Altun, 2014;

Merrill et al., 1996). Accepted instructional strategies used in middle school



mathematics teaching are inquiry learning, problem-based learning and
lecturing (Altun, 2014). In the current study, instructional strategies and
methods refer to middle school mathematics teachers’ ways to integrate

GeoGebra into their seventh grade middle school mathematics classes.
1.4 Significance of the Study

MoNE in Turkey has laboured a big budget for technology integration into
middle school and high school classes (MoNE, 2016b). Almost all classrooms
in Turkey have interactive whiteboards and computers. Moreover, tablets are
distributed to all students in those classes as a part of this technology
integration policy. On the other hand, providing the latest technologies does
not satisfy the requirements of technology integration (Cakir & Oktay, 2013).
Bringing interactive whiteboards, computers and tablets to classes and
introducing some dynamic software might be the first step, but remaining far
from perfect until the teachers integrate these technologies into their teaching
and instructions effectively; thus, teachers have an important role in

integrating these technologies into their courses (Hew & Brush, 2007).

For successful integration of these technologies into the classes, teachers are
required to have fundamental knowledge of classroom technologies, and they
have a responsibility to gain new technological competencies during their
classroom practice or their teaching with these technologies (Koehler &
Mishra, 2005, 2009; Niess, 2005, 2006). To illustrate, mathematics teachers
need to know how to use dynamic software for integrating it into their classes.
Learning how to use the dynamic software might not be enough; teachers
could also be required to have some pedagogical skills for effective teaching
with the dynamic software because it is also significant for teachers to learn
necessary techno-pedagogical skills in order to fulfil the requirements of
effective technology integration (Koehler & Mishra, 2009; Niess, 2005;
Turner, 2005). This is, after learning the basics of the dynamic software, it is
important for teachers to compose their teaching with the software so that
students can get most of the learning outcomes with the help of this



technology. It could be concluded here that while teachers are expected to
have some knowledge and skills, it is important to learn teachers’ individual
purposes while preparing, planning and implementing dynamic software
based classrooms to figure out their existing knowledge of software and their
opinions on it. Therefore, teachers’ goals and aims are needed to be
investigated to understand whether teachers use these dynamic software
technologies efficiently and purposefully. For these reasons, scoping

teachers’ goals and purposes is one of the aims of the current study.

Secondly, beliefs of teachers have become one of the most important elements
of their teaching practices since a strong link between teachers’ beliefs and
their practices have been reported in a significant number of studies (e.g.,
Cross, 2009; Nespor, 1987; Stipek et al., 2001; Zakaria & Maat, 2012).
Teachers are responsible for examining different teaching resources,
preparing the lesson plans, designing the learning environment and selecting
the most appropriate technologies and tools for them and their students.
Teachers also make decisions on the use of the selected technologies and
ways to integrate them considering their abilities and their students’ needs.
Thus, the impact of teachers’ beliefs on their determination of classroom
activities should not be ignored while investigating teachers’ use of
technology in middle school classrooms. As Ernest (1989) indicates,
teachers’ individual interpretations and beliefs could be seen as certain and
integral parts of their teaching practices. The present study attempts to
determine the different categories of teacher beliefs regarding the use of
dynamic software and the dynamic software’s adequateness and practicality
in middle school classes. State differently, it classifies teachers’ beliefs about
the dynamic software and the effectiveness of using it in middle school
mathematics classes, seeing teachers as the key factors in the teaching
environment (Grossman, 1990), and thus it is essential to learn their beliefs

on their practical activities in the classrooms.



Finally, a qualitative study gives importance to individual differences and
respects the differentiation between individuals’ beliefs (Creswell, 2007,
2009; Yin, 2014). Such a qualitative study examining how teachers use the
dynamic software in their classrooms can add detailed information to the
related literature about different cases, including different teachers, student
profiles and social contexts. Reviewed literature suggests in-depth
explorations of different cases and presentations of specific examples related
to each case. The literature also recommends the consideration of particular
teaching situations having various conditions in real classrooms settings with
teachers since studies with the faculty of education students, who are pre-
service teachers, dominate the research literature of qualitative studies on
dynamic software use in the mathematics classrooms (Balgalmis, 2013;
Héahkioniemi & Leppédaho, 2012; Ozdemir & Reis, 2013; Saralar, 2016; Tatar
et al., 2014). In the present qualitative study, the researcher further explains
the teachers’ instructional strategies and methods to integrate dynamic
software and their favourite topics to teach with dynamic software and the
time they spend with dynamic software in their classrooms in an education
term. All the findings were written with the help of the observations of the
learning environments (four teachers’ classroom implementations), follow-
up interviews with teachers after each lesson implementation, and also
perceived techno-pedagogical content knowledge and beliefs survey. Specific
examples of implementations illustrating each case were used to give detailed
information about four different cases. Furthermore, the participants of the
study were purposefully selected from different regions of Turkey to address

different cases and cover various social contexts.
1.5 Organisation of the Thesis

This thesis has been organised into five chapters; as Introduction, Literature

Review, Methodology, Findings of the Study, Discussion and Conclusion.

Chapter 1 (Introduction) examines research background, the purpose of the
study, and the significance of the study. It also includes definitions of the



important terms which are used in the study, two research questions and the
sub-questions. Chapter 2 (Literature Review) introduces a review of the
literature and emphasises on the relevant studies related to the research
questions. Moreover, it involves the researcher’s critical reflection on the
studies conducted in the past. It consists of two main sections; teachers’
beliefs and goals and their practices, use of dynamic software in mathematics
education. The chapter also includes a summary of the reviewed literature, at
the end.

Chapter 3 (Methodology) highlights the methods of the study. It includes the
research design, contexts of the study, and participants of the study. It also
covers data collection tools, data analyses, and potential ethical issues.
Chapter 4 (Findings of the Study) presents the results of the study. It offers
in-depth explanations about how and why the middle school mathematics
teachers use GeoGebra in the seventh grade middle school mathematics
classrooms in Turkey. Chapter 5 (Discussion and Conclusion) includes
discussion of findings and the researcher’s conclusion remarks. This chapter
examines the results of the research on the research questions and also focuses

on implications and recommendations for the further studies.



CHAPTER 2

LITERATURE REVIEW

The purpose of the current study is to investigate middle school mathematics
teachers' experiences with GeoGebra, their goals of using this software, and
their beliefs about the utilisation of this software. In other words, middle
school mathematics teachers’ reasons to use GeoGebra, their opinions on the
effectiveness of GeoGebra and their strategies and methods to integrate
GeoGebra into their classes were investigated. The key elements of this study
are the dynamic mathematics software GeoGebra, and middle school
mathematics teachers’ goals and beliefs on the use of this software. Thus, the
literature review is composed of two main sections; teachers’ beliefs and
goals and their practices, and the use of dynamic software in mathematics

education. Finally, the chapter ends with the summary of the related literature.

2.1 Mathematics Teachers’ Beliefs and Goals and their Classroom

Practices

Learning mathematics can be thought as an essential competency for students
to survive in their future life because of several reasons (Bottge, 1999;
Gutstein, 2003; Lochhead & Whimbey, 1987; Skemp, 1987). Firstly,
mathematics has much in common with natural sciences; thus, mathematics
can be used by many professions, including biologists, chemists, physicists,
engineers, geologists, and medical doctors (Skemp, 1987). Mathematics also
helps accountants, lawyers, and managers in their profession. Learning
mathematics is also important to develop and enhance problem-solving skills
of students (Bottge, 1999). Moreover, learning mathematics helps students

increase their capacity to think analytically (Lochhead & Whimbey, 1987).
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While there are numerous reasons to teach mathematics, there are also many
factors which affect mathematics teaching, like individual factors (e.g., ability
and motivation), demographic factors (e.g., gender and socioeconomic status)
and instructional factors (e.g. instructional strategies and teacher
competency). The factor which is examined in this study belongs to the
instructional factors, and it is more about mathematics teachers’ teaching
strategies and methods, and their beliefs and goals affecting those

instructional strategies and methods and thus their practices.

It is reported by researchers that teachers are the most important factor
influencing the learning of the students with their teaching practices (e.g.,
Hew & Brush, 2007; Wright, Horn & Sanders, 1997). They all indicated that
it is worth to study on teachers’ beliefs and goals because teaching could be
described as an interactive act between students and teachers, and teaching
requires teachers’ comprehension and reasoning (Hew & Brush, 2007;
Shulman, 1986; Wright et al., 1997). In the same way, Schoenfeld (1998, as
cited in Mainali & Key, 2012) states that "Beliefs and goals, are important
cognitive factors that may help to shape the perceptions of teachers,
concerning their instructional practice and the role of technology used; along
with knowledge, beliefs and goals may well be critically important
determinants of what teachers do and why they do it" (p.5). In other words,
Schenfeld (1998) points out that teachers’ beliefs and goals affect the content
they teach and the way they teach it, by influencing their instructional
strategies and methods and their decisions on the role of the technology in
their classrooms and thus their classroom activities. Therefore, it could be
said that it is also beneficial to learn teachers’ beliefs and goals which have

an impact on their instructional strategies and methods.

The present study finds it important to take teachers’ classroom practices into
consideration while investigating teachers’ beliefs and goals because of the
suggestions in the literature. While the majority of the studies supports the

idea that investigating teachers’ goals and beliefs with the help of their
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expressions is important to understand their classroom practices, some other
studies claim that teaching practices can be formed unconsciously and
regardless of teachers’ expressed beliefs. For instance, Thompson (1984)
argues that how teachers’ teaching is appeared to be affected by teachers’
beliefs on how mathematics should be learnt irrespective of their expressed
beliefs on their teaching practices. State differently, he seems not convinced
that teaching practices and teachers’ opinions on their teaching practices have
strong relation saying “it can be significant, albeit subtle” (p.105); however,
his findings still shows evidence to the idea that there is a connection between
teachers’ beliefs and their practices. One question that needs to be asked,
however, is that whether Thompson’s argument relies on the focus of
teachers’ conception of mathematics or teachers’ mathematical knowledge
instead of their taking beliefs as the primary focus. Another controversial
counter example is the research by Raymond (1997). In her study, she
concludes that mathematics teachers’ beliefs and their teaching practices have
inconsistencies between them. What she finds is that the link between
mathematics teachers’ teaching practices and their mathematics content are
stronger than the connection between their teaching practices and their
mathematical pedagogy. In other words, she emphasises that mathematics
teachers’ teaching practices can be more depend on their beliefs about their
mathematical content knowledge rather than their beliefs about their
mathematics pedagogy. It seems possible that these results are due to the
chosen sample. Because the sample of Raymond’s (1997) study is beginning
elementary school math teachers, these novice teachers’ beliefs can change
after being more experienced and after engaging in the mathematical content,
pedagogy and teaching practices in time (Kul & Smith, 2011; Kul, 2013).
Being aware of this discrepancy in the literature, the current study tried to
include various data collection tools, including observation protocols and the
perceived techno-pedagogical content knowledge survey together with
follow-up interviews after each classroom implementation. Data gathered

from the observations of teachers’ classroom activities were used to

12



triangulate the data collected from follow-up interviews and the perceived
TPACK beliefs survey. This means, middle school mathematics teachers’
classroom practices were included as one of the main data of this study.
Moreover, the participants of the study were chosen from the middle school
mathematics teachers who have at least three-year experience in order to
prevent the possible inconsistency between teachers’ beliefs and goals and

their classroom activities.
2.2 Use of Dynamic Software in Mathematics Education

This section includes two sub-sections. The first sub-section introduces
GeoGebra as an educational tool by describing its benefits using the findings
of some studies, focussing directly on the use of GeoGebra in educational
environments. The second sub-section examines different views on the use of
dynamic mathematics software GeoGebra in classrooms mainly focusing on
the disadvantages of using GeoGebra. Use of Dynamic Software in
Mathematics Education section especially attempts to demonstrate
similarities and differences between what other people have written and to

explain the various point of views to see possible explanations for the results.
2.2.1 GeoGebra as Educational Technology Tool and its Benefits

GeoGebra team defines GeoGebra as a dynamic mathematics software for
learning and teaching (GeoGebra, 2015). GeoGebra as a name is the
combination of two mathematical terms: GEOmetry and alGEBRA. Bulut
and Bulut (2011) state that GeoGebra acts as a bridge between geometry and
algebra. They believe that GeoGebra helps students discover relationships
and links between different mathematical concepts providing multiple
representations of these concepts; such as algebraic, geometric or graphical
representations. These representations are some of the different geometrical
and algebraic views in GeoGebra’s interface; there are several views
including the graphical view, 3D geometry view, spreadsheet view, computer

algebra system (CAS) view, and probability and statistics view. Figure 1,
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below, shows an example GeoGebra file while its algebra and graphics views

have been opened.
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Figure 1. A Screenshot of an Example GeoGebra File - 1

Especially, GeoGebra’s bridging between algebraic equations and their
geometrical views is important in the mathematics teaching in order to see the
impact of the change in the equation on the graphical representation (Edwards
& Jones, 2006). In general, researchers consider GeoGebra as a useful
dynamic tool in mathematics classes because it allows data transformation
with the help of its different interfaces and this helps students’ learning of the
mathematical concepts (Bulut & Bulut, 2011; Edwards & Jones, 2006). As its
developers stated, GeoGebra can be used as a graphing calculator for
geometry, algebra as well as calculus, and statistics (GeoGebra, 2015). Even
though these studies reported that GeoGebra provides such opportunities for
teachers and students, it could be important to note that different uses of
GeoGebra come with the feel of necessity for the previous experience and

knowledge on programming, and this point of view is one of the challenges
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which is mentioned in the next section. Thus, teachers’ practices with the
software and their beliefs on the usefulness of the software are valuable to
investigate to find out the effectiveness of GeoGebra in real classroom

settings.

GeoGebra has three versions for teachers and learners to download;
GeoGebra for tablets, desktops and phones so that they can use the one they
need (GeoGebra, 2015). It is also a free software which anyone with Internet
access can download it. Lavicza and Papp-Varga (2010) report that dynamic
mathematics software GeoGebra is a free, multi-platform and open source
dynamic software and it does not require any licence to use; these important
features enable teachers and students use it in classrooms as well as in their
homes. In their paper, which is mainly about implications of GeoGebra,
Hohenwarter et al. (2008b) also support this idea saying that GeoGebra is a
useful, free of charge, open source software for teaching and learning. Thus,
with the help of its compatibility with three different types of technological
tools and being free, it is likely to be seen in the math classrooms of near
future, hence it is worth to study teachers’ opinions on the potential of
GeoGebra software so that its developers could improve the software in the

desired direction.

Another feature of GeoGebra is its readiness and ease of use. GeoGebra has
existing teaching materials on its web-site which are ready to use for teaching
purposes (GeoGebra, 2015). Furthermore, it has a design affordance for
teachers to share their GeoGebra files with their colleagues and to download
other teachers’ GeoGebra files. Grandgenett (2007) points out that it is likely
to find contributed GeoGebra files on almost all topics of mathematics on the
web-site. Even if sometimes it is not the exact document one looks for, one
can adopt the file according to the needs of their situation. Having access to
open GeoGebra files resources saves time because there is no need to create
from the beginning, sometimes a few clicks are enough to convert the

archived file to the file one needs. Similarly, researchers report that GeoGebra
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Is straightforward, fast to create and change the files, and easy to navigate;
thus, teachers can quickly learn and use it (Aydin & Monaghan, 2011;
Edwards & Jones, 2006). Hence, one possible implication of these studies
could be that GeoGebra can continue providing a resource-rich environment
for the teachers to use in near future. At this point, it is also crucial to highlight
the fact that the majority of studies regarding GeoGebra have been conducted
by the researchers who are members of the International GeoGebra Institute
(e.g., Edwards & Jones, 2006; Grandgenett, 2007; Hohenwarter et al., 2008b;
Lavicza & Papp-Varga, 2010), and thus independent and impartial
contributions from an external researcher could add substantial information

regarding GeoGebra to the related literature.

Furthermore, GeoGebra created a version with 3D integration, and it started
to be commonly used in classes since 2014 (see Figure 2). This new version
enables teachers and students to create 3D shapes and allows them to make

transformations with the created shapes.
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For instance, Preiner (2008) states that with the help of GeoGebra, students
can explore the properties of geometrical objects simply by dragging them
with the mouse. Enabling teachers to make mathematics more realistic, such
dynamic mathematics software helps them to create an environment in which
students could get most of the learning outcomes by investigating and
visualising some mathematical concepts and also by making logical
deductions (Healy & Hoyles, 2001; Ruthven, 2005). Such dynamic
mathematics software also helps to change students’ negative attitudes toward
mathematics in the positive direction and increase their engagement with the
mathematical content (Haciomeroglu & Andreasen, 2013; Miheso, 2002;
Nur, 2010). Students, who believe that mathematics is tangible and less
abstract than they think — with the help of GeoGebra — might tend to spend
more time on studying mathematics. They also could pay more attention
learning mathematical concepts in mathematics classrooms where dynamic
software is effectively integrated, and they could engage with the
mathematical content (Unsini & Sanches, 2008). To sum up, Dikovi¢ (2009)
summarises the advantages of GeoGebra in seven major topics and explains
them further. Briefly, these themes are the following.

1. 1t is user-friendly and easy to use with multilingual menus,
commands and help.

2. It provides an environment for student centred teaching enabling
discovery learning and inquiry learning.

3. It supports personalised learning so that teachers can record their
project having different features such as different colours, coordinates
or line styles.

4. It creates a dynamic environment to investigate mathematical
relationships.

5. It provides rich contexts for the teaching environment in which

students can cooperate for problem solving.
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6. With its algebra input, it allows users to create and change objects as
well as gives a chance for publishing GeoGebra worksheets as web
pages.
7. It encourages teachers to use technology in classrooms to help
students visualise mathematics, discover mathematical relationships,
and create interactive environments for learning.
While one of the external examiners explain GeoGebra’s usability in this way,
the following items briefly summarise the benefits of GeoGebra for teachers

and learners according to GeoGebra team (GeoGebra, 2015).

1. GeoGebra supports teachers to do their job — teaching.
2. GeoGebra connects teachers with their colleagues and makes them a
part of the international mathematics community.
3. GeoGebra creates a free environment for teachers to set up and
deliver their lessons in forms which students might engage.
4. GeoGebra bridges geometry and algebra by making mathematics
tangible with its multiple representations.
5. GeoGebra improves cognitive skills and abilities so that it helps
students learn mathematical concepts.
6. GeoGebra provides a continuous connection with mathematics by
making math accessible anywhere and anytime.
However, other studies have found that the effects of the use of GeoGebra are
not entirely positive, and this point of view will be further elaborated in the

next section.
2.2.2 Disadvantages of Using GeoGebra

Despite the study evidence on the benefits of dynamic mathematics software
GeoGebra, some studies report disadvantages of it. This section examines the
results of those studies and summarises the deficiencies or disadvantages of

using GeoGebra in mathematics classrooms.

First of all, it is more effortful for teachers to control GeoGebra-integrated
lessons (Bates, 2005; Nur, 2010). Some researchers report that teachers might
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need new competencies and complementary skills to manage dynamic
software based classes (Balgalmis, 2013; Eryigit, 2010). Balgalmis (2013)
argues further that teachers are needed to be given more chance to do more
practice in real learning environments to have enough confidence to use
GeoGebra in their mathematics classrooms. Although it is hard to conclude
this with three participants, she also relates teachers’ skills and competencies
with their confidence levels and recommends doing more practice with
GeoGebra to get used to it. Similarly, Hohenwarter and Preiner (2007) claims
that in-service teachers need a professional help through some training on
GeoGebra to improve their skills in teaching mathematics. Another researcher
who supports the idea that teachers need complementary skills to integrate
dynamic mathematics software into their classes is Eryigit (2010). Eryigit
(2010) emphasises the need for testing in-service teachers’ competencies to
give training sessions and follow-ups. She believes that mathematics teachers
who are trained in the dynamic mathematics software could be more willing
to use it. Thus, for effective dynamic mathematics software integration into
the classrooms, teachers could be tested and if necessary should be trained
about efficient use of dynamic software in mathematics classrooms. In
addition to software training, in-service training and workshops on teaching
methods and potential classroom management strategies while using dynamic
mathematics software could be suggested. Preparing all these training courses
requires a substantial amount of budget and workforce, which also comes
with the need of experts on the topic to give these courses. Nevertheless,
having knowledge about teachers’ beliefs and goals and their implementation
process could help those trainers prepare more efficient, useful and practical
training sessions. Therefore, there is a need for the current study which
thematically presents four in-service teachers’ beliefs and goals regarding
GeoGebra, challenges faced by them on the use of it, and their preferred topics

and methods to integrate GeoGebra.

Another concern related to GeoGebra is the quality of the resources on the

GeoGebra web-site and their impacts on teaching strategies. As it was
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mentioned in the previous section, Grandgenett (2007) reports that there are
lots of contributed resources on many mathematics topics on the GeoGebra
web-site, but he suggests further research to evaluate their effects in the
educational settings. Pratt and Ainley (1997) states that use of dynamic
mathematics software can require the development of new approaches in
which students can engage with the mathematical content. In the same way,
Nur (2010) adds that teachers might need courses on the learner-centred
methods and strategies in mathematics teaching for better technology
integration. Nur (2010) supports Pratt and Ainley’s (1997) idea and specifies
this new approach as a learner-centred approach. Indeed, as stated both in the
introduction chapter and in the literature related to benefits of GeoGebra,
teachers have a significant role in integrating technologies into their
classrooms. If teachers prefer to use technologies themselves, students might
find it difficult to engage with the content of the lesson and because of that
they might not get the expected learning benefits, which means the use of
dynamic mathematics software in classrooms might be powerful, but
remaining far from perfect until it becomes more student centred. Students
might need to be a part of the classroom activities to understand the

mathematical concept better and get the expected learning outcome.

There are also other reported problems related to GeoGebra. For example,
Agyei and Benning (2015) find that lack of awareness of the features of
GeoGebra and time constraint in designing GeoGebra lessons are main two
challenges hindering the use of GeoGebra. Findings of Mwingirwa and
Miheso-O’Connor (2016) add some other factors to Agyei and Benning’s
(2015) study, which are hindering the utilisation of GeoGebra as “insufficient
resources like computers, lack of electricity, large number of students,
teachers’ lacking ICT training, teachers’ reluctance to adopt ICT and
computer illiterate students” (p.292). It is crucial to emphasise that reviewed
studies reporting the problems related to GeoGebra have explained their
particular cases. For example, while Balgalmis (2013) considers a case from
Turkey, Agyei and Benning (2015) describes a case from Ghana, and
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Mwingirwa and Miheso-O’Connor (2016) investigates a case from Kenya,
and these studies lack generalisability, thus they lead the essentialness of
more research in different cases, which brings the necessity of conducting the

current research.

Finally, Dikovi¢ (2009) summarises general technical and instructional
deficiencies of using GeoGebra in five themes and three of which continue to

remain as challenges in 2016. In brief, these three themes are the following.

1. Even though learning basic commands is easy for teachers and
students, entering algebraic commands to GeoGebra requires previous
knowledge and experience on programming.

2. Symbolic features of computer algebra systems need to be added to
make GeoGebra more functional, practical and user-friendly.

3. Some new approaches GeoGebra requires to be used such as
experimenting and independent exploring might not be useful for every

student.

Therefore, although bridging algebra and geometry looks like the most
significant advantage of using GeoGebra in mathematics classes, according
to Dikovi¢ (2009), it could be difficult to integrate GeoGebra into algebra-
related mathematics courses because of the difficulty of its commands and
their differentiation from characteristic features of computer algebra systems.
Furthermore, she thought that GeoGebra’s requirement of more student
centred approaches might not be appropriate for all students such as slower
learners and students with disabilities. To conclude, it could not be terminated
without noting that the need for more research in different cases to compare
them and come up with more general conclusions still appears as one of the

missing parts of the reviewed literature regarding disadvantages of GeoGebra.
2.3 Summary of the Related Literature

Dynamic-software-integrated instruction has become widespread in the

mathematics classrooms with the effect of improvements in the educational
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technology. Dynamic software use has started to have a significant role in
mathematics education in Turkey as well (MoNE, 2010a, 2010b). Currently,
GeoGebra is one of the most widely used software in Turkish mathematics
classes between various choices of dynamic mathematics software such as
Cabri, Geometer’s SketchPad, MMS and PhET. It is recommended by
Ministry of National Education in Turkey as an extension of FATIH Project
with other four different software, mentioned above. A significant amount of
studies report that the use of GeoGebra has various benefits for students, such
as increasing students’ learning of the mathematical concepts and their
engagement (Aydos, 2015; Giilsegen, 2012; Edwards & Jones, 2006),
supporting them to discover the relationships between different ingredients of
mathematics (Bulut & Bulut, 2011; Dikovi¢, 2009), and giving a chance to
visualise and explore mathematical concepts by providing multiple
representations (Healy & Hoyles, 2001; Preiner, 2008; Ruthven, 2005). Some
studies find that integration of GeoGebra provides many advantages also for
teachers, like presenting a free, multi-platform and open source dynamic
software (Hohenwarter et al., 2008b; Lavicza & Papp-Varga, 2010),
providing an environment to contribute to GeoGebra by sharing their own
files, downloading the added files and commenting on them as well as having
an online communication with the developers and other contributors
(Grandgenett, 2007), and saving time in and out of classroom with its easy
navigation and straightforward instruction (Aydin & Monaghan, 2011;
Edwards & Jones, 2006). Other studies argue that use of GeoGebra has some
disadvantages including time constraint in designing GeoGebra lessons
(Agyei & Benning, 2015), technological infrastructure (Mwingirwa &
Miheso-O’Connor, 2016), requirement of new teaching approaches to
integrate GeoGebra (Pratt & Ainley, 1997; Nur, 2010), and the need for
complementary techno-pedagogical skills and training sessions for learning
those skills (Balgalmis, 2013; Eryigit, 2010; Hohenwarter & Preiner, 2007;
Niess, 2005). At this point, it is important to learn teachers’ beliefs and goals

about the utilisation of GeoGebra and their comments on their own practices
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with this software because the teacher is one of the most significant factors
which affects the selection and the use of technologies in the educational
settings (Hew & Brush, 2007; Wright et al., 1997), and reviewed literature
provides a strong link between teachers’ beliefs and goals and their teaching
practices (Cross, 2009; Nespor, 1987; Stipek et al., 2001; Zakaria & Maat,
2012).
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CHAPTER 3

METHODOLOGY

In this chapter, the method of inquiry is explained. This chapter is composed
of the following parts; research design, the context of the study and shared
characteristics of the participants, data collection tools and procedures, data

analysis, potential ethical issues, the researcher’s role,
3.1 Research Design

The current study might be seen as a descriptive case study because of some
reasons. Firstly, as Yin (2014) states, the case study deals with how something
is occurring. For the present study, it is how in-service mathematics teachers
are using GeoGebra in their middle school mathematics classes. Moreover,
the attempt of the researcher might be seen as to describe a specific situation
as viewed by particular individuals (Fraenkel, Wallen & Hyun, 2015). To
state differently, the participants of this study are four individual mathematics
teachers who are at least three-year experienced, and attended to in-service
training sessions of the Ministry of National Education in Turkey and, also,
teaching mathematics to the seventh grade students. The current study
describes their views on their use of GeoGebra. Furthermore, there is not any
manipulation done by the researcher. This allows the researcher investigate
naturally occurring phenomenon and environments as four cases; Case of
Denise, Hande, Johnson, and Melody. Detailed information about each case
explained further in Section 4.1. Indeed, the descriptive case study helps the
researcher be a part of the teachers’ courses and their implementation

processes, and observe their natural activities and practices being a part of the
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teaching settings. Finally, giving detailed information about the context is
important especially in descriptive case studies (Denscombe, 2003). As
Denscombe (2003) suggests, the context of this study is tried to be written in

a clear language and detail.
3.2 The Context of the Study and the Participants

In this descriptive case study, the primary goals of the researcher are to
investigate middle school mathematics teachers’ beliefs and goals of using
GeoGebra in the seventh grade classrooms and to examine the methods and
strategies, which are employed by these teachers while integrating GeoGebra
into their classrooms. Furthermore, the aim is not a generalisation but in-

depth exploration of four cases giving specific examples.

The context of the study is middle school mathematics classrooms of four
public middle schools in two villages and two cities, which are selected from
four different regions of Turkey (Aegean, Marmara, Mediterranean, and
Central Anatolia Regions). It is important to note that these middle schools
have enough technological infrastructure to integrate GeoGebra. Specifically,
they have interactive whiteboards and computers, and three of them have
tablets distributed to the students. Moreover, there are twenty to twenty-five
students in each mathematics classroom, and students in these classes are used
to learn mathematical contents through GeoGebra. According to the needs of
the study, a sample of four teachers who are working in these public schools
which have those technologies was purposefully selected. In other words, the
participants of the current study are four in-service mathematics teachers who

are teaching math through GeoGebra in one of these public middle schools.

All of the participants of this study completed Anatolian Teacher Training
High School of their hometowns and then registered one of the large public
universities in Ankara — which is the capital of Turkey. Similarly, they all
graduated from Middle School Mathematics Education programs of their
schools. A Middle School Mathematics Education program is a four-year
program of Education Faculties in which students need to pass courses related
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to technology, pedagogy (including courses on mathematics teaching) and
mathematical content. Although the participants of the study graduated from
universities in the same city, they work in different cities which are actually
in four different regions of Turkey. Furthermore, the participants of the study
are at least three-year experienced in-service mathematics teachers, working
in public middle schools and therefore they attended in-service training
sessions, which are on current technologies and pedagogical approaches,
given by different experts of Turkish Ministry of National Education. The
pseudonyms of the participants are Denisa, Hande, Johnson and Melody.
Detailed information about each teacher is further explained in the Findings

chapter.
3.3 Data Collection Tools and Procedures

The data of the study were collected in the Spring semester of the 2015-2016
academic year with four in-service mathematics teachers through
observations, interviews and surveys. The following three sub-sessions tried

to explain these three data collection tools and procedures.
3.3.1 Naturalistic Observations

The participants of the study, four mathematics teachers, were observed
during their teaching with GeoGebra in the seventh grade math classes. The
researcher attended three of the teaching sessions of each participant in which
they used GeoGebra. Each teaching session was forty minutes per class. The
researcher of the current study was aware of that there could be an effect of
her being in the classroom to both students’ responses and teachers’ attitude.
In the first two teaching sessions, the researcher tried to make both students
and teachers be accustomed to her existence to minimise this effect. Indeed,
she spent two lesson hours (each forty minutes) in classrooms before
commencing to take observation notes to enable students and teachers
“become accustomed to her presence and go about their usual activities”
(Fraenkel et al., 2015, p.446). After that, the researcher started to take notes
about the naturally occurring phenomenon, which is the third teaching session
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of each of the participants. Observation Protocol, prepared by the researcher
with the help of her supervisor, was used to take field notes during classroom

observations.

As explained earlier, the purpose of the current study is identifying middle
school mathematics teachers’ beliefs and goals, and purposes of using
GeoGebra in the seventh grade middle school mathematics classrooms.
Specifically, one of the aims is to get an in-depth exploration of those
teachers’ understanding of, and practices with GeoGebra. Therefore, the
researcher of the study used the observation data to investigate those teachers’
goals in the classroom, and she conducted follow-up interviews after each
lesson implementation to scope observed middle school mathematics
teachers’ beliefs. Since it could be thought that the complete answer to a
question might not be obtained by observation alone, instead, observations
are used as a complementary method in this study (Singh, 2015). By
decreasing the researcher’s dependence on the verbal response obtained from
interviews, naturalistic observations helped the researcher triangulate the data

collected through interviews.
3.3.2 Semi-structured Interviews

In the current study, semi-structured interviews were used to identify middle
school mathematics teachers’ goals and beliefs on the use of GeoGebra in the
seventh grade math classes. Each of the participants was interviewed after
their lesson implementations. Interviews took thirty minutes to forty-five
minutes to complete. The interview questions were about various topics to
investigate research questions such as technological problems they
faced/experienced, and their personal motivation to continue using GeoGebra
(see Appendix A). Table 1 exemplifies sample interview questions from the
different phases of the interviews. Phase 1 includes questions directly related
to teachers’ lesson implementations. Phase 2 covers questions examining

teachers’ opinions about GeoGebra and their practices in general.
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Table 1. Example Questions for Interview Phases

Phases Interview Questions

What did vou want to achieve with GeoGebra today?

Phase 1 . . .
ase What went well do vou think? Were there any expected and/or
unexpected problems?
Do vou think using GeoGebra 1s effective? Why 1s that? Can vou
give specific examples?
Phase 2 What are the difficulties vou faced while integrating GeoGebra

to yvour classes? Can vou give specific examples?

How do wou overcome those challenges? What are vour

instructional methods/ strategies to overcome?

Furthermore, the interviews were audio-recorded to be used to identify in-
service teachers’ beliefs and goals, and their practices in detail and to
eliminate problems related to interviewer’s ability so that the researcher could
listen to recorded raw data numerous times. The interviews were conducted
in teachers’ mother language —Turkish— to prevent language-related
misunderstandings. Then, interviews were transcribed and translated into
English (see Appendix B). Being aware of the effect of the researcher’s ability
to conduct interviews, the investigator, interviewed with a pre-service teacher
as a pilot study to check intelligibility of the questions and her speech. After
that, interview questions were rephrased and updated accordingly. For
eliminating further problems related to remote communication, all interviews
were face to face. Lastly, the appropriate place for the interviews considered
as the schools in which participants of the study work, thinking that this could

prevent the location threat.
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3.3.3 Perceived Techno-pedagogical Content Knowledge Surveys

Bulut’s (2012) Perceived Techno-pedagogical Content Knowledge Survey
used to triangulate data collected from interviews and observations and to
make additional interpretations about the findings (see Appendix C). The
survey has four items directly related to techno-pedagogical content
knowledge (TPACK), and other items are related to different domains of
TPACK including technology knowledge, pedagogy knowledge and
mathematical content knowledge. For validity analysis of the survey, Bulut
(2012) had taken three expert opinions, and he had conducted cognitive
interviews with teachers and exploratory factor analysis, then he had made
necessary changes and corrections. For reliability analysis of the instrument,
he had calculated Cronbach alpha coefficient for whole instrument (0.96) and
each item (ranges from 0.83 to 0.92). Therefore, the survey is valid and

reliable.

The survey applied as an additional data collection tool in the current study.
The instrument supported the researcher in the identification and the
description of each case and the determination of mathematics teachers’
perceived knowledge, with its items about technology knowledge and
pedagogy knowledge. It also aided the researcher to triangulate data coming
from interviews and observations. For example, one of the items was “I have
difficulty to solve technical technology-related problems in the classroom.”
Participants’ answers to this question, their answers to related interview
question and their behaviour in the classroom were triangulated, and the

findings were written using all of the data collection tools.
3.4 Data Analysis

Qualitative methods analysed the data collected through interviews and
observations. Coding was the fundamental activity of the data analysis.
Specifically, open coding, including coding, sorting/categorising and
identifying broader themes, used to handle the qualitative data. After labelling
the units (as sentences or phrases), the data were in the manageable bits and
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pieces. Separate Excel sheets were created for each research question to see
appeared themes clearly. After the process of coding and sorting the data,
broader themes emerged according to the research questions (see Figure 3,
p.31). The findings were organised and presented thematically. The following
paragraph explains data analysis of the study in detail.

The first data collection method was an interview. Open coding was used to
determine themes of the interview data. The data were organised according
to the themes appeared to answer the research questions. From each
transcript, critical phrases and sentences directly related to the interview
questions were determined. After coding, the researcher met with her
supervisor to validate the emerging themes and the researcher and her
supervisor studied together for the agreement of emerging codes. Secondly,
the data collected through observations were analysed to get more detailed
information about the themes appeared during the analysis of interview data.
Observation data were used as complementary data to identify evidence (e.g.,
specific examples and actions during the implementation process) to the
participants’ verbal statements in interviews. Finally, the data collected
through Perceived TPACK Survey helped the researcher to triangulate the
data coming from interviews and observations. Additionally, survey data
were used to get detailed information about each case and investigate whether
the participants’ answers and their techno-pedagogical knowledge are related,
and it is further explained in the following chapters.

3.5 Potential Ethical Issues within the Context

Throughout the study, some ethical issues have been taken into consideration
including gaining access, informed consent forms, confidentiality, and

deception.

First of all, the researcher applied to the School of Education Ethics
Committee to get the permission of the University of Nottingham (see
Appendix D). After obtaining the authorization from the university, the next
step was to get the permission from the Turkish Ministry of National
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Education to collect data from Turkey (see Appendix E). Then, the last step
of collecting data was gaining access. For this reason, the researcher went to
the principles of the public schools in which she collected data. She verbally
explained that there is no known risk of this study on the participants and the
students, and she convinced them and got their approval to start data
collection. After that, she contacted the math teachers and asked for their time

and approval of being a part of the study.

Secondly, the researcher believes that there should be an explicit agreement
with the research participants before the data collection procedures start.
Thus, the researcher gave informed consent forms to potential participants of
the study. These forms were prepared for providing information to the
participants about the study. The forms are prepared to show the purpose,
timetable and all ethical issues. The participants of the study read and signed
the informed consent forms to show that they voluntarily attended to the
study, and they knew that they could quit the study without any consequence
(see Appendix F and G).

Another ethical issue is confidentiality. Participants of the current study were
assured that the data collected with the help of them and about them would
be confidential. This guarantees to participants that the information gathered
through interviews, surveys and observations are all confidential, they will
only be used for research purposes, and will not be shared with the third
parties. Also, in this study, teachers and middle schools were given pseudo
names throughout the study to anonymise participants and institutions. Lastly,
there was not any deception in any part of the research, and the research
purposes were shared with the participants at the beginning of the study. Brief
information about the study was also shared with the principles of the schools.

3.6 Researcher’s Role

Merriam (1998) highlights the importance of the researcher role in qualitative
research. The researcher of this study was graduated from Mathematics
Education program in 2014, and she has two years of part-time teaching
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experience as a mathematics teacher. She took courses related to math
software GeoGebra and Geometer’s SketchPad. She has a master’s degree in
Elementary Science and Mathematics Education and currently, she is a

master’s student in Learning, Technology and Education.

It could be significant to state that the researcher was in continuous close
contact with the participants during data collection and analysis. She had
chances for informal discussions before and following observations. During
the data collection phase of the study; the researcher held the interviewer and
the observer role. As an interviewer, she followed the suggestions of
qualitative researchers (Merriam, 1998; Rubin & Rubin, 1995; Silverman,
2005). As a non-participant observer, she took field notes during the
observation. She explained data collection, data analysis and context in detail
(dependability). To become more immersed in the data, the researcher re-read
all transcribed data and observation notes. She tried to avoid her personal
beliefs on the use of GeoGebra and its effectiveness to minimise the
researcher bias (transferability). Thus, the researcher tried her best to
eliminate contradictions and uncertainties of findings of this study and
attempted to ensure readers with the conclusion part of the work. Also,
member checking strategy was applied during the analysis and participants
were asked for further explanation of their answers to make the researcher
ensure what they mean (objectivity). Moreover, there was another researcher,
actually the guidance teachers of schools, during lesson observations to
decrease researcher bias, and observation notes of the researcher were

compared with the second investigator’s notes (credibility).
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CHAPTER 4

FINDINGS OF THE STUDY

The results chapter of this study consists of three main sections. The first
section gives detailed information about the participants of the study by
introducing each participant. The second section presents the themes
appeared in the current study. It tries to answer the research questions
thematically. Thus, it aimed to explain teachers’ goals and beliefs on the use
of GeoGebra, and their practices with this software, including their preferred
topics and instructional methods to integrate GeoGebra. Finally, the chapter

ends with the integrative summary of the results.
4.1 Participants of the Study

The following sub-sections include detailed information about four
participants of the study.

4.1.1 The Case of Denise

Denise was the first participant of the study sample. She has a bachelor degree
in Middle School Mathematics Education from a university providing
education in English. Denise took dynamic mathematics software courses
(e.g., Exploring Geometry with Dynamic Geometry Applications: GeoGebra
and Teaching Geometry Concepts: Geometer’s SketchPad) during her
university education and passed these courses with AA grade, which was the
highest grade. She has experienced public and private schools during her
internship and had a chance to use her knowledge of dynamic mathematics
software in real classrooms during her practicum. She has taught mathematics

to primary and middle school students for four years. She had the opportunity
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to work in a primary school in Italy as a Comenius teacher for eight months
between 2013 and 2014. She briefly summarises her experience saying that
‘In Italy, teachers are more conscious about using dynamic software, and they
have more opportunities to use them. While working in Italy, it was very
likely to practice software like GeoGebra and observe the advantages of using

it on the students’.

According to her answers to techno-pedagogical content knowledge survey,
she is quite confident in using educational technologies in her mathematics
classroom. She thinks that “she can easily create activities which require
using dynamic technologies”. She believes that dynamic mathematics
software GeoGebra helps both students and teachers in educational settings.
She supports the idea that using GeoGebra enhances students’ learning of any
mathematical concept, and it saves teachers’ and students’ time thus, she
states that she uses GeoGebra at least once a week; this means at least sixteen
times in an educational term. With this rate, she is the teacher who uses
GeoGebra the most between four participants. For Denise, the most
appropriate teaching units to use GeoGebra are Analytic Geometry, Circle
and Circular Region and Problem Solving and the most suitable instructional
strategies to integrate GeoGebra are brainstorming and inquiry learning. In
her classroom implementation, she preferred to use inquiry learning method
and her students discovered the answers to the questions step by step. Further
explanation regarding teachers’ choices of teaching units and instructional

strategies are presented in Section 4.2.3.
4.1.2 The Case of Hande

Hande was the second participant in the current study. She graduated from a
university in which education language was Turkish in 2013. She took two
GeoGebra courses in a computer lab during her bachelor degree, and she had
a chance to create various GeoGebra activities in a group of three students
during these classes. She has experienced two different public schools during
her practicum. She does not have a tutoring experience except tutoring to her
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siblings and cousins. She has been working as a mathematics teacher in a

public middle school for three years.

TPACK survey results show that Hande has enough theoretical knowledge
and practice to use GeoGebra in the classroom even though she does not have
enough confidence in solving technological problems which might appear in
the session. Hande thinks that GeoGebra is more appropriate to use while
teaching geometrical concepts. The most suitable units to use GeoGebra in
the seventh grade for her are Analytic Geometry, Geometrical Shapes, and
Circle and Circular Regions. Indeed, she was teaching Major and Minor
Angles of Circles during the lesson observation. Turkish mathematics
curriculum gives importance to the interrelation between geometry and other
areas of mathematics such as algebra, arithmetic and probability. Therefore,
the majority of topics have a link to geometrical concepts. She states that:
‘Actually, I am using GeoGebra in just geometry concepts. This means | am
using GeoGebra in almost all weeks of this term’. Instructional strategies and
methods she has used are pause and think approach and reflecting the answer
and comparison — for which a teacher needs to prepare the answers before
coming to class; after students solve the problem, the teacher reveals the
answer and asks students to compare their answers with the correct answer
and take notes. In her implementation, Hande chose to teach Major and Minor
Angles of Circles using pause and think method. Section 4.2.3 presents
examples from teachers’ classroom applications further to investigate their

choices of instructional strategies and teaching units.
4.1.3 The Case of Johnson

Johnson was the third participant of the study. He completed his bachelor
degree in a university providing education in English as Denise did. He has
experience teaching in both private and public schools. While studying, he
was working in a high school examination preparation centre (for senior grade
middle school students) for three years between 2010 and 2013. He also had

the experience to work in the Czech Republic for six months. He summarises
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his experience there saying ‘The mathematics curriculum in the Czech
Republic is very basic when it compared to the curriculum in Turkey. I think,
the most difficult topic in the seventh grade was rational numbers in the Czech
Republic, which is taught in the fifth grade in Turkey. I also realised that
Czech teachers were not using the dynamic software as much as we use in
Turkey, for me, because they do not need it’. After his graduation in 2014; he
started working in a public middle school and since then he is working at the

same school he began.

Johnson was interested in dynamic mathematics software use in his classes
since his internship in a private school in Ankara. In his opinion, he can use
computer software in mathematics classrooms effectively. He is confident in
applications of dynamic software in different phases of the class. On the other
hand, he prefers to handle technical problems related to dynamic software out
of the classroom. He states that ‘If I live a technical issue related to GeoGebra
in class, | continue my lesson without using it. I try not to waste time. | can
search and solve the problem at home’. Johnson thinks that Linearity and
Circle and Circular Regions units are the most appropriate topics to use
GeoGebra in the seventh grade classes. He complains that being a teacher
who works in a little village school; he does not have a chance to use
GeoGebra very often. He said he uses GeoGebra once a month with the help
of discovery learning, inquiry learning and problem solving methods. Indeed,
he taught rational numbers using inquiry learning method during the

observation and this further explained in Section 4.2.3.
4.1.4 The Case of Melody

Melody was the fourth and the last participant of the study. She completed
her bachelor degree in Middle School Mathematics Education in Turkish in
2013. She was working in two different public schools during her practicum.
She also has tutoring experience for middle school students since 2011. In her
opinion, mathematics is an abstract science which needs to be visualised with

the help of educational technology. She highlighted the fact that for this, she
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started learning dynamic mathematics software GeoGebra in 2012 with the
aid of her internship supervisors in the cooperating school of her university.

She has taught math to middle school students for three years.

Melody has the highest techno-pedagogical knowledge score between four
participants. This is, she considers herself as a knowledgeable user and an
experienced practitioner of GeoGebra. Moreover, she thinks that she could
quickly solve software-related technological problems. She is also ready to
help her colleagues who need guidance on effective integration of GeoGebra.
She mostly prefers to use GeoGebra in the fifth and the sixth grades. She said
she integrates GeoGebra once or twice a month to her seventh and eighth
grade students’ classes believing that time is valuable, and those students
require more practice with different types of questions to get ready for the
TEOG examination (high school entrance exam). In her limited time with
GeoGebra, she teaches Linearity, Numbers and Proportional Reasoning,
thinking that most of the students have difficulty in learning these subjects,
and thus these are the most suitable topics to integrate GeoGebra to her
classes. Instructional strategies and methods she said she prefers to integrate
GeoGebra, including her implementation, are inquiry learning, pause and
think and teamwork. Section 4.2.3 further explains teachers’ common choices

of instructional methods and teaching units.
4.2 Middle School Mathematics Teachers and GeoGebra

This section tries to answer the research questions of the study. State
differently, teachers’ beliefs and goals regarding GeoGebra, their preferred
teaching units and instructional strategies to integrate GeoGebra and the
challenges faced by teachers while integrating GeoGebra are thematically
presented. Figure 3, on the following page, summarises the themes of the

study.
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Figure 3. Themes of the Study
4.2.1 Goals and Beliefs on GeoGebra

Decreasing the workload is the first theme of this research. The workload
includes teachers’ responsibilities in and out of the classroom. Half of the
participants stated in the interview that they believe integrating GeoGebra
into their classes have an important reduction in their workload. For example,
Denise explains one of her goals to use GeoGebra as ‘decreasing her work’.
She further explains this with examples, saying ‘no need to carry
manipulatives to classrooms’ and ‘no need to draw figures to smartboard
during class’. She said prefers to prepare GeoGebra files at home or to use
ready GeoGebra files from the official GeoGebra web-site. Hande also
supports the ideas of Denise. However, she stated that she prefers to create
her GeoGebra activities in her classroom. During her implementation, she
used GeoGebra to teach major and minor angles of the circle. She opened the

GeoGebra file with a drawn circle having two angles (see Figure 4).
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Figure 4. A Screenshot of Hande’s GeoGebra File

She did not need to delete or draw another circle. She asked various questions
using the same circle. After each question had been solved, she changed the
angles to prepare another one simply by dragging the rays and modifying the
value of angle a in the input line (marked in red). In this regard, she adds that
using GeoGebra ‘facilitates and speeds up the drawing’. Finally, Hande
believes that ‘GeoGebra makes the concepts easier to explain for her’. She
describes her case before using GeoGebra with a particular example. ...
while teaching the area of a cylinder, I am opening the cylinder and showing
its faces to students using GeoGebra. Typically, if I use a plastic cylinder, |
cannot open it, or if | use a paper cylinder, it frays, and | need to construct it
again.” She sees GeoGebra as a saviour tool from extra, time-consuming

tasks.

The second theme appeared in the study is time (teachers). All of the
participants hold the belief that using GeoGebra is time-saving for them in
some circumstances. To illustrate, when Johnson was asked to talk about his
implementation with GeoGebra, he mentioned that his ‘main purpose (to use

GeoGebra) was to teach the concept rational numbers as fast as possible’. It
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was observed that, for this reason, he prepared some questions and brought
them to class on his flash drive. He showed his satisfaction of his own
implementation saying ‘Because I saved time, it was good to teach through
GeoGebra’. Likewise, Melody expressed in the interview that she is ‘saving
time because GeoGebra helps her students learn the logic behind the concept
thus they do not need to (spend time to) memorise.” Moreover, she believes
that learning the logic of a mathematical concept with the help of GeoGebra
facilitates her students’ solving of more challenging problems that also leads
her to move to advanced topics faster than she did before. Similarly, both
Denise and Hande state that thanks to GeoGebra, they use the time left after

teaching the concept to solve the additional questions they prepared.

The third theme of the current study is increasing engagement. Analyses of
interview transcripts and observation notes revealed that one of the primary
purposes of three fourth of the teachers to use GeoGebra is increasing student
engagement. Specifically, Johnson believes that students use technology in
their daily life, and if a technology is utilised in the classroom, it could
positively affect students’ motivation. He states that one of the reasons for
him to integrate GeoGebra into his classrooms is ‘to take students’ attention
using technology’ because he considers ‘Students always use technology in
their daily life, so, they can engage with the content if they also use it in the
classroom.’. Likewise, Melody supports this idea pointing out that students
enjoy if she integrates GeoGebra into her classes. She also says in the
interview that she sees GeoGebra as a motivation tool both for her students
and herself. Finally, it was observed that Denise integrated GeoGebra to her
classroom to engage students with the content. As she stated, she taught the
concept Fractions at her previous lesson and her aim for this lesson was to
make students’ learning as permanent as possible by engaging them with the
content. Therefore, she opened the GeoGebra file prepared for her course and
asked students to answer the questions on the smartboard one by one. After
students’ answers, she showed her replies to the questions again using

GeoGebra as her students did.
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Another theme is facilitating learning. All four teachers expressed that
GeoGebra is effective for students to grasp the concepts which are not easy
to learn such as Three-dimensional Shapes (Denise and Hande), Circle and
Circular Regions (Denise, Hande and Johnson), and Linearity (Johnson and
Melody). Although they gave entirely different examples from their classes,
they all agree with the idea that GeoGebra facilitates their students learning.
To illustrate, Denise, who taught different views of three-dimensional shapes
in her lesson implementation, tells that one of her goals ‘to use GeoGebra was
to help students’ learning’. Hande, who taught major and minor angles of the
circles, adds to her that ‘Shapes and figures are not easy to teach to middle
school students. However, GeoGebra makes these concepts easier to
understand for them’. One another example by Johnson to show that
GeoGebra facilitates students’ learning is related to the definition of a circle.
He mentioned that ‘Using paper and rope to show a circle is a set of points
which has an equal distance to a point, which is the centre is not easy.
Because last year we did not have a smart board, | used this method. However,
this year, it was really easy for students to discover the definition of a circle
after my presentation with GeoGebra.” He also specified that the first step for
drawing a circle on GeoGebra is to draw a point which will be defined as a
centre of a circle. Thus, he told that the steps of his construction are
meaningful for his students, and thus GeoGebra facilitates students’ learning.
Finally, Denise states that GeoGebra helps middle and low-achieving
students to understand difficult concepts like Analytic Geometry. She thinks
that those students need to visual representations on GeoGebra and listen her

explanations on those visuals to understand difficult concepts.

The other theme is visualisation. All of the teachers agree that their primary
purpose to integrate GeoGebra, in general, was to provide visual
representations. This theme is the most exemplified theme in all others. To
illustrate, Denise’s opinion on this is ‘Because mathematics is an abstract
science and because students at this age could learn better with concrete

things, | think GeoGebra can provide effective visuals for students’ learning.’
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Moreover, according to Johnson, ‘It is effective to use GeoGebra to visualise
mathematical concepts and to teach them deeply because direct teaching
using pen-paper is only telling what to do. This is not enough for students,
mostly because of their ages.” In his lesson implementation, he divided a
whole figure (drawn on GeoGebra file) into ten and hundred parts using
GeoGebra to teach rational numbers. For each rational number, he drew the
corresponding figure. The important point here is to split a whole into equal
parts. He points out that if he would draw it on the smartboard with his
handwriting students could have some misconceptions. On the contrary, he
said ‘with the help of GeoGebra, all of the students saw the equal parts’.
Furthermore, Hande gives significant importance to visualisation feature of
GeoGebra while teaching geometrical shapes. Her reason of this is that
‘GeoGebra gives a chance to three-dimensional thinking. It is the tool to show
all transformations, like iteration and rotation. Specifically, the most
appropriate concepts to explain its effectiveness are cylinder and prisms. It
can be used while teaching area and volume of the cylinder and prisms
because it also helps the measurement.” She thinks that visualisation and
giving more concrete examples using GeoGebra is important. Also, Melody,
who taught 3D shapes in her implementation, comments on the display
feature of GeoGebra saying that ‘Every year, students have difficulty to learn
this concept. As | predicted before, they again find it difficult to understand.
GeoGebra helped me to provide visual representations of the figures and their
views.” Thus, as all others, she believes that it is more concrete and easy to

remember the concept for students if she uses GeoGebra.
4.2.2 Challenges while Integrating GeoGebra

According to the results of the study, teachers continue to use GeoGebra in

their classrooms although they face some difficulties.

The first challenge is the classroom management, reported by three of the
participants. Denise said that because technical requirements of GeoGebra

take time, ‘in these times, students may lose their concentration, and they may
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start talking’. She adds that ‘I am spending too much effort taking their
attention again. And, even, sometimes, it is not possible. Using GeoGebra is
not the purpose of my course, it is a tool to enhance learning so after losing
students’ attention no need to carry on with it’. It could be understood from
her words that facing technical problems related to GeoGebra makes her
classroom difficult to deal with it. Melody agrees with Denise. According to
her opinion, the main reason for this difficulty is that students see this
software ‘as a game, and they start to behave like they are out of the
classroom.” Hence, she says ‘Teachers should be careful about classroom
management.” While Denise sees the reason for the difficulty in managing
classes as technical requirements of GeoGebra, Melody believes that the
reason is students’ readiness to use GeoGebra as an instructional tool. Two of
the teachers also have suggestions to overcome this challenge. Denise and
Johnson expressed that they need more practice with GeoGebra, and after
being more experienced with the software, they could focus directly on

teaching through it, and this might help to handle this challenge.

The second and the third challenges are linked to each other as the planning
and the technological infrastructure. All of the teachers reported that planning
of a GeoGebra-based activity is challenging, and also they need a backup plan
in case of any technical problems. For example, Hande highlights electricity
problems and says that ‘I cannot solve problems related to electricity, but,
certainly, | prepare a Plan B for my class. | print out the GeoGebra activity |
prepared, or | found. This way, | have all the questions | will ask during my
class. In case electricity goes off, immediately, | start writing using those
papers.” Another example of planning is from Johnson. He indicates that
‘While integrating GeoGebra to his classes, difficulties are generally related
to how to conduct and plan mathematical studies.’ In addition to deciding on
math problems, he was aware that the interactive whiteboard system is not
ready, and there is no wifi. Indeed, three fourth of the teachers said that their
schools got the smartboards in a few years, and the Internet connection is still

not available. It could be noted that Denise and Johnson, who work in village
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schools, preferred to give further explanations about planning and technology
infrastructure, on the other hand, Melody and Hande, who work in cities, only

mentioned these as a challenge and switched to another topic.

Another challenge is the social context of each case. Denise says that
‘Students in this school think GeoGebra as an out-of-course tool and wants to
play with it. It is important for me to change this opinion. It is my first year
in this school; I worked in ...another village before. Students in that village
got used to seeing GeoGebra in the classroom; they started to see it as a lesson
material and began to learn through GeoGebra. | am trying to do the same in
this school.” From another context, Johnson states that working in a public
school in a village, he cannot give assignments to students on GeoGebra
because neither school principals nor parents are convinced to use of
computers and tablets. Hande, who works in a city, thinks that it is hard for
her to use GeoGebra in the school because of the achievement classes
principle of the school to get prepared for TEOG examination. Melody, who
also works in another city, agrees with Hande on the use of GeoGebra and
adds that students require practising more questions before TEOG exam to
get ready for it so she cannot integrate GeoGebra as much as she wants.

One another challenge is time (for students) mentioned by two teachers. Time
appeared both as a challenge and an advantage of GeoGebra utilisation. Both
Denise and Hande state that it could be time-consuming to use GeoGebra in
which high-achieving students are in the majority. According to Hande’s
opinion, it is likely to live problems with those students, because they could
be impatient while waiting for her drawing on GeoGebra, and there is not
always time to prepare or find extra activities for them to solve while waiting.
About this issue, Denise explains a particular situation from her lesson
implementation saying that ‘GeoGebra was helpful for some students who
has middle and low levels. On the other hand, it was time-consuming for
successful students; because they have already understood the concept, these

successful students started talking while 1 was showing answers of the
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questions. They solved problems on the activity sheet very fast and started
disturbing low and middle-achieving students, who need to listen to my

explanations’.
4.2.3 Teaching Units and Instructional Strategies

There are three teaching units and two instructional strategies come up with
the themes of the study. The participants of the study asked to mention the
topics they use GeoGebra in the seventh grade middle school mathematics
classes, and they were observed while teaching one of the objectives which
belongs to these topics. Circle and Circular Regions, Linearity and Analytic
Geometry are the appeared themes according to the data collected through
interviews and observations. Table 2, on the following page, presents the
learning objectives (topics) mentioned by the teachers and teaching units each

of them belongs.
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Table 2. Objectives and Teaching Units accordance with Cases

Selected Objectives Most Teaching Unit Each Objective

Appropriate to Use GeoGebra Belongs to
Case of Hande | Angle Types in a Circle
Case of Hande | Turkish Flag Drawings

Angle Types in a Circle
Case of Denise |(central angle and inscribed angle) Circle and Circular Regions
Case of Denizse | Arc-length of a Circle
Case of Johnson | Arc-length of a Circle
Case of Johnson | Area of a Circular Region
Case of Johnson | Circle and Pi Relationship
Case of Melody |Linear Equations
Case of Melody | Lineanty and Linear Line Graphs

. : - Linearity

Angles formed by the intersection of
Case of Johnson |two or more lines
Case of Johnson | Lineanty and Linear Line Graphs
Case of Hande Coordinate Systems G
Case of Demise | Coordinate Systems yhe eometry
Case of Hande Prisms_ Cylinder, Cones Geometric Objects

Int
Case of Melody E_EBTS Numbers
Case of Melody | Rational Numbers
Case of Demse | Interest-rate Calculations .

i : Problem Solving

Case of Demise | Percentage Calculations
Case of Melody |Ratio and Rate Proportional Reasoning

Referred by Hande, Denise and Johnson, Circle and Circular Regions is the
most suggested teaching unit to integrate GeoGebra in seventh grade classes.
To illustrate, Hande states that it could be difficult for students to draw
Turkish Flag which requires drawing some circles having individual centres.
She added that while students need to use those circles to draw the flag, those
have an obligation to be deleted in the end because there is not any circle in
the Turkish flag. She thinks that GeoGebra facilitates her students drawing
with its hide button, and students could hide required parts and see the hidden
circles any time they need. Different than Hande, Denise stated that she
prefers to use GeoGebra herself to teach this teaching unit. She said she
believes that it is more practical and time-saving to reflect a prepared
GeoGebra file, instead of drawing, for example, central and inscribed angles
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manually to the smartboard. Finally, one of the examples of Johnson about
his choice of this unit is students’ difficulty in investigating relationships
between areas of circles and areas of parallelograms. He said he used to teach
the concept using concrete manipulative, and he had difficulty to show and
explain the relationship. He finished his words saying ‘I wish I used
GeoGebra in that course. It (the lesson) would be more efficient and easier to

understand for my students’.

Linearity, declared by Melody and Johnson, is the second suggested teaching
unit to integrate GeoGebra. Melody states that teaching topics like Linear
Equations and Linear Line Graphs with the support of GeoGebra made her
students’ learning better by helping them grasp the concept with the visual
representation it provides. Johnson also mentioned Linearity but unlike
Melody, his focus was only related to the Linear Line Graphs. He said he
believes that it is effective to use GeoGebra as a visualisation tool for Linear
Line Graphs so that it could make this concept less abstract for his students
and thus students could learn it deeply. Analytic Geometry is the third and the
last teaching unit mentioned by two teachers, Hande and Denise. Both of them
reported that the topic Coordinate Systems from this teaching unit needs to
be taught with dynamic examples, and existing GeoGebra files (on the official
GeoGebra web-site) provide them with such examples so that they can
enhance their students’ understanding. Specifically, Denise stated that if she
draws it manually, it is not easy to understand the effect of a change in a
coordinate of a point on a graphical representation of it. On the other hand,
she reported that it is very easy for her to input the datum (a coordinate of a
point) to GeoGebra to see the change in the representation. Other topics
named only by one of the participants are Numbers, Problem Solving,

Geometric Objects and Proportional Reasoning (see Table 2).

Interview data showed that Inquiry Learning is appeared as the most preferred
method to integrate GeoGebra mentioned by three of the teachers (Denise,
Johnson and Melody). Inquiry learning is an instructional method which
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allows teachers to pose questions and to make students discover the answers
instead of giving instructions to the students. Related to this, Melody stated
in the interview that she supports the idea students’ inquiry in groups is
beneficial. She said that ‘I am giving chances to my students to show their
knowledge to their friends and me in these groups. This made my students
more active and more enthusiastic’. Notably, Denise and Johnson are
observed while using this instructional strategy in their classroom

implementations. Denise, for example, asked a question related to fractions
(How many is are in 1?), and made students discover the answer themselves.

In the end, she showed the answer step by step using GeoGebra (see Figure
5). She also highlighted in the interview that it was easier and faster for her
to explain the answers with the help of GeoGebra after students had already

discovered the concept themselves.
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Figure 5. Screenshots of Denise’s GeoGebra File

Johnson, on the other hand, integrated GeoGebra into his math classroom
while teaching rational numbers using inquiry learning. One of the questions

he posed at the beginning of his class was ‘How big is 23%?’ (see Figure 6).
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Students came to smartboard to show their estimations. As Johnson planned,
GeoGebra showed percentages of errors and closer percentiles after each
wrong guess to help the students make the next guess more accurate.
Regarding inquiry learning, Johnson said that ‘| believe that effective learning
can be provided if students discover the concepts themselves. | use these
methods and try to teach concepts using technology, in order not to raise a
generation who does not ask questions and reasons, does not wonder things
and does not try to reach the information themselves. Because if | encourage
them to search, | could be a more successful teacher’. This quotation
summarises his opinions on the use of inquiry learning while integrating
GeoGebra.

0 Gaoloeben. %
<« GeoGebra o< il

Percent of a Number

How big is 23%2

« GeoGebra L

How big is 23%2 Original guess: 4% error =) How big is 23%2 Original guess: 4% error =)
Revised guess: 0% error

Figure 6. Screenshots of Johnson’s GeoGebra File

Pause and Think method appeared as the second most preferred method,
mentioned by two of the participants; Hande and Melody. Pause and think is
an instructional strategy which motivates students to stop and reflect on the
reasons underlying both correct and incorrect answers. Melody believes that
making students think about the reasons for their own solutions helps in their

cognitive development. She explains her motivation to use pause and think
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method while integrating GeoGebra by saying that small cognitive breaks are
necessary for students to deepen their understanding. On the other hand,
Hande stated in the interview that her reason to use this method is GeoGebra’s
feature of visually representing the answer and letting her change the answer
in seconds. She utilised pause and think method in her lesson implementation
to teach the relationship between central angles and inscribed angles of a
circle to come up with the formula the measure of an inscribed angle equals
to the half measure of the corresponding central angle. She said she prefers
to use this method to make her students think about the relationship between
different concepts, for example, between rational numbers and percentiles.
This is while explaining 0,125 as a rational number, student might fall in into
the misconception that 0,125 is equal to 125/100. Students’ over-
generalisation of the rule you need to divide the number in the decimal part
into 100 might work if there are only one or two digits after the decimal point.
Thus, she said she uses pause and think method (together with the visual

representations GeoGebra provides) to overcome probable misconceptions.
4.3 Integrative Summary of Findings

The current study has conducted with four middle school mathematics
teachers who teach mathematics through GeoGebra to the seventh grade
middle school students. The findings of the study indicate that all of the
teachers believe that GeoGebra is an effective dynamic mathematics software
for teaching mathematics and agreed that GeoGebra facilitates their students’
learning and saves the time of teaching a concept in the classroom. They
reported that their primary purpose of integrating GeoGebra was providing
visual representations for students. Indeed, all of them gave their specific
examples regarding visualisation. Decreasing workload (Hande and Denise)
and engaging students in learning activities (Denise, Johnson and Melody)
were the other purposes mentioned by teachers to integrate GeoGebra. In
addition to these, participants listed some challenges and gave specific
examples of these difficulties in the interview. All of the teachers stated that
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planning of a GeoGebra based activity is challenging because of the current
technology infrastructure of their schools. They also approved the idea that
their social contexts have an impact on their technology integration.
Furthermore, time — for students — (Denise and Hande) and classroom
management (Denise, Johnson and Melody) came up as challenges of

GeoGebra integration in the seventh grade classrooms.

Most of the teachers reported that Circle and Circular Regions is their most
preferred topic to teach with GeoGebra (Hande, Denise and Johnson). Circle
and Circular Regions followed by Analytic Geometry (Denise and Hande)
and Linearity (Johnson and Melody). Moreover, commonly used instructional
strategies stated by the participants to integrate GeoGebra appeared as inquiry
learning (Denise, Johnson and Melody) and pause and think (Hande and
Melody) methods. Most of the teachers also observed while using one of these
two approaches for integrating GeoGebra into their seventh grade classes
(Denise, Hande and Johnson). Finally, it is important to note that this chapter
has written with the help of interview data supported with survey results and
observation notes — some examples from real classroom settings including

screenshots.
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CHAPTER 5

DISCUSSION AND CONCLUSION

The motivation for this study was to investigate mathematics teachers’ belief
and goals on the use of GeoGebra in the seventh grade math classes. This
final chapter focuses on the research questions in the light of findings
presented in Chapter 4. Moreover, implications for educational practices and

recommendations for further studies are explained.
5.1 Discussion of Findings

The first research question aimed to describe middle school mathematics
teachers’ goals and beliefs on the use of GeoGebra in the seventh grade.
Qualitative analysis of the data revealed that mathematics teachers used
GeoGebra for saving time, decreasing workload, facilitating students’
learning, increasing their engagement, and visualisation although teachers
reported some challenges including classroom management, planning, social
context, technology infrastructure and time. Even though the same theme
appeared from different cases, as explained in the findings chapter, examples
and point of views could be distinct from each other. For instance, related to
the challenge of social context, Denise and Johnson who work in village
schools indicated that conducting GeoGebra-based lessons requires
convincing students, parents and principles to the idea that GeoGebra is an
educational tool and it is effective to use such tools in classroom settings.
Hande and Melody, who are teaching in the major cities, on the other hand,
explained the effect of social context as the TEOG exam (high school

entrance exam) pressure. Teachers said they are expected to solve more
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problems due to the exam; therefore, they are unable to integrate GeoGebra
as often as they would like to. To sum up, the participants, on the whole,
demonstrated their willingness to use GeoGebra and beliefs on the
effectiveness of this software. In this sense, one could say the themes of the
study are also consistent with the previous research which reported the
effectiveness of dynamic mathematics software (e.g., Arnaud & Pierre-Yves,
2010; Grandgenett, 2007; Hohenwarter et al., 2008a, 2008b; Nur, 2010).

The second research question tried to answer the instructional methods and
strategies of teachers while using GeoGebra, and the most appropriate units
from the seventh grade mathematics curriculum for integrating this software.
Participants were also asked to implement GeoGebra-based classes, and the
interview data were triangulated with the classroom implementations. As
reported on the findings, the units the most appropriate to teach with
GeoGebra appeared as Circle and Circular Region (75% of teachers),
Linearity (50%) and Analytic Geometry (50%). As Edwards and Jones (2006)
highlights, bridging between algebraic equations and their geometrical views
is important in the mathematics teaching. Units above being a part of
geometry and requiring algebraic calculations might fit the fundamental goal
of GeoGebra, which helps students discover relationships between geometry
and algebra (GeoGebra, 2015), and this might be the reason for teachers’
finding these units the most suitable for teaching through GeoGebra. It could
be noted here that only one of the interviewees did not mention the topic
Circle and Circular Regions (Melody). She was also the only participant who
had named the concepts Numbers and Proportional Reasoning to integrate
GeoGebra (see Table 2). While all other teachers either have international
work experience or experience in private middle schools in which education
language is English, Melody does not know English. This might make it
difficult for her to reach sources in GeoGebra web-site because most of them

are prepared in English, and thus this may lead her to think differently.
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Other than these, most of the teachers said they use inquiry learning (75%)
and pause and think (50%) methods while integrating GeoGebra into their
classrooms. Other methods named or implemented by participants were
brainstorming, discovery learning, problem solving, reflecting the answer and
comparison, and teamwork. It has observed that none of the teachers used
direct teaching. The student centred environment which GeoGebra enables
might be the reason for teachers to prefer these instructional methods and
strategies (Dikovi¢, 2009; Nur, 2010). Moreover, it has seen that teachers who
think that GeoGebra increases student engagement believe that it is harder to
manage GeoGebra-integrated classrooms (Denise, Melody and Johnson). It
could be because these teachers also chose to integrate GeoGebra with the
help of inquiry learning method. Being an example of student-centred
methods, their choice of instructional method might be the reason for these
teachers to think that controlling classroom is more challenging for them.
Finally, most of these teachers also preferred to teach more complex topics
like Linearity to integrate GeoGebra, and the complexity of the topic itself

might also have an effect on teachers’ beliefs.

Considering the result that teachers list a reasonable number challenges, it
might be important to highlight the fact that, interestingly, all of the
participants still continue to integrate GeoGebra in their classrooms believing
that GeoGebra is an effective tool for teaching mathematics to the seventh
grade middle school students. This finding might have resulted from
participants’ techno-pedagogical content knowledge. As explained in the
literature, Balgalmis (2013) and Bulut (2012), who conducted studies on pre-
service mathematics teachers® TPACK, relates teachers’ skills and
competencies with their confidence levels. Specifically, in this study, Denise,
Johnson and Melody were quite confident in integrating educational
technologies. While Melody has the highest TPACK score, Denise and
Johnson also have enough confidence in solving technical problems related
to GeoGebra. Hande is the only participant who has medium level of

perceived TPACK. Survey results revealed that although she has enough

54



theoretical knowledge and practice, she does not have enough confidence to
solve any technical problem during her teaching sessions. It could be because
she stated that she uses GeoGebra to decrease her workload and to save time
for solving extra problems. She might think that trying to solve technical
problems might increase her workload or they could be time-consuming for
her. To conclude, all of the participants of the current study have medium and
above scores from the TPACK survey, which means they believe that they
have enough theoretical knowledge to integrate GeoGebra into their
mathematics classrooms although they might need more practice to overcome
the challenges. State differently, because the participants already had medium
or above levels of TPACK, they might choose to continue facing the

challenges out until they solve it.
5.2 Recommendations for Future Studies

Some recommendations for the researchers might be made considering the
limitations of the current study. Firstly, a similar study can be conducted with
more teachers and/or with another focus. The integration of GeoGebra might
not be the only way to achieve the same pattern of results; other technologies
could be used to determine whether or not the selection of the software creates
a difference in terms of teachers’ goals and beliefs. Moreover, the same study
might be extended to other grade levels in middle schools and as well as in
high schools. Thus, the study might be replicated in different grade levels,
using different learning objectives, with the integration of different software

and/or with the increased number of the participants.

This study allowed the researcher to observe one 40-minute classroom
implementation of each in-service teacher. Longitudinal studies might give
more detailed information about those teachers’ practices and goals.
Investigating teachers’ goals in the real classroom settings with the help of
longitudinal studies might also give a chance to compare the results of the
current study with the other studies. Thus, longitudinal studies about teachers’

use of GeoGebra might also be recommended. Furthermore, future studies
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might be conducted with the purpose of investigating the link between the in-
service teachers’ techno-pedagogical content knowledge levels and their
strategies to integrate dynamic mathematics software into their mathematics
classrooms. Such a study is highly recommended since it might have a
potential to explain why teachers with higher level TPACK prefer to continue

integrating GeoGebra despite a number of challenges.
5.3 Implications for Educational Practices

The findings of the study provide middle school teachers, policy makers,
program developers, and researchers with essential information related to the
goals and beliefs of middle school teachers on GeoGebra, topics taught and
strategies chosen by teachers to integrate GeoGebra, and the challenges while

integrating this software into middle school classes.

First of all, such a study might help teachers to gain self-awareness about their
own practices by having a chance for thinking about their own practices and
thinking or for metacognition (Hohenwarter et al., 2008a). During their
experience, teachers identified different features of GeoGebra and the
potential of integrating this software into middle school mathematics
classrooms. They also implemented GeoGebra-based classes and answered
questions related to their implementation process. Providing an opportunity
for teachers to reflect on their practices might help them improve their
teaching. It would be significant to emphasise that the teachers might gain
valuable insights on the importance of the goals of GeoGebra-based classes

and the role of their beliefs in this technology-based classes.

It might also be advised to Ministry of National Education experts to improve
and update the content of existing in-service training sessions. Teachers
reported that they need to do more practice with challenging questions for
gaining more experience. For this reason, GeoGebra activities requiring
higher order thinking could be added to these in-service training courses to
teach necessary complementary skills to teachers (Hohenwarter & Preiner,
2007; Koehler & Mishra, 2009; Niess, 2005, 2006). Moreover, follow-up
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workshops providing hands-on activities with this software could be
suggested to provide an opportunity for teachers to practice what they have
learned, before integrating the software into the real classroom settings. State
differently, it is important for teachers to learn the potential of the software
and practical use of it to incorporate the software into their classes and reach
the level to help students achieve expected learning outcomes. In-service
training sessions of the Ministry of National Education could be suggested as
one of the best appropriate settings for both learning the theoretical aspects

and practising the software.

Finally, findings of the present study also revealed that middle school teachers
found GeoGebra as a useful tool in teaching mathematics. On the other hand,
they all reported that planning lessons with GeoGebra might be time-
consuming because of technological infrastructure and thus the need for back
up plans. Similar themes also appeared in the previous research with different
names (Grandgenett, 2007). It would be significant to emphasise here that
program developers might give a place to the integration of GeoGebra in the
curriculum including samples of GeoGebra files and corresponding lesson
plans. Example lesson plans and back up plans with GeoGebra might help

teachers save time while planning GeoGebra-based courses.
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APPENDICES

APPENDIX A. INTERVIEW QUESTIONS
SEMI-STRUCTURED INTERVIEW QUESTIONS
Greeting and Starting
Opening Questions:

1. How did you feel about the lesson today?

2. What did you want to achieve with GeoGebra?

3. What went well do you think? Were they any expected or unexpected
problems?

Middle:

4. How often do you use GeoGebra in your classes?

5. Which curriculum objectives in seventh grade do you think are most
appropriate to use GeoGebra?

6. What are your goals to use GeoGebra in your lessons in general?

7. Do you think it is effective? Why is that? Can you give specific examples?

8. What are the difficulties you faced while integrating GeoGebra to your
classes? Can you give specific examples?

9. How do you overcome those challenges? What are your instructional

methods/ strategies to overcome?
Ending Question:

10. Would you like to add something?

Thanks and Ending
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APPENDIX B. INTERVIEW TRANSCRIPTS
Follow-up Interview with Johnson
1) How did you feel about the lesson today?

TR: Ders aslinda giizeldi. Birinin senin dersine gelmesi garip bir duygu ama
tanidigin birinin olmasi da insan1 rahatlatiyor agikcasi. Miifettis olsaydin bu
kadar rahat olmayabilirdim.

EN: It was good, indeed. It is kind of weird to have somebody in your
classroom; however, it helped me to feel relaxed that you are my old friend.

If you were an inspector, | would not behave as comfortable as | did.
2) What did you want to achieve with GeoGebra?

TR: GeoGebra kullanarak ondalikli sayilar konusunu 6gretmeye g¢alistim.
Wordde hazirladigim sorulari yansittim ve Ogrencilerin cevaplamasini
istedim. Sonra da ondalikli sayilara karsilik gelen sekilleri GeoGebra’da
¢izdim. Amacim konuyu teknoloji araciligiyla hizlica 6gretmekti.

EN: I tried to teach rational numbers using GeoGebra. | opened the problems
| prepared on Word and waited for students to solve them. Then, | opened
GeoGebra to drew the figures corresponds to the rational numbers. My main
purpose was to teach the concept as fast as possible.

3) What went well do you think? Were they any expected or unexpected

problems?

TR: Zaman kazandigim i¢in benim igin 6zellikle giizel oldu. Hem de bir
biitiinii es parcalara ayirip kolaylikla gésterebiliyorum. Bir ara akilli tahta
temassizlik yapti. Onu da kisa siirede hallettik.

EN: Because | saved time, it was good to teach with it. Moreover, | easily
divided a whole into equal parts. One time, there was a problem related to the
interactive whiteboard. However, we handled it in a short period.
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4) How often do you use GeoGebra in your classes?

TR: Koy okulunda ¢alismam sebebiyle imkanlarin yetersizliginden dolay1
GeoGebra’y1 pek kullanabildigimi sdyleyemem. Okulumuza akilli tahta da
heniiz yeni geldi. Internetle birlikte akilli tahtay1 kullanmaya baslayamadik,
sistem hazir degil. Derslere erken gelerek, siklikla kullanmaya ¢alisiyorum.
Kesin bir cevap gerekirse, ancak ayda bir diyebilirim.

EN: Because this is a school in the village, | am not often using GeoGebra.
We have our interactive whiteboards since the last term. However, we still do
not have internet access; the system is not ready. | am coming to school earlier
than my students, and | am trying to use GeoGebra as often as possible. If you

need an absolute answer, | can say that | use it once a month.

5) Which curriculum objectives in seventh grade do you think are most

appropriate to use GeoGebra?

TR:

Cemberde yay uzunlugu

o &

Daire diliminin ve dairenin alam

o

Cember ve P1 sayisi iligkisi

e

Paralel iki dogruyu kesen bir dogrunun olusturdugu agilar
e. Dogrusal iliski konusundaki dogru grafikleri

EN:

a. Arc length of a circle

b. Area of a circular region

c. Circle and Pi relationship

d. Angles formed by the intersection of two or more lines

e. Linearity and linear line graphics
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6) What are your goals to use GeoGebra in your lessons in general?

TR:

a. Ogrencilerin 6grenmesini kolaylastirmak,

b. Dersi daha anlasilir somut hale getirebilmek,

c. Teknolojiyle ilgilenen bir nesil oldugu i¢in onlar1 ilgilerini ¢eken
teknolojiyle derse yonlendirip teknoloji kullanimini faydali hale
getirebilmek, benim amaglarimdir.

EN:

a. To enhance students’ learning

b. To make lesson easy to understand with visuals

c. To take students’ attention using technology, | think students always use
technology in their daily life so they can engage with the content if they

also use it in the classroom. These are my goals.

7) Do you think it is effective? Why is that? Can you give specific examples?

TR: Matematigi gorsellestirmek ve icsellestirmek adina oldukega etkili
oldugunu diisliniiyorum. Ciinkii kagit iizerinde anlatirken ya da diiz anlatim
teknigiyle dersi islerken yalnizca anlatiyoruz. “Hayal edin”, “Goziiniizde
canlandirin” demekle c¢ocuklar bunu basaramayabiliyorlar yaslar1 ve
gelisimleri itibariyle. Ornegin; dairenin alan formiiliine daireyi esit daire
dilimlerine olabildigince pargalayip, paralelkenar olusturup bildikleri
paralelkenarin alani formiiliinden daire formiiliine ulagsmak istedik gecenlerde
7. smiflarda. Evet, kagitla ya da salatalikla bunu denedik. Ama tam bir
paralelkenara benzetmekte zorlandik. Oysa o ders GeoGebra ile bunu daha
etkili acik ve anlagilir yapmak miimkiindii. Ya da ¢emberin aslinda bir
noktaya esit uzakliktaki noktalar kiimesi oldugunu iple sabit bir nokta
etrafinda dolanip gosterdim akilli tahta yokken. Bu sene is GeoGebra ile
cocuklar bunu ¢ok daha kolay kesfetti.

EN: I think it is really effective to use GeoGebra to visualise mathematical

concepts and to teach them deeply because direct teaching using pen-paper is
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only telling what to do. Saying “imagine” or “visualise in your minds” is not
enough for students, mostly because of their ages. For example, while
investigating the relationship between the area of a circular region and area
of a parallelogram in the seventh grade, | used a paper and a cucumber and
tried to cut a parallelogram. However, it was tough. | wish | used GeoGebra
in that course. It would be more efficient and easier to understand for my
students. Another example could be related to an objective from circle, radius
and centre of that circle relation. Using paper and rope to show a circle is a
set of points which has an equal distance to a point, which is the centre is not
easy. Because last year we did not have a smart board, | used this method.
However, this year, it was really easy for students to discover the definition

of a circle after my presentation with GeoGebra.

8) What are the difficulties you faced while integrating GeoGebra to your
classes? Can you give specific examples?

TR: GeoGebra gibi yazilimlar1 dersime entegre ederken karsilasabilecegim
zorluk daha ¢ok matematiksel ¢aligmalar1 nasil yapacagim, olabilir. Demek
istedigim, GeoGebra’y1 entegre ederken segcecegim problemlere ve bunlart
kullanacagim zamanlara karar vermek 6nemli. Bu konuda internetten videolu
anlatimlardan faydalanmak miimkiindiir. Ya da deneme yanilmayla
yazilimlar1 kesfetmek muhtemel. Aslinda ilk kullanimda yasanan acemilik
olabilir ve sonrasinda aligilabilir.

EN: While integrating GeoGebra to my classes, difficulties are generally
related to how to conduct and plan mathematical studies. This is, deciding
problems to be asked and phases the problems will be asked are important
while integrating GeoGebra to your class. | can watch some videos from
Internet to determine. Or, | can try in my class and if it does not work, next
year, | might prepare another plan. Actually, I think at the first usage, teachers
may live many problems related to planning and implementation, and, after

some time with experience, those difficulties could be handled.
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9) How do you overcome those challenges? What are your instructional

methods/ strategies to overcome?

TR: GeoGebra yazilimmin kendisi ile ilgili problemlerle basa ¢ikmak icin
yine internetten faydalanirim. Kullanim videolarin1 izlerim. Diger
kullanicilarin fikirlerinden faydalanirim. Sinifta problem yasarsam, teknoloji
olmadan anlatmayla devam eder, zaman kaybetmeme ¢alisirim. Sorunu evde
c¢ozerim. Ayrica GeoGebra kullandigim bir derste farkli tekniklerden
yararlanabilirim. Kesfederek o6grenme ve problem ¢ézmeye dayali
ogrenmeden faydalanmak isterim. Ciinkii bilgiye 6grencilerin kendilerinin
ulasmasimi sagladigim kadar etkili 6grenme ortami olusturabilecegimi
diisiiniiyorum. Kuru kuruya sadece anlatarak Ogrencilere yalnizca her seyi
kabullenmeyi 6gretmis oluyoruz. Sorgulamayan, soru sormayan, sorularin
cevabin1 merak etmeyen, arastirmayan, bilgiye ulasmaya ugrasmayan nesil
yetistirmemek adina teknolojiyi tam da en yaygin oldugu giiniimiiz ¢aginda
cocuklar1 ne kadar ¢cok 6grenmeye tesvik edecek sekilde kullanirsam o kadar
faydal1 olacagi kanaatindeyim.

EN: To overcome challenges related to GeoGebra itself, I prefer to use
Internet sources. | can watch videos explaining how to use GeoGebra. | can
read some forums in which other users described their difficulties and
solution methods. If I live a problem in class, I continue my lesson without
using it; I try not to waste time. | can search and solve the problem at home.
Other than these, | can use different instructional methods while integrating
GeoGebra to my class. | am using inquiry learning and problem solving
methods because I believe that effective learning can be provided if students
discover the concepts themselves. With direct teaching, we are only telling
what they need to learn and they are memorising; this made them learn how
to accept things, which is not 1 want to do. | use these methods and try to teach
concepts using technology, in order not to raise a generation who does not

ask questions and reasons, does not wonder things and does not try to reach
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the information themselves. Because if | encourage them to search, I could be

a more successful teacher.

10) Would you like to add something?
TR: Kolay gelsin Ipek, basarilar diliyorum.
EN: Good luck with your studies Ipek.
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Follow-up Interview with Melody
1) How did you feel about the lesson today?

TR: Oncelikle seninle tekrar goriismek ¢ok giizeldi. Bandirma’da liseden
mezun oldugumuzdan beri gorismemistik. O zaman da seninle birlikte staja
gitmistik. Hatirliyor musun? Birbirimizi izlemistik. Simdi de sanki o
zamanlara donmiis gibi oldum. Her sey ¢ok giizeldi bence.

EN: First of all, it is really good to see you again. We haven’t seen each other
since Bandirma Teacher Training High School graduation ceremony. During
high school, we went to a middle school as practicum together. Remember?
We watched each other while teaching. | felt like I was in high school again.

It was really good experience for me.
2) What did you want to achieve with GeoGebra?

TR: Cisimlerin farkli yonlerden goriiniimlerini Ogretmeye c¢alistim.
GeoGebra’y1 da bunu gostermek i¢in kullandim. Cocuklara tahtada farkli
sekiller verdim. GeoGebra ile de bunlarin farkli yonlerden goriiniimlerini
gosterdim. Mesela 6grenciye seklin 6nden goriinimiinii sordum. Sonra da
cevabini GeoGebra ile gosterdim.

EN: 1 tried to teach different views of three dimensional figures. | gave
different figures to students on the board. | showed their views using
GeoGebra. For example, | asked front view of the figure. After students’

answer, | showed front view using GeoGebra.

3) What went well do you think? Were they any expected or unexpected

problems?

TR: Ogrencilere gecmeli kiip versem bunlar1 oyuncak olarak kullanirlardi.
Ama GeoGebra’nin kontrolii bende. O yiizden sinifi rahatlikla yonetebildim.
Ogrencilerin goriiniimleri hayal etmesinin zor olacagm diisiiniiyordum. Her

sene bu konuya geldigimde 6grenciler ¢ok zorlantyor. Yine tahmin ettigim
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gibi Ogrenciler 6grenmede zorlandilar. Ancak GeoGebra sekilleri ve
goriiniimlerini gorsellestirmelerine yardim etti.

EN: If I would give linking cubes to students, they might use them as toys.
However, | can control GeoGebra myself. Therefore, | could easily manage
the class. Every year, students have difficulty to learn this concept. As I
predicted before, they again find it difficult to understand. GeoGebra helped

me to provide a visual representation of the figures and their views.
4) How often do you use GeoGebra in your classes?

TR: Ozellikle besinci ve altinci smiflarda kullanmaya ¢alisiyorum, haftada
bir diyebilirim. Yedinci ve sekizinci siniflarda TEOG sinav1 oldugu i¢in, daha
¢ok, soru ¢6zmeye odaklaniyorum. Yani ayda bir ya da iki kez kullaniyorum.
GeoGebra aktiviteleri ¢ocuklar i¢in daha somut ve akilda kalici oluyorlar.
Ciinkii konunun mantig1 daha rahat anlasiliyor. Ayrica dersi daha zevkli
buluyorlar ¢ocuklar. Hem benim i¢in hem onlar i¢in motivasyon araci.

EN: I generally use GeoGebra at the fifth and sixth grades, almost every
week. Because there is TEOG Examination, I am mostly focussing on solving
problems at the seventh and sixth grades. I can say, | am using it once or twice
a month. I think it is more concrete and easy to remember the concept if | use
GeoGebra. Moreover, students enjoy if | integrate it to my classes. It is a

motivation tool both for my students and me.

5) Which curriculum objectives in seventh grade do you think are most
appropriate to use GeoGebra?

TR:

a. Tam sayilar

b. Oran — Orant1

c. Rasyonel Sayilar

d. Denklemler (Dogrusal Denklemler)

e. Dogrular (Paralel Dogrular)
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Integers

Ratio and Rate

Rational Numbers

Equations (Linear Equations)

Lines (Parallel Lines)

6) What are your goals to use GeoGebra in your lessons in general?

TR:

a.

Kesinlikle, 6grencinin daha iyi Ogrenip, konuyu kavramas: igin
kullantyorum.

Zamandan su sekilde kazaniyorum. Konuyu baslangigta gorsellestirmek
ve mantik oturtmak icin kullaniyorum. Ezbere yer vermemis oluyorum
¢linkii konunun mantigin1 6grenmis oluyorlar. Bdylece konu ilerledikge
ve sorular1 ¢ozerken ¢ok zorlanmiyoruz ve okuldaki diger siniflardan

daha hizli ilerliyoruz.

EN:

7)

Most importantly, |1 am using for students to make their learning better
and make them grasp the concept.

| am saving time. It helps me to provide visual representations and helps
students to understand the logic behind the concept and therefore concept
better. My students do not need to memorise because they always learn
the logic behind the concept. Thus, when | was solving more difficult
problems, my students do not have difficulty to solve and we are moving

to other topics faster than the other classes in my school.

Do you think it is effective? Why is that? Can you give specific examples?

TR: Evet, ¢linkii 2 boyutta bir konuyu anlatmak ne kadar zorsa, 3 boyutta

evirip gevirerek her perspektiften bir sekil gostermek o kadar etkili oluyor.

En giizel 6rnegi ise prizmalar ve acilimlari.
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EN: Yes, because teaching three dimensional figures by showing their
different perspectives using GeoGebra is more effective than showing them

using only two dimensions. The best example is prisms and their faces.

8) What are the difficulties you faced while integrating GeoGebra to your
classes? Can you give specific examples?

TR: Smiflarimizda akilli tahta var ancak internet yok bu yiizden eglenceli
Ogretici oyunlar1 oynatamiyorum, oysa GeoGebra’nin kendi sitesinden
indirebilecegim bir siirli 6rnek var. Ayrica bazen hazir GeoGebra’larin
uygulamalarmin videolarmi buluyorum. izletmem gereken videolar: ya da
gostermek gereken sorulart her seferinde indirip flash bellege atmam
gerekiyor. Diger olumsuzluk ise ¢ocuklarin bu tiir akilli yazilimlar1 oyun
malzemesi olarak gormesi ve kargasa cikariyor olmasi, ¢ocuklar sinifta
degilmis gibi davranmaya basliyor. Ogretmenin bu konuda dikkat etmesi
lazim, diye diiglinliyorum. Ayrica teknolojiye baglanip gereginden fazla da
kullanmamak gerekiyor.

EN: We (as school) have interactive whiteboards, but we do not have Internet
connection in school anymore. On the other hand, there are many samples of
GeoGebra files to download to use in class. Also, sometimes, | am finding
videos of implementations. Every time, | am using my flash drive to save
those videos and questions. Another difficulty is that students see software
like this as a game and they start to behave like they are out of the classroom.
Teachers should be careful about classroom management. Moreover, they

should not use GeoGebra or any other software more than they need.

9) How do you overcome those challenges? What are your instructional

methods/ strategies to overcome?

TR: Konunun geregi ne kadarsa, o kadar kullaniyorum. Ciinkii onun benim
tizerimde, yani GeoGebra’nin benim tizerimde hakimiyeti olmamali, ben ona
hakim olmaliyim. Grup ¢alismas1 yaptiriyorum. Bazen de 6diil ve ikincil ceza

kullaniyorum. Yani istemedigim bir seyi yaparlarsa istedikleri bir seyden

76



mahrum birakiyorum onlar1. Mesela, teneffiise ¢ikarmiyorum. Ayrica onlara
da kendilerini géstermeleri i¢in firsat tantyorum. Beyin firtinasi yaptirtyorum
mesela. Boylece hem aktif oluyorlar hem daha hevesli.

EN: I am giving enough time for the usage of this software, which depends
on the concept | teach. Because | want to manage my classes, not GeoGebra,
I am dividing students into groups. Also sometimes | am giving presents and
secondary punishments. This is, for example, if they do something | do not
want them to do, | am not giving something that they want like I am not
allowing them to go out during the break. I am giving a chance to my students
to show their knowledge to their friends and me in these groups. This made

my students more active and more enthusiastic.
10) Would you like to add something?

TR: Seni tekrar gérmek cok giizel oldu. istedigin zaman siifimda galisma
yapman i¢in gonilliiyiim. Baska ekleyecegim bir sey yok.
EN: It is excellent to see you again. | always volunteer for your studies. This

is all I want to say.
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Follow-up Interview with Denise
1) How did you feel about the lesson today?

TR: Ders giizeldi. Aslinda ne kadar seni tanisam da biraz heyecanlandim sen
derse girince. Ogrencilere konuyu dgretmeye baslamistim. O yiizden de 6n
bilgileri vardi. Bu da beni biraz rahatlatti agikgasi.

EN: It was good. Even though | know you, | was a little nervous at the
beginning of the class. | started teaching this concept last week. Therefore,

students had prior knowledge. To be honest, this helped me feel relaxed.
2) What did you want to achieve with GeoGebra?

TR: Ben teknolojiyi 6grenmeyi pekistirmek i¢in kullandim. Kesirleri
ogretmistim. Onunla ilgili sorular sordum ve sordugum sorularin cevaplarini
teknoloji kullanarak gosterdim. Boylelikle de 6grencilerin 6grenmesini
kalicilastirmaya ¢alistim.

EN: I used technology in order to intensify students’ learning. I’ve already
taught fractions to students. | asked questions related to this concept, and |
showed answers to the questions using technology. This also helped students
learning by making it as permanent as possible, at least, I tried it.

PS: She used the word technology instead of GeoGebra.

3) What went well do you think? Were they any expected or unexpected

problems?

TR: Baz1 6grenciler i¢in sekilleri GeoGebra ile gostererek olumlu oldu.
Ancak bazi 6grenciler zaten konuyu anladiklar i¢in, onlar i¢in zaman kayb1
gibi oldu bu ders. Sinifin diizenini bozdular biraz. Sorular1 hizlica ¢ézdiiler
ve geriden gelen arkadaslarini da konusturmaya basladilar. Bu konuda ilk kez
GeoGebra kullanmay1 denedim. Sanirim 6niimiizdeki sene, konu anlatiminda

kullanmay1 tercih edecegim.
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EN: GeoGebra was helpful for some students who has middle and low levels.
On the other hand, it was time-consuming for successful students, because
they have already understood the concept. These successful students started
talking while I was showing answers of the questions. They solved problems
on the activity sheet very fast and started disturbing low and middle-level
students, who need to listen to my explanations. | used GeoGebra in other
concepts, but this is the first time | am using it in this concept. Next year, |
will use GeoGebra while | am teaching the concept, not while | am solving

the problems.
4) How often do you use GeoGebra in your classes?

TR: En az haftada bir kullanmaya galistyorum. Ciinkii 6grenmeye yardim
ettigini diislinliyorum.
EN: I'am trying to use it at least once a week because I think it helps students’

learning.

5) Which curriculum objectives in seventh grade do you think are most
appropriate to use GeoGebra?

TR:

a. Faiz hesaplamalari

b. Yiizde hesaplamalari

o

Cemberde ag1 gesitleri (merkez a¢1 ve gevre ag1, ayrica, yay uzunlugu)

e

Analitik Geometri (koordinat diizlemi)
EN:

Interest rate calculations

o &

Percentage calculations

o

Angle types (central angle and inscribed angle, also arc lengths)

o

Analytic geometry (coordinate systems)
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6) What are your goals to use GeoGebra in your lessons in general?

TR:

a. Ogrencinin 6grenmesine yardim etmek

b. Kendim agisindan kolaylik saglamasi, malzeme getirmeye ugragsmiyorum

C. Zaman kazandirmasi, sekil ¢cizmeye ugragsmiyorum, soru ¢ézmeye olan
vaktim artiyor.

EN:

a. To help students’ learning

b. To decrease my work, no need to carry manipulatives to classrooms

c. To save time, no need to draw figures to the smartboard, instead, | am

solving problems in this extra time.

7) Do you think it is effective? Why is that? Can you give specific examples?

TR: Evet, matematik soyut bir bilim oldugundan, bu dénemde de 6grencilerin
somut 6grenmelerinin daha kolay oldugunu disiindiigiim i¢in, kalict 6grenme
saglayacagini diisiiniiyorum. Mesela, kesirler konusunu anlatirken, bir elma
gotiirlip onu birebir es iki es parcaya ayirmak miimkiin degil. GeoGebra
kullanmadigim zamanlarda boyle anlatmaya ¢alistyordum. Cocuklara da siz
bunlar1 esitmis gibi diistiniin, diyordum. Ama i¢ime de sinmiyordu. Simdi ise
kolayca GeoGebra’da bunu yapabiliyorum ayrica, elma tasimak zorunda da
degilim.

EN: Yes, because mathematics is an abstract science and because students at
this age could learn better with concrete things, I think GeoGebra can provide
effective visuals for students’ learning. For example, while teaching fractions,
I was taking an apple with me and dividing it into two halves; however, it is
almost not possible to divide it into two equal parts. | was saying students that
please assume they are equal to each other. I also thought that there should be
another better way to teach this concept to students. Now with GeoGebra, |
could do this easily and fast, and | do not need to carry and apple.
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8) What are the difficulties you faced while integrating GeoGebra to your

classes? Can you give specific examples?

TR: Ogrenciler teknolojiyi ders disi bir arac/alet olarak gériiyorlar. Onlarin
bu diistincesini degistirmek benim i¢in ¢ok dnemli. Bu okuldaki birinci yilim,
daha once Aydin’daki bir okulda galismistim. Onlar, benim derste teknoloji
kullanmama ve teknoloji ile 6grenmeye alismiglardi. Bu okulda da aynisini
saglamaya c¢alisiyorum.

Ipek: Baska ne tiir sorunlarla karsilasiyorsun?

- Okulda internet olmasina ragmen maalesef tahtamiz ile uyumlu degil. O
yiizden tahtaya sadece flash bellek ile bir dokiiman aktarabiliyorum. Bu
benim igin bir zorluk. O yilizden de internet baglantis1 gerektirmedigi igin
GeoGebra kullanmay1 segtim.

Ipek: Onun disinda?

- Bazen de zaman kaybi1 oluyor benim i¢in. Flash bellegi ders sirasinda tak,
GeoGebra’y1 agmaya ¢alis... Bu arada 6grencilerin konsantrasyonu gidiyor,
konusmaya bagliyorlar. Onlar1 toparlamaya ugrasiyorum. Tekrar derse
dondiirmeye ¢alisiyorum. Sonrasinda da bazen ders amacindan ¢ikmig

oluyor, konu dagiliyor.

EN: Students think GeoGebra is an out-of-course tool. It is important for me
to change this opinion. This is my first year in this middle school; I worked
in another middle school which is in a village of Aydin, before. Students in
that village got used to seeing GeoGebra in the classroom; they started to see
it as a lesson material and began to learn with GeoGebra. | am trying to do
the same in this school.

Ipek: What are the other challenges?

- Even though we have Wi-Fi in school, it is not possible to use in with the

interactive whiteboard. Therefore, | am always using flash drives to upload
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documents to the board. It is a challenge for me. This is the main reason why
I chose GeoGebra to use because it does not require an Internet connection.
Ipek: What else?

- Sometimes using GeoGebra is time-consuming. Inserting flash drive to the
interactive whiteboard and starting GeoGebra take time. In these times,
students may lose their concentration, and they start talking. 1 am spending
too much effort taking their attention again. And, even, sometimes, it is not
possible to have time to take their attention. Using GeoGebra is not the
purpose of my course, it is a tool to enhance learning so after losing students’

attention no need to carry on with it.

9) How do you overcome those challenges? What are your instructional

methods/ strategies to overcome?

TR: Derse erken gelip GeoGebra’yi dersin basinda kullanmaya ¢alisiyorum.
O ylizden de ya dersin baginda konu anlatirken kullantyorum. Ya da, mesela,
konuyu bitiriyorum, tekrar sorularini ¢ozerken kullaniyorum. Soru-cevap
yontemi ile ilerliyorum dersimde. Mesela, konuyu teknoloji ile anlatiyorum.
Sonrasinda soru soruyorum, teknoloji yardimiyla, evde daha Onceden
hazirladigim, cevabi gosteriyorum. Beyin firtinasina daha fazla zaman kalmig
oluyor. Cevabi uzun uzun tartistiktan sonra direkt hazirladigim cevabi
gosteriyorum. Bazen 6grencilerden kendi cevaplarini ¢izmelerini istiyorum.
Sonra da hazirladigim cevabi agiyorum ve ikisini karsilagtirmalarina firsat
oluyor. Hatanin nerede oldugunu konusuyoruz. Neden oldugunu tartisiyoruz.
EN: I am trying to go to the class earlier than the classroom time. After being
sure that GeoGebra is ready to use in the break, students are coming, and |
am not losing time. Therefore, | often use it at the beginning of the classroom
while teaching a concept. | am continuing to the class with question-answer
method. | am asking a question and showing the answer, which | prepared at
home not to lose time, after the discussion. By doing this, | have time for
brainstorming. After discussing the answer to the question —longer than

without using GeoGebra-, I am showing my own answer. Sometimes, | am
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asking students to solve the problem on the board and then opening my own
answer. They are comparing their answer with the right answer, and we are

talking about where the mistake is and why it is a mistake.
10) Would you like to add something?

TR: Aslinda bakanliga bir an once internet ile akilli tahtalarin bir sekilde
uyumlu olmasini saglayan bir yazilim ya da bir sey getirmesini soylersen, gok
mutlu olurum. Ciinkii okulumuzda internet olmasina ragmen smiflarda
kullanamiyorum. Bagka bir sey yok. Tesekkiirler.

EN: Indeed, if possible, | will be happy if you can ask to the ministry whether
there is a way/software to connect interactive whiteboard with Wi-Fi.
Because even though we have the Internet, | am unable to use it in my classes.

This is all | want to say. Thank you.

83



Follow-up Interview with Hande
1) How did you feel about the lesson today?

TR: 6-7 yil sonra seni gormek giizeldi. Sana diiriist davranmak istiyorum. Bir
an derse baslarken, elim ayagima dolandi agikgasi. Sonrasinda rahatladim
ama. Normalde yaptigim gibi dersi anlatmaya devam ettim.

EN: It was good to see you again after 6-7 years. | want to be honest. While
starting to my class, | was incredibly nervous; even my hands were shaking.
After some time, | felt relaxed. And, then, I continued to my class like I did

as usual.
2) What did you want to achieve with GeoGebra?

TR: Cemberde agilar konusunu 6gretmeye ¢alistim. Cevre ve merkez agilarla
ilgili konuya gelmistim. Gorsel olarak, yani ¢ember cizerek, sorulari
GeoGebra iizerinde gosterdim. Ogrencilerin dgrenmesini kolaylastirmaya
calistim.

EN: I tried to teach angles of circles to my class. | had already started to the
concept circle, and | had come to the topic related to central and inscribed
angles. Visually, by drawing figures in the questions, I solved questions using

GeoGebra. I tried to enhance students’ learning.

3) What went well do you think? Were they any expected or unexpected

problems?

TR: Smiflarin seviyeleri birbiri ile ayni olmuyor. O yiizden okulda seviye
smiflar1 yaptik. Maalesef bakanligin sana izin verdigi zamanda, basari
seviyesi daha diisiik olan bir sinifa dersim vardi. O yiizden de, konunun zor
kisimlaria ¢ok fazla giremedik. Yiizeysel olarak anlattim. Bu zaten genel
olarak bekledigim bir durumdu. Bir problem olmasina ragmen artik problem

olarak gérmedigim bir durum, aligtim.
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EN: Students in different classes may have different levels. Therefore, in this
school, we divided students into classes according to their achievement
scores. Unfortunately, when you came my class was with the class in which
generally students with lower level existed. Thus, the teaching was
superficial. It was an expected problem. However, it is still a problem, and |

just got used to it.
4) How often do you use GeoGebra in your classes?

TR: Agik¢asi geometri konular1 geldik¢e GeoGebra kullaniyorum. Yani bu
donem hemen hemen her hafta yer veriyorum.
EN: Actually, I am using GeoGebra in just geometry concepts. This means |

am using GeoGebra in almost all weeks of this term.

5) Which curriculum objectives in seventh grade do you think are most
appropriate to use GeoGebra?

TR:

a. Geometrik Cisimler

b. Tirk Bayrag: Cizimi

o

Cemberde Ag¢1 Cesitleri

e

Analitik Geometride Koordinat Diizlemi konusu

EN:

a. Geometric Objects (Prisms, Cylinder, Cones)
b. Turkish Flag Drawings

c. Angle Types in Circle

d. Analytic Geometry, specifically, coordinate system

6) What are your goals to use GeoGebra in your lessons in general?
TR:

a. Gorsellestirme ve daha somut bir 6rnek olusturma

b. Cizimi kolaylagtirmak ve hizlandirmak

c. Zamandan kazanmak ve daha ¢ok soru ¢6zmek
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EN:
a. Visualisation and giving more concrete examples
b. Facilitating and speeding up the drawing

c. Saving time and solving many problems in extra time

7) Do you think it is effective? Why is that? Can you give specific examples?

TR: Etkili. Sebebi de soyle, 6ncelikle ti¢ boyutlu diisiinmeye firsat veriyor.
Sekilleri dondiirmeye olanak sagliyor, oteleme gibi transformasyonlar
yapabiliyoruz. Spesifik bir 6rnek vermem gerekirse en uygun olarak silindir
ve prizma gibi konularda etkili olabilir. Silindir, prizma gibi cisimlerin alan
ve hacim hesaplamalarinda yardimeir olur ¢iinkii. Bunlari 6grencilere
anlatmak normalde ¢ok kolay degil. Ama GeoGebra kullandigim zaman
bunlar1 ¢ok daha rahat yapabiliyorum ve 6grencilerin anlamasina da yardim
ediyor. Mesela silindirin alanini anlatirken, silindiri GeoGebra’da agiyorum
ve gosteriyorum. Normalde plastik silindir kullansam agma ihtimalim yok.
Kagt silindir kullansam yiprantyor. Yani, bu sekilde...

EN: Itis effective. The reason is that it is giving a chance to three dimensional
thinking. It is the tool to show all transformations, like iteration and rotation.
If I need to give a specific example, the most appropriate concepts to explain
its effectiveness are cylinder and prisms. It can be used while teaching area
and volume of the cylinder and prisms because it also helps the measurement.
These concepts are not easy to teach/explain. However, GeoGebra makes
these concepts easier to understand for students and easier to explain for me.
For example, while teaching the area of the cylinder, | am opening a cylinder
and showing it to students using GeoGebra. Normally, if | use a plastic
cylinder, I cannot open it. Or, if | use a paper cylinder, it is fraying. Yeah,
this...

8) What are the difficulties you faced while integrating GeoGebra to your

classes? Can you give specific examples?

86



TR: Aslinda ben siifta degil de sinifin disinda daha ¢ok problem yasiyorum.
Sinifa gittigimde her seyi onceden hazirladigim ve bildigim igin pek sorun
olmuyor. Bazen hizli 6grenen smiflarda sorun oluyor. Benim cevabi
GeoGebra’da yapmami beklerken sabirsizlanabiliyorlar. Benim i¢in sorun
ogrenme ve hazirlik asamasinda. Yani, GeoGebra’yr derste kullanabilmek
icin evde onceden hazirlik yapmam gerekiyor. Bu da beni ders disinda
calismak zorunda birakiyor. Bazen bos derslerimde, bazen de evde hazirlik
yaptyorum. Hu, sinifta soyle bir sorun olabilir. Elektrikler kesilebilir. Elektrik
kesildiginde yaptigim tiim hazirlik bosa gitmis olur. O yiizden GeoGebra
kullanirken mutlaka bir B planimin olmas1 gerekiyor. Bu kadar...

EN: Actually, I am living problems out of the classroom. When | came to
class, because | am already prepared, | am not living so many problems.
Sometimes, | am living problems in classes which have higher level students.
They are, at times, impatient while waiting for my drawing in GeoGebra. The
difficulties | faced are during my learning of GeoGebra software itself and in
my preparation time. This is, to use GeoGebra in my class, | need to prepare
GeoGebra activities out of the classroom. Therefore, | have to work after or
before school. Sometimes, | am developing those activities between my
classes in my break times; sometimes I am doing this at home. Hu, there could
be difficulty in the classroom. The electricity might go off. If so, all
preparation is useless. Therefore, | always need a Plan B for my classes with
GeoGebra. This is it.

9) How do you overcome those challenges? What are your instructional

methods/ strategies to overcome?

TR: Elektrik kesintisi gibi bir sorun i¢in ben bir sey yapamam. Ama mutlaka
bir B plan1 hazirliyorum, dedigim gibi. Yanima GeoGebra’da hazirladigim ya
da daha once hazirlanmis olarak buldugum aktivitenin bir tane de ¢iktisini
aliyorum. Boylelikle 6grencilere soracagim sorular elimde oluyor. Olur, da
elektrik giderse, hemen oradan tahtaya yazmaya basliyorum. Hizl1 6grenen

ogrencilerin oldugu basar1 siniflarindaysa ¢ocuklar soruyu ¢ozene kadar
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bekliyorum, sonra direkt hazir cevaplari gosteriyorum. Mesela yavas 6grenen
ogrencilerin oldugu smiflarda benim ¢izimime, nereden basladigimi, hangi
adimlar1, hangi sirayla uyguladigimi gérmeye ihtiyag duyuyorlar. Onlara
direkt cevabi gostermiyorum, birlikte ¢iziyoruz.

EN: | cannot solve problems related to electricity. But, certainly, I am
preparing a Plan B for my classes, as | said before. I am printing out the
GeoGebra activity | prepared or | found. This way, | have all the questions |
will ask during my class. In case the electricity goes off, immediately, | start
writing using those papers. Other than these, | am giving time to students who
are fast learners and in the success class to solve problems; then | am directly
showing the answer. There are classes in which lower level students are
collected, in those classes, students need to learn starting point, and all the
steps will be followed to solve the problem. I am not directly showing the

answer to them; we are drawing at the same time.
10) Would you like to add something?

TR: Vallaha Ipek, acik¢asi cevaplarim seni tatmin etti mi bilmiyorum ama
elimden geldigince aklima gelen her seyi anlatmaya calistim. Ingallah
calismana biraz da olsa yardim edebilmisimdir.

EN: To be honest, | am not sure whether | gave the answers needed but I tried
to explain every single idea which comes to my mind. | hope, I could help

your study.
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APPENDIX C. TPACK SURVEY

TEKNOLOJIK PEDAGOJIK ALAN BILGISI (TPAB) ANKETI

Saym d@retmen, anketimiz Nottingham Universitesi*nde yiksek lisans yapmakta olan Ipek Saralar'm tezi
kapsaminda yazmakla yikiimli oldugu projenin bir pargasidir. Teknolojik Pedagojik Alan Bilgisi (TPAB)
dEretmenlerin teknolojt bilgilerini ve &gretmenlik bilgilerim belli disiplinler: dgretirken nasil kullandigiyla
ilgili diigiinme bigimidir. Bu anket sizlern ilkdgretim Teknolojik Pedagopk Alan Bilgileninizi ve bunlar

haklndaki diigiincelennizi 6lgmek amaciyla hazirllanmgtir.

Liitfen agagida ifade edilen her maddey: okuyup, sizin digiincemizi en 1yi vansttan sadece bir secenefi
saretleymmiz. Anketin en sonunda kisisel bilgileniniz sorulmakta, ancak 1smimzi belirtmeniz istenmemektedir.
Cevaplarmiz gizh tutulacaktir. Anket, Ars. Gor. Aykut BULUT un tez ¢aligmasinda kullandig sorulardan

olugmaktadr, 51 sorudur. Anketi doldurmaya zaman ayirdiginz 1¢in tegekkiir ederiz.

g g g
- g § E |8
2a 05| 4 § g8 |HE
GE 5| wf wiE 5|95
iE B |BEEEE £ | 8%F
< S T I | I | 2 =
1. Ogrencilerin sinif it performanslarm nasil degerlendirecegimi biliyorum. 1 % 3 4 3 6
2. Ders anlatumim §grencilerin anladiklan veya anlamadiklan konulara gire | 2 3 4 5
uvarlayabilirim.
3. Ogretim yontemimi farkli 6grenme seviyelerindeki dgrencilere gore - 5 : B _ -
dizenleyebilirim. 2
4. Ogrenmeyi zenginlestirmek icin etkili kaynak ve etkinlik segebilirim. 1 2 3 4 3 6
5. Derslerimde gesitli 6gretim yontemlenm kullanabilirim. 1 2 3 4 5 6
6. Ders anlatiwken simfima etkili bir gekalde hikim olabiliim. 1 2 3 4 5 6
7. Farkli 8lgme yontem ve tekniklerim etkih bir sekilde kullanabilirim. 1 2 3 4 5 6
8. Bureysel farkliliklan g6z éniine alarak bir dersi planlayabilinim. 1 2 3 4 5 6
5. Bilgisayarda galigirken kargilagtifim telomik bir sorunu nasil i 9 3 4 _ 5
giderebilecegimi biliyorum. 2
10. Temel bilgisayar donamm pargalarm ve 1slevlenni biliyorum. 1 9 3 4 5 6
11. Temel bilgisayar yazilimlarin (Windows, Office, Powerpomt., Media i 2 3 4 _ 6
Player vb.) kullanabilirim_ 2
12, Sunum araglanm (projeksiyon cihazi, akilli tahta, tepegoz vb.) etkin bir | 2 3 4 _ 5
sekilde kullanabilirim. ]
13. Yem karsilaghgim teknolojileni (donanim veya yazilim) kullanmay - 5 : B _ -
kolaylikla 6renebilirim. 2
14, Aradifim gorsel ve 15itsel teknolojiler: (animasyon, similasyon vb.) ) N 5 4 _ p
kolaylikla bulabilirim (internet yoluyla satin alarak vb.). 2
15. Bilgisayarda ortaya ¢ikan yazilimsal bir sorunu kolaylikla ¢ézebilirim. 1 % 3 4 5 6
16. Ogretim yonteminin etkili olmasim saglayacak teknolojiler secebilirim. 1 2 3 4 3 6
17. Derslerimde kullanacagim &retim yontemime uygun teknolojileri i 2 3 4 _ 6
(donamm veya yazilim) belirleyebilirim_ 2
18. Derslerimde teknolojinin kullamldig: etkinlikler olugturabilirim_ 1 2 3 4 5
19. Dersin igerifim zenginlestirecek teknolojiler segebilinm. 1 % 3 4 3

89



S B f g8,z
o E L
35 5| & 8 8|35
HE H| wE wE F|FE
8 & | B BE £ | §F
MaElod | mA omE MM
20. Teknoloyiyi kullamrken simfi rahathkla kontrol edebiliim. 1 9 3 4 6
21. Yeni bir teknolojinin egitim-6gretimde kullamlabilirligini ~
degerlendirebilirim. Ll 213141516
22. Teknolojiden etkili bir sekilde yararlanarak dersimi planlayabilinm. 1 2 3 4 5 6
23, Ilkogretim matematik 6gretim programindaki geometri konularryla ilgili ~
(geometrik cisimler, gokgenler, cember vb.) yeterli bilgive sahibim. 1 2 3 4 7 6
24. Geometri konulariyla ilgil sorulan kolaylikla cevaplayabilirim. 1 2 3 4 5 6
25, Tlkdgretim matematik 6gretim programindaki geometri konulanim giinlik -
yagamla iliskilendirebilirim. Ll 231413516
26. Geometri konulanim matematigin difer 6grenme alanlanyla ve farkl ~
disiplinlerle (Tarkce, Sosyal Bilgiler vb.) iliskilendirebilirim. 1l 2|34 56
27. Geometri konularinda kendimi geligtirmek i¢in aragtirmalar yapabilirim. 1 2 3 4 5 &
28, Tlkdgretim programinda yer alan geometri konularindaki matematiksel ~
kavramlan (dogm, nokta, agi kavrami vh.) agiklayabilinim. 1 2 3 4 2 6
29. Ilkdgretim programinda yer alan ispatlan yapabilirim. 1 2 3 4 5 6
30. Ogrencilerin geometri konulanm dgrenme siireclerine yardime olacak ~
etkili dgretim yantemlerini segebilirim. 1l 2|34 56
31, Ogrencilerin geometri konularindaki kavram vamlgilarin belirleyebilirim. 1 2 3 4 5 &
32. Geometrivi dgretirken gesith 6gretim yontemlerim (problem ¢dzme, -
kegfederek dgrenme vb. ) kolaylikla kullanabilirim. T
33. Ogrencilerin kavram yanilgilarinin nedenlerini belirleyebilirim. 1 2 3 4 5 6
34, Ogrencilerin dFrenme ditzeylerini belirleyebilirim. 1 ) 3 4 5 6
35, Geometrivle ilgili dgrencileri grenmeyve giidilevebilecek bir ders -
planlayabilitim_ Lz 3456
36. Ders anlatirken geometrivi difer matematik konulariyla iliskilendirebilirim | 4 2 3 4 5 6
37. Ogrencilerin thtivaglari gz dniine alarak geometrivle ilgili etkinlikler ~
hazirlayabilirim. 127314156
38. Geometnde hangi tiir teknolojilerin (yazilim, vb.) kullanildigim biliyorum. 1 % 3 4 5 6
39. Geometn konularinda hangi bilgisayar yazilimlanmin (Geometer's ~
Sketchpad. Logo. Geogebra, C.AR. vb) oldugunu biliyorum. 1 2 3 4 2 6
40. Hangi donammsal teknolojilerin (projeksiyon cihazi, hesap makinesi, akilh i 5 3 4 - 6
tahta vb.) geometri konularinda kullamlabilecegini bilivorum. .
41, Geometriyi Sgretirken teknolojiyi ve dgretim yontemimi etkili bir sekilde -
bir araya getirebilirim. 1 2 3 4 . 6
42, Ogrencilerin 6grenimini zenginlegtirecek teknolojiler segebilirim. i 2 3 4 5 6
43, Diger dgretmenlenn geometr: 6gretiminde, teknolojiyi ve dgretim ) ) 3 P ~ s
5

vontemlerini bir araya getirmelerine vardimes olabilirim.
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44, Teknolojiyi ve farkli 6gretim yontemlerini kullanarak geometri konularini ~
etkili bir sekilde anlatabilirim. 1213|456
45. Gorsel ve 1gitsel teknolojileri (arumasyon, simiilasyon vh.) geometri ~
ogretirken kolaylikla kullanabilirim. 1121314 |5]6
46. Geometri dgretiminde teknoloji kullanirken dgrencilerin kargilastigs bir _
sorunu (donammsal veya yazilimsal) rahatlikla ¢ozebiliim. 1 2 3 4 = 6
47. Teknolojivi ve &gretim yontemimi etkili bir bigimde bir araya getirerek ~
geometri dersimi planlayabilirim. 1 2 3 4 . 6
48, Dinamik geometri ve matematik yazilimlanim (Geometer’s SketchPad, _
GeoGebra, Cabrn, vb.) nasil etkili kullanabilecegimi biliyorum. 1 2 3 4 = 6
45, Dinamik geometri ve matematik yazilimlarim kullamrken bir sorunla ~
kargilashifimda nasil ¢dzecegimi biliyorum. 1 2 3 4 2 6
50. Geometri konularim 6gretmek igin dinamik geometri ve matematik ~
yazilimlarim kullanabilirim. 11213 14|56
51. Geometriyi dinamik geometri ve matematik yazilimlan ile Sgretirken i ) 3 4 ~ p
5

dgrencilerin dgrenme diizeylerin etkili bir sekilde degerlendirebilinim.

Anketimiz bitmigtir. Vakit ayirdiginiz igin tegekkiir ederiz.
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APPENDIX E. TURKISH MINISTRY PERMISSION
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llgi @ ap02:03:2013 1arihli ve 29343 say il Resmi Gaveic'de vayimlanan Tebligi.
b} Londra FEgitim Miigaviciginin 217012006 tarhli ve 733211 savile vacasi,
¢} Temel Fitim Genel Midiirliganiin 160272016 wnhli ve 18K savals yass,
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APPENDIX F. PARTICIPANT INFORMATION SHEET

A Study on Middle School Mathematics Teachers' Beliefs and Goals

Regarding the Use of Dynamic Geometry Tool —-GeoGebra

What is the project about?
Discovering middle school mathematics teachers’ beliefs and goals on the usage of GeoGebra
What are the aims of the research?
1. Understand middle school mathematics teachers' -who are experienced with GeoGebra—-
beliefs about usage of GeoGebra in middle school mathematics classes
2. Understand middle school mathematics teachers’ goals/purposes while using GeoGebra
3. Study how middle school mathematics teachers use GeoGebra in middle school,
including strategies and methods, and topics they use
Wheo else is and can be involved?

Other middle school mathematics teachers who are experienced with GeoGebra software

What sorts of methods are being used?

Observation, Interview and Survey

What are you being asked to do?
Open your one of the classes to the researcher for observation (40 minutes).

Answer guestions about your beliefs and goals on the usage of GeoGebra, motivation to use
GeoGebra and personal use of GeoGebra. There will be an interview, lasting between 30
minutes and 45 minutes and a survey having 51 questions.

Wwill your participation in this study be kept confidential?

The data we collect will be treated confidentially, and only the researcher and the researcher’s
supervisor will have access to the raw data. All information collected while carrying out the
study will be stored at a location which is password protected and strictly confidential. Any
resulting digital or textual data resulting will be kept in a secure and cenfidential location until
the researcher's graduation at which time it will be deleted.

In this report all participants involved will be anonymous and their pseudo names will be used
while reporting. Photos illustrating the werk and learning process of the participants might be
used with their approval.

We are committed to carrying out our research according to the ethical guidelines provided by
the British Educational Research Association (online at http://tinyurl.com/6rsjuen ).

Do you have to take part?
Your participation is entirely voluntary. It is important for you to understand that you do not

have to participate in the project at all, and that you can decide to withdraw from the project
at any point. We will not ask you to participate without you formally providing your consent.

Who is supporting this research and who is carrying it out?

Researcher: Ipek Saralar / saralar.ipek@gmail.com (ttxisé@nottingham.ac.uk) /
+44 (0) 749 016 3201 / +90 (535) 965 4047

Supervisor: Professor Shaaron Ainsworth / shaaron.ainsworth@nottingham.ac.uk

School of Education Research Ethics Coordinator: educationresearchethics@nottingham.ac.uk
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APPENDIX G. PARTICIPANT CONSENT FORM

PARTICIPANT CONSENT FORM

Project title : A Study on Middle School Mathematics Teachers'
Beliefs and Goals regarding the Use of Dynamic Geometry Tool —GeoGebra
Researcher’'s name : Ipek Saralar, MA - LTE

Supervisor's name : Shaaron Ainsworth, PhD

s+ I have read the Participant Information Sheet and the nature and purpose of
the research project has been explained to me. I understand and agree to
take part.

+ I understand the purpose of the research project and my involvement in it.

+ I understand that I may withdraw from the research project at any stage and
that this will not affect my status now or in the future.

s+ I understand that information gained during the study may be published.

+ I understand that my name will be changed and my identity anonymized for
the writing of the dissertation.

s I have the right to refuse the publishing of possibly sensitive materials,
including photos illustrating my work and learning processes, as well as the
name of my business.

+ I understand that I will be audiotaped during the interview.

+ I understand that all data obtained during this study will remain confidential
and used solely for research purposes. During the writing of the report, the
data will be stored electronically, on the researcher’'s personal computer, and
will be protected by anti-virus software and retained on the local hard disc
under secure protection.

s+ I understand that I may contact the researcher or supervisor if I require
further information about the research, and that I may contact the Research
Ethics Coordinator of the School of Education, University of Nottingham, if [
wish to make a complaint relating to my invelvement in the research.

Contact details

Researcher: Ipek Saralar / saralar.ipek@gmail.com (ttxisé@nottingham.ac.uk) /
+44 (D) 749 016 3201 / +90 (535) 965 4047

Supervisor: Professor Shaaron Ainsworth / shaaron.ainsworth@nottingham.ac.uk

School of Education Research Ethics Coordinator: educationresearchethics@nottingham.ac.uk
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