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ABSTRACT

AN EXPLORATORY STUDY TO ASSESS ANALYTICAL AND LOGICAL
THINKING SKILLS OF THE SOFTWARE PRACTITIONERS USING A
GAMIFICATION PERSPECTIVE

KAYALI, Sahin
M.Sc., Department of Computer Engineering
Supervisor: Assist. Prof. Dr. Murat YILMAZ

September 2015, 71 pages

The link between analytical and logical thinking skills and success of software
practitioners attracted an increasing attention in the last decade. Several studies report
that the ability to think logically is a requirement for improving software development
skills, which exhibits a strong reasoning. Additionally, analytical thinking is a vital
part of software development for example while dividing a task into elemental parts
with respect to basic rules and principles. Using the basic essence of gamification, this
study proposes a mobile testing platform for assessing analytical and logical thinking
skills of software practitioners as well as computer engineering students. The
assessment questions were taken from the literature and transformed into a gamified
tool based on the software requirements. A focus group study was conducted to capture
the requirements. Using the Delphi method, these requirements were discussed by a
group of experts to reach a multidisciplinary understanding where a level of moderate
agreement has been achieved. In light of these, an assessment tool was developed,
which was tested on both software practitioners from the industry and senior computer

engineering students. Preliminary results suggest that individuals who exhibit skills in



analytical and logical thinking are also more inclined to be successful in software
development.

Keywords: Gamification, Learning, Focus Group, Delphi Study, Analytical Thinking
Ability, Logical Thinking Ability.
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YAZILIM UYGULAYICILARININ ANALITIK VE MANTIKSAL
DUSUNME BECERILERINIi DEGERLENDIRMEK iCiN OYUNLASTIRMA
YONTEMLERI KULLANIMI UZERINE EKSPLORATIF BiR CALISMA

KAYALI, Sahin
Yiiksek Lisans, Bilgisayar Miihendisligi Anabilim Dali
Tez Yoneticisi: Yrd. Dog. Dr. Murat YILMAZ

Eyliil 2015, 71 sayfa,

Analitik ve mantiksal diistinme becerileri ile yazilim gelistiricilerin basaris1 arasindaki
baglant1 son on yil i¢inde artan bir ilgiye konu olmaktadir. Bir¢ok ¢alisma kuvvetli bir
akil yiirlitme isteyen yazilim gelistirme becerilerinin artmasinda mantiksal diisiinme
yeteneginin bir gereklilik oldugunu gdstermektedir. Ilaveten, analitik diisiinme,
yazilim gelistirme siireglerinin hayati bir parcasidir. Ornek olarak, temek kural ve
ilkelere uyarak bir konuyu yapi taslara ayirmak gosterilebilir. Oyunlastirmanin temel
Ozlini kullanan bu ¢alisma bilgisayar miihendisligi o6grencileri gibi yazilim
uygulayicilarinin analitik ve mantiksal diisiinme becerilerini degerlendirmede bir
mobil sinama platformu 6nermektedir. Degerlendirme sorular: literatiirden alinarak
yazilim gereksinimlerine dayanan oyunlastirilmis bir araca donistiiriilmiistiir.
Gereksinimleri belirlemek i¢in odak grup calismasi yapilmistir. Bu gereksinimler ¢cok
disiplinli bir anlayis kazanmak i¢in bir grup uzman tarafindan Delphi metodu
kullanilarak ele alinmistir. Bunlar 151¢imnda, hem yazilim uygulayicilart hem de son
smiflardaki bilgisayar miihendisligi 6grencileri tizerinde test edilmis bir degerlendirme
arac1 gelistirilmistir. Onciil sonuclar gdstermektedir ki, analitik ve mantiksal diisiinme
becerileri gosteren bireyler ayni zamanda yazilim gelistirmede basarili olmaya
yatkindirlar.

Anahtar Kelimeler: Oyunlastirma, Mobil Ogrenme, Odak Grup, Delphi Calismast,
Analitik Diistinme Yetenegi, Mantiksal Diisiinme Yetenegi.
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CHAPTER 1

INTRODUCTION

We now live in a world where new technologies are frequently introduced. To be
successful in this competitive environment an individual must be able to improve his
or her cognitive skills every day. And in such a world, knowledge workers need to
utilize the collected knowledge and use it to develop better skills in an effective way.
However, improving personal and professional success depends on lifelong learning
and continuous self-improvement [1]. In particular, students of this new area should
understand the relationship between their analytical and logical thinking skills and

their future success.

Jacobsen et al. [2] suggested that there is a positive relationship between sensory and
cognitive attributes of individuals, and ultimately the success level of students is
directly proportional to such skill sets. In a study conducted in 17 countries, Bloom [3]
also argued that the cognitive attributes of an individual are directly proportional to his

academic success.

The thinking abilities of individuals were accepted as a skill and different definitions
were made. Lipman [4] stated that thinking skills vary from person to person since
they are personal skills. He also argued that differences could arise in comprehension

and discernment as logical thinking skills differ based on individuals.

Improvement of individuals’ logical and analytical thinking skills has become
important because it affects the success of individuals in the field of software
engineering. The basis of logical thinking is the sequential thinking process. The

continuation of the process requires the ideas, findings and the results related to



problems to be determined and the data obtained to be regulated. The success of
reaching the goals and dealing with the difficulties of the complex world depends on
the logical thinking skills of the individuals [5]. One of the subjects put excessive
emphasis on in education is logical thinking ability and it is indicated that it has a great

effect on student’s success [6].

Sternberg and Grigorenko [7] divided thinking skills into 3 categories: analytical,
creative and practical thinking. Analytical thinking involves the processes of
knowledge-based problem solving and decision-making. According to a definition
provided by Ruskin [8], being analytical is “breaking things, situations, practices,
problems, statements, ideas, theories, arguments down into their component parts.” [8,
pp. 1], Mathematics is the foundation of analytical thinking. Chuah [9] claims that
students who study at the department of engineering sciences must have analytical and
logical thinking abilities so that they can make rational decisions on the foundations

of engineering.

Fatin [10] states that the importance of analytical thinking in engineering education
where students are expected to make an inference when comparing and reason when
taking risks and making decisions. Robbins [11] claims that analytical thinking skill is
necessary when solving out the facts and both analytical and logical thinking skills are

necessary when solving problems.

How we see education has taken a new form through the ideas related to the
development of analytical and logical thinking skills. By benefiting from the
opportunities of technology, an aim is to improve the motivation of individuals.
Through the computer and the Internet usage, a new generation growing up with digital
games and defined as G-generation® has appeared [12]. We cannot set apart this
generation of today, which is called information age, from computer and the
technology, which comes along with it. People of this generation are continuously
using the Internet and connected with the social networks. They use game elements

and gaming principles during these activities constantly without even realizing it. The

1Children who were born after 2000



research shows that this generation plays games for more than 10.000 hours a day in
average [13]. Prensky [14] describes this new generation who was born and is growing
up with the technology age as “digital natives”. Students now learn by playing
willfully and fondly in an environment that computer technology provides for them
[15].

One of the most important concepts for using technology in education is called
Computer Aided Instruction (CAl). The quality of software designed in CAI largely
affects teaching. While well-developed software can have positive effects on
individuals’ success, badly developed software can have negative effects on

individuals.

To this end, educational games usage improves day by day and researches are done on
this topic. Dominguez et al. [16] aimed at using the video games by transferring the
good sides of them into environments where there is no game, instead of using them

to train individuals.

Zickerman and Cunningham [17] define the gamification as “the usage of thinking
style in the game and the game rules to draw the users” attention and solve problems.
Deterding et al [18] use the term gamification to refer to the usage of game design in
contexts in which there is no game. In this regard, the design must be clear first so that
gamification could be implemented. And if this design could be used in contexts or

environments, where no game exists, gamification process is completed.

In this context, the game design to be carried out is very important. Bunchball [19] put
in order the outlines of gamification components as points, badges, levels, experience
and leaderboards. Points can be described as a prize given as a result of success
achieved during the game. Badges are prizes given for the general success in the game.
For instance, individuals who achieve different successes are also given rating badges.
The games using the gamification components effectively reached a big target

audience.



Hou [20] suggests that games such as Farmville are played in order to have fun, relax
and steer away from stress in daily life. Games, which are not designed to enjoy, first
are called serious games. Topics such as education, trade, health, and social awareness
are within the serious games. Bogost [21] discussed the existence of persuasive games.
He claimed that games, which have a high level of persuasive ability, are video games
and video games are games, which can change the structure of sociocultural systems
and provide social change.

Gamification is a different term from serious and persuasive games. While game
components are used in non-game environments in gamification, while there is a
complete game platform in serious and persuasive games. This is a key difference
between game and the term gamification. Hence, their areas of usage are different.
Especially, in recent years, gamification has started to be used in the fields of software

development and game-based learning. The typical examples of these are:

e Foursquare: This is a local search application in which users check into a
place to gather virtual scores and prizes through GPS of mobile devices. It has
approximately 75 million users today. It uses especially badges and

leaderboard as gamification components.

e Nike+: Through an application on gamification platform, it enables athletes
with wristbands to follow their daily trainings and the calories they burned. It
also helps them to share these in the life coach site and it improves their

motivations.

e eBay: By using scoring system and badges as gamification component, it
provides the sellers with grading and this raises the reliability of the seller and

the quality of the store.

These applications using gamification platforms try to make daily routines more
enjoyable. When you look at many services or products apart from these critically, you

can easily see the traces of gamification principles.



Today smartphones and tablets not only keep up with desktop computers but they also
have many benefits [22]. The usage of education and productivity activities through
smartphones, which G-generation prefers to carry them, improves in addition to
portability, ease of use and ergonomics every day. In this study, gamification
components will be presented to the users over mobile application because of all of

these eases of handling.

This study seeks to address the following two questions, which should concern

computer engineering students and software practitioners:

1- Do they have substantial skills to study computer engineering?
2- What is the potential success that they could achieve as a software engineer
when they graduate?

In order to find answers these questions, we conduct a test study. However, many
young people do not really like to use paper and pencil in this technology age. On the
other hand, they insist on not taking these kinds of tests, but on the other hand they

love to fill out questionnaires/surveys on the Internet to pass time.

Author believes that measuring logical and analytical thinking skills of individuals can
be considered important in terms of finding answers to these questions. To this end, a
mobile application is designed with the help of a set of game elements so that these
questions could reach more people to be solved. Here, an aim is to improve the

motivation and enthusiasm of the participants.

At first, the proposed approach is tested on people who’ve gained experience as
software development in business landscapes. Based on the acquired results from
practitioners, a threshold value is formed which will be taken as a reference for
evaluating the results of the students who use the application later. Thus, the students
will obtain information about which positions they can reach when they graduate. They
will know how to choose the right department thanks to this design that could be

applied to students of computer engineering in addition to university applicants.



To determine the design framework to be prepared, experts will be consulted through
a Delphi study. This way, a design, which is fit for purpose, will be prepared in the
most correct way. At the end of the design, individuals will get feedbacks, which are
suitable for the gamification platform, and their motivation will increase.

The general structure of the study consists of six parts including the introduction. The
configuration of the thesis is as follows:

Chapter 2: This chapter consists of a literature review which explains how
logical and analytical thinking abilities are used in the fields of engineering and
education, how gamification components can be integrated into these fields as well as

examples of how these components were integrated into mobile devices.

Chapter 3: This chapter briefly describes the research methods and how these
methods are used. It explains how qualitative and quantitative research types were used
during the study, focus group and Delphi study processes and the framework obtained

as a result of the study.

Chapter 4: In this chapter, the definition of the system and the details are
given. The tools used in designing the software and the uses of them are explained.
Additionally, the features of the web and mobile interfaces and their utilization are

described.

Chapter 5: In this chapter, the results of the assessments obtained from the

participants are analyzed, and the analysis of the results of the study is provided.

Chapter 6: This chapter includes a brief summary of the whole study.
Furthermore, it involves a detailed interpretation of the results obtained during the

study. It concludes with some ideas for future work.



CHAPTER 2

BACKGROUND AND RELATED WORKS

2.1 Introduction

This chapter starts with the definition of analytical and logical thinking skills and
explains its use in the literature. Next, it details the term gamification and game-based
learning and discusses the advantages of applications in the fields of education and
engineering. Furthermore, it mentions mobile assessments and its advantages over

traditional approaches. Finally, a brief summary is presented to conclude this chapter.

2.2 The Ability to Think Analytically and Logically

Analytical thinking can be described as induction? [23]. Therefore, individuals who
have the ability to think analytically allocate the category of the problem during the
examination. Dewey [23] suggest that people who have developed the ability to think
analytically complete the system by examining the components first, in opposition to
those with holistic thinking by considering the object as a whole at first glance. Holistic
thinking can be described as deduction [24]. Dewey [23] claims that people who have
the holistic thinking ability choose to evaluate the object as a whole at first glance than

evaluating it through its components.

2Reaching general judgments based upon individual facts that are observed



Umay and Ariol [25] developed “The Scale of holistic and analytical thinking”
(SOHAT) to specify the level of students’ analytical thinking ability (see Appendix B,
Chapter 1). Taking into account the features of holistic and analytical thinking styles,
5 items that were thought to express the reflections on problem solving performance
of these styles were developed for SOHAT. 18 people were consulted as specialist
opinion for the validity studies of the developed scale. The reliability coefficient of the

scale was calculated as 0.78.

Karplus [26] mentions the definition of logical thinking, which is solving the
individuals’ problems by using mental ability. Temizylirek [27] claims that it
isimportant for individuals, who are curious, have creative thinking and are productive

to be educated in terms of revealing the unknown facts in sciences.

Soylu [28] emphasizes that the logical thinking is not only an activity that includes
cognitive process, but also a way of thinking which functions by the rules and
involves the testing process of current situations and evaluates and develops current

situations.

Tobin and Capie [29] developed the Logical Thinking Test (TOLT), which consist of
ten items (see Appendix B, chapter I1). These are used to measure 5 reasoning forms:
controlling variables, combinatorial reasoning, probabilistic reasoning, correlational
reasoning and proportional reasoning. Analysis of the data revealed a high level of
test validity and reliability (coefficient alpha= .85) Roadrangka et al. [94] also
developed a (GALT) group test of logical thinking [6, 7, 15]. Both of the test results

are the same but the methods that they used are different.

From past to present, different ideas related to the ability to think analytically and
logically have been put forward and researches have been done within the frame of
these ideas. Through various studies, it has been observed that especially individuals
who received education on sciences and engineering have a high ability of analytical
thinking [3, 11] and logical thinking skills [5, 7, 8, 17].



2.2.1 Sample Study about Test of Logical Thinking and the Scale of Holistic and
Analytical Thinking

Sebete¢i and Aksu [30] conducted an empirical study in which 142 students were tested
to identify the level of analytical thinking. SOHAT was exercised and in order to
determine the level of their logical thinking ability, TOLT was conducted. The pass
marks that the students got from the courses were used in order to compare the results
obtained from these tests. In addition, the students were tested to measure the
differences between one another in terms of their socio demographic characteristics. It
was found that analytical thinking was meaningfully associated to the marks that
students got from the programming courses. In addition, logical thinking was
meaningfully associated to the marks that students got from the programming courses.
In light of these results, when the ability to think analytically and logically develops,
their success of programming will also improve. Thus, techniques and methods are

recommended to promote students to think analytically and logically.

Wong et al. [31] carried out a study through TOLT with 501 test papers being
completed successfully. The results showed that the logical thinking ability of the
people tested was poor and their induction ability was better than their deduction
ability. The practices of logical thinking affected the deduction ability of the tested
people.

Kilig and Saglam [32] tested 586 students at secondary education. In the study, it was
examined whether the students’ logical thinking ability was influenced or not by
factors of sexuality, age and school type. To identify the logical thinking ability of the
students, TOLT was exercised and to analyze the gathered data, one-way analysis of
variance was exercised. The findings of the study confirmed that the ability of logical
thinking had a meaningful difference depending on sexuality and school type. [32] In
addition, the age variable did not have an effect on the students’ logical thinking

ability.

Geban et al. [33] conducted a study using the TOLT where 200 students got involved,

2 teachers were selected and given to different groups randomly. Consequently, it was



found that problem solving through computer simulation was more successful than the
traditional systems.

Tezcan and Bilgin [34] performed a study after the students grasped the topic
solubility, aimed to compare the effects of laboratory-aided teaching system with the
effects of conventional techniques and to determine whether prior knowledge and the
ability of logical thinking, the sexuality and the economic situation had an impact on
understanding of the subject or not. There were 2 groups as control group and
experimental group. In the control group, the subject was treated using conventional
techniques and in the experimental group, it was treated using laboratory-aided
teaching system. Before training, TOLT was applied to the students. The results were
evaluated with t-test and Ancova (Analysis of Covariance). It was found that sexuality
and the economic situation did not have an impact on students’ comprehension and
that the marks of TOLT did not have a strong effect on the success in teaching as
expected. Additionally, the results were not statistically significant. This is because the

students were not accustomed to reason in learning.

Mattheis et al. [35] conducted a study to determine the students’ discernment, where
they tested the students’ logical thinking ability and their integrated practice skills. In
the study, they also examined the students’ participation in out-of-school activities and
the teachers’ past performance changes. The results of the study revealed that the
logical thinking ability of the students and some other characteristics were similar to

2 countries where a comparison was made.

Unal et al. [36] explored the impacts of students’ logical thinking skills and the
teaching method used on conceptual understanding of some science concepts.
Achievement Test, TOLT and Concept Test were given to 87 students. The students
were divided into 2 groups and the study continued for 5 weeks. The results of the
TOLT showed that the students’ logical thinking ability made a contribution to their

conceptual understanding of science concepts.

Yenilmez et al. [37] measured the ability to think logically and the achievement

through the TOLT and 2-tier test respectively. Ancova, one of the statistical research

10



methods, was used to measure the effect of logical thinking on student’s success.
Independent variable was logical thinking and dependent variable was the scores in 2-
tier. According to the statistical analysis, a significant difference was observed
between the high marks and low marks of the students from the TOLT.

Heppner et al. [38] conducted a research for examining the differences between the
students who consider themselves as successful and the ones who consider themselves
as unsuccessful at problem solving. As a result, it was observed that those who
consider themselves as successful think that they are more motivated for problem
solving, more successful and believe their abilities and their efforts play an important
role in problem solving, are more consistent, systematic and behave less reactively,
see the problems as a part of their lives and they don’t avoid looking for solutions and
they learn from others most of time, are more determined, careful, intuitive, more
secure about interpersonal intuition and make more environmental changes in

opposition of others.

Umay and Ariol [25] examined the effects of analytical and logical thinking styles on
the performance of solving math problems and the selected ways to solve them. In
order to identify the holistic and analytical thinking styles, the Scale of Holistic and
Analytical Thinking Styles While Problem Solving (SOHAT) was applied and in order
to specify the performance of problem solving, the Paper of Problem Solving was
applied to 189 students. Based upon the results, no significant distinction was observed
between the participants who had holistic thinking styles and the ones who had
analytical thinking styles in terms of their performance of problem solving and the

ways they used to solve problems.

Yenilmez et al. [39] tested 174 students using the TOLT for measuring logical thinking
ability. They used two ways analysis of variance to measure the effect of sexuality and
class difference on the logical thinking ability. The results showed that both class level

and sexuality made a significant contribution on the logical thinking ability.

Wilborn [40] carried out a study in order to enhance the students’ problem solving

skills and their interest of solving the world’s problems. Each of these groups was

11



taught problem solving strategies, questioning techniques and the teaching was
supported with images, schemas and graphics. They focused on writing and reading
the problems, understanding the world’s problems and language development in
mathematics. The results indicated that when the students learn problem solving
strategies and how to read and understand the world’s problems, they enjoy solving

problems and they achieve success in solving the world’s problems.

2.2.2 Sample Studies about Group Test of Logical Thinking

Aksu and Berberoglu [41] studied how the ability of logical thinking differed based on
sexuality, school, education levels of parents, success in school and matriculation. In
this study, GALT was exercised so as to measure the problem solving ability. The
research showed that when the parents’ level of education advanced, their marks of the
GALT would be higher and they would be associated to school success and
matriculation marks and they would be high on behalf of the boys and would differ

among schools.

Williams [42] measured logical thinking through the GALT. In the study, additional
data was collected in order to determine the connections between logical thinking and
the number of hours spent on science and mathematics studies. The data analysis
showed that logical thinking skills develop between 12-15 ages continually. Sexuality
differences had an impact on logical thinking skills. The relationship between logical

thinking and the number of hours spent on science studies is quite important.

Kaptan and Korkmaz [43] conducted a study to explain the effects of problem-based
learning approach on the pre-service teachers’ levels of problem solving skills and
self-efficacy beliefs. There were 102 people in the study. The data of the study consists
of the data obtained from Self-Efficacy Belief Instrument and GALT. The
experimental group was lectured on problem-based learning approach. The results
revealed that the levels of self-efficacy belief and the levels of problem solving of the

group, which used problem-based learning approach, were higher.
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Steer et al. [44] tested a group of students’ 6 logical ability in the GALT. This test
includes logical steps such as conservation, probability and correlation thinking. 393
people got involved in the test. 15 % of students made less progress than other students
in areas conservation; probability, correlation thinking and they got lower marks in the
geology course. The students who was lacking in conservation skills foresaw that the
transfiguration of an object changes its mass. Students who was lacking in the
probability skill had difficulty with carrying the basic mathematics to the principles,
which lied behind conceptual understanding. These students wanted formulas for
problems that did not require calculation. Students who was lacking in the ability of
correlation thinking could not link the different layer moves with extraordinary
process. These skills are necessary so as to understand many ideas requiring higher
level of thinking. The students who had a good correlation thinking skill could explain
the casual relationships. The findings of the study confirmed that the students’ logical

thinking ability was important in terms of their school success.

2.3 Game-Based Applications and Gamification

Games have been an important part of in our lives even before the computers and
computer-based games were developed. In the past, games that were played using
materials such as table, stone and paper, which have started to adapt to virtual
environment with the development of technology. Although the target group of games
was males at first, they have started to attract women and children’s fancy through
technological progress with the video game industry. We now live in a world where
everyone has game consoles and smart phones. Almost everyone plays computer

games and web-based games over social networking platforms.

Gamification is the usage of components of games in systems in which no game exists
in order to increase the user’s experience or to connect the user to the media [45]. This
expression, which started to be mentioned in 2008, did not draw attention until 2010
[45]. On the other hand, there are several applications of game for learning purposes,

which can be considered as an effective way to measure success.
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Bozkurt [46] describes game-based learning as providing latent or open learning,

which can be considered as one of the common ground for gamification approaches.

Examples of the use of games for measurement of success are very common in the
literature (e.g. game-based [52], [56], [58] gamification [57], [61], [63]). The use of
games for learning has become something habitual. Dominguez [47] stated that some
researchers focus on transferring the good sides of video games in application
environments where no game exists, instead of materials such as video game, slide.
This is where we see the term gamification, which is not related to educational

environment but can be adapted to this field.

The study by Karatas [48] examined the literature for understanding the impacts of
gamification on education. The results showed that the studies mostly concentrated on
the graduate students and the topic of the studies dealt with the effects of gamification
on academic success. Furthermore, the focus was on motivation theory as the most
often used game-component and as a present, badges and a scoring mechanism were

used.

Papastergio [49] compared the traditional way of learning with a game-based learning
which involves the same learning goals in learning the computer memory concept that
must be learned by the course of study in computer science lessons. It has been also
tested how the training differs between the sexes in terms of motivation and learning
difference. While gamification has been applied to some of the students, the traditional
way of learning has been exercised to the other students. Computer Memory
Knowledge Test was given to every student as a pre-test and a post- test in order to
measure the changes in students’ knowledge about computer memory term before and
after gamification. After this, the students using gamification filled in a feedback
questionnaire. The results of this study showed that the male and female students using
the game-based learning method were found to be more motivated and more stimulated

compared with the ones using the traditional way of learning.

Engin et al. [50] conducted a study so as to research the use of computers in educational

environment, the methods used and the problems encountered. The study focused on
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web based training, exercise and practice, educational games, simulation software,
instructional tests and one-on-one teaching programs. The study revealed that the use
of' games as children’s favorite activity ease students’ concentration and their adaption.
This conclusion was supported recommending that students were at the center of the
game-based learning.

In order to investigate the educational potential of electronic games, Gomes and
Teixeira [51] applied a research, which consist of two sections. The first section was
Massively Multiplayer Online Games where the motivation of achieving educational
tasks related to development of problem solving skills and communication and
interaction skills were analyzed. The second section was where the reflections of the

first section on the users were observed.

Ucgiil [52] researched the relation of motivation for educational computer games with
sexuality and the weekly use of computer and the weekly playing time of computer
games. In the study, as the educational game, TombRaider: The Last Revelation was
used with 71 students. In this series of the game, the users were given chances to design
new episodes and the researcher redesigned the game as science and technology game.
After playing the game during a lecture, the researcher asked the students to fill in the
Instructional Materials Motivation Survey to measure the motivation effect as the
teaching material of the game. As a result, the sexuality, the time of weekly use of
computer and the weekly playing time of computer games did not affect the students’

motivation for educational computer games.

Pivec et al. [53] studied the ways of game-based learning. It has been mentioned that
games for learning will ease the learning process. It provides for more users to access
information and practice inside the virtual world. In this study, the game-based

learning model made by Garris has been mentioned.

By developing 2 educational computer games concerning ratio and proportion in
mathematics for primary education students, Cankaya and Karamete [54] studied the
effects of these games on the attitudes of students towards mathematics and

educational computer games. In order to identify the attitudes of students to
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mathematics and the developed computer games, a likert scale was used. The
developed games and the scale were exercised to 176 students. It was tested whether
the developed games had a significant change on the attitudes of students towards
mathematics and the educational computer games through t-test. It was tested whether
a meaningful relationship existed between the attitudes of the students to mathematics
and educational computer games through the correlation test. The results of this study
indicated that the students had a positive attitude to mathematics and educational
computer games. However, no significant change was seen between the attitudes of
students playing each of the 2 developed games.

Klawe [55] focused on mathematics and computer education of students from primary
education. To this end, he developed E-GEMS Project. The reason for this is that most
children become disinterested in mathematics after this age range. The results
indicated that the role of the teacher is very important for increasing the success in
learning mathematics. The results also pointed the learning speed between girls and
boys. Girls usually spent their time discovering and communicating, whereas boys

improved faster.

Bayirtepe and Tiiziin [56] conducted a research to investigate the effects of educational
computer games on the success of primary education students’ computer class and
their perceptions of computer self-efficacy. To this end, a computer game concerning
‘hardware’ was prepared. Quest Atlantis (QA) was used for the development of the
game-based learning environment. The research was conducted with the quasi-
experimental design based upon the pre-test and post-test. In the study, the experiment
group students learned through the game environment, whereas the group of controlled
students learned through conventional ways for two weeks. Before and after the
practices, the students were asked to fill in the Perceptions of Computer Self-Efficacy
Questionnaire and given an achievement test. Based upon the results of the
achievement test applied before and after the practices, a statistically significant
increase was observed in both of the groups; however, there was not a meaningful
difference between the success of learning in a game-based environment and the
success of learning in an environment based upon the conventional ways and the

perceptions of computer self-efficacy of the students. On the other hand, the results
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revealed that the students had fun with the game-based learning environment, which

reduced anxiety and helped them learn separately and visually.

Becker [57] investigated digital games and studied probabilities, thoughts and
restrictions for the design of instructional games and discussed the tools used for
learning in classroom as a whole. As a result, the teachers will be a gamer. If the

teacher knows the games’ advantages, they will teach it to children as well.

Kula and Erdem [58] have used Add’emUp, (i.e. a board game that involves games,
numbers, digit and addition) which can be accessed over the Internet. The study has
been carried out according to pre-test and post-test model with no control groups. A
group of 46 people have been used. It has been tested whether the game has made a
difference between class differences and sexualities in terms of its effects on the
development of basic arithmetic operations. According to the change in the answers of
pre-test and post-test before and after practices, it has been observed that the computer
game used has caused a change in the operations. It is obtained that from -operations
to multiple-operations, there has been a change in the answers of students in the post-
test. The students have a positive attitude towards the game-based learning method

because of the way it motivates and teaches the students.

In order to reveal the personalities of the software developers in software development
organizations, Yilmaz and O’Connor [59] developed a personality measurement
instrument using a set of game elements. It was mentioned that the proposed game-
like approach brought a new perspective to the personality analysis. As a result, it was
confirmed that individuals were more interested in interactive tests in social
environments through various questionnaires. Additionally, a game-like application

was found to have important advantages.

Tiiziin et al. [60] carried out a study on the effects of teaching geography on the
primary education students. The researchers designed a 3D computer game. With the
aim of teaching the continents of the world and countries, the students played this
game. With the quantitative and qualitative methods, the study tested the success and

the motivation effect of the game on the students. According to the tests exercised
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before and after the game, it is observed that the success of students increased through
this game. According to this, suggestion is to use a game-based learning method in

geography class.

Garris et al. [61] mentioned how to reach the desired instructional goals in their
research. In teaching, games have important features. The behavior and attitudes of
the instructor were studied. The most significant finding that emerges from this study
is that the teachers must encourage the students for permission and playing games. In
addition to this, the teachers need to use wireless technology, hand-held devices and

other technological devices.

Bozkurt and Kumtepe [62] conducted a study in which they gave information about
gamification, gamification processes, gamification model, gamification types and
design processes. Examples of gamification are FourSquare, Nike+, eBay,
SamsungNation, Microsoft RibbonHero. In spite of the positive sides of gamification,
there has been negative criticism that it changes people’s feelings and actions.
Additionally, information was given about how and in what way gamification should

be used.

Cordova and Lepper [63] carried out a study in order to determine educational
computer programs for increasing the motivation of the students. To this end, they
applied innovative teaching systems to the elementary school students. Based upon the
results, individual differences were observed between traditional and innovative

teaching systems.

Our main purpose of using gamification in this study is to help students steer away
from boring test environments and improve their motivation and to create a
competitive environment with badges and leaderboard that they receive and increase

their success criteria.
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2.4 Mobile Assessments

The use of Internet and smart phones affects all part of our lives. Such instruments
have become the most important tools that we use all the time with the improvements
on the mobile platforms. Saran et al. [64] suggested that with the accessibility of
developing mobile technology and ergonomics, activities such as practice and
application in educational field could be transferred to the outside of classroom. Corlett
et al. argued that [65] it should be possible to benefit from mobile devices (e.g. PDA,
smart phone, tablets) in the teaching-learning process through the support of
educational institutions. Recently, we have often seen studies and researches about the
presentation and use of mobile learning (e.g. education 66, 67, 73, business 71, 73).

Huang et al. [66] conducted a study in which they defended the idea that applications
over PDA and smart phone are not enough for mobile learning. In the study, they added
Google+ to get over the mobile learning restrictions. The findings revealed that

attitudes and activities of the students advanced.

Chiang et al. [67] proposed the augmented reality-based mobile training instead of
traditional ways of mobile assessments. The results showed that the success of the
students using the proposed method increased. In addition, it was observed that those
students’ concentration, confidence and motivation were higher than the ones using

the traditional method.

Hwang et al. [68] conducted a study in order to examine the effects of research-based
mobile learning model on the students. The results of the study revealed that students
who learn through proposed approach have a higher learning success and a less

cognitive load than those who learn through traditional learning approach.

Huang [69] applied a research where he dealt with English teaching by using mobile
assessment method. And he mentioned that although they talk about the advantages of
mobile learning, researches that show the good sides of it are still not enough. The

findings of the research were found to be satisfactory.
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Ferdoisi and Bari [70] focused on the contributions of mobile assessments to the
undergraduates’ learning process. The finding highlight that mobile training offers
many alternatives to preparing and learning the course material. The second major
finding is that mobile learning provides affordable learning solutions for students
because it presents accessible additional sources in contrast to traditional ways of

learning.

In order to examine the effects of mobile training on business English, Teodorescu
[71] carried out a research. The findings of the research suggested that the mobile
assessment method used by the students during a session was much more successful

than the traditional learning approaches.

Chu conducted a research [72] for determining the contributions of the learning
strategies in mobile learning methods to students. Consequently, a method that was
miss-designed and misapplied could have negative effects on the students and the

performance and motivation expected could result in disappointment.

Yusri et al. [73] aimed to observe how ready the teachers are for mobile study
platforms. This study has found that the teachers look optimistically to mobile
applications. Because it is not expensive to access mobile learning, the teachers show

a tendency to it.

Nabipour [74] conducted a research through smart phones with Android operating
system to deal with the success level of mobile applications and traditional way of
learning on the students. The findings examined with covariance analysis confirmed

that mobile applications was more successful than the traditional ways.

Menzi et al. [75] applied a research so as to examine the use of mobile technology for
educational purposes. They examined their academic ideas with the qualitative
research method in a technology acceptance model. This study showed that most of
the academics used mobile learning methods and they all planned to use those methods

in the future. The second important finding was that mobile learning systems would
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be common provided that problems with financial and technical support have been

overcome.

The aim with the application to be designed is to reach the highest level of accessibility
through preparing it on mobile platform. Even though people do not carry their
computers with them all the time in today’s world, they actually live together with
mobile devices. Thus, they will have the chance to use the application at any time

whenever they could.

2.5 Summary

The results in this chapter indicate that people who developed the ability to think
analytically and logically have more creative and practical thinking. The people with
this type of thinking need to be encouraged to recognize themselves and help them
make choices. It can be clearly seen that gamification plays such an important role in
terms of encouraging especially young people. It is achievable to educate young people
who cannot stay away from technological devices such as tablets, smart phones
through these devices. In general, therefore, it seems that the interest of young people
in doing tests increases through the study used in gamification platform with mobile

devices. In the next chapter, a methodology is proposed to conduct the research.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

This chapter describes the methodology of the thesis study. It starts with a brief
definition of the qualitative techniques and how that can be used. Next, it explains
focus group and Delphi method to specify the features of the mobile software to be
designed and the questionnaire to be used and how its procedure and editing continue.
The section explains the steps of Delphi method and its progress in detail. Finally, the
frame of the software to be designed is described on the basis of the information

obtained from the methods.

A general outlook on the prepared design, its process and how it works are shown in

Figure 1.
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3.2 Qualitative Research

The term qualitative research refers to the type of research in which processes are
followed to explain events as a whole by asking questions and receiving answers
through observation [76]. This type of research usually looks for an answer for the
‘why’ question and examines human and social behaviors. In this research system,
where no data is collected numerically, the basic technique is to receive a result by
listening in a mutual conversation and intellectualizing the information obtained

through observation.

In this study, data was collected from 2 different groups of experts through qualitative

observation.

e 3 experts to form Focus group

e 7 experts to form Delphi Study

The purpose of using qualitative observation is to create a gamification and software
design framework in order to increase the consistency and quality of the mobile

application in the light of expert opinions and suggestions.

3.3 Quantitative Research

Quantitative research can be defined as measurement and explanation of the individual
behavior in a social environment through observation, experiment and test objectively.
For Muijs, [95] quantitative research refers to an analysis of numeric data collected
from the questions asked or studies done by using mathematical and statistical
methods. In the numerical (research) method, where there are 2 groups as experimental
and control, the relationship between these 2 groups is specified through statistical

methods.

In this study, the relationship between the focus group experts. And we calculate the

Kendall's Coefficient of Concordance (W). This helps to determine the degree of
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consensus among the experts. The more degree of consensus between the participants’

increases, the validity of the common conclusion gets higher.

3.4 Research Validation

During this study, qualitative observation method of two stages was used in order to
provide the validity, reliability and quality of the software to be designed and put into

use in certain criteria.

In order to reach the goals of validation, the qualitative observation methods to be used
are focus group and Delphi method. The reason why these methods were chosen was

to ensure the participation of experts and reach the first-hand information.

We have three main titles, which were used in the two methods to be carried out:
planning, data collection and analysis. In the first title, the validation of the titles in
Table 1 was discussed as well as a focus group created by experts. The results obtained
were listed. Delphi method was used with a group of different experts for the second
method. Here the goal was to prioritize the titles obtained at the end of the elimination
and change the contents, which were possible to change. The application phase of this

plan is as follows (see Figure 2).
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Figure 2: Stages and phases of validation, adapted from [93]

ORDER TITLE DEFINITION
) The test to be applied should consist of least
1 Selection of test ] )
questions as possible.
o The mobile application to be designed is
2 Accessibility
enough for the target group.
o Gamification methods should be used in order
3 Motivation ) )
to motivate the people taking the test.
N There is no need for a time limitation during
4 Timing
the test.
A clue should be given for answering the
5 Clue )
questions.
The right to come back to the previous
6 Comeback question and change the answer should be
given.
) An award should be given according to the
7 Time Management ]
speed of solving the problems.
N The test should be used by the same person
8 Repeatability

again.
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The answer of each question should be given

9 Real-time Feedback |

simultaneously.

The calibration of the questions should be
10 Calibration carried out according to the threshold value

obtained earlier.

1 Presentation of the | At the end of the test, the results should be
results ordered according to the leaderboard.

Avatars should be assigned to individuals
12 Avatar _ )
according to their success level.

Table 1: Implementation Framework for functional requirements

3.4.1 Focus Group

Focus Group is a study group of people picked out of experts on a specific topic. In
order to identify the opinions and attitudes of those who join the group, the person
conducting the research asks the participants predetermined questions. In the light of

data obtained, in what way the planned study will be carried out is determined [96].

The main purpose of using focus group is to develop a richer understanding and a point
of view by getting away individual opinions blended with hundreds of ideas about
something [77]. The steps of process and the results will be discussed in three main

titles.

a) Planning
Two gamification experts and one android developer expert were invited by e-mail in
order to create the focus group (see Table 2). The average age of the experts was 35.

All the experts invited accepted the invitation to make a contribution to the validation

of the software to be conducted.
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Expert ID Title Age Education
El Android Developer 30 MSc.
E2 Assist. Prof. Dr. (Researcher) 35 PhD.
E3 Assist. Prof. Dr. (Researcher) 40 PhD.

Table 2: Expert Reviewers’ Information for Focus Group

b) Data Collection

The session was started after all the experts gathered on skype calling and it continued

for about 2 hours. Notes required were taken during the session.

All the titles and explanations were examined one by one. The facilitator explained the
titles and the purposes of their formation and broached to the experts. An acceptance
and a rejection list were made after getting the expert opinions. At the end of the
session, both lists prepared by the facilitator were presented to the experts and it was

verified that they were prepared according to their ideas.

¢) Result and Analysis

The two lists prepared by the focus group are as follows:

- Validated List: 1, 2, 3, 5, 9, 10, 11, and 12. They are showed in Table 1.
- Rejected List: 4, 6, 7 and 8.

33.3% of the topics was rejected by the experts during the session and the reasons for

their rejection were explained in Table 3. The titles (topics) accepted were transferred

to the next section and Delphi method was applied.
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ORDER

TITLE

REASON FOR REJECTION

Timing

“The fact that there is no time limitation during the test
may cause the individuals to catch a chance to cheat
and it may not provide the principle of justice between

the ones taking the test.”

Comeback

“Giving the right to come back to the answers will
cause the individual’s time to think to drag out and
this is something unwished for. This is because one of
the goals of this test is to evaluate the practical and
fast thinking of the individuals.”

Time
Management

“Time criterion to be determined for solving the
questions is an optimum time for the individuals who
have a high ability of analytical and logical thinking.
Solving the problems faster will not have a positive
effect on their skills.”

Repeatability

“Giving the right to take the test by the same person
again will cause the test to fall wide of the mark
completely and the person will get a higher result

compared with the first test result.”

3.4.2 Delphi Method

Table 3: Reasons for rejection

Delphi technique, which is a Qualitative research method, is used to make a guess

about the future by consulting experts. In 1946, Delphi method was used to identify

security flaws especially in military by RAND Corporation in USA and it was used in

the literature [78]. Besides military, Delphi technique was used in IT [79, 80] and
education [81, 82].
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The purpose of Delphi study is to reach the most accurate consensus in order to gather
a panel of experts and ensure controlled feedback by conducting questionnaires [84].
The aim is to build consensus for the experts with different point of views for solving
problems before they face the Delphi method. Delphi technique is building a structure
where a group of individuals can communicate effectively in order to overcome

complex problems [85].

There are several examples in the literature where Delphi method was conducted
successfully. Jordan [79] utilized a two-round qualitative research in order to
investigate how the development in semiconductor circuit elements affects the future
of computer technology by using the Delphi technique. Gray [80] benefited from the
Delphi techniques compiled by Roy Schmidt in order to find the critical success factors
in cloud and cloud-based applications, which are used in electronic health record

systems.

Tseng [81] carried out a three-round Delphi study to research the reason for music
professors’ lack of motivation and their resistance to participation in service training.
To this end, Tseng consulted 17 experts. In order to investigate the difficulties that
disabled people go through in natural disasters and create a special part for them in
emergency action plans, Castaneda [82] examined the group of experts of disabled

people and emergency action planners with a-two round of Delphi study.

Because of arbiters’ different point of views and different opinions for solving the
same problem, the researchers can face the fact that the arbiters split in opinion. These
differences of opinion can arise in issues such as what are the appropriate goals in the
application to be carried out, which qualities the product should have, whether the goal
can be accomplished or not. Delphi method is used as a tool for building consensus in
situations like this where there are differences of opinion. Turoff and Hiltz [83] suggest
that Delphi method should be used in emotional or politic situations or situations in

which decisions can be influenced by powerful groups.
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3.4.2.1 Features of Delphi Method

Delphi technique may be divided into three main categories: anonymity, statistical
group response and controlled feedback [86].

a) Anonymity

It is a known fact that the success of Delphi technique is hidden in this feature. During
the study, participants who suggest ideas remain anonymous. This allows participants
to express their ideas freely without depending on the individuals. And it prevents the

individuals from approving of a well-respected participant’s opinion unconditionally.

If the name of a participant is very often mentioned with the problem suggested, if it
is known who suggests which idea, if the participant is worried about his/her idea not
being acceptable or if the participant thinks that his/her idea may bother the ones in
higher status, then the participants may hesitate to express their ideas. For these

reasons, the principle anonymity of Delphi method is necessary.

b) Statistical Group Response

After each Delphi questionnaire is conducted, it is analyzed statistically. One of the
most suitable methods for performing an analysis is Kendall’s W. This helps to
determine the degree of consensus among the experts. The more degree of consensus

between the participants’ increases, the validity of the common conclusion gets higher.
c) Controlled Feedback

The results obtained after the statistical analysis of the consecutive questionnaires that

is applied to experts in Delphi method is completed, that is to say general judgments

arising from the ideas of the experts, are sent to the participants with the next

questionnaire.
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This gives the experts an opportunity to compare their ideas with different ideas and

opinions.

In Delphi technique, questionnaires which are usually prepared in writing and sent by
e-mail are used as a data collection tool. However, data is also collected in one-on-one
meetings or via e-mail in certain cases. (The substance of the questionnaires is from
quantitative objects) The contents of the questionnaires are determined with the

participation of the researcher, participant or both.

3.4.2.2 Applying the Delphi Method

The implementation of Delphi method consists of 7 steps, where people [83] who are
experts in this area or people [87] who represent this area suggest and examine their

ideas and their point of views, and build a consensus for solving problem (Figure 3).
These steps are determination of the main purpose, selection of experts, receiving the

ideas via e-mail, analysis of ideas, attempts to build common opinions, identification

of the mutual points and use of the results. These will be examined in three main titles.
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1- Identify The main purpose
2- Select Experts
3- Post Asking for opinions

&

4- Arrival of the first
interviews

Analysis of ideas

&

5- Common opinion Defense or change of the

opinions

g

Redefine and reasoned
comment

6- Mutual points

8

7- Result

1Ll

Use of the results

Figure 3: The steps of Delphi method, adapted from [88]

a) Planning

Planning consists of the first and second steps which are ‘identify’ and ‘select’.

The purpose of using Delphi method is to verify the titles accepted as accurate and
applicable by focus group. 5 gamification experts and 5 software developer experts
were invited by e-mail apart from the experts who were invited to the focus group. But
only 4 gamification experts and 3 software developer experts accepted the invitation.
The Delphi method applied consists of 2 rounds. In the first round, the titles accepted
by focus group were asked to be prioritized starting with the items which did not need
to change. In the second round, the changes that must be made in the related items and
the reasons for these changes were asked to be identified. Table 4 shows the experts’

job, age and education.



Expert ID Title Age Education
El Android Developer 30 MSc.
E2 Java Developer 32 MSc.
E3 Software Tester 28 MSc.
E4 Assist. Prof. Dr. (Researcher) 35 PhD.
E5 Assist. Prof. Dr. (Researcher) 40 PhD.
E6 Assoc. Prof. Dr. (Researcher) 38 PhD.
E7 Assoc. Prof. Dr. (Researcher) 36 PhD.

Table 4: Expert Reviewers’ Information for Delphi Study

b) Data Collection

In data collection, the titles accepted by focus group were sent to the experts who
accepted to participate in the study. The experts were asked to prioritize the titles that
were sent in the first round from high to low order. Next, they were asked to specify
the changes in the items, which needed to change from low to high order. The common

titles were corrected and presented to the experts for approval.

¢) Result and Analysis
This title consists of the 4™, 5™, 6™ and 7" steps of Delphi method where the analysis
of the opinions, the change of the opinions, reasoned comments on these changes and

the use of the results obtained from the experts are involved.

The results of the first round are presented in Table 5. Each of the results sent by

experts is prioritized.
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Position | Expert | Expert | Expert | Expert | Expert | Expert | Expert
1 2 3 4 5 6 7
1st 12 11 11 11 10 12 10
2nd 11 12 5 10 5 10 12
3rd 10 2 12 9 2 3 9
4th 9 10 10 5 12 2 11
5th 5 9 9 3 3 5 5
6th 3 5 3 10 11 9 3
7th 2 3 2 1 1 1 2
8th 1 1 1 2 9 2 1

Table 5: Round 1 classification of validated for each expert

Kendall's Coefficient of Concordance (W) can be considered as a measure (i.e.
assessment) of the agreement between a group of experts who have rank ordered a set
of entities, which is a value between zero and one. The high level of agreement is
shown above 0.7, while a moderate agreement is valued around 0.5. The values below
0.3 are accepted as weak agreement. Our results indicate that W = 0.575 which means

there is a moderate agreement between the opinion of the consulted experts.

From the data in Table 5 we can see that the 11. title was chosen for the first position
by 3 experts. The 12. title was chosen for the second position by 2 experts. The ninth
title was chosen for the third position. The tenth title was chosen for the fourth position
by 2 experts. The fifth title was chosen for the fifth position by 3 experts. The third
title was chosen for the sixth position by 3 experts. The second title was chosen for the
seventh position by 3 experts. Finally, the first title was chosen for the eighth position
by 4 experts. When ordering the titles, the top rated title was chosen in each position.
If the vote rate of the same title in two positions had been the same, only that title
would have been sent to the experts to vote. Based upon the results, the new ordering

is shown in Table 6.
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Position

Final Title

1st

(11) Presentation of the results

2nd

(12) Avatar

3rd

(9) Realtimefeedback

4th

(10) Calibration

5th

(5) Clue

6th

(3) Motivation

7th

(2) Accessibility

8th

Selection of test

Table 6: Final classification of validated

In the second round, information was obtained about the validity and stability of the

content of the titles by experts. The experts were asked to identify which contents they

needed to change, how they must be changed as well as the reasons for these changes.

The contents and the details that experts asked to change are presented in Table 7.

Expert Title

The changed content

Reason

Real-time

Expert 1
Feedback

The answers should be
given at regular

intervals.

“When the individual’s
success has an effect on the
ordering, the validity of
providing guidance for the

individual will increase.”

Expert 2 | Calibration

The average success of
the ones taking the test
should be used for the
results

calibration as

well.

“The mobile application
will not be enough for the

target group.”

Expert 3 | Accessibility

A web-based application
can be carried out to
the

support mobile

application.

“The individual may not
like the avatar to be
assigned to and his/her
motivation may be lower.
Instead, a badge should be
assigned to the individual. *
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Instead of assigning an

avatar, the individual

should have the option to

“A lowness of motivation

Expert 4 Avatar ) will be observed among the
change  his/her  own _
same group of friends
avatar.
taking the test.”
“Instead of small rewards
Instead of ordering the | or badges, allowing the
Exert 4 Presentation | test results, it is enoughto | individual to solve the
Xper _ _
of the results | give the score that the | problems by playing games
individual receives. will increase his/her
motivation.”
“Seeing the results at the
N end of the test, instead of
Instead of gamification, _ o
_ during the test will increase
o game-based learning _ _
Expert 5 | Motivation the feelings of enthusiasm
should be used. A
and curiosity of the
individual.”
“It motivates the individual
more to see how close he is
Realtime _ to reaching his goal,
Expert 5 Real-time results should | _
Feedback ) instead of knowing whether
not be given. _ _
his each answer is true or
false. “
“When the individual’s
) The flow chart should be | success has an effect on the
Realtime o _ o
Expert 6 given instead of real- ordering, the validity of
Feedback

time results.

providing guidance for the

individual will increase.”

Table 7: The contents that are asked to change and the reasons for these changes
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The table obtained was sent to the experts for voting again. The experts sent the
changes that their colleagues requested to be made to the method administrator by
marking the ones which they thought were positive again. The administrator examined
the tables which were marked and then determined the changes selected by a large
majority and organized the application framework for its final form (Table 8).

ORDER TITLE DEFINITION
) The test to be applied should consist of least
1 Selection of test _ )
questions as possible.
o The mobile application to be designed is enough
2 Accessibility
for the target group.
o Gamification methods should be used in order to
3 Motivation

motivate the individuals taking the test.

) As the goal is approached, the process will
9 Real time Feedback _
continue.

The course success of individuals will be taken
10 Calibration into consideration in addition to threshold value

for the calibration results.

1 Presentation of the | At the end of the test, the results should be ordered
results as per leaderboard.

Badges should be assigned to the individuals
12 Avatar ] )
depending on their success level.

Table 8: Final Implementation Framework’s

By the end of the study, the application framework, which was arranged in the light of
expert opinions and verified by experts, took its final form. The applicability,
reliability, validity and gamification (gaming) of the mobile application to be designed

were achieved in the highest motivation level.
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3.5 Summary

In this chapter, the design method of the study is specified. The type of the research to
be conducted and which methods are used and the processes of the used methods are
mentioned. Also, the framework of the mobile application, which will be designed
according to the data obtained from Focus group and Delphi study, is determined. In
the next chapter, the procedure of the application, which will be designed, is described
and how the gamification methods are adapted to the application is explained.
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CHAPTER 4

DESIGN AND IMPLEMENTATION

4.1 Introduction

This chapter explains our software application in detail. It describes the necessary
groundwork and tools for our approach and how to utilize it. Additionally, the reason
why these tools were chosen is explained. Then the design of the used database and
the connection between the tables are defined. Finally, the formation process, the usage

of the mobile application and the sheets are mentioned.

4.2 System Description and Requirement Analysis

This survey program, which is based on gamification, will be designed in order to
identify the analytical and logical thinking skills of individuals. This platform will
motivate the individuals to solve the survey questions and increase the rate of solving
them. In addition, students will get an idea about their business life in future by solving
the questions.
In this platform, there are 2 different user types for our system. These can be listed as
follows:

e Administrator

e Students
The function of the system consists of selection of question types, which will be added

into the system by an administrator and uploading them into the system.
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University students or students preparing for university try to progress, in order to gain
a badge and points by solving the questions. Web interface is planned to be used for
administrator control and uploading questions. And android interface is planned to be
used so that the question system prepared could reach the final user.

The functions and modules of the system are described in detail as follows:

e Add New Admin: In order that the application can be fit for purpose, an
authorized administrator or administrators, who determine and design the survey
types and survey questions which will be uploaded into the system, are needed.
This module involves personal information of the administrators as well as their

user name and password so that they could login to the system.

e Add New Survey: There might be more than one survey or more than one
survey might be conducted in the application at the same time. Hence, the

administrator needs to create a new survey before uploading any question.

e Add New Question Type: The questions which will be added can have different
types and implementations. Therefore, it should be decided whether the question

types are true-false, multiple-choice or classic before uploading the questions.

e Add New Question: There might be other types of questions apart from the 2
types of survey questions that we decide to add to the system. This module will

help add new questions to our system.

e Join the game: The application is designed in a gamification platform. The users

should feel that they join a game while they login to the application.
e View Process Bar: After completing the application, the users should be able

to follow how close they are to their goal when answering the questions through

an instant progress bar.
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e View Overall Ranking: After completing the application, the users should be
able to see their ranking within the other users, their success score and the badge
given to them at the end of the success they achieve.

4.3 Tools and Databases

4.3.1 MySQL Server

The term MySQL server refers to an open source database. It is supported by volunteer
developers constantly and distributed with General Public License (GNU). The reason
why we choose MYSQL for database is that we use android, that is to say, open source
in other platform. PHPMYADMIN will be used, which is the oldest and commonly

used program, for database management.

In our database, there are 8 tables. These can be listed as follows:

1. ADMIN: In this table, the aim of each administrator is to save the user name
and password that users have to use, which is created by them, for logging to the
system. In order for the users to store their personal information, ADMIN
INFORMATION, which is a separate table, is used.

2. ADMIN_INFORMATION: This table is designed to store some personal

information of administrators such as first name and last name.

3. SURVEY: There are 2 different surveys which we will use in our game
platform. In order to separate the surveys from one another and connect with

them, it is necessary to denominate and numerate the surveys in advance.
4. QUESTION: In this table we will store the questions which constitute these
surveys. Each question should contain its title, its content and if available its

question graphic in the database.
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5. QUESTION_OPTIONS: This table will contain the options of questions,
which option is correct and how many points is each option, graphics of question
options, graphic extensions and orders.

6. QUESTION_TYPE: It is necessary to categorize the questions in advance so
that different types of questions can be presented in the same survey. Questions
can consist of multiple-choice, classic or gap filling questions. This table will
help us distinguish these features.

7. SURVEY_USER: This table will keep the email addresses, the login date and
the time of the users. The purpose of saving the email addresses of the users into
the database is to prevent the same user from logging to the system again.

8. SURVEY_SURVEYUSER: In order to check whether the answers of the users
are true, to give points, to determine their ranking depending on the success they
achieve at the end of the test and to give the badge that they deserve, it is
necessary to keep these things in a database and compare them. This table will

help us fulfill these tasks.

The relationship between Mysgl database tables is shown in Figure 4. It appears from
the table that there are bidirectional flows and one-way flows. In bidirectional flows,
there are bidirectional connections between the tables. And in one-way flows,

successive tables are presented.
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4.3.2 Java Server Pages (JSP)

JSP can be defined as a server technology created for web pages and other online
programs [89]. It works on the basis of embedding in the markup language such as
HTML or PHP. In order for the JSP files to work as a server, JSP needs an application

Server.

One of the advantages is that a structure, which is created on JSP, works on any
browser. Another advantage of it is that it is open to improvement and it is an open

source software.

4.3.3 Spring Framework

The term spring framework refers to an useful solution to designing operational
applications. Spring module only allows the parts, which we need during coding, to be
used [90].

One of the biggest advantages is that Spring and Spring MVVC make it easier to create
web-based programs and fulfill the basic needs such as security and databank
connections. The reason why we will use Spring Framework in the application is that
only modules that will be used in the designed project can be chosen thanks to the

modular structure.

4.4 System Functions and Module Implementation

As was mentioned in the previous chapter, this system helps us identify how close
students are to their training goals. Hence, there are 2 types of users expected to login
to the system. The first one is the administrator who will add content in the system and
the other is students who will use the platform. Our design consists of two different

platforms, which are web interface and android application. The surveys that each
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admin user creates only belong to the ones who create them and they are not allowed
to be seen or changed by another user. The home page of administrator panel is shown
in Figure 5.

m 192.168.0.60 G g [ =|

sahinkyl@gmail com

Figure 5: Admin Login Page

4.4.1 The function of administrator

Administrator is the only user who has direct access to the database in the designed
system. Administrator is the person who adds the surveys, the question types which
will be used in the surveys, explanations and answers of the question into the system.
He can also determine the points of answers and see the scores received. The
operations that the admin user could carry out are presented in the use-case diagram in
Figure 6.
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Student

Admin

Figure 6: Use case diagram of overall system
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4.4.1.1 Add new survey

After logging to the system, the first page the administrator will see is “Add Survey”,

which is shown in Figure 7. This page allows the surveys to be added and listed which

will be called while using the design in the mobile application.

- Cn | [ 192.168.0.60:8080/AnketorGateway/panel

Sahin Kavali
| Add New Survey |

Survey List
PROBLEM COZERKEN ANALITIK VE BUTUNCUL DUSUNME OLCEGI | Update I Delete |
MANTIKSAL DUSUNME YETENEK TESTI | Update I Delete |

Figure 7: List of all surveys

When you press the button “add survey” in this window, a screen, in which the title,

the definition and explanation of the survey can be added, is displayed. (Figure 8) We

create the basic structure of our survey by adding required definitions through this

page.

m [ 192.168.0.60:8080/AnketorGateway/newSurvey

Survey Title
Survey Description
Survey Defination |

‘|' Create \

Survey List

PROBLEM (OZERKEN ANALITIK VE BUTUNCUL DUSUNME OLCEGI

MANTIKSAL DUSUNME YETENEK TESTI

Figure 8: Add new survey page
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4.4.1.2 Add new question

After determining the surveys and survey lists, the administrator directs the user to the
page “add new question” in order to enter the survey questions. As shown in Figure 9,
after identifying the question number, question definition, content of the question and

question type, you press the “add” button.

Title Description

Question

Order QuestionType | Multiple Choice v
Number

Add Question

Figure 9: Add new question page

After completing to create the questions, it is time to input the answers of questions
and determine the correct option. To do this, you press the button “update” and move
on to the page shown in Figure 10. In this page, answer options are determined and
filled in based on the question types. Next, the correct option is chosen or the score
which will be gained from the chosen option is determined. After pressing the “add”

button, adding question is completed.

Order Char : Description : True / False : |/ Is true Or Enter selection value
Order Char ; Description : True / False : |/ Is true Or Enter selection value
Order Char : Description : True / False : |/ Is true Or Enter selection value
Order Char : Description : True / False : |/ Is true Or Enter selection value
Order Char ; Description : True / False : |/ Is true Or Enter selection value
Order Char ; Description : True / False : |/ Is true Or Enter selection value
Order Char ; Description True / False : '/ Is true Or Enter selection value
Order Char : Description True / False : |/ Is true Or Enter selection value
Order Char ; Description : True / False : |/ Is true Or Enter selection value
Order Char : Description : True / False : |/ Is true Or Enter selection value
Add Options
Finsh

49



Question

22)) - Bir boyact, aynt biiyiiklikteki altt oday: boyamak icin dot kutu boya kullandigima géire sekiz kutu boya tle yine ayni biiyiikliikte kag oda

boyayabilir? - - M+ M Chotce Delete Question

- Select file to upload / Update | Dosya Seg | Dosya segimedi | Upload / Update
a) 7 oda -false -0 | Remove Option
b) 8 oda -false -0 |_Remove Option
¢) 9 oda -false -0 | Remove Option
d) 10 oda -false -0 | Remove Option
¢ ) Higbirt -true -0 | Remove Option
1) Oda sayssinm boya kutusuna orant daima 2/3 olacaktr -true -0 |_Remove Option |
2) Daha fazla boya kutusu ile fark azalabulir. -false -0 | Remove Option
3) Oda saysst 1le boya kutusu arastndaks fark her zaman iki olacaktyr. -false -0 | Remove Option |
4) Dort kutu boya tle fark tki olduguna gore, altt kutu boya ile fark yine ik olacaktir. -false 0| Remove Option
5) Ne kadar ok boyaya ihtiyag oldugunu tahmin etmek miimkiin degildsr. -false -0 | Remove Option

Figure 10: Update question page

4.4.2 Login the Implementation
Students who will use the designed application start to implement it by entering their

email address via the screen shown in Figure 11. The users cannot login to the system

twice with the mail address they use here.
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Uygulamada sorulan sorulara vereceginiz
cevaplar dogrultusunds, mezun

oldugunuzda nasil bir yazilimer olacaginiza
dair éngériide bulunulmaya ¢alisilacaktir,

Enter your e-mail

Griris

Figure 11: Android Login Page

4.4.2.1 Answer the Questions

After logging to the system using an email address, the explanation of the survey to be

solved by users is displayed. (Figure 12)
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PROBLEM (OZERKEN ANALITIK
VE BUTONCOL DUSUOMME OLCEGT

Herkesin bir diistinme stili vardir. Zu diisinme
stillerinden hichiri digerlerinden daha “iyi” ya da daha
“kisti” degildir. Burada sizin problem ¢bzerken daha ¢ok
hangi diistinme stilinde diigiindigiiniiz belirlenmeye
¢aligilmaktadir, Litfen size en yakin gelen secenegi
isaretleyiniz. Nasil diisindliginizi ayirt edemediginiz
maddelerde “Fikrim yok” secenegini isaretleyiniz,

Zasla

MANTIKSAL DUSUNME YETENEK
TESTI

Bu test, cesitli alanlarda, dzellikle Fen ve Matematik
dallarinda kargilasabileceginiz problemlerde neden-
sonug iliskisini goriip, problem ¢ozme stratejilerini ne
derece kullanabileceginizi gstermesi agisindan ¢ok
faydalidir. Bu test icindeki sorular mantiksal ve bilimsel
olarck diistinmeyi gésterecek cevaplar icermektedir.
(1-8. sorularin her iki gikkinda da kendinize uygun olani
iseratleyiniz. 4-10. sorularda buldugunuz cevabin
rakamsal degerini yaziniz)

Zasla

Figure 12: Survey Description

The questions begin to be displayed after pressing the button under the survey
explanation page. An example of multiple-choice question is shown in Figure 13 and
the example of classic question is presented in Figure 14. Once the questions are
displayed, users are not allowed to move on to the next question without choosing one
of the answer options. In addition, the answered questions cannot be changed since the

back button does not work in the design.
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1

Zir boyacy, ayni biiyiklikteki alti odayr boyamak igin
dort kutu boya kullandiging gore sekiz kutu boya ile yine

aynt

biiyiiklikte ka¢ oda boyayabilir?

7 )6 )7 oda

)b )8 oda

)¢ )4t oda

)d )10 oda

') e Highiri

) 1)0da sayisinin boya kutusuna orani daima

2/3 olacaktir

12 )Daha fazla boya kutusu ile fark
aczalabilir,

13 )0da sayisi ile boya kutusu arasindaki
Fark her zaman iki olacaktir,

4 )Dort kutu boya ile fark iki olduguna
) abre_alt kutu boua ile fark uine iki

Devam

Figure 13: Multiple Choice Question

G

Bir pastanede ii¢ cesit ekmek, lic cesit et ve i¢ cesit sos
kullanlarak sandvigler yapilmaktadir, Her bir sandvig
ekmek, et ve sos icermektedir. Tek seferde yalnizea bir
ekmek ¢esidi, bir et ¢esidi kullanilarck kag ¢egit sandvi¢
hazirlanabilir? Ornek: BSK= Bugday, Salam ve Ketgap
dan yapilan sandvig
Ekmek Cesitleri Et Cesitleri

Bugday (B) Salam (S)

Cavdar (C) Pilig (P)

Yulaf (Y) Hindi (H)

2

Devam

Figure 14: Classic Question
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4.4.2.2 Overall Ranking

After the users solve all of the survey questions in the application, the answers to the
questions are sent to the database in our online system and evaluated here. Based upon
the results of evaluation, the success and the badge that the users reach are determined.
Additionally, the success of each user is compared with the other users’ success and
then their ranking is identified. As shown in Figure 15, the ranking and the badge are

presented to the user.

»agari Durumu

i>agari Durumu

Analitik Beyin = i
Dengeli Peyin
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basar Durumu

2 1
butdncu

Tebrikler !

Zasari fle test | tamamladiniz. Siralamadaki
yerinizi ve derecenizi gormek icin devam &
dokunun,

W

Basarili bir yazilime olabilmek icin daha
£a2la emek vermen, inahman ve ¢abalaman
gerekiyor,

Devam

2amanlama Odiili

Tebrikler !

Basari ile test i tamamladiniz, Siralamadaki
yerinizi ve derecenizi gormek i¢in devam &
dokunun,

EOKO ¢

Basarili bir yazilimey olabilmek ading dogru
yoldasin, hedefine ulasabilmek i¢in ¢ok 6z
yolun kaldi. Biraz daha gayret gosterirsen
bagaramaman icin hichir engel yok,

Devam



Tebrikler [

iZasari ile test i tamamladiniz. Siralamadaki
yerinizi ve derecenizi gérmek icin devam &

dokunun, - 1 - silacakic@gmail.com

- 2 - esinuz@gmail,.com

Zasarili bir yazilimen olabilmek i¢in bigiilmig e

kaftansin, Yolundan sapmadan emin

adimlarla ilerlemeye devam et.., - & - cemilk@hotmail.com

-5 - cemocem@live.com

- 6 - aybur@hotmail com
- 7 - omerer@gmail.com

- 8 - mertali@outlook,com
- 4 - yigitsu@gmail.com

- 10 - kkadriye@hotmail.com

Devam Kapat

Figure 15: Overall ranking and badge pages

4.5 Summary

In this chapter, the procedure of the prepared design and how the other steps work in
gamification and the program are described. In the next chapter, who used this
prepared design is explained and the data received from the users is analyzed and the

results are defined.
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CHAPTER 5

ANALYSIS AND TEST RESULTS

5.1 Introduction

The current study involves an investigation of the effects of analytical and logical
thinking skills on student life and business success of computer engineers and software
developers. To accomplish this aim, SOHAT and TOLT, which have been used before
and were proved to be valid, are used. The tests, which aimed to identify the success
of these abilities on professional life, are applied to the software developers and control
group is created. Furthermore, the success rates of the test applied to students of
computer engineering are compared to the scores in class and the impact of these
abilities on the success of school subjects is testing. The details of the studies are

described respectively and shown in tables. Then the results are analyze and explain.

5.2 Control Group

The aim was to identify the business success of students who studied at the department

of computer programming, after they graduated. To this end, the analytical and logical

thinking abilities of 20 computer programmers, who began to work, were measured.

e SOHAT and
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e TOLT surveys were conducted.

5 were the lowest point and 15 were the highest point according to the values of
SOHAT results determined by Umay [25]. It was also determined that the ones who
got 5, 6 and 7 points had a dominant ability of analytical thinking and the ones who
got 12, 13, 14, 15 points had a dominant ability of integrative thinking.

According to the score intervals of evaluation of TOLT results, the ones who had a
low, average and high level of logical thinking abilities were identified. According to
this, the ones who are in 0-3 scores have a low ability of logical thinking, the ones who
are in 4-6 score intervals have an average ability of logical thinking, and the ones who
are in 7-10 score intervals have a high level ability of logical thinking [91].

The scores that the computer engineers received from the surveys are presented in
Table 9.
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TOLT

SOHAT

11
13

10

Table 9: Control group test results
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The distributions of the scores that the computer engineers received are shown in Table
10 and the graphical display of percentage distributions is shown in Figure 16 and the

success distribution of test results is presented in Figure 17.

SOHAT TOLT
Analytical | Neutral | Integrative Low Average High
8 people | 19 people | 1person | 2people | 12 people | 14 people
% 29 % 67 % 4 % 7 % 43 % 50

Table 10: The Distribution of Control Group Test Results by Significance Level
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Figure 16: Percentage Distribution of Control Group Success
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Figure 17: Success Distribution of Control Group

At the end of the SOHAT, the neutral ones were left out of assessment [25]. When this
section, which constitutes 67% of results, is ruled out, the remaining part is 33%. The
individuals who constitute 29% of 33% are individuals with analytical thinking ability.

The findings of TOLT percentage distributions reveal that individuals who have a high
level of logical thinking ability with 50% are the largest mass. The findings also show
that individuals with 43% have an average level of logical thinking ability and finally,

individuals with 7% have a low level of logical thinking ability.

The results of the tests applied to the control group show that the individuals, who have
a dominant structure of analytical and logical thinking according to the percentage
distribution and success score distributions, became an engineer and continue their

career successfully.
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5.3 Experimental Group

The same tests applied to the control group were exercised in order to determine the
success that computer engineering students as experimental group will get in business
life after they graduate and the results were analyzed. As an experimental group, 23

students of computer engineering were got involved.
The scores that the students got from the surveys are presented in Table 11 and the
graphical representation of the scores is shown in Figure 18. The percentage

distribution of the scores by individuals is presented in Table 12 and the graphical

display of percentage distribution is given in Figure 19.

Survey Result of Experimental Group

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
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Figure 18: Success Distribution of Experimental Group
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Table 11: Test Results of Experimental Group
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SOHAT TOLT
Analytical Neutral Integrative Low Average High
7 people 15 people 1 person 3 people 8 people 12 people
% 30 % 65 %5 % 13 % 35 % 52

Table 12: The Distribution of Experimental Group Test Results by significance levels
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Figure 19: The Percentage Distribution of Experimental Group Success

The results of the surveys and the graphics demonstrate that 65% of the results is the
neutral part, which is eliminated. What is left is 35%. The individuals who constitute

30% of the remaining part with 35% are individuals with analytical thinking ability.

The findings of TOLT percentage distributions show that individuals who have a high
level of logical thinking ability are the largest mass with 50%. The findings also
suggest that individuals with 35% have an average level of logical thinking ability and

finally, individuals with 13% have a low level of logical thinking ability.

Comparing the results of control group and experimental group, it can be seen that the

12 students who constitute experimental group with 52% can achieve success in
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business life in future. Also, it can be seen that the group of 8 students who has an
average level of logical thinking ability with 35% need to work a bit more and improve
themselves before they begin to work. The results also reveal that the remaining 13%
section must work really hard in order to begin to work and reach success or they can
prefer other fields of computer engineering apart from software development.

5.4 VValidation Interviews

Interviews were conducted with software developer experts in order to improve the
validity of the design we developed to use in our study. 4 experts were contacted. First,
the design was applied to the experts and then they were asked to give information
about the process of the design, possible problems, the effects of the design on
individuals and what to do in future. The answers of the experts can be listed as

follows:

o Expert 1: “The design developed is colorful and pleasant from the very
beginning. It creates the desire to solve the problems without getting bored. |
did not encounter any problem as to the way it works during the processing
time and it really works uncomplicatedly. It is useful that there is an
explanation before each test. The 3™ level badge gained at the end of the
application can make the user feel the joy of success and pride. I think that it
will create a competitive environment for the students using the application

and thus, their success levels will increase.”

e Expert 2: “A disposable mail address for entry is a successful precaution for
creating a fair competitive environment between the ones using the application.
The design is successful and fit for purpose in terms of its general structure.
Students have an opportunity to compare themselves with individuals who work
as a software developer and make a guess about their future position through
the feedback at the end of the application. In my opinion, this is a motivating

application for them.”

65



Expert 3: “The template used in the design is successful in terms of
ergonomics. Because the design measures the thinking competency, it is good
that the back button does not work. This way, individuals do not have the
opportunity to change the first answer they give and the determination of the
results will increase. When the level of badge that individuals receive is low, it

will be encouraging, even if it causes disappointment for that moment. “

Expert 4: “Its design is mostly simple but fit for purpose. The explanations
given before moving on to the questions are enough. The results received from
the tests are enough to achieve the goal. In my opinion, the more the number
of students using the application increases, the more determination in the order
will be. The application will lead not only to university students but it will also

lead to students preparing for university.”

Expert 5: “I think that the application and the questions related to thinking
abilities are fit for purpose. The application is simple and useful. In order to
see the reward | would get and my grading at the end of the test, | solved the
questions curiously by having fun. | found that the evaluation was accurate and
determined at the end of the application and I really believe that it should be
used to lead to individuals. To improve the application, the number of target
audience can be increased by adding relevant questions to fields of

engineering.”’
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Expert Comment
X “colorful and pleasant — solve the problems without getting bored
— the user feel the joy of success and pride”
ond “design is successful and fit — students have an opportunity to
compare themselves”
310 “design is successful in terms of ergonomics — it is good that the
back button does not work — the level of badge”
4t “design is mostly simple — the results are enough — the application
will lead not only to university students”
“the application and the questions related to thinking abilities are
5t fit for purpose — simple and useful — solved the questions curiously
by having fun”

Table 13: Summary of experts’ comment

5.5 Threats to Validity

Potential factors, which can affect the results of the study in a negative way and reduce
the validity and reliability of them are defined as threats to validity [92]. Because the

coefficient of validation was tested by the people who prepared the tests before and

proved to be accurate, there was no need to calculate it again.

There might be some threats which affect the results negatively in our study as well.

These threats can be listed as follows:

e The student may create a fake email account and have the chance to use the

application again.

e The student may find out about the questions from his/her friend and see the
guestions while someone else answering them and make a guess about the results

before.
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e The student may have the chance to reach the questions and answers before as

the survey questions have been already published in many surveys.

Although we are very careful about the threats that might affect our study negatively
and take precautions against them, the results of the study may be adversely affected
for the reasons above.

5.6 Summary

In this chapter, the data from the users and the results obtained from the application
are described. 5 experts are consulted in order to identify whether the design achieved
its goal and to increase its reliability. Also, the experts are asked to describe the pros
and cons of the prototype application. In the final chapter, an outline of the study is

given and what is planned to do with this study is defined.
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CHAPTER 6

CONCLUSION AND FUTURE WORK

The aim of this thesis is to develop a tool to assess the analytical and logical thinking
skills for computer engineering students to explore the potential success of students’
as software practitioners when they start working at the software industry. To this end,
there has been a necessity to identify the common features between individuals who
finished their engineering education and began to work and students from the
department of engineering or student applicants. As a result of the study, different
styles of thinking were examined for representing the common characteristics of the
individuals. The results showed that many of the researches conducted on engineering
and sciences focused on logical and analytical thinking abilities. TOLT and SOHAT
were chosen for the study due to the fact that these tests are commonly used in different
fields, were proved to be reliable and are easy to implement. In order for the
individuals to solve this test, a set of game elements, which were developed to increase
participant’s motivation was designed. Consequently, a competitive environment that
provides instant results was built. Also, smart phone applications were designed to
make the transportability easier. The importance of thinking skills and the
contributions of mobile learning when implementing them were described and our
research methodology was explained. It was explained why Delphi study, which is a
technique of Qualitative Research, was used and the procedure of the study were
mentioned. The structure of the application designed according to a focus group study
and the Delphi method was used to negotiate a group of experts. Finally, using the
developed product, the results of SOHAT and TOLT, which were applied to the
software developers and the students, were analyzed. The results indicate that more
than 50% of computer engineering students and the ones who began to work are the

ones who developed their analytical and logical thinking abilities.
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The findings reveal that these abilities of individuals have a strong effect on the success
of being a software developer. Then SOHAT and TOLT were applied to the university
students and similar results were found. When comparing the two groups, it can be
seen that there is no obstacle that can stand in the way of half of the students being a
successful software developer. Additionally, this test may be helpful for the student
group preparing for university about whether they should study at the department of
computer engineering or not. In addition to the test results, senior software developers
were interviewed in order to strengthen the validation of the application designed and

the methodology used.

The remarks obtained from the study can be summarized as follows:

e The platform creates an opportunity for students to assess themselves. In
particular, individuals who are worried for their future success. Gamification

can help them to overcome their concerns in a fun way.

e Based on the game elements, their confidence will grow thanks to the badges

given as a reward and they will focus better not to decrease their success.

e The proposed application promotes the students to observe their skill levels.

e The gamification creates a competitive environment especially for participants

to keep up with the others in a leaderboard.

e University applicants should benefit from the application. They will see the
ordering between graduate engineers and students of engineering and thus, they

will make a more conscious choice for a department.

The method used and the software designed achieved their purpose and met the
experts’ expectations. By adding additional options, the design can be developed.
Thus, people who will decide to study computer engineering can be sure of their

decision.
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First of all, what we are planning to do is to improve the gamification techniques in
the design, which consist of gamification platform so that the tests could be more
enjoyable and more motivating. Furthermore, we are trying to make it possible for this
design, which can only be accessed from mobile platforms, to reach from a web-based
platform so that it will reach larger audiences as well.

Finally, the prototype, which was developed can be used not only in computer
engineering but also be beneficial to use in other domains that needs skills of analytical
and logical thinking skills. When it comes to engineering, mathematical analysis
cannot be separated from each other. Based upon the foundations of engineering
concepts, questions, which contain other types of questions, can be formed and added
to the tool so that a wide range of engineering students could benefit from such a

platform as well.

Each year, Turkish universities have a career week for departmental advertisements,
in which university applicants have the opportunity to gain information about the
university departments. It has become usual to encounter individuals who want to
study at the department of computer engineering only because they like to use
computer applications. Individuals, however, do not have enough information about
the education they will receive or the success they will catch. In order to prevent this
uncertainty that the students are going through, the tool that we carried out can be
presented to the students who join the introduction day or conduct research far away
by making an agreement with universities. The students can understand the fact that it
is not only necessary to love playing computer games but it is also vital to have certain
abilities in order to study at the department of computer engineering. Students who
have sufficient abilities to be a software developer can determinedly choose their
department, whereas students who have abilities in different fields can realize this and
be interested in other departments. Thus, the new generation can be led to the
departments in which they can be mostly successful depending on their abilities. The
school success of this new generation can increase and more helpful individuals can

grow for our country.
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APPENDICES B

ANALITIK VE MANTIKSAL DUSUNME TESTI

Sevgili arkadaglar,

Size verilen bu test 5 Adet analitik ve biitlinctl digtinme 6lgegi sorusu ve 10 Adet
mantiksal diigiinme yetenek testi olmak iizere 15 Adet sorudan olugmaktadir. Tlk
bolimdeki 5 sorunun altinda bulunan “()” igerisine sizi uygun gelen segenegi
isaretleyiniz. Ikinci bolimdeki sorularm sonunda bir cevap tablosu bulunmaktadir,

cevaplarinizi orava yazabilirsiniz.

ISIM :

CINSIYET:

YAS:

MESLEGI:
UZMANLIK ALANT:
TARIH:

Basarilar..

A2



BOLUM I

PROBLEM COZERKEN ANALITIK VE BUTUNCUL DUSUNME OLCEGI

Herkesin bir digiinme stili vardir. Bu diiglinme stillerinden higbiri | .4
O | digerlerinden daha “iyi” va da daha “kotii” degildir. Burada sizin | O
5 problem ¢ézerken daha ¢ok hangi diginme stilinde digtindtgtniz =
God belirlenmeyve ¢aligilmaktadir. >
&% | Litfen size en yakin gelen segenegi igaretleyiniz. Nasil digtindiginiizi | 34
ayirt edemediginiz maddelerde “fikrim yok™ segenegini isaretleyiniz. -
Bir problemi ¢ézerken tahmin, Bir problemi ¢bzerken tahmin,
deneme-yanilma gibi yontemleri | deneme-yanilma gibi yontemleri
1 pek kullanmam. sik¢a kullanirim.
) () O
Problem nasil ¢ézdugiimii Problemi nasil ¢ézdugtimii
anlatmakta genellikle zorlanmam. | anlatmam istendiginde genellikle
nasil digindiigiimi agiklamakta
2 zorlanirim.
@) @) @)
Problemi ¢6zmeyve ¢aligirken Problemi ¢ozerken genellikle
genellikle ¢6ziim bir anda ¢cOzum streg iginde gekillenir.
3 gdziimiin ontine gelir.
O O 0
Kimi zaman bir problemi Bir problemi ¢ozdugiimde
¢ozdigimde ¢evremdekilerin cevremdekilerin sonucu
sanki sonucu rastlantiyla rastlantiyla buldugumdan
bulmugum gibi kugkuyla kugkulandiklarini hatirlamiyorum.
4 baktiklarini hissederim.
O )
@)
Problem ¢ozerken bir algoritma Problem ¢ozerken belli bir
izlemek beni rahatsiz etmez. algoritma izlemek yerine kendi
(Algoritma: adimlar halinde, fikirlerimi izlemeyi tercih ederim.
sirayla yapilmasi gerekenler belli (Algoritma: adimlar halinde,
3 olan, standart yol) sirayla yapilmasi gerckenler belli
olan, standart yol)
() () ()




BOLUM II

MANTIKSAL DUSUNME YETENEK TESTI

ACIKILLAMA: Bu test, cesitli alanlarda, 6zellikle Fen ve Matematik dallarinda
kargilagabileceginiz problemlerde neden-sonug iligkisini goriip, problem ¢ézme
stratejilerini ne derece kullanabileceginizi gdstermesi agismdan ¢ok favdalidir. Bu test
icindeki sorular mantiksal ve bilimsel olarak diginmeyi gosterecek cevaplari

icermektedir.

NOT: Soru Kitapgigi Uzerinde herhangi bir islem yapmaymniz ve cevaplarinizi

yalnizea cevap kagidna yazmniz. CEVAP KAGIDINI doldururken dikkat edilecek

hususlardan birisi, 1 den 8 e kadar olan sorularda her soru i¢in cevap kagidinda iki
kutu bulunmaktadir. Soldaki ilk kutuya sizce sorunun uygun cevap sikkini yvazmniz,
ikinci kutucuga yani ACIKILLAMASI vyazili kutucuga ise o soruyla ilgili soru
kitapgigindaki Aciklamasi kismindaki giklar: okuyarak sizce en uygun olanini seginiz.
Omegin 12’nci sorunun cevabi sizce b ise ve Agiklamasi kismindaki en uygun

acgiklama ikinci g1k ise cevap kagidinmi agsagidaki gibi doldurun:

12. ACIKLAMASI

9. ve 10. sorular1 ise soru kitapgiginda bu sorularla ilgili kisimlar1 okurken nasil

cevaplayacaginizi daha i1yi anlayacaksmiz.

SORU 1: Bir bovaci, ayni biiytikliikteki alt1 odayr boyamak i¢in dort kutu boya
kullandigina goére sekiz kutu boya ile yine ayni1 biiytikliikte kag oda boyayabilir?

a. 7oda
b. 8oda



Aciklamasi:

1.

9 oda
10 oda
Higbiri

.3
Oda sayismim boya kutusuna orani daima 3 olacaktir.

Daha fazla bova kutusu ile fark azalabilir.

Oda sayist ile boya kutusu arasindaki fark her zaman iki olacaktir.
Dort kutu bova ile fark iki olduguna gore, alti kutu bova ile fark yine
iki olacaktir.

Ne kadar ¢ok bovaya ihtivag oldugunu tahmin etmek miimkiin
degildir.

SORU 2: On bir oday1 boyamak i¢in ka¢ kutu boya gerekir? (Birinci soruya bakiniz)

¥

Aciklamasi:

S

5 kutu
7 kutu
8 kutu
9 kutu
Higbiri

.2
Boya kutusu sayisinin oda sayisina oran1 daima 7 diir.

Eger beg oda daha olsaydy, ti¢ kutu boya daha gerekecekti.
Oda sayist ile boya kutusu arasindaki fark her zaman ikidir.
Boya kutusu sayis1 oda sayisinin yarist olacaktir.

Boya miktarini tahmin etmek miimkiin degildir.

SORU 3: Topun egik bir duzlemden (rampa) asag1 yuvarlandiktan sonra kat ettigi

mesafe ile egik diuzlemin yiiksekligi arasindaki iligkiyi bulmak igin deney yapmak

isterseniz, agagida gosterilen hangi egik diizlem setlerini kullanirdiniz?



a. [ ve IV

oen| b. II ve IV
c. I velll
d.IveV
@ e. Hepsi
10 mg
T5cm &0 cm i
I Xemy V
Aciklamasi:

[u—

En yiksek egik diizlemle (rampa) karsai en alcak olan
karsilagtrilmalidir.

Tim egik diizlem setleri birbiriyle karsilagtirilmalidir.

Yuikseklik arttik¢a topun agirlig1 azalmalidir,

Yiikseklikler ayni fakat top agirliklar: farkli olmalidir.

Yiikseklikler farkli fakat top agirliklar ayni olmalidir.

oy & B B

SORU 4: Tepeden yuvarlanan bir topun egik diizlemden (rampa) asag1 yuvarlandiktan
sonra kat ettigi mesafenin topun agmrhgiyla olan iligkisini bulmak icin bir deney

yapmak isterseniz, agagida verilen hangi egik diizlem setlerini kullamrdmiz?

3 .1 ve IV

@ :
-

~ b. Il ve IV
= ' \H\.\ el . \“x\

L—\“- ' e c. [ velll

i et “‘"‘\.

B d. IveV

%) :

T, e. Hepsi
Tier \‘“\“ 50 cin ~

- _

L=
-
I



Aciklamasi:

En agir olan top en hafif olanla kiyaslanmahidir.

s P

Tom egik diuizlem setleri birbiriyvle kargilagtirilmalidir.
Topun agrlig arttikga, yikseklik azaltilmalidir.
Agirhiklar farkl fakat vitkseklikler ayni olmahdir.

e. Agirhklar ayni fakat yiikkseklikler farkl olmahdir.

o

=

SORU 3: Bir Amerikali turist Sark Expresi’nde alt1 kiginin bulundugu bir
kompartimana girer. Bu kigilerden ti¢li yalmizca Ingilizce ve diger tigli ise yalnizca
Fransizca bilmektedir. Amerikalmm kompartimana ilk girdiginde Ingilizce bilen

biriyle konugma olasilig1 nedir?

a. 2del
b. 3del
c. 4del
d. 6dal
e. 6da4d

Aciklamasi:

1. Ardarda ti¢ Fransizca bilen kigi ¢ikabildigi ig¢in dort segim yapmak
gerekir.

Mevcut alt1 kigi arasmdan Ingilizce bilen bir kisi segilmelidir.
Toplam iig Ingilizce bilen kisiden sadece birinin segilmesi veterlidir.

Kompartimandakilerin yaris1 Ingilizce konusur.

S

Alt1 kisi arasmdan, bir Ingilizce bilen kiginin yamsira, ii¢ tanede

Fransizca bilen kigi seg¢ilebilir.

SORU 6: Ug altin, dort giimils ve bes bakir para bir torbaya konulduktan sonra, dort
altin, iki glimiis ve ti¢ bakar yiiziik de ayn1 torbaya konur. Ik denemede torbadan altin

bir nesne ¢gekme olasihig nedir?



a. 2del

b. 3del

c. 7del

d. 21del

e. Yukaridakilerden higbiri

Aciklamasi:

1. Altin, gimiis ve bakirdan yapilan nesneler arasindan bir altin nesne

secilmelidir.
1 oo 4
2. Paralarm 7 i ve yiiziiklerin ry u altindan yapilmastir.

3. Torbadan ¢ekilen nesnenin para ve yizilk olmasi dnemli olmadigi igin
toplam 7 altin nesneden bir tanesinin se¢ilmesi yeterlidir,
4. Toplam yirmi bir nesneden bir altin nesne se¢ilmelidir.

5. Torbadaki 21 nesnenin 7 si altindan yapilmistir.

SORU 7: Alt1 yagindaki Ahmet’in geker almak igin 50 liras1 vardir. Bakkaldaki kapali
iki seker kutusundan birinde 30 adet kirmizi ve 50 adet san renkte geker
bulunmaktadrr. Ikinci bir kutuda ise 20 adet kirmiz1 ve 30 adet sar1 seker vardir. Ahmet
kirmizi gekerleri sevmektedir. Ahmet’in ikinci kutudan kirmizi geker ¢ekme olasiligi

birinci kutuya gore daha fazla midir?

a. Evet

b. Havir
Aciklamasi:

1. Birinci kutuda 30, ikincisinde ise yalnizea 20 kirmizi seker vardir.

2. Birinci kutuda 20 tane daha fazla sar1 geker, ikincisinde ise yalnizca
10 tane daha fazla sar1 geker vardr.

3. Birinci kutuda 50, ikincisinde ise yalnizca 30 sar1 seker vardir.

4. Ikinci kutudaki kirmiz1 gekerlerin oram daha fazladur,



5. Birinei kutuda daha fazla sayida seker vardir.

SORU 8: 7 bityilkk ve 21 tane kiiciik képek sekli asagida verilmistir. Bazi képekler
benekli bazlar ise beneksizdir. Bliyilk képeklerin benekli olma olasihiklan kiglik

képeklerden daha fazla nudu?

a. Evet
b. Hayir
Aqaklamas::

1. Baz kigik kdpeklerin ve bazi bliyiik kdpeklerin benekleri vardir.
2. Dokuz tane kiigitk képegin ve yalnmizea ¢ tane bilyikk kdpegin
benekleri vardur.

3. 28 kopekten 12 tanesi benekli ve geriye kalan 16 tanesi beneksizdir.
4. Bilyiik képeklerin 3 s1 ve kigiik képeklerin 291i beneklidir.

5. Kiigiik kopeklerden 12 sinin, fakat buyik kopeklerden ise sadece

4iiniin benegi yoktur.

A
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SORU 9: Bir pastanede tig¢ ¢esit ekmek, Gi¢ ¢esit et ve t¢ cesit sos kullanilarak

sandvigler yapilmaktadir.

Ekmek Cesitleri Et Cesitleri Sos Cesitleri
Bugday (B) Salam (8S) Ketgap (K)
Cavdar (C) Pili¢ (P) Mayonez (M)
Yulaf (Y) Hindi (H) Tereyagi (T)

Her bir sandvig ekmek, et ve sos igermektedir. Yalmzca bir ekmek gesidi, bir

et ¢esidi kullanilarak kag ¢esit sandvig hazirlanabilir?

Cevap kagidir tizerinde bu soruyla ilgili brakilan bogluklara biitiin olasi

sandvig gegitlerinin listesini ¢ikarm.

Cevap kagidinda gereksiniminizden fazla yer birakilmastir.

Listeyr hazirlarken ekmek, et ve sos g¢esitlerinin yukarida gosterilen

kisaltilmig sembollerini kullanimiz.

Ornek: BSK= Bugday, Salam ve Ketgap dan yapilan sandvig

CEVAP9:



SORU 10: Bir otomobil yariginda Dodge (D), Chevrolet (C), Ford (F) ve Mercedes
(M) marka dort araba yarigmaktadir. Seyircilerden biri arabalarmn yarigi bitirig sirasmin
DCFM olacagim tahmin etmektedir. Arabalarn diger miimkiin olan biitiin yarig1
bitirme siralamalarii cevap kagidda bu soruyla ilgili birakilan boglukalara yaziniz.

Cevap kagidinda gereksiniminizden fazla yer birakilmigtir.

Bitirme swralamalarmi goésterirken, arabalarin yukarida gosterilen kisaltilmig

sembollerini kulaniniz.

Ornek: DCFM varist swrasiyla énce Dodge’nin, sonra Chevrolet’in, sonra

Ford’un ve en sonra Mercedes’in bitirdigini gdsterir.

CEVAP 10:

CEVAPLAR
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