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0z

LISE MATEMATIK DERSLERINDE OYUNLA OGRENMENIN TUTUMA
VE AKADEMIK BASARIYA ETKISI

Zeynep Sarikaya ilhan

Mart, 2019

Egitim felsefesinde ve 6gretme yaklasimlarinda yasanan gelismelerle degisen
ve gelisen diinyada matematik 6gretiminin nasil ger¢eklesecegi ve yeni yaklagimlarin
matematik 6gretimine nasil uyarlanacagi sorularina ilkokul ve ortaokulda az sayida da
olsa yenilik¢i ve eglenceli etkinliklerle cevap verilmektedir. Ancak Ggrenci lise
egitimine basladiginda bunlar geride kalmakta ve yerini lise egitiminin ciddiyetine
birakmaktadir. Ogretim programinin genel gergeveyi vermesi, uygulamay1 6gretmen
inisiyatifine birakmasi1 sebebiyle pek c¢ok ders geleneksel egitim metotlariyla
islenmektedir. Diiz anlatim, soru cevap gibi ders anlatim teknikleri 6grencileri derste
stkmakta, pasif konumda birakmakta ve derse karsi olumsuz tutum sergilemelerine
sebep olmaktadir. Bu calismada, oyunla matematik 6gretiminin lise 6grencilerinin
matematik dersine yonelik tutumlarindaki ve akademik basarilarindaki etkisi
incelenmistir. Arastirmada 6rneklem ve kontrollii, 6n test son test deneysel deseni
kullanilmistir. Arastirmanin 6rneklemini Istanbul Sultanbeyli’deki bir lisenin tutum ve
akademik basar1 yoniinden birbirine denk iki 9. sinifi olusturmaktadir. Siniflardan biri
deney grubu olarak secilmis ve 10 hafta boyunca ilk iki {inite olan Mantik ve Kiimeler
Ogretmen tarafindan gelistirilmis oyunlarla zenginlestirilerek islenmistir. Siniflardan
ikincisi ise kontrol grubu olarak secilmis ve dersler 6gretmen merkezli, geleneksel
Ogretim yontemleriyle anlatilmistir. Deney ve kontrol gruplarina uygulanan 6n test ve
son testlerin SPSS 10 programiyla analiz edilmesi sonucu, deney gurubu lehine

anlamli farkliliklar ¢ikmistir. Oyun ile 6gretimin matematik dersine yonelik tutum ve



akademik basariy1 arttirdigi sonucuna varilmistir. Lise seviyesinde hem uygulamada
hem akademik aragtirmalarda ¢ok az yer verilen oyun temelli 6grenmenin 6dnemine

dikkat ¢cekilmeye ¢alisilmstir.

Anahtar kelimeler: oyunla 6grenme, matematik, tutum, akademik basar1



ABSTRACT

THE EFFECTS OF GAME-BASED TEACHING ON ATTITUDE AND
ACADEMIC ACHIEVEMENT IN HIGH SCHOOL MATHEMATICS

Zeynep Sarikaya ilhan

March, 2019

In a constantly changing world affected by the improvements in philosophy of
education and in teaching approaches, the questions of how to teach Mathematics and
how to implement these new approaches have been provided with an answer with
innovative and fun activities in primary and secondary schools. However, once a
student starts high school, all these activities are over and the seriousness starts.
Traditional teaching methods results in bored, passive students with a negative
attitude. This study examines the effects of game-based teaching on attitude and
academic achievement of high school students in mathematics classes. In this research
a controlled, pretest and posttest experimental design have been used. The sample of
the research consists of two classes of 9" grade students in Sultanbeyli in Istanbul who
had equal levels of attitude towards mathematics and academic achievement. One of
the classes was selected as the experimental group, and two first two units; “Logic”
and “Sets” were studied with the games created by the teacher herself for 10 weeks.
The second class was selected as the control group and the units were studied with
traditional teaching method. The pre and posttest scores have been analyzed by SPSS
10 program and the results have depicted a significant difference in favor of the
experimental group. The results revealed that game-based teaching increases the
attitude and academic achievement level of the students in mathematics. This research



aims at drawing attention to game-based learning which is scarcely included in
academic research and high school education.

Key words: game-based learning, mathematics, attitude, academic achievement
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CHAPTER 1. INTRODUCTION

History of humanity is full of human efforts to take control of nature and the
universe. For this reason, humankind, who seeks for understanding the mysteries of
nature and universe; who wonders, learns, and follows the urge to research and
discover has extended the civilization in the hands of science. Mathematics deals with
the concepts and the relationship between these concepts which humankind has created
to comprehend the subjective reality and to abstract this concrete reality to reshape it.
For these means, it uses logic. Formulas and symbols are just a means or a language
of mathematics. Therefore, mathematics is a system used in art, literature, law; shortly
in all means of life (Tepedelenlioglu, 1993, 9).

The method used to prove a theory in mathematics can be regarded as the same
method used by the prosecutors or judges to prove someone guilty or not in a court.
The most crucial issue in Turkish Educational System is to deliver the predetermined
subjects and objectives to the students via several teaching methods and techniques.
There has been an ongoing relationship between a teacher and a student for thousands
of years. Although the environment, content or methods might differ in this system,
the constants of this equation have always been the teacher and the student. In a
constantly changing world, education has been shaped by the goals not only to teach
information to the individuals but also to enable them to use, transfer and adapt the
knowledge acquired. This can be observed in the changes in curriculum, teaching
techniques and methods, and in the assessment tools used in the process of evaluation.
Despite all these improved techniques and methods, when it comes to transferring
knowledge, there is a limitation between the student and the teacher due to the
unidirectional transfer of knowledge.

There is no theoretical difference in the educational techniques and methods
applied in primary or secondary schools. However, once a student starts studying at a
high school, she/he is expected to leave childhood behind. Although applied scarcely,
fun activities are over and the seriousness of high school has started. Due to the fact

that the curriculum provides only the framework and the implementation of the



methods and techniques depends on the personal judgment of a teacher, many lessons
are delivered by traditional teaching techniques.

The high percentage of youth population, lack of facilities to benefit from
higher levels of education and the elimination exams starting at the early stages of
education have turned the educational system in our country into a racing track. It can
be observed that academic achievement especially in mathematics is regarded as a
crucial criterion to attain a better education ignoring the fact that individuals might
have different traits and skills. Mathematics is essential not only for the achievement
in national exams but also for all the steps in an individual’s life and cognitive
development. To gain a mathematical point of view is fundamental for all areas of life
such as the areas that require verbal expression or art, sports and or even for non
academic areas such as being a housewife or a mother.

Education of mathematics aims at raising individuals who are not only
competent in math but also who can practice theory, do math, solve problems,
communicate and take pleasure in doing these things (Olkun, Toluk, 2003).
Developments in philosophy of education and in teaching approaches considerably
affect the education of mathematics. In traditional teaching of mathematics approach,
students are regarded as passive receivers. In the process of teaching mathematics,
students prefer memorizing the information because most of the information taught is
not based on reason.

Prejudice in society dictates that people who know mathematics is intelligent
and who do not are just a failure. Although a student could continue his/her
educational life meeting the necessities of a subject to pass the class, because of the
teaching techniques and methods which ignore individual differences, mathematics
continues to be a nightmare following him/her all through the life. Many students are
intimidated by mathematics lesson. Mathematics is regarded as a chaos of formulas
and equations that has to be memorized in order to pass the class. The disadvantages
of the traditional teaching, the decrease in the success rate in mathematics in national
and international exams have motivated the education community to seek new
approaches in teaching. Recently many studies conducted in the field of education are
related to create environments which can stimulate the students’ interest during the

delivery of information.



Mathematics has not only been a fundamental step in academic success but also
it has closely affected science and technology and formed the basis of many different
disciplines since it was born. Therefore, mathematics is an essential source of science.

Since mathematics has gained so much importance, teaching of mathematics
has been of importance as well. In order to overcome the difficulties in teaching
mathematics, many studies have been conducted and many methods have been
developed. Teaching mathematics via traditional methods makes it boring for the
students and causes negative attitude towards the class. Thus, it is resulted in failure in
mathematics and inability to do math. In teaching of mathematics, student’s attitude
and point of view plays an important role in his/her achievement and overcoming the
obstacles in learning a subject they cannot express themselves and feel involved in
(Ugurel, 2003).

To what extent can mathematics contribute to cultural, social and technological
development and the idea of benefiting from mathematics more effectively have led
the communities to seek new approaches of teaching of mathematics. Olkun and Toluk
have stated that traditional teaching of mathematics cannot meet the needs of
constantly changing needs of our era. In this study, it is stated that although it was
previously important to have the ability to process and do calculation, it has now
gained importance to have the skills in problem solving, making assumptions or
searching patterns. Teaching of mathematics and mathematical concepts are handled
in a way which lacks content and concrete experiences. This approach causes children
to memorize without knowing the meaning of mathematical concepts and the
relationship between these concepts.

Mathematics, which is a universal language, is not only a way of thinking but
also a n indispensible area for the individual, social, scientific and technological world.
However, as it is regarded as a boring, unlikable and an abstract discipline, it is
unlikely for the children to develop a positive attitude towards mathematics. Acar
(2005) has defined mathematics as an intellectual system created by humanity. He has
resembled this system to a process which is a result of structures, connections,
correlations and the consecutive generalization and abstractions of these correlations.
It is stated that it can be difficult to learn and teach mathematics which has abstract
structure and therefore, it should be concretized by the materials and games. This has
revealed the fact that it is fundamental to determine the right way of revealing

mathematics in classes. As it is widely known, traditional teaching methods are teacher
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centered. The purpose of education and several expectations change gradually and are
reconstructed through the necessities of societies. Recently, it is observed that there
has been change in the duty and functions of the teachers. Thus, problem posing and
solving approach in teaching of mathematics should be the focus in mathematics
activities at schools. No matter what the reasons, circumstances or the duration are, the
general expectation of this education process is to enable the students to keep up with
the rapidly increasing information in our changing world and to provide the skills such
as problem solving to internalize and use this knowledge.

Mathematics is a formal language that helps us express our abstracts ideas as
systematical information. In other words, it is a programming language or a software
technology which gives us accurate feedback. Therefore, the need for the ability to use
and understand mathematics has gained importance in our daily lives and this need is
constantly increasing. In our ever-changing world, the individuals who understand or
are interested in mathematics have more options to shape the future. In this process,
we come across with two main problems; the first one is how to teach mathematics to
the young learners and the second one is how the latest approaches in teaching theories
can be reflected to the teaching of mathematics. What is actually intended to be
achieved in mathematics is to introduce the colorful world of mathematics to the youth
and to enable them to become self-sufficient individuals. For mathematics, learning
and teaching is a lifelong process. This process will be under discussion as long as
there are changes. Hence, project of mathematics education is a major and exciting
goal for the future (Mirasyedioglu et al, 2005).

In this prospective, high school education is a very critical phase. The method
of teaching mathematics and how the new approaches are adapted is critical
importance in this phase. The student is at the beginning of an adventure which is new
and can affect his future with all the positive or negative attitudes in mind. Therefore,
this is the phase where the importance and the need of this study become relevant. It
is still a question under discussion whether the traditional education should be put
aside or not. Teaching of mathematics does not have a system similar to buttoning a
shirt where everything can go wrong if the first button is put wrong. A student can
change his/her attitude as a result of positive examples he encounters in any phase of
life. That is the reason numerous studies have been conducted on the factors that have

effects on student achievement.



Teaching techniques play an important role in creating a positive or negative
attitude on students’ mind. Therefore, the teaching technique used in mathematics
class affects the academic achievement and the attitude of a student. Student’s playing
an active role in the teaching process and expressing himself can affect his/her attitude
positively. Game is an area where children can express themselves freely. The main
question under discussion in this study is the difference in the attitudes of the students
towards the lesson and their academic achievement if games are used in teaching of
mathematics.

Many materials have been developed in this area in primary and secondary
schools and teaching of mathematics via games is studied more in these levels. There
are very limited situations where the subjects are studied in a game concept in high
schools. Once in high school, the fun parts which were studied relatively almost
disappear and the students become passive or partly participant if he knows something
about the subject or if he/she has a question to ask. When the subjects become more
difficult or more abstract, the student become less participant and also gets bored. The
activities done in the class which are related to or important in real life are not
adequate. In this study, games will be included in all the subjects and the effects of the
use of games on the attitude and the achievement of the students will be researched.

Once the school life starts, educational games have been used as a teaching
method with new rules, structure and objectives. Teaching with games is defined as
one of the modern teaching methods. It has been proved the studies that teaching with
games in primary and secondary schools has affected students’ achievement,
motivation and performance in a positive way. Games as a teaching method
contributes to the enjoyment of the exercises, the skills to be able to study individually
or as a part of a group, and to the reinforcement of the information taught in the class.
The power of games in teaching is also emphasized in the new approaches based in
active learning and multiple intelligence theory. Games are handled technically in
active learning and they can be used in classes which the nature of induction,

hypothesis and scientific studies are aimed at.

1.1. The Problem of the Research

In this study, the effects of the teaching mathematics with games on high school
students’ attitude towards the lesson and their academic achievement will be analyzed.



“What is the effect of teaching with games on the attitude of the students’ towards
mathematics lesson and their academic achievement?” is the main question under
discussion in this research. (Does learning with games have more positive effects on
students’ attitude towards mathematics class and their academic achievement

compared to traditional teaching methods?)

For the solution to this problem, the first two subjects of the 9" grade
mathematics class; logic and sets, have been selected. Any correlation between
teaching via traditional methods and with games in terms of students’ attitude towards
the lesson and their achievement has been researched and the sub problems have been

determined as below;

1. Is there a significant difference between the pretest scores of the experimental
group to whom teaching with games method has been implemented and the
control group taught in traditional teaching environment?

2. Is there a significant difference between the pretest scores of the experimental
group to whom teaching with games method has been implemented and the
control group taught in traditional teaching environment before teaching in
terms of their attitudes towards mathematics?

3. Isthere asignificant difference between the posttest scores of the experimental
group to whom teaching with games method has been implemented and the
control group taught in traditional teaching environment?

4. s there a meaningful difference between the pretest and posttest scores of the
mathematics achievement level of the experimental group (9-J) to whom
teaching with games method has been implemented?

5. Is there a meaningful difference between the pretest and posttest scores of the
mathematics achievement level of the control group (9-1) to whom teaching
with games method has been implemented?

6. Is there a significant difference in the attitude level towards mathematics class
between the pretest and posttest scores of the experimental group (9-J) to whom
teaching with games method has been applied?

7. Is there a significant difference in the attitude level towards mathematics class
between the pretest and posttest scores of the control group (9-1) to whom

traditional teaching method has been applied?



1.2. The Significance of the Study

It is amusing how a serious, difficult and an abstract subject like mathematics
is linked to a concept as fun as games. It is known that mathematics is taught via
traditional methods in many high schools in Turkey. Even in the system called EBA
(Educational Informatics Network) in which interactive exercises for almost all the
classes can be found, fun activities for mathematics class is over for the 9" grade and
direct, instructional methods start. This study is expected to contribute to the collection
of meaningful data about 9" grade students’ attitude towards mathematics and their
academic achievement. Besides being the subject of many studies, game based
learning is also used actively in practice. Although there have been studies on this area
in our country, they have not reached at a satisfactory level. Studies have been
restricted to theory and have not been able create a systematical practice area.
Therefore, every study is of crucial importance in teaching of mathematics. This study
is fundamental to eliminate the problems in teaching of mathematics and to contribute
to its development. To be exact, the significance of this study can be counted as

follows;

a. Mathematics and games have some common features and games are a means
of education; no matter what grade the student is, it is important to use games
in mathematics classes as they make a lesson more enjoyable and they enhance
the concentration and the participation of the students to the class.

b. Inorder to melt the mathematics and games in the same pot; games which have
been developed regarding the level of the students and the subjects can increase
students’ motivation and comprehension.

c. Although the educational functions of a game is vast and it is difficult to
prepare games beforehand and to set the rules, games can be designed with
very simple materials and can be blended in a lesson to make it more effective
and flowing.

d. In order to eliminate the fear students feel as a result of the abstractness of
mathematics, using fun activities such as games plays a significant role in
enabling students to transfer the acquired knowledge to real life and to become
more adaptable and participative in classes.

e. Due to the fact that studies on this issue are scarce, the materials developed in
this study can be an essential resource for mathematics classes. The games used

7



in this research and the results of the research can create a new resource for
teachers of high school mathematics.

1.3. The Purpose of the Study

The purpose of this study is to attain relevant data about the effects on the
attitude of the students towards the mathematics class and their academic achievement
as a result of game based teaching of the subjects “Logic” and “Sets “, which are the
first two subjects studied in the 9" grade. In a broader perspective, the main objective
of this study is to reveal the data about to what extent the game based teaching of
mathematics affects the attitude of the students and their academic achievement.
Additionally, the purpose of this study is to determine the difference between the
traditional learning and game based learning in terms of learning outcomes. The
students’ active involvement in learning process can contribute to their social skills
and the level of pleasure they get during the process of learning. The
comprehensiveness of the structure and the instructions of the games can not only help
the development of a positive attitude towards the subjects but also it can help turn a

negative attitude into a positive one.

Some obstacles experienced during the teaching of mathematics such as
dislike, not taking pleasure or staying inactive and thus getting bored can be changed
into positive attitude of the student is involved as a part of a game. What’s more, this
study might scientifically reveal the important role of the learning with games in high
school education. All the reasons stated above should acknowledge the importance of
this study. For these purposes, the answer to the questions “To what extent has the
game based teaching has affected the academic success of the students in mathematics
class?”, “What kind of changes have been observed in students’ attitude towards
mathematics class as a result of game based teaching?”” have been researched in this

study.

1.4. The Limitations of the Study

The limitations experienced during this study are stated below;

a. The population of this research is the high school students studying in 2018-

2019 academic year.



b. The sample of the study consists of the students in the classes of 9/l and 9/J in
Ibrahim Hakki Anatolian High School.

c. The selected subjects for game based learning are “Logic” and “Sets” for which
the implementation is determined by the goals and behavioral objectives of
high school mathematics curriculum.

d. One of the classes is determined as the experimental group and the other as the
control group. The stated subjects above are studied with games in the

experimental group whereas with traditional methods in the control group.

1.5. The Assumptions of the Study

This research study is based on the following assumptions and premises;

a. In both of the classes that consist of the experimental and the control group,
the subjects are studied by the same teacher using the game based teaching in
the experimental group and traditional method in the control group. Therefore,
the students are not exposed to a different impact resulted by the change of the
teacher.

b. The subjects participating in this research have sincerely reflected the truth
during the administration of the pretest and posttest and while answering the
attitude scale. It is acknowledged that the answers given by the students to the
attitude and assessment tests reflect their real behaviors.

c. The variables that cannot be controlled have affected the experimental and the

control in the same manner.



CHAPTER 2. LITERATURE REVIEW

During the research of the studies on the effects of game-based teaching on the
attitude of students towards the lesson and their academic achievement, a simple
division is considered. The studies conducted on game-based learning and the attitude
towards mathematics and the factors that affect the achievement are examined
separately. It can be observed that the studies on game based learning mostly
concentrate on pre-school and primary school levels. In the suggestions section of
these studies, it is suggested that studies on game-based teaching should be conducted
on high schools as well. In game-based teaching of mathematics, there are two
different groups of games; the computer based games which consist of dynamic
software and the games developed without software. Some studies focuses on digital-
based games whereas some on games developed with concrete materials. When it
comes to the use computers for games, it can only be administered at schools and
classes where physical facilities are satisfactory enough. Therefore, games developed
with simple materials and rules can be more effective in educational areas. Besides,
game-based learning has not only affected mathematics classes but also has been a

question of studies of different fields.

2.1. Studies on Game-based Education

The book written by Karl M. Kapp and titled “The Gamification of Learning
and Teaching: Game-based Methods and Strategies for Studying and Education” has
been one of the most essential books on game-based study. It is mentioned in the book
that game —playing instinct which is a part of human nature has made the concept of
gamification a fundamental part of daily life or learning environments. This piece of
work which has been written by the experts of different disciplines can be regarded as
a go-to resource. It consists of 14 chapters shaped in the framework of 4 main themes.
The first main theme mentions the concept of gamification and its components. The
second main theme examines the results of the studies and aims to determine the

situations in which game-based thinking and mechanics dominate. The third main
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theme discusses the relationship the design and content during the implementation of
gamification and game-based thinking in learning environments. The last main theme
includes real examples of how gamification can be used in learning environments. To
the writer’s point of view, gamification can enable a richer learning environment and
a permanent learning as it supports critical and strategic thinking, the feeling of being
in control, dedication to the learning environment and participation. Hence, all the
experts who are engaged in learning process and design should have gamification in
mind. It is stated in the book that games can be presented to all ages of learners and
therefore is a very important approach in terms of lifelong learning. In addition to
these, the increasing interest in digital games has made gamification an important part
of the process of learning and teaching. The main purpose of the book is to enable
readers a detailed point of view about the educational power of games.

In a study conducted by Bayazitoglu (1996), in the class of Science of Life of
2"d graders, the effects of educational games on the achievement and performance have
been studied. The classes in the experimental group were taught with educational
games whereas with the traditional method in the control group. As a result, the
students in the experimental group were observed to be more successful compared to
the students in the control group.

In an experiment conducted by Karabacak (1996) the effects of educational
games used in the “Science of Life” class on the achievement of the students in the 4"
grade was studied and a significant positive difference has been discovered between
the means of the achievement level of the students in the experimental and the focus
group. Also, in a research done by Ugurlu (1996), game is discussed in terms of
culture, art, philosophy, economy, politics and education. In this descriptive study,
correlations between games and duration, rules and pattern have been discussed.

In a study conducted by Ercanli (1997), the effects of games and models on the
teaching of “Our Earth and the Sky” subject in Science class of the 4™ graders have
been analyzed and it has been concluded that these two affect success in a positive
manner. It is also emphasized in the study that classes studied with games are more
enjoyable and the knowledge acquired is more permanent.

In a research of Pehlivan (1997) titled “ The effects of Teaching with Games
and Case Study on the Learning Level of Science of Life Class”, the effects of teaching
games and case study on the learning level of the students in the Life of Science class

in the 4™ grade have been discussed. There are two experimental groups and one focus
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group in the study. Classes in the first experimental group were studied with games
and studied with case study in the second experimental group whereas they were
studied with traditional method in the control group. Although the results indicate an
insignificant difference between the traditional method and case study, they indicate
significant difference between the traditional method and game-based teaching
method. Therefore, compared to case study and traditional method, games are
concluded to be a more effective method.

In a study conducted by Yildiz (2001) in a private school, English has been
taught via games. The developed games have been used in the class and it has been
observed that games help increase in the interest of the students to the English lessons.
It was concluded that students like playing games in the classes and teachers are
advised to use games to make the lesson more interesting and entertaining.

In a research done by Doganay (2002), the role of games in teaching of history
was discussed. As a conclusion, it was stated that classes taught with games are more
enjoyable and therefore will increase the motivation of the students.

In research done by Karadugan (2003), the impact of educational games on Art
classes in the 8" grade has been studied. A significant difference has been found
between the posttest scores of the students in the experimental group and the control
group.

In a study conducted by Tasli (2003) and titled “ The effect of Game-based
Teaching on the Achievement of Primary School English Class”, the subjects
“numbers, phone numbers and telling the time” have been studied in the 4" grade. The
subjects were studied with games in the experimental group and with traditional
methods in the control group. It was determined that game-based method has affected
the achievement of the students and the permanence of the knowledge more positively
regardless of the gender of the students.

In a study done by Ugurel (2003), the opinions of intern teachers and teachers
on teaching mathematics with games have been researched. The population of the
study was 226 intern teachers and 44 teachers. As data collection tools, a preliminary
form consists of 7 open-ended questions and a survey of 37 questions have been used.
According to the findings gathered through the research, it can be stated that there is a
significant difference in the opinions of the intern Mathematics teachers about the use
of games and activities in Mathematics classes according to the gender. However, there

is no significant difference in the opinions of the Mathematics teachers about the use
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of games and activities in Mathematics classes according to the gender. No significant
difference was determined on the opinions of the intern teachers about the use of games
and activities in Mathematics classes related to the type of high schools they have
graduated from and no significant difference was determined on the opinions of the
teachers about the matter related to the type of schools they work in. As a result of the
research, it was acknowledged that the knowledge of the teachers on games and
activities are not adequate and further studies should be conducted to improve the
knowledge of the teachers on the subject matter.

In research conducted by Shi (2003), the subjects of “equilibrium, probability
and functions” were taught using examples of the rules of Volleyball. By this way,
students have comprehended the concepts of mathematics easier and their interest in
the lesson has increased. These activities have helped develop students’ skills at
associating the subjects with real life, thinking mathematically and solving problems.

In a study done by Flewelling (2003), traditional and game-based learning
culture is compared. It was explained that the learning environment of game-based
teaching is more positive and the students can be the center of the class and have more
opportunity to discuss the subjects.

A study conducted by Yesilyurt (2004) and titled “The Effects of Experiment
and Games on Making Analysis and Synthesis Recalling the Subjects of Balance
Scales and Dissolution”, to what extent can the concepts related to the subjects “scales
balance and the dissolution of solid in liquid” be recalled depending on the methods
used was the research question. The subjects of the research have been taught through
an experiment using games. The last stage of the experiment was ended and three
possible outcomes of the experiment were asked to the students through a survey. The
survey was administered to the control group before the experiment and as a result, the
students in the experimental group proved to be more successful.

In research administered by Altunay (2004), the effects of game-based
mathematics teaching on the achievement of the students and the permanence of the
knowledge was discussed. Geometry subjects of the 4™ grade were studied with games
to exercise and revise with the experimental group whereas with traditional methods
with the control group. As a result of the research, it was stated that the game-based
teaching of the experimental group has more positive effects on the achievement of

the students compared to the traditional teaching methods studied in the control group.
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What’s more, in terms of permanence of knowledge, a significant positive difference
was determined in the experimental group.

A study conducted by O’Brian and Barnett (2004) revealed the fact that
although the low-performing students are generally less careful and successful, they
have proven equally successful at games compared to the high-performing students.

In research done by Budak, Kanli, Koseoglu and Yagbasan (2006), it was
indicated that in the reinforcement of the knowledge acquired in the Science classes
which are regarded as difficult and boring, games have positive effects as they make
learning easier and more fun.

Kaya (2007) has researched the effect of game-based teaching in English
classes on the achievement compared to the traditional methods. In the study, quasi
experimental method was administered. The sample of the research was 60 students in
5t grade, consisting of 30 female and 30 male students who were of similar age,
intelligence, socio-cultural class. The results of the study have revealed the fact that
the experimental group taught with games was more successful compared to the
control group taught with traditional method in terms of achievement. Moreover, the
study has proved that gender of the students have no effect on the achievement.
Regarding the results of the study, it was suggested that game-based teaching should
be used more by the writers of the textbooks, educational program developers and
teachers.

In an experimental study done by Kili¢c (2007) and titled “The effects of
Rewarding in Game-based Teaching in Mathematics Class in the 1% grade on the
Achievement of Mathematics”, the effects of rewarding during game-based teaching
on the achievement of the students in the 1% grade Mathematics class have been
researched. The study was conducted within the unit “Addition with Natural
Numbers”. In the experimental group the lessons were studied with games and rewards
and with just games in the control group. As a result of the study, it was stated that
teaching of Mathematics with games can increase the achievement of the students in
mathematics compared to the traditional methods and rewarding can play an important
role in teaching Mathematics.

A study conducted by Biriktir (2008) and titled “The Effects of Games in
Teaching Geometry Subjects on the Achievement of the 5" Graders” is an
experimental study that aims at determining the achievement level of the students in

classes where games were used and not. Significant difference in the achievement level
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of the students has been determined between the groups to whom games and traditional
methods were used to teach 5" grade Geometry class subjects and the difference is
positive on behalf of the experimental group game-based teaching method was used.

In his study “Does Gamification Work?” Hamari (2014) has researched
whether gamification enables the desired outcomes or not by analyzing the
experimental studies. The motivational resources used in the studies were determined.
As a result, it was discovered that in only 2 of the 24 studies, all the tests have positive
results. Additionally, in 13 studies results were partially positive and in 7 studies only
diagnostic statistics were revealed. In studies done in educational field, mostly positive
results have been determined in the motivation and engagement in learning process.
However, as for the negative outcomes to be aware at are stated as rising
competitiveness, the difficulties in task assessment and structural features. It was also
discovered that eliminating gamification from the environment might also have
negative effects on the learning environment.

In their articles titled “Gamification and Education” (2014), Yildirim and
Demir have conducted a theoretical study on how gamification can be adapted to
education. The subject of “Data” has been selected from the 9" grade Mathematics
curriculum and the learning outcomes have been suggested to be rewarded with scores
and medals. It was suggested that the monitoring of the process can be done with a
software program and the fundamentals have been stated.

A study presented in a conference titled “Interaction Design and Children”,
children were expected to finish a test on mobile devices in an experimental study by
being motivated via gamification. The children participating in the experiment were
expected to draw shapes and push some buttons on the touch screen. They could get
points for every right move and with these points they earned rewards which did not
worth more than 0.5$. As a result of the study, it was observed that 73% of the children
in the control group finished the tests whereas 97% of children in the group games
were used finished the tests. (Brewer et al., 2013)

In a study published in 2013, the researchers have researched the effects of the
leaderboard, score and levels which are regarded as the 3 fundamental gamification
elements on motivation. In this study, a system of tagging a photograph has been
gamified. According to the results, it has been observed that the elements of
gamification have affected the performance but they have no effects on motivation
(MekKiler et al., 2013).
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In research conducted in 2013, the researchers have gamified a web based
system in a college course. The study which consists of 57 participants revealed the
fact that the participants of the group trained in the gamified application have a higher
motivation level although they get lower scores in written exams. The in-class
participation of the group has been low as well (Dominguez et al., 2013).

In his thesis study, Larsen (2013) has prepared an educational program
gamified for the Programming class in University of Oslo. The purpose of the study is
to determine the needs and the difficulties encountered during the preparation of
gamified teaching environment. As a result of the study, it was stated that the software
program is favored by the students.

In his research, O’Donovan (2012) tried to gamify an online course taken by
90 university students. In the study, Sakai System was used gamified. The researcher
conducted the BrainHex Gamer Typology Survey to determine the typology of 27
players in the experimental group. According to the survey results, the most common
typology of the players is the Mastermind, Congueror and Seeker. Following the
survey, O’Donovan researched which gamification technique was more effective on
the experimental group. The progress bar, the leader board and the medals have been
observed to be the most motivational gamification elements.

In this thesis study Bozoglu (2013) studied the effects of game-based teaching
of the relationship between circumference and area in Mathematics class on the
achievement. The subject was studied with games in the experimental group whereas
with activity-based method in the control group. A pretest was given to both groups
before the study and a Geometry achievement test developed by the researcher as a
posttest after the study. As a result of the study, a significant difference has been
determined between the achievement levels of the students in favor of the experimental
group which was taught via game-based method. Depending on this result, it can be
stated that game-based teaching is more effective on increasing students’ achievement
level compared to activity-based teaching method.

In his doctoral thesis, Hazar (2016) discussed one of the most important
problems of era; digital game addiction, and he researched the effects of the games
including physical activity on the digital game addiction of 11-14 age group secondary
school students. In this quantitative research, experimental design was used and 29
female and 51 male students were chosen as the population. After a 12 week training

on “games with physical activity”, a posttest was given to the participants in the

16



experimental and control groups. As a result, a significant difference was determined
on the addiction level between the pretest and posttest scores of the experimental group
and it was stated that the scores in their posttest was lower than the scores in the pretest.
Besides, a significant difference in the pretest and posttest scores depending on the
duration spent playing digital games. The duration of time spent playing digital games
decreased in the experimental group whereas increased in the control group.
Consequently, it was concluded that the addiction level of the students decreased as a
result of the games including physical activity.

Saglik (2017) studied on the effects of the gamified game-based and traditional
teaching of vocabulary on the vocabulary knowledge and the motivation of EFL
students at a private college preparatory school in her thesis. The study revealed the
fact that teaching vocabulary with gamified game-based method to the Turkish EFL
students has a positive effect on their motivation and significant difference was
determined in the motivation level of the students in the experimental group. However,
no significant difference was determined on the improvement of the vocabulary
knowledge between the experimental and the focus group. The results also indicate
that gamified game-based teaching of vocabulary is perceived as a beneficial method
that can be used in preparatory classes. Consequently, gamified game-based
vocabulary teaching can be regarded as an effective method that increases the students’
motivation in teaching a foreign language. This study proves that teaching of games
could have positive effects on higher level of students as well.

As aresult, no significant difference in students’ motivation and attitude score
was determined between the experimental group and the focus group. However, the
achievement level of the students in the experimental group increased compared to the
focus group. Additionally, as a result of the collected data the frequency of game

playing has no effect on students’ attitude and achievement in Mathematics lesson.

2.2. Studies on the Attitude towards Mathematics and the Achievement Level in

Mathematics Class

The experiences students have related to mathematics causes students to
develop positive or negative attitude towards mathematics. Considering the fact that
attitudes have power on behaviors, it can be stated that there is relation between

attitude towards mathematics and the achievement in mathematics. (Akdemir, 2006)
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As a result of this relation, it can be concluded that positive attitudes of the students
increase and negative attitudes decrease the achievement level of the students in
mathematics. Moreover, Baykul (2004) also stated that one of the main reasons why
students fail in mathematics is their negative attitude towards it. In another study,
Eldemir (2006) points out that negative attitudes towards mathematics is one of the
main reasons why the achievement level in mathematics is not at a desired level.
According to Duru, Akgiin and Ozdemir (2005), as the experience with mathematics
increases, this affects the development of positive or negative attitude towards
mathematics. Therefore, for the development of positive attitudes, it is highly
important that first primary school teachers and then Mathematics teachers do their
best. Attitude towards an object or an individual can be determined by a number of
ways; inference by physical reactions, inference by behaviors and scale development
(Kan and Akbas, 2005).

Turpgu (2014) researched the achievement level and the attitude of students
towards Mathematics class. It was concluded that students with negative attitude
outnumbered the students with positive attitudes and therefore their achievement level
proved to be lower.

Arslantiirk (2013) discussed the relationship between the individually selected
learning strategies of the students and their attitude and achievement. Additionally, he
researched whether these can differ as a result of some variables or not. He concluded
that no meaningful difference was determined. Therefore, it can be stated that learning
strategies show no meaningful difference depending on any variables. However,
significant difference was determined between the attitude towards mathematics and
school type, education level of the mother, the achievement level at secondary and
high schools.

In her Doctoral research, Karatas (2013) discussed the effects of differentiated
Mathematics instruction to gifted students in the 5™ grade on their attitude towards
Mathematics class. The developed curriculum proved to increase the students’
achievement, creativity and attitude towards Mathematics in a significant level.

In their study titled “The Effects of Learning Activities According to Students’
Learning Styles on Students’ Academic Success and Attitude Towards Mathematics
within a Scope of Constructivist Learning Approach: a Sampling of Functions and
Derivative Concepts” Ozgen and Alkan (2014) aimed at identifying the effects of

learning activities according to students’ learning styles on students’ academic success
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and attitude towards mathematics within a scope of constructivist learning approach.
A mathematics attitude scale was used as data collection tool. Data analysis indicated
that, the learning process in which activities appropriate for students’ learning styles
were used to contribute to an increase in the students’ academic success. Yet, there
was no statistically significant difference in students’ attitudes towards mathematics.

Reyes (1984) stated that a student who has positive attitude towards
Mathematics is more likely to succeed compared to the students who has a negative
attitude.

Onal (2013) has developed an attitude scale to research the attitude of
secondary school students towards Mathematics. As a result, 4 factors have been
determined about attitude; interest, love, studying and necessity.

Kulm (1980) indicated in his study that teachers’ behaviors and attitude
towards Mathematics affect students’ attitude and behaviors in a positive way.

Bekdemir (2007) stated in his study that the teachers’ negative attitude and
behaviors have affected the students’ Mathematics achievement, thus; teachers who
have rigid, mean, insulting behaviors create fear and anxiety of mathematics in
students.

In Tural (2005)’s master’s thesis “The Effects of Games on Students’
Achievement in the Teaching of Mathematics”, students in the 3" grade was taught
the subjects “rhythmic counting, natural numbers, addition, subtraction, multiplication
and division” with games and activities in the experimental group and with traditional
method in the control group. As a result, a significant positive difference was observed
in the attitudes of the experimental group.

As a result of the thesis research of Aksoy (2010) “The Effects of Game-based
Teaching of Mathematics on Students’ Achievement, Motivation, Self- Sufficiency
and Attitudes”, it was indicated that game-based teaching affects the development of
the students’ achievement, self-sufficiency and attitudes towards Mathematics.
Moreover, a significant difference was determined in the relationship between the
development of achievement level and the attitude and self-sufficiency of the students.

In their study “the Effects of Gamification on the Problem-Solving Skills and
Attitude Towards Mathematics of the 5" Grade Students”, Gelen and Ozer (2010) have
researched the effects of gamification on the problem solving skills and the attitude

towards Mathematics of the 5" grade students and concluded that there is a significant
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difference in the development of positive attitude of the students in the experimental
group compared to the control group.

In their study, Isik and Cagdaser (2009) aimed at deciding the effects of
constructivist algebra education on the attitudes towards mathematics of 6th grades
students. In relation with this purpose, also it was studied that whether there was a
significant difference between the attitudes toward mathematics and achievement
levels/genders of students as a result of the constructivist approach or not. This study
showed that the students’ attitudes toward mathematics were positively changed by
the constructivist approach-based education process. Regarding to achievement levels,
although after the application period the students in both achievement levels performed
positively changed attitudes, the low-achievement students’ attitude levels almost
reached the new positive attitude level of high achieving students.

In their experimental study “The Effect of Dramatization Method on the
Students’ Attitude To Mathematics”, Sengiil and Ekinézii (2006) aimed at determining
whether there is any difference between the attitudes to mathematics of the
experimental group, with whom the dramatization method is used, and the control
group, with whom the traditional teaching methods are used, in teaching the subject of
“Permutation and Probability” in 8th grade Mathematics. As a result of the t test
applied in the study, there has been a positive change in the students’ attitude towards
mathematics in the classes where the dramatization method and the traditional methods
have been used.

As a result of their study which aimed at finding out whether the multiple
intelligences theory based instructions in grade 6th Mathematics lessons have any
effect on the students attitude to mathematics, Sengul and Oz (2008) have indicated
that instructions based on the Multiple Intelligences Theory have a positive effect on
83 students' attitude towards mathematics and the level of interest to mathematics
when compared to the traditional teaching techniques.

In his study aiming at determining the relationship between the attitude of
primary school students (191 students studying in the 5™, 6", 7" and 8™ grades) to
Mathematics and the demographical variables which can be related to it, Yenilmez
(2007) indicated that while the students, whose favorite courses were numeric, have
positive mathematics attitude, students, who have low mathematics success, have

negative mathematics attitude.
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In their research Ozgen and Pesen (2008) conducted to examine the effects of
Problem Based Learning (PBL) approach on students’ attitude towards mathematics
lesson in the teaching of “relation-functioning-process” subjects in the 9™ grade
Mathematics class, as a result a significant difference was determined after the
experimental study in the attitude of the experimental group studied with problem-
based learning approach and the control group studied with traditional teaching
approaches. It can be concluded that problem-based learning approach is more
effective in increasing the level of positive attitude of the students compared to the
traditional teaching approaches. The use of problems chosen from daily life and
prepared activities accordingly is effective on the increasing level of interest and
motivation of the students.

The sample of the study “The Examination of the Attitude of the Gifted
Students to Mathematics in Terms of Different Variables: The Sample of Manisa
Science and Art Center” of Kuloglu and Uzel (2013) included 68 primary and
secondary school students studying at Manisa Science and Art Center ‘Getting
Discover Individual Talents Program’ (GDITP) in the academic year 2012-2013. The
research data is collected within “Abbreviated Mathematics Attitude Scale for
Elementary' and 'Kolb Learning Style Scale’. As a result of the research on the
analysis, a significant diversity in mathematics is found between students' learning
styles and with total scores of Mathematics attitude. Students who have assimilating
and separating learning styles; their total mathematical attitude is higher than students
who have inserting and modifying learning styles. According to gifted student’s
gender, there is no significant difference among the total math attitude scores.
However, in the level of perceived size of mathematics achievement male students
have been seen more positive attitude than female students. For mathematics courses;

it is found that the female students have more positive attitude than the male students.

In her thesis study, “The Effects of Mathematics Education with Musical
Games on the Academic Success and The Attitude in Primary Schools” Dinger (2008)
examined the effects of musical math participants on academic success achievement
and attitudes towards mathematics exercised in the second grades in elementary
schools. Each of which consists of 29 students, an experimental group and a control
group was formed for this purpose. In the research, Musical Math Games prepared for

the subjects to be covered in May such as “Measuring of Lengths, Measuring of
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Liquids, Geometric Objects and Multiplication Table” were applied to the experiment
group while the control group was taught math using conventional mathematics
teaching methods. The results indicated that math taught with musical math games was
more effective in terms of students’ success and it was found out that teaching math
using musical math games was more effective on enhancing students' attitudes towards

the course in comparison to the conventional teaching.

In his research Tasdemir (2009) aimed at determining the attitudes of students
at secondary school towards Mathematics lesson. The sample of the study included a
total of 401 random selected students; 184 female and 217 male; studying at the 6th,
7th and 8th grades. The students’ attitude towards Mathematics has been determined
by a mathematics attitude scale developed by Baykul (1990). The study indicated that
there is a significant difference in the mathematics attitude of the students of different
schools and different teachers and that the higher the grade the lower the attitude of
the students.

In his research, Norman (1977) studied on the effects of gender on the attitude
towards mathematics and arithmetic from the 2th grade level to the college level. It
was indicated in the study that for both gender, the higher the level is the poorer the
attitude gets and that females had significantly poorer attitudes than males from grade
9 on. It was also stated that the most radical change in students’ attitude towards

Mathematics is observed in adolescence.

Melancon and others (1993) used a 75 piece Fennema-Sherman mathematics
attitudes scales survey in their study population of which is 623 students in 6" grade
to 12" grades at a primary school in the USA. Surprisingly, it was discovered that
female students have higher attitudes to Mathematics compared to male students,
however; that female students have higher level of Mathematics anxiety compared to

male students.

Cai, Moyer and Wang (1999), studied the link between the role of parents on
students’ attitude and their achievement in Mathematics. In the research, a Parental
Involvement Questionnaire (P1Q) was applied to the parents of 220 students and 60%
of the parents returned the survey. In the survey, 5 different roles were determined for
the parents;

a- Motivational
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b- Resourceful

¢c- Administrative

d- Consultant

e- Learning Guide

As a result of the research, it was indicated that the students whose parents are
supportive proved to be more successful at mathematics and have more positive
attitudes compared to the students whose parents are not supportive enough. The
achievement level of the children of the parents who have not returned the survey was

lower and their attitude was more negative.

Telese (1997) studied on the students’ attitude towards Mathematics and the
frequency of the use of the traditional (teacher-centered) and research-based activities
in the classes. In the research applied with 226 Spanish students, it was indicated that
and the female students’ attitude towards Mathematics is more negative compared to
the male students’ and female students are more likely to participate the classes studied
with teacher-centered activities. As a result of the data collected during the research,
it was concluded that teacher-centered activities used more frequently than the
research-based activities and that there is positive link between the achievement level

and students’ attitude.

Wiener (2001) studied the effects of Dance-Mathematics Project on students’
attitude to mathematics. Dance-Mathematics Project is a project aims at enhancing
students’ interest in Mathematics classes and motivating students to use different
problem-solving techniques with the use of dance in the classes. In this study the data
was collected by observation, a survey and interviews. A 13-piece scale named AMI
(Academic Motivation Inventory) developed by Ginsborg, Block and Fantuzzo (1998)
was applied to 202 students of the 2", 3, 4" and 5" grades. Individual and group
interviews were done to the teachers of the classes the project was administered and
was not. As a result of the study, it was revealed that the attitude scores of the students
taught with dance were higher than the scores of the students taught via traditional
method. The teachers stated that a result of the classes studied with games, students
were able to exhibit their mathematics knowledge more comfortably, showed more
interest in the lesson and related between the subjects of Mathematics easier.
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Ozdemir and Tabuk (2003) studied on the effects of computer-aided instruction
to the achievement and attitude in Mathematics. The sample of the study consisted of
7" grade students in two different classes in Istanbul. Before the application, both
groups were given an attitude pretest and posttest. The subject “Cycle and Cylinder”
was studied with traditional method in the control group and with computer-aided
teaching method to the experimental group and a posttest was given to both groups
after the application. As a result of the analyzed data, it was concluded that a significant
difference was observed between the instruction with computer-aided method and the
traditional teaching method. The instruction with computer-aided method has
increased the achievement level of students in Mathematics. A significant difference
was also observed in the attitude of the students studied with the instruction with
computer-aided method compared to the attitude of the students studied with
traditional method. The students in the first group have developed a more positive
attitude to Mathematics.

In a study conducted by Aydin, Bolat and Boéliikbas (2005), it was examined
whether there is a significant difference in the attitudes of high school students’ in
Nigde towards mathematics in terms of gender, types of school. An “Attitudes towards
Mathematics Scale” was applied to 827 students (504 males and 323 females). It was
observed in the findings of the study that there is no statistically significant difference
in students love attitude subscale towards mathematics lessons. However, the
agreement level of the statement “Mathematics is one of my favorite lessons” of the
female students is higher than the male students. There is also no statistically
significant difference in professional preference subscale scores however; the
agreement level of the statement “I consider using mathematics in my professional
life” of the female students is higher than the male students. The scores of fear subscale
revealed no significant difference, nonetheless; the agreement level of the statement
“even hearing the word mathematics makes me uncomfortable” of the male students
is higher than the female students. In terms of the type of school, the agreement level
of some of the statements in the professional subscale, the students at the private high
schools proved to be at the top of the list. Regarding the agreement level of some of
the statements in the fear subscale, the students at the general state schools proved to

be at the top of the list. Regarding the agreement level of some of the statements in
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the love attitude, pleasure, interest and confidence subscales, the students at Anatolian
Teaching Training High school proved to top the list.

Lianghuo and others (2005) assessed the attitude of Singapore first grade
secondary school students’ toward Mathematics and Mathematics learning. This study
used a questionnaire survey to collect responses from 1215 secondary one students. 22
items were developed using a nine-point Likert Scale. The results of this study were
reported based on the four categories identified above, including the reliability and
item-total correlations of the items. That is, students’ general view towards
mathematics and mathematics learning, students’ anxiety level in the learning of
mathematics, students’ perceptions of their own performance in mathematics, and

students’ beliefs about the usefulness of mathematics.

a. The data showed that students generally feel that mathematics is interesting to
them (73%) and they enjoy doing mathematics (74%). However, interestingly,
only about 63% of students like to attend mathematics lessons and less than
half of the students (49%) like spending time on studying mathematics.
Moreover, 37% of the students respond that mathematics is hard for them and
22% don’t have good feeling about mathematics

b. It has been found that students are generally anxious about their mathematics
learning. In particular, more than 30% of the students have the feeling of being
stressed when they attend mathematics lessons and about the same percentage
of students’ claim that they cannot think clearly, feel lost, and are nervous when
doing mathematics problems. Furthermore, about 22% of the students are
afraid of doing mathematics and 30% do not have confidence when it comes
to mathematics.

c. The students’ responses revealed that they believe that they have ability to
perform and perform well in mathematics. The corresponding data show that
77% of the students are sure that they can learn mathematics well and 61%
believe that they can get good grades in mathematics. However, consistently
to the results in students’ general view, many students do not like to solve
challenging mathematics problems (31%).

d. The majority of Singapore secondary-one students believe that mathematics is
useful (91%), important (89%), and learning mathematics is not wasting their
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time (84%). However, only 64% of the students claim that they will use
mathematics a lot as an adult.

Sen and Koca (2005) aimed at determining the change of the attitudes of
students depending on their gender and academic level. The population of the study
was the students which studied in 1% grade (36%), 2" grade (32%) and 3" grade (32%)
at 6 different high schools in Ankara. As a result of the study, students indicated that
among Mathematics, Physics, Chemistry and Biology; Mathematics is the most
entertaining, enjoyable lesson that they would like to study more hours and that
Biology is the most interesting lesson. The study indicated no significant result in the
participation rate in terms of gender and academic level.

In her thesis research, Akdemir (2006) studied on (a) primary school students’
attitudes towards mathematics lessons (b) the relationship between attitudes towards
mathematics lesson and gender, socio economic status of school, educational status of
students’ mother and father, type of school (c) their achievement motivations (d) the
relationship between their achievement motivations and gender, socio economic status
of school, educational status of students’ mother and father, type of school and (e) the
relationship between attitudes towards mathematics lesson and achievement
motivation. The research has discerned that students’ attitudes towards mathematics
are significantly varied in terms of social status of school, the educational status of
mother and father and type of school but they don’t significantly vary in terms of
gender. The achievement motivation of primary students’ vary significantly in terms
of gender, socio-economic status of school, educational status of mother and type of
school but they don’t significantly vary in terms of educational status of father. It has
determined that there is a positive but weak relationship between students’ attitudes

towards mathematics and their achievement motivation.

When studies both on game-based teaching and the attitudes of the students
toward Mathematics are examined, it is undeniable that there have not been adequate
studies conducted on teaching with games. The studies conducted so far have mostly
focused on pre-school, primary school and secondary school levels. In teaching
Mathematics in high school, regarding that the age of the students is not appropriate
for games; traditional teaching methods are widely preferred. The achievement level

of Mathematics is at its lowest in the national and international exams held in our
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country. It is indicated in many studies that one of the most important factors proved
to be the attitude of the students. As a result of these studies, it can be observed that
there is a positive correlation between the attitude of the student and the achievement
level. Therefore, it can be stated that studies that can alter students’ attitude are not
satisfactory enough. In the experimental studies conducted so far, it can be observed
that a change in the use of teaching methods and techniques can result in meaningful
changes. In most of the studies, it is suggested that game-based teaching should be
applied on the higher level of students as well and the teacher should play a role in
enabling students’ autonomy, setting objectives suitable to the level of the students
and increasing the intrinsic motivation of the students. The use of technology is not
suggested for the application of gamification. Computer- based games cannot be
effective regarding the physical facilities of schools. Considering all these studies, it
is can be stated that it is of crucial importance to conduct more studies which
emphasize the fact that the skills at developing a product or a material and gamification
are the fundamentals of a teacher and which focuses on the new products developed

regarding individual differences and design-based differences.
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CHAPTER 3. CONCEPTUAL AND THEORETICAL FRAMEWORK

3.1. Philosophical and Theoretical Foundations

Teachers are like farmers who can harvest their product the latest. A doctor can
observe if his patient is healed or not. A commander can reach to an end by a triumph
or a defeat. Itisonly ateacher who has to wait for generations to see the triumph. Yet,
this wait is for a genuine change. Unlike all forms of art, a teacher works on his master
work called change of a human. Although all forms of art are priced with huge
amounts, a teacher remains a hero forgotten in the shadow of his work. A teacher raises
all revolutions and prepares all reformations. Only he knows to sacrifice the small
gaining of the day, for the whole gaining of the future. If the triumph of humanity is
the culture created all through history, teachers are the non voluntary and unknown
soldiers of this triumph. Considering the fact that philosophy is the idea on the culture,
the most important front should be the philosophy of education and teaching. (Ulken,
2001, 7)

Today, preparations should be done for the future and future world rather than
for the problems of our century. Dramatic improvements in technology such as the use
of robots in arms, the organization of energy sources, improvement of war industry
and the use of this technology especially in the production of deadly weapon, the fear
of atomic war, the direction of the world by the computers and the promises of a new
world by the engineers of Genetics beyond all these things are the issues concerning
education and they force education to the new horizons. As these improvements cannot

be ignored, education is directly about the existence of the nationalities (Shane, 1992).

It is believed that education is the foundation of every problem we encounter
socially or individually, every difficulty we have to overcome or every step we have
to take. “Education is a must” is a motto we can come across every part of our daily
life; in the most serious academic discussion or in the funniest commercials. In all

these situations, formal education is emphasized more than the informal education
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taking shape casually. Formal education is a process of creating deliberate and
intentional changes of individual behaviors through his/her life (Ertiirk, 1986, 12). In
this definition the word “deliberate” is used to show that the change is pre-designed
and the word “intentional” is preferred to exclude the situations which create the pre-

designed change as a result of a coincidence or the situations that are unintentional.

Training is the learning and teaching activities created for a purpose under the
scope of a program or a plan which enable individuals the information and the skills
required and which create good habits, improve skills, create personality, prepare for
life and in a way educate (Kemertas, 2001, 12). Training is defined as the organized
and planned application of education (Demirel, 2005, 9). After the determination of
the goals and objectives, that is; curriculum is prepared, the process of fostering these
behaviors to student starts. All the teaching activities done for this purpose is called
training (Baykul, 2004, 4).

Training is a part of education applied with a plan and a program at schools.
When we think of training, we understand the information transferred by mind.
Although training and education are two different concepts, they are also the processes
that complete each other. Training represents the mind and education represents the
soul and the personality. The former gives information whereas the latter gives the
values (Ulken, 2001, 9). Although it takes it moves forward dynamically, education
takes its pace from the history and traditions. Regarding the fact that educational
system aims at raising people in harmony with his current rhythm benefiting from the
experiences of human history, it can be called humane. In every country, such a system
takes power from its own culture and it can be called national as its history bases its
foundation to the tradition that creates its current existence shedding the remnants of
its customs and traditions (Ulken, 2001, 14).

No matter which humane or national philosophy it arises from; either from
classical rationalism or from a pragmatic and practical philosophy, an educational
system will always ask the same question: What and how should a child be taught? All
the issue is how to start training. Should it start on the desks at schools or in the gardens
or in the laboratories? No rationalistic person would agree to leave the theoretical
information taught as only formulas on the blackboard and in his memory. He certainly
practices it in the garden and laboratory as long as he is not a slave of scholastic ideas
that terminates all kinds of creative thinking. On the other hand, no pragmatist would
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agree to let the information be in the limits of empirical knowledge. In any case, he
would raise that knowledge to the level of reason by the words of memory, the
classification of consciousness or the formulas of mathematics. Otherwise, he cannot
claim that it is the real knowledge. Therefore, two opposite ways unite in one result.
In both ways, education actually turns into a training system and either way training is
the fundamental in raising a child. The child learns what the training teaches without
using his own initiative, or creates training directly with his own creativity and rising
from practice to theory on the basis the teacher prepares. These two ways are not as
opposite as the pedagogical books claim. In modern circumstances, no teacher does or
can insert the knowledge to the mind of a student by taking his initiative away. In such
a procedure, a student must use the power to process the knowledge in his own mind.
In solving a mathematics problem, a student should involve in the process and recreate
the knowledge in his mind as much as he does in the physics laboratory or in science
class. Otherwise, the process called comprehension is not accomplished (Ulken, 2001,
34).

Training takes the difficult responsibility to revive the history of civilization on
the mind of the youth. Maybe because of that, although it was possible for the youth
to readily process the limited knowledge as it was, now the vast experience area, the
discussions on the principles and the activity of thinking becoming a progressive
process cause the knowledge to be recreated. This leads to the birth of new ideas where
practice outweighs the theory. Taking all these into consideration, it is not necessary
to ask whether the knowledge was given or created by the student. Therefore, it can be
understood that the opposition between the sociological ideas of Durkheim who
regarded education as the transition of knowledge from the old generations to the new
ones and pragmatic ideas of John Dewey who regarded training as nothing more than
an active process in student’s mind is just a unilateral idea that discusses just a single
issue of the reality (Ulken,2001, 35).

3.1.1. Theoretical Foundation of Our Educational Philosophy

Education represents a constantly changing process depending on the
developments in its own world or on the occurrences and developments outside its
world. If a system aims at staying the way as it is, it should not only involve all the

improvements in its own field but also it should base on strong theoretical foundations
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to defend its authenticity. The developments in humankind, society and science are
reviewed and new perspectives are developed over these. Social, psychological,
philosophical, technological and scientific developments are reinterpreted. It is
considered if they can be adapted to education or not. All these are eliminated by the
process of thinking. In education, people cannot propose whatever they desire or
cannot put them into practice. The adaptation of these developments is put through a
strict questioning. A large group of philosophers analyze the issue with all its aspects
and handles it in terms of history. The possible future effects are estimated.
Curriculum, student, the intelligence level of student, his internal qualifications and
his improvement as a whole, the improvement of education under these circumstances
and its future form is examined thoroughly. In this regard, educational philosophy is a

strong stand where educational theories are developed (Tozlu, 2014, 234).

The priority in improving a human being is to know him well. Therefore,
human nature and the qualifications of this nature determine the education.
Information and curriculum which is suitable to this structure and which can improve
it constitutes the framework of education and educational plans. There are two aspects
of human nature; a physical and spiritual. Hence, curriculum should have the quality
to improve these two aspects. The physical aspect should be enhanced by the science
and techniques based on positive knowledge and the spiritual aspect should be
improved by the satisfaction of the existence through the soul, the heart, will-power
and wisdom (Tozlu, 2014, 242).

Educational philosophy indicates the qualities of the “human type” intended to
be educated. Philosophy of education examines the assumptions, beliefs, decisions
and standards that shape the educational policies and implementations in terms
consistency and meaning (Ergiin, 2014, 5). The development of education, training
and curriculum and planning the program for these is based on philosophy. The
generated programs are used to organize lesson plans. A country’s educational goals
are formed as according to the answers to the questions such as “Why educate people?”’
The constitution of the educational programs based on systematical models which are
at a theoretical level. For this reason, every educational program is based on a
philosophy. Philosophy is of essential help in educational programs and planning.
“Philosophy is one of the basic determinants of the determination of general aims,

specific objectives; development of learning activities; determination of the roles of
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the staff and the instruction of learning tactics and strategies in class” (Wiles and

Bondi, 2002, 57, as cited in Erkilig)

19" century in the Ottoman Era is the period when the westernization of culture
and the governance of the crown speeded up. Our educational system was also affected
by these. Our educational system had its own system before the westernization. When
it was discovered that this system was insufficient, we turned our faces to
westernization. Since then, we have always been in an imitation and reform crisis and
we have not been able to develop our own unique system (Bolay, 2014, 228). Ortayh
(1996, 462) also points out that the reform in education has been made for the
governmental, economic and military purposes and a reformed education also

indicates a new world perspective.

In the last period of the Ottoman Empire, several ideas such as Turkism,
Ottomanism and Westernization were put forward by the Ottoman intellectuals in the
fields of economy, society, politics and education. It was considered essential to
develop a new system based on these new movements to solve the problems of the
Ottoman Empire and to readjust the current system through criticism. In the Republic
Period, similar approaches could be observed. With the proclamation of the Republic
of Turkey, westernization of education was introduced as the new philosophy.
Kaynardag (2002, 5) considers the Republic Period as the period in when the
enlightenment movement came to light, the cultural problems intensified and when the
solution to these problems could be found by revolutions starting with the Tanzimat
period. In the Republic of Turkey, the gathering of all the educational institutions
under a single institution economically, administratively and educationally was only
possible in the Republic Period. It was aimed at raising good citizens, who were
devoted to the Republic, who prioritize secularization and westernization by
educational institutions (Giiven, 2010, 388). In the first years The Republic of Turkey
was founded, the basic foundation of the education was to ensure the Turkish national
culture, national identity and national consciousness (Basar, 1997, 17-18). In that
century which was called as the intellect and science era, the definition of
westernization was defined by these ideas. Those were the pragmatic, modern,
democratic and positivist ideas and the reconstruction based on these ideas was the
basic philosophy. Experts coming from abroad such as John Dewey, Kuhne, Omer
Buyse influenced the Turkish educational system and politics (Giiven, 2010, 389). In
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his report on Turkish educational system, Dewey insisted on the fact that education
should be reconstructed to be productive and to serve a purpose. (Gokge, 2012, 179).
As a result of the destruction after World War 11, a new understanding which based on
human love, and which put human in the core in education was born. Turkish
educational philosophy was affected by this humanist philosophy as well. In this
period when there was rural-urban migration, the need for the opportunity to get
education and the equality of opportunity became more eminent. In 1960s, the new
legislation also had an impact on education. As a result, long term planning of
education was purposed. This planning was based on the pragmatic approach (Cetin,
1994, 659-678).

Nurettin Topgu argued that the positivist and pragmatic approaches which
became eminent with the Republic Period have been evolved into American
pragmatism as an intellectual attitude and he pointed out that this has caused the
foregrounding of the classes that teach and produce technology and disfavor of the
classes related to culture which constitutes moral identity (Tasdelen, 2015). According
to Biiyiikdiivenci (2006), the positivist approach which is grounded on facts has
isolated education from human and society and limited its functions. This has resulted
in the limitations of “Thinking”, briefly; it was considered as “the Abdication of
Thought”. From the beginning of its foundation, Turkish Educational Philosophy
intended to be developed in terms of westernization, therefore; it was constructed
according to pragmatic philosophy and its principles. However, for the authority and
continuity of the newly founded regime, a philosophical approach was reflected on
educational system and idealistic and realistic philosophies and their principles were
also included. From then on, the educational system intended to be designed by
educational philosophies has been a dysfunctional figure and it was deprived of

educational or other programs based on the internalized philosophies (Kurt, 2016).

3.1.2. Methodology in Education

Chekhov’s uncle brings a rat to the room where the Kitten is, but the kitten does
not care the rat at all as its hunting instinct has not been developed yet. Upon this, he
beats the kitten. The next day, same things happen and the following day and the next
following day. The kitten gets beaten over and over. Finally, the professor believes

that the kitten is brainless and incapable of learning. When the kitten grows up, it turns
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out to be a perfectly normal cat except it is horrified and escapes in terror whenever it
sees a rat.

Today, a single program and the subjects organized by it and the type of
learning which is based on one-dimensional, narrow and limited human understanding
has long been abandoned. It has been in the dusty pages of history of methodology to
consider pushing against memory as the one and only method. Today, due to the
research done on almost all the fields, we have a huge amount of information about
human beings. Hence, teaching methods have also developed and diversified. That is
to say, from the methodology of Skinner which has been criticized for not involving
social interaction, to the methodology based on the teaching of machine and from the
teaching method based on audio and vision, to the computerization several methods
have been developed. According to Prof. Dr. Necmettin Tozlu, the deficiencies in

methodology are listed as;

Memory: Memory has its own structure and development and each person has
a different type of memory. Although, we have 3 types of memories; sensory, short-
term, long-term; (Fantanio, 1947 as cited in Tozlu, 2014) it is a dead end as the
restoration methods can differ in each person. Even though several facts have been
revealed about memory so far, memorization is still considered as an effective method.
This is resulted in the fact that memory is regarded as a tool. That is, life of memory
is handled passively and it is even believed that it can be improved by education.
However, one of the most important characteristics of human memory is its continuity,
liveliness and being in constant interaction. Therefore, stability and passiveness cannot
be an option for memory (Tozlu, 2014, 121). For this reason, a great mathematician
and logician A. North Whitehead thought that teaching of mathematics today is a
repetition of several formulas which are inadequate, based on memorization, away
from real life, non relevant to each other and to the whole and he had the need to
analyze the issue in details (Whitehead, 1965, 30-32 as cited in Tozlu, 2014).
Whiteheads points out the importance of integrity of the education and training and
gives importance to the teaching of the skills to evaluate the overall and integrity. He
even argues that the educators of today dismember the educational programs; the life
and its integrity. Instead, he suggests the teaching of the subjects prepared in terms of
the integrity of life. Thus, instead of being independent pieces of information, the
subjects should be taught with a point of view which is integrant, reviving and related
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to real life. By this way, they can be a part of the life of the learners. In such a case,
students learn by the feeling of the pleasure of learning in their souls instead of learning
automatically. They can have the opportunity to use and comment on the obtained
knowledge in any subject by the skill of evaluating the whole. To use an idea on the
information on any subject does not mean one practices it. It also means that it is
processed, evaluated and gained vitality. All these explanations show us the place,
importance of teaching methods and its total relation with cultural values and the
integrity of human beings. In other words, it reveals the insufficiency of the ideas
which handles the concept of methodology in a narrow and limited point of view
(Tozlu, 2014, 121). It is impossible to overcome this difficulty we face as an inevitable
problem by a dogmatic and a classical approach because the methodology approach
which is generally expressed by exact formulas in epistemology have the risk of
narrowing down and suspension of the width and openness of the methodology
(Egemen, 1965, 66 as cited in Tozlu, 2014).

The inconsistency between the environments: One of the deficiencies observed
in methodology is the inconsistency between the environments. The first environment
of a child is the family. This followed by friend, street, school and social environments.
The essential issue is the difference in mentality between these environments. To
decrease the level of this difference, to extend the domestic conditions and life to the
other theories or to create environments similar to these environments shall result in a
radical change in methodology (Tozlu, 2014, 122). The first mission of education in
all the growing up phases should be to form a convenient basis for pre-school children
(Ulken, 2001).

In a regular family in real life, love and encouragement are the essentials.
Depending on these, respect and responsibility, duty and division of labor follow. If
these fundamental values can exist in other environments and theories, it can be
possible to raise a desired human type and therefore to raise the humankind to the level
desired. However, it is not an easy task to achieve this. Especially in our age, a home
which cannot be organized considering the developments in society is not been able to
meet the needs of the children. That is to say, many problems in family affect their
ability to raise and make the roles of the family unstable. Love and motivation as a
method is extremely important. More importantly, egoism which causes many

problems can be avoided right at the beginning in the hearts enlightened with love.
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This aspect is one of the fundamentals of our era. Because of this, individual egoism
can be at least minimized for the health and development of society. Every person
thinks of their personal benefits; thus, humanistic love and respect has been gradually
diminishing. World and people even the incidents happening right in front of us
interests us in terms of the benefits and harms, if not we become indifferent to
everything around us. Discovering our inner world, the outer world and life can be
only possible by love. Otherwise, seeking for wealth and economical development
shall decrease the human worth and human being will act against his existential
purpose of life (Tozlu, 2014, 122). With such an approach, many profits can be made
in terms of humanity and positive results will be accomplished in the field of
education. Such a learning environment where a student is motivated and loved will
be a driving power for teaching. The youth who are just a receiver and an imitator in
the learning environment have the tendency to spend more time with technology which
promises fun and pleasure and interiorize these external agents meaninglessly, non-
directionally and lavishly. However, integrity, diligence, patience, attention and sense
of responsibility should be taught to a child starting from the family environment till

the end of his educational life.

The ability to distinguish between a learner and a non-learner: In many
circumstances, this issue cannot be applied properly. Since people who do not work,
linger and laze around are rewarded, this shakes the foundation of the level of training,
effort, enthusiasm, the rights and justice, in short, the whole educational system and
the society the system is based on. A valid methodology should not cause deficiencies
and negligence that would result in such consequences. In the light of this issue, we
should discuss the necessity of evaluating human as a whole. If examined carefully, it
can be observed that although a desire for a one-dimensional human being is opposed
today, some mistake is repeated in a different way as the issue is not evaluated
thoroughly. This time around, a person’s emotional life and heart is highly neglected
and only the intellectual quality is focused. However, a human being is not all about
intellect. In his life and nature, feelings are as important as the intellect. How can we
prevent a constant egoism, endless desires and materialistic relationships without the
warmth of heart? How can the feelings which are the foundation of a balanced life of
satisfaction and austerity, patience and faith be taught to the individuals? In that case,

as for methodology; an approach which deals with an individual with all of his
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qualities, which leads him to a satisfactory life in society and in future, which can
satisfy his heart, mind and soul should be adopted. In this perspective, it is obvious
that methodology is more than a technique. More importantly, it is a matter of
mentality and philosophy. The evaluation of a person depends on the way he is
perceived and usually cannot be separated from the dominant mindset of the era. The
philosophical resource of methodology is the mindset of the people of that specific era.
We try to raise people in the way we understand and perceive them. This has been the
case all through the history. If it is believed that a person is born to be a slave or a
servant, they are raised in way to complete these missions. In this perspective,
methodology is used as a tool of mindset to ensure obedience. Beyond any doubt,
educational institutions will be shaped with this perspective. Hence, as Aristo regarded
slavery as natural fact, he developed his methodology around this fact. Needless to
say, all these were a part of the mindset of that era (Tozlu, 2014, 124). It is the same
in our age; the dominant idea is freedom and democracy. This idea is completely a
result of the governmental and political system. Therefore, the educational institutions
and the philosophy they raise upon stems from the democratic perspective. The sense
of freedom which is created by this philosophy is the perception determinant and
dominant in all educational institutions. In such a case, the raising system cannot be
oppressive, suppressive or exclusive. Hence, methodology both in theory and
individually should ensure a humanistic, free and guided structure. This eliminates a
designed, one-dimensional, narrow and limited approach and a teaching based on it
(Tozlu, 2003, 79-90). In addition to Tozlu’s stimulating and comprehensive point of
view, we should also mention the fact that the technological improvements and the
informal information the new generation get is more colorful, fun and yet preferable
compared to the formal education methods. It can be suggested that it has become
harder to arouse interest, ensure concentration of the students who are the determinants

of teaching methods and prevent the outer impacts on them.

3.1.3. Teaching Theories

Humankind is always in interaction with his environment. Through this
interaction, learning happens. Learning is the alteration of behavior, thought and
perceptions resulted in the interaction with the environment. As a result of the studies
on how teaching can be realized, theories have come out. Alkan and Altun (1998)
pointed out that the proper definition of the use of learning models will make learning

37



more effective. In this section, the theories and theoreticians which will constitute the
basis of this research have been mentioned. The stated theories and theoreticians below
believe that learning is created as a result of the incidents and situations in the
environment and all mental means are used to achieve learning. Learning theories are
listed in 5 main groups; Behaviorism, Cognitivism, Effectiveness, Structuralism and

Gestalt. These theories are explained briefly below:

3.1.3.1. Behaviorism

The theory of Behaviorism acknowledges that learning is developed by the
establishment of a bond between the stimulant and the behavior which is the reaction
given to the stimulant and it is the alteration happens via reinforcement (Ozden, 1998,
22). Traditional behaviorism emphasizes the importance of change of environment to
create the conditioned behavior and the desired reaction regarding the arguments of
Aristo, Descartes, Lock and Rousseau on learning (Demirel, 2000, 33). The leading
representatives of this theory are Watson, Thorndike and Skinner. The principles of
this theory are listed below (Fidan and Erden, as cited in Ugurel, 2003, 30):

1. Learning by practice is fundamental. Student is active.
2. Reinforcement and motivation is crucial in learning.

3. Reuvision is essential in permanent learning and the acquisition skills.

3.1.3.2. Cognitive Theory

According to the Cognitive theory, learning is a mental process that cannot be
observed (Ozden, 1998, 25). Cognitive theory focuses on comprehension, thinking,
perception and creativity. On the contrary to behaviorists, the pioneers of the cognitive
theory prefer to promote principles in students’ minds depending on the situation.
Piaget, Glaser, Bruner and Bloom are the famous scientists who have done research
on this field. The essence of this theory developed by Piaget based on the ideas that to
deeply analyze the children’s ways of reaching information will offer an insight on the
birth and development of information. Cognitive development is the development of
the mental activities which enables an individual to comprehend and learn the world
around him. Cognitive development is the process in which the ways of understanding
the environment and world become more complex and effective (Senemoglu, 1997,
39). Bruner regards learning as an active process and suggests that the teaching and

training activities should be promoted with the active participation of a student. In this
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approach, the teacher prepares the problem and presents it to the students to discover;
she directs the students during their research and encourages them to use new ways of
thinking. Bruner wrote many books about teaching and learning process. In his books,
he pointed out the importance of understanding the structure of subject matter. He also
stated that the best way to understand this structure is the individual’s activeness in
learning and discovery. Learning by discovery is a teaching approach that encourages
the students to arrive at a conclusion based on the individual activities and
observations. According to Bruner, the role of a teacher should be to create an
environment a student can learn by himself rather than exhibiting the preset
information and instead of teaching the principles herself; a teacher should encourage
a student to experiment and discover the concepts and the principals. Bruner (1996)
explained the learning of a students as “knowing is not a product but a process”
(Senemoglu, 1997, 470-471). Discovery learning is an effective strategy that can be
used in language teaching, mathematics and science classes. Baykul (2003, 13)
explained the results of discovery learning on teaching of mathematics as stated;
Discovery learning is the most appropriate model for the structure of mathematics. It
is the model that can contribute to the improvement of problem-solving skills. As a
result of teaching via this model,

a. Students discover mathematics on their own with the help of teaching activities
and the teacher’s guidance;

b. They understand the value of discovery, enjoys achievement and develops a
positive attitude towards these;

c. As aresult, their self-confidence in mathematics is built.

Bruner’s discovery learning strategy has been one of the basic resources that shape the

learning practices on teaching of primary school mathematics.

The teaching principles of Cognitive Theory are listed below (Fidan and Erdem
as cited in Ugurel, 2003, 30);

1. New information is built on former information. Therefore, the teachers
and students should be aware of the former knowledge.

2. Learning means to attribute a meaning. Therefore, adjustments should be
made to learn the details and the core of the subject.

3. A student should have the opportunity to practice the information learned.
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4. Rather than being the authority, a teacher should have the role of a guide.

Considering the list and the explanations above, it is inevitable to indicate that
cognitive theory is the most effective theory in teaching of mathematics as it is a
cognitive fact. Designing game-based classes in order to objectify mathematics class
which is abstract in nature and examining the effects of this design on students’ attitude

and academic achievement has been selected as the problem of this research.

3.1.3.3. Affective Learning Theory
Affective Learning Theory is defined as an individual’s recreation of learning
by self according to his effectiveness and mind. It focuses on the results of learning
rather than the nature of it. It gives importance to the development of ego and morals
(Ozden, 1998, 29). The primary principles of affective learning theory are listed below.
1. Teaching should improve self-confidence and the academic achievement
expectation of the learners (Ozden, 1998)

2. It should help improvement of self-respect (Rogers, as cited in Ozden,
1998)

3. A learner should learn his weaknesses and strengths. It should help the
student create their self-representation (Ozden, 1998).

Considering the principles listed above, attitude developed towards
mathematics class plays an important role in teaching of mathematics. If a student’s
self-confidence is supported and his achievement is approved, he will display a
positive attitude towards the lesson (Ozden, 1998).

3.1.3.4. Constructivist Theory

Constructivist theory is an approach emphasizes the construction of
information rather than transferring information or recording the information given by
(Ozden, 1998). Constructivism which is defined as the construction of a structure by
putting the pieces together focuses on the nature of information, the way it is
constructed and which information can a person know or not (Baki and Bell as cited
in Ugurel, 2005, 60). In this approach, the student is in the center of teaching and the
teacher serves as a guide. According to Constructivism, new information is built upon
the former information. The stimulation of the former knowledge, focusing on

improvement and effective communication plays an important role in this theory.
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Vygotsky is one of the leading figures of this theory. The primary principles of the
Constructivist theory are listed below:

1. Learning is an active process. A meaningful learning occurs in this process.

2. An effective learning language is essential for a meaningful learning.

3. Learning is social and contextual.

In “Student-Centered Education Model” issued by Ministry of Education in
2003, student-centered education is defined as “It is the reconstruction of the
educational process regarding the individual differences and ,in a way a student can
participate in each step, to create individuals who can think scientifically, who has
learned to learn, who is productive, who can reach and use information, who has
communicative skills, who adopted the universal values, who can use technology
effectively and who has been able to realize his self” (MEB, 2003, 14). In this
educational system, learning programs, teaching techniques and methods, students’
performance evaluation methods and new textbooks are based on the constructivist
approach and a student-centered active learning based on lifelong learning is intended.
In student-centered education, the effective use of guidance service is designed to
discover the students’ interests, skills and abilities.

According to the Student-Centered Educational Model of the Ministry of
Education, the objectives of Student-Centered Education on students are listed below;

1. He recognizes his self and his individual differences.
He is enthusiastic about individual improvement.
He realizes his self.
He is willing for individual and group work.
He learns to learn.
He improves thinking skills.
He transfers academic skills to life skills.

He obtains effective communication skills.
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He uses technology effectively.
10. He uses time and energy productively (MEB, 2003, 14-15).

According to the study conducted by Ali Thsan Ozgakir, the former chief inspector of
the Ministry of Education, in 2003, the principles of Student-Centered Education is

listed below;
1. Each student can learn.
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11.
12.

Learning the learning is the principal.

Each student establishes a connection between the new and the former
information.

It is to teach creative thinking.

To assign homework that stimulates curiosity, creativity and complex-
thinking.

Each student improves in a different time, way and pace.

Student-centered education is based on cooperation.

Each student has different abilities.

Each student learns the new information in his own way.

. Learning becomes difficult when it is restrained by some negative

experiences.
The sense of achievement promotes intrinsic motivation.
The interaction of the students of different characteristics makes learning

easier.

The qualities of a student-centered classroom according to Student-Centered
Education Model (MEB, 2003, 51) of the Ministry of Education are listed below;
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10.
11.

Student-centered,

Based on Constructivism,
Progressive,

A model of the Information Age,
Based on standards,

Profound,

Integration of subjects,

Process and product centered,
Block-based programming,
Learning based on cooperation,

Experimental information.

As can be observed in the studies, an education based on constructivism with

the employment of progressive philosophy is intended in a Student-Centered

classroom. Progressive teaching philosophy is the adjustment of pragmatism to

education.

Pragmatic philosophy considers change as the base of fact. The principles

of Progressive education are listed below:
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Education should be active and appropriate for the child’s interests,
Problem-solving technique should be the principle of teaching,

School should be the life itself rather than preparing for it,

Teacher’s duty is not the management but the guidance,

School should encourage and motivate cooperation rather than competition,
A democratic teaching environment (MEB, 2003, 51).
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It can be observed that Constructivism which adopts Progressive philosophy is

adjusted suitable for the needs and values of the era.

In the light of the information stated above, it is pointed out that in order to
employ game-based teaching of mathematics as an effective teaching method; it

should be taken into the scope of Student-Centered Education.

3.1.3.5. Gestalt Theory

Gestalt theory gives a great importance to perception. In their studies, Gestalt
theoreticians introduce the perceptions laws such as figure-ground relation, closure,

proximity, continuation, similarity and simplicity.

Gestalt theoreticians argue that a learned principle of a problem can be used to
solve another problem. This process is called “transfer”. Although the similarity
between the problems does not affect the transfer, the understanding of the principle

which is used in problem solving does (Ulusoy, 2002, 23).

Gestalt theory was started by Wertheimer and its principles were developed by Koffka.
According to the Gestalt theoreticians, the whole is greater than its parts and an
individual perceives the whole by not isolating its parts but as a unified whole. For
Hill (1990), a configuration or a pattern formed by the dynamic and organized relations
of its parts is a fact independent from the deduction of its parts (Senemoglu, 1997,
244).

According to the Gestalt theoreticians, we perceive the world as a unified
whole. We see the stimulus as meaningful and organized whole rather than isolated
parts. Instead of stimulus-response pattern, Gestalt theoreticians suggested the formula
of a response based on stimulus pattern-perceptual organization of organism- response
based on stimulus (Senemoglu, 1997, 245-246).
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As stated by the Gestalt theoreticians, an individual perceives the whole by not
isolating the parts but as a meaningful whole. Then, he discovers the relationship
between the whole and its parts. Simplicity, similarity, proximity, continuation and
figure-ground relation is important for perception. The processing of the units starting
from simple to difficult, unknown to known provides continuation, therefore; makes
learning easier. Thus, the achieved a student feels, the less he needs an external

reinforce and he is able to reinforce himself internally (Senemoglu, 1997, 248-249).

Gestalt psychologists believe that psychological reality is more effective on
behavior than the physical environment. In this case, a student’s beliefs, values, needs
and attitudes have an important effect on making sense of the physical stimulus in his
teaching-learning environment. That is to say, external circumstances become
meaningful depending on student’s internal circumstances. Thus, teachers should
organize their teaching methods in a way that they can meet the needs of the students,
not contradict their values and improve their attitudes.

One of the most important contributions of Gestalt psychologists to education
are the applications of “insightful problem solving and productive thinking”. In order
to promote insightful problem solving, a student should be introduced all the
components of a problem. An appropriate environment should be prepared for the
students to understand the nature of the problem, to discover the relations between its
components, to organize the ways of solutions and to discover. For this purpose,

students’ curiosity iS prompted.

To enable the productive thinking, a student should be guided to understand
the nature of the problem and the foundations of the principles used in the solution of
the problem. The application of insightful problem solving and productive thinking

requires a strong teacher-student interaction.

Gestalt psychologists regard revision related to learning beneficial since it
enables the students to discover new relations and to improve the trails in memory. For
Gestalt theoreticians, the use of the learned information in different circumstances; to

transfer, is essential.

As stated by the Gestalt theoreticians, former experiences create new
experiences through the interaction of the external sensory stimulus (Senemoglu,
1997, 264-266).
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In Gestalt theory, a strong teacher-student interaction is emphasized for the
sense-making of the physical stimulus in teaching-learning environment, for the use
of the information in different circumstances, for the revision of the information, the
discovery of new relations and for the application of insightful problem solving and
productive thinking. This can be realized by the effective use of the relationship
between mathematics and games. That is, an educational approach of teaching
mathematics with games plays a crucial role in changing the negative attitudes of the
students and avoiding boredom during classes. Regardless of the stage, using
integrated games in mathematics classes can make comprehending mathematical
concepts and operations much easier for students.

3.2. The Concept of Game

Babies and infants are in constant motion starting from birth and they play
games with the objects and the people around. They recognize every object via five
senses, they acquire knowledge of these objects with their own experiences and they
actually enjoy doing these. Games are activities that give joy and happiness to children.

For educators, games are the foundation of learning (Tiifekgioglu, 2003).

Games give children the opportunity to recognize the objects and solve the
problems. By this way, a child can learn several concepts and mental operations such
as shape, size, color, dimension, weight, volume, measurement, counting, time, place,
distance and space (Yilmaz, Sigirtmag, 2006, 2-3). Seyrek and Sun (1997, 5) who
defines the concept most comprehensively suggests that games are meant for children
and should be educational and they should be designed and organized for this purpose
since they are an important tool that improves psycho-motor, psycho-social, mental
and affective skills of a child. According to Seyrek and Sun (1997, 51-53), game is the
primary factor in raising healthy and strong children, in improvement of their
personality, independence, creativity, memory, perception and attention, and in
teaching of desired behaviors; shortly, in enhancing the emotional and physical
development of children. Thus, any subject can be taught to children via games
(Yilmaz, Sigirtmag, 2006, 2).

Games can be included in several disciplines such as anthropology,
psychology, pedagogy and communication sciences. Therefore, each scientist defines

game regarding his field. A psychologist defines game in terms of psychology whereas
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a scientist defines it in terms of physical qualities or a socialist in terms of society
(Hazar, 1997, 5). One of the reasons game is defined in different terms is that it directly
includes the concept of development. Many different definitions can be observed for
the term “development”. For instance, development as a concept includes all the past
and future changes a living being experiences all through its life (Binbasioglu, 1990).
The definition of game can vary since games are various in types such as traditional
games like hide and seek, blind man’s buff, dodge ball or board games like
backgammon, check and chess, or archaic computer games like Tetris, mine craft
(Binark et al., 2009, 25).

As an irreplaceable way of life for children, the concept of game is a various
and versatile activity; thus, the definitions of game might differ (Aral et al., 2001).

Below are examples on the definition of the concept of game;

Game is an act which is a source of interest and creativity; an activity the

purpose of which is in its essence (Adigiizel, 1993).

Game is a fun activity which is done for the purpose of improving social
adaptation and emotional maturity with the help of physical and mental skills, which
does not expect material benefits, which has its own unique rules, which happens in a
limited time and space and which engages all the voluntary participants (Tamer,
1990).

Turkish Language Institution (2008) defines game as “an entertainment which
improves skills and intellect, which has definite rules and which helps spend enjoyable
time”.

Oguzkan (1994) defined game as “any activity that has no long-term objectives
or a relation with a prospective feeling of satisfaction and the purpose of which is in

its essence”.

The mentioned definitions mostly focus on the fun and pleasure giving aspects
of games. However, game is as serious and important as an adult’s work and it is a
way of development for children. A child feels the need to play games just as a silk

worm feels the need to eat leaves (Lombrosso, 1896 as cited in Kavasoglu, 2010).

The United Nations Convention on the Rights of the Children (1959) declares
that a child shall have full opportunity to play and recreation, which should be directed

to same purposes as education; society and public authorities shall endeavor to

46



promote the enjoyment of this right. Play is basic need for a child and every child has
the right to play games. Game is one of the methods used in active learning.
Educational games are activities which enable the reinforcement and revision o the

acquired knowledge (Demirel, 1999).

Tezcan defines game as an aspect of relaxation, recreation, self-expression and
social culture (Tezcan, as cited in Turgut, 21998) whereas Demirel (2005) defines it
as an act of an individual or a group which aims at reaching a goal by following the
rules, competing and cooperation. Dewey defines game as the first step of facing
something new whereas Hutt defines it as an effort to find the answer for the question;
“What can I do with this object?” rather than the question “What is the purpose of this
object?” (Ugurel, 2003) Faulkner (1995, 231-287), on the other hand, explains game a
process which is based on real life experiences in which mathematical thinking is the

basis.

Game is generally defined as a part of real life for a child which has a purpose
and rules or not, yet which in both case something a child is engaged voluntarily and
a part of real life which is the foundation of the physical, cognitive, language,
emotional, and social development of a child and it is the most effective learning
process for a child (Baykog, 1992, 1243). As Baykog stated, game is a part of real life
and the most effective process of learning. Game is a fundamental activity for the
cognitive development of a child. For the purpose of learning, children have to acquire
knowledge by investigation, experiment and discovery. Through the use of games,
children find answers to their questions about the world, test new ideas and concepts

and practice their skills at problem solving and reasoning (Akman, 2002, 2).

Topkaya (2004, 5) defines game as a physical education, an educational tool
which plays an important role in almost all the stages of human development and

Giiriin (1984) defines it as an activity that entirely affects a child’s personality.

Doénmez (1992) defines game as “an important learning process and the
foundation of development which may or may not have rules but always participated
voluntarily.” He also explains in detail that game is a part of life and the most effective
learning process which may or not have a purpose, which does or does not have rules,
always participated voluntarily and in joy, which is the basis of physical, cognitive,

language, emotional, and social development of a child. Game is a means for children
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to learn the subjects no one can teach by their own experiences. Game is an activity
done for fun without considering the result. Game is regarded as the opposite of
“work” because in “work” a result is expected. Game is an activity which motivated
intrinsically, which has no definite purpose, which develops naturally by the rules set
not but adults but by children, which is consisted of behaviors that aim pleasure. Game
Is an act chosen by the child himself or by the other children in the group and which
has ground rules in itself (MEGEP, 2009, 4).

Game is fun activity done with the help of physical and mental skills for the
development of social adaptation and emotional maturity and which is played with
rules in a definite time and place (Tamer, as cited in Tural, 2005, 65).

According to Gross, game is a rehearsal for maturity (Ozdogan, 2000, 101).
Game is a way relaxing. For children game is something they play all day long. Game
is life and life is a game. There is no difference between game, learning and occupation
for children. Children are natural born players. They take pleasure playing games and
they can always play games. For children, game is a natural, spontaneous, pleasing
activity which they focus on the meaning rather than the result (Aksoy and Dere Ciftgi,
2014, 2). Game which can be considered as a waste of time is an important opportunity
for a child to express his feelings, improve his abilities, to express his creativity and
develop his mental, social, emotional and motor skills. Shortly, game is the most

natural and active learning environment for a child (Mangir and Aktas, 1993, 14).
According to Prensky (2001), there are 6 elements of a game:

e Rules: Rules determine the limitations of a game and offer ways to reach the
result. The most important difference between game and any entertainment is that

games have rules.

e Goal and Objectives: They create a sense of responsibility in a player and
provide voluntary participation. A game without a goal cannot be expected to be
motivational for a player. It is very difficult for an unmotivated player to continue

playing and to replay the game.

eFeedbacks: How a player performs in a game to reach the goal is notified by
the feedbacks. When circumstances change as a result of a behavior of the player, a

feedback is given.
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e Struggle/Contest/ Challenge/ Rivalry: They are the elements that make the
player continue and finish playing the game. They are consisted of pieces of a problem

the players try to solve.
e Interaction: It means the social situation the players create during a game.

e Representation and Story: They explain what the game is about. The story of
a game can be presented directly at the beginning of a game or can be given indirectly

during the game (Cankaya and Karamete, 2008).

3.3. Theories on Game

Games are indispensible structures that exist in all the stages of our lives and that we
use for different purposes in all ages. Its diversity, form, level and content vary from
person to person. Games have always been a part of our lives since the beginning of
time. In a way, game is one of the basic human behaviors. Today, game is an activity

much preferred by the adults as well.

Cohen indicates that one of qualities post-modern adults should have is the
enthusiasm to play games (Ziilal, as cited in Ugurel and Morali, 2008). At this point,
the most important question to be answered may be the question of “why a person
plays a game?” Psychologist M. J. Ellis answers this question as; all the mammals have
a vitality level which they try to reach in their brains. In order to reach and protect this
level, brain always forces the organism to do activities which are not important for
sustaining life. These activities are called games (Zulal, as cited in Ugurel and Morali,
2008). According to Eric Bern, each person has different personalities in his self. These
are the personalities as a child, a mother, a father or an adult. All these personalities
have different desires and the individual needs to play games to meet the desires of
these personalities without even realizing this (Ziilal, as cited in Ugurel and Morali,
2008). In his research, Nicholas Yee tried to reveal the motivational reasons that push
individuals to play games and he determined 5 basic reasons which are; relationship,
immersion, grief (stemming from the competition with the other players), achievement
and leadership (Yee, 2002).

There are several theories that attempt to explain why people of any age play
games. Some of these theories were popular in past whereas some are still popular.

However, all these theories fail to explain the reason why people play games

49



comprehensive enough (Cole, Morgan, 2001, 229). When examined thoroughly, these
theories show that games differ in terms of goal and application. The theories
attempting to explain the reasons and results of playing games started to be developed
in the late 19"Century. Below are the most comprehensive classification done by

Seefeldt and Barbour of the theories of game:

3.3.1. Classical Theories

Classical theories focus on exploring the purpose and content of games and

they consider work and game as different activities.

3.3.1.1. The Surplus Energy Theory

The Surplus Energy Theory has been revealed by F. Schiller (1873) and an
English philosopher H. Spencer (1878). To this theory, human beings are born active
and they store energy. The energy left after all the needs are met becomes surplus
energy. A child can obtain a healthy balance when he can get rid of this surplus energy.
A child who plays a lot of games is a healthy child. Children use this energy for
pleasure through games. When a child isolated from the classmates in the playground
is observed, it can be realized that this surplus energy theory is realistic. According to
this theory, going out to the open playground enables children to act freely and
therefore, they have more fun playing games. According to this theory, a human being
is born active and stores some of his energy. He uses this energy to for entertainment
if he does not have to use it to sustain life. An English philosopher who lived in the
19" Century came up with this theory inspired by the steam released by the industrial
machines. To this theory, game is way of releasing energy for children. In this way, a
child uses this surplus energy on an activity which he can enjoy and improve himself,
and which is not harmful. Thus, he can relieve his tension (Pehlivan, 2005, 33). The
Recreation Theory and The Surplus Energy Theory distinguish the time for game and
work. In accordance with this point of view, there are classes to work and breaks to
play. By this way, children get rid of the indolence occurring in lessons and relax; and

they restore energy.

3.3.1.2. The Recreation/Relaxation Theory

This theory which defends just the opposite ideas of The Surplus Energy

Theory indicates the ideas of German M. Lazarus (1883). The Recreational theory
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defends the idea that the individuals should restore the energy they have lost. Playing
games helps restore all the energy lost during work. In modern societies, it is very
difficult for an individual brain and fine muscles to restore the energy in working
environment because work life causes physical stress. The relaxation theory suggests
that gross motor activities release energy and the body relaxes more while doing such
activities (Aksoy and Dere Ciftgi, 2014, 25). According to this theory, forceful
activities wear the mind and the body; therefore, a person needs to relax and sleep.
However, a real relaxation can be through dealing with other activities rather than
responsibilities of life and a person can be restored by this way. Children play games
as a result of their need to relax (Seving, as cited in Evcin, 2010, 5). Games are
benefited to restore the energy used or lowered during work. Activities that require the
use of gross muscles are quite appropriate for relaxation. This theory suggests a
balance in the activities in children programs; such as academic and non academic
activities (Bruce, 1991). The energy consumed during academic study is restored by
games. According to this theory developed by Lazarus (1824-1909), game is a way of
relaxation and recreation. Therefore, this approach can especially be used for the
children who do not want or like to study. The permission to play games after the study
is finished shall ensure the motivation of the child to study. Briefly; through games the

lost energy can be restored (Ogretir, 2008, 95).

3.3.1.3. Recapitulation Theory

A North American child psychologist Stanley Hall (1846-1924) has developed
the Recapitulation Theory in children’s games. This theory focuses on the instincts as
well. According to Hall, children reanimate the developmental stages of human
evolution such as, animal, the wild people or a member of a tribe. Game follows the
stages of human evolutions. Therefore, children climb trees like the wild people before
they play group games. The aim of game is to get rid of the instincts which are not
needed any more in the modern world. Through games, primitive instincts weaken.
For example, children can release their energy by playing sports such as baseball just
like a hunter uses his bat for hunting. Moreover, game is considered as a way of
preparing children for modern life (Aksoy and Dere Cift¢i, 2014, 26). According to
recapitulation theory, game is a reflection of the culture a child lives in. While playing
games, children reveal a development in parallel with the cultural stages of human
evolution, and reflect the lifestyle of their ancestors. Game is a bridge between past
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and future (Altunay, 2004). As stated in this theory developed by Stanley Hall,
unwanted qualities of a human being can be eliminated by games. Childhood games
are a summary of human evolution and development (Ogretir, 2008, 95). Children
switch from the game phase which is simpler to the real life activities which are more

complicated.

3.3.1.4. Practice Theory

Practice Theory which was introduced by philosopher K. Groos (1898), also
known as instinct theory. According to this theory, game prepares the children for the
responsibilities they will need in future and the roles in their future. Gross believed
that game serves to strengthen the instincts that will be needed in the future rather than
revealing the instincts (Aksoy and Dere Ciftci, 2014, 26). According to Groos, is the
emergence of the natural abilities that will help a child in his future life and prepare
him for real life. As stated in this theory, a child instinctively tries the behaviors and
roles he will experience in the future through games. As a result, the child develops
some skills and these skills enable him to maintain his life. Regarding this, game is
believed to have a function for the continuity of species (Seving, as cited in Evcin,
2011, 5). For instance; while playing a socio-dramatic game and play the role of a
parent, they use the materials related to them. Therefore, they obtain the parenting
skills they will need in future by practice. Practice and experience is fundamental for
the kids to maintain the life and they also enables the children to be prepared and
qualified for the skills they will need in real life (Aksoy ve Dere Ciftci, 2014, 24-26).
According to Pre-Exercise Theory, game is an activity that prepares children for adult
life and is instinctive. Since the maturity process of a human being is a long process, a
child researches how to live as an adult and has the opportunity to practice this with
the help of games. According to Gross, game is a stimulating factor that helps physical
development. He also points out that game has a function of purification and it purifies
an individual from his anti-social tendencies (Pehlivan, 2005, 33).

3.3.2. Modern Theories

The way children shape their games and the content of these games have been
determined by the modern game theories. Unlike the classical theories, modern

theories focus on how a game is played rather the reasons of it.
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3.3.2.1. Psychoanalytic Theory

Psychoanalytic Theory based primarily on the studies of Freud and later on the
studies of Erikson. According to this theory, games have psychological basis. Game is
the combination of the biological needs during the process of growing up and the desire
to grow up of a child. This theory developed by Sigmund Freud (1905-1920), puts
emphasis on the role of the physical development of a child. According to Freud, game
facilitates an environment in which a child can get rid of the pressure of the reality and
can release aggressive instincts. By this way, a child is relieved and gains power.
Childhood games do not occur coincidentally but they reveal the feeling and dreams
that a child has consciously or not. To Freud’s point of view, a person can overcome
their fear, inhibition or social conflicts through games. Game can be effective in social
maturity and finding the inner self (Toksoy, 2010, 205). According to Freud who took
the imitative behaviors and the power of imagination in to consideration, children tend
to be selective in choosing whom to imitate in their games. They imitate the people
they love and respect, and they fulfill their desire to be like them. The imitation of the
people they fear or resent helps them to control the anxiety they experience (Oktay,
2003, 43). Game is a very effective tool to know a child. The repetition of the anxiety,
excitement and contradictions of the child might be helpful in decreasing those
feelings. This theory focuses on the important role of games on the emotional
development of a child. Freud considered game as a fact which helps to be informed
about a child’s psychological problems. Since game facilitates a child to be
temporarily isolated from the negativities of the real life, he feels stronger. Erikson
Game Theory (1950) examined the contributions of game to the development of
personality. To Erikson, game is the use of power of imagination for authority and
adaptation. Game is the expression of feelings, revival of the past and dreaming of
future. Through game, children’s power of initiation increases and they become
stronger against disappointment and failure. A problem that cannot be solved in real
life can be solved in games. Unlike Freud, Erikson explained game not only as a
psychoanalytic but also as a physical and cultural fact. Erikson is the first scientist to
use game in therapy. He stated that behavior is dependent on biological and socio-
cultural factors and game is essential for the future of a child (Ogretir, 2008, 96).
Similar to Freud, Ericson (1950) used the psychoanalytic theory to explain the concept

of game and examined the contributions of game on the personality development of
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an individual. According to Erikson, game is the mirror of the psycho-social
development of children. Adler (1948), on the other hand, considers game as a method
to be used in the therapy sessions of troubled children. He points out that the therapists
should see through the eyes and hear through the ears of the child while
communicating with him. Adler also indicates that children of age 4-9 tend to express
their feelings as they play with their toys; therefore, can be reached using a game
therapy.

3.3.2.2. Cognitive Theory

Cognitive development is the development of mental abilities which are used
to comprehend and perceive (Erden and Akman, 1998). Cognitive Theory handles the
issue of game in terms of the cognitive development of an individual. A Swiss
psychologist Piaget (1896-1980) considered game as an improving tool for the
cognitive development of a child. He also regards game a part of cognitive
development and as a process of assimilation and accommodation. The
accommodation process plays an important role in psychological aspects such as
socializing, cooperation and language acquisition. Piaget developed the theory that the
cognitive development of a child can be resembled to the biological development and
it consists of some qualitative changes just as in the structure of an organism.
According to Piaget (1962), most of the activities considered as a game are mostly
mental activities. Game is the activities done to discover, investigate and experiment
the things in the environment. Piaget considered game as the basis for the process of
maturity and the cognitive development. He also believed that cognitive structures
should be practiced and game can serve as a setting for this practice (Kabaday1, 2004,
2). The foundation of Piaget’s game theory based on the principles of assimilation and
accommodation. Assimilation is the ability of an organism to incorporate the new
conditions and problems into its existing mechanism. In other words, it is to fit
something into its existing self. Accommodation, on the other hand, is the alteration
of the organism to accommodate the new information in its existing self. That is to
say, accommodation is the effort an organism put in to fit the new information. Both
assimilation and accommodation are equally essential in cognitive development and
game facilitates cognitive development. Piaget indicated three kinds of plays;
Sensorimotor Play, Symbolic Play and Games with Rules.
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1. Sensorimotor Play: These games include the sensory-motor stage of a child.
Sensorimotor play starts in the first months of a life and they are unintentional
activities a child does as a result of the feeling of joy controlling things around as in
the example of a baby jiggling his rattle repeatedly. Starting from birth until the age
of 2, babies start moving and it associates and classifies the stimulus in the

environment with the 5 senses during the cognitive development.

2. Symbolic Play: Symbolic games start at the age of two as dramatic games
and it is observed that imaginary behaviors turn into a game. At this age, a child cannot
comprehend the defined rules. These games are played between the ages 2 to 7-8.
These games include exercises, signs, symbols and assumptions. By pretending, a
child recreates the reality of his own. He tries to express his ideas through symbolic
games since he cannot express them with his undeveloped language skills. As a result,

by the repetition of these signs and activities assimilation occurs.

3. Games with Rules: Games with rules include social organization, are played
by a group and involve the ages of 7-11 which is the concrete operations stage. These
games involve the stage after the ages of 7-8 in a child’s development phase. First of
all, the child starts imitating the games of older ages. Sensorimotor and symbolic
games tend to be played less whereas games with rules played more as the child gets
older. This motivates the child to socialize. Game is the utmost expression of self-
centered thinking and is the transition from imagination to actual thinking (Pehlivan,
2005, 36). Following Piaget, many researchers have studied on how children present
the social life in their games. According to Bretherton, children offer new alternatives
of “reality” by changing an event. Gary and Brandt examined the content and process
of games in which children pretend and discovered that the beginning and the result is
important in a game. Besides, game facilitates children with a mutual communication

through the use of symbolic alternatives of the social reality.

3.3.2.3. Socio-Cultural Theory

A Russian psychologist Lev Semenovich Vygotsky (1896-1938) believed that
game has a greater role in cognitive development and game is learned by the isolation
of the physical qualities of an object from its meaning (Ogretir, 20018, 96). According
to Vygotsky, game is an imaginary situation a child creates. Game is a new formation

created by a child to release the tension resulted by the needs that are not met by the
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environment. In addition to including some parts of reality, this formation also
increases the development of a child to the utmost level in its limitations. To
Vygotsky’s point of view, game has a crucial role in the development of the ability to
use symbols. In the development process, a child’s actions and behaviors turn into
cognitive operations. Game helps the isolation of thoughts from behaviors and objects.
Thus, a child can distinguish between object and behavior and its meaning by means
of a game. Considering that game has a greater role in cognitive development,
Vygotsky stated in his book “Play and its Role in the Mental Development of a Child”
that play is learned by the isolation of the physical qualities of an object from its
meaning. For instance; when a child is playing with a bat, he calls the bat as “a horse”
and uses the bat as “a horse. This means that he has learned the meaning of a horse.
Vygotsky calls this “the perception of reality” and indicates that the world is not all
about shape and colors but emotion and meaning matter as well. He also states that the
socialization of a child is not only a result of the social environment but also of the
behaviors in the physical environment. According to him, the cognitive function of an
individual is founded upon the biological construct. Vygotsky is regarded as an
important figure not because he developed a theory but because he integrates different
theories.

Bruner mostly focused on the creativity and flexibility of a game. Bruner
(1972) discovered that the meaning found in a game is more important than the results
of it. To his point of view, children reach their goals in a play since they do not do any
mistakes and by this way, they can experiment new behaviors with new combinations.
Additionally, children can use these behaviors to solve real life problems. Therefore,
this increases the options and provides children to act at ease. The most important
function of play is considered as to enable an individual to learn in less risky
environments (Ogretir, 2008, 94-100).

3.3.2.4. Ecological Theories

Ecological theories focus on the organization of the play environment and the
effects of these environments on child’s behaviors rather focusing on the effects of
games on children and the relation between game and areas of development. It is of
crucial importance how a play environment is organized and which facilities are
offered to a child (Oktay, 2003). The factors that affect the play are; the numbers of
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participants, the materials that are used, the gender, adult control and creative open
playgrounds. According to Chamberlin (1998), the positive effects of the playgrounds

on child development are listed below:
1. It helps the physical and psychological development of a child.
2. The child recognizes the environment and shed fear.
3. It empowers the concentration and develops his skills.
4. It improves the sense of responsibility.
5. It improves the sense of cooperation and collaboration.
6. It enhances the assertiveness of a child in society (As cited in Pehlivan, 2005,
52).

For these reasons, playgrounds should be designed to facilitate children to

develop their skills, learn new things and meet their needs.

3.4. The Methods and Techniques used in Teaching of Mathematics

Different methods and techniques have been experimented for an effective
teaching in the process of teaching and many methods and techniques have been
developed for this means. Method is defined as a particular procedure or process to
attain an object (Yildirim, as cited in Ugurel, 2003). A teaching method is defined as
a means to accomplish an object in teaching activities (Altun, 2002). These means can
vary in accordance with the type of a class. According to Altun, what is expected from
a method is that it should be result oriented, low cost and should guarantee learning.
Teaching methods are termed as strategy or technique by some whereas they are
considered as a head piece of technique by others. This issue causes confusion (Ugurel,
2003).

The methods, techniques and strategies used in teaching of mathematics are
listed below;
3.4.1. Direct Instruction Method

Direct Instruction method of teaching is a teacher-centered method. It is
defined as the teacher’s informing the students by delivering the information she has

(Altun, 2002). Student is passive. It can be more effective in crowded groups. This
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method can be used in a short period of information delivery, to draw attention to a
point and to summarize. Long lecture should be avoided in this method. Students
should be given the opportunity to express themselves and the explanations should be

done clear and comprehensible (Altun, 2002, 25).

3.4.2. Teaching Mathematics by Defining the Rules of a Subject

The rule to be taught to students can be a simple rule just as teaching them to
first add the units digit and then the tens digit for the addition of the two-digit numbers.
Teaching mathematics by defining the rules of a subject is not a suitable strategy to
deliver a concept for a starter. Rules are introduced, with other techniques, to
summarize after the explanations of the reasons and ways of operations. Rule features
the idea intended to be developed. When a child has difficulty in calculations, a
concept developed by rules should be continued with periodic exercises. As long as
the reason of the rule is not developed by another technique, it is unlikely for a child
to remember the rule. Rules are used as a tool to summarize the concepts. Rules are
beneficial in summarization of the development of a concept. However, it is not an
effective strategy to start the delivery of a concept by the rules. Once forgotten, it is

difficult to recall a concept learned by the rules.

3.4.3. Question-Answer Method of Teaching

Question-answer method is used in all the teaching approaches. It is one of the
most widely-used techniques in in-class activities. This technique is fundamental to
facilitate the students with the practice of thinking and speaking and is used in teaching
of all classes. All the students should be given the opportunity to think about the
answers to the questions and the student who will answer the question should be
chosen after 3-5 seconds (Demirel, 1999). The right answer should be reinforced
immediately. The incorrect answers should be corrected by the repetition of the right
answer. Student is active in question-answer method of teaching. In this method,
teacher and student are in constant communication. Deductive reasoning skills are
aimed to be improved by this method. While applying this method, teacher should first
address the question to the whole classroom and then choose a student to get the
answer. The question should be of all difficulty levels and adequate time should be
given to students depending on the difficulty level of the question. The suitable

question should be chosen for the students’ level and the question should be clear and
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comprehensible. The answers should be corrected if inadequate or incorrect and
students should be given positive feedbacks (Altun, 2002, 28).

3.4.4. Discovery Method of Teaching

It is a student-centered method in which teacher only serves as a guide. In this
method, relevant or irrelevant examples of a concept are given together to the students
without giving the definition of the concept. The students are expected to discover the
concept with these examples (Altun, 2002, 28). During the application of this method,
goals and objectives should be stated clearly, the examples should be appropriate to

the students’ level and time should be used effectively.

3.4.5. Teaching by Defining a Mathematics Subject

Teaching by defining a mathematics subject is mostly used in the application
of demonstration teaching method and to enable the students with the acquisition of
information behaviors. Besides being a teacher-centered teaching strategy, it generally
is used in the process of delivering the information to the students. In this method, after
the definition of a concept is explained, relevant and irrelevant examples are given for
better comprehension. Students express their opinions on each example and

participation is achieved by a class discussion.

3.4.6. Demonstrating Examples

It is one of the most versatile strategies among all the other teaching strategies.
It can be used in all the stages of teaching. Besides correcting the incorrect facts, it is
generally linked to the other methods. Examples are used to explain “how” a fact
occurs. Especially, when a concept has many variables, more than one example should
be demonstrated. A teacher can use this method to correct a misunderstanding when

conceptual mistakes emerge.

3.4.7. Simulation Technique

Simulation method of teaching is used in discovery teaching strategy and
develops the comprehension skills of students. Simulation is a teaching technique
which enables the students to do educational studies by the assessment of a real world
situation in the classroom (Demirel, 1999). In Mathematics classes, this method is used

to give examples of the real life situations students can observe in their social
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environment in order to teach some concepts and relations in mathematics. The
examples given should be chosen effectively if permanent learning is aimed at. The
students should not be informed about the goals in the application of this technique.
According to the studies conducted in teaching by simulation, it increases student
participation and motivation, eliminates the abstractness of learning and enables
concrete learning by reproduction of real life. Teacher should be meticulous in
choosing the right simulation for the subject; and ensure that the chosen simulation is
from the students’ social environment and can be visualized by the students. The

questions should be appropriate for the goals during the reproduction.

3.4.8. Circulation Technique

Is used in discovery learning strategy and enables the students with the
development of comprehensive behaviors. Prior concepts tend to show similarity with
the new concepts in terms of structure. This strategy is a method to develop a new
concept. For instance, the rule on the addition of decimal fractions can be discovered
by the knowledge about the addition of fractions. However, in this case; students
should know the relations between the previously and newly learned concepts very
well (Pesen, 2008).

3.4.9. Model Based Teaching Method

In teaching methods, model is defined as the representations of a concept’s
dynamic systems with concrete entities, pictures or objects. This method is used
frequently to decrease the concreteness level of a concept and students favor this
method very much. Models minimize the complexity of concepts. Models are used
mostly in teaching of concepts related to numbers, operations, problem solving,
geometry and measurement. A model should be chosen effectively. That is to say, a
model should not cause misunderstanding about the concept. Models are used in all
the stages of teaching process; however, it is generally used in the introduction of a

concept when its abstractness requires to be decreased.

3.4.10. Teaching Strategy of Participation

Teaching strategy of participation is one of the most beneficial strategies in
teaching of mathematics. This strategy attracts students’ attention. One of the three

types of participation listed below is mostly used in classrooms.
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a. Verbal participation: Activities such as choral rhythmic counting.

b. Physical participation: Participation of students to several activities can be
given as an example. A second example can be the students’ clapping their
hand while they are rhythmic counting.

c. Written or Symbolic participation: Each student writes down an answer to a
problem and they show their answers when the teacher announces “show me
your answers”. One or two types of participation can be used at the same time.
This method ensures the permanence of the concepts aimed at teaching. It
provokes students’ attention and when applied carefully and skillfully, it is an
effective strategy on classroom management as it allows a limited time for
students to be distracted. Compared to the other activities, verbal and physical
participation is a powerful tool to determine how well an operation is learned

a student. However, verbal participation may not be used for this purpose.

3.4.11. Discussion Method

It is a conversation made between the students and the teacher on a topic to
reach a goal. This method is beneficial for students as it develops the skills of listening,
speaking, defending an idea, judgment, analyzing and synthesizing (Altun, 2002, 30).
During the implementation of this method, an appropriate discussion environment

should be provided and digression from the subject should be avoided.

3.4.12. Teaching through Analysis

Teaching through analysis is to separate a concept to its parts and explaining

the concepts stepwise.

Analysis is one of the most effective strategies to explain the reasons of a
concept. Altun (2002) defines this method as a strategy that aims at understanding a
concept through examining and analyzing all its steps in sequence. It is mostly used in
teaching of theorem and theories. It provides a model and a better comprehension of
mathematical structures and it is enables to prove the theorems and theories. In the
application of the theory, the steps should be handled individually, necessary
explanations should be made in each step and an appropriate level of mathematical
language should be used. Students should be given the opportunity to practice (Altun,
2002, 32).
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3.4.13. Module-based Teaching

It is a method which aims at teaching the subjects of lesson through a unit
which is prepared by the experts and studied in a limited time. The subjects are divided
into units and each module gives an opportunity for evaluation. This method is
appropriate for group work. It is more effective if prepared by an expert (Altun, 2002,
32).

3.4.14. Demonstration Method

Demonstration method is way teaching through the demonstration and
explanation of an operation or the use of an instrument such as a divider or a quadrant
and subsequently making students exercise and practice. This method is used to
explain the information related to a subject and used in the process of the
implementation of the necessary applications to transfer the knowledge into skills. This
method is mostly used to develop skills in practice and is also effective in improving
the psycho-motor skills of the students. Students learn by practice and experience
(Demirel, 1999). In this method, a subject, an operation or an objective is explained
and exemplified by the teacher. Following the explanation and examples, the students
are expected to do research and practice. Especially during the teaching of
mathematics and geometry, the teacher should use necessary instruments and
demonstrate examples that address the five senses to teach a subject or an operation.

Adequate time should be given to the students during application (Altun, 2002, 32).

3.4.15. Scenario-based Teaching Strategy

It is a way of teaching through a creation of virtual or imaginary environments
and role-playing in these environments. In this strategy, it is essential to select a

scenario appropriate for the subject and students’ level and to be cautious at allocating

the roles (Altun, 2002, 32).

3.4.16. Project-based Teaching

It is a planned and purposeful study that aims at gathering the necessary
information, instruments etc. together on a subject and creating something new. This
study might develop the skills and habits of doing research, collecting and gathering
data and making a reasonable deduction. It is fundamental to choose suitable

instruments and select a subject appropriate for students’ level (Altun, 2002, 33).
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3.4.17. Cooperative/Collaborative Teaching Strategy

They are the studies a group of students do to in collaboration to achieve a
common goal. Each student has a duty; therefore, both individual and group study is
provided for the students by this strategy. Since students can communicate more, they
have the opportunity to exchange information through questions and discussions. In
this strategy, student is active and it can be used in all types of classroom environments
(Hacisalihoglu et al., 2004, 27-28).

3.4.18. Problem-Solving Method of Teaching

Problem solving is defined as selecting effective and beneficial instruments and
behaviors over many other options and to use them to achieve a desired goal. Problem-
solving teaching method is mostly used after the cognitive objectives are achieved to
enable the practical objectives of a subject and to improve the skills of making analysis
and synthesis (Demirel, 1999). Problem-solving method is more different than the
traditional classroom environment which is based on a teacher-dominant teaching in.
Problems are used to determine the daily use of the operations. In other words; the use
of problems and models in teaching of mathematical concepts and operations might
improve the comprehension and the skills of applying these into daily life problems in
a more effective way. A study done by Van de Walle based on the studies of Carpenter
and Mooser indicates that while solving a problem, students should first focus on the
structure of a problem and teachers should first facilitate the students with the concept
of an operation to draw students attention on the prior knowledge and how to analyze
it during the discussion of the solutions to a problem. It is also stated in the study that
it is more effective to reveal the problem first and find the appropriate model for the
solution; then study the operation concept and apply it in a solution instead of
presenting a problem that can be solved by a specific operation. Otherwise, students
tend to apply the related operation without analyzing if problems are given after the
operational concepts (Baykul, 1999). Thus, problem-solving method of teaching is
more different than problem solving activities which are done right after the instruction
of the information on the concepts and operations and done to improve the
comprehension and the skills of students at solving the daily life problems. In problem-
solving method of teaching, the teacher assists the students in understanding the not

apprehended information and in the process of investigating and deduction. The
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teacher’s role is to provide the necessary instruments, to encourage the students to
think over the problem and come up with solutions to the problem. The selection of
the problem is the one of the most important issues in this method. Teacher can reveal
some problems of daily life and transform these problems into a mathematical problem
with students. Student might sometimes determine the problem. Teachers should be
patient during the application of problem-solving method. Forcing the students into a
solution in a short time will restrain the flexibility required for problem solving. It is
more effective if the teacher controls the learning indirectly. Teachers who have been
motivated by an incorrect teaching activity are mostly concerned about giving the right
answers to the students in a short time. Teachers should provide the students an
opportunity to determine their own goals and to experiment the results of their actions.

Students are likely to achieve more this way (Gutek, 2001).

This method enables the students to use the functions such as analysis,
synthesis and generalization, and to be problem solver (Ozgen ve Pesen, 2008).
According to Polya, problems solving consists of four steps; understanding the
problem, planning a solution, solving the problem and testing the solution (Ozgen ve
Pesen, 2008). Using this method, students gain several skills such as analyzing and
doing research. While applying this method, the quality of the problem and the level
of the students should be taken into consideration (Altun, 2002, 30).

3.4.19. Game-based Teaching Method

Altun (2008) has explained game-based teaching as a method used especially
for the teaching of young learners. Games are mostly used to reinforce the information
learned. The most effective game is the one that does not directly ask for a
mathematical activity but that makes it a must to do mathematical activities to win the
game. There is a question or are questions in a game. The question is asked to the
students and a competitive environment is created. The student or the group shows the
answer to the teacher and if the answer is correct they are rewarded with a rank (such
as the first rank or the second rank) and if the answer is incorrect, they rethink over
the question. Students can compete individually or as a group. It is essential for the
teacher to know or design various kinds of games for each class and subject. In game-
based teaching method, it is of crucial importance for the students to be active in the

process. Student should create and reach his answer by himself. Although teaching
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with games makes a lesson versatile, it is undeniable that it increases the teacher’s
burden in relational teaching and it demands more materials, extra work, more time
and effort. However, according to Baykul (2003) relational learning has several

benefits such as;

1. It makes learning enjoyable and students feel joy in learning,

2. It makes it easier to recall the learned information and makes it permanent.

3. It provides an opportunity to learn new concepts more effortlessly and to need
less help in learning a future concept as it improves self learning skills,

4. It enhances the achievement in this field as it improves problem solving skills,

5. It improves self-assurance, reduces mathematics anxiety and helps develop a
positive attitude towards mathematics (Baykul, 2003, 41).

This method which promotes the learning of a subject through entertainment
and competition with the help of games can be applied in all levels. The
implementation can be done individually or as a group depending on the subject,
duration and purpose. The teacher should make sure mathematics knowledge is used
sufficiently during the game. A thorough planning before the practice, preparing a
game relevant to a subject and pre-determining the stages of a game will make the
implementation simpler (Ugurel, 2003, 80).

Game is an instrument or an activity which involves on-task behaviors and
possibilities, and a winner or winners. Game-based teaching is an activity which is
favored by students. The on-task behaviors of the participants is essential, therefore,
this method is used in later stages of teaching since it improves behaviors as an
activity-based method. Even though game-based teaching might require more time
compared to the other teaching techniques, it facilitates a better comprehension of a

concept. Games are activities that can be loud.

In a study of Garris, Ahlers and Driskell, the input, outcome and process of
game-based learning is modeled (Figure 1).
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Figure 1: Game-based Lerning Model (Garris, Ahlers ve Driskell, 2002)

3.4.20. Technology-based Teaching

This method is mentioned in order to raise awareness on the effects of
technological resources and their effects on the motivation of learning. When the word
technology is used for teaching of mathematics, it is generally associated with
calculators or computers. In a series of reports prepared by the National Council of
Teachers of Mathematics (NCTM) for pre and secondary schools in the USA, it is
declared that each student should be able to use a suitable calculator if necessary, each
classroom should have a computer for demonstration and each student should learn
how to use a computer (Ersoy, 2000). Technology has changed the lives of the
humanity. Hence, it is not a surprising fact how this technology is effective at schools.
It also obvious that although television, video players or other technological resources
play a minor role in teaching of mathematics, computer technology plays a great role
in it (Reys et al., 1998). Teaching approaches should include computer-based teaching
to assure student participation which is an important component in teaching. Two
different approaches can be observed in computer-based teaching of mathematics. The
first one is the use of this technology to do calculations and to demonstrate graphics
and diagrams during the problem solving process in order to empower the learning in
mathematics class. The second and the most effective approach is to use computers as
an instrument for simulation, research and experiment. In such a learning environment,
students can have the opportunity to develop self knowledge (Baki, 1995). Computers
can be beneficial depending on the fact that the applications and the programs used are
relevant and the teachers know how to use them effectively (Reys et al., 1998).

Software packages can be used to reinforce and support the knowledge with the
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activities appropriate for the goals right after a subject is taught. There are interactive
software programs developed for almost all the subjects studied in mathematics
classes. Data can be delivered and demonstrated easily through various graphics with
the help of a computer. Complex geometric shapes with different symmetrical patterns
can be drawn using computers. There are several software programs that are
developed in order to support learning insufficiency and eliminate learning difficulties.
Software packages intended to be used in teaching should be analyzed attentively
(Milli Egitimi Gelistirme Projesi, 1997). Apart from these, power point presentations
which are not considered as a part of computer-based teaching but are beneficial
computer applications can be prepared (Pesen, 2003).

3.5. Teaching Mathematics Using Game-based Learning Method

Game has many contributions in terms of participation, cooperation, creativity,
and self expression and it increases motivation of an individual since it arouses
curiosity. Teaching becomes easier in an environment where a child can feel
comfortable, does not feel fear or provocation and is not oppressed or suppressed. It is
fundamental to analyze the meaning a child attributes to a game and use it effectively
for educational purposes. Mathematics is a universal language which is abstract in self
but can also be practiced concretely (Hacisalihoglu, Mirasyedioglu and Akpinar,
2004). The most important reason why students feel fear and anxiety towards
mathematics is that it is difficult to comprehend abstract concepts, and the relations
and transitions between them. For instance, game is of crucial importance in
concretizing abstract concepts for the secondary school students who transition from
concrete operational to formal operations stage of Piaget’s cognitive development
stages. According to Piaget, formal operations stage is the final stage of cognitive
development and students like playing intelligent and logic games at this stage. Games
facilitate students with concrete experiences. Game is a fiction for children to which
they reflect their inner world. Therefore, by playing a well-designed game, a child can
have fun, learn, improve his abstract thinking skills, relates the learned concepts and
socialize at the same time. Playing a game is an experience (Winnicott, 1971 as cited
in Kavasoglu 2010, 16). Thus, learning with games makes information a meaningful
experience rather than being a senseless memorization. Game is an opportunity for a

child to use both his intelligence and body. He realizes his self and expresses it to the

67



other people through a game. With the realization of his skills and an environment
where he can use these skills, his self-confidence is boosted and he starts taking
responsibilities. Both educators and researchers agree on the fact that children love
games. The flexible thinking, symbolization and creation of rules are regarded as the

foundation of human intelligence (Tiifek¢ioglu, 2003).

In classes which students fear and feel insecure and which involve many
abstract concepts, teachers should aim at creating environments students can be active
in and making the classes enjoyable for the students. The best way to achieve this is to

use games.

Throughout history, mathematicians have always been interested in games.
This might be caused by the curiosity felt for the unknown, the urge to discover
something and the joy of solving a problem etc. One of the actual reasons why
mathematicians are interested in games might be because they identify games with
mathematics due to the resemblances between these two or even because they consider
mathematics itself as a game (Umay, 2002). Numerous games have been developed
by mathematicians for ages and these games have been focus of interest and a guide
for many mathematicians. Recorde and Cardano’s “Ring Puzzle”, Lucas’ Tower of
Hanoi, the problems created by Fibonacci, Taylor’s “Knight’s Tour Problem”,
Konigsberg’s “Bridge Problem”, Euler’s “Thirty-six Officers Problem”, Raymond
Smullyan’s “Chess Mysteries”, Hungarian Ernd Rubik’s “Magic Cube” are the most
famous games. With the help of these games, mathematicians have been able to
contribute to the development of mathematics and to enable a positive attitude and
sympathy to mathematics (Ugurel and Morali, 2008). In game-based teaching method,
the process of teaching mathematics is combined with games or designed as a game
(Fauvel and Manen, 2000). The purpose of teaching mathematics with games is to
develop a liking for mathematics using the subjects students are interested in at a
specific age (Koroglu and Yesildere, 2002).

Mathematical games are specifically designed games for Mathematics classes.
They are used for presentation, reinforcement and evaluation of the lessons. Many
games used for teaching purposes can be used easily for teaching of mathematics as
well (Tural, 2005). Unfortunately, game which plays an important part in a child’s life
is not included enough in the teaching process. The main reasons for this issue can be

listed as the physical environment, lack of time and game materials and teachers’ lack
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of awareness on the importance of games (Tural, 2005). Given that necessary materials
are provided, appropriate classroom environment is created and teachers are well
educated on the issue, games can be used in teaching effectively. As an effective
teaching instrument, game can be used in primary schools both as a method and a tool
in all the fields. The main purpose of teaching via games is to improve the participants’
physical and cognitive skills with the help of the feelings of joy and competition a
game provides. In secondary schools, students learn by experiences rather than
learning by thinking. As a result of game-based teaching, learning becomes more
permanent and the skills at comparison and decision making of a student is improved.
Thus, student behaviors are affected positively (Araci, as cited in Tural, 2005, 89).
Game-based teaching is effective in focusing students’ attention. In mathematics
classes, students tend to be distracted easily and when they face a difficult subject, they
engage in different things other than the subject. Through game-based teaching,
students are able to stay focused (Tural, 2005).

Group games that involve the subjects of mathematics play an important role
in the development of the concept “we” due to the collaboration and communication
between the students. In these group games, students make effort to finish the game,
to meet their responsibilities and assert themselves in the group; and feel the urge to

learn mathematics by doing mathematical activities (Altunay, 2004).

Teaching of mathematics should be interesting and enjoyable. According to
Koéroglu and Yesildere (2002), when students love mathematics classes, their learning

level and motivation also increases.

With the help of a game, even the most unenthusiastic student can participate
in the lesson. As long as the goal of a subject is not distracted, using games in teaching
will attract students’ attention and affect their attitude towards the class in a positive
way (Tural, 2005). Game is crucial for the children of primary or secondary school age
since games provide an opportunity to improve their power of imagination. In
opposition to the common idea, game does not cause distraction but attention if applied
appropriately. As a result, a child develops with games. Using games in the process of
development and teaching will enhance the development of a child. The use of games
in educational field will result in a more effective learning (Tural, 2005).
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Studying with games enables the students with self learning skills and helps
them create new designs rather than learning through other people’s experiences or
learning theoretically. Although educators’ ideas on using games in teaching might
differ, according to Garris, Ahlers and Driskell (2002, 441-467) games are appropriate
for teaching purposes as they can be guiding. Thus, games are considered in the scope
of teaching by the educators for several reasons such as an individual can learn by
experience in games, games are student centered, students can play an active role
during the problem solving process, it provides an interactive practice and it enhances

motivation.

It can be observed that studies on children games and the role of these games
in their development have been of interest recently (Bagli, 2004). Turning the already
existing interest of children in games to account of learning have been a question of
research of many academicians and it is considered that games make a significant
contribution to the development of a child (Bakar et al., 2008). Game is the most
natural way of learning for children. Game and learning are not opposite acts but go
hand in hand (Ulug, 1997). Demirel, Seferoglu and Yagci (2003) have defined
educational games as “Programs which enable the students with learning of subjects

in lessons using a game format or which improve their problem solving skills”.

Premack Principle dictates that high probability behaviors can be used to
reinforce low probability behaviors (Selguk, 2000). The use of games which are one
of the most preferred behaviors by children in learning process offers many options to
benefit from the Premack Principle (Ciiceloglu, 1992, 197). Games can be very
effective in teaching if planned well and applied in the right and time and setting. Since
games are indispensible for children, teaching activities can be organized considering
this fact. Educational games provide a livelier classroom environment and promote all
the students’ participation in learning process (Giiven, 2008). Games are used mostly
in reinforcement stage of teaching (Altun, 2005). However, they can be used in the

introduction, presentation or in practice stages of a lesson (Demirel, 2000).

The perception of mathematics as a pile of abstract concepts which can be
observed in traditional teaching and the problem of not being able to concretize these
concepts can be eliminated by game-based teaching method. Games which are
considered very simple by adults play a significant role in a child’s life. Game provides

a creative environment for a child (Yavuzer, 1993). A child can reach the highest level
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of creativity in such an independent environment and learns the ways to discover and
use information. Game assists several developments of a child such as physical,
emotional, social, cognitive, spiritual and linguistic developments (Tiifek¢ioglu,
2003). Children discover that other people are needed in a game and to continue a
game, therefore learn to develop communication with other people. They recreate the
familiar roles and discover new ways (Tiifek¢ioglu, 2003). Through games, a child
gains a sense of responsibility and skills to meet the responsibilities of a role in a group
(Binbasioglu, 1997). Games provide a cheerful and comfortable environment for
students and bring about a change in in-class activities (Demirel, 1999). Games can
make the subjects of a lesson more interesting and they can enable the participation of
even the most unenthusiastic students (Demirel, 1999). Hence, subjects which can only
be comprehended by a limited number of students can be comprehended by all students
if game-based teaching method is applied. A child learns sometimes consciously but
mostly unconsciously via games. The most effective game is the one that does not
directly ask for a mathematical activity but that makes it a must to do mathematical
activities to win the game (Altun, 2005). Considering the significant role of game in a
child’s life, it is inevitable to use games in all grade levels especially when teaching a
subject students find difficult to learn since games provide an approach which is a way

of communicating the students in their own language.

In order to improve the negative attitude of students towards mathematical
subjects, subjects can be presented in a game (Dede and Yaman, 2003). By this way,
games can be used to make students love mathematics and to enable the students with
the skills of making deduction and synthesizing (Soylu, 2001). The main purpose of
using games in teaching mathematics is to make students love mathematics. With the
help of games, mathematics class becomes concrete and its boring and monotonous
qualities can be eliminated (Koéroglu and Yesildere, 2002). Games can be used in two
different ways in teaching of mathematics; incorporating mathematics content in a

game and gamification of the content in mathematics class (Biricik, 1999).
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CHAPTER 4. METHODOLOGY

This chapter outlines the research design, the population and the sample of the
research, the population, data collection tools, the materials used in game-based

teaching and the data and criterion applied in the analysis of the research.

4.1. Research Design

Experimental design is used in this research.
Researchers defined “experimental design” as stated below:

According to Karasar (1995, 73), experimental method is the techniques that
will offer solutions to problems of which the question and answers are likely to be

discovered prospectively.

According to Ural and Kilig (2005, 19), experimental research is the most
reliable research due to the fact that theories can be built since the relationship between
one reliable to another can be determined precisely and that it is controlled and the

results are exact.

This research is of a “sample based and controlled, pretest and posttest model”
research. In this research which was conducted in the first semester of 9™ grade in high
school, the difference between the pre and posttest scores of the attitude and the

achievement level of the experimental and control groups have been examined.

4.2. Population and Sample

The population of this research is the high school students studying in 2018-
2019 academic year. The sample of the study consists of the students in the classes of
9/1 and 9/J in Ibrahim Hakki1 Anatolian High School in Sultanbeyli district in Istanbul.
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4.3. Research Group

The students in 9/ and 9/J in Ibrahim Hakk: Anatolian High School consisting
of the sample of the research group have been selected using Purposive Sampling
Method.

Kaptan (1995, 119-120) explained Purposive Sampling Method as “the
researcher can directly select the individuals from the population which suits the best

purpose of the study to collect the most useful data for the research.”

4.4. Data Collection Tools

In this research, “Mathematics Attitude Scale” developed by Baykul (1990),
questions of TEOG applied in 2015 and an assessment test have been used as data

collection tools.

4.4.1. Attitude Scale

In this study, “Mathematics Attitude Scale” developed by Baykul (1990) has
been to measure the attitudes of the students towards mathematics. (Appendix 1)
“Mathematics Attitude Scale” has been extracted from Baykul’s (1990) research titled
“Changes in the Attitudes towards the Mathematics and Science Courses from the Fifth
Grade of Primary School to the Last Grade of High School (or equivalent education
level) and Some Factors Considered to be Associated with the Success of the Student
Selection Examination”. While developing the mathematics attitude scale, Baykul
(1990) prepared 80 positive and negative statements divided equally. These statements
were examined by OSYM Test Development and Research Unit Turkish Branch
experts and advisors. As a result of the examination, first elimination and
readjustments were made and 62 statements were selected for the mathematics attitude
scale. A preliminary form was applied to a total of 1056 students which consist of
students in 5" grade in primary school, 1%, 2", 3" grades in middle school, 1% grade
in a high school, 2" and 3" grade students of science and literature branches at the
same school and 1%, 2", 3" grades in a trade vocational high school. Factor analysis
has been conducted separately to each type of school on the results of the preliminary
tests and 36 statements with highest factorl loadings were selected. Following, factor

analyses was repeated for the selected statements and a total of 30 statements
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consisting of 15 positive and 15 negative statements with factorl loadings .40 and
higher have been selected and the attitude scale has been finalized. The alpha reliability
coefficient of the mathematics attitude scale has been determined as 0.96. The scale is
a 5 point Likert scale considered efficient enough in terms of reliability and validity
(Baykul, 1990). There are 5 options of attitudes for each statement which are;
“Strongly Agree”, “Agree”, “Neutral”, “Disagree” and “Strongly Disagree”. To enable
the participants to respond the scale accurately and easily, a short instruction is added
to the scale. Each statement is assigned with a numerical value ranging from 1 to 5 and
since the statements 3, 4, 7, 8, 9, 13, 14, 15, 19, 20, 22, 24, 28, 29 and 30 are negative
statements, they have been labeled as negative. As all the other statements are positive,
they have been labeled as positive. To exemplify, a positive statement corresponded
to the “Strongly Agree” response is assigned with a numerical value of 5 whereas the
response “Strongly Disagree” is assigned with a value of 1. The highest score is 150
and the lowest score is 30 in the scale.

The Cronbach Alpha reliability coefficient of the Mathematics Attitude Scale
is 0.96. Therefore, this score proves that the scale is considered efficient in terms of
reliability and validity (Ozgiiven, 2014). The reliability and validity analysis of the
mathematics attitude scale has been repeated by Kandemir (2011). The scale was
applied to 340 students of three different high schools. 129 students of the population
were 10" graders and 211 students of the population were 11" graders. As a result of
this application, the Cronbach Alpha reliability coefficient of the Mathematics Attitude
Scale was determined as 0.976. This coefficient proves that the scale is efficient in

terms of reliability and validity.

4.4.2. Academic Achievement Assessment

The students included in our sample have been assigned to their high schools
after they have selected a number of schools in their neighborhood. Therefore, we do
not hold the scores or the achievement ranks of the students of a specific achievement
exam. Due to the fact that they are 9" grade students and have just started studying at
a high school and the pretests were applied in the first week of the academic year,
instead of assessing the limited information delivered in the first week, a central

common examination administered at the end of the academic year of 8" grade by
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MEB for high school placement has been selected for academic achievement

assessment pretest.

The common examinations used to cover six core courses and be administered
twice in each term of the 8" grade academic year. The first exam used to cover the
courses which had two exams in a term and the second exam used to cover the courses
which had three. The common examinations used to be prepared grounding on the
curriculum of the courses of Turkish, Mathematics, Science and Technology, Religion
and Morals, Revolution History and Kemalism and Foreign Language. The questions
used to be prepared basing on the goals and objectives of the current curriculum of
each lesson and aimed at assessing the students’ skills such as critical thinking,
analyzing, problem solving, making deduction and interpretation (MEB, 2016).

In this research, a pretest consisting of 20 mathematics questions asked in
TEOG exam which was administered by the Ministry of Education in 2015 was used

for the assessment of the academic achievement of the students. (Appendix 2)

A test statistic is a quantity derived from the sample used
in statistical hypothesis testing. Besides validity and reliability, one of the
fundamentals of educational and psychological instruments is the expedient statistics
derived from an instrument applied to an individual (MEB, 2016). Below is the
analysis of the mathematics test used in TEOG exam administered in 2015 which have
been used as an assessment tool for determining academic achievement level in terms

of reliability, difficulty and discrimination strength.

Reliability Coefficient: It is the consistency with which a test yields the same
result in measuring whatever it does measure. The reliability coefficient is expressed
by a number ranging between 0 and 1.00. The higher the reliability coefficient value,
the more stable and dependable results it is considered to provide. The reliability
coefficient of this test is determined as 0,969. The reliability coefficient of the

mathematics test is determined as 0,870.

Difficulty Index: It is the proportion derived from the division of the mean of
the test to the highest score of the test. The possible range of the item difficulty index
is 0 to 1. The higher the value the easier the test is. The item difficulty value of this
test is determined as 0,574. The item difficulty value of the mathematics test is 0,428.
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Discrimination Index: It is an index of a test’s effectiveness at discriminating
those related to whatever it does measure from those who do not. The discrimination

index value of the test is determined as 0,600 and of mathematics test as 0,687.

Item Difficulty Index: It is a measure of the proportion of examines who
answered the item correctly (Turgut and Baykul, 2010). Item difficulty index is ranged
between 0 to 1 and the higher the value is the easier the item is. 20 questions asked in
the test is listed in table 1.

Item Discrimination Index: It is an index of a item’s effectiveness at
discriminating those related to whatever it does measure from those who do not. Since
this differentiation is related to whether an item is able to measure a desired behavior
or not, it is also called as item validity (MEB, 2016). The discrimination index of the

items of the test is listed in table 1.

The difficulty index value of the test is determined as 0, 42.
Table 1: Analysis of the Mathematics Test used in TEOG 2015

femNg | tem Difficulty | Difficulty Discr::ﬁmaﬁon
Index Index

Index
1 0,43 0,64
2 0,44 0,62
3 0,15 0,3
4 0,6 0,56
5 0,49 0,63
6 0,51 0,44
7 0,49 0,58
8 0,52 0,57
9 0,26 0,41
10 0,51 0.42 0,43
11 0,56 0,66
12 0,39 0,55
13 0,25 0,52
14 0,28 0,62
15 0,52 0,62
16 0,48 0,51
17 0,47 0,61
18 0,44 0,36
19 0,27 0,38
20 0,5 0,55
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As a posttest, the results of a common exam which covers the subjects taught
with games in 9" grade were analyzed. Since these exams were compiled from the
achievement tests prepared by MEB and as they are considered to reflect the objectives

of the subject, they have not been tested in terms of reliability.

4.5. Data Collection

As the sample of this research, two 9™ grade classes in Ibrahim Hakki
Anatolian High School were selected and they were both taught by the same teacher.
Both classes were given an attitude test to determine their attitudes to mathematics in
the first week of the academic year. In order to gather a meaningful data on students’
academic achievement level, 20 questions asked in TEOG exam which was
administered in 2015. The results of these two tests which were applied as a pretest
have been compared and it was determined that there is no significant difference

between the scores of both groups.

It was announced to the students in the experimental group that 3 of 6 hours of
mathematics classes would be taught with games. Some games are used in the
introduction of a subject, some are used for reinforcement and some are for practice.
In control group, on the other hand, classes were taught with traditional teaching
method. The teacher explained the subject and examples were expected from the
students after a few problems were solved by the teacher. A teacher-centered teaching

in which students are passive was applied in these lessons.

The implementation lasted 10 weeks in total. At the end of 10 weeks, the first
unit “Logic” and the second unit “Sets” had been studied. At the end of this 10-week
period, the same attitude scale was applied to the experimental and control groups. As
for the assessment of the academic achievement level, the results of the common

examination given to all 9" grade students were analyzed (Appendix 8).

4.6. Materials for Learning Mathematics with Games

Educational games are the activities that provide the reinforcement and
revision of the learned information in a more comfortable environment. Games provide
a cheerful and comfortable atmosphere for students and bring a new perspective to in

class activities. Educational games can make a subject more interesting and can make
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even the most passive student active in these activities. Considering these, several
games have been designed related to the first two subjects of the 9™ grade Mathematics
which are “Logic” and “Sets” for the students in the experimental and control groups.
In designing the games, the qualities of game-based teaching which make it divergent
from the other teaching methods have been taken into consideration. The qualities of
a game according to Prensky (2001) are mentioned below:

Rules: Rules determine the limitations of a game and offer ways to reach the
result. If a game does not have rules, it is not a game but a leisure entertainment. The
most important difference between game and any type of entertainment is that games
have rules. While designing a game, rules are determined and explained to the students
before the game starts. Rules of each game designed and played were explained to the

students before the game started.

Goal and Objectives: Reaching a goal in a game plays a major role in
motivating the player. A game without a goal cannot be expected to be motivational
for a player. It is very difficult for an unmotivated player to continue playing and to
replay the game. Goals and objectives in a game create a sense of responsibility in a
player and provide voluntary participation. In most games, the goal is determined at
the beginning of a game such as to get the highest score, to reach an end or to capture
the flag. In this study, the goals and objectives of the games designed and played were
explained before the game started. These goals can be exemplified as to give 3 correct
answers, to reach a predetermined score, to act accordingly to finish the game or to be
able to be the last contestant after elimination.

Feedbacks: How a player performs in a game to reach the goal is notified by
the feedbacks. When circumstances change as a result of a behavior of the player, a

feedback is given.

Struggle/Contest/ Challenge/ Rivalry: These are the elements of a problem
which is tried to be solved in a game. While solving a problem, a problem is solved.
The player can feel fear and excitement without facing real danger in a game. This
motivates him and enables the player to continue and finish playing the game. While
teaching with games in the class, the students were made to compete with each other
and they were faced with cognitive obstacles that make them to think mathematically.

78



Interaction: Prenksy (2001) handles interaction in two perspectives. The first
one is human-computer interaction which can be regarded as a feedback and the
second one is the social environment the players create while playing a game together.
It is difficult to find the elements a computer provides in books or movies owing to the
fact that computer games provide a different kind of interaction that can be attained in
books or movies and they let the player experiment and fail. The situations in books
and movies are independent from the lives of the reader or the audience. When a book
is read or a movie is watched for the second time, the same incidences or endings are
observed. However, when a game is played for the second time, the course of events
and the ending might change depending on the decisions made by the player. Since
digital media is not used in this research, the interaction is provided by the feedbacks
given to the players and the interaction between the players as a team or as an
individual. As a matter of fact, the students who played the game desired to play the
game over and over in game-based teaching process.

Representation and Story: They explain what the game is about. Chess is a
game of opposition. Tetris requires recognizing the shapes and placing them. Age of
Empires is about martial arts. The story of a game can be presented directly at the
beginning of a game or can be given indirectly during the game. At the beginning of a
game, explanation is made about the game and the story might be hidden in this
explanation. For instance in Checkers, there is a conflict with an opponent and this fact
is hidden in the game. There is no need for an explanation. After playing the game for
a while, the player might have an opinion about the game. It is intended to draw

attention to the bits of information hidden in entertainment in mathematical games.

The games designed regarding all these elements were designed with very
simplistic materials. Digital or computer based games have not been chosen due to the
insufficiency of physical facilities. In order to prevent obstacles stemming from the
lack of materials, readily available materials were used during the implementation.
The role of the teacher is to enable the students with the necessary information before
the game and to prepare the materials. Another role of the teacher is to control the
game process and pay attention. The teacher can use games starting a lesson to revise
a previous subject or can use them in the flowing stages of a lesson. The decision is of

the teacher depending on the class dynamics. One of the most significant points is to
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ignore the mistakes done by the weak students and enable a whole participation during

a game.

4 games for the subject “Logic” and 4 games for the subject “Sets” have been
created which are mentioned below. Only the winners were rewarded in the games.
The rewards varied from a concrete reward such as a book, pencil or the game itself,
or points that might affect the performance grade of a student. The students who did
not achieve lost nothing but a reward. The visuals of some games are submitted in the

appendix.

4.6.1. Proposition or Not

Statements which might be a proposition are written on a colored piece of
paper. Three voluntary students are selected and placed in the front desks. The rest of
the class is silent and a competition atmosphere is created. The competing students are
given a red or a green card attached to a tongue depressor. They are asked to raise the
green card if they think the statement is a proposition and the red card if it is not. The
names of the competing students are written on the board and a plus is added for each
correct answer of each individual. The first student to get three pluses wins the game.
If there happens to be a tie, one extra question is asked. If the tie cannot be broken with
the extra question, both players are announced as the winners. (Appendix 3)

4.6.2. Sponge of Logic

The connectives “and, or, if, but, if...then” which join two or more propositions
together to form a connective proposition have their own truth values. For the
reinforcement of these operations, pieces from a pool noodle are cut and put in a tube
or a paper tower roll. All the possible propositions are written on the pieces and the

students are competed. (Appendix 4)

4.6.3. Guess the Compound Proposotion

This game is created inspired by the game “Guess Who”. Students are placed in front
of a screen made of carton which can be opened, closed or flipped and on which some
compound propositions are written. The opponents have the same kind of carton screen
as well. They are asked to choose a compound proposition from the screen in front
them. The answer is attached with a paper-clip. Each player asks the opponent team to

guess the compound proposition written on the chosen card. (Appendix 5)
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4.6.4. Pull if You Can!

A compound proposition is written on each block of a Jenga game. The players
must answer the question correctly to pull a block. This game has been improved in

process of time as new subjects or more complex equations are studied.

4.6.5. Set (Math Card Game)

Set is a real-time card game designed by Marsha Falco in 1974 and published
by Set Enterprises in 1991. 81 cards that are different configurations of shapes, colors,
numbers and fills are prepared. The cards are shuffled and 12 cards are spread for the
start. The players are asked to form a set with at least 3 cards which have common
elements. The cards which form a set such as the cards with a round shape or with
color red are collected. New cards added from the deck replacing the removed ones.
The player holding the highest number of cards wins the game. (Appendix 6) This
game has been improved in process of time as the subjects of “Divisibility Rules” and

“Number Sets” are studied.

4.6.6. What Type of Set Are You?

Two sets are either separated or have intersection or one set is the subset of the
other. In order to reinforce this subject, a Venn diagram is drawn in school garden
using colored duct tape or colored clothes line are is used to create sets. A specific
group feature is announced to the students and they are expected to settle in the
announced set, for instance, girls/boys in the class, boys in the class/students wearing
glasses, girls in the class/girls wearing a scarf. The students with this specific feature
are expected to settle in the appropriate set drawn.

4.6.7. Maths Bingo

Bingo cards are prepared similar to a regular bingo game card. Several
equations of logic and sets are written replacing the numbers in a regular bingo card.
If the answer is in the number drawn, the player covers the equation in his card. The
player who covers all the equations in his card wins the game. (Appendix 7)

4.6.8. A menu of Sets

A role play activity about ordering food from a restaurant menu is done in the

classroom. The menu with two columns of “Food” and “Beverages” is written on the
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board. Some students are asked to volunteer to play the role of a customer and each
student tries to order food or beverage which has not been ordered by a previous
customer. Thus, the students are enabled to see all the subsets of a set. They have to
keep track of all the orders given before them and have to ensure that their order has
not been given by someone else. The students who can achieve this are able to tell the

subsets of the menu set and they win the game.

4.7. Data Analysis

The analysis of the data collected was carried out using SPSS 23 program after
the coding of the data. The techniques and the intended use of these techniques are

shown in the table.

Table 2: The Data Analysis Technigues and the Intended Use

Data Analysis Techniques used The Intended Use

in the research

Kolmogorov-Smirnov A test that examines if a variable follows a

given distribution in a population.

Mann-Whitney U Statistics A test that is used to compare differences
between two independent groups (9-J and 9-1)
when the dependent variable is either ordinal or

continuous, but not normally distributed.

The Median The median is the middle score for a set of data.
For instance: in a variance of “3, 5 12 18 20>,

“12” is the median.

p-value It is the level of marginal significance within a
statistical hypothesis test. If the p-value is less
than 0,05, it is assumed that the hypothesis is
true and if the p-value is greater than 0,05, it

assumes that it a null hypothesis. In
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Kolmogorov-Smirnov test, p-value should be
greater than 0,05 for normal distribution.

Wilcoxon Sign Test

It is attest designed to evaluate the differences
between two categories (9-J and 9-1) where
there are dependant variables (such as the
achievement level means of pre and posttests).
It is different than the Mann-Whitney U test
since the distribution of the dependant variables
(the mean score of the achievement level after
the teaching) is not normal and is done between
the dependant groups. If the distribution had
been normal, Mann-Whitney test would have
been used. Hence, Wilcoxon test has been used.

Tablo 2 - continue
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CHAPTER 5. FINDINGS

In this section, the statistical analysis of the collected data on each sub-problem

in this research and the discussion of the gathered results are mentioned.

In this research, a pretest is first applied to the students in 9-J and 9-1 who are
included in the sample in order to determine their achievement level in mathematics.
Prior to the determination of the difference level in the test results, they were analyzed
to discover whether the distribution is normal or not. Kolmogorov-Smirnov Test is

carried out for this purpose and the results are listed in the table below.

Table 3: One Sample Kolmogorov-Smirnov Test

Mathematics Pretest Score

Test Statistic ,110

p ,017

The results in Table 3 indicate that p-value is less than 0, 05, therefore the
distribution of the pretest scores is not normal. Thus, Mann-Whitney U Test is used to
analyze the difference between the mathematics pretest scores of the students in 9-J
and 9-1. The result of the pretest mentioned is revealed in Table 4 below. This result

also has provided an answer for the first sub-problem in this study.

1. Is there a significant difference between the pretest scores of the experimental
group to whom teaching with games method has been implemented and the

control group taught in traditional teaching environment?
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Table 4: The Analysis of the Difference between the Mathematics Pre-teaching
Achievement Scores According to the Class (Mann-Whitney U)

The median of pre- | 9-) 40 36,19

training Mathematics

Achievement Scores

The results indicate that there is no significant difference between 9-J
(experimental group) and 9-1 (control group) in terms of their mathematics
achievement scores. Thus, mathematics achievement level of both groups is

considered equal before game-based teaching.

2. s there a significant difference between the pretest scores of the experimental
group to whom teaching with games method has been implemented and the
control group taught in traditional teaching environment before teaching in

terms of their attitudes towards mathematics?

Table 5: The Analysis of the Attitude Level towards Mathematics in Pretest
According to the Class (Mann-Whitney U)

Class N Median U Z p
The median of | 9-J 37 41,03
Mathematics attitude 9-1 39 36,10 628,00 -0,97 ,33
before training

The results of the test indicate that there is no significant difference between 9-
J (experimental group) and 9-1 (control group) in terms of their attitudes towards
mathematics. Thus, the attitude level of both groups towards mathematics is

considered equal before game-based teaching.

A total of 70 students are included in the sample for the comparison of the pre
and posttests on the basis of dependent groups. 2 students who have been removed

from the sample were not given a posttest as they dropped out of school.

85



3. Isthere asignificant difference between the posttest scores of the experimental
group to whom teaching with games method has been implemented and the

control group taught in traditional teaching environment?

Table 6: The Analysis of the Posttest Scores according to the Class (Mann-Whitney
U)

The median of Posttest | 9-J 35 41,47

Scores of Mathematics 9.l 35 2953 403,50 -2,45 0,01

Achivement Test

The results of the test indicated that that there is a significant difference
between 9-J (experimental group) and 9-1 (control group) in terms of their achievement
level of mathematics after training in favor of 9-J. Hence, it was concluded that game-

based teaching increases the mathematics achievement level of students.

4. s there a meaningful difference between the pretest and posttest scores of the
mathematics achievement level of the experimental group (9-J) to whom

teaching with games method has been implemented?

Table 7: The Analysis of the Difference between the Pretest and Posttest Scores of

the Mathematics Achievement Level of the Experimental Group (Dependent T-Test)

Degree of
Class N Mean t p
Freedom
The Difference between | Before 35 | 30.67
the Pre and Posttest | Training
Scores of 9-J i | e ey
After
Training

According to the test results, a significant difference between the pre and
posttest scores of 9-J (experimental group) in terms of their achievement level of
mathematics after training has been determined (p=0, 00<0, 05). Therefore, it can be
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stated that game-based teaching has increased the level of mathematics achievement
of the experimental group. T-test is preferred in dependent samples due to the fact that
the mean value of the Mathematics Achievement Score after Training (dependent
variable) revealed a normal distribution as a result of Kolmogorov-Smirnov Test (p=0,
00<0, 05).

5. Is there a meaningful difference between the pretest and posttest scores of the
mathematics achievement level of the control group (9-1) to whom teaching

with traditional method has been implemented?

Table 8: The Analysis of the Difference between the Pretest and Posttest Scores of
the Mathematics Achievement Level of the Control Group (Wilcoxon Test)

Class N Median Z p

The Difference between the Before Training 35 15.20

-1,42 0,15
Pre and Posttest Scores of 9-1 e TG 35 20.10

The test results indicate that there is a no significant difference between the pre
and posttest scores of 9-1 (control group) in terms of their academic achievement level
in mathematics (p=0,15>0,05). Therefore, it can be stated that traditional teaching
method has not increased the level of mathematics achievement of the control group.
T-test is preferred due to the fact that the mean value of the Mathematics Achievement
Score after Training (dependent variable) revealed a normal distribution as a result of
Kolmogorov-Smirnov Test (p=0,019<0,05).

6. Is there a significant difference in the attitude level towards mathematics class
between the pretest and posttest scores of the experimental group (9-J) to
whom teaching with games method has been applied?
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Table 9: The Analysis of Difference between the Pretest and Posttest Scores of the
Attitude Level of the Experimental Group (Dependent T-test)

Class N Mean t Degree of Freedom | p

The analysis of the difference | Before Training | 35 | 81.94

between the pre and posttes -5,58 34 0,00

After Training 35 | 105.31
scores of 9-J

According to the test results, a significant difference between the pre and
posttest scores of 9-J (experimental group) in terms of their attitude towards
mathematics after training has been determined (p=0, 00<0, 05). Therefore, it can be
stated that game-based teaching has increased the level of positive attitudes of the
experimental group. T-test is preferred in dependent samples due to the fact that the
mean value of the Mathematics Achievement Score after Training (dependent
variable) revealed a normal distribution as a result of Kolmogorov-Smirnov Test
(p=0,20>0,05).

7. s there a significant difference in the attitude level towards mathematics class
between the pretest and posttest scores of the control group (9-1) to whom

traditional teaching method has been applied?

Table 10: The Analysis of Difference between the Pretest and Posttest Scores of the
Attitude Level of the Control Group (Wilcoxon Test)

Class N Mean t Degree of Freedom p

The analysis of the difference Before Training 35 78,88

between the pre and posttes -0,09 34 0,99

After Training 35 78,94
scores of 9-I

The test results indicate no significant difference between the pre and posttest
scores of 9-1 (control group) in terms of their attitude towards mathematics after
training (p=0,993>0, 05). Therefore, it can be stated that traditional teaching method
has not affected the level of attitudes of the control group. T-test is preferred in

dependent samples due to the fact that the mean value of the Mathematics
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Achievement Score after Training (dependent variable) revealed a normal distribution
as a result of Kolmogorov-Smirnov Test (p=0,20>0,05).
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CHAPTER 6. CONCLUSIONS

In this chapter, the results of the data collected in this study and suggestions
are included. This study aiming at determining the effects of game-based teaching on
the attitudes of the students towards mathematics and their academic achievement, has
been conducted with a sample based and controlled, pretest-posttest experimental
design. Students in 9-J and 9-I classes in Sultanbeyli Ibrahim Hakki Anatolian High
School has been selected as the population of this research which was held in the first
semester of 2018-2019 academic year. As a pretest, a mathematics attitude scale and
an academic achievement test has been given to both classes. The results of the tests
were analyzed with statistical methods and as a result, no significant difference
between the classes has been detected in terms of their attitudes towards mathematics
and academic achievement level. Therefore, these two mentioned groups have been
considered equal in terms of their attitude and academic achievement. A mathematics
attitude scale and academic achievement tests have been used as data collection tools.
Mathematics Attitude Scale which has been developed by Baykul (1990), the questions
of TEOG exam which was implemented by MEB and the results of the common exam
which was applied in the first term as the 1% exam have been used as data collection
tools. Regarding the fact that the results of the pretest proved an equal result, one of
the two groups has been selected as the experimental group and the other one as the
control group. 9-J has been selected as the experimental group and game-based
teaching of mathematics was applied on this group. On the other hand, traditional
teaching methods such as direct-instruction method were applied and problem solving
examples were given in 9-1 which has been selected as the control group for 10 weeks.
After studying the subjects of “Logic” and “Sets” for 10 weeks in both classes, the
mathematics attitude scale which had been given to the students as a pretest was
reapplied. In order to assess the academic achievement level of the students, a common
exam which was prepared based on the achievement tests of MEB in the first term as

the 1% exam was applied to both groups. In consideration of the findings obtained
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from the analysis of the collected data, the results listed below have been presented
and following recommendations which are believed to contribute to the literature have

been made.

6.1. Results

1. No significant difference has been detected between the experimental group
to whom game-based teaching has been applied and the control group taught in
traditional teaching environment in terms of their attitudes towards mathematics
before the implementation. Accordingly, it can be indicated that the students both in
the experimental group and the control group were considered to have an equal attitude
level before the application of the teaching methods.

2. No significant difference has been detected between the pretest scores of the
experimental group to whom game-based teaching has been applied and of the control
group taught in traditional teaching environment. Accordingly, it can be indicated that
the students both in the experimental group and the control group were considered to
have an equal academic achievement level in mathematics before the application of

the teaching methods.

3. Taking the results of the mathematics attitude scale which was given as a
posttest both to the students in the experimental group to whom game-based teaching
has been applied and in the control group taught in traditional teaching environment
into consideration, it can be stated that there is a significant difference in terms of the
attitude towards mathematics in favor of the experimental group. Game-based teaching
has increased the positive attitude level of the students. Accordingly, it is concluded
that game-based teaching method of mathematics is more effective in enabling the
development of a positive attitude towards mathematics compared to the traditional

teaching methods.

4. In order to assess and compare the academic achievement, exams were given
as a posttest to the students in both groups. As a result, a significant difference has
been detected between the scores of the students in the experimental group to whom
game-based teaching has been applied and in the control group taught in traditional
teaching environment in terms of their academic achievement level in favor of the

experimental group.
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6.2. Discussion

It is not possible to explain the reasons why a student fails in mathematics and
develops a negative attitude by a sole factor. There might be many factors that cause
this situation. Furthermore, all these factors are in constant interaction with each other.
In their study, Dede and Dursun (2004) determined the factors which affect students’
achievement basing on literature and listed 10 factors. These 10 factors were reported
to 38 Mathematics teachers working at 8 primary schools in Sivas in 2001-2002 Year
of Education. The results of the study indicated that the teachers are well aware of the
fact that the achievement of the students in mathematics is affected by several factors.
Additionally, according to the responds given by the teachers, the most important
factor (100%) that affects the achievement of students in mathematics classes is
students’ attention to the lessons, the second factor (86%) is teacher’s competence and
the third factor (72%) is the teaching strategies and methods applied in classes.

The studies conducted on the issue indicate that the most applied methods in
mathematics classes are listed as; problem-solving, direct instruction and question-
answer methods. The least applied methods can be listed as, dramatization method,
group-work and project-based teaching method (Aktepe et al., 2015).

If studies conducted on this problem examined, it can be observed that there
are some studies which support this research and some which indicate different results.
To exemplify;

In her thesis study titled “The Investigation of the Effects of Game-based
Mathematics Teaching Program on the Children’s Development”, Sevigen (2013)
studied on the sample of Osmaniye Cumhuriyet Pre-scool. Regarding the results of the
pretest, posttest and the object permanence test, the Game-based Mathematics
Teaching Program is proved to be effective on children’s development on mathematics
and the its effect is permanent.

In his thesis study, Kavasoglu (2010) examined the effect of game-based
teaching on student achievement in teaching of “Probability” in 6", 71", 8" grades
mathematics classes and detected a significant difference between the achievement
levels and permenance.

The results of this thesis study bear a resemblance to the results obtained from
the studies conducted on the sample of preschools and secondary schools. The results
of Ar’s (2016) study which was conducted on high school level show similarity to the
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results of this research as well. Ar (2016) conducted a design and development
research in order to determine the effects of gamification on academic achievement
and learning strategies of the students in a vocational high school. As a result of the
research, it was indicated that the students who were taught with gamification were
more successful compared to the students taught with traditional methods. According
to the results, learning via gamification has improved the academic achievement of the
students in a vocational school. Students considered learning via gamification to be
more fun, effective and competitive.

In a study conducted by Koéroglu and Yesildere (2002), some subjects in
Mathematics class of the 7" grade are taught with developed games and scenarios. In
the data collected after the experimental study, it was indicated that the success level
of the students in the classes taught with games and scenarios has increased and no
significance has been determined between the pre and posttests. After the experiment,
a survey of “Perspective on Mathematics games” was administered. According to the
survey results, 87% of the students expressed a positive opinion on the statement “I
love Mathematics” and 72% of the students disagreed with the statement
“Mathematics lesson is boring”. 86% of the students stated that they love playing
games and of 77% that they want to play games related to the subjects studied. 78%
of the students expressed that learning mathematics with games is fun and of 71% that
they would love Mathematics lesson more if games are involved.

A study by Tural (2005) and titled “The effects of Game and Activity-based
Teaching of Primary School Mathematics on the Achievement and Attitude” was
conducted dealing with the subjects “rhythmic counting, natural numbers, addition,
subtraction, multiplication and division” in the 3™ grade. A significant positive
difference has been detected between the achievement and attitude levels of the
students in the experimental group taught with games and the students in the control
group taught with traditional methods.

In a study conducted by Songur (2006) and titled “The effects of Games and
Puzzles on Teaching of the Subjects of Expressions and Equations with Letters on the
Achievement of Mathematics Class”, the experimental group was taught with games
and puzzles whereas the control group with traditional methods. As a result of the
study, a significant positive difference was determined in the experimental group and
teaching with games and puzzles have proven to affect the attitude of the students

towards Mathematics in a positive way.
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In his study of Doctorate, Aksoy (2014) has researched the effects of digital
game-based teaching of the Mathematics subjects on the academic achievement and
the affective behaviors (achievement motivation, self-sufficiency and attitude) towards
Mathematics class. In the study, pretest and posttest experimental design with two
groups and eclectic approach have been used. It was also administered in two steps as
pilot and final study with the duration of 14 weeks. As a result of the study, it was
stated that there is a significant positive difference between the achievement level in
pretest and posttest in favor of the experimental group. With the reapplication of the
scales after the administration, it was concluded that statistically, there is a significant
difference in the scores of the experimental group in their achievement motivation and
attitude towards Mathematics class compared to the scores of the control group. The
collected data about the students’ opinions about the use of educational digital games
in teaching of Mathematics point outs the fact that they are useful and effective.
However, it was stated by some of the students that looking at a computer screen for
such a long time causes headache and sore eye.

In her thesis study Aslan (2014) aimed at determining the effects of games-
based teaching on students’ achievement and attitude and collected data resulted from
analysis of the study conducted on the experimental and focus groups of which the
population was primary school students. As a result of the analysis of the data
collected, no meaningful effect of the use of educational computer games in learning
environments was discovered. As a consequence of the interviews performed with the
students about the use of educational computer games in Mathematics classes, it was
concluded that the study conducted was regarded as entertaining by the students, that
it has positively contributed to the relationship between educational computer games
and Mathematics classes and that the use of games in classes is suggested to be used
as a supporting instrument in the classes. Additionally, the teachers interviewed after
the study stated a positive attitude towards the use of games in classes. The games
selected from the educational web portal “Vitamin” were proven to have positive
effects on learning as well. However, regarding the deficiencies in the games, they
were suggested to be improved.

Tirkmen (2017) investigated the effects of game-based learning on the
achievement and attitude of 5™ grade students in mathematics classes. To this end, the
lesson plan for the unit of “Fractions” was prepared incorporating gamification and

Educational Informatics Network was used as a teaching tool. The lessons were
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delivered with the activities based on the constructivist approach in the curriculum and
the text books determined by the Ministry of Education in the focus group and they
were delivered with gamification method in the experimental group. As a result, no
significant difference was detected in students’ the motivation and attitude scores
between the experimental group and the focus group. However, the achievement level
of the students in the experimental group increased compared to the focus group.
Additionally, as a result of the collected data, the frequency of game playing has no

effect on students’ attitude and achievement in mathematics classes.

In his thesis study, Bakar (2018) discussed the effects of the use of technology
in derivative Teaching has on the students’ Mathematics success, their attitude to
Mathematics, Mathematics beliefs and reflective thinking. This study indicated a
different result than the similar studies. The search is a semi-experimental design with
pre-test and post-test groups. The Graph 4.3 software, which is used for the solution
of minimum and maximum problems, has been applied to the experimental group. The
lesson plan, which was prepared according to 5E plan for the solution of maximum
and minimum problems, has also been used for the students. Quantitative Data
obtained at the end of the study has been analyzed by SPSS 18.0 pocket-program. The
Graph 4.3 software, which is used for the solution of maximum and minimum
problems studied by the support of technology, has caused some changes in the
students’ beliefs and reflectivity and the changes have been found meaningful. But the
result shows that there is no change in their attitude to Mathematics and academic
success. It’s seen that by the result of Mathematics, which is studied with traditional
method, Mathematics academic success of the control group has been increased. This
result shows that technology has no effects on the school which has students in %1
percentile rank in these kinds of studies. For this reason, it is recommended not to use

it at 12th grades and high schools that are qualified as academically successful schools.

On the contrary to the studies conducted by Aslan (2014), Tiirkmen (2017) and
Bakar (2018), a significant difference has been determined in achievement and attitude
level in this research.

As can be seen in the literature review of this research, game-based learning in
high schools has rarely been included both in practice and in academic research. A
great majority of the studies conducted on game-based learning have targeted primary
or secondary school students. In this research, high school has been selected as the
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population. The effects of the situation in which how the information transfer between
the teacher and student is implemented by which methods and techniques depends on
the personal judgment of a teacher has been pointed out in this research. Today, the
low mathematics achievement scores in international exams and the negative attitudes
of the students towards mathematics can be considered as the consequences of this
situation. If these consequences are meant to be eliminated, the reasons should be
examined thoroughly. The positive results of the use of games created with simple
materials rather than using traditional teaching methods in high schools can be
observed in this study. In this research, it is aimed at drawing attention to the game-
based learning which is a trending method in our constantly changing world and which

is on the other hand included rarely in practice and academic studies in high schools.

6.3. Recommendations

Regarding the findings of the research, following recommendations have been
made in order to increase students’ achievement in mathematics and to develop

positive attitude in students:

1. Game-based learning approach can be benefited from in high school
mathematics classes order to increase students’ achievement in mathematics
and to develop positive attitude in students.

2. In teaching mathematics, teachers can develop games that might attract
students’ interest using simple materials and they can benefit from the
approaches which enable students to be more active in classes.

3. In service training on game-based learning can be provided for teachers to
facilitate them with a better knowledge to apply game-based teaching method
in their classes.

4. Game-based learning materials for mathematics classes can be prepared in
cooperation with the other colleagues, and these materials can be shared
between. An online platform can be provided to the students where they can
find materials and games for all levels. Every teacher can contribute and use
the materials developed for a specific subject.

5. The effect of the research on the permanence of knowledge has not been
examined in this study. A further study conducted on the permanence as well

is recommended for the improvement of the research.
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6. The fact that the results of this research reflect a limited situation, that is to say
it only involves two classes of 9" grade level in a high school, limits the
research. In a research which is conducted on a larger group of students, the
effects of game-based teaching on students’ attitude and academic achievement
in mathematics classes can be examined in a broader scope.

7. Further studies are recommended to be conducted in order to obtain relevant
data to facilitate the effective use of game-based teaching method in other

classes other than mathematics to reach the goals and objectives of a lesson.
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APPENDIX

Appendix 1. Mathematics Attitude Scale

Kesinlikle

Eoatimyorum

ot b yorum

Kamrsiam

Foatihyoram

Tamamen
Koatihyorum

1 Matemank, cok sevdifiim dersler arasindadr.

2 Matematik calismak bem dinlendinr.

3 Matemank dersindeki konular azaltithrsa mutha olunem.

4 Matematik calisirken camm sikilr.

5 Matemankle ufmmsmak ben eflendinr

f Bos zamanlanmdas matemabk cahismakian zevk abinm.

T Matematik dersinden korkanm

8 Matemank problemi gozmek beni yorar.

% Matematik bana korkutucu gérindr.

11} Matematik problemi ctemekten zevk alimm.

11 Matematik derslenn en gitzehdir

12 llende, matematikle yvakondan ilgili bir meslek segmeyt istenm

13 Matematikten hig hoslanmam

14 Programda matematik ders saatlennin sayisi azaltihirsa mutlo
olurm.

15 lernde, matematikle iliskisi en az olan bir meslek secmek
Isterim.

16 Elime gecen her matematik problemmi ¢bdemek 1sterim.

17 Matematik konusundaks her sey ilgimi geker.

18 Dersker ammsinda en ¢ok matemahkien hoslaninm.

19 Matematik oyunlanndan hoslanmam.

20 Mimmkin olsa matematik verime baska bir ders almm.

21 Matematik ddevlenim sikilmadan zevkle yaparnim

22 Matematik derslenne mechur oldufum iein cabhsiyorum.

23 Bos zamanlanmda matematik problemlen gozmek bana zevk
VETI.

24 Bir matematik sorusunun cevabim bulmak in kendi kendime
uzum bir zaman
harcamaktansa, onu bir bilenden sorup Gdrenmeyi tercth ederim.

25 Matematik dersinde kendimi rahat hissedenm.

26 Dafier derslere giire, matematifi daha buyilk bir zevkle calisimm

27 Bana gére, matematik en gekict derstir

28 Matematik dersinde konular azalblsa sevimnm

249 Matematik dersinden cekininm

30 Matematik dersine, sadece simif gecmek igim ¢alisiyorum.
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Appendix 2. Mathematics Test in TEOG 2015

LY
2015-2016 EGITIM - OGRETIM YILI Y\. J’ 1.MERKEZ| ORTAK SINAVI

MATEMATIK

1. Bu testte 20 sonu vardir,
2. Cevaplannizi, cevap kadidina igaretieyiniz,

1. % sayisi asafiidakilerden hangisine

agittir?
Alae  Blgy 012 D) 36
:
2. (0,7)(0,7)(0,7)= (0,7 ve i
1111 1 .
iiiii=5‘olduﬁumgﬁma+b %
kagtr? 7
F
A -3  B)-2 Ci5 o) 8 ;
g
g
8
4

3. 5" sayi= asafidakilerden hanglsine asittir?

A) 0,0005
C) 0,0016

B) 0,0002
D) 0,0025

112

4. Asagidakilerden hangisi bir sayimin bilimsel
aosterimidir?

A) 34100 B) 0,99 = 10°
C10,7 «107" 011 =10

5. 4° ile % sayilanimin garpimi agafidakiler-
den hangisidir?
ay2? B 2 c) 2 o) 2"

6. Birler basamad) 9 olan (ic basamakh kag
tane tam kare say| vardir?

Al 4 B) 5 cié o7



7.

M el

SA
20152016 - 1. MERKEZ| ORTAK SINAVI \L.i;.j

MATEMATIK

2x(3x - 5) = 6x* - ax 10. Q rasyonel sayilar kimesini,
ifadesi bir 6zdeslik olduguna gére a kagtir? Z tam sayilar kimesini,
| irrasyonel saylar kimesini ve
N dogal saylar kimesini termektedir,
A-5 B -3 07 D) 10 - S
Bu kiimelerden hangi ikisinin birlesimi
gercek sayilar kiimesini olugturur?
A)Qvel B)lveZ
C)ZveQ D)lveN
v".12 +0= \"r75 - -"'3
Bu esitlige gore [ yerine asagidaki sayilar-
dan hangisi yazilmalidir?
A)2Y2 B)2Y3 C)3/2 D)3/3 %
i
g 11. Asagidaki esitliklerden hangisi dogrudur?
I A)/e0-4/10 B) V48 =26
g C) V72 =642 D) V99 =92
:
- §
im g
8
%
3

7T Yer

Bir okgu, yukanda gosterildigi gibi capl 1 metre
olan daire seklindeki bir hedef tahtasina atig
yapmaktadir. Hedef tahtasinin yerden yiksek-
igi 3 metredir,

Atilan ok hedef tahtasina isabet ettigine
gore, saplandig! noktanin yerden yiksekli-
@i, metre cinsinden asagidakilerden hangisi
olabilir?
A) V6 C) V15

B) V8 D) Y18

12. 5° tane kalemin tamam), 25 bos kutuya esit
sayida yerlestirildiginde her bir kutuda kag
kalem olur?

A)25°  B) 25 c) 5 D) 5°
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13.

14.

15.

S,

)

3

2015-2016 - 1. MERKEZ| ORTAK SINAVI ‘\/’ MATEMATIK

/80 metre uzunlugundaki bir telin v20 metre-

si kullaniliyor.

Buna gore geriye telin kacta kaci kalmigtir?

A 2o B) i
c) si D) Ti

Alani 4,41cm? olan karenin bir kenarinin
uzunlugu, alani 1,96 cm? olan karenin bir
kenarimin uzunlugundan kag santimetre
fazladir?

A)255 B)245 c)1,7 D) 0,7
-213%1 igleminin sonucu kagtir?
A1t B)3 C)9 D) 81

CLONE, DECEM ENDIFOE VE SN HDVETLEN CENEL MODORLOGE

16.

114

Alani 24 cm’ olan bir dikddrtgenin kenar
wzunluklar agsagidakilerden hangisi ola-
maz?

A)4/2cm ve 3/2 cm
B)4/3cm ve 2/3¢cm
C) 348 cm ve 248 cm

D)4/6cm ve Y6cm

Asagidakilerden hangisi bir irrasyonel
saydir?

B)0,3

0) 2%



18.

18.

R
2045-2016 - 1. MERKEZ| ORTAK SINAM \..._,,-J MATEMATIK

258 em?
128 am?®

E 1] c
Sekildeki ABDE karesinin alani 256 cm® ve
BCD dik Dpgeninin alani 128 ecm? dir,

Buna giire | EC| kag santimetredir?

A)20 B)24 C)as Oy 32

/288 klometrelik bir yolun yarisim daki-
kada +'8 kilometre, dier yansini dakika-
da /18 kilometre hizla giden bir arac, bu
yolun tamamim kag dakikada gider?

Ald B)G c6 o7

20. Asagidakilerden hangisi bir aritmetik dizi-

OLCKE, DEGER ERDIFVE VE SN HIZVETLE ) GE REL MOD0RL 0G0

115

nin ilk beg terimi olabilir?

A, 1, 2 3 5

Bj1, 4, 9, 16, 25

c)z2 4, 8 18 32

oya, 7, 11, 15 19
TEST BITTI.

CEVAPLARINIZI KONTROL EDIMIZ,



Appendix 3. Game of Proposition or Not

.80..:6* N7 Qk J..\.ﬁ\_m. s

Ny
)
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Appendix 4. Game of Sponge of Logic
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Appendix 5. Game of Guess the Compound Proposotion
* -Am | ‘ﬁ 4 - ,’, -
gty (LT IT

s e
| I . -- . - =
- 1
- - -
||
. 15 o
= ’, - |
= -

o
) g |
f
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Appendix 7. Maths Bingo Game

120



Appendix 8. Common Examination as used Posttest

2018-2019 EGITIM OGRETIM YILI iBRAHIM HAKKI ANADOLU LISESI

MATEMATIK DERSI 1. DONEM 1. YAZILI SINAVI

1-) Asagidaki ifadelerden Onerme olan ve

olmayanlart belirtiniz.

TP ) 10 tane rakam vardir.
TP ) Hep birlikte sinemaya gidelim.
T ) -1 rasyonel sayidir.

T ) Bugiin hava soguktur.
(oo ) Bugiin hava -5 °C dir.

4-) pvp=0 ,req =1
olduguna gore asagidaki 6nermelerin dogruluk

degerlerini bulunuz.

a. gA(p' =r)

b. r=@®Vvq)

2-) Asagidaki ifadelerin olumsuzlarini yaziniz.

5-) Asagidaki 6nermelerin esitini yaziniz

b. @=q)'Vv(g=>r)

c. (P¥r)A(Q¥Yp)

a. Dogal sayilarda c¢arpma isleminin a. pVvp
degisme 6zelligi yoktur. b. pVyp'
Olumsuzu:
c. p=0
b. 7-2=5 d pAoO
Olumsuzu: e. 1vg
C. VX€ERicinx?=>0 f pep
Olumsuzu: g lep
) h. 1vp
. s X—
d. EIXEZl(;m,TEQ i. poop
Olumsuzu: . ,
J. pAD
e. Okullar eyliil ayinda agilmaz.
Olumsuzu:
3)p=1, g=1 , r=0 6-) (pvO)A(p'V1)
Buna gore; Onermesinin dogruluk degerini bulunuz.
a (pAq)=>r
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7-) A= {1,2,a,{b},{1,2}} kiimesi ile ilgili

10-) A, B c E olmak {izere

asagidakilerden hangileri dogrudur? s(A)=15, s(B)=8 ve sS(AUB)=20 olmak iizere,
a. s(A)=6 S(ANB) kagtir?
b. 1leA
c. {1} eA
d {12}eA
e. {2,a} cA
8- )K={x|-2<x<4,xeZ} 11-) Bir toplulukta piyano veya keman

L={x|x < 11,X = 2k, k € N}
kiimeleri verilmistir. Buna gore;
a. K ve L kiimelerini liste ve Venn semast

ile gosteriniz

b. K ve L kiimelerinin alt kiime sayilarini

bulunuz.

calanlarla bu enstrimanlardan  higbirini
calmayanlar vardir. 4 kisi sadece piyano, 8 kisi
sadece keman calmakta ve 7 kisi de higbir
enstriiman ¢almamaktadir. Bu toplulukta 21 kisi

bulunduguna goére keman ¢alan kag kisi vardir?

9-) A={x, v, z, 1,2} kiimesinin alt kiimelerinin kag

tanesinde

a. 1 bulunuz?

b. xbulunmaz?

c. 2 vey eleman birlikte bulunuz?

12-) Futbol, voleybol ve basketbol sporlarindan
en az birinin oynandig1 bir toplulukta, futbol ve
voleybol oynayan 7, voleybol ve basketbol
oynayan 5, futbol ve basketbol oynayan 6 kisi
vardir. Her ii¢ oyunu da oynayanlarin sayisi 4 ,
yalniz bir oyun oynayanlarin sayisi 15

olduguna gore, bu toplulukta kag kisi vardir?
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