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ABSTRACT

THE DEVELOPMENT PROCESS OF CONTEXTUAL BASED INSTRUCTIONAL
GEOGEBRA WORKSHEETS FOR TURKISH HIGH SCHOOL MATHEMATICS
TEACHERS

Hamide Akkoca

M.A., Program of Curriculum and Instruction

Supervisor: Assoc. Prof. Dr. Erdat Cataloglu
May 2014

The purpose of this study was to develop contextual based geogebra worksheets to
help Turkish high school mathematics teachers learn how to use GeoGebra
appropriately and efficiently in teaching and learning of geometry. The Ministry of
National Education [Milli Egitim Bakdnlzgz] (MEB) has recently published a new
mathematics curriculum to be taught in all high schools in Turkey from September
2013. The new curriculum contains geometry lesson objectives which require
mathematics teachers to prepare a lesson combined with GeoGebra. However,
Turkish high school mathematics teachers are not provided with anylessons or
provided with limited lessons concerning GeoGebra by Council of Higher Education
[Yiiksekigretim Kurulu] (YOK). Within this context, the results of the study are of
great importance that Turkish high school mathematics teachers do not have only
necessary skills to use GeoGebra but also how to usé GeoGebra to achieve geometry
lesson objectives written in the new curriculum.

The participants of the study consisted of 7 first year pre service mathematics
teachers who were enrolled in Graduate School of Education at Bilkent University in

2013. In this study to collect data, a survey with 7 diferent parts which have 63




questions in total on a 5 level Likert and alsothrough verbal was utilized and written
feedbacks which were provided by first year pre service mathenatics teachers were
collected.Simple descriptive statistics was conducted to analyze the data collected
thorough a survey and written and verbal feedbacks were categorized.

The results and findings of the study indicated that intrinsic motivation and general
computer literacy knowledge level are two important factors that affect the learning
of GeoGebra. Intrinsically motivated learners and high level users on general
computer literacy knowledge learn faster and more meaningfully. Another important
conclusion formed from this studyis that learning will happen more effectively when
contextual based worksheets are created by difficulty levels than the contextual

based worksheets are developed considering holistic approach of GeoGebra.

Key words: GeoGebra, dynamic mathematics sofiware, general computer literacy

knowledge, contextual-based learning, pre-service mathematics teachers.




OZET

TUR{( LISE MATEMATIK OGRETMENLERI ICIN OLIJSTURULAN
BAGLAMSAL ICERIKLI GEOGEBRA CALISMA KAGITLARININ
GELISTIRILME SURECI
Hamide Akkoca

Yiiksek Lisans, Egitim Programlari ve Ogretim

Tez Yoneticisi: Dog. Dr. Erdat Cataloglu

Mayis 2014

Bu ¢aligmanin amaci Tiirk lise matematik 6gretmenlerine geometri dersinin
6greniminde ve dgretiminde GeoGebra’ yi1 etkili ve uygun bir sekilde kullanmalarina
yardim etmek igin baglamsal igerikli GeoGebra ¢alisma kagitlar gelistirmektir. Milli
Egitim Bakanlig1 2013 yilinda Eyliil ay1 i¢erisinde Tiirkiye’ deki tiim liselerde
kullanilmak iizere yeni bir matematik miifredat: yayinlamistir. Yeni matematik
miifredatinda matematik 6gretmenlerinin GeoGebra’ y1 kullanarak dersler
hazirlamalarini igeren geometri ders kazanimlari yer almaktadir. Bununla birlikte,
Tiirk lise matematik &gretmenlerine Yiiksek Ogretim Kurulu tarafindan GeoGebra
ile ilgiliders temin edilmemektedir ya da kisith dersler temin edilmektedir. Bu
baglamda bu ¢alismanin sonuglar1 Tiirk lise matematik 6gretmenlerine sadece
GeoGebra’ y1 kullanmak i¢in gerekli olan becerileri kazandirmakla kalmayip ayni
zamanda yeni miifredatta yazan geometri ders hedeflerine ulagmalari i¢in GeoGebra’
y1 nasil kullanacaklarina y6nelik becerileri kazandirmasi agisindan biiyiik Snem
tasimaktadir.

Calismanin katilimeilarin1 2013 yilinda Bilkent Universitesi Egitim Fakiiltesi’ ne

giris yapanbirinci sinif 7matematik 6gretmen adayi olusturmaktadir. Bu ¢aligmada,




veri toplamak igin 7 ayr1 bsliimden olusan ve toplamda 63 tane soru igeren bir
anketten yararlanmigtir ve buna ek olarak birinci sinif matematik 6gretmenleri
tarafindan verilen yazili ve s6zli geri bildirimler toplanmistir. Anket araciligy ile
toplanan veriler basit betimleyici istatistik kullanilarak analiz edilmisyazili ve sézlii
geri bildirimler ise kategorilere ayrilmistir.

Bu ¢alismanin sonuglar1 ve bulgular1 gostermektedir ki igsel motivasyon ve
bilgisayar okur-yazarlig1 bilgisi GeoGebra’ nin 6greniminde biiyiik etkisi olan iki
onemli faktordiir. Igsel motivasyona ve yiiksek seviyede bilgisayar okur-yazarhigi
bilgisine sahip olan kullanicilar daha hizli ve daha anlamli bir sekilde 6grenmektedir.

Bu ¢alismadan ¢ikarilan diger bir 6nemli sonug ise GeoGebra ders hedeflerine

biitiinciil bir yaklagimla hazirlanan baglamsal igerikli ¢aligma kagitlar1 yerine zorluk

seviyeleri temel alinarak hazirlanan baglamsal igerikli ¢aligma kagitlar1 ile daha etkili

bir §grenme gergeklesecektir.

Anabhtar kelimeler: GeoGebra, dinamik matematik yazilimi, genel bilgisayar okur-

yazarlig: bilgisi, baglam temelli 6grenme, matematik 6gretmen adaylari.
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CHAPTER 1: INTRODUCTION

Introduction

| Technology has been used as an aiding tool almost in every part of the life since
ancient times. The rapid changes in the world and the desire for a better life led to of
technological improvements. Living in a world without technology is almost

impossible, and the effect of technology in our lives is inevitable.

As an essential part of our lives, education has been a field on which technology has
a huge impact. With the developments in technology in the second half of the
twentieth century, new potentials were gained, and the rapid transformation of the
teaching and learning of mathematics has been a necessity (Lavicza, 2010).
Therefore, the integration of technology into education can be considered a need for

individuals who grew up with technology.

Over the years, technology integrated lessons have become one of the hot topics with
the increment of the need for technology. Several studies and research were carried

out. Most of the studies indicate that technology has a positive impact on education.

It is well-known that lessons supported with the appropriate use of technology ensure
more effective teaching and leamingvthan lessons taught traditionally. Technology
proficient teachers can use their skills to create a more meaningful learning
environment. Therefore, technology-orientated education becomes more crucial

every day.




Attempts to use technology in education have been gradually increasing in Turkey.
The most important step takén on this issue is the high school mathematics
curriculum developed by MEB. In this new curriculum, teachers are required to use

GeoGebra to facilitate teaching and learning processes.

Although it is a must for mathematics teachers to integrate GeoGebra into their
teachings and learning processes, they receive either limited or no training on
integration of technology. Therefore, they cannot achieve objectives properly. This
study intends to develop contextual-based instructional GeoGebra worksheets for

high school mathematics teachers.
Background

Technology haé been an integral part of mathematics education i.e., the teaching and
learning of mathematical concepts, since the origin of mathematics (Roschelle,
Shechtman, Tatar, Hegedus, Hopkins, Empson, Knudse, & Gallaghe, 2010). For
example, clay tablets were once used to demonstrate calculations. Similarly, it is
been said that Socrates was drawing figures on the sand, to show the basic elements
of geometribc figures while teaching his students. Even earlier on, Abacus was known
to be used by ancient people to perform arithmetic computations not only for trading
purposes but also for educational purposes. (Trouche & Drijvers, 2010). The
foregoing examples demonstrate that technology has been used in mathematics
education as an aiding tool since the very beginning of mathematics education. So it
should not come to a surprise that mathematics teachers and related stakeholders

consistently try to incorporate new technologies into mathematics education

Clearly, the advancements in the technology led to a shift from clay tablets,

compasses, rulers, books, paper, and pencils to digital calculators and computers.




(Trouche & Drijvers, 2010). Now, the technology used in teaching mathematics has
various forms such as dynamic mathematics software, smart boards, virtual
manipulatives, graphing calculators, computer algebra system, tablet PC, computers,

etc.

In Turkey, formal attempts to integrate digital technology into mathematics
education began in 1984. One thousand and one hundred computers in total were
bought for the purpose of making computer education available in secondary schools
(Odabasi, 1998). Shortly therafter, the first “Computer Assisted Learning (CAL)
Conference in Turkey” was held in 1987. In 1989, application model, software,
teacher training, hardware and experimental planning of CAL were discussed in the
First Consultative Committee of CAL. The Second Consultative Committee for CAL
was held in 1990. During the same time period the number of computers in
secondary schools increased from to one thousand and one hundred to five thousand.
Similar attempts as mentioned above are still on going. MEB still continues to
develop and apply projects to extend the use of technologies in teaching and learning

at all levels.

As technology improved, contents of the projects implemented in Turkey were
enriched for an enhanced teaching and learning through technology. The Movement
to Enhance Opportunities and Improve Technology abbreviated as FATIH
[Firsatlart Artirma ve Teknolojiyi lyilestirme Hareketi] may be given as an example
of such projects. The goal of FATIH project is to improve technology in schools and
to ensure equality of educational opportunity. In order to achieve this goal, smart
boards are distributed to the schools, and high speed Internet access is made
available in every classroom.Furthermore, MEB published a new curriculum in

which integration of technology into mathematics education plays a key role. The
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curriculum underlines benefits of using technology in teaching and learning, and
strongly recommends the use of technology as an aiding tool to mathematics
teachers. The clear statement of MEB about the use of technology in mathematics
education is as follows: “Bilgi ve iletisim teknolojilerinin bilingli kullanimi,
teknolojiinin matematik becerilerinin §grenilmesinin yerini almasmt degil; aksine,
beceri seviyelerini g6zetmeksizin tiim Ogrencilere matematiksel diisiinceyi
ulagilabilir kilmay: amaglamaktadir. Omegin, BIT, siirli matematik bilgisi ve smirls
sembolik ve sayisal islem yapma becerisine sahip &grencilere, problem ¢bzme
stirecine dahil olma olanag1 vermektedir. Bu baglamda kullanilacak uygun araglar,
Ogrencileri uzun ve birbirini tekrar eden hesaplamalardan kurtarabilir, ¢oklu ortam ve
temsillerin kullanilmasimi tegvik edebilir. Farkli teknolojiler, &zellikle de farkh
yazilimlar modelleme ve problem ¢6zme siirecinin degisik asamalarim
desteklemekte; ¢oklu temsillere (sayisal, cebirsel, grafik) imké&n saglayarak
ogrencilerin matematiksel durumlari daha iyi anlamalarina ve farkli diisiinme
yollarin1  tecrliibe ederek bunlarin sonuglarmi  daha hizli  bir  sekilde
degerlendirmelerine imkan saglamaktadir. Diger bir deyisle, bilgi ve iletisim
teknolojilerinin etkili kullanimiyla 6grenciler gergek/gergekei matematik problerhleri
lizerinde caligabilir ve uzun iglemlerden kazanacaklar1 zamani akil yiiriitmede ve
yaratic1 diisiinmede kullanabilirler. Bu gergevede, 6grencilerin bilgi ve iletisim
teknolojilerini yerinde kullanmay1 6grenmesine 6nem verilmelidir.” (MEB, 2013, p.

XD).

The new high school mathematics curriculum summarizes the types of technological
devices that can be utilized in mathematics education and instruction as follows:
“Ortadgretim matematik egitiminde siklikla kullanilan bilgi ve iletisim teknolojileri

su basliklar altinda &zetlenebilir: (dinamik) geometri yazilimlari; grafik ¢izim




yazilimlari; elektronik tablo yazilimlari; (grafik) hesap makineleri; akilli tahta ve
tabletler; elde tasinabilir veri toplama cihazlari ve bunlara baglanarak kullanilan
algilayicilar;  bilgisayar cebir sistemleri; (dinamik) istatistik yazilim ve
simiilasyonlari; oyunlar ve mikrodiinyalar ve Internet (WWW tabanli uygulamalar ve
sanal manipiilatifler).” (MEB, 2013, p. XI). As it is clear from the foregoing
sentence, dynamic mathematics software is among the technological devices that
mathematics teachers are expected to use efficiently. However, efficient use of
technology in mathematics education is directly related to the proficiency of

mathematics teachers in such use.

The more professional at integration of technology into mathematics education
mathematics teachers are, the more effectively and appropriately they benefit from
such technoiogy in their classrooms. Hence, appropriate trainings or at least
opportunities should be provided ‘to mathematics teachers to enable them to use
dynamic mathematics/geometry software as an aiding tool in their classrooms. Such
proficiency can make them change the classroom environment by using the said
software, and be critical thinkers and consumers of the new pedagogies, as well as
develop thought-revealing learning activities (Haciomeroglu, Bu, Schoen, &

Hohenwarter, 2009).

Mathematics teacher training

In Turkey, YOK is responsible for the standards and reconstitution of the teacher
training programs. However, YOK has not always been in control of the teacher
education program. Degree from a higher educational institution instead of boarding
schools or teaching schools has become a minimum educational requirement for
being a teacheriupon entry of the Basic Law on National Education into force in

1973 (Cakiroglu & Cakiroglu, 2003). This was followed by a second material
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change: YOK introduced a unified higher education system, which shifted the
responsibility for teacher education programs from MEB to HoCE (Cakiroglu &

Cakiroglu, 2003).

YOK determines the types of courses to be made available, and also arranges their
contents. However, the courses determined by YOK rare not sufficient to achieve
MEB’s high school mathematics curriculum objectives. For example, objective
9.4.3.4. requires grade level 9 mathematics teachers to use compass, ruler or dynamic
mathematics software to draw perpendicular bisector of a line segment. But a large
portion of in-service mathematics teachers might not be able to achieve this objective
as they do not have a formal training in using dynamic mathematics software. The
assumption that the mathematics teachers could easily transfer their knowledge or
skills of using a compass or a ruler to a dynamic geometry software and make quick

manipulations seems to be far fetched.

In this study, it was aimed to develop contextual-based instructional worksheets to
teach Turkish mathematics teachers GeoGebra. The most essential part of this study
was that the content of the instructional worksheets was grounded in the MEB high
school mathematics curriculum. Contextual-based instructional worksheets were
drawn up to introduce properties of GeoGebra to mathematics teachers, taking MEB

high school mathematics curriculum objectives into consideration.
Problem

The new mathematics curriculum published by (MEB) clearly states and expects
mathematics high-schoolteachers to use dynamic geometry software appropriately
and efficiently in their lessons. However, the teacher training curriculum provided by

YOK fails to enable mathematics teachers to acquire necessary skills to meet the




requirements announced by MEB. Because dynamic mathematics software is not yet

a formal part of the teacher training program.
Purpose

Mathematics teachers in Turkey were required to use dynamic mathematics software
in their mathematics lessons appropriately and efficiently. To meet the requirements
of MEB both in- and pre-service high school mathematics should learn how to use
dynamic geometry software in their lessons. The purpose of this study is to develop
contextual based worksheets to help high school mathematics teachers in learning

how to use GeoGebra appropriately and efficiently.
Significance

Although Turkish mathematics teachers are expected to use dynamic mathematics

" software effectively by MEB, mathematics teacher candidates take limited courses,

or none, concerning dynamic geometry software. Due to the fact that teacher training
programs published by YOK do not cover specifically dynamics geometry software,
it seems not a realistic goal to expect the teachers to use these tools in their
classrooms. So, they are prone to teach as they are taught (Hacidmeroglu, Bu,

Schoen, & Hohenwarter, 2009).

Hence, the purpose of this study is to create contextual based instructional materials
to help Turkish high-school mathematics teachers to learn the use of dynamic
geometry software, GoeGebra. )

By contextual based instructional worksheets, I refer to the fact that the mathematical

content of the worksheets will be based on the official Turkish secondary school

mathematics curriculum.




CHAPTER 2: REVIEW OF RELATED LITERATURE

Introduction

The purpose of this study is to develop contextual-based instructional GeoGebra
worksheets for high school mathematics teachers. Existing literature was reviewed to
present this study in the context of the studies conducted previously. This chapter
aims to analyse the studies in relation to the‘ study undertaken in this thesis under 4
main headings: The effects of technology on schooling outcomes relating to
mathematics education, GeoGebra as a dynamic mathematics softiware, Main terms
and concepts associated with instructional design methods study and task analysis,

Task analysis.

The effects of technology on schooling outcomes relating to mathematics

education

This section summarizes a research article which includes meta-analysis of the recent
literature on positive and negative impacts of technology use in teaching and learning
mathematics. Through the meta-analysis the researchers tried to address two research
questions: “What is the size of effects of technology on schooling outcomes in terms
of mathematics education, and how does such size fluctuate in response to various
study features (e.g. gender, age, and race) and design features (e.g. randomization,
sample size, and instruments)?”. 39 studies, which involved 59147 learners and
yielded 81 independent findings, were analyzed. The results indicate that technology

use has an impact on mathematics education.




Since this meta-analysis was carried out to reveal the effect of using technological
devices in teaching and learning mathematics, the term “educational technology”
plays a significant role in this study. Educational technology refers to technologic
tools such as computers, calculators, educational software programs, interactive

media, and telecommunication systems used in mathematics education.

Use of educational technology in elementary and secondary schools has been
gradually increasing. Such increment on the educational technology stimulated the
studies conducted to search for the effect of educational technology on mathematics
education. With the developments in technological tools, the impact of the
technological tools intended for mathematics education has become one of the most

frequently studied research area.

As a result of the literature analysis, it was concluded that technology has an impact
on teaching and learning mathematics. However, having such an impact does not
mean that technology use ensures effective and meaningful learning and teaching of
mathematics. Neither student characteristics and student group composition nor
teaching methods can give the expected results from an education into which

technology is integrated.

Mushi (2000) carried out a quantitative and qualitative research in eight schools in
Chicago to evaluate results of integration of “Adventures of Jasper Woodbury” into a
mathematics program developed by a team at Vanderbilt University. Quantitative
analysis of the data collected from 1527 5th and 8th grade students indicated that
“Adventures of Jasper Woodbury” mathematics program did not significantly
contributed to knowledge, skills and attitudes of the students. Interestingly, the

research showed that “Adventures of J asper Woodbury” mathematics program




contributed to a positive change on students’ attitude towards mathematics, as

learning mathematics through media attracted their attention.

Many teachers tend to use computer software in their lessons. Funkhouser’s study
(1993) on computer software programs suggested that computer software programs
have a positive impact on secondary students’ attitude towards mathematics. It also
concluded that software programs contributed to problem solving ability and

academic achievements of students.

Graphing calculators constitute another technological tool widely used in
mathematics education. Jones (2005) claims that the research studies focusing on
use of graphing calculators suggest that graphing calculators enable students to
approach situations graphically, numerically, and symbolically simoutaneously.
Students therefore can explore and visualize the situations, which they were not able

to grasp otherwise.

In addition to the observations on technology’s effect on mathematics education, the
literatures indicated that the researchers also focus on examining effects of
technology in mathematics education based on other factors. One of the listed factors
was learning environment. Most of the studies investigated the results of two
pedagogical approaches on students’ learning on their own: traditional teaching and

the constructivist methods.

In 1999, Shyu examined the effects of computer-aided and video-based instruction
on students’ problem solving skills and attitudes towards mathematics in a situated
learning environment. The pilot study involved Taiwanese 6th graders. The

researcher found that computer-aided and video-based instruction helped students to
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improve their problem solving skills; however, it failed to make noteworthy change

on students’ attitudes towards mathematics.

Another study was carried out by Connell in 1998 with the purpose of comparing the
effects of technology in two rural classrooms, where either constructivist-based or
behaviorist-based learning methods were used. As a result, performances of the
students in the classrooms where the constructivist-based learning approach was
adopted were considerably higher than the performances of those in the classrooms

with behaviorist-based approach.

Xin (1999) examined effects of computer assisted instruction (CAI) in a cooperative
learning environment. According to Xin’s findings, cooperative learning
environment combined with CAl increased students’ mathematics performances.
Howex./er, they could not decide if learning environfnent, CAI or the combination of

both had a positive impact on students’ understanding of mathematics.

Branden, Shaw and Grecko (1991) found that CAI had a positive impact on hearing

impaired students’ math quiz results but it had no effect on Florida Statewide Student
Achievement math scores. However, the study of Cooper, Heron and Heward (1987)
indicated that CAI helped the students with special needs to perform better and make

more exact and correct calculations.

The most important conclusion drawn from this study is that gender and grade level

constitute the two factors which have the strongest effect on mathematics education

combined with technology. Regarding the gender factor, another interesting result is
that technology has a positive effect on mathematics performance in female

dominated groups compared to gender-balanced groups. And regarding the grade
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factor, secondary school students were found to learn considerably better than

elementary students when technology was integrated into education.

Although contradictory results were reported above regarding the effects of
educational technology on mathematics learning and teaching, the tendency is that
technology had ign general a positive effect on achievement and attitude. Especially

if embedded in a constrcutivist learning environment.
GeoGebra as a dynamic mathematics software

This particular dynamic geometry software is an ongoing attempt to design and to
join advantages of different mathematics software types in one package, which then
can be used in different mathematics contents, grade levels and teaching methods
(Preiner, 2008). Besides GeoGebra, Cabri-géometre, Cinderella, Interactive
Geometry Software, Computer Lab Courseware, Geocadabra, Shapari and Curvay,
and Geometry-Software-Dynamic are other examples of dynamic geometry and
dynamic mathematics software used in mathematics education. A brief discussion

follows about GeoGebra.

GeoGebra is an academic dynamic mathematics software derived from the master
thesis of Markus Hohenwarter that started in 2001 (Prenier, 2008). GeoGebra is a
commercial grade software that is under constent development and made available
for free. Hence it is not a surprise that GeoGebra has a large number of users around
the world (Lavicza, Hohenwarter, Jones, Alison, & Dawes, 2010; Hohenwarter,

2004).

For example, in 2013, it was used by teachers, students and researchers in 190
different countries, and it was translated to more than 50 languages around the world

(Bulut & Bulut, 2011).
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Another advantage of GeoGebra is that it is an open source for teachers and students
(Lavicza & Papp-Varga, 2010). Thus, schools can install GeoGebra in their
computers and use it in lessons without paying royalty fees. It is also accessible from
everywhere by teachers and students. Moreover, GeoGebra can be easily upgraded
when a new version is launched (Lavicza & Pap-Varga, 2010). New versions of

GeoGebra are also free of charge.

GeoGebra is dynamic mathematics software which covers different areas of
mathematics: algebra, geometry, calculus and statistics as an integral part (Lavicza,
Hohenwarter, Jones, Lu, & Dawes, 2010). So, the users can easily reach different

areas of mathematics in a single package.

Moreover, GeoGebra provides drag-and-drop support as a feature, which enables
students to use real life images besides geometric shapes or angles (Pierce & Stacey,
2011). It is also concluded that by using GeoGebra, students can develop conceptual
understanding and problem solving skills (Bulut & Bulut 2011). This conclusion is
supported by Stojanovska and Stojanovski as well (2009). They point out the fact
that GeoGebra helps visualize and explore (Stojanovska & Stojanovski, 2009). In a
different way, GeoGebra dynamic mathematics software provides visualization of

mathematical and geometrical terms (Hohenwarter & Fuchs, 2004).

Main terms and concepts associated with instructional design method study and

task analysis

The goal of this study was to develop learning materials for high-school mathematics
teachers on GeoGebra. Therefore, well established instructional design principles
had to be use in order not only to ensure the quality of the materials but also to

provide a theoretical fundament for the processes utilized in the de%zelopment. The
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following sections provides information regarding the main terms and concepts used

in instructional design and will end with a description regrading the concept of task

analysis and its important role in the overall development process.

Education

Education is a term which is used to describe all of the experiences that people learn

(Smith & Ragan, 2005) These experiences are obtained either in a planned or an

unplanned way. However, most frequently people learn in an unplanned way,
incidentally and informally (Smith & Ragan, 2005). In this situation, there is no
specifically arranged learning conditions or objectives which are intended to be
achieved. Learners sometimes learn by trying and making mistakes. On the other
hand, learning occurs when the process of learning is planned deliberatively and
intentionally as well. The delivery of these focused educational experienées are

called instruction (Smith & Ragan, 2005).

Instruction

“Instruction is the intentional facilitation of learning toward identified learning

goals” (Smith& Ragan, 2005, p. 4). So it is the part of education where planning
becomes the pillar or milestone. In order to achieve the goals, the learning
environmentvwhich enables learners to get the new skill is arranged intentionally
(Smith& Ragan, 2005). So, instruction can be defined as the intentional arrangement
of the process of getting a new skill so that learners acquire particular capabilities.

(Smith & Ragan, 2005)

In this study, tutors intend to teach inservice and preservice teachers, geometry
dynamic software. Context based instructional materials were prepared to help

inservice and preservice mathematics teachers in using it effectively. Before starting
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to prepare context based instructional materials, GeoGebra tutorial objectives were
identified. It was intended to attain GeGebra tutorial objectives using context based

instructional materials.

Training

Training refers to the instructional experiences which individuals focus on acquiring
specific skills so that they will be able to apply these skills almost immediately in the
near future (Smith & Ragan, 2005). Training focuses on giving a specific skill, since
it is expected from the learners to perform the gained skill immidiatalty or not so far
future. However, it is not always possible to provide training which aims to give
information that is used immediately and completely.. One main barrier of course are

previous learning experiences.

Teaching

Teaching refers to the learning experiences that are facilitated by a human being.
(Smith, & Ragan, 2005, p. 6). This fact, is an important distinction between the term
instruction and teaching. Here, not only lesson materials which foster teaching or
learning are used, but also a real teacher plays a role in the teaching process. At this
point, instruction and teaching differ from each other clearly. Instruction allows all of
the learning experiences to be facilitated and supported through by teaching and

other forms of mediation (self-paced learning for example).

Relationship among terms associated with instruction

Clearly, the term education and instruction do not refer to the same concept.
Education involves instruction. Both of them intend to help learners get new skills
but learning can occur naturaily. In the below figure, the dafk area, shows a pictorial

representation between the difference of education and instruction (see Figure 1).
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Instruction includes training. With Instruction and training provided for learners,
learners acquire new skills. Both of them are provided intentionally and they are
developed in a way intended to obtain specific objectives or goals. The point which
differs training from instruction when the learnerss apply their new skills. After
successful training the application of new skills are immidiaty. In the figure belwo,

the white area, shows a graphical distinction between instruction and training.

Education

Training

Teaching

Figure 1. Relationships among terms associated with instruction (Smith & Ragan,
2005, p. 5) '

Task anaiysis

“Task analysis for an instructional model is a process of analyzing and articulating
the kind of learning and that you expect the learners to know how to perform”
(Jonassen, Tessmer, & Hannum, 1999, p. 3). The following are the purposes of task

analysis:

- To determine instructional objectives,
- To determine and explain the tasks and sub-tasks which students will deal
with,

- To determine the type of information which will shape the task,
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- To deterrhine the priority and order of the tasks,

- To choose the appropriate media and learning environment

- To evaluate the performance and structure the evaluation. (Akkoyunlu, Altun,
& Soylu, 2008). Actually, what kind of a process will be followed is shaped

by achieving these process one by one.

Task analysis is the essential part of instructional design method. The reason is
clearly understood from the itmes listed above. Moreover, task analysis actually
comprise the biggest part of the instructional design method studies. During this
process, questions relating to learning strategies, the learning environment, learning

techniques and learning materials are tackled. (Akkoyunlu, Altun, & Soylu, 2008).

All task analysis are divided into five groups. They are Procedural Task Analysis,
Hierarchical Task Analysis, Information-Procesing Analysis, Task Analysis For

Attitude Goals, Task Analysis For Cognitive Strategy Goalsand Cluster Analysis.

Procedural task analysis
Unlike concepts and principles, procedural processes are defined based on rules
(Akkoyunlu, Altun, & Soylu, 2008). Procedure steps may be so simple that students
can easily follow them. However, there are complex procedures with many decision
points that must be made by students. Difficulty level of procedures should not affect
the procedural task analysis, and in turn, the success of students. Therefore,
procedure steps must be planned linearly and sequentially.
According to Akkoyunlu, Altun and Soylu (2008), here are examples of learning
goals, to which procedural task analysis is applicable:

- Changing a tire;

- Formatting a computer;
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- Setting up a network;

- Creating a help file;
- Making a cup of tea.
How to conduct a procedural task analysis?
Figure 2 presents the steps to be followed to conduct a procedural task analysis.

Procedural task analysis processes generally include the four steps as follows:

- Determine whether a particular procedure is applicable,
- Remember steps of the procedure,
- Apply the steps in order, and apply decision steps, if necessary,

- Confirm that the result obtained is valid.

Evaluation criteria for procedural task analysis

Procedural task analysis can be evaulated based on the following criteria:

- Completeness: representation of all steps present,

- Writing down all steps using performance terms (using verbs),

- Suitability of procedural analysis for representing the task,

- Validity and accuracy: compatibility of the analysis with the actual task,
- Appropriateness of the flowchart or representation method — clarity and

consistency of directional flow.
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Figure 2. A sample procedural task analysis using a flowchart (Akkoyunlu, Altun, &
Soylu, 2008, p. 121)

Hierarcical task analysis

Hierarchical Analysis is similar to functional job analysis. Here the researcher aims
to establish prerequisites or thresholds. The goal is to predefine Learning Hierarchies
(or Prerequisites). The learner hence, has to pass the thresholds before allowed to the
next steps (Akkoyunlu, Altun, & Soylu, 2008). According to Akkoyunlu, Altun and
Soylu (2008), the three following steps must be followed respectively to make a

Hierarchical Task Analysis:

- The tasks are grouped or aggregated,

- To learn the tasks, the groups are arranged in a way that hierarchical
relationships are figured out very well,

- Anexpert in its field must consult to make certain that task given in a

hierarchical way are true (Akkoyunlu, Altun, & Soylu, 2008).
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How to conduct a hierarchical task analysis?

Figure 4 presents the steps to be followed to conduct a hierarchical task analysis.
Beginning a hierarchical task analysis by preparing a breakdown of all tasks is
recommended. And hierarchy of the tasks should be constructed in the next steps. A

three-step structure may be used to construct a hierarchy:

- Group/cluster the tasks

- Organize the tasks within each group in order to show the hierarchical
relationships for learning

- Consult an expert in the relevant field to ensure accuracy of the hierarchy

constructed (This step may be taken during the 1st and 2nd steps)

Evaulation criteria for a hierarchical task analysis
According to Akkoyunlu, Altun and Soylu (2008) the recommended evaluation

criteria for a hierarchical task analysis are as follows:

- Adequate number of tasks present

- Depth of levels: whether the hierarchy is designed to ensure that each
learning level leads to the final level of the task

- Validity and accuracy: how well the analysis corresponds to learning
processes

- Ensure consistency in grouping similar tasks on same level in hierarchy

- Writing down all skills and sub-skills using performance terms (using verbs).
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Figure 3. A hierarchical flow of charts (Akkoyunlu, Altun, & Soylu, 2008, p. 124)

Primacy-recency relation and sequencing are essential for a hierarchical task analysis
since the tasks in such analysis are dependent on each other according to prerequisite
relationships (Akkoyunlu, Altun, & Soylu, 2008). Tasks can only be performed from

bottom to top. A structure similar to that shown in Figure 3 is applied.
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Figure 4. A sample hierarchical task analysis using flowchart (Akkoyunlu, Altun, &
Soylu, 2008, p. 125)

Information-processing analysis

Preparing a breakdown of the goal to enable students to successfully achieve the goal
is considered the first step of an information-processing analysis (Akkoyunlu, Altun,
& Soylu, 2008). According to Akkoyunlu, Altun and Soylu when conducting this
type of analysis, the question that must be kept in mind is "What are thé mental
and/or physical steps that someone must take in order to complete this learning

task?” (see Figure 5).

How to conduct an information-processing analysis?

According to Akkoyunlu, Altun and Soylu (2008) an information-processing analysis

is conducted by taking the ten steps below: _ |
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8.

9.

. Collect as much information as possible about all concepts and the involved

by the goal. Thus, you will become familiar with the relevant terminology.
Then prepare the question groups that could be asked to an expert in the
relevant field.

Rewrite the goal in the form of a representative test question.

. Ask those who have thorough knowledge about the task, and do one of the

following: a) observe them completing the task and ask them to describe their
thought processes as they complete the task; b) write down, videotape, or
otherwise record the steps they take in completing the task; ¢) ask them to
write down the steps as they complete them; or d) ask them to write down
even the simplest steps, which are not specified within the process but
deemed important.

Review the steps recorded in step 3 above to increase your chances of finding
out the unobservable cognitive knowledge that underlies the expert's

behavior.

. Review the common steps recorded by more than one expert in steps 3 and 4.

Identify fhe shortest and easiest way to complete the path, and note the
factors that such simpler path requires.

Note the factors that may require more steps or more complex steps.

Choose the steps and cycles that leads to achieving the goal.

List the steps and decision points appropriate for the goal.

10. Consult other experts to verify the analysis.
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Figure 5. A sample information-processing analysis (Akkoyunlu, Altun, & Soylu,
2008, p. 127)

Task analysis for attitude goals

Attitudes play an important role in instruction, although they are not very often
expressed as goals (Akkoyunlu, Altun, & Soylu, 2008). However, the studies relating
to task analysis of attitude goals have not reached the desired level yet. According to
Akkoyunlu, Altun and Soylu (2008), some of these studies suggest that there are 4

steps of task analysis for attitude goals:

- Evaluate the situation and take possible aspects of action into account,
- Determine the valuable aspect of the action,
- Choose the direction of a particular action,

- Take the action chosen.

24




To give an example for puiting the foregoing steps into practice, the following goal
may be set: “to resolve the conflicts that may occur in the class without resorting to
violence” (Akkoyunlu, Altun, & Soylu, 2008). The steps to analyze the goal are as

follows:

Evaluate the conflict, and take possible aspects of action into account,

Find solutions that do not involve violence,

Choose behaviors that do not involve violence,

Behave without resorting to violence.

A flowchart can be prepared for the foregoing steps (Akkoyunlu, Altun, & Soylu,

2008).

Task Analysis for cognitive strategy goals
Cognitive strategies cover the cognitive process and behaviors employed by students
in order to complete a task or to learn (Boekaerts, 1999).
The task analysis for cogﬁitive strategy goals is similar to a problem-solving analysis
(Akkoyunlu, Altun, & Soylu, 2008). Steps of task analysis for cognitive strategy
goals are structured as follows:

- Determine characteristics and requirements of learning task,

- Choose or develop strategies suitable for the task,

- Choose the most appropriate strategy,

- Use the strategy,

- Evaluate the effectiveness of the strategy,

- Keep using the strategy if it is effective; otherwise return to step 1.
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Cluster analysis

“For goals within the verbal information domain, conduct an 'elaboration analysis,' or
'cluster analysis'" (Oliver, 2002, section 3, para. 3). A cluster analysis is used to
analyze verbal information skills where no logical order is required to meet the stated
goal(s) (Muffoletto, 2000).

How to conduct a cluster analysis?

The first thing an instructional designer should do before conducting a cluster
analysis is to check whether there is a logical order between the verbal information
(Akkoyunlu, Altun, & Soylu, 2008). If there is no logical order, the cluster analysis

should be structured as follows:

- Identify the main concept,

- Determine how to structure the knowledge,

- Identify first-level headings, second-level headings, and so forth,

- Try to identify relations between the information to be taught.
Summary of task analysis
Task Analysis is the most important part of the instructional design meyhod studies.
There are 6 type of task analysis. They are Procrdural Task Analysis, Hierarchical
Task Analysis, Information Processing Analysis, Task Analysis for Attitude Aims,
Task Analysis for Cognitive Strategy Goals and Cluster Analysis.It is the researcher

who will decide which typeof task analysis is most appropriate for the study.
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CHAPTER 3: METHOD

Introduction

The aim of this study is to create confextual-based instructional materials to teach
dynamic mathematics software, in particular GeoGebra, to high school pre service
and in service mathematics teachers. Instructional design method was used to
achieve this aim. The following sections provide information about instructional
design method under the heading “Instructional Design Method” and report on
phases of the instructional design method study. The phases were Problem
Definition, Action Development, Detailed Design and Implementation and

Evaluation.
Instructional design method studies

Instructional Design Method is used to solve instructional problems through a
systematic analysis of conditions for learning (Seels & Glasgow, 1998). In order to
solve the instructional problems, a systematic process is used to create education and
training programs using consistent or reliable materials (Reiser & Dempsey, 2007).
A systematic process refers to a vital process for conducting an instructional design
methodsuccessfully. The systematic process covers planning of instructional
systems, in which resources and procedures are arranged to promote effective
learning (Seels & Glasgow, 1998; Gagne, Briggs & Wager, 1992). An answer can be
found to the instructional problem through the instructional systems designed by

using the instructional design method.
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General procedure of instructional design method studies

In the process of finding a solution to the instructional problem after it is defined,
researchers analyze the problem, design a solution to the instructional problem,
develop an instruction, employ the instruction, and then evaluate it. Briefly, the
researchers, who employ instructional design method, analyze, design, develop,

implement and evaluate an instruction. Therefore analysis, design, development,

implementation and evaluation constitute common components of instructional

design methods (Reiser & Dempsey, 2007).
Common properties of instructional design method studies

The studies in which instructional design method is used are empirical, iterative, and
self-correcting (Reisey & Dempsey, 2007) (see Figure 6). They are empirical
because the data is collected and evaluated. They are iterative because going forward
or back among the phases may be necessary. They are self-corrected because
instructional materials are improved according to the feedbacks collected. Being
empirical, iterative and self-correcting constitute the basic common characteristics of

studies which employ the instructional design method.
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Figure 6. A more realistic representation of instructional design practice (Smith &
Ragan, 2005, p. 5)

Instructional design method studies are iterative

A general procedure that can be modified depending on the properties of
instructional design method studies is followed to carry out instructional design
method studies. Four phases are completed to follow the general procedure of the
study. Although, all of the instructional method design studies include the same four
phases, what kind of a way will be followed to conduct the instructional design
method study is changeable according to the properties of instructional design

method study.

The first reason why the instruction design method is considered an iterative process
is that proceeding consecutively or step by step by completing the phases is not a
must due to the fact that instructional design method may require moving forward or
going back among phases (Reiser & Dempsey, 2007). Therefore, conducting an

instructional design method is considered an iterative process. In such iterative
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process, the researchers perform the same or similar tasks in order to improve their

studies and make their instruction better, if necessary.

Ongoing improvement in the field of education constitutes another reason for
considering the instruction design method an iterative process. As new contributions
are made to the field of education on which the researchers worked, new needs or
demands will arise because the researchers will try to find a solution for the current
problem. In order tob satisfy such new needs or demands, researchers need to change
their previous studies turning their attention to the improvement in the field of

education.

Researchers develop their instruction taking the current improvements in educational
field into consideration. Hence, there is a room for the change of instruction every
time because the needs or demands are changeable depending on the development in
educational field that the researchers worked. Despite being completed, some phases
may be reviewed and tailored to the improVemeﬁts in the field of education, or
skipping to previous phases or next phases before completing the phase on which the
researchers worked is possible in order to make necessary changes considering
current improvements in educational field. Thereby, the researchers will be able to

develop an instruction which suits current problems best as a solution.

Instructional design method studies are empirical |

The instruction developed will be applied for many years by those who need them.
Thus, the instructional materials which are created under the instruction developed
should be exact, correct, and should not contain any mistake in order to avoid

addition of incorrect or improper principles, concepts or resources into the field of
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education. Hence, researchers should try to achieve the instructional problem through

recently-developed, correct and suitable instructional materials.

Implementation and evaluation phase is extremely importantin terms of having
accurate instructional materials. Therefore, instruction is implemented and evaluated
after being developed. The implementation and evaluation phase covers collection
and analysis of data and evaluation of the quality of instructional materials. The
better data is analyzed and evaluated, the more the quality of instructional materials
increase. Accuracy and relevance of the skills and knowledge to be taught can be
ensured by providing guidance at implementation and evaluation phase (Reiser &

Dempser, 2007).

Instructional design method studies are self-corrected

The aim of implementation and evaluation phase is to advance the instruction. In this
phase, the researchers detect the deficiencies and weakly-designed aspects of the
instruction, as well as those aspects that need to be improved. Following the
implementation and evaluation phase, necessary are identified and whether the
instruction is effec;[ive or not is made clear (Reiser & Dempser, 2007). Finally,
instruction is transformed into a more advanced form by paying attention to the data

collected at the implementation and evaluation phase.
Instructional design method study

The overall process of this instructional design method study included various
scientific steps as an integral part. How these phases were carried out was explained
using two models. The first model displays the general procedure of the instructional

design method study (see Figure 7). The second one illustrates the detailed procedure
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of the instructional design method study splitting each of the four phases into sub

phases (see Figure 8).
General procedure of the instructional design method study

This section outlines what researchers did to complete the general procédure of the
instructional design method study.The first model was used to illustrate the general
procedure of the instructional design method study. The outline of the phases
illustrated in the first model was explained in details by giving information about

what researchers did to complete the four phases.

Problem Action Detailed Implementation
Definition Development Design and Evaluation

Figure 7. General procedure of the study
Instructional problem of the instructional design method study

This section gives information about the instructional problem which the researchers
dealt with. The instructional problem handled by the researchers is described.

Furthermore, why this instructional problem occurred is explained.

The instructional problem addressed in the instructional design method study is the
contradiction between YOK and MEB. MEB expects from high school mathematics
teachers to use dynamic geometric software efficiently and proficiently, while YOK
supplies no course or limited course concerning the use of dynamic mathematics
software, although high school mathematics teachers need to take such kind of
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courses in order to meet expectations of MEB from such teachers. The instructional
method design study was carried out to find a way to deal with the instructional

problem.
Finding the solution

This section covers information about the solution formulated by researchers to
address the instructional problem given. Researchers focused on two basic concepts
to solve the instructional problem. The first one was that high school mathematics
teachers would be able to use GeoGebra dynamic mathematics software efficiently
and proficiently. The second one was that high school mathematics teachers would

adhere to the high school mathematics curriculum.

Taking these two concepts into consideration, the researchers decided to produce
instructional materials that will enable high school mathematics teachers learn how
to use GeoGebra to achieve the high school mathematics curriculum objectives. They
also decided to arrange a GeoGebra training on using the said materials and evaluate
their quality. The solution formulated by the researchers to address the instructional
problem was to produce contextual-based instructional materials for high school

mathematics teachers to make them use GeoGebra efficiently and proficiently.
Deciding the systematic process to be followed

This section gives information about the systematics process followed to achieve the
aim of this instructional design method study. The researchers arranged a systematic
process based on the decisions made by them. They decided area of mathematics for
which they will develop instruction, the instructional materials, implementation and
evaluation of such instructional materials and GeoGebra training objéctives. At the

end of this long-term continuum, instructional materials that enable high school
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mathematics teachers use GeoGebra efficiently and proficiently were produced as it

was planned previously.

Decision on GeoGebra and area of mathematics

This section covers information about the parts of GeoGebra and the area of
mathematics, which the researchers aimed to study on. Researchers discovered
affordances of the GeoGebra dynamics mathematics software. After learning
affordances of GeoGebra, the researches selected one area of mathematics and

carried out studies on that area.

GeoGebra is a dynamic mathematics software which contains geometry, algebra,

‘tables, graphing, calculus and statistics as an integral part. Hence, it enables its users

work more than one area of mathematics using only GeoGebra itself. Although some
features of GeoGebra can be shared by two or more parts of GeoGebra, some
features of it are added intrinsically as basic characteristics of such parts. The
features which were not shared commonly make parts of GeoGebra different from

each other.

In this study the researchers paid particular attention to one area of mathematics,
namely geometry. The current features made GeoGebra reach its most suitable form
to teach Geometry. Dr. Zsolt Lavicza, Dr. Zsolt Lavicza told in an interview on
February 2014 that they had been working on the statistics part and algebra part of
GeoGebra in order to improve them. He said: “Now, we have a new computer
algebra part which is symbolic calculations. This is very important. We also have
multiple windows. So, you can present several windows at the same time. I think

statistics will be very important part of GeoGebra because it will happen that data
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analysis and then you can dollect data from physical objects, phones and different

measurementals”.

Environment of the instructional design study

This section provides information about the environment of the instructional design
method studies. At first, information about what environment of an instructional
design method means in general was given. Then, the environment of this

instructional design method study is focused on.

The studies benefiting from .theb instructional design method are generally
instructional problem-specific, because instructional materials are produced
according to the sort of instructional problems and the needs of learners. A specific
learning environment, which satisfies the needs of learners and the instructional
‘problems, is created by the researches. The environment makes an instructional
method design study different from any other study that uses instructional design

method.

Environment means context, in which the learning and performing take place (Seels
& Glasgow, 1998). Within the boundaries of the environment, the points that should
be taken into ‘consideration when advancing an education or training are found.
These points are taken into account when determining the way of performing the

instruction.

The environment of this study, which used instructional design method, comprises
MEB high school mathematics curriculum and GeoGebra. The instructional
materials for high school mathematics teachers are in coherence with MEB high

school mathematics curriculum objectives and GeoGebra training objectives. It is
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safe to say that the environment of this study comes complete with MEB high school

mathematics curriculum and GeoGebra training.

GeoGebra training

A GeoGebra training was held by the researchers of this study. During the training,
the instructional materials for high school mathematics teachers were put into action.
The GeoGebra training made it possible to implement the instructional materials for
enabling high school mathematics teachers learn using GeoGebra efficiently and

proficiently.

GeoGebra training objectives

This section gives information about the objectives of instructional design method
studies and the objectives written for GeoGebra training. At first, information about
the importance of and necessity of objectives is given. Then, information about how
researchers wrote the objectives of this instructional design method study is

provided.

The instruction designed plan requires to define objectives precisely (Seels &
Glasgow, 1998) because of the fact that learners should be engaged in inétruction in
a comprehensive purposeful way (Gagne, Briggs, &Wager, 1992). If learners know
what they are going to learn at the end of the activity, course or training, they can
recognize the importance of their work and the expectation from them becomes
clearer for them. Otherwise, learners cannot figure out the purpose of activity, course
or training, or why they have to do it. For this reason objectives should be stated

clearly.

At the beginning of this instructional method design study, objectives were defined

clearly before starting to produce instructional materials for high school mathematics
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teachers and arranging a GeoGebra training. The researchers identified software
properties of GeoGebra. They turned the software properties of GeoGebra into
objectives. These objectives show what the users of instructional materials will

achieve at the end of the GeoGebra training.

Contextual-based instructional materials

This section covers information about the instructional materials produced for this
study. The instructional materials of this instructional design method study are 17
GeoGebra activities and 17 GeoGebra worksheets. In this section, the characteristics

of these instructional materials were provided.

Instructional materials developed for and mentioned in this study for high school
mathematics teachers are contextual-based instructional materials. GeoGebra training
objectives were uséd as a guide for activities which were created to model the
geometry topics Thus, the content of instructional materials for high school
mathematics teachers depend on MEB high school mathematics curriculum
objectives and GeoGebra training objectives. The context of instructional materials is
decided by MEB secondary school mathematics curriculum objectives and
GeoGebra training objectives. Therefore, it makes more sense to use contextual-
based instructional materials instead of just simple instructional materials, because
environment of study contains two different concepts, namely MEB high school
mathematics curriculum and GeoGebra, and the instructional materials for high
school mathematics teachers were prepared completely in connection with the

objectives of the two different concepts.
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The reason for contextual-based instructional materials

The main reason which leads researchers to develop contextual based instructional
materials for high school mathematics teachers is that there are limited available
resources from which high school mathematics teachers can use to learn how to
teach geometry using GeoGebra efficiently or proficiently. The resources are
generally released to teach how to use GeoGebra. The instructional materials which
were generated for high school mathematics teachers in this instructional method
design study and will be released in the future are based on two contexts rather than
based on only one context, which are MEB high school mathematics curriculum and

GeoGebra tutorial objectives.

Participants

The learners of and participants of this instructional method design study as well
~ were first year pre-service mathematics teachers who have been obtaining their
master degree in Curriculum and Instruction with Teaching Certificate master
program at Bilkent University. In order to teach them to use GeoGebra dynamic
mathematics software efficiently and proficiently, contextual based instructional
materials for high school mathematics teachers were produced and they applied these

contextual based instructional materials by themselves.

To know about their background technology knowledge, they were given 7 questions
to answer. Their answers were illustrated by Table 1. Table 1 shows that only one of
the teacher candidates had teaching certificate before enrolling at Bilkent University.
The teacher candidate had no technology course when obtaining her teaching
certificate. Even she applied for master program at Bilkent University to be a more

proficient mathematics teacher in using technology as a result of the encouragenment
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of the researcher.The other 6 teacher candidates had not gotten teaching certificate.

None of them heard nothing about GeoGebra and they did not know how to use

GeoGebra. That is to say, before they started to learn how to use GeoGebra dynamic

software, they had no experience about how to use it because they had no technology

course related to GeoGebra use.

Table 1
Previous technology and GeoGebra knowledge of participants
Participants  Teaching  Certification GeoGebra  GeoGebra Where Where
Certificate Courses Knowledge Use Level didyou did
about Level hear you
Technology about it learn
Use how
to use
it
Participant 1  No No Course ~ Never Never
heard it know
Participant 2 No No Course ~ Never Never
heard it know
Participant 3 Yes No Course ~ Justheard Never From
what it is know Hamide
how to Akkoca
use it
Participant4 No No Course  Never Never
heard it know
Participant 5 No No Course  Never Never
heard it know
Participant 6 No No Course  Never Never
heard it know
Participant 7 No No Course ~ Never Never
heard it know

Learner centered education

In instructional design method study, the focal point of all teaching and learning

activities is learners and their performance (Reiser & Dempsey, 2007). That is to say,

instructional design method promotes learner centered instruction. Self-passed study

~ is one of the ways of applying a learner-centered instruction. In this type of learning,

learners learn by themselves. They perform instructional materials by themselves and
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try to get the knowledge using instructional materials by themselves. At this point,
learners and their performance become the crucial part of the instructional design

method study.

The instructions take an important place in instructional design method because
learners will only put their own effort to learn. The better instructions are written, the
better learners understand what they will do. So, meaningful learning can be ensured

via the instructions prepared properly and appropriately.

Evaulation

To assess the effectiveness of the contextual based instructional materials for high
school mathematics teachers and reveal the discrepancies, a survey was created by
the researchers. First year pre service mathematics teachers used a survey to evaluate

the quality of the contextual based lesson materials. They also wrote feedbacks.

Great significance of the study

In this instructional method design study the researchers focused not only to give the
information of using the features of GeoGebra but also how these features can be
used to teach meaningfully high school geometry topics. With the contextual based
instructional materials for high school mathematics teachers, high school
mathematics teachers will be able to teach geometry meaningfully using GeoGebra
dynamic mathematics software within instructional method design study. Focusing
on two contexts together makes this study different from the previous studies

conducted to teach GeoGebra.
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Detailed procedure of the instructional design method study

Until this paragraph, information about what an instructional design method is and
general procedure of this study has been given. Also, provided series of actions
which were taken in order and how these actions were taken to perform this
instructional method design study were given. The first chart was utilized to illustrate

the general procedure of this instructional method design study.

The detailed procedure was told in the second chart (see figure 7). The detailed
procedure involved the phases and the low phases of these phases operated by the
researchers of this instructional method design study. These low phases were
generated in a long process which the researchers hold discussions intensively and
made up their mind carefully as a result of these intensive discussions. Hence, the
researchers extracted, analyzed, organize and synthesized the information, which is a
must to integrate such kind of behaviors to make an instructional design research
method (Seels& Glasgow, 1998). The second chart provides the éet of actions came
to exist after extracting of, analyzing of, organizing of and synthesizing of the

information.

In instructional design method studies, a number of similar tasks were conducted for
each of these phases and a specific outcome is obtained (Seels & Glasgow, 1998).
Second chart divided into 3 parts which illustrate these phases. These parts are
DPhases, activities which the similar tasks were conducted and outputs which were

obtained.

The phases part includes the phases which come from general procedure of the
instructional method design study. These phases were split into lower phases under

the main heading of activities. In these lower phases, the activities planned by the
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researchers were given step by step. The third part is output. In the third part, the

researchers diagnosed what they obtained after they performed the previous two

parts.
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Problem definition

This section presents the process of describing the instructional problem. The
researchers detected what caused the instructional problem existed. They revealed
the gap MEB and YOK, which causes an instructional problem. From the publication
of the MEB >high school mathematics curriculum to the formulation of the
instructional problem, the process is given in this section. To make sure themselves
that the gap really existed, they asked to other people to whom the study may

concern.

Scoping out the problem

The problem was scoped out after searching written resources out and working
informal resources. Written resources are MEB high school mathematics curriculum
and YOK secondary education mathematics teacher training curriculum. When it
comes to informal resources, they are interviews which were made with two pre-

service teachers and two in-service teachers.

Written resources

In 2013, a new high school mathematics curriculum was published by MEB. In this
new curriculum, MEB requires high school mathematics teachers to use efficiently
and proficiently dynamic geometry software in their mathematics lessons. The main
reason is that students can create their own geometrical drawings and also students
can examine dynamically the geometrical shapes prepared by their teachers thfough
dynamic geometry software (MEB, 2013). Hence, high school mathematics teachers

need to be able to use dynamic geometry software efficiently and proficiently.

In Turkey, Higher Education Council is responsible for the curriculum of the high

school mathematics teacher training programs at universities. But they provide no
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course or limited course concerning with the use of dynamic geometry software. Due
to this, pre service and in service high school mathematics teachers need to be
trained in using dynamic geometry software to use dynamic geometry software

efficiently and proficiently.

This conclusion was drawn from the results of the analysis of MEB high school
mathematics curriculum and of YOK secondary education mathematics teacher
training curriculum. In MEB mathematics high school curriculum it is stated that
students can make examination dynamically over dynamic geometry shapes (MEB,
2013). It indicates that high school mathematics teachers are under the obligation
imposed by MEB to use dynamics mathematics software in their mathematics
lessons efficiently and proficiently. On the other hand, the facilities provided by
HEC are not enough to meet the demand of MEB from high school mathematics

teachers. It causes a contradiction between MEB and YOK.

Informal resources

An interview was also conducted with the people whom concerned with this area.
One type of interviewees are pre-service mathematics teachers. The interview was
conducted by two pre-service teachers who had been receiving teacher training from
different universities. The other type of interviewees are in-service mathematics
teachers, who have been implementing high school mathematics curriculum at two

different high schools.

According to one of the pre-service teachers, they got limited technology courses.
They only learned to use the basic features of computer and combined them with
mathematics topics. The other pre service teacher claimed that she got no course with

regard to the use of dynamic mathematics software.
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In the limited technology course, pre-service mathematics teacher was working out
readymade online mathematics lesson materials. For éxample, they constructed
concept maps to represent the relationships among the concepts or they were
benefitting from the puzzle makers available in the internet. But these have no
connection with dynamic mathematics software. The content of the course need to be
enriched and involve some topics in the direction of the dynamic mathematics

software use.

The in-service mathematics teachers had knowledge small in amount or had no
knowledge about the use of dynamic mathematics software. Even they were not
supported to have the information of using dynamic mathematics software that they
can get by experience or study. Because of this reason they cannot use dynamics

mathematics software efficiently and proficiently.
Action development

In this section, it was told that the process which ended up with the solution
generated by the researchers. The solution is the contextual based instructional
materials which would be producéd by the researchers. The draft of the contextual

based instructional lesson materials were made ready after this section was finished.

Preparing an action development

The action plan came out of consequences of two different studies conducted
simultaneously on two different areas. One of them was the study on MEB high
school mathematics curriculum objectives and the other one was the study on
GeoGebra training objectives. After all these two studies were completed,

worksheets were written by combining the results of these two different studies.
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MEB high school mathematics objectives

MEB high school mathematics curriculum was examined in detail. The new
curriculum mentions about the benefits of using dynamic geometry software in the
mathematics lessons. It also gives suggestions to high school mathematics. For
example, it tells the ways of using dynamic software in order to teach a few
geometry topics interactively. The researchers came up with an idea that the same
technique can be used for other geometry topics. In order to achieve what they

intended, the researchers looked at carefully high school mathematics curriculum.

The focus was on geometry topics and lesson objectives of these geometry topics. A
table was made to show clearly geometry topics and their objectives. The text books
launched were reviewed and the most common question types were picked. So,
geometry topics and common questions which satisfy the objectives were

determined.

GeoGebra tutorials and objectives

GeoGebra is a dynamic geometry software which includes many different features as
a part of it. In order to discover them, different geoﬁletrical shapes in Mathematics
for Elementary Teachers were found out and they were drawn using the different
functions of GeoGebra. Moreover, various geometry lesson materials were
developed. Online teaching resources were reviewed to find out more about the

features of GeoGebra.

All of the features of GeoGebra were written down. Each of these features
correspond to one objective which are intended to achieve after the application of

contextual based worksheets. All of the objectives were listed separately.
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There are more than one way of doing some things in GeoGebra. For instance, a
color of a polygon can be changed in 3 different ways. Making the users of
contextual based worksheets realize it as well, the objectives were grouped. The
objectives which end up with the same result were put together under one heading.
These objectives were explained in detail. The steps were written respectively to
show how these objectives will be operated and the same terminology was used not

to confuse the readers.

Bloom Taxonomy was also taken into account to write the objectives. The
instructional objectives were designed as learning outcomes at different
classifications of Bloom’s Taxonomy. Although most of the objectives are
psychomotor objectives which users can physically able to do, some of them are
affective objectives which are written about the attitudes of or feelings of users and
some of them refer to the cognitive objectives which are about the skills and

concepts which users can understand (Brahier, 2010).

Combination

Topics and objectives were selected purposefully.Objectives in connection with the
features of GeoGebra were selected and they were used to achieve objectives in
connection with Geometry. So, contextual based instructional materials for high
school mathematics teachers were developed according to objectives of geometry

lessons and of GeoGebra trainings.

The individual learning of first year pre-service mathematics teachers supported and
activated through instructions designed (Gagne, Briggs & Wager, 1992). These
instructions, which are needed to be followed to complete each of these GeoGebra

activities, were developed and they were written step by step on contextual based
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worksheets. 21 worksheets in accordance with the 21 GeoGebra activities were
written. At the end of this phase, a lesson material pool which included 21

worksheets, were created.

It was written how to do GeoGebra activites step by step on the contextual based
worksheets. It was proceeded adding new features of GeoGebra to the next
contextual based worksheets. At each of the contextual based worksheets, first year
mathematics pre-service teachers learned at least one new features of GeoGebra.
They need to learn the information given on previous contextual based worksheets
well to be able to complete the next contextual based worksheet. That is to say the
contextual based worksheets enable the users to make connection between their

previous GeoGebra knowledge and new GeoGebra knowledge.
Detailed design

The third sectioncame about because the contextual based instructional materials
were not completed exactly and precisely. This section introduces the studies
conducted to put the contextual based GeoGebra lesson materials in their last form.
Until coming to the point which the contextual based lesson materials were finalized,
proofread of the contextual based worksheets were made, grammar used to form
contextual based worksheets was checked, the cover of and the content of the
contextual based worksheets were designed. The information related to these parts

were presented in this section.

Design of materials

There are two important processes which must be considered definitely (Yanpar,
2006).They are designing instructional materials and preparing instructional

materials. These two processes were finished in this third phase. At the end of this
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phase 17 contextual based instructional materials were made ready to use for the

pilot study.

Review of GeoGebra training objectives

The objectives were reviewed by a physics education professor and a high school
literature teacher. Physics education professor checked language used to explain the
objectives and whether they were grouped correctly or not. High school literature

teacher corrected typos and misspellings.

Review of contént

The content was reviewed by two mathematics experts. One of the experts is a
professor at university and the other expert is currently a middle school mathematics
teacher. They checked whether the activities fits or not to the high school

mathematics curriculum objectives or not.

Material selection

The number of the objectives assigned to the contextual based worksheets must be
equal or close to each other.To make it happen, the activities in 21 worksheets were
rearranged. If the number of the activitiesis enough, the activities remained on the
contextual based worksheets. Otherwise, activities were taken out from the

contextual based and distributed to the other worksheets.

As the time went by, GoeGebra had been developing and the new features had been
adding to it. The content of the contextual based worksheets and GeoGebra activities
were modified considering the developments in GeoGebra. It was important that the

topics were taught by using the features of GeoGebra to which fit best.

Due to these two reasons, the contextual based instructional material pool changed

frequently the latest form of the contextual based worksheets was created during this
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iterative process. Although there were 21 contextual based instructional materials in

the beginning, there were 17 contextual based worksheets at the end.

In the table, it was illustrated that which contextual based worksheets have which
GeoGebra objectives and which objectives were assigned to which activities (see
Table 2, Table 3 and Table 4). The numbers in the first line refer to the MEB high
school mathematics objective number. The numbers in the second line refer to the
worksheet number and activity number. The first number is worksheet number and
 the second number is activity number. There is a dash line between the worksheet
number and activity number. The numbers in the first column refer to the GeroGebra

tutorial objective number.

Table 2
The number of activities, objectives in worksheet 1, worksheet 2, worksheet 3,
worksheet 4, worksheet 5 and worksheet 6 and objective distribution

Worksheets Wl w2 W3 w4 W5 W6

Number of activities 1 3 2 1 1 2

Number of activities in each of  1(16)  1(2)  1(6) I(11) 1(16) 1(13)

the activities 22y 2(12) 2(6)
3%
Sum of Objectives 16 13 18 11 16 19
Table 3

The number of activities, objectives in worksheet 7, worksheet 8, worksheet 9,
worksheet 10, worksheet 11 and worksheet 12 and objective distribution

Worksheets w7 N4 W9 w10 W11 W12
Number of activities 2 2 4 2 3 1
Number of activities in each of 1(2) 1(3) (1) 1(4) 1(3) 1(9)
the activities 23) 211 24 2(5) 2(5)

3(1) 3(2)

4(3) ‘
Sum of Objectives 5 14 9 9 10 9
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Table 4
The number of activities, objectives in worksheet 13, worksheet 14, worksheet 15,
worksheet 16 and worksheet 17 and objective distribution

Worksheets W13 WwWIi4 W15 Wl6 W17
Aktivite Sayisi 2 4 1 4 8
Number of activities in each of ~ 0(8) 12) 1(15 12) 1(2)
the activities 1(4) 2(3) 2(8) 2(1)
2(1) 34 33) 30
4(3) 4(4) 4(0)
5(1)
6(1)
7(7)
8(4)
Sum of Objectives 13 12 15 17 16

Worksheet content design

To make the users recognize GeoGebra terms, GeoGebra terms were italicized.
Negative words or expressions were underlined. In addition to these, the same words
were used to.explain one expression instead of using different words which have a
similar or a related meaning to create coherence. The pictures of the icons and of

other important GeoGebra elements were used to support the written expressions.

Worksheet cover design

Cover of the contextual based worksheets was designed by the researchers.
Researchers put GeoGebra icon and the ordinal number of the contextual based
worksheets, information regarding to the history of GeoGebra, the name of and
contact information of researchers were put on the worksheet cover. Cover page is

the first page.
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Implemenation and evaluation

This section was existed to expand on the process which the contextual based
instructional materials were implemented and evaluated. After all 17 contextual
based instructional materials were completed, they needed to be implemented to
make certain that the contextual based lesson materials worked well, to find out the
mistakes done unintentionally and to identify the instructions need to be modified or
changed. The first year mathematics pre service teachers implemented the contextual
based worksheets and they evaluated them using a survey developed specifically for

this study by the researchers.

Complete the study

As well as creating contextual based GeoGebra files, contextual based worksheets
were developed as written materials to explain how to create these GeoGebra files. In
order to ensure the further development, these lesson materials must have been
evaluated before the training and after they were used (Yalpak, 2006). Before the
training, contextual based GeoGeEra activities and worksheets were evaluated by
people from different areas as it was understood from the third phase. In addition to
this, contextual based instructional materials were also evaluated by first year pre

service mathematics teachers after they were used by them in the GeoGebra tutorials.

Survey

There are ﬁlany prepared check lists which are regarded ascriteria to evaluate written
resources.The researchers did not apply ready-made criteria.Instead, they prepared a
brand new survey peculiar to and appropriate to the contextual based instructional

materials of this instructional method design study.

55




In order to prepare the survey, researchers benefitted from a survey developed by
Yaprak (2006). It was a survey developed to evaluate books. 3 criteria which were
taken into consideration to evaluate the features of a book also fitted to the features
of the worksheets. These criteria were copied but the other criteria were created by

the researchers themselves.

The survey questions were prepared in 7 different dimensions so the quality of the
worksheets was calculated from seven different angles (see Table 5). The survey
questions were categorized under 7 headings. The headings were contributions of
contextual based activities to achieve cognitive and psychomotor objectives,
contributions of contextual based activities to achieve affective objectives, physical
properties of contextual based worksheets, accuracy of information, the use of

language, manner of telling and coherence with MEB.

Table 5

Grouping survey questions

Survey Question Types GeoGebra Tutorial Objectives
Contributions of contextual based 2.1,2.2,2.3,2.4,3.1,2.14,3.2,2.19, 3.4,
instructional materials to achieve 2.25.

cognitive and psychomotor objectives

Contributions of contextual based 2.7,2.8,2.11,2.19,2.20,2.21, 2.22,2.23.
instructional materials to achieve

affective objectives

Physical properties of contextual based 1.1,1.2,1.4,1.5,1.6,1.7,1.9,1.10, 3.8.

worksheets
Accuracy of information 1.8,2.12,2.14,2.15, 2.16, 3.5, 1.21, 2.27.
The use of language 1.11,1.12, 1.14, 1.15, 1.16, 1.17, 1.19.
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Table 5.
Grouping survey questions

Logic sequence of instructions 1.18,1.20,1.21,2.4,3.8,3.6,3.4,1.13,

3.9.

Coherence with MEB. 2.8,29,3.12,2.11,2.17, 3.10, 2.25,

2.26.

After the survey was finished completely, it was considered by a high school
literature teacher and a middle school teacher to make changes if necessary. The high
school literature teacher and middle school mathematics teacher made a proofread.

They also checked whether the survey questions fell into the correct category or not.

Tutorials

GeoGebra tutorials were arrangedwith the aim of teaching GeoGebra through
contextual based instructional materials. The tutorials were given at Bilkent
University as a part of MT 503 Computer Technology in Mathematics Education.
The tutorials took ten hours which corresponds to two and a half week. They were

managed by the researchers.

At the beginning of the tutorial, a presentation was made. The aim of the presentation
was to introduce the purpose of study to first year pre service mathematics teachers

and explain the expectations from them. After the presentation, tutorials started.

In these tutorials, first year pre service mathematics teachers did the activities on the
worksheets by themselves. However, the researchers were also with them although
they must do activities by themselves. The researchers did not leave first year pre

service mathematics teachers all alone by themselves due to the fact that they wrote
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down the questions and feedbacks provided by first year pre service mathematics

teachers.

When first year pre-service mathematics teachers were busy with activities, they
gave written feedbacks. After they completed worksheets, they evaluated worksheets
in terms of seven different angles by filling the survey given to them. The contextual

based instructional materials were evaluated individually.

According to the feedbacks obtained from first year pre-service mathematics
teachers, necessary modifications on contextual based instructional materials were
made. Contextual based instructional materials were rearranged. 17 redeveloped

instructional materials were obtained at the end of the instructional method design

- study.

The outcome of the instructional design method study

The purpose of this instructional method design study was to produce efficient and
proficient contextual-based instructional materials for teaching high school
mathematics pre-service and in-service mathematics teachers GeoGebra. Only pre-
service teachers were used to evaluate the contextual based instructional materials.
However, high school pre-service mathematics teachers and in-service mathematics

teachers will benefit from the outcomes of this instructional method design study.
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CHAPTER 4: RESULTS

Introduction

This chapter start with a brief overview about the learning object determination of
GeoGebra and the match procedure between the GeoGebra learning objectives and
MEB high-school geometry mathematics curriculum. Then, the written feedbacks of
the seven pre-service mathematics teachers are provided in detail. The resulting
feedbacks were grouped in three main categories. The chapter concludes with the

descriptive statistical analysis of the data collected through the survey.
Method of data analysis

The first section of this chapter describe the framework establishment processes for
which the contextual based instructional materials were created. The goal was to
match the contextual based instructional materials in accordance with MEB
mathematics high school curriculum. They were evaluated using a survey. The
following sections Matching Process and Data Analysis will provide information
about how GeoGebra Tutorial Objectives and MEB objectives were matched .and the

results of contextual based instructional materials analysis.

Matching process

The matching process basically involved two main steps. The first step was the
creation of GeoGebra learning objectives and the second was to create a table of
content that listed a cross match between each MEB high school mathematics
objectives with GeoGebra learning objectives. The resulting tables of content forméd

the bases for the creation of contextual based GeoGebra instructional materials.
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GeoGebra tutorial objectives writing process

The process of writing GeoGebra learning objectives started in June 2013 and ended
in March 2014. The process started first by dissecting and listing every single feature
of GeoGebra pertaining to the subject of Geometry. As many modern software
applications do, GeoGebra too, provides the user with alternative ways. To
accomplish the same task. Therefore the need to create grouping was necessary in
order to match features pertaining to the same group of task. For example, to place a

“point”, the user can use the following methods:

1. Main Menu: Tools = Point Tools = Point

2. Click on the point then click on the desired location

3. Use the input bar and enter the coordinate values for the point to be created.

The end result for all of the above listed processes will be the same, namely the
creation of point. During this time, new versions of GeoGebra was released and as a
result new features were available. Those new features were either added to the list
or revised. Needless to state this process was an iterative process. After the finalizing
the tables of contént, the constraints for the contextual instructional materials were

materialized.
Assigning objectives to the activities

The content that comprises the contextual based instructional materials are based on
the MEB’s national mathematics high school curriculum. Towards that 17
worksheets have been developed in order to cover both national high school

mathematics curriculum and to master basic GeoGebra skills.
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Depending on the main objectives of most of the contextual based worksheets have

more than one activity that the teachers need to follow in order to master materials.

The number of activities in each of the contextual based worksheets is not equal to
each other. 5 of 17 contextual based worksheets have only one.activity., 12 contextual
based worksheets have more than one activity. Only 5 out of 17 contextual based

worksheets have only one activity.
Matching GeoGebra tutorial objectives with MEB objectives

Selection of the GeoGebra tutorial objectives was the thing which was taken careful
note. GeoGebra tutorial objectives were selected and matched with MEB high school
mathematic curriculum objectives, which fit best to the MEB high school
mathematic curriculum objectives. Only if the best GeoGebra tutorial objective,
which fits best, is selected, MEB high school mathematics curriculum objectives

were obtained meaningfully.

In the table, it was illustrated that which objectives were assigned to which activities.
The numbers in the first line refer to the MEB high school mathematics objective
number. The numbers in the second line refer to the contextual based worksheet
number and activity number. The first number is worksheet number and the second
number is activity number. There is a dash line between the worksheet number and
activity number. The numbers in the first column refer to the GeroGebra tutorial

objective number.

It was proceeded adding GeoGebra tutorial objectives to the next contextual based
worksheets. GeoGebra tutorial objectives, which were achieved by applying the
contextual based worksheets for the first time, matched with MEB secondary school

mathematics curriculum objectives which take place in these worksheets. However,
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GeoGebra tutorial objectives were not taken into consideration, which were not

achieved for the first time by applying contextual based worksheets.
Data analysis of worksheets

This section presents the results of data analysis for each worksheet. The data were
collected through written and oral feedbacks, and a survey which was provided by
first year pre-service mathematics teachers enrolled in the 2013-2014 academic year
at Bilkent University. The results of written feedbacks and then descriptive data

analysis were succinctly reported.
Written feedbacks for each worksheet

Every worksheet was evaluated by seven pre service mathematics teachers one by
one. What seven pre service mathematics teachers obtained as a result and what they.
mentioned for authors to considér were given under the title of participant 1,
participant 2, participant 3, participant 4, participant 5, participant 6 and
participant 7. Under the sub titles, the feedbacks were labelled using three numbers.
The fist number represents worksheet number, the second number reperesents

participant number and the third number represents feedback number.

Contextual based wbrksheet 1

This worksheet has only one activity. The main goal of the worksheet is to introduce
the user to interface and related main widow components. The idea of object by
creating a rectangle and manipulating some of its features (see Appendix B for all

related objects).
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Participant 1

1.1.10ne part of this activity provided step by step information about how use the
labeling options. Further in the activity the participants were required to use the skill
again.But this time less information regarding the steps were given. According to
participant 1 the second part where labeling options was requested again needed to

list all the steps again.

1.1.2. The user requested to put a point randomly on the graphics window.
Participant 1 commented to specify the locations of points to be placed on the

graphics window. She believes that will create less confusion.

1.1.3. Similar to the above comment, the line segment creation feature procedure

should be explained with location data.

1.1.4. While doing this activity the pre service mathematics teachers changed the
location of algebra window of GeoGebra accidentally. As a result, the pre service
mathematics teachers suggested to that this feature should b e a part of the first

worksheet activity.

Participant 2
1.2.1. Participant 2 commented that the descriptions provided in activity 1 were too

detailed. According to her, the descriptions needed to be lessen.

Participant 3

1.3.1. A part of this activity explained the 6 different ways possibilities of using
“redo” and “undo” feature. Participant 3 found this exercise confusing and
commented that not all the different ways of doing “redo” and undo” should be

included in one activity.
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Participant 4
1.4.1. Participant 4 suggested to add the following information “GeoGebra is a tool
which is used to support mathematics education” on to the cover page at the activity.

The cover page included brief information regarding GeoGebra.

1.4.2. In order to manipulate any object displayed on the graphics window, one has
to select it first. Participant 4 commented on this fact by emphasizing that directions
should be included in the activity regarding the initial selection of an object prior

manipulating it.

Participant 5
1.5.1. Participant 5 hided the algebra window of GeoGebra accidentally. She could
not display it again. So, participant 5 suggested that window display property (show

or hide) should be provided on the first worksheet.

Participant 6

1.6.1. GeoGebra offers 4 attributes for labeling options (automatic, all new objects,
no new objects and new points only). At a later point on the worksheets, the
participant 6 required to recreate new objects with labeling. The labeling directions
text made a reference to make it clearer by referring to the operations attribute

directly.

1.6.2. At one point, Participant 6 encountered problems while trying to drag and
change the location of a point that had a fixed location attribute. Although the steps
for reaching the fixed, semi-fixed and free points were explained at earlier stage on

the worksheet she suggested to include this information over and over.
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Participant 7
1.7.1. She too commented about the directions regarding the labeling options. She

made similar comments and provided similar suggestions as participant 6.
1.7.2. Participant 7 too provided feedback about the selection process of objects.

Contextual based worksheet 2

This worksheet has three activities. The main goal of this worksheet is todevelop the
understanding of the relationship betweenpoint colors and point movability, to
attributes related to the selection of objects and attributed for hiding or showing

objects.

Participant 1

Participant 1 did not provide any feedback.

Participant 2
2.1.1. Instruction 11 activity 1 required the users todrag point A on the Graphics
view.She suggested warning the users so thatthey become aware of the fact that none

of the objects were selected on the Graphics view except point A.

2.1.2. Participant 2 had difficulties in identifying the sequential numbering labeling

schema used by GeoGebra for texts.
2.1.3. She corrected one misspelling.

Farticipant 3
2.3.1. Similar to Participant 2, Participant 3 also suggested to add a warning related

to the selection of objects.
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Participant 4
2.4.1. Participant 4 corrected the wrong location description of Graphic window. In
instruction 1 activity 1 required the users to find “Graphic” word at the right top of

the Graphic window. But “Graphic” word is at the left top of the Graphic window.

2.4.2. Participant 4 pointed out that whole polygon must be selected to be able to

drag it on the Graphics window.

Participant 5

2.5.1. Participant 5 reported that she could not move the points.

2.5.2. Similar to Participant 4, Participan5 too reported that she could not drag the

polygon on the Graphics view.

Participant 6

6.2.1. Participant 6 did not make any comment.

Participant 7
2.7.1. Participant 7 suggested that text labeling schema of GeoGebra must be

explained.

2.7.2. Participant 7provided feedback about instruction 3 activity 1.According to this
instruction, after selecting the polygon iconand clicking on the board, on a line
segment would appear on the Graphics window. However, it appears after

completing the whole polygon.

Contextual based worksheet 3
Two activities comprise this worksheet. The main goal was to introduce objects

creation using icons and object attributes manipulation including the graphics view.
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* Participant 1

3.1.1 She provided only one critique. She found that some sentences discerning and
the directions too long. One point of attribute is “attach and detach”. She found this

attribute to be unnecessary.

Participant 2

She did not make any feedback.

Participant 3

She did not make any feedback.

Participant 4
3.4.1 Participant 4 suggested to change the orders of instructions. The instruction
described where to locate the points created. Her suggestion was to move this

instruction at the very beginning of the activity.

3.4.2. The instruction suggested to intersect lines. This skill was introduced at an
earlier stage. There are three different ways to accomplish intersection between lines
in GeoGebra. Based on the path, the user choses a different labeling schema which
will be used by GeoGebra and the resulting labeling display might look slightly
different since the directions on the worksheet did not ask for a particular way to
create the intersection. Participant 4 suggested that it should be mentioned otherwise
the end result might not look the same as worksheet. She commented that this might

lead to a name confusion especially for novice users.

3.4.3. When typing comments, GeoGebra automatically prompts the user with a
generic syntax for that comment. The worksheet too, included generic GeoGebra
syntax about a comment, and then the actual comment needed to be type was also

provided in the directions. According to participant 4, it is unnecessary to write the
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generic syntax of the commands. The directions should only include the actual
information that needs to be typed. GeoGebra follows the rules of standardized
notation used in mathematics used in Mathematics. For example, capital letter donate
points where small letters refer to lines. At this point, participant 4 lacked the

knowledge of this basic information.

Participant 4

Participant 4 did not made any comment.

Participant 5

Participant 5 did not made any comment.

Participant 6

3.6.1. Many straight sided closed 2 dimensional plane shapes are referred as
polygons. The polygon icon needs to be selected first to create a polygon. The ending
process i.e. finalizing a polygon involves by clicking on the very first created point.

Participant 6 suggested it to explain it.

Participant 7
3.7.1. Participant 7 pointed out that in order to drag a point it should be clearly

mentioned in the directions to first select the point.

Contextual based worksheet 4
The main goal of worksheet 4 is about text creation and manipulating related

attributes. This worksheet has only one activity.
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Participant 1
4.1.1. Participant 1 struggled with the term “radio button” which was used in the
directions. She suggested to provide definition of what a radio button is at the

beginning of the worksheet.

4.1.2. GeoGebra uses two different notations for text labels of lines. The worksheet
directions used the same notations displayed in the algebra window. Participant 1 got
confused because she used the notations created on the Graphics window. In the

graphics window, a line is displayed like AE whereas the algebra window refers to

the same line as textAB..

Participant 2
4.2.1. The worksheet directions refer to the menu icons via numbers which were
provided in worksheet 1. Participant 2 suggested to use relative location names for

example the last group as last icon instead of the twelfth icon.

Participant 3

4.3.1. Worksheet 1 & 2 included exercises regarding the different possible selection
options of objects (e.g. triangle, side of a triangle, etc.). Participant 3 commented
that the selection process steps in this worksheet should be restated again. She Wrote

that the side can be selected for example from algebra window.

Participant 4

Participant 4 did not make any comment.

Participant 5
4.5.1. Participant 5 faced similar problems as participant 1. She too had difficulties

relating the naming schema between the graphics window and algebra window. The
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graphic window displays the distance between point A and B as AF whereas the

same information is displayed as textAB in the algebra window. She too had similar
problems relating this two information and commented that this fact need to be stated

in the worksheet.

4.5.2. In GeoGebra manipulations of objects can be done in several different ways.
Besides selecting an object and then following a wizard (point and click) command
line input are also allowed. If a user decides to use the command line feature,
GeoGebra will provide list of possible commands including a general syntax about
how to use the command while the use types the intended command. For example
user can change the background color of an object by typing the following comment
into the input, Set BackgroundColor[ <Object>, “<Color>"]. Participant 5 was under
the impression that the actual object name would be displayed as well. Hence, she
searched the specific command for the object that she intended to manipulate. Only
after realizing that the notations are general guides provided by GeoGebra. She

suggested that the worksheet needs to include exact substitution information as well.

Participant 6
4.6.1. Participant 6 encountered similar naming problem as participant 1 and

participant 5.

4.6.2. Participant 6 also made suggestion about the selection of colors. In worksheet
4, it is expected from the users to make the color of line segments dark green.

Participant 6 could not find dark green among the colors offered in GeoGebra. Since
participant 6 could not find the color, participant 6 suggested to use green to change

the color of line segments.
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Participant 7

4.7.1. In worksheet 4, it was required from the users to find the interior angles of the
rectangle. Participant 7’s resulting angles labeling was different from the worksheet.

Participant 7 suggested that labels should match.

4.7.2. Participant 7 also made a general comment regarding the activities provided in
worksheet 4. According to her, there is no need to change the color, to change the
size of texts or objects. Participant 7 commented that they are unnecessary

information since she learned how to do them before. Participant 7 suggested that the

activity could include more mathematical knowledge instead of GeoGebra

knowledge.

Contextual based worksheet 5
This worksheet has only one activity. The main goal of this worksheet was to
reinforce the skill acquired in worksheet 4 by using the following geometric objects;

point, line and circle.

Participant 1

5.1.1. Participant 1 pointed out two written statement mistakes.

FParticipant 2

Participant 2 made no comment.

Participant 3

Participant 3 made no comment.

Participant 4
5.4.1. Participant 4 provided feedback about the use of Set Line Thickness slider. As

the slider goes to the right side, the line thickness increases. There are ticks
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representing the units on the slider but the ticks have no numerical values attached to
them. Participant 4 made a comment that she struggled with the slider to make the
line thickness 9. So, participant 4 suggested that a picture of Set Line Thickness

slider must also be included with the verbal statement.

Participant 5
5.5.1. Participant 5 too had similar difficulties as participant about “Set Line

Thickness slider”.

Participant 6

Participant 6 did not provide feedback.

Participant 7

Participant 7 did not provide feedback.

Contextual based worksheet 6
This worksheet included two activities. The main goal of the activity was to teach
that object attributes could be treated as variables. By doing so instant changes could

be made to objects.

Participant 1

6.1.1. In GeoGebra object’s information can be displayed in two distinct ways. The
first one utilizes automatic naming of object attributes and the second one uses the
independent “text object” by assigning the object to be displayed as a variable. The
first activity included an example and step by step procedure of how to accomplish
this on a circle. The second activity asked for the same procedure. Participant 1
encountered difficulties with the second example that had less procedure information

on an angle. Participant 1 encountered difficulties with the second example that had
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less procedural information by commenting that more detailed procedural

information needs to be provided in order to accomplish this task successfully.

6.1.2. When creating text objects, GeoGebra uses a similar sequential numbering
labeling schema as for all other objects (these names can be used as variables names
later on). The labels created for text objects are not directly displayed. Only when the
user hovers on the “text object” the label name pops up. Participant 1 encountered

problems while trying to identify the correct “text object” on the graphics window

that the instructions asked her to do. Only after verbal explanation she was able to

continue on with the activity.

6.1.3. Footnotes were used in this worksheet for further explanations. The footnote
marks were subscribe numbers. These let to a confusion of the concept of “power
of”. Participant 1 pointed this fact out. The same footnote marks were also used in

the previous worksheets.

Participant 2
6.2.1. Participant 2 had problems finding the “Miscellaneous™ option. She
recommended to provide a better description as far as the procedural informations -

were concerned.

6.2.2. Participant 2 restated that the worksheets should use relative naming for icon

rather than referring to them with numbers. She made this suggestion earlier as well.

6.2.3. The worksheet included leading and trailing spaces for the angle commend

which resulted in an error. Participant 2 pointed this mistake out.
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Participant 3

6.3.1. The users were required to construct a circle using the “circle with center
through a point” icon. These procedural information led to a second unnecessary
point creation, instead the “circle with a center and radius” icon should have been

used which would have avoided this issue. Participant 3 pointed this out.

6.3.2. Participant 3 too had problems finding the Miscellaneous option. She also
recommended to provide a better description as far as the procedural informations

were concerned regarding these particular steps.

6.3.3. A part of the activity required the user to change initially the size of a text
object and after that change the thickness of the text object. Both use similar steps
but participants were required to do them separately. Participant 3 suggested to

combine these two tasks as one task.

6.3.4. Participant 3 too pointed out the leading and trailing spaces mistake for the

angle command.

Participant 4
6.4.1. Participant 4 provided feedback about explanation of constructing a circle

thorough “circle with a center through a point” icon as participant 3 did.

Participant 5
6.5.1. Participant 5 too provided feedback pointed out he labelling and trailing

spaces mistake for the angel commend.

6.5.2. Participant 5 put a comment about the grammar used in worksheet 6.

According to participant 5, the thickness of a point is not true explanation and size of

points must be used in the place of thickness of a point. Concerning the grammar
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used in worksheet 6, participant 5 also corrected the misspelling of the words.
Apostrophe was not put correctly, there was a blank between the apostrophe and the
text, part word was not written correctly and back was written instead of background.

Participant 5 corrected them and wrote a comment about them.

6.5.3. Participant 5 put a pointed out that the description of the location of
Miscellaneous was wrong. The Miscellaneous was referred in the graphic window.
However its correct location is in the Basic window which is inside of Graphics

window.

6.5.4. Participant 5 gave feedback about the selection of colors. There are two color
boxes, one of them is rectangle while the other one is square. In worksheet 6, the
colors were expressed using their codes not with their names. But it was hard job to
find the codes of the colors afnong all of the color codes. Due to this, participant 5

suggested to express the colors not only by rows but also by columns.
6.5.5. Participant 5 corrected misspelled word.
6.5.6. Participant 5 suggested that command words written in a different style.

6.5.7. Participant 5 too pointed out the leading and trailing spaces mistake for the

angle commend.

6.5.8. Participant 5 gave feedback about dragging property of GeoGebra. In
worksheet 6, the users were required to construct a ray and create a point on this ray.
To be able to drag the ray, the users must click on the point and drag the point so that
the ray will be dragged at the same time as well. Participant 5 suggested to include

this fact in the procedural descriptions.
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Participant 6

6.6.1. Participant 6 had no particular comments.

Participant 7
6.7.1. Participant 7 provided a feedback about thedescription of the location of

Miscellaneous part.

6.7.2. Participant 7 wrote a comment about the selection of colors. In worksheet 6, it
is told that the color with the code of 255, 255 and 102 is on the third row.
Participant 7 wrote that she could not find where the color with the code of 255, 255

and 102 was.

Contextual based worksheet 7
This worksheet has two activities. The main goal was to provide procedural
knowledge about finding distance between two points, the median of triangles and

being able to change related attributes.

Participant 1
7.1.1. Participant 1 put a comment about a writing error regarding to labelling. She

corrected the mistake.

7.1.2. Participant 1 provided feedback that her label names of angles were different
than those on the worksheet. As a result, she pointed out that she had difficulties

following the worksheet.

Participant 2
7.2.1. Participant 2 provided feedback about an instruction number 10. According to
participant, instruction number 10 was very long. She stated that it makes it hard to

follow.But she did not provide any suggestion on how to change it. This particular
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instruction briefly introduced the Latex notation and the directions on how to apply

the syntax on GeoGebra.

Participant 3

7.3.1. She pointed out the same error as participant 1 did.

Participant 4
7.4.1. The syntax Vector[ <Point><Point> | was used, whereas the correct syntax
should have been Vector| <Start Point><End Point> ]. Participant 4 pointed this

mistake out.

Participant 5

7.5.1. She also pointed out the same error as participant 1 and participant 3 did.

7.5.2. The users were required to change the back ground color of the text object but

a specific color is not given.Participant 5 put a comment about it.

7.5.3. Participant 5 put a comment about the footnotes in worksheet 7. Participant 5
wrote that the number of footnotes confused participant 5 because they look like
exponential numbers. According to participant 5, another footnote notation was

required to prevent possible confusion. This concern was mentioned earlier as well.

7.5.4. Participant 5 gave a feedback about direction number 10 where they were
required to use Latex notation (e.g. /sqrt{x}). Detailed written expressions were
provided. She too had similar problems as participant 2 following the written

directions.
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7.5.5. Participant 5 pointed out that angle bisector icon was referred as the third icon

on the tool bar. However it should have been referred as the fourth icon.

7.5.6. As participant 1 did, she pointed out that her label names of angles were
different than those on the worksheet. As a result, she pointed out that she had

difficulties following the directions on the worksheet.

7.5.7. Participant 5 had difficulties with intersect the objects. This was a skill taught

in earlier worksheets.

Participant 6

7.6.1. Participant 6 provided feedback about how to find the angles. In worksheet 7,
it is wanted from the users to find the interior angles of a triangle but it was not
mentioned about if the direction of clockwise or the direction of the reverse of
anticlockwise should be followed to find thé interior angles of triangles. Participant 6

wanted it to be written. GeoGebra follows standard mathematical notations.

FParticipant 7

She did not make any comment.

Contextual based worksheet 8
This worksheet had two activities. It is a reiteration on the median concept of

geometric shapes and it also introduces the centroid concept.

Participant 1
8.1.1. The syntax Distance [ <Point>, <Point> ] was used whereas the correct syntax

should have been Distance [ <Point>, <Object> ].
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Participant 2

She did not provide any feedback.

Participant 3
8.3.1. The users were required to display the following notation on the Graphics
window. In order to accomplish this, one has to use the following expression. This

skill was taught in earlier worksheets but she did bot remember it and needed help.

8.3.2. She provided feedback that her label names of objects were different than
those on the worksheets. As a result she pointed out that she had difficulties
following the worksheet at this stage she should have known by now that GeoGebra
creates automatic sequential names for objects. So, if label names are different than
those on the worksheet, this is the cause of the steps that are not in the worksheet or

the omission of steps. i

Participant 4
8.4.1. The syntaxDistance[ <Point>, <Point> ] was used whereas the correct syntax

should have been Distance] <Point>, <Object> ].

Participant 5
8.5.1. The syntaxDistance[ <Point>, <Point> ] was used whereas the correct syntax

should have been Distance| <Point>, <Object> ].

8.5.2. It was required to find the distance between two points. There are several ways
to accomplish this task. She preferred to use the command line input. While doing,
the distance information is displayed in the algebra window. Not on the graphics
window. One has to enable the visibility attribute [check “show” ]. She commented
that thirs fact should be provided [activities regarding hide/ show Were done

numerous time up to this point].
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8.5.3. Participant 5 commented about the numerical display of a result of a division.

The decimal notation of numbers can be defined in GeoGebra, she missed this point.

8.5.4. Participant 5 wrote instruction 7 used “iki kere tiklayin” by this term was

wrongly used. She pointed this out.

8.5.5. She too pointed out that her label names of objects were different than those on
worksheets. As a result, she pointed out that she had difficulties following the

directions on the worksheet.

Participant 6
8.6.1. The syntaxDistance[ <Point>, <Point> | was used whereas the correct syntax-

should have been Distance[ <Point>, <Object> ].

Participant 7

Participant 7 did not provide any comment.

Contextual based worksheet 9
4 activities comprise contextual based worksheet 9. The man goal of this worksheet
is to introduce new window feature of GeoGebra to the users, make them use the

attributes of GeoGebra related to reflecting, rotating, and translating.

Participant 1

9.1.1. She pointed out one misspelling and corrected it.

Participant 2

Participant 2 did not provide any comment.
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Participant 3

9.3.1. She pointed out two misspelling and corrected them.

9.3.2. In instruction 7 activity 4the users were required to create a polygon using the
given points. However, it was not given that in which orders the points are going to
be joined. Participant 3 wrote a feedback about it and added that participant 3 could

not continue because the order was not given.

Participant 4

9.4.1. The “next” word was misspelled. She pointed this out and made correction.

Participant 5
9.5.1. Point A was required to be crated.on a random location. She pointed out that
point A should not be on y=4, this fact should be stated and included in the

instruction.

9.5.2. In this worksheet, the users are required to reflect about the point but it was not
told how to do it. According to participant 5, although it was given in previous

worksheets, it must be written one more time to remind it.

9.5.3. The word “rotation” was misspelled on the worksheet. She pointed this fact

out and corrected it.

Participant 6

Participant 6 did not make any comment.

Participant 7
9.7.1. As participant 5, participant 7 too pointed out that her label names of objects

were different than those on worksheets.
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Contextual based worksheet 10
This worksheet was composed of two activities. The main goal is to manipulate
geometric objects that in involved more complex geometrical patterns such as

tessellation.

Participant 1

10.1.1. Instruction 16 activity 2 required her to reflect a polygon over a vector. She
stated that she could not accomplish this task. Although the concept of reflection and
needed skills were explained in previous items about a point, she could not transfer

this particular knowledge to a polygon.

Participant 2

Participant 2 did not make any comment.

Participant 3

10.3.1. The first item asked the participants to hide the axis on the graphics window.
The next instruction tells its users to create two point with specific coordinate values.
Participant 3 wrote that she could not do it without axis. Using the input command

line any object can be placed on to the graphics window.

10.3.2. Participant 3 pointed out a mistake on the worksheet. In instruction 16
activity 2, it was stated to reflect a polygon over a vector. Participant 3 pointed out

correctly that the term “reflect” should be actually “translate”.

Participant 4

Participant 4 did not make any comment.
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Participant 5
10.5.1. As participant 3, participant 5 too had problems with creating a point without

axis display on the graphics window.
10.5.2. Participant 5 pointed out a misspelled word on item 14 activity 1.

10.5.3. Participant 5 pointed out a mathematical syntax error in item 1 activity 1. A
dot between the x coordinate and y coordinate values of point D was used instead a

comma.

10.5.4. As participant 3, she pointed out the erroneously used term “reflection”. The

correct term should have been “translate”.
10.5.5. She pointed out that wrong menu should have been “View”.

10.5.6. As participant 3, participant 5 too Participant 5 pointed out the wrong term

use in instruction 17 activity 2.

Participant 6

Participant 6 did not make any comment.

Participant 7
10.7.1. Participant 7 encountered label naming problems.Hence, she gave up trying

to complete the activity.

10.7.2. Participant 7 reported feedback about the use of colors. According to
participant 7, the use of color function of GeoGebra is not extremely important.

Participant 7 was unhappy with the use of color properties of GeoGebra.

83




10.7.3. Participant 7 made a comment about the mathematics used in these activities.
“Matematiksel islevi ¢ok giizel olusturulmus. Olugturulan desenler ve 6geler ilgi
uyandirici”. An interesting comment especially regarding her resistance to learn the

visual attributes of objects.

Contextual based worksheet 11

This worksheet is composed of three activities. The main goal is to introduce the
“slider” properties of GeoGebra. GeoGebra keeps tracks of every user made input,
which then in return can be manipulated for presentational purposes. A handy feature

for teachers, especially for demonstration purposes in teaching.

- Participant 1
11.1.1. She commented that some instructions are very long. Activity 1, instruction
42-49. All items were one sentence long. But the task at this point involved several

steps to accbmplish it successfully.

Farticipant 2
11.2.1. Verbal description was provided for the location of the “slider” icon. She

expressed that icon picture of slider icon should be added to the text.

11.2.2. Participant 2 correctly suggested to use the radio button term instead of the

term circle.
11.2.3. She reported that she could not locate the Rotate around a Point icon.

Participant 3

11.3.1. She pointed out that she was not able to use the Fix Object attribute.
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11.3.2. Participant 3 pointed out a mistake. Corner 3 was referred to mistakenly, it

should have been Corner 4.

Participant 4
11.4.1. She commented that she had problems with the label of objects. Her names

would not match those on the worksheets.

Participant 5
11.5.1. She suggested to add “Table of Contents” page. All previous worksheets had

a table of contents page.

11.5.2. She pointed out the task describing segment creation missed the information

regarding the direction missed, item 18 activity 1.

11.5.3. Participant 5 wrote down that the name of the points were not same as with

label names of points in the worksheets.

11.5.4. Participant 5 reported the wrong file name. The users were required to record

their studies in folder named as Worksheet 9 instead of worksheet 11.

Participant 6

Participant 6 made no comment.

Participant 7

Participant 7 made no comment.

Contextual based worksheet 12
Worksheet 12 has only one activity. The main goal of this worksheet is to introduce

spreadsheet to the users.
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Participant 1

12.1.1. Participant 1 provided feedback about the wrong interval of angles. In
worksheet 12, an angle slider is created betWeen 0° and 90°. Participant 1 wrote that
she could not creaté a slider because she did not remember how to create it. After
learning how to create a slider, she suggested to change the interval. The angle slider

must get values between 0% and 3607, not be between 0% and 90°.

12.1.2. Participant 1 stated that she could not complete the activity because of the

label name mistakes between those shown on the worksheet and her study.

12.1.3. Participant 1 requested to remind how to use input bar to calculate the

trigonometric ratios.

Participant 2

Participant 2 made no comment.

Participant 3
12.3.1. Similar to the previous comment, participant 3 pointed out the label

confusion.

12.3.2. Participant 3 suggested to write more detailed footnotes. In the footnote, it is
stated that the value of sina is named as o. According to participant 3, it must also be

written that “o0” is in the algebra window.

Participant 4

12.4.1. Participant 4 requested to label a ray.

Participant 5

12.5.1. Participant 5 too suggested to change the interval of angle sliders.
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12.5.2. Participant 5 too got confusion about the label of points.
12.5.3. Participant 5 too requested to label a ray.

12.5.4. Participant 5 pointed out that what should be done to make the trigonometric

ratios defined should be written.

cos(e) = numbar

12.5.5. In this worksheet, the participants created and it was named as

gin(cl = number
text 3. Participant 5 wrote that it was not clear that what number denotes exactly and

asked one more explanation to be added to make it clear.

Participant 6
12.6.1. Participant 6 too provided feedback about the values which angle slider can

take.

12.6.2. According to participant 6, the use of color function of GeoGebra is not
extremely important. Participant 6 asked whether it is necessary to use the color

function of GeoGebra or not.

12.6.3. Participant 6 commented on exponentiation sign. According to her

exponentiation sign must be written more noticeably.

Participant 7

12.7.1. Participant 7 too gave feedback about the values which angle slider can take.

Contextual based worksheet 13

Two activities comprise worksheet 13. The main goal of the worksheet is to make
the users understand the intended purpose of GeoGebra, to make them learn the
attributes concerning with windows in GeoGebra very well and use function

inspector feature of GeoGebra.
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Participant 1

13.1.1. Participant 1 pointed out the confusion related to the label name of objects.

Participant 2

13.2.1. Participant 2 corrected a misspelling.

Participant 3
13.3.1. Participant 3requested not to construct a triangle randomly.Thecoordinate

points of corner pointsmust be specified.

13.3.2. Participant 3 stated that the picture of Preferences icon given in the
worksheet is wrong. Instead of the picture of Preferences icon, it was given the

picture of Objects icon.Participant 3 corrected it.

13.3.3. In worksheet 13, the users are required to find point E whose coordinates are
(0, 0). Participant 3 suggested to write which two elements of GeoGebra must be

intersected to find point E.

13.3.4. Participant 3 put a suggestion about the order of instructions. The users are
required to use SetConditionToShowObject[ <Object>, <Condition> ]. Command. In
previous instructions the users are required to set the condition to show the objects

without giving how to do it. Participant 3 suggested to give this command first.

13.3.5. Participant 3 claimed that she could not add the slider on the Graphics view

although she did what the instructions told literally.

Participant 4

Participant 4 made no comment.
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Participant 5
13.5.1. Participant 5 too suggested to describe which direction should be followed

while constructing a polygon.

13.5.1. Participant 5 wrote that she could not complete the activity. The reason was

that where to locate the triangle was not given.
13.5.2. Participant 5 corrected four misspellings in the worksheet.

13.5.3. Moreover, participant 5 reported feedback about the name of the folder which
the GeoGebra files created by the users would be recorded. Although 13th worksheet
is applied, the users are required to récord their studies in the folder which is named
as Worksheet 10. Participant 5 corrected it and made the name of the folder

worksheet 13.

13.5.4. Participant 5 put a comment about coordinate names. Participant 5 pointed

out that point A must have been created on y coordinate instead of x coordinate.

Participant 6
13.6.1. Participant 6 wrote that she wanted to learn why the use of color functions of
and style functions of GeoGebra is necessary. According to participant 6 wrote that

there was no need to use the color functions of and style functions of GeGebra.

Participant 7
13.7.1. Participant 7 stated that she could not create a slder because she did not
remember how to create a slider. So, participant 7 could not continue to do the

activity. Participant 7 suggested to remind the previous GeoGebra knowledge.
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Contextual based worksheet 14
4 activities comprise worksheet 14. The main goal of the worksheet is to make the

users able to use input to make calculations and use button feature of GeoGebra.

Participant 1

14.1.1. Participant 1 corrected one spelling mistake in the worksheet.
14.1.2. Participant 1 added the name of a point.

14.1.3. Participant 1 reported feedback about the name of the folder which the
GeoGebra files created by the users will be recorded. Although 14th worksheet is
applied, it is wanted from the users to record their studies into the folder which is
named as Worksheet 10. Participant 5 corrected it and made the name of the folder

Worksheet 14.
14.1.4. Participant 1 stated the confusion related to the labels of points.

Participant 2

Participant 2 made no comment.

Participant 3

14.3.1. Participant 3 too pointed out the confusion related to the point labels.

14.3.2. Participant 3 asked whether it is necessary to put a tick inside box near Latex

or not.

14.3.3. One of the instructions require from the users to set a condition to show Point
F> and the condition is that the value of slider must be greater than 90. Participant 3

wanted to learn why it must be done.
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Participant 4

14.4.1. Participant 4 suggested not to use the color functions of GeoGebra.

Participant 5

14.5.1. Participant 5 stated the confusing related to the labeling of objects

14.5.2. Participant 5 corrected one misspelling in the worksheet.

14.5.3. To apply one of the instructions, the users are required to create a button
which will work to show or hide the circle. Participant 5 wrote that it must be given

which script is needed to do it.

14.5.4.While construction two circles, the users are required to keep the intersection
area of circle d and circle e as small as it can but not to make it zero. According to
participant 5 this instruction concerning with this must be given before constructing

circle d and circle e.
14.5.5. Participant 5 suggested not to put the points on the board randomly.

14.5.6. Participant 5 reported that IsDefined[ <Object> ] command. Participant 5

wrote that the command did not work.

14.5.7. Participant 5 wrote that she could not change the background color of the

board because of the fact that participant 5 could not remember how to do it.

Participant 6

14.6.1. Participant 6 requested to select the color.

Participant 7
14.7.1. Similar to the feedback provided by participant 6, participant 7 too requested

to select color she desired.
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Contextual based worksheet 15
This worksheet has only one activity. The main goal of this worksheet is to introduce
functions included in the commands, the attributes related to object labels and also

integer slider.

Participant 1
15.1.1. Participant 1’s object labels was different from the worksheet. Participant 7

suggested that labels should match.

15.1.2. Participant 1 suggested not to use long sentences because long sentences
make the activity less understandable. According to participant 1, the information

intended to make to the users have must be summarized.

Participant 2

Participant 2 made no comment.

Participant 3
15.3.1. As Participant 1, Participant 3 too reported confusion between object labels

while doing the activity when compared with the worksheet.

15.3.2. Instruction I of in activity 1 mistakenly refers to “angle radio button”. The
correct term should have been “integer radio button”. Participant 3 made the

necessary correction.

15.3.3. Within Instruction 18 of activity 1, the users hide point A, point B, point C,
point D, point E and vector u. However, to apply instruction 8 of activity 1, the users

hided point A and point B. Participant 3 provided a feedback about this mistake.
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15.3.4. As Participant 1, participant 3 got confused too labels. Her labeling did not

match with that of the worksheet.

Participant 4
15.4.1. As Participant 3, Participant 4 also reported the misused term “angle radio

button”.

FParticipant 5
15.5.1. As Participant 3, participant 5 also gave feedback about instruction 18 of

activity 1.

15.5.2. Participant 5 wrote that she could not drag the slider because participant 5 did
not know how to drag a slider. However, it was given how to do it in previous

worksheets.

15.5.3. Instruction 40 of activity 1 requires the users to write “\;”to leave a blank.

Participant 5 wrote that participant 5 could not write it.

15.5.4. Moreover, Instruction 40 of activity [ aims to be able to use Talic Letters.
Participant 5 is users to use italic letters to write the text. Participant 5 wrote that it

must be given which words must be written in talic.

15.5.5. Participant 5 in worksheet 15, it was given the picture icon of Graphics but

the picture was named as Objects. Participant 3 corrected it.

15.5.5. As participant 1 and participant 3, Participant 5 also made a comment about

confusion concerning with the object labels.
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Participant 6
15.6.1. As participant 3, participant 4 and participant 5, participant toogave feedback

about the wrong type use of radio buttons.

15.6.2. Participant 6 gave a feedback about the use of pictures. Participant 6 wrote
that the graph of sin(x) can be drawn without using a picture or constructing other

objects.

Participant 7
15.7.1. As participant 3, participant 4, participant 5 and participant 6, participant 7

also reported on the misused term angle radio button.

15.7.2. As participant 3 and participant 5, participant 7 also gave feedback about

instruction 18 of activity 1.

15.7.3. As participant 1 and participant 3, participant 7 also wrote down that her

object labels did not match with the object label names on the worksheet.

Contextual based worksheet 16
Four activities compromise this worksheet. The main goal of this worksheet is to
introduce the attributes related to the angle values and to make use of dynamically

changing object colors.

Participant 1

16.1.1. She could not remember how to place the slider vertically.

16.1.2. Instruction 27 of activity 4 requires to sign in on the official website of

GeoGebra. Participant 1 wrote that she could not sign it.
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Participant 2

Participant 2 provided no feedback.

FParticipant 3
16.3.1. Instruction 2 of activity 1 mistakenly referred to function inspector icon as

the eleventh icon of where the correct location is the tenth.
16.3.2. She stated learning skills regarding dynamic color changes was unnecessary.

Participant 4
16.4.1. As participant 1, she pointed out the wrong location description of function

inspector.

16.4.2. Participant 4 pointed out the mistake made in instruction 7 of activity 2. The
correct min value should have been -5 instead of -10 nd the max value should have

been 5 instead of 10.

16.4.3. Participant 4 made a comment with regards to her object label names and
object label names on the worksheet. She wrote that she tried to complete the activity

ignoring this confusion but she was not able to do it.

Participant 5
16.5.1. As participant 1 and participant 4, participant 5 too pointed out the wrong

location description of Function Inspector icon.

16.5.2. Participant 5 reported that she could not change the background color of

Graphics window because she did not remember how to do it.
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16.5.3. As participant 4, participant 5 too provided feedback about instruction 7 of
activity 2. Participant 5 also suggested to delete the options inside of the Slider|
<Min>, <max>, <Increment>, <Speed>, <Width>, <Is angle>, <Horizontal>,
<Animating>,< Random> ] command which are not used because it can cause

confusion.

16.5.4. As participant 1, participant 5 too reported that she did not know how to

place the slider vertically.

16.5.5. Participant 5 pointed out a mistake reference made in instruction 39 in

activity 2. Participant 2 corrected it.

16.5.6. As participant 4, participant 5 reported the confusion related to the object

label names. Because of this reason, participant 5 could not complete the activity.

16.5.7. Participant 5 suggested to change the footnote denotations otherwise they

look like exponential numbers.

16.5.8. Instruction 26 of activity 3 requires the users to put “I¢ acilar1 Toplam1 = (
n=n)-2]%*180°=a" on the graphics window. Participant 5 suggested to add

how to find.

Participant 6

Participant 6 provided no feedback.

Participant 7

Participant 7 provided no feedback.
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Contextual based worksheet 17
This worksheet includes 4 activities. The main goal of the worksheet is to teach how
to export files as a word document, as a picture, to hide or show windows and to

introduce the users with the attributes related to the creation of circles.

Participant 1

Participant 1 provided no feedback.

Participant 2

Participant 2 provided no feedback.

Participant 3
17.3.1. She pointed out that instruction 4 activity 1 had a mistake in label name. She

corrected it.

Participant 4
17.4.1. As participant 3, she pointed out the same mistake done in instruction 4

activity 1.

Participant 5

17.5.1. Participant 5 corrected one misspelling.

Participant 6

Participant 6 made no comment.

Participant 7
17.7.1. She commented that color and style functions of GeoGebra was used over

and over.
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Summary of worksheet feedbacks by category

Feedbacks collected from first year pre-service mathematics teachers were grouped
under three main categories: General Computer Literacy Knowledge, Errors and
Mistakes in the Worksheets, and Mathematical Errors (see Table 6). General
Computer Literacy Knowledge feedback categories were divided into two groups:
Lack of Graphical User Interface (GUI) and Transfer of Knowledge Skills. Errors
and Mistakes in the Worksheets feedback categories were divided into 7 groups:
Wrong Term Use, Wrong Location Description, Spelling and Grammatical Errors,
Confusing Directions, Incomplete Directions, Directions in Wrong Order and
Directions Need Improves. Mathematical Error categories were divided into two

" groups, which are Incomplete Mathematical Information and Wrong Values.

The feedbacks that fall under Lack of GUI group under the heading “General
Computer Literacy Knowledge” are the feedbacks that were resulted in lack of
computer technology use by the first-year pre-service mathematics teachers. It was
also detected that first-year pre-service mathematics teachers sometimes could not
apply what they learned in previous worksheets to the new situations they
encountered. So, feedbacks that fall under the Transfer of Knowledge Skills group
under the heading “General Computer Knowledge” is provided by ﬁrst-yéar pre-

service mathematics teachers because they cannot use their previous knowledge.

Errors and mistakes were made unconsciously when writing worksheets. First-year
pre-service mathematics teachers detected such errors and mistakes, and
recommended correction of them or changing them as necessary. Sometimes wrong
terms or concepts were used in labeling the icon pictures or describing a new term.
| Wrong Term Use feedbacks were provided for the Wrong terms to be corrected. The

location of the icons or terms was given wrongly in some activities. The feedbacks
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given to correct such kind of mistakes were grouped under Wrong Location
Description. The worksheets also have some spelling mistakes which were gathered
under the Spelling and Grammatical Errors group. The feedbacks provided to detect
these spelling mistakes were brought into Spelling and Grammatical Mistakes.
Developments recently made on GeoGebra after completing the worksheets caused
confusion such as name differences, changes on commands, etc. The feedbacks given
to indicate the confusion were grouped as Confusing Directions. According to first-
year pre-service mathematics teachers some information éhoﬁld have been provided

to understand the instructions completely. The feedbacks provided as such were put

-under the group of Incomplete Directions. Furthermore, some instructions were

given in the wrong order. The feedback groups given to put them in the wrong order
were named as Directions in the wrong order. The feedbacks provided for the
instructions which need to be explained in more detailed way were brought under the

group of Directions Need Improvement.

The last main group was created to show the feedbacks which exist due to errors
concerning mathematical knowledge. Since GeoGebra tutorial lesson materials meet
the MEB high school mathematics objectives, contextual based worksheets include
the use of mathematical terms and mathematical signs. Some of the first year pre-
service mathematics teachers suggested to add mathematical information to be used
in the worksheets. Feedbacks provided to add more mathematical information fall
under Incomplete Mathematical Information. Moreover, there are mistakes which
result in the wrong use of mathematical terms and mathematical values. The
feedbacks which were given to correct the wrong use of numbers fell under the group

of Wrong Mathematical Values.
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Simple descriptive statistics on survey analysis

This part includes analysis of data which were gathered through the survey. The
survey had a total of number of 63 questions on a 5 level Likert. Seven domains were

assessed trough the survey (see p. 56). Descriptive statistics were used to analyze the

data.

Table 7

Overall descriptive statistics of the worksheets

Worksheets N Mean Std Dev Minimum  Maximum

Wi 426 4.52 1.08 1.00 5.00
w2 427 4.58 .88 1.00 5.00
W3 427 4.66 .87 1.00 5.00
W4 427 4.33 .98 1.00 5.00
W5 427 4.35 98 1.00 5.00
W6 425 4.24 98 1.00 5.00
W7 427 433 1.03 1.00 5.00
W8 427 4.30 1.04 1.00 5.00
W9 427 4.55 .88 1.00 5.00

- W10 427 4.49 97 1.00 5.00
Wil 427 4.28 1.20 1.00 5.00
Wwi2 427 4.12 1.11 1.00 5.00
W13 427 4.16 1.16 1.00 5.00

w14 427 4.36 1.09 1.00 5.00
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Table 7

Overall descriptive statistics of the worksheets

W15 427 4.37 95 1.00 5.00
W16 426 4.38 1.07 1.00 5.00
W17 427 4.44 1.00 1.00 5.00

As can be see from table 7 the overall mean values for each worksheet received
relatively high ratings. Worksheet 12 and 13 received the lowest mean score of 4.12
and 4.16 relatively (sd. 1.11 & 1.16). Worksheet 3 received the highest mean score
of 4.66 (sd. 87). The range value between the highest and lowest worksheet was

0.54. Worksheets 2-6, 9-10, & 15 all had a standard deviation value less then 1.

Indicating less variation among the participants opinion. Worksheet 11 had the

greatest variation among the participants opinion (sd. 1.20).

Table 8

Detailed descriptive statistics of the survey part 1, survey part 2, survey part 3, and

survey part 4 by worksheets

Variable N Pl s P2 sd P3 sd P4 sd

Worksheet1 140 440 120 4.63 0.90 4.60 1.06 4.78 0.44
Worksheet2 140 4.46 1.14 4.63 0.63 4.70 0.62 5.00 0.00
Worksheet3 140 4.38 1.20 4.84 038 485 0.50 5.00 0.00
Worksheet4 140 4.45 1.00 425 099 4.50 0.84 444 0.53
Worksheet 5 140 4.44 097 439 0.88 437 099 3.89 0.78
Worksheet 6 138 4.46 096 4.04 098 446 0.77 4.00 0.71
Worksheet 7 140 430 1.20 4.55 0.69 434 1.03 378 0.83
Worksheet 8 140 432 122 433 092 449 0.80 4.11 0.78
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Table 8
Detailed descriptive statistics of the survey part 1, survey part 2, survey part 3, and
survey part 4 by worksheets

Worksheet 9 140 4.44 1.14 476 048 457 069 422 0.83

Worksheet 10 140 431 1.19 472 0.64 473 0.65 422 0.83

Worksheet 11 140 4.21 1.40 435 1.08 466 0.74 3.11 1.17

Worksheet 12 140 4.24 1.18 424 089 411 1.18 3.78 0.83

Worksheet 13 140 420 1.24 419 1.01 4.16 131 422 044

Worksheet 14 140 4.24 127 450 093 450 098 422 0.67

Worksheet 15 140 4.36 1.13 4.42 0.78 457 0.72 422 0.67

Worksheet 16 140 432 129 445 0.80 456 096 422 0.67

Worksheet 17 140 436 124 445 082 474 0.56 4.67 0.50

Table 9
Detailed descriptive statistics of the survey part 5, survey part 6, and survey part 7 by
worksheets

Variable P5 sd P6 sd P7 sd

Worksheet1 3.86 195 3.75 1.28 450 1.41

Worksheet2 4.14 146 438 1.41 438 141

Worksheet3 3.86 195 425 149 438 141

Worksheet4 3.14 1.21 4.00 0.53 338 1.06

Worksheet5 3.86 1.95 4.13 1.46 2.88 0.83

Worksheet 6 4.29 1.50 3.88 1.25 3.00 0.93

Worksheet 7 3.57 140 3.13 1.36 2.75 0.89

Worksheet 8 3.14 146 3.63 1.19 3.50 1.07

Worksheet9  3.71 1.89 425 1.39 338 1.06

Worksheet 10 343 098 3.38 1.60 2.75 0.89
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Table 9
Detailed descriptive statistics of the survey part 5, survey part 6, and survey part 7 by
worksheets

Worksheet 11 3.57 1.27 3.75 0.89 2.63 141

Worksheet 12 1.86 0.69 2.75 1.28 325 0.71

Worksheet 13 3.71 1.89 3.88 1.46 3.50 1.07

Worksheet 14 3.14 1.57 375 1.04 3.75 1.16

Worksheet 15 3.14 1.68 3.88 1.25 3.38 1.06

Worksheet 16 3.86 1.95 4.13 146 3.00 1.07

Worksheet 17 343 1.72 400 1.41 3.38 1.06

In order to understand the variations show in table 8 and table 9, the data were
analyzed with respect to the seven survey parts. Table 8 and Table 9 show the mean
score and associated standard deviation values for each worksheet by survey parts.
For part 1 Worksheets 9 received the highest mean score of 4;91 (sd. 0.35) and
worksheet 12 received the lowesf mean score of 4.11 (sd. 1.09). For part2 worksheets
3 received the highest mean score of 4.75 (sd. 0.46) and worksheet 6 received the
lowest mean score of 3.90 (sd. 98). For part 3 worksheets 10 received the highest

" mean score of 4.91 (sd. 0.37) and worksheet 14 received the lowest mean score of

4.63 (sd. 0.89).

For part 4 worksheet 1 received the highest mean score of 4.90 (sd. 0.30) and
worksheet 13 received the lowest mean score of 4.24 (sd. 1.09). For part 5
worksheets 5 received the highest mean score of 4.12 (sd. 1.27) and worksheet 10
received the lowest mean score of 3.63 (sd. 1.38). For part 6 Worksheets 2 received
the highest mean score of 4.39 (sd. 1.19) and worksheet 12 received the lowest méan

score of 3.59 (sd. 1.41). For part 7 worksheets 3 received the highest mean score of
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4.84 (sd. 0.68) and worksheet 6 received the lowest mean score of 3.98 (sd. 1.04).
Worksheet 3 was rated two times with the highest mean score. Whereas, worksheet

12 received two times the lowest mean score.
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Figure 9. Graphical representation of the 7 part survey mean scores by worksheets

Figure 9 indicated that part 5 consistently received a low mean score for all
worksheets. The questions on the survey regarding part 5 were about the use of
language. Whereas the physical properties of the worksheets (part 3) were rated
consistent and received a high mean score. Part 1 consisted of questions regarding
the perceived learning effect. The data indicates that the worksheets seamed to have
a higher perceived learning effect initially (Worksheet 1-Worksheet 3). For
worksheets 4 to 8 the perceived learning effect was slightly lower than the initial first
three worksheets, but still high and had a constant comparable mean score value of
about 4.40. Worksheet 12 was received as the least effective as far as learning effect
is concerned. It should be noted that part 5 and part 6 also received the lowest mean

score for the same worksheet. Part 5 was about language and part 6 about the
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perceived correctness of logical sequence of instructions. The descriptions or the
locigal setup of instruction sequence might have influenced a low score for

worksheet 12. This fact is also consistent with the data shown in table 7.

Part 1, part 3 and part 4 were scored consistently high. Part 3 which was about the
physical properties of the worksheets was rated most often as number 1, followed by
part 4 which is about information accuracy. The pre-service teachers felt that the

worksheets provided effective learning opportunities (part 1).

For worksheet 8, the pre-service teachers scored part 2 (worksheet objectives) and
part 7 (relation to MEB curriculum) with the lowest mean score value. Two activities
made up worksheet 8. The initial activity was traditional mathematical topic on the
concept of center of mass. The second activity tight this concept to a real-life
example. Informal interviews with the pre-service teachers revealed that they found
the second activity unnecessary and would not use such an example while teaching

the concept of center of mass.

Table 10

Detailed descriptive statistics of the 4 pre-service teachers by worksheets
Worksheet Participant 1 Participant 2 Participant 3 Participant 4
Worksheet 1 4,46 3,64 4,79 4,74
Worksheet 2 4,57 3,85 4,80 4,59
Worksheet 3 4,56 4,38 4,80 4,59
Worksheet 4 3,85 4,41 4,87 4,56
Worksheet 5 3,84 411 4,93 4,70
Worksheet 6 3,93 3,71 4,80 4,77
Worksheet 7 3,49 4,18 477 4,77
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Table 10

Detailed descriptive statistics of the 4 pre-service teachers by worksheets

Worksheet 8 3,79 4,51 4,79 4,77
Worksheet 9 4,13 4,46 - 4,79 4,84
Worksheet 10 3,70 4,51 4,84 4,77
Worksheet 11 3,26 4,61 4,79 4,61
Worksheet 12 3,31 4,52 4,82 4,74
Worksheet 13 3,95 3,57 3,98 4,98
Worksheet 14 3,98 4,15 4,00 4,82
Worksheet 15 3,84 4,46 4,92 4,87
Worksheet 16 3,92 4,44 4,43 4,75
Worksheet 17 3,93 4,41 4,74 4,77

Eaezei:l;c} descriptive statistics of the 4 pre-service teachers by worksheets
Worksheet Participant 5 Participant 6 Participant 7
Worksheet 1 4,57 4,74 4,69
Worksheet 2 4,57 4,87 4,79
Worksheet 3 4,62 4,80 4,87
Worksheet4 4,66 4,56 3,41
Worksheet 5 4,69 4,13 4,05
Worksheet 6 4,61 3,98 3,85
Worksheet 7 4,56 4,30 4,28
Worksheet 8 4,62 3,75 3,90
Worksheet 9 4,62 4,49 4,54
Worksheet 10 4,70 4,34 4,59
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Table 11
Detailed descriptive statistics of the 4 pre-service teachers by worksheets

Worksheet 11 4,64 4,31 3,77
Worksheet 12 4,38 3,54 3,52
Worksheet 13 4,64 4,43 3,57
Worksheet 14 4,64 4,56 436
Worksheet 15 4,64 4,08 3,82
Worksheet 16 4,62 4,26 4,23
Worksheet 17 4,66 4,31 4,23
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Figure 10. Graphical view of the mean scores of the seven pre-service teachers by
worksheets

Since the data pool was very limited to only seven pre-service teachers, outliers
could affect drastically the dataset. Table 10, table 11 and the accompanying figure
10 show the mean score distribution by pre-servicé teacher for each worksheet. The

results indicate two dimensions to the data. The first dimension is related to the
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degree of consensus among the participants. The second dimension is related to

worksheets perceived instructional value.

There seems to be a high degree of consensus among the pre-service teachers for
worksheet 1- 3,710, 14 — 17. Moreover, pre-service teachers that rated the
worksheets initially relatively high tended to do so for all worksheets (Participant 3,
Participant 4, Participant 5 and Participant 2). Participant Participant 1 showed a
consistent decrease in worksheet ratings after the third worksheet. However, she was
theamong those that had provided the least amount of written feedback. This holds
true for Participant 2, too. Partiqipant 5, Participant 3, Participant 7, and Participant 4
were the ones that provided the most written feedback, suggestions and corrections

on the worksheets.
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CHAPTER 5: DISCUSSION

Introduction

This research based study intented to develop contextual based instructional
GeoGebra worksheets to make high school mathematics teachers learn how to use
GeoGebra effectively and appropriately in their classrooms. 17 contextual based
instructional GeoGebra worksheets were produced by researchers and they were
applied by first year pre-service mathematics teachers to evaluate the effectiveness
and accuracy of them. Considering feedbacks given during data collection process by
first year pre-serive mathematics teachers and observation results of the author, the
worksheets will be redeveloped. In this chapter, generally the results and findings of
the data collection process was discussed. Following sections, Overview of the Study,
Major findings, Implication for Practice, Implicationfor Further Research and
Limitations are contained in this chapter to give information about what this section

covers.
Overview of the study

This research study intended to develop instructional materials for both in-service
and pre-service teachers for learning GeoGebra. The contextual based instructional
materials aimed to meet both Turkish high school mathematics curriculum and
GeoGebra learning objectives. Hence, the resulting instructional materials were
referred to contextual instructional materials to distingush them from a purly

approach of GeoGebra software based learning and teaching materials.
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The development procedure of this study went through four main phases. The
identification of GeoGebra learning objective, matching procedure between
Geogebra learning objective and MEB objective, worksheet development (initially
23, after review 17 were used), application of worksheets to first year pre-service

mathematics teachers.

The seven first year pre-service mathematics teachers who were enrolled in Bilkent
University went and did each worksheet and provided written feedback to evaluate
seven domains of the developed worksheets. These were cognitive and psychomotor,
affective domain, accuracy of information, physical and esthetic design, accuracy of
language, logic of instructions, MEB high school mathematics relevancy. As a result,
the responses on the survey and first year pre-service mathematics teachers’ written

feedback provided the data for the reiteration and revision of the 17 worksheets.
Major findings

One fundamental assumption made while developing the instructional materials was
with respect to intrinsic motivation. Intrinsic motivation and its possible effects
towards directing one's own learning comes from Bandura's self-efficacy theory
(1986). The instructional rhaterials were developed within the realm of the MEB

. high-school mathematics curriculum. Hoping that the pre-service teachers would
“see” the value of learning and using GeoGebra, rather than taking a pure software

teaching approach.

One major find of this research was that the pre-service teachers involved in this
study made consistent remarks regarding “unnecessary” instructions. Examples such
29 <6

as “sin(x) can be drawn without using a picture (15.6.2)”, “why to position the slider

vertical (16.5.4.)” are a few among the many ones reported in chapter 4. A further
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evidence about intrinsic motivation might be the fact that none of the pre-service
teachers provided any evidence that they referred to previous worksheets. This is
evident, especially when they encountered a problem. They just stated the fact that
they could not remember it without trying to or looking for a solution to the problem.
In some cases, they completely drop or refused to complete the activity (e.g.
Participant 3, Participant 6, and Participant 7). Creating cross-references between
worksheets could perhaps be an incentive for future learners to go and look up

previous worksheets.

Although, initially a good idea of trying to create contextual based instructional
materials, especially towards self-based learning, it seems that some other type of
measure and incentive needs to be considered for upcoming instructional learning

materials.

Besides intrinsic motivation, pre-service teachers’ general computer literacy seemed
to have played an important role for some of their struggle. It is evident that some of
the participants had difficulties just because they had a lack of knowledge of basic

modern computing skills. For example, the fact the one needs to first select an object

before trying to manipulate it, enabling/disabling and/or rearranging windows, parent
window-child window relationship, and tab navigation to name a few (e.g., 3.7.1).
The worksheets that had been developed had no direct objectives and instructions
regarding the basic operations of a modern computer software. It seems that new

materials should include such basic activities initially, even if it is optional.

A spiral approach was used whenever possible to reinforce learned skills. Many
objectives were required to be completed several times in different worksheets. This

approach seemed to have created some problems with a few of the participants (e.g.,
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Participant 6, Participant 7 [12.6.2.-13.6.1, 10.7.2]). Instead of having this type of
directions in the main instruction item, one solution would be to create a sub-

instruction that is optional to follow.

The worksheets were designed to be progressively more complex and task
demanding while the instructions were becoming less detailed. When encountering
these type of activities, the participants requested more detailed instructions by
stating that they had difficulties completing the activity. Figure 9 clearly depicts that
some of the pre-service teachers had problems with Worksheet 5 to Worksheet13. A
solution to this problem might be by actually creating worksheets based on difficulty
levels rather than a holistic approach of GeoGebra learning objectives. For example
the worksheets could be developed as basic level, intermediate level and advanced

level.

Basic level worksheets would only utilize the graphics window and icon based object
creation (select, point and click). None of the menu driven and algebra window
based object manipulations of objects would be a part of this level. The intermediate
level would target skills such as the relationship between algebra and graphics
window objects, static object attribute manipulation through the concept of parent-
child window and an introduction to the “slider” object. The slider would serve as an
anchor for the concept of variables in computer programming. Advanced level would
include the manipulation through command line input, the concept of variables and
types of variables, and library functions, dynamic (programmatic) object and
attribute manipulation. Now it should be pointed out that that this suggestion is only
restricted to the domain of geometry. GeoGbra provides many more features, such as
cofnputer algebra system (CAS), statistics, spreadsheet functionality and 3D object

creation and manipulations.
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Implications for practice and further research

This research was conducted with only seven first year pre-service teachers. Clearly
a low and restricting number to generalize the results obtained in this study.
However, one domain of the results seemed to indicate that the pre-service teachers
faced some basic problems while trying to follow and learn GeoGebra. Their written |
statements provided some evidence of lack of knowledge regrading general computer
literacy. Similar findings were reported elsewhere. For example, Preiner (2008), a
researcher at the University of Salzburg, where GeoGebra was conceived, reached a
similar conclusion. She conducted workshops specifically for in-service mathematics
teachers and reported her findings. The common impediments she encountered
frequently while trying to teach GeoGebra was with respect to, text processing, file
handling, and picture file handling. Based on this fact, a good starting point might be
to stage a study that would try to reveal and compare the learning difficulties of
novice and expert mathematics teachers as far as general computer literacy is
concerned with respect to GeoGebra learning. The results of these types of studies
might provide valuable information towards the content and off course, theextend of
content needed to be covered in instructional materials for successful GeoGebra
learning.

It should be pointed out that this study did not deal directly assessing the effect of
learning GeoGebra. These instructional materials prepared in this study should be
scientifically evaluated regarding its effectiveness of self-based learning of
GeoGebra. In doing so, the short comings of this study can be overcome.

Learning objectives related to GeoGebra were created as a part of this research
which framed the content of the worksheets. In a similar manner, using the

objectives related to GeoGebra learning should be used to develop a valid and
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reliable assessment instrument. Such a standardized test could be used in several
important ways. For example, evaluating the effectiveness of a teaching and learning
workshops, differentiating participants’ knowledge levels and providing accordingly
instructional materials and/or redesigning these materials. Moreover, results of a
standardized test would also contribute to a database about common impediments
GeoGebra learners face.

Finally, some tangential evidence regarding the possible intention of integrating
dynamic geometry software as a teaching and learning tool exists base on the formal
observations conducted and informal talks during the research. To be a bit more
specific, 10 hours long classroom time was allocated for completing the worksheets.
The researcher was present at all times during these class hours. She received only
minor questions during these classroom sessions. Also, the pre-service teachers had
ample spare time to work on the worksheets at off-hours. Moreover, none of the pre-
service teachers reported to discover “new” feature or asked for information beyond
those provided by the worksheets. Moreover, later in the semester, all pre-service
tea;:hers were required to do practice teaching at schools as a part of their formal
teacher training education. None of them tried to use GeoGebra. These actually
comes as no surprise. Because “simply training teachers to use appropriate tools in
workshops doesn’t guarantee that théy are going to use the same technology
effectively in their classrooms (Mously et al., 2003, p.421).

Hence, studies that have their worksheet context around good practice models of
integration of technology in mathematics education with instructional learning

GeoGebra objectives need to be explored.
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Limitation

There are a number of limitations which should be considered in this research. The
researcher had a limited access to voluntary participants. Secondly, none of the
participants were practicing mathematics teachers. So their written feedbacks and
survey responses should be interpreted in this manner. The lack of a second iteration

for the revised worksheets was due to time constraint the research faced.

GeoGebra is a dynamic mathematics software which improves fast. However
instructional design method requires time and great effort. Until completing the
study, new features has been added to GeoGebra. Mathematics teachers will need
new produced GeoGebra tutorial materials to legm how to use these features and

integrate these features to their teachings.
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APPENDICES

APPENDIX A: MEB high school mathematics curriculum objectives

9.4. Uggenler

9.4.1. Uggenlerin
Esligi

9.4.1.1. Bir iiggenin i¢ agtlarinin 6lgiileri toplaminin 180°,
dis agilarmin Slgiileri toplaminin 360° oldugunu gosterir.

9.4.1.2. Iki tiggenin esligini agiklar, iki iicgenin es olmasi
icin gerekli olan asgari kosullar belirler.

9.4.1.3. Bir tiggende daha uzun olan kenarin karsisindaki
acinin Slgtisliniin daha biiylik oldugunu gésterir

9.4.1.4. Uzunluklari verilen ti¢ dogru pargasinin hangi
durumlarda tiggen olusturdugunu belirler

9.4.2. Uggenlerin
Benzerligi

9.4.2.1. Bir ticgenin bir kenarina paralel olarak ¢izilen bir
dogru diger iki kenar1 kestiginde bu dogrunun iiggenin
kenarlarini orantili dogru pargalarina ayirdigmi (temel
orant1 teoremi) ve bunun karsitinin da dogru oldugunu
gosterir.

9.4.2.2. ki iiggenin benzerligini agiklar, iki iggenin
benzer olmasi i¢in gerekli olan asgari kosullari belirler.

9.4.2.3. Uggenlerin benzerliéini modelleme ve problem
¢Ozmede kullanir.

9.4.3. Uggenin
Yardunct
Elemanlari

9.4.3.1. Bir aginin aglortayini ¢izer ve dzelliklerini
aciklar.

9.4.3.2. Uggenin i ve dis agiortaylarmin Szelliklerini
gosterir.

9.4.3.3. Uggenin kenarortaylarmin bir noktada kesistigini
gosterir ve kenarortayla ilgili 6zellikleri agiklar.

9.4.3.4. Uggenin kenar orta dikmelerinin bir noktada
kesistigini gosterir.

9.4.3.5. Uggenin yiiksekliklerinin bir noktada kesistigini
gosterir ve liggenin gesidine gére bu noktanin konumunu
belirler.
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9.4.4. Dik Uggen
ve Trigonometri

9.4.4.1. Dik iiggende Pisagor teoremini ispatlar ve
uygulamalar yapar.

9.4.4.2. Dik tiggende dar agilarin trigonometrik oranlarini
tanimlar ve uygulamalar yapar.

9.4.4.3. Birim ¢emberi tanimlar ve trigonometrik oranlari
birim ¢ember lizerindeki noktanin koordinatlartyla
iliskilendirir.

9.4.4.4. Uggende kosiniis teoremini ispatlar ve
uygulamalar yapar.

9.4.5. Uggenin
Alan1

9.4.5.1. Uggenin alanin1 veren bagitilar1 olusturur ve
uygulamalar yapar.

9.4.5.2. Uggende siniis teoremini ispatlar ve uygulamalar
yapar.

9.5. Vektorler

9.5.1. Vektor
Kavrami ve
Vektorlerle
Islemler

9.5.1.1. Vekt6r kavramini agiklar.

10.4. Analitik

10.4.1. Dogrunun

10.4.1.1. Analitik diizlemde iki nokta arasindaki uzaklig

Geometri Analitik veren bagintiy1 olusturur ve uygulamalar yapar.
Incelenmesi :
10.4.1.2. Bir dogru pargasini belli bir oranda (i¢ten veya
distan) b&len noktanin
koordinatlarini hesaplar.
10.4.1.3. Analitik diizlemde dogru denklemini olusturur
ve denklemi verilen iki dogrunun
birbirine gére durumlarini inceler.
10.4.1.4. Bir noktanin bir dogruya uzakligini agiklar ve
uygulamalar yapar.
10.5. 10.5.1. 10.5.1.1. Dortgenin temel elemanlarini ve 6zelliklerini
Dértgenler ve | Dortgenler ve aciklar.
Cokgenler Ozellikleri
10.5.2.0zel 10.5.2.1.Yamuk, paralelkenar, eskenar dértgen,
Déortgenler dikdortgen, kare ve deltoid ile ilgili ag1, kenar ve kisegen

ozelliklerini agiklar

10.5.2.2. Yamuk, paralelkenar, eskenar d6rtgen,
dikdortgen, kare ve deltoidin alan bagintilarini olusturur.
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10.5.2.3. Dértgenlerin alan bagintilarini modelleme ve
problem ¢6zmede kullanir. '

10.5.3. Cokgenler

10.5.3.1. Cokgenleri agiklar, i¢ ve dig agilarmin &lgiilerini
hesaplar.

10.8. Cember | 10.8.1. Cemberin | 10.8.1.1.Cemberlerde teget, kiris, ¢ap ve yay kavramlarini
ve Daire Temel Elemanlar1 | agiklar.
10.8.1.2.Cemberde kirisin 6zelliklerini gosterir.
10.8.2. Cemberde | 10.8.2.1. Bir gemberde merkez, cevre, ig, dig ve teget-
Acilar kirig agilart agiklar; bu agilarin lgiileri ile gordiikleri
yaylarin 6lgiilerini iligkilendirir.
10.8.3. Cemberde | 10.8.3.1. Cemberde tegetin 6zelliklerini gésterir.
Teget
10.8.4. Dairenin 10.8.4.1. Dairenin ¢evresini ve alanini veren bagintilar
Cevresi ve Alani | olusturur ve uygulamalar yapar.
11.4. 11.4.1. Yonlii 11.4.1.1. Yonlii ac1yr agiklar, ac1 6l¢ii birimlerinden
Trigonometri | Agilar derece ile radyan iliskilendirir.
11.4.2. 11.4.2.1. Trigonometrik fonksiyonlar1 birim ¢ember
Trigonometrik yardimiyla olusturur ve grafiklerini gizer.
Fonksiyonlar

11.4.2.2. Tanjant, siniis ve kosiniis fonksiyonlarinin ters
fonksiyonlarini olusturur.

11.4.3. Iki Aginin
Olgiileri
Toplaminin ve
Farkinin
Trigonometrik.
Degeri

11.4.3.1. Iki agmnn 6lgiileri toplammin ve farkimin
trigonometrik degerlerine ait formiilleri bulur.

11.4.4.
Trigonometrik
Denklemler

11.4.4.1. Trigonometrik denklemlerin ¢dziim kiimelerini
bulur.

11.7.1. Analitik
Diizlemde Temel
Dontistimler

11.7.1.1. Analitik diizlemde koordinatlari verilen bir
noktanin dteleme, dénme ve yansima doniisiimleri
altindaki goriintiistiniin koordinatlarini bulur.
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11.7.2. Oteleme,
Yansima, D6nme
ve Bunlarin
Bileskelerini
Igeren
Uygulamalar

11.7.2.1. Oteleme, dénme, yansima ve bunlarin
bileskelerini modelleme ve problem ¢6zmede kullanir.

11.4. Olgme

11.4.1. Bir
nesnenin belli bir
oranda
biiylitiilmiis ya da
kii¢iiltiilmiis bir
¢izimini
kullanarak bir
mesafe, bir
nesnenin ¢evre
uzunlugu, alani
veya hacmi
hakkinda
¢ikarimlarda
bulunur.

12.3. Analitik

12.3.1. Cemberin

12.3.1.1. Merkezi ve yarigapi verilen gemberin

Geometri Analitik denklemini olusturur.
Incelenmesi
12.3.1.2. Denklemleri verilen dogru ile gemberin birbirine
gére durumlarint inceler.
12.3.1.3. Cember tizerindeki bir noktadan ¢embere ¢izilen
teget ve normal denklemlerini olusturur.
12.3.2. Elips, 12.3.2.1. Parabol, elips ve hiperbolii tanimlar, standart
Hiperbol ve: denklemlerini elde eder ve uygulamalar yapar.
Paraboliin
Analitik.
Incelenmesi
12.4. 12.4.1. Standart 12.4.1.1. Standart birim vektdrleri tanimlayarak bir
Vektorler Birim Vektoérler | vektdrii standart birim vektorlerin lineer bilesimi seklinde

ve I¢ Carpim

yazar.

12.4.1.2. Iki vektSriin i¢ ¢arpmmini agiklar ve iki vektor
arasindaki ag1y1 hesaplar. '

12.4.1.3. Bir vektoriin baska bir vektér tizerine dik
izdiistimiinii bulur.
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12.4.2. Bir
Dogrunun
Vektorel

Denklemi

12.4.3.
Vektorlerle ilgili
Uygulamalar

12.4.3.1. Vektorel, sentetik ve analitik yaklagimlar
problem ¢dzmede kullanir.

12.7. Uzay
Geometri
yaklagimlari

12.7.1. Uzayda
Dogru ve Diizlem

12.7.1.1. Uzayda bir diizlemi belirleyen durumlar: inceler.

12.7.1.2. Uzayda iki dogru; iki diizlem; bir diizlem ve bir
dogrunun birbirlerine gére durumlarini belirler ve
uygulamalar yapar.

12.7.1.3. Uzayda iki diizlem arasindaki agiy1 belirler.

12.7.1.4. Bir seklin bir diizlem iizerindeki izdiislimiinii
belirler ve uygulamalar yapar.

12.3.0l¢me

12.3.1. Dik
tiggenleri
gercek/gergekei
hayat
problemlerini
¢dzmede kullanir.

12.3.2.
Uggenlerin
benzerligini,
gercek/gergekei
hayat durumiarin
modellemede ve
problem ¢dzmede
kullanir.

12.4.
Trigonometri
ve
Uygulamalar1

12.4.1. Yonlii
aciy1 agiklar, ag1
Gleti .
birimlerinden
derece ile radyam
iliskilendirir.
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12.4.2.
Trigonometrik
fonksiyonlar1
birim ¢ember
yardimiyla
olusturur ve
grafiklerini gizer.

12.4.3.
Trigonometrik
fonksiyonlari
gergek / gergekei
hayat durumlarini
modellemede ve
problem ¢6zmede
kullanir.
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APPENDIX C

Matching GeoGebra training objectives with MoNE high school mathematics curriculum objectives
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