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ABSTRACT

THE EFFECT OF USING DYNAMIC GEOMETRY SOFTWARE OBRIGHT
GRADE STUDENTSO6 ACHI VEMENT I N TRANSFORMATI O
GEOMETRIC THINKING AND ATTITUDES TOWARD MATHEMATICS AND
TECHNOLOGY

Akge¢l, Mustafa Bujra
M.S., Department of Elementary Science and Mathematics Education
SupervisorAssi st. Prof . Dr. Didem AKY; Z
Cosupervisor Assoc. Prof .-BOSTAN Mi ne |1 kIl KSAL

January2014, 209 pages

The aim of this studyasto investigate the effects &fynamic Geometrysoftware
Assisted Instructionon 8" gr ade studentso mat hemati cs
transformation geometry(fractals, rotation, reflection, translatigngeometric
thinking, and attitudes toward mathematics and technotmggypared to the Regular
Instruction The Static Group PretestPosttestresearchdesign was adopted in this
weakexperimental research study. Tétady was conducteduring the fall semester
of the 20122013 academic yean a private elementary school in Bilkent district in
AnkaraTURKEY. The ample ofthe study consisted &4 eight grade students (17
male and 17 female)The studylasted 10 class hours irthree weeksFor the
treatment, two intact classes were used eaxth of thee classewaschosen ashe
experimental and the control gromandomly The experimental group students were

taught the subject of transformation geomeébsy the researchewith Dynamic

iv



Geometry Softwardssisted Instruction using GeoGebndnile the control group

students were taught the same contgnthe mathematics teacher of the clagth

the Regular InstructionIn order to gather data, Mathematics Achievement Test
(MAT), van Hiele Geometric Thinking Level Test (VHL3nd Mathematics and
Technology Attitude Scale (MTAS) were administered to the students as measuring
instruments.The Quantitative Data Analyses wedene by using Independent

samples t-test The results of the studindicatel that the Dynamic Geometry
SoftwareAssisted Instration had a signi ficant effect 0
achievement in transformation geometry and geometric thinking positeeipared

to the Regular InstructionHowever, the Dynamic Geometry SoftwarAssisted
Instructionhad no significant effect on studen

technology.

Keywords:Dynamic Geometry Software, GeoGehlvigthematics Achievementan
Hiele Geometric Thinking Levs| Attitude Towards Mathematics and Technology,

Transformatio Geometry
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CHAPTER 1

INTRODUCTION

The public education system, which not only helps communities to develop
and improve, but also enables individuals to develop, cannot be thought
independently of the systems that construct the structures of the society and the
technological advances in ogpoch where we face new technological changes every
day (Yenice, 2003). Besides, as known, the major purpose of public education is to
enable individuals to accumulate and acquire knowledge, and to guide individuals by
showing how to use this knowledge dain what way. However, in order to
accomplish such purposes of education, the methods that are commonly used remain
insufficient and there is a need for new teaching methods for the accomplishment of
the purposes of public education and permanent learnfiog this end, new
educational technological tools shouldthken advantage gzunboylu, 1995).

In the information era we live in, it is inevitable that technology affects how
we teach and how we learn. As a result of research studies for new apprimdbbe
process ofteachinglearning, which have been conducted for many decades, new
supportive techniques that enable effective teaching and learning have been
developed. One of these techniques is based on the integration of technology into the
educational field, indirdcuse of ICT in classrooms. Many research studies showed
that ICT (Information and Communication Technology) is useful as a supportive tool
in the teaching and learning environment. In the mathematics classroom, the use of
ICT can help students and teacheerform better in calculations, analyses of data,
exploration of mathematical ideas and concepts and the association of these ideas
and concepts with real life examples, thus resulting in permanent and effective
learning in mathematics and higher mathemnac s achi evement ( Dok
Saha, Ayub & Tarmizi, 2010; Toker, 2008; Yemen, 2009).



The use of technology in mathematics education not only helps students
construct their visual representations of mathematical ideas and concepts, summarize
and anb/ze data, and interpret these data, but also enables students to investigate
every area of mathematics, such as geometry, algebra, and statistics (NCTM, 2000).
The National Council of Teachers of Mathematics (NCTM) considers technology as

one of their siXprinciples for school mathematics and states:

drechnology is essential in teaching and learning mathematics; it influences
the mathematics that is tapglht and enhanc

Computers are one of the most common tools of technologieatighed
learning environments that make teaching of mathematics more effective, and the
number of computer laboratories and the use of computers in the learning
environment at schools are inasing day by day (Baki, 2001). Thus, integration of
technology into mathematics education, indirectly the application of ICT
(Information and Communication Technology), is mainly done by the use of
computers in the learning environments. The use of cargpuirovides extensive
opportunities for facilitating, supporting and enriching the learning of mathematics in
schools. Welbased interactive learning objects, interactive applets, spreadsheets and
graphing programs are some types of ICT applications,hwvéiie currently being
used in mathematics educatithmough computers

ComputerAssisted Instruction (CAl) is one of the most commonly used and
investigated methods of instruction and is implemented with the use of computers in
t he l earning lekvi& on me Bdki, (2002 8adsérjed that
ComputerAssisted Instruction helps teachers to introduce new contents and
materials, teach new subjects, promote new skills and test them, and repeat and
remind then when needed. According to Bgl@d002, computers can be utilized to
teach a subject easily in accordance with t
states that the load, complexity, and level of the details of the topic can be set
according to the student sabcetha the Compugr | evel . S
Assisted Instruction proves affect and change the learning environment positively.

Taking into consideration that effective teaching of mathematics is mainly ensured

2



by means of effective mathematics teachers, the use of computéesrning
environments assumes great importance in enriching the learning environment and
enhancing the quality of teachifggarning process.

There are two main types of systems that can effectively support teaching and
learning of mathematiceomputeralgebra systemanddynamic geometry systems
Computer algebra systenf€AS) are used to represent the abstract mathematical
concepts such as integers, rational numbers, complex numbers, polynomials,
functions and equation systems and solve mostly algebraic problems (Davenport,
Siret & Tournier, 1993)Those systemge.g. Derive, Mithematica, Livemath) help
students to improve computational skills, to discover, visualize and practice
mathematal concepts. CAS notonliyaci | it ates studentsdo | e
teachers to improve effective teaching materaatsl enable ¢achersto establish
effective communication betwedhe students anthemselves, as well as supporting
distance education (Majewski, 1999).

Dynamicgeometry systerfiocuses on the learning and teachingsebmetry,
particularly Euclidean Geometry, and solving throblems with respect to geometry
concepts. It also focuses on the relations among points, lines, angles, polygons,
circles and other geometrical concepts (Sangwin, 2007 he ter m fdynami
to manipulating, resizing and dragging the figure to observe the differences.
Dynami c mat hemati cs/ geometry softwares
Sketchpad, Cindrellaglsooffer students and teachers useful facilities for using both
ComputerAlgebraSystems and Dynamic GeometrySystemstogether(Hohenwarter
& Lavicza, 2009).

NCTM6s (2000) Principles and Standard
that Dynamic Geometry Softwaresan be used to enhanstudent learning and
continues:

AThe ef f e tethnology inuhe enatherhatics classroom depends on

the teacher. Technology is not a panacea. As with any teaching tool, it can be

used well or poorly. Teachers should use tetdgy to enhance their

s t u d karning 6pportunities by selecting or cregtimathematical tasks

that take advantage of what techrgpiocan do efficiently and welb
graphing, visual @29 ng, and computing.

3



NCTM (2008) also remarks that the uskinteractive geometry softwares,
computer algebra systems, applets, interactive presentation devices, spreadsheets,
and calculators have an important place for permanent and effective learning of
mathematicsBesidesNCTM (2008) emphasizes that uset@thnology in education
is essential for teaching and learning of mathematics and, therefore, all schools
should have necessary technological substructure and equipment for the active use of
educational technologies in mathematics educati&dTM (2000) enphasizes the
use of DGS in mathematics classrooms and states the followatg that are aimed

to achieve;

1 Exploring properties of rectangles and parallelograms using dynamic
software.

1 Learning about length, perimeter, area, and volume of similar ohjettg
interactive figures.

1 Learning about properties of vectors and vector sums using dynamic
software.

1 Understanding ratios of areas of inscribed figures using interactive diagrams.

The Ministry of National Education (MoNEpPf Turkey agrees with the
principles and suggestions of NCTM (2012). MoNE @04lso suggestethat the
mathematics teachers to utilize technological tools (i.e. dynamic mathematics
softwares) in mathematics classrooms to make the mathematics teaching more
effective. Parallel withthis suggestionwhich encourages mathematics teachers to
use technology in learning environmgnturkey has recently (in February 2012)
initiated the FATIH (Movement of Enhancing Opportunities and Improving
Technology) Project which aims ptoviding studentswith equal opportunities in
education and improving the technological substructure of the schools. The Ministry
of Education started to equip all 6200 schools, including preschepprimary, and
secondary institutions, with tablets and LCD sniavards. Itis aimed to achieve
active ug of ICT in every classroom througit the country and enrich the learning
environment till the end of 2013 (MoNE, 201M). this way, the studentsillvbe

4



provided with technologically eithed learningopportunities which providéhem

with better understanding of mathematics due to the technological tosdsirus
mathematics education such as computers with dynamic geometry softfickeks.

Voljc (2007) stated thremain characteristics of DG& a dynanic model of paper

and pencil with dragging mode, a combined sequence of commands to form a macro,
and the motions of geometrical objects which are visualized as a locus.

In dynamic learning environmesytwhen the students dratipe points or
figures thraigh dynamic tools, they achieve different goals (Arzarello, Micheletti,
Olivero, Robutti, Paola, & Gallino, 1998; Hollebrands, Laborde & Strasser, 2006;
Rivera, 2005)Students prefer using thregpes of dynamic movements; wandering
dragging, lieu muet dgging, and dragging test (Arzarello et al., 1998). In wandering
dragging, students aim at observing the regularities and discovering the results while
dragging. In lieu muet dragging, students aim at preserving some regularity in the
construction. They @g a point to observe the difference while other variables are
constant. The third type, dragging test, means observing changes to test a hypothesis
during dragging.

Although there are many advantages of constructions made with DGS, the
construction activies done by papeandpencil should not be ignored since both
dynamic and papendpencil environments make r e a t contributions
conceptual development (Kokwloljc, 2007). Therefore, in the present study, both
paperandpencil and GeoGebrasaa DGS were used to benefit the advantages of
both environments.

One of the most useful and versatile dynamic geometry softwares is
GeoGebra which was selected as a dynamic geometry software for the present study.
GeoGebra combines Computer Algebra SystgCAS) and Dynamic Geometry
System into one eady use system. GeoGebra, created by Hohenwarter in 2001, is a
free dynamic geometry, algebra, and calculus software for both teachers and students
to make teaching and learning more effective. One of thigua properties of
GeoGebra ighatit integrates algebra view, graphic view, and spreadsheet view in a
single interface (Preiner, 200&8¢e0Gebra not only provides students with facilities

to experiment the mathematical ideas and to associate mathematical concepts with
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the real life examples, but also helps studentexamine the relation between
algebraic and geometrical concepts better

GeoGebra can also be used in many ways in the teaching and learning of
mathematics: for dematration and visualization ag can provide different
representations; as a construction tool since it has the abilities for constructing
shapes; for investigatn to discover mathematidsecausdt can help to create a
suitable atmosphere for learning; and for preparing teaching materials using it as a
cooperation, communication and representation tool (Hohenwarter & Fuchs, 2004).
One of the most important reasofor GeoGebra to be used are; it has a variety of
language options (including Turkish) and has easily accessible online

lessons/activities on the official websitewfw.geogebra.ofg and it is a free

opensourcesoftware (Bijedic & Hamulic, 2009).

GeoGebra can be defined as edfective and important tool in establishing
relationshig between geometry and algebra concepts in elementary mathematics
since it proved its capability and potential in mathematics educ@iohenwarter &
Jones, 2007). The software can be used with students ranging from elementary level
to college level, aged from 10 to 18, beginning with simple constructions up to the
integration of functionsStudents can explore mathematics alone graups and the

teacher tries to be a guide in the backgrouwgiding suppot when students need

help. udent sd results of their experiments wi:

discussions in class so that teachers can have more time to concentrate on
fundamental ideas and mathematical reasoning (Schumann, 1992). Researches
indicated that GeoGebra has a positive
on geometry concepts covered in the primary mathematics curriculum (Bilgici &
Sel - i kDoktokd0l1d, K2®13; 2011) .

In the national mathematics curriculum of Turkey established by MoNE, the
subject of transformation geometry is covered in eighth grade mathematics.
Klein (1870) stated that transformation geometry is the main subject learnt in
geometry (as cited in Junius, 2002). HoweWeg related literature showed that both
students andeachershave difficulties in understanding and teaching the subject

since the topic is a little more abstract than the other topics of mathematics
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(Harper,2002). To pt it differently, different and more effective teaching methods
and tools that facilitate the learning of the topic are needed (Boulter, 1992).
Therefore,it is important to teach the topic of transformation geometry accurately
and effectively in eighth grade mathematics.

The van HieleModel of Geometric Thinkings a theorywhich offers a model
for explaining and describing t u d gepmeideasoimg (van Hiele, 1986)This
theory resulted from thievo Dutch mathematics educasodoctoral worls, Dina van
Hiele-Geldof and Pierre van Hielat the University of Utrecht in the Netherlands
Pierre van Hiele formulated the five levels of thinking in getoynand discussed the
role of insight in the learning of geometifhe van Hiele theory has been applied to
clarify studentsdé difficulties with the
essentiato success in high school geometry. In this thgibrstudentsare nottaught
at the proper Hiele level that they are at or ready fohatywill face difficulties and
they cannot understand geometi§ince the current National Middle School
Mathematics Curriculunof Turkey ai ms at rai si ngsiijgeometr
i mportant to investigate the effect of
progress through geometric thinking levels and seek for a correlation between the
studentsd geometric thinki nghidhenayesérne and
thepurposes of the curriculurhased on the results of the present study.

Attitude towards mathematicsvhich refers to a studenés selfreported
enjoyment, interest and level of anxiety towanathematics (Pilli, 2008), plays a
curucial role in the learninggf mathematics and achievement in mathematics
(Arsl an, 2008; P e k e. Thukinvésiigatingsthe effectieehelssu , 20
of the instruction using dynamic geometry software, which may establsitive
attitude towards mathematjas importantf o r s tmattesnaticdeasning and
achievement

Consideringthe above mentioned statementise present research study will
investigate the effects ddynamic Geometry SoftwarAssisted Instructiorusing
GeoGebra on B gradest udent s 6 Mat hemat i cs Achi eve
geometryGeometric Thinkingand Attitudesoward Mathematics and Technology.



1.1 Purpose of the study

The aim of this study is t@xaminethe effects ofDynamic Geometry
SoftwareAssisted Instruction using GeoGelova 8" gr ade student sd mat he
achievement in transformation geometry, geometric thinking and attitudes toward
mathematics and technology.

1.2 Research Questions and Hypotheses

The study aims atinvestigating the followingmain and suvesearch
guestios. To examine the researgestiors of the study, four null hypotheses were

stated below.

Main Research Question:What is the effecof the Dynamic Geometry Software

Assisted Instructonon 8" gr ade student séo Mat hemati cs /
Transformation GeometryGeometric Thinkingand Attitudetowards Mathematics

and Technology?

To examine the main research question, thregpsolblems were addressed:

Sub-Problem 1) What is the effect of th®ynamic Geometry Softwat&ssisted
Instruction on 8" gr ade student so mat hemati cs achi ev

geometry (fractals, rotation, reflection, translation)?

(Sub-Problem 1) Hy: There is no statistically significant mean difference between
the gudents taught by th®ynamic Geometry Softwatlssisted Instructiorand
thosetaught by Regular Instructiowith respect to Mathematics Achievement Test

(MAT) posttest scores.

Sub-Problem 2) What is the effect of th®ynamic Geometry Softwar&ssisted

Instructionon8"gr ade studentsd attitudes toward math

(Sub-Problem 2) Hy: There is no statistically significant mean difference between

the students taught by tHeynamic Geometry Softwar@ssisted Instructiorand
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those taught byhe Regular Instruction with respect to Mathematics and Technology
Attitude Scale (MTAS) posttest scores.

Sub-Problem 3) What is the effect of th®ynamic Geometry SoftwarAssisted
Instructionon 8"gr ad e syeometrie thinkin®

(Sub-Problem 3) Hy: There is no statistically significant mean difference between
the students taught by tH@ynamic Geometry SoftwatAssisted Instructiorand
those taught by the Regular Instruction with respect to van Hiele Geometric Thinking

Level Test (VHL) posttest sces.

1.3 Significance of the study

Technology integration to mathematics classrooms is important to the field
of education, not only because today's society is becoming more and more advanced
and reliant upon technology but also because schools are begitoniembrace
technology as an essenti al part of their
As a result of research studies for new approachémtprocess deachinglearning
by the help of technology use in learning environgenhich have beenonducted
for many decades, new supportive techniques that enable effective teaching and
learninghave beemlevelopedOne of these effective techniques is implemented with
the assistance of comieus in mathematics a$sroomswhich isthe application of
ICT asakind of integration of échnology into mathematieslucation

Since the early 1980s, there has been a growing interest in computers as a tool
to ease studentsd | earning. The i mporta
properly as a learning tool has been stressed by many researchers. Therefore, a
dynamic mathemats or geometry software that encourages students to explore and
express mat hemati cal ideas 1s becoming
Moreover, theuse of computer in classrooms has been expanding owing to the
positive effects ofComputerAssistal Learning in mathematic&Souter, 20@). In
addition, since mathematics is abstract in its nature, it is important for students to
visualize abstract mathematical concepts in a Dynamic Learning Environment via

computers (Jones & Bills, 1998As the existing teaching methods remained
9



insufficient, the present study is significant as it investigates the effectiveness of
Dynamic Geometry Softwaras a supportive tool ithe teaching of mathematics,
thus, contribuhg to the mathematics teachingpractice.

A study by Aiken (1972) indicated that attitudes also play an essential role in
learning mathematics and using computers may lead to more positive attitudes in
students. Hence, this study is significant since it can improve not only the prdctice
Dynamic Geometry Softwar@ssisted Instructionbut can also establish a positive
attitude towards mathematics because it is based on the application of Cemputer
Assisted Instruction enriched with the use of Dynamic Mathematics Software,
GeoGebra.

The related literature documented the positive effects of using dynamic
geometry software. However, the effectloé Dynamic Geometry Softwa#sssisted
Instructionis still needed to be investigated. To put it differently, there are not many
studies whichingsti gate the eff e geomsetriobinkinQ&8 o n
attitude towards mathematics. Thus, this study will contribute to the mathematics
education literature.

Another significance of this study arises from the lack ofdepth
experimental resedncstudieson transformation geometry and fractals in Dynamic
Learning Environment through DGS. The transformational geometry is an important
topic in the k12 mathematics curriculum (Harper, 2002). Ac@ogdto Desmond
(1997), Edwards andazkis (1993), and Law (1991), both students anespreice
teachers have difficulties in understanding the motions of reflection, rotation, and
translation. Besides, it is difficult to teach the subject of transformation geometry
effectively for teachexr in crowded classes because it requires much work and
drawings. Hence, this study is significant since it may provide an insight into the
teaching of transformation geometry in a dynamic learning environment for
mathematics teachers.

Studies ofFuys, Gedes andTischler (1988), Senk (1989), Shaughnesasy
Burger (1985), and Usiskin (1982) have
thinking | evel is a good predictor of

expected from the outcome of the dbputhatthe DGSAssisted Instructiorhas a
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posi tive ef f geometricotmnking hanck@mitmodr ease i n st
mathematics achievemefithis may be another significance of the present study.

According to ¢akéroj !l u, henaticeteacharms d Ak
evaluated themselves as incapable of designing, conducting and evaluating a
technologysupported learning environment. The lesson plans, activity sheets and
worksheets related to the topic of Transformation Geometry and Fractals, which
were prepared to be used during the study in dynamic learning environment through
GeoGebra, may be considered as examples for the mathematics teachers so that this
study can encourage mathematics teachers who have concerns about the use of
technology or Dynaic Geometry Softwares (e.g. GeoGebra, GSP, Cabri) in
mathematics classrooms and suggest them ideas about technology use in
mathematics classrooms. In this way, it can help students by providing them with
permanent and effective learning of mathematicserdfore, this study can
contribute not only to the mathematics education literature, but also to the teacher
education, educational practice, curriculum development, educational field, and
educational policy making.

This study may also leatb subsequentesearch studies on new teaching
methods or supportive components to the existing teaching methods based on the
results to find an answer to the questio
Findings of this study may be also significant in validating usage of dynamic
geometry software while teaching kemploying Dynamic Geometry Software
Assisted Instruction

In the light ofthe literature review and the lack of the research in the field,
this study will be conducted by considering its significaimceeaching and learning
of mathematics, that is, contribution to mathematics education. Thus, this research
study will provide insight into the effects of dynamic geometry environment on
student séb Ma t h entnint Tramsformakian h GeemnetryfBeomeric
Thinking, and Attitude dwards Mathematics and Technology. The findings of the
study may shed light on the design of technolsggported learning environment
and instructions. Also, the information derived from this study can serve as

foundations fodevelopment of curricular considerations.
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1.4 Definitions of the Important Terms

Dynamic Geometry Softwares defined as a kind of computer software that enables
students and teachers tswalize geometric figures and shapegplore geometric
relationshipsand concepts, make and test conjecturesa dynamic learning
environmentby manipulating the objects such dsagging, constructing, rotating,
translating in order to understand the concepts of georf@tldenberg & Couco,
1998). In this study, GeoGebravas used to teach the subject of transformational

geometry.

Dynamic Geometry Softwar@ssisted Instructionis an instruction which idased
on the delivery of the activities and tasksngDynamic Geometry Software. In this
learning environment, the teachgives studentsinstructions about the dynamic
activities and tasks after a brief explanation about the twhite gudents explore
the relationships between the concepts and draw cankthrough these activities
and taskslIn this study, the experimental group students were taughtDyitlamic
Geometry Softwaréssisted Instructiomsing the dynamic GeoGebra activities and

tasks.

Regular Instructionrefers to a teachearentered, tetbookbased teaching approach.
Regular Instruction includes teanfithrough lectur® notetaking, questiornanswer
and exercisesIn regular learning environmentsthe teacheracts as a knowledge
transmitter and sometimesasks questions to the students. Rules, definitjons
strategiesand generalizationselated to the topiare given first, and then examples
are provided. The studentge passive listeners and ntakersin this learning
environment(Duatepe, 2004)In this study, the control group students were taught
with suchkind of Regular Instruction.

Achievementi s defined as fAsomething accomplished
means of exertion, skil I, practice or perse\
46). In this study, achievement means the total measurement of the scores of
mathematics achievement test. In another words, the achievement is what the MAT

measures.
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Attitude i s defined as ithose bel i efs f or med
measured in the deains of mat e mat i cs o ( Ca p fnathisostudy,2 0 0 0,
attitude means the total measurement of the scores of attitude towards mathematics

scale. In short, attitude is what the MTAS measures.

Attitude towards mathematics and technologgfers to studentés selfreported
enjoyment, interest and level of anxiety toward learnimgithematics with
technology(Pilli, 2008).

Transformational Geometryy s def i ned as fia subset of ¢
learn to identify and illustrate movement of shapes in two and three dimensions. The
three types of movement are slides (translations, as when a figure is moved on a
page), flips (reflections, that isyhen a figure is turned over in three dimensions),

and turns (rotations, when a figure is r
Boulter, 1999, p.285). In the present study, transformation geometry includes the
patterns such as fractals, and the ement of the figures such as reflection,

translation, rotation and combination of these.

van Hiele Geometric Thinking Levslare definedas the levels whickescribe the
way that students reason about shapes and other geometric ideas. The van Hiele
Theory of Geometric Thinkingoutlines the hierarchy othese levels through

studentsdé progress as(Usiskine@82devel op geome:!

1.5 Assumptions of the sudy

There are several assumptions in the present study. First of all, it was
assumed that all the instruments were administered to the experimental and control
groups under the same standard conditions. Moreover, the subjects of the study were
assumed tte sincere while responding to the test items. In addition, it was assumed
that the students from different classes did not interact and communicate about the
items ofthe postachievement tests befotiee administration of these tests. It was
also assumed that the differences of the implementers had no effect on the results of
the study.

13



1.6 Limitations of the study

The present study has some limitations. Firstlypjects were not assigned to
the experimentaand the control group randomly. Therefore, the study wasak
experimental studyBesides the results of the study were limited to the population
with similar characteristicgVloreover the results of the study were restricted to the

topics of Transfomation Geometryand FractalsHence this limited focus restricted

the generalization of the results of the study to other contents in mathematics.

Furthermore duration of the treatment was three weeks. This duration was short in
gaining evidence regardinthei mpr ove ment of studentso
attitudes toward mathematics and technoldgyaddition the results of the study
were limiteddue tothe instruments used to measure certain variables. Thus, different
results could be obtainetl different instrumentsvere usedFinally, the differences
between the implementers were limitations in terms of the internal validity of the

study.

14

geome



CHAPTER 2

LITERATURE REVIEW

In this chapterthe literature related to the present study is reviewed. The
chapter is split into eight parts. Fist all, technological tools used in Maimatics
Education are mentionedrhen the literature concerning the use of Dynamic
Geometry Software in Mathematics Education is reviewethe following part the
research studies focused on the effects of GeoGebra as a Dynamic Geometry
Software on studentsd noacdNexmmthe literadure |l ear n
regarding the van Hiele Theory and van Hiele Geometric Thinking Levels are given.
Afterwards the literature related with the role of technology use in attitude towards
mathematics is emphasizddater on the transformation geomiry topic as a sub
learning area of geometry and the fractals as alearbing area of transformation
geometry are reviewedn the last parta consistent summary of the literature

reviewed in this chapter is drawn.

2.1Technology Usage in Mathematics Edcation

Over the last quarter of a century, advances and novelties in technology have
become a very important factor in everyday IBesidestechnological advances and
developments brought new perspectives to the process of education and educational
mentality. These advances necessitated changes in the qualifications of the triple of
individual, information and society. With the emergence of the information society,
need of the individuals who use and advance technology also increased. In other
words, the skills of critical thinking and creativeness became a standard in rnodern
day society. Reaching these standards can only be done with qualified and sufficient
education. The use of technology in the mé@g environment not only helps
education formaintaining in accordance with the necessities of the era, but also

provides individuals with opportunities for growing adequately (Ersoy, 2003).
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The power of new technologieas me of the strongest forces in the
contemporary growth and evolution of mammatics and math teachingre
technology and technological advanaesich obviously affect how we learn and
teach mathematic€Goldenberg, 2000)Moreover the traditional methods used in
classrooms remain insufficient in terms of meeting all the criteoba quality

teaching and | earning of mathematics (Al ako-

educators that the existing problems related to the teaching cannot be solved by using
the traditional teachi ng masskio(@82) gndhkt ¢ ment
Fuys, Geddes, andlischler (1988) promoted, the role of instruction is crucial in
teaching and learning geometry. The more systematically structured the instruction,
the more helpful it will be for middle school students to overcome their difésul
and to increase their understanding of geometignce, the common opinion of
many researchers, mathematics teachers, and studies focus on the notion that the
novelties in mathematics education and technology integration into maibema
education supo r t s wndedstandihgsob mathematics, and they suggest the use
of technology in mathematics classrooms (Hollebrands, 2003).

Furthermorethemathematics educatiorsearcherkavea parallel interest in
investigating the effect of technology on learning and teaching mathematics, and the
curriculum. Technology tools provide powerful range of visual representations which
hel p teacher s dttentioh to cmattemasical caymsnandstéchniques
(Zbiek, Heid, Blume & Dick, 2007). Thus, technological tools, sucRasputers,
Graphic Calculators, Interactive White Boards, WBased Applications, Dynamic
Mathematics/Geometry Softwares, are started to widely use in mathematics
classroom and many studies investigated to determine the effectiveness of
technology in mathematics education (Baki,
2012; Ersoy, 2003; Hollebrands, 2003; Koehler & Mishler, 2005; Lester, 1996;
NCTM, 2000).

Technology userot only plays a crucial role in mathematics education, but
also helps mathematics educators to better capture the attention of the students and
provide students with better understanding of mathematics and mastering the

mathematical concepts (Khouyibal2®10). Howeverthe integration of technology
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in the learning and teaching of mathematics requires special attention in many
respects (Iranzo, 2009) echnology environments allow teachers to adapt their
instruction and teaching methods more effectively t me e t t heir st ude
(NCTM, 2008). By integrating educational tools into their everyday teaching
practice, teachers can provide creative
and fostering the acquisition of mathematical knowledge atid.ski

Parallel with the awareness of the increasing importance of new technologies
in everyday life, several educational organizations started to develop technology
related standards (Lawless & Pellegrino, 2007), trying to encourage the integration of
new technology in learning environments. For instance, the National Council of
Teachers of Mathematics (NCTM, Z0, whi ch i s the worl doés
mathematics teachers considered technology as one of their six principles for school

mathematicgnd continues:

Orechnology is essential in teaching and learning mathematics; it influences
the mathematics that is tapglht and ent

Computers are one of the mainly used technologies in learning environments.
Increasing lod of information, instruction process that is being more complicated
day by day, and the purposes and standards of quality and contemporary education
mandated the use of computers in educati
to win the race in theoad of modernization, almost all countries enhanced their
efforts of utilization of computers in all fields, especially in educational field.
Computers as the most favorite tools of theé' 2&ntury affect human life and
society. First and foremost, comtprs bring innovations and radical changes to
education systems with bringing to other fields of the countMes { ¢ a n Filiz,
& ¥z s oy ,.Cdnfudets are extremely crucial since they can provide a variety of
rich experiences that allow students be actively involved with mathematics
(McCoy, 1996).In mathematics teaching, computers have fostered entirely new
fields. As to educational field, t heyodve
some problems and topics more accessible, and prbviel ways to represent and

handle mathematical information, affording choices about content and pedagogy that
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webdve never had before (Goldenberg, 2000) . \
immediate access to the web, where they can find additionalirces and use
interactive sites to investigate mathematical concepts.
Over the yearsthe @mputes have beomevital for business and economy
and Ocomputer | it er acwanskilis mawermra sodietyr ed a ver
Especially for young peoplevho have grown up having access to computer
technology at home, computers have become common tools for communication, text
processing, and last but not least, playing gaiesn many other fields, computers
were started to utilize in educational fielddugh learning environment®n the one
hand successful students can be supported more effectively than ever by nurturing
their individual interests and mathematical skills. On the other hand, weaker students
can be provided with activities that meet ithspecial needs and help them to
overcome their individual di fficulties. Thus
computer taskso and fAmay benefit from the
environment 0 MoRove;ithe developmr angypid growth of the
Internet in combination with its increasing accessibility for the public has opened up
a whole new digital world (Ersoy, 2003).
Technological advances which we face in the era we live in and the approach
of ComputerAssisted Instructiomad effects also on the mathematics teaching in the
schools( Ak k o - , Theu€e6f 8gmputersn classrooms has been expanding, in
part, owing to the positive effects of Compuéesisted Instruction of mathematics
(Souter, 2001).Thus, millions of schools around the world started to utilize

ComputerAssisted Instruction in the learning environmeiiisere are many studies

which indicate the positive effect of Computers si st ed I nstruction on
mat hematics | earning Rallkam, 20URk aWankddn , 2
2001, Hang¢l , 2010, Hel vacé, 2010, Tayan, z

kataf, 2010; ken, 2010)

ComputerAssisted Instruction can be defined as a method of utilization of
computers in learning environments which aimmsama ki ng studentsd reco
own deficiency and performance through mutual interaction, control their learning

with getting instant feedbacks, and making students more interested in lesson by the
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help of graphics, audio, animations and figures. Tlahematics teaching that is

done by utilizing the cognitive tools based on the computers is defined as Cemputer
Assisted Mathematics Instruction (Baki, 2002). Compaissisted Mathematics
Instruction have been started to be important in terms of forneagiing
environments in the field of-Kmpthem&t0ild
Since 1950s, many countries, firstly in ltaly, then United States of America, initiated
studies for extending the Computssisted instruction by integrating it intbeir

curricula Mer c an, F& ¥ 2 90y G TRe@0r®o¥e of giving computers

place in the learning environments is to grow productive, creative, successful, critical
thinker, problem solver and adequate individuals in order to improve certain
knowledge, skill and attitude. Thus, all of these goals may be fulfilled by utilizing the
computers in the teaching |l earning proce:

Ersoy (2003) conducted a study on the use of computers and calculators in
teaching and learning mamatics to contribute in developing strategies and
developments in mathematics teaching process. The results of his study showed that
the students need to understand how to use technology tools in their learning
experiences.When integrated properly intché teaching and learning process,
computers improve student proficiency in mathematics. Through different software
applications, computers reduce the cognitive load of mathematical learning (Kozma,
1987; Liu & Bera, 2005). As a supportive tool, interactmathematics computer
programs such a&eometer's Sketchpgdackiw, 1995) and virtual modeling and
visualization tools also provide students with dynamic multiple representations and
support their understanding as they interact with concepts in a vafietyays
(Flores, Knaupp, Middleton, & Stale2002; Garofalo, Drier, Harper, Timmerman,

& Shockey, 2000).

Additionally, students can develop and demonstrate deeper understanding of
mathematical concepts and are able to cope with more advanced mathematical
contentsin technologyenriched learning environmerttsh an i n oO6tradi ti or
environments (NCTM, 2@). Students can benefit in different ways from
technology integration into everyday teaching and learning. New learning

opportunities are providedn technological environments, potentially engaging
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students of different mathematical skills and levels of understanding with
mathematical tasks and activities (Hollebrands, 20@®y. the help of tke
visualization of mathematical concepts and explorirgth®mmatics in multimedia
environmentss t u d endetrswr@ing in a new wagn be fostered

Van Voorst (1999) reported that technolagyseful in helping students view
mathematics less passively, as a set of procedures, and more actively as reasoning,
exploring, solving problems, generating new information, and askingjnesgtions.
Furthermore, he claims thaechnology helps students tasualize certain math
corcepts better and it also addsnew dimensiorio the teaching of mathematics
Laborde, Kynigos, Hollebrands and Strasser (2@@hmarized technology use in

mathematics educatias following;

A ( éResearch on the use of technology in geometry not only offered a
window on studentsdé mathemati cal concept
guadrilaterals, transformations, but also showed that technology contributes

to the construction of other views of these concepts. Research gave evidence

of the research and progress in students conceptualization due to geometrical

activities (such as cotrsction activities or proof activities) making use of

technology with the design of adequate tasks and pedagogical organization.

Technology revealed how much the tools shape the mathematical activity and

led researchers to revisit the epistemology of gednr(Lakorde et al., 2006,

p. 296).

2.2Dynamics Geometry Softwares in Mathematics Education

In our day, technology progresses rapidly and provides new opportunities for
meaningful mathematics education. Also, continuous improvement of the computer
technol@y not only increases the quality and quantity of educational softwares, but
also constantly varies the alternatives for educational purposes (Mohg}, ZAus,
the use of computer softwares in mathematics, especially in geometry, become
widespread gradllg. Also, As to Turkey, current KL2 mathematics curriculum
used in schools supports mathematics instruction done by the assistance of the
dynamic mathematics softwares (MoNe, 120 Moreoever,the effectiveness of
Dynamic Geometry Software (DGS) in mathatics classroom is a widely
researched area (Baki, Kosa & G¢gven, 2011; C
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Pantazi, 2004, G¢gven, Baki & ¢ekmez, 201
Kriek, 2011).

Dynamic Geometry Softwares (DGS) are the compsibftwares which allow
users to construct geometric figures, measure some variables of these figures to
determine the properties of them, drag the figures through the screen, make
geometric constructions, hypothesize about these constructions and dsst th
hypotheses, and enable users to make generalizations (Baki et al., 2001). Students
can learn mathematics easier and more permanent owing to all of these features of
DGS.

Dynamic environments allow users to change the appearance of the geometric
figures while mathematical relationships on the figure are still preserved
(Goldenberg & Couco, 1998). In this environment, the visual figures are enriched
with dynamic movements to help students in developing their strategies and
improving their mathematal understanding. Visualization is among the one of the
most important aspects of geometric thinking (NCTM, &0€therefore, it has vital
importance. The students drag and move the points to observe changes in the
relationships on the figures by usingethoftwareIn DGS environments, to check
conjectures and to construct of conjectures explanations and verification are possible
by means of drag mode. There are numerous researches aimed to investigate the
facilities of drag mode in Dynamic Geometry Sadte € . g .1zl 1998,°Arzarello
et al. 2002; Jones, 1996; Jones, 2000; Sowder& Harel, 1998). Jones (2000)
mentionedhe facilities of drag mode in DGS flowing;

fiBy operating in this fashion, dynamic geometry environments appear to

have the potentigb providest udent s with &édirect exp:

theory and hereby breaftown what can all too often be an unfortunate
separation between geometrical construction and deduction make it possible

for students to focus on what varies and whatisiiant in a geometric
figure and enable students to gain more a meaningful idea of proof and

proving (p.2).
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While the students use dragging options of the dynamic environments, they
have different goals (Arzarello, Micheletti, Olivero, Robutti, Pa&#&allino, 1998;
Hollebrands, Laborde & Strasser, 2006; Rivera, 2005). The students mostly prefer
three types of dynamic movementgandering dragginglieu muet draggingand
dragging test(Arzarello et al., 1998). Invandering dragging student§ aim is to
observe the regularities and exploring interesting results while dragging (Zbiek et al.,
2007). Inlieu muet draggingthe students aim to preserve some regularity in the
construction (Zbiek et al., 2007). They drag a point to observe theedifierwhile
other variables are invariant. The third tydeagging testmeans observing changes
to test a hypothesis during dragging (Zbiek et al., 2007).

Hollebrands (2003)conducted a studyn the use oft h e Geomet er o
Sketchpad, a dynamic geometry taafre as a technological todlh examine the
nature of studenfsinderstanding of geometric transformations including reflections,
translations, dilations, and rotations. The case study approach and constant
comparison method were used with 16 tenth gratiedents. The students
experienced a sevemeek instructional period. The data sources were stuilents
worksheets, observations, and interview documents. The researcher analyzed data in
depth and used a researchnfiwor k t o char anderseadingzone st udent
geometric concepts and their methods in interpreting of geometricakegpations.
Hollebrands (2003)suggested that witht h e use of technol ogy,
understanding of transformations were critical for promoting the improvement of
deeper unédrstanding of transformations as functions. The study was seen as a first
step to see how technology affects studamslerstanding of geometry.

Moreover, since GeoGehran opensource dynamic geometry software,
provides the opportunity to construct and dynamically visualize geometric figures
(Hohenwarter & Fuchs, 2004)FahlbergStojanovska and Trifunov (2010)
investigated a study to showow Geo Gebr a i mmdemstanding ost udent s 6
construction and geometrproof. They conducted a qualitative exploratory study by
using tasks that include construction and proof problems for the relations on the
triangles. The results showed that using GeoGebra in these tasks improves the

percentage of students that are ataesolve the triangle construction and proof
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problems (Fahlber&tojanovska & Trifunov, 2010). This result is consistent with
that of Christou et al (2004) and Pandisci@ 0 1 0) i n ¢ effectmesnessih D GS 0
justification and verification of bothepme r i ¢ and al gselltionaai ¢ pr ob
G¢ven (2002) expressed that according
students regard mathematics as a crowd of formulas that should be memorized in
traditional learning environments, their ideas change in @@®Sronments and in
this sense they regard mathematics as a whole of relationships which need to be
investigated. Therefore, DGS is a great teaching and learning ntéttoenhances
s t u d skiflstoSuaderstanding mathematical relationships and joatifins (Jiang,
2002).
One of the advantages of dynamic geometry software is providing student
with observing the different constructions of the same object during the interaction
with DGS. In this case, constructions in dynamic geometry differ from dgawitin
static paper and pencil learning environment. Aarnes and Knutzon (2003) mentioned
this facility of DGS adi D Gdives an easier access to this insight than would have
been possible by pencil and paper construction, because the point may b& moved
(p-3). Owing to this movement, students recognize the various positions of the object
rather than its specifisize and position which provide them to make conjectures and
generalizations. Researches on Dynamic Geometry Software largely focused on its
potential as a conjecturing tool and as a way to investigate what kind of processes
occurred during the constructions in geometrical contexts (Arcavi & Haddas, 2000;
Goldenberg & Cuoco, 1998; Laborde & Capponi, 1994).
Experimental studie®f Hoyles and Sutherand (1989) and Noss (1987)
revealed that students come to understand many ideas and processes related to the
geometrical concepts through an appropriate invention in a meaningful way. Several
researchers dealt with the effects of computer based learningyaamic geometry
software in developingt udent s 6 under antfaundithantlge usenf ge om
technology, particularly use of dynamic geometry software, is helpful for pupils in
terms of developing their understandings of geometrical concets miteracting

with dynamic geometry software can help students explore, conjecture, construct and
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explain geometrical relationships (Hativa, 1984; Jones, 2000; Jones, 2001; McCoy,
1991; Marrades% Gui t ®r Ye®,z2001)2 0 0 0 ;
In their study,Balacheff ad Kaput (1996) defined the visible part of the
geometry activity of the learner as making distinction between the drawings and
figures. They pointed out that dynamic geometry environments provide the
distinction between drawings and figures. Laborde (199ade the distinction
between drawing and figure in the following wadydr awi ng refers to the
entity while figure (pd)f ers to a theoretical
In anotherstudy,Ub u z a n d2004) saimednat irfvestigatingt udent 0 s
development ofeanetrical concepts through a dynamic learning environment. They
preferred to usecGeomet er 6 s 8 klymamic hgpometry soffware. They
investigated thest udent s6 understanding of and perfo
polygons (triangles, square, rectamglparallelogram), compared to traditional
learning environment with pretegosttest design. As a result of their study,
comparison of the prand postest means of the students indicated that the treatment
resulted in marked improvement in their perfamoe in lines, angles, and polygons
in the experimental group, who received treatment with GSP. They prothatied
Ge o met e r padendblesestudeihts to test whether their geometric constructions
work in general or whether they have discovered a speesé¢ of the original
construction and further stated that GSP is used for exploration and guided discovery
which enables students to test their conjectures and be more engaged in their
learning.
As a Dynamic Geometry System, Geometry Supposer (Schwarts &
Yerushalmy, 1984), also provides opportunity ®ort u d énncongeéturing and
reasoning. In Geometry Supposer, students chose a figure, such as rectangle and
perform measurement operations on it. Several studies related to Geometry Supposer
cited evidencehat students who use this program performed better than the ones
who did not use (Lampert, 1988; Wiske & Houde, 1988; Yerushalmy, Chazan, &
Gordon, 1987).
Cabrig ® o m@aborde, 1990) is another dynamic geometry software, in

which constructions can beade simply by dragging mode. In Cabri environment,
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invariant properties belonging to the shapes retained, wheras the its size and position
can be changed by dragging action. This property of Cabri provides students to
validate their conjecturesAcross studies, several findings are consistent on the
benefits of the use of Cabgi ® o m@Arzarello et al., 1998; Laborde, 2001;
Mariotti, 2001).

One of the recent studies related to the effects of using dynamic geometry
software is the study of Gawlick (2002 he purpose of the study was to investigate
how the step from experimental to regular dynamic geometry software use will
probably take place in the classroom He presented the results of their study
concerning differential effects of using dynamic geosnet s of t war e on st
achievementAs a resulof the study, some steps which are necessary in integrating
dynamic geometry software to a learning environment were underlined. According to
the results of the study, one of the important issue, that gHmilconsidered in
integrating DGS into classroom is the necessity of change of educational
environment accordingly. Gawlick (2002) asserted tfitagchers must be put into a
position to develop new teaching sequences, and schools must have the egwipment
make dynamic geometry home work and assessment paqgiltié).

In the study of Jones (2001) which aimed to gain information about
interpretations of 1¥ear old students while using dynamic geometry software.
Analysis of the data from the study indied that the use of DGS can assist students
in making progress towards more mathematical explanation. She further mentioned
that, especially in the early stages, the dynamic nature of the software influenced the
form of explanation of students.

Another st dy rel ated to the DGS was condu
focused on examining the lotgrm effects of dynamic geometry software use in a
classroom setting, where dynamic geometry software was an integral part of the
learning environment. The study resuindicated that Dynamic Geometry Software
possesses significant potential on transformation geometry and the application of
dynamic geometry software should only be realized after thorough consideration.

Gillis (2005) conducted rather researchstudy to investigate studestd

conjectures with comparing static and dynamic geometry environments. The data
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collected were examined both quantitatively and qualitatively. Qualitative data were
collected by means of observations of participant, a survey, partidigarnviews,

and a qualitative analysis of the conjectures which were made by the students in both
dynamic and static environments. The results of the study indicated that the students
who used dynamic geometry software were found more successful ingmakin
relevant conjectures. Furthermore, the correctness of their conjectures was higher
when compared to students working in a static geometry environment.

Marrades andcut i ®r r e z ( 2t@dcase studiesnwhiochcaimed at
investigating the waydynamicg e omet ry software i mproves stud
of the nature of mathematical proof and their proof skills while secondary school
students working with Dynamic Geometry Software. The purpose of study was to
teach geometric concepts and properties, arftelp students to improve their proof
skills and conception related to the nature of mathematical proof. After the analyses
of the studentsdé to proof problems, they obs
and verified the usefulness of learningdynamic geometrgomputer environments
to i mprove studentsdéd proof skills.

Laborde (2001) presented an analysis of teaching sequences involving
dynamic geometry software. Teaching sequences used in the study were developed
by teachers over a time span ofe years. The result of her study indicated that
when dynamic geometry software was a visual representative of the data, it became
an essential component to understand the tasks through the teaching process. On the
last stage of the study, the technololgggan to shape the conceptions of the
mathematical objects that the students construct. As a result of the study, Laborde
(2001) asserted that the integration of computer technology into mathematics
classrooms is a long and difficult process.

Mariotti (2000) carried out a longerm teaching experiment with the purpose
of clarifying the role of a dynamic geometry software, in the teaching and learning
process. The study conducted with tfeadd 10" grade students of a scientific high
school as a part of a coordinated research project. The functioning of specific
elements of the software was described and analyzed as instruments used by the

teacher in classroom activities. As a result of the studyjotlia(2000) stated that
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the students were greatly facilitated by the use of dynamic software that affords
visualization, exploration and the use of problem solving strategies.

In the light of all these studies, the facilities of dynamic geometry software
usage in learning environments can be sum up with three main advantages. Firstly,
dynamic geometry environments help students to create mental models for thinking
abou geometric shapes (Jonww,2002.0Secbndly,; st ¢ n
students dahot have to memorize the properties of geometrical shapes since they
learn by doing. Thirdly, dynamic geometry softwares allow students to experience
the property in action before using it at a more formal level (Laborde, 1199the
following part, infamation about GeoGebra which was used in the present study as a
dynamic geometry software and the research studies related to this software will be

presented.
2.2.1 GeoGebra

GeoGebra, developed by Marcus Hohenwarter and Yves Kreis in 2001, is a
free dynamic méhematics software (DMS) developed for teaching and learning of
mathematics in elementary school, secondary school and the college level. GeoGebra
combines Computer Algebra Systems (CAS) and Dynamic Geometry System into
one easyo use system. That is, dombines the functions of a dynamic geometry
software (DGS) with the features of a computer algebra system (CAS). Hence, it
provides linking mathematics with algebra, geometry and calculus by including both
dynamic geometry and computer algebra tools (Holagter & Preiner, 2007b).

This free dynamic geometry, algebra, and calculus software was developed
both for teachers and students to make teaching and learning of mathematics more
effective and permanent. GeoGebra can be defined as an effective anduinioait
in establishing relationship between geometry and algebra concepts in elementary
mathematics since it proved its capability and potential in mathematics education
(Hohenwarter & Jones, 2007). The software can be used with students ranging from
elementary level to college level, aged from 10 to 18, beginning with simple
constructions up to the integration of functions. The students can explore

mathematics alone or in groups and the teacher tries to be a guide in the background
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who gives support wherst udent s need hel p. The student
experiments with GeoGebra constitute the basis for discussions in class so that
teachers can have more time to concentrate on fundamental ideas and mathematical
reasoning (Schumann, 1992).
GeoGebra is me of the most popular DGS all around world. There are
300,000 visitors from 188 different countries (March, 2008). It is estimated that more
than 100,000 teachers already use GeoGebra to construct both static and dynamic
mathematics matet& for improvig t h e i r leaning Peiner, 2@8). The
software is freely available atww.geogebra.orgA screenshot from GeoGebra

window is presented in Figudebelow.
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Figurel. Screenshot from GeoGebra user interface

iGeoGebra is open source software under t
and freely available at www.geogebra.org. Thereby, either an installer file can be
downloaded, or GeoGebra can be launched directly from the Internet using
GeoGebraWebStart Since thesoftware is based on Java, it is truly platform
independent and runs on every operating system. Furthermore, GeoGebra is
multilingual not only in its menu, but also in its commands, and was translated by
volunteers from all over the world into more tham 3| anguageso (Preiner,

35). Hohenwarter, Hohenwarter, Kreis and Lavicza (2008) stated the importance of
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http://www.geogebra.org/

using operls our c e soft wasoues packages dadi Ogv emy offer
opportunities for teachers and students to use them both at home dhd in
classroom without any restriction, but they also provide a means for developing
support and user communities reaching across borders. Such collaboration also
contributes to the equal access to technological resources and democratization of
mathematics ear ni ng and teachingo (p. 8).

One of the unique properties of GeoGebra is it integrates algebra view,
graphic view, and spreadsheet view in a single interface (Preiner, ZB88%kebra
not only provides students with facilities to experiment the matheatadieas and to
associate mathematical concepts with the real life examples, but also helps students
to examine the relation between algebraic and geometrical concepts batteBebra
can also be used in many ways in the teaching and learning of matserfat
demonstration and visualization since it can provide different representations; as a
construction tool since it has the abilities for constructing shapes; for investigation to
discover mathematics since it can help to create a suitable atmofphie@ning;
and for preparing teaching materials using it as a cooperation, communication and
representation tool (Hohenwarter & Fuchs, 2004).

GeoGebra can be used not also to visualize mathematical concepts and ideas,
but also to create instructionalaterials. Also, GeoGebra has the potential to
encourage the studeoéntered learning, active student participation, collaborative
learning, and discovery learning by experimenting mathematical ideas, theorems and
using interactive explorations (PreinerQ08). GeoGebra enables teachers and
students to make strong connections between geometry and algebra (Hohenwarter &
Jones, 2007). In other words, GeoGebra supports visualization skills of learners in a
computerized dynami c envi ras nvelle ast theif Hac é°
understanding of algebraic operations and equations. Moreover, like all DGS,
GeoGebra also has a dragging tool call ed
that has a value for its interval. Graphically, it is a segment that atloeveser to

change the value of the variable by drag:
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2.2.1.1Advantages of GeoGebra

GeoGebra is an open source software that includes both dynamic geometry
and computer algebra tools (Hohenwarter & Fuchs, 2005). That is, it canbine
al most all features of DGS and CAS environm
(2009) stated soma the mainadvantages of GeoGebra as following;

1 GeoGebra is more usétendly than a graph calculator owing to its edsy
use user interfacaultilingual menus, commands and help.

1 It promotes guided discovery, cooperative and experimental learning,
multiple presentations arsudents’ prductsin mathematics

1 GeoGebra was created to provide students with better understanding of
mathematics. tBdents can manipulate objects by dragging around the plane
of drawing or using sliders to test mathematical ideas and see how these
movements affect other variables. In this way, students have the opportunity
to solve problems by investigating mathemadtretations dynamically.

1 Usess can personalize their own creations through the adaptation of interface
(e.g. font size, language, quality of graphics, color, coordinates, line
thickness, line style and other features).

1 The algebra input allows the userdonstructnew objects or to modify th
existing ones by the command linehel worksheet files can easily be
published as Web pages

1 It encouragesteachers to use and assess technologymathematics

classrooms.

In addition to the abovementionextivantages, GeoGebra is open source
software under the GNU General Public Licénsand freely available at
www.geogebra.org. Thereby, either an installer file can be downloaded, or GeoGebra
can be launched directly from the Internet using GeoG®¥WeaStart Since the
software is based on Java, it is truly platform independent and runs on every

operating system. Moreover, GeoGebra is multilingual not only in its menu, but also
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in its commands. It was translated by volunteers from all over the world into more

than 35 languages (Preiner, 2008).

2.2.1.2Disadvantages of GeoGebra

As al l the Dynamic Geometry Seddt war es
Aut ogr aph) have, GeoGebra has al so some

deficiencies of GeoGebra as following;

f Students or other user s, who donot h a
may have difficulty with entering algebraic commands in the input box. Even
though the basic commands are not difficult to find out, theght feel
uncomfortable or embarrassed whikgng it.

1 Some teaching approaches such as learning by discovery or experimenting
may not be appropriate for many students.

1 Future layers that will be added to GeoGebra shdiide more symbolic

features of CASuch as complex applications and 3@e@sions.

When we consider the literature review as a whole, although some
disadvantages of GeoGebra exist, we can conclude that the use of DGS in learning
environment can be used as a useful technological tool that makes the teaching and
learnng more efective, permanengasier, and funnier (Dikovic, PO; Hohenwarter
& Fuchs, 2005).

2.2.2 Dynamics Geometry Software and Mathematics Achievement

In this part, some research studies on DGS use in mathematics teaching and
its effect on sdhievdneentiverdrevimedt he mat i ¢ s

One of these studies was conducted a study by Yemen (200050, &"
grade students to investigate th#ects of technologgssisted instruction using
Dynamic Geometry Software of'&§r ade studentso6 achi eveme
analytical geometry. The students in both groups, experimental and control groups,

were instructed for five weeks time span
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Dynamic Geometry Software in the study. Reswf the study revealed th#te
students taught by Technologsisted Method scored higher, on the average, than
the students taught by Traditional Method on an Analytical Geometry Achievement.
However there was no statistically significant differefc@e und bet ween t he gr
posttest scores of attitude towards mathematics. She explained the reason why the
attitude has not changed depending on the time span of the study since the changes in
attitude may require a time span which is longer than figeks. Consequently, she
concluded that the DGS enhanced studentsd ma
traditional method did. She also concluded that DGS had no significant effect on
studentsodo attitude toward mathematics.

Another quasexperimental prestposttest control group design research
study was conducted by Toker (2008) to investigate the effects of using Dynamic
Geometry Sbt war e (DGS) , Gad,owhiéet teaching by Sylided ¢ h p
discovery compared to papandpencil based guidedliscovery and traditional
teaching method on sixth gthiskidgelevedstandd ent sé v a
geometry achievement . The study was <conduct
Ankara, Turkey and it lasted six weeks. The sample of the study consistell 47, 6
grade students in the school. In order to gather data, Geometry Achievement Test
(GAT) andvan Hiele Geometric Thinking Level Test (VHL) were used. The results
of the study indicated that there was a significant effect of methods of teaching on
means oftie collectved e pendent variables of the sixth g
POSTVHL aftercontrolling their PREVHL scores and there was a significant effect
of methods of teaching on means of the collective dependeabls of the sixth
grade studentscores on the POSTGAT after controlling their PREGAT scores. In
other words, guided discovery teaching method using dynamic geometry software
(The Geometerds Sketchpad) was significantly
Geometric Thinking Level and @metry Achievement than the other methods were.

Similarly,| kK &€ k s a tarridd 2@ @ study with the purposeifestigating
the effect of spreadsheet and dynamic geometry software on the mathematics
achievement and mathematics selfficacy of 7" grade students. The research was

conducted with 64 seventh grade students at a private elementary school. During the
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study, experimental groups received Autogr&aised Instruction (ABI) and
Spreadsheet Based Instruction (SBI) respectively whereas thel gyoup received
Traditionally Based Instruction (TBI). The study lasted three weeks. Mathematics
Achievement Test (MAT) and Mathematics SEfficacy Scales (MSES) were used

as pre and posttests. Results of the study indicated that ABI and TBI groups had
significantly greater mean scores than SBI group with respect to mathematics
achievement. However, there was no significant mean difference between the ABI
and TBI groups with respect to mathematics achievement. Also, ABI group had
significantly greater man scores than TBI group with respect to mathematics self
efficacy. However, there was no significant mean difference between ABI and SBI
groups and there was no significant mean difference between SBI and TBI groups
with respect to mathematics selfficacy. Moreover, there was a statistically
significant correlation between pesist scores of Mathematics Selfficacy and
Mathematics Achievement, Mathematics Achievement and ComputeEfiieHcy,
Mathematics SelEfficacy and Computer SeEfficacy.

Mercan (2012) conducted another quasperimental study with 37, seventh
grade students, 17 students in experimental group and 20 students in control group,
to investigate the effects of dynami c
mathematics achievemiein Transformation Geometry and retention levels. The
research design of the study was the prgiesttest control group design. While the
experimental group students were taught with GeoGefisad course for two weeks
in accordance with Ministry of Nanal Education curriculum, control groups
students were taught with Traditional Instruction. During thisve2kcourse,
students were provided with GeoGebra construction activities involving active use of
GeoGebra. The measurement instruments, Achievefrests and Retention Tests,
were prepared for the particular units by Mercan (2012) and were administered to
both groups as prest and postest, before and after the treatment, respectively.
Results of the study revealed that GeoGebra was found t¢ #iéeachievement and
learning of students positively. Moreover, there was a significant difference between

the post retention test results in favor of the experimental group.
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Parallel with the study results of Yemen (2008)y d oj an (2007) al s
conducted astudy with the aim of investigating the effects of using a dynamic
geometry software The Geometerended Sketchpa
explorations on8gr ade studentsd performance in poly
similarity of polygons. The study consst of 134 students in total. While the
students in the control group were taught via traditional instruction, the students in
the experimental group were taught the same topic by-epéead explorations in a
dynamic geometry envir e Sketehpad. Gemsnetry JestThe Geom
(GT) and Computer Attitude Scale (CAS) were used as data collection instruments.

All students had taken the GT as {est, postest, and delayed post test. However,

CAS was administered only to the experimental group at theofetiek instruction.

Furthermore, some qualitative data were collected through -végesml classroom

observations and interviews with selected students. The results of the study also

showed that experimental group achieved significantly better than ttrelogioup

students. In addition, a statistically significant correlation between CAS and GT was

observed. The results of the study indicated that dynamic geometry environment

together with opee nded explorations significantly
performarces in polygons and congruency and similarity of polygons.

Sa¥ahki ( 2 0 1 2ndpthepreseafchtudyr@ ampare the effects of
The Geometerbés Sketchpad and GeoGebra dynami
™grade students® mandhretenton lewels in the topiceod e me n 't
Transformation Geometry. The pretgsisttest control group design adopted in the
study which was conducted with 727 grade students, two experimental groups (48
students) and one control group (24 students). Clogtoup was selected among
three 7" grade classes randomly. While the subject of transformation geometry were
taught the first experimental group using GeoGebra dynamic and taught the second
experi ment al group using TheoupGwere tagghter 6 s Sket
the same subject using Traditional Instruction. The worksheets and classroom
activities -pakRpiare@20by) Swere used to teach t
The study results indicated that ComptAasisted Instruction method using

Dynamic Geometry Softwares were significantly more effective than the Traditional
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Instruction in terms of mathematics achievement. Also, it was found that the students
taught with ComputeAssisted Instruction method using dynamic geometry
softwares hadigher retention level than the control group students had.

Similar to the study o6 a-¥ @ h k i  BaBRabvand J2001) investigated the
effects of using Geometer6s Skeleaurepad cc
andpencland paper activities on performance
and studentsdé attit ud eepts.@Bsaventh glade studentsn g ¢
received instruction by teachkrcture and another seventh grade class with 24
students | earned the same cofleegsultsf usi ng
the studyindicated thathe students taught with the GSP sadrsignificantly higher
on the posttest than the control group.

Pilli (2008) also carried out aatherexperimental study with the purpose of
examining the effects of the computer software namelériabi Mathematics 4n
Mgrade st udent sedementirt theamts df mutiplicaion bf natural
numbers, division of natural numbers, and fractions, retention, attitudes toward
mathematics and attitude toward Compussisted Learning. While the control
group (26 studentsjvere taught using a lectetbased traditional instruction, the
experimental group (29 studentsgre taught using educational software, namely
Frizbi Mathematics 4The groups were compared on achievement of mathematics,
retention, and attitude towardathematics an@omputerAssisted LearningScores
on achievement tests were collected three times; at the beginning of the study,
immediately after the intervention, and 4 months later. Mathematics Attitude Scale
and ComputeAssisted Learning Attitude Scale were admiaited only two times;
at the beginning of the study and immediately after the completion of the study.
Results of the study revealed significant difference between the groups on the post
achievement tests and attitude scales in favor of experimental. grmypever,
statistically significant differences in favor of treatment group, on the retention tests
was attained on the multiplication and division units but not on fractions. The
evidence indicates th&trizbi Mathematics 4or learning and teaching maimatics
at the primary school level in Turkish Republic of Northern Cyprus (TRNC) is an

effective tool.
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In the followingsection someof theresearch studieglated to the GeoGebra
use in mathematics teaching as a dynamic mathematics software arfédtsoef

student sd® mat hemati csindetalhi evement were revie

2.2.3 GeoGebra and Mathematics Achievement

There are many research studies indicatir
academic achievement. Some of these studezementioned in this section.

One of these studies was conductedBhy | gi c i andwiths3e,I?™ i k (2011)
grade students from two different schotisinvestigate the effects of GeoGebra in
the learning of the Polygons o' §r ade studentsd®é maTthchematics ¢
experimental gup (17 studentsyvere taught by ComputerAssisted Instruction
usingseveral GeoGebra workshegtepared, while the control grop5 students)
were taught in aComputeffree learning environment fofll teaching hours in a
primary school.The experimentagroup received instruction of GeoGebra for 2
hours before the treatment is implementBesults of the study revealed thhe
difference between the experimental and the control groups after the treatment is
statistically significant. This result indies that ComputerAssisted Instruction
utilizing GeoGebra enhanced st@Qodputet sé achiev
free Instructiondid. It was also found thdahe experimental group students carried
out more effective learning wit@omputerAssisted Instructionutilizing GeoGebra
and retained what they learnt more than they retained after they learned via
computerfree instruction. As a result, the researchers concluded that the use of DGS
i n mat hemati cs e du omthematios achieveraentarddetestibpnu d ent s 0
level more than the traditional method did per se.

In another researchSaha, Ayub and Tarmizi (20103tudied with 53
secondary school students to investigate the effects of GeoGebra on mathematics
achievement in theshrning of Coordinate Geometry. The sample of the study was
assigned into two groups as high visspatial ability students (HV) and low visual
spatial ability students (LV) according to the Spatial Visualization Ability .Test
Resultsof the study revealé thatthere was a significant difference between the
control groupand GeoGebra group in favor of the GeoGebra graelpted to the
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mean performance scoreShe results ofstudy also indicated that there was no
significant difference between thegh viswal-spatial ability (HV) studentstaught
with GeoGebra andhe high visuaispatial ability (HV) students taught with
Traditional hstructionin terms of thaneanposttest performance scor@$e results

of study also showed that there was no significhiference between tHew visual
spatial ability (LV)students taught with GeoGebra and the low vispatial ability
(LV) students taught with Traditional Instruction in terms of thean posttest
performance scoreslhis finding showed that LV studentsho had undergone
learning Coordinate Geometry using GeoGebra was significantly better in their
achievement rather than students underwent the traditional leaimiother words,

the study results showed that the GeoGelntaanced the LV studeldtsiathenatics
performancein Coordinate GeometryConsequently, the results of this study
revealed that Comput&ssisted Instruction (using GeoGebra) as a supportive tool to
the Traditional Instruction is more effective than Traditional Instruction per se.

Similarly, Furkan, Zengin, and Kutluca (2012) conducted a sttaly
determine the effects of dynamic mathematics software GeoGebra"bgrade
studentsd achievement in trigonometry. L
tenth grade students. The expegntal groupstudentsvereundergone to the lessons
arranged with the GeoGebra in ComptAssisted Instruction, while thgtudents in
control groupweretaught with constructivist instruction. The data collected after 5
weeks of the application. The testsults indicated that there was a significant
di fference between the experimental and
trigonometry. This difference was in favor of the experimental group which had
lessons with GeoGebra.

Parallel with the study results dfurkan, Zengin, and Kutluca (2012),

K- el (2011) conducted a study to anal yze
GeoGebra on eight grade studentsd6 achi e
sample of thestudy consisted of 40 (20 in experimental group and 20 in control
group), & grade students. The experimental group students were instructed with the
planned activities that were constructed with GeoGebra, while the control group

students were taught thi traditional method in accordance with the official
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curriculum textbook for six class hours, two weeks in total. Atese (consisted of

13 questions), a postst and a recall test were administered to the groups both
before and after the treatment d¢ollect data. The posest and recall test, which
consisted of 11 questions, were identical. The recall test was administered to the
students one month after the study compleRkults of the studyevealed that the
experimental group students scoredha@r on the podest than the students in the
control group. The total recall test results showed that GeoGebra was also effective
in enhancing the permanence of the acquired knowledge. The students in the
experimental group scored higher on the recall tean the students in the control
group.

Zengin (2011)also carried out aather experimental quantitative study with
51 students at the high school level to determine the effect of GeoGebra on both
achievement and attitude toward mathematics. The wsadesigned GeoGebra
workshops for the experimental group and used a pretest posttest control group
design. Similar t o wasfoend that GedGebra HapoKitive | (2011) ,
effect onmathematicsachievement. However, thermeas no significart difference
betweenthe experimental and control group in terms tbkir attitudes towards
mathematics (Zengin, 2011).

Filiz (2009) conducted ajuastexperimental study with 25 elementary school
students (12 in treatment and 13 in control graophvestigate the effect of using
GeoGebra and Cabri Geometry Il Dynamic Geometry Softwares in abdssul
setting onst u d eachieveerdent and the development of learning experiences during
this process. For this purpose, four objectives 'dfygade geomey learning field
were selected ana web site including dynamic geometry softwares and worksheets
related with the subject were prepared the students. As a result of the study, a
significant difference was found in favor of the treatment group intwiwelbbased
materials wereused Moreover, t was found that a more effective learning is
experienced by students taught with web based learning materials when compared to
students taught witfraditional Instruction The results of tle study alsorevealed
t hat dynamic geometry softwares improved st

skills.
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2.3The van Hiele Theory of Geometric Thinking

The van Hiele Theory was developed by two Dutch mathematics educators in
separate doctoral dissertations at the Universitytagcht in 1957, Pierre Marie van
Hiele, and his wife Dina van Hiel@eldof. The theory has been applied to explain
why many students have difficulty with the higher order cognitive processes,
particularly proof, required success in high school geométhe van Hieles
theorized that students who have trouble are being taught at a higher van Hiele level
than they are at or ready for. The theory outlines the hierarchy of levels through
studentsdé progress as they deheedndliele ge ome
model explains the stages of human geometric reasoning. The theory also offers a
remedy: go through the sequence of levels in a specific way (Usiskin, 1982). Van
Hiele Levels are sequential and progress from one level to another dependsimore
the content and method of instruction than on age or biological maturation. A
teachinglearning process is necessary to move the student from one level to the next
(Duatepe,2004). The theory has three aspects: the existence of levels, properties of
thelevels, and the movement from one level to the next (van Hiele, 1957).

2.3.1 van Hiele Geometric Thinking Levels

van Hiele states that all students progress in geometrical thinking through five
sequential and hierarchical levels named as the leveReabgniton, Analysis,
Order, Deduction, and Rigdvan Hiele, 1959; van Hielel986, van Hielgeldof,
1984).

2.3.1.1Level 0 (Recognition)

At Level 0, students view figures holistically by their appearance. They can
learn names of figures and recognize a shape as a whole. For example, squares and
rectangles seem to be different. They 1id
physical feat r e s |, such as Al argenesso, "pointe
notice or explain the properties of components. If students are introduced to a certain

shape, then they are able to name when they see it again but without giving
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explanations concerningroperties of its partsWhen asked to explain why a
particular quadril ater al i's a squar e, a typ
| i k e.Studeats roay be able to distinguish one figure from another simply based

upon its appearance (Usiskin, 298

2.3.1.2 Level 1 (Analysis)

At Analysis Level, a student can identify properties of figures. For example,
the student knows the properties of a square such as; a square has four congruent
sides; a square has congruent diagonals; a square has four right angles; the diagonals
of a squae bisect each other; the diagonals of a square are perpendicular; opposite
sides of a square are parallel. They reason about geometric concepts by means of an
i nf or mal anal ysis of shapes®d6 parts and pr ope
by a varigy of activities such as observation, measuring, cutting, and folding. At this
level necessary properties of the figure could be understood. However, each property
is perceived as isolated and unrelated, no property implies any other. Therefore,

relationsbetween properties and definitions are not understood (Duatepe, 2004).

2.3.1.3Level 2 (Order)

Students at Level 2 can logically order figures and relationships, but still does
not operate with a mathematical system. That is, simple deduction can be followed,
but proof is not understood. Students logically order the properties of concepts, form
abstract definitions, and distinguish between the necessity and sufficiency of a set of
properties in determining a concept. The relationship between properties can be
estblished, hierarchies can be built and the definitions can be understood, properties
of geometric figures are deduced one from others. For example, the student can see
that a square is a rectangle; but a rectangle may not be a square. However, the

importarce of deduction cannot be understood at this level (Usiskin, 1982).

2.3.1.4Level 3 (Deduction)

Students at Level 3 understand the significance of deduction and the roles of

postulates, theorems, and proof. Proofs can be developed and written with
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understandingStudents can construct proofs of theorems, understand the role of
axioms and definitions, and the meaning of necessary and sufficient conditions.
fiStudents can reason formally by logicalyerpreting geometric statements such as

axioms, definitions, antl h e o r e ms & Clénieatd, 1992sp428). For example,
students wunderstand the fact that the de
and angles are equal o and the definitior
perpendicular and adjacesmti des ar e equal 0 could be pro

define a square (Duatepe, 2004).

2.3.1.5Level 4 (Rigor)

Students at this level are able to reason-Eonlidean geometry and explore
other axiomatic systems. They understand the necessity for rigorramable to
make abstract deductions. Furthermore, they are able to make connections and see
relationships between different axiomatic systems (Usiskin, 1982). Students compare
different geometries based on different axioms and study them without concrete
models. They can establish consistency of a set of axiom, and equivalence of
different sets of axioms, create an axiomatic system for a geometry. Theorems in

different axiomatic systems could be established (Duatepe, 2004).

To sum up, the first level of genetric thinking begins with nonverbal
thinking. The student at level O perceives a figure as a whole shape and does not
perceive their parts. He/she might say, "It is a rectangle because it looks like a door".
At level 1, properties can be recognized prdperties are not logically ordered yet.

At level 2, properties are logically ordered; one property precedes or follows from
another property. But at this level, the intrinsic meaning of deduction, that is, the role
of axioms, definitions, theorems, artteir converses are not understood. At level 3
deduction and construction of proof can be understood. Different axiomatic systems
can be understood at level 4. This model has been studied and validated by numerous
researchers (Burger & Shaughnessy, 198¢sFGeddes & Tischler, 1988; Hoffer,

1981; Mayberry, 1981; Senk, 1983; Senk, 1989; Usiskin, 1982).
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2.3.2 Research Studies on the van Hiele Theory

There are various studies which were conducted to discover the implications
of the van Hiele Theory for current-K2 geometry curriculum in dynamic learning
environments. Many research studies indicated that the van Hiele Geometric
Thinking Levelsare helpful for describing th@evelopment of geometric thinking of
students from elementary level to the college levelrgBu & Shaughnessy,1986;
Fuys et al.,1988; Han, 1986; Hoffer, 1983; Usiskin, 1982; Wirszup, 1976). Some of
these studies were mentioned in this section.

One of the first major studies on the van Hiele Theory was performed by
Usiskin (1982, as cited in Fuy4985). Usiskin developed a multipt@oice test to
meas ur e \an Hielee®ebnsefrsic Thinking Levels and this test has been
widely used by other researchers. Usiskin (1982) developed this test to find out if the
test coul d pr edintin gesntetnyd Henesteds2908, Blgradersr e me
and looked for a correlation between their van Hiele Geometric Thinking Levels and
Geometry Achievement. The study results indicated that there was a moderately
strong correlation (r eomé&r} Achidvemerw anglrvant he s ubj
Hiele Geometric Thinking Level. The study results also revealed that the students
were generally at Level O or Level 1, hence, most of the students were not ready for
high school geometry.

Another experimental study was carriedt by¥ zt ¢r k (201") with 5
grade students to investigate the effects of dynamic mathematics software GeoGebra
on studentso6 mathematics achievement and va
teaching of trigonometric ratios and slope. Prepesttes control group design was
adoptedas research design of the studyhe students assigned into the groups
according to the results of AAchievement Tes
Level Testo. Whi | e (26 hstudeneskveres insirunte nwithe | group
ComputerAssisted Teaching materials using GeoGebra, the control gf@6ip
studentsweretaughtwith Traditional Instruction based on Constructivism approach.
Retention Level Test was also administered to the students six weeks after the
treatment ended. The study results indicated @amputerAssisted Instruction

(CAl) using dynamic mathematics softwaiGeoGebra, had a significant effect on
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student sé6 mat hematics achievement in tri
Traditional Instruction. However, the CAI using GeoGebra had no significant effect
on studentsdé van Hi el €he Sy neselts mlsocevebladi n k i n
t hat the experimental group studentsd R
six weeks.
Toker (2008) also conducted quastexperimental pretegiosttest control
group design research stutly investigate thesffects of using Dynamic Geometry
Sd t war e (DGS) , G e, owhile tteachidgs by Ykided didtqueryd
compared to papaandpencil based guidedliscovery and traditional teaching
met hod on sixth gr ade thibkingllevels adjeormeayn Hi e |
achievement . The study was <conducted in
Turkey and it lasted six weeks. The sample of the study consisted"4jrage
students in the school. In order to gather data, Geometry Achievement Test (GAT)
andvan Hele Geometric Thinking Level Test (VHL) were used. The results of the
study indicated that there was a significant effect of methods of teaching on means of
the collecived ependent vari abl es of the sixth
POSTVHL aftercontrdling their PREVHL scores and there was a significant effect
of methods of teaching on means of the collective dependeables of the sixth
grade studentscores on the POSTGAT after controlling their PREGAT scores. In
other words, guided discovery tddng method using dynamic geometry software
(The Geometerds Sketchpad) was significa
Geometric Thinking Level and Geometry Achievement than the other methods were.
Similarly, Moyer (2003)conducted a study to examine the effects of using
Geometerbs Sketchpad (GSP) on the increa
Geometric Thinking Levels in geometry instruction. He used a-egmivalent
control group design in his study. The subjeatsre selected from four intact
geometry classes. Two teachers had two classes, one of which used GSP throughout
the study. The researcher designed contentgsteand two content posttests, one for
each chapter of content. The results of his study insticttat the use of GSP did not
have a significant effect on the increas

achievement. He recommended that further research studies should address the
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investigation into what teacher skills are necessary in codesd GSP effectively as

an instructional tool in mathematics classrooms. He also recommended that a
research study concerning the use of GSP should be conducted throughout the whole
year instead of studying the chosen chapters.

Parsons, Stack and Breet998) conducted a study with 11 eiglgftaders to
determine if ComputeAs si st ed I nstruction (CAI) could i
levels, specifically to level 2 (informal deduction, based on-& ®umbering
scheme). The students were administered vialeHseometric Thinking Level Test
(Usiskin, 1982, as cited in Fuys, 1985) before and after the treatment. The sample of
the stuly began with about 28 below level 0, 45% at level O, and 36% at level 1.

Result of studyshowedthat there wasa significant ncrease in van Hiele Geomietr
Thinking Levels from the pretest to ptesit. The students were also administered
two other pre/post tests: one on standard geometry content and the other on
vocabulary. Statistical analysisshowed that there was no signifioa difference
between pretest and ptestt for either ostandard geometry conteand vocabulary

tess. Parsons, Stack and Breen claimed that CAl had a significant impact on van
Hiele levels and helped students get to level 2.

Another quasexperimentalresearch study was performed at a primary
school byTutak and Birgin (2009) with 38,"4gr ade studentsd to inve
effects of the Computekssisted Instruction (CAI) using dynamic geometry
softwar e, C a bvan Hiele ogaometrit thishkeng teweld The research
pattern of the study was pretgmisttest control group design. While the
experimental groupvereconsisted of 21 students, the control grovas consisted of
17 studentsWhereas the experimental group studevas instructed with CAl using
Cabiri, the control group students were instructed by Traditional Instruction. In order
to collect data, fAvan Hiele Geometric Thinki
groups as pretest and posttest. The results ofttidy revealed that the Computer
Assisted Instruction using dynamic geometry software had a significant effect on the
student so van Hi el e Geometric Thinking Lewv

Instruction.
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In the research study dtily (2001) shedocumentednd described ngrade
students' geometric thinking and spatial abilities as they used Geometer's Sketchpad
(GSP) to explore, construct, and analyze tiiegensional geometric objects. Then
he found out the role that can dynamic geometry software,a1GSP, play in the
development of students' geometric thinking as defined by the van Hiele theory. He
found there was evidence that students' geometric thinking was improved by the end
of the study. The teaching episodes using GSP encouraged levedi@glahthe van
Hiele theory of geometric thinking by helping students to look beyond the visual
image and attend to the properties of the image. Via GSP students could resize, tilt,
and manipulate solids and when students investigated cross sectionstaoficPI
Solids, they learned that they could not rely on their perception alone. In addition
teaching episodes using GSP encouraged level 3 of the van Hiele thinking by aiding
students learn about relationships within and between structure of Platorsc solid

Similar to the study oMoyer (2003) Meng and Idris (2012) conducted a
study to explore if studentsd geometric
could be enhanced through ph#sesed instruction usingranipulativesand The
Geometer 0s Sketchpad (GSP) based on t he
employed a case study research design and purposeful sampling to select eight case
study participants from a class of mixablility Form One students. The resufghe
stidy showed t hat t he teaching i nterventia
geometric thinking and achievement in solid geometry.

Besides,Chang, Sung, and Lin (2007) performetbther researcktudy to
investigatethe learning effects of GeoCAL, a multimedigrning software which is
based on van Hiele Geometric Thinking Level Theory, on each of the geometric
thinking levels and overall geometric thinking. The subjects of the study Were 2
elementary school students of an average age of eight who haveeviouply had
formal lessons in geometry. The study results indicated that, with the exception of
recognition ability, GeoCAL produced significant learning effects on visual
association, description/analysis and abstraction/relation as well as overaditgeom

thinking.
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Idris (2007)carried out a quasixperimental pretegiosttest control group
design research study a secondary schoolith 65, Form Two students to
investigate theeffects of usingT he Geomet er 6s oSk estchhgpant s(6GSP
achievement in geometry, the van Hiele Level
geometry with GSP. While the experimental group underwent the lessons using the
Geometer6s Sketchpad f ostudantemeretaughe ik the, t he cont

traditional approaciThe van Hiele Geometry Test was administered to determine

studentsdé | evel of geometric thiTh&ki ng acco
guestionnaire and checkl i st were administer
towards the us o f t he Geometeros Sketchpad I n | e

descriptive analysis showed that most of the students agreed that the GSP is a useful
tool for learning of geometry. The study results also revealed that the experimental
group differed significaty from the control group in terms of geometry achievement
and change in van Hiele geometric thinking level after the treatment.

In another researchClements, Battista, and Sarama (2001) designed a
researckbased curriculum using the Logo, a graphic miad educational
programming language, to investigate how elementary students learn geometric
concepts. The aim of their project was also to assess student learning in this micro
world setting, and characterize dans,w Logo f a
Battista, andSarama developed a curriculum as Logo Geometry (WE) the
theories of Piaget and van Hiele as the underlying models to inform curricular and
assessment decision®ne group of students participated in the LG curriculum
(experimental group) while another group did not (control grotipg.results of their
study indicated thathe Logo geometry students scored significantly higher than
control studentn total achievment tests made doublethe gains of the control
groups.Furthermore, students in the LG classes showed higher gains in describing
properties of shapes (level 2 thinking on-& humbering scheme) than students in
the control group. Thisesults supported premise of the LG curriculum that having
students engage in construction of more complex paths (shapes) helps them to
transition between level one thinking (visual) to level two thinking (analysis).
Moreover LG students did better than those in the mdrgroup in identifying lines
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of symmetry for a given figure, and justifying why pairs of figures were congruent.
Additionally, the experimental group showed better understanding of slides, flips,
and turns than the control group based on a number obmsagorting activitiesAs
aconclusionthe study results showed tlthere was a significant difference between
the experimental group (Logo curriculum) and the control griougerms of total
achievement test scores in favor of the experimental group.

In the next part, somef the research studies on technology use in
mat hemati cs teaching and i ts ledrning c t on

mathematicsvith technologywill be presented.

2.4Technology and Attitude Towards Mathematics

Attitude towaré mathematicsis defined as a belief formed from a
combination of experiences measured in the domains of mathematics (Capraro,
2000). In other words, attitude towards mathematics refers t® tau & sal-t 6
reported enjoyment, interest and level of anxietyard mathematics (Pilli, 2008)
and plays a curucial role in the learning of mathematics and achievement in
mat hematics (Arslan, 2008; Peker & Miras:

Besides,Ma and Kishor (1997ktated thatthere is a general belief that
studentdearn more effectively when they are interested in what they learn and that
they will achieve better in mathematics if they like mathematibss, investigating
the effectiveness of the instruction using dynamic geometry software, which may
establish a psi ti ve attitude t owar ds mat hemat
mathenatics learning and achievemenin this study, the attitude towards
mathematics and technology mean¢ udent s6 attitude toward
with technology which was measured Mathematics and Technology Attitude
Scale(MTAS). In this part, some research studietated to thause oftechnology
(e.g. CAIl, DGS)in mathematics teachimpnd it s effect on stude
mathematicsvill be presented.

One of these research studies was conductedohgef (1997) to investigate
the effects of using the GSP on the high
One of the results of his study indicated that the scores of the pretest and posttest of
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the dudents in the experimental group were significantly different. Another result
indicated that there was a significant difference between the control and experimental
groups in the gain of the scores from the pretest to the posttest.
Another quasiexperimemal pretesfposttest control group design research
study was carried outin a secondary school bigris (2007)with 65, Form Two
studentsto nvesti gate the effects of using The C
studentsdé achievement in geometry, t he van |
learning geometry with GSHhe questionnaire and checklist were administered to
explore theosseddmtwad dsed he wuse of the Geo
learning of geometry. The descriptive analysis results indicated that the most of the
students showed positive reactions toward using this software in learning of
geometry and agreed that the GSP iseduligool for learning of geometry.
Similarly, B a k i and ¥ zpedomed aothe? fefedrdistudy to
investigate the effects of ComputBased Instruction using Logo on students
achievement, retention level, and attitude towards mathematics. Thrautiieo
treatment, a Logdased instructional material for 6th grade was designed and
implemented in a primary school. While 35 students in control group were taught
without computetbased activities, 33 students in experimental group were taught
with compuer-based activities for six lessons. At the end of the study,-semi
structured interview was conducted to get t
The study results indicated that the Compguased Instruction using Logo affected
student s 6 wardst mathematics positively more than the traditional
instruction affected. Similarly, Sulak and Allahverdi (2002) snd d e mi r and Tabuk
(2004) also found in their studies that tli@omputerAssistedinstruction affected
student sdé atti ttieshessively.owar ds mat he ma
Besides,Pilli (2008) carried out a study with the purpose of examining the
effects of the computer softwarérizbi Mathematics 4on 4" gr ade student sd
mathematics achievement, retention, attitudes toward mathematics and attitude
toward computer assisted learning. A series of ANOVAs for repeated measures
revealed significant difference between the groups on the post achievement tests and

attitude scales in favor of experimental group.
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Similar to the study o¥ousef (1997) Yemen (2009alsoconducted a study
with 50, 8" grade students to investigate tledfects of Technologyssisted
I nstruction using thé'gGadmetsendenskét akh
analytical geometry and attitudes toward mathematics. The study results indicated
t hat t he use of DGS had no significant

mathematics.

2.5 Transformation Geometry

The subject of transformatiogeometry as a stbarning area of geometry
consists of the motions of translati on,
1990). According to Klein (1870), the transformational geometry is the basic subject
of learning geometry (as cited in Jusj 2002). Similarly, Boulter (1992) stated that
transformational geometry consists of mental, graphical or physical motions-of two
or threedimensional geometrical shapes. These motions can be expressed like: slides
(translation), flips (reflections), dnturns (rotations) as given in thieigure 2

(Boulter, 1992).

NN

Slide

Flip

Turn

Figure2. Simple rigid transformation (Boulter, 1992, p.4)

I n addition to abovementioned i nfor ma
Geometry aims at studying a particular group; and thatrgerggoup concept

preexists potentially in the mind of an individual. He also alleged that mathematical
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group is a set which satisfies associatively, identity and inverse and there are
mathematical group structures which take place in our minds. The fdg@up
structure which preexists in our minds may sound strange. However, if you think
groups as transformations such as rotations and reflectionsymdlink them with

Poi n<(&a913p dotion of motor space and motion of solids as the true source of
geometry, it become more understandable (as cited in Junius, 2002).

The features of geometric objects and properties of transformations should
not be considered independently from each other (as cited in Bouckaert, 1995).
Instead, they should be thouglg eelating properties with each other in order to
provide gradual learning of how to prove. It was also stated that the symmetries or
automorphisms can be defined as a concept which is used to establish a connection
between the features of objects and pheperties of transformations. Moreover, it
was described as transforming an object into itself with considering its structure (as
cited in Bouckaert, 1995). Transformation geometry, which can be characterized as
the study of geometric objects in the plalveks the properties of transformations to
the properties of objects. In addition, geometric transformations provide discovering
and/or proving characteristics of geometric objects; forming patterns like friezes,
rosettes, wallpapers; classifying geontewbjects; perceiving the chirality of an
object (as cited in Bouckaert, 1995).

The application of transformation geometry can be seen in many areas in the
literature. For instance, Pumfrey and Beardon (2002) states that the Art goes in
harmony with Mathmatics over the centuries. Knuchel (2004) pointed out that,
considering the tessellations which were the products of Islamic civilization and
brought to Europe by Arab conquests in the thirteenth century, the connection can be
seen clearly since they wecemposed of the rotation, reflection and translation of
the objects in a plane such that there are no gaps or overlaps. Pumfrey and Beardon
(2002) also claimed that tessellation is a common feature of decorative art and can be
frequently encountered aroumng. Also, the questions of how patterns are made of
and how objects move in the space can be clarified with the motions of translation,
reflection and rotation. Thus, elementary mathematics curriculum should give greater

importance to Transformational Gaetry.
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G¢egrbegz (2008) stated that the student
using equal polygonal regions and make tessellations with the activities of cutting,
folding and sticking papers while they learn the subject of transformation geometry.
Thus, students can discover the relationship among the geometric shapes by
constructing, drawing, measuring, visualizing, comparing, changing the shapes and
classifying them and they develop spatia
2008).

California State Department of Education (1985) mentioned that in order to
provide better understanding of the geometric concepts, such as congruence,
similarity, parallelism, symmetry and perpendicularity, instruction of geometry
should utilize transformations ithe plane such as reflections, translations, and
rotations (as cited in Pleet, 1990). Similarly, Harper (2002) claimed that
transformation geometry topic is an important topic which should be taken part in the
K-12 mathematics curriculum. Particularly, fbe students between the grades'df 9
and 12", transformations should be used as a significant tool in solving geometric
and norgeometric problems (Harper, 2002).

Knuchel (2004) also stated that the learning of symmetry as-feaubng
area oftransformation geometry subject has a crucial role for elementary school
students because it provides them with making sense of the facts around them in a
different context and creating their own patterns. Moreover, she mentioned that the
transformationagjeometry brings the life and mathematics together in a concrete and
meaningful way. It is important for students to comprehend the concepts of geometry
and symmetry through the way which makes them think that everything they see
around them has a strongufadation in mathematics, even if it is not directly related
to it.

Boulter (1992) stated that in order to provide students with conceptual
understanding of transformational geometry topic, instructors must create an
environment where the motions such assthinFigure 2 can be simulated. Further,
he added that various teaching methods should be used while teaching the topic
transformational geometry. Put it differently, individual differences among the

students should be taken into account while teacthirggtopic. Instructors should
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lead students and provide the relations clearly since it is important in terms of
constituting conceptual understanding and reasoning for students. Thus, teaching the
topic of transformation geometry with using Dynamic GeayneSoftware
(GeoGebra) can help to achieve the abovementioned goals in the present study.

As mentioned above, the transformational geometry is considerably important
and essential sdlearning area of geometry in-K2 mathematics curriculum
(Desmond, 1997)urthermore, both students and-pegvice/inservice mathematics
teachers have difficulties in understanding the motions of reflection, rotation, and
translation (Desmond, 1997; Edwards & Zazkis, 1993; Law, 1991). This is one of the
reasons for investaging the instruction of transformation geometry in the present

study.

2.5.1 Fractals

Fractal is another attracted and substantial-tsple of transformational
geometryfor the students. Mandelbrot (1991) stated the two main roles of fractal
geometry as desciilg the geometry of nature and the geometry of chaos.
Mandelbrot (1977) also clarified the origin of the term of fractal as follows (p.1):

| coined the term fractal from the Latin adjectivactus The corresponding

Latin verbfrangereme ans @At o breako: to create
therefore sensibleand how appropriate for our needsThat, in addition to
Afragment drdction dr aefractionn Fractus should also mean
Airregul ar o, both meanigmpd (ahcdtedein been
Miller, 1998).

According to Briggs and Peat (1989), the first fractal samples were
encountered over a hundred years ago (as cited in Miller, 1998). These strange
shapes, which could not be identified by the traditional Euclidean ceanckglhapes,
lines and calculus, were constructed by using new recursive or iterative technique
(Jones, 1993; Stewart, 1996). Mathematicians panicked at the end of the nineteenth
century due to these shapes (Jones, 1993) and avoided from these shadgékeisaid

(1998) . Frame and Mander | brot (2002) def i

(p.12).
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Bovill (1996) asserted that the fractal geometry is the study of geometrical
shapes which are nevending, self similar, meandering cascade when zoomed in.
Fraloni and Moller(2008 stated that théractals are self similar across different
scales, that is to say, fractal is a geometric pattern that is repeated at ever smaller
scales to produce irregular shapes and surfaces that cannot be presented classical
Euclidean Geometry and it is a shape which consists of small copies of itself. This
makes the fractals different and more appealing than other Euclidean figures.
Comparison of Euclidean Geometry and Fractalr@etoy were presented in Table 1
(Pietgen & Saupe€l,988, p.26)

Table 1. Comparison of Euclidean Geometry and Fractal

EUCLIDEAN FRACTAL

Traditional (>2000yr) Modern monsters (~10yr)
Based on characteristic size No specific size or scaling
Suits manmade objects Appropriate for natural shapes
Describedby formula (Recursive) algorithm

Source: Pietgen & Saupe, 1988, p.26.

As mentioned in the Table 1 above, Euclidean Geometry have existed for
more than 2000 years. However, the fractal geometry, which baisted for
approximately 10 years, is much more newer than the Euclidean Geometry. Also,
euclidean geometry is based on characteristic size, suits manmade objects and can be
described by formula while the fractal geometry has not got specific sizeliogsca
Also, fractal geometry is merely appropriate for natural shapes and can be defined by
an algorithm. In addition to the abovementioned expressions, Miller (1998) stated
that fractal geometry is a lot richer than Euclidean geometry in point of tre line
shapes, objects in nature, patterns and forms compared to Euclidean geometry.
Furthermore, Yazdani (2007) expressed that fractals differ from classical geometry in
terms of its beauty and impressiveness. Classical or Euclidean geometry have been

working for the development of mathematics, science, and engineering for centuries.
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However, as to the ordinary events and shapes surrounding us, it has failed.
Complicated rough objects, irregular lines, such as mountains and clouds, could not
be explained by elksical geometry. That is why fractal geometry is an extremely

important topic. For instance, Mandelbrot (1977) mentioned that:

Why is geometry often described as ficol dc
inability to describe the shape of a cloud, a maumta coastline, or a tree.

Clouds are not spheres, mountains are not cones, coastlines are not circles,

and bark is not smooth, nor does lightning travel in straight lines (as cited in

Miller, 1998).

As opposed to Mandelbrot, Galileo (1975) ignoredna#gu6 s tr ue shapes as t

irregular and, hence, inapprehensible. Galileo (1975) stated that (p. 241):

Lines are called regular when, having a fixed and definite description, they
are susceptible of definition and of having their properties demonstrated
Thus the spiral is regular, and its definition originates in two uniform
motions, one straight and the other circular. So is the ellipse, which originates
from the cutting of a cone or a cylinder. Irregular lines are those which have
no determinacy whater, but are indefinite and casual and hence indefinable;
no property of such lines can be demonstrated, and in word nothing can be
said about them (as cited in Miller, 1998).

As it was stated above, while Galileo states that irregular lines cannot be
defined since they do not have any features, Mandelbrot has managed to define them
and caused wus to wunderstand them. Thanks t
geometry, it became possible to explain the complex rough objects, irregular lines,
forms, pattera as well as smooth ones such as snowflakes, ferns, coastlines,
mountain ranges, tree branches, rlied patterns, clouds, and so on (Miller, 1998).
Similarly, Kroger (2000) mentioned that,
fractal geometry has become farsoum natural sciences and it has been used to
describe different phenomena as plant growth, the description of turbulence, the
shape of mountain, clouds, mixture of liquids, the shape of brain tumors or lungs,
models of economy, or the frequency of occoicesof letters and words. Frame and
Mandelbrot (2002) stated the importance of fractals as follows (p.12):
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ee.fractal geometry is rich in open
yet represent deep mathematics. First, they did not arise in earlier
mahematics, but in the course of practical investigations in diverse natural
sciences, some of them are old and well established, others are newly revived,
and a few are altogether new. We feel very strongly that those fractal
conjectures should not be resed for the specialists, but should be presented

to the class whenever possible.

Yazdani (2007) stated that the objects in nature such as ferns, snowflakes,
coastlines, and mountains have formed more complicated geometric figures. He also
stated that th&actal geometry is essential in terms of curricular considerations since
it inspires the concepts of geometry taught ¥rlXand high school mathematics
curriculum. According to Yazdani (2007), students should be asked to discover
various objects in nata which do not seem to be composed of polygons, lines,
circles, or square so that they can realize how mathematics is related with the real life
events during the activities in mathematics classrooms.

Frame and Mandelbort (2002)laimed that the fractal geometry needs
simulation and visualization more than it needs the proof. Furthermore, the fractals
can make mathematics more interesting and fun without breaking the rules of
mathematical proofs. Fraboni and Moller (2008) statedheir another study that
offering mathematical ideas using fractals may give a new impulse to the classroom
environment. They went forward with stating that fractal geometry makes students
develop new point of view on their understanding of mathematicatepts and
encourages their creativity in problem solving. Students can make sense of some
topics such as symmetry, number sequences, ratio and proportion, measurement, and
fractions through fractal geometry. In addition, Fraboni and Moller (2008) staed
fractal geometry offers teachers great flexibility since its instruction can be modified
according to the level of the students and to the time restrictions.

In the light of the study results that were mentioned above, the topic of fractal
IS an extremely important sdbarning area in teaching of mathematiBesides
both students and pservice/inservice mathematics teachers have difficulties in

understanishg the fractal geometrgince it is a diffult topic to apprehen@hese
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statements may be considered the nragsonfor investigating the instruction of

fractal geometry in the present study.

2.6 Summary of the Literature Review

Technological tools, such &raphic Calculators, Interactive White Boards,
Computers, WelBased Applications, Dynamic Mathematics/Geometry Softwares,
are started to widely use in mathematics classroom and many studies indicated that
the technology use in mathematics education isffectere and essential tool in the
learning and teaching of mathematics. The common opinion of many researchers,
mathematics teachers, and studies focus on the notion that the technology integration
into mathematics education is essential and capable &figahe teaching of
mat hematics more effective. (Baki, 2001; Bo
Ersoy, 2003; Hollebrands, 2003; Koehler & Mishler, 2005; Lester, 1996; NCTM,
2000).

Computers are one of the mainly used technologies in learning envirmamen
Thus, computer use in mathematics classrooms has been expanding owing to the
positive effects of Computekssisted InstructionMany studies existing in the

mathematics education literature indicated the positive effects of Corfjasisted

Mathematis Il nstruction on student so mat hemati c
achievementAk k o- , ARD9®en ve Khtan, 200 3; Andi -,
Baki, 2002;Ba k i G¢ven & Karatak,-GWKWaya,Ba2 k@h;, z
Hange¢l, 2010 ;Kphel v&Keoep k u20ulPog;k 0 ; 2002; kat af,

ken, 2010;. Tayan, 2011)
Dynamic Geometry Softwares (DGS)s a technological tool in learning
environment, offers students useful facilities for using both computer algebra system
and a dynami c geometry software and enhan
mathematics. (Hohenwarter & Lavicza, 200Rgsearch studies @GS focus on the
idea that DGS facilitate and support studen
students to visualize abstract mathematical concepts, and test mathematical ideas in a
dynamic learning environmenB@ k i , Kosa & G¢gvenoulidespll; Chri s

Pittalis & PittaPantazi, 2004; Fahlbeigtojanovska & Trifunov, 2010Gawlick,
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2002; Gillis, 2005;Gol denberg & Couco, 1998,; G¢éven
Habre, 2009; Hollebrands, 2003° | z | 1 9 9 9Labordley 20@1sMarra?lés 0 1 ;

& Gut i ®@000;Mariotti, 2000; Pandiscio, 2010; Pandiscio, 2010; Stols & Kriek,

2011)

GeoGebra, as a dynamic geometry software, not only provides students with
facilities to experiment the mathematical ideas and to associate mathematical
concepts with the redife examples, but also helps studentstamine the relation
between algebraic and geometrical concepts béHehenwarter & Jones, 2007).
GeoGebra has also the potential to encourage the stuelaiered learning, active
student participation, collabative learning, and discovery learning by
experimenting mathematical ideas, theorems and using interactive explorations
(Preiner, 2008). Many studies on the effectiveness of GeoGebra indicated that
GeoGebra has the positi v sleaning, enathesiatiosn st
achievement and attitude towards learning mathematics through dynamic
mathematics softwares (Ayuk Tar mi z i (2010) Bil gici & ¢
Zengin & Kutluca, 2012Filiz, 2009; K - e | ; Salza0Zgnyin, 2011)

The van Hiele Model of Geometric Thinking Levéshelpful for describing
thedevel opment of student so reasoning I n
achievement in geometry at the levels ranging from elementary level to the college
level (Burger & Shaughessy,1986; Fuys et al.,1988; Han, 1986; Hoffer, 1983;
Usiskin, 1982; Wirszup, 1976). The results of various research studies which were
conducted to discover the implications of the van Hiele Theory for curreit K
geometry curriculum in dynamic learningnvironments indicated that Dynamic
Geometry Softwares (DGS) help students to progress between the geometric thinking
levels and increase their geometric thinking levelfiahg, Sung & Lin, 2007;

Clements, Battista & Sarama, 20QLly, 2001;Meng & Idris, 2012; Moyer, 2003;
¥zt ¢r k Parsgng, IStack & Breen, 199Boker, 2008;Tutak & Birgin, 2009;
Idris, 2007).

Research studies related to the effects of Dynamic Geometry Software (DGS)

use in mathematics educati on mathematitsudent

with dynamic geometry softwares indicated the positive effects of DGS on students
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atitude towards learning mathematics in a dynamic learning environBakt &
¥ z p € n a rdyis, 2007 @ilfi,;2008; Yousef, 1997).

The Transformation Geortrg is a considerably important and essential -sub
learning area of geometry in-K2 mathematics curriculum (Desmond, 1997).
California State Department of Education (1985) mentioned that in order to provide
better understanding of the geometric conceptsh sas congruence, similarity,
parallelism, symmetry and perpendicularity, instruction of geometry should utilize
transformations in the plane such as reflections, translations, and rotations (as cited
in Pleet, 1990). The transformational geometry comsiunderstanding the mental,
graphical or physical motions of twor threedimensional geometrical shapes which
are extremely important for success in geometry (Boulter, 1992).

Fractal is another attracted and substantial-tsple of transformational
geometry for the students. The fractal geometry is essential in terms of curricular
considerations since it inspires the concepts of geometry taughtlih ahd high
school mathematics curriculum (Yazdani, 2007). Offering mathematical ideas using
fractals may give a new impulse to the classroom environment and the fractal
geometry may help students to develop new point of view on their understanding of
mathematical concepts and encourages their creativity in problem solving. Students
can make sense of sontepics such as symmetry, number sequences, ratio and
proportion, measurement, and fractions through fractal geometry (Fraboni & Moller,
2008).

In the light of the relatedtudies that were mentioned abotleereare few
studieswhich provide insight into the teaching of transformation geometry and
fractals in a dynamic | earning environment
thinking and achievement. Thutis sudy aimed at investigating theffects of
dynamic geometry softwae ( Geo Gebr a) on studentsd mat her
transformation geometrygeometric thinkingand attitude towards mathematics and
technology. Besides, he related literature provided significant information for
choosing the appropriate research desidata collection instruments, and the

statistical data analysis procedure for the objectives of the study.

58



CHAPTER 3

METHODOLOGY

This chapter presents information about the research design, the sampling

procedure, the population and the sample group, the data collection procedures and

instruments, the reliability and validity of the instrumentise design of the
instruction, the analysis method of the data collected, téwching and learning

materials, treatmenand lastly the internal and external validd¢guesof the study.

3.1 The Research Design

The aim of this study was to investigate the effects oDiyreamic Geometr
SoftwareAssisted InstructionGeoGebra on 8 gr ad e student séb
achievement in transformation geometry (fractals, tiara reflection, translation),
Geometric Thinking and Attitude Towards Mathematics and Technoliogyhe
present studythe causeandeffect relationship was investigatedowever,random
assignment was not used to form the grosipse thetwo alreadyexisting groups
were used to compar&herefore the presenstudy was aveak &perimentaldesign
studywhich has a researaesignof the StaticGroup PretestPosttest desigto test
the hypothesesf the study(Fraenkel, Wallen & Hyur2011).Theresearch design of

the studyis summarized in Table 2.
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Table2. Research design of the study

Group Pretest Treatment Posttest
EG MAT, VHL, MTAS DGS MAT, VHL, MTAS
CG MAT, VHL, MTAS RI MAT, VHL, MTAS

EG: Experimental Group

CG: Control Group

DGSI: Dynamic Geometry SoftwarAssisted Instruction
RI: Regular Instruction

MAT: Mathematics Achievement Test

VHL: van Hiele Geometric Thinking Level Test
MTAS: Mathematics and Technology Attitude Scale

3.2Population and Sample

In the present study, convengarsampling method was used. The researcher
chose a private elementary school hog implementation since there was a group of
studentsto study with,a mathematics teachéo implement the treatment, and a
computer laboratory enabling students to work with computers usingeb@Rble
for the study at this schoolhe students weralso available for a basic GeoGebra
training by the researcher for orveeek before the study began. Hence, the sample
was conveniently available for the studyhe school was also chosen due to its
suitable technological infrastructure. There was a computer laboratory which had 25
computers, a projector and a smart baartis schoaol These technologicalevices
were needed during the study. The school was locateduniversity campus and
had 600 studentsn total. In this schoo) there were threalreadyexisting &' grade
classroomswhich were formed according to the Placement Test of the school
However, two of these classrooms were selectddessample of the study since the
students in these classrooms had similar mathematics achievement levels according
to their previous matheatics grades and placement test resBiesides, the pretests
were conducted to determine whether the groups were equal in terms of dependent
variablesof the study Thus, the present study was conducted with these tvo 8

grade tassrooms (8 and 8C), with 34 student#n total
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Each of hese classrooms washosenas the experimental group and the
control grouprandomly The classroom of-8 waschosen ashe experimental group
and 8C asthe control group in th@resentstudy. There were 17 students in both
classesBoth classes in which the study was conducted had equal classroom settings
and conditionse x c e p t computers with DGS in the
environment.The number of the subjectin each group is preded in Table 3

below.

Table3. Distribution of the subjects in terms of the group and gender

Experimental Group  Control Group

(Dynamic Geometry (Regular
Gender SoftwareAssisted Instruction) Total  Percentage
Instructior)
Female 8 9 17 50%
Male 9 8 17 50%
Total 17 17 34 100%

The experimental group {B with 17 students) were instructed Bynamic
Geometry Softwardssisted Instructior{supported with GeoGebra activities), and
the control group (& with 17 students) were instructed by Reguhatruction The
experimental group was instructed by the researcher and the control group was
instructed by the mathematics teacher of the classr

Al8"grade private elementary school st
were identified aghe target population of the studyhis was the populatioto
which the results of the study were generaliZgh8™ grade student&1 students in
three eight grade classes)thé school in which the study was conducted was the
accessible population. In other words, the two already existing classes df the 8
grade students {B and 8C) at this private elementary school in Bilkent
district/Ankara were used as the sample of the present study.

As regards the major characteristicstlvé sample group comprisirige 34
8" grade students, thetge ranged between 14 ab, and they had a high socio

economic statusSince, in their fomer years, the students had taken various
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Informatics Technologies courses, whiaomade them Computer literaté, was
assumed that all®Bgrade students of the school had a minimum required knowledge

of computer use, which they used during the treatment.

3.3The Data Collection Instruments

In the present study quantitative research methodologpswused. In order
to collect data, three instruments were used; Mathematics Achievement Test (MAT),
van Hiele Geometric Thinking Level Test (VHL), and Mathematius &echnology
Attitude Scale (MTAS). Al of these three ir
by the developers of the instruments, and the reliability and validity issues were

addressed. All tsse issuegarediscussed below.

3.3.1 The Mathematics AchievemenTest (MAT)

The Mathematics Achievement Test (MAT) was developed by Akay (2011)
and was used to addr ess studentso achievel
(fractals, rotation, reflection, translatiofgee Appendix A)
The rationale for the selection tife MAT was that this instrument aims at
measuring the wvable (Mathematics Achievemendf the students) that the
researcher intended to measure in the preseil
and objectives were appropriate for the study since it included 14-evykea
guestions on the topic of Transformation Geometgpared with theonsideration
of the objectives (See Appendix B and D) given in the curriculum published by the
Ministry of National Education (2002010). These questions were related to the
objectives that the researcher wanted to investigate in the dWmheover, tls
achievement test was used in an experimental study (Akay, 2011), which investigates
the effect of a different teaching method
mathematics achievement in transformation geometry. As the present study also
investigaed the effects of a different teaching meth@G&Assisted Instruction
using GeoGebr a) on student so mat hemati cs a

appropriate for the studyfhe scoring of MAT was done according to the rubric
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which was prepared by the despér of the instrumer(Akay, 2011) (See Appendix
C). Thepossible scores of the MAT ranged between 0 and 78.

This instrument was used as a pretest one week before the beginning of the
study to determine whether the students in the experimental and cgraups
differed from each other in terms of academic achievement. Also, MAT was
implemented as a posttest to both groups one week after the intervention was
completed.

In addition, the reliability and validity issues of MAT were examined by the
developerof the instrumentThe interrater coefficient was calculated as .98 for the
pilot study and the same coefficient was calculated as .99 for the main study.
Therefore, it can be said that reliability values of the MAT, for its implementation in
both the gt and main study, were high, whichada indication of reliabilityMore
specifically, in the present study, the reliability \valof MAT was calculated as .94.
Below is a ample question from MAT anthe corresponding objective which is
aimed aimeasuring byneans of the the question.

Objective 1: Students should be able to construct and draw patterns with line,

polygon and circle models and decide which patterns are fractals.

o s b

1. sekil 2 sekil 3 sekil 4 sekil

a) Yukanda ki sekiller, 1.seklin orantili olarak kiigiiltiilmiis ya da biiytitiillmiis haller1 ile insa
edilmis, her adimda aymi kural uygulanmis bir driintii miidiir (fraktal)? Cevabimzi agiklaymiz.
b) Ayni kural devam etseydi bu 6riintiide ki 4 sekil nasil olurdu yukanya ¢iziniz.

¢) Cizdiginiz 4 sekilde kag eskenar dortgen vardir?

Figure3. Sample questiofrom Mathematics Achievement Test (MAT) ang at
measuring Objective 1
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3.3.2 van Hiele Geometric Thinking Level Test (VHL)

The van Hiele Geometric Thinking Level Test (VHIncluding 25multiple
choice items developed by Usiskin (1982) and translated inarkish by
Duatepe (2000awer e used to determine studentso6 van
Levels (See AppendixE). The reliability and validity issues of the VHL were
examined by Duatepe (2000a@nd the Cronbach Alpha reliability measures were
found as .82, .51, and .70, for the first, second, and third level, respechivéig
present study, the reliability values of the MAT were calculated as .80, .49, and .68
for the first, second, and third level, respectively
The van Hiele Geometrithinking Level Test (VHL) was conducted to both
groups as pretest one week before the beginning of the study to determine whether
the students in the experimental and control groups ddfeom each other in terms
of geometric thinkingThe VHL was al® implemented aa posttest to both groups
one week after the intervention was completed.
The rationale underlying the selection of VHL was that this instrument has 25
guestions which aim at determining the same variable the researcher intended to
measure n t he study, studentsé geometric thinki
measure specific skills, such as ordering the properties of the figures, identifying and
comparing the figures, and deduction, which constitute geometric thinking levels of
the sgudents.
In van Hiele Geometric Thinking Level Test, there are five levels which are
represented by certain items. The first five items represent level 1, the second five
items represent level 2, the third five items represent level 3, the fourth five item
represent level 4, and the last five items represent level 5. According to van Hiele,
primary school mathematics enables students to reach only the third level (van Hiele,
1986). Therefore, only the first 15 questions were considered in this Sthdy.
st u d egedmsticthinking was investigateth ased on the studentsd s
van Hiele Geometric Thinking Levdlest which was prepared according to the van
Hiele Theory Each question in the VHL was assessed by giving one for each correct
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answer andzero for each incorrect answer. Since the first 15 questions of the test
were considered in the study, possible scores of the VHL ranged between 0 and 15.

The questions in the first level are related to identifying triangles, rectangles,
squares, and palalograms. The questions in the second level are about the
properties of squares, rectangles, diamonds, rhombuses, isosceles triangles, and
radius and tangent of the circle. The questions in the third level are on ordering
properties of triangles, simpleeduction, comprehending hierarchy among squares,
rectangles and parallelograms, and comparing rectangle and parallelograms
(Duatepe, 2004). The objective of each question of the VHL is presented in
Appendix F.

Below is a sample question from VHL and tberresponding objective,

which it aimed to measure:

Question: 6
Representing van Hiele Level2

Objective: Comprehend properties akquare

6- PORS bir karedir.
Asagidakilerden hangi 6zellik her kare 1¢1n dogrudur? P O

a) [PR] ve [RS] esit uzunluktadir.

b) [OS] ve [PR] diktir.

c) [PS]ve [OR] diktir.

d) [PS] ve [OS] esit uzunluktadsr.

e) O acis1 R acisindan daha biyiiktiir.

S R
Figure4. Samplequestionfrom van Hiele Geometric Thinking Level Test (VHL)

aiming at measurig the propertiesf squae

3.3.3 Mathematics and Technology Attitudes Scale (MTAS)

The Mathematics and Technology Attitudes Scale (MTAS), which was
developed by Barkatsas et al. (2007) and translated into Turkish by Boyraz (2008),
was used t o det er mi na learting dmathematiés waht t i t u
technology(See Appendix G)The MTAS was conducted to both groups as a pretest

one week before the beginning of the study to determine whether the students in the
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experimental and control groups differed from each other instefrattitude towards
learning mathematics with technology. The MTAS was also implemented as a
posttest to both groups one week after the intervention was completed. Moreover,
this instrument was appropriate for the present study since the MTAS served the
purposes and the objectives of the present study with its content.

The Mathematics and Technology Attitudes Scale (MTAS) consists of 20
items and five subscales which are mathematical confidence [MC], confidence with
technology [TC], attitude towards le@ng mathematics with technology [MT],
affective engagement [AE] and behavioral engagement [Bigdse subscales were
investigated tor ev e al studentso attitudes toward
technology.In this attitude scale, the students were askeiddizate the extent of
their agreement with each statement, on a-fiioimt scale from strongly agree to
strongly disagree (scored from 5 to 1). A different but similar response set were used
for the BE subscaleA five-point system was again used: neaalways, usually,
about half of the time, occasionally, hardly ever (scored again from 5 to 1). Since the
aim was to measure different attitudinal and behavioral characteristics using the
same scale, two different rating systems were used in MTAS

The rdiability issue was addressed by Boyraz (2008) dhe internal
reliability, as measured by calculating the Cronbach alpha coefficient (Boyraz,
2008), for each section in the test was fouradbe Mathematical confidence85;
Attitude towards learning mathematics with technolog®$7; Confidence with
technology .78; Behavioral engagemeni73 andAffective engagemenit6. In the
present studythe Cronbach alpha coefficients were calculated for each subscale as
Mathematical confiderec .81; Attitude towards learning mathematics with
technology .82; Confidence with technology75; Behavioral engagement72 and
Affective engagement64. Possible scores of the MTAS ranged from 20 to 100.

Sample items which represent the subscal®$TAS are presenteith Table 4
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Table4. Sample items representing the five subscales of MTAS

Subscale Item sample

Mathematical confidence [MC] | know that | can cope with difficulties in
mathematics.

Confidence with technology [TC] | am good at usingomputers.

Attitude towards learning | like using mathematics softwares in learnin

Mathematics with technology [MT of mathematics

Affective engagement [AE] | can take good grades on mathematics.

Behavioral engagement [BE] | try to answer to the questiomdichteacher
asls.

3.4Variables

In experiments, the independent variable was the variable that was controlled
and manipulated by the researcher, whereas the dependent variable was not
manipulated. Instead, the dependent variable was observed or measured for variation
as a presumed reswit the variation in the independent variafffeaenkel, Wallen &

Hyun 2011) The variables in this study were classified as independent and

dependent variables. Classification of those varsadnie presented ihable5 below.

Table5. Classification othe variables of the study

Name Type of variable Type of value

Posttest score adathematics Dependent Continuous
Achievement Test

Posttest score oran Hiele Geometric Dependent Continuous
Thinking Level Test

Posttest score avathematics and Dependent Continuous
Technology Attitudes Scale

Treatment Independent Categorical
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3.4.1 Independent Variable

The independent variables of the study were the treatments (instruction
methods) implementedand hd two categories a®ynamic GeometrySoftware
Assisted Instruction using GeoGebaad Regular Instructiorfwithout using any
dynamic mathematics software). These variables were considered as categorical
variables and measured amominal scaleBesidesthe researchasked the teacher
of the control group not to use any technological do@raphics calculators,
projector etc.) that support or facilitatee learning process. Therefore, independent

variables which were instructional methods were controlled.

3.4.2 Dependent Variable

A

Dependent vaables of the study werdhte st udent sd posttest S C
Mathematics Achievement Test (as measured by POSTMAI,van Hiele
Geometric Thinking Level Test (as measured by POSTVHL),taedlathematics
and Technology Attitudes Scale (as measured b TOTAS).
All of these variables were interval and continuous. The possible minimum
and maximum scores ranged from 0 to 78 for the POSTMAT, 20 to 100 for the
POSTMTAS, and 0 to 15 for the POSTVHiespectively.

3.5Procedures

The aim of this study was to invasdte the effects of thBynamic Geometry
SoftwareAssisted Instruction usingseoGebracompared to Regular Instruction
(traditional textbookbased instruction) on the™8gr ade student s mat he
achievement in transformation geometry (fractals, rotation, reflection, translation),
Geometric Thinking and Attitude Towards Mathematics and Technology.
The study was conducted during the fall semester of the-2012 acadein
year in a private elementary school in Ankara/TURKEY¥e Time schedule fahe
lessons andesson plans were prepared, and the purposeprocedure of the study

were explained to the participants before the study began
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For this study, GeoGebra wasedsas a dynamic geometry software in the
experimental group. Both groups were instructed for a time span of three weeks (ten
class hoursn total for each group) and taught the same content to reach exactly the
same objectives in the cognitive domain wdtfferent teaching methods. There were
five hours of mathematics lessons in each week, and each lesson hour lasted 40
minutes in both groups. The experimental group students learned transformation
geometry topics with GeoGebra, whereas the control graugiests learned the
topics in aRegular Instruction Environmef(in a computefree, nontechnologically
equipped classroom), which was based on a textbookagpusing chapters related
to transformation gometry from the textbook prepared by the MinisifyNational
Education for the eighth grade students.

The researcher instructed the experimental group students in the computer
laboratory but he was also present in the control gmungng the treatmento
observethe teacher who instructed the studemisa regular classroomThe
mathematics teacher of the d@émts in the control group togBlace during the
instruction to the experimental group as an observer in order to check and confirm
that the researcher as an instructor did not have any Thadeachertook notes
during all class hoursn both groups,he students were only guided in the activities
and they constructed their own learning by following the steps in the actitses.
to familiarize the EG students with the researcher, the nasrawas present in the
EG for one week prior to treatment and pretests.

Lesson plans, activity sheets and worksheets for each group were prepared
based on the textbook which were developed by consideringbjleetives of the
eight grade mathematissiggested by Ministry of National Education. The activities
in the textbook were rearranged, prepared and done on GeoGebra in the experimental
group, whereas theameactivities were done on the blackboard in the control group.
Both groups worked on the actiyisheets and worksheets by papencil. The same
content, examples and questions were used in both groups to reach the same
objectives. The only difference between the activities was tbheolus$seoGebra.
Activity sheets were distributed to the studemtsthe middle of each class hour.
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Worksheets were given to the students at the end of the class hour for the purpose of
assessment.

The prepared lesson plans were checked by a mathematics educator who is a
faculty member, and two experienced mathematicshtra to determine whether
they were mathematically correct and appropriate for achieving the objectives (i.e.
putting the concepts and definitions given in order, recommendations that support the
integrity of the lesson, supplementation of activities, sman). According to their
comments and recommendations, all lesson plans were revised to obtain a
consistency between the objectives and content of the activities. Experimental group
students were trained for the usage of basic tools of GeoGebra farleer class
hours) in a computer laboratory which was technology equipped. They were taught
the usage of the essential tools of the software and making the basic construction in
GeoGebra using these tools, such as constructing a regular polygomgretati
object around a point, or reflecting an object. The training session was done one
week before administering the pretests.

One week after completing tli@&eoGebra training in the experimental group,
MAT, VHL, and MTAS were administered as pretests to the EG and CG students
one week before the treatment began. The same tests were administered to both
groups as posttest to examine the effect of M&S-Assised Instructionusing
GeoGebraone week after the treatment session ended. MTAS and VHL were
conducted during the first mathematics lesson of the week (in two lesson hours), and
MAT in the second lesson of the same week (approximately in two lesson hours).
Students were given one lesson hour to complete the MTAS, one lesson hour for the
VHL, and two lesson hours for the MATAIl the students in both groups completed
the tests on their own.

After the pretests were conducted to the groups, the students were instructed
for three weeks. Afterwards, MAT, VHL, and MTAS were administered to the EG
and CG students as posttests one week after the end of the intervention. The reason

for the one weekell ay of the 1 mplementation of

t he |

i nconvenience owing to another subjectbds exa

between the implementations of the pretests and posttests.
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An outline of the procedure of the study was giwemable 6 below.

Table6. Outline of the procedure of the study

Experimental Group Control Group
Pretests MAT, VHL, MTAS MAT, VHL, MTAS
Treatment Dynamic Geometry Softwar@ssisted Regular Instruction

Instruction(DGSl) (R0
Posttests MAT, VHL, MTAS MAT, VHL, MTAS

MAT: Mathematics Achievement Test

VHL: van Hiele Geometric Thinking Level Test

MTAS: Mathematics and Technology Attitude Scale

PREMAT: Pretest score of Mathematics Achievement Test

POSTMAT: Posttest score of Mathematics Achievement Test

PREVHL.: Pretest score of van Hiele Geometric Thinking Level Test
POSTVHL: Posttest score of van Hiele Geometric Thinking Level Test
PREMTAS: Pretest score of Mathematics and Technology Attitude Scale
POSTMTAS: Posttest score of Mathematics and Technology Attitude Scale

The researcher gave the same homework assignmebtsthgroups after
eachlesson. These assignments were provided from the textbook. After the treatment
session ended, the researcher admimdtéhe posttests to all the groups in order to
elicit their understandings. The content of the weekly plans, their order and
administration of the tests are summarized in Table 7.

Table7. Content of the weekly plans, their order and administration detite

Week Content of the week Class hour
1 Administration of Pretests 3
ond Fractals 4

Translation through a line

3¢ Reflectionthrough a coordinate axis 4
Rotation around the origin

4" Reflection with translatio 2

5t Administration of Posttests 3
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3.6 Treatment

This part includes information about the description of the treatment for the

experimental and control groups.

3.6.1 Treatment in the Experimental Group

The experimental group was instructed transformation geometry (fractals,
rotation, reflection, translation) by the researcher by means oD@®®Assisted
Instructionusing GeoGebrdor three weeks, ten class hours in total. The lessons
were held in the agoputer laboratory of the school which was fully technologically
equipped. Each student studissmglehandedly with a computer which had the
software of GeoGebra. Activities related to the objectives, wihielstudents used
during the | essons, were sent to the studen
the lessons began. The treatment in the experimental group was based on the
activities in GeoGebra. The activity sheets were prepared in a way that the teache
guided the students in order to make them explore their ideas in a dynamic geometry
environmentBesides the studentsanjectured and explored geomettimncepts and
ideas usingseoGebraoftware.

The students were given worksheets in the classroosiosssto ensure as
much consistency as possible in the teaching of the unit. Since the experimental
group students were trained for four class hours fob#séec useof GeoGebra, they
had no difficulty in working on activities on GeoGebra.

In the firstfew minutes of each lesson hour, the content of the lesson was
introduced to the students. The students were asked about their expectations from the
|l esson and studentsbo guestions rel ated t o
introduction of the topic, lef explanation about the lesson was made by the
researcher. The students were asked some intriguing questions and were given some
motivating information about everyday life related to the topic. They were asked
what they knew about the topi€or instancefirstly, in the lesson in which fractals
were studied, students were asked what they remembered about the patterns from

their previous classes. Then, they discovered the difference between the fractals and
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patterns by doing GeoGebra activities and agtisheets. The detailed lesson plans
are given in Appendix J. Screenshots of the abovementioned GeoGebra activities are

given in Figure 5 below.

¥ 1. kiigitme
¥ 2. kiglitme
¥ 3 kiguitme

Figure5. Screenshot from a GeoGebra activity related with the difterdetween
fractal and pattern

In the activities which are given in Figure 5, firstly, the students discovered
that the pattern, on the leftde, was constructed by rotating the blue, red, and yellow
triangles clockwise around their centers by an angle St the aid of the
explanatons given by the researcher and their own manipulations, such as dragging
or resizing the object. Subsequently, the students discovered that the fractal, on the
rights i d e, was a pattern constructed- with
similar patters. Thus,the students realized the difference between the fractal and
pattern. Then, their understanding related to the targeted objective was examined
through an activity sheet. In the activity sheet, they were asked to determine which
shape was a patteand which were fractals. Exercise samples from the activity sheet

are presented in Figure 6
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Figure6. Screenshot from an activity related with the difference between fractal

and pattern

The researcher as an instructor also utilized the projectorgitime treatment
in the experimental group (e.g. both for showing real life examples and pictures from
the nature to associate the topic with everyday life and introducing the GeoGebra
activities to the students ). In this way, the students discoveredniadematics was
related with daily life and they figured out the purpose of the activity. After the
researcher stressed the important terms and mentioned the key points of the topic
with a GeoGebra activity through the projector, the students were grestiais to
open specific GeoGebra activities from their computers (e.g. open the activity of
Ak élaknikd) . The students followed the researc

After a brief explanation for the activity, the students started to work on a
specific GeoGebra activity. Students constructed, dragged and resized the objects
which were displayed on the screen dynamically. They observed the results of the
movements or manipulations they did. In this learning environment students created
their own understating of transformation geometry. In addition, the students were
active participants in the learning process in that they were imagining,
communicating, exploring and expressing their ideas. While the students were
dealing with the activities, the researclyave feedback on tret u d ermors and

guided them about their questions.
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The researcher acted as a facilitator to make students develop transformation
geometry concepts and guide them to reach targeted goals. Students were free to
make observations, ask questions, and make conjectures in the lessons. Afterwards,
the researchedistributed the activity sheets and asked the students to read the
activities. Then, the students started to work on the activity shEw®tsresearcher
never gave the correct answer to the students directly; he always tried to make
students find the corce answers on their own through asking questions.

When each of the activities was completed by all the students, the answers of
the questions were discussed in the clag® researcher not only checked all the
studentsd answer s ato dtheirgaaswers, buteatsal maale tke r e |
students aware of the correct and incorrect answer by encouraging them. In this way,
the researcher had an idea on the stu@emderstanding, misunderstandings and
errors. At the end of the lesson, the researcheildigtd worksheets to the students
as a mini quiz to elicit their understanding of the topic.

Class hours periods were 80 minutes consisting of two block lessons. At the
end of each period, the teacher gave homework assignments to the students. Lesson
plars, activity sheets, and worksheets used for the experimental group are presented
in Appendk J and Appendix KThe design of a lesson hour ihe experimental

groupis summarized in Tabl8.
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Table8. The design of a lesson hourtireexperimental group

Part of the lessor Teacher Activity Student Activity Duration
Introduction Introduce the topic Expresexpectation from 5 min.
S ) the lesson
Ask intriguing questions
and give motivating Listen to the explanation
information about and key terms/definitions
everyday life related to  of the topic
the topic
Development Give students directions Work on the GeoGebra 25min.

to open and work on the activity
relevant GeoGebra

activity Fill in the activity sheet
Distribute the activity
sheets
Assessment Distribute the worksheet Fill in the Worksheet 5 min.
Closure Review the important Note the homework 5 min.
parts of theopic assignment

Assignment fothe next
class

Classroom environment of the experimental group and the students working

on GeoGebra and activity sheeeshown in Figure below

Figure7. Views from the experimeal group classroom environment
76



3.6.2 Treatment in the Control Group

The control group was instructed transformation geometry (fractals, rotation,
reflection, translation) by the mathematics teacher of the classsithnthe Regular
Instruction for three weeks, ten class hours in total. The lessons were held in a
regular chssroom environment. THeegular Instructiorwas teachecentered and
based on a textbook which involved making use of chapters related to transformation
geometry prepared by the Ministry of National Education for the eighth grade
students. Instruction ithe control group was mostly based on giving explanation
rules and the strategiedbout the topic which wereeeded to solve the questions.
Moreover, the researcher was present as an observer during the treatment process in
the control group.

Thet eacher 6s r ol e | m@aknbowleelge tramsmittdoothe gr ou p
students. The concepts were explained and their definitions were given to the
studentsby the teacher and the teacher solved some examples on the blackboard by
writing and drawing. The, the teacher allowed students to take notes. The students
in this group were passive participants in the learning process; that is, they were just
responsible for listening to the teacher, taking notes and solving the problems the
teacher asked.

After the teacher solved a few examples and gave the rules, the students were
asked to solve similar questions to the examples. Sometimes, the teacher wrote
exercises onto the board and called the students to solve them. These questions were
from t he xtbaoki The @G students veorked on the same activity sheets and
worksheets as those of EG students. All the exercises, questions, activity sheets, and
the worksheets were the same as the ones in the experimental §heupnly
difference beween the actities was the usef GeoGebra. The lessons were
continued by solving the questions in the worksheets. The students inntinel co
group were expected to listen to the teacher, take notes written on the blackboard and
solve the exercises. At the end of eatdss period, the teacher gave the students a
homework assignment from their textbook. The homework assignment was also the

same as the one given to the students in the experimental group.
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The lessons in the control group were held as follows: Informatudes or
strategies were explained to solve the exercises, sample exercises were given, similar
exercises were solved by the students and a homework assignment was given at the
end of the class. The comparison of the instruction processes of the exparandn

control groups is given in Table 9.

Table9. The comparison of thmstruction process of thexperimental and control

groups
Group Environment Roles of teacher Roles of students
Experimental Computer Introduce the topic and Deal with
Group Laboratory thepurpose of the GeoGebra, activity
GeoGebra activity sheets, and
_ worksheets
Guide the students
_ Discusstheir work
work
Controlthe study
environment
Control Regular Classroom Give information Takenotes
Group Environment ) .
Presenthe topic Listen to the teachel
) and solve questions
Solve questions similar to those of

the teacher

In this part, the data collection procedure and the treatment both in the
experimental and control groups have been explained. Ifiotlosving part, data

analysis will be dwelled on.

3.7 Analysis of Data

Quantitative data analysis was used to analyze the data gathered through the
Mathematics Achievement Test (MAT), the van Hiele Geometric Thinking Level
Test(VHL), and the Mathematics andchaology Attitude Scale (MTAS). The data
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analysis of the study was done using the PASW Statistics 18 program. The data
obtained were analyzesing descriptive and inferential statistical analyses.

In descriptive statisticsthe mean, median, minimum andaximum test
scores, standard deviation, skewness and kurtosis valube pfetest and posttest
scoresof the dependent variables wecemputedfor both experimental and the
control group. Boxplots and histograms were also used in order to investigate th
general characteristics of the sample. In inferential statistics, in iorcestigate the
effects of different instructional methods on tHe §r ade st udent s o
Achievement in transformation geometry (fractals, rotation, reflectranslation),
Geometric Thinking, and Attitude Towards Mathemes and Technology,
Independensamples itestwasconducted as inferential statistical procedure. Before
conducting the tests, all assumptions of the tests were checked.

Firstly, Independertamples ttest was conducted to determine whether the
experimental and the control group differ significantly in terms of their mathematics
achievement levelgeometric thinking, and attitude towards mathematics and
technology. Therefore, all pretest sco(®REMAT, PREVHL, and PREMTAS) of
the experimental and the control group were compared. Secdndigpendent
samples ttest was conducted again to explore whether there was a statistically
significant difference between posttest scores of the contropgand posttest scores
of the experimental group after the treatment session eftedhypotheses were
tested at the significance level of .8lce it is the mostly used value in educational

studies.

3.8Internal Validity

Internal validity means that obsedselifferences on the dependent variable
are directly related to the independent variable, and not due to some other unintended
variable(Fraenkel, Wallen & Hyur2011) Possible threats to the internal validity of
the study and how they were minimized ontrolledarediscussed in this part.

The possible threats to the internal validity alter according to the research
design in educational studies. Sirtbe statiegroup pretesposttestresearch design
was adopted in the present study, there were somasheeinternal validity. Highly
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likely threats to internal validity were the threats of subject characteristics, mortality,
location, instrumentation, testing, histoniymplementationand novelty (Fraenkel,
Wallen & Hyun2011)

Although the students wemgot randomly assigned to the experimental and
the control groups, the researcher controlled the subject characteristics threat by
having equal groups to compare since two clasgeish had similar academic
achievementsvere chosen as the sample of stullyese tasses were chosen based
ons t u d previous thathematics grades and placement test results. The Placement
Test was conducted to all the students before they enrolled in the school, and this test
also included a mathematics achievement test. Thetreffowas assumed that the
groups were similar in terms of the mathematics achievement level and this threat
was controlled.

Loss of subjects in a study refers to the mortglsaenkel, Wallen & Hyun
2011) In the present study, mortality threat wastrolled by assuring that the
groups did not differ in numbers lost. Even if the number of lost students in one
group was more than another group, this did not distort the results of the study since

the subject characteristics threeds controlledby having equal groups to compare.

A

Al so, the | ost Ssubjectsd test scores wer e

students who took the tests. Thus, mortality threat was controlled.

Instrumentation threat was controlled by assigning the same data coltector f
both groups. The mathematics teacher of the classes conducted the pretests and the
posttests to the EG and the CG. Therefore, the data collector characteristics threat to
internal validity was prevented. Since the same data collector (the mathematics
teacher of the classes) was usedddministration otthe pretests and the posttests,
the data collector bias threat was also controlled. In order to control the instrument
decay, the data collection schedule was planned and the scoring procedure was
carrid out by another mathematics teacher.
mathematics teacher using the given rubric while scoring in order to prevent
distortion of the data in such a way as to make certain outcomes (such as support for
the hypothesjsmore likely. Furthermore, this mathematics teacher scored the tests
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without knowing whose answers were being scored. Thus, this threat was also
controlled.

Testing threat refers to the fact that a pretest can make students more aware,
sensitive, and regmsive towards the subsequent treatm@&maenkel, Wallen &

Hyun 2011) However, testing threavas controlled by administering the posttests
four weeks after the prests were conducted in order to prevent recalling the
guestions in the testblistory wa not a threat in the present study either since any
unexpected events did not occur durthg treatment and the admimaton of the
pretests and posttests.

Location threat was also controlled since both classes used the same textbook
and had equal clasoom settings and conditions (resources, class size, etc.). To state
it differently, all the conditions under which the study conducted, except for the
primary independent variable (instructional method), were standardized. The only
difference between thelasses was the presence of the computers with GeoGebra,
which was a requirement for the experimental group treatment.

Implementation threat was present in the study since the groups were taught
by two different instructors; the researcher and the matiesnteacher of the
school. Therefore, instruction in both groups might have been affected by the
instructorsoé individual di fferences such
related to the outcome of the study. However, the mathematics teedaskednot
to give additional verbal explanation or strategy and solve any additional exercise
during the lessm@ Thus, this threat was also minimized.

For ethical reasons, one week after this study, the topics were covered again
under regulamathematics sessions for the control group students. Students were
instructed through GeoGebra in computer laboratory. Therefore, all participants in
this study had the opportunity to study ardynamic mathematics softwabased

learning environmentienae, novelty threat was controlled.
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3.9External Validity

The external validity is the extent to which the result of a study can be
generalized. The exteth which thesample represents the population of interest is
the population generalizabiliff-raenkelWallen & Hyun2011)

The two alreadiexisting classes of”Bgradestudents (8 and 8C) at a

private elementary school in Bilkent district/Ankara were used as the sample of the

study. All the 8" gr ade private el ementary school

district/Ankara were identified athe target population of studyThis was the
population from which the results of the study were general&ede there was no
other private elementary school neagijkent district, all the 8 grade students in
the school in which the study was conddoieas the accessible population

Since convenience sampling method was used for selecting the sample of the
study, the generalizability of the research results wergted only to the subjects
who have similar characteristics with the subjects participated in this study and these
results cannot be generalized to a larger population regarding external vatidity.
other words the results of this study can be applieda broader population of
samples who have similar characteristics and conditions with the ones in this study
(e.g. eight grade private elementary schodetids nearby Bilkent district).

Ecological generalizabilitys defined as the degree to which tlesults of a
study can be extended to other settings or conditibreenkel, Wallen & Hyun
2011) The tests were administered in regular classroom settings during the regular
lesson hours. There were two classes with approximately 20 students iclassch
The conditions of the classrooms were quite similar, and the sitting arrangements and
the lighting conditions were equal in both classrooms. Thus, the threats to the
ecological validity were controlled.

In this chapterthe design of the study, pofation and sample, instruments,
data collection procedure, data analysis, assumptions, limitations, internal and
external validity issues of the studiyave beerexplained. In the next chaptehe

results of the study will be given.
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CHAPTER 4

RESULTS

The aim of this quantitativexperimental study was to investigate the effects
of using Dynamic Geometry Software on" & r ad e student so m
achievement in transformation geometry, geometric thinkamgl attitudes toward
mathematics and technology.

This chapter presents the descriptive statistics related to Mathematics
Achievement Test, van Hiele Geometric Thinking Level Test, and Mathematics and
Technology Attitude Scale, and inferential statistelated to the research questions.

The study aimed at investigating the following research questions:

Main Research Problem:What is the effect of th®ynamic Geometry Software
Assisted Instructonon 8" gr ade studentsbo Mat hemat i c
Transfomation GeometryGeometric Thinkingand Attitude towards Mathematics

and Technology?
To examine the main problem, three gubblems were addressed:

SP1)Is there a significant mean difference between the group taught Bytiznic
Geometry Softwardssisted Instructiorand the group taught by Regular Instruction

with respect to Mathematics Achievement posttest scores?

SP2)Is there a significant mean difference between the group taught Bytizenic
Geometry Softwardssisted Instructiomnd the groupaught by Regular Instruction
with respect to van Hiele Geometric Thinking Level posttest scores?
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SP3)ls there a significant mean difference between the group taught Bytizenic
Geometry Softwardssisted Instructiomnd the grap taught by Regular Instruction

with respect to Mathematics and Technology Attitude posttest scores?

4.1 Missing Data Analyses

There were some missing data in pretests and posttests. In control group, the
students with id 8 and id 13 did not take POSTMAT, gsh&lent with id 17 did not
take PREMAT, and the student with id 7 did not take PREMTAS. In experimental
group, the student with id 14 did not take F
related test scores were replaced with the mean score of the studenisowtihe
tests since the mean score was the appropriate measure of central tendency for
continuous variables (Pallant, 2011).

4.2 Analysis of Pretest Scores of the Experimental Group and the Control
Group

Prior to comparison of the experimental and the control group to investigate
the effectiveness of thBGSAssisted Instructionindependensamples test was
conducted firstly to determine whether the groups differ significantly in terms of
their mathemats achievement levelgeometric thinking and attitude towards
mathematics and technology according to their pretest scores of Mathematics
Achievement test, van Hiele Geometric Thinking Level Test, and Mathematics and

Technology Attitude Scale.

4.2.1 Assumptions of IndependentSamples ttest

Before conducting IndependeBamples -test, assumptions which were
discussed in Pallant (2011), were checked. These assumptions were the level of
measurement, random sampling, independence of observations, normality, and
homogeneity of variance. The assumptions were checked for all pretest and posttest
scores of MAT, VHL and MTAS.

84



4.2.1.1Level of measurement

According to this assumption, the dependent variable is measured at the
interval or ratio level which requires using a continuous scale instead of discrete
categories (Pallant, 2011). In the present study, the dependent variables were the
pretest and the gsttest scores of the Mathematics Achievement Test, van Hiele
Geometric Thinking Level Test, and Mathematics and Technology Attitude Scale
which were continuous variables and were measured on ratio scale. Therefore, the

assumption of Level of Measuremenrgne verified.

4.2.1.2Random Sampling

In the present study, convenience sampling method was adopted. Sample of
the study which consisted of the students from two differéhgrade classrooms
was selected according to their previous mathematics grades. Thuasgshmption
was not verified. However, in relife research, this situation does not cause major
problems (Pallant, 2011).

4.2.1.3Independence of Observations

To verify this assumption, the researcher observed both groups during the
administration of all pretés and posttests. According to the observations, it was
concluded that the participants of the study did all tests by themselves and the
measurement of a participant was not influenced by another participant. Therefore,

the independence of observationsuaggtion was also validated.

4.2.1.4Normality

Since the sample size is less than 30, Kolmog&mwirnov and ShapiraVilk
statistic and histograms were used to assess the normality of the distribution of the
test scores. KolmogoreSmirnov and ShapirdVilk statigic table and Histograms
related to the all pretest and posttest scores of the experimental group and the control

group were given in the Tabl® below.
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Table D. KolmogorovSmirnov statistic for pretest and posttest scores of the groups

Kolmogorov+Smirnov ShapireWilk
Group Statistic  df Sig. Statistic  df Sig.
PREMAT EG 167 17 .200 916 17 126
CG 154 17 200 .948 17 419
PREVHL EG .196 17 .083 .907 17 .090
CG 219 17 .059 .923 17 .169
PREMTAS EG 136 17 200 .922 17 .158
CG 183 17 134 928 17 .200
POSTMAT EG 132 17 .200 971 17 .835
CG 109 17 200 .973 17 .875
POSTVHL EG .187 17 A17 944 17 373
CG 172 17 193 934 17 .255
POSTMTAS EG 124 17 200 .950 17 460
CG 136 17 200  .953 17 .502

EG: ExperimentaGroup
CG: Control Group

As it is seen from the table above, both Sig. values of Kolmog®navnov

and ShapireNilk statistic for all pretest and posttest scores of the groups are greater

than .05  >.05). Moreover, as it can be seen in the descrigtastics tables of the

scores which

wer e

gi ven

above,

t he

skewness

have values between the.00 and +1.00. Therefore, it can be concluded that pretest

and posttest scores of the experimental group and theokgntup are normally

distributed. Also, the twelve histograms below with normal curves support the

normal ity of

t he

groups©®o

pr e Matlematica nd postt

Achievement Test, van Hiele Geometric Thinking Level Test, and Mathematics a

Technology Attitude Scale.
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Figure8. Histograms of the pretest scores for both groups

Histograms with normal curves given above support the normality of both

groupsod pretest Mathemates Achieeement Best, vanoHiele h e
Geometric Thinking Level Test, and Mathematics and Technology Attitude Scale.
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Figure9. Histograms of the posttest scores for both groups

Histograms with normal curves given above support the normality of both
groupso6 postt est Mashenmtice Achiavamerd Testd vant Hielet h e

Geometric Thinking Level Test, and Mathematics and Technology Attitude Scale.
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4.2.1.5Homogeneity of Variance

In order to check this assumption, Independent Samgkest tvas performed and
Leveneds Test for Equality of Variances

tested and test results and were given below.

Ho: s1°=s,?(The two populations have equariances)
H.: s4°1 s»° (The two populations do not have equal variances)

Table L. Levends Test resulsangplestest | ndependent

Levene's Test for Equality of Variances

F Sig.

PREMAT .82 .369

PREVHL 2.66 112

PREMTAS 174 .679
Accordingto Levere 6 s t est resul t s, it can be s

of PREMAT, PREVHL, and PREMTAS were greater than the value of .05. Since the
value of Sig. was gr e athenull hypbtlesis wahfailedt e s t
to reject and it wasoncluded thathte two populations have equal variances in tests
In other words, homogeneity of variances assumption was verified.

After checking the assumptionkydependenBamples test was conducted
firstly to ensure the experimental and the congrolup do not differ significantly in
terms of their mathematics achievement lexggpometric thinking and attitude
towards mathematics and technology according to their pretest scores of
Mathematics Achievement test, van Hiele Geometric Thinking Levet, Besl
Mathematics and Technology Attitude Scdlbe null hypothesis and the inferential

statistics table of the test were given below.

Null Hypothesis: There is no statistically significant difference between the two
groupsd pretest ssAclievemnent Testyan Miele lGeomattici ¢

Thinking Level Test and Mathematics and Technology Attitude Scale.
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Table 2. Independensamples t e st resul ts of t hom groupsé®o
Mathematics Achievement Testan Hiele Geometric Thinking Level Test and

Mathematics and Technology Attitude Scale

t-test for Equality of Means

t df Sig. (2tailed)
PREMAT -592 32 558
PREVHL 628 32 535
PREMTAS 421 32 677

An Independent Samplestast was conducted to check whether there is a
significant differencd e t we e n  tnfatleematics @aahipvendent level, geometric
thinking, and attitude towards mathematics and techndbedgre the treatment

Analysis results neealed that there was no statistically significant difference
between the experimental group£43.35, SD=12.48) and the control group
(M=46.29, SD=16.23; t(32)= -.59, p>.05, twotailed) in terms of mathematics
achievement |l evel a cpretest dscoreg ont Mathemdties gr oup s
Achievement Test. There was no statistically significant difference between the
experimental groupM=9.70,SD=2.17) and the control groupME9.29, SD=1.61,
t(32)= .628,p>.05, twetailed) in terms of geometric thinking accorg to the
groups6 pretest scores on van Hiele Geometri
was no statistically significant difference between the experimental gkéeip(64,
SD=8.06) and the control grouplE78.52,SD=7.39;1(32)= .421,p>.05, twotailed)
in terms of attitude towards mathematics an
pretest scores on Mathematics and Technology Attitude Scale. Therefore, it can be
concluded that the groups do not differ significantly in terms of the dependent

variabks of the study before the treatment process begins.

4.3The Effect of DGS-Assisted Instruction o n Student sb Mat hemat
Achievement

In this section, descriptive statistics, inferential statistics and the findings related

to the analysis of the scores on Matttatics Achievement Test (MAT) were given.
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4.3.1 Descriptive Statistics of the Mathematics Achievement Test (MAT)

Descriptive statistics related to the pretest (PREMAT) and posttest
(POSTMAT) scores of Mathematics Achievement Test for the experimental group
and he control group was presented in Table 10 below. Descriptive Statistics Table
was presented below to give information about the mean scores, median, standard
deviations, the values of skewness and kurtosis, and the minimum and maximum
scores regarding Miaématics Achievement Test for both groups. The Mathematics

Achievement Test was evaluated out of 78 point.

Table B. Descri ptive statistics o f t he grou

Mathematics Achievement Test

Groups

EG CG

PREMAT POSTMAT PREMAT POSTMAT

N 17 17 17 17

Mean 43.35 58.76 46.29 48.29
Median 45.00 59.00 46.00 48.00
Std. Deviation 12.48 4.10 16.23 13.62
Minimum 18.00 52.00 12.00 16.00
Maximum 59.00 66.00 71.00 72.00
Skewness -.687 -.049 -.318 -.728
Kurtosis -.288 -.533 -.576 -.497

Table 10 demonstrates an overall summary of the descriptive statistics
obtained from the pretest and posttest scores on Mathematics Achievement Test of
experi ment al and control groups. As it
posttest mean scores mehigher than the pretest mean scores. Moreover, the mean
score of experimental group increased from 43.35 to 58.76 while the mean score of

control group increased from 46.29 to 48.29 at the end of the study. In other words,
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the increase in Mathematics Wievement Test scores of the experimental group is
higher than the increase in Mathematics Achievement Test scores of the control
group.

In addition to the numerical descriptive statistics, clustered box plots were
also performed in statistical analysihe clustered box plots of the PREMAT and

the POSTMAT for the experimental group and the control group were given in

Figurel0below.
W PREVAT
80 [ POSTMAT
40
20
28
(o)

T T
Experimental Group Control Group
GROUP

Figurel0. Clustered Box Plot of the PREMAT and POSTMAT for the experimental
group and the control group

As seen fromthe box plot, the box includes mid 50% and each whisker

represents upper and lower 25% of the scores (Green, Salkind, & Akey, 2003).

Therefore, it can be concluded from the box plot that 75% of the experimental group

scored 45.00 or higher on PREMAT ancbied 59.00 or higher on POSTMAT.

Also, 75% of the control group scored 46.00 or higher on PREMAT and 48.00 or

higher POSTMAT. In addition, there was a lower outlier which represents a lower

extreme score in POSTMAT of the control group. Moreover, the 1s&ssvand

kurtosis of the scoreso di.00@mdi+h00whicon have v

verifies that the scores are normally distributed.
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4.3.2 Inferential Statistics of the Mathematics Achievement Test (MAT)

Independensamples test was conducted to expé whether there was a
statistically significant difference between posttest scores of the experimental group
and control group in terms of Mathematics Achievement Test after the treatment
session ended. The following hypothesis was tested through Irdegsamples-t

test:

Null Hypothesis 1There is no statistically significant mean difference between the
group taught by th®ynamic Geometry SoftwarAssisted Instructiomnd the group
taught by Regulainstructionwith respect to Mathematics Achievemdiist posttest

Scores.

Table 4. Independent Samplest te s t resul ts of t he grouj

Mathematics Achievement Test

t-test for Equality of Means

t df Sig. (2tailed)

POSTMAT 3.03 32 .005

An Independent Sampleddst was conducted o mpar e t he gr oups
scores on Mathematics Achievement Test. There was a statistically significant
difference between the experimental groly=$8.76, SD=4.10) and the control
group M=48.29,SD=13.62;t(32)= 3.03,p<.05, twatailed) in terms of mhematics
achievement | evel according to the group:
Test The Eta squarstatistic(.22) indicated a medium effect size (Cohen, 1988) as

practical significance of the treatment.

4 AThe Effect of DGS-Assisted Instructionon St udent sd®é6 Geometric

In this section, descriptive statistics, inferential statistics and the findings related
to the analysis of the scores on van Hiele Geometric Thinking Level Test (VHL)

were given.
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4.4.1 Descriptive Statistics of the van Hiele Geametric Thinking Level Test
(VHL)

Descriptive statistics related to the pretest (PREVHL) and posttest
(POSTVHL) scores of van Hiele Geometric Thinking Level Test for the

experimental group and the control group was presented in Table 11. The van Hiele

Geoméric Thinking Level Test was evaluated out of 15 point.

Table bb.Descri ptive statistics of tvénddielgr oupsd pr

Geometric Thinking Level Test

Groups

EG CG

PREVHL POSTVHL PREVHL POSTVHL

N 17 17 17 17

Mean 9.70 12.35 9.30 9.70
Median 9.00 12.00 9.00 10.00
Std. Deviation 2.17 1.41 1.61 1.75
Minimum 7.00 10.00 7.00 6.00
Maximum 14.00 15.00 13.00 14.00
Skewness .636 .038 778 275
Kurtosis -.657 -.451 .605 722

Table B demonstrates an overall summary of the descriptive statistics
obtained from the pretest and posttest scoresanrHiele Geometric Thinking Level
Testof experimental groupnd control grougtudents. As it can be seen in the Table
11, bot h gstmearpssdies weveshighee than the pretest mean scores.
Besides, the mean score of the experimental group increased from 9.70 to 12.35,
while the mean score of the control group increased from 9.30 to 9.70 at the end of
the study. Put it differently, thecrease in van Hiele Geometric Thinking Level Test
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scores of the experimental group is higher than the increase in van Hiele Geometric
Thinking Level Test scores of the control group.

In addition to the numerical descriptive statistics, clustered bots pVere
also performed in statistical analysis. The clustered box plots of the PREVHL and
the POSTVHL for the Experimental Group and the Control Group were given in
Figurellbelow.

B PREVHL
1671 [ POSTVHL

T T
Experimental Group Control Group

GROUP

Figurell Clustered Box Plot of the PREVHL and POSTVHL for the expental
group and the control group

As seen from the box plot, the box includes mid 50% and each whisker
represents upper and lower 25% of the scores (Green, Salkind, & Akey, 2003).
Therefore, it can be concluded from the box plot that 75% aéxperimental group
scored 9.00 or higher on PREVHL and scored 12.00 or higher on POSTVHL. Also,
75% of the control group scored 9.00 or higher on PREVHL and 10.00 or higher on
POSTVHL. In addition, there were two lower outliers which represent lower extrem
scores and one upper outlier which represents a higher extreme score in POSTVHL
of the experiment al group. Mor eover, t
distribution have values between #100 and +1.00 which verifies that the scores

are normallydistributed.
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4.4.2 Inferential Statistics of the van Hiele Geometric Thinking Level Test
(VHL)

Independensamples test was conducted to explore whether there was a
statistically significant difference between posttest scores of the experimental group
and cotrol group in terms of van Hiele Geometric Thinking Level Test after the
treatment session ended. The following hypothesis was tested through Independent
samples-test:

Null Hypothesis 2There is no statistically significant mean difference between the
group taught by th®ynamic Geometry SoftwarAssisted Instructiomnd the group
taught by Regulamstructionwith respect to van Hiele Geometric Thinking Level

Test posttest scores.

Table B. Independensamples # e st resul ts o fscoreshom, vamr oups o p ¢

Hiele Geometric Thinking Level Test

t-test for Equality of Means

t df Sig. (2tailed)

POSTVHL 4.83 32 .000

An Independent Sampleste st was conducted to compare
scores on van Hiele Geometric Thinking Level TeBbtere was a statistically
significant difference between the experimental grddp12.35,SD=1.41) and the
control group K=9.70, SD=1.75; t(32)= 4.83, p<.05, twetailed) in terms of
geometric thinking according to dirke groups?®o
Thinking Level Test The Eta squarstatistic (.40) indicated a medium effect size
(Cohen, 1988) as practical significance of the treatment.

Besides,the study result also indicated that there was a moderately strong
correlation (r=.53) (Cohen, 1988 bet we e n t h posttesttseome nft s 6
Mathematics Achievemeitiestand van Hiele Geometric Thinking LevEést

4 5The Effect of DGS-Assisted Instruction o n Student sb Attitude T
Mathematics and Technology
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In this section, descriptive statistiasferential statistics and the findings related
to the analysis of the scores on Mathematics and Technology Attitude Scale (MTAS)

were given.

4.5.1 Descriptive Statistics of the Mathematics and Technology Attitude Scale
(MTAS)

Descriptive statistics related tthe pretest (PREMTAS) and posttest
(POSTMTAS) scores of Mathematics and Technology Attitude Scale for the
experimental group and the control group was presented in Table 12. The
Mathematics and Technology Attitude Scale was evaluated out of 100 point.

Table 17. Descri pti ve statistics o f t he grou

Mathematics and Technology Attitude Scale

Groups

EG CG

PREMTAS POSTMTAS PREMTAS POSTMTAS

N 17 17 17 17

Mean 79.64 82.58 78.52 81.70
Median 80.00 82.00 79.00 81.00
Std. Deviation 8.06 11.56 7.39 5.89
Minimum 61.00 63.00 61.00 73.00
Maximum 90.00 100.00 90.00 92.00
Skewness -.875 -.158 -.865 .282
Kurtosis 672 -.957 .938 -.982

Table 7 demonstrates an overall summary of the descriptive statistics
obtained from the pretest and posttest scoresMathematics and Technology
Attitude Scaleof the experimental grougnd the control grougtudents. As it can be
seen in the Table 12, bothgms 6 posttest mean score wer

mean score. Also, the mean score of experimental group increased from 79.64 to
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82.58 while the mean score of control group increased from 78.52 to 81.70 at the end
of the study. State differently, theciease irMathematics and Technology Attitude
scores of the control group is higher than the increaséathematics and
Technology Attitudescores of experimental group.

In addition to the numerical descriptive statistics, clustered box plots were
also peformed in statistical analysis. The clustered box plots of the PREMTAS and
the POSTMTAS for the experimental group and the control group were given in

Figure 2 below.

B PREMTAS

100 @ POSTMTAS
90
80 ﬁ ﬁ
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Figure 2. Clustered Box Plot of the PREMTAS and POSTMTAS for the
experimental groupnd the control group

As seen from the box plot, the box includes mid 50% and each whisker
represents upper and lower 25% of the scores (Green, Salkind, & Akey, 2003).
Therefore, it can be concluded from the box plot that 75% of the experimental group
scaed 80.00 or higher on PREMTAS and scored 82.00 or higher on POSTMTAS.
Also, 75% of the control group scored 79.00 or higher on PREMTAS and 81.00 or
higher on POSTMTAS. In addition, there were two lower outliers which represent

lower extreme scores in PREMS for both groups. Moreover, the skewness and
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kurtosis of the scoresd dl1.00@mdi+h00 whichn hayv

verifies that the scores are normally distributed.

4.5.2 Inferential Statistics of the Mathematics and Technology Attitude Scale
(MTAS)

Independensamples test was conducted to explore whether there was a
statistically significant difference between posttest scores of the experimental group
and control group in terms of Mathematics and Technology Attitude Scale after the
treatmentsession ended. The following hypothesis was tested through Independent

samples-test:

Null Hypothesis 3There is no statistically significant mean difference between the
group taught by th®ynamic Geometry SoftwarAssisted Instructiomnd the group
taught by Regulainstructionwith respect to Mathematics and Technology Attitude

Scale posttest scores.

Table B. Independent Samplestdst results ot he groupsd postt ec

Mathematics and Technology Attitude Scale

t-test for Equality of Means

t df Sig. (2tailed)

POSTMTAS .28 32 .781

An Independent Sampleste st was conducted to comp:
scores on Mathematics and Technology Attitude Scale. There was no statistically
significant difference between the experimental gravp82.58,SD=11.56) and the
control group K=81.70,SD=5.89;1(32)= .28,p>.05, twatailed) in terms of attitude
t owar ds mat hemati cs and technology acco
Mathematics and Technology Attitude Scdlbe Eta squarstatistic(.002)indicated
a small effect size (Cohen, 1988) as practical significance of the treatment.

99



4.6 Summary of the Results

The descriptive statistics including sample size, mean, standard deviation,
minimum and maximum scores, skewness and kurtosis reportddriagraphics of
the sample in Table3l Table 15 and Table 17
According to the analysis of the testresulth e ex per i ment al group
pretest mean score on mathematics achievement test (PREMAT) was 43.35
(SD= 12.48) while the posttest e score (POSTMAT) was 58.760= 4.10). On
the other hand, the control group student s
achievement test was 46.290 = 16.23) while the posttest mean score was 48.29
(SD= 13.62). There was no statistically sigrafitt mean difference between the two
groupso6 pretest scores on Mathematics Achi e
there was a statistically significant mean difference between the two gpmsgttest
scores on Mathematics Achievement Test (POSTMAT) in fat/tineoexperimental
group.
The experiment al gr oup vanhHiedecGedmstic pr et e st
Thinking Level Tes{PREVHL)was 9.70 $D= 2.17) while the posttest mean score
(POSTVHL) was 12.353D = 1.41). On the other hand, the control group siudes 6
pretest mean score owan Hiele Geometric Thinking Level Testvas 9.30
(SD = 1.61) while the posttest mean score was 950 £ 1.75). There was no
statistically significant mean difference b
van Hide Geometric Thinking Level Test (PREVHLHowever, there was a
statistically significant mean difference between the two gi@ppsttest scores on
van Hiele Geometric Thinking Level Test (PREVHb)favor of the experimental
group
The experimental group sMathehatics and pr et est
Technology Attitude Scale (PREMTASyas 79.64 $D = 8.06) while the posttest
mean score (POSTMTAS) was 82.58(= 11.56). On the other hand, the control
group student erdonpathematcs and Teehaotogy Attitude Scale
was 78.52 $D = 7.39) while the posttest mean score was 81SIDH5.89). There
was no statistically significant mean diffe

scores orMathematics and Technology Attitu&eale (PREMTAS).
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In this chapter descriptive statistics and the inferential statistics of the study
was explained. In the following chapter, discussions, implications and

recommendations related to the study will be given.
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CHAPTER 5

DISCUSSION, IMPLICATIONS AND RECOMMENDATIONS

The aim of this study was to investigate the effecth@Dynamic Geometry
SoftwareAssisted Instructiorusing GeoGebran 8" gr ade student sdé mathe
achievement in transformation geometry (fractals, rotation, reflection, translation),
geometric thinking and attitudes towdedrningmathematicsvith technology.This
chapter consists of the discussion of the study results iamplications and

recommendations for further research studies.

51St udent s Mathematics Achievement

An Independenrsamples-test was conducted to investigate the effect of the
DGSAssisted Instructiom s i ng GeoGebra on experinmental gr
Mathematics Achievement Test (MAT)he results of the statistical analyses
revealed thatthere was a statistically significant mean difference between the
experimental group taught by tiBGS-Assisted Instructiorand the control group
taught by Regularinstruction with respect to posttest scores of Maudwgcs
Achievement Test (MAT)This result which indicates the positive effect of dynamic
geometry software GeoGebra oniscemnsistahe nt sdé mat
with previous research studiesireth | i t er at ur e ( BFili,2008¢; i & Sel -
Furkan, Zengin, & Kutluca, 201X - e | , SatzapAyub & Tarmizi, 2010; Zengin,
2011).

Several reasons may account for the positive effect ofDIB&-Assisted
Instructionusing GeoGebran st udent s 6 @eonheiriethirkinge net and
main reason might be the use of dynamic geometry software which pctudents
with exciting, interestingand visual way oflearning. This learning environment

attracted studéns 6 at t e n r aodprovided adtive studené parsicipation
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the present studys it wasalso found in the studies oBoyraz (2008) and
Choate (1992)

Visualization helps students to better understand abstract conceptsoire
concrete way ( Hac ée°nother possible reas@nOtHatl gffectedT h u s |
experi ment al group studentsO6 mathematics
the mathematical concepts and ide@dsich might beprovided by dynamic geometry
software. To put it differently, the dynamic learning environmenmnight have
provided students with visual way of learning the topic of transformation geometry
in the present studylhe importance of visualization is defined as the main and core
component in the teaching and learning of geometry according to the results of
previous research studies (Battista, 199
2000; Hershkowitz, 1989, Rd, 1996).

As previouslystated, dagging is a dynamic movement which allows DGS
users to test the hypotheses, obsethe regularities and changes aedize the
objects (Arzarello et al., 2002). Thuke features of dynamic geometry softvgare
such asdragging and representations of the concepts both graphically and
algebraically mayaccount forthe x per i ment al group student
in mathematics than the control group. The results obtained in this study are
consistent with the resultd previous research concerning the effects of dragging
feature of dynamic geometry softwares (Arzarello et al. 2002; Jones, 2000; Healy &
Hoyles, 20 1 ; H° |;BIt r 220@)P Bhis reason can be explained by the
comparison of the traditional learningnvironment with static papgencil
environment, in which students do not have a chance to observe changes, with the
dynamic learning environmentwhich provides students with a rich learning
experience by enabling them to realize specificpropertieqi.e. the square has four
equal side lengths in any size) and changeable characteristics of the sidpes
side length, area and perimet&hile students deal with the static drawings with
paperpencil and these drawings present the figure as inottme 6f its general case
in the static learning environment, dynamic learning environment via dynamic

geometry software provides students with construction of a figure dynanwdadia
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enablethem to resize or drag the object to observe the changes amdtimeatkown
generalizationselated to the certain shap@uring a construction, when a shape is
dragged from its corner, it conserves the properties which are related to its constrain.
Although the size and its position change, the shape remains theTdaskind of
characteristic of dynamic geometry environmenablesstudents to comprehend the
shape with itsmportant properties.

It was reported in a study by Hohenwarter et al. (2008) that GeoGebra as a
dynamic geometry software helped students tkenthem better understand the topic
with concrete real life examples via visualization in a dynamic learning environment.
Furthermore, the students were active participants during the whole class since the
lesson prepared required active involvement ofdestts such as making
constructions, working on the activities, testing the mathematical ideas and
hypotheses. All of these might have been the reason for high mathematics
achievement. Moreover, the instant and quick feedback opportunity that students
have in a dynamic learning environment may be another reason for the better
understanding of the topic and higher achievement since students could instantly see
what they did correct or wrong. Also, the i
Aknowl edgné tt ea 0 may be another reason for tF
higher mathematics achievement in transformation geometry.

Anot her possible reason underlying the e
mathematics achievement in transformation geometny ba the immediate
calculation and transformation opportunity through visualization and dragging that
dynamic geometry software provided. By means of these opportunuties, the students
did not have to memorize some formulas in order to calculate and transéone
variables such as change in the coordinate of a point when it was reflected about the
x-axis, change in the coordinates of an object when it was rotated around a point by
angle or area and perimeter of a shape when it was exposed to a motion of
transformation. For instance, students observed that the area or perimeter of a shape
remained the same in the reflection of the same shape via visualization and dragging

opportunities that DGS provided. In this context, the traditional method in
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mathematics teaching is criticized since it compels students to memorize
mathematical formulas because of its lack of supportive components such as
visualization (Fuys, Geddes, and Tischler, 1988; Mayberry, 1983). To exemplify,
traditional instruction merely involvegiving students the rules, such as axis of a
point turns into its opposite sign and ordinate stays the same when it is reflected
about yaxis. Thus, merely memorizing rules without understanding the idea behind
them eventually end up with forgetting or éasing the knowledge obtained.
Dynamic geometry softwares not only provide understanding of these calculations
but also making generalizations. In this study, students resized and dragged the
figure, reflected the coordinates of the shape, translated jaot dly a segment in
dynamic environment so that they could immediately observed the changes and make
conclusions about certain motions of transformation. Such a property enabled
students to make their own conjectures about the motions of reflectionatians

and rotation. This may also account for the better understanding of the topic and
higher mathematics achievement of the experimental group students, who underwent

theDGS-Assisted Instructiomsing GeoGebra

52Student sdé6 Geometric Thinking

An Independensamples-test was conducted to investigate the effect of the
DGSAssisted Instructiomsing GeoGebran ex per i ment al group
van Hiele Geometric Thinking Level Test (VHLYhe results of the statistical
analyses revealedhdt there was a statistically significant mean difference between
the experimental group taught by th&S-Assisted Instructiomsing GeoGebrand
the control group taught by Regular Instruction with respect to posttest scewes of
Hiele Geometric Thinkig Level Test (VHL) In other wordsthe experimental group
students scored significantly higher on van Hiele Geometric Thinking Level Test
than the control group. This result which indicates the positive effect of dynamic
geometry soft wametric thimkingsldveisdcensistentowithgrelated
previous studies in the literatu€lements, Battista & Sarama, 20@hang, Suné&

Lin, 2007; Idris, 2012;July, 2001;Meng & ¥ z t ¢ r k Moy&r,02003;; Parsons,
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Stack & Breen, 1998;Tutak & Birgin, 2009; Toker, 2008;Idris, 2007). These
experimentalstudiesinvestigatedthe same research questiontiaat inthe present

study focused onexaminng the changeirst udent s geometric thinki
the students were instructed with Dynarieometry Software. Theesearchers of

the abovementioned studidigked the positive progress in geometric thinking level

with the features of dynamic geometry softwarkeich helped student® develop

their geometric reasonirige it wasconcludedn the present study

Several reasons may account for the positive effect ofDIB&-Assisted
Instructionon studentsOd geometric reasoning | evel
van Hiele Geometric Thinking Level are moderately sthpngprrelated (r=.64)

(Burger 1985; Burger & Shaughnessy, 1986; Geddes et al. 1982; Geddes, Fuys &
Tichler, 1985; Mayberry, 1981; Shaughnessy & Burger, 1985; Usiskin, 1982). Thus,
the main reason for higher increase in geometric thinking level of experimental
group students may latributed to their higher increase in mathematics achievement
due to the use of dynamic geometry softwasmentioned above.

Theprogress n exper i ment @domefic lonking indidateddae nt s 6
medium effect sizéCohen, 1988)This effect sizecan be increased by extending the
time span othe treatment processn this study, the treatment process lasted three
weeks and this time span may not be enough to draw exact conclusions about the
progress of t he student s atisgeppamedtby the t hi nki n
results of previous studies (Johnson, 2002; van Héeelof, 1984). In order to
i nvestigate the increase in studentsd geome
time span is needed (Johnson, 2002; van Heaklof, 1984). In othewords, to
observe the longerm effects and larger effect size of the treatment with respect to
the studentsd geometric thinking, a | onger
needed.

Research studies also revealed that the elementary and middle school
studentsé van Hiele |l evels of geometric rea
systematically planed mathematics instruction (Wirszup, 1976; Fuys, Geddes, &

Tischler, 1986).In these studiessimilar to the present study, positive progress
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between geometric thinking levels was observed due to the consistent and planned
mathematics instruction whickvas in accordancewith t he st udent so I
developmentThus, theDGSAssisted Instructionising GeoGebra can be considered

as a planned, eftéive, and systematically constructed instruction siprediminary
preparation was required before the treatment began in the present study (i.e. lesson
plans, activities, work sheets, activity sheets). Therefore, this stagyprovidean

example of a sstematic and plannesiathematicsnstruction which was supported

and enriched by the dynamic features of GeoGebra

53Studentsdé Attitude towards Mathemati cs

An Independensamples-test was conducted to investigate the effect of the
DGSAssisted Instructiomsing GeoGebran ex per i ment al group s
Mathematics and Technology Attitude Scale (MTAB)e results of the statistical
analyses revealed thtitere was no statistically significant mean difference between
the exgrimental group taught by tHe@GS-Assisted Instructiomsing GeoGebrand
the control group taught by Regular Instruction witBpect to posttest scores of
MTAS. In other words, theDGSAssisted Instructionusing GeoGebrahad no
significant effecton stieint s 6 at t learningnatheamatiessith téchnology
after the treatment session ended.

Even thoughthe students expssed their thoughts verbally thihey liked
learning mathematics with technology and found GeoGebra as a useful tool in
learningmathematics, the ncr ease i n experi ment al grou
scores after the treatment was not statistically significant according to the statistical
analyses. This result is consistent with the study of Yemen (2009). In her stedy,

did notf i nd a significant effect of dynami ¢
towards mathematics either and accounted for this result with the short duration (4
weeks) of the treatment, which was almost the same time span as the present study.

As previously metioned, the treatment duration of the present study lasted three
weeks and this time span may not have been sufficientto chfrme &8 d e st uden

attitude t owar ds mat hemati cs since t he
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mathematics necessitateoader time span (Hannula, 200R).this contextthe main

reason for the neei gni fi cant I n attitede soeards kearnisgt udent s 6
mathematics with technologyight bethe eighth grades t u d almedadygadmed

attitudes toward mathematiedter the middle school yearslence, observinga
significant change I n student so attitude
technology can be possible by conductilmgpgterm studiescovering different

learning areas at the same grade level (e.g. instgustudents different topics by

DGS-Assisted Instructioffor the entire year).

The othemreason forthenea i gni f i cant cdttitudegosvardsn st udent
learning mathematics with technologgi g ht be the studentsd fam
technological devices, such as computers and tablets. Another possible reason for
this result could be due to the attitude scale which was used in the present study. That
is, different results related to the stade s 6  aotvards fearming mathematics
with technology might be obtainadl a different instrumentvas usedo measure
studentsd attitude towards mathematics and t

However, the result of the present study is inconsistent with some other
reseach studies in the literature which indicates the positive effect of dynamic
geometry software use on studentso6 attitude
positive reactions to | earn mathematics wit
Idris, 2007;¥ z d e mTabuk, 004Filli, 2008; Sulak & Allahverdi, 2002} ousef,

1997). The possible reason for this inconsistency between the present study and
previous studies may be explained by the time span difference of the treatment
processes since these experimengskarch studies lasted longer than the present
study lasted. Thus, the time span of those studies might havelifierent to affect

st u d eattitude 6 towards mathematicsAnother possible reason for this
inconsistency mght be the difference in the age levels of the students participating

in these studies and the present study @abovementionestudies were conducted

with different grade levels and on different subjects from those in the present study.
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The following partfocuses onmplications forteachersteacher educators,
students,curriculum developers angolicy makersbased on thdindings of this

research study.

5.4Implications

Several implications could be deduced for mathematics tescteacher
educators, studentsurriculum developers, anetucational policy makeinsased on
this researclistudy.

The results of this study showed thBIGS-Assisted Instructionusing
GeoGebrain the teaching of transformation geometry had significant effects on
student s6 a gdometric thinkewxgn Sinca madhematics is abstract in its
nature, GeoGebra as a dynamic geometry software helped students toharake
better understand the transformation geometry and frasitiisconcrete real life
examples via visualization in a dynamearning environmenBesides the students
were active participants during the whole class since the lesson prepared required
active involvement othe students such as making constructions, working on the
activities, testing the mathematical ideas and hypotheses. Thus, mathé¢paatess
should integrate technological tools into their classroanttheyshould know how
to use dynamic geometry softwar@sequiely, effectively and systematicallylhis
study may provide them with an example of this application to make them aware of
the positive influence of dynamic geomet
mathematics. In addition, mathematics teachers osld be provided with
opportunities to devepp effective teaching methods withe help of technology
integration (i.e. lessons conducted on dynamic geometry softwares). They should be
provided with inservice education courses ¢ime integration of échndogy into
mathematics teaching to help them géienecessary competency for teaching with
computers.

Furthermore,mathematics teachers should be aware of different teaching
methodologies, which can be@ied in mathematics classroonand they should

pay special attention to the studeentered and technology enriched instruction
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methods These methodsan be easily applied and do not require much time and
money and they provide conceptual understanding of mathemafidee eachers
shauld also take into account thathievenent in geometry and geometriartking
are moderately strohg correlated (Usiskin, 1982ps it was found in the present
study and the fact that the use afynami ¢ geometry software af
geometric thinkng significantly. Due to this positive correlation, teachers should be
aware of the importance of geometric thinking and the fact that it can be increased
over time if appropriate matersehnd teaching methsdare usedConsidering all the
advantages dymic geometry software providednd the correlation between
mathematics achievement amggometric thinking the mathematicdeachers are
recommended to use such softwares in their mathematics lessons while they are
teaching different subjects througinger time span to provide better understanding
and permanent learning and to get better resultsathematics teaching

As for teachereducators, faculties of education should include various
courses to train prospective teachers for adequate andwffase of technological
tools in mathematics teachirgince such skills were needed and used as the main
part of the instruction given to the students by the researcher. As a result of the use of
such skills in the instruction processhich were given bythe researcher as a
mathematics teacheprovided studentsvith higher mathematics achievement and
progress through geometric thinking level in the present sti&igce the
mathematicdeachersnight not have time to develop their technological skillen
they become inservice mathematics teaghers important for prospective teachers
to experience the use of technology in mathematics teactleg they study at
undergraduate level at the faculties of educafidius, he prospectivenathematics
teachers should be equipped with necessary practical and theoretical knowledge and
they should be competent integration oftechnology into mathematics learning
environment, such as conductifidGSAssisted Instruction, Computéssisted
Instruction, Compudr-Based Instructiomnd smart boards effectively, or integrating
other computer technologies into mathematics teaching, before #reyosteach at
the schools asn in-service mathematics teacher. In addition, the use of these
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alternative teaching metlds andsupportivetools should be encouragdd this way,
teachers can make their mathematics teaching more effeotibeat students may be
provided witha better understanding of mathematics.

According to the results of the study, it was concluded that elementary school
studentsd mathematics achievemenbDGSi ncr ea
Assisted InstructionAs it was mentioned beforene week training process for the
basic use o6GeoGebra was given to the students prior to the treatment in the present
study. This training process was needed since the students were not familiar to the
dynamic geometry software and they were not able to use it., Blugents at
elementary levekhoud be providedthe opportunity to use dynamic mathematics
softwares regularly to gain necessary knowledge and skills to use them appropriately
and adequatelyin orderto remedy this gap, elementary studem@ay take elective
courses to enrich and practice their knowledge in a dynamic learning environment.
Such an application may be an integral part of mathematics teaching and students
may consolidate their learning regularly. In this context, the technalogisources
(i.e. hardware, software, internet access) and course options of the schools may be
refined for K12 students.

As it was also found in the present studyrriculum developers should pay
special attention to themoderate correlation between std e nt s 6 mat hem;
achievement and geometric thinkimgthe present study as it was also found in the
studies ofBurger (1985, Burger and Shaughnes$$986, Geddes et a(1982),

Geddes, Fuys antichler (1985),Mayberry(1981), Shaughnessy and Burgdi9g5),

Usiskin (1982). Concordantly, the mathematics curriculum can be refined and
designed to r ai s €urritluen aewedpers should diso cokseler s 0 .
the effectiveness oDGSAssisted Instructionron the development of geometric
reasoningand take into account the results of the present study during the curriculum
development process. Moreover, the integration of dynamic mathematics softwares
into mathematics curriculum and its importance should be highly emphasized rather
than merely remaing as a recommendation as in the Teacher Guide Textbook,

which says ADynamic Geometry Software ma
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developers may insert dynamic mathemaliased activities or tasks in the textbook

as applications of the topice & dynamic learning environment. Also, the teachers
should be provided with extra time for the use of dynamic mathematics softwares in
the teaching of the topics covered in thd Kmathematics curriculum.

One further implication can be suggested forrntehematics textbooks. The
mathematics textbooks for elementary students are in need of concrete activities that
help students to improve geometric thinking. These activities should also be
applicable in a dynamic learning environment. In other wordsadtieities based on
dynamic mathematics software should be included in the mathematics textbooks for

the elementary students.

In the following part, recommendationsrffurther research studiesre

offered in the light of theesutlsof the present study.

5.5Recommendations for Further Research Studies

In the present study, the main purpose was to investigate the efleGf
Assisted Instructionon 8" gr ade student séb mat hemati cs
transformation geometry (fractals, rotation, reflection, tieish), geometric
thinking and attitude towards mathematics and technology. In this section, some
recommendationare suggested for further studies in the light of the findings of the
present study.
This study wasased on the topic of transformation geometry taught'in 8
grade mathematics lessons as stated in the National Mathematics Curriculum of
Turkey. Hence, the results of the present study cannot be generalized to the other
grade levels and other contents of mathematics. It is strongly recommended for
further reseait studies to conduct this instruction method with different grade levels
and to cover different learning areas of mathematics. For instéomgtudinal
research studies may be conducted in order to examine theelongffects oDGS
Assisted Instructtkon st udent sd mat lyeomedrit thiocksyg amd hi ev e men

attitude towards mathematics and technology. That is to say, the effect of this
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instruction method can be investigated with a group of students ranging froffi the 6
to 8" grade. In this way,heir increase or decrease in mathematics achievement,
development of geometric reasoning and change in attitude towards mathematics can
be understood in detalil.

The treatment process of this study lasted three weeks. In order to gain
evidence related tché longterm effects ofDGS-Assisted Instructoron st udent s
mathematics achievement, geometric thinking attitude towards mathematics,
further research studiesuld be conducted through a longer time span of treatment.
For instance,n order to obseeasi gni fi cant change in stu
mathematics, research studies which lasts loogebe carried outAlso, the effects
size of the treatment can be increased by conductingtéyng studies covering
different learning areas at tsame grade level.

This study was conducted in a private school, in which the class sizes were
too small. Especially in public schools, class sizes are not as small as the ones in this
study. All of the students ithe experimental group, which receivé€d>S-Assisted
Instructionhad a chance to use a computer on their own. In crowded classrooms,
such kind of setting may not be satisfied. Therefore, similar studies should be
conducted with different class sizes in order to determine the effect of classisize o
achievement of students, their geometric thinking atitlde towards mathematics
and technologySince this study was conducted at a private school, the subjects were
from a high socioeconomic status. Thus, further studies can also be conducted at
public schools in order to determine the effect of school type and/or socioeconomic
issues on achievement of students, geometric thinking attithde towards
mathematics and technology.

Convenience sampling methoghich limits the generalizability, was chose
in the present studyrurther research studies may be conducted with students chosen
randomly from a public or private elementary schdwolthis way, the researchers
may also have a chance to increase the generalizability of their study results to a

broader population which has similar characteristics to the sample of their Istudy.
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other words, the present study should be replicated with a larger randomly selected
sample.

In this study, the experimental and control groups were taught by two
different mathematics teacher, the researcher and the mathematics teacher of the
school in which the study was conducted. Thtiee differences between the
implementers can be considered as a limitation in terms of the internal validity of the
study. Therefore, urther experimental studies are recommended to be conducted
with teachingcarried outy the same implementers of the treatment.

The quantitative research methodology was adopted in the present study. That
is, the study was restricted with the analysigjoéntitative data. Hence, in order to
provide indeph insight into the effects of dynamic mathematics softwares on
studentsdé achi evement , ttitydedowadsmateemdtidsi nki ng
qualitative research methodologies, such as observatidnirderviews, are also
recommended to be used.
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APPENDICES

APPENDIX A

MATHEMATICS ACHIEVEMENT TEST

o s b

1.gekl 2 sekil 3 gekil 4 zekal
a) Yukanda ki sekiller, 1.geklin orantili olarak kiigtltilmils va da biviitilmig halleri ile inga
edilmig, her adimda aym kural uygulanmis bir driintii miidir (fraktal)? Cevabinizi agiklayimiz.

b) Avni kural devam etseydi bu sriintiide ki 4 sekil nasil olurdu yukanya ¢iziniz.
c) Cizdiginiz 4 sekilde kag eskenar dértgen vardir?

(=]

Aykut un bir képegi ve bu kopeginin bir kuliibes: vardir.
a)Bu kulitbenin verini begenmeyen Avkurt, kuliibeyi evin etrafinda saat voniinde 20°déndiirmek
1stiyor. Asagidaki koordinat diizlemi iizerine kiselerinin koordinatlan (3, -3). L(5, -3). M(3_.-8)
ve N{6.-8) olarak belirlenen kulitbevi ve de dénme hareketi sonrasindaki yerini ¢iziniz. {evi
orijin noktas1 olarak kabul ediniz)

b) Dénme hareketi sonrasinda olugan veni kulitbenin seklini v ekseni iizerinde vansitniz ve
olusan seklin koordimnatlarim seklin késelerine yvaziniz.

A
Y.
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3. Asamdaki gizimlerde, sekillere hangi donisim hareketlerimin yaptirildigm belirleyip seklin

Yanina YazZiullz,

==

4. Yandaki sekilde yapilmis olan déniisiim hareketlerini B - B
sirastyla agagidaki noktali yere yazinz. l P
*- e B — '

th

O <

2.adim 3.adim 3.adim
{Fraktal 1se) (Oriintii 1se)

a)Yukanda ilk 2 adum verilen &rintinin 1.adimdaki seklin orantili olarak kiigiiltilmiis va da

bityiitiilmiis haller: ile msa edilonmg. her admnda aym kural uygulanmus bir Griintii (fraktal)
olabilmesi i¢in 3.adim ne olmalidir? Cevabimizs aciklayvin.

b)Yukanda ilk 2 adinu verilen seklin 3 adumim siz belirleyimiz ve fraktal olmavan bir &riinti

olugturunuz. Cevabmizi agiklayim.
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6. Asagidaki koordinat ditzlemi Ali'nin evinin banyosunun yukandan gériintiisiidiir. Banyoda var
olan bir kelebegin bacaklarmin koordmatlart A(1.2), B(6.2). C{6,6) ve D{1.6) seklindedir Bu
kelebek koordinat diizlemine gére 8birim asagiya yirirse aynadak: bacaklarinin gériintisiniin
koordinatlar nasil olur eksen fizerinde gdsteriniz._(ayvnavi x ekseni olarak diisiiniiniiz)

A
Y.

7. Koordinatlann A(-5.7). B{-3.7). C(-2.5). D{-3.3). E(-5.3) ve F(-6.5) seklinde verilen bir ucurtma.
riizgarin etkisiyle koordinat diizlemi izerindeki orijin etrafinda saat yoniinde 270° lik bir
dénme hareketi vapiyor. Ucurtmanin koordinat diizlemi fizerindeki veni goriintisting ¢iziniz ve
koordinatlarini seklin fizerine yazimz.

o o& 0 m s W d s

™, 3 & 7 6 3 4 4 B -L 1 = 3 4 =1 [ ? & 8

R T O F O F |
Wom M o o R Lo -
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8. Asagidaka sekuller belli bir kurala gére dizilmagtir. Bu kurali bulunuz ve 4. adum bu kural goz
dniinde bulundurarak ciziniz. Cevabimzi aciklayimiz.

1.adim X.adim 3.adm 4.admm

9. Asgagidaki grafiklerde yapilmis olan déniisiim hareketlerini koordinat eksenlerinin altina yaziniz.

a) b)
=3[ 1
N 7
n : ¢(7.5
3
z ]
1 B(-7.2) 1
ol
987654320 13345678910 987650324 (13335578 91p
=T 2
]
=
=B
L6 . | £(%.5)
Ly L] 7
=8
o : _Lbene) [ ] |g
) d)
oF
? ¥
-
& i
E
H LY a
3 A C 3
T i
Mﬂb{-”ii 01 234586
7-6-5-4-3.0.4 |1 N
A 6.5.4 -1 k1 E 5
N o 2
L I la -3
\ [ .4
B Le 5
7 6. ‘f
-] 7
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10. Azagdak: zekil binm karelerden olugmustur. X cismn yukan vonde 4 binm, saga dogru 3 bomm
dtelenurse seklin son hali nazl olur ¢izimez ve cevabimz apklayvimz.

11. Asagada ici tarsh olarsk verilmis aleenin (1. ekil), sastin tersi yoninde 60° déndirilms
halimi vammndaki 2. sekil dzermde ¢izmiz ve cevabmiz apklavimz,

2. Aszazida venlen sézciifin avnadak: grintisini gizniz.

ANKARA

&
L

ATHA
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13, Azagda 1k 3 admu venlen zekillerden hangmzi veva hangilen fraktal (sekln oranhl olarak
kiigiltalmis va da bovatilmiy haller: ile insa edilmas, her adimda aym kural wygulanmos bar
orimti) hanglen defildir? Cevabmez sekillenn alfina aqiklaymez

AL

*
)

14.

Sakil-1 Sekal-2

Yukandaky merkez 0" harfi 1le gostenlen koordmat eksenmde, Sekil-1"1 kullanarak 5ekil-2'w
elde etmek 1stiyorsak, sekil-1"e nasil b démiasim hareketi wygulanmahdr agiklaymzr.
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APPENDIX B

SPECIFICATION TABLE OF MATHEMATICS ACHIEVEMENT TEST

p Objectives Cognitive Level Steps
5
3 4 5 ¢  Comprehend Application Analysis  Synthesis

1 X X X X
2 X X X X
3 X X X X
4 X X X
5 X X
] X X X
7 X X
8 X X X X
9 X X X X
10 X
11 X X
12 X X
13 X
14 X X
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OPEN-ENDED QUESTI ONS6 SCORI NG RUBRI C OF

APPENDIX C

ACHIEVEMENT TEST

Scores Answer Types

0

il
1

No answer
Completely irrelevant or offopic answer

T

Partial understanding without explanation (e.g. in question 6 it
expected from students both to translate and to reflect the shape.
a student was able to translate sf@pe but was not able to reflect 1
shape or vice versa and if s/he was not able to explain the result)
Some hints that show the mathematical understanding or mathen
concepts (fractals, rotation, reflection, translation, etc.) familiarity |
similar to the above example, if student was able to translate or |
or reflect the object correctly even that is not the expected cc
result)

Minimal understanding of the task

Misunderstanding of the question and the correct answer throug|
misunderstanding without explanation (e.g. in question 6, althou
was asked students to translate the shape 8 units, a student trans|
units or it was asked students to translate the shape 8 units, a ¢
translated 10 units or it was askeddsnts to translate the shape do
but s/he translated the shape up or it was asked students to refl
shape upon the x axis but s/he reflected the shape upon the
correctly without explanation.)

Correct answer without explanation (e.g. iresion 1, the answer we
correct but there was no explanation.)

Mistake sourced drawing

Correct rule application but wrong result (e.g. in question 5,
definition of fractals was correct but the drawing was incorrect or
other explanation was corrdotit drawing was incorrect or in questis
10, although it was asked to translate 4 units, student translated :
but s/he explained the result as it was 4 units, i.e. only drawing
incorrect)

Limited success resulting in an inconsistent or flawgaamation
Correct drawing without explanation (e.g. question 8 and 11
example is available in AppendiX)
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1 Insufficiency and lacking in some minor ways of answer or explan:
(e.g. in question 5, while defining fractals the main difference betv
fractals and patterns was not explained, i.e. lack of informatio
explanation)

1 Correct answer with sufficient explanation (e.g. in question 5 botl
definition of fractals and the drawings were correct, and in questic
t he s hap di@dionar roation angle were correct)

1 A response demonstrating full and complete understanding
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APPENDIX D
OBJECTIVES MEASURED BY MATHEMATICS ACHIEVEMENT TEST

Objective 1: Students should be able to construct and draw patterns with line,
polygon and circle models and decide which patterns are fractals.

Objective 2: Students should be able to translate a polygon through a coordinate axis
or a line and to draw its image aftemnslation.

Objective 3: St udent s should be able to draw
reflection through a coordinate axis and translation through any line.

Objective 4: Students should be able to explain rotation motion, draw shapes after
rotation o a plane and according to the given angle, and draw the image of a
polygon under the rotation motion around the origin on a coordinate axis.

Objective 5: Students should be able to determine the image of shapes after making
translation with reflection ancbnstruct it.

Objective 6: Students should be able to construct patterns and decide the number of

shapes in the patterns.
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APPENDIX E

VAN HIELE GEOMETRIC THINKING LEVEL TEST

VAN HIELE GEOMETRI TESTI

YONERGE

Bu test 25 sorudan olusmaktadir. Sizden testteki her soruvu bilmeniz
beklenmemektedir.

Kitapci@ actigimizda;

1- Biitiin sorulan dikkatlice okuvyun.

2- Dogru oldugunu diistindiigiiniiz secenek iizerinde diisiiniin. Her soru icin
tek bir dogru cevap vardwr. Cevap kagidina dogru oldugunu diisiindiigiiniiz
secenegi isaretlevin.

3- Soru kagidindaki bosluklar: cizim vapmak icin kullanabilirsiniz.

4- TIsaretlemis oldugunuz cevab degistirmek isterseniz, ilk isareti tamamen
siliniz.

5- Bu test icin size verilecek siire 35 dakikadur.
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a)

<)
d)
e)

a)
b)
<)
d)
e)

a)

c)
d)
e)

a)
b)
c)

e)

VAN HIELE GEOMETRI TESTI

Asamdakilerden hangisi va da hangilen karedir?

Yalmz K
Yalmz L
Yalmiz M

L velM

Hepsi karedir.

K L M

Asafidakilerden hangisi va da hangileri iiggendir?

N —

U v Y Z

Hicbin tiggen degildir.
Yalmz V

Yalmz Y

Y ve £

VwveyY

Asagidakilerden hangisi va da hangilen dikdértgendir?

S T u
Yalniz S
Yalmz T
SveT
Svel
Hepsi dikdértgendir.

Asagdakilerden hangisi va da hangilen karedir?

[J LS

F

Higbin kare degildar.
Yalmz G

FveG

Gvel

Hepsi karedir.
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5-  Asamdakilerin hangisi yva da hangiler: paralelkenardir?

e /

K L

a) Yalmz K

b) Yalmz L

c) Kve M

d) Higbin paralel kenar degildir.
e) Hepsiparalel kenardir.

6- PORS bir karedir.
Asamdakilerden hangi 6zellik her kare icin dogrudur? P 0

a) [PR] ve [RS] esit uzunluktadir.

b) [OS] ve [PR] diktir.

c) [PS]ve [OR] diktir.

d) [PS]ve [0S] estt uzunluktadir.

e) O acis1 R agismdan daha bityiktiic.

s R

7- Bu GHIK dikdértgeninde. [GL] ve [HEK] kisegendir Buna gore asagidakilerd:
hangzsi her dikdérigen i¢in dogrudur?
G H

K L

a) 4 dik acisi vardir.

b) 4 kenan vardir.

c) Kosegenlermnm vzunluklar egitiir.

d) Karsilikli kenarlarm uzunluklan esittir.

e) Seceneklerin hepsi her dikdértgen igcin dogrudur.

8- Eskenar dértgen tiim kenar uzunluklart esit olan, 4 kenarl bir sekildir. Asagida 3 tane
eskenar dortgen verilmigtir.

[ ) =

Asagidaki seceneklerinden hangisi her eskenar 1cin dogru degildar

a) Iki kisegenin uzunluklar: esittir.

b) Her kogegen, aym zamanda agiortaydir.

c) Kbsegenlern birbirine diktir.

d) Karsilikli agilarinin él¢iisii egattir.

e) Seceneklerin hepsi her eskenar dértgen 1¢in dogrudur.
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9- TIkizkenar iiggen, iki kenan esit olan ficgendir. Agagida fig ikiz kenar iiggen verilmigtir.

A

Asagidaki segenckleninden hangisi her ikizkenar iicgen i¢in dogrudur?
a) Uckenan esit uzunlukta olmalidr.

b) Bir kenarmin vzunlugu. digerinin iki kat1 olmalidir.

c) Olgiisii esit olan en az iki agis1 olmalidr.

d) Ucg agisimun da dlgiisii esit olmalidir.

e) Seceneklerinden hicbiri her ikizkenar tiggen 1¢in dogru degildir.

10. Merkezleri birbirinin iginde ver almavan ve merkezleri P ve O ile adlandirilnuig olan ki
cember 4 kenarlari PROS seklini olugturmak iizere R ve S noktalarinda kesisirler. Asagida
iki dmek verilmisgtir.

Asagidaki segencklerinden hangisi her zaman dogr degildir?
a) PROS seklinin ik1 kenan esit vzunlukta olacaktir.

b) PROS seklinin en az ki acismin dl¢iisii esit olacaktir.

c) [PO]ve [RS] dik olacaktur.

d) P ve O agilannin &lgiilert egit olacaktar.

e} Yukandaki seceneklerin hepsi dogmdur.

11. Onerme S: ABC iiggeninin ii¢ kenan esit uzunluktadir.
Onerme T: ABC iiggeninde. B ve C agilarmun slgiileni egattir.
Buna gore asagidakilerden hangisi dogrudur?

a) Sve T dnermeleri ikisi de aymt anda dogru olamaz.
b) Eger S dogruysa, T de dogrudur.

c) Eger T dogruysa, S de dogrudur.

d) Eger S vanligsa, T de vanlistir.

e) Yukandaki segceneklerin hicbin dogru degildir.

12. Onerme 1: F sekli bir dikdortgendir.
Onerme 2: F sekli bir ticgendir.

Bu iki énermeye gire asagidakilerden hangisi dogrudur?
a) Eger 1 dogmysa, 2 de dogrudur.

b) Eger 1 yanligsa. 2 dogrudur.

c) 1ve?2 aynianda dogru olamaz.

d) 1wve2 aym anda vanls olamaz.
e) Yukan seceneklerin hichiri dogru degildir.
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13. Asagmdaki sekillerden hangisi yva da hangilen dikdértgen olarak adlandinilabilir?

a) Hepsi

b) Yalmz O

c) Yalmz R

d) PveO

e} OveR .
P 0] R

14. Tiim dikdértgenlerde olup. bazi paralelkenarlarda olmayan ézellik nedir?

a) Karsilikli kenarlan esittir.

b) Kosegenler esittir,

c) Karsilikl: kenarlar paraleldir.

d) Karsilikl: acilar esittir.

e} Yukandaki seceneklenn hichin dogru degildir.

15- Asagdakilerden hangisi dogrudur?

a) Dikdértgenlenn tiim 6zelliklen, tiim kareler igin gecerlidir.

b) Karelenn tiim dzelliklen, tiim dikdértgenler 1gin de gegerlidir.

c) Dikdértgenin tiim dzellikler:, tiim paralel kenarlar 1¢in gegerladir.
d) Karelenn tiim ézelliklen, tiim paralel kenarlar i¢in gegerlidir.

e} Yukandaki segeneklerin hichin dogru degildir.

16- Asagda bir ABC dik iicgeni verilmistir. ABC iicgeninin kenarlan tizerinde; ACE.
ABF ve BCD eskenar tiggenlen: ¢izilmagtir.

Bu bilgilerden [AD]. [BE] ve [CF] ortak bir noktadan gectikleri kamtlanabilir. Bu kamt
size neyi ifade eder?

a) Yalmizeca bu tiggen icin; [AD]. [BE] ve [CF] nin ortak bir noktas: oldufundan epun
olabilinz

b) Sadece bazi dik tiggenlerde; [AD]. [BE] ve [CF] nin ortak bir noktas: vardir.

c) Herhangi bir dik tiggende. [AD]. [BE] ve [CF]nin ortak bir noktas: vardir.

d) Herhangi bir iicgende. [AD]. [BE] ve [CF]nin ortak bir noktas: vardir.

e) Herhang: bir eskenar tiggende, [AD]. [BE] ve [CF]mn ortak bir nokias: vardir.

17- Asamda bir seklin ii¢ 6zellig: vertlmugtir.

Ozellik D: Kogegenleri esit uzunluktadir Ozellik S- Bir karedir Ozellik R- Bir
dikdortgendar.

Bu dzellikler dikkate alindigmmda asagidakilerden hangisi dogrudur?

a) D gerektinir S, o da gerekiinir R,

b) D gerektirir R, o da gerektirir S.

c) E gerektinr D, o da gerektirir 5.

d) E gerektinr S, o da gerektirir D.

e) S gerektinr R, o da gerektirir D.
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18. Asagda 1ki Gnerme verilmistir.

I- Eger bir sekil dikdértgense, kdsegenleri birbirini ortalavarak keser.

II- Eger bir seklin kéisegenlen birbirini ortalayarak kesivorsa sekil dikdortgendir.
Buna gire asagidakilerden hangisi dogmdur?

a) I'm dogru oldugunu kamtlamak 1cin, IT nin dogru oldugunu kanitlamak yeterlidir.

b) II'min dogm oldugunu kanitlamak i¢in, I in dogru oldugunu kanitlamak yeterlidir.

¢) II'nin dogm oldugunu kamtlamak i¢in, késegenlen: birbirini ortalavan bir dikdérigen
bulmak veterlidir.

d) I nin vanls oldugunu kamtlamak icin, kdsegenleri birbirini ortalayan dikddrtgen
olmayan bir sekil bulmak veterlidir.

e) Yukandaki seceneklerin hicbiri dogru degildir.

19- Asamdaki ti¢ ifadeyi inceleyin.

{1} Avm dogruya dik olan ki dogru paraleldir.

{2} Ik paralel dogrudan birine dik olan dogru. digerine de diktir.
{3} Eger iki dogru es uzakliktaysa paraleldir.

Asagdaki sekilde, m ve p, n ve p dogrulanimin birbirine dik oldugu verilmistir. Buna gére
yukaridaki ciimlelerden hangisi yva da hangilen m dogrusunun n dogrusuna paralel
olmasinin nedeni olabilir?

L
< | p m
4 . n
v
a) Yalmz {1}
b) Yalmz {2}
c) Yalmz {3}

d) {l}yada{2}
e) {2}yada{3}

20- Asagidaki ifadelerden hangisi dogrudur?
Geometride,
a) Her terim tanimlanabilir ve her dogru énermenin dogru oldugu kanstlanabilir,
b) Her terim tamimlanabilir ama bazi 6nermelerin dogru oldugunu varsaymak gerekir.
c¢) Bazi terimler tamimsiz kalmalidir, ama biitin dogm &nermelerin  dogrulugu
kanstlanabilir.
d) Bazi terimler tanimsiz kalmalidir ve dogru oldugu varsayilmis bazi énermelere gerek
wardir.
e) Yukandaki segeneklerinden higbin dogru degildir.

21- Bir agiyi dclemek demek onu ii¢ egit pargayva bdlmek demektir. 1847 wilinda, PL.
Wantzel bir agimn yalnizea pergel ve 1saretlenmemis cetvel kullanarak iiclenemevecegim
kamtlanustir. Bu kanittan nasil bir sonuca varabilirsiniz?

a) Agilar yalnizca pergel ve isaretlenmemis cetvel kullanarak iki es parcaya ayrilamazlar.
b) Acilar yalmizea pergel ve isaretlennis cetvel kullanarak iiclenemezler.

c) Agilar herthangi bar cizim araci: kullanarak iiclenemezler.

d) Gelecekte, binmn valmz pergel ve isaretlennus cetvel kullanarak acilari iiclemes:
miimkiin olabilir.

e) Hig kimse, acilar: yalnizea pergel ve 1saretlenmemis cetvel kullanarak iicleyecek genel
bir yéntem bulamayacalktir.
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22- Ali adli bir matematikcinin kendi tamimladigi geometriye gére. asagidaki Gnerme
dogrudur.

Bir iiggenin 1¢ agilarmin l¢iisi toplama 180 dereceden azdir.

Buna gére agagidakilerden hangisi dogrudur?

a)Ali iggemn acilanm dlgerken hata yapnustir.

b)Al mantiksal bir hata vapmugtir.

c) Ali dogm sozciigiinin anlamini bilmiyordur.

d)Al bilinen geometnidelalerden farkls varsayvimlarla baglamustir.

e)Yukandaki segeneklerden hicbin dogr degildir.

23- F geometrisinde, her sey alisik olduklanimizdan farklidir. Burada sadece dért nokta ve
6 dogru vardu. Her dogru iki nokta icenir. Eger P. O, R ve S nokta 1se. {P.O}. {P.R}.
1P.S}. {O.R}. {0, 5} ve {R. S} dogrulardir.

Kesigme ve paralel terimlerinin F- geometrisindeki kullanimi séyledir: {P, O} ve {P.R}
dogrulant P* de kesisirler ¢iinkii P {P. O} ve {P.R} mn ortak noktasidir. {P, O} ve {R. S}
dogrulan paraleldir ¢iinkii ortak hichir noktalar: yoktur.

Buna gire, asagidakilerden hangisi dogmdur?

a) {P.R} ve {O.5} kesisirler.
b) {P.R}ve {0, 5} paraleldir.
c) {0, R} ve {R S} paraleldir
d) {P.5} ve {0, R} kesisitler.
e) Yukandaki seceneklerin hicbin dogm degildir.

24- Tki ayn geometni kitabr ‘dikdértgen’ sozciiginii iki farkl sekillerde tamimlamustir.
Buna gore agagidakilerden hangisi dogrudur?

a) Kitaplardan birinde hata vardir.

b) Tanmmlardan biri vanligtir. Dikdértgen icin iki farkls tanim olamaz.

c) Bir kitapta tanimlanan dikddrtgenin dzellikleri diger kitaptakinden farkli olmalidar.

d) Bir kitapta tanimlanan dikdértgemin dzellikler: diger kitaptakivle aym olmalidir.

e) Kitaplarda tamimlanan dikdértgenlerin farkh ézelliklen olabilir.

25- Varsavalun asagidaki dnerme I ve II vi kanitladiniz.

I Eger p 15e q dir.

IL Eger s ise q degildir.

Buna gére dnerme I ve IT den agagidakilerden hangisi ¢ikartilabilir?
a) Egersise p degildir

b) Eger p degil 1se q degildir.

c) Egerpveya qise s dir.

d) Egerp ise s dir.

e) Eger s degil 1se p dir.
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APPENDIX F

OBJECTIVES OF EACH TASK FOR THE FIRST 15 ITEMS OF VAN HIELE
GEOMETRIC THINKING LEVEL TEST

Question Level Obijective

1 1 Identifying square

2 1 Identifying square

3 1 Identifying rectangle

4 1 Identifying triangle

5 1 Identifying parallelogram

6 2 Comprehengbroperties of square

7 2 Comprehend properties of rectangle

8 2 Comprehend properties of diamond

9 2 Comprehend properties of isosceles triangles

10 2 Comprehend properties of radius and tangent of a circl
and comprehend properties of rhombus

11 3 Show simple deduction related to properties of triangle

12 3 Show simple deduction related to rectangle and triangle

13 3 Comprehend hierarchy between square and rectangle

14 3 Compare rectangle and parallelogram

15 3 Comprehend hierarchy betwesguare and rectangle and

parallelogram
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APPENDIX G

MATHEMATICS AND TECHNOLOGY ATTITUDE SCALE

MATEMATIK VE TEKNOLOJIYE YONELIK TUTUM OLCEGI

Bu dlgek bir bilgi testi degildir ve bu nedenle hicbir sorunun “‘dogru cevabi™”
yokiur. Asamida yer alan sorularla Geometer-Sketchpad yambhinu ile yapmis
oldugunuz dersleriniz  haklkindaki fikirleriniz  0grenilmek  istenmekiedir.
Verilen yarg: cimlelerini okuyarak kendi dustincenizi en iyi yansitan yalmz bir
secenedi isaretleyiniz.

Adi, Soyadu

Simfa: Mo Yas: Cinsiyet : (E) (K)

Hemen hemen her zaman

Hemen hemen hig
Yaklasik yan yanya
Genellikle

Arasira

1. Matematikte zor konsantre olurum.

2. Ogretmenin sordugu sorulara cevap vermeye
galisinm.

3. Hata yaptimimda onlan dozeliene kadar cahsinm.

4. Eger bir problemi ¢tizmeyi basaramazsam,
gtizmek icin baska fikirler denemeye devam ederim.

5. Bilgisayar kullanmakta basarihyimdir.

6. VCR, VCD, DVD, MP3 ve cep telefonu gibi
teknolojik aletleri kullanmakia basanliyimdir.

7. Bircok bilgisayar sorununu ¢ivzebilirim.

8. Okul icin gerekli olan herhangi bir bilgisayar
proaramim iyice darenebilirim.

9. Beynim matematige iyi cahsir.
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Eesinlikle kanlmyorum

Katlmiyorum

FErmimn degilim

Fatiliy omum

Kesinlikle Kauliyomum

10, Matematikten iyi notlar alabilirim.

11. Matematikteki zorluklarla basa ¢ikabilecegimi
biliyorum.

12. Matematikte kendime gliveniyorum

13. Matematikte yeni seyler tgrenmeye ilgi
duyuyorum.

14. Matematikte emeZinizin karsihZinda
odullendirilirsiniz.

15. Matematik dZrenmek eglencelidir.

16. Matematik sorulanm ¢tzdugim zaman bir gesit
memnuniyet hissederim.

17. Matematik icin bilgisayar
yazihmlar/programlan kullanmay: seviyorum.

18. Matematikte bilgisayar yazihmlary/programlar:
kullanmak, fazladan sarf edilen zaman, emek ve
efora de Zer.

19. Bilgisayar yazilmlan/programlan kullamldig
zaman matematik daha ilging hale gelebilir.

20. Bilgisayar yazihmlaryprogramlan matematigi
daha iyi 6grenmeme yardim edebilir.

153




APPENDIX H

SAMPLES OF STUDENT ANSWERS

O ) % :
Ladim 2.adum 5. adim J.adim

(Frakal ise) (Ortini ise)

?) Yflka.nda-iurz-adlgu verilen Srantinin | adimdaki seklingrantih olarak kucuhnlmils va da boyuralmis kalleri ile
inya edilmis. her adimda aym kural uygulanmisbir_Griintt (fraktal olabilmesi_icin 3.adim_ne olmalidu? Ceyvabimz:

Bunwo 16 W 2ne e o, bira fane dare kogdaal D ol nde
éfoHo o‘urén g ‘Lz,\u‘vfle. ﬂ‘ot"a\[ olur Sa fact Ln«;l'm Lf")w!-:!.,_ =

In the student answer related to the question 5 which was given above, the
student was given 0 point since both the drawing and the explanation of the question

was incorrect.

8. Asagidaki sekiller belli bir kurala gore dizilmistir. Bu kurali bulunuz ve 4.adimi bu kural gbz
niinde bulundurarak giziniz. Cevabinizi agiklayimz.

Ladim 2.adim 3.adim 4.adim

In the student answer related to the question 8 which was given above, the
student was given 2 point. Although the drawing was correct, there was no

explanation of the question written.

3. Assgudski gizimlerde, sekillere hangi donilsbm harcketlerinin yapunidigmi belirleyip seklin
yasna yazmiz.

NN Oflemg

G 180" scodk
o gﬁ(\dﬁf ne
 elcsening

96\"2 Yonst g

==

R R Rty 1 et

In the student answer related to the question 3 which was given above, the

student was given 3 point since the answer was completely correct.
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APPENDIX J

LESSON PLANS OF EXPERIMENTAL GROUP
LESSON PLAN 1

Area of Learning: Geometry

Sub-area of Learning: Pattern and Tessellation

Grade level: 8"

Objective(s):

1 Students should be able to construct patterns and decide the number of shapes in
thepatterns

1 Students should be able to construct and draw patterns with line, polygon and
circle models and decide which patterns are fractals.

Duration: 40 + 40 minutes (2 class hours)

Key Terms: Pattern, fractal

Resources / Materials: Computer with GeoGebraoftware for each student,

projector, pencil, activity sheet, worksheet

Skills: Computer usage, Geometrical Thinking, Mathematical Reasoning,

Mathematical Correlation

Prerequisite Knowledge:Line, polygon, circle, computditeracy.

Activities (Description of the procedures):

l. STARTING
1 Students are introduced the topic of today.
1 Students are remembered the concept of pattern and they are asked if they
know what pattern means and how a pattern is constructed.
{1 Students are shown some examples of pattimosigh projector (examples
from the real life and the nature such as honeycombs, carpet models, and

decorations composed of the patterns).
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Students are asked to open GeoGebra to work on the pattern activities.

Teacher tells students the aim of the agtiaimd what they are supposed to do

in the activity.

The name of the GeoGebra file to open are told (e.g. open the file of

Ak él-atvlwiznl i Kk 10) and necessary directions
are given (e.g. rotate the triangle ardithe center by angle of 30

After working on the pattern activities, the students were asked what they

realized about the patterns.

Students are asked to create their own patterns on GeoGebra. Teacher guide

students when needearkcheckdde n, student sé wor
MIDDLE
Students are asked if they have ever hear

1 After a brief verbal explanation of the concept of fractal, the students are

shown fractal examples from the nature such as plants, land forms etc.
Students are asked to op&eoGebra to work on the fractal activities.
Teacher tells students the aim of the activity and what they are supposed to do
in this activity.

The name of the GeoGebra file to open are told and necessary
directions/instructions about the activity are giveng. open the file of

Ay apfrraakkt al o) .

After working on the fractal activities in GeoGebra, the students were asked
some exploring questions and they were discovered what fractal means and
how a fractal is composed of.

Students are remembered the jppas pattern activities and they are asked if
there is a difference between the fractal and the pattern. The answer of this
guestion is discussed with the students.

After working on the fractal activities, the students were asked to create their
own fractds on GeoGebra. Teacher guide students when needed. Then,

student sé works are checked.
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Activity sheet related to the difference between fractal and pattern is
distributed to the students (Appendix G).
The students are asked to write their answers to tlestigns given in the

activity sheet.

END

The main points and important definitions of the topic are summarized.

1 The concept of fractal and the difference between fractal and pattern is

clarified.

T Studentsd questions related to the t o}

=

Worksheet as a mini quiz is distributed to the students to elicit information
about student sé l earning and under st
(Appendix G).

The students are given some minutes and they are asked to do the exercises
given on the worksles.

The answers of the questions given on the worksheet were discussed with the
students and they are made to realize the right and the wrong answer.

Students are asked to save their work on GeoGebra in a folder.

Homework assignment from the textbook igegi.

The students are told the next |l esson
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Screenshots from the GeoGebra activities used in this lesson were given below:

Pattern Activities;

£ Geotetrs
File Edit View Options Tools Window Help

DEERECE

=
o
» Aigebra (| » Graphics
= Hexagon
s

4

el ) o

e CF©

h]
g

int
A=(8,2)
B=(1,2)
C=(84)
D=(10,4)
E=(4,4)
F=(54)
O K=(45,573)
L=(5.25,53)
M= (5.25,443)
) N=(45,4)
0=(3.75,443)
D P=(375,53)
= Segment

0ee®

Input: @

Figure B. Honeycomb activity

17 Wilavuz-ethinlik 1 s

File Edit View Options Tools Window Help

o 0%
g dl Drag or select objects (Esc) 0%

» Algebra ¥ Graphics

- Angle -

@ a=300

@ p=30°

@ v=30r
6=30°
10 A=30°
0 p=30°
= Boolean Value
10 f=true
L0 h=true
L0 j=true
= Conic
O e(x-2TF(y- 280
= Line

9 a:2.66x-0.01y=7.1
9 e-23x+134y=2.
9 g:1.32x-2.31
9 i:-0.01x-266y= 7.
= Point
9 A=(27,282 -
@ B=(5148)
9 B'=(536,281)

01

¥ 1. déndarme

[V 2. déndiirme

I 3. dindiime

~(5.148)
=(1.37,4.16)
=(0.88,3.31)

I 3

POOOCECECEEEOOOO®
omm
o
&
=
&
o

Figurel4. Pattern composed of a rotated triangles activity
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Fractal Activities;

£ kilavuz-etkiniik 2 ol
File Edit View Opfions Tools Window Help

Move
Drag or select objects (Esc) X

Graphics

» Agebra
= Angle
a=135°

»

1. Kigilme

¥ 2. Kigiltme
1=135°
K=225°
A=225°
u=135°
v=135°
g-225°
Boolean Value
5 e =true

¥ 3 Kigltme

¥ 4. kiigiiltme

00000000000000

@ f=tue
5 9 =true
G 7,=tue
= Conic
Xy -8r=16
5 (x+554) + [y - 1154
dy (x+ 5.54)" + {y - 10125

o

o

O ei(x-2.837 +(y-10.837 =
O F(x+2.83F +(y-10.83F =
O hilx-3548 +(y 13547
o

o

o

o

o

o

AB =18

ot (X + 3.54)° + {y - 13.54)°

K (- 2837 + (y - 12.83) =
ki (K- 2428 +(y - 13548

Ky (s 212 + y - 13547 #
n:lx 483+ v 10837 =T
[F—r———

«

Input @

Figure15. Fractal activity

5 kilavuz-etkiniik 3 o
File Edit Vi

Move
Drag or select objects (Esc)

Algebra » Graphics
= Angle
~@ a=60°
5 o=60°
9 p=60
. B, =60°
@ y=60°
5 V,=60°
~@ 5=60°
@ 5,=60°
@ £=60°
G £ =60
@ g=60°
3 g,-60°

]»

i

M1
V2

M3

Figurel6. Sierpinski triangle activity
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BETRISEEEEE o e

File Edit View Options Tools Window Help

Move
Drag or select objects (Esc)

M show path

Input (]

Figurel?. Leaf fractal activity
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Fractal examples from the nature;

Figure B. Fractal examples from the nature
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LESSON PLAN 2

Area of Learning: Geometry

Sub-area of Learning: Transformation Geometry

Grade level: 8"

Objective(s):

1 Students should be able to translate a polygon through a coordinate axis or a line
and to draw its image after translation.

Duration: 40 + 40 minutesZ class hours)

Key Terms: Translation through a coordinate axis or a line

Resources / Materials: Computer with GeoGebra software for each student,

projector, pencil, activity sheet, worksheet

Skills: Computer usage, Geometrical Thinking, Mathematidakasoning,

Mathematical Correlation

Prerequisite Knowledge:Line, polygon, coordinate system, comptlitaracy.

Activities (Description of the procedures):

l. STARTING

1 Students are introduced the transformation geometry and the topic of today.

{1 Students are asked what transformation means in Mathematics? After the
answer of this question is taken from the students, the content of
transformation geometry topic (reflection, translation, rotation) is mentioned
as a brief information for the begingiof the lesson.

{1 Students are told the motions of translation, reflection and rotation are
explained with transformation geometry in Mathematics. Then, teacher starts
to give deeper information about the translation which is the topic of today.

1 Students @& remembered the motion of translation which they learned in the
6" grade. Then, the students are asked how they describe the motion of
translation and asked to tell the sorts of translation (e.g. translation to the

right, left, up, and down).
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Students @ also asked the properties of the motion of translation and they

are asked the questions of Awhat Ki no
transl ated? , what changes and what st
Then, the students are given the rédaléxamples of the motion of translation

(e.g. the one skiing, moving car throughout a straight road, people moving in

a bank queue etc.).

MIDDLE

After a small discussion related to the topic, the students are distributed the
activity sheets related tive translation through a coordinate axis and a line
(Appendix G).

Students are asked to read the activity sheet. Then, they are asked to answer
the questions given in the activity sheet while working on the GeoGebra.
They are told that they are suppose@xamine the explanations with respect

to the topic on GeoGebra.

The students are asked to open GeoGebra to work on the translation through a
coordinate axis / a line activity. Teacher tells students the aim of the activity
and what they are supposeditwin the activity.

The name of the GeoGebra file to open are told (e.g. open the file of
Ak él-atvlwiznl i Kk 60) and necessary direct
are given (e.g. teacher says flhere &
activity. Two of them (slider e and slider g) represent the translation through
x-axis and yaxis, respectively, another two sliders represent the translation
through two different | ines. You may
t he sl i 8enitand seé whhatyhanges or stays the same in the shape
after translation).

While students work on the GeoGebra activity, they are asked some exploring
guestions to make them discover and realize the changes in the translated
object such as changetime axis or ordinate of a point.
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The students are given some time to deal with the activity by themselves.
They translate the object both through a coordinate axis and a line by
manipulating the slider. They observe the changes in the coordinates of a
point via dynamic text after the shape (all points in an object) is translated.
Teacher guide students when needed.

After working on the GeoGebra activity, the students are asked to make a
generalization about the image of a translated object and its nediraies.

Thus, students are made to realize the generalization about the translation
through a line and a coordinate axis.

Then, the students are asked to write their answers to the questions given in
the activity sheet.

Lastly, it is summarized that theahslation through a line means the
translation of all points in the shape parallelly by a specific direction (through

X or y-axis) with a specific unit of translation. Also, the students are
discovered that an object does not differ from its translatedenmn terms of

the shape, direction, size or area.

END
The main points and important definitions of the topic are summarized.
The concept of the motion of translation through a coordinate axis or a line is

clarified.

Student sb6 gue stopicarmassweredl at ed t o t he

1 Worksheet as a mini quiz is distributed to the students to elicit information

about student sé l earning and under stand
(Appendix G).

The students are given some minutes and they are asked to do the exercises

given on the worksheet.

The answers of the questions given on the worksheet were discussed with the

students and they are made to realize the right and the wrong answer.

Students are asked to save their work on GeoGebra in a folder.
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1 Homework assignment fro the textbook is given.

T The students are told the next |l esson

Screenshots from the GeoGebra activities used in this lesson were given below:

Translation through a line/coordinate axis activities;
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Figurel9. Translation through-axis and yaxis
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Figure20. Translation through line K
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Figure21. Translation through line K and line J
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Figure22. Generalization related to the translation through a coordinate axis / a line
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LESSON PLAN 3

Area of Learning: Geometry

Sub-area of Learning: Transformation Geometry

Grade level: 8"

Objective(s):

f Students should be able to draw a pol
through a coordinate axis.

Duration: 40 + 40 minutes (2 class hours)

Key Terms: Reflection through a coordinate axis

Resoures / Materials: Computer with GeoGebra software for each student,

projector, pencil, activity sheet, worksheet

Skills: Computer usage, Geometrical Thinking, Mathematical Reasoning,

Mathematical Correlation

Prerequisite Knowledge:Line, polygon, coordinatsystem, computditeracy.

Activities (Description of the procedures):

l. STARTING

1 Students are introduced the topic of today.

{1 Students are remembered the motion of reflection which they learned in the
7" grade. Their knowledge related to the reflectiochiscked.

1 Students are asked how they describe the motion of reflection. They are also
asked to tell where they see the concept of reflection in everyday life and how
they use the motion of reflection in daily life (e.g. rear view mirror, cheval
glasssliding door and so on)

1 Then, the students are given the real life examples of the motion of reflection
and shown some pictures from the usage of reflection in real life to make
students able to see how mathematics is associated with the real life.

1 Studens are also asked the properties of the motion of reflection and they are

asked the questions of Awhat kind of
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reflected? , what changes and what stays the same in the image of a reflected
object?0

The answers of the questis aforementioned are discussed with the students.

MIDDLE

Before the motion of reflection is started to discuss, the concept of symmetry
is mentioned.

The definition of the concept of symmetry is given briefly and students are
orientated to discover tHact the reflection is the same transformation as the
symmetry about a line or the mirror symmetry.

Students are orientated to realize that the symmetry axis is the coordinate
axes (xaxis and yaxis) in the reflectiomthrough a coordinate axis.

After asmall discussion related to the topic, the students are distributed the
activity sheets related to the reflection through a coordinate axis (Appendix
G).

Before wor king on t he activity s h
determining a point in coordiratsystem is checked. Teacher tells students
several ordered pairs and asks students to tell him the ordinate and the axis of
the ordered pairs.

Then, students are asked to read the activity sheet. They are asked to find
answer to the questions given iretlactivity sheet while working on the
GeoGebra. They are told that they are supposed to examine the explanations
with respect to the topic on GeoGebra.

The students are asked to open GeoGebra to work on the reflection through a
coordinate axis activity. Beher tells students the aim of the activity and
what they are supposed to do in the activity.

The name of the GeoGebra file te op
etkinlk 5(yeksenine g°re yanséma)o) and
aboutt he activity are given (e.g. t ea

given in this GeoGebra activity. These check boxes are prepared to reflect the
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triangle about yaxis and reveal the changes occurring in the coordinates of
the triangle. Firstly, actate the first check box to reflect the triangle aboeut y
axis. Then, activate the second check box to see the change in the coordinates
of the reflected triangle. Lastly, move the riginde triangle dynamically by
dragging its vertices to change its cooates and create a new triangle. You

can also resize the triangle and observe what kind of changes occurs in its
reflection. Lastly, activate the third checkbox to see the generalization about a
pol ygonods r e-éxis.erout canocreateayoun owin lpggn (e.g. a
rhombus) and reflect it aboutaxis.

The same procedure is followed for discussing the reflection abanisx
with working on the GeoGedknlk5&cti vit
eksenine g°re yanseéma) o.

In order to provide better understanding of the reflection, students are told to
open another GeoGebr aSiantptsiovni taineds Amsbnue
While students work on the GeoGebra activities, they are asked some
exploring questions to make thediscover and realize the changes in the
image of reflected triangle such as change in the axis and ordinate of a point
or differences between the original shape and its image in terms of size, form,
direction etc.

The students are given some time to dedh the activity by themselves.
Firstly, they are discovered that the reflection of a polygon is the reflection of
all points in this polygon and the image is the mergence of reflected points.
Then, students are orientated to discover the generalizdtan the change

in the coordinates when a polygon is reflected abearix or yaxis. Teacher

guide students when needed.

After working on the GeoGebra activity, the students are asked to make a
generalization about the properties of the image of actefleobject about
coordinate axes and its new coordinates. Thus, students are made to realize

the generalization about the reflection of a polygon about a coordinate axis
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and the iIimageds properties which change

shape.

Then the students are asked to write their answers to the questions given in
the activity sheet.

It is summarized that the reflection of a polygon is the reflection of all points
in this polygon and the image is the mergence of reflected points. Students
areremembered the fact that the motion of reflection, the symmetry about a
line, and the mirror symmetry are all the same transformations. Also, the
students are discovered that an image of a reflected shape does not differ from
the original shape in terms é&brm, size, and area, but differs in terms of
direction and place.

Students are asked to measure the
length of the sides through GeoGebra so that they could see there is no
difference between the image and the oagishape in terms of area or size.
However, there is a difference between the image and the original shape in
terms of direction and place.

Students are discovered that reflection of a point (ordered pair) a@ous x
transforms the sign of ordinate intioe reverse sign but does not change the
axis ( (x,y)A (x,-y) ). Also, reflection of a point (ordered pair) abot&xis
transforms the sign of axis into the reverse sign but does not change the

ordinate ( (X,yA (-x,y) ).

END

The main points annportant definitions of the topic are summarized.

The concept of the motion of reflection through a coordinate axis is clarified.
Studentsd qguestions related to the

Worksheet as a mini quiz is distributed to the students to elicitniafiion

i mage:¢

topic

about student sé l earning and understand

(Appendix G).
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1 The students are given some minutes and they are asked to do the exercises
given on the worksheet.

1 The answers of the questions given on the worksheet were diseutséade
students and they are made to realize the right and the wrong answer.

1 Students are asked to save their work on GeoGebra in a folder.

1 Homework assignment from the textbook is given.

T The students are told the next | esson

Screenshots fromhe GeoGebra activities used in this lesson were given below:

Reflection through a coordinate axis activities;
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Figure23. Reflection of a polygon aboutaxis activity
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Figure29. Sample of a student work related to the reflection of a rhombus about x

axis and yaxis
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LESSON PLAN 4

Area of Learning: Geometry
Sub-area of Learning: Transformation Geometry
Grade level: 8"
Objective(s):
1 Students should be able to explain rotatiotion, draw shapes after rotation on
a plane by given angle, and draw the image of a polygon under the rotation
motion around the origin on a coordinate axis.
Duration: 40 + 40 minutes (2 class hours)
Key Terms: Rotation around the origin
Resources / Maerials: Computer with GeoGebra software for each student,
projector, pencil, activity sheet, worksheet
Skills: Computer usage, Geometrical Thinking, Mathematical Reasoning,
Mathematical Correlation
Prerequisite Knowledge: Line, angle, polygon, coordinatsystem, computer
literacy.

Activities (Description of the procedures):

l. STARTING

1 Students are introduced the topic of today.

1 Students are remembered the motion of rotation which they learned ifi the 7
grade. Their knowledge related to the rotation motsochiecked.

1 Students are asked how they describe the motion of rotation. They are also
asked to tell where they see the concept of rotation in everyday life and how
they use the motion of rotation in daily life (ecfpck handrotating around
the clock,the earth rotating around the sun, wheel rotating on a car, opening a
door, compact discs. Anything that rotates (spins) around a centralapaint

so on). The terms of fAclockwiseo and
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Then, the students are given thalrife examples of the motion of rotation

and shown some pictures from the usage of rotation in everyday life to make

students able to see how mathematics is associated with the real life.

Students are also asked the properties of the motion of rotattbthey are

asked the questions of dAwhat kind of chan
, what changes and what stays the same in
The answers of the questions aforementioned are discussed with the students

and the matheent i c a | definition of the rotation
rotation is a transformation that is performed by spinning the object around a

fixed point known as the center of rotat.i

MIDDLE

Students are asked i f thewnhatvdeewveld ghaar
After a brief verbal explanation of the concepts of the rotation around the

origin, the centre of rotation, and rotation angle, it is mentioned that the

centre of rotation is the point of (0,0) in rotation around the origin.

1 Key terms anahecessary information related to the topic are given.

After a small discussion related to the topic, the students are distributed the
activity sheets of theotation around the origi(Appendix G).
Students are asked to read the activity sheet. Tthew,are asked to answer
the questions given in the activity sheet while working on the GeoGebra
activity. They are told that they are supposed to examine the explanations
with respect to the topic on GeoGebra.
The students are asked to open GeoGebra th wrothe rotation around the
origin activities. Teacher tells students the aim of the activities and what they
are supposed to do in the activities.
The name of the GeoGebra file to open are told (e.g. open the file of
ARotationriapiomt by hangl eod) and necessary
about the activity are given (e.g. t eact
There is a slider which manipulates the angle of rotation and three check
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boxes that reveal the changes in the area, codedinand the length of the
vertices of the triangle being rotated. Adjust the slider alpha for different
angles (e.g. 60 9¢°, 180 etc.) to rotate the given triangle and see what
changes or stays the same in the shape after rotation. Then, you cate activ
the check boxes to see the changes in the area, coordinates, and the length of
the vertices of the rotated triangle.

The students are asked first to rotate the three points of the triangle around the
origin by angle. Then, they are asked to rotatetrib@gle around the origin

by the same anglén this way, they are discovered the fact that rotation of a
shape is the rotation of all points belongs to this shape and the image after
rotation is the mergence of these rotated points

The students are askéo rotate the triangle counter clockwise as well.

1 The same procedure is followed for discussing the second question given in

the activity sheet (rotation of a he
working on the GeoGebr a atdheionginby na me
angle 20.

While students work on the GeoGebra activity, they are asked some exploring
guestions to make them discover and realize the changes in the rotated object
such as change in the axis or ordinate of a point belongs to the object.

The students are given some time to deal with the activity by themselves.
Teacher guide students when needed. They rotate the triangle around the
origin by different angles by manipulating the slider and move the triangle
dynamically by dragging its verticae change its coordinates and create a

new triangle, then rotate it. They can also resize the triangle and observe what

kind of changes occurs in its image after rotation and observe the changes in

the coordinates of a point via dynamic text after thepshall points in an

object) is rotated.

Students are asked to measure the i ma
of the sides through GeoGebra so that they could see there is no difference

between the image and the original shape in terms of argaeorHowever,
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there is a difference between the image and the original shape in terms of
direction and place.

After working on the GeoGebra activity, the students are asked to make a
generalization about the rotated object and its new coordinatesy,Ringty

are discovered that the rotation of a polygon, just like in the reflection and
translation motions, is the rotation of all points in this polygon and the image
is the mergence of these rotated points. Then, students are orientated to
discover the gneralization about the change in the coordinates when a
polygon is rotated around the origin by angle in a clockwise or
counterclockwise direction.

Then, the students are asked to write their answers to the questions given in
the activity sheet.

Lastly, he students are mentioned the rotational symmetry. They are told
what the rotational symmetry means and how it is determined in a shape. The
students are discovered the rotational symmetry angles of some polygons

(e.g. square, hexagon etc) through a feangxes.

END

The main points and important definitions of the topic are summarized.

The concept of theotation around the origiis clarified.

Studentsd questions related to the topic

Worksheet as a mini quiz is distributed to the studemslicit information

about studentsd | earning and understandin
Students are asked to o mtation abdutethef i | e of
origino (Appendix G). Teacher tells stud

what they are wpposed to do in the activities. Also, necessary
directions/instructions are given.
The students are given some time and they are asked to do the exercises given

on the worksheet after they work on the dynamic worksheet of GeoGebra.
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The answers of the quems given on the worksheet were discussed with the
students and they are made to realize the right and the wrong answer.

The students are also discovered that
clockwise is the same rotation as the rotation aroued thor i gi n by 2
anticlockwise.

After the students work on the dynamic worksheet in GeoGebra, they are
asked to write their generalization to the worksheet.

The studentsd answers were checked an:
related to the change the coordinates of the shape after rotation around the

origin by specific angles.

The students are or i enevarytendthd sbapalis aw a
rotated t hrough 90A in a cl ockwi se
accordingtotherule f  ( x , 1%).)When thé shape is rotated through

90A in an anticlockwise direction, ¢t
rule of iyx, xy) YWheén the shape is ro
coordinates change accigryll Wmegtheasbapg he r |
is rotated through 360A, its coordinat
Students are asked to save their work on GeoGebra in a folder.

Homework assignment from the textbook is given.

The students aretopicol d the next | essoni
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Screenshots from the GeoGebra activities used in this lesson were given below:

Rotation around the origin activities;
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7 WorkSheet 2 - rotation about the
File Edit View Options Tools Window Help

Move
Drag or select objects (Esc)

» Algepbra

= Angle

@ a=270°

5 p=270°
= Boolean Value

3 n=te

@ i=true

@ j=true
@ m=true
= Line
-G kx=0

@ Ly=0
= Number

O distanceA's' - 2.24
C distanceAC’ = 3.16
O distanceA'D =283
© distanceAB=2.24
O distanceAD = 2.83
-0 distanceB'C' = 2.4
O distanceCA=3.16
C distanceCB=2.24

i

B=(43)

C=(385)

Az (2,2)

!

y

A(-2, 2)->A'(-2, -2) e
B(-4, 3)>B'(-3, -4) W Koodinatiardaki dedisim
C(-3, 5)>C'(5, 3)

¥ Hatrlatma1 I Hatilatma 2

¥ Hatirlatma 3

180%'lik déndiirme (yarim veya merkezil déndiirme)
sonucunda orijine gére SIMETRIK sekil olustu.
Fark ettiniz mi?

X

b
L/

1

H 3 ] 5 [ 7 3 T o Tt 2 [ [

Saat yéniinde 270° déndiirme ile saat yéniiniin
tersinde 90° déndiirme (¢eyrek déndiirme) birbirine
esittir. Fark ettiniz mi?

360%'lik dondiirme sonucunda ilk seklin aynisini
elde ettik. Yani, seklin koordinatlar degismedi.
Fark ettiniz mi?

Figure32. Screenshot from the dynamic worksheBbtation of a hexagon around

(]

the origin through278 anti cl ock wi s e

Rotation examples from the everyday life;

Figure 3. Rotation examples from the everyday life
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LESSON PLAN 5

Area of Learning: Geometry

Sub-area of Learning: Transformation Geometry

Grade level: 8"

Objective(s):

1 Students should be able to determine the image of shapes after making translation
with reflection and construct it.

Duration: 40 + 40 minutes (2 class hours)

Key Terms: Reflection with translation

Resources / Materials: Computer with GeoGebra software for each student,

projector, pencil, activity sheet, worksheet

Skills: Computer usage, Geatnical Thinking, Mathematical Reasoning,

Mathematical Correlation

Prerequisite Knowledge: Translation motion line, polygon, coordinate system,

computetliteracy.

Activities (Description of the procedures):

l. STARTING

1 Students are introduced the topicdaday.

1 Students are remembered the motions of reflection and translation which they
learned in the previous lessons. Their knowledge related to the reflection and
translation is freshened.

1 Then, students are asked how the motion of reflectiortrandlation can be
used together and also asked what this transformation is called.

1 A brief verbal explanation and necessary information related to the reflection
with translation is given.

1 Students are asked to tell where they see this transformatimenyday life
and how they use it in daily life (e.g. every time we take a step, we do the

motion of reflection with translation)
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Then, the students are given the real life examples of the motion of reflection
(e.g. tile patterns which comprise of the refien with translation) to make
students able to see how mathematics is associated with the real life.

The answers of the questions aforementioned are discussed with the students.

MIDDLE

In order to make students realize that every time they take ,atlstgpdo the

motion of reflection with translation, they are told to open the GeoGebra
activity naekeki alsi Rk&l @¥Yua and wor k or
After a small discussion related to the topic, the students are distributed the
activity sheets related toedhreflection with translation (Appendix G). Then,

students are asked to read the activity sheet. They are asked to find answer to

the questions given in the activity sheet while working on the GeoGebra.

They are told that they are supposed to examinexjhlareations with respect

to the topic on GeoGebra.

The students are asked to open GeoGebra to work on the reflection with
translation activities. Teacher tells students the aim of the activity and what

they are supposed to do in the activity.

Thenameofte GeoGebra file to open are tol
etkinlik 8 (1)0) and necessary direct
given. In this activity, students are orientated to comprehend the motion of

the translation after reflection.

The same procedure is followed for discussing the motion of the reflection
after translation with working -on the
etkinlik 8 (1)0.

After working on the first two activities, students are told to open another
activity namel as fAektéklianvluizk 8 (2 ve 3¢n exkit
they are orientated to discover the fact that image of an object which is
reflected after it was translated through a line is the same as the image of the
same object which is translated aftevas reflected through a line.
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In order to provide better understanding of the topic, students are told to open

another GeoGebra acetikviinlyi kn a8me(d4 )acs. kel av

Students are also mentioned that there is no point and no line stay fixed
except for the line of reflection in the motion of reflection with translation.

The students are given some time to deal with the activity by themselves
While students work on the GeoGebra activities, they are asked some
exploring questions to make themsclver and realize the there is no
difference between the reflection after translation and the translation after
reflection.

The students are asked to write their answers to the questions given in the

activity sheet.

END

The main points and important defions of the topic are summarized.

The concept of the reflection with translation is clarified.

Studentsod questions related to the topic
Worksheet as a mini quiz is distributed to the students to elicit information
about st udeand uriderstanelingr with megpect to the topic
(Appendix G).

The students are given some minutes and they are asked to do the exercises
given on the worksheet.

The answers of the questions given on the worksheet were discussed with the
students and they amneade to realize the right and the wrong answer.

Students are asked to save their work on GeoGebra in a folder.

Homework assignment from the textbook is given.

The students are told the next |l essonods
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Screenshots from the GeoGebra activities used this lesson were given below:

Reflection with translation activities;

3 kilavuz-etkinlik & (1).ggb =l

Options Tools Window Help

b Move L
Drag or select objects (Esc) D &
» Graphics
Adim sayisi
a=§
bh=6.25
) D=(3,6)
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o : -~; :
) c=5 < * >
) d4=6.25 ]
= Vector ‘5
—(5
w= ( 5 )
_ [ 625
‘= ( 0 )
Input ©
Figure34. Step activity
L kbazennik s )50 | I T . | 2
File Edit View Options Tools Window Help
. M L
\, D::urse\emumms (Ese) D &
» Agsbra = ][ » Graphics
= Boolean Valt o e le e o epa s . A . . . e ger e a
Sicme (1| Birinci sekli, ikinci sekildeki pozisyona getirmek icin hangi déniisiim
@ k=true . A ¥ Soru1
o e hareketi yapilmahdir?
@ n=true
~@ o=true 3 .
< Line " | Ikinci sekli, ticlincii sekildeki pozisyona getirmek icin hangi doniisiim
O ay=1 3 3 3 L] b V2 W soru2
Jobx=.5 s
ey hareketi yapilmahdir?
) diy=0
= Number
V3 W Sorud
Gteleme miktari
1=4
——
Dgmmmpm
[]

Figure35. Translation after reflection activity
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£ kilavuz-etkinlik 8 (3)

File Edit View Options Tools Window Help

/ g:yav:m select objects (Esc)
» Algebra » Graphics
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L .
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b
o @y | Ugiincii sekli, dordiincii sekildeki pozisyona getirmek icin hangi doniisiim g; 5o
= Number
o hareketi yapilmahdir?
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@ 1 3 =4
@ | . —_—
2 PP R S R S JEUTY S P R N P AP ST P N ¥ GENELLEME
@
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5 —_
@
@
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o e "
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Figure36. Reflection after translation activity
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File Edit View Options Tools Window Help
QG
/ g:;orse\emmms (Esc) 9 &
» Algetra » Graphics
= Boolean Value B .
1, =true =4 i
o : Seklin Oteleme sonrasi Yansimasi
: "j:'"'e ) W Otslenis 1 ¥ Bislems 2 ¥ Gtsleme 3
] :,;:::e B—b + F Yansima 1 W Yansima2 ¥ Yansima 3
: t::::: ¥ *** GENELLEME ***
, Demmmmmmmmnan . P N
- :‘1;:':6 i Bir geklin, bir dogru boyunca yansimasindan
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@

Figure37. Equality of the translation after reflection and the reflection after

translation
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Figure38. Dynamic GeoGebra question related to the topic
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