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ABSTRACT

THE EFFECTS OF COMPUTER BASED INSTRUCTION ON SEVENTH
GRADE STUDENTS’ SPATIAL ABILITY, ATTITUDES TOWARD
GEOMETRY, MATHEMATICS AND TECHNOLOGY

Boyraz, Sebnem
MS, Department of Elementary Science and Mathematics Education

Supervisor: Assist. Prof. Dr. Ayhan Kiirsat Erbag

September 2008, 144 pages

The aims of this study were to investigate the effects of two
different methods of dynamic geometry based computer instruction on seventh
grade students’ attitudes towards geometry, attitudes toward mathematic and
technology and spatial abilities compared to traditional textbook based
instruction and to get the students’ views related to the effects of computer
based instruction on their learning.

The sample consisted of 57 seventh grade students from a private
elementary school in Kayseri. The study was conducted in the 2006-2007
academic year, lasting 14 lesson hours (two weeks). The data were collected
through spatial ability test, mathematics and technology attitude scale,
geometry attitude scale, and interviews. The quantitative analyses were carried
out by using multivariate covariance analyses. The results revealed that two
different methods of dynamic geometry based computer instruction didn’t have
a significangt effect on students’ spatial abilities compared to traditional
textbook based instruction. The results also indicated that two different

methods of dynamic geometry based instruction had a significant effect on

v



students’ attitudes toward geometry, mathematics and technology compared to
traditional textbook based instruction. The results of the interviews indicated
that computers created a dynamic learning environment which supported
students’ development and computers also helped students to explore

mathematic in a far more meaningful way.

Keywords: Spatial ability, computer based instruction, dynamic geometry
software, attitude toward mathematics and technology, and attitude toward

geometry.



0z

BILGISAYAR DESTEKLI OGRETIMIN YEDINCI SINIF OGRENCILERIN
UZAMSAL DUSUNEBILME BECERILERINE, MATEMATIK, TEKNOLOJI
VE GEOMETRIYE KARSI TUTUMLARINA ETKISI

Boyraz, Sebnem
Yiiksek Lisans, Hkbgretim Fen ve Matematik Alanlar1 Egitimi

Tez Yoneticisi: Y. Dog. Dr. Ayhan Kiirsat Erbas

Eyliil 2008, 144 sayfa

Bu calisma iki farkli bilgisayar destekli 6grenme ortaminin, geleneksel
Ogretim yontemiyle karsilastirildiginda yedinci simif 6grencilerinin uzamsal
diisiinebilme becerilerine, geometriye, matematige ve teknolojiye karsi
tutumlarina etkisini arastirmayi; Ogrencilerin bilgisayarla 6grenmenin
ogrenmeleri {izerine etkisine iliskin goriislerini almayr amaglamistir.
Calismanin orneklemini Kayseri ilinde bir 6zel ilkogretim okulunda okuyan 57
yedinci smif 6grencisi olusturmaktadir. Calisma 20062007 6gretim yilinda
gerceklestirilmis, 14 ders saati (iki hafta) siirmiistiir. Veri toplamak amacuyla,
uzamsal diisiinebilme becerisi testi, geometri, matematik ve teknoloji tutum
Olcegi ve goriismeler kullaniimistir.

Elde edilen niceliksel veriler, yapilan c¢oklu kovaryans analizi ile
incelenmistir. Analiz sonuglarina gore gruplar arasinda uzamsal diistinebilme
becerisi testinden alinan puanlara gore istatistiksel olarak anlamli bir fark
bulunmamistir. Analiz sonuglarina gore ayrica gruplar arasinda geometri,

matematik ve teknoloji tutum Olceklerinden alinan puanlara gore istatistiksel

Vi



olarak anlamli bir fark bulunmustur. Ogrencilerin gériismelerde ifade ettikleri
diisiincelere gore, bilgisayarlar 68rencilerin gelisimin destekleyen dinamik bir
O0grenme ortami olusturmus ve 0grencilere matematigi daha anlaml bir sekilde

kesif etmelerine yardimci olmustur.

Anahtar Kelimeler: Uzamsal diisiinebilme becerisi, bilgisayar destekli 6grenim,
dinamik geometri yazimlari, matematik ve teknolojiye karsi tutum, geometriye

kars1 tutum.
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CHAPTER 1

INTRODUCTION

Geometry has a great importance in people’s life since 2000 BC and still
maintains its importance. The National Council of Teachers of Mathematics
(NCTM) reinforced the importance of geometry in their revised work
Principles and Standards for School Mathematics (2000) and stated that
“Geometry offers a means of describing, analyzing, and understanding the
world and seeing beauty in its structures” (p. 309). Osserman (as cited in
Brodie, 2004) also reinforced the importance of geometry for universe and
stated that:

All the centuries of progress of mapping the earth and with the
mathematics associated with it allows us to think about mapping
the universe and understanding the pictures that we come up with,
to look out there you see the galaxies ... but you can’t put them all
together without the geometry to analyze what it is that you are
seeing (p. 5).

Geometry is not only important to understand our geometric world or
universe; it is also labeled as a basic skill in mathematics. Sherrard (as cited in
Duatepe, 2004) states that geometry is significant for every student since; it is
an important help for communication as geometric terms are used in speaking,
it is faced in real life, it helps to develop spatial perception, learning geometry
prepares students for higher mathematics courses and sciences and for a variety
of occupation requiring mathematical skills, general thinking skills and
problem solving abilities are facilitated by geometry, and studying geometry
can develop cultural and aesthetic values.

Due to the importance of geometry, the factors affecting success in

geometry are a topic of continuing discussion. One of the factors affecting

1



geometry achievement is spatial skills which are ‘‘mental skills concerned with
understanding, manipulating, reorganizing, or interpreting relationships
visually’” (Tartre, 1990, p. 216). Smit (1998) stress the importance of spatial
skills and suggests that without spatial skills it would be difficult to exist in the
world as one would not be able to communicate about position and
relationships between objects, give and receive directions and imagine changes
taking place in the position or size of shapes. Similarly, Lowrie (1994) argues
that in order to interpret, understand and appreciate our inherently geometric
world, spatial understanding is necessary.

Spatial ability is not just an important factor for daily life; it is also basic
to higher level activities such as sophisticated mathematical thinking (Basham,
2007). As stated by Basham (2007) spatial ability has long been associated
with success in educational tracks such as mathematics (Fennema & Sherman,
1977). Lord and Rupert (1995) state that spatial ability is a cognitive factor that
has been linked to high performance in science and mathematics. Gardner
(1993) suggests ‘‘it is skill in spatial ability which determines how far one will
progress in the sciences” (p.192). Clement and Battista (1992) also assert that
spatial thinking is essential to scientific thought; ‘it is used to represent and
manipulate information in learning and problem solving’’ (p. 442).

Good spatial conceptualization is also a necessity for engineering as well
as other math and science disciplines. Poorly developed spatial ability is
considered as a cause of achievement difficulties in engineering disciplines.
Medina et al., (1998) state that three-dimensional visualization skills are
critically important for success in engineering careers since the engineer must
be able to visualize how all of the components in the system work and fit
together to be able to solve a complex problem. Towle et al., (2005) also note
that such as the ability to correctly visualize three dimensional is essential skill

for engineers.



More recently, guided by the thought that spatial ability is a factor that
underlies mathematical aptitudes, researchers have attempted to discover the
role that spatial ability plays in mathematics and geometry learning. Studies
have shown the positive correlation not only between spatial ability and
geometry, but also, more generally, between spatial ability and mathematics
achievement at all grade levels (Clements & Battista, 1992; Fennema &
Sherman, 1977; Guay & McDaniel, 1977; Lean &Clements, 1981).

Given the obvious role of spatial ability in mathematics education, the
development of spatial ability has been a primary problem for the researchers
and educators for many years. There is a wealth of publications that viewed
that students’ spatial ability can be improved through training (Battista et al.,
1982; Einsenberg, 1999; Onyancha et al., 2007; Robihaux, 2003). However,
few of them (Leong et al., 2002; Piburn et al., 2002) focused on the effects of
computer based instruction on students’ spatial abilities. There still a need to
investigate the effects of technology on students spatial ability skills. The
purpose of this study is to investigate the effects of two different methods of
dynamic geometry based computer instruction on seventh grade students’
spatial abilities, attitudes towards geometry, attitudes toward mathematic and

technology compared to traditional textbook based instruction.

1.1 Main and Sub-Problems of the Study

P1. What are the effects of student centered and teacher centered dynamic
geometry based computer instructions compared to traditional teaching on
seventh grade students’ attitudes toward geometry (as measured by the
Geometry Attitude Scale) when students’ pretest scores on Geometry Attitude
Scale and the Spatial Ability Test are controlled?

P2. What are the effects of student centered and teacher centered dynamic

geometry based computer instructions compared to traditional teaching on



seventh grade students’ spatial abilities (as measured by the Spatial Ability
Test) when students’ pretest scores on Geometry Attitude Scale and the Spatial
Ability Test are controlled?

P3. What are the effects of student centered and teacher centered dynamic
geometry based computer instructions compared to traditional teaching on
seventh grade students’ attitudes toward mathematics and technology (as
measured by the Mathematics and Technology Attitudes Scale) when students’
pretest scores on Geometry Attitude Scale, and the Spatial Ability Test are
controlled?

P4. What are the students’ opinions related to the effects of computer based

instruction?

1.2 Hypotheses of the Study

The following hypotheses were tested to answer the research questions:

Null Hypothesis 1: There will be no significant mean difference between
the groups on the population means of the collective dependent variables of the
seventh grade students’ posttest scores on Spatial Ability Test, Mathematics
and Technology Attitude Test and Geometry Attitude Scale when students’
pretest scores on Geometry Attitude Scale and Spatial Ability Test are
controlled.

Null Hypothesis 2: There will be no significant mean difference between
the groups on the population means of the seventh grade students’ posttest
scores on Geometry Attitude Scale Test, when students’  pretest scores on
Geometry Attitude Scale and Spatial Ability Test are controlled.

Null Hypothesis 3: There will be no significant mean difference between
the groups on the population means of the seventh grade students’ scores on
Mathematics and Technology Attitude Test, when students’ the pretest scores

on, Geometry Attitude Scale and Spatial Ability Test are controlled.



Null Hypothesis 4: There will be no significant mean difference between
the groups on the population means of the seventh grade students’ posttest
scores on Spatial Ability Test, when students’ pretest scores on Geometry

Attitude Scale and Spatial Ability Test are controlled.

1.3 Definition of the Important Terms

Spatial ability: Spatial ability is cognitive functions that make it possible
for people to deal effectively with spatial relations, visual spatial tasks, and
orientation of objects in space (Sjolinder, 1998). In the present study spatial
ability score refers to the sum of the spatial visualization score and spatial
orientation score.

Spatial visualization: Spatial visualization is the ability to manipulate an
object in an imaginary 3-D space and create a representation of the object from
a new viewpoint (Strong & Smith, 2001). In the present study spatial
visualization ability score refers to the sum of paper folding test score and
surface development test score.

Spatial orientation: Spatial orientation is the ability to imagine how a
given object or set of objects would appear from a spatial perspective different
from that in which the objects are shown (Lohman, 1979). In the present study
spatial visualization ability score refers to the sum of card rotation test score
and cube comparison test score.

The traditional instruction environment: It is based on a textbook
approach, using chapters of a textbook related to topics. It is teacher-centered
and involves lecturing and sometimes questioning. Generalizations, rules and
definitions are given firstly as a top down approach, and then examples are
provided. The students listen and take notes in their own places (Duatepe,

2004).



Computer based instruction: Computer-based instruction is defined as the
delivery of instructional content by means of the computer to achieve learning

goals through desired outcomes (Lowe, 2004, p.146).

1.4 Significance of the Study

It is a common perception that geometry is strongly associated with
spatial and visual ability (Battista et al., 1982). Considering this link between
spatial ability and geometry achievement, the development of spatial ability
has been a primary problem for the researchers and educators for many years.
Numerous studies (e.g., Ben-Chaim et al., 1988; Olkun, 2003) have indicated
that spatial ability can be improved through training if appropriate materials are
provided. However, few of them (e.g., Leong et., 2002; Piburn et al .,2002)
focused on the effects of computer based instruction on students’ spatial
abilities. There still occurs a need to understand how technology should be
employed by teachers and students for improving students’ spatial ability.

This study provides a framework for analyzing students’ spatial ability
and provides some insight into how particular technological tools may
influence students’ spatial ability. The study also investigates the role of the
construction software and how it should be employed to get the most beneficial
improvements in spatial ability.

Not only does this study address the effect of dynamic geometry
environment on students’ spatial ability, but it also looks at how dynamic
geometry environments may influence students’ attitudes toward geometry,
mathematics and technology. Previous studies indicated that attitudes play an
essential role in learning mathematics (Aiken, 1972) and using computers may
lead to more positive attitudes in students. However there is little research to
support such claims (Steen, 2002; Ganguli, 1992). The effect of dynamic

geometry environments on students’ attitudes toward geometry, mathematics



and technology requires further study. The research provides insight into the
effects of dynamic geometry environments on spatial abilities, attitudes toward
geometry and mathematics and technology. The findings of the study have
implications for designing instructional lessons and information derived from
this study can serve as foundations for development of -curricular

considerations.

1.5 Assumptions of the Study

1. All tests were administered to the all classes under the same standard
conditions.

2. The subjects of the study were sincere while responding to the test
items and interview questions.

3. Students from different classes did not interact and communicate about
the items of pre and post tests before administration of these tests.

4. The differences of implementers have no effect on the results of the

study.

1.6 Limitations of the Study

The participants in the study were not randomly selected from any
population and subjects were not also randomly assigned to classes, therefore it
can’t be assumed that the findings are applicable to other situations. The
findings are limited to the sample of the study. The researcher implemented the
treatment in both experimental groups. Therefore personal biases and
enthusiasm may have influenced the results of the study.

Two teachers instructed the classes during the two-week unit of study.
This is a limitation of the study since it might have had effects on the results of

the study. To reduce this threat, the researcher provided lesson plans and



worksheets to the teacher who instructed the control group to ensure as much
as consistency in the teaching of unit.

As 1 was the sole researcher in the study, I selected the topic of
transformation geometry and dynamic geometry based on my interests and
experience as a teacher. Therefore, my own biases might have had an influence
on the findings.

The duration of the study can be considered as a limitation of the study.
Two weeks might not have been long enough to have an impact on students’

spatial abilities, attitudes toward geometry and mathematics and technology.



CHAPTER 2

LITERATURE REVIEW

The literature related to the present study is reviewed in this chapter. For
this purpose the review is organized into seven sections. In the first sections |
attempted to give definitions and types of spatial ability. The second section
reviews the literature about importance of spatial ability and the studies on
spatial ability and mathematics learning. In the third section the studies
attempting to develop spatial ability are presented. The forth and fifth section
focuses on literature that provides an insight into the studies about dynamic
geometry environments and geometry education. The sixth section reviews the
literature about improving spatial ability by using dynamic geometry
environments. A coherent summary of the reviewed literature is drawn in the

last section.

2.1. Definitions of Spatial Ability, Spatial Visualization and Spatial

Orientation

There are various definitions have been used to describe spatial ability,
such as, spatial sense (NTCM, 1989), spatial thinking (Yakimanskaya, 1991),
spatial skills (Tartre, 1990), spatial reasoning (Clements & Battista, 1992),
spatial cognition (Sjolinder, 1998). Smith (1998) explains this variation by two
reasons. First, spatial ability includes some processes which are non-verbal and
which therefore are hard to describe with words. Second, there is not a

consensus on what constitutes spatial ability.



Tartre (1990) defines spatial skills as ‘‘mental skills concerned with
understanding, manipulating, reorganizing, or interpreting relationships
visually’” (p.216). Smith (1998) also defines spatial ability as the ability to
solve problems involving shapes and spatial stimuli, by means of spatial
reasoning such as mental imagery, imagined changes in rotation, orientation,
and position, and visual recognition of particular spatial features. Carroll
(1993) refers to spatial ability as the ability ‘‘in manipulating visual patterns as
indicated by level of difficulty and complexity in visual stimulus material that
can be handled successfully, without regard to the speed of task solution’’
(p.362). Lean and Clements (1981, p. 267) also refer to spatial ability as the
ability to formulate mental images and to manipulate these images in the mind.
Another definition of the spatial ability is given by Sjolinder (1998) as the
cognitive functions that enable people to deal effectively with spatial relations,
visual spatial tasks and orientation of objects in space.

There are several studies that spatial ability has been categorized into a
few primary factors. While there is not an agreement on the numbers of factors,
research has shown that general spatial ability can be thought of as being
composed of two primary factors spatial orientation and spatial visualization
(Bishop, 1980; Clements & Battista, 1992; Lohman, 1979; McGee, 1979).

Clements and Battista (1992) have defined spatial orientation as
understanding and operating on the relationships between the positions of
objects in space with respect to one’s own position. Lohman (1979) defines
spatial orientation as the ability to imagine how a given object or set of objects
would appear from a spatial perspective different from that in which the objects
are shown. Smith and Strong (2001) support the definition of Lohman and
suggest that spatial orientation is the ability to image a scene from different
viewpoint. Velez et al., (2005) also define spatial orientation as ‘‘the ability to

accurately estimate changes in the orientation of an object’” (p. 2).
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According to Tartre (1990) spatial orientation describes the tasks that
require the subjects mentally readjust her or his perspective to become
consistent with a representation of an object presented visually. Tartre states
that spatial orientation tasks could involve organizing, recognizing, making
sense out of visual representation, reseeing it or seeing it from a different
angle, but not mentally move the object. McGee (1979) also suggests that
spatial orientation involves the “comprehension of the arrangement of elements
within a visual stimulus pattern, the aptitude to remain unconfused by the
changing orientation in which a spatial configuration may be presented and the
ability to determine spatial orientation with respect to one’s body” (p.897).

The other type of spatial ability is spatial visualization. Spatial
visualization is defined by Clements and Battista (1992) as comprehension and
performance of imagined movements of objects in two and three dimensional
space. Another definition of the spatial visualization is given by Tartre (1990)
as the ability to predict specified transformations of geometric figures. Tartre
(1990) states that spatial visualization skills may in general indicate “a
particular way of organizing thought in which new information is linked to
previous knowledge structures to help make sense of the new material”. Smith
and Strong (2001) also define spatial visualization as the ability to manipulate
an object in an imaginary 3-D space and create a representation of the object
from a new point. McGee (1979) refers to spatial visualization as “ability to
mentally manipulate, rotate, twist, or invert a pictorially presented stimulus

objects” (p.893).

2.2. Spatial Ability and Mathematics Education

The literature contains a great deal of discussion about the possible

relationship between spatial skills and mathematics. Furthermore, spatial skills

have been found to be positively correlated with measures of mathematics
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performance (Battista, 1990; Clements & Battista, 1992; Fennema & Sherman,
1977) and noted as being a significant factor in specific areas of mathematics,
such as geometry and in particular complex problems (van Garderen, 2006).
Liedtke (1995) reinforce the importance of spatial ability for mathematics and
states that “Spatial sense or imagery is an important part of geometry and
important part of mathematics learning, since it is indispensable in giving
meaning to our mathematical experience” (p.18). Tso and Liang (as cited in
Christou et al., 2007) suggest that spatial abilities are important cognitive
factors in learning geometry and incorporating spatial visualization and
manipulation into learning activity could improve geometric learning. Wilson
(1992) also stress the importance of the ability to visualize mathematical
relationships and states that it is an essential part of many people’s knowledge
of mathematics and their facility in communicating ideas about mathematics.

From this perspective, The National Council of Teachers of Mathematics
(2000) emphasize the importance of spatial abilities in mathematics education
and recommend that mathematics instruction programs should pay attention to
geometry and spatial sense so that all students, among other things, “use
visualization and spatial reasoning to solve problems both within and outside
of mathematics”. Olkun (2003) also notes enhancing students' spatial abilities
is one of the roles of geometric activities.

More recently, guided by the thought that spatial ability is a factor that
underlies mathematical aptitudes, researchers have attempted to discover the
role that spatial ability plays in mathematics learning. Studies have indeed
shown the positive correlation not only between spatial ability and geometry,
but also, more generally, between spatial ability and mathematics achievement
(Bishop, 1980).

Kayhan (2005) conducted a study with 251 ninth-grade students to
investigate the relationships between mathematics achievement, logical

thinking ability and spatial ability. Kayhan used Spatial Ability Test and Group
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Test of Logical Thinking to measure students’ spatial ability and mathematics
achievement. The results of the study indicated that there is a significant
positive relationship between spatial ability and mathematics achievement and
there is a significant positive relationship between spatial ability and logical
thinking ability. The findings of Tai (2003) also support these findings. Tai
conducted a study to investigate the effects of cognitive style and spatial ability
on the logical thinking and problem solving abilities of students with regard to
programming language. Study results indicated that students with high spatial
ability scored significantly higher than those with low spatial ability in logical
thinking ability. Delialioglu (1996) also investigated the contribution of
students’ logical thinking ability, mathematical skills and spatial ability on
achievement in secondary school physics. As a result of this study he also
determined a significant and positive relationship between spatial ability and
logical thinking abilities.

Spatial ability especially spatial visualization has been also cited as an
important component in solving many types of mathematics problems (Booth
& Thomas, 2000). McLeay (2006) stress out the importance of visualization
ability for problem solving and suggests that one way to improve pupils'
problem-solving ability is to encourage pupils to use imagery and visualization
strategies. Ben-Chaim et al., (1988) also state that “visualization provides the
learners with additional strategies potentially enriching their problem solving
repertoire” (p. 51). The findings of a study conducted by van Garderen (2006)
support this statement. Van Garderen undertook a study to investigate students’
use of visual imagery and its relationship to spatial visualization ability while
solving mathematical word problems. Students with learning disabilities (LD),
average achievers, and gifted students in sixth grade participated in this study.
Students were assessed on measures of mathematical problem solving, visual
imagery representation, and spatial visualization ability. The findings revealed

that use of visual images was positively correlated with higher mathematical
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word problem—solving performance and there was a significant and positive
correlation between each spatial visualization measure and mathematical word
problem-solving performance.

Similarly to van Garderen, Alias, Black & Gray (2003) conducted a study
to test whether spatial visualization activities would affect problem-solving
skills in structural design. There were 77 and 61 civil engineering students in
the experimental and control group respectively. The two groups were
equivalent with respect to age, gender proportion and academic ability. The
experimental group was taught spatial skills prior to the learning of the subject,
while the control group had their normal lectures. Two instruments, the Spatial
Visualization Ability Test Instrument (SVATI) and the Structural Design
Instrument (SDI) had been specifically designed for the study. It was found
that the experimental group had a statistically significantly higher score on the
structural design measure compared to the control group and that the effect was
especially significant on the understanding of structural behavior. It was
concluded that spatial visualization ability aids in the understanding of
structural behavior and thus enhances problem solving in structural design.

Battista (1990) also investigated the role of spatial visualization plays in
performance and gender differences in high school geometry. The sample of
the study was 145 high school geometry students. A version of Purdue Spatial
Visualization Test, knowledge of geometry and geometric problem solving test
were administered to students. The results indicated that spatial visualization
was an important factor in geometry achievement and geometric problem
solving.

Just as spatial visualization, the role of spatial orientation skill in
mathematics problems was also investigated. Tartre (1990) carried out a study
with 97 10th grade students to explore the role of spatial orientation skill in the
solution of mathematics problems and to identify possible associated gender

differences. A spatial orientation test and 10th grade mathematics achievement
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test were used to measure students’ achievements in this study. The students
were asked to solve mathematics problems in individual interviews also. The
results of the study suggested that spatial orientation skill appears to be used in
specific and identifiable ways in the solution of mathematics problems. Tarte
also noted that spatial skills may be a more general indicator of a particular
way of organizing thought in which new information is linked to previous
knowledge structures to help make sense of new material.

The results of the study of Lean and Clements (1981) didn’t support other
studies which suggest that it is desirable to use visual processes when
attempting mathematical problems. They undertook a study with 116
engineering students. Students were given a battery of mathematical and spatial
tests; in addition, their preferred modes of processing mathematical
information were determined by means of an instrument recently developed.
The results of the study revealed that students who preferred to process
mathematical information by verbal-logical means tended to outperform more
visual students on mathematical tests. The results also showed that spatial
ability and knowledge of spatial conventions did not have a large influence on

the mathematical tasks.

2.3 Improving Spatial Ability

Given the obvious importance of spatial ability in mathematics and
science education, it is natural that the development of spatial ability has been a
primary problem for the researchers and educators for many years. Smith
(1998, p.8) stress the importance of finding ways of developing spatial ability
and states ‘‘Finding ways to develop spatial visualization skills from
kindergarten through the 12th grade may serve to improve later performance in

a variety of academic disciplines such as geometry, physics, and engineering’’.

15



The National Council of Teachers of Mathematics (2000) also
recommends that 2D and 3D spatial visualization and reasoning are core skills
that all students should develop. Piburn et al., (2002) stated that spatial ability
can be taught and practice with classification, pattern detection, ordering,
rotation and mental manipulation of three-dimensional objects can improve
spatial ability. Previous studies have viewed that students’ spatial ability can be
improved through training (Battista et al., 1982). However, which type of
training provides the most beneficial improvements to spatial ability is not
known.

Battista, Wheatley and Talsma (1982) investigated the effects of spatial
ability, cognitive development, and their interaction on mathematics learning
and to explore if geometry instruction of the type given in this study improves
the spatial ability of preservice elementary teachers. The samples of the study
were 82 preservice elementary teachers enrolled in four sections of a geometry
course for elementary teachers. Students in the study participated in numerous
classroom activities having spatial components such as paper folding, tracing,
cut outs which made them familiar with the motion concepts. The Purdue
Spatial Visualization Test was administered to each student for twice and the
scores of students were significantly different. The results of the study revealed
that The Spatial Visualization Test scores of students enrolled geometry course
were significantly higher at the end of the semester than the beginning which
was evidence that activities used in this course may improve students’ spatial
ability.

Lord (1985) also succeeded in improving the spatial ability of college
students; he asked students to picture the cross-sectional slice of a three-
dimensional shape and predicts the two-dimensional shape of the cut surface in
his study. The experimental group used geometrical manipulative for 12 weeks
of exercises in visualizing cross-sections. Lord found experimental group’s

post-tests scores against a control group showed significant difference.
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Ben-Chaim, Lappan and Houang (1988) undertook an extensive study
involving some 1000 students. Students were engaged manipulating concrete
tasks with small cubes and to construct isometric drawings on grid paper for 3
weeks. A pre-test, posttest and retention test, using the Middle Grades
Mathematics Project Spatial Visualization Test (MGMP SVT) were
administered to these students and it was found that the students gained
significantly from the training programs in spatial visualization tasks.

Similar to that of Ben-Chaim et al.,, Robihaux (2003) has shown that
training with manipulative can facilitate improvement of spatial visualization
skills. Robihaux undertook a qualitative study to examine the spatial
visualization ability of an elementary education major interested in teaching
middle school geometry. Results of the study indicated that spatial
visualization ability does improve through participating in spatial activities
periodically and the use of concrete objects and the opportunity to verbalize
one’s thought during activities helps in the development of this ability. The
results also suggested that engaging one in spatial tasks once a week every
other week over the course of one semester while verbalizing one’s thought
processes did improve one’s spatial visualization.

There is also number of studies that indicated many different types of
technology can be used also to improve students’ spatial abilities (Leong et al.,

2002; Piburn et al., 2002). These studies will be discussed in next sections.

2.4 Technology and Geometry Education

In recent years, the limitations of traditional approaches in the teaching
and learning of geometry has been expressed (Rahim, 2002). Maragos (2004)
argues these limitations and states that “in a traditional geometry course,
students are told definitions and theorems and assigned problems and proofs;

they do not experience the discovery of geometric relationships, nor invent any
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mathematics” (p. 2). Olive (1991) also stress the limitations of traditional
approaches and states an inductive approach based on experimentation,
observation, data recording and conjecturing would be much more appropriate
for geometry education instead of traditional approach and such an approach
will give students the opportunity to engage in mathematics as mathematicians
not merely as passive recipients of others mathematical knowledge. Battista
(2002) agrees with Olive and stress the importance of providing rich student-
centered learning environments that gives students opportunities to develop
their geometric thinking.

Nohda (1992) also notes that in mathematics, understanding cannot be
generally being achieved without participation in the actual process of
mathematics: in conjecture and the argument, in exploration and reasoning, in
formulating and solving, in calculation and verification. Reys et al., (2006)
agrees with Nohta and advocate that geometry is best learned in a hands-on
active manner, one that should not rely on learning about geometry by reading
from a textbook.

All the limitations of traditional educational approach led researchers to
study on the development of alternative ways of teaching and learning
geometry. As an alternative way to get over the problems which the teaching of
geometry was faced in the past decades, technological environments have been
created and computers were introduced into geometry education. Hughes (as
cited in Robitaille et al., 1977) reinforced the importance of computers for
mathematics education and stated that:

The computer is almost certainly the most valuable aid we have
acquired in the past few decades for teaching concepts of
mathematics, but it will not make its maximum contribution until

we have discovered the best techniques for using it (p. 26).
The importance of using technology in the teaching of mathematics has
been advocated by the National Council of Teachers of Mathematics (NCTM)

for many years (NCTM, 1989 & 2000). In Principles and Standards for School
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Mathematics, NCTM (2000) states that “Technology is essential in teaching
and learning mathematics; it influences the mathematics that is taught and
enhances students’ learning” (p.24). Nohda (1992) supports this statement and
notes computer environments are ideal tools that support the implementation of
the curricula, especially in mathematics. He defines calculators and computers
as “fast pencil” that mathematical process can be made more useful and
efficient with than with paper and pencil. Miwa (1992) also stress the powerful
of computer at inquiry and discovery and states that the computer promotes
students’ mathematical activities to inquire into and discover mathematics,
which is very important in mathematics education. He also notes that computer
use enables students to widen their field of vision and enrich their
understanding, and motivates students to practice discovery process. Clements
and Sarama (2001) agreed with Miwa and stress that the computer can offer
unique opportunities for learning through exploration, creative problem
solving, and self-guided instruction.

A number of studies have been conducted that look at the impact of
technology on students’ geometry achievement (Hollebrands, 2003; Chan, Tsai
and Huang, 2006). These studies concluded that use of technology in the
mathematics classroom is beneficial in developing students’ understandings of
geometric concepts (Laborde, 2001).

Olkun, Altun and Smith (2005) investigated the possible impacts of
computers on fourth-grade students’ geometry scores and further geometric
learning. The study used a pretest—intervention—posttest experimental design.
Findings revealed that students who did not have computers at home initially
had lower geometry scores. These findings suggest that it would be more
effective to integrate mathematical content and technology in a manner that
enables students to do playful mathematical discoveries. Olkun (2003) also
conducted a study to compare the experiences of a group of learners using

computer-based representations with another group using concrete
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manipulative. The results of the study revealed that both groups improved
significantly, the computer group improved slightly more, with older pupils
(fifth grade) benefiting more from the computer-based manipulative.

Hatfield and Kieren (1972) reported two studies with seventh- and
eleventh grade students who learned to program a computer and used this skill
in studying mathematics. The studies were conducted to examine if there is a
differential effect of computer use on students of varying level of prior
mathematic achievement and if there are areas where the use of the computer
particularly contributes to or detracts from mathematics achievement. Both
studies were conducted in a university for two years. Each year was treated as a
separate experiment and in each year samples of students were randomly
assigned to either a computer or non-computer group. In each topic the
objectives and procedures were primarily influenced by the content sample and
sequence of the regular textbook. The only planned difference in the treatments
was that the computer classes wrote and processed computer programs
involving the problems, concepts, and skills from the regular mathematics
course while the non-computer classes did not use the computer or computer
programs in the study of the same mathematical content. The results from these
related studies lend support to computer programming as a facilitator in certain
aspects of mathematics instruction. The grade seven studies indicated that even
low, achievers can learn to successfully program mathematical problems. Yet
the average and above-average seventh-grade achievers seemed to benefit
relatively more from the computer treatment.

Martinez et al., (2005) conducted a study to evidence a model of
sequence of instruction that incorporates Java applets to examine a kind of task
that might support the development of geometrical intuition. The results of the
study showed that dynamic geometry software facilitated some types of
learning activities, for example, exploration and visualization, and can enhance

some others, such as proof and proving.
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Chan, Tsai and Huang (2006) conducted a study to find a way promotes
learning and Van Hiele levels of geometric thought among elementary
students. The study concerned applying Web-based learning with learner
controlled instructional materials in a geometry course. The experimental
group included thirty-five 3rd grade students and thirty-nine 6th grade students
learned in a Web-based learning environment, and the control group, included
thirty-four 3rd grade students and forty 6th grade students learned in a
classroom. The results observed that the learning method accounted for a total
variation in learning effect of 19.1% in the 3rd grade and 36.5% in the 6th
grade. They also observed that the 6th grade students’ ability to learn with
computers and the Internet was sufficient to handle problems and promote their
van Hiele levels of geometric thought.

Palmiter (1991) compared the performance of 78 university students
taught calculus using a computer algebra system to the performance of students
using paper-and-pencil computations. Students who were taught calculus using
a computer algebra system had higher scores on a test of conceptual knowledge
of calculus than the students taught by traditional methods. Students in the
computer class also had higher scores on a calculus computational exam using
the computer algebra system than students in the traditional class using paper
and pencil.

Tutak and Birgin (2008) investigated the effects of the computer assisted
instruction on students’ geometry achievement at fourth grade geometry
course. The experimental group was instructed by means of the computer
assisted teaching materials, while the control group was instructed by
traditional methods. The “Geometry Achievement Test” consisting of 20
multiple choice questions as pre-test and post-test. The results of this study
showed that the computer-assisted instruction had a significant effect on the
students’ geometry achievement compared to the traditional instruction at

fourth grade geometry course.
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These studies highlight that computers are important tools for improving
student’s geometry achievement. Given the importance of integrating
computers into content area teaching, there is clearly a need for further
research investigating the effects of computer in geometry education. This
study sought to further investigate the potentialities of the computers in
developing students’ spatial ability, attitudes toward geometry, mathematics

and technology.

2.5 Computer Software and Learning of Geometry

In the last two decades some excellent dynamic geometry programs that
support students in developing mathematics concepts were developed such as
the Geometric Supposer (McCoy, 1991), Geometry Grapher (Choate ,1992),
Geometer’s Sketchpad (Hannafin, Burruss & Little, 2001), Cabri (Schumann &
Green, 1994), Geometry Inventor (Roberts & Stephens, 1999). These programs
allow users to construct ‘classical’ geometric objects such as points, segments,
lines, circles etc., measure distances, angles, areas, and manipulate shapes on-
screen. The programs let users to change the objects which are displayed on-
screen dynamically by dragging and re-sizing them. Choate (1992) states that
‘“‘geometry software’s provide exciting oppornuties for teaching geometry
because they can be used to perform geometric experiments’’. Maragos (2004)
also notes that dynamic geometry software has a profound effect on classroom
teaching and can help students see what is meant by a general fact.

It is thus the purpose of this study to consider the effectiveness of the use
of one of these construction programs, namely the Geometers’ Sketchpad, as a
tool in developing students’ spatial ability. Geometer’s Sketchpad (Jackiw,
2001) is one of the interactive and dynamic computer program that all
construction are performed by clicking on objects on the screen with the mouse

and selecting appropriate operations from pull-down menus. The GSP can be
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used to help students to learn and understand geometrical concepts and

principles (Bennett, 1994; Hollebrands, 2003; Nickell, 2007).

&} The Geometer's Sketchpad - [Untitled 1]
File Edit Display Construct Transform Measure Graph  Window  Help

X,

Area ADCH= 20,50 cm?
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Figure 2.1: Geometer’s Sketchpad Dynamic Software

Maragos (2004) states that Geometer’s Sketchpad enables students to
explore and understand mathematics in ways that are simply not possible with
traditional tools. He also emphasize that Sketchpad encourages a process of
discovery in which students first visualize and analyze a problem, and then
make conjectures before attempting a proof. Furner and Marinas (2007) also
states that the GSP software is an excellent interactive tool that allows students
to create their own understanding of geometry and mathematical ideas in ways
that are simply not possible with traditional tools. They also stress the
importance of using hands on manipulative to construct students’ own
understanding of geometry and notes “the sketching software creates the bridge
needed for children at a young age to connect their concrete understanding to
more abstract mathematical ideas” (p. 86).

There are many elementary geometry concepts that could be explored

using some fairly basic features of GSP. Finzer and Bennett (as cited by
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Almeqdadi, 2000) state that students have many reasons for making a sketch
with the GSP; “Their purpose may be to explore the behavior of a particular
geometric figure, such as a rhombus, or to model a physical situation, such as a
ladder leaning against a wall. They may want to make a beautiful pattern
inspired by Navajo rug designs, or their goal may be an animation perhaps a
Ferris wheel or a merry-go-round” (p. 2).

Research was carried out to study the impacts of dynamic geometry
programme environments on students’ learning. Jones (2005) used data from a
longitudinal study of 12-13 students’ use of dynamic geometry software, the
focus of the analysis was on the interpretations the students make of
geometrical objects and relationships when using this form of software. The
analysis suggested that the students’ mathematical reasoning is shaped by their
interactions with the software and the use of dynamic geometry software was
appropriate for geometry education. Jones (2002) also reviewed a variety of
dynamic geometry software research. The results of these researches also
showed that dynamic geometry software can help students to explore,
conjecture, construct and explain geometrical relationships.

Connor, Moss and Grover (2007) also investigated whether or not
students made effective use of dynamic geometry software to explore the
validity of a geometrical statement. Results indicated that reasoning based on
prototypically constructed categories and difficulty correctly parsing
mathematical statements, especially the ‘for all’ quantifier, interfered with the
effective use of dynamic geometry software in justifying mathematical
assertions.

The study of Hannafin, Burruss and Little (2001) examined teacher and
student roles in a student-centered instructional geometry program using the
Geometer's Sketchpad. The study was part of a larger project that included 2
seventh-grade teachers and their students. Grade 7 students worked for 2 weeks

in their regularly scheduled mathematics class on activities that allowed them
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to explain on-screen relationships among geometric shapes. The class sessions
and specific days were observed, students surveyed, and teacher and selected
students interviewed. Findings revealed that students liked their new freedom,
worked hard, and expressed greater interest in the subject material.

Hollebrands (2003) also conducted a study to investigate the nature of
students’ understandings of geometric transformations, which included
translations, reflections, rotations, and dilations, in the context of the
technological tool, The Geometer’s Sketchpad. To investigate students’
understandings of geometric transformations, the researcher conducted a
teaching experiment in which she taught a seven-week instructional unit. The
analysis suggested students’ understandings of key concepts including domain,
variables and parameters, relationships and properties of transformations were
critical for supporting the development of deeper understandings of
transformations as functions. Similarly to Hollebrands (2003), Almeqdadi
(2000) conducted a study to investigate the effect of using the Geometer’s
Sketchpad (GSP) on students’ understanding of some of the geometrical
concepts. The students in the experimental group used the GSP software once a
week and the book, while the students in the control group used only the book.
Both groups took the same pretest and posttest, which was designed by the
researcher. The results of the study indicated that there was a significant
difference between the means of the students’ scores on the posttest with favor
to the experimental group. The results also indicated that there was more gain
in the scores from the pretest to the posttest in the case of the experimental
group.

Christou et al., (2003) also conducted a study to understand the way in
which students can solve problems in the setting of a dynamic geometry
environment, and how dynamic geometry environment provides opportunities
for posing new problems. The results revealed that dynamic geometry software

helped students to visually explore the problems and reflect on them. The
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results also showed that dynamic geometry environment can play a significant
role in engendering problem solving and posing by bringing about surprise and
cognitive conflict as students use the dragging and measuring facilities of the
software. Similar to Christou, Nohda (1992) investigated the effects of
dynamic geometry environment on students’ problem solving abilities. He used
an experimental group with the software of Cabri-Geometre and a control
group with paper-pencil. The experimental group practiced with Cabri-
Geometre and they solved problems by using it. On the other hand the control
group solved the same problem without computer’s results of the study
indicated that there was no significant differences between groups.

Birgin, Kutluca and Giirbiiz (2008) investigated the effects of computer-
assisted instruction on students’ achievement in “Coordinate Plane and Graphs
of Linear Equation” at seventh grade mathematics curriculum. The
experimental group was instructed by means of the computer assisted teaching
materials using the “Spreadsheets” and “Coypu” software, while the control
group was instructed by traditional methods. The results of this study showed
that the computer-assisted instruction has more effective than the traditional
instruction on students’ achievement.

Isiksal and Askar (2005) carried out a study to investigate the effect of
spreadsheet and dynamic geometry software on the mathematics achievement
and mathematics self-efficacy of 7th-grade students. The study further
examined the gender differences with respect to computer self-efficacy,
mathematics self-efficacy and mathematics achievement. Two software
programs, Excel and Autograph, were used in experimental groups separately,
and a control group took traditional-based instruction without using any
technological tools such as a computer or calculator. The "Mathematics
achievement" test was used to assess the students' performance on
mathematics. The "Mathematics self-efficacy" scale and the "Computer self-

efficacy" scale were used in order to determine the self-efficacy expectation of
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the students with respect to mathematics and computers. Results revealed that
the students in the Autograph group had the highest scores compared to other
groups regarding mathematics achievement and mathematics self-efficacy. The
results also revealed that boys had significantly higher scores with respect to
computer self-efficacy. On the other hand, treatments seemed not to have any
effect on gender regarding mathematics self-efficacy and mathematics
achievement.

In the light of the superior geometry construction programs summarized
abovethis study sought to employ Geometers’ Sketchpad construction

programme to improve students’ spatial ability.

2.6 Technology and Spatial Ability

As discussed in previous sections technology has the potential to enhance
student learning and provide students access to powerful geometric ideas and
topics. One such topic is spatial abilities of students. Only a few studies have
examined students’ developing spatial ability while using technology. The
results of these studies indicated that many different types of technology can be
used to improve students’ spatial abilities (Piburn et al., 2002).

A study of Clements et al., (1997) has viewed that students’ spatial ability
improved under instructional intervention. They studied a group of 23 third-
grade students who were given pre- and posttest using the Wheatley Spatial
Ability Test. Between the tests, students were taught a geometry unit using a
Tetris™-like computer software that introduced area covering for rectangles
using unit shapes that can be translated, rotated or reflected. The result
indicated that students improved substantially, beyond a level measured in
previous test-retest administration.

Similarly to Clements et al., Leong et al., (2002) investigated the impact

of a computer software (Geometer’s Sketchpad) on students’ spatial abilities
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and on their concept formation of ideas within the domain of transformation
geometry. Pre- and Posttests using the Wheatley Spatial Ability Test (WSAT)
on three secondary two classes were administered. The results indicated that
although the classes under this study were not significantly differentiated by
the increases in the WSAT scores, it was noted that all these classes,
irrespective of the mode of learning, registered significant gains in the WSAT
scores, which is indicative of substantial improvement in their spatial ability.

Einsenberg (1999) also examined the effects of two software
environments HyperGami and JavaGami on students’ spatial abilities. A
combination of assessment methods including children's drawings of two-
dimensional folding nets, their verbal descriptions of polyhedral, and their
performance on pre- and post- standardized tests of spatial visualization were
discussed to examine the effect of the software and polyhedron building
activities on students’ spatial reasoning. The study showed that students have
shown increases in sophistication in their verbal descriptions of shapes, in their
renderings of folding nets of shapes, and in their performance on standardized
tests of spatial thinking after their work with JavaGami or HyperGami.

Kosa, Baki and Giiven (2007) carried out a study to investigate effects of
dynamic geometry software Cabri 3-D on students’ spatial skills. Research
carried with two groups. In the first group implementations were carried with
Cabri 3D during five weeks and the lessons at the second group were thought
with traditional ways on blackboard. Purdue spatial visualization test was used
as the pre-test to evaluate the students’ spatial visualization skills. The results
of the research showed that dynamic geometry software Cabri 3D is effective
tool for developing students’ spatial skills. The results also revealed that the
students in experimental group enjoyed the 3D activities.

Onyancha et al., (2007) developed two tools for use in spatial ability
training and they investigated the effect of these tools on the spatial ability and

self efficacy of mechanical engineering freshmen in a comprehensive state
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university. One of two tools was Physical Model Rotator (PMR) which rotates
a physical model of an object in synchronous motion with a model of the same
object in CAD software and the other training tool was the Alternative View
Screen (AVS) which provides the user of CAD software with both a solid
model (including shading) and a line version view of the object. The students’
spatial ability was determined using portions of the Purdue Spatial
Visualization Test (PSVT). Students with poor spatial ability were identified
and they were then trained over a four week period for one hour each week in
the study. The effectiveness of the training tools was evaluated by comparing
spatial ability test scores before and after training. The study found that all
subjects who had poor spatial ability at the beginning of the semester showed
some improvement at the end of the semester which was evidence that the
newly developed training tools, the AVS and the PMR was effective at
improving the spatial ability of students even when they are used over a
relatively short period of time.

Virtual and Augmented Reality Learning Environment (VRLE) tools are
also very useful for training spatial ability. The literature review shows these
technologies were successfully used in a wide range of studies to examine
different aspects of spatial behavior and skills (Hartman & Bertoline, 2005).

Kaufmann et al., (2005) conducted a study to investigate the potential of
virtual reality (VR) and augment reality (AR) technologies on spatial ability.
The aim of the study was to investigate whether spatial ability can be trained
by an AR application and which aspects of spatial ability can be trained
specially .Construct 3D which is a 3D geometric construction tool was used to
design. The results indicated that all participants could improve their scores in
the post test in the different spatial ability tests. Their findings indicated that
augmented reality can be used to develop useful tools for spatial ability
training. Kwon and Kim (2002) investigated the effects of virtual reality (VR)
and augment reality (AR) technologies. All participants were 10" grade
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computer classes taught by mathematics teachers. All students were
administered the Middle Grade Mathematics Project Spatial Visualization Test
to obtain a baseline and background information on their skills. After Pretest
was given, all students studied the software on the Web. A post test also was
administered. The results of the study indicated that web-based instruction for
spatial visualization was capable of improving the target skills and spatial
visualization program using virtual reality was more effective than traditional
methods.

Yeh and Nason (2004) also conducted a study to investigate two primary
school students’ construction of 3D geometry knowledge whilst engaged
within a VRLE developed by the researcher. A design experiments research
methodology was employed in this study. The participants in this phase or
iteration of the design experiment were a Grade 6 student and a Grade 7
student. Findings of the study revealed that the 3D VR environment in
VRMath provided users with the opportunity to operationalize both their
spatial visualization and orientation abilities. Yun et al., (2006) also compared
the effect of VGLS (Virtual Geometry Learning System) with that of the
traditional teaching method in improving students’ spatial ability. They
selected two classes (total 106 students) in a middle school as experimental
class and control class, and pre-tested their basic level of spatial ability. The
VGLS was applied in the experimental class for four weeks while the
traditional teaching method was applied in the control class. The result of the
post-test showed that comparing with traditional teaching method, VGLS
approach was more significant effective in the improving student’s mental
folding, unfolding as well as rotation ability of students, without obvious
superiority in improving student’s pattern recognition.

There are also studies that analyzed the potential of video games for
improving the spatial skills of students. Miller and Kapel (1985) conducted a
study carried with 7th and 8th grade students .A set of puzzle-type computer
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games were played by the experimental group. Students’ spatial abilities were
tested using Wheatley Spatial Test. The results showed that computer games
played by students during the experiment had a positive effect on subjects’
spatial skills.

All this finding opens up an avenue for research into effective approaches
that can help to improve students’ spatial abilities. This study is thus useful in
its potential contribution to realize the effects of technology for improving

students’ spatial abilities.

2.7 Summary of Literature Review

Spatial skills are ‘‘mental skills concerned with understanding,
manipulating, reorganizing, or interpreting relationships visually’’ (Tartre,
1990, p. 216). Spatial ability has been divided into two subdomains: spatial
orientation and spatial visualization (Bishop, 1980; Clements & Battista, 1992;
Lohman, 1979; McGee, 1979). Spatial orientation is the ability to imagine how
a given object or set of objects would appear from a spatial perspective
different from that in which the objects are shown (Lohman, 1979) and spatial
visualization is the ability to manipulate an object in an imaginary 3-D space
and create a representation of the object from a new viewpoint (Strong &
Smith, 2001).

The literature contains a great deal of discussion about the possible
relationship between spatial skills and mathematics. Spatial skills have been
found to be positively correlated with measures of mathematics performance
(Battista, 1990; Clements & Battista, 1992; Fennema & Sherman, 1977) and
noted as being a significant factor in specific areas of mathematics, such as
geometry and in particular complex problems (van Garderen, 2006). Given this
obvious role of spatial ability in mathematics education, researchers have

attempted to find ways to improve students’ spatial ability. Previous studies
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have shown that students’ spatial ability can be improved through training
(Battista et al., 1982; Einsenberg, 1999; Onyancha et al., 2007; Robihaux,
2003). One of the ways to improve students’ spatial ability is integrating
computers into geometry education. Previous studies highlight that computers
are important tools for improving student’s spatial ability (Leong et al., 2002;
Piburn et al., 2002). However there is little research to support such claims and
which type of training with computers provide the most beneficial
improvements to spatial ability is not known. This study is thus useful in its
potential contribution to realize the effects of technology for improving
students’ spatial abilities. The study also investigates the role of the
construction software and how it should be employed to get the most beneficial

improvements in spatial ability.
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CHAPTER 3

METHODOLOGY

This chapter discusses issues related to the methodology of the study such
design of the study, sampling, instruments used in data collection, variables,
procedures, teaching and learning materials, treatment, treatment verification

and the analysis of the data collected.

3.1 Design of the Study

The quasi-experimental design was implemented in this study since the
study do not include the use of random assignment of participants to both
experimental and control groups (Fraenkel & Wallen, 1996). Following table

summarizes the design of the study:

Table 3.1 Research Design of the Study

Groups Pretests Treatment Posttest
Trtl SAT Student centered SAT
GAS dynamic geometry GAS

enviroment MTAS
Trt2 SAT Teacher centered SAT
GAS dynamic geometry GAS

environment MTAS
CG SAT Traditional SAT
GAS teaching GAS

MTAS
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3.2 Population and Sample

Seventh grade is considered as an optimal time for the teaching of spatial
visualization tasks (Ben-Chaim et al., 1988). Therefore, seventh grade students
were chosen as sample in this study. The target population consists of all
seventh grade private primary school students in Kayseri. Since it was difficult
to select a random sample of individuals, convenient sample was used in this
study. The sample was the seventh grade students in a private school in Kayseri
where the researcher is a teacher. There were four seventh grade classes in the
school and three of them namely 7-A, 7-B and 7-C were included in the
sample. 7-A and 7-B which were taught by the researcher were identified as
experimental groups (EG). While 7-A constituted Trtl group, 7-B constituted
Trt2 group. The other class 7-C constituted the control group (CG) for the
study. The number of students involved in the study was 57. There were 18
students in Trtl group, 20 students in Trt2 group and 19 students in the CG.
The distribution of the subjects in the groups in terms of gender is given in

Table 3.2.

Table 3.2 The distributions of the subjects in terms of gender

Gender Groups

Trtl % Trt2 % CG %  Total %
Female 11 55 10 555 10 52.6 31 54.3
Male 9 45 8 44.5 9 474 26 45.7
Total 20 100 18 100 19 100 57 100
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3.3 Instruments

In order to gather data, three instruments were used in the study: Spatial
Ability Test (SAT), Geometry Attitude Scale (GAS) and The Mathematics and
Technology Attitudes Scale (MTAS).

3.3.1 Spatial Ability Test

Students’ levels of spatial ability were assessed by Spatial Ability Test
(SAT) which was a paper-pencil test. The SAT was developed by Ekstrom et
al.,, (1976) and translated into Turkish by Delialioglu (1996). The Spatial
Ability Test (SAT) consisted of two sub-tests, spatial visualization ability test
(SVAT) and spatial orientation ability test (SOAT). The score of the spatial
ability test (SAT) was obtained by the summing the scores of SVAT and
SOAT. The sample questions for each test are given in Appendix A.

The sub-tests of the SAT administrated for the study are:

Spatial Visualization Ability Test;

Spatial visualization ability test consists of two sub-tests: Paper Folding
Test (PFT) and Surface Development Test (SDT). Both tests have two parallel
parts; one was used for the pretest, one for the post test. A correction for
guessing was used for scoring tests: the total test score is calculated according
to the formula R - W/ (n-1), where R = the number right, W = the number
wrong, and n = the number of response options for each item. The score of the
spatial visualization ability test (SVAT) is obtained by the summation of the
scores of PFT and SDT.

Paper Folding Test (PFT): It is a two-part test which each part consists of 10
multiple choice items. In each item, participants are shown an item on the left

which depicts a folded of paper with holes punched and five item on the right.
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Individuals are asked to select one of five drawings on the right that shows how
the punched sheet on the left would appear when the piece of paper unfolded.
Reliability measure as based on KR-20 coefficient was calculated as 0.73.
Participants are given three minutes to solve 10 problems in each part in this
test and given one point for every correct response. Since there are 20

questions, the maximum score of PFT is 20.

(ii) Surface Development Test (SDT): It is a two-part test which each part
consists of 12 multiple choice items. In the test drawings are presented of a
solid form. Reliability measure as based on KR-20 coefficient was claculated
as 0.80. Participants are asked to indicate how the piece of paper should be
folded to make the solid form. Participants are given six minutes to solve 12
problems in each part in this test and given one point for every correct

response. Since there are 12 questions, the maximum score of SDT is 60.

Spatial Orientation Ability Test;

Spatial orientation ability test consists of two sub-tests: Card Rotation
Test (CRT) and Cube Comparison Test (CCT). Both tests have two parallel
parts; one was used for the pretest, one for the post test. A correction for
guessing was used for scoring tests: the total test score is calculated according
to the formula R - W/ (n-1), where R = the number right, W = the number
wrong, and n = the number of response options for each item. The score of the
spatial orientation ability test (SOAT) is the summation of the scores obtained

by CRT and CCT.

Card Rotation Test (CRT): It is a two-part test which each part consists of 10
questions with 8 items. In each item, there is a figure on the left and 8 item on
the right. Participants are asked to determine if these 8 figures are either rotated

versions of the item on the right or not. Reliability measure as based on KR-20
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coefficient was claculated as 0.81. Participants are given three minutes to solve
10 questions in each part and given one point for every correct response. Thus
an individual makes a total of 160 responses; the maximum score of the test is

160.

Cube Comparison Test (CCT): It is a two-part test which each part consists
of 42 true-false items. In each item, there are two cubes and students are asked
to indicate if the cubes could be rotated versions of each other. Reliability
measure as based on KR-20 coefficient was claculated as 0.78. Participants are
given three minutes in each part to solve 21 problems in each part of the test
and given one point for every correct response. The maximum score of CRT is

42.

3.3.2 Geometry Attitude Scale

In order to determine students’ attitudes toward geometry, The Geometry
Attitude Scale (GAS) developed by Duatepe (2004) was used (see Appendix
B). This scale is two-dimensional having 12 items. Five items (item numbers 3,
4,5, 8 and 12) of the test represent negative statements such anxiety and seven
items (item numbers 1, 2, 6, 7, 9, 10 and 11) represents positive statements
such as enjoyment. Students are asked to rate statements by marking a five-
point Likert scale with the alternatives of strongly disagree, disagree, uncertain,
agree, and strongly agree. Negative statements are scored as 5, 4, 3, 2, and 1
and positive statements are scored 1, 2, 3, 4, and 5 in the order of alternatives.
Since the sample size of the study was too small for performing a factor
analysis (Gorsuch, 1983), the scale was used as one dimensional as it was used
in Duatepe’s study. The internal reliability estimate of the GAS was found to
be .82 by calculating the Cronbach alpha coefficient. The possible maximum

scores of the GAS are 60 and the minimum score of the scale is 12.
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3.3.3 The Mathematics and Technology Attitudes Scale (MTAS)

In order to determine students’ attitudes toward to learning mathematics
with technology, The Mathematics and Technology Attitudes Scale (MTAS)
developed by Barkatsas et al., (2007) was used (see Appendix C). The
instrument consists of 20 items. It consists of five subscales: mathematical
confidence [MC], confidence with technology [TC], attitude to learning
mathematics with technology [MT], affective engagement [AE] and behavioral
engagement [BE]. Students were asked to indicate the extent of their agreement
with each statement, on a five-point scale from strongly agree to strongly
disagree (scored from 5 to 1). A different but similar response set was used for
the BE subscale. A five-point system was again used nearly always, usually,
about half of the time, occasionally, hardly ever (scored again from 5 to 1).
Since the sample size of the study was too small for performing a factor
analysis (Gorsuch, 1983), the scale was used as one dimensional as it was used
in original study. The internal reliability for each sections in the test found to
be; MC, .85; MT, .87; TC, .78; BE, .73 and AE, .66 by calculating the
Cronbach alpha coefficient. The maximum and minimum possible scores on

any subscale were 20 and 4 respectively.

3.4 Variables

Variables of this study can be categorized as Independent Variable,

Covariates and Dependent Variables.

3.4.1 Independent Variable

Independent variable of the study was the treatment being implemented.
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3.4.2 Dependent Variable

Dependent variables of the study were; students’ posttest score on spatial
ability test (POSTSAT), geometry attitude scale (POSTGAS) and the scores of
The Mathematics and Technology Attitudes Scale (MTAS).

3.4.3 Covariates

Covariates of this study were students’ pretest scores on geometry

attitude scale (PREGAS) and Spatial Ability Test (PRESAT).

3.5 Procedure

The aims of this study was to investigate the effects of two different
methods of dynamic geometry based computer instruction on seventh grade
students’ attitudes towards geometry, attitudes toward mathematic and
technology and spatial abilities compared to traditional textbook based
instruction and to get the students’ views related to the effects of computer
based instruction on their learning. The study was conducted in mathematics
courses designed to teach the topics of seventh grade geometry, involving
reflection, translation and rotation symmetry and tessellation.

For this study, the Geometer’s Sketchpad (GSP) software was used as a
construction tool in EG, the EG learned transformation geometry topics with
GSP, on the other hand the CG learned the topics in a traditional instruction
environment which was based on a textbook approach using chapters related to
Transformation Geometry from Ilkégretim Matematik 7 (Yildirm, 2001) the
adoptive text-book for the seventh grade students.

The lessons in EG were conducted by using the lesson plans, activity

sheets and worksheets which were developed by considering the objectives of
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the seventh grade geometry suggested by Ministry of National Education.
These lesson plans, activity sheets and worksheets were piloted on sixth grade
students from the same school used in the main study during the first semester
of 2006- 2007 academic year to test their appropriateness for the specified
topics. The pilot study provided to gain experience about the lesson plans,
activity sheets and worksheets and how to use them in the classroom
effectively. The following conclusions and suggestions were taken into the
consideration in order to revise the lesson plans after the pilot study;
e Teachers would do well to have a detailed instructional plan and to
stick closely to it.
e A preparatory lab session would help students to gain confidence in the
use of the software.
¢ Some of the students may not be able to complete all the tasks given the
same amount of time in the lab sessions. More attention and
encouragement could also be given to the slower pairs.

Upon the completion of piloting lesson plans, activity sheets and
worksheets, they were ready to be used. The lesson plans and activity sheets
are shown in Appendix D. A sample of a typical worksheet used in these
sessions is also found in Appendix E.

Spatial ability test, geometry attitude scale, mathematics and technology
attitudes scale were also piloted on sixth grade students from the same school
used in the main study during the first semester of 2006- 2007 academic year to
check the clarity of the questions, to make sure the adequacy of the test
duration, to determine the difficulty of the questions and to decide the most
suitable tests. It was concluded that some of the students had difficulties in
understanding the instructions of the tests. More attention should be given to
these students and instructions should be stated clearly with each class.

Upon the completion of piloting instruments, the three tests were used in

this study. The SAT was administered to students as a pre and posttest to all of
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the classes. The time allotted for the SAT was 15 minutes each time. The tests
were administered by the researcher to all of the students in their classrooms.
Prior to administering the test, the researcher explained the purpose of the
study and the directions. In addition, before administering each part of the SAT
the students were given instructions about how to answer the part.

The geometry attitude scale was administered to all of the classes to
determine their attitudes toward geometry. The time allotted for the
administration of this scale was approximately 15 minutes each time. The GAS
was administered as a pretest before the treatment to control differences
between groups statistically on their prior attitudes toward geometry. It was
administered as a posttest upon the completion of the treatment on geometry to
determine the effect of method of teaching on students’ attitude toward
geometry.

The mathematics and technology attitudes scale (MTAS) was used to
determine students’ attitudes toward to learning mathematics with technology.
This measuring tool was administered to all of the classes, allowing
approximately 20 minutes controlling differences between groups statistically
on their attitudes toward to learning mathematics with technology upon the
completion of the treatment.

The students in all of the classes were taught the same mathematical
content at the same place in the second term of the 2006-2007 academic years.
Treatment period lasted 14 lesson hours. There were seven mathematics classes
in each week and each lesson lasted 40 minutes. The EG was instructed by the
researcher, the CG, however, was instructed by the classroom teacher. The
teaching in CG was conducted in their regular classrooms while the Trtl group
was conducted in a computer lab and the Trt2 group in a classroom where a
computer and projector were located.

Follow up interviews were conducted with seven students of Trtl group

and six students from the Trt2 group to get their views related to the effects of
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computer based instruction on their learning. The students were selected by

taking into consideration; gender, their post geometry attitude score,

mathematics and technology attitude score and their post spatial ability tests

scores to have the best representative sample. Each interview was conducted

individually in a quiet area of the school like an empty classroom and audio-

taped. In order to increase the probability of honest responses, the interviewees

were informed that their names and other personal information would be kept

confidential and would not be used in the research report. Although there was

no time limitation in then interviews, each individual interview lasted

approximately 15 - 30 minutes. The interviewed students were posed the

following questions:

¢ Does computer based instruction affect your learning? How?

e What was your role in the lessons? Is there any difference compared to
regular lessons in the classroom?

e What was your teacher role in the lessons? Is there any difference compared
to regular lessons in the classroom?

® Are there any negative effects of computer based instruction on your
learning?

e Do you have any thoughts about the importance of using Computers in
mathematics teaching?

¢ Did you have any problems with the software?

3.6 Treatment

While the EG learned transformation geometry topics with GSP, the CG
learned them with traditional teaching as usual, in the treatment phase. The
GSP was used as a common technological tool in Trtl and Trt2. The manner of
its use, however, differed among the two of the groups. The sequence of the

treatment including topics covered and administration of the tests in classes is
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presented in Table 3.3. As seen from this table, instruction sessions lasted 14

lesson hours in all of the groups.

Table 3.3 The comparison of the classes in terms of topics covered, their orders

and administration of the tests

Lesson EG CG

1 GAS pretest GAS pretest

2 SAT pretest SAT pretest

3 Translation symmetry (Lesson plan 1) Translation symmetry

4 Translation symmetry (Lesson plan 1) Translation symmetry

5 Translation symmetry Worksheet Translation symmetry Worksheet
6 Reflection symmetry (Lesson Plan 2) Reflection symmetry

7 Reflection symmetry (Lesson Plan 2) Reflection symmetry

8 Reflection symmetry Worksheet Reflection symmetry Worksheet
9 Rotation symmetry (Lesson Plan 3) Rotation symmetry

10 Rotation symmetry (Lesson Plan 3) Rotation symmetry

11 Rotation symmetry (Lesson Plan 3) Rotation symmetry

12 Rotation symmetry Worksheet Rotation symmetry Worksheet
13 Tessellation (Lesson Plan 4) Tessellation

14 Tessellation (Lesson Plan 4) Tessellation

15 Tessellation (Lesson Plan 4) Tessellation

16 Tessellation Worksheet Tessellation Worksheet

Table 3.3 Continued

17 POSTSAT POSTSAT
18 POSTGAS POSTGAS
19 MTAS MTAS

43



3.6.1 Treatment in the EG

Trtl group was taught by the researcher during the treatment period. Of
the 14 periods of the treatment duration, 5 were double-period sessions and 4
were single-period sessions. Lessons were held in the classroom in single-
period sessions and in the lab where computers were located in double-period
sessions. In the lab, students conjectured and explored geometry topics by
using GSP software and students were given worksheets in the classroom
sessions to ensure as much consistency as possible in the teaching of the unit.

The GSP was used as a tool for students’ exploration and conjecturing in
the Trtl. Students constructed images and changed the objects which are
displayed on-screen dynamically by dragging and re-sizing them. In this
learning environment students created their own understanding of
transformation geometry. Students were active participants in learning process
that they were imagining, communicating, exploring and expressing their ideas.
On the other hand, the researcher acted as a facilitator to make students to
develop transformation geometry concepts and guided them to reach targeted
goals. Students were free to make observations, ask questions, and make
conjectures in the lessons.

As the students in this class had no prior experience with the GSP, the
students in this class were given a one-hour GSP preparatory course to make
them familiar with the software.

At the lab sessions students were paired and they worked on the
computers in pairs. In each lab section, pairs were given activity sheet contains
instructions on which files to open and what objects to drag. The students
followed the instructions, dragged the objects and observed the results of the
movements on the screen. Students were actively involved in their learning
process by dealing with activity sheets. A typical student-pair’s display is

shown in Figure 3.1.
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Figure 3.1. A typical student-pair’s display in the Trtl

The experimental unit was organized into two one-week lessons. In these
lessons students were introduced to the concept of translations, reflections,
rotation and tessellation. They practiced translating, reflecting and rotating
two-dimensional objects by using GSP and understood how translation,
reflection and rotation worked. The first one-week consisted of 7 lessons which
included concepts in reflections and translations. Lessons were carried out with
the lesson plans 1 and 2. The first one week students did the activities that
designed to have students demonstrate an understanding of translating or
reflecting. Students discovered transformation patterns with computer
applications and drew lines of symmetry on two-dimensional shapes. The
second one-week also consisted of 7 lessons which included concepts of
rotation and tessellation. Lessons were carried out with the lesson plans 3 and
4. The students did the activities which designed to have students perform, and
describe rotations of 180° and clockwise and counterclockwise rotations of 90°,
with the centre of rotation inside or outside .They created and analyses designs
made by rotating a shape, or shapes, by 90° or 180°. Activities in tessellations
addressed students to make quilt patterns by reflecting, translating, and/or
rotating a shape, or shapes, by 90° or 180°.At the conclusion of each lab session

students were encouraged to share their observations to the class. The lab
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sessions were followed by paper-and-pencil constructions and exercises in the
classroom to review all they learned in lessons.

The Trt2 group was also taught by the researcher during the treatment
period. All the lessons were conducted in the classroom where only a computer
and a projector were located. Identical lesson plans were employed and
identical worksheets were given in the Trtl and the Trt2. But the construction
software GSP was employed differently in two groups. While students could
directly access the GSP and had hands-on experience with the software to
explore the topics in the Trtl, students in the Trt2 couldn’t directly access GSP.
The teacher used GSP as a construction tool and manipulate the objects. In this
class, direct instruction setting was applied. The students made observations
while teacher was manipulating objects on the projected screen and they
recorded the results of the activities presented on the screen. Since it was the
teacher who used computer software to make conjectures on topics, the
students in the Trt2 spent less time on the computer compared to the Trtl. Just
like the Trtl, paper-and-pencil constructions and exercises were also given to

students in the Trt2 to review all they learned in lessons.

Figure 3.2. A display of projected screen in the Trt2
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3.6.2 Treatment in the CG

Students in the CG were taught transformation geometry topics by
traditional teaching approach. The traditional instruction environment was
based on a textbook using chapters related to transformation geometry from
Tlkégretim Matematik 7 (Yildirim, 2001). The homework assignments were
also given from this textbook. The author provided to teacher lessons plans and
worksheets prior to and during the study. Students received identical
worksheets with the other classes.

In this class generally, the teacher acted as an information giver and
supplied knowledge to the students. Students were explained the concepts and
given definition by the teacher and the teacher solved some examples on the
blackboard by writing and drawing. Later the teacher allowed students to write
them on their notebooks. The lessons were continued by solving questions in
worksheets. The students in this group were passive receiver that they were just
responsible for listening teacher, taking notes and solving the questions the

teacher asked in their own places.

Figure 3.3. The traditional instruction environment in the CG
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3.7 Data Analysis

3.7.1 Quantitative Data Analysis

As descriptive statistics, means and standard deviations were used to
investigate the general characteristics of the sample.

The data gathered through the spatial ability test, mathematics and
technology attitudes scale, and geometry attitude scale were analyzed by using
Statistical Package for Social Sciences (SPSS) 15.0. Multivariate analyses of
covariance (MANCOVA) procedure was employed to answer the research
problems.

In order to compare the mean scores of the classes on attitudes toward
geometry, mathematics and technology and achievement on spatial ability test
and to reveal whether these differences are significant or not while controlling
differences between groups for the pretest scores on attitudes toward geometry
and spatial ability test, a MANCOVA was used.As the MANCOVA results
only show significant differences between groups on the collective dependent
variables, follow-up analyses of variance (ANCOV As) were used to look at the
effects of method of teaching on each dependent variable. In the analysis
section, the probability of rejecting true null hypothesis (making Type 1-error)

was set as .05 which is mostly used value in educational studies.

3.7.2 Qualitative Data Analysis

The conceptual framework of the study guided the qualitative analyses of
data obtained from the students’ interviews. The focus of the analyses was to
investigate (a) how and why computer based instruction affected students’
understanding of the topics of transformation geometry (b) reasons of changes

in students’ attitudes towards geometry, mathematic and technology.
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The researcher used standardized open-ended semi-structured interviews.
After the questions, follow-up questions were directed to deepen the interview
responses. The analysis focused on the transcripts of 13 students taken from
two experimental groups for whom extensive data are obtainable in an effort to
answer the interview questions. The students were selected by taking into
consideration; gender, their post geometry attitude score, mathematics and
technology attitude score and their post spatial ability tests scores to have the
best representative sample. 7 students from the Trtl and 6 students from the
Trt2 were selected as participants. After selecting the interview participants,
each participant was interviewed in the same order by the researcher
individually, going through the interview questions in order. The responses
from participants were transcribed and coded to identify common responses of
the students. Students’ attitudes toward lessons were coded during the
treatment and categorized as ‘‘enjoy’’ , ‘‘like’’ , ‘‘interesting’’. Students’
attitudes toward learning experience were also coded during the treatment and

29 (X3

categorized as ‘‘hand-on’’, ‘‘visualization’’.

3.8 Internal Validity

Internal validity refers to degree to which observed differences on the
dependent variable are directly related to the independent variable not to some
other (Fraenkel and Wallen, 1993). A list of possible threats to the internal
validity of the study and how they were minimized or controlled were
discussed in this section.

In this study students were not randomly assigned to the experimental and
control group which can cause the subject characteristics threat to the study.
Considering this fact, to remove subject characteristics threat students’
previous geometry attitude and spatial ability scores were determined as

potential extraneous variables to posttests. To minimize individual differences
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and satisfy group equivalency, these variables were put as a covariate set in
MANCOVA analysis. The tests were administered to all groups in regular
classrooms with similar conditions such as same size, same setting, etc.
Therefore location threat was reduced by satisfying similar situations in three
classes during the administration of the instruments. Furthermore, no outside
events were notified that could influence the students’ responses.

Mortality could not be a threat to the study since there were no missing
data in all pretests and posttests. The researcher implemented the treatment in
both experimental groups and it is a threat to internal validity since the
characteristics, teaching ability, attitude or biases toward the treatment of the
researcher might have an influence on the students’ performance and attitude.
For reducing this threat, the researcher avoided coaching the students towards
the problems akin to those in the SAT.

Pretesting effect can be considered as a threat to this study. To reduce this
threat, both groups were pretested and the pretest was treated as a covariate for
the posttest analysis. Maturation might be also a threat to this study. However
the length of the treatment was two weeks and both groups had the same time
amount of time so if any maturation was occurred in subjects, it affected all of

the classes.

3.9 External Validity

The participants of the study were seventh grade students in a private
school in Kayseri. Since convenient sample was used in this study, the
participants didn’t constitute a sample of any larger population regarding
external validity. However, the results presented in this study is limited with
the sample of this study. Tests were conducted in regular classroom settings
during the treatment that the conditions in all of three classes were more or less

same and the size of the classes were around 20. The sitting arrangement and
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the lighting were also equal in three classes; therefore, the threats to ecological

validity were not viable.
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CHAPTER 4

RESULTS

This chapter is divided into four sections. The first section presents
descriptive statistics of the data. The second and the third section present
quantitative results and the qualitative results, respectively. The last one

summarizes the research findings.
4.1 Descriptive Statistics
4.1.1 Descriptive Statistics of the Geometry Attitude Scale

The descriptive statistics related with the PREGAS and the POSTGAS
appears in Table 4.1. As it is seen from the table, both the mean of the
PREGAS and the POSTGAS of the Trt2 were higher than those of the Trt1 and
the CG. The mean score of the Trtl increased from 40.10 to 45.85 and the Trt2

increased from 45.72 to 49.50 whereas the CG showed a decrease of 2.85.

Table 4.1 Descriptive statistics related with the PREGAS and the POSTGAS

Groups
Trtl Trt2 CG
PREGAS POSTGAS PREGAS POSTGAS PREGAS POSTGAS
N 18 18 20 20 19 19
Mean 40.10 45.85 45.72 49.50 43.79 40.94
Median 41 47.50 47.50 50.50 46 43.50
SD 11.68 10.40 9.26 7.05 8.10 8.33
Skewness  -.342 =711 -.351 -.683 -.602 -.806
Kurtosis -.486 047 -.494 -.133 -.483 .636
Max. 18 22 26 33 26 22
Min. 60 60 59 59 54 55
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In addition to the numerical descriptive statistics, clustered box plots
were also performed. The clustered boxplots of the PREGAS and the
POSTGAS appear in Figure 4.1. As seen from the figure, the median scores of
the Trtl and the Trt2 slightly increased from pretest to posttest while decreased
in the CG. The range of the scores from PREGAS and POSTGAS for the Trt2
was smaller than the scores of the Trt1. Besides, the students of the Trt1 got the

maximum score on POSTGAS.
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Figure 4.1 Clustered boxplot of the PREGAS and POSTGAS
(A indicates the Trt1, B indicates the Trt2 and C indicates the CG)

4.1.2 Descriptive Statistics of the Spatial Ability Test

The descriptive statistics related with the PRESAT and the POSTSAT
appears in Table 4.2. The mean score of the Trtl increased from 26.94 to 48.19
while the Trt2 increased from 42.28 to 60.47. An increase in mean scores was
also observed for the CG from 26.32 to 35.84. According to the values, the
mean score of the Trtl showed an increase of 21.25 from pretest to posttest and
the Trt2 had an increase of 18.19. The CG also showed an increase of 9.52.
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Table 4.2 Descriptive statistics related with the PRESAT and the POSTSAT

Groups
Trtl Trt2 CG
PRESAT POSTSAT PRESAT POSTSAT PRESAT POSTSAT
N 20 20 18 18 19 19
Mean 26.94 48.19 42.28 60.47 26.32 35.84
Median 27 49.63 44.25 61.38 18.75 39.25
SD 15.97 18.16 14.68 34.02 26.32 26.59
Skewness ~ -.098 -.408 -.548 -.602 1.207 344
Kurtosis -.579 -.666 =312 -.221 -.483 -.636
Max. 59 86 67 113 96 100
Min. 1 22 14 -14 -11 -12

Figure 4.2 shows the clustered boxplots of the PRESAT and the
POSTSAT. As it seen from the figure, the median scores of all groups
increased from pretest to posttest. The maximum and the minimum and
maximum scores on POSTSAT were gained by the students of the Trt2. There
was a lower outliner in the PRESAT of the Trt2. One higher outliner appears in
the POSTSAT of the CG.
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Figure 4.2 Clustered boxplot of the PRESAT and POSTSAT
(A indicates the Trt1, B indicates the Trt2 and C indicates the CG)
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4.1.3 Descriptive Statistics of the Mathematics and Technology Attitudes

Scale

The descriptive statistics related with the MTAS appears in Table 4.3. As
it is seen from the table, the mean scores of the MTAS of the Trtl and Trt2
were higher than those of the CG. The mean score of Trtl is 84.65 and the
mean score of Trt2 is 85.83. The mean score of the CG is 76.68.

Table 4.3 Descriptive statistics related with the MTAS

Groups

Trtl Trt2 CG
MTAS MTAS MTAS

N 20 18 19
Mean 84.65 85.83 76.68
Median 88.00 88.00 78.00
SD 10.378 6.973 10.177
Skewness -.939 536 -.064
Kurtosis -.082 -.180 -.534

Max. 100 94 95

Min. 62 70 59

Figure 4.3 shows the clustered boxplots of the MTAS. As it can be seen
in Figure 4.3, the median of MTAS for the Trt2 is higher than the Trtl and the
CG. The maximum score was gained by the students of the Trtl whereas the
minimum score was gained by the students of the CG. Only one lower outliner

was detected in the MTAS of the Trtl.
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Figure 4.3 Boxplot of the MTAS
(A indicates the Trtl, B indicates the Trt2 and C indicates the CG)

4.2  Quantitative Results
4.2.1 Missing Data Analyses

There were no missing data in all pretests and posttests.
4.2.2 Determination of Covariates

Three independent variables namely; gender, the PRESAT and the
PREGAS were set as possible confounding variables of this study. In order to
determine which of these should be considered as covariates in MANCOVA,
the correlations between the predetermined independent variables and

dependent variables were calculated.The correlations and their significance

appears in Table 4.4.
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Table 4.4 Correlation coefficients between independent and dependent

variables and their significance for the MANCOV A comparing posttests scores

Correlation Coefficients

POSTGAS POSTSAT MTAS
GENDER -.126 .059 -.125
PREGAS J100%* 4071+ 269%
PRESAT 217 S538%* -.050

Correlation is significant at the .05 level (2-tailed).

Table 4.4 shows that all of the preset covariates have significant
correlations with at least one of the dependent variables except gender of the
students. Therefore the gender was discarded from the covariates set, and the
other two independent variables were determined as covariates of the
MANCOVA comparing posttests scores. In analysis of MANCOVA there are
five underlying assumptions that need to be verified. These assumptions are
normality, multicollinearity, and homogeneity of regression, equality of

variances and independency of observations.

4.2.3 Assumptions of MANCOVA

In analysis of MANCOVA there were five underlying assumptions that
need to be verified. These assumptions are normality, multicollinearity, and
homogeneity of regression slopes, equality of variance and independence of
observations.

To verify normality assumption, skewness and kurtosis values were
examined. These values of scores on POSTGAS, POSTSAT, and MTAS were
in almost acceptable range (between -2 and +2) for a normal distribution

(Kunnan, as cited in Hardal, 2003) as indicated in Table 4.1, 4.2, 4.3.
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The Box's test of equality of covariance matrices revealed that the
observed covariance matrices of the dependent variables were equal across
groups and thus the multivariate normality assumption was validated, Box's M
=22.16, F(12, 11686) = 0.63, p > .05.

The correlation between covariates was checked for multicolilinearity
assumption. The results indicated that, the correlations between covariates
were .352 which is smaller than .80. Therefore the assumption of
multicollinearity was satisfied.

Homogeneity of regression slopes assumption was assessed through
syntax using the MANOVA program. The test of the pooled covariates by the
treatment showed that there was no interaction between the covariates and the
treatment (p >.05.).

To determine the equality of variances assumptions, equality of variances
was controlled by Levene’s Test of Equality. Table 4.5 shows the results of this
test. As it is seen from Table 4.5, all F values were found non-significant. This
indicates the error variances of the dependent variable across groups were

equal.

Table 4.5 Levene's test of equality of error variances for the MANCOVA

comparing posttest scores

F dfl df2 Sig.
POSTGAS 1.803 2 51 175
MTAS 928 2 51 402
POSTSAT 2.289 2 51 112

Independency of observations assumption was also checked. To validate
this assumption the researcher observed groups during the administration of all
pre and post tests. The observations indicated that all subjects did all tests by

themselves.
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4.2. 4 Inferential Statistics

In this part the findings of the analyses related to the hypotheses will be
presented. Hypotheses related to the first question were:

Null hypothesis 1: There will be no significant mean difference between
the groups on the population means of the collective dependent variables of the
seventh grade students’ posttest scores on Spatial Ability Test, Mathematics
and Technology Attitude Test and Geometry Attitude Scale when students’
pretest scores on Geometry Attitude Scale and Spatial Ability Test are
controlled.

In order to test the first hypothesis, data were analyzed by using
multivariate analysis of covariance (MANCOVA). The results of this analysis

are presented in Table 4.6.

Table 4.6 Multivariate tests results for the MANCOVA comparing posttest

scores
Effect Wilks’ F  Hypothesis Error Sig. Eta Observed
Lambda df df Squared  Power
Intercept .193 65.325 3 47 .000 .807 1.00
PRESAT .381 25.455 3 47 .000 619 1.00
PREGAS .393 24.216 3 47 .000 .607 1.00
MOT 540 5.654 6 94 .000 265 99

As it is seen from the table, significant main effects were detected
between the groups (Wilk’s A = .540, p = .000). This means that statistically
significant differences were identified between groups on the collective
dependent variables of the POSTGAS, the POSTSAT and the MTAS.

Therefore, the first null hypothesis was rejected which means that there was a
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significant mean difference between groups on the collective dependent
variables of the POSTGAS, the POSTSAT and the MTAS.

Null Hypothesis 2: There will be no significant mean difference between
the groups on the population means of the seventh grade students’ posttest
scores on Geometry Attitude Scale Test, when students’ pretest scores on
Geometry Attitude Scale and Spatial Ability Test are controlled.

Null Hypothesis 3: There will be no significant mean difference between
the groups on the population means of the seventh grade students’ scores on
Mathematics and Technology Attitude Test, when students’ pretest scores on,
Geometry Attitude Scale and Spatial Ability Test are controlled.

Null Hypothesis 4: There will be no significant mean difference between
the groups on the population means of the seventh grade students’ posttest
scores on Spatial Ability Test, when students’ pretest scores on Geometry
Attitude Scale and Spatial Ability Test are controlled.

To test the null hypotheses 2, 3, and 4 separate univariate analyses of
covariance (ANCOVA) were then carried out on each dependent variable in
order to test the effect of the method of teaching. Table 4.7 presents the results
of the ANCOVA.
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Table 4.7 Tests of between-subjects effects

Source  Dependent Type III df F Sig. Eta Observed
Variable  Sum Of Squared  Power
Squares
PRESAT POSTGAS 124.061 1 3761 .058 071 AT7
MTAS 219.527 1 2915 .094 .056 .388
POSTSAT 16360.17 1 55.516 .000 531 1.000
PREGAS POSTGAS 2291578 1 69.473 .000 .586 1.000
MTAS 562.979 1 7475 .009 132 764
POSTSAT 855573 1 2.903  .095 .056 386
MOT POSTGAS 703.361 2 10.662 .000 303 947
MTAS 1465.753 2 9.731 .000 284 .999
POSTSAT 1305365 2 2215 .120 .083 576
Error POSTGAS 1616.269 49
MTAS 3690.546 49
POSTSAT 14440 49
Total POSTGAS 4568.833 53
MTAS 5516.815 53
POSTSAT 43283.49 53

As it is seen from the table, there was a statistically significant difference
between the groups with respect to posttest scores of the GAS (F = 10.662, p <
.001). So the null hypothesis 2 was rejected. From Table 4.7, it can also be
revealed that, there was a statistically significant difference between the groups
with respect to scores of the MTAS (F=9.731, p < .001). The null hypothesis 3
was rejected. Null Hypothesis 4 was failed to reject since there was no
significant mean difference on the dependent variable posttest scores of

POSTSAT (F =2.215, p =.120).
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4.2.5 Follow-up analyses

Post Hoc Analyses consisted of pairwise comparisons was conducted
for each dependent variable to find which methods of teaching had better
results. For each dependent variable Bonferroni test was used as pairwise
comparison (Multiple comparisons). Table 4.8 shows Bonferroni test results

for the POSTGAS across the groups.

Table 4.8 Pairwise Comparisons of POSTGAS scores of students
95% Confidence

Mean Interval for

rgg S r(()le S Difference IES:r%r Sig. Difference
groups — group (I-7) Lower  Upper
Bound  Bound
Trtl Trt2 -.889 1.985 1.000 -5.809 4.031
CG 7.842* 1.969 .001 2961 12.722
Tri2 Trtl .889 1.985 1.000 -4.031  5.809
CG 8.731% 2.129 .000 3.452 14.009
cG Trtl -7.842% 1.969 .001 -12.722  -2.961
Trt2 -8.731* 2.129 .000 -14.009  -3.452

As it is seen from the table, there was no significant mean difference
between the Trtl (M=47.63) and the Trt2 (M=48.52). On the other hand, there
was a significant mean difference between the Trtl and the CG (M=39.79) and
between the Trt2 and the CG.

Table 4.9 shows Bonferroni test results for the MTAS across groups.
According to the results, there was no significant mean difference between the
Trt1(M=85.25) and the Trt2 (86.15). But, there was a significant mean
difference between Trtl and the CG (M=73.75) and between the Trt2 and the
CG.
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Table 4.9 Pairwise Comparisons of MTAS scores of students

95% Confidence

Mean Interval for

gr(()Ilzps gr(()leps Difference ]ES;r%r Sig. Difference
(I-)) Lower  Upper
Bound Bound
Trtl Trt2 -.902 2.999 1.000 -8.337 6.533
CG 11.507* 2.975 .001 4.133 18.882
Trt2 Trtl .902 2.999 1.000 -6.533 8.337
CG 12.410% 3.218 .001 4433  20.386
cG Trtl 11.507* 2.975 .001 -18.882  -4.133
Trt2 12.410% 3.218 .001 -20.386  -4.433

Table 4.10 shows Bonferroni test results for the POSTSAT across
groups. According to the results, there was no significant mean difference
between the Trt1(M=53.33) and Trt2 (M=48.16) and between the Trtl and the
CG (M=40.94). Similarly there was no significant mean difference between the

Trt 2 and the CG.

Table 4.10 Pairwise Comparisons of POSTSAT scores of students

95% Confidence

Mean Interval for

grc()Ilips grf)leps Difference ES:rc(i)'r Sig. Difference
(I-)) Lower Upper
Bound Bound
Trtl Trt2 5.164 5.933 1.000 -9.542 19.871
CG 12.384 5.884 121 -2.203 26.971
Trt2 Trtl -5.164 5.933 1.000 -19.871 9.542
CG 7.220 6.365 786 -8.558  22.998
CcG Trtl -12.384% 5.884 121 -26.971 2.203
Trt2 -7.220% 6.365 786 -22.998 8.558

4.3 Qualitative Results
Subjects were labeled Xi, where X indicates the treatment group and i the
student. The audio-recorded responses of the students can be seen in Turkish in

Appendix F.
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4.3.1 Students’ Opinions related to the Effect of Computer Based

Instruction on Their Learning

In order to the get the students’ opinions related to the effect of computer
based instruction on their learning, they were asked the question of “Does
computer based instruction affect your learning? How? ” The interview results
showed that all of the interviewees agreed that computers helped them to learn
geometry easily and they understood geometry better.

Some of the students stated that computers created a dynamic learning
environment which supported their development. Computers provided students
opportunities to construct and manipulate geometric figures displayed on-
screen dynamically which helped students to explore mathematic in a far more
meaningful way. The students mentioned benefits of dynamic learning
environment as follows:

Using computers in learning mathematics was like having my own personal

tutor guiding me. We could construct geometrical figures on screen and save

them for future use. Computer made geometric figures dynamic we couldn’t do

by using a pencil or paper (Al).

It would be so boring if we studied these topics on blackboard. We wouldn’t be
that active and we wouldn’t understand the topics that well. I think I learnt very
fast and easily because I was very active on learning process, I constructed

objects and dragged them myself (A3).
Computers enabled us to construct geometrical figures quickly and computers
presented geometrical figures that we constructed in a dynamic and interesting

way (A4).

We could create and manipulate points and lines on the screen. Using computers

made lessons more interactive (A6).
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If we studied these topics on the blackboard as usual, that would be really hard
for us to understand. For example if we tried to rotate objects on the blackboard
that would be really difficult and I don’t think I would understand rotation

symmetry that well. But it was so easy to rotate objects by computer (B2).

I can’t understand topics that well when only teacher explained it but, I learnt
these topics very well because I was active in learning process by measuring,

forming, discussing, thinking, doing, explaining (A2).

The students of the Trtl stated that their learning was very meaningful for
them since they discovered the topics themselves instead of memorizing
properties and definitions that teacher said. They also stated that the use
computer allowed them to have independent practice and they actively
participated in learning process. On the other hand the students of the Trt2
indicated that they would learn much better if they had hands on experience
with the computer instead of watching the objects on projected screen which
were constructed by the teacher.

I really learnt the topics very well. We construct the objects ourselves, dragged

them. I think that it would be waste of time if we studied these topics in the

classroom in a traditional way. Because it would really take time to draw these

objects (A4).

We constructed everything on computer it was like we were the creators.

Computers allowed us to continuously learn from their mistakes (A7).

Projected computer images contributed my understanding of the key concepts of
the course. But I think it would be much better for us if we had these

experiments by ourselves (B3).

I didn’t understand everything I watched on projected screen, I think I would
understand much better if I had hands on experience with computer instead of
just watching (B4).
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I learn the topics much better when it is represented in a visual way. But I think
that we could learn much better if we had hands on experience with computer
instead of just watching the objects that represented on the projected screen

(BY).

We could construct the geometric objects ourselves that would be much more

interesting (B6).

Most of the students indicated that computers provided them a visual
representation which helped them to understand geometry concepts better.
They mentioned that computer helped them to visualize the geometric concepts
in a fun and engaging way. They also indicated that computers allowed them
visual representations that are often impossible to show with pen and paper.

I think the ability of visualization is important for geometry and working with

computer in mathematic lessons helped us to use our visualization abilities and

we could learn easily (A1).

We actually just solve problems and equations in mathematics lessons. But
using computers allowed us to visualize the objects and the use of visualization

made learning much easier (A6).
I don’t actually understand mathematics well, it is like a brunch of numbers and
I can’t visualize what is going on really. But computer presents mathematics in a

visual way that i can understand much better (A7).

I think it is much easier to understand geometric concepts, if they are visual and

computer allows us to visualize the shapes (B1).

It is easier to understand math with computer because we can see the shapes

visual and the computer shows things that is difficult to imagine (B2).
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The use of visualization in learning mathematical concepts simplifies the

concept. I think visualization enhanced our learning process (B3).

Students stated that their learning was much more meaningful for them than
something which their teacher explains or exists out there in books. They stated
that since all information represented visually they didn’t need to memorize
anything that they have learned and they could easily remember what they have
learned.
I think that we have little understanding of what we are doing when we
memorize mathematics topics. I have great difficulty trying to remember the
things I memorized. But this time I didn’t need to memorize anything, I think

that I will have no difficulty remembering what I have learnt (A1).

Studying mathematics was just memorizing for me before, but I think that I

didn’t memorized anything this time; I have learnt the topic really (A2).

I don’t remember any topic well we studied last year but I think that I will have
no difficulty remembering what I have learnt in the lessons we used computers

(AS).

Generally I have to study the topics over and over to learn well and it is very
boring for me. But this time I didn’t have to study that much, it was very easy
and fun to learn. I really learnt the topics well and I don’t think I will forget

them (A7).

If we studied these topics in classroom as general that would be very boring and

I think we would just memorize them instead of learning (B4).

Students mentioned that studying geometry with computer was very
exciting and interesting for them. Some students mentioned that they had fun

while learning in lessons. They also stated that they were much more attentive
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to the mathematics lessons. Computers introduced students to exciting ways of
learning math and made students find math more enjoyable. Students liked the
freedom provided by computers to do experiments.
It was very exciting to learn geometry with computer; I think I learnt much
better than before. I think that it was the same for everyone and we were all

much more attentive in these lessons (A2).

I really enjoyed learning math on the computer. Before this I could never make
myself pay attention in order to learn. Using computers helped me concentrate

and stay focused (A3).

It was the best week in mathematics lessons for me because we used a computer
software program to learn geometry. I think it was very interesting. That would

be really cool to learn geometry always with computer (AS).

It was a bit weird to study geometry with computer at first but I really had fun. It
was really interesting and cool to study geometry only with computer without

using paper and pencil. I think that it was the best topic we studied till now (B1).

I didn’t even think that these lessons would be that interesting for me. I liked
very much learning geometry with computers; I think I really learnt the topics. I

wish we could always study with computers (B4).

Some students mentioned that computer based instruction helped them to
realize their potentials of being successful in geometry. The overall positive
attitudes toward geometry were reflected in the students’ comments. Students
also stated that they gained confidence in themselves. Computer helped
students to gain confidence in their self-initiated investigations and findings.
Students’ attitudes towards math were positively affected by the use of
computer that they were more willing to participate in the class and offer

answers to questions.
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If you had asked me before what mathematics was, I would properly say that it
was a torture. Now it is one of my favorite lessons. I am really surprised to

realize that there are enjoyable ways to learn mathematics (A2).

Geometry was difficult for me before now I think that it is not that much
difficult and I can be successful in geometry. I realized that geometry can be fun

(A3).

I don’t have problems with studying lessons in classroom but it was much better
when we had lessons in the computer lab. I was very happy and really willing to
attend the class when we had lessons there. I don’t participate in class much in
general because I don’t really understand the topics but I could understand what

we studied with computers (A4).

It was very different to construct objects on computer .I don’t like geometry
much at all but I really enjoyed these lessons was able to solve problems before
but it was never interesting for me and it was a bit difficult also. Now I think

geometry is not that difficult (AS).

I have to admit that I was very nervous about using computers to learn geometry
because I am not much of a math person. But I have found that I have been
doing so much better than I had expected. I noticed that there are some topics

that I like in geometry (A6).

I always had to try hard to be successful in mathematics, but this time there was
no need to try that hard. It was interesting to learn that topic. I learnt that I can
be successful in mathematics and 1 think that there are very enjoyable topics in

mathematics (A7).

Some of our friends were afraid of geometry, they were afraid of being failed
now [ think that the way they think has changed and they feel much more

confidence about themselves. I think that confidence is very important to learn
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geometry because we make mistakes if we don’t have confidence and we can’t

learn the topics as much as we are expected (B1).

I thought that it was a very difficult topic for me before learning it with
computers. Now I think that it is very easy and I think that I really learnt that
topic (B2).

I was more willing to participate in the class when we had lessons with
computer because I knew that it would be fun. I think that I really learnt the

topics we studied. It was very easy for me to learn (B3).

I realized that there are mathematics topics that I can enjoy. Mathematics was
just numbers for me before and it was really boring for me .Now I think that

geometry is fun (B4).
There were just formulas in mathematics before. It was so boring to memorize
them all for me. But in these lessons there was nothing boring. I think that I

could enjoy the other topics also we had studied them with computers also (BS5).

In order to the get the EG students’ opinions related to software used in

computer activities, they were asked the question of “How confident do you

feel with using computers, starting programs, experimenting with a new

program's functions etc.? Did you have any problems with the software? ”

Most of the students responded that they felt fairly comfortable about

using computers. Only two of the students said that they felt a little uneasy in

using computers. Some of the students mentioned that they were not reliable

access to computers because of some technical problems such as slow

bandwidth. Some students also mentioned that it was a bit difficult to construct

geometric objects with software because it was the English version of the

software and they couldn’t understand easily what to do.

I feel confident doing mathematics on computer (A2).
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It was a bit frustrating to use such software for learning mathematics at first. But

now I feel less anxious about using computers when learning geometry (A3).

I had only basic knowledge in computers before these lessons now I can use

such software and I feel quite confident (A4).

It was quite helpful for us but it was a bit hard to catch up the activities for me

because of I didn’t have so much experience using computers (AS).

Computers were too old and sometimes we really had to try to make it work. If

we didn’t have such problems, using this software would be much easier (A6).

It was a bit boring for me that it was the English version, but our teacher

explained all we needed (A7).

In order to the get the students’ opinions related to the role of computers in
mathematics education, they were asked the question of “Do you have any
thoughts about the importance of using Computers in mathematics teaching?”
Most of the students indicated that technology and computers are as an
important part of teaching mathematics because computers are motivator for
them what makes math more interesting. Some students mentioned that they
believe that integrating computers will engage them in their learning and lead
to a better understanding of the content. Most of the students also indicated that
using computers in the mathematics education would be very enjoyable for
them. Only one student stated that using technology in the mathematics
classroom was not that important.

Technology and computers are very important part of this century. I think that

they should be part of mathematics education also. I would like to study all

subject in geometry with computers. It was so enjoyable for me (A4).
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I think that computers should be part of mathematics education because they
really lead us to a better understanding of the mathematics contents. We can do
many new things so quickly, so carefully that is why preferred using computers

(A6).

I think that computers make mathematics more interesting because it’s very
colorful and exciting. I think that would be great if we studied all mathematics

topics by computers (A7).

Computers are motivators for us because we love getting on the computer. We
see mathematics lessons as being fun and something exciting and new when we

study with computers (B1).

I would much rather to learn geometry using computers instead of classical
teaching methods. Computers allow us to get away from our desks for a while.

Computers actually make learning mathematics enjoyable and exciting (B3).

I don’t think that it would be so useful for us if we used computers in learning
other topics. I think that it is very useful only for us in learning geometry topics

(B4).

I think that we can learn much better if we use computers in mathematics topics
but maybe it can be boring too. Because we would get used to it. Normally we
study mathematics tonics on blackboard and it is very boring that is why we
liked that much learning topic with computers because it was new and

interesting (B5).
I don’t think that using computers in mathematics education is that important. I

would much rather learn geometry topics in traditional methods. I think that I

can learn much better in that way (B6).
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In order to get the EG students’ views related with the negative aspects of
computer based instruction on their learning; they were asked “Is there any
negative effects of computer based instruction on your learning?” All of the

interviewees expressed that there is no negative point for them.

4.3.2 Students’ Opinions related to the Role of Students in Computer

Based Instruction Environment

In order to get the students opinions related to the role of students in
computer based instruction, they were asked the question of “What was your
role in the lessons? Is there any difference compared to regular lessons in the
classroom?”

Students emphasized that they were more active in their learning process
in these lessons considering regular lessons. All students stated that they felt
free to imagine, communicate and express their ideas. Students also stated that
they were free to make observations, ask questions, and make conjectures in
the lessons.

In the past, we were just sitting in our desks and listening our teacher. We were

not independent on our learning process. Using computers helped us to become

independent learner. We did more independent work (A1).

Generally our teacher explains the topics and we just note on our notebook. But
in these lessons I felt so free; I draw the objects I wanted. Computers provided a

break from classroom routine (A3).

It was like I was the teacher. In fact everyone was like his or her own teacher. I
think it is much better because we should be more active in our learning process

(AS).

Normally we just note what teacher wrote on blackboard, we try to solve the

problems and sometimes we solve them on the blackboard. But in these lessons
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I was so active that I did much more than just listing and taking notes (B2).
Normally it is a torture to sit, listen and take notes in last hours of school time

and I got really boring. But I had fun even in last hours in these lessons (B3).

The students of the Trtl also mentioned that they liked a lot in studying
in pairs. Some of them mentioned that it was very helpful and fun for them to
study in pairs. Working in pairs promoted maximum participation from all
students. Pair work also promoted cooperative skills, such as listening and
communication skills. Only one of the students stated that she didn’t like pair
work since she didn’t have opportunity to do activities much because of her
partner.

Normally we just sit in our desks and listen to teacher, we don’t talk each other

or we don’t share or discuss ideas. But in these lessons we worked in pairs it

was really fun. Pair work was useful also because we discuss and helped each

other while working on the computer tasks (A1).

It was really fun that I did everything with my friend. We helped each other and

it helped me to understand easier (A3).

I didn’t like working in pairs much. Because I didn’t have enough time to work

on the computer. I think it would be much better if I had studied alone (A4).

We worked in pairs and it was not we often do. Generally we just listen to
teacher and don’t interact with each other much. But in these lessons we

exchanged our ideas, we tried to do all activities together (AS5).
We used to interact with our teacher in the past; in fact we just interact with our

teacher. But in these lessons we studied in pairs. We helped and corrected each

other’s mistakes (A7).
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4.3.3 Students’ Opinions related to the Role of Teacher in Computer

Based Instruction Environment

In order to the get the students opinions related to the role of teacher in
computer based instruction, they were asked the question of “What was your
teacher role in the lessons? Is there any difference compared to regular lessons
in the classroom?”

The students of the Trtl stated that teacher didn’t act as an information
giver as usual. According to them the teacher played the role of a guide and
partner in their learning. On the other hand, the students of the Trt2 stated that
the teacher’s role didn’t change much.

In the past teacher was telling the concepts and writing on the board. But in the

lessons we did in computer lab, teacher didn’t explain the subjects, she just

guided and helped us to learn (Al).

In the past teacher was telling everything and it was really boring for me but in

these lessons teacher just helped us we did everything (A2).

We did everything on computer but I think we can’t be that successful without

guidance of our teacher (A3).

Teacher didn’t tell much as before, just guided us. We didn’t interact with the
teacher as much as before. She guided me through the activities, but didn’t tell

me what to do (A5S).

In these lessons teacher didn’t need to explain the topics, we did everything
ourselves. The teacher does a little less teaching. She tried us to learn but it was

not like before (A6).

75



Instead of explaining concepts and modeling solutions, she let us come our own
conclusions, she helped us when we got stuck, listened our conversations, tried

to prod us right direction to finish the tasks (A7).

I don’t that think the role of teacher has changed much. She was active again but
she asked more questions to us and she tried to make us understand the topics

B1).

In the past teacher was explaining the topics. In these lessons teacher didn’t
explain the topics directly as much before she asked us more questions than
usual and gave us clues to reach the answers (B2).

I think that teacher was more active in these lessons than usual. Teacher did
everything on the computer, asked us questions about the objects on the screen.

Teacher helped us to understand the topics by asking questions (B3).

Teacher constructed all objects on computer but she didn’t explain everything as

usual, she asked questions and tried to make us our own conclusions (B5).

One of the students mentioned that he was learning much better when

teacher explain the topics instead of guiding students.

Normally teacher was explaining the topics and I prefer that because I think I

learn much better in that way (B6).

4.4 Summary of the Results

4.4.1 Summary of Descriptive Statistics

The descriptive statistics including sample size, mean, standard deviation,

minimum and maximum scores, skewness and kurtosis reported the
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demographics of the sample. According to the results related to all of the

instruments, the students of the Trtl and the Trt2 which were taught by

computer based instruction had the higher scores comparing the students of the

CG which were taught by traditional instruction.

4.4.2 Summary of Inferential Statistics

Statistical analyses of quantitative data concerning performance in SAT,

attitudes towards geometry and mathematics and technology were summarized

in this part in relation to each of the hypothesis guiding the study.

There was a significant mean difference between groups on the
population means of the collective dependent variables of the seventh
grade students’ posttest scores on Spatial Ability Test, Mathematics and
Technology Attitude Test and Geometry Attitude Scale when students’
pretest scores on Geometry Attitude Scale and Spatial Ability Test are
controlled.

There was a significant mean difference between groups on the
population means of the seventh grade students’ posttest scores on
Geometry Attitude Scale Test, when students’ pretest scores on
Geometry Attitude Scale and Spatial Ability Test are controlled.

There was a significant mean difference on the population means of the
seventh grade students’ scores on Mathematics and Technology
Attitude Test, when students’ pretest scores on, Geometry Attitude
Scale and Spatial Ability Test are controlled.

There was no significant mean difference between groups on the
population means of the seventh grade students’ posttest scores on
Spatial Ability Test, when students’ pretest scores on Geometry
Attitude Scale, and Spatial Ability Test are controlled.

There was no significant mean difference between the POSTGAS
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scores of the Trtl and the Trt2. On the other hand, there was a
significant mean difference between the Trtl and the CG, and between
the Trt2 and the CG.

e There was no significant mean difference between the POSTSAT
scores of the groups.

e There was no significant mean difference between the MTAS scores of
the Trtl and the Trt2 while there was a significant mean difference

between Trtl and the CG and between the Trt2 and the CG.

4.4.3 Summary of the Qualitative Data

Summing up the interview results briefly, it can be argued that students’
opinions related to the computer based instruction were positive. Students
stated that computers created a dynamic learning environment which supported
their development and computers helped them to explore mathematics in a far
more meaningful way. The students mentioned that their learning was very
meaningful for them since they discovered the topics themselves instead of
memorizing properties and definitions that teacher said. Using computers gave
students a visual way to explore and understand geometry which students
frequently find difficult. Most of the students indicated that computers
provided them a visual representation which helped them to understand
geometry concepts better.

Students also mentioned that studying geometry with computer was very
exciting and interesting for them. The use of computer affected students’
attitudes towards mathematics very positively that most of the students stated
that they were more willing to participate in the class and offer answers to
questions. Computer based instruction also helped students to realize their

potentials of being successful in geometry.
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Concerning with the role of the teacher, students of the Trtl stated that
the teacher didn’t act as an information giver as usual. According to them the
teacher played the role of a guide and partner in their learning. On the other
hand, the students of the Trt2 stated that the teacher’s role didn’t change much.
Concerning their role, students emphasized that they were more active in their
learning process in these lessons considering regular lessons. All students
stated that they felt free to imagine, communicate and express their ideas. The
students of the Trtl also mentioned that they liked a lot in studying in pairs.
Some of them mentioned that it was very helpful and fun for them to study in
pairs. Working in pairs promoted maximum participation from all students.

Most of the students stated that they felt fairly comfortable about using
computers. Only two of the students said that they felt a little uneasy in using
computers. Some of the students mentioned that they were not reliable access

to computers because of some technical problems.
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CHAPTER 5

DISCUSSION AND IMPLICATIONS

This chapter is divided into five sections. The first section presents the
discussion of the results. Implications and recommendations for further studies

are given in the second and third sections respectively.

5.1 Discussion

The aims of this study were to investigate the effects of two different
methods of dynamic geometry based computer instruction on seventh grade
students’ attitudes towards geometry, attitudes toward mathematic and
technology and spatial abilities compared to traditional textbook based
instruction and to get the students’ views related to the effects of two different
methods of dynamic geometry based computer instruction on their learning,
awareness of themselves, the role of the teacher and students.

Findings of the study confirm that two different methods of dynamic
geometry based computer instruction have a positive effect on geometry
attitude compared to traditional teaching. According to the results, the mean
score of the Trtl (which was based on student centered dynamic geometry
computer instruction) increased from 40.10 to 45.85 and the Trt2 (which was
based on teacher centered dynamic geometry instruction) increased from 45.72
to 49.50 whereas the CG (which was based on traditional teaching) showed a

decrease of 2.85.
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The result shown here adds support to the previous studies that indicated
that computer based instruction effect students’ attitudes toward mathematics
positively (Ganguli, 1992; Robitaille et al., 1977; Steen, 2002). The overall
positive attitudes toward geometry were also reflected in the students’
comments. During the observations students maintained high level of interest
towards lessons that they were more willing to participate in the class and
offer answers to questions. This finding supports the findings of Ganguli
(1992) who found that students in the computer enhanced class demonstrated
stronger motivation for doing mathematics than in similar courses where the
technology was not incorporated into the learning process. This finding also
supports the statement of Curtis (2006), she stated that when students
experience a different learning environment from the traditional teaching, it
can have a positive impact on student attitudes.

The reason for the positive effect on attitude can be explained by the
exciting and interesting learning environment that was created by using
computers. The enjoyment in the lessons reflected in the students’ comments
during the interviews. Most of the students mentioned that studying geometry
with computer was very exciting and interesting for them. Some of the students
also mentioned that they had fun while learning in lessons and that they were
much more attentive to the mathematics lessons. From the classroom
observations, it can be implied that computers introduced students to exciting
ways of learning math which made students find math more enjoyable and
students’ attitudes toward geometry has been effected positively. This
observation supports that of Reed (1996) who found that students’ enjoyment
was a ride effect stemming from students’ positive attitude.

Findings of the study also confirm that two different methods of dynamic
geometry based computer instruction have a positive effect on mathematic and
technology attitude compared to traditional teaching. Students’ attitudes toward

mathematic and technology were slightly more positive for the Trtl and the
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Trt2 (M = 84.65, M = 85.83) than for the CG (M = 76.68) for the same unit of
study. The results of this study support the findings of previous studies which
showed that experience with computer has a positive effect on attitudes toward
mathematics and technology (Paltimer, 1991; Sanchez, Ursini, & Orozco,
2004).

Interviews with students also shed insight on participants’ interest in
math and their attitudes toward the integration of mathematics and technology.
Students’ comments reflected their attitudes toward technology: “I really
enjoyed learning math on the computer.”; “I think that would be great if we
studied all mathematics topics by computers.”; “We see mathematics lessons as
being fun and something exciting and new when we study with computers”.
Considering these statements, it can be concluded that experience with
computers had a positive effect on students’ attitudes toward using computers
in mathematics education. This finding supports the findings of previous
studies (Havill, Hashim & Alalawi, 2004; Ocak, 2006) who found positive
correlation between and students’ attitude and experience on the program.

Findings of the study confirm that the method of teaching has no
significant effects on Spatial Ability. However, all the classes in this study
made improvement in their SAT scores. According to the values, the mean
score of the Trtl showed an increase of 21.25 from pretest to posttest and the
Trt2 had an increase of 18.19. The CG also showed an increase of 9.52. The
result shown here adds support to the numerous studies that indicated that
spatial ability can be improved through training (Battista et al., 1982; Ben-
Chaim et al., 1988; Einsenberg, 1999; Onyancha et al., 2007; Robihaux, 2003).

According to the results, the Trtl and the Trt2 made substantial
improvement in SAT scores considering the scores of the CG. The results here
strengthen the cause of employing the computers (as was in the Trtl and the
Trt2) to improve students’ spatial abilities. The result shown here adds support

to the numerous studies that indicated that technology can be used also to
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improve students’ spatial abilities (Clements et al., 1997; Kwon & Kim, 2002;
Leong et al., 2002; Piburn et al., 2002; Rafi et al., 2006).

Several reasons may account for the positive effect of computer based
instruction on spatial ability test scores. One of the reasons for the positive
effect of computers on spatial ability can be stemmed from the visual
representation that computers provided. Visualization is a basic component in
learning and teaching geometry and the importance of visualization in the
teaching of mathematics is recognized by researchers (Harnish, 2000; Bishop,
1994; Gutiérrez, 1996). In this study, using computers provided students a
visual way to explore and understand transformation geometry topics. Students
could see visual representations on the screen which is often impossible to
show with pen and paper. This finding supports that of Reed (1996) who found
that computers help students to visualize concepts in geometry. Most of the
students also indicated that computers provided them a visual representation
which helped them to understand geometry concepts better during the
interviews.

Another reason for the positive effect of computer based instruction on
spatial ability test scores can be self-efficacy beliefs of the students which are
considered as a factor that is effective in the students’ learning about
mathematics concepts (Cantiirk & Baser, 2007). The previous studies showed
that the learning of mathematics is influenced by a pupil’s mathematics-related
beliefs, especially self-confidence (Bachman, 1970; Hannula et al., 2004). This
finding also was validated with students’ interview responses that claim
computer based instruction helped them to realize their potentials of being
successful in geometry and they gained confidence in themselves. Findings
from the interviews in this study suggested that computer based instruction had
positive effects on students’ self efficacy beliefs and their confidence.
Computer helped students to gain confidence in their self-initiated

investigations and findings. This findings support the findings of Sivin-Kachala
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and Bialo (2000) who found that computer based instruction had positive
effects on student attitudes toward learning and on student self-concept. This
findings also similar to the findings of Towle et al., (2005) who found self
efficacy is directly correlated with spatial ability and self efficacy of students
improved after using computer software.

Considering the mean scores of the Trtl and Trt2, it can be concluded
that the Trtl which was based on centered student centered dynamic geometry
computer instruction made much more significant improvement considering
the Trt2 which was based on teacher centered dynamic geometry computer
instruction. Considering the result of the mean scores, allowing the students to
explore figures, via conjecturing and testing of their conjectures by using the
GSP as was done in the Trtl appeared to have enabled the students to form
better in spatial ability test. This finding supports the suggestions of Reys,
Suydam, Lindquist and Smith (2006) that geometry is best learned in a hands-
on active manner. Furner and Marinas also state that students today are
motivated to learn when activities are presented in a dynamic hands-on
engaging manner.

Findings from the interviews also appear to suggest that having hands-on
experience effected students’ motivation and learning. Some of the students of
the Trtl stated that their learning was very meaningful for them since they
discovered the topics themselves instead of memorizing properties and
definitions that teacher said. They also stated that the use computer allowed
them to have independent practice and they actively participated in learning
process. This finding support the findings of Hannafin, Burruss, and Little
(2001) who found that students enjoyed having personal control over their
learning and that they equated being in charge with having fun. On the other
hand the students of the Trt2 indicated that they would learn much better if
they had hands on experience with the computer instead of watching the

objects on projected screen which were constructed by the teacher.
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Another reason of the difference between mean score of two groups can
be pair work. The students of the Trtl worked in pairs during the study and
working in pairs could also facilitate learning. Interview feedback showed that,
students had positive attitudes toward working in pairs. Some of the students
mentioned that it was very helpful and fun for them to study in pairs. Working
in pairs promoted maximum participation from all students. Pair work also

promoted cooperative skills, such as listening and communication skills.

5.2 Implications

There is a positive correlation between spatial ability and mathematics
achievement at all grade levels (Clements & Battista, 1992; Fennema &
Sherman, 1977, Guay & McDaniel, 1977; Lean &Clements, 1981). Due to this
correlation, teachers should be aware of the importance of spatial ability and be
aware of the fact that it can be developed over a period if appropriate material
is used just as computers (Battista et al., 1982; Ben-Chaim et al., 1988;
Robihaux, 2003).

Curriculum developers should pay attention to the development of the
spatial ability and geometry curriculum should be designed to develop spatial
ability of students. Curriculum developers should also take the effectiveness of
computer based instruction on developing spatial ability and should take into
consideration during curriculum development process. The involvement of
computers in mathematics curriculum will accordingly make teachers give more
importance to computer based instruction.

Teachers should have knowledge of how technology can influence their
students’ understanding of the mathematics and attitudes; they also should
understand how to use technology and how to select appropriate software.
There is a need to provide classroom teachers with opportunities to develop
teaching methods for computer integration. Courses for teachers might be
designed to help them gain competency of “teaching with computers”.
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Preservice teacher training programs should also involve a course to
inform prospective teacher about the benefits of computer based instruction
and how to integrate computers to mathematics education. Thus, the
prospective teachers can use computers throughout their undergraduate years
and at the time of becoming a teacher; the prospective teachers can integrate
computers into their job more easily.

Students should have the opportunity to use computer software to gain
the knowledge and skills to use them appropriately .Students should take time
to be familiar with constructions software (Pokay & Tayeh, 1997). In this
purpose, it can be suggested that the time period of “computer” courses may be
increased so that K-12 students could be able to interact with computers more.

The government should provide schools of education with larger
technology budgets. Technology resources (hardware, software, and Internet
access) should be provided in every school. In this context, it can be suggested
that at least one computer with Internet access should be provided in every
classroom. In addition to the supply of resources, technical support should be
provided to schools and teachers to use these resources effectively.

One further implication can be suggested for the mathematics textbooks and
other teaching materials. The mathematics textbooks for elementary students are
lacking activities that help developing spatial abilities. Authors of mathematics
education books should include concrete activities that help developing spatial

ability in the textbooks.

5.3 Recommendations for Further Studies

Considering the high correlation between mathematics achievement and
spatial ability (Clements & Battista, 1992; Fennema & Sherman, 1977; Guay &
McDaniel, 1977; Lean &Clements, 1981) continued research that further
specifically examines development of spatial ability is recommended to
determine if it may improve.
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Spatial ability is a cognitive factor that has been linked to high
performance in science achievement as well as mathematics achievement (Lord
and Rupert, 1995). Further research is recommended to examine the effects of
spatial ability on science achievement.

Although there is some indication that students’ gender difference is
linked to their spatial ability, very few studies have investigated gender
differences on spatial ability (Alias, Black, & Gray, 2002; Battista ,1990). It is
strongly recommended that more studies should be conducted on effects of
gender differences on spatial ability.

Computer based instruction can be implemented to every topic in
mathematics. Transformation geometry topics were chosen for this study,
however it is strongly recommended to use this instruction method in other
topics of geometry.

The Geometry Attitude Scale and The Mathematics and Technology
Attitude Scale were used as one dimensional scale in this study. It is strongly
recommended to determine factorial structure of the scales in further studies.

In this study, convenience sampling was used. Thus, it can be stated that
the results of the study were limited. Regarding this issue, new studies can be
replicated using random sampling methodologies. A replication of this current

study could be also done for a longer time and with a larger sample.
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APPENDICES

APPENDIX A

SAMPLE QUESTIONS OF SAT

Paper Folding Test

Kagit Katlama Testi

Bu testte bir parca kdgidin katlanip agilmasini hayal etmeniz gerekmektedir.
Tiim problemlerde katlamalar dikey cizginin solunda yapilmaktadir.Ayrica
kagit hi¢ bir yone cevrilmemekte sadece katlanmaktadir.Dogru cevabin kagidin
tamamen agildiktan sonraki deliklerin yerini goOsteren secenek oldugunu

unutmayiniz.

Surface Development Test

Yiizey Olusturma Testi

Bu testte bir parka kagit katlanarak degisik cisimler hayal etmeniz
istenmektedir. Asagidaki sekillerden soldaki sekil noktali cizgili yerlerden
katlandiginda sagdaki cisim olusmaktadir.Katlamay: hayal ederek numarali
koselerin hangi harflere denk geldigini bulunuz ve en sagdaki kutunun igine

yazint
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Cube Comparison Test

Kiip Karsilastirma Testi

Bu testteki tiim problemlerde iizerlerinde harf, rakam veya sekil bulunan 6
yizii (alt yliz, iist yiiz ve dort yani) olan kiipler verilmistir ve kiiplerin
birbirlerinin ayni olup olmadigin1 bulmaniz istenmektedir.Eger kiipler ayni ise

seklin altindaki S (Sabit), Farkli ise D (Degisik) siklarini isaretleyiniz.

A s
ol [AN

& 1 o [—1
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Card Rotation Test

Kart Cevirme Testi

Bu test sekiller arasindaki farki gorebilme yeteneginizi Olcmek igin
gelistirilmistir. Bu testte yapmaniz gereken dikey ¢izginin solundaki sekille
sagindaki sekiz sekli karsilastirip aymi olup olmadiklarini tespit etmektir.
Sagdaki sekillerden herhangi birisi soldakiyle ayni ise seklin altindaki S
(Sabit), Farkli ise D (Degisik) siklarini isaretleyiniz.

ﬂ‘ E =] ] ":"'JI--.-I-'.'::::-_;.' N> [t

SD SD SD SD SD SD S D S D
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APPENDIX B

GEOMETRY ATTITUDE SCALE
GEOMETRIYE YONELIK TUTUM OLCEGI

Bu 0dl¢ek sizin geometri ile ilgili diisiincelerinizi 6grenmek i¢in hazirlanmistir.
Ciimlelerden hicbirinin kesin cevabi yoktur. Her ciimleyle ilgili goriis, kisiden

kisiye degisebilir. Bunun igin vereceginiz cevaplar kendi

gorusiinizi
yansitmalidir. Her ciimleyle ilgili goriis belirtirken Once ciimleyi dikkatle
okuyunuz, sonra ciimlede belirtilen diisiincenin, sizin diisiince ve duygunuza ne

derecede uygun olduguna karar veriniz. Ciimlede belirtilen diisiinceye;
Hic¢ katilmiyorsamz, Hi¢ Uygun Degildir
Katilmiyorsamz, Uygun Degildir,

Kararsiz iseniz, Kararsizim,

Kismen katihyorsamz, Uygundur )
Tamamen katiliyorsamz, Tamamen Uygundur secenegini Isaretleyiniz.

Ad-soyad :

[Tamamen
ygundur

Uygundur

Kararsizim

Uygun
degildir

Hic
uygun
degildir

1. Okulda daha ¢ok geometri dersi
olmasini istemem.

2. Matematikte diger konulara gore
geometriyi daha cok severek
calisirim.

3. Matematikte en ¢ok korktugum
konular geometri konularidir

4. Geometri dersinde bir tedirginlik
duyarim.

5. Geometri dersinde gerginlik
hissetmem.

6. Geometri konular ilgimi ¢ekmez

7. Geometriyi seviyorum.

8. Geometri dersinde kendimi
huzursuz
hissediyorum.

9. Geometri sorularint ¢ozmekten
zevk almam.

10. Geometri ¢alisirken vaktin nasil
gectigini anlamiyorum.

11.Matematigin en zevkli kismu
geometridir

12.  Geometri dersi smavindan
cekinmem
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APPENDIX C

MATHEMATICS AND TECHNOLOGY ATTITUDE SCALE
MATEMATIK VE TEKNOLOJIYE YONELIK TUTUM OLCEGI

Bu 6lcek bir bilgi testi degildir ve bu nedenle hic¢bir sorunun ‘‘dogru cevabi’
yoktur. Asagida yer alan sorularla Geometer-Sketchpad yazilimi ile yapmis
oldugunuz dersleriniz hakkindaki fikirleriniz Ogrenilmek istenmektedir.
Verilen yargi ciimlelerini okuyarak kendi diisiincenizi en 1yi yansitan yalniz bir
secenedi isaretleyiniz.

Adi, Soyadi:

Sinifi: No: Yas : Cinsiyet : (E) (K)
=
<
g

<
= s <=
5 = 5
5 Slol| 5
22|22
o= = U = =
El 2|2 |2 E
S| S|%| 8|5
T | < | > |0 | T

1. Matematikte zor konsantre olurum.

2. Ogretmenin sordugu sorulara cevap vermeye
caligirim.

3. Hata yaptigimda onlar1 diizeltene kadar ¢alisirim.

4. Eger bir problemi ¢6zmeyi bagsaramazsam,
cozmek icin baska fikirler denemeye devam ederim.

S. Bilgisayar kullanmakta basariliyimdir.

6. VCR, VCD, DVD, MP3 ve cep telefonu gibi
teknolojik aletleri kullanmakta basarilityimdir.

7. Bircok bilgisayar sorununu ¢ézebilirim.

8. Okul i¢in gerekli olan herhangi bir bilgisayar
programini iyice 6grenebilirim.

9. Beynim matematige iyi ¢aligir.
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Kesinlikle katilmiyorum

Katilmiyorum

Emin degilim

Katiliyorum

Kesinlikle Katiliyorum

10. Matematikten iyi notlar alabilirim.

11. Matematikteki zorluklarla basa ¢ikabilecegimi
biliyorum.

12. Matematikte kendime giiveniyorum

13. Matematikte yeni seyler ogrenmeye ilgi
duyuyorum.

14. Matematikte emeginizin karsiliginda
odiillendirilirsiniz.

15. Matematik 6grenmek eglencelidir.

16. Matematik sorularini ¢ozdiigiim zaman bir ¢esit
memnuniyet hissederim.

17. Matematik i¢in bilgisayar
yazilimlari/programlar1 kullanmay1 seviyorum.

18. Matematikte bilgisayar yazilimlari/programlari
kullanmak, fazladan sarf edilen zaman, emek ve
efora deger.

19. Bilgisayar yazilimlari/programlar1 kullanildig:
zaman matematik daha ilgin¢ hale gelebilir.

20. Bilgisayar yazilimlari/programlari matematigi
daha iyi 6grenmeme yardim edebilir.
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APPENDIX D

LESSON PLANS

DERS PLANI 1

HEDEF 1: Oteleme hareketini kavrayabilme.

D1. Oteleme hareketini agiklar.

D2. Otelemede seklin durusunun, bi¢iminin ve boyutlarinin aym kaldigr anlar.
D3. Bir seklin dteleme sonunda olusan goriintiisiinii insa eder.

Siire: 3 ders saati

Materyal: Geometer’s Sketchpad programi yiiklii bilgisayarlar, kalem ve
ogrenciler icin  aktivite sayfasi.

Grup: Her bilgisayar i¢in 2 kisilik 6grenci gruplari olusturulur.

Alt yapr: Ogrencilerin bilgisayar okuryazarligina sahip olmas1 gerekmektedir.

GIRiS ETKINLIiKLERI:

Ogretmen Ogrencilere cevrelerinde ne tiir yer degistirme hareketlerini
gozlemlediklerini sorar. Yer degistirme hareketinde konum degistiren
nesnelerin dogrultu ve yonlerinin nasil degistigi konusunda o6grencilerin
fikirleri almir. Ogrencilere kayak sporu hakkinda sorular sorulur, bu sporu

yaparken yapilan yer degistirme hareketini agciklamalar istenir.

GELISTIRME ETKINLIKLERI:
Ogretmen simifi bilgisayar calismasi igin 2’ser kisilik gruplara ayirir ve her
birine aktive ile ilgili ¢aligma kagitlar1 verir. Ogrenciler ile birlikte aktiviteler

gergeklestirilir
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SONUC ETKINLIKLERI:
1.0grencilerden Otelemeyi tanimlamalar istenir.

2. Otelenmis cismin sekil, alan 6zelliklerinin degismedigi vurgulanir.

OGRENCI AKTIVITE KAGIDI
1. Point Tool kullanarak sekilde gosterildigi gibi 3 tane nokta (iicgen

olusturacak sekilde ) belirleyiniz.

£ The Geometer's Sketchpad - [
File Edit Display Construck  Tran

-

NE

3|

2. Arrow Tool” u (sol kisim 1. ) se¢in ve ekranmi herhangi bir yerine tiklayin.

Ardindan belirlediginiz tiim noktalar1 sekildeki gibi secin.

% | he Geometer's Sketchpad - [Untitle
File Edit Display Construck  Transform

+ T

N©®

3|
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3.Construct Menu (Ekranin iist kisminda 4.) secin ve acgilan pencereden

Segments’i secin.

£ The Geometer's Sketchpad - [Untitled 1]
File Edit Display ReEELIES Transform  Measure Graph  wWindow

Seaments Chrl+L
Rays
® Lines

Angle Bisector

Arc Through 3 Points

Triangle Interior Chrl+P

4. Ucgeniniz olustu simdi ekranda her hangi bir yere tiklaym. Daha sonra
iicgeninizi olusturan noktalar1 segin ve Construct Menu’den Interior kismini

secin.

€3 The Geometer's Sketchpad - [Untitled
File Edit Display Constructk Transform I

- 7

N©

I
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& The Geometer's Sketchpad)- [Untitled 1]
File Edit Display BeyEaia® Transform Measure Graph %

Seqgments Chrl+L
Rays
Lines

Angle Bisector

Arc Thraugh 3 Paints

Triangle Interior Chrl+P

€} The Geometer’s Sketchpad - [Untitle

File Edit Display Construct Transform

NER |

3|

5.Ekranin herhangi bir yerine tiklayi. Segment Tool’u kullanarak {icgeninizin

altina bir dogru parcasi ¢izin.

110



?‘@@

|/

Fle\©

6.Arrow Tool’u secin ve ekranin herhangi bir yerine tiklayin. Daha sonra dogru

parcasini olusturan noktalari1 (soldan saga )secin ve Transformation Menu’den

Mark vector kismini secin.

7.Arrow Tool ‘u kullanarak tiim iiggeni secin ve Transform Menu’ den

Translate kismin1 se¢in
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& The Geometer's Sketchpad - [Untitled 1]
File Edit Display Construct

UEGE N Measure  Graph  Wind:

Mark Center  Shift+CtrHF

+ F

N@

Translate...

Rotate...
Dilate...
Reflact

3

Iterate. ..

L ]
L]

© The Geometer's Sketchpad - [Untitled 1]
Measure Graph  Window Hel|

Edit Display Construct

Mark Center Shift+Chrl+F
Mark Mirror

Mark Angle

Mark Segment Ratio

Mark Wectar

Reflect

8.Cikan yeni ekrandan Translate kismin1 tiklayin.
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X]

Translate

Tranglation Yectar:
" Palar ¢ Rectangular ™ Marked

Frarm:

Faint]

To:

PaintH

Help Cancel | Tranzlate |

9.Ne oldugunu aciklayin. Orijinal iicgeninizle ikinci iicgeniniz arasindaki
benzerlikler ve farkliliklar nelerdir?

10.Daha 6nce olusturdugunuz dogru parcasinin baslangi¢c ve bitis noktalarini
Arrow Tool kullanarak secin ve dogru pargasini uzatin, ne gibi degisiklikler
oldu?

11.U¢geninizi olusturan noktalar1 Arrow Tool kullanarak secgin. Construct
Menu’den triangle interior’ u secin. Ardindan Measure Menu’ den Area’ y1

secerek iicgeninizin alanini hesaplayin.

K3 The Geometer's Sketchpad - [Untitled 1]

File Edit Display BeEES Transform  Measure Graph Window

Segments Chrl+L
Rays
Lines

Angle Bisector

Arc Through 3 Points

Triangle Interior
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L2 The Geometer's Sketchpad - [Untitled 1]

3

File Edt Display Construck Transform Graph  Window Help

. Petimeter

et

o
otelelate

<
5

botete:
o.o:
It

e
e

[Teetete’
gt

Feeteteley
Tetitetet

F
e

gt
R
et
5

Calculate. .. Alt+=

ety
‘o
by
o
e

e
o B
Rt

P
{
o
<

A

12.Ayni1 islemleri ikinci tiggen icinde yapin, Neler fark ettiniz?
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DERS PLANI 2

HEDEF 1: Yansima hareketini kavrayabilme

D1. Yansima hareketini aciklar.

D2. Bir seklin yansima sonunda olusan goriintiisiinii insa eder.

Siire: 3 ders saati

Materyal: Geometer’s Sketchpad programi yiiklii bilgisayarlar, kalem ve
ogrenciler icin  aktivite sayfasi.

Grup: Her bilgisayar icin 2 kisilik 6grenci gruplari olusturulur.

Alt yapr: Ogrencilerin bilgisayar okuryazarligia sahip olmasi gerekmektedir

GIRIS ETKINLIKLERI:
Ogretmen  ogrencilere  ¢evrelerinde ne tiir yanstma hareketlerini

gozlemlediklerini sorar. Yansimanin nasil olustugunu agiklamalarini ister.

GELISTIRME ETKINLIKLERI: Ogretmen sinifi bilgisayar ¢alismasi igin
2’ser kisilik gruplara ayirir ve her birine aktive ile ilgili caligma kagitlar1 verir.
Ogrenciler ile birlikte aktiviteler gerceklestirilir.

SONUC ETKINLIKLERI:

1.0grencilerden yansimayi tanimlamalari istenir.

2. Yansimig cismin sekil, alan 6zelliklerinin degismedigi vurgulanir.

3.0Orijinal cisim ile yansiyan cismin dogruya olan uzakliklarinin esit oldugu
vurgulanir.

4.Baz1 sekillerin birden fazla simetri eksenleri olabilecegi vurgulanir.

OGRENCI AKTIVITE SAYFASI

1. Point Tool kullanarak sekilde gosterildigi gibi 4 tane nokta (iicgen
olusturacak sekilde 3 tanesi tabanda ) belirleyiniz. Ardindan Text Tool

kullanarak (A) noktalar1 yukaridaki noktadan baglayarak saat yoniiniin tersine
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harflendiriniz.

€3 The Geometer's Sketchpad - [Untitled 7]

File Edit Display Construck  Transformm  Measure  Graph  Window  Help

2. Arrow Tool” u (sol kisim 1. ) se¢in ve ekranmi herhangi bir yerine tiklayin.

Ardindan belirlediginiz tiim noktalar1 sekildeki gibi segin.

b The Geometer’s Sketchpad - [Untitled 7]

@ File Edit Display Construct Transform  Measure  Graph  Window  Help

k

+*

-

N[C

Rl
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3. Construct Menu (Ekranin iist kisminda 4.) se¢in ve acilan pencereden

Segments’i secin

& The Geometer's Sketchpad - [Untitled 7]
File Edit Display WSyl Transform Measure  Graph  Window  Help

L 4

Segrenks
9 Ravs
n(/‘ , Lires
Al
48

Quadrilateral Interior Chrl+P

% ® b

4. Arrow Tool’u secip ekranin herhangi bir yerine tiklayin. Daha sonra yine
Arrow Tool kullanarak sirasiyla A,B ve C noktalarini sec¢in ardindan Construct

Menu’den Triangle interior kismini sekildeki gibi secin.

€3 The Geometer's Sketchpad - [Untitled 7]
k=] File Edit Display Re cl

= Transform Measure Graph  Window  Help

o
-
Segmenks Zhrl+L
@ Rays
./1 Lines
A
>

Angle Biseckor

Arc Through 3 Poinks

Triangle Interior

5. Display boliimiinden color kismini acin ve istediginiz rengi se¢in
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@ The Geometer’s Sketchpad - [Untitled 7]

|T Lire Width LA
. [ o ] 000 |
7 Test » I
/T
G) Hide Trizrgle CtrkeH W ]
e o e — E
A Label Triangle... Ak =
». Trace Triangle CheT | —
— Erase Traces “LibE ]
]
Animate Trizngk Akt 1
/T
[—
] |
Shawe Text Palette Shift+Cerl+T
Shaw Mation Controler P aniti,
Hide Toolbo: Cither.,

6. Arrow Tool’u kullanarak 6ncelikle ekranin herhangi bir yerine tiklayin. Bu
sefer sirastyla A, D, C noktalarint secin ve 4. ve 5. adimlarda yaptiklarinizi
tekrarlayim.( Construct Menu’den Triangle interior kismini sekildeki gibi secin

ardindan Display boliimiinden color kismini acin ve istediginiz rengi seg¢in)

7.Segment Tool’ u kullanarak iicgeninizin sag tarafina bir dogru ¢izin.

) The Geometer's Sketchpad - [Untitled 7]
File Edit Display Construck Transform  Measure Graph  Window  Help

X,

-

®
|27

¥
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€ The Geometer's Sketchpad - [Untitled 7]

File Edit Display Comstruct  Transform Measure Graph  Window  Help

8.Arrow Tool’u kullanarak ¢izdiginiz dogruyu

Menu’den Mark Mirror kismint segin.

£ The Geometer’s Sketchpad - [Untitled 7]
File Edit Display Construct BIEEGEGRRGN Measure Graph  Window  Hel

Translate. ..
Rotate...
Dilate...
Reflect

secin ve ardindan Transform

9. Arrow Tool” kullanarak iicgeninizin tamamini se¢in ve ardindan Transform

Menu’den Reflect kismini se¢in.
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k3 The Geometer's Sketchpad - [Untitled| 7]
File Edit Display Construct BEERSGEIGN Measure Graph  Window  Help
Mark Center shift+Chr+-F

Mark Mirror

Mark Angle

Mark Segment Ratio

Mark vYectar

Translate. ..
Rotate...
Dilate...

TN >

10. Ne oldugunu aciklayn.

11. Olusan yeni liggeninizin de noktalarini isimlendirin. A ve A’ noktalarini
Arrow Tool kullanarak se¢in, ardindan Construct Menu’den Segments kismini
secin. Daha sonra Display Menu’den Line Width kismini secin ve Dashed

boliimii isaretleyin. Bu islemi B ve B’ noktalart ile D ve D’ noktalar i¢inde

tekrar edin.

Hide Segment hrl+H
Show Label Chrlk
Label Segment... alt+]
2
Trace Seament Lo e B S
\\
\
Animate Segment Ale+* \\
\
\
\
\
\
\
)
Show Text Palette Shift+Ctr+T LY
Show Motion Controller o é}
—————— e
Hide Toolbox

12.Cizmis oldugunuz dogruyu secin ve ileri geri hareket ettirin. Neler

gozlemlediniz?
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13.Ucgeni olusturan noktalardan birini segin ve ileri geri hareket ettirin. Neler

gozlemlediniz?

14.Arrow Tool kullanarak A noktasin1 ve dogruyu se¢in ve Measure Menu’

den distance kismini secin. Boylece sectiginiz noktanin dogru parcasina olan

uzakligin1 bulacaksiniz.

© The Geometer's Sketchpad - [Untitled 7]
File Edit Display Construct Transform BGEEENES Graph  Window Help

Calculate... Alt+=

15. Ayni islemi A’ noktasi i¢inde ve sonuglar: karsilagtirin.
16. Bu islemi diger noktalar i¢cinde gerceklestirin. Neler gozlemlediniz?

17. Cizmis oldugunuz dogru parcasimnin baslangi¢ veya bitis noktalarindan

birini secin ve ileri geri hareket ettirin. Neler gozlemlediniz?
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DERS PLANI 3

HEDEF 1: Dénme hareketini kavrayabilme.

D1. Donme hareketini aciklar.

D2.Diizlemde bir nokta etrafinda ve belirtilen bir aciya gore sekilleri
dondiirerek ¢izimini yapar.

Siire: 4 ders saati

Materyal: Geometer’s Sketchpad programi yiiklii bilgisayarlar, kalem ve
ogrenciler icin  aktivite sayfasi.

Grup: Her bilgisayar icin 2 kisilik 6grenci gruplari olusturulur.

Alt yapr: Ogrencilerin bilgisayar okuryazarligina sahip olmasi gerekmektedir

GIRIS ETKINLIKLERI:

Ogretmen ogrencilerden saatlerinin de bulunan akrep ve yelkovanimin bagh
oldugu pimin etrafindaki hareketi yorumlamalarini ister ve akrep ve
yelkovaninin bagli oldugu pimin donme hareketinin merkezi oldugu
kesfettirilir. Giinliik yasamdan donme hareketine Ornekler verilemesi istenir.

Riizgargiilii vb.

GELISTIRME ETKINLIKLERI:
Ogretmen smifi bilgisayar calismas1 icin 2’ser kisilik gruplara ayirir ve her
birine aktive ile ilgili ¢aligma kagitlar1 verir. Ogrenciler ile birlikte aktiviteler

gerceklestirilir.

SONUC ETKINLIKLERI

1.Ogrencilerden donme hareketini tanimlamalari istenir.

2. Dondiiriilen seklin bi¢cim ve boyutunun degismedigi, ancak seklin durusunun
ve yerinin degistigi vurgulanir.

3.Ceyrek donmenin 90° lik donme, yarim donmenin 180° lik donme oldugu

vurgulanir.
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4.180° lik donmenin merkezil donme (noktaya gore simetri) oldugu agiklanir.
5. Bir sekil kendi merkezi etrafinda dondiiriildiigiinde 360° den kiiciik acili
donmelerde en az bir defa kendisi ile cakisiyorsa bu seklin donme simetrisine

sahip oldugu vurgulanir.

OGRENCI AKTIVITE KAGIDI

1. Point Tool kullanarak sekilde gosterildigi gibi 4 tane nokta (iicgen
olusturacak sekilde 3 tanesi tabanda) belirleyiniz. Ardindan Text Tool
kullanarak (A) noktalar1 yukaridaki noktadan baslayarak saat yoniiniin tersine
harflendiriniz.

2. Arrow Tool’ u (sol kisim 1. ) se¢in ve ekrani herhangi bir yerine tiklayin.
Ardindan belirlediginiz tiim noktalar sekildeki gibi secin.

3. Construct Menu (Ekranin iist kisminda 4.) secin ve acilan pencereden
Segments’i secin.

4. Arrow Tool’u secip ekranin herhangi bir yerine tiklaym. Daha sonra yine
Arrow Tool kullanarak sirasiyla A,B ve C noktalarini se¢in ardindan Construct
Menu’den Triangle Interior kismini secin.

5. Display boliimiinden color kismini acin ve istediginiz rengi se¢in

6. Arrow Tool’u kullanarak oncelikle ekranin herhangi bir yerine tiklayin. Bu
sefer sirastyla A, D, C noktalarin1 se¢in ve 4. ve 5. adimlarda yaptiklarinizi
tekrarlayin.( Construct Menu’den Triangle Interior kismini sekildeki gibi secin
ardindan Display boliimiinden color kismini acin ve istediginiz rengi se¢in)

7. Segment Tool’u kullanarak iiggeninizin alt kismina sekildeki gibi bir ag1

cizin.
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8. Acinizi olusturan harfleri aginin okunug kuralini dikkate alarak Text Tool

kullanarak sirasiyla harflendirin. Ardindan yine okunus kuralin1 dikkate alarak

acly1 olusturan noktalar1 se¢in ve Transfor Menu’den Mark Angle kismin

secin

sure Graph  Window Help
Mark Center  Shift-+Ctr+F

9. Tekrar okunus sirasini dikkate alarak aciyr olusturan noktalar1 se¢in ve
Measure Menu’den Angle kismimi segin. Boylece acinizin Olciisiinii

bulacaksiniz.
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2 The Geometer's Sketchpad - [Untitled 1]
aﬂle Edit Display Construct Tramsform NEEFENEN Graph  Window Help

Angle

Caloulate.., Blt4=

Coordinates
Bbscissa (x)
Ordinate ()

—

10. Ac¢min baslangic noktasini secin ardindan Transform Menu’den Mark

Center kismini isaretleyin.

F3 The Geometer’s Sketchpad - [Untitled 1]
File Edit Display Construct S

i Measure Graph  Window

nter  Shift+Chr+F

k m£EFG=1492°

Translate. ..
Rotate...
Cilate...
Reflect

Iterate. ..

11.Ucgeninin tamamini secin ve Transform Menu’den Rotate kismi

secin.Acilan yeni pencereden Rotate kismini tiklayin .
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© The Geometer's Sketchpad - [Untitled 1]
[8 File Edt Display Construct |ERERUN Messure Graph Window H

Mark. Center Shift+Ctr+F
Mark Mirrar

Mark. Angle

Mark Segment. Ratio

Mark Veckor

mLEFG = 1492°

Translate. ..

Dilate...
Reflect

R ANCIREd

12. Neler gozlemlediniz? Ilk licgen ile olusan ikinci liggen arsinda nasil

bezerlikler var?

13. 1lk iiggen ile olusan ikinci iiggen arsinda nasil bezerlikler var?

14 A¢inizin bitis noktalarindan birini secerek ileri geri hareket ettirin. Neler

gozlemlediniz?

15.Ucgeninizi 90,180 ve 360 derece dondiiriin. Neler gozlemlediniz?

AKTIVITE 2

1. Ekraniniza sekildeki gibi 4 tane nokta (3’ii ticgen olusturacak sekilde )

olusturun.
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2. Noktalarimizin hepsini (3’1 icgen olusturacak sekilde ) secin ve ardindan

Construct Menu’den Segments kismin1 segin.

€3 The Geometer’s Sketchpad - [Untitled 2]

File Edit Display BeEEGUES Transform  Measure  Grap

X,
*
Seqgments Chri+L

Q Rays
/b [ ] Lines
A
= L
P»,

L

3.Ucgen olusturan noktalar1 secip ilk once Construct Menu’den Triangle
Interior kismin1 ardindan Display Menu’den colour kismini secerek iicgeninizi

istediginiz renge boyayin.

4. Olusan Bayrak seklinin sag tarafina sekildeki gibi nokta belirleyin.
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5. Son belirlediginiz noktayr secin ve ardindan Transform Menu’den Mark

Center kismini isaretleyin.

P/ The Geometer's Sketchpad - [Untitled 2]
§ File Edit Display Construct SIE N Measure Graph  Wind

ter  Shift+Ctrl+F

Translate. ..
Rokate. ..
Cilate. .
Reflect

Iterate. ..

6. Bayraginizin tamamini secin ardindan Transform Menu kismindan Rotate
kismint se¢in. Acilan yeni pencere ac¢t kisminin 90 derece oldugundan emin

olun.
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Raotate Bu:
* Fized &ngle

| Q0.0 dedgrees

Abhout Center A,

Help Cancel | Raotate |

7. Rotate islemini 2 kez daha gerceklestirin. Neler gozlemlediniz?

8. Donme agisin1 60 derece olarak ayarlayin. Neler gozlemlediniz?

Rotate [‘5_(|

Ratate By:
* FiredAngle
65,0 degrees
|
Ahout Center A
Help Cancel | Ratate |
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DERS PLANI 4

HEDEF 1: Oriintii olusturabilme.

D1. Oteleme, yansima ve doniisiim simetrilerini kullanarak siislemeler yapar.
Siire: 4 ders saati

Materyal: Geometer’s Sketchpad programi yiiklii bilgisayarlar, kalem ve
ogrenciler icin aktivite sayfasi.

Grup: Her bilgisayar icin 2 kisilik 6grenci gruplari olusturulur.

Alt yapr: Ogrencilerin bilgisayar okuryazarligina sahip olmasi gerekmektedir.

GIRiS ETKINLIiKLERI:

Ders kitabindaki fotograflar inceletilerek el sanatlari ile kiiltiir arasindaki iliski
vurgulanir. El sanatlarindaki motifler inceletilerek o6grencilerin diisiinceleri
alinir.Motifler iizerindeki simetrik sekillere dikkat ¢ekilerek oriintii olusturma

konusunda 6n bilgi verilir.

GELISTIRME ETKINLIKLERI:

Ogretmen simifi bilgisayar calismasi igin 2’ser kisilik gruplara ayirir ve her
birine aktive ile ilgili ¢aligma kagitlar1 verir. Ogrenciler ile birlikte aktiviteler
gerceklestirilir.

SONUC ETKINLIKLERI:

1.0grencilere nasil oriintii olusturabilecekleri sorulur.

OGRENCI AKTIVITE SAYFASI

1.Ekrana sekilde gosterildigi gibi 2 tane nokta belirleyin.
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File Edit Display Consktruct  Transform

g

*

R 2= AN[O;

2. A noktasini secin ve Transform Menu’den Mark Center kismini secin.
3. 2.noktayr secin ve ardindan Transform Menu’den Rotate kismini segin.

Acilan yeni pencerede ag1 yerine 60 dere yazin.

Rotate |

Rotate By:
* FizedAngle

&0 deaqrees

About Center &

Help | Cancel | Fotate |

4. Bu islemi 4 kez daha gergeklestirin.
5. Olusan sekillinizde bulunan A noktasini1 ve sagindaki noktay: sekildeki gibi

sectikten sonra Construct Menu’den segment kismin1 segin.
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6. Bu islemi A noktasi ile birer nokta atlayarak tiim noktalar ile (kiip

olusturacak sekilde) gerceklestirin.

7. Kiiplin kenarlarini olusturan karelerin noktalarin1 sec¢in ve Construct
Menu’den Interior kismini segin. Ardindan Display Menu’den Colour kismini

secerek kareleri istediginiz renklere boyayin.

8. Kiipiin en iist kismindaki karenin kosegenlerini sekildeki gibi secin ve

ardindan Transform Menu’den Mark Vector kismini secin.
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9. Kiipiin tamamin se¢in ve ardindan Transform Menu’den Translate kismini

isaretleyin. Bu islemi bir ka¢c kez daha gerceklestirerek seklinizin Gtelenmis

halini olusturun. Neler gozlemlediniz?

10. Orjinal kiipiiniiziin koselerini sekildeki gibi se¢in.( A VE B )ve Transform
Menu’den Mark Vector kismimi secin. Biitiin kiipleri secin ve Transform
Menu’den Translate kismini isaretleyin. Bu islemi bir kac kez daha

gerceklestirerek seklinizin otelenmis halini olusturun. Neler gézlemlediniz?
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APPENDIX E

SAMPLE OF WORKSHEETS

1. Asagidaki sekildeki iicgenlerden her biri kendisinin 6telenmis hali ile bir ¢ift

olusturmustur. Buna gore bu tiggen ciftlerini bulun.

Yukarida F harfi ile 6telenmis hali verilmistir. Buna gore iki sekil arasinda

nasil farklar vardir?

A) ikinci F daha biiyiiktiir.
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B) ikinci F daha kiiciiktiir.
C) Birinci F daha biiytiktiir
D) Boyutlar1 arasinda fark yoktur.

3.Sekildeki kare kag birim 6telenmisgtir?

4. Asagidaki sekillerin her birini 4 birim saga oteleyin.

5. Asagidaki sekiller kag birim 6telenmistir agiklayin.
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APPENDIX F

TURKISH EXCERPTS FROM INTERVIEW WITH STUDENTS

(SAYFA 64)

Matematik  Ogrenirken  bilgisayarlar1  kullanmak kendi  6zel
o0gretmenimin olmasi gibiydi. Geometrik sekilleri bilgisayar ekraninda
olusturabildik ve onlar1 daha sonra kullanmak i¢in saklayabildik.
Bilgisayar geometrik sekillerin kalem ve kagitla yapamayacagiz sekilde
hareketli olmasini sagladi (A1).

Eger bu konular tahtada isleseydik bence ¢ok sikict olurdu. Ayrica biz
simdi oldugumuz kadar aktif olmayacaktik ve konuyu bu kadar iyi
anlamayacaktik. Bence konuyu hizli ve kolay 6grendim ¢iinkii 6grenme
stiresince ¢ok aktiftim, sekilleri kendim olusturup, degistirdim (A3).
Bilgisayarlar geometrik sekilleri hizli bir sekilde olugturmamizi sagladi
ve bizim olusturdugumuz sekilleri hareketli ve ilging bir sekilde bize
gosterdi (A4) .

Nokta, dogru gibi sekiller olusturup onlar1 hareket ettirebildik.
Bilgisayar kullanmak dersleri cok daha aktiflestirdi (A6).

(SAYFA 65)

Bu konular eger normalde oldugu gibi tahtada isleseydik, bizim i¢in
anlamasit ¢ok zor olacakti. Mesela sekilleri tahtada dondiirmeye
caligsaydik bu gercektenden zor olurdu ve donme simetrisini
anlamazdik bence. Ama bilgisayarda sekilleri dondiirmek cok kolaydi
(B2).

Konular sadece ogretmen acikladiginda ¢ok iyi anlamiyorum ama bu
konuyu iyi 6grendim ¢iinkii tartisarak, yaparak ve agiklayarak ogrenme

siiresince aktif oldum (A2).
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Projeksiyonda gordiigiimiiz sekiller benim konunun temelini anlamami
sagladi. Ama bence eger kendimiz bilgisayarda yapabilseydik bizim
icin ¢cok daha iyi olurdu (B3).

(SAYFA 66)

Projeksiyonun yansittig1 her seyi cok iyi anlayamadim. Bence sadece
izlemek yerine biz bilgisayarda kendimiz yapsaydik cok daha iyi
anlardim (BS5).

Konular gorsel bir sekilde sunuldugunda daha iyi anliyorum ama bence
sadece projeksiyonda yansitilan seyleri izlemek yerine kendimizde
bilgisayarla bir seyler yapsaydik cok daha iyi 6grenebilirdik. Sekilleri
kendimiz olusturabilirdik ve bu ¢ok daha ilging olurdu (B6).

Bence gorsellik geometri i¢in ¢ok onemli ve bilgisayarla ders islemek
gorsel zekdmizi gelistirmemize yardimc1 oldu ve kolaylikla
Ogrenebildik (Al).

Matematik derslerinde problemler ve denklemler ¢o6ziiyoruz. Ama
bilgisayarla ders islemek sekilleri gorsel olarak canlandirmamizi sagladi
ve gorselligi kullaninca 6grenmek ¢ok daha kolay oldu (A6).
Matematigi cok iyi anlamiyorum aslinda, sadece sayilarda ibaret gibi
geliyor ve aslinda ne oldugunu goziimde canlandiramiyorum. Ama
bilgisayarlar matematigi gorsel bir sekilde sunuyor ve ben ¢ok daha iyi
anliyorum (A7).

Bence gorsel oldugunda geometriyi anlamak ¢ok daha kolay oluyor ve
bilgisayarlar sekilleri gorsel olarak gormemizi sagliyor (B1).
Bilgisayarla matematigi anlamak cok daha kolay ¢iinkii sekilleri gorsel
olarak goriiyoruz ve bilgisayar bize hayal etmesi zor seyleri gosteriyor
(B2).

(SAYFA 67)

Matematik konularim1  6grenirken gorselligi  kullanmak konular

basitlestiriyor. Gorsellik 6grenme siirecimizi gelistirdi (B3).
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Bence matematik konularini ezberledigimizde aslinda ne yaptigimizi
cok az anhiyoruz. Ezberledigim seyleri hatirlamak benim icin cok zor.
Ama bu sefer hig bir seyi ezberlemek zorunda kalmadim ve 6grendigim
seyleri hatirlamakta zorluk cekmeyecegim (Al).

Matematik calismak benim i¢in daha once sadece ezberlemekti, ama bu
sefer hicbir seyi ezberlemek zorunda kalmadim, konuyu gercekten
o0grendim (A2).

Gecen sene isledigimiz konular1 hatirlamiyorum ama bilgisayarla
isledigimiz  bu derslerde Ogrendiklerimi  hatirlamakta  zorluk
cekmeyecegim bence (AS).

Genelde konular tekrar tekrar calisirim iyi 0grenmek icin ve bu ¢ok
sitkic. Ama bu sefer o kadar cok calismak zorunda kalmadim,
ogrenmek eglenceli ve kolaydi. Bence konular gergekten iyi 6grendim
ve unutacagimi sanmiyorum (A7).

Eger bu konular1 normalde oldugu gibi sinifta isleseydik cok sikici
olacakt1 ve 6grenmek yerine sadece ezberleyecektik bence (B4).
(SAYFA 68)

Geometriyi bilgisayarla 6grenmek ¢ok ilgincti, bence dnceye gore ¢ok
daha iyi 6grendim. Bence bu herkes i¢in Oyleydi, hepimiz bu derslerde
cok daha aktiftik (A2).

Matematigi bilgisayarda ©Ogrenmek gercekten c¢ok hosuma gitti.
Onceden 6grenmek icin dikkatimi hi¢ toplayamiyordum. Bilgisayar
kullanmak konsantre olmama ve 6le kalmama yardim etti (A3).

Bu hafta matematik derslerindeki en iyi haftamdi ciinkii geometri
ogrenmek icin bir bilgisayar programi kullandik. Geometri 6grenmek
icin hep bilgisayar kullanmak gercekten ¢ok hos olurdu (AS).

Ik basta geometri derslerinde bilgisayar kullanmak biraz garipti ama
gercekten eglendim. Kagit kalem kullanmadan sadece bilgisayarla

geometri 0grenmek gercekten ilging ve hostu (B1)
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Bu derslerin benim i¢in bu kadar ilging olacagim diisiinmemistim bile.
Geometriyi bilgisayar kullanarak 6grenmek gercekten ¢ok hosuma gitti,
konular1 gercekten Ogrendim bence. Keske hep bilgisayarla ders
isleyebilsek (B4).

(SAYFA 69)

Daha once bana matematik nedir diye sorsaniz muhtemelen iskence
derdim. Simdi ise sevdigim derslerden biri. Matematik 6grenmek icin
eglenceli yollar oldugunu gordiigiime gercekten cok sasirdim (A2).
Onceleri geometri benim icin zordu ama simdi o kadar zor olmadigini
diisiinliyorum. Bence ben geometride basarili olabilirim. Geometrinin
eglenceli olabilecegini fark ettim (A3).

Dersleri sinifta islemekle ilgili bir sikintim yok ama dersleri bilgisayar
laboratuarinda islemek bence ¢ok daha iyiydi. Dersleri orda yaptigimda
mutluydum ve derse katilmak icin gercekten istekliydim. Normalde
derslere cok katilmiyorum c¢iinkii konular1 cok iyi anlamiyorum ama
bilgisayarla isledigimiz konular1 anladim (A4).

Sekilleri bilgisayarda olusturmak gercekten ¢ok ilgingti. Geometriden
aslinda o kadar hoslanmam ben ama bu derslerden hoslandim. Onceden
de problemleri ¢ozebilirdim ama bu benim i¢in ilgin¢ degildi ve bazen
de zordu. Simdi Geometrinin o kadarda zor olmadigim diisiiniiyorum
(AS).

Itiraf etmem gerek, ilk baslarda geometri 6grenmek icin bilgisayar
kullanmak konusunda endiseliydim c¢iinkii ben pek matematik insani
degilim. Ama sonra umdugumdan cok daha iyi yaptigimi fark ettim.
Geometride sevebilecegim konular oldugunu fark ettim (A6).
Matematikte basarili olabilmek i¢in hep cok caba sarf etmem gerek,
ama bu sefer o kadar caba sarf etmeme gerek yoktu. Bu konuyu
ogrenmek gercekten cok ilgincti. Matematikte basarili olabilecegimi

o0grendim ve bence matematikte zevkli konularda var (A7).
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Baz1 arkadaslarimiz geometriden korkuyorlardi, basarisiz olmaktan
korkuyorlard1 bence simdi onlarin diisiinceleri degisti ve kendilerine
daha c¢ok giiveniyorlar. Bence geometride giiven ¢ok Onemli ciinkii
kendimize giivenmesek hata yapariz ve konular1 beklendigi kadar iyi
ogrenmeyiz (B1).

(SAYFA 70)

Bilgisayarla 6grenmeden 6nce bu konunun benim i¢in ¢ok zor oldugunu
diistinliyordum. Simdi bence kolay ve gercekten bu konuyu 6grendim
(B2).

Bilgisayarla yaptigimiz derslerde derse katilmak icin ¢ok daha fazla
istekliydim ¢iinkii eglenceli olacagini biliyordum. Isledigimiz konulari
gercekten 0grendigim bence. Benim i¢in 6grenmek kolaydi (B3).
Matematikte sevebilecegim konular oldugunu fark ettim. Daha Once
matematik benim ic¢in sadece sayilardan ibaretti ve gercekten ¢ok
sikictydi. Simdi ise geometrinin eglenceli oldugunu diisiiniiyorum (B4).
Onceleri matematik sadece formiillerden ibaretti. Ama bu derslerde
sikict hi¢ bir sey yoktu. Bence eger diger konular1 da bilgisayarla
islemis olsaydik onlardan da hoslanabilirdim (BS).

Bilgisayarda matematik islemek konusunda kendimi emin hissediyorum
(A2).

(SAYFA 71)

Baglarda boyle bir programi kullanmak biraz iirkiitiiciiydii ama simdi
geometri Ogrenirken bilgisayar kullanmak konusunda daha az gerginim
(A3).

Derslerden once bilgisayar kullanmak i¢in temel bilgim vardi simdi ise
boyle bir programi kullanabiliyorum ve kendimi gayet emin

hissediyorum (A4).
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Bizim i¢in oldukg¢a yaraliydi ama aktivitelere yetismek biraz zordu
benim icin ciinkii bilgisayar kullanimi konusunda tecriibeli degilim
(AS).

Bilgisayarlar ¢ok eskiydi ve bazen caligsin diye gercekten ugrasmak
zorunda kaldik. Bu tarz problemler olmasaydi, programi kullanmak ¢ok
daha kolay olurdu (A6).

Programin Ingilizce olmasi biraz sikiciydi, ama 6gretmen bizim icin
gerekli her seyi acikladi (A7).

Teknoloji ve bilgisayarlar bu yiizyilin Onemli pargalari. Bence
matematik egitiminde olmalilar. Geometrideki tiim konular: bilgisayarla
islemek hosuma giderdi. Benim icin gercekten eglenceliydi (A4).
(SAYFA 72)

Bence bilgisayarlar matematik egitimin bir parcast olmali ¢iinkii
gercekten matematik konularini daha iyi anlamamu sagladi. Bilgisayarla
yeni seyleri cok cabuk ve dikkatli bir sekilde yapabiliriz bu yiizden
bilgisayar kullanmay1 tercih ederim (A6).

Bence bilgisayarlar matematigi ¢ok daha ilging yapiyor ¢iinkii ¢ok
renkli ve heyecanli. Matematikteki her konu bilgisayarla islesek bence
harika olurdu (A7).

Bilgisayarlar bizi motive ediyor ¢iinkii bilgisayarla ugrasmayi
seviyoruz. Bilgisayarla isledigimiz zaman matematik derslerini
eglenceli, heyecanli ve yeni buluyoruz (B1).

Geometriyi klasik sekilde 6grenmektense bilgisayarla 6grenmeyi tercih
ederim. Bilgisayarlar kisada olsa siralarimizdan uzaklasmamizi
sagladi.Bilgisayarla matematik ogrenmeyi zevkli ve heyecanli yapiyor
(B3).

Bence baska konular1 6grenmek de bilgisayar kullanmak bizim icin o
kadar yararli olmaz. Bence sadece geometri konularinda bizim icin

yararli (B4).
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Bence matematik derslerinde bilgisayar kullanirsak daha 1yi
Ogrenebiliriz ama aym1 zamanda sikicida olabilir. Ciinkii alisinz.
Normalde matematik konularimi tahtada isliyoruz ve c¢ok sikici bu
yiizden konular1 bilgisayarla 6grenmekten bu kadar ¢ok hoslandik,
clinkii bilgisayarlar yeni ve ilging (BS).

Matematik derslerinde bilgisayar kullanmanin o kadar 6nemli oldugunu
diistinmiiyorum Ben geometri konularin1 geleneksel yollarla 6grenmeyi
tercih ederim. Bu sekilde ¢ok daha iyi 6greniyorum bence (B6)
(SAYFA 73)

Gecmiste, biz sadece siramizda oturuyorduk ve Ogretmenimiz
dinliyorduk. Ogrenme siirecimizde bagimsiz degildik Bilgisayarlari
kullanmak daha bagimsiz olmamizi sagladi. Daha cok bagimsiz is
yaptik (A1).

Genelde ogretmenimiz konulart anlatir ve biz defterimize yazariz. Ama
bu derslerde kendimi cok oOzgiir hissettim, istedigim tiim sekilleri
kendim ¢izdim. Bilgisayarlar sinifin alisti§imiz ortamindan ¢ikmamizi
sagladim (A3).

Sanki Ogretmen bendim. Aslinda sanki herke kendi Ogretmeniydi.
Bence bu sekilde ¢ok daha iyi ¢iinkii 6grenme siiresince ¢ok daha aktif
olarak katilmaliy1z (AS).

(SAYFA 74)

Normalde biz sadece Ogretmenin tahtaya yazdigi seyleri not aliyoruz,
problemleri ¢6zmeye calisiyoruz ve bazen de problemleri tahtada
¢Oziiyoruz. Ama bu derslerde o kadar aktiftim ki sadece oturup not
almaktan ¢ok daha fazlasini yaptim (B2).

Normalde okulun son saatlerinde sirada oturup, not almak bir iskence
ve ben gercekten cok sikiliyorum. Ama bu sefer son saatlerde bile

eglendim (B3).
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Normalde biz sadece siramizda otururuz ve Ogretmeni dinleriz,
birbirimizle konusmayiz ya da diisiincelerimizi tartisip, paylasmayiz.
Ama bu derslerde cift halinde calistik ve gercekten eglenceliydi. Cift
olarak calismak faydali ciinkii bilgisayarda calisirken birbirimizle
tartistik, birbirimize yardim ettik (A1).

Her seyi arkadasimla birlikte yapmak gercekten eglenceliydi.
Birbirimize yardi ettik ve bu benim daha iyi anlamami sagladi (A3).
Cift halinde dersi islemekten cok hoslanmadim. Ciinkii bilgisayarda
calismaya yeterli zamanim olmadi benim. Bence yalniz olsaydim ¢ok
daha iyi olurdu (A4).

Cift halinde calisttk ve bizim ¢ok sik yaptifimiz bir sey degil.
Genellikle biz sadece Ogretmeni dinleriz ve birbirimizle iletisim
kurmayiz ¢ok fazla. Ama bu derslerde fikirlerimizi paylastik, tiim
aktiviteleri birlikte yapmaya calistik (AS).

Gecmiste Ogretmenle iletisim i¢inde olmaya aligkindik, aslinda sadece
Ogretmenizle iletisim kuruyoruz biz. Ama bu derslerde cift halinde
calistik. Birbirimize yardim ettik ve hatalarimizi diizelttik (A7).
(SAYFA 75)

Gecmiste 0gretmen konular1 anlatiyordu ve tahtaya yaziyordu. Ama bu
derslerde bilgisayar laboratuarindaydik, dgretmen konulart agiklamadi,
bizi yonlendirdi ve dgrenmemize yardimci oldu (Al).

Gecmiste her seyi 6gretmen anlatiyordu ve bu benim i¢in gergekten cok
sikictydi ama bu derslerde 6gretmen sadece yardim etti, her seyi biz
kendimiz yaptik (A2).

Biz her seyi bilgisayarda yaptik ama bence dgretmenin yonlendirmesi
olmadan bu kadar basarili olamayiz (A3).

Ogretmen cok fazla anlatmadi sadece bizi yonlendirdi. Eskiden oldugu

kadar c¢ok iletisim kurmadik onunla. Aktiviteler sirasinda bizi
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yonlendirdi ama ne yapilacagini soylemedi (AS5).

Bu derslerde 6gretmen konular1 aciklamadi, biz her seyi kendimiz
yaptik. Normalden daha az ogretti. Yine 68renmemiz i¢in ugrasti ama
onceden oldugu gibi degildi (A6).

(SAYFA 76)

Ogretmenimiz konular1 anlatmak ve ¢oziim yollarim1 gdstermektense,
kendi kendimize anlamamiza izin verdi, tikandigimiz zaman yardimci
oldu, bizi dinledi ve bizi dogru yola yonlendirdi (A7).

Ben 6gretmenin roliiniin ¢ok fazla degistigini diisiinmiiyorum. Yine
aktifti ama daha fazla soru sordu ve konulari anlamamizi saglamaya
calist1 (B1).

Gecmiste 6gretmen konular1 agikliyordu. Bu derslerde her seyi direk
olarak 6gretmen aciklamadi eskiden oldugu gibi, normalden daha fazla
soru sordu bize ve cevaplart bulmamiz i¢in ipuclar1 verdi (B2).

Bence Ogretmen bu derslerde normalden daha aktifti. Herseyi
bilgisayarda o yapti, bize ekrandaki sekiller hakkinda sorular sordu.
Sorular sorarak konuyu anlamamiza yardim etti (B3).

Tiim sekilleri bilgisayarda 6gretmen olusturdu ama normalde oldugu
gibi her seyi agiklamadi, bize sorular sordu ve kendi yorumlarimizi
yapmamiza yardim etti (B5)

Normalde 6gretmen konuyu agikliyordu, ben bu yolu daha ¢ok tercih

ediyorum ciinkii bence bu sekilde daha iyi 6greniyorum (B6).
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