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ABSTRACT

THE EFFECTS OF MATHEMATICS INSTRUCTION SUPPORTED BY
DYNAMI C GEOMETRY ACTIVITIES ON SEVENTH
ACHIEVEMENT IN AREA OF QUADRILATERALS

¥7Z¢AKI R, Bil al
M.S., Department of Elementary Science and Mathematics Education

Supervisor: Assoc. Prof . Dr . Erdi

Juy 2013,143 pages

The aim of this study was to investigate the effects of mathematics instruction
supported by dynamics geometry activiti
quadrilateralsand studens achi evements according to t
thinking | evels. The study was conducted
201271 2013 spring semester and lasted two weeks. The participants in the study
were 76 seventh grade students. Bhedy was examined througionrandomized

control grouppretestposttestesearch design. In order to gather dReadiness Test

for Area and Perimeter ConcefTAP), Area of QuadrilateralsAchievement Test

(AQAT) and van Hiele Geometric Thinking Leveést (VHLT) were used. A two

way analysis of variance (ANOVA) procedure was employed to answer research



questions. The result of the study indicated that there was a significant interaction
between the effects of method of teaching and van Hiele geonietrkang level on

scores of AQAT. In addition, mathematics instruction supported by dynamic
geometry activities had significant effects on seventhggaleu dent s6 achi ev
area ofquadrilateralgopic. The results also revealed that students in axpetal

group were significantly more successful AQAT than students in comparison

group wherthe students weri@ second level of van Hiele geometric thinking.

Keywords: Mathematics Education, Dynamic Geometry Software, GeoGebra, van

Hiele Geometric Thiking Levels, Area of Quadrilaterals
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DKNAMKK GEOMETRK ETKKNLKKLERK KLE DESTE}
¥IJRETKMKNKN YEDKNCK SINIF ¥JRENCKLERKNKN
KONUSUNDAKK BAKARILARI NA ETKKSK

¥Z¢AKI R, Bil al
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Bu -al eékma, dinami k geometri etkinli kI el
yedi nci sénéf ©°jJrencilerinin d°rtgenlerd
°Trenci bakarél arégémevaeniike Ine ed gamewli e rair

¢tal ékma,202@B12jJretim yélée bahar d°nemind
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Analiz sonu-Ilaréna g°re, uygud aze@nm °J r et

°Jrenci bakaréséna etkileri araséenda bir
geometridt i nl i kl er i ile desteklenen matemati
anlamlé bir etkisi olduju bulunmuktur. B
de¢kedme eyalnadre °jJrencilerin bakareée seviye

grubu ataméedbdbianfark bulunmuxktur.
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CHAPTER 1

INTRODUCTION

Geometry is one of the important fislf mathematicsMost of the goods and
structuresn our physical environment are geometric shapes and objztsnetry

can be used solving problems not only in other areas of mathematics but also in
science, art and daily lifeA(k t a Kk &A kCtaanks )é Ac2oddih@ to National

Council of Teachers of MaematicsNCTM, 2000), g@ometry provides describing,
analyzing and uretstanding the world around uSuydam {985 stated that

geometry is also an important thing as a skill of mathematics. Learning geometry
devel ops student s 0 spabagintutian abouththe mekliworig, a b i |
and knowledge for studying higher level mathematical concepts, and reading and

understanding of mathematical arguments.

In middle schools, students deal with geometric shapes and structures, their
characteristics andelationships with one another in geometry concepts (Umay,
2007). In addition, according to Umay (200)7geometric concepts and geometric
thinking are very useful to provide visual representations for other areas of
mathematics as well der daily life stuations. The general objectives of geometry
education can be defined as: student should use geometry within the process of
problem solving, understanding and explaining the physical world around them
(Baki, 2001). In order to achieve general objectiviegammetry education, learning
environments for geometry should be prepacegrovideopportunities to students

for classifying geometric objects and making deductive reasoning. Understanding of
geometry takes very cr i taesthaticvalues kimilarfaor p e

for understanding mathematics (Baki, 20Bbyraz, 2008).

Measurement inother important field of mathematicdMeasurement is useih
many fields in humandés | ife and it has

other peple specifically when describing properties of something with numbers
1



(Altun, 2008 Tank i K man &  A.kMoteogver, 2nieds@ement provides
important contributions to science and manyupations (Altun, 2008 It connects

mathematics to social ssicesscience and art (Umay, 2007

In middle schools, the concepts and skills related to measurement include basic skills

and knowledge that students can encounter with them in daily life frequé&atty (

ki kman & Al addition, 2&ring measuremdras an important place in

using mathematics in daily life and in developing many concepts and skills of
mathematicsTank i Kk man & AK s).lAccording ®Bank i2kd0mMa2n and AK
(2009), taking into account the roles of measurement in mathematics,soikaces

and daily life, students should understand means of measuring as well as how to

measure.

Measurement and geometry are content areas of Elementary School Mathematics
Curriculum (ESMC) Ministry of National EducationNIoNE], 200%). In ESMC,
thesecontent areas listed separately. The ESMC involves five content standards for
elementary mathematics which are Numbers, Geometry, Measurement, Probability
and Statistics, and Algebra. These five content areasidifle schooimathematics

are not completelgeparated from each other. In other words, thes&ent areaare
interconnected. For example, Numbarsntent areais a base for all areas of
mathematics. Similarly, some measurement topics are extensions of geometry topics.
Altun (2008 stated that gevetric skills are needed to measure perimeter, area,
length and volumeln other words, st measurement topics in middle school
mathematics are related with learning of students in geometry. Some classification
and applications of geometry depend on meament concepts. In addition,
measurement concepts involve some applications of mathematics such as number
and operations, and it forms a bafs science for students (Alturz008§ NCTM,

2000).

In early 2013, Ministry of National Education (MoNHas pulished a new
curriculum for middle school mathematics. In Middle School Mathematics
Curriculum (MSMC), geometry and measurement are combinedsingée content

area, but probability and statistics are separated into two content areas which are

2



Processingdata and Probability (MoNE, 2013). &hcurrentstudy was conducted
with seventh grade studentsspring semester of 20122013 academic yeaSince,
the MSMC will beimplemented t@seventh grades in 20152016 academic year,éh
study followed the ESMC.

Both ESMC and MSMC are based on a student centered approach (MoNB, 2009
2013). Main purpose of these currigis to help student to construct their own
mathematical meanings by their experiences and intuitions, and define concrete and
abstract structar of mathematics by using their knowledge (MoNE, 20@813). In

order to prepare suitable learning environments to achieve main purpose of these
curriculums, ESMC and MSMC suggest that learning and teaahigpematics
should start with concrete experiees and meaningful learning should be aimed.
Moreover, these curricale mphasi ze considering student
technology effectively in instructional phases. Collaborative learning and associating
learning with othetopic and areas are théher important suggestions of ESMC and
MSMC.

According to Umay Z007), students need to understand mathematics in order to
construct mathematical knowledge and understanding mathematics is achieved with
active participation of students. Active learningtli® learning process in which
students take responsibilities for their own learning, make decisions about the
learning process and make sedfulation in the process (Uma2007. In other
words, active learning can be anything course related whichrdtu@dee active
paricipants of the learning rather than only working, listening and taking notes
(Felder & Brent, 2009). The nature of mathematics is suitable this educational
perspective. Collaborative learning activities are mostly used in active lgand
students have a chance to see different perspectives and solutions of other groups for
a situation with collaborative learning (Uma&@07).

The current study focused on geometry and measurement content standards of
middle school mathematics, spéc#ily area concept. Teaching of measuring area

concept begins at third grade with reandard units and beginning from fifth grade,



teaching of this concept continues with calculation of area by using standard units
(MoNE, 2009a,200%, 2013).

1.1. St u d éAohtewei@ent in Geometry and Measurement Concepts

Middle school students have problems with understanding of area and perimeter
concepts, especially situations in which they had to explain or justify their answers
(Huang & Witz, 2013;Tank i Kk ma n ,&009% R@1R; Zacharos, 2006In
addition, Tank i Kk man and dJhaked that ée2edth Brade students have
difficulties in using formulas for area effectively. They often understand the concept
of area as a multiplication of the lengihtwo sides of a polygon (Kordaki & Potari,
2002 Tank i k man & ARarki k@®OM 2and askstated thdtz 0 1 2)
students have misconceptions with area conservation of a shape which is cut into two
or more parts and recombined. In addition, thestrad the relationships between
quadrilaterals are the other concepts that students have difficulty to understand
(Fujita & Jones, 2007).

Moreover, there have been several international studies that measure and compare
student sd achi eve mamthemaics dTutakelr Hirgin, 20AY). c
Trends in International Mathematics and Science Study (TIMS8&Program for
International Student Assessment (PISé&gults indicated that the geometry and
measurement achievements of Turkish middle school stwdestlowerthan the
international averagé Ub u z , i steéen & Er bRaA1O99, TArke§ 9 ) . I
ranked 34 for geometry achievement and ranked3a@r measurement achievement

in 38 participating countries (Mullis et al., 2000). In TIMSS 2007, Turkeyednk

30" for general mathematics achievement in 48 participating countries (Uzun,
B¢t éener & Yijit, 2010) . In PI SA 2009, T
below the Organisation for Economic ©peration and Development (OECD)
average. In PISA 2006, Tkey was 28 in 30 participating OECD countries
(Ks8Il amichy & kakmaz, 2011) .

According to Berberojlu (2004), student s
level than students in European Union, and the reasons of this low level achievement

canle studentsd misconceptions, obtaining
4



single source, and memorizing lots of geometric concepts. Therefore, students cannot

see the relationship and implications at given situation and many students are not
learninggeometry and measurement as they are expected tq ldamr ber oj | u, 2
Mayberry, 1983). Therefore, many students graduated from elementary school
without enough knowledge about geometry related topics (Clements & Battissa,
1992; Ubuz &} st ¢ n, 2004). According to Fidan a
thes difficulties and misconceptions can be that geometric thinking level of students

are not considered while preparing learning environments.

Literature review revealed that the van Hiele geometric thinking theory is the most
common used theory to descrilmef student s6 tdmensiknaln g ab
geometry (Batista, 20020lkun, Sinoplu & Deryakulu, 2005 If learning
environments prepared by considering stu
learn geometric concepts sufficiently (Chadh, 1999).In light of these arguments,

one aim of the current study is to cons

independent variable.

In order to deal with these difficulties and misconceptidrark i K man and AK
(2012) suggested teaching concepts of swament rather than formulas,
administrating experiendeased activities and activities for conservation of area

which include cutting and recombining polygons, and forming formulas for area after
learning concepts with these activitiés.adittion, Fidma and T¢rnegkl ¢ (20
that concepts should be not given directly to students, activities that provide
opportunities to students to construct these concepts by their own should be used in
learning processFurthermore, Fujita and Jones (2007) suggkghat activities,

which provide realizinghierarchical relationships of quadrilaterals and provide
opportunities to students for making deductive reasoning, can be used in learning
environmentsTherefore, learning activities which provide these oppdraswere

prepared for the current study.

In the current study, learning environments were prepared to make students active
participants of learning process and to support collaborative learning. Activities used
in the study were prepared considering saggestions of Fujita and Jones (2007)

5



and Tarkk i k man and Aksu (2012). These activi
between quadrilaterals but also conservation of area concepts. The activities were
designed as experienbased activities. In these aties, students formed formulas

for area of quadrilaterals after exploring of area concept and observing the situations
given in activities. Computer technology can provide such rich activities for

addressing these relationships and rules conceptually.
1.2. Technology and Mathematics

In recent decades, the use of technology has increased and changed our life. In every
part of our life, we use computers, mobile phones, 8tilkén & Goggin, 2012).

With the changes in computer technology, educators have startighl with how
computer technology can be integrated into educa@omputers can concretize an
abstract concept of mathematics by transferring it to screen visually (& uBaigin,

2008). Students can construct their knowledge by using technolagiaahtional

tools (Tutkun et al., 2@®). In mathematics, we can specify technological educational
tools as Computer Algebra Systems (CAS), and Dynamic Geometry Software (DGS)
(Ruthven, 2009).

The first DGS, call ed nGeometerApgle ISuppos
microcomputer Qldknow, 2007. Some welknown DGS are GeoGebra, Cabri, and
Geometer's Sketchpad (Ayteki&k ¥z - akeéer , 2012) . DGS a
mathematicians, like telescope and microscope for scientists, to make new
discoveries and test theoreni®Ildknow, 2007. Geometry becomes a practical

science for also students withe help of DGS. Students can observe, record,
manipulate, and predict geometric objects and concepts. In addition, students can test
beliefs, ideas and theorems with DGS. (Ftrey 2007; Hill& Hannafin, 2001).
According to Dye (2001), AnADGS provides al

The most important characteristic of DGS in contrast to traditional tools is that
objects, drawn or constructed, can be moved and resizedatnely. The other
important characteristics of DGS is that objects constructed with DGS keep their
geometric properties while manipulating, such as, a rectangle, constructed correctly

by its basic properties will remain a rectangle even its verticessdes are moved
6



(Dye, 2001). In other words, students can manipulate the geometric shape by not
changing its basic propertieend can observe changes with réiahe measures
(Aydojan, 2007) .

One of the DGS is GeoGebra which was developed by Markus Hohenwar
GeoGebra is an interactive geometry software for education in schools
(Hohenwarter, Hohenwarter & Lavicze2010). GeoGebra is a very useful
educational tool for nearly all subjects and all levels of mathematics. Because,
GeoGebra coveralgebra, geontey and calculus Akkaya, Tatar& Kaj] €z man| é
2011;Hohenwarte& Jones, 2007). Geogebra is an epenrce and free tool. It has
multi-language support. In addition, GeoGebra camuged by basic computer skills
(Hohenwarter, Hohenwarter & Lavicza, 2010).

1.3. Purpose of the Study

The purpos of this research is tmvestigateeffects of mathematics instruction
supported by dynamic geometry activiteasd van Hiele geometric thinking levels
student s6 aredof gradidaterls.t i n

1.4. Research Questions of the Study
The study focusedmthe following research questions.

Problem 1.What are the effects of instruction based on dynamic georaetiryjties
compared to traditional instruction method and van Hiele geometric thinking levels

on seventh grade studedibteaads?achi evement i |

Subproblem 1.1What are the effects of instruction based on dynamic geometry
activitesc ompar ed to traditional Il nstructi ol

achievement in area of quadrilaterals?

Subproblem 1.2What is the interaction b&ten effects of instruction based on
dynamic geomiy activitiescompared to traditional instruction method and van
Hi el e geometric thinking | evels on sev

of quadrilaterals?



Subproblem 1.3What are the effects ofistrucion based on dynamic geometry
activitiescompared to traditional instruction method on achievement of seventh

grade students, at van Hiele geometric thinking level 0, in area of quadrilaterals?

Subproblem 1.4What are the effects of instructioased on dynamic geometry
activitiescompared to traditional instruction method on achievement of seventh

grade students, at van Hiele geometric thinking level 1, in area of quadrilaterals?

Subproblem 1.5What are the effects of instruction based on dyngjaometry
activitiescompared to traditional instruction method on achievement of seventh

grade students, at van Hiele geometric thinking level 2, in area of quadrilaterals?
1.5. Significanceof the Study

One of the basisuggestions of Mathematics Curriculuoh Turkey is usage of
technology effectively in instructional phase dNE, 200%, 2013. According to

this basis, Ministry of National Education @ME) place emphasn the integration

of Information and Communications Technologwith education to sustai
memorability of information. For this purpose, oOME has started to set up
Technology Classes (TC) in schoofs¢ | e n , ¢ el i 2011k In &ldifioeto o] | u,
TC, MoNE has started a pilot study of F@TIH Project which is about enhancing
usage of technology schools (Tezci, 2011). Instructional technology will be used
more efficiently in Elementary and Secondary Schools through the F@TIH Project.
As a result of thesenstructional tools which based on computer technology will be
used in lessons (MNE, 2011). Although these progresses can provide using
computer technology in lessons, useful and various activities based on computer
technology for all content areas of mathematics are needed. Considering these
developments in the educational policies, thisdgta@aimed to develop and use

activities about area of quadrilaterals based on dynamic geometry software.

Previous studies indicated thatidale school students have problems with
understanding of area and perimeter conceptg] have misconceptions with
conservation of aregHuang & Witz, 2013;Tank i Kk ma n ,&00%A R&ELZ;
Zacharos, 2006



ChorKkoh (1999) , and Fidan and T¢rnegkl ¢ (2
geometric topics as expected if the learning activities were prepared according to
their geometric thinking levels. In additiofrujita and Jones (2007)taded that

activities, whichprovide realizinghierarchical relationships of quadrilaterals and

provide opportunities to students for making deductive reasoning, canbbdge

between van Hiele Level 1 and Levell2 this sensein the current study effects of

the learning activities were determined. In this way, it was aimed to determine
students with which van Hiele geometric thinking level benefits from this type of
learning activities. The activities used in the current stggyerally include
hierarchical relationships of quadrilaterals. In this study, van Hiele hierarchy was

used as an independent variable in order to investigate whether the hierarchical
relationships of quadrilater abmtatas an e
quadrilaterals or not by providing a bridge between van Hiele Level 1 and Level 2 as
Fujita and Jones (2007) stated.

Previous studies indicated that dynamic geometry software or computer based

i nstruction I mproved <matcd and inprovedairdeneste v e me
and participation to mMatkhe maKkioisca0ld AFGgw§ r
DojanK-&I , GBO}1l; 201%&;Kara@ky e n 2HoHerwarter,

Hohenwarter & Laviczag 0 1 O ; k at af-G¢,12008) Howevérofewe of

them( kekaakar, 2005; K & Biliki,,2012; UBu2!; s tS¢en - & k
Er b 2009 Yél maz )efocusedaon the efféct @O dynamic geometry
software or computer based instruction on seventh grade studenta c hi ev e me n-
mathematics There stil occurs a need to understand how technology enhances

seventh grade studentsd achievement i n m

This study is planned to provide a framework analysis about how technology
enhance st udreaed ofguadrilateaalsnandome information laout
student sé achi evement s I n area of quadr
Geometric Thinking Level.This study address the effects of mathematics
instruction supported by dynamic geometry activiteesd van Hiele geometric

thinking levelsonsdie nt s® achi e guadrnlaterdls i n area of



1.6. Hypotheses of the Study
These null hypotheses were used to answer the research question.

Null Hypothesis 1There is no significant mean difference between the comparison
and experimental groups, and van Higeometric thinking levels on the population

means of studentsd scores on Area of Qua:

Null Hypothesis 1.1:There is no significant mean difference between the
comparison and experimental groups on the population means of studdent

scores on Area of Quadrilateral Achievement Test.

Null Hypothesis 1.2There is no significant interaction effect of treatments and
van Hiele geometric thinking | evels on

on Area of Quadrilateral Achievement Test

Null Hypothesis 1.3:There is no significant mean difference between the
comparison and experimental groups on the population means of scores of
students, at van Hiele geometric thinking level 0, on Area of Quadrilateral

Achievement Test.

Null Hypothesis1.4: There is no significant mean difference between the
comparison and experimental groups on the population means of scores of
students, at van Hiele geometric thinking level 1, on Area of Quadrilateral

Achievement Test.

Null Hypothesis 1.5:There is nosignificant mean difference between the
comparison and experimental groups on the population means of scores of
students, at van Hiele geometric thinking level 2, on Area of Quadrilateral

Achievement Test.
1.7. Definition of the Important Terms

Quadrilateral: A quadrilateral is a polygon with four sides and corners. It is a closed

four sided plaafigure (Usiskin et al, 2008).
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Dynamic Geometry Softwar®ynamic Geometry Software is a computer program
which allows a student to create and then manipulate gecmetrstructions such as
points and lines on computer screen. Generally student starts construction by putting
a few points and using them to define new objects such as lines, circles or other
points. When constructing figures, student can move, drageBgumd the properties,

geometric relationships are not change (Thomas, 2000).

Computer Based Learningomputer Based Learning refers to the use of computers

as a key component of the educational environment. While this can refer to the use of
computers ira classroom, the term more broadly refers to a structured environment
in which computers are used for teaching purposes. The concept is generally seen as
being distinct from the use of computers in ways where learning is at least a

peripheral element ohe experience (Lowe, 2004, p.146).

Geogebra:GeoGebra is interactive geometry software for education in schools. It

was created by Markus Hohenwarteobienwarter, Hohenwarter & Lavicz2010).

11



CHAPTER 2

REVIEW OF THE RELATED LITERATURE

The goal of thisstudy is to investigate the effects of geometry instruction supported
by dynamic geometry activitieend van Hiele geometric thinking leveda seventh
grade student s 6 quadilateralséhis ehapter is devoted te the o f
review of literatwe related to this study. The concepts whigtre covered in this
chapter are; geometric thinking of students, quadrilaterals and their classification,

area measuremeahd studies related with Dynamic Geometry Software.
2.1. Geometric Thinking of Students

The difficulties that the students have in learning geometry were noticed by Pierre

van Hiele and his wife, Dina van Hiegeldof (Mason, 1998; Usiskin, 1982). The

van Hieles began thinking the concept, they tried to teach, could be too advanced for
thersudent s (Mall oy, 2002) . I n order to de
geometry, they started to explore the prerequisite reasoning abilities needed for
successfully understanding the geometric concepts (Malloy, 2002; Mason, 1998).
After their ob®rvation, they developed a theory involving students understanding
levels of geometry. This theory explains why students encounter difficulties in
learning geometry (Malloy, 2002; Usiskin, 1982). According to Crowley (1987), this
theory consists of five iels of understanding geometry. These levels are
visualization, analysis, informal deduction, formal deduction and rigor. A brief
explanation about thesevkds is presented belo{Crowley, 1987; Duatepe, 2004;

Malloy, 2002; Mason, 1998; Orton, 2004; Ped§92; ToketG¢ |1 , 2008 ; Usi
1982)

Level O7 Visualization This level is the initial stage of students understanding of
geometry. In this level students can name and recognize shapes by their appearance,
but cannot specifically identify properties ehapes. For example, student may

12



recognize a geometric figure such as rectangle by it appearances without knowing
their properties. Also, he can copy given shapes on paper or geoboard. However, he

cannot say that this shape has right angels or has pardds.

Level 17 Analysis This level is also named as description level. At this level,
students begin to identify properties of shapes and learn to use appropriate
vocabulary related to properties. However, they cannot make connections between
differert shapes and their properties. For example, a student at his level can classify a
square by some properties, such as having right angles or equal sides. However, they

cannot see interrelationships between and among properties, yet.

Level 271 Informal Dedution: Students in this level are able to recognize
relationships between properties (e.g. if in a quadrilateral, opposite angles are equal
then opposite sides are parallel) and among properties (e.g. a rectangle is a
parallelogram since its opposite sida® parallel). In addition, they are able to
follow logical arguments using such properties. Therefore, students can see figures in
a hierarchical order if they can achieve this level. Moreover, they can classify figures

with minimum sets of properties.

Level 3 7 Deduction At this level, students can go beyond just identifying
characteristics of shapes or classifying shapes with a hierarchical order. They are
able to construct proofs, using postulates or axioms and definitions, in more than one

way.

Level4i Rigor. This level is the highest level of thought in the van Hiele hierarchy.
Students at this level can work in different geometric or axiomatic systems. They can

study with norEuclidean geometries and different systems.

According to Mason (1998), pgress from one level to next level is more related
with studentsd educational experiences

student if has not mastered all previous levelsheeannot achieve next level.

Under standi ng st ucheantHelé levkl isomportant tg develbop e a

suitable teaching material s, activities

13
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geometrical concepts is different at all levé&a{loy, 2002 Pegg, 199p Students at
middle grades can be at different éés/ of understanding. In order to dedth this
differentiation, Mally (2002) suggests that learning activities should include
concrete tools, drawing stages and symbolic notations. In brief, in order to develop
students understanding in geometry, teexheed to understand the van Hiele levels

of their students and they should help them advance through these levels with

appropriate learning tool8/@lloy, 2002; Mason, 1998egg, 199p

In geometry and measurement subcategories of TIMSS and geomspgoaf and

figures subcategory of PISA, students in Turkey performed lower level achievement

than average achievement level (Mullis et al., 200®% u z , I st ¢2009;& Er ba
Uzun, B¢t ¢ BH0).TKRe YMpPpSt , i mportant reason @
geometric thinking levels are not considered while teaching geometry, therefore,
students cannot learn geometric concepts sufficiently (F&lahe, m ¢ k | ¢ |, 2010)
ChoiKoh (1999) stated that if geometric concepts are taught to students by
considering their geometric thinking level, they can succeed in geometry.

According to NCTM (2010), student should be achieve first level of van Hiele (Level

0) hierarchy at kindergarten to second grade, second level (Level 1) at third grade to

fifth grade, and third level (Level 2) at sixth grade to eight grade. In order to
understand mathematical proofs in high school mathematics, students should have
achieved thirdevel of vanHi el e hi erarchy at -Alteanené& ar
Akt ack, 2012) . Fujita and Jones (2007) su
quadrilaterals can be used to help students to achieve informal deduction level of

vanHiele geometri¢hinking.

The van Hiele geometric thinking model has been subject of critics for researchers
across the globe (Atebe, 2009; Pegg, 1992). One of the discussions is attaining
students into discrete five levels (Pegg, 1992). Although there are evidences that
support hierarchical nature of the van Hiele levels (Mayberry, 1983; Pegg, 1992,
Usiskin, 1982) there are some opinions about continuity of levels (Atabe, 2009;

Pegg, 1992). Moreover, students can be at different levels for different concepts
(Pegg, 1992)0Other discussions are about difficulties of testing the rigor level of van

14



Hiele hierarchy and need for a level below the visualization level. In study of Usiskin
(1982) 75% of students could be assigned to a level. Usiskin (1982) and Mayberry
(1983) wergfound numbers of students who cannot meet even visualization level of

van Hiele hierarchy in their studies. According to Clements and Battista (1992),
some of the geometric thinking of students can be primitive than visualization level

of van Hiele geomeit thinking model. They propose a level which they called as
pre-recognition level. Students at this level can realize different between curvilinear

and rectilinear shapes but cannot differentiate shapes in same class. In addition,
Usiskin (1982) statedhta t ALevel 5 either does not e
existence or noexistence of rigor level of van Hiele model. Another critique is that

if students are assigned into van Hiele levels based on certain criteria, levels of
students can change blianging these criteria. Usiskin (1982) demonstrated that a
student dés | evel change based on the <cri:t

same.

In spite of all these criticisms, the researchers remain optimistic about the possibility
of finding waysof improving the geometric understanding of students by considering

van Hiele geometric thinking levels (Orton, 2004, p. 183).
2.2. Quadrilaterals and Their Classification

Geometry content area &lementary SchooMathematics CurriculumBESMOQO) is
focused on deeloping the relationship between geometric figures by thinking their
basic properties. Hence, students should classify geometric figures by using their
minimal needed characteristics (i.e. rectangle is a parallelogram with right angles)
(MoNE, 2009). Acording toC a n-& & taarkd  A2012pstudents can achieve
seeing relationships between geometric figuresatad Hiele level. At that level,

students recognize square as a special type of rectangle or parallelogram or rhombus.

According toCan-&& ¢ aK axd (RESME poyers the hierarchical
relationships ofjuadrilateralsin curriculum, rhombus is defined as a parallelogram
with perpendicular diagonals, square is defined as a special type of rectangle, and
rectangle is defined as a parallelogram witintr angles. In addition, in Elementary

Mathema i cs Text book wr it (2811) paragllelogrgng ggnareand o
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and rectangle are defined as a type of trapezoi@2p, p.231). Therefore, we can

say that inclusive definition of trapezoid is acegpbbyESMC.

Identifying mathematical objects with definitions is very important to develop
deductive reasoning and proving of students, since the definitions assign properties
to objectsand understanding definition of an object requires representinfighee

of this object and neighboring objects in order to see similarities and different
(Fujita & Jones, 2007).

According to Usiskin and othef2008), there are two definitions of trapezoid that

can be found in mathematics textbooks. First definition is a t AA trapezo
guadril ater al with exactly one pair-r of
exclusive definition. Because, according to this definition, parallelograms are not
under of trapezoid in hierarchy of quadrilaterals.

Trapezoids

Parallelograms Squares

I Rectangles I

Rhombus

Figure 2.1 A exclusive hierarchy of quadrilaterals with five special types of

guadrilaterals.

Second definition of it is that AA trape
paral |l el sideso. |t i s inclusive defini

paallelograms are special type of trapezoldsiékin, et al. 2008).
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Figure 2.2 An inclusive hierarchy of quadrilaterals with five special types of

quadrilaterals.
According to inclusive hierarchy, quadrilaterals can be classified as;

1 Square is a regulayuadrilateral. All sides and also all angles of it are equal.

It is an equiangular and also an equilateral quadrilateral.

Rectangle is other equiangular quadrilateral. All angles of rectangle are equal.

Rhombus is a type of equilateral quadrilateral. giles of rhombus are

equal.

Opposite sides of square, rectangle and rhombus are parallel.

A quadrilateral with opposite sides parallel is known as parallelogram.

A quadrilateral with one pair of sides parallel is trapezditsigkin, et al.

2008; De Villiers, 1996).
The hierarchical classification of quadrilaterals requires logical deduction and
suitable interactions between concepts and images (Fujita & Jones, 2007). In other
words, studentsan classify quadrilaterals by their basic properties and @athse
relationshipswhen they achieved the Level 2 of vdrele geometric thinking levels
Cangsé&r& Akt ak, ESMO 4ugdgests that student should construct their
own knowledge. In order to achieve this, students should attach their former
knowledge with newer concepts by recognizing the relationshigsNgy1200%).
Especially perimeter rl area topics in measurements contents areBSMC,
students should be classify and see the relationships of quadrilaterals to find

perimeter and area formulas of quadrilaterals. However, according to Olkun and
17



Aydojduag@O0AB) ak-Ak h 82082}, fomesseventand eightilgrade
students cannot see the relationships of quadrilaterals. They have imperceptions to

see square or rectangle as a type of parallelogram.
2.3. Area Measurement

Measurement is an essential part of mathematics and it playapamtant role in

daily life. It is also significant for understanding shapes, determining locations of
objects in coordinate system and finding size of an object (Ba@B@,). In other

words, measurement can connect not only content areas of matlsemigticcach

other but also mathematics with science and daily life (Altun, 2008; Battista, 2007;
Umay, 2007). In addition, learning measurement provides to see usage of
mathematics in real world and to develop many skills and concepts of mathematics
(Tank i k man & Aksu, 2012). I n spite of thes
understand not only meaning of measurement but also doing measurement (Battista,
2007; Chambers, 2008; T4mi Kk man & Aksu, 2009) .

Measuring is a process of filling, coveringraatching an attribute of an object with

a uni-t o f measure with same attribute (¢
2007). Measuring has three steps. These are deciding on attribute to be measured,
selecting a unit with same attribute, and comparitggunits by filling, covering or
matching with the attribute of the object which was decided to be measured (Van de
Walle, 2007). In other words, firstly students need to decide which attribute of an
object to be measured. The attribute can be height, aobame, weight or time.

When they decided on an attribute, they need to select a unit with same attribute to
measure. Lastly, they compare the units with the attribute of the object by lining up
the units for height, covering the base of the object fea @r filling inside of the

object with the units for volume (Altun, 2008; Van de Walle, 2007).

One of the mostly used concepts of measurement is measuring area. Area can be
defined as fithe amount of surface that
Nason, 1996, p. 238). Area measurement connects numbers content area and
measurement content area like other concepts of measurement (Kordaki & Potari,

2002; Tarkk i k man & Aksu, 20009, 2012) . Accord
18



(1996), area measurement hasrfagsumptions. First assumption is that a suitable
two-dimensional region is selected as a unit, and secondly, congruent regions of unit
have equal areas. Then, the region, which was selected to be measured, is covered by
unit regions disjointly (no oventping). Finally, the sum of areas of unit regions is

the area of the union of these disjoint unit regions.

Understanding of area measurement requires comprehending the attribute of area and
conservation of area when same region is moved or reshapedjtiomadtrequires
understanding to measure area by iterating units of area, to use numerical process to
determine area for special classes of shapes, and representing the numerical
processes with words and algebra (Battista, 2007). Many students cannot
comprehend the relationship between uhitmeasure iteration and numerical
measurement s (Battista, 2007) . Mor eover,
performance in measurement is lower than any other topics in the mathematics
curriculum (VandeWall 007) . According to Battista
in measurement should be considered as worrying, since measuring is important for
most of real life application of geometry. In addition, Battista (2007) stated that area

and surface area perfornm@es of students were lower. Similarlianrk i Kk man and
Aksu conducted studies in 2009 with seventh graders and in 2012 with sixth graders
about studentsd performance on topics of
studies indicated that students have problems with area and perimetertgoncep
especially in situations which they had to explain their answers. Similar results were
founds by Huang and Witz (2013), and Zacharos (2006). Moreoveilk Tar ma n and
Aksu (2012) stated that middle grade students have difficulties in using formulas for

area and they have misconceptions with conservation of area which is separated into
parts and rearranged. Students commonly understand area as a multiplication of the

length of two sides.

According to Van de Walle (2007), the ways of teaching and retynpictures and
worksheets in learning environments rather than handexperiences may cause
these misunderstanding and difficulties. Since, students have few opportunities to
develop their understanding, although they can apply the formulas for aiea of

polygon in standard problem contexts, they generally cannot apply the formulas in
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nonstandard problem contexts (Battista, 2007;-Kank man & Ak s u, 200
Zacharos, 2006).

2.4. Studies Related withDynamic Geometry Software

Dynamic geometry software (O8) tools are used as classroom tools nowadays.

DGS can be helpful while teaching both tdinensional and thregimensional

geometry Hohenwarter, Hohenwarter & LaviczaD10). Several researchers dealt

with the effects of computer based learning with ayitageometry software. They
found that the use of technol ogy as cl
learning, and developing their understanding in geometry. Because students can
explore, conjecture, construct and define geometrical relationshilp imkeracting

with DGS (Jones, 2000).

Students have the opportunity to see and explore different construction of an object.
DGS can give easier access to lots of geometrical concepts and different views of
geometrical constructs than paper and pencilsttantion. Because students can
change or move the shape that they draw and they can see different aspects of it
(Aarnes& Knudtzon, 2003).

Hohenwarter, Hohenwarter and Lavic2010) aimed to assess the usability of the
GeoGebra and to identify featuremnd difficulties of GeoGebra during its
introduction to mathematics teachers in their study. They stated that based on
feedback and ratings of a Likert scale test workshops was rated feasible and
appropriate for the participating teachers. In additionptrécipants stated usability

and versatility of GeoGebra as user friendly, easy and intuitive to use and potentially
helpful to mathematics teachers in written response of questionnaires.

There are many studies about the effects of dynamic geometryaseftar develop
student so understanding and their achi e
concluded that use of technology in the mathematics classroom as learning tools is
beneficial in developing stud&Aydoéjf ander
Yenmez, 2011, F& Kogzag, 200M8; GKk-veln, 2011,
20009; ¥zaeJbuz 200 %t ¢ RO09K enlancing their achievements

20



(Aydoj an, 2007, B20XK1jDemir K2018fa0 k& oG ¢ovjdtragy, 2 01 3
2009; Fili,z,202101089K &rGeecacK; e2002@Db] ;] uKeR 01
Sel &iBHgici, 2011; k at af , 2 @G, 02008; TMatdk& Birgin, 2008;
Vatansever, 200Y € | ma z e t Zengia,|2011), a@d0d0r&bility of knowledge
(Er&denmez, 20111 - &Bilgicl, 20112\Gatarkever, 2@07).

Kurak (2009) investigated the effects o
levels of transformation geometry and their academic successes. The subjects of
study were two different groups of seventh graders iabZon. In this study,
researcher applied DGS based instruction to experimental group and traditional
teaching materials based instruction to control group. Results of study showed that
although studentso6 achievement sifcanty tr ans
different, understanding levels of students in experimental group was higher than

students in control group.

Gec¢ (2011) i nvestigated the effects of
digital photographs on achievement and geometric thinlévels at % and 8" grade
students. In this study, Gec¢ (2011) fou
student soé [Mand® gradelgveldy ant impraves academic achievement

for 4" grade students.

Baki, Kosa and Guven (2011) amined the effects of using DGS Cabri 3D and
physical manipulative on the spatial visualization skills ofg@esice mathematics
teachers. The subjects were selected from undergraduate program in the Department

of Elementary Education at theakadeniz Telenical University There are three

groups of subjects. The first experimental group used DGS Cabri 3D as a virtual
manipulative, the second experimental group used physical manipulative. The
control group received traditional instruction. The physical pulative and DGS

based types of instruction are more eff
visualization skills than the traditional instruction. In addition, they found that the
students in the DGBased group performed better than the physicalipodative

based group.
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TokerG ¢, (2008) conducted a study to investigate the effects of using dynamic
geometry software while teaching by guided discovery compared to-gagpencil

based guided discovery and traditional teaching method on sixthgraded e nt s 6 Vv «
Hiele geometric thinking levels and geometry achievement. The sample of the study
consisted of 47 sixth grade students in private schools of Ankara. There were two
experimental and one control groups. First experimental group received guided
instruction with DGS. Other experimental group received instruction with {zaquer

pencil based guided discovery method. The control group received traditional
instruction. The results of study indicated that there was a significant effect of using
dynamicgeometry software while teaching by ¢

geometry achievement.

Ubuz, l st ¢ n(20@O)N ecbnduetedb aa gtudy to compare the effects of
instruction utilizing a dynamic geometry environment to traditional lecture based

i nstruction on seventh grade studentsod |
The sample comsted of 15 girls and 16 boys in the experimental group and 17 girls

and 15 boys in the control group with agasging from 12 to 14 years. A geometry
achievement test covering seventh grade geometry topics was prepared to investigate
st udent s 0tinagedmetsy wseam exstrument. This study has shown that, if

used appropriately, dynamic geometry environments as an instruction tool in
geometry instruction can improve student achievement in geometry and enhance

student sd abil i ting exploringcandjreasoning.r i ng, anal y:

Aydojan (2007) conducted a study to inv
geometry software environment together with epaded explorations on sixth
grade studentsd performance i ofpgygdngs gons
The students in experimental group studied geometric concepts byeoged
explorations in a dynamic geometry software environment while the students in the
control group received instruction via traditional methods. Geometry Test and
Compuer Attitude Scale were used as data collection instruments. The researcher
stated that by analyzing ptest scores there was no significant difference between

the groups. On the other hand, the results of the post and delayed posttests which

were analyzedoy independent sampletdst showed that the experimental group
22



achieved significantly better than the control group in polygons, and similarity of
polygons concepts. In addition, the researcher observed a statistically significant
correlation between Caopuiter Attitude Scale andgdmetryTest In conclusion, the
researcher stated that dynamic geometry software environment together with open
ended explorations significantly i mprove

similarity of polygons.

Yél mat. e(20@a9) Il nvestigated the effect o
on?"grade studentsd understanding the rel
They concluded that a great number of students in treatment group corrected their
misunderstandingahich they had before the treatment. In addition to this, dynamic
geometry based activities enhanced academic success level of students.

kat af (2011) conducted a study about de
instructonon 8gr ade pupiehtsahd attitudes. Asvaeresult of this study
researcher stated that the experimental group achieved high level succession with

Geogebra in transformation geometry.

K- el (2011) analyzed the effects of GeoG
inthesubjects of triangl es. K- el (2011) st
studentsdé | earning and achievement. Mo r e

effective DGS tool in enhancing the durability of acquired knowledge.

Sel -i k and céductgdiastudy to naedtidade the effect of GeoGebra on
™grade studentsd achievements in polygon
GeoGebra based instruction group, showed higher level achievement in the subject

of polygons. In addition, $e- i k and Bi |l gi ci (2011) st a

instruction provides durability of knowledge.
2.5. Summary of the Literature Review

Studentsd understanding of geometrical
geometric thinking level. Therefore, considgrin st udent s geometric
is important while developing suitable teaching materials, activities and instructions.

In addition,amm ppr opri ate instructional design ¢
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geometric thinking and achievemerititerature review revealed that DGS can

provide easier access lots of geometrical concepts and different views of geometrical
shapes than paper and pencil construction. Moreover, previous studies indicated that
using DGSin learning phase is helpful to developcste nt s6 geometri c t
achievement in mathematiddowever, the dynamic geometry software environment
cannot evolve and cannot become more beneficial to students in their understanding

of geometry without researches that explore the limitationsadmentages of them

in specific areas.
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CHAPTER 3

METHODOLOGY

This chapter explains design of the study, participants, instruments, variables,
procedure, teaching and learning materials, treatment, methods for analyzing data,

and internal validity of thetudy.
3.1. Design of the Study

This study was conducted witff graders ira public elementary schaoBecause of
schoolregulations it was not possible to assign students randomly in two gsmjps
this study conductedith alreadyintact groups Therefoe, the research questmaof

the study were examined throughmonrandomized control groupretestposttest
design since this study did not include random assignment of participants to
comparison and experimental grodfable 3.1describes the design of teiudy.

Table 3.1 Research Design of the Study

Experimental Group ComparisorGroup

Van Hiele Geometric Thinking Level Test
Pretests ) )
Readiness Test for Area And Perimeter Concept:

Mathematics instruction N _ _
Treatment Traditional instruction
supported by DGS

Posttests Area of Quadrilateral Achievement Test

3.2. Participants

The participants in the study weré seventh grade studentsarpublic elementary

school i hhe pagicipangshdid not learn area of quadrilaterals topic before
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treatment. This public elementary school veadected for this study conveniently

since this schoafit for technological requirements of this studyhis schoolhad

enough number of computers in computer laboratory and the hardware of these
computerswas sufficient to run GeoGebra effectively. Moreover, mathematics
teacher of tis schoolwaswilling to integrate the GeoGebrato his curriculum In

total, two classeut of five 7" grade classewere selected from school.In this
school cl asses wer e not formed Theccor di
distributions of classes in ogarisonand experimental group and dasizes are

given in Table 2.

Table 3.2 Groups distributions

Class Group Number of Boys Number of Girls Total
7/C Comparison Group 17 19 36
7/B Experimental Group 20 20 40
Total Number 37 39 76

3.3. Instruments

In order to gather data, thr@estruments were used in the stuieadness Test for

Area and Perimeter ConceptRTAP), Area of Quadrilateral Achievement Test
(AQAT), and Van Hiele Geometric Thinking Level Test (VHLRTAP andAQAT

were developed by researcher and they were piloted before the study to check their
reliability, appropriatenessglarity of the items, discrimination of items, and to

determine difficulty of questions. The tests and the pilot study are described below.
3.3.1. Readiness Test for Area and Perimeter Concepts

Studentsdé | evel o f maasuremenicbntent aireasbefdre tikev e me
treatment was assessed t@adiness test for area and perimeter conc@iAaP)

whichwasa papeipencil tesi{Appendix B) TheRTAP was developed by researcher

to investigate the st udehetreatnent EhRTAPness t

consisted of three objectives df §rade mathematics thakre
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1 explain the relationship between polygons' sides and their perimeter
1 use strategies to estimate area of plane figures

1 solve problems involving area of plane figures.

The RTAP includes 18 multipleehoice questions. The questions of RIEAP were
checkedfor their appropriatenedsy four researchers with doctoral degree doudr
graduate studentsn the field of Elementary Mathematics Education and two
elementary matheatics teachers. According to their feedback some changes were

made and thRTAP was made ready for pilot stuféppendix A)
3.3.1.1. Pilot Study of RTAP

Participants of pilot study were 139 elnfldr ade st udents from EI
Bala (Ankara), YenimahalleApkara), and Van. These students were selected
convenientlyThe eighh graders have learngdteaand Perimeter Concepts sixth

and seventh grade. Therefore, these students were selected as participants of pilot

study.

Distribution of questionsof RTAP, which was administrated in pilot studip

objectiveswvasgiven in Table 3.3.

Table 3.3Distribution of questions dRTAP in listed objectives

Objectives Questions

identify relationship between perimeter and 679
sideds length of po

use stratgies to estimate area of plane figur 1, 2, 3, 15

solve problems involving area of plane 4,5, 8,10, 11, 12, 13, 14, 16, 17
figures 18
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According to the results of the pilot study, proportion of correct answers,
discrimination index, and pokftiserid correlation coefficient of each itewere

described iMppendix F.

Item difficulty, defined as proportion of students that correctly answered the item,
should be greater than . 20,shoaldhlk greatee mé s
than .20 (MatlockHetzel, 1997; Zimmaro, 2003). In addition, according to Varma

(2006), pointbiserial correlation coefficient should be greater than .25 to be a good
classroom test. The difficulty, discrimationindex and poinbiserial correlation

coefficient of items inthe RTAP satisfy these condition, therefore, this test can be

considered as a good classroom test (Zimmaro, 2003).

In summary, average difficulty (proportion of correct answers) ofRMAP was

found as .54 and discrimination index was found as .53. diitiawdl, the Cronbach
Alpha reliability coefficient was found asl8&or the pilot studywhich indicates high
reliability. After the pilot study, final version of tHeRTAP was formedby ordering

items based otheir difficulty levels (Appendix B. The relability of the test was
found as .76 for the current study.

3.3.2. Area of Quadrilaterals Achievement Test

Studentsdé | evel venfent mated ef maadriateratentben i e
treatment was assessed by Area of Quadrilast@&ehievement TestAQAT) which

was a papepencil test(Appendix D) The AQAT was developed by researcher to

i nvestigate the studentso6é achi e @ANent i n

consisted of seven objectives dfgrade mathematics thaere

use strategies to estimatea ofquadrilaterals
form an area formula for parallelogram

form an area formula for rhombus

form an area formula for trapezoid

solve problems involving area qtiadrilaterals

identify relationship between peri met

= =4 A 4 A -4 -2

identify relationshp between perimeter and area
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The AQAT included 33 multiplechoice questions before the pilot studyppendix
C). The questions of th&AQAT was checked for their appropriatenebyg four
assistant professor, one associated professor, four research asmmtamivo
elementary mathematics teacher. According to their feedisache changes were
made and thAQAT was made ready for pilot study.

3.3.2.1. Pilot Study of AQAT

Participants of pilot study were 139 eigglyrade students. Participants of pilot study
were 139 gghhgr ade students from EI malée (Ant al
(Ankara), and Van. These students were selected conveni€h#lyeighh graders

have learnedArea and Perimeter Concepig sixth andseventh grade. Therefore,

these students were sdlat as participants of pilot study. Seven of these participants

were not reachable #&QAT pilot study. Therefore the number of students in this

part of pilot study was 132.

According to the results of the pilot study, proportion of correct answers,
discrimination index, and poirtiserial correlation coefficient of each itewere
described inAppendix G. Arerage difficulty of theAQAT was found as .42 and
discrimination index was found as .45. In addition, the Cronbach Alpha reliability
coefficient was food as .8 for the pilot study which indicates high reliability.
However, proportion of correct answers, discrimination index, and -p@atial
correlation coefficient of four items &QAT wasnot satisfactory. These questions
werenotanswered corregtlby most of the students. Therefore, these questions were
excluded fromhe final version of the test

The final version of theAQAT was formedby ordering questions based on their
difficulty levels (AppendixD). The final version ofAQAT included 29 mulple-
choice questionsDistributions of questions ofhe final version of AQATIn

objectivesweregiven in Table 3l
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Table 34 Distributions of questions #QAT in terms of objectives

Topics Objectives Questions

use strategie® estimate area of

: 15,17, 23, 29
quadrilaterals
form an area formula for 1,2,4,8, 10, 11,
parallelogram 14, 16

form an area formula for rhombus 5, 18, 19, 28

form an area formula for trapezoic 6, 9, 13
Area of Quadrilateral

solve problems involving area of

: 7,20, 22, 27
quadrilderals
identify relati
3,12, 24
lengthand area
identify relationship between
21, 25, 26

perimeter and area

Average difficulty of tle last version of théest was found as .43, discrimination

index was found as %4 and the Cronbach Alpha reliability coefficient was found as
.85 for the pilot study which indicates higher reliability than former version of
AQAT (Appendix C). In addition,he reliability of the test was found as .79 for the
current study.

3.3.3. Van Hiele Geometric Thinking Level Test

Studentsd geometric thinking |l evels were
Level Test (VHLT). The VHLT was developed by Usiskin (1982), and translated and
validaed in Turkish by Duatepe (2000) (Appendix E).
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The VHLT was administrated as pretest to understand the initial geometric thinking

levels of students before study.

The VHLT consists of 25 multiplehoice questions. Distribution of quiests into

the van Hiele levels wagiven in Table 3.

Table 35 Distribution d questions in to the van Hiele Level:

Van Hiele Level Questions

Level O 1,2,3,4,5

Level 1 6,7,8,9,10
Level 2 11,12, 13, 14, 15
Level 3 16, 17, 18, 19, 20
Level 4 21, 22, 23, 24, 25

First 15 questions were considered in the study, simm®rding to NCTM (2010),

students should achieve first three understanding geometry level of van Hiele at

elementary schoolJsiskin (1982) suggested two criteria for scoring this test. These

scoring criteria are three of five correct or four of five corfer each level. In the

current study three of five correct answers in each level were used as scoring

criterion. In this test, each student was assigned a weighted sum score in the

following manner in Table 3.6.

Table 3.6 Scoring van Hiele Geometricifiking Level Test

Criteria

1 Point

2 Points

4 Points

Three of first five questions of the test are correct

Three of second five questions of the test are corr

Three of third five questions of the test are correct
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These points were added to givee tiveighted sum. For example, a score of 3
indicates that a student reached the criterion on levels 0 and 1. In this way a score
clearly indicates reached levels. However, if a student satisfies the criterion at levels
0 and 2, the students would have aghéd sum of 1 + 4 or 5 points. According to

this score, the student cannot be assigned any van Hiele level, since in classical van
Hiele theorya student if has not mastered all previous levels, he cannot achieve next
level. Therefore, Usiskin (1982) sggsted a modified scoring method which was
also used in the current study. In Table 3.7 assigning levels for 25 questions was

described by modified van Hiele Level method.

Table 37 Modified van HieleLevel

Weighted Sum

Level O 1lorl7
Level 1 3orl9
Level 2 7 or23
Level 3 150r31

This modified scoring method was converted for first 15 questions which were
considered for the current study. According to this scoring method, if student take 1
point or 5 point in this test, he is assigned in LevabfOvan Hiele Geometric
Thinking, if a student take 3 points, he is assigned to Level 1, and if a student take 7
points, he assigned to LevellB.this testthe maximum score i8 and minimum is

0. In addition, the Cronbach Alpha reliability coefficienésmge betweer81 to .49in

the study of Usiskin (1982) an@7 to .35 in this studyfor each five questions
According to Usiskin (1982), reason for the low reliabilities is the small number of
items. In this study the reliability of this test for allegtions was .72.

3.4. Variables

Variables of this study can be categorized as independent variablgendent

variable and covariate
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3.4.1. Independent Variables

In this study there were two independent variables. One of them wasatmednt

which was mathematicanstruction supported by dynamic geometry actividesl
regular instruction of the class. The other independent variable was the scores of
VHLT. The scores of VHLT were divided into three categories which were van

Hiele geometric thinking Level O, Levelahd Level 2.
3.4.2. Dependent Variable

Dependent variable of the stulyasst udent sé6 scores on ar
achievement tesfQAT).

3.4.3. Covariate

Possible covariatef this study vass t ud e nt s dGeadmness test for areanand
perimeter concept§RTAP). These scores were analyzed whether a significant
difference between comparison and experimental groups existed or not. The results

were described iResultssection.
3.5. Procedure

This study was conducted & public school, in the context of a seventhdgra
mathematics course designed to teach the topic of argaadfilateralsThe study

was desigad as a quasexperimental study. In this studigere were two different
groupsi experimental (EG) and agparisongroup (CG), anéccordinglythere were

two dfferent teaching and learning environments which were DGS supported

instructional environmerfor EG and traditional instructional environmédot CG.

For this study, GeoGebra softwamas used as a tool iBG. The students IEG
worked onarea ofquadribteralswith GeoGebra based activiti€®n the other hand,
the CG learnedhe same topiby traditional instruction environment based on the
official 7" grademathematicgextbook of MONE from Semih Ofset S.E.K Press
(Toker, 2A.2).
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Lesson plans and aciiy sheets wredeveloped by considering the objectives of the
seventh grade mathematics suggested NI These activities were prepared to
allow students to learn specified topics by manipulating given situation in GeoGebra
and to construct their owmnbkwledge by exploring relationships between polygons
namely quadrilaterals Lesson in EG was conducted by using the instructional
materialsgiven in Appendix H and Appendix. [These instructional materials were
checked by two elementary mathematics tea;htvo graduate studentand a
researcher with doctoral degrieethe field of elementarynathematics educatipm

terms of the clarity of the directions and appropriateness of the content.

The study was carried out in the second semester of thei 22013 academic year.

The study lasted two weeks. In the CG, teacher taught the topics of area of
quadrilateralsto students by using textbook. In the EG, students worked tivith
activity sheetsdeveloped by the researchand GeoGebra. The activities were
studied in computer laboratory. In the first weektloé study, GeoGebra preparation
course was implemented for students and teaicherder to teach the basics of the
software For this purpose, a manual for GeoGebra was prepared by the researcher.
This maual was involved basic features of GeoGebra for doing the activities
(Appendix J).

There were three achievement tests in this study. Teadiness test for area and
perimeter conceptKRTAP) was administrated to students as pretest, and the area of
quadrlateralsachievement tesAQAT) was administrated as posttesttath of the
groups to see theiaccomplishmentdn the topics In addition the van Hiele
geometric thinking level test (VHLT) was administrated to studeetsre the study,

in orderto cakgorize students into thean Hiele geometric thinking levelRTAP

and AQAT were developed by researcher according to objectives of measurement
content area of mathematics curriculum. Before the main study, a pilot study was
conducted taheck appropriateessclarity, difficulty, discriminationpowerof items
andto check thereliability of tests. The time allotted for tre@ministration of the

tests was one lesson hour for eaém outline of the procedure of the study is given

in Table 38.

34



Table 38 Outline of the procedure of the Study

Experimental Group  ComparisorGroup

Time Schedule

Before GeoGebra Preparatio
25/02 /2013
Study Course
VanHiele Geometric ThinkindLevel Test
Pretests Readiness Test for Area and Perimeter 26 /02 /203
Concepts
Mathematics instruction Traditional 01/03/2013
Treatment )
Supported by DGS Instruction 12/03/2013
Posttests Area ofQuadrilaterals Achievemeritest 15/03/2013

The students ifoth groupswvere taught the same mathematical conteritis same

pace. Treatment periddsed8 lesson hours. Lessons of CG were conducted in their

regular classrooms. On the other hand, lessons of EGawmatkicted in a computer

laboratory.

3.6. Treatment

The students InCG studied the topic of area ofquadrilateralswith traditional

instructional environment as usual while the EG leassde topiovith GeoGebra

based activities, in the treatment phase. The instructional environments in these

groupsareexplained in detail in the following section.
3.6.1. Treatment in the Comparison Group

The | essons of compari son

group

wer e

hel

mathematics teacher taught the topics to students. Researcher only observed lessons

in comparison group.

Area of quadrilaterals topic was taught to students inpaoison group by following

official 7" grade textbook of MoNE published by Semih Ofset / S.E.K. Press (Toker,
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2012). Traditional type of instruction was dominant although tdxdbookhas been
prepared based on the new curriculumofNE, 20®). In this texbook there were

many activities based on student centered approach. However, these activities were
not applied in the comparison group. Only some activities about area of
parallelogram, area of rhombus and area of trapezoid were shown to students by
drawing on the board by teacher. For example, in the first lesson, teacher firstly drew
a grid on the board and drew a parallelogram on this grid. He asked students to
estimate the area of parallelogram. After estimations, he drew an altitude to the
parallelogam from one upper vertex to base and showed formed right triangular part
on parallelogram. Then he drew a new triangle, which was congruent to the one that
had been formed on the other side, at the end of the parallelogram and removed the
formed right trimgular part (Figure 3.1). After, he asked to students to estimate the
new shape area which was rectangular. He made students to realize the relationship
between parallelogram and rectangle.

|
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|
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Figure 3.1 Area of parallelogram in comparison group

The otha activities in the textbook were given hsmework assignment to students

in comparison group

At the beginning of the each new subject, lessons began with discuBsion.
instance, teacher encouraged students to discuss about similar questions to these:
Awhat is the parallelogram?o, Awhat ar e
Ahow can we measure the area of a figure
Generally, he teachermgave definitions of conceptisy writing propertiesand if

necessy, by drawing figureson the board and theme allowed students to write

them on their notebooksThenhe wrote questions on the board and let students try
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to solve these questions at their places. In question solving part of lessons, a few
students wer@olunteers to explain their solutions to class. Some of the volunteers
explained their solutions for questions. Then teacher also explained solutions of the
guestions to class. Mén thesubjectwas completedhe activities and exercises in the

textbook wee given as homework assignment to students in comparison. group
3.6.2. Treatment in the Experimental Group

Lessonof experimental groupvere held in the computer latatory (Figure 3.2)In

the computer latratory, students explorethe topics by using GeoGebsaftware

with worksheets which were developed by the researcher according to activities in
student sé6 mat (Apperdixhi)cs t ext book

Figure 32 Students were working on an activity in EG

Area of quadrilateralstopic were taught to students in EG wieoGebra based
activities during the treatment perioth computer laboratory, there were 18
computers. Students worked in groups of 2 and 3. There were student groups
and 4 threestudent groups. Therefore, the treatment of experimental group enay b
affected by collaborative learning.
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Most of the students were not familiar with GeoGebra. In order to familiarize

students to GeoGebra a preparatory instruction was given.

The GeoGebra was used as learning tool for studenggparimental groupThe

activity sheets included directions to use GeoGebra. Firstly, students manipulated
geometric figures and objects such as parallelogram, rhombus, trapezoid and square,
according to directions. Then, they tried to answer questions in activity shieeys.

tried to explore relationships betwegqnadrilateralsand their area®y following

directions in activity sheet.

In first minutes of the lessons, the content of the lesson was introduced to students,
and some explanations about activities were given to stsld€hen students started
activities. In appendix H the worksheets for these lessons were preserited. T
teacher gave feedback oabouttlerqusstoosdderng s 6 e
the activities.Researcher planned to be an observer during dtieitees, however,

some students had troubles with computer usage and teacher was not able to help
these students. Therefore, sometimes the researcher served as a technical assistant

during treatment.

The activities in the study were prepared based ergiven activities on textbook.

The purpose of the researcher was to make the activities on textbook to interactive
dynamic activities. Therefore, similar activities to the textbook activities were
designed. The activities were designed as easy as padssilsle GeoGebra. Students

did not have to construct any geometric objects in these activities, since needed
geometric objects were constructed while preparing activities. Students only moved
objects or used buttons in the activities by following direction activity sheets. A

brief explanation about the activities and their objectives were given in Table 3.9.
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Three activities in experimental group were described below in detalil.

First lesson was about area of parallelogram. A sample view of G@ogereen for

this lesson was shown in Figure 3.3.

Cevre ABCD =144
Alan ABCD =8

3.2

Figure 33 Geogebra screen for area of parallelogram actj¢ite vr e: Per i met
Alan: Ared

In GeoGebra file for this activity, point A moves upward and downward, point B and
point C moves right and flie When student moves point A, height of parallelogram is
changing but base of this height remains the same. When point B is moved, height
remains same but this time base of this height is changing. If point C is moved both
height and its base remains garso the area remains same. In activity, it was wanted
to students change all three points in five situation and recode findings in tables. In
this activity some students find a formula to measure area of parallelogram by
analyzing data in the tables ihet worksheet. Moreover, few of them realized the
relationship between parallelogram and rectangle, and formed a formula for area of
parallelogram from this relationship. At the end of the activity students let to change
the points freely, and they tried #xplore many situations about these points to

verify their formulas.

The activity of third lesson was about area of rhombus. An example of the view of

GeoGebra screen was shown in Figure 3.4.
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Figure 34 GeoGebra screen for area of rhombus actviy Y g Rotate]

This activity was different from first activity. This activity involved both relationship
between rectangle and rhombus, and relationship between right triangle and
rhombus. At the end of this activity, some students formed a formula byareia@f

right triangles, and few of the formed a formula by usietationship between
rectangle and rhombus.

The fifth lesson was about area of trapezoid. This activity was similar to the first

|l essonbds activity which ampteviewobGeoGelma ea o0
screen was presented in Figure 3.5.
c =361 ; d=32
1 h=2
5
- Ha=8
Cevre ABCD =17.31 br
Alan ABCD = 10.5 br?
Figure 35 GeoGebra screen for area of trapezoid actjdite v r e : Peri met e

Alan: Area]
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In GeoGebra file for this activity, point B, C and D moves rightward and leftward,

and point H moves upwa and downward. When student moves point B, upper base

of trapezoid is changing bbakight and lower base of trapezoid remain same. If point

C is moved, lower base of trapezoid is changing but both height and upper base
remains same. If point H is movelgeight of trapezoid is changing but both upper

and lower bases remains same. When student moves point D, upper base, lower base
and height remains same, so the area remains same. In activity, students were asked

to change all four points in five situatiomsd record findings in tables. In this

activity some students find a formula to measure area of trapezoid by analyzing data

in the tables in the worksheet, but they could not clarify their answer. Their
explanation about the area formula was the middiebar between lengths of upper

and lower bases multiply with height. In the end of the activity, teacher helped
students to form the formula by asking i
number s?o0. At the end of dpoietsfregdytand/ i t y s
they tried to explore many situations about these points to verify their formulas. At
this phase of the | esson some students <c
similar. | can construct rectangle, parallelogram, rhombussgndre by using this

activity. 1 can compute area of these quadrilaterals by using area formula of

trapezoi do.

In these activities, students did not have any difficulty, in other words, they used the
GeoGebra for these activities, easiBtudents were #ige participants in learning
process. They explored and explained their ideas freely. Therefore, déy c
construct their own understanding of geomet§ince these activities were
implemented as group activities, there were both in group discussioim ataks

discussion.

The comparison ofoles of teacher, roles of researcher, roles of students and
environment in the experimental and comparigooups was given in Table 1R

briefly.
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Table 3.10 The roles and environments in the experimental ancadsompgroups

_ Roles of
Groups Environment Roles of teachet Roles of students
researcher
Experimental Computer Guide the Observer Deal with activity
Group Laboratory  students when sheets
Technical
necessary
Assistant  Deal with
Monitor the GeoGebra

student ¢
Make discussions

Give feedback in group and
on stude between groups
responses
Comparison Regular Give Observer Take notes
Group Classroom  information

_ Listen teachers
Environment

Present the

. Answer questions
topics

Solve questions

3.7. Data Analysis

Means medians standard deviationskewness and kurtosés descriptive statistics

wereused to investigate the general characteristics of the sample.

The data gathered through tRFAP, AQAT, and VHLT were analyzed by using
Statistical Package for Sat Science (SPSS)710. A two-way analyss of variance
(ANOVA) procedure vas employed to answer the research questidefore the
two-way ANOVA, independent sampletést was conducted to analyze whether

there exists a significant difference between esoof RTAP of students in
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comparison and experimental groups. The hypotheses were tested at 95% confidence

interval.
3.8. Internal Validity

Internal validity refers tahe degree to which observed differences on the dependent
variable are directly related toghndependent varialdaot to some other (Frankel
& Wallen, 2009). In this section, a list of possible threats to internal validity and how

they can be controlled are discussed.

In this study students wre not assigned randomly to the experimental and
comparisongroup which can cause the subject characteristics threat to the study.
Studentsdé previous achi evewssdetermined anthe as ur
these scores were uséd analyze whether any statistically differences between
groups existed onot. In addition the achievement testvere administrated to all

students in their own regular classes. Therefore, location threat was also reduced by
satisfying similar conditions in all classes during the administrations of the

instruments.

Testing thrat may not affect the studybecausgdifferent achievement testseve
administrated as pretest and posttBFtAP was pretest, andAQAT was posttest of

the study.

Since, the treatment period was 8 lesson hours and both groups wereftnesdaate
duratian; maturation may not be a threat to internal validity of this study. Therefore,

if therewasany maturation threat to the study, it aféstall groups.

Attitude of subjectsd threat asarlobserveaf f ect
during treatmentt o reduce effect of attitude of

comparisorand experimental groups taught lessons and adminthtess.
3.9. External Validity

In this study, subjects selected conveniently; therefore, the generalizability of the

study was limtied to subjects who have similar characteristics and similar conditions.

The achievement tests were administrate
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classrooms had similar conditions with each other. Moreover, all instruments and
treatments were adminiatt ed r egul ar | esson hours of
Therefore, ecological threats to validity were controlled. Researcher was an observer

during the treatment phases; therefore, experimenter effect may not threat the study.

3.10. Limitations of Study

The study is not a true experimental study since the participants were not assigned to
the experimental and tlmparisorgroups randomly. The study was conducted on
seventh gr ade Sheadiwtiestindearnimg eriionmeat varerbased

on GeGebra. Students worked in groups for experimental group, since the class was
relatively crowded and computers were not enough. If it were less crowded, students
might have more experiences with GeoGebra. On the other hand, working in groups
might have preided them a discussion environmefihe results of the study are

limited to the population with similar characteristeo®d similar environments
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CHAPTER 4

RESULTS

This chapter presentslescriptive and inferential statistics related to research

guestons.
4.1. Descriptive Statisticsand Data Cleaning

4.1.1. Descriptive Statistics of RTAP and AQAT for Comparison and

Experimental Groups

Descriptive statistics related to tReadiness Test for Area and Perimeter Concepts
(RTAP) and Area of Quadrilatesahchievemem Test (AQAT)for comparison and

experimental groupserepresented in the Table 4.1.

Table 4.1 Descriptive statistics related to RIBAP and AQAT for comparisorand

experimentagroups

Groups N Min. Max. Mean Median SD Skewness Kurtosis

RTAP cG 36 8 18 1333 14 3171 -233  -1113

EG 40 8 18 14,25 15 3,002 -,493 -,826

AQAT CG 36 16 29 22,39 22 3499 007 -0,910

EG 40 14 29 2457 26 3915 -1,126 451

As seen on the Table 4.1, the mean score of RTAP for experimental dgdoap (

14.25 SD = 3.0Q was relatively higher than the mean score of RTAP for
comparison groupM = 13.33 SD = 317). In addition, the mean score of AQAT for

experimental groupM = 2457, SD =3.92 was relatively higher than the mean
score of AQAT for comparison groupl(= 22.39 SD =3.50).
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In order to analyze whether there exists any outliers, the clustered boxplot was
drawn. The boxplot for RTAP and AQAT for comparison and experimental groups

was presented in Figure 4.1.

W RTAP
30 B AQAT

251

20

157 50

10

5

T T
Comparison Experimental

Groups

Figure 4.1 The box plot f(RTAP andAQAT for groups

As the figure indicated, there was a lower outlier in the AQAT of the EG. In boxplot,
a box represents the scoresm the lower to upper quartjléhe line in the box
represents the median of the scores, and eabhrs, namely inner fences or
whiskers, repreents upper 25% and lower 25% of the scores. The mean of AQAT
for experimental group, which was 24.57, was lower than the median, which was 26.
This outlier may be caused by this lower mean. In addition, median of AQAT for

experimental group was higher ththe upper quartile of the AQAT for comparison

group.
4.1.2. Descriptive Statistics of RTAP and AQAT for VHLT Categories

Descriptive statistics related to t&TAP and AQAT for all students inVHLT
categoriesvere presented in the Tabl4.
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Table 42 Descriptie statistics related to the scores frRMAP and AQAT for all
students together MHLT categories

Groups N Min. Max. Mean Median SD Skewness Kurtosis

RTAP |evel0 16 8 14 1031 10 1,887 707 -,009
Level1 28 8 18 1375 145 2977 -455 -,702
Level 2 32 11 18 1563 16 2012 -537 -,703

AQAT Level0 16 14 24 19,31 18,5 2,983 ,033 -1,178
Levell 28 17 29 22,96 22 3,666 ,040 -1,212

Level2 32 22 29 26,16 26 1,851 -,341 -,036

According to the Table 4.2, the mean score of RTAP for students in \&a Hi
Geometric Thinking (VHGT) Level 2M = 15.63 SD =2.01) was relatively higher
than the mean score of RTAP for both students in VHGT Lev®l % (3.75, SD =
2.98) and students in VHGT Level ®1(= 10.31, SD =1.89). In addition, the mean
score of AQATfor students in VHGT Level 24 = 26.16 SD =1.85 was relatively
higher than the mean score for both students in VHGT LevB®l £ ¢2.96, SD =
3.67) and students in VHGT Level G0M( = 1931, SD = 2.98). Moreover, the
minimum scores of AQAT for students VHGT Level 2 was 22 out of 29 where the
minimum scores of AQAT for students in VHGT Level 1 was 17 out of 29 and for

Level O was 14 out of 29.

In order to analyze whether there exists any outliers, the clustered boxplot was
drawn. The boxplot for RTARNd AQAT for VHLT categories was presented in
Figure 4.2.
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Figure 4.2 The box plot f{dRTAP andAQAT for VHLT categories

As the figure indicated, there was no outlier for RTAP and AQAT for VHLT
categories. The medians of RTAP and AQAT for VHGT Level 2ewerarly same

with the upper quartile of the RTAP and AQAT for VHGT Level 1, respectively. In
addition, the lower quartile of RTAP and the median of AQAT for VHGT Level 1
were nearly same with the upper quartile of RTAP and AQAT for VHGT Level 0,

respectiely.

4.1.3. Descriptive Statistics of RTAP and AQAT for VHLT Categories in

Comparison and Experimental Groups

Descriptive statistics related to RTAP and AQAT for VHLT categories in
comparison and experimental groups were presented in Table 4.3 and Table 4.4,
regectively.
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Table 4.3 Descriptive statistics related to RTAP for VHLT categories in comparison

and experimental groups

VHLT N Min. Max. Mean Median SD Skewness Kurtosis

CG Level0 8 8 14 10,75 1055 1,151 613 -,909
levell 14 8 16 1229 125 2946 -179  -1,566

Level2 14 13 18 15,86 16 1,875 -,250 -1,407

EG LevelO 8 8 12 9,88 10 1,458 -,086 -1,187
Levell 14 11 18 15,21 15 2,259 -,356 -, 779

Level2 18 11 18 15,44 16 2,148 -,655 -,609

Table 4.4 Descriptive statistics related to AQAT for VHLAtagories in comparison

and experimental groups

VHLT N Min. Max. Mean Median SD Skewness Kurtosis

CG Level0 8 16 23 19,88 20 2,748 -157  -1,779

Levell 14 17 26 20,57 20 2,503 ,640 ,256
Level2 14 22 29 25,64 25 1,946 78 - 475
EG Level0 8 14 24 18,75 17,5 3,284 ,359 -,672

Levell 14 18 29 25,36 26 3,054 -1,095 1,241

Level2 18 22 29 26,56 26 1,723 -,688 1,709

As seen on the Table 4.3, the mean score of RTAP for students in VHGT Level 2 in
CG (M = 15.86 SD =1.88 was relatively higher thathe mean score for both
students in VHGT Level 1M = 1229, SD =2.95) and students in VHGT Level 0

(M = 10.75 SD =1.15. Moreover, the mean score of RTAP for students in VHGT
Level 2 in EG M = 15.44 SD =2.15 was relatively same with the mean scofe

AQAT for students in VHGT Level 1M = 1521, SD =2.26), and was relatively
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higher than students in VHGT Level M (= 9.88, SD =1.46). In addition to these,
the mean score of RTAP for students in VHGT Level 2 in G5=(15.86 SD =
1.88 and VHGT Levé2 in EG M = 15.44, SD =2.15) were nearly same. However,
the mean score of RTAP for students in VHGT Level 1 in BG=(15.21, SD =
2.26) was relatively higher than the mean score for VHGT Level 1 in GG
12.29, SD = 2.95 and the mean score for dants in VHGT Level 0 in EGM =
9.88, SD = 1.4pwasrelatively lower than the mean score for VHGT Level 0 in CG
(M =10.75,SD =1.1p

According to the Table 4.4, the mean score of AQAT for students in VHGT Level 2
in EG M = 26.56 SD =1.72 was reléively higher than the mean score of AQAT
for both students in VHGT Level M(= 25.36, SD =3.05) and students in VHGT
Level 0 M = 18.75, SD =3.28). In addition, the mean score of AQAT for students
in VHGT Level 2 in CG M = 25.64 SD =1.95 was relatvely higher than the mean
score for both students in VHGT Level M & 20.57, SD =2.50) and students in
VHGT Level 0 M = 19.8§ SD =2.75. Moreover, the mean score of AQAT for
students in VHGT Level 2 = 26.56 SD =1.72 and VHGT Level 1 = 25.36,

SD =3.05) in EG were relatively higher than the mean score of AQAT for students
in VHGT Level 2 M = 25.64 SD =1.995 and VHGT Level 1 ¥ = 20.57, SD =
2.50 in CG, respectively. However, the mean score of AQAT for students in VHGT
Level 0 in CG M = 19.88, SD = 2.7%wasrelatively higher than the mean score for
VHGT Level 0 in EG M = 18.75, SD = 3.28 Moreover the minimum scores of
AQAT for students in VHGT Level 2, Level 1 and Level 0 in EG were 22, 18 and 14
out of 29 respectively where the minimwuoores of AQAT for students in VHGT

Level 2, Level 1 and Level 0 in CG was 22, 17 and 16 out of 29 respectively.

In order to analyze whether there exists any outliers, the clustered box plot was
drawn. The box plot for RTAP and AQAT for VHGT categoriexcamparison and

experimental groups were presented in Figure 4.3.
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Figure 4.3 The box plot f{(RTAP andAQAT for VHLT categories in comparison

and experimental groups

As the figure indicated, there were two lower outliers in the AQAT of VHGT Level
2 and level 1 in EG. In addition, the lower quartile of AQAT of VHGT Level 1 in
experimental group was higher than the upper quartile of the AQAT of VHGT Level

2 for comparison group.
4.1.4. Data Cleaning

There were three outliers in data. The data had been checkdwewties value had

been entered correctly and this checking was concluded that the data were correct.
These outliers may affect the tweay analysis of variances. Field (2009) suggests

that if outliers were detected, there were several options to recriedfeist of these

val ues. One of them is deleting the subj
subjectsdé score Cook statistics was cal

Distance was presented in Figure 4.4.
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Figure 4. 4 Co o kdes ofdQAT fora&/HLd eatefodesint he s

comparison and experimental groups

As it was represented in the figure,"s€ubject was an extreme outlier. This value
was considered for deletion. An independent samfasttwas conducted to see how
this outlieraft ct ed the study before and after

knowledge The assumptions of independent samyiesst were described below.

RTAP was scaled as continuous measures, so, all score of the test were in ratio level.
In order to assessomality, skewness and kurtosis values of RTAP were examined

and they were listed in Table 4.1.

According to Cameron (2004), if data are normally distributed, skewness and
kurtosis values should fall in the range freinto +2. Since, skewness and kurtosis
values were in acceptable range, normality assumption was satisfied. In the study, the
researcher observed both comparison and experimental groups during administration

of RTAP. All students answered all test by themselves.

The results of independent sala ttest were presented in Table 4.5.
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Table 4.5 The results of independent samgkst for RTAP scores for before and

after deleting subject 50.

Levene's _
t-test forEquality of Means
Test
. Sig. .
F Sig. t df _ MeanDif.
(2-tailed)
RTAP  Equalvariances
,164 687 -1294 74 ,200 -,917
(Before assumed
ddetion)
Equalvariances
-1,290 72,122 ,201 -,917
not assumed
RTAP _
Equalvariances
(After 513 ,476 -1546 73 ,127 -1,077
~_assumed
deletion)
Equalvariances
-1,539 70,643 ,128 -1,077

not assumed

As seen on Table 4.5,i gni fi cance values of Leveneo:
larger than .05. Therefore, equal variance assumption was satiBidore deleting

the subjectds scores from dat a, t mere wa
scores of RTAP for comparison groupl = 13.33, SD =3.17, N = 36and for
experimental groupM = 14.25, SD = 3.00, N =0), t(74) =-1.29, p = .20.
Similarly, after deleting the subjectds
difference betweaein scores of RTAP for comparison gro € 13.33, SD =3.17,

N = 36) and for experimental groupi(= 14.41, SD = 2.86, N 39), t(73) =1.55, p

= .13. Since, deleting this subject from data was not effect initial status of study, this
subject was deletefrom data in order to deal with outlier.

After this changing the descriptive statistics of the data were presented below in
Table 4.6.
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Table 4.6 Descriptive statistics for AQAdfter deletion of the extreme outlier

Categories N Min. Max. Mean SD Skewress Kurtosis

AQAT CG 36 16 29 2239 3499 007  -910

Groups  EG 39 17 29 2485 3565  -1,049 214

AQAT LevelO 15 16 24 1967 2,717 209 -1,623
VHLT Levell 28 17 29 2296 3,666 ,040 -1,212
Level2 32 22 29 26,16 1851 -,341 -,036

AQAT Level0 g 16 23 1988 2,748  -157  -1,779
VHLT Levell 14 17 26 2057 2503 640 256
forcG Level2 14 22 29 2564 1,946 078 - 475
AQAT Level0 7 17 24 1943 2,878 ,690 -1,355

VHLT Levell 14 18 29 2536 3,054 -1,095 1,241

forEG Level2 18 22 29 2656 1,723 - 688 1,709

4.2. Inferential Statistics

This part covers the missing data analysis, determination of analysis, assumptions of
analysis of variance, results afialysis of variance and the follewp analysis related

to study.
4.2.1. Missing Data Analysis

There were no mgng data in RTAP, VHLT and AQAT. However, there were a few
guestions which were not answered by some students. These questions were coded as

wrong answer during the analysis.
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4.2.2. Determination of Analysis

Before the study, RTAP, which was designed as readirtest, was conducted to
determine previous mathematics success level of students as possible confounding
variable of the study. The scores of RTAP were analyzed whether RTAP can be

taken as covariate in order to adjust the differences between groups.

An independent sampletdst analysis was conducted to understand whether
comparison and experimental groups differed significantly in terms of their RTAP
scores. The result of independent samyplest for RTAP was presented in Table.4.7

Table 4.7 The mlts of the independent sampiest for RTAP scores

Levene's .
t-test forEquality of Means
Test
. Sig. .
F Sig. t df _ MeanDif.
(2-tailed)
RTAP  Equalvariances
513 ,476 -1546 73 ,127 -1,077
assumed
Equalvariances
-1,539 70,643 ,128 -1,077

not assumed

According to this analysishere was no significant mean difference between in
scores of RTAP for comparison groupl = 13.33, SD =3.17, N = 36and for
experimental groupM = 14.41, SD = 2.86, N =39), t(73) =-1.55, p = .13.
Therefore, comparison and experimental groups were not statistically different
before treatment. Since there was no need to adjust scores in groups, scores of RTAP
did not assigned as covariate and a-tmay analysis of variance was conducted in

order to answer researglestions.
4.2.3. Assumptions of ANOVA

The ANOVA model assumes beldigted properties are verifiedl ébachnick&
Fidell, 2007).
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I. Level of measurement
ii. Normality
lii. Homogeneity of variance
Iv. Independence of observations

Both RTAP and AQAT were scaled as continuous mess so, all score of these

test were in ratio level. In addition, result of VHLT was coded in three discrete
categories. In order to assess normality, skewness and kurtosis values of AQAT were
examined and these values are represented in Table 4.6.dilgcao Cameron
(2004), if data are normally distributed, skewness and kurtosis values should fall in
the range from2 to +2. Since, skewness and kurtosis values were in acceptable

range, normality assumption was satisfied.

Homogeneity of variance assumppn was controll ed by Leve

Error Variances. The results are listed Table 4.8.

Table 4.8 Leveneb6s Test of Equality Errol
F dfl df2 Sig.
AQAT 1,635 5 69 ,162

As seen on Table 4.8, significance value for AQAT is ahél since, this value is

greater than .05, homogeneity of variance assumption has not been violated.

In the study, the researcher observed both comparison and experimental groups
during all phases of study included administration of pretest and pogiéest.

students answered all test by themselves.
4.2.4. Analysis of Variance

The purpose of this research is to provide insight into the effects of mathematics
i nstruction supported by dynamic geometr
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area of quadrilateralsand s t u dchievén®rds according to theran Hiele

geometric thinking levelslhe following research questions were investigated:

Problem1. What are the effects afistruction based odynamic geometractivities
compared to traditionahstructionmethod and van Hiele geometric thinking levels

on seventh grade st ududritaterdlB achi evement i |

Subproblem1.1. What are the effectsf instruction based odlynamic geometry
activitiescompared to traditionahstructionmethod on seventhgrd e st udent

achievement in area of quadrilaterals?

Subprobleml.2. Whatis the interaction betweegeffectsof instruction based on
dynamic geometractivitiescompared to traditionahstructionmethodand van
Hiele geometric thinking levelsn seventlg r a d e  sathievkemantt irsabea

of quadrilaterals?

Subproblem1.3.What are the effectsf instruction based otdlynamic geometry
activitiescompared to traditionahstructionmethod omachievement o$eventh
grade studentst van Hiele geometric thking level O, in area of quadrilaterals?

Subproblem1.4.What are the effectsf instruction based odynamic geometry
activitiescompared to traditionahstructionmethod omachievement o$eventh

grade studentst van Hiele geometric thinking level in area of quadrilaterals?

Subproblem1.5.What are the effectsf instruction based otdlynamic geometry
activitiescompared to traditionahstructionmethod omachievement o$eventh

grade studenist van Hiele geometric thinking level 2, in areaoédrilaterals?

A two-way (2 x 3 factorial) analysis of variance was conducted to assess
effectiveness of using dynamic geometry software in mathematics instruction,
specifically the topics of area of quadrilaterals. The null hypotheses for inferential

statistics were presented below:

Null Hypothesisl: Thereis no significant mean difference between tmnparison

and experimental groupand van Hiele geometric thinking leves the population

means of studentsd scoresndestt Area of Qua:
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Null Hypothesis1l.1l: Thereis no significant mean difference between the
comparisonand experi ment al groups on the

scores on Area of Quadrilateral Achievement Test.

Null Hypothesisl.2: There is no significant intertion effect of treatment and
van Hiele geometric thinking leveldnh e popul ati on means

on Area of Quadrilateral Achievement Test.

Null Hypothesis1.3 There is no significant mean difference between the
comparisonand experimental gups on the population means storesof
students, at van Hiele geometric thinking levelod, Area of Quadrilateral

Achievement Test.

Null Hypothesisl.4: There is no significant mean difference between the
comparisonand experimental gups on the popul@n means ofscoresof
students, at van Hiele geometric thinking leveloh, Area of Quadrilateral
Achievement Test.

Null Hypothesis1.5 Thereis no significant mean difference between the
comparisonand experimental gups on the population means sdoes of
students, at van Hiele geometric thinking levelod, Area of Quadrilateral

Achievement Test

An alpha level of .05 was used for the initehalyses.The results of twavay

analysis of variance were listed in Table 4.9.

Table 4.9 The results of twway analysis of variance for scores of AQAT

Type Il Sum PartialEta
of Squares df MeanSquare F Sig. Squared
Group 51,299 1 51,299 8,742 ,004 ,112
VHLT 440,801 2 220,400 37,560 ,000 521
Group * VHLT 85,801 2 42,900 7,311 ,001 ,175
Error 404,891 69 5,868
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Total 43033,000 75

The results for the twavay ANOVA indicated that there was a significant
interaction effect between the scores of VHLT and the treatments, on the scores of
AQAT, F (2,69) = 7.31, p < 0.5, partial eta squared = .18. Thatingésating that

any differences between the categories of VHLT were dependent upon which group
students were in. Interaction was graphed in Figure 4.5. Approximately 18% of total
variance of scores of AQAT was attributed to the interaction of groupscanessof

VHLT and this indicated a large effect size. In addition to this, results showed that a
significant main effect for scores of VHLT on the scores of AQAT, F(2,69) =
220.40, p < .05, partial eta squared = .52, and partial eta squared indicatgel a lar
effect size. Moreover, the results indicated a significant main effect of comparison
and experimental groups on score of AQAT, F(1,69) = 8.74 , p <.05, partial eta

squared = .11, and partial eta squared pointed out medium effect size.
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Figure 4.5 Inteaiction of groups and scores of VHLT in terms of scoreSQ@AT.
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Figure 4.5 clearly shows that the mean score of AQAT of students in VHGT Level 1
in EG was significantly higher than students in VGHT Level 1 in CG.

4.2.5. Follow-up Analysis

The results of a signdant interaction effect were followed up by running tests for
simple interaction effects. The following SYNTAX was used to analyze the mean
difference in scores of AQAT between groups at each van Hiele geometric thinking
level.

UNIANOVA AQAT BY Group VHLT

JEMMEANS TABLES(Group*VHLT) COMPARE(Group)
The univariate test results were shown in Table 4.10.

Table 4.10 Simple main effects analysis

f M
Sum o D ean

Squares Square Sig.

Level 0 Contrast , (44 1 , (44 127 (23
Error 404,891 69 5,868

Level1 Cortrast 160,321 1 160,321 27,321 ,000
Error 404,891 69 5,868

Level 2  Contrast 6,560 1 6,560 1,118 ,294
Error 404,891 69 5,868

This table points out whether there are statistical differences in mean score of AQAT
between groups for each van Hieleogetric thinking level. As it is seen on table,

there were no statistically significant mean differences between comparison and
experiment al groups6 scores i npAR3AT when
Similarly, there were no statistically signifidcarmean differences between
comparison and experiment al groupsd scot

Level 2 p = .294. However, when students are at VHGT Level 1, there were
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significant di fferences bet ween compar.i :
AQAT (p < .05. In summary, this result shows that students in VHGT Level 1 in

EG benefited from the treatment more than students in VGHT Level 0 and Level 2.
4.3. Summary

A two-way ANOVA was conducted to examine the effect of comparison and
experimental groupsnd van Hiele geometric thinking level in scores of AQAT. The
dependent variable, scores of AQAT, was normally distributed for groups formed by
the combination of the van Hiele geometric thinking levels, and comparison and
experimental groups as assessed skgwness and kurtosis values. There was
homogeneity of variance between groups a
indicated a significant main effect of comparison and experimental groups on scores
of AQAT, F (1,69) = 8.74 , p <.05. Moreover, themas a significant interaction
between the effects of comparison and experimental groups, and van Hiele geometric
thinking level on scores of AQAT, F (2,69) = 7.31, p < 0.5. Simple main effects
analysis indicated that students in experimental group wemfisantly more
successful in AQAT than students in comparison group when in VHGT Lepek1 (

.05. However, there were no significant mean differences between students in
comparison group and students in experimental group when in VHGT Lepet 0 (
.723 or VHGT Level 2 p =.294.
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CHAPTER 5

DISCUSSION AND IMPLICATIONS

This chapter was devoted to present the discussion of the results, implications, and

recommendations for further studies.
5.1. Discussion of the Results

The purpose of this researalasto investigatehe effects of mathematics instruction
supported by dynamic geometry activitie
quadrilateralandons t u d achigvemints according to thean Hiele geometric

thinking levels.GeoGebra was used asndynic geometry software for this study.

The topic of area of quadrilaterals &t grade mathematics curriculum was covered
in this study. The topic of area of quadrilaterals involaszh of parallelogramarea
of rhombus area of trapezoidsrelationslp between perimeter and aread

relationship between side length and aaltopics.

There were eight activities for these subtopics in the study. The worksheets and
GeoGebra screen views of these activities were presented in the Appendix H and
Appendix |. In this study, the subjects were categorized by using two independent

variables which were treatments and van Hiele geometric thinking levels.

One of the findings of the study indicated that the usage of dynamic geometry
software (DGS) in mathematics st r uct i on had a positive e
in the Area of Quadrilaterals Achievement Test (AQAT) in favor of the mathematics
instruction supported by dynamic geometry activities. The possible reasons of this
enhancement can be that the activit\ese designed in order to maximize usability

of GeoGebra easily and the usage of its dynamic features. In addition, the activities
were prepared to make the manipulation of the figures easy. According to Jones
(2000), students can explore, conjecture, stmet and realize geometrical
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relationships while interacting with DGS. In addition to this, students have a chance
to see different views of an object in DGS easily in comparison to paper and pencil
construction (Aarnes & Knudtzon, 2003). In activitiesudents in experimental
group (EG) had a chance to see different views of parallelograms, rhombuses and
trapezoids. They explored relationships between quadrilaterals by following
directions which listed in worksheets and also freely at the end of tlessdins. All

of the activities were about relationships among quadrilaterals and their connections
to each other. These explorations the relationships and connections among
quadrilaterals through GeoGebra resulted in higher level of achievement inithe top
of area of quadrilaterals for students in EG. This result was consisted witrs thies

of Yél maz and others (2009) "mdestudetse st i g
understanding the relationship of area and perimeter topics. They found that with
help of DGS, a great number of students had corrected their misunderstanding and

their success level in area and perimeter topics increased.

The other finding of the study was that, there was a significéetaction between

the effects of treatments and van Hiele geometric thinking (VHGT) level on scores of
AQAT. Clearly, his resit indicates, if there is a significant differences between
experimental grougnd comparisongroup t hi s di fferent depenct
Hiele geometric thinking dvels. This result was followed up and this follow up
analysis revealed that studentsbE@ were significantly more successful in area of
quadrilaterals than students in comparison group (CG) who were at VHGT Level 1.
However, there was no significant mean difference in scores of AQAT between
students in CG and students in EG who were at VH&/el 0. Similarly, there was

no significant mean difference in scores of AQAT between students in CG and
students in EG who were at VHGT Level 2.

Students in VHGT Level 0, nameWisual Level can identify shapes according to
their examples and appearasg in Level 1,Analysis or Description Levelcan
identify given figure and describe its properties, and in LevAb&iract or Informal
Deduction Levelcan identify relationships between shapes and can produce simple
logical deduction. The hierarchicadlationships of quadrilaterals can be regarded as

a difficult task for students in Level 0 and Level 1 (Fujita & Jones, 2007). The
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hierarchical relationships require seeing relationships among figures, so logical
deduction. Fujita and Jones (2007) sugggbshat hierarchical relationships of the
quadrilaterals can be used to help students to move from shape properties to
geometrical properties, namely relationship among shapes and their properties. The
activities in the current study were about relatigpstmong quadrilaterals. For
example, the first and second activities involved relationships between parallelogram
and rectangle, the third activity involved relationships between rhombus and
rectangle, the forth activity involved relationships between mihws and
parallelogram, the fifth activities involved relationships between trapezoid,
parallelogram and rectangle, and the sixth activities involved relationships between
trapezoid and parallelogram. In addition, the first and fifth activities involved
manipulating side lengths of parallelogram or trapezoid by preserving their basic
properties. Moreover, the fourth and sixth activities covered different views of
rhombus and trapezoid in order to deal

activitieswere related with the hierarchical relationships of quadrilaterals.

The possible reason of the improvements of the achievements of students at van
Hiele geometric thinking level 1 in EG can be that these activities may help them
progressing from shape mrerties to geometrical properties by using hierarchical
relationships of quadrilaterals. This result was consisted with the results of Fujita and
Jones (2007). The possible reason of the similar success levels for students at van
Hiele geometric thinkingevel 2 in CG and EG can be that students in Level 2
already achieved logical deduction level of van Hiele hierarchy and they can see the
interrelationships among shapes. Moreover, they can understand the hierarchical
relationships of quadrilaterals accardito classical van Hiele theory (Atebe, 2009;
Usiskin, 1982). Students at van Hiele geometric thinking level 2 in comparison group
learned area of quadrilaterals topic by traditional learning environment nearly same
level with students in experimental gm since they were able to see the
relationships between quadrilaterals. The other result of the follow up analysis was
similar success levels for students at van Hiele geometric thinking level 0 in CG and
EG. The possible reason of these similar suctmsds can be that these students

were at the visualization level, so they can name shapes by their appearances.
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Students at van Hiele geometric thinking level O in experimental group did not
benefited from treatment sufficiently, since these studente vmait ready to
understand the hierarchical relationships of quadrilaterals according to classical van

Hi el e theory (Atebe, 20009; Usi ski n, 1982
the nearly same level in both groups. In addition, students in levehy) ba

influenced by their prototype images of quadrilaterals.
5.2. Implications

Mathematics curriculum in Turkey suggests using visualization and concrete
representations. Dynamic geometry software (DGS) is a useful tool to make abstract
concepts to concrete peesentations. In addition, different views of a shape or
relationships among shapes can be explored by manipulating shapes in DGS. DGS
also provides real time measures for perimeter, area or angles for manipulated
shapes. Therefore, students can easipfaeg and analyze how the shapes change or
what measures change when manipulating, and they can understand the relationships
among shapes which is the basic requirement for van Hiele geometric thinking level
2.

In this study, the results indicated thaings GeoGebra in area of quadrilaterals

I mproved studentsd achievements. I n add!
which based on hierarchical classification of quadrilaterals had positive effects on
student sé achi evement eametricstipnkingilefel 1c@darlyy a't
according to Fujita and Jones (2007) and the results of this study, the usage of
GeoGebra activities based on hierarchical classification of quadrilaterals can be
considered a bridge between van Hiele geometric thinkewgl 1 and level 2.

Therefore, teachers can apply dynamic activities based on GeoGebra or other
dynamic geometry software in instructional phase while teaching area of
guadril aterals topic in order to I mprove

thinking especially when their students are at van Hiele geometric thinking level 1.

In the mathematics curriculum and F@TRHoject, effective technology usage is
emphasized. However, there is not enough activities which integrate technology in

teaching and krning process. As the results indicated the usage of DGS in
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mat hemati cs i nstruction IS hel pful t
achievement in Mathematics, specifically in the topic of area of quadrilaterals.
Therefore, curriculum developers and tlwok writers should develop more
computer based activities or examples how teachers should integrate technology in
teaching and learning process. In addition to them, the GeoGebra activities took time
during the students reach generalizations by explomamgl building their own
knowledge The presented lessdrours for objectives in mathematics curriculum
were nearly sufficient to administrathe activities. Therefore, in order to use
GeoGebra or other DGS based activities in teaching and learning priheess
presented lesson hours for objectives shoulettasedfor this manner.

5.3. Recommendations for Further Research

This study providea framework analysis about how technology enheisce ud e nt s
learning of some mathematicabrcepts andsome informationabouts t udent s

achievements in mathematics according to their van Hiele geometric thinking level,

o

(@)}

and how technol ogi cal tool s such as Geo

understandingdf geometry.This study focused on area of quadrilaterals topic of

sevenh grade mathematics. Therefore, this study only included the usage of dynamic
geometry software in the topic of area of quadrilaterals and achievements of the
seventh grade students. In order to analyze the effects of GeoGebra in other topics

and other grde levels, further research should be conducted. In addition, this study

examined the effect of GeoGebra to stud:¢

Hiele geometric thinking levels. In this study, GeoGebra activities had effects only
students at van ldie geometric thinking level 1. In order to examine the effects of
GeoGebra to other van Hiele geometric thinking levels different activities should be
developed and research should be conducted.

GeoGebra which is a DGS was used as a learning tool irsttidy. The effect of
other DGS in same topic and same grade should be examined to understand their

effects on seventh grade studentsd achi
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This study was lasted for eight lesson hours. Therefore, thedomgeffects ofising
GeoGebr a on student so achievements [

regarding van Hiele hierarchy should be investigated in further research.

Since this study did not include random sampling methods, its results were limited to
similar conditiors and this study was conducted relatively small number of
participants. Therefore, new studies should be conducted with larger and randomly

selected participants in order to test its results for these conditions.
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APPENDICES

APPENDIX A

FORMER VERSION OF READINESS TEST FOR AREA AND PERIMETER
CONCEPTS

1.
B H c
Yukarndaverilen Gggensel bdlgede,
[AH] L[BC], |AH| = 2cmve |BC| =4 cm
oldugunagore,
ABC liggensel bolgesinin alani kag cm? dir?
A) 2cm? B) 4 cm?
C) 6cm? D) 8 cm?
2.
A
a0
B C
Yukarida verilen dik Gcgenselbdlgede,
|AB| =3 cmve |BC|=6 cm
oldugunagére,
ABCdik Gggensel bolgesinin alani kag cm? dir?
A) 3 om? B) 6cm?
C} 9 cm? O) 18 cm?
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I

Yukaridaverilen Gicgensel bélgede,

[AH] L[HC], |AH| =2cmve |BC| =5cm
oldugunagdre,

ABC Gggensel bolgesinin alani kag cm? dir?

A) 2cm? B) 5cm?
C) 7com? D) 10 cm?
A dcm D vandaverilen karesel
balgede,
|AD| =4 cm
oldugunagére,
ABCD karesel
balgesinin alani kag
2 C cm? dir?
A) 4 cm? B) & cm?
C) 12 cm? D) 16 cm?



A 10cm D

3cm

B C
Yukarndaverilen dikdartgensel bdlgede,

|AB| =10 cmve |CD| =3 cm
olduguna gére,
A[ABCD) kagcm? dir?

A) 13 cm? B) 15 cm?
C) 26 cm? D) 30 cm?
6.
A [¥]
5m

c

Yukaridakisekilde verilen ABCD dikddrtgensel
bélgesinde,
|DC| =5 m ve Cevre(ABCD) =34 m
olduguna gbre,
[BC] kenarnnin uzunlugu kag m dir?

A} 5m B) 12 m

C) 17m D) 29 m

7. Asagidaverilen dértgenselbélgelerin alanlan
birbirine egit ve 30 br? dir.

Bu dértgenselbdlgelerin cevrelerinin bOylkliak
siralamasi asagidakilerden hangisidir?
A) Mi=l=1 B) HI=1=1
c} ==l D) 1=z
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4 cim

N
,1/// /1 /N
Yukarnda verilen ABCD dikdartgensel

bdlgesinde taralikisimlann alam toplami kag
cm? dir?

A} 12 cm? B) 22 cm?
C) 26 cm? D) 36 cm?
12 br

5br

5 4br
EEN N Oy
&b i

¥ S LT

Yukarida verilen seklin cevre uzunlugu kag
birimdir?
A) 48 br
C) 64 br

B) 56 br
D) 72 br



10.

11.

3cm

6cm

T|4cm

2cm

=] =

Yukandaverilen seklin alani kag cm? dir?
A) 26 cm? B} 22 cm?
C) 18 cm? D) 12 cm?

Yukanda verilen sekil birbirine es karesel
bolgelerden olugmustur.

Taral kismin cevresi40d cm olduguna gore,
Seklintoplam alani kag cm? dir?
A) 150 cm?
C} 80 cm?

B} 120 cm?
O) 40 cm?

12. 13. ve 14. sorulan asadgidaki sekle gére
cevaplayiniz.

;}1 br

AKoridoru

Omer, yukarnda gizim taslag verilen evinin
koridorunun tabaninikarolarla kaplamak
istemektedir. Buislemigerceklestirmek icin
sectigikarolar asagida verilmistir.

Bu karolardan Omer’e maliyeti,
I numarah karonun tanesi 2 TL, 1l numarall
karonuntanesiise 5 TL dir.

. Omer, I numaral karolarla AveB
koridorlarinin tamamini kag TL ye kaplayabilir?
A) 56 TL B) 74 TL
C) 96 TL D} 112 TL

. Omer, Il numaral karolarla Ave B
koridorlarinin tamamini kag TL ye kaplayabilir?
A) 50 TL B) 70 TL
C) 90 TL D} 110 TL

14. Eger Omer A koridorunul numaral karo ile ve
B koridorunuda Il numaral karo ile kaplarsa
toplam ne kadar TL harcamis olur?

A) 64 TL B) 82 TL
C) 94TL D) 122 TL
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15. 16. 17. ve 18. sorulari agadidaki sekle
gére cevaplayiniz.
40m  50m

90.m

Yukanda bir okulun yerlesim planimin gizim
taslagi verilmistir.

15. Dersliklerin kapladigi alan kag m? dir?
A) 1400 m? B} 2250 m?
C) 3500 m? D) 4500m?

16. SporSalonunun kapladigi alan kag m? dir?
A) 400 m? B) 600 m?
C) 1000 m? D) 2000 m?

17. Bogalarin 500 m? lik kismi agaclandinlacaktir.
Bunagdre, agaclandirmadan sonra kalan bos
arazinin alar kag m?® dir?

A) 4000 m?
C) 2000 m?

B) 2500 m?
D) 1000 m?

18. Kantinwve Yemekhanenin kapladigitoplam alan

kagm? dir?
A) 1600 m? B) 2600 m?
C) 3600 m? D) 4600 m?
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APPENDIX B

FINAL VERSION OF READINESS TEST FOR AREA AND PERIMETER

CONCEPTS
3.
A 4cm D Yanda verilen karesel A
bolgede,
|AD| =4 cm
olduguna gtre,
ABCD karesel
bolgesinin alani kag
B ¢ cm? dir? 90
A) 4cm? B) 8cm? B C
C) 12cm2 D) 16 cm? Yukarida verilen dik Gggensel bolgede,
|AB| =3 cmve |BC|=6cm
olduguna gore,
ABC dik licgensel bélgesinin alani kag cm” dir?
A) 3cm? B) 6cm’
C) 9cm? D) 18 cm?
A D
5m
B
Yukarnidaki sekilde verilen ABCD dikd&rtgensel
bolgesinde,
|DC| =5 mve Cevre(ABCD) =34 m
olduguna gore,
[BC] kenarinin uzunlugu kag m dir?
A) 5m B) 12 m
C) 17m D) 29m
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