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Oz

Hayatin hemen her alaninda kullanilmaya baslayan Yapay Zeka (YZ) teknolojileri artik
oyunlarda da kullaniliyor. Ozellikle son zamanlarda bircok popiiler video oyununda oyunu
otomatik olarak oynayan bot sistemler i¢in bu botlarin oyunun biiyiik ustalarini gelismis
Derin Ogrenme (DL) yontemleriyle yenmeleri miimkiin hale geldi. Bu ¢alismanin amaci,
oyun karakterlerinin yetenekleri dahilinde ne yapacaklarina karar verebilen, Unity 2D
Game Engine'de YZ tabanli iki boyutlu bir video oyunu gelistirmektir. Oyun
uygulamasinda iki boyutlu oyun karakteri kullanici tarafindan kontrol edilmektedir. Bu
karakter, prosediirel diizlem olusturma algoritmalar1 kullanilarak olusturulan iki boyutlu bir
oyun diizleminde hareket eder. Ayrica oyunda maglup edilen diisman sayis1 ve ulasilan
seviye gibi istatistikler de kayit altina alinmaktadir. Oyun Unity2D oyun motoruna dayalidir
ve C# ile yazilmistir. Caligmada sekiz farkli deney gerceklestirilmistir. Bu deneylerde
oyuncunun karakter icin tanimlanan farkli ekipmanlarla oyundaki basar1 siiresi
Ol¢iilmektedir. Bu siire 0,54 saniye ile 1,88 saniye arasinda degismektedir. Giiniimiizde
bilgisayar oyunlarmi daha iyi oynamak veya daha iyi oyunlar tasarlamak i¢in YZ
algoritmalari gelistiriliyor ve YZ algoritmalarini gelistirmek igin yeni oyunlar tasarlaniyor.
Bu baglamda, bu calismanin YZ’ nin bilgisayar oyunlarinda kullanimina iliskin literatiire
katk1 saglayacag1 degerlendirilmektedir.
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Abstract

Artificial Intelligence (Al) technologies, which have started to be used in almost all areas
of life, are now also used in games. Especially for bot systems that play the game
automatically in many popular video games recently, it has become possible for these bots
to defeat the grandmasters of the game with advanced Deep Learning (DL) methods. The
purpose of this study is to develop an Al-based two-dimensional video game in Unity 2D
Game Engine, which can decide what the game characters will do within their abilities. In
the game application, the two-dimensional game character is controlled by the user. This
character moves in a two-dimensional game plane that is created using procedural plane
generation algorithms. In addition, statistics such as the number of enemies defeated and
the level reached in the game are recorded. The game is based on the Unity2D game engine
and is written in C#. In the study, 8 different experiments are performed. In these
experiments, the player's success time in the game with different equipment defined for the
character is measured. This time ranges from 0.54 seconds to 1.88 seconds. Today, Al
algorithms are developed to play computer games better or to design better games, and new
games are designed to improve Al algorithms. In this context, it is evaluated that this study
will contribute to the literature on the use of Al in computer games.

Anf: Aydn, H., Ayas, A. Y., Cetinkaya, A., & Gliney, Z., (2023). iki boyutlu video oyunlarinda yapay zeka (Al) tabanh kendi kendine karar
veren karakter gelistirme uygulamasi. Bilgi ve Iletisim Teknolojileri Dergisi, 5(1), 1-246. https://doi.org/10.53694/bited.1247338

Cite: Aydin, H., Ayas, A. Y., Cetinkaya, A., & Guney, Z., (2023). Artificial intelligence (Al)-based self-deciding character development
application in two-dimensional video games. Journal of Information and Communication Technologies, 5(1), 1-246.
https://doi.org/10.53694/bited.1247338
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Aydin, Ayas, Cetinkaya, & Guney

Introduction

Artificial Intelligence (Al) aims to help machines behave clearly. One of the most important sectors of artificial
intelligence development today is the computer gaming industry. The rapid development of technology has
positively impacted the growth of the digital gaming industry. The digital gaming industry has become a creative
industry arm that needs to be addressed in a large ecosystem (Stewart & Misuraca, 2013). Today, Artificial
Intelligence (Al) technology is used in the field of computer and video games, as in every field, for purposes such
as learning the tasks and stages of the game character. Al technologies, which have started to be used in almost all
areas of life, are now also used in games. Especially for bot systems that play the game automatically in many
popular video games recently, it has become possible for these bots to defeat the grandmasters of the game with
advanced Deep Learning (DL) methods. Among the reasons for the use of Al in computer games is the acquisition
of the ability of the computer or smart device to respond to the player skillfully and intelligently, plan throughout
the game, develop moves, and beat the opponent. Today, with the use of Al in game technologies, it is possible to
develop computer games that can react faster than humans and make high-level tactics. In the case of using Al in
a computer game, all events that occur outside the player while the player is playing the computer game are
processed with this technology. With Al, events such as passing a character while playing a game or enemy soldiers
seeing and firing at the player in a war game are provided. Enemy soldiers who are constantly hit on the head in a
war game can see this situation and can come by wearing stronger helmets with Al in the following sections.
Another example of using Al in games is that the game offers a more challenging game to the players by
automatically increasing the values of the opposing team players according to the player's good performance in
the football match game. Al can also provide a computer with these and similar capabilities, as well as new
capabilities in graphic design. Unlike the games played against computers and where the opponent is not very
smart, it has become possible to create game characters who improve themselves and learn new tactics in every
game with Al. Many new features can be added to games by using Al algorithms. In the case of using Al in a
computer game, all events that occur outside the player while the player is playing the computer game are
processed with this technology. With Al, events such as passing a character while playing a game or enemy soldiers
seeing and firing at the player in a war game are provided. Enemy soldiers who are constantly hit on the head in a
war game can see this situation and can come by wearing stronger helmets with Al in the following sections.
Another example of using Al in games is that the game offers a more challenging game to the players by
automatically increasing the values of the opposing team players according to the player's good performance in
the football match game. Al can also provide a computer with these and similar capabilities, as well as new
capabilities in graphic design. In the future, Al technologies will be used more in the development of computer
games. There are many different Al techniques and methods used in the video game industry today. It can be a

simple FSM algorithm or an advanced neural network that learns from feedback.

The digital games industry, which has a history of almost half a century, has become an industry of interest to
many investors and developers, and a major source of revenue due to the rapid growth in the number of users and
manufacturers and the increasing hardware developments in this field worldwide. As this industry falls within the
scope of many sectors such as the software sector, the creative and design sector, and the hardware sector, it has
now become a major industry thanks to the rapid development of both the hardware and software sectors and the
desire of people to make a career in this field. This industry has also grown with the technologies developed in

recent years (Tylor, 1879; Denning, 2021). Like any industry, the digital gaming industry is in flux and evolving.
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In addition to the increasing desire to play games, the desire of independent producers to participate in the
development of games also plays an important role in the rapid development of the digital game industry. The
software department of the video game industry, which consists of elements such as game makers, game designers,
sound designers, graphic designers, and story designers who develop a game application, as well as the platforms
such as consoles, computers, and phones that run these games, and the hardware department that develops the
hardware of these platforms, this sector covers a large economic area (Zackariasson, Wilson, 2012; Kim & Kang,
2021).

Video game is an entertainment and leisure activity software built on computer-based, text, or visuals that one or
more people can use together on electronic platforms such as a computer or game console over a physical or online
network (Frasca, 2001). Games that were drawn on the wall with chalk and games that were played with skipping
stones have been replaced by various games such as chess, and these games have been replaced by games that are
played in the digital environment with the development of computer technology today. Games developed with the
evolution of technology under the name of research and iterative design provide players with visual and strategic
content as well as in-game character development content; studies on health, tourism, entertainment sector, virtual
world, and history lessons emerge. These studies help to give players an idea of related fields by assigning roles
to players (Evans et al., 2021; Mochocki, 2021; Justesen, 2019; Chen et al., 2018; Hanes & Stone, 2019). One of
the main reasons for these developments is the decrease in the cost of digital game development with the evolution
of technology and the proliferation of helper applications and libraries in the field (Prato et al., 2014). The
applications that contain the libraries and components used in game design in their entirety are called game
engines. Besides game engines such as Cryengine, Frostbite, Source, 4A Engine, there are game engines produced
by large companies for their own use. Unreal Engine, Unity, Godot, and GameMaker are the most commonly used
game engines by small companies and independent producers. The historical development process of the digital
gaming industry includes the early development phase before 1980, the growth phase between mid-1980 and mid-
1990, the development phase until the end of 1990, the maturity phase of 2000-2005 and the progress from 2005
to present (O’hagan & Mangiron, 2013).

The purpose of this study is to develop an Al-based two-dimensional video game in Unity 2D Game Engine, which
can decide what the game characters will do within their abilities. In the computer game we developed within the
scope of the study, Al abilities were used in order for the game characters to survive as long as possible, to use the
most advanced equipment, to successfully complete various stages of the game, and to develop more advanced

game tactics. Among the main contributions of our study are the following points:
. An Al-based character-oriented 2D game is presented.

. To prove the concept, the game was designed and implemented with Al. The implementation has been

done successfully with C# in Unity 2D Game Engine.

The hypothesis of our study was determined as Al-based decision-making methods can increase the survival times
of game characters and enable them to develop more advanced game tactics. We evaluate that the following results
we obtained from our study confirm our hypothesis. Namely, the 2D game developed in our study aims to increase
the survival times of game characters and enable them to develop more advanced game tactics using Al-based

decision-making methods. The successful implementation of the game in C# language on Unity 2D Game Engine
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supports the accuracy of the hypothesis. Additionally, receiving positive feedback from users of the developed

game is also a factor that confirms the hypothesis.

Our study confirmed the hypothesis that Al-based decision-making methods can enhance the gameplay experience
by increasing the survival times of game characters and enabling them to develop more advanced game tactics.
Our 2D game, developed using Unity 2D Game Engine and C# language, successfully demonstrated the feasibility
of integrating Al into game development. Moreover, the positive feedback from the users of the game supports
our hypothesis, indicating the potential of Al-based games to provide a more immersive and satisfying gaming

experience.

The development of Al-based video games has gained significant attention in recent years due to the potential of
Al to enhance gameplay and provide a more immersive experience for players. Al-based games can provide
players with more challenging opponents and dynamic gameplay that adapts to their actions, which can lead to a
more satisfying gaming experience. The development of an Al-based 2D game can contribute to the advancement
of the field by demonstrating the potential of Al to enhance gameplay and create more sophisticated gaming
experiences. The use of Al in game development can also lead to the development of new game design principles
and techniques that can be applied to other fields beyond gaming. This study contributes to the field by presenting
a new approach to developing 2D games that incorporates Al-based decision making for game characters. The
successful implementation of the game using C# in Unity 2D Game Engine demonstrates the feasibility and
potential of using Al in game development. The presented game can serve as a reference for other game developers
interested in incorporating Al-based decision making into their games. The study can also contribute to the broader
research on Al-based game development by providing insights into the challenges and opportunities of using Al

in this context.

This research is organized as follows: In the Related Studies section of the article, findings obtained from previous
research on the topic are presented. The Material and Method section includes details about the study. The findings
are discussed in the Results and Discussion section of the paper. Finally, the Conclusion section presents the results

obtained in the study.
Related Studies

An example of the use of Al is a game designed to play chess (Shannon, 1950). The "Nim" a two-player game,
can be shown among the first examples of the use of Al in a game. This game is a mathematical strategy game
that has been played since ancient times. In this game, one of the players removes at least one or that object and
other objects around it from the game. The player who pulls the last object on the ground loses this game. In 1951,
a checkers program was written by Christopher Strachey and a chess program by Dietrich Prinz using a machine
called The Ferranti Mark 1 (Manchester Electronic Computer). Launched at Carnegie Mellon University in 1985,
the Deep Thought project was a chess-playing computer that was meant to beat even professional players. In 1996,
Deep Blue defeated then world champion Garry Kasparov in one of six matches. In this event that shook the world,
the main actor was Al. Examples of the use of Al in games are the text-based Hunt the Wumpus and Star Trek
games developed in 1972. Al was also used in games such as Speed Race and Qwak, which were released for
arcade platforms in 1974. Developed in 1978, Space Invaders used Al technologies with advanced difficulty levels,
different motion patterns, and hash function-based in-game activities using player inputs. Games such as Galaxian

game developed in 1979, Pac-Man developed in 1980, Karate Champ developed in 1984, Dragon Quest IV
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developed in 1990 can be given as examples of the use of Al. In computer games such as Creatures and Black &
White, which were developed in 2005, Al methods have begun to be used for situations such as determining player
movements. AlphaGo is a game by Google that uses Al. This game is a program that plays the “go game”
developed by Google DeepMind. In October 2015, it became the first computer program to beat a professional
“go player” on a 19x19 board without being given an advantage. Chen, (2016) states that AlphaGo beats the most
diligent and deeply intelligent human brains. Released in 1992, the Wolfenstein 3D game was considered one of
the greatest video games ever made. In the game, which was designed on a concept where you would be a shooter,
the soldiers had a basic form of the FSM (Finite-state machine) algorithm. In this algorithm, the designers created
a list of all possible events a bot could experience. At that stage, the team had to deal with an enemy military boat
being shot from behind, aiming, etc. He acted by considering all the possibilities. Then, they programmed the
behavior of the bot according to this list they compiled. The developers of the game industry are trying to make
the Al behave like a human and create a game world from scratch without the need for a real human being. A
scene from the computer game "Go" is shown in Figure 1. A critical point regarding the use of Al in the game in
question is shown in this Figure. Accordingly, if black places a piece at X, its area is alive. And if white places a

piece at X, black stones will eventually be removed

Figure 1. A scene from the computer game "Go" (Chen, 2016)

Serious game Al functionalities include player modeling (real-time facial emotion recognition, automated
difficulty adaptation, stealth assessment), natural language processing (sentiment analysis and essay scoring on
free texts), and believable non-playing characters (emotional and socio-cultural, non-verbal bodily motion, and
lip-synchronized speech), respectively (Westera et al., 2020). The recently launched “gamecomponents.eu” portal
funded by Horizon2020 is the technical platform for exchanging advanced game technologies and associated
resources (Chen, 2016). Safadi et al. (2015) suggests an approach based on the use of a unified conceptual
framework to enable the development of conceptual Al which relies on conceptual views and actions to define
basic yet reasonable and robust behavior. Pirovano (2012) introduced the field of game Al and review the use of
fuzzy logic in games, looking both at industry and research. There are many free tools on the market for
independent producers who cannot find financial support for their productions, such as large corporations. Game
engines can be cited as an example of one of these tools. Although they seem to be free at first glance, these game
engines have a hidden and mandatory fee. For example, Unreal Engine, developed by Epic Games, requires 5%
of independent production income, Source Engine, developed by Valve, requires $25.000, and Unity Engine,
developed by the Unity team, requires a purchase above a certain income (Parlan, 2017; Westecott, 2013). In
addition, market applications such as Steam, Epic Store, Google Play Store, where independent game publishers
offer their games, also require their own shares. While it is very easy to buy and consume a game, it is difficult

and costly to make it. Nowadays, video games are no longer technologies developed for entertainment purposes,
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but economic goods (Kepenek, 2018). This is the price independent producers have to pay for their independence.
In the computer environment, nothing is completely random. Behind every calculated randomness is a logically
executed algorithm. In this study, a random motion algorithm, called the Drunken Man algorithm, is used for
random partition generation algorithms (Deghhani, 2019). Fuzzy logic, artificial neural networks, genetic
algorithms, and deep learning methods are used in the interaction of the player character and other game elements
with both itself and the game environment (Tung et al., 2020; Chivukula et al., 2018; Costa et al., 2019; Pfau et
al., 2020; Lohokare et al., 2020). In the stud of Cetin & Sarica (2020), a level identification procedure was
performed with different methods and different parameters. This classification process was tested on the users of

Renga, an infinite game.
Material and Method

Video games are electronic games that can be played on a device such as personal computer, game console,
smartphone or tablet (Haaranen et al., 2014). These games are potentially not only a recreational tool as an
increasingly popular activity, but also as a workspace (Palaus et al., 2017). These are applications designed by
game developers for people to spend their time on consoles such as Atari and Commadore64 in the early years of
technology and today on many platforms such as mobile phones, computers, and new new-generationgeneration
game consoles (Lee et al., 2014; Clarke et al., 2014). The video game industry has grown rapidly depending on
the development of the hardware and software industries. Video games are often divided into different genres.
These are FPS, TPS, RPG, RTS, and MOBA. FPS; 3D games experienced from a first-person perspective. It is
one of the most common types of digital games today. It is usually played online against other players. In addition
to computers, this type of game can also be played on mobile phones thanks to gaming consoles and today's

advanced technology. Games like Battlefield and Call of Duty are examples of this genre.

Game engines combine all the physical mechanisms, graphics components, libraries, and scripts (pieces of code)
into one game; they are the most basic programs that control the input and output in the game. Large companies
typically write a dedicated game engine for each game they develop, allowing them to fully master the game
mechanics and operate at full efficiency. Small companies or indie developers usually use publicly available game
engines that can be used universally. The convenient interface of game engines offers a lot of comfort especially
to the producers who are trying to develop games independently from a big company. The game engine used in a

game depends on the needs of the person or company developing the game (Bishop et al., 1998).

The most basic function of game engines is to provide input from the user. These input devices vary depending on
the platform for which the game is written. General-purpose game engines adapt all of these input libraries so that
the game maker does not have to write optimized code for each input device. One of the most important tasks of
game engines is to create game graphics and draw them. They help translate two or three-dimensional models into
the game. The job of the game engine is to optimize the quality of the graphics, the game performance, and the
resources consumed. Another important function of game engines is physics engines that simulate physical effects
such as acceleration, torque, and gravity in the game. Thanks to these pre-built physics formulas, the game
developer does not have to create his own physics formulas for each object in the game. Game engines also design
the interface between the game and the user. All text, buttons, menus, backgrounds, effects, etc. in the game are

contained in this area.



iki Boyutlu Video Oyunlarinda Karakter Gelistirme Uygulamasi

In addition to game engines such as Cryengine, Frostbite, Source, 4A Engine, there are game engines made by
large companies for their own use. Unreal Engine, Unity, Godot, and GameMaker are the most commonly used
game engines by small companies and independent producers. Unreal Engine is a game engine written in the C++
programming language, developed by Epic Games in both paid and free versions. The biggest feature that
distinguishes it from other game engines is that it can produce works with very realistic graphics quality. It is the
game engine preferred by most advanced games in terms of 3D and cinematography. Unreal Engine is preferred
by independent producers as well as large companies such as Ubisoft and Activision (Sanders, 2016). Godot is a
game engine developed by two independent developers in 2014. It is used in 2D and 3D games. The ability to
develop applications for many platforms may be one of the reasons for its preference. It uses a proprietary
programming language called GDScript. Godot is mostly used by small companies or independent developers.
Unlike other game engines, having its own programming language allows producers to better master the basic

functions of the games created with this engine.

GameMaker Studio is a game engine developed by YoYo Games for 2D game development, supporting C++, C,
Delphi, and C# languages. It supports many platforms, from new generation game consoles to smartphones.
Because it is specifically designed for 2D games and supports cross-platform games, it has often been the preferred
game engine for these types of game developers. However, due to its complex user interface and the lack of a free
version, it is only used by advanced game developers (Moreno, 2020). Unity is a game engine that is mostly
preferred by independent developers or small businesses. It uses the C# and JavaScript programming languages.
The simple and useful user interface has made this game engine one of the most widely used game engines. It
offers support for many different platforms. The biggest advantage of the Unity game engine is that it can create
relatively high-quality applications with very few resources. 2 or 3-dimensional applications can be created (Haas,
2014). While the software is planned in the testing process, the corresponding testing activities should also be
planned. The software development phases should be followed within the software, and a game application should
be developed in accordance with the phases. To test the results of the study, scenarios should be created and
suggestions and analysis should be incorporated into the software by soliciting feedback (Calp et al., 2018; Inal &
Glner, 2015).

For this study, the game engine Unity2D, one of the most popular game engines, is used. Unity is one of the most
popular game engines thanks to its ease of use and comprehensibility. Unity2D is a compiler that imports many
different libraries and components to easily create a 2D world through the interface. Also, thanks to the Unity
engine, it is possible to change the platform on which the game will be released without changing the fundamentals
of the game. For example, a game developed for the Windows platform can be transferred to other platforms,
especially mobile devices such as Android or iOS, without any changes to the infrastructure. In the study, C# is
used as the programming language and VisualStudio as the compiler. Most of the graphic and sound elements used
in the study are elements sold/given for free on the Internet and in the official Unity store. Some graphical elements

are developed specifically for this study.

Types of Graphics

The types of games in which the game environment changes and takes place around the game character are called
character-oriented games. In character-oriented games, the game is designed around the game character in the

narrative and mechanical ways (Bostan et al., 2019). One of the most basic ways to achieve this is for the game
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character to develop itself and the game as it progresses through the game by communicating with the game
elements. Such game development methods have spawned many sub-genres of games, such as RPG and Roguelike,
which are referred to as role-playing games. Today, character-driven game elements can be found in almost all

RPG games, as well as many other types of games.

Character development varies from game to game and can take a number of forms. In this study, the player
character can improve his skills and strengthen himself with the various pieces of equipment he uses thanks to his
experience from the enemies defeated throughout the game. These equipages are shown in Figure 2.

Figure 2. Types of equipment used by the player

Both equipment and power-ups increase the player's abilities and resources depending on how much experience
he has gained. As the game progresses, the character must improve to deal with the enemies that become stronger.
Abilities are stats that player characters use to improve their skills and traits. Each player character has a total of

6 abilities. These capabilities are shown in Figure 3.

LEVEL 2
ATK 10 INT 2

AGI 2 MIS 2
CON 7 VIT 6

Figure 3. Types of equipment used by the player

These abilities are as follows;

. Level: Level is the basic ability of the player character. This ability increases all other abilities.
. ATK (Attack): Offensive ability increases the damage the player character deals.

. AGI (Agility): The Agility ability increases the player character's running and attack speed.

. CON (Stamina): The Stamina ability increases the player character's Health.

. INT (Intelligence): The Intelligence ability increases the player character's energy pool.

. WIS (Wisdom): The Wisdom ability increases the player character's energy regeneration rate.
. VIT (Health): The Health ability increases the player character's life regeneration rate.

Resources are means that vary according to player abilities and allow player characters to use their abilities or

survive. These resources are shown in Figure 4.
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Figure 4. Player resources

Each player character has two resources, life, and energy. Life is the resource that keeps the character alive. It is
associated with abilities health and stamina. The player loses the game when the health resource is completely
depleted. Another resource is the experience resource, which fills up when the player defeats enemies, and when

it is full, the character levels up.

The Energy Source is the source that allows the character to use his abilities. It is connected to the abilities of
Intelligence and Wisdom. If the character does not have enough energy, he cannot use his abilities. Health and
energy resources replenish over time based on health and wisdom abilities respectively. However, these resources
can be increased by using items that replenish these resources during play. Items are objects that have a positive
effect on a character's skills, strength, or resources. Items can be obtained by defeating enemies, opening treasure
chests in chapters, or completing predetermined quests. Items can be easily divided into equipment and usable
items.

Weapons and armor such as swords, bows, daggers that the character can carry and use can be given as examples

of equipment. These sword-level types are shown in Figure 5.

70 /o /o o /

Figure 5. Sword levels

Usable items can be divided into two groups: consumable and non-consumable. An example of a consumable item
is a potion that replenishes life and a talisman that increases the character's walking speed when used at will.

Equipment samples are shown in Figure 6.

Figure 6. Equipment samples

Flow chart of the Designed System

In the computer game we designed, the enemy character makes a prediction by immediately comparing his skills,
resources, and equipment to the player character's skills, resources, and equipment, and decides the action to take
according to that prediction. Each enemy has a certain percentage of valor. If the player's percentage of defeat,

which he subtracts from his prediction, is above the percentage of courage, he will take offensive actions against
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the player, but if it is below that percentage, he will take defensive actions. These actions are actions such as life
regeneration, fleeing and hiding from the player, calling for support. Two different algorithms have been developed
for the partition creation algorithm. One of these algorithms is the natural partition generator and the other is the

space style partition generator. The natural partitioning algorithm is shown in Figure 7.

START

GET SIZE

SET OBJECT AND
SAVE LOCATION

;

THE SECTION

Figure 7. Natural partitioning creation algorithm

The natural partitioning algorithm is essentially as follows: A game object called "Roaming" is created at
coordinates (0, 0) on the game scene. For each step, 1 to 4 dice (including 1 and 4) are rolled, where 1 represents
up, 2 represents right, 3 represents down, and 4 represents left. The rover object is moved 1 unit in the appropriate
direction according to the result of the dice, and its coordinates are recorded in the list. The rover continues this
process until it reaches the section boundary. When the section boundary is reached, the "floor" object is added to
all the coordinates contained in the list, and the playing field is created by surrounding these objects with "wall"
objects. The "Door" object is added to the coordinate at the end of the list. The "Door" object is the game object

that allows the transition to the next level. The space partitioning algorithm is shown in Figure 8.

ISTHE

[SDIVISION
START g GET SIZE S oo ’ SRS (REATING ROOM BORDER BEEN
BORDER BEEN REACHED?

REACHED?

SET OBJECT AND
SAVE LOCATION

Figure 8. The space partitioning algorithm
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The space partitioning algorithm shown works very similarly to the natural partitioning algorithm, but in addition
to the partition boundary dimensions, this algorithm also uses corridor length and space dimension data. Just as in
the natural partitioning algorithm, the rover object starts at (0, 0) and chooses a random direction according to the
cube rolled. Instead of starting the algorithm from the beginning and moving only one step in a selected direction,
in this type of algorithm the rover object moves along the randomly determined corridor length data in the selected
direction. When the mobile object reaches the end of the corridor length data, it also creates a space according to

the randomly determined space dimension data. Examples of random partitions in Figure 9.

Figure 9. Examples of random partitions- 1.

Eight experiments were carried out in the application included in the study. In these experiments, the use of
different equipment defined to the characters with Al was tested. The majority of the graphical and sound elements
used in the said experiments are the items on the Unity official Internet WEB site. Some graphical elements were
also specially designed by the authors within the scope of this study. First of all, the programs to be used in this
study will be installed. The Unity Hub application, which will install the game engine for the Unity game engine,
has been downloaded from its own site. The installation wizard for Unity Hub is running from the downloaded
file. Different scene windows were used in the development of the game. These scenes are graphical scenes where
the instant scene of our game is displayed. The game scene can be navigated using these window scenes. In
addition, these scenes can be two- or three-dimensional. The game window is the window that shows how the
changes made in the actual game will be presented to the end user. No changes can be made in this window. The
function of this window shows the game maker how the game he made will appear to the end user. The file window
is the window where the file directory where the sound, image, ready-made objects (prefab), code snippets (script),
materials, physics and other file elements to be used in the game is displayed. Thanks to this window, the game
maker can easily add new files to the project, use existing files, and make changes to them, instead of manually
dealing with the operating system's file directory. Animation window is the window where animations of a game
object are kept. Using this window, animations can be created by adding a series of photos to game objects. In our
study, the coding of the animations that the player can make using Al is carried out with this window. For example,
in the bending animation for the main character, when the character bends, the Collider element of the character
object is also changed with the animation, thus reducing the collision area of the character. In the application, there
are 4 different heroes that the user can choose. These heroes are "Warrior", "Bandit", "Hunter" and "Wizard". Each
hero has unique abilities, equipment and animations. Player characters can move in the 2D game scene with WASD
or arrow keys, attack with the left mouse button and use their special abilities with the right mouse button. These

key sequences are designed in C# using the Unity game engine's Input system. The user can also change these
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controls according to his own wishes. Both player characters have 10 unique animations. These animations are
controlled by scripts written in C# and reflected on the game scene using the Animator feature of the Unity game

engine. Each player character mirrors their own animation controls based on a basic player Animator.

The warrior character is a hero who wears an iron armor and attacks his enemies directly at close range using a
sword and shield. He places emphasis on strength and defensive abilities. The sword he wields is a weapon that
deals heavy damage at close range. His special ability is to use a shield, the player can use this shield to reduce the
damage he takes. Thanks to the heavy armor he wears, he has protection against enemy attacks. Thanks to this
equipment he carries, he has become strong and durable, but he cannot move very fast because of this weight. The
bandit character wears leather armor and uses his daggers to sneak up on his enemies and defeat them. Emphasizes
speed and sneaking abilities. The daggers he wields are a weapon that deals light damage at medium range. His
special ability is sneak, the player can use his special ability to switch to sneak mode, so he can pass through the
enemies undetected and make a surprise attack on his enemies. Using his rogue sneak, he moves quickly through
his enemies and attacks them when they least expect it. The hunter character wears a leather armor and uses his
bow to intercept his enemies from a distance. She values speed and survivability. The bow he uses is a weapon
that deals moderate damage at long range. His special ability is to inactivate enemies, the player uses his special
ability to shoot a pacifying arrow at his enemies, thereby defeating them one by one using the smash, divide,
destroy technique. The hunter uses his superior survivability skills to seize enemies at their weakest moments. The
mage character uses his wand and spellbook to interfere with his enemies from a distance. It gives importance to
intelligence and skill abilities. The staff he wields is a weapon that deals heavy damage at long range. His special
ability is to use magic, the player uses his special ability to defeat his enemies by using damaging spells such as
fireball, electricity, or by using abilities such as teleportation, magic shield for his own benefit. They are physically
weak as they don't wear armor made of iron or leather, but a Mage fights enemies with their wit and magical

abilities.

The following abilities are used to improve the abilities and attributes of player characters. It has been shown in
the study that these capabilities can be made by Al. Each player character has a total of 6 abilities. These

capabilities are as follows:

. Level: Level is the basic ability of the player character. This ability increases all other abilities.

. ATK (Attack): The offensive ability increases the damage dealt by the player character.

. AGI (Agility): Agility ability increases the player character's walking and attacking speed.

. CON (Stamina): Stamina ability increases the player character's health tank.

. INT (Intelligence): Intelligence ability increases the player character's energy reservoir.

. WIS (Wisdom): The Wisdom ability increases the energy regeneration rate of the player character.
. VIT (Health): Health ability increases the player character's health regen rate.

Each player character also has a secondary ability. These abilities are not shown to the player as a score and can
be changed by the equipment used by the player character. An example of one of these abilities is the Armor
ability. The armor ability increases the player character's resistance to enemy damage. The numerical values of the

abilities differ for each ability. For example, for each Intelligence point, the energy tank increases by 5 points, but
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for each Agility point, walking speed increases by 0.04. Each player character has two resources, Health and
Energy. Life is the resource that keeps the character alive. It is related to Health and Stamina abilities. The player
loses the game when the health resource is completely exhausted. Another resource is the Experience resource,
which fills up as the player defeats enemies, and when it's full, the character levels up. The energy source is the
source that allows the character to use their abilities. It is related to Intelligence and Wisdom abilities. If the
character does not have enough energy, he cannot use his abilities. Health and Energy resources refill over time
based on Health and Wisdom abilities, respectively. However, these resources can be increased by using items that
fill these resources during the game. Each player character can use 4 pieces of equipment. This equipment is
respectively; weapon, ability item, armor and ring. The inventory panel is the player character's bag. All the
equipment he carries on him is kept in this panel. By using this panel, the player can use various equipment to his
character and can look at the features of these equipment. Each player character has 12 inventory slots. This

chamber can be increased to 24, 36 and 48 pieces by using the bag during the game.

The game we developed in this study consists of many interconnected parts. The first part of the game is loaded
when the user selects the game character and starts the game. The user skips the level by defeating the enemies in
the first chapter and improving himself. As the chapters progress, the enemies in the chapter also get stronger.
There are an unlimited number of levels in the game. The main purpose of the game is to advance as much as
possible without being defeated by the enemies. The sections in the game and the contents of these sections are
created by the computer using random section application algorithms. In this way, the game offers a different
experience to the player every time it is played. After the game sections are created by the computer, treasure
chests and enemies are placed in appropriate locations in the section. The contents of these treasure chests and the

enemies are also selected semi-randomly by the computer algorithm.
Results and Discussion

In this part of the study, the experiments carried out and the results of these experiments are included. In the study,
8 different experiments were carried out in which the success time of the player in the game was measured with

different equipment defined for the character, and which are listed in Table 1.

Table 1. Character Comparison: Levels and Equipment

Nu. Operation Type Results

1 Attributes acquired through the use of starting items at  Average damage: 50,625, Walking speed: 3.325, Attack
' the lowest level of the warrior character. speed: 0.495, Health: 90, Energy: 25.

5 Attributes acquired through the use of starting items at  Average damage: 31.5, Walking speed: 3.71, Attack
' the lowest level of the bandit character. speed: 0.47, Health: 70, Energy: 30.

3 Comparison of attributes gained by player characters Enemy defeat times in the same conditions; Warrior:
' using their lowest level starting items. 0.99 seconds, Bandit: 1.88 seconds.

4 Attributes gained by leveling up the Warrior character ~Average damage: 68.75, Walking speed: 3.57, Attack
' and evolving items. speed: 0.49, Health: 120, Energy: 35.

5 Traits gained by the bandit character through level Average damage: 44, Walking speed: 3.885, Attack
' advancement and item progression. speed: 0.445, Health: 90, Energy: 40.

6 Traits gained through the use of mastery items at the  Average damage: 288.75, Walking speed: 4.2, Attack
) highest level of the warrior character. speed: 0.4, Health: 680, Energy: 120.

7 Attributes gained by the rogue character through the use  Average damage: 180, Walking speed: 6.055, Attack
' of mastery items at their highest level. speed: 0.135, Health: 450, Energy: 220.

8 Comparison of attributes gained by player characters Enemy defeat times in the same conditions; Warrior: 1.2

through the use of mastery items at their highest level.

seconds, Bandit: 0.54 seconds.
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The table compares the attributes and abilities that different characters possess at different levels and with different
equipment in a game. The data in the table demonstrates that players have different characteristics for different
characters, and these characteristics affect their performance in the game. Additionally, factors such as character
levels and equipment also influence the characters' attributes and abilities. The table provides insight into how the
game's balancing and character development systems work and provides clues for players on how to improve their
characters. The "Results" section of the table shows the results of a study conducted to measure the effects of
different characters and equipment levels on various game attributes. These results can be helpful for players in
determining their game strategies and character development. For example, players can see from the data in the
table that the warrior character is better for quickly defeating enemies, but the thief character runs faster and has
higher energy. Additionally, it is observed that characters become stronger as they level up and obtain better
equipment. This data can help players develop their characters more effectively and be more successful in the

game.
The points related to the experiments carried out in the study are presented below:

. In Experiment 1, the warrior character is equipped with a level 0 sword and shield, and the increase in his
skill is observed and noted. If the warrior character is unequipped with an attack speed of 0.5 seconds, a walking
speed of 3, 70 health, and 25 energies, these values increase, and his attack speed increases to 0.495 seconds,

walking speed to 3.325, and health to 90. The energy value does not change.

. In Experiment 2, the rogue is equipped with a level 0 dagger and a cloak, and the increase in his abilities
is observed and noted. When the rogue is equipped with no equipment, an attack speed of 0.5 seconds, a walking
speed of 3, health of 70, and energy of 25 with starting items, these values increase, and his attack speed increases

to 0.47 seconds, walking speed to 3.71, and energy to 30. The life source does not change.

. In Experiment 3, Warrior and Bandit characters equipped with starting items and character level 1 make
an explosive attack on an enemy with 100 health under the same conditions. The experiment is performed against
the same opponent, ignoring the opponent's damage reduction abilities. The Warrior character defeated this enemy
in 0.99 seconds with an average damage of 50.625 and an attack speed of 0.495 seconds, while the Bandit character

defeated this enemy in 1.88 seconds with average damage of 31.5 and an attack speed of 0.47 seconds.

. In Experiment 4, the Warrior character is equipped with a level 1 sword, a level 0 shield, armor, and a
power ring, and an increase in his abilities is observed. With these pieces of equipment, the character's attack speed
increases to every 0.49 seconds, his walking speed increases to 3.57, and his health and energy levels increase to

120 and 35, respectively.

. In Experiment 5, the rogue is equipped with a level 1 dagger, a level 0 cloak, armor, and a speed ring, and
an increase in his abilities is observed. With these pieces of equipment, the character's attack speed increases to
every 0.445 seconds, his walking speed increases to 3.885, and his health and energy values increase to 90 and 40,

respectively.

. In Experiment 6, the warrior character is equipped with a level 6 sword and power ring and a level 0
shield and armor, and an increase in his abilities is observed. With this equipment, the character's attack speed
increases to every 0.4 seconds, his walking speed increases to 4.2, and his health and energy values increase to

680 and 120, respectively.
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. In Experiment 7, the rogue is equipped with a level 6 dagger and a level 0 speed ring, cloak, and armor,
and an increase in his abilities is observed. When equipped with these pieces of equipment, the character's attack
speed increases to every 0.135 seconds, his running speed increases to 6.055, and his health and energy levels
increase to 450 and 220, respectively.

. In Experiment 8, both Warrior and Bandit characters equipped with ultimate items and character level 20
performed an attacking burst against an opponent with 600 HP under the same conditions. The experiment is
performed against the same opponent, ignoring the opponent's damage reduction abilities. The Warrior character
defeated this enemy in 1.2 seconds with average damage of 288.75 and an attack speed of 0.4 seconds, while the
Rogue character defeated this enemy in 0.54 seconds with an average damage of 180 and an attack speed of 0.135
seconds.

Offensive action is decided that if our game character's villain is more than the game's enemy character, the enemy
is fleeing. But in the opposite case, the enemy is attacking our game character. For example, a warrior character
who attacks an enemy with a 100 life can strike 1 time in 0.495 seconds. Assuming that this character has averaged
damage to each stroke, it can defeat the enemy in 2 strokes, 0.99 seconds. A Bandit character who attacks the same
enemy can strike 1 time in 0.470 seconds. Assuming that this character has averaged damage to each stroke, it can

defeat the enemy in 4 strokes, 1.88 seconds.

The result of the experiments (gameplay tests) is that the Warrior character, one of the player characters available
in the game, is superior to the Bandit character at the beginning of the game, but since the Bandit character can
evolve more, it is superior to the Warrior character at the upper levels of the game. Users who prefer a faster
playstyle can choose the Bandit character, and users who prefer a heavier but powerful playstyle can choose the
Warrior character. Thanks to the options available to the user and the variety of items in the game, character and
user-centric production have been realized. In studying roguelike games similar to the game on the market, it is
found that the most important features users who play these games look for in these games are character
development and personalization, story depth, and playability. Considering these findings, the project focused on
character development and customization, endless game playability, and variety. Thanks to the game map
randomly generated by computer algorithms in the developed game application and the variety of items the user
encounters in the game, the game provides the user with a unique experience in each session. The player character
gains experience by defeating the enemies he encounters throughout the game and improves by using the items he
finds. Thanks to the variety of these items and the fact that he is confronted with different items each time, the
player's progression is not linear but depends on the player's choices and the luck factor that the game offers the
player. The mentioned features extend the life of the game application and prevent memorization. During the
game, each enemy that the player encounters has its own special Al. For example, one of the enemies in the game
compares its strength with that of the player and predicts whether it can defeat the player. If the probability of
defeating the player is above a certain percentage, it attacks the player, and if it is low, it runs away from the player.
Apart from this, there are also actions that are left to the Al decision algorithm such as tracking the player, calling
for support, and following the player. The phases of software development are followed and a game application is
developed according to these phases. In the context of our research, the following points stand out based on the

results obtained:
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e The Warrior character is better than the Bandit character at the beginning of the game, but the Bandit
character becomes superior at higher levels due to its ability to evolve more, according to the results of
gameplay tests.

e The game offers users various character options and a variety of items to encourage character and user-
centered production.

e The project focused on character development and customization, endless game playability, and variety.

e The game features a randomly generated map and a variety of items to provide a unique experience in
each session.

e The player character gains experience by defeating enemies and using items found in the game.

e Each enemy in the game has its own unique Al and decision-making algorithm.

e The game application was developed by following software development phases.

It is evaluated that the articles we researched within the scope of our study generally focused on game development
using a game engine. However, in the current information age, we believe that working on Al-based game
characters and evaluating how realistic their artificial intelligence decisions are when added to games will have
great contributions to the games according to the changing demands of computer game players. It is seen that the
studies researched generally do not provide research on techniques used to increase the learning of the Al-based
game world and the development of game characters. However, our study provides information on the game engine
we used, the artificial intelligence techniques used, and the behavior of game characters. Additionally, our study
used different scenarios to test the performance of Al-based game characters. Some of the various articles in the
literature, like our study, focus on developing artificial intelligence-based games using Unity 2D Game Engine.
However, the character-oriented structure of the game presented in our study is different from other articles and

provides a different perspective.
Conclusion

In this study, we designed an Al-based two-dimensional video game in Unity 2D Game Engine, which can decide
what the game characters will do within their abilities. We designed the game with C# on the Unity2D game
engine. In the game application we developed, we used Al abilities so that the player characters can survive as
long as possible, use the most advanced equipment, successfully complete various stages of the game and develop
more advanced game tactics. In our game application, the two-dimensional player character is controlled by the
user. In practice, the player moves on a two-dimensional game plane created using procedural plane generation
algorithms. Various statistics such as the number of enemies defeated and the level reached in the game are also
recorded. We conducted 8 different experiments in the study. In our experiments, we measured the success time
in the game with different equipment defined for the player character. We measured this time at rates ranging from
0.54 seconds to 1.88 seconds. Today, Al algorithms are developed to play computer games better or to design
better games, and new games are designed to improve artificial intelligence algorithms. In this context, it is

considered that this study will contribute to the literature on the use of Al in computer games.

As future work, we will further improve the playability of the game we designed in this study with Al by adding
new user performance, stats, and other features (more chapters and different themes, adding more usable items,

decorations, and enemy types, etc.) based on Al.
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Oz

Arastirma kapsaminda kritik teknoloji alanlarinin egitim aragtirmalarindaki uygulama
egilimlerini ortaya ¢ikarmak igin ilgili dokiimanlarin bibliyometrik analizi yapilmistir.
Tarama sonrast WoS’un Egitim ve Egitim Arastirmalart kategorisinde egitim
aragtirmalarinda kritik teknoloji alanlarmin uygulamalar1 kapsamina giren 2.931 makale
belirlenmis ve bu makalelerin VOSviewer programi ile analizi yapilmigtir. Analiz
sonuglarina gore, bu alandaki makale sayisiiin 2015 yilindan itibaren hizli bir artig
egilimine girdigi ve 2022 yilinda en yiiksek sayiya eristigi belirlenmistir. Makalelerde en
¢ok kullanilan anahtar kelimeler; 6grenme analitikleri, makine 6grenme, yapay zeka, egitsel
veri madenciligi, derin 6grenme, yiiksekGgretim, bilyiik veri ve ¢evrimi¢i 6grenme olarak
tespit edilmistir. Sonuglar kritik teknoloji alanlari kapsaminda en ¢ok yaym yapan ve atif
alan yazarin D. Gasevic oldugunu ortaya koymustur. D. Gasevic, S. Dawson ve A.
Pardo’nun diger arastirmacilar ile giiclii isbirliginin oldugu tespit edilmistir. Bu alanda en
Uretken (lkelerin  Amerika Birlesik Devletleri ve Cin Halk Cumhuriyeti oldugu
belirlenmistir. Ozellikle ABD ile Avustralya, Cin ve Ingiltere arasinda giiclii isbirligi
calismalarmin oldugu belirlenmistir. Arastirma sonuglarma gére Monash Universitesi,
Open Universitesi ve Edinburgh Universitesi en iretken kurumlardir. Son olarak bu
alandaki ¢aligmalara en ¢ok fon saglayan kuruluslar ABD Ulusal Bilim Vakfi ve Avrupa
Komisyonu’dur.
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Abstract

In this study, bibliometric analysis of the relevant articles was performed to reveal the
application trends of critical technology fields in educational research. The screening was
limited to the category of Education and Educational Research of the WoS, 2.931 articles
were identified, and analysis of these articles was carried out with the VOSviewer program.
According to the results of the analysis, it was determined that the number of articles in this
field was on a rapid upward trend since 2015 and reached the highest number in 2022. The
most frequently used keywords in the articles were learning analytics, machine learning,
artificial intelligence, educational data mining, deep learning, higher education, big data and
online learning. The results revealed that D. Gasevic was the most productive author in
critical technology fields. It was found that D. Gasevic, S. Dawson and A. Pardo had
strength collaboration with other researchers. The most productive countries in this field
were the USA and the People's Republic of China. It was determined that there are strength
cooperation efforts, especially between the USA and Australia, China and the UK.
According to the research results, Monash University, the Open University and the
University of Edinburgh were the most productive institutions. Finally, the organizations
that provided the most funding for research in this field were the National Science
Foundation and European Commission.
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Critical Technology Fields in Educational Research

Extended Abstract
Introduction

Technological developments increased the number of scientific publications. The increase in the number of
online documents created large data sets. In education field, big data analysis or unprocessed data in data sets
play a big role in time wasting. New methods are needed for the processing of this unstructured data. Critical
technology fields were determined by the Council of Higher Education within the scope of the "Future Project”
(YOK, 2020). Critical technology fields such as artificial intelligence, machine learning, learning analytics and
data mining (YOK, 2020) play an important role in processing data and making inferences. The number of
articles published within the scope of applications of critical technology fields in educational research was
increased. It is important to reveal the trends in these publications, to reveal the current situation and to guide
future research. In this research, the applications of critical technology fields in educational research were
focused on. The articles published in this field were analysed with bibliometric mapping methods and it was

aimed to reveal the overall picture. In this study, the following research questions investigated:
Research questions

e How is the distribution of the number of articles published within the scope of applications of critical
technology fields in educational research by years and which are the journals in which these articles are
frequently published?

o What are the keywords frequently used in articles published within the scope of applications of critical
technology fields in educational research?

e What are the core topics of the articles published within the scope of applications of critical technology
fields in educational research?

e How is the cooperation between researchers, countries and institutions in articles published within the
scope of applications of critical technology fields in educational research?

e Which organizations provide the most funding support to articles published within the scope of

applications of critical technology fields in educational research?
Method

The research was conducted within the scope of document review. In this research, bibliometric mapping
methods used to reveal the trends of articles published within the scope of applications of critical technology
fields in educational research. Bibliometric analysis is a useful tool for mapping the literature related to a special
research field (Falagas et al., 2006).
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Findings
Number of Articles by Year

According to the results of the analysis, it was determined that the number of articles in this field was on a rapid
upward trend since 2015 and reached the highest number in 2022. In recent years, the annual number of articles

published within the scope of applications of critical technology fields in educational research has reached 500.
Journals where the Articles are Published

Bibliometric analysis articles were mostly published in International Journal of Emerging Technologies in
Learning (f=193 articles; 1.210 citations), Education and Information Technologies (f=152 articles; 1.142

citations) and Interactive Learning Environments (f=109 articles; 1.022 citations) journals.
Core Topics

The most commonly used keywords in the articles published within the scope of applications of critical
technology fields in educational research were learning analytics (f=862), machine learning (f=360), artificial
intelligence (f=360), educational data mining (f=242), data mining (f=237), deep learning (f=220), higher
education (f=214), big data (f=187), online learning (f=106) and education (f=96).

Collaboration between Authors

According to the results of the analysis, the most productive authors were D. Gasevic (f=50 articles; 1.907
citations), A. Pardo (f=27 articles; 955 citations), B. Rienties (f=26 articles, 478 citations), W. Xing (f=26
articles; 398 citations) and H. Ogata (f=23 articles; 328 citations).

Cooperation between Countries

Among the 104 countries that published articles in this field, the USA (f=655 articles; 10.858 citations), People's
Republic of China (f=353 articles; 2.451 citations), Australia (f=290 articles; 5.209 citations), England (f=213
articles; 4.170 citations) and Spain (f=210 articles; 3.204 citations) were the most productive countries.

Inter-Institutional Cooperation

According to the results of the analysis, Monash University (f=59 articles; 893 citations), Open University (f=52
articles; 1.864 citations) and University of Edinburgh (f=42 articles; 1.657 citations) were the most productive

organizations.
The Most Funded Organizations

22.6% (663 articles) of the 2.931 articles whose bibliometric analysis was performed were funded by various
institutions. The organizations that provided the most funds were the National Science Foundation/NSF-
(f=102), European Commission (f=76), National Natural Science Foundation of China/NSFC (f=57) and
Ministry of Science and Technology/Taiwan (f=46).
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Discussion and Conclusion

This study revealed potential research trends of critical technology fields in education. For this purpose, 2.931
articles indexed in SSCI, SCI-E and ESCI in the WoS database were analyzed with the VOSviewer program.
The first result revealed within the scope of the study is that the number of articles had a rapid upward trend
since 2015 and reached the highest number in 2022. Another result of the research was that the journals that
published articles focused on educational technologies had a high impact factor compared to other educational
journals. It is thought that the impact value of the journals is an important factor when researchers publish

articles focusing on the applications of critical technology fields in educational technology journals.

The most commonly used keywords in the articles were learning analytics, machine learning, artificial
intelligence, educational data mining, deep learning, higher education, big data and online learning. In addition,
the results showed that there was a correct ratio between the frequency of use of keywords and their linking
strength. In the context of the applications of critical technology fields in education, it can be said that these
keywords are mostly core subjects or fields of study that have the potential to become core subjects. It was seen
that cluster formations became clearer in this field, but there were differences in the components of the clusters.
In summary, the research results revealed that critical technology fields in educational research are usually used
in prediction, recognition or decision-making processes using educational data. Predicting student performance,
diagnosing at-risk students, and guiding policy makers in education are among the potential study topics of this
field.

According to the results of the research, there is a moderate relationship between the most productive researchers
in this field and their producing the most cited articles. Another result of this study is that there is a high level of
relationship between publication productivity and link strength. It is important for novel researchers to get to
know the most productive researchers of the field. It is thought that the research results will make significant
contributions to international research collaborations focused on the applications of critical technology field in

education.

According to the results of the analysis, the most productive countries in this field were the USA and the
People's Republic of China. USA and the People's Republic of China are the countries with the two largest
economies in the world. The result of the research can be evaluated as a result of the investments made by these

two countries in educational technologies.

Another result of the research was that the most productive authors were studying in the most productive
institutions. This situation can be interpreted as the fact that the productivity of organizations is focused on

authors, not on institutions.

According to the results of the research, it is evaluated that the funding institutions in the People's Republic of
China and Taiwan have a significant impact on the increase in the number of publications in this field. Another
result of the research is that there is a strong relationship between the number of publications of countries and the

funding support they provide to their researchers.
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Giris

Toffler (2019), "Uglincii Dalga™ adli yapitinda tarim, sanayi ve bilgi devrimlerinden séz eder ve tarim devriminin
1000 y1l, sanayi devriminin 300 yil siirdiigiinii, ama bilgi devriminin 100 y1lda tamamlanacagin1 dngdrmektedir.
Yasadigimiz doénemi nitelendiren terimlerden biri de "bilgi toplumu™ olup, bilgi ¢agmin amaci bilginin
iiretilmesi, itici giicii ise bilgisayar teknolojisidir (Toffler, 2019). Bu dénemde teknolojideki gelismelerden geri
kalmak istemeyen ulkeler, teknolojinin lokomotif olarak kullanildig1 alanlara 6ncelik vermeye baglamiglardir.
Diinya ekonomisinden pay almak i¢in bu alanlarda yapilan AR-GE projelerine daha ehemmiyet vermisler, katma

degeri yiiksek triinler iiretmeyi hedeflemisler ve bazi iilkelerde bu hedeflere erigsmistir.

Katma degeri yiiksek trlinler iiretme hedefi tim Diinya’da kritik teknoloji alanlarma verilmesi gereken
ehemmiyeti beraberinde getirmistir. Bu alanlar kapsaminda Tiirkiye’de de birtakim ¢aligmalar yiiriitiilmektedir.
Yikksek Ogretim Kurulu (YOK) tarafindan "Gelecek Projesi" kapsaminda mevcut durum gz oniinde
bulundurularak uygun kritik teknoloji alanlari belirlenmis, bu alanda arastirmacilar yetistirilmesine 6nem
verilmistir (YOK, 2020). Mevcut arastirma kapsaminda egitim arastirmalarinda, son yillarda, sik¢a uygulamalar
ile karsilastigimiz kritik teknoloji alanlarina odaklanilmistir. Egitim arastirmalar literatiiriinde uygulamalarina
rastlanilan kritik teknoloji alanlarindan bazilar;; veri madenciligi (data mining), yapay zeka (artificial
intelligence), 6grenme analitigi (learning analitics), makine &grenme (machine learning), makine zekasi
(machine intelligance), derin 6grenme (deep learning), veri analitigi (data analitics), biiyiik veri (big data), yapay

sinir aglar1 (artificial neural networks) ve derin aglar (deep networks) gibi terimler ile ifade edilmektedir.

Bilgi toplumunun itici giicii olan teknolojik gelismeler bilimsel yaymn sayisini artirmis, g¢evrimi¢i yaymlanan
dokiman sayisinin artmasi da biiyilik veri olusumlarina neden olmustur. Her alanda oldugu gibi egitim alaninda
da blyuk veri analizleri veya veri setlerinde bulunan islenmemis veriler zaman kaybinda biiyiik rol
oynamaktadir. Bu yapilandirilmamis verilerin islenmesi icin yeni ydntemlere ihtiya¢c duyulmaktadir. Thtiyaclar
dogrultusunda ortaya ¢ikan, yapay zekd, makine 6grenmesi, 6grenme analitigi ve veri madenciligi gibi kritik
teknoloji alanlar1 (YOK, 2020) verilerin islenmesinde ve ¢ikarimlarda bulunmakta énemli rol oynamaktadir.
Kritik teknoloji alanlarinin egitim arastirmalarinda uygulamalart ile ilgili son yillarda yapilan ¢aligma sayisinda
artis oldugu gorilmektedir. Bu yayimlardaki egilimlerin ortaya ¢ikartilmasi, mevcut durumun ortaya konmasi ve
gelecekteki arastirmalara yol gostermesi agisindan 6nemlidir. Bu aragtirmada kritik teknoloji alanlarinin egitim
arastirmalarindaki uygulamalarina odaklanarak, bu alanda yaymnlanmis makaleler, bibliyometrik haritalama
yontemleri ile analiz edilerek biiyiik fotografin ortaya ¢ikartilmasi hedeflenmistir. Bu ¢alismada manuel olarak
gerceklestirilen igerik ve tematik analizler gibi sistematik literatiir incelemelerinden ve meta-analiz
calismalarindan farkli bir yol takip edilmistir. Sistematik literatiir incelemelerinde nitel teknikler kullanilir. Bu
arastirmada meta-analiz caligmalarinda oldugu gibi nicel teknikler kullanilmistir. Degiskenler ile etkinin giicii
arasindaki iligkileri analiz ederek deneysel kanitlar1 6zetlemeye odaklanan meta-analiz ¢alismalarindan (Carney
ve digerleri, 2011) farki ise, bu arastirmada anahtar kelime ve atif sayimina dayanan ve bilgisayarli metin analizi
olarak da ifade edilen metin madenciligi yontemlerinden (Kobayashi ve digerleri, 2018) bibliyometrik haritalama

yontemlerinin kullanilmis olmasidir.
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Calismanin Amaci

Aragtirma kapsaminda son yillarda popiilaritesi artan ve YOK tarafindan kritik teknoloji alanlar1 olarak
adlandirilan 6ncelikli ve 6zellikli alanlarin egitim arastirmalarindaki uygulama egilimlerini ortaya ¢ikarmak igin
ilgili dokiimanlarin bibliyometrik analizi yapilmistir. Bu c¢aliyjmada asagidaki arastirma sorularina cevap

aranmuistir:

e Egitim aragtirmalarinda Kritik teknoloji alanlarinin uygulamalar1 kapsaminda yaymlanan makale
sayilarinin yillara gére dagilimi nasildir ve ilgili makalelerin siklikla yaymlandigi dergiler hangileridir?

e Egitim arastirmalarinda Kritik teknoloji alanlarinin uygulamalari kapsaminda yayimlanan makalelerde
sikca kullanilan anahtar kelimeler nelerdir?

e Egitim arastirmalarinda Kritik teknoloji alanlarinin uygulamalar1 kapsaminda yayinlanan makalelerin
cekirdek konulari nelerdir?

e Egitim arastirmalarinda Kritik teknoloji alanlarinin uygulamalari kapsaminda yaymlanan makalelerde
aragtirmacilar, Ulkeler ve kurumlar arasi igbirligi nasildir?

e Egitim arastirmalarinda kritik teknoloji alanlarinin uygulamalar1 kapsaminda yayinlanan makalelere en

¢ok fon ayiran kuruluslar hangileridir?
Literatiir Incelemesi
Yapay Zeka

Massachusetts Institute of Technology-MIT bilgisayar bilimleri laboratuvar yoneticilerinden Edward Fredkin
Britanya’nin bir yaymn kurulugu olan BBC ile yaptig1 bir s6yleyisi de "tarihte ii¢ biiyiik olay vardir. Bunlardan
ilki kdinatin olusumudur. Ikincisi yasamin baglangicidir. Ugiinciisii de yapay zekanm ortaya ¢ikisidir” ifadesini
kullanmistir (Pirim, 2006). Yapay zeka hem ilgili literatiir de hem de basinda, "¢agimizin en 6nemli genel amagh
teknolojisi" olma potansiyeline sahip, dontstiiriicii olarak tasvir edilmistir (Brynjolfsson & McAfee, 2017, s.2).
Modern bilgisayar bilimi kadar eski bir gegmise sahip yapay zeka terimi, ilk duyuldugunda her kesimde merak
uyandiran bir kavramdir. Yapay zeka; felsefe, bilissel bilim, matematik, ndrofizyoloji, psikoloji, bilgisayar
bilimi, bilgi teorisi, sibernetik ve belirsizlik teorisinin birlesimidir (Huang & Qiao, 2022). Makineler diisiinebilir

sorunsali makine zekasini tartismaya agmis bu durum yapay zeka kavramini ortaya ¢ikarmistir.

Yapay zeka, saglik, miithendislik, egitim gibi bir¢ok disiplinde uygulamalari ile karsilastigimiz ¢alisma
alanlarindan biridir. Roll ve Wylie (2016) yapay zeka egitimi alanindaki firsatlar1 ve zorluklar ele almislardir.
Luan ve digerleri (2020), biiyiik veri patlamasinin ve yapay zekd devriminin getirecegi yeni firsatlari ve
zorluklar1 incelemislerdir. Hwang ve Tu (2021), matematik egitiminde yapay zekanimn roliinii ve arastirma
egilimlerini arastirmislardir. Lee ve Lee (2021) fizik egitiminde yapay zekdnin kullanimini incelemislerdir.
Yapay zekd uygulamalarinin giiniimiiz egitim arastirmalarinda nasil kullanildigi (Bozkurt ve digerleri, 2021)

veya gelecekte nasil kullanilacag lizerinde durulmasi gereken 6nemli bir aragtirma alanidir.
Yapay zeka sistemlerinin egitimde;

(i) akilli 6gretmen,
(ii) akilli 6grenen,

(ii1) akilli 6grenme araci ve
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(iv) politika yapicilara danigman

seklinde dort rolii bulunmaktadir (Hwang ve digerleri, 2020). Kalafat (2022), yaptig1 ¢alismada yapay zeka
teknolojilerinin egitimdeki yansimalarini, 6zellikle 6gretici pozisyonundaki dgretmenin buradaki rolii lizerinde
durmustur. Bagka bir ¢alismada Sagan ve arkadaslar1 (2022), ¢ocuklarm yapay zeka kavramna iligkin metaforik
algilarin1 incelemislerdir. Huang ve Qiao, (2022) yaptiklari ¢alismada STEAM ile entegre edilmis yapay zeka
egitiminin lise Ogrencilerin hesaplamali diisiinme becerilerini, 6grenme motivasyonunu ve 06z yeterligini
artirabildigini ortaya koymuslardir. Akilli ders verme sistemlerinin uyarlanabilir 6grenme sistemleri,
kisisellestirilmis 6grenme sistemleri ve Oneri sistemleri gibi ¢esitli bigimleri olup (Huang ve digerleri, 2023),
calismalar, akilli ders verme sistemlerinin dgrencilerin 6grenme ¢iktilarini iyilestirebilecegini dogrulamigtir (Ma
ve digerleri, 2014; Steenbergen-Hu & Cooper, 2014). Yapay zeka teknolojisi, siifta kisisellestirilmis 6grenmeyi
desteklemek i¢in kullanilabilir (Huang ve digerleri, 2023). Huang ve digerleri (2023) yakin bir zamanda
yaptiklart ¢alismada, yapay zeka destekli kisisellestirilmis video 6nerilerinin, orta diizeyde motivasyon diizeyine
sahip Ogrencilerin &grenme performansina ve katilimmma onemli Olgiide katkida bulundugunu ortaya

koymuslardir.
Makine Ogrenme

Diger bir kritik teknoloji alan1 olan makine 6grenmesi karmagik verilerin diizenlenerek daha anlasilir olmasini,
kolay ulagilabilir olmasini ve siniflandirilmasini saglar (Hamim ve digerleri, 2021). Makine 6grenimi, verilerden
otomatik olarak bilgi olusturmay1 amaglayan 6grenci profillerini modelleme i¢in kullanilan yontemlerden biridir.

Makine 6grenmesi, bir problemi o probleme ait veriye gore modelleyen bilgisayar algoritmalarinin genel adidir.

Yapay zeka, makine 6grenimi ve derin 6grenme (Chah, 2019) terimleri etrafinda ¢ok fazla kafa karigikligi vardir
ve siklikla bu terimler birbirinin yerine kullanilir (Jakhar & Kaur, 2019). Bu durum tanimlart netlestirme
ihtiyacin1  artirmaktadir. Yapay zeka terimi makine oOgrenme ve derin Ogrenmeyi kapsayict olarak
cercevelemektedir (Jakhar & Kaur, 2019; Nguyen ve digerleri, 2019). Makine Ogreniminin aksine, derin

O0grenme algoritmalart ham verilerden kendi 6zelliklerini ¢ikarabilir (Bini, 2018).

Cmar ve digerleri (2020) makine 6grenimi algoritmast ile agik uglu fizik sorularini derecelendirmeyi amaglamis
ve fizik dersi i¢in olumlu sonuglar elde etmislerdir. Ilgili literatiirde yapilan diger bir calismada ise makine
6grenimi ve derin 6grenmenin agik ¢evrimigi kurslari birakma tahmin giiciindeki farklar arastirilmis ve makine
ogrenimi siniflandiricilarinin derin 6grenme siniflandiricilart kadar iyi tahmin edebildigi rapor edilmistir (Basnet

ve digerleri, 2022).
Ogrenme Analitikleri

Kritik teknoloji alanlarindan 6grenme analitigi 6grenenlerle ve 6grenme siiregleriyle ilgili verilerinin nasil analiz
edilecegi ve 0grenme sistemlerinin kanita dayali gelistirilmesi ile ilgilenen bir alan olarak ortaya ¢ikmistir
(Shum, 2012). Ogrenme analitigi 6grenmenin daha anlamli, daha anlasilir, daha saglam temelli olmasina
odaklanir. Ogrenme analitigi, 6grenmeyi ve gergeklestigi ortami1 anlamak ve en uygun hale getirmek amaciyla
ogrenciler ve baglamlar hakkinda verilerin dl¢lilmesi, toplanmasi, analizi ve raporlanmasi olarak tanimlanabilir
(Wilson ve digerleri, 2017). Ogrenme analitigi kavramu, risk altindaki dgrenci popiilasyonlarini belirlemeyi ve

proaktif mudahale stratejilerini harekete gecirmeyi igerir (Lu ve digerleri, 2017).
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Cil ve digerleri (2022) calismalarinda, 6grenme analitiklerinin motivasyon tiizerine etkisini artirmak ve daha
fazla verim alabilmek igin farkli 6grenme ortamlari hazirlamaya agirlik verilmesi gerektigini rapor ederler.
Karaoglan-Yilmaz ve Yilmaz (2020) yaptiklar1 ¢alisma ile 6gretmen adaylarinin 6grenme analitigine dayali
kisisellestirilmig 6neri ve rehberlik geri bildirimi hakkindaki goriislerini incelemiglerdir. Arastirma sonucunda,
O0gretmen adaylarmin bakis agisiyla 6grenme analitigine dayali kisisellestirilmis oOneri ve rehberlik geri
bildiriminin yararl yonlerini ve smirliliklarini rapor etmislerdir. Casquero ve digerleri, (2016) 6grenme analitigi
yaklagimina sahip kisisel bir 6grenme ortaminin 6grencilerin 6grenme performansi iizerinde olumlu etkiler
sagladigini ortaya koymuslardir. Lu ve digerleri (2017) tarafindan yapilan ¢alisma ile 6grenme analitigi ile
Onerilen programlama kursunun Ogrencilerin 6grenme c¢iktilarini ve katihm diizeylerini iyilestirdigi tespit

edilmistir.
Veri Madenciligi

Kritik teknoloji alanlariin egitim arastirmalarinda uygulamalar1 ile karsilastigimiz diger bir konu alani ise veri
madenciligidir. Ham veriyi bilgiye veya anlamli hale doniistiirme islemidir (Kalikov, 2006). Veri madenciligi ile
biiyiik miktardaki veri setlerinde sakli durumda bulunan 6riintii ve egilimler kesfedilir (Thuarisingham, 2003).
Veri madenciligi yeni yontemlerle verileri 6zetlemek ve verilerin aralarindaki beklenmeyen iligkileri bulmak i¢in

veri kiimelerinin analiz edilmesidir (Hand ve digerleri, 2001).

Veri madenciligi yontemlerinin egitim alaninda uygulanmasina egitsel veri madenciligi adi verilmektedir (Baker
& Yacef, 2009). Egitim sistemini gelistirmek i¢in ¢ok 6nemli olan veri madenciligi yontemleri, modern teknikler

kullanarak karar vericilerin dogru bilgiyi elde etmelerine ve en iyi kararlar1 vermelerine yardimei olur.

Ilgili literatiirde egitsel veri madenciligi uygulamalarmin dgrenci modellemesi, 6grenci performansini tahmin
etme ve dgrenci davranisini modelleme gibi amaglar i¢in kullanildig1 goriilmektedir (Bakhshinategh ve digerleri,
2018; Bousbia & Belamri, 2014). Abbasoglu (2020) 6grencilerin demografik 6zelliklerinin ve sosyoekonomik
durumlarimin, &grencilerin yilsonu genel basari ortalamalart {izerindeki etkisini egitsel veri madenciligi
yontemleri ile analiz etmistir. Aydogdu (2020) ¢alismasinda, 6grenme yonetim sisteminde 6grenim goren 3.518
iiniversite dgrencisinin performanslart iizerinde bazi degigkenlerin etkisini yapay sinir aglari ile tahmin etmeye
calismigtir. Sonuclar canli derslere katilim sayisi, arsivlenen derslere katilim sayist ve igerikte gegirilen siire

degiskenlerinin 6grenci performansi tizerinde diger degiskenlere gore daha fazla katki sagladigini gostermistir.
Ydntem

Aragtirma dokiiman incelemesi kapsaminda yiiriitiilmiistiir. Bu aragtirmada son yillarda popiilaritesi artan bazi
kritik teknoloji alanlarinin egitim aragtirmalarindaki uygulamalar: ile ilgili yapilan ¢aligmalarin egilimlerini
ortaya ¢ikarmak icin bibliyometrik haritalama yontemleri kullanilmistir. Bibliyometrik analiz 6zel bir arastirma
alani ile ilgili literatiirii haritalandirmak i¢in kullanmigh bir aragtir (Falagas ve digerleri 2006). Blyuk veri
kiimelerinin incelenmesinde kullanilan bir dizi metotlar1 igerir (Cobo ve digerleri, 2011). Bir arastirma
konusunun egilimlerini incelemek ve belirli bir aragtirma alanindaki yayinlarin goreceli 6nemini degerlendirmek
igin farkli metodolojiler kullanir (Gimenez ve digerleri, 2018). Metin madenciligi uygulamalarindan olan
bibliyometrik haritalama yontemi, ilgili disiplinin veya ¢alisma alaninin gelisim egilimlerinin ve g¢ekirdek

konularmin kesfedilmesine yardimet olur (Song ve digerleri, 2019).
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Makale Secim Sureci

Bu calismada bazi kritik teknoloji alanlarmin egitim aragtirmalarindaki uygulamalarina dair gelisimi ortaya
cikarmak i¢in Web of Science (WoS) veri tabanindan erisilen makalelere bibliyometrik haritalama yontemleri
uygulanmistir. Kritik teknoloji alanlar1 kapsamindaki makaleleri belirlemek igin WoS veri tabaninda yer alan
baslik (title) veya anahtar kelime (author keywords) secenekleri kullanilmistir. Tarama esnasinda yapay zeka
(artificial intelligence), makine 6grenme (machine learning), makine zekasi (machine intelligence), derin aglar
(deep networks), veri madenciligi (data mining), veri analitikleri (data analytics), 6grenme analitikleri (learning
analytics), derin 6grenme (deep learning), biiyiik veri (big data), yapay sinir aglar1 (artificial neural networks)
terimleri kullanilmigtir. Mevcut aragtirmada egitim aragtirmalarina odaklanildigindan tarama "Education &
Educational Research" kategorisi ve dokiiman tir(l olarak "makale" ve "derleme" ile smirlandirilmigtir.
Makalelerin yayin dili ile ilgili olarak herhangi bir sinirlamaya gidilmemistir. Tarama sonrasi analiz i¢in 2.931

makale belirlenmistir. Makale se¢im siireci Sekil 1’de sunulmustur.
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Sekil 1. Makale Secim Siireci (Moher ve digerleri, 2009)
Veri analizi

WoS veri tabaninda taranan dergilerde egitim arastirmalarinda kritik teknoloji alanlarinin uygulamalari
kapsaminda yaymlanan makaleler bir metin madenciligi yontemi olan VOSwiever programi kullanilarak analiz
edilmistir (Artsin, 2020). Bu veri tabaninin sec¢ilme nedenlerinden biri VOSviewer programinin WoS, Scopus ve

PubMed dosyalarini analiz edebilmesidir. VOS tekniginin kullanildig1 yazilimlardan biri olan VOSviewer (Van
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Eck & Waltman, 2007; 2009) bibliyometrik aglarin gorsellestirilmesi amaciyla yaygin olarak kullanilmaktadir.
Bu program ile makalelerde en ¢ok kullanilan anahtar kelimeler ve ¢alismalarin ¢ekirdek konular1 belirlenmistir.
flgili makalelerde hangi iilkeler, kurumlar ve yazarlar arasinda giiglii is birliklerinin oldugu, en ¢ok atif alan
yazarlar, bu alanda en liretken yazarlar ve iilkeler ortaya ¢ikartilmistir. Ayrica anahtar kelimelerin, iilkelerin,

yazarlarin ve kurumlarin baglanti giigleri tespit edilmistir.
Bulgular
Yillara GOre Makale Sayilar

Incelenen makalelerin yillara gore dagilimi Sekil 2’de sunulmustur. Sekil 2 incelendiginde egitim
arastirmalarinda baz kritik teknoloji alanlarinin uygulamalar1 kapsaminda yayinlanan makalelerin 2015 yilindan
itibaren hizli bir artis egilimine girdigi ve makale sayisinin 2022 yilinda en yiiksek sayiya eristigi goriilmektedir.
2000 yilina kadar kritik teknoloji alanlarinda yayinlanan toplam makale sayis1 39 dur. 2001-2010 yillar1 arasinda
135 makale yaymlanirken, 2011-2015 yillar1 arasinda 339 makale yaymlanmistir. Son yillarda kritik teknoloji
alanlarmin egitim arastirmalarinda uygulamalart ile ilgili yaymlanan yillik makale sayis1 500’e ulagmustir.
550 1 makale sayilan Colors
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Sekil 2. Yillara Gore Makale Sayilari
En Cok Makalenin Yaymlandigi Dergiler

Egitim aragtirmalarinda Kritik teknoloji alanlarinin uygulamalari kapsaminda yayinlanan ve bu ¢aligmada analiz
edilen makalelerin en ¢ok yaymlandigi dergiler; International Journal of Emerging Technologies in Learning
(f=193 makale; 1.210 atif), Education and Information Technologies (f=152 makale; 1.142 atif) ve Interactive
Learning Environments (f=109 makale; 1.022 atif) seklindedir. En ¢ok atif alan makalelerin Computers &
Education (f=103 makale; 5.429 atif), Educational Technology & Society (f=80 makale; 2.415 atif) ve British
Journal of Educational Technology (=74 makale; 1.800 atif) dergilerinde yaymlandig: goriilmektedir (Tablo 1).
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Tablo 1. En Cok Makalenin Yayinlandigi Dergiler

Dergi Adi Frekans Atf
International Journal of Emerging Technologies in Learning 193 1.210
Education and Information Technologies 152 1.142
Interactive Learning Environments 109 1.022
Computers & Education 103 5.429
IEEE Transactions on Learning Technologies 97 1.667
Educational Technology & Society 80 2.415
British Journal of Educational Technology 74 1.800
Journal of Learning Analytics 71 759

Journal of Computer Assisted Learning 63 1.092
Technology Knowledge and Learning 51 758

Cekirdek Konular

VOSviewer programinda analiz tirQ olarak "co-occurrence” ve analiz birimi olarak "author keywords"
secilmigtir. Egitim aragtirmalarinda bazi kritik teknoloji alanlarinin uygulamalari kapsaminda yayinlanan
makalelerde en ¢ok kullanilan anahtar kelimeler belirlenmis ve olusturulan harita Sekil 3’de sunulmustur.
Anahtar kelimenin minimum tekrar sayis1 15 olarak belirlenmistir. 6.714 kelimeden otomatik olarak belirlenen

anahtar kelime sayis1 90’dir.
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Sekil 3. En Cok Kullanilan Anahtar Kelimeler

Egitim aragtirmalarinda Kritik teknoloji alanlarmin uygulamalari kapsaminda yayimlanan makalelerde en ¢ok
kullanilan anahtar kelimeler; 6grenme analitikleri (fieaming anaiytics = 862), makine 6grenme (fmachine tearning = 360),

yapay zeka (Farificial intelligence/mteltigence = 360), egitsel veri madenciligi (feducational data mining = 242), veri madenciligi
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(fdata mining = 237), derin égrenme (fdeep learning = 220), yﬁksek Ogretlm (f higher education = 214), buyuk VEI‘I (fbig data =

187), ¢cevrimici 6grenme (fontine sgrenme = 106) ve egitim (feducation = 96) seklindedir.

Aragtirmalarda kullanilan anahtar kelimelerin toplam baglanti giigleri de tespit edilmistir. Bunun igin 6.714
anahtar kelimenin kendi aralarindaki baglanti giicleri ortaya g¢ikartilmistir. En bilyiikk baglanti giiciine sahip
anahtar kelimeler; 6grenme analitikleri (toplam baglant1 giicii: 3.849), makine 6grenme (toplam baglanti giicii:
1.694), yapay zeka (toplam baglant1 giicii: 1.673), egitsel veri madenciligi (toplam baglant1 giicii: 1.077), veri
madenciligi (toplam baglanti giicii: 1.076), derin 6grenme (toplam baglant1 giicii: 1.024), yiiksekogretim (toplam
baglant1 giicii: 997), biiyiik veri (toplam baglanti giicti: 813), ¢evrimic¢i 6grenme (toplam baglant1 giicii: 539) ve
egitim (toplam baglanti giicii: 533) seklindedir. Bu sonuglara gore anahtar kelimelerin kullanim siklig ile

baglant1 gii¢leri arasinda dogru oranti oldugu séylenebilir.

Ayrica arastirma kapsaminda incelenen dokiimanlarin ¢ekirdek konulari da belirlenmistir. Anahtar kelimelerin
minimum tekrar sayis1 15 olarak belirlendikten sonra kriteri karsilayan 90 anahtar kelimenin 7 kiime (clustering)
altinda toplandig1 belirlenmistir. Birinci kiime kirmizi ile gosterilmistir (Sekil 3). Bu kiimenin ¢ekirdek konusu
makine 6grenmedir. Bu kiimenin 26 bileseni bulunmaktadir. Egitsel veri madenciligi ve veri madenciligi de bu
kiimenin bilesenleri arasindadir. Ikinci kiime yesil ile gosterilmistir. Bu kiimenin ¢ekirdek konusu &grenme
analitikleridir. Bu kiimenin 16 bileseni vardir. Mavi ile gosterilen tigiincii kiimenin ¢ekirdek konusu yapay
zekadir. Bu kiimenin 14 bileseni bulunmaktadir. Biiyiik veri bu kiimenin bilesenleri arasindadir. Dordiincii kiime
sar1 ile gosterilmistir. Bu kiimenin ¢ekirdek konusu MOOCS (Massive open online course-kitlesel agik ¢evrimigi
ders)’dur. Bu kiimenin 13 bileseni vardir. Besinci kiimenin ¢ekirdek konusu derin 6grenmedir. Mor ile gdsterilen
bu kiimenin 12 bileseni bulunmaktadir. Yiiksekogretim bu kiimenin 6énemli bilesenleri arasindadir. Altinct kiime
turkuaz ile gosterilmistir. Bu kiimenin ¢ekirdek konusu ¢evrimi¢i 6grenmedir. Toplamda 6 bileseni vardir. Son

kiimenin ¢ekirdek konusu veri analitikleridir. Bu kiime turuncu ile gosterilmistir ve 3 bileseni bulunmaktadir.
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deep learnin
artificial intellige:
ucation

mooc  academic perfc
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e-learning ion tre
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Sekil 4. Cekirdek Konular

Aragtirmalarda odaklanilan c¢ekirdek konular Sekil 4’de detaylandirilmistir. Sekilde mavi-yesil-sar1 ve kirmizi

seklinde bir akig takip edilerek, kiimelerin ¢ekirdek konular1 veya ¢ekirdek konu olma potansiyeli bulunan
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konular gosterilmistir. Sekil 4 incelendiginde egitim arastirmalarinda uygulamalarina sikga rastlanilan kritik
teknoloji alanlar1 6grenme analitikleri, egitsel veri madenciligi, derin 6grenme, yapay zekd ve makine

6grenmedir.
Yazarlar Arasi Isbirligi

Aragtirma kapsaminda en iiretken yazarlar belirlenmistir (Tablo 2). Bunun i¢in analiz tiir( olarak "citation™ ve
analiz birimi olarak "authors" segilerek, analizi yapilan makalelerin en iiretken yazarlar tespit edilmistir. Analiz
sonuglarina gore egitim arastirmalarinda kritik teknoloji alanlarimin uygulamalari kapsaminda yayimlanan
makalelerde en ¢ok yaymn yapan yazarlar; D. Gasevic (f=50 makale; 1.907 atif), A. Pardo (f=27 makale; 955
atif), B. Rienties (f=26 makale, 478 atif), W. Xing (f=26 makale; 398 atif) ve H. Ogata (f=23 makale; 328 atif)
seklindedir. En ¢ok atif alan yazarlar arasinda D. Gasevic (f=50 makale; 1.907 atif) ve S. Dawson (=16 makale;
1.299 atif) ile birlikte C. Romero (6 makale; 1.048 atif), R. Ferguson (f=7 makale; 1.029 atif) ve S. Ventura (f=5
makale; 1.014 atif) da yer almaktadir.

Tablo 2. En Uretken Yazarlar

Yazarlar Makale sayis1  Atif sayis1  Toplam baglant1 giicii
D. Gasevic 50 1.907 3.456
A. Pardo 27 955 1.672
B. Rienties 26 478 929
W. Xing 26 398 413
H. Ogata 23 328 440
G.J. Hwang 20 261 203
M. Sagr 17 159 380
S. Dawson 16 1.299 1.724
R. Martinez-Maldonado 16 251 848
H. Drachsler 15 718 1.033

Yazarlar arasi isbirlikleri de incelenmistir. Bunun i¢in en az 1 makalesi olan arastirmacilar da dahil olmak (zere
egitim arastirmalarinda kritik teknoloji alanlarmin uygulamalart kapsaminda makale yayinlayan 7.057 yazar
arasindaki isbirliginin diizeyi tespit edilmistir. Toplam baglanti giicli siralamasina bakildiginda; D. Gasevic
(toplam baglant1 giicii: 3.456), S. Dawson (toplam baglanti giicii: 1.724), A. Pardo (toplam baglanti giicii: 1.672),
H. Drachsler (toplam baglant1 giicii: 1.033) ve B. Rienties (toplam baglanti giicii: 929) ilk siralarda yer
almaktadir. Diger taraftan hangi yazarlar arasinda daha yakm bir igbirligi oldugu ortaya ¢ikartilmak istendiginde
bu alanda en az 10 makalesi olma kriterini kargilayan 26 arastirmaci arasindaki iligkinin diizeyi Sekil 5’de

sunulmustur.
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Sekil 5. Yazarlar Aras Isbirligi

Dairelerin biiyiikligii makale sayilarini gostermektedir. Baglanti ¢izgilerinin kalinligi arastirmacilarin kendi
aralarindaki iliskinin diizeyini gostermektedir. Buna gore D. Gasevic’in, A. Pardo (baglant1 giicii: 122), S.
Dawson (baglant: giicii: 98) ve Y.S. Tsai (baglant giicii: 80) ile arasinda gu¢li isbirliginin oldugu goériilmektedir.
Ayrica S. Dawson ve A. Pardo (baglanti giicli: 54) arasinda da giiclii isbirliginin oldugu tespit edilmistir.

Ayrica ¢alisma kapsaminda analiz tiiri olarak "co-citation™ ve analiz birimi olarak “cited authors" segilerek,
analizi yapilan makalelerin kaynakcalarinda en ¢ok atifta bulunulan yazarlar/dokiimanlar da belirlenmistir.
Bibliyometrik analiz sonuglarina gore 57.380 kaynakga icerisinden; C. Romero (599 co-citations), G. Siemens
(458 co-citations), D. Gasevic (398 co-citations), R. Ferguson (381 co-citations) ve Ph. Winne (277 co-citations)
egitim arastirmalarinda kritik teknoloji alanlarinin uygulamalar1 kapsamina giren makalelerde en ¢ok atifta

bulunulan yazarlardir.
Ulkeler Arasi isbirligi

Aragtirma kapsaminda cevabi aranan diger bir soru ise bu alanda en iiretken iilkelerin hangileri oldugudur.
Bunun igin analiz tlrl olarak "citation" ve analiz birimi olarak "countries" segilerek, analizi yapilan makalelerde
en tretken tilkeler tespit edilmistir (Tablo 3). Analiz sonuglarina gore bu alanda yayin yapan 104 {ilke arasindan
en dretken Ulkeler; ABD (f=655 makale; 10.858 atif), Cin Halk Cumbhuriyeti (f=353 makale; 2.451 atif),
Avustralya (f=290 makale; 5.209 atif), Ingiltere (f=213 makale; 4.170 atif) ve Ispanya (f=210 makale; 3.204 atif)
seklindedir. En ¢ok atif alan iilkeler arasinda Iskogya (69 makale; 2.361 atif), Hollanda (88 makale; 2.169 atif),
Almanya (128 makale; 2.118 atif), Kanada (114 makale; 1.887 atif) ve Tayvan (117 makale; 1.628 atif) da yer

almaktadir.
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Tablo 3. En Uretken Ulkeler

Ulkeler Makale sayis1  Atif sayis1 ~ Toplam baglant1 giicii
ABD 655 10.858 2.928
Cin Halk Cumhuriyeti 353 2.451 1.177
Avustralya 290 5.209 2911
Ingiltere 213 4.170 1.497
Ispanya 210 3.204 1.133
Almanya 128 2.118 1.054
Tayvan 117 1.628 516
Kanada 114 1.887 795
Turkiye 113 734 467
Hollanda 88 2.169 951

Ulkeler aras: isbirlikleri de incelenmistir. Bunun igin en az 1 makalesi olan iilkelerde dahil olmak iizere bu
alanda makale yayinlayan 104 iilke arasindaki isbirliginin diizeyi tespit edilmistir. Toplam baglanti giicii
siralamasina bakildiginda; ABD (toplam baglanti giicii: 2.928), Avustralya (toplam baglanti giicii: 2.911),
Ingiltere (toplam baglant1 giicii: 1.497), Iskogya (toplam baglant: giicii: 1.363) ve Cin Halk Cumhuriyeti (toplam
baglant1 giicli: 1.177) ilk siralarda yer almaktadir. Diger taraftan hangi iilkeler arasinda daha yakin isbirligi
oldugu ortaya cikartilmak istendiginde bu alanda en az 20 makalesi olma kriterini karsilayan 39 iilke tespit

edilmistir. Bu iilkeler arasindaki isbirliginin diizeyi Sekil 6’da sunulmustur.
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Sekil 6. Ulkeler Arasi Isbirligi

Dairelerin  bilylikliigli makale sayilarmni gostermektedir. Baglanti ¢izgilerinin kalinhigr iilkelerin kendi
aralarindaki iligkinin diizeyini gostermektedir. Buna gore isbirliginin en yiiksek oldugu iilkelerin ABD ile
Avustralya (baglant1 giicii: 420), Cin Halk Cumhuriyeti (baglant1 giicii: 224), Ingiltere (baglant1 giicii: 202),
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Almanya (baglant1 giicii: 166), Ispanya (baglant1 giicii: 163), Kanada (baglant1 giicii: 146), Iskocya (baglanti
glcl: 136), Hollanda (baglant1 giicii: 116), Giney Kore (baglant1 giicli: 103) ve Tayvan (baglanti giicii: 99)
arasinda oldugu belirlenmistir. Ayrica Avustralya ile Ispanya (baglant1 giicii: 159), Hollanda (baglant1 giicii:
155), Kanada (baglant1 giicii: 128) ve Cin Halk Cumhuriyeti (baglant giicii: 119) arasinda da giiglii igbirliginin

oldugu tespit edilmistir.
Kurumlar Arasi Isbirligi

Caligma kapsaminda en tiretken kurumlar belirlenmistir. Bunun i¢in analiz tird olarak "citation" ve analiz birimi
olarak "organizations" secilerek, analizi yapilan makalelerde en iiretken organizasyonlar tespit edilmistir (Tablo
4). Analiz sonuglarina gére Monash Universitesi (f=59 makale; 893 atif), Open Universitesi (f=52 makale; 1.864
atif) ve Edinburgh Universitesi (f=42 makale; 1.657 atif) en iiretken organizasyonlardir. En ¢ok atif alan
organizasyonlar arasinda Cordoba Universitesi (f=8 makale; 1.054 atif), Hollanda Open Universitesi (f=21

makale; 784 atif) ve Sydney Universitesi (f=19 makale; 696 atif) de yer almaktadir.

Tablo 4. En Uretken Kurumlar

Kurum Makale sayis1  Atif sayis1  Toplam baglanti giicii
Monash Universitesi / Monash University 59 893 1.426
Open Universitesi / Open University 52 1.864 1.188
Edinburgh Universitesi / Universtiy of Edinburgh 42 1.657 1.530
Giiney Avustralya Universitesi / University of South Australia 36 980 1.079
Florida Universitesi / University of Florida 33 248 326
Pekin Normal Universitesi / Beijing Normal University 30 196 238
Dogu Finlandiya Universitesi / University of Eastern Finland 26 194 281
Kyoto Universitesi / Kyoto University 24 349 241
Sidney Teknoloji Universitesi / University of Technology 23 357 493
Sydney

Kurumlar arasi igbirlikleri de incelenmistir. Bunun i¢in en az 1 makalesi olan organizasyonlarda dahil olmak
lizere egitim arastirmalarinda kritik teknoloji alanlarinin uygulamalar1 kapsaminda makale yayinlayan 2.380
kurum arasindaki igbirliginin diizeyi tespit edilmistir. Toplam baglanti giicii siralamasina bakildiginda;
Edinburgh Universitesi (toplam baglant1 giicii: 1.530), Monash Universitesi (toplam baglant1 giicii: 1426) ve
Open Universitesi (toplam baglant1 giicii: 1.188) ilk siralarda yer almistir. Diger taraftan hangi kurumlar arasinda
daha yakin bir igbirligi oldugu ortaya c¢ikartilmak istendiginde bu alanda en az 15 makalesi olma kriterini

karsilayan 39 kurum tespit edilmistir. Bu kurumlar arasindaki igbirliginin diizeyi Sekil 7°de sunulmustur.
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Sekil 7. En Uretken Kurumlar Aras1 Isbirligi

Dairelerin  biiyiikliigli makale sayilarini gostermektedir. Baglanti ¢izgilerinin kalinligi kurumlarin kendi
aralarindaki iliskinin diizeyini gostermektedir. Buna gére; Monash Universitesi ile Edinburgh Universitesi
(baglant1 giicii: 137), Gliney Avustralya Universitesi (baglant1 giicii: 93), Open Universitesi (baglant1 giicii: 58),
Sydney Universitesi (baglant: giicii: 56) ve Sydney Teknoloji Universitesi (baglant1 giicii: 54) arasinda giiglii
isbirliginin oldugu goriilmektedir. Diger taraftan Edinburgh Universitesi ile Giney Avustralya Universitesi

(baglant: giicii: 89) ve Open Universitesi (baglant1 giicii: 59) arasinda da giiclii isbirligi vardir.
En Cok Fon Saglayan Kuruluslar

Calisma kapsaminda en ¢ok fon saglayan kuruluslarda belirlenmistir. Bunun i¢in WoS’un filtreleme segenegi
kullanilmistir. Arastirma kapsaminda bibliyometrik analizi yapilan 2.931 makalenin %22.6’sina (663 makale)
gesitli kurum ve kuruluslarca fon saglanmistir (Sekil 8). En ¢ok fon saglayan kuruluglar ABD Ulusal Bilim Vakfi
-National Science Foundation/NSF- (f=102), Avrupa Komisyonu -European Commission- (f=76), Cin Ulusal
Doga Bilimleri Vakfi -National Natural Science Foundation of China / NSFC- (f=57) ve Tayvan Bilim ve
Teknoloji Bakanligi -Ministry of Science and Technology / Taiwan- (f=46) seklindedir.
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Sekil 8. En Cok Fon Saglayan Kuruluglar
Tartisma ve Sonu¢

Bu ¢alismada odaklanilan kritik teknoloji alanlarmin en 6nemli ortak 6zellikleri biiyilik veri setlerini inceleyen
metotlar olmalaridir. Egitimin en énemli paydaslarindan biri 6grencilerdir. Ogrencilerin basarisini etkileyen pek
¢ok faktoér vardir. Bu bilesenlerin tahmin edilmesi énem arz eder. Bu calismada odaklanilan Kritik teknoloji
alanlari, var olan verilerden hareketle gelecekte olabilecek durumlar hakkinda tahminde bulunma imkan1 saglar.
Boylece gelecekte olabilecek durumlar icin 6nlemler alinabilmesine yardimci olur. Kritik teknoloji alanlarma
son yillarda egilim olmasindaki en biiylik etken basarili bir egitim sistemine ulasilmak istenmesidir. Bu
caligmada bibliyometrik analiz metotlar1 ile egitim arastirmalarinda kritik teknoloji alanlarmin uygulamalari

kapsaminda yaymlanmis makaleler incelenerek, bu alandaki biyiik fotograf ortaya ¢ikartilmistir.

Bu calismada egitimde kritik teknoloji alanlarinin potansiyel arastirma egilimleri ortaya ¢ikartilmigtir. Bu
kapsamda WoS veri tabaninda SSCI, SCI-E ve ESCI da dizinlenen 2.931 makale VOSviewer programi ile analiz
edilmistir. Calisma kapsaminda ortaya ¢ikan ilk sonu¢ 2015 yilindan itibaren hizli bir artis egilimine giren
makale sayist 2022 yilinda en yiiksek sayiya erigmistir. Son yillarda yillik makale sayis1 500’lere ulagsmistir.
Bozkurt ve digerleri (2021) egitimde yapay zeka arastirmalarinin son yarim yiizyildaki (1970-2020) egilimlerini
sistematik bir gdzden gecirme yaklagimiyla incelemislerdir. Son yillarda yayinlarda bir artis gézlemlediklerini ve
egitimde yapay zeka uygulamalarina olan ilginin artmasiyla bu egilimin muhtemelen oniimiizdeki yillarda da

devam edecegini rapor etmislerdir.

Aragtirma kapsaminda ortaya ¢ikan diger bir sonug ise bu alandaki ¢aligmalarin 6zellikle International Journal of
Emerging Technologies in Learning, Education and Information Technologies ve Interactive Learning
Environments dergilerinde yaymlanmasidir. En ¢ok atif alan makalelerin Computers & Education, Educational
Technology & Society ve British Journal of Educational Technology dergilerinde yaymlandigi goériilmistiir.
Education and Information Technologies dergisi 1996 yilindan beri diizenli olarak makale yayinlamakta olup
Springer yayinci kurulusudur. Interactive Learning Environments dergisinin yaymci kurulusu Taylor Francis
olup, 1990 yilindan beri etkilesimli 6grenme ortamlarinin tasarimi ile ilgili makaleleri yayinlayan bir dergidir.

Computers & Education dergisi 1976, British Journal of Educational Technology dergisi 1970 ve Educational
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Technology & Society dergisi de 1998 yilindan itibaren diizenli olarak yayin hayatina devam etmektedir. Bu
dergiler egitim teknolojileri ile ilgili arastirmalarin gelisimini tesvik etmeyi amaclamaktadir. Diger egitim
dergileri ile kiyaslayinca egitim teknolojileri odakli ¢aligmalari yayinlayan dergilerin yiiksek etki faktoriine sahip
oldugu sdylenebilir. Egitim arastirmalarinda kritik teknoloji alanlarinin uygulamalar1 kapsamina giren
makalelerini, aragtirmacilarin bu dergilerde yaymlatma c¢abalarinda bu dergilerin yiiksek etki degerine sahip

olmalar1 durumunun énemli bir faktér oldugu degerlendirilmektedir.

Makalelerde en ¢ok kullanilan anahtar kelimeler; 6grenme analitikleri, makine 6grenme, yapay zeka, egitsel veri
madenciligi, derin 6grenme, yiiksekogretim, biiylik veri ve gevrimi¢i 6grenme olarak tespit edilmistir. Ayrica
sonuglar anahtar kelimelerin kullanim siklig1 ile baglanti giicleri arasinda dogru oranti oldugunu gostermektedir.
Egitim sektdrinde kritik teknoloji alanlarinin uygulamalart baglaminda bu anahtar kelimelerin ¢ogunlukla
¢ekirdek konu veya ¢ekirdek konu olma potansiyeli tasiyan ¢alisma alanlar1 oldugu sdylenebilir. Bu alanda kiime
olusumlarinin netlestigi, ancak kiimelerin bilesenlerinde farkliliklarin oldugu goriilmektedir. Bilimsel
dokiimanlarin raporlastirilmasinda ayni anlam igin farkli terimler tercih edilebilir. Ayrica kelimeler ve terimler
zamanla degisebilir. Metin madenciligi yontemi, anahtar kelime sayimina dayanir ve bilgisayarli metin analizi
olarak da ifade edilebilir (Kobayashi ve digerleri, 2018). Bibliyometrik analiz yontemi ile ayni1 anlamda
kullanilan anahtar kelimeler veya zaman iginde kelimelerin/terimlerin farkli kullanimlar: tespit edilemez. Bu
arastirmanin bulgulart bu smurliliklar géz 6niinde bulundurularak yorumlanmalidir. Mevcut ¢alisma sonuglarina
gore egitimde kritik teknoloji alanlarinin potansiyel arastirma egilimlerinin ilk sirasinda 6grenme analitikleri
goriilmektedir. Bu sonug egitim arastirmacilarinin dgrenenlerle ve dgrenme siiregleriyle ilgili verilerin nasil
analiz edilecegine ve Ogrenme sistemlerinin kanita dayali gelistirilmesine (Shum, 2012) odaklandigim
gostermektedir. Ayrica bu ¢aligma alani risk altindaki 6grencileri belirlemeyi ve miidahale stratejilerini icerir (Lu
ve digerleri, 2017). Arastirmada ortaya ¢ikan diger bir sonug, egitimde yapay zek& ve makine 6grenmesi
alanlarina da bir egilim belirtilerinin oldugudur. Yapay zeka uygulamalarinin akilli 6gretmen, akilli 6grenen,
akilli 6grenme aract ve politika yapicilara yol gosterme seklinde rolleri bulunmaktadir (Hwang ve digerleri,
2020). Yapay zeka terimi akilli egitim siirecleri olusturmak i¢in makine 6grenme ve derin 6grenmeyi kapsayici
genel amagh teknoloji olarak kullanilmakta (Jakhar & Kaur, 2019; Nguyen ve digerleri, 2019) olup, arastirma
sonuglar1 bu terimin diger terimlere gore arastirmalarda daha ¢ok tercih edilme durumunu agiklamaktadir. Kritik
teknoloji alanlarindan bir digeri olan egitsel veri madenciligi de son yillarda egitim arastirmalarinda siklikla
tercih edilmektedir. Bu teknik ile blyuk miktardaki veri setleri 6zetlenir (Hand ve digerleri, 2001) ve sakh
durumda bulunan oriintii ve egilimler kesfedilir (Thuarisingham, 2003). Egitim de bu tiir modern tekniklerin
kullanilmas karar vericilerin dogru bilgiyi elde etmelerine ve en iyi kararlar1 vermelerine yardimei olur. Ozetle,
arastirma sonuglar1 egitim arastirmalarinda kritik teknoloji alanlarinin genellikle egitim verilerini kullanarak
tahmin etme, tanima veya karar verme siireglerinde kullanildigini ortaya koymaktadir. Ogrenci performansini
tahmin etme, risk altindaki 6grencileri tanilama ve egitimde politika yapicilara yol gosterme bu alanin potansiyel

caligma konular1 arasindadir.

Sonugclar egitimde kritik teknoloji alanlar1 kapsaminda en ¢ok yayin yapan yazarin D. Gasevic oldugunu ortaya
koymustur. En ¢ok atif alan yazarlar D.Gasevic, ve S. Dawson’dur. D. Gasevic, S. Dawson ve A. Pardo’nun
diger arastirmacilar ile giiglii isbirliginin oldugu tespit edilmistir. D. Gasevic’in, A. Pardo, S. Dawson ve Y.S.
Tsai arasinda yiiksek bir igbirliginin oldugu goériilmektedir. Ayrica S. Dawson ve A. Pardo arasinda da guclu

igbirliginin  oldugu tespit edilmistir. Bibliyometrik analiz sonuglarina gore incelenen makalelerin
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kaynakealarinda g¢ogunlukla C. Romero, G. Siemens, D. Gasevic ve R. Ferguson’a atifta bulunuldugu
belirlenmistir. Alanin en iiretken yazarlarindan D. Gasevic’in bu alanda en cok atif alan yayini Techtrends
dergisinde 2015 yilinda yaymlanmistir. Calismanin bashigi "Let’s not forget: Learning analytics are about
learning” seklindedir (Gasevic ve digerleri, 2015). Gasevic’in yeni nesil 6grenme ve yazilim teknolojileri iizerine
caligmalar1 vardir. Son zamanlarda, kendi kendine 6grenme ve sosyal etkilesimler yoluyla kazanilan yetkinlikleri
izlemek, degerlendirmek ve tanimak igin bir yazilim gelistirme iizerine calismalari bulunmaktadir. Ayrica
incelenen makalelerde su ana kadar (Mart 2023) en ¢ok atif alan yayinlar "Learning analytics: Drivers,
developments and challenges" (Ferguson, 2012) ve "Data mining in course management systems: Moodle case
study and tutorial" (Romero ve digerleri, 2008) seklindedir. Arastirma sonuglarina gore bu alanda en Uretken
aragtirmacilarin en ¢ok atif alan makaleler iiretmeleri arasinda orta diizeyde iligki oldugu soylenebilir. Bu
sonuglar ilgili literatir sonuclari ile uyumludur (Abramo ve digerleri, 2014; Tosun, 2022a). Bu ¢alismada ortaya
¢ikan diger bir sonug ise iiretkenlik ile baglanti giicli arasinda yiiksek diizeyde iliski oldugudur. Bu alanda
calisan veya calismak isteyecek aragtirmacilarin alanin en iretken arastirmacilarini tanimalari Snemlidir.
Aragtirmaya ait sonuglarin egitimde kritik teknoloji alanlarinin uygulamalarma yonelik yapilacak uluslararasi

arastirma igbirliklerine 6nemli katkilar saglayacagi diistiniilmektedir.

Aragtirma kapsaminda bu alanda en iiretken iilkelerin ABD, Cin Halk Cumhuriyeti, Avustralya, Ingiltere ve
Ispanya oldugu belirlenmistir. En ¢ok atif alan iilkeler arasinda Iskogya, Hollanda, Almanya, Kanada ve Tayvan
da yer almaktadir. Ayrica ABD, Avustralya, Ingiltere, iskocya ve Cin Halk Cumbhuriyeti’nin diger iilkeler ile
isbirligi icerisinde oldugu goriilmektedir. Ozellikle ABD ile Avustralya, Cin Halk Cumbhuriyeti, Ingiltere,
Almanya, Ispanya, Kanada, Iskogya, Hollanda, Giiney Kore ve Tayvan arasinda giiclii isbirligi ¢aligmalarmin
oldugu belirlenmistir. Ayrica Avustralya ile Ispanya, Hollanda, Kanada ve Cin Halk Cumhuriyeti arasinda da
gliclii igbirliginin oldugu tespit edilmistir. Hem fen egitimi hem de genel egitim arastirmalarinda en tiretken
ilkelerin ABD, Kanada, Avustralya ve Ingiltere oldugu ilgili literatiirde rapor edilmistir (Tosun, 2022a; 2022b).
Ayrica son yillarda artan yayin sayilari ile Tayvan ve Cin Halk Cumhuriyeti’nin de ilk 10 da yer aldigi
bildirilmistir (Tosun, 2022b). Cin Halk Cumhuriyeti, Tayvan ve Ispanya’daki egitim arastirmacilarmin teknoloji
destekli 6grenme ortamlarma odaklandiklart seklindeki arastirma sonuglart mevcut g¢alisma sonuglart ile
uyumludur (Tosun, 2022b). ABD ve Cin Halk Cumhuriyeti’nin Dlnya’nin en biiyilk ekonomisine sahip
Ulkelerden oldugu bilinmektedir. Arastirmada ortaya ¢ikan sonug, bu iki tlkenin egitim teknolojilerine yaptiklari

yatirimin bir sonucu olarak degerlendirilebilir.

Aragtirmada ortaya cikan diger bir sonug, Monash Universitesi, Open Universitesi ve Edinburgh Universitesi en
iretken organizasyonlardir. En ¢ok atif alan organizasyonlar arasinda Cordoba Universitesi, Hollanda Open
Universitesi ve Sydney Universitesi de yer almaktadir. Edinburgh Universitesi, Monash Universitesi ve Open
Universitesi arasinda giiglii isbirliklerinin oldugu tespit edilmistir. Ozellikle Monash Universitesi ile Edinburgh
Universitesi, Gliney Avustralya Universitesi, Open Universitesi, Sydney Universitesi ve Sydney Teknoloji
Universitesi arasinda giiclii isbirliginin oldugu gériilmektedir. Diger taraftan Edinburgh Universitesi ile Giiney
Avustralya Universitesi ve Open Universitesi arasinda da giiclii isbirligi vardir. Arastirmada ortaya ¢ikan bir
diger sonug en iiretken yazarlar ile o yazarlarin gorev yaptiklar1 kurumlarin en iiretken organizasyonlar olmasi
arasinda dogru orant1 oldugudur. Bu durum organizasyonlarin iiretkenliginin kurumlar odakl degil de yazarlar

odakl1 oldugu seklinde yorumlanabilir.
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Son olarak egitim aragtirmalarinda bazi kritik teknoloji alanlarinin uygulamalar1 kapsamindaki ¢aligmalara en
¢ok fon saglayan kuruluglarin ABD Ulusal Bilim Vakfi (National Science Foundation-NSF), Avrupa Komisyonu
(European Commission), Cin Ulusal Doga Bilimleri Vakfi (National Natural Science Foundation of China-
NSFC) ve Tayvan Bilim ve Teknoloji Bakanligi (Ministry of Science and Technology-Taiwan) oldugu bu
calismada tespit edilmistir. NSF, ABD’nde tiim bilim dallart ve miihendislik alanlarinda yapilan temel
aragtirmalart desteklemek igin 1950 yilinda kurulmustur. 2020 yili itibariyle 8.3 milyar dolarlik biitgeye sahiptir.
NSFC, 1986 yilinda Cin Halk Cumbhuriyeti’nde temel ve uygulama arastirmalarini fonlamak i¢in kurulmustur.
Arastirma sonuglarina gére Cin Halk Cumbhuriyeti ve Tayvan’daki fon kuruluglarinin bu alandaki yayin
sayilarinin artisinda 6nemli bir etkiye sahip oldugu degerlendirilmektedir. Arastirmada ortaya cikan diger bir
sonug iilkelerin yayin sayilar ile iilkelerin arastirmacilarina sagladiklari fon destegi arasinda giiglii bir iligkinin

oldugudur.
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Bu ¢aligma 6n lisans birinci sinif 6grencilerinin Bilgi ve iletisim teknolojileri yeterlilikleri ile Bilgi
ve Iletisim Teknolojileri’ ne (BIT) y&nelik tutum diizeylerini belirlemeyi ve BIT yeterlilik ve
BIT’e yonelik tutumlar arasindaki iligkiyi incelemeyi amaglamaktadir. Yapilan galigma tarama
modelini esas almaktadir ve drneklemi Hatay’da bulunan iki meslek yiiksekokulunda &grenim
goren 246 6n lisans birinci simf 6grencisinden olusmaktadir. Ogrencilerin tutumunu 6lgmek igin
BIT tutum 6lgegi ve yeterliliklerini lgmek icin ise BIT yeterlilik 6lgegi kullanilmstir. Verilerin
analizinde genel bilgiler i¢in betimsel analizler, gruplarin puanlari arasinda anlamli farklik olup
olmadigim test etmek icin bagimsiz érneklem t-testi ve ANOVA testi kullamlmistir. BIT yeterlilik
ve BIT’e yonelik tutumun aralarindaki iliskiyi gosterebilmek icin Pearson korelasyon analizi
kullanilmustir. Analizler sonucunda; 6grencilerin BiT e yonelik tutumlar yiiksek diizeyde iken
BIT yeterlilikleri orta diizeyde bulunmustur. Bununla birlikte erkek 6grencilerin BIT yeterlilikleri
ile BIT tutumlarinin kiz dgrencilere gére daha yiiksek diizeyde oldugu tespit edilmistir.
Ogrencilerin okuduklar1 okullara gore ise her iki degisken icin Antakya MYO lehine anlamli
oldugu bulunmustur. Yas degiskenine gére BIT tutumunda herhangi bir farklilik olmazken,
yeterlilik boyutunda sadece donanin yeterliginde farklilik oldugu bulunmustur. Yine BIT tutum
ve BIT yeterlilikleri evde bilgisayar bulunduran ogrenciler lehine anlamli bulunmustur.
Ogrencilerinin BIT tutum puanlari ile BIT yeterlilik puanlar1 arasinda pozitif yonde orta siddette
anlamli bir iligki oldugu tespit edilmistir.
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Abstract

This study aims to determine the ICT competencies and attitudes towards ICT of associate degree
freshmen and to examine the relationship between ICT competencies and their attitudes towards
ICT. In this study, descriptive survey method was used. The sample of the study consists of 246
associate degree freshmen studying at two vocational schools in Hatay. ICT attitude scale was used
to measure students' attitudes and ICT competencies scale was used to measure their competencies.
In the analysis of the data, descriptive analysis were used for general informations, independent
samples t-test and ANOVA test were used to test whether there was a significant difference
between the scores of the groups. Pearson correlation analysis was performed to reveal the
relationship between ICT attitude and ICT competencies. As a result of the analysis, While
students' attitudes towards ICT were at a high level, their ICT competencies was at a moderate
level. However, it has been determined that male students' ICT competencies and ICT attitudes are
at a higher level than female students. According to the schools students attend, both variables
were found to be significant in favor of Antakya VVocational School. While there was no difference
in the ICT attitude according to the age variable, it was found that there was only a difference in
the competencies dimension of the hardware competencies. Again, ICT attitudes and ICT
competencies were found to be significant in favor of students who have a computer at home. It
has been determined that there is a moderately significant positive correlation between students'
ICT attitude scores and ICT competencies scores.
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Attitudes and Competencies of Associate Degree Freshmen Towards ICT

Extended Abstract
Introduction

Information and communication technologies have an important place in the globalizing and digitalizing world.
Information and Communication Technologies (ICT) refers to all the technological tools that make the
communication process between people, between people and electronic systems, and between electronic systems

easier.

As in every field, the use of ICT in educational fields is quite common and has even become a necessity. ICT
competencies, which are among the skills of today's education system, are among the skills that individuals should
have. Vocational Schools, which are a part of educational institutions and especially prepare students for their
professional life, must also have ICT qualifications. It is thought that achieving this depends on the positive attitude
of the students towards ICT. Attitude is defined as the tendency of individuals to react negatively or positively to
a situation, concept, person or event. In this study, it has been tried to determine how students' attitudes towards

ICT affect their performance in ICT competencies.

In the literature, it is seen that ICT attitudes and competencies towards teacher candidates and students studying
in different faculties are handled separately. However, there are also studies for associate degree students. When
the literature was examined, no study could be found on associate degree students' ICT attitudes and its relationship
with ICT competencies. In this context, it is considered important to reveal the ICT competencies and ICT attitudes
of associate degree freshmenwithin the scope of ECDL and the relationship between them. For this purpose,

answers to the following research questions were sought.
- What are the ICT competencies levels and ICT attitude levels of first year associate degree students?

- Do these levels differ statistically according to their gender, age, school, and whether they have a

computer at home?

- Is there a relationship between ICT competencies and ICT attitude scores of freshmen associate degree

students?

Method

In this study, descriptive survey method was used. The sample of the study consists of 246 associate degree
freshmen studying at two vocational schools in Hatay. Since the basic information technology course is included
in the first year fall semester curriculum, the scales were applied before the courses started. The data collection
tools used in this study consist of 3 parts. In the first part, students' age, gender, school, etc. consists of demographic
information. In the second part, there is the ICT Attitude Scale to measure students' attitudes towards information
and communication technologies, and in the third part, the Information and Communication Technologies

Competencies Scale used to measure students' ICT competencies.

Findings, Discussion and Conclusion

As a result of the analysis made for the ICT Competencies Scale in this study, the alpha reliability coefficient of
the scale was calculated as 0.985 and for the ICT Attitude Scale as 0.919. This shows that the scales are highly
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reliable. In the analysis of the data, descriptive analyzes (mean, standard deviation, frequency, etc.) were used for
general informations. Independent sample t-test was used for schools, gender and computer ownership difference
analysis. One-way ANOVA test was used for variables with more than two categories like their age. Pearson
correlation analysis was conducted to determine the relationship between students' ICT attitudes and ICT

competencies.

In this study, the information and communication technologies (ICT) attitudes and ICT competencies levels of
associate degree freshmen were determined and the relationship between them was examined. As a result it has
been found that students' attitudes towards Information and communication technologies is at a high level and the
ICT competencies is at medium level. Findings of the previous studies indicate that students who have a computer
and increasing in computer usage time were increased their attitudes towards ICT in a positive way. According to
the TUIK data, the rate of households having ICT between 2013 and 2022 years it is seen that it creates a serious
difference by increasing for portable computers from 31.4% to 36.1%, for mobile phone from 93.7% to 99.2% and
from 6.2% to 24.7% for tablet computers. According to the results, half of the associate degree students (43.9%)
do not have a computer and the majority (83.74%) have not received ICT education before. This explains the

medium level of ICT competencies of the students.

Another result of this study indicated that male students' ICT competencies was higher than female students. The
male students' ICT competencies sub-dimensions; Hardware competencies, Operating system usage competencies,
Excel program usage competencies and Internet usage competencies scores were higher than female students,
while there was no significant difference in software usage and access to information in virtual environment sub-
dimensions. At the same time result of study show that the mean scores of male students’ attitudes towards ICT
were higher than female students. In addition, when viewed in the context of sub-dimensions, it was found that
female students had higher scores in the General ICT tendency sub-dimension. It was found that male students'
scores were significantly higher in the computer hardware and communication in the virtual environment sub-
dimensions. In this context, although female students are interested in ICT, it can be said that they remain more

recessive in practice compared to male students or females’ self-confidence in the use of ICT is lower than males.

According to another finding, the attitudes of Antakya Vocational School students towards ICT were found to be
more positive than Kirikhan Vocational School students. At the same time, it has been determined that the ICT

competencies of Antakya Vocational School students are higher than Kirikhan Vocational School students.

It was determined that the mean scores of associate degree students' ICT attitudes and sub-dimensions did not
differ significantly according to their age. However, it was found that the ICT competencies of associate degree
students differed significantly only in the hardware competencies sub-dimension according to their age. According
to this finding, it can be said that the hardware knowledge of students aged 20-21 is higher than students aged 19

and younger.

It was found that the ICT general attitude mean scores of the associate degree students and the mean scores of the
sub-dimensions of access to information in the virtual environment, use of computer hardware and software
differed significantly in favor of the students who have a computer at home. Besides that the ICT proficiency and
all sub-dimension mean scores differed significantly in favor of the students who have a computer at home,

according to the associate degree students' having a computer at home.
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In the study, it was found that there was a moderately significant positive correlation between associate degree
students' total ICT attitude score and ICT competencies total score. Accordingly, it can be said that as the ICT

competencies level of associate degree freshmen increases, their attitudes towards ICT also increase positively.
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On Lisans Birinci Smif Ogrencilerinin BIT e Yénelik Tutum ve Yeterlilikleri

Giris

Kiiresellesen ve dijitallesen diinyada bilgi ve iletisim teknolojileri dnemli bir yere sahiptir. Bilgi ve Iletisim
Teknolojileri (BIT) insanlarm kendi arasindaki, insanlarla elektronik sistemler arasindaki ve elektronik sistemlerin
kendi arasindaki iletigim siirecini daha kolay hale getirmesini saglayan tiim teknolojik araglari ifade etmektedir
(Tutar, 2006). Zuppo (2012) da buna paralel olarak bilgi ve iletisim teknolojilerini, bilginin dijital yollarla

transferini kolaylastiran cihazlar ve altyapilar olarak tanimlamaktadir.

Her alanda oldugu gibi egitim alaninda da BIT kullanimi oldukg¢a yaygindir. Hatta giiniimiizde egitim alaninda
kullanimi bir zorunluluk halini almistir. 21.yy’in egitim sistemi becerileri arasinda yer alan BIT yeterlilikleri
bireylerin sahip olmasi gereken beceriler igerisinde yer almaktadir (Akgiin, 2020; Girkan, 2023; Gliven & Etci,
2022). Bu baglamda Geng Avustralyalilar igin Egitim Hedeflerine {liskin Melbourne Beyaninda (Barr ve digerleri,
2008) bilgi ve iletisim teknolojilerindeki hizli ve siirekli gelismelerin insanlarin bilgi ve teknolojiyi paylasma,
kullanma, gelistirme ve isleme bigimlerini degistirdigini ileri sirmektedir. Yine bu dijital cagda, genglerin BIT
kullaniminda oldukga yetenekli olmalart gerektigi, okullarin bu teknolojileri 6gretimde halihazirda kullaniyor olsa

da 6niimiizdeki yillarda bunlarin etkililiginin 6nemli 6l¢tide artirmaya ihtiyag duyulacag: belirtilmektedir.

Giiniimiizde BIT’in kullanilmadig1 alan veya BIT’i kullanmayan birey yok denebilecek kadar azdir. Egitim
kurumlarmin bir parcast olan ve o6zellikle Ogrencileri meslek hayatina hazirlayan meslek yiiksekokullari
biinyesinde yetistirilen bireylerin de BIT yeterliligine sahip olmasi gerekmektedir (Bingdl & Halisdemir, 2017).
Ciinkii bireylerin meslek alaninda hem mesleki hem de BIT kullanabilme yeterligi kazanmalar1 onlara istihdam

olanag saglayacaktir (Bahar & Kaya, 2013; TISK; 2005).

Bilgi ¢ag1 olarak isimlendirilen gagimizda diinya genelinde BiT’in tiim bireyler tarafindan 6grenilmesine yonelik
projeler gergeklestirildigi bilinmektedir. UNESCO’nun dgretmenlere yonelik BIT yetkinlik projesi ve ECDL
(Avrupa Bilgisayar Yetkinlik Sertifikasi- European Computer Driving Licence) projeleri buna drnek verilebilir.
Bunlardan ECDL, ECDL-F vakfi tarafindan gelistirilmistir. Ayn1 zamanda diinya c¢apinda gecerliligi olan
bilgisayar kullanim yetkinligi sertifikalandirma sistemidir. ECDL kapsaminda cesitli alt programlar yer
almaktadir. Bu c¢aligmada kullanilan 6l¢ek ECDL baslangic miifredatiyla biiyliik 6lgiide oOrtiismektedir. Bu
sertifikaya sahip bireylerin sahip olduklar1 bilgi teknolojileri bilgisi sayesinde islerini daha kolay ve daha hizli
yapma yetisine sahip olduklari belirtilmektedir (Ery1lmaz, 2018; Senel & Seferoglu, 2010).

Bilginin artis1, BIT in egitim alaninda genis bir kullanim alani bulmas1 nedeniyle hem egitim verenlerin hem de
egitim alan bireylerin bu konuda yetkinlige sahip olmasi1 énemlidir. Bunun saglanabilmesinin dgrencilerin BIT e
gosterecegi pozitif tutuma da bagli oldugu diisiiniilmektedir. Tutum, bireylerin bir durum, kavram, kisilere veya
olaylara yonelik negatif ya da pozitif olarak davranigsal tepkide bulunma egilimleri olarak tanimlanmaktadir
(Tezbasaran, 1996). Bu ¢alismada 6grencilerin BIT e yonelik gosterdigi tutumun BIT yeterliligi konusunda

performansi nasil etkiledigi belirlenmeye ¢aligilmigtir.

Alanyazinda dgretmenlere yonelik ¢aligmalar bulunmaktadir (Bisirici & Gulbahar; 2023; Celikkaya & Kosker,
2023). Ogretmen adaylaria ve farkl fakiiltelerde 6grenim goren dgrencilere yonelik BIT tutum ve yeterliliklerinin
ayri ayri olarak ele alindig1 goriilmektedir (Akgiin, 2020; Alp, 2019; Eryilmaz, 2018; Giil & Karatas, 2020; Garcia-
Martinez ve digerleri, 2020; Giindogdu ve digerleri, 2018; Giines vd., 2017; Glven & Etci, 2022; Lateef, 2020;
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Ozarslan ve digerleri, 2013; Slechtova, 2015; Sahin vd., 2020; Tiitiincii & ileri, 2021). Bununla birlikte 6n lisans

ogrencilerine yonelik ¢aligmalara da rastlamak miimkiindiir (Bahar & Kaya, 2013; Basat ve digerleri, 2020).

Bahar ve Kaya (2013) farkli {iniversitelerde 6grenimlerine devam eden sosyal programlara kayitli 6n lisans
Ogrencilerinin bilgi teknolojisine yonelik tutumlari ile okuduklar tniversite, boliim, sinif, cinsiyet, bilgisayar
kullanma ve internet erigsim olanaklart bagimsiz degiskenleri arasindaki iliskiye iligkin bir ¢calisma yapmuislardir.
Calismanin sonucu, 6grencilerin egitim ve mesleki gelisim amaclh bilgi teknolojilerine yonelik tutumlarimin
giiniimiiz is diinyasinin beklentilerini karsilayacak diizeyde olmadigimi gostermistir. Ogrencilerin bir bilgisayara
sahip olmalari, internet erisim olanaklarinin olmasi, bilgisayar kullanim siiresi ve haftalik bilgisayar kullanma
sliresi arttikga, bilgisayar teknolojilerine yonelik tutumlarinda da pozitif yonde artis oldugu goriilmistiir. Bu da

dijital esitsizlik kavramin1 ifade etmektedir (Onal, 2021).

Basat ve digerlerinin (2020) ¢alismalarinda 6n lisans dgrencilerinin BIT yeterliliklerinin baz1 degiskenlere gére
degisip degismedigini arastirilmislardir. Caligmanin sonucunda 2. sinifta grenim goren, daha dnce BIT dersi ya
da sertifikasi almis veya bir bilgisayara sahip olan 6grencilerin BIT yeterlilik diizeylerinin daha yiiksek oldugu
tespit edilmistir. Yine yas, bilgisayar kullanma ve giinliik internet kullanma siiresi arttikca dgrencilerin BIT

yeterlilik diizeylerinde de artma oldugu belirlenmistir.

Alanyazin incelendiginde 6n lisans dgrencilerinin BIT tutumlar1 ve bunun BIT yeterlilikleri ile olan iliskisine
yonelik yapilmis calismaya rastlanamamistir. Bu baglamda 6n lisans birinci sinif 6grencilerinin ECDL kapsaminda
BIT yeterlilikleri ve BIT tutumlarinin ve aralarindaki iliskiyi ortaya koymanm &nemli oldugu

degerlendirilmektedir. Bu amagla asagidaki arastirma sorularina cevap aranmistir.
1. Birinci sinif 6n lisans égrencilerinin BIT yeterlilik diizeyleri nedir?
2. Birinci simif 0n lisans dgrencilerinin BIT tutum diizeyleri nedir?
3. Birinci stif on lisans dgrencilerinin BIT yeterlilikleri 6grencilerin cinsiyetine gére degismekte midir?
4.  Birinci stif 6n lisans 6grencilerinin BIT tutumlari 6grencilerin cinsiyetine gore degismekte midir?
5.  Birinci smif 6n lisans 6grencilerinin BIT tutum dgrencilerin okuduklar1 okula gore degismekte midir?

6.  Birinci simf 6n lisans 6grencilerinin BIT yeterlilikleri 6grencilerin okuduklari okula gore degismekte

midir?
7. Birinci stmif 6n lisans 6grencilerinin BIT tutumlar1 6grencilerin yaslarina gére degismekte midir?
8.  Birinci siif 0n lisans dgrencilerinin BIT yeterlilikleri 6grencilerin yaslarina gore degismekte midir?

9. Birinci smif 6n lisans dgrencilerinin BIT tutumlar1 dgrencilerin evde bilgisayar: olma durumuna gore

degismekte midir?

10. Birinci siif On lisans 6grencilerinin BIT yeterlilikleri grencilerin evde bilgisayar1 olma durumuna gére

degismekte midir?

11. Birinci sinif 6n lisans égrencilerinin BIT yeterlilik ve BIT tutumlari arasinda iliski var midir?
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Yontem

Arastirmanin Deseni

Hatay ilinde bulunan, Kirikhan ve Antakya Meslek Yiiksekokullarinda 6grenimine devam eden oOn lisans
ogrencilerinin Bilgi ve Iletisim Teknolojileri yeterlilikleri ve tutumlarinin belirlendigi bu calisma tarama
modelinde nicel bir aragtirmadir. Tarama modeli, daha 6nceden veya mevcut olan bir durumu oldugu sekliyle
betimlemeyi amaglayan bir arastirma yaklasimidir (Karasar, 2005). Bir diger deyisle, bir 6rneklem grubunun belirli

Ozelliklerini belirlemek amaciyla verilerin toplanmasini esas alan aragtirmalardir (Biiyiikoztiirk ve digerleri, 2014).
Evren ve Orneklem / Calisma Grubu / Katihmcilar

Bu arastirmanin 6rneklemini, 2021-2022 6gretim yili giiz déneminde Hatay Mustafa Kemal Universitesine bagli
2 meslek yiiksekokulunun (Kirikhan Meslek Yiiksekokulu ve Antakya Meslek Yiiksekokulu) ¢esitli boliimlerinde
O6grenimine devam eden, gonillii olarak arastirmaya katilan 246 birinci sinif Ggrencisi olusturmaktadir.
Ogrencilere WhatsApp gruplar araciligiyla ulasilmistir. Veriler Google Form kullamlarak elde edilmistir.

Orneklem grubuna ait betimsel istatistikler Tablo 1°de verilmistir.

Tablo 1. Orneklem Grubuna Ait Betimsel Istatistikler

f %
Biro Yonetimi ve Yonetici 15 6.1
Asistanligi
Evde Hasta Bakimi 26 10.57
Dis Ticaret 10 4.07
Bilgisayar Teknolojisi 56 22.76
Bilisim Giivenligi Teknolojisi 26 10.57
Eczane Hizmetleri 19 7.72
Optisyenlik 2 0.81
é Yerel Yonetimler 3 1.22
§ Dis Protez Teknolojisi 19 7.72
Ag1z ve Dis Sagligi 4 1.63
Gazetecilik ve Habercilik 18 7.32
Mulkiyet Koruma ve 26 10.57
Guvenlik
Cocuk Gelisimi 2 0.81
Bilgisayar programciligi 20 8.13
Kadin 115 46.75
@
=
2 Erkek 131 53.25
O
<=19 135 54.88
8 20-21 77 313
22<= 34 13.82
Kirikhan MYO 158 64.23
S
F
[®) Antakya MYO 88 35.77
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© Evet 138 56.1
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A Hayr
207 84.15
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TR
g E g Hay1r 39 15.85
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Aragtirmanin  6rneklemini olusturan birinci sinif 6grencilerin % 46.75’1 kadin %53.25%1 ise erkeklerden
olugsmaktadir. Yaslar1 bakimindan incelendiginde dgrencilerin %54.88°1 19 yas ve alt1, %31.31 20-21 yaslarinda
iken %13.82’si 22 ve daha biiyiik yaglardadir. Okullar bakimindan incelendiginde 6grencilerin %64.23’{i Kirikhan
MYO, %35.77’si Antakya MYO’da 6grenimine devam eden birinci sinif dgrencileridir. Ogrencilerin %56.1’i
bilgisayar sahibiyken %43.9’u bir bilgisayara sahip degildir. %16.2’si daha énce BIT dersi alirken %83.7’si
almamustir. Yine 6grencilerin % 84.15’inin internet erisimi varken % 15.85’nin internet erisiminin olmadig: tespit

edilmistir.
Veri Toplama Araglar

Bu ¢alismada kullanilan veri toplama araglari 3 boliimden olugmaktadir. Birinci boliim dgrencilerin yas, cinsiyet,
okul vb. demografik bilgilerinden olusmaktadir. Tkinci béliimde 6n lisans 6grencilerin bilgi ve iletisim
teknolojilerine yonelik tutumlarin1 6lgmek amaciyla BIT Tutum Olgegi, iiiincii béliimde ise dgrencilerin BIT

kullanma yeterliliklerini 6lgmek amaciyla Bilgi ve Iletisim Teknolojileri Yeterlilik Olgegi yer almaktadur.
Nicel Veri Toplama Aracglart.

Bilgi ve Iletisim Teknolojileri Tutum Olgegi. Olgek Giinbatar (2014) tarafindan gelistirilmistir. Toplamda 5 alt
boyuttan olusan 6lgek 23 maddeden olusmus 5°1i likert tipindedir (1. Tamamen katilmiyorum, 2. Katilmryorum, 3.
Kararsizim, 4.Katiliyorum, 5. Tamamen Katiltyorum). Olgegin alt boyutlari; Genel BIT Egilimi, Sanal Ortamda
Bilgiye Erisim, Bilgisayar Donanimi, Yazilim Kullanimi ve Sanal Ortamda iletisimdir. Olgegin Cronbach’s Alpha
i¢ tutarlilik katsayisi 0,919 olarak bulunmustur. Bu ¢alismada ise .906 olarak hesaplanmistir. Bu bulgu 6lgegin

yuksek diizeyde giivenilir oldugunu gostermektedir.

Bilgi ve Iletisim Teknolojileri Yeterlilik Olcegi. Olgek, Giindiiz (2010) tarafindan ECDL miifredatina uyacak
sekilde gelistirilmistir. Fakat daha sonra Kara (2011) tarafindan 6l¢ek maddeleri sinirlandirilarak 6 alt boyuttan
olusacak sekilde uyarlamistir. Bu alt boyutlar; Donamim Yeterlilikleri, Isletim Sistemi Kullamim Yeterlilikleri,
Kelime Islemci, Hesap Cizelgesi, Sunum ve Internet Kullanmmudir. Olgek 5°li likert tipinde (1.Tamamen
Bilmiyorum, 2.Bilmiyorum, 3.Orta Diizeyde Biliyorum, 4.Biliyorum, 5.Tamamen Biliyorum), toplamda 55

maddeden olusmaktadir. Olgegin giivenirlik katsayis1 0.986 olarak bulunmustur. Bu ¢alisma igin yapilan analiz
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sonucunda ise 6l¢egin Alpha giivenirlik kat sayis1 0.985 olarak hesaplanmistir. Bu da dlgeklerin yiksek diizeyde

giivenilir oldugunu gostermektedir.
Veri Analizi

Verilerin analizinde genel bilgiler i¢in betimsel analizler (ortalama, standart sapma, frekans vb.) yapilmistir. Fark
analizleri igin ise; iki kategorili olan okul, cinsiyet ve bilgisayar sahibi olma degiskenleri i¢in bagimsiz drneklem
t testi, ikiden fazla kategorisi olan yas gibi degiskenler igin tek yonli ANOVA testi kullanilmistir. Farklarin
tespitinde post-hoc testlerinden faydalanilmistir. Ogrencilerin BiT tutumlari ve yeterlilikleri arasindaki iliskiyi

belirlemek amaciyla Pearson korelasyon analizi yapilmistir.

Bulgular

Birinci sumif On lisans ogrencilerinin BIT tutum diizeyleri ile BIT yeterlilik diizeyleri nedir?

Birinci sinif 6n lisans égrencilerinin BIiT tutum ve BIT yeterlilik diizeylerini belirlemek igin betimsel istatistikler

kullanilarak veriler analiz edilmistir. Analiz sonucundan elde edilen bulgular Tablo 2’de verilmistir.

Tablo 2. Bilgi ve iletisim Teknolojileri Tutum ve Yeterlilik Puanlarina Dair Betimsel Istatistikler

N Ortalama Standart Sapma Carpiklik Basiklik
] 246 83.79 15.48 -.556 .583
BIT Tutum
] 246 161.70 50.62 .049 -.639
BIT Yeterlilik

BIT tutum &lgeginden almabilecek en diisiik puan 23, en yiiksek puan ise 115°tir. Ogrencilerden alinan verilere
gore BIT tutum 6lcegi ortalama puam 83.79 olarak hesaplanmistir. 23-53 diisiik, 54-83 orta ve 84-115 aralig
yiiksek diizey olarak hesaplanmistir. Buna gore 6n lisans dgrencilerinin BIT tutumlarini yiiksek diizeyde oldugu

sOylenebilir.

On lisans grencilerinin BIT yeterlilik 6lgeginden alabilecekleri en diisiik puan 55, en yiiksek puan ise 275’tir.
Ogrencilerden alinan verilere gére 6grencilerin BIT yeterlilik ortalama puanlar1 161.70 olarak bulunmustur. 55-
128 diisiik, 129-201 orta ve 202-275 aralig1 yiiksek diizey olarak hesaplanmistir. Buna gore On lisans

ogrencilerinin BIT yeterliliklerinin orta diizeyde oldugu sdylenebilir.
Birinci sumif on lisans égrencilerinin BIT tutumlar: 6grencilerin cinsiyetine gore degismekte midir?

On lisans dgrencilerinin BiT’e yonelik tutumlarinin ve yeterliliklerinin cinsiyetlerine gore farklilik gdsterip
gostermedigini tespit etmek i¢in bagimsiz drneklemler t-testi kullanilmistir. Analizlere dair bulgular Tablo 3 ve

Tablo 4’te verilmistir.

Tablo 3. On Lisans Ogrencilerinin BiT Tutum ve Alt Boyut Puanlarinin Cinsiyete Gore T-testi Sonuglar

Degisken Cinsiyet N X SS t p

Kadin 115 22.9043 5.06618 -2.828 .005*
TUTUM

Erkek 131 24.1832 477139

Kadin 115 21.8261 3.39572 -2.038 043*
Genel BIT Egilimi Erkek 131 215344 3.88349

Kadin 115 9.3304 4.38242 .623 .534
Sanal Ortamda Bilgiye Erisim

Erkek 131 12.6565 5.41333
Bllglsayar Donanimi Kadin 115 16.5565 5.63696 -5.249 .000*
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Erkek

Kadin
Yazilim Kullanimi

Erkek
Sanal Ortamda iletisi Kadin
anal Ortamda Iletisim Erkek

131
115

131

115
131

16.8321
10.2435

11.1527

80.8609
86.3588

5.12633

2.55326 -.401 .688
241621

14.86010 -2.868 .004*
15.60674

* p<0,05

Tablo 3’te 6n lisans 6grencilerinin BiT e yonelik tutumlarindan aldiklar1 puan ortalamalarinin dgrencilerin

cinsiyetlerine gore erkek dgrencilerin lehine anlamli diizeyde farklilik gosterdigi bulunmustur. Genel BiT

egilimi alt boyutunda ise kiz 6grenciler lehine anlamli farklilik gostermektedir. Bilgisayar donanimi ve Sanal

ortamda iletisim alt boyutlarinda ise erkek 6grencilerin lehine anlamli bir farklilik bulunmustur.

Tablo 4. On Lisans Ogrencilerinin BiT Yeterlilik ve Alt Boyut Puanlarinin Cinsiyete Gore T-testi Sonuglar

Olgekler Cinsiyet N X SS t p

BIT YETERLIK Kadim 115 151.24 50.35 -3.089 002*
Erkek 131 170.89 49.24

Donanim Yeterlilikleri Kadmn 115 17.74 5.73 -5.934 .000*
Erkek 131 22.06 5.67

Isletim Sistemi Kullanim Yeterlilikleri Kadin 115 15.01 5.32 -4.294 .000*
Erkek 131 17.91 5.24

Word Programi Kullanim Yeterlilikleri Kadin 115 38.62 14.60 -1.882 .061
Erkek 131 41.99 13.52

Excel Programi Kullanim Yeterlilikleri Kadin 115 27.43 10.21 -2.744 .007*
Erkek 131 31.24 1141

Sunum Programi Kullanim Yeterlilikleri Kadin 115 29.87 12.65 -1.639 103
Erkek 131 32.43 11.82

Internet Kullanim Yeterlilikleri Kadin 115 22.58 7.62 -2.730 .007*
Erkek 131 25.26 7.72

* p<0,05

Tablo 4’e gore On lisans dgrencilerinin BIT yeterlilik puanlarmin cinsiyete gore istatistiksel olarak anlamli

farklilik gosterdigi goriilmektedir. Bu farkliligin erkek 6grenciler lehine oldugu belirlenmistir. Tablo BIT yeterlilik

alt boyutlarindan; Donanim yeterligi, Isletim sistemi kullanim yeterligi, Excel programi kullamim yeterligi ve

Internet kullanim yeterligi puanlar1 acisindan erkek ogrenciler lehine istatistiksel olarak anlamli derecede

farklilastig1 gostermektedir.

Birinci siif on lisans ogrencilerinin BIT tutum ve BIT yeterlilik puanlart 6grencilerin okuduklar okula gére

degismekte midir?

On lisans ogrencilerinin BIT’e yonelik tutum ve yeterliliklerinin okuduklari okula gére farklilik gosterip

gostermedigini belirlemek amaciyla t-testi uygulanmistir. Test sonuglar1 Tablo 5 ve Tablo 6’da verilmistir.

Tablo 5. On Lisans Ogrencilerinin Tutum ve Alt Boyut Puanlarinin okuduklar1 Okula Gore T-testi Sonuglar1

Olgekler Okul N X SS t p

TUTUM KMYO 157 81.8917 15.00440 2582 010*
AMYO 89 87.1348 15.66132

Genel BiT Egilimi KMYO 157 23.1401 5.09708 -1.886 060
AMYO 89 24.3708 4.58104

Sanal Ortamda Bilgiye Erisim KMYO 157 21.3312 3.91642 -1.944 .053
AMYO 89 22.2697 3.08502
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Bilgisayar Donanimi KMYO 157 10.4076 5.02041 -2.808 .005*
AMYO 89 12.3258 5.36778

Yazilim Kullanimi KMYO 157 16.3503 5.53180 -1.374 A71
AMYO 89 17.3258 5.01764

Sanal Ortamda Iletisim KMYO 157 10.6624 2.52819 -.539 .590
AMYO 89 10.8427 2.50862

* p<0,05

Tablo 5’e gore 6n lisans dgrencilerinin BIT tutum genel puan ortalamalarinin ve Bilgisayar donanimu alt boyutuna
ait puan ortalamalarinin 6grencilerin okuduklari okula gore istatistiksel olarak anlamli diizeyde farklilik gdsterdigi
tespit edilmistir. Her iki farkliligin Antakya Meslek Yiiksekokulu lehine oldugu belirlenmistir. Diger alt boyutlarda

ise istatistiksel olarak anlamli bir farklilik gdriilmemistir.

Tablo 6. On Lisans Ogrencilerinin BIT Yeterlilik ve Alt Boyut Puanlarmimn Okula Gore T-testi Sonuglari

Olgekler Okul N X SS t p
. KMYO 157 152.6242 51.41528 -3.839 .000*
YETERLILIK
AMYO 89 177.7191 45.18925
. KMYO 157 19.0828 5.90519 -3.347 .001*
Donanim Yeterlilikleri
AMYO 89 21.7303 6.05986
Isletim Sistemi Kullanim Yeterlilikleri KMYO 157 155541 568330 3347 -000%
AMYO 89 18.3146 4.57661
... . KMYO 157 38.0255 14.63135 -3.613 .000*
Word Programi Kullanim Yeterlilikleri AMYO 89 44,6292 12.10595
KMYO 157 27.8917 11.06831 -3.006 .002*
Excel Programi Kullanim Yeterlilikleri AMYO 89 322135 10.40921
... .KMYO 157 29.1529 12.18614 -3.620 .000*
Sunum Programi Kullanim Yeterlilikleri AMYO 89 34.8989 11.55820
e KMYO 157 22,9172 7.88130 -2.970 .003*
Internet Kullanim Yeterlilikleri AMYO 89 259326 722967

* p<0,05
Tablo 6’ya gére On lisans dgrencilerinin genel BIT yeterlilik puan ortalamalar ile tiim alt boyutlara dair puan
ortalamalarinin okuduklar1 okula gére Antakya meslek yiiksekokulu lehine istatistiksel olarak anlamli diizeyde

farklilastig1 belirlenmistir.

Birinci simif 6n lisans 6grencilerinin BIT tutumlart ve BIT yeterlilikleri 6grencilerin yaslarina gore degismekte
midir?

On lisans birinci siif &grencilerinin BIT tutum ve yeterliliklerinin 6grencilerin yaslarina gore degisip
degismedigini belirlemek amaciyla AVOVA testi yapilmis, aradaki farklarin hangi gruplar arasinda oldugunu

belirlemek icin de Post-Hoc testleri kullanilmigtir. Analiz sonuglarindan elde edilen bulgular Tablo 7 ve Tablo

8’de verilmistir.
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Tablo 7. On Lisans Ogrencilerinin BIT Tutumlarmin Ogrencilerin Yaslarma Gére ANOVA Testi Sonuglari (Tukey testi)

Degiskenler Kareler toplami SD Kareler F
Ortalamast

Guruplar aras1 ~ 934.179 2 467.090 1.965 142
TUTUM Gruplar igi 57754.829 243 237.674

Toplam 58689.008 245

Guruplar aras1 ~ 132.471 2 66.235 2.750 .066
Genel BIT Egilimi Gruplar ici 5853.237 243 24.087

Toplam 5985.707 245

Guruplar aras1  11.321 2 5.660 421 .657
Sanal Ortamda Bilgiye oy e 3269.009 243 13.453
Erisim

Toplam 3280.329 245

Guruplar arast ~ 109.343 2 54.671 2.023 134
Bilgisayar Donanimt Gruplar igi 6567.116 243 27.025

Toplam 6676.459 245

Guruplar aras1 ~ 45.418 2 22.709 .789 .456
Yazilim Kullanimi Gruplar igi 6997.919 243 28.798

Toplam 7043.337 245

Guruplar aras1 ~ 18.197 2 9.099 1.441 .239
Sanal Ortamda Iletisim Gruplar ici 1534.555 243 6.315

Toplam 1552.752 245

Tablo 7’ye gore 0n lisans dgrencilerinin BIT tutum ve tiim alt boyutlar1 puan ortalamalarinin dgrencilerin

yaslarina gore istatistiksel olarak anlamli olarak farklilik gostermedigi tespit edilmistir.

Tablo 8. On Lisans Ogrencilerinin BIT Yeterliliklerinin Ogrencilerin Yaslarma Gére ANOVA Testi Sonuglar (Tukey testi)

Degiskenler Degisim Kareler SD Kareler F p. Fark
Kaynagi Toplami ortalamasi
Guruplar aras1  3917.887 2 1958.943
BIT YETERLIK  Gruplar igi 623945.451 243 2567.677 .763 467
Toplam 627863.337 245
Guruplar arast 226.244 2 113.122
Donanim . * _
veterlilikleri Gruplar igi 8843350 243 36.392 3.108  .046 20-21 > (<=19)
Toplam 9069.593 245
isletim Sistemi Guruplar arasi 29.841 2 14.920
Kullanim Gruplar igi 7284.972 243 29.979 498 .609
Yeterlilikleri Toplam 7314813 245
Word Programi Guruplar arasi 127.451 2 63.726
Kullanim Gruplar igi 48642.256 243 200.174 .318 728
Yeterlilikleri Toplam 48769.707 245
Excel Programi Guruplar- a%ras1 87.236 2 43.618
Kullanim Gruplar IC1 29619.772 243 121.892 358 700
Yeterlilikleri Toplam 29707.008 245
S Guruplar aras1 376.574 2 188.287
unum Programi
Kullanim Gruplar igi 36421.218 243 149.882 1.256 287
Yeterlilikleri Toplam 36797.793 245
Guruplar arasi 207.324 2 103.662
Internet Kullanim - 1 e 14598.660 243 60.077 1725 180
Yeterlilikleri
Toplam 14805.984 245

57



Hakkari

Tablo 8’e gore 6n lisans dgrencilerinin BIT yeterlilikleri donanim yeterlilikleri alt boyutunda yaslarina gére
istatistiksel olarak anlamli derecede farklilik gostermektedir. S6z konusu farkliligin 20-21 yas grubu ile <=19

grubu arasinda 20-21 yas grubundaki 6grenciler lehine oldugu bulunmustur.

Birinci simif on lisans égrencilerinin BIT tutumlar: 6grencilerin evde bilgisayart olma durumuna gore degismekte
midir?

On lisans birinci simf dgrencilerinin BIT tutum ve yeterliliklerinin dgrencilerin evde bilgisayarlarinin olmasi
durumuna gore farklilik gosterip gostermedigini belirlemek amaciyla t- testi yapilmigtir. Analiz sonuglarindan
elde edilen bulgular Tablo 9 ve Tablo 10°da verilmistir.

Tablo 9. On Lisans Ogrencilerinin Bit Tutum ve Alt Boyut Puanlarmin Evde Bilgisayar Olma Durumlarina Gére T-Testi
Sonuglart

Olgekler Evde bilgisayar olmast N X SS t p

TUTUM Evet 138 86.48 14.73 3.136 .002*
Hayir 108 80.35 15.79

Genel BIT Egilimi Evet 138 24.08 4.67 1.781 076
Hayir 108 22.95 5.22

Sanal Ortamda Bilgiye Erisim Evet 138 22.09 3.30 2.065 .040*
Hayir 108 21.13 4.02

Bilgisayar Donanimi Evet 138 11.80 5.34 2.410 .017*
Hay1r 108 10.20 4.94

Yazilim Kullanimi Evet 138 17.68 4.78 3.220 .001*
Hay1r 108 15.45 5.82

Sanal Ortamda Iletisim Evet 138 10.82 2.49 .641 522
Hayir 108 10.61 2.56

*, p<0,05

Tablo 9°da 6n lisans 6grencilerinin BIT genel tutum puan ortalamalari ile Sanal ortamda bilgiye erisim, Bilgisayar
donanimi ve yazilim kullanimi alt boyutlar1 puan ortalamalarinin evde bilgisayar bulunduran &grencilerin lehine

anlaml sekilde farklilagtigi bulunmustur.
Birinci sumf on lisans égrencilerinin BIT yeterlilikleri égrencilerin evde bilgisayart olma durumuna gore
degismekte midir?

Birinci smif 6n lisans égrencilerinin BIiT yeterlilikleri dgrencilerin evde bilgisayari olma durumuna gore degisip

degismedigini belirlemek igin t testi yapilmis, bulgular Tablo 10°da verilmistir.

Tablo 10. On Lisans Ogrencilerinin BIT Yeterlilik ve Alt Boyut Puanlarinin Evde Bilgisayar1 Olma Durumuna Gére T-testi
Sonuglart

Olcekler Evde bilgisayar olmast N X sSS t p

BIT YETERLIK Evet 138 179.04 4607  6.576 .000*
Hay1r 108 139.55 47.61

Donanim Yeterlilikleri Evet 138 21.93 5.74 5.861 .000*
Hayir 108 17.63 5.67

Isletim Sistemi Kullanim Yeterlilikleri Evet 138 18.56 4.92 7.139 .000*
Hayir 108 13.99 5.05

Word Programi Kullanim Yeterlilikleri Evet 138 45.01 12.88 6.196 .000*
Hayir 108 34.55 13.47

Excel Programi Kullanim Yeterlilikleri Evet 138 32.10 10.59 4.419 .000*
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Hayir 108 26.07 10.65

Sunum Programi Kullanim Yeterlilikleri Evet 138 34.74 11.95 5.353 .000*
Hayir 108 26.75 11.17

Internet Kullanim Yeterlilikleri Evet 138 26.71 7.034 6.690 .000*
Hayir 108 20.56 7.320

* p<0,05

Tablo 10°da 6grencilerin evde bir bilgisayari olma durumlarma gére BIT yeterlilik ve tiim alt boyutlar1 puan
ortalamalarinin evde bilgisayar1 olan dgrenciler lehine anlamli diizeyde farklilastig1 belirlenmistir.

Birinci sinif 6n lisans 6grencilerinin BIT yeterlilik ve BIT tutumlart arasinda iliski var midir?

On lisans birinci simf dgrencilerinin BIT yeterlilikleri ile BIT e yonelik tutumlari arasinda iliski olup olmadiginm
belirlemek amaciyla Pearson korelasyon analizi yapilmistir. Yapilan analiz sonucunda elde edilen bulgular Tablo
11°de sunulmustur.

Tablo 11. On Lisans Ogrencilerinin BIT Tutum ve BIT Yeterlilik Olgekleri Arasindaki iliskiye Iliskin Korelasyon Degeri

TUTUM YETERLILIK
Pearson Correlation 1 .592**
TUTUM Sig. (2-tailed) .000
N 246 246
o Pearson Correlation .592** 1
YETERLILIK Sig. (2-tailed) 000
N 246 246

Tablo 11°e gore 6n lisans 6grencilerinin BIT tutum toplam puani ile BIiT yeterlilik toplam puanlari arasinda pozitif

yonde orta siddette (r=.592; p<.05) anlamli bir iligski oldugu bulunmustur.
Tartisma ve Sonu¢

Bu ¢alismada 6n lisans birinci sinif dgrencilerinin Bilgi ve iletisim teknolojileri (BIT) tutum ve BIT yeterlilik
diizeyleri belirlenerek, aralarindaki iligki incelenmistir. Calisma sonucunda Ogrencilerin bilgi ve iletigim
teknolojilerine yonelik tutumlarinin yiiksek diizeyde oldugu bulunmustur. Daha once yapilmis ¢alismalar da bu
bulguyu desteklemektedir (Giines ve digerleri, 2017; Sahin ve digerleri, 2020). Bu bulgunun aksine Bahar ve Kaya
(2013) yapmis olduklar1 ¢alismada 6grencilerin BIT tutumlarinin yeterli diizeyde olmadigini bulmuslardir. Yine
Bahar ve Kaya (2013), Jan (2018), Sahin ve digerleri (2020) ¢alismalarinda 6grencilerin bir bilgisayara sahip
olmalarinin ve bilgisayar kullanim siiresinin artmasiyla bilgisayar teknolojilerine yonelik tutumlarinda pozitif
yonde artis oldugunu gdstermistir. 2004-2022 TUIK verilerine bakildiginda 2013 yil1 ile 2022 yili hane halkinin
BIT bulundurma oraninin taginabilir bilgisayarlarda %31.4 ‘den %36.1°e; cep telefon oraninin ise %93.7 ‘den
%99.2 ‘ye; tablet bilgisayarda %6.2’den %24.7’ye yiikselerek ciddi fark olusturdugu goriilmektedir. Bu veriler
de Bahar ve Kaya‘nin (2013) ¢alismalarimin yapildigi yil itibariyle BIT tutum diizeyinin yeterli diizeyde
olmamasini agiklamaktadir. Yang ve Kwok (2017) dgrencilerin BIT kullanim kolayliginin dgrencilerin BiT e
yonelik tutumunu pozitif etkiledigini bulmuslardir. Ogretmenlerin BIT tutumuna yoénelik yapilan 6nceki
caligmalarda &gretmenlerin BIiT kullanimma yonelik pozitif tutuma sahip olduklarin1 gdstererek calismanin

bulgusunu desteklemektedir (Semerci & Aydin, 2018; Konca, Ozel & Zelyurt, 2016; Kaur & Singh, 2018).

Bu calismadaki bir diger bulguya gére 6n lisans birinci sinif 6grencilerinin BIT yeterliliklerinin orta diizeyde
olmasidir. Guven ve Etci’nin (2022) c¢alismast da bu bulguyu desteklemektedir. Daha 6nce yapilmis olan

caligmalara gore 2. sinifta 5grenim goren, evde bir bilgisayari olan, daha énce BIT dersi alan veya BIT sertifikasina
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sahip olan, dijital yerliler olarak anilan {iniversite dgrencilerinin BIT yeterlilik diizeyleri daha yiiksektir (Basat ve
digerleri, 2020; Lateef, 2020; Gliven & Etci, 2022). Dijital yerliler, internet nesli, siber nesil gibi farkli sekillerde
de ifade edilen, hayata baslamalarindan itibaren sanal ortam ile uyum icerisinde olan bireyleri ifade etmektedir
(Karabulut, 2015; Toraman & Usta, 2018). Buna gore 6n lisans dgrencilerinin neredeyse yarisinin (%43.9)
bilgisayar sahibi olmamasi ve biiyiik ¢ogunlugunun (%83.74) daha énce BIT egitimi almamis olmas: birinci smif
ogrencilerinin BIT yeterliliklerinin orta diizeyde olmasim agiklamaktadir. Ancak dijital yerliler neslinden olmalar1
daha yiiksek bir yeterlilik diizeyi beklentisi doguruyor olsa da sadece internet erisimi olmasinin (%84.15) tek
basina yeterli olmadigi s6ylenebilir. Bu anlamda Altun ve Ulusoy (2018) ile Altun ve Tantekin-Erden (2018)
tarafindan yapilan ¢caligmalar 6gretmen adaylarinin teknolojiyi en ¢cok eglence, iletisim ve oyun amacli kullandigini
gostermektedir. 2019°da yapilan bir ¢alismaya gore erken gocukluk doénemi dgretmenlerinin BIT kullanimina
yonelik yeterli beceriye sahip olmadiklar1 yani yeterliliklerinin diigiik oldugu, onlara dijital yerliler denecek
yetkinlik diizeyine sahip olmadiklar1 yoniindedir (Casillas Martin, Cabezas Gonzalez & Garcia Pefialvo, 2019).
Buna gore teknoloji ¢agi genglerinin beklendigi ya da samldigi gibi yeterli BIT diizeyine sahip olmadiklari
sOylenebilir (Given & Etci, 2022).

Calismaya gore 0n lisans birinci sinif erkek dgrencilerinin BIT yeterliliklerinin kiz grencilere gore daha yiiksek
oldugu bulunmustur. Yine erkek dgrencilerin BIT yeterlilik alt boyutlarindan Donanim yeterligi, isletim sistemi
kullanim yeterligi, Excel programi kullanim yeterligi ve Internet kullanim yeterligi puanlarinin kiz 6grencilerden
yiiksek oldugu, bunun yaninda yazilim kullanimi ve sanal ortamda bilgiye erisim alt boyutlarinda ise anlamli bir
farklilik goriilmemistir. Eryilmaz’in (2018) c¢alismasi da bu bulguyu desteklemektedir. Aydogmus ve Karadag
(2020) ile Giiven ve Etgi (2022) calismalarinda kiz ve erkek dgrenciler arasinda BIT yeterlilikleri baglaminda bir
farklilik olmadig1 yoniindedir. Caligmanin bulgusunun aksine Hatlevik (2018) orta 6gretim dgrencilerine yonelik
yaptig1 calismada kiz dgrencilerin BIT yeterliliklerinin erkek 6grencilere gore daha yiiksek oldugunu bulmustur.
Buna paralel olarak Tayvan’da yapilan bir ¢alismada ise {iniversite 6grencilerinde genel olarak, erkek dgrencilerle
karsilastirldiginda, kiz 6grencilerinin BIT araglarini 6grenme etkinliklerine entegre etme konusunda daha giiclii
oldugu tespit edilmistir (Wu, Pan, & Yuan, 2017). Attuquayefio ve Addo (2016), lisans &grencilerine yonelik
calismasinda, BIT’i 6grenme ve arastirma amagl kullanmalar1 agisindan cinsiyet olarak bir farkliigin
goriilmedigini belirtmistir. Buna karsin 6gretmenlerle iletisim, forum sayfalarini kullanma konularinda erkeklerin
daha yiiksek puana sahip olduklarini1 gdstermistir. Bu bulgulara gére dgrencilerin BIT e yonelik yeterliliklerinin

BIT’i kullanma amacglar1 ve alanlarma gére cinsiyet agisindan farklilik gosterebildigi sdylenebilir.

Bir diger bulguya gore 6n lisans dgrencilerinin BIT’e yonelik tutumlarinda erkek &grencilerin aldiklar1 puan
ortalamalar1 kiz 6grencilerin puanlarindan daha yiiksektir. Bunun yaninda alt boyutlar baglaminda bakildiginda
Genel BIT egilimi alt boyutunda kiz grencilerin daha yiiksek puana sahip oldugu bulunmustur. Bilgisayar
donanimi ve Sanal ortamda iletisim alt boyutlarinda ise erkek 6grencilerin puanlarinin anlamli diizeyde daha
yiiksek oldugu bulunmustur. Onceki arastirmalari iceren bir meta analiz ¢alismasinda da erkek &grencilerin genel
olarak kiz 6grencilere gore teknolojiye karsi daha olumlu tutuma sahip olduklarin1 géstermistir. Bu da ¢aligmanin
bulgusunu desteklemektedir (Cai, Fan, & Du, 2017). Victor’un (2013) 6gretmen adaylarina ve Jan’nin (2018) orta
dgretim dgrencilerine yonelik yapmig olduklari ¢alismalarda ise dgrencilerin BIT e yonelik tutumlarmin cinsiyete
gore farklilik gostermedigi yoniindedir. Erdogdu ve Erdogdu’nun (2022) PISA 2018 anket verilerini kullanarak
yapmis olduklar1 ¢alismada, ortadgretimdeki kiz 6grencilerin ICT'ye karsi erkek 6grencilerden daha iyi tutumlara

sahip oldugunu gostermektedir. Her ne kadar Jan’m (2018) caligmasinda cinsiyete gore fark olmadigi bulunmus

60



On Lisans Birinci Smif Ogrencilerinin BIT’e Yonelik Tutum ve Yeterlilikleri

olsa da aym yil yapilan PISA verilerinin 47 iilkeden toplanmis olmasi bu bulguyu daha genellenebilir olarak
degerlendirilebilecegi diisiiniilmektedir. Bu baglamda, genel olarak kiz dgrenciler BIT e ilgi duysalar da erkek

ogrencilere nazaran pratik agisindan daha cekinik kaldiklar1 ya da BIT kullanmmmi konusunda 6zgiivenlerinin

erkeklere nazaran diisiik oldugu sdylenebilir (Onal, 2021; Temte & Hatlevik, 2011; Wu, Pan, & Yuan, 2017).

Ogrencilerin okuduklari okula gore BIT tutum durumlarina bakildiginda Antakya Meslek Yiiksekokulu 6n lisans
ogrencilerinin BIT tutum genel puan ortalamalar1 ve Bilgisayar donanimi alt boyutuna ait puan ortalamalarinin
Kirikhan Meslek Yiiksekokuluna devam eden 6grencilerin puan ortalamalarindan yiiksek oldugu bulunmustur.
Diger alt boyutlarda ise istatistiksel olarak anlamli bir farklilik gériilmemistir. Buna goére Antakya MYO

ogrencilerinin BIT ‘e yonelik tutumlarinin Kirikhan MYO 6grencilerine gore daha olumlu oldugu sdylenebilir.

On lisans dgrencilerinin genel BIT yeterlilik puan ortalamalari ile tiim alt boyutlara dair puan ortalamalarinin
okuduklar1 okula gére Antakya meslek yiiksekokulu Iehine istatistiksel olarak anlamli diizeyde farklilastig
belirlenmistir. Bu bulguya gére Antakya Meslek Yiiksekokulu dgrencilerinin BIiT yeterliliklerinin Kirikhan

Meslek Yiiksekokulu 6grencilerine gore daha yiiksek oldugu sdylenebilir.

Bulgularda 6n lisans 6grencilerinin BIT tutum ve alt boyut puan ortalamalarmin yaslarina gére istatistiksel olarak
anlaml farklilik gostermedigi belirlenmistir. Victor’un (2013) bulgusu da bunu desteklemektedir. Bu bulguyla
paralel olarak Attuquayefio ve Addo’nun (2016) lisans dgrencilerine yonelik ¢alismasinda, BIT’i 6grenme ve
arasgtirma amacli kullanmalar1 agisindan 6grencilerin yagina gore bir farkliligin gortilmedigi yoniindendir. Ancak
daha geng ogrencilerin kurumlari tarafindan 6grenme materyalleri igin saglanan BIT'i kullanma ve bilgiyi
gelistirme niyetlerinin yasca daha biiylik 6grencilerinkinden yiiksek oldugunu géstermistir. Buna gore giiniimiizde
artik Ogrencilerin ya da gen¢ neslin teknolojiyi kullanabilmenin &neminin daha fazla farkinda olduklar

sOylenebilir.

On lisans dgrencilerinin BIT yeterlilikleri sadece donanim yeterlilikleri alt boyutunda yaslarina gore anlamh
derecede farklilik gosterdigi bulunmustur. Genel BIT yeterliligi ve diger alt boyutlarda yas gruplar1 arasinda
anlaml bir farklilik bulunmamuistir. Bu bulguya goére 20-21 yag grubu 6grencilerinin donanim bilgisinin 19 ve daha
kiigiik yastaki dgrencilerden yiiksek oldugu sdylenebilir. Bu bulguyu destekler nitelikte olan Aydogmus ve
Karadag‘in (2020) bulgusuna gére 4. Smif dgrencilerinin 1. Smif grencilerine gore BIT yeterlilik puanlari daha
yiiksektir. Bu da yasca biiyiik olan 6grencilerin BIT ile daha erken tanismis olmalar1 ve bu konuda daha deneyimli

olmalarini gosterdigi sdylenebilir. Basat ve digerlerinin (2020) ¢alismasi da bu bulguyu desteklemektedir.

On lisans dgrencilerinin BIT genel tutum puan ortalamalar1 ile Sanal ortamda bilgiye erisim, Bilgisayar donanimi
ve yazilim kullanimi alt boyutlar1 puan ortalamalarinin evde bilgisayar bulunduran 6grencilerin lehine anlaml
sekilde farklilastig1 bulunmustur. Ogrencilerin bir bilgisayara sahip olmalari, internet erisim olanaklarinin olmast,
bilgisayar kullanim siiresi ve haftalik bilgisayar kullanma siiresi arttikga, Bilgisayar teknolojilerine yonelik
tutumlarinda da pozitif yonde artis goriilmiistiir (Bahar & Kaya, 2013; Sahin ve digerleri, 2020). Jan’1n (2018)
ortadgretim dgrencileri ile yaptig1 calismada bilgisayarda daha fazla zaman gegiren 6grencilerin BIT kullanimina
kars1 daha az olumlu tutuma sahip olduklarmi gostermektedir. Hatlevik ve digerleri (2018) BIT deneyiminin ve
BIT tabanli etkinlikleri bagimsiz olarak 6grenebilmenin, dgrencilerin teknolojiyi kullanma konusundaki giivenleri

ve BIT kullanarak neler basarabileceklerine iliskin inanglar1 i¢in 6nemli oldugunu gésteriyor.
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On lisans dgrencilerinin evde bir bilgisayari olma durumlarina goére BIT yeterlilik ve tiim alt boyutlar1 puan
ortalamalarinin evde bilgisayar1 olan 6grenciler lehine anlamli bicimde farklilagtig1 belirlenmistir. Bunun aksine
Aydogmus ve Karadag’in (2020) bu bulgunun aksine, lisans 6grencilerine yonelik yaptiklart calisma dgrencilerin
evde bilgisayar bulundurmalariin BIT yeterliliklerini etkilemedigini gdstermistir. Bu ¢alismanin érnekleminin
1,2,3 ve 4. siif gretmen adaylarindan olusmasi, BIT destekli derslerin ve BIT’in derslerde yogun kullanim alan
bulmasi nedeniyle grencilerin tiimiiniin BIT diizeylerinin benzer ve yiiksek oldugu sdylenebilir. Calismanin
bulgular1 da bunu desteklemektedir. Bu ¢aligmanin 6rneklemini birinci sinif dgrenciler olusturdugundan evde
bilgisayar bulundurmalar1 BIT yeterlilik diizeyini arttirdigi sdylenebilir. Buna paralel olarak daha énce BIT
konusunda deneyimli olan kisilerin BIT yeterliliklerinin daha yiiksek olmasi beklenebilir. Eryilmaz (2018) bilgi
teknolojileri ile ilgili okul diginda herhangi bir egitim programina katilan 6grencilerin bilgi ve iletisim teknolojileri

yeterliliklerinin arttigini belirtmistir.

Calismada 6n lisans birinci sinif 8grencilerinin BIT tutum toplam puani ile BIT yeterlilik toplam puanlar1 arasinda
pozitif yonde orta siddette anlaml1 bir iliski oldugu bulunmustur. Buna gére dnlisas birinci sinif dgrencilerinin BIT
yeterlilik diizeyi arttikca BiT e yonelik tutumlarinin da pozitif yonde arttig1 sdylenebilir. Yang ve Kwok (2017)
ile Jan‘mn (2018) calismalar1 bu bulguyu desteklemektedir. Bu ¢aligmalar da dgrencilerin BIT kullanim kolayligmimn

dgrencilerin BIT e yonelik tutumunu pozitif etkiledigini gdstermistir.

Sonug olarak; On lisans birinci siif dgrencilerinin BIT e yénelik tutumlarmin yiiksek diizeyde olmasina ragmen
dijital yerliler denecek kadar BIT yeterliligine sahip olmadiklar1 sdylenebilir. Ancak bu ¢alismanin 6rneklemi
Hatay ilinde bulunan iki meslek yiiksekokulu ile smirlidir. Ayn1 zamanda veriler BiT dersi almadan 6nce
toplandigindan yeterlilik diizeylerinin orta diizeyde olmasinin olas1 bir sonug oldugu séylenebilir. Bu da
ogrencilerin On lisansta bu gibi temel bilgileri igeren derslere yer verilmesinin 6nemini ve gerekliligini ortaya
koymaktadir. Bir baska bulgu erkek 6grencilerin kiz dgrencilere nazaran BIT’e yonelik tutum ve yeterliliklerinin
daha yiiksek oldugu yoniindedir. Bu farkin giderilmesi i¢in 6nce toplumun cinsiyet kalip yargilarinin degismesi
onemlidir. Kiz 6grencilerin BIT’e yonelik nyargilarinin ve kaygilarinin dniine gegilerek 6zgiivenlerinin
arttirilmas1 adina bu konuda ¢alisan egitimcilerin onlar1 yiireklendirmesi gerektigi diisiiniilmektedir. Ogrencilerin
BIT tutum ve yeterliklerinin 6grencilerin yaslarina gore degismedigi bulunmustur. Bu bulgu da 21.yy’in geregi
olarak her bireyin, 6zellikle ara elaman olarak gérev yapacak olan meslek yiiksekokulu égrencilerin BIT
yeterliligine sahip olmasinin 6nemini bir kez daha gostermektedir. Ogrencilerin BIT yeterliliginin BIT
tutumlariyla pozitif yonde iliskili oldugu, ayn1 zamanda 6grencilerin bilgi ve iletisim teknolojilerini kullanma
siireleri ve bilgisayar sahibi olmalarmin da etkili oldugu bilinmektedir. Bu nedenle okullarda sadece BIT ders
igeriklerinin 6gretilmesiyle kalmamali, aragtirma yapma, proje ve ddev hazirlama gibi ¢aligmalara
yonlendirilerek dgrencilere BIT bilgilerini kullanma ve gelistirme imkani verilmesi 6nerilmektedir. Ozellikle
uzaktan ofis modelinin yaygin oldugu giiniimiizde is istihdami agisindan BIT yetkinligi olan dgrencilerin
avantajma olacagi diisiiniilmektedir. Ogretim elemanlarinin mesleki baglamda kullandiklar1 ve takip ettikleri
teknolojileri 6grencileriyle paylasarak onlar1 bu konularda bilgilendirmeleri ve pratik yapma imkani1 saglamalari,
arastirma yapmaya yonlendirip bireysel gelisimlerini saglamalari, yenilikleri takip etmeleri konusunda tesvik

etmeleri 6nemli gorilmektedir.
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Oz

Son yillarda ortaya ¢ikan teknolojik gelismelerin ilk siralarinda yer alan yapay zeka her gecen giin
kendisini daha da gelistirmekte ve yeni imkanlar sunarak c¢aligma alaninin genislemesine neden
olmaktadir. Yapay zekanin insanlarin yasam bi¢imlerinin yani sira egitim siireclerini de olumlu
yonde degistirecegine inanilmaktadir. Gergeklestirilen aragtirmanin amaci, egitim bilimleri ile
ilgili yapay zek& tekniklerinden yararlanarak calisilmis makalelerde bulunan egilimleri analiz
etmektir. Arastirma, 2019 senesi ve 2021 senesi arasindaki 3 senelik siire icerisinde Web of
Science sitesinin “Education & Educational Research” kategorisindeki “Artificial Intelligence in
Education” terimlerinin bulundugu makaleleri kapsamaktadir. Bu degerlendirmeye gore
belirlenen 168 makaleden 20 tanesi ¢alisma disinda birakilmig ve ¢aligma 148 makale ile
gerceklestirilmistir. Aragtirmada igerik analizi yonteminden yararlanilmigtir. Olusturulan makale
inceleme formu ile 148 makalenin icerik incelemeleri yapilmistir. Yapilan incelemelere gore;
%358.1 oraninda makalelerin 2021 senesinde yayimlandigi, %53.4’linde uygulama olarak test veya
uygulama ¢alismast yapildigi, makalelerin %27.0’sinde veri toplama araci olarak anket
uygulamasindan yararlanildigi, %43.9’unda ise yar1 deneysel bir teknik ¢alisildigi, calismalardaki
orneklem sayisindaki ¢ogunlugun %14.9 oraninda ve 500 kisi iizerinde oldugu anlagilmigtir.
Arastirmada analiz edilen makalelerde, nicel arastirma yonteminin tercih edildigi, daha cok
deneysel-uygulamali oldugu ve orneklem biiyiikligiiniin ¢ogunlukla 500 ve {izerinde oldugu
gOriilmiistir.
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Abstract

Artificial intelligence, which is at the forefront of the technological developments that have
emerged in recent years, develops itself more and more every day and causes the expansion of the
work area by offering new opportunities. It is believed that artificial intelligence will positively
change education processes as well as people's lifestyles. The purpose of the research carried out
is to analyze the trends in the articles studied by using artificial intelligence techniques related to
educational sciences. The research includes articles that contain the terms "Acrtificial Intelligence
in Education" in the "Education & Educational Research" category of the Web of Science site
during the 3-year period between 2019 and 2021. 20 of 168 articles determined according to this
evaluation were excluded from the study and the study was carried out with 148 articles. Content
analysis method was used in the research. With the article review form created, content reviews of
148 articles were made. According to the investigations; 58.1% of the articles were published in
2021, 53.4% of them were tested or applied as an application, 27.0% of the articles were used as
a data collection tool, a survey application was used, 43.9% of them was a quasi-experimental
technique, and the majority of the sample number in the studies was 14.9%. rate and was found to
be over 500 people. In the articles analyzed in the research, it was seen that the quantitative
research method was preferred, it was mostly experimental and the sample size was mostly 500
and above.
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Research on Atrtificial Intelligence in Education

Extended Abstract
Introduction

Technological developments in recent years have deeply affected society. Artificial intelligence, one of these
developments, has created a revolution in people's lives. So much so that artificial intelligence has now become a
part of people's lives in many countries, from internet search engines to smartphone applications, from public
transportation to household appliances. These complex algorithms and software are prime examples of Al

solutions that are now part of everyday experience.

The inclusion of artificial intelligence in our day has also deeply affected the field of education (Popenici & Kerr,
2017). However, despite the increasing usage areas, it can be said that there is still uncertainty about how artificial
intelligence technologies will be used in education and what benefits it will provide to administrators, educators,
teachers, students and parents. For this reason, understanding the benefits of artificial intelligence technology and

raising awareness about its disadvantages will enable more effective use of artificial intelligence in education.

Avrtificial Intelligence

The concept of artificial intelligence was first mentioned in an introduction at the Dortmund conference in 1956.
John McCarthy is the inventor of this concept (Alpaydin, 2013). McCarthy (2004, p.7) and defines intelligence as

“the calculated portion of the world's ability to achieve goals”.

Artificial Intelligence in Education

Artificial intelligence is a technology model in which some features developed by humans are taught, and then
these lessons are developed and presented to humans. In the context of education, artificial intelligence is defined
as information processing systems that can participate in human-performed processes such as learning, adaptation,

synthesis, self-regulation and use.

Acrtificial intelligence is an artificial system that must exhibit high-level cognitive functions or autonomous
behaviors characteristic of human intelligence. It is believed that artificial intelligence will change the way people
live, work, play and travel, as well as the educational processes. In particular, the global Covid-19 pandemic has
led to the integration of technology into education and the use of artificial intelligence technologies in education.
However, understanding the benefits of artificial intelligence technology and raising awareness about its
disadvantages will enable more effective use of artificial intelligence in education. It is important to evaluate the
data obtained in the field of education correctly and to examine and exemplify the studies. When the literature is
examined, no study has been found that analyzes the studies conducted with artificial intelligence methods in the

field of education in Turkey. Therefore, it is thought that this study will fill this gap in the literature.

Method

Content analysis, one of the analysis methods, was preferred in the research. In the research, the analyzed articles
are the studies in the "Education and educational research™ category of the Web of Science category of the Web
of Science website and on which "Atrtificial Intelligence in Education™ is available. The review covers the studies

carried out in the 3-year period from 2019 to 2021. With the filtering made according to these criteria, 168 articles
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were determined. In the analysis, which was expanded as much as possible with descriptive survey methods, all
articles were analyzed according to the criteria; As a result of the initial investigations with the researchers, 20

studies were not included in the analysis process and analysis was carried out on 148 articles.

The titles used in the analysis form created by the researchers; The publication year of the article, the type of
research, the method used in the research, the number of the sample participating in the research, learning areas
and data collection tools were determined. After the survey, 148 articles in accordance with the criteria were
examined and frequency and percentage calculations were made according to the form data. The data obtained as

a result of the examinations are processed in the tables.

Findings

According to the results, 79 article types (53.4%) were experimental-applied study type, 29 article types (19.6%)
were review-theoretical study type, 16 article types (10.8%) were descriptive, 15 article types (10%) ,1) are action
research type, 7 article types (4.7%) are method study type and 2 article types (1.4%) are professional study type.
While 82 articles (55.4%) were in the field of educational sciences, 39 articles (26.4%) were in the field of
Computer / Information Technologies, 7 articles (4.7%) were in the field of engineering, 7 articles (4.7%) were in
the field of health, 4 articles (2.7%) is in the field of psychology education. In addition, 9 articles were completed
in the fields of mathematics, physical education, sociology, art and education.

In this study, the contents of the articles published within a period of 3 years and complying with the determined
criteria were analyzed. The results were interpreted, but not compared. More information can be obtained by
comparing a study to be conducted in different time periods. Study groups were not evaluated. Evaluation can be
made according to the working groups. In environments such as EBA (Educational Information Network),
strategies can be developed for users to spend quality and productive time according to user time and usage data.
To achieve this, the reporting function of artificial intelligence can be used. For students and teachers, assessments
can take place in a different light from artificial intelligence. Individual learning can be made more effective by
providing automatic feedback according to the needs of artificial intelligence technology.
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Giris

Insan beyni uzun siiredir sorgulaniyor. Bu nedenle bilim insanlar1 ve arastirmacilar insan beyninin isleyisini gesitli
acilardan incelemektedirler. Arastirmalar sayesinde bu konuda dnemli bir ilerleme saglanmis olmasina ragmen
daha fazla calisma yapilabilecek yeni konu basliklar1 da ortaya ¢ikmustir (Kazu & Ozdemir, 2009). ilgi goren
aragtirma konularindan biri de yapay zekadir. Yapay zek& glinimizde en ¢ok kullanilan araglardan biri olmus ve

bu teknolojiyle yapilan yatirnmlar 6zellikle uzaktan ¢aligmanin yapildigi bu giinlerde artmustir.

Son yillardaki teknolojik geligmeler toplumu derinden etkilemistir. Bu gelismelerden biri olan yapay zeka,
insanlarmn hayatinda bir devrim yaratmustir. Oyle ki yapay zeka artik internet arama motorlarindan akilli telefon
uygulamalarina, toplu tasimadan ev aletlerine kadar birgok tilkede insanlarin hayatlarinin odak noktasinda, ekstra
¢oziimler gelistiren bir parga haline gelmistir. Bu kompleks uygulamalar, ginlik hayat icerisinde fazlaca
kullanilmaya baglayan yapay zekanin gelistirdigi 6rneklerin basinda gelmektedir (Bostrom & Yudkowsky 2011,
Luckin, 2017). Ornegin “siri” uygulamasi, ses ve terciiman uygulamasi, yiiz tanima veya Snapchat veya Instagram
Uzerinde siradist efektler olusturan filtreler igeren goérsel bir dijital uygulama, uzun yillardir kullanilan Tik Tok,
giinliik yagamda yapay zekanin en bariz drnekleridir. Buna ek olarak, Amazon kitap énermek igin yapay zeka ,
Spotify sarki 6nermek igin yapay zeka kullanmakta ve okullar 6grencilerin 6grenme yollarini sekillendirmek igin
benzer teknikleri kullanmaktadir (Zeide, 2019). Sosyal medya platformlarindan ¢ok sayida insanin etkin bir sekilde
yararlandig1 bir devirde, okullarin dijital doniisiim siirecine ne sekilde etki edecegi merak uyandirmaktadir (Parlak,
2017). Tiirkiye’de 6zellikle son donemlerde gelistirilen e-devlet hizmetleri ile bir¢ok sosyal konuda dijital degisim
hamleleri baglatilmistir. Teknoloji, yasamin igerisindeki tiim alanlarda yogun bir degisime etki ederken, egitim
ogretim siireglerinde haliyle daha fazla bir degisim beklenmektedir (Akgun, 2019). Egitim &gretim ortamlarinda
dijital doniisiim siire¢lerinin fazlalagmasit 6grencilerin teknolojiye karsi bakis agisint degistirecek ve

motivasyonlarini derse yonlendirmelerine yardimci olacaktir (Sarsic1 & Celik, 2019).

Yapay zekanin glinimiize dahil edilmesi, egitim alanin1 da derinden etkilemistir (Popenici & Kerr, 2017). Ancak
artan kullanim alanlarina ragmen yapay zekd teknolojilerinin egitimde nasil kullanilacagi ve yoneticilere,
egitimcilere, 6gretmenlere, 6grencilere ve velilere ne gibi faydalar saglayacagina dair hala bir belirsizligin oldugu
sOylenebilir. Bu nedenle yapay zekd teknolojisinin faydalarinin anlagilmasi ve olumsuzluklari hakkinda

farkindalik yaratilmasi egitimde yapay zekanin daha etkin kullanilmasini saglayacaktir.
Yapay Zeka

Yapay zekd kavramindan ilk kez 1956 yilinda Dortmund konferansinda bir tanitimda bahsedilmistir. John
McCarthy bu kavramin mucididir (Alpaydimn, 2013). McCarthy (2004, s.7) ve zekay1 “diinyanin hedeflere ulagma

yeteneginin hesaplanmig kismi” olarak tanimlar.

Yapay zek@; daha basit bir ifadeyle makineler araciligiyla sunulan zeka tipidir. Yapay zeka ifadesi, insanin beyin
yapisini yansitan, kisilerin karsilastiklar1 problemler karsisinda gelistirdikleri diisiinme bigimlerini, karar alma
sekillerini ve galigma sekillerini tetkik ederek elde edilen bilgiler 1s18inda kendisini siirekli olarak yenileyen
mekanizma ve sistemlerden olusur. Bu sebepten o6tiirii daha ileri seviyede bilissel fonksiyonlar “kavrama, 6grenme,
cogul ifadeleri birbiri ile iligkilendirme, fikir iiretme, iletisim kurma, akil yiiriitme, problem ¢6zme ve karar verme”
yada 6zerk davraniglar gostermesi muhtemel yapay bir bilgisayar sistemi olarak (UIB, 2017) ifade edilmektedir.

Yapay zeka, insanlarin yasamlarina ¢esitli sekillerde miidahale eder.
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Yapay zekd, karmagik sorunlari ¢6zmeye yardimci olan ve yalnizca 6nceden belirlenmis sorunlara degil, ayni
zamanda yeni bir duruma da yanitlar iireten akilli programlar olarak benimsenmistir (Nabiyev, 2012). Yapay zeka
aragtirma diinyasinin bir diger 6nde gelen ismi Nils Nilsson'a (1990) gore yapay zeka, dogal zekann taklitlerini

yaratmay1 amaglayan bir teoridir.
Egitimde Yapay Zeka

Yapay zeka, insan eliyle olusturulan kimi niteliklerin islendigi, sonraki agamalarda 6grenilenlerin ilerletilerek
kisilerin kullanimina takdim edilen bir teknoloji bi¢imidir. Egitim siiregleri icerisinde ise yapay zeka, egitim ve
ogretim, adaptasyon, sentez, 6z diizenleme ve kullanim gibi insan tarafindan gergeklestirilen siireglere katilabilen
bilgi isleme sistemleri olarak tanimlanmaktadir. Yapay zek4; Insanlarin yasama, ¢alisma, oyun oynama ve seyahat
etme bigimlerini degistirmenin yani sira egitim siirecinde de degisiklikler meydana getirmektedir. Veriler ve
guncel bilgiler yapay zekanin yararlandigi temel noktalardir ayrica yapay zekd her zaman bilgi kullanilarak
gelistirilir. Clinkii yapay zek& 6grendiklerini 6greterek tecriibe kazanir. Bu tecriibeler ayn1 zamanda yapay zekanin
aktif bir egitici olmasi anlamina da gelmektedir. 21. yiizyilda adindan fazlaca bahsettirmesi muhtemel yapay zek3,
egitim Ogretim ortamlarinda kullanilan diger teknolojilerden farkli olacak sekilde zeki bir 6gretici bigiminde
tanimlanabilecek ve dgrenen kisilere program igerisinde es icerikleri vermek yerine tiim bireylerin uygun sekilde

ogrenme islevini gerceklestirebilecegi bir model gelistirmeye devam edecektir (Esdeira, 2017).

Yapay zekdyi egitim Ogretim siireglerinde yararlanilan diger teknolojilerden farkli ve 6zel kilan
faktorler agsagida belirtilmistir (Noe, 2009):
e Egitim siirecinin 6grencinin kisisel beklentilerini kargilamasi,
e  Etkili kurulan iletisim sonucunda 6grencinin sorularina yanit verilmesi,
e Ogrenme siirecini dgrencinin birebir modelleyebilme 6zelligi,
e Ogrencinin gegmiste gosterdigi performans durumuna gére ihtiyag duyulan bilginin belirlenebilmesi,
e Ogrenme diizeyine yonelik 6grenci 6zelinde karar alinabilmesi,

e Egitim dgretim siirecine dair sonuglarin belirlenebilmesidir.

Daha kigisellestirilmis, esnek ve ilgi ¢ekici 6grenme firsatlari sunan yapay zekd, yalnizca 6grenilen materyale
degil, ayn1 zamanda 6grencilerin 6grenme ve duygularina da karsilik verebilme imkani saglayabilir. (Luckin,
Holmes, Griffiths, & Forcier, 2016). Bu sebepten 6turll yapay zekd egitimi alanindaki egitim ortamlarinda (or.
okul) dgretmen ve 6grenenlerin farkli bakis agilarindan degerlendirilebilir. Farkli bir deyisle, yapay zek& her
katilimeiya baska faydalar saglar ve egitim 6gretim surecindeki gorevleri ¢esitli bigimlerde etkileyebilir (Kupreko,
2020).

Egitimde Yapay Zekamin Avantajlan

Yapay zek&, oOgrencileri istenmeyen davramiglar ve performans konusunda hizli bir sekilde uyararak okul
miidiirlerini ve 6gretmenleri egitebilir (Murphy, 2019). Okul isleyisi ile ilgili (6r. haber, 6grenci devamsizliklari)
bilgiler bu sekilde daha ¢abuk ve basit bir bicimde ele alinabilir ve ¢esitli degerlendirmeler yapilabilir. Yapay zeka
teknolojisi, okula devam etmeme riski tasiyan 6grencilerin erken belirlenmesini de saglayabilir. Okul yoneticileri
bu durumdaki 6grencilerle daha ¢abuk iletisim kurarak ve yapilmasi gereken zorunlu ikazlar1 yaparak, gereken

destegi saglayabilir veya sorunlar tirmanmadan 6nce lazim olan 6nlemler almabilir (Isler & Kilig, 2021).
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Yapay zeka tarafindan desteklenen algoritma modelleri, dgrenen bireylerin ilgi ve merak duydugu konulari
inceleyerek 6gretmenler i¢in bireysellestirilmis teklif ve egitim surecleri saglayabilir (Kupreko, 2020). Yapay
zekadan yararlanan 6gretmenler sinifta 6grencileri inceleyerek, kimlerin daha agir 6grendiklerini fark edebilir,
ogrencilerin zayif noktalar1 bulunuyorsa veya belli bir konuyu anlamiyorsa yapay zeka 6gretmenlere gosterebilir
veya 6gretmenler 6grenmeyi destek olmak amaciyla yerinde ¢dziimler 6nerebilir (Fahimirad & Kotamjani, 2018).
Yapay zekd, 6gretmenlerin ihtiya¢ duyulan 6gretim materyallerini incelemek i¢in daha kisa siire harcamasin
saglayan otomatik bir program olusturur (Kupreko, 2020). Ayrica yapay zekanin sagladigi imkanlar nedeniyle

ogretmenlerin miifredat: sifirdan gelistirmeleri gerekmez.

Yapay zek& teknolojisi sayesinde bireysel egitim desteklenerek, 6grenme giigliigii ¢eken Ogrencileri erken
donemde tespit etmek ve bu 6grencilere uygun ¢oziimler sunmak miimkiindiir (Drigas & loannidou, 2012). Farklt
dilleri konusan, gérme veya isitme engelli 6grenciler i¢in kapsamli siniflarin kurulmasini saglar ve ayrica hastalik
nedeniyle okula gidemeyen Ogrenciler igin ¢esitli firsatlar yaratir ve bu sayede 6grenciler kapsayici egitim
hizmetlerinden yararlanir. Ayrica yapay zeka teknolojisi 6grencinin 6grenme diizeyi ile 6grenme stiline gore

kisisellestirilmis 6devler sunabilmektedir (fsler & Kilig, 2021).

Yapay zeka, engelli ¢ocuklarin ¢alisan ebeveynleri tarafindan kullanilabilir. Gelismis yapay zeka teknolojileri,
cocuklarin ebeveynleriyle etkilesimli iletisim kurmasini saglayabilir. Ebeveynler, kii¢lik yastaki ¢ocuklarin bu
teknolojilerle eglenmelerine izin vermenin yani sira kesfetme, 6grenme ve dngorii gibi beceriler gelistirmelerine
de izin verebilir (Richter, 2018). Okul 6ncesi gocuklarinin evde dijital olarak diigiinmesini isteyen ebeveynler icin
kurgulanmuig bir dizi yapay zeka uygulamasi da vardir. Sanal ortamda bulunan egiticiler araciligiyla ihtiyaca gore
kigisellestirilebilen dgretim programlari yardimiyla Ustiin yetenekli ¢ocuklarin zekalar1 da bahsedilen yapay zeka
teknolojilerini kullanilarak gelistirilebilir. Yapay zeka teknolojisi sayesinde tiim yas grubuna beceri, yetenek ve
merak duydugu alanlarmma gore diger sekillerde ve ilgi alanlarinda sekillenerek kisiye 6zel egitim olanaklar
sunmaktadir. Bu yapay zek& platformlar1 sayesinde ebeveynler, 6gretmenler, profesyoneller ve danigmanlar
etkilesimli olarak iletisim kurma firsati1 bulmaktadirlar (Alpaslan, 2020). Bu sekilde yapay zekd, 6zel gereksinimli

bireylerin ebeveynlerine farkli psikolojik yararlar sunmaktadir (Newman, 2017).

Teknoloji egitim siirecinde yapilan ¢aligmalar1 derinden etkilese de insanin teknolojiden daha dnemli oldugu
unutulmamalidir. Egitimde teknoloji, igerigin yayilmasi, izlenmesi ve degerlendirilmesi gibi detaylara
indirgenmemelidir. Dolayisiyla insan ve teknolojinin i¢ ige oldugu daha zengin igerikli egitim siiregleri

planlanabilir.

Arastirmanin Amaci

Yapay zekd, insan zekasinm 6zelligi olan iist diizey bilissel islevler veya 6zerk davraniglar sergilemesi gereken
yapay bir sistemdir. Yapay zekanin insanlarin yasama, ¢aligma, oynama ve seyahat etme bigimlerinin yani sira
egitim siireglerini de degistirecegine inanilmaktadir. Ozellikle kiiresel Covid-19 pandemisi teknolojinin egitime
entegrasyonuna ve yapay zeka teknolojilerinin egitimde kullanilmasina yol agmustir. Ancak yapay zeka
teknolojisinin yararlarin1 anlamak ve olumsuzluklar1 hakkinda farkindalik yaratmak, egitimde yapay zekanin daha
etkin kullanilmasin saglayacaktir. Egitim alaninda elde edilen bilgilerin uygun bir bicimde incelenmesi ve yapilan
aragtirmalarin incelenerek 6rneklendirilmesi 6nemlidir. Literatiir incelendiginde Tiirkiye'de egitim alaninda yapay

zeka yontemleriyle yapilan aragtirmalarin detayli olarak incelendigi herhangi bir arastirmayla karsilagilmamigtir.
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Dolayistyla arastirmanin literatiirdeki bu eksikligi giderecegi diisiiniilmektedir. Ulkemizde yapay zeka kullanilarak
egitim verisi analizi ¢alismalari heniiz yenidir. Bu ¢alismada, egitimde yapay zek& yontemlerinin kullanildig
bilimsel web veri tabanlarindan makaleler taranmig ve incelenmistir. Gergeklestirilen aragtirmanin amact, Web of
Science sitesinde bulunan arastirmalari taranarak 2019-2021 yillar1 arasinda " Education & Educational Research™
kategorisinde egitim bilimleri alaninda “Artificial Intelligent in Education” ile yazilan makalelerin incelenmesidir.
Bu amagla asagidaki soruya cevap aranmaktadir

- Egitimde yapay zeka konusunda yapilmig arastirmalarin

a) yayn yili,

b) aragtirmanin tiirt,

c) yontemi,

d) 6rneklem sayist,

e) 6grenme alanlar

f) veri toplama araglar

bakimindan igerigi nasildir?

Yontem

Yapilan arastirmada, analiz yontemlerinden icerik analizi tercih edilmistir. Icerik analizi sozlii, yazili ve diger
belgelerde yer alan mesajlar1 nesnel ve sistematik bir sekilde kategorilere ayirip sayilara doniistiirerek ¢ikarimlarda

bulunur (Tavsancil & Aslan, 2001).
Orneklem

Yapilan arastirmada, analizi gergeklestirilen makaleler, Web of Science web sitesinin Web of Science
kategorisinin "Egitim ve egitim arastirmalar1" kategorisindeki ve konularinda "Egitimde Yapay Zek&" mevcut olan
caligmalardir. Yapilan inceleme 2019 senesinden 2021 senesine kadar olan 3 senelik siire i¢inde yapilan

arastirmalar1 kapsamaktadir. Bu 6lgUtlere gére yapilan filtreleme ile 168 makale belirlenmistir.

Betimsel anket yontemleriyle olabildigince genisletilen analizde, tim makaleler, kriterlere gore analiz edilmis;
arastirmacilarla yapilan ilk incelemeler neticesinde 20 adet arastirma analiz siirecine dahil edilmeyerek 148 makale

Ustlinde analiz islemi gergeklestirilmistir.
Veri Toplama Araglar

Analiz sirecine dahil edilen makalelerin dijital ortama aktarilmas1 gergeklestirilmistir. Makalelerin sistemli bir
bicimde analiz edilmesini gerceklestirmek amaciyla makale analiz formu olusturulmustur. Arastirmacilar
tarafindan olusturulan formda kullanilan basliklar; makalenin yaym yili, aragtirmanin tdril, arastirmalarda
kullanilan ydntem, arastirmaya katilan Orneklemin sayisi, 6grenme alanlart ile veri toplama araglari olarak
belirlenmistir. Bir tablolama programi olan Microsoft Excel’de hazirlanan form icerisinde belirlenen bagliklara ek
olarak alt basliklar olusturulmus ve uygun kodlamalar yapilmistir. Formlarin birlestirilmesi ve diizenlenmesi ile

olusturulan veri seti, arastirmacilar tarafindan bagimsiz olarak islenmistir.
Veri Analizi

Anket sonrasinda kriterlere uygun 148 makale incelenmis ve form verilerine gore frekans ve yilizde hesaplamalari

yapilmistir. Incelemeler sonucunda ulasilan veriler tablolara islenmistir.
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Bulgular

Aragtirmanin bu bdlimiinde, ¢aligmanin amaglarina ulagabilmek amaciyla gergeklestirilen incelemeler neticesinde
ulagilan veriler gosterilmistir. Makalelerin, yayinlanma yili, ¢alisma tiirleri, arastirma yontemi, 6rneklem
diizeyleri, 6gretim alanma (disipline) ve veri toplama araglarina ait verilerin nasil dagildig: alt bagliklar bigiminde

aktarilmigtir.
Incelenen Makalelerin Yayinlanma Yillarina Gére Dagiimlar
Caligmanin birinci alt amacinda makaleler yayinlanma yillarina gore gosterilmistir. Tablo 1°de analiz edilen

makalelerin yayinlanma yillarina dair dagilim sayilari verilmistir.

Tablo 1. Makalelerin Yaymn Yillart

Makale yayin yillari N %

2019 yili 24 16.2
2020 yilu 38 25.7
2021 yili 86 58.1

Tablo 1°deki verilere gore 24 ¢alisma (%16.2) 2019 yilinda yayinlanmis iken 38 calisma (%25.7) 2020 yilinda ve
86 calisma (%58.1) 2021 yilinda yayinlanmistr.

incelenen Makalelerin Cahsma Tiirlerine Gore Dagilimlar

Caligmanin ikinci alt amacinda makaleler tiirlerine gore gosterilmistir. Tablo 2’de analiz edilen makalelerin

tirlerine dair dagilim sayilari verilmistir.

Tablo 2. Makalelerin Calisma Tiirleri

Makalenin tiri N %
Deneysel-Uygulamali galisma 79 53.4
Alanyazin derleme-Kuramsal galigma 29 19.6
Betimsel ¢aligma 16 10.8
Eylem aragtirmasi 15 10.1
Yontem ¢aligsmast 7 4.7
Mesleki ¢alisma 2 14

Tablo 2’deki verilere gore 79 makalenin tirl (%53.4) deneysel-uygulamali ¢alisma tiirde iken 29 makale turi
(%19.6) alanyazin derleme-kuramsal ¢alisma tiiriinde, 16 makale tiiri (%10.8) betimsel turde, 15 makale tiri
(%10.1) eylem arastirmas: tiiriinde, 7 makale tiirii (%4.7) yontem g¢alismasi tiirinde ve 2 makale tiirii (%]1.4)

mesleki ¢alisma tiiriindedir.
incelenen Makalelerin Yontemlerine Gore Dagilimlan

Caligmanin (¢lincl alt amacinda makaleler yontemlerine gore gosterilmistir. Tablo 3°de analiz edilen makalelerin

yontemlerine dair dagilim sayilar1 verilmistir.

Tablo 3. Makalelerin Yontemleri

Makalenin yéntemi N %

Yar1 deneysel 65 43.9
Betimsel 34 23.0
Tam deneysel 22 14.9
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Tarama 18 122
Karsilastirmali 6 4.1
Korelasyonel 3 2.0

Tablo 3’teki verilere gore 65 makalenin yontemi (%43.9) yar1 deneysel iken 34 makale yontemi (%23.0) betimsel,
22 makale yontemi (%14.9) tam deneysel, 18 makale yontemi (%12.2) tarama, 6 makale yéntemi (%4.1)

karsilagtirmali ve 3 makale yontemi (%2.0) korelasyonel yéntemdir.
incelenen Makalelerin Orneklem Sayilaria Gore Dagilimi

Arastirmanmn dordincl alt amacinda makaleler 6rneklem sayilart gésterilmistir. Tablo 4’de analiz edilen

makalelerin 6rneklem sayilarina gore dagilimlari verilmistir.

Tablo 4. Makalelerin Orneklem Sayilari

Orneklem biyiikliigii N %
0-49 15 10.1
50-99 11 7.4
100-499 18 12.2
500 ve Uzeri 22 14.9
Belirtilmemis 82 55.4

Tablo 4’teki verilere gore 15 makalenin 6rneklem biiyiikligii (%10.1) 0-49 arasinda iken 11 makalenin 6rneklem
biiytikligi (%7.4) 50-99 arasinda, 18 makalenin 6rneklem biiytkligii (%12.2) 100-499 arasinda, 22 makalenin
orneklem bityiiklugii (%14.9) 500 ve tizerindedir.

incelenen Makalelerin Uzerinde Cahsilan Ogretim Alanina (Disipline) Gére Dagihim

Aragtirmanin besinci alt amacinda makaleler iizerinde galigilan 6gretim alanlari (disipline) gosterilmistir. Tablo

5’de analiz edilen makalelerin {izerinde ¢alisilan 6gretim alanina (disipline) gore dagilimlart verilmistir.

Tablo 5. Makalelerin Uzerinde Calisilan Ogretim Alanlar

Ogretim Alanlar N %
Egitim bilimleri 82 55.4
Bilgisayar/Bilisim teknolojileri 39 26.4
Muhendislik 7 4.7
Saglik bilimleri ve hizmetleri 7 4.7
Psikoloji egitimi 4 2.7
Diger* 9 6.1

*Matematik, Beden egitimi, Sanat ve egitimi, Sosyoloji vb.

Tablo 5°teki verilere gore 82 makale (%55.4) egitim bilimleri alaninda iken 39 makale (%26.4) Bilgisayar/Biligim
teknolojileri alaninda, 7 makale (%4.7) miihendislik alaninda, 7 makale (%4.7) saglk alaninda, 4 makale (%2.7)
psikoloji egitimi alanindadir. Ayrica 9 makale ise matematik, beden egitimi, sosyoloji, sanat ve egitimi alanlarinda

tamamlanmustir.
incelenen Makalelerde Kullanilan Veri Toplama Araclarinin Dagihmi

Aragtirmanin altinct alt amacinda makalelerde kullanilan veri toplama araglart gosterilmistir. Tablo 6’da analiz

edilen makalelerde kullanilan veri toplama araglarina gore dagilimlar verilmistir.

75



Giizey, Cakir, Athar, Yurdadz, & Saad

Tablo 6. Makalelerde Kullanilan Veri Toplama Araglar

Veri toplama araclari N %
Anket 40 27.0
Gozlem 28 18.9
Similasyon 23 155
Bagari testleri 17 115
Olcekler 11 7.4
Diger* 15 10.2
Belirtilmemis 14 9.5

*Ulusal istatistik yilliklar1, tiniversite kltlphaneleri veri tabani sistemi, yiiz ifadesi tanima sistemi uygulamasi vb.

Tablo 6°daki verilere gore 40 makalenin verileri (%27.0) anket ile toplanmakta iken 28 makalenin verileri (%18.9)
gozlem ile, 23 makalenin verileri (%15.5) similasyon ile, 17 makalenin verileri (%11.5) basar1 testleri ile, 11
makalenin verileri (%7.4) Olgekler ile, toplanmistir. Ayrica 15 makale (%10.2) ise ulusal istatistik yilliklari,
Universite kiitiiphaneleri veri tabani sistemi, yiiz ifadesi tanima sistemi uygulamasi vb. uygulamalar ile

toplanmustir.
Tartisma ve Sonu¢

Gergeklestirilen arastirma igeriginde yapay zeka ile ilgili Web of Science bolumlerinden “Artificial Intelligence
in Education” veya “Education & Educational Research kategorilerinde bulunan 2019 senesinden 2021 senesine
kadar olan 3 senelik sire i¢inde yazilmis 148 makale analiz edilmistir. Makalelerin; yaymlanma yilina, ¢caligma
tirlerine, arastirma yontemine, 6rneklem diizeylerine, 6gretim alanlarina (disiplinlerine) ve veri toplama araglarina

gore sayisal olarak nasil dagilim gosterdigi incelenmistir.

Tarama yapilan makaleler en ¢ok 2021 yilinda yayinlanmistir. Arastirmalarin biiyiik ¢ogunlugunun deneysel veya
uygulamali ¢aligmalarla yapildig: goriilmektedir. Deneysel aragtirma, gii¢lii kanitlarin toplandig1 ve neden-sonug
iligkilerini en iyi degerlendirdigi arastirmadir (Kuzu Kurban, 2017). Bu avantajlar géz 6niinde bulunduruldugunda
deneysel ¢alismalarin bu alanda ayricalikli oldugunu soylenebilir. Makalelerin yarisina yakini yari deneysel
makale yontemidir. Yari deneysel karsilagtirma grubunun tasarimi, deneysel ¢alismadan 6nce ve sonra bagimli
degiskenin bir 6lgusiidir (Karasar, 1999). Incelenen calismalar agirlikli olarak egitim alanindadir. Egitimin
kalitesini artirmak icin sadece bilgisayar sistemlerinin degil akill sistemlerin de kullanilmasinda fayda vardir (Isler
& Kilig, 2021). Egitim/6gretimde bilgisayar teknolojisi ile yapay zeka teknolojisinin kullanilmasinin egitimin
kalitesini artirabilecegi soylenebilir. Calismada incelenen makalelerde, nicel arastirmanin metodolojik olarak
tercih edildigi goriilmiistiir. Tiirkiye'de nicel yontemlerin siklikla kullanilmasinin nedeni, arastirma sonuglarini
genelleyebilme, biiylik 6rneklemlere ulasabilme, zaman ve maliyet gibi avantajlar getirmesidir (Goktas ve

digerleri, 2012).

Bu calismada, 3 yillik bir siire iginde yayinlanan, belirlenen kriterlere uygun makaleler iceriklerine gore analiz
edilmistir. Sonuglar yorumlanmus, fakat kiyaslama yapilmamistir. Cesitli zaman dilimlerinde gergeklestirilecek
arastirmalar arasinda Kiyaslama yapilarak daha ¢ok veri elde edilebilir. Calisma gruplar degerlendirilmemistir.
Calisma gruplaria gore degerlendirme yapilabilir. EBA (Egitim Bilisim Ag1) gibi ortamlarda, kullanic1 zamani
ve kullanim verilerine gore kullanicilarin nitelikli ve verimli zaman gegirmeleri igin yontemler belirlenebilir. Bu
durumu basarabilmek icin yapay zekanin raporlama islevi kullamlabilir. Ogrenciler ve 6gretmenler igin
degerlendirmeler yapay zekadan farkli bir yontem altinda gerceklestirilebilir. Yapay zeka teknolojisinin

ihtiyaglarina gore otomatik geri bildirim saglanarak bireysel 6grenme daha etkili hale getirilebilir.
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Ogretmen Adaylarinin Toplumsal Cinsiyet Esitligi Algis1 ve Teknoloji Kullanim Seviyeleri
Arasindaki iliski
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Oz

Bu arastirmanin amaci dgretmen adaylarinin toplumsal cinsiyet esitligi algis1 ve teknoloji kullanim seviyeleri
arasindaki iliskinin bazi degiskenler agisindan incelenmesidir. Bu yiizden nicel bir aragtirma yontemi
benimsenmis olup betimsel tarama modeli kullanilmistir. Verilerin toplanmasinda ti¢ ayr arag kullanilmustir.
Bu araglardan ilki demografik bilgi formu ikincisi Bilgisayar ve Ogretim Teknolojileri Toplumsal Cinsiyet
Esitligi Alg1 Olgegi ve iiciinciisii de Bilgi ve Iletisim Teknolojileri Kullanimi Seviyeleri Belirleme Olgegi’dir.
Yapilan bu aragtirma 2021-2022 akademik y1li icerisinde Necmettin Erbakan Universitesi, Ahmet Kelesoglu
Egitim Fakiiltesinde farkli boliimlerde 6grenim goren 288 6gretmen adayina uygulanmistir. Aragtirma verileri
bir istatistik programu ile ¢6ziimlenmistir. Yapilan istatistiksel analizler sonucunda calisma grubunun
toplumsal cinsiyet esitligi algis1 durumlan cinsiyet degiskenine gore anlamli bir farklilik gosterdigi
gozlemlenmistir. Bununla birlikte teknoloji kullanim seviyeleri durumlar: cinsiyet degiskenine gore anlamh
bir farklilik gostermedigi gozlemlenmistir. Calisma grubunun toplumsal cinsiyet esitligi algis1 durumlarinin
agirlikli not ortalamasi degiskenine gére anlamli bir farkliik gosterdigi gézlemlenmistir. Ayni zamanda
teknoloji kullanim seviyeleri durumlarmin agirlikli not ortalamasi degiskenine yonelik aldiklar1 puanlar
arasinda anlamli bir farklilik gésterdigi gézlemlenmistir. Calisma grubunun toplumsal cinsiyet esitligi algisi
durumlarinin giinliikk internet kullanim siiresi degiskenine gore anlamli bir farklilik gosterdigi gézlemlenmistir.
Ek olarak teknoloji kullanim seviyeleri durumlarinin giinliik internet kullanim siiresi degiskenine yonelik
aldiklar1 puanlar arasinda anlaml bir farklilik gosterdigi gozlemlenmistir.
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Abstract

The aim of this study is to examine the relationship between pre-service teachers' perception of
gender equality and their level of technology use in terms of some variables. Therefore, a
quantitative research method was adopted and a descriptive survey model was used. Three
different tools were used to collect the data. The first of these tools is the demographic information
form, the second is the Computer and Instructional Technologies Gender Equality Perception
Scale, and the third is the Information and Communication Technologies Usage Levels Scale. This
research was applied to 288 teacher candidates studying in different departments at Necmettin
Erbakan University, Ahmet Kelesoglu Faculty of Education in the 2021-2022 academic year.
Research data were analyzed with a statistical program. As a result of the statistical analyzes, it
was observed that the gender equality perception status of the study group showed a significant
difference according to the gender variable. However, it was observed that technology use levels
did not show a significant difference according to the gender variable. It was observed that the
gender equality perception status of the study group showed a significant difference according to
the weighted grade point average variable.
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Korucu & Sar1

Genisletilmis Ozet
Giris

Gilinlimiizde egitimde bilgisayara dayali teknolojilerin hem egiticiler hem de dgrenciler tarafindan aktif sekilde
kullanimi her gegen giin daha 6nemli hale gelmektedir (Russell, Bebell, O.Dwyer, & O.Connor, 2003). Birgok
Ogretmen ve arastirmacilar aktif ve etkili sekilde kullanilan &gretim teknolojilerinin egitim verilen kurumlarda
daha faydali olacagi konusunda hem fikir olmuslardir (Jonassen & Reeves, 1996; Means, 1994; Cagiltay &
Cakiroglu, 2001). Ogretmenler ve okul idarecilerinin egitim ve dgretimde ihtiya¢ uyulan teknolojinin kullanimi
hakkinda ki goriisleri alinmis ve de siniflarda kullanilan teknolojinin sinif yonetimini pozitif sekilde etkiledigi,
Ogrencileri yapilmasi gereken sinav ve degerlendirme boliimlerini daha gabuk sekilde yapilabildigi, egiticilerin

sorumlu oldugu islerde onlara yardimci oldugu kanisina varilmistir (Ddger, 2016).

Teknoloji faydali bicimde kullanilirsa, 6gretmenlerin isledikleri konulari daha kolay anlatabilmeleri icin yeni
materyaller ortaya ¢ikarmalarina yardim eder ve hem 6gretmen hem de dgrenciler igin gesitli firsatlar sunar
(Schmitz, Prescott, & Hunt, 1996). Egitimde kullanilan teknoloji sayesinde sinif ortaminda olumlu bir 6grenme
havasi olugacak ve bunun neticesinde de 6gretmenlerde daha hevesli ve istekli bir sekilde derslerini isleyecektir
(Giines & Bulug, 2017). Ayn1 zamanda, teknolojinin sinif ortaminda etkili ve faydali sekilde kullanilmasi ile
birlikte dgrencilerinde daha iyi anlayip kavramalarma olumlu yonde etki eder (Babacan & Oren, 2017). Egitim
ortaminda kullanilan teknolojik materyaller sayesinde 6grencinin birden ¢ok duyusuna hitap edildigi i¢cin 6grenme
slireci zenginlesir, bu zaman igerisinde yapilan etkinlikler daha eglenceli hale gelir ve en énemlisi de gocuklar
kesfederek 6grendigi igin kalic1 6grenme olusur (Kuzgun & Ozding, 2017). dgretmen adaylarmin iiniversite de
aldiklar egitimlerde bilgi ve iletisim teknolojileri kullanmanin, giiniimiizde ihtiya¢ duyulan birey 6zellikleri ile
donatilmasina katkida bulunacagini sdylemistir. Ogretmen ve Ogretmen adaylarinin etkin olabilmeleri igin
teknolojiyi anlattiklar1 alanlarda faydali olacak sekilde kullanabilecek yeterliliklere sahip olmalar1 gerekmektedir
(Merig, 2014). Ayrica, 6gretmenler kendi derslerinde teknolojiyi ve pedagojiyi en dogru sekilde entegre ederek
dgrenciye en faydali olacak sekilde kullanmalar1 beklenmektedir (Demir, Ozmantar, Bingélbali & Bozkurt, 2011).
Ogretmenlerin bilisim teknolojilerini egitim ve &gretim asamasima etkili bir sekilde entegre edebilmesi igin
Ogretmenin yeterli pedagojik bilgisi, teknolojik bilgisi ve alan bilgisi olmas1 gerekmektedir (Jang & Tsai, 2012).
Bu akademik calismanin 6nemi de dgretmen adaylarinin bilgi ve iletisim seviyelerini belirlemek ve daha 6nce
yapilmis olan bu tarz ¢aligmalara katkida bulunup farkli bir bakis a¢is1 getirmektir. Bu akademik ¢alismanin 6nemi
Ogretmen adaylarinin toplumsal cinsiyet esitligi algisi ve teknoloji kullanim seviyeleri arasindaki iliskiyi
inceleyerek elde edilen bulgular ile bu alana yeni bir bakis agis1 getirerek literatiire olumlu bir katk: saglayacak

olmasidir.

Yontem

Aragtirma da 6gretmen adaylarinin toplumsal cinsiyet esitligi algis1 ve teknoloji kullanim seviyeleri arasindaki
iligkinin incelenmesi amaglandigindan nicel bir arastirma ydntemi benimsenmis olup betimsel tarama modeli
kullanilmistir. Betimsel tarama modelleri, gegmisten olmus veya halen aktif sekilde devam eden bir olay1, devam
ettigi sekilde anlatmay1 amaglayan arastirma yontemidir (Karasar, 2009). Betimsel tarama, genis gruplar tizerinde

ylriitiilen, gruptaki bireylerin bir olgu ve olayla ilgili goriislerinin, tutumlarinin alindigi, olgu ve olaylarm
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tanimlanmaya calisildig1 arastirmalardir (Karakaya, 2012). Betimsel tarama yOntemi nesnelerin, toplumlarin,

kurumlarin yapisini ve olaylarin igleyisini betimlemek maksadiyla kullanilir (Cohen, Manion, & Morrison, 2007).
Bulgular

Bilgisayar ve Ogretim Teknolojileri Toplumsal Cinsiyet Esitligi Algi (BOTE-TCE Algi) durumlari cinsiyet
degiskenine gore degismektedir ve Bilgi ve Iletisim Kullanimina Yonelik Tutum Olgegi durumlar cinsiyet
degiskenine gore degismemektedir. Ayrica, ¢alisma grubunun Bilgisayar ve Ogretim Teknolojileri Toplumsal
Cinsiyet Esitligi Algt (BOTE-TCE Algi) Olgegi durumlarimin agirlikli not ortalamasi degiskenine gore
degismektedir. Bu farkliligin hangi gruplardan kaynaklandigini, bir bagka degisle farkliligi hangi gruplarin
yaptigini belirlemek amactyla yapilan LSD testi sonucunda, farkliligin 1-2 arasinda ile 3-4 arasinda (1-2 arasinda
lehine) ve 3-4 arasinda ile 1-2 arasinda (1-2 arasinda lehine) oldugu; oldugu goriilmektedir. Caligma grubunun
Bilgisayar ve Ogretim Teknolojileri Toplumsal Cinsiyet Esitligi Algi (BOTE-TCE Alg1) Olgegi durumlarmin
giinliik internet kullanimi degiskenine gore iliskisiz 6rneklemler icin tek faktorli varyans analizi kullanilarak elde
edilen bulgulara gore ¢aliyma grubunun Bilgisayar ve Ogretim Teknolojileri Toplumsal Cinsiyet Esitligi Algi
(BOTE-TCE Algi) Olgegi durumlarinin giinliik internet kullanimi degiskenine yonelik aldiklar1 puanlar arasinda
anlamli bir farklilik vardir [F(3-284)= 3,348, p < .05]. Diger bir ifadeyle ¢aligma grubunun Bilgisayar ve Ogretim
Teknolojileri Toplumsal Cinsiyet Esitligi Alg1 (BOTE-TCE Algr) Olgegi durumlarmin giinliik internet kullanimi
degiskenine gore degismemektedir. Calisma grubunun Bilgisayar ve Ogretim Teknolojileri Toplumsal Cinsiyet
Esitligi Algt (BOTE-TCE Algi) Olgegi durumlarmin Aile Sosyo-Ekonomik Diizeyi degiskenine gore
degismemektedir. Ayrica, ¢aligma grubunun Bilgi ve Iletisim Kullanimina Yénelik Tutum Olgegi durumlariin
agirlikli not ortalamasi degiskenine yonelik aldiklari puanlar arasinda anlaml bir farklilik vardir [F(2-285)= 4,537,
p < .05]. Diger bir ifadeyle ¢alisma grubunun Bilgi ve Iletisim Kullanimina Y 6nelik Tutum Olgegi durumlarinin
agirlikli not ortalamasi degiskenine gore degismektedir. Bununla birlikte, calisma grubunun Bilgi ve Iletisim
Kullanimmna Yénelik Tutum Olgegi durumlarinin Aile Sosyo-Ekonomik Diizeyi degiskenine yonelik aldiklar:
puanlar arasinda anlamli bir farklilik yoktur [F(2-285)= 1,188, p < .306]. Diger bir ifadeyle, ¢alisma grubunun
Bilgi ve lletisim Kullanimma Yénelik Tutum Olgegi durumlarmin Aile Sosyo- Ekonomik Diizeyi degiskenine

gore degismemektedir.
Oneriler

Yapilan aragtirma sonucunda elde edilen veriler dogrultusunda gelecekte yapilacak arastirmalar igin bazi
onerilerde bulunulabilir: Farkli illerde yer alan farkli iiniversite ve fakiiltelerde 6grenim gérmekte olan 6grencilerle
de arastirma yapilarak elde edilen sonuglar mukayese edilebilir. Ogretmen adaylarinin toplumsal cinsiyet esitligi
algist ve teknoloji kullanim seviyeleri arasindaki iligkinin incelenmesi igin farkli arastirma yontemlerinden de
faydalanilabilir. Egitimde teknoloji kullanimi1 ve toplumsal cinsiyet esitligi ile ilgili yapilacak uygulamalar hem
O0gretmen adaylart hem de 0gretim {iyeleri dahil edilmeli bdylece tiim ilgililer arasinda koordineli bir ¢alisma
olugacaktir. Egitim fakiiltelerindeki konuyla ilgili segmeli ders sayilarinin artirllmasi ve 6grencilerin dersleri

goniilliiliik esasinda se¢meleri onerilebilir.
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Introduction

Developments and innovations in the field of technology provide great convenience in different sectors such as
education, banking, communication and health in human life and are used in these areas especially due to features
such as processing, storing, sharing and accessing data (Tekinarslan, 2008). While these developments in science
and technology affect society and individual life, education has undoubtedly one of the biggest shares of this effect
(Ersoy, 2003). Contemporary societies use technology in various fields, especially in education, in order to be
effective in today's time called "Information Society" and to have a greater say against other countries (Imer,

2000).

Today, the active use of computer-based technologies in education by both educators and students is becoming
more important day by day (Russell, Bebell, O.Dwyer, & O.Connor, 2003). If technology is used beneficially, it
helps teachers create new material to explain their topics more easily and provides opportunities for both teachers
and students (Schmitz, Prescott and Hunt, 1996). Thanks to the technology used in education, a positive learning
atmosphere will be created in the classroom environment, and as a result, teachers will teach their lessons more
enthusiastically and willingly (Giines & Bulug, 2017). At the same time, with the effective and beneficial use of
technology in the classroom environment, it has a positive effect on students' better understanding and
comprehension (Babacan & Oren, 2017). Thanks to the technological materials used in the educational
environment, the learning process is enriched as the student's multiple senses are addressed, the activities done in
this time become more fun, and most importantly, permanent learning occurs because children learn by exploring
(Kuzgun & Ozding, 2017).

Gender is the roles, concepts, expectations and values related to how society views, thinks, perceives, and expects
individuals to behave as two different genders, male and female (Dékmen, 2004). Gender equality, on the other
hand, emphasizes the equal benefit of men and women from the rights, services and opportunities available both

in the society they live in, in their own environment and in their families (World Health Organization, 1998).

The ongoing education systems today play a key role in the formation of gender stereotypes and thoughts that are
dominant in both the information processes given in the schools and the cultural environment offered by the school,
because education can never be neutral and information is always meaningful, sometimes maintaining the
hegemonic system and sometimes maintaining this order. While the education hegemonic system sometimes

maintains it, sometimes it questions this order (Apple, 2000).

In order to eliminate gender inequality in the field of education, the quality of education must first be high. If the
existing education system discriminates against gender or does not make it possible for the education of male and
female students to have a socially and personally valuable structure, this means that the current system is missing
some of the basic building blocks of quality (Berber, 2021). In order to eliminate gender inequality in education,
the dimensions of the quality of education, the nature of the indispensable tools and equipment of education, the
relations between the teacher and the student, the content and curriculum of various tools and equipment, and
finally, the resources used in the course should be chosen and used in a gender-sensitive manner (Aikman &
Unterhalter, 2007).

Since the behaviors of teachers, who are one of the cornerstones of education, both personally and professionally,

directly affect the students, these attitudes and behaviors are very important (Kogak & Kaygusuz, 2019). The
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attitudes and behaviors of many teachers towards female and male students can be different, and as a result, they
can be effective in the formation of gender stereotypes on students (National Union of Teachers, 2013). In order
to fine-tune the education system to gender equality, teachers should both have sufficient knowledge about sexual

development and education and be aware of their stereotypes about gender roles (Bayramoglu, 2015).

Equipping the teacher candidates with the necessary equipment in the field of technology and computer use is
considered as a factor that significantly affects the quality of education and training (Usta & Korkmaz, 2010).
Likewise, it is very important for teacher candidates to have the necessary knowledge and skills in the field of
computer technologies, both for their personal advancement and for preparing their students for the situations they
will need when they become teachers in the future (Tekinarslan, 2008). Technology not only increases the
interaction of teacher candidates with students, but also affects their learning attitudes in a positive way (Doering
& Beach, 2002). For this reason, computer and communication technologies are very important tools when they

receive the necessary training for teaching.
Purpose of the research

The aim of this study is to examine the relationship between pre-service teachers' perception of gender
equality and their level of technology use. For this purpose, answers to these sub-problems were sought in the

study.

1) Does the relationship between pre-service teachers' perception of gender equality and technology use

levels show a significant difference according to gender?

2) Does the relationship between pre-service teachers' perception of gender equality and their level of

technology use show a significant difference according to academic achievement?

3) Does the relationship between pre-service teachers' perception of gender equality and technology use

levels show a significant difference according to daily internet usage time?

4) Does the relationship between pre-service teachers' perception of gender equality and technology use

levels show a significant difference according to daily internet usage time?

5) Does the relationship between pre-service teachers' perception of gender equality and their level of

technology use differ significantly according to the socioeconomic structure of the family?

Recently, developing technology and education have become an inseparable whole and have become unthinkable
independently of each other (Simon, 1983). With the integration of the technology used in education, the need for
more use of technological tools in the education and training process has come to light. The reason for this is that
when technological tools are used in teaching methods, students listen to the lesson more carefully than traditional

teaching methods and create an environment for them to learn the subject in depth (Kenar, 2012).

Today, the important points that can solve gender inequality are politics, law and education. However, the more
active use of political rights, the use of law to establish the perception of gender equality and the creation of more
educational opportunities can be the key points in the solution of gender inequality, and on the contrary, it can re-
create gender inequality. It has been stated that the task undertaken by the school and the teacher in the education
system, the tools used and the education system are effective in the reoccurrence of sexist stereotypes and their

importance is mentioned (Esen, 1998; Giimiisoglu, 2013; Tietz, 2007).
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The primary aim of gender equality policies in education is to get rid of traditional gender roles and stereotypes.
Gender equality in education has two branches. First of all, it is about the opportunities offered by the education
system and school environment to both women and men. The second is related to how the curriculum, books and
school system, which are the educational content of gender equality in the education system, are established. In
this case, one of the most important duties falls on teachers, because it is very important that teachers' attitudes

and behaviors treat both genders equally and fairly (Sayilan, 2012; Sayilan, 2014).

The importance of this academic study is that it will make a positive contribution to the literature by bringing a
new perspective to this field with the findings obtained by examining the relationship between pre-service teachers'

perception of gender equality and technology use levels.

Method

Research design

Since the aim of the research was to examine the relationship between pre-service teachers' perception of gender
equality and their level of technology use, a quantitative research method was adopted and a descriptive survey
model was used. Descriptive survey models are research methods that aim to describe an event that happened in

the past or is still actively going on, as it continues (Karasar, 2009).
Study Group of the Research

This research was applied to teacher candidates studying in different departments at Necmettin Erbakan
University, Ahmet Kelesoglu Faculty of Education in the 2021-2022 academic year. As a result of the
examinations made on the collected questionnaires and scale forms, no incomplete or erroneous operation was

found. As a result, the collected data were analyzed in this context.
Demographic data of the participants are given in tables below.

Table 1. Data on the Gender of the Teacher Candidates

Gender Frequency (n) Percent (%)
Female 165 57.3
Male 123 42.7
Total 288 100.0

As can be seen in Table 3.1, 57.3% (N=165) of the pre-service teachers who constitute the study group are female

pre-service teachers and 42.7% (N=123) are male pre-service teachers.
Data Collection Tools

Before using data collection tools, ethical rules regarding confidentiality were specified and how to fill in the given
scales was explained. The obtained data were analyzed in a statistical program. Three different tools were used to

collect the data. The first of these tools is the "demographic information form", the second is the "Computer and
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Instructional Technologies Gender Equality Perception (CEIT-TCE Perception) Scale” and the third is the

"Information and Communication Technologies Usage Level Determination Scale".

Computer and Instructional Technologies Gender Equality Perception (CEIT-TCE Perception) Scale; The
Computer and Instructional Technologies Gender Equality Perception (CEIT-TCE Perception) Scale developed
by Baran, Siyez & Kaptanoglu (2018) was used as a data collection tool. There are a total of 14 items in this
survey, which will be used to measure the gender equality perception of teacher candidates in computer and
instructional technologies. In the 5-point Likert-type scale, a rating method was used for each question as strongly
disagree, disagree, disagree, agree, strongly agree. In order to obtain the reliability of the developed scale, some
item statistics were found and internal consistency coefficients were obtained. As a result of the calculations, the
Cronbach Alpha coefficient was found to be .93. Looking at the results, it can be stated that the scale has a good
level of reliability (Baran, Siyez, & Kaptanoglu, 2018). First of all, a literature review was conducted and
researches on gender equality and perception, technology use and levels were examined. Computer and
Instructional Technologies Gender Equality Perception (CEIT-TCE Perception) Scale, developed by Baran, Siyez
& Kaptanoglu (2018), whose validity and reliability has been proven according to these reviews, and Information
and Communication Technologies Use Scale developed by Kultuca, Arslan, & Ozpmar (2010) It was selected by
obtaining the necessary permissions for the Levels Determination Scale. In addition, a personal information form
containing the information to be obtained from teacher candidates was also determined. These selected scales were
transferred to the online environment by the researcher and presented to the determined teacher candidates online.

No problems were encountered during the application.

Scale for Determining Levels of Information and Communication Technologies Usage; The Information and
Communication Technologies Usage Levels Scale developed by Kultuca, Arslan, & Ozpmar (2010) was used to
determine the levels of information and communication technologies use of teacher candidates. There are a total
of 30 items in this questionnaire. In the 4-point Likert-type scale, the rating method of strongly disagree, partially
disagree, agree, strongly agree was used for each question. In order to obtain reliability in this scale, internal
consistency coefficients were obtained by finding some item statistics, and as a result of these calculations, the

Cronbach Alpha coefficient emerged as .91 (Kultuca, Arslan, & Ozpnar, 2010).

Personal Information Form Another data collection tool is the personal information form in which the
demographic information of the study group teacher candidates is obtained. In the demographic data collection
tool, questions were asked and demographic information was obtained in order to determine the gender, academic

grade averages, daily internet usage times, family socio-economic level and education level of the families.

In order to carry out the research, firstly, online research permission was obtained from the Dean's Office of

Necmettin Erbakan University Ahmet Kelesoglu Education Faculty.
Data Analysis

Demographic information, frequency, percentage, arithmetic mean and standard deviation of the prospective
teachers in the study group were explained with descriptive statistics. In the analysis of the data, the normality of
the obtained distributions was examined in order to determine whether the relationship between pre-service

teachers' perception of gender equality and technology use levels differ according to the variables. Then,

85



Korucu & Sar1

percentage and frequency analysis were used for the analysis of demographic information. Independent sample t-
test was used to determine the gender, academic grade averages, daily internet usage time, family socio-economic
level and education level of the families of the pre-service teachers. In addition, a single factor analysis of variance
(ANOVA) test was used to find the relationship between demographic data in order to reveal the status of the
groups. In the analysis of the data, the level of significance was taken as .05 and the data were analyzed with a

statistical program.

Table 2. Computer and Instructional Technologies Gender Equality Perception (CEIT-TCE Perception) Scale Skewness and
Kurtosis results.

Skewness .180 .383

Kurtosis -.476 .750

The fact that the Skewness and Kurtosis results, which is one of the valid methods to reveal whether the data
collected with the data collection tools from the study group, show normal distribution or not, shows that the
collected data show a normal distribution and meet the parametric test assumptions. Since the number of the study
group was N= 288 and the Skewness and Kurtosis values were -1.5 to +1.5, it was revealed that the collected data
showed a normal distribution, no left or right skewness in the graphs, and the use of parametric tests. Since the
number of the study group was N= 288 and the Skewness and Kurtosis values were -1.5 to +1.5, it was revealed
that the collected data showed a normal distribution, no left or right skewness in the graphs, and the use of

parametric tests.
Findings
Findings Regarding the Gender Variable

Table 4 shows the t-test results of the study group's Computer and Instructional Technologies Gender Equality
Perception (CEIT-Gender Perception) Scale and Attitude Scale towards the Use of Information and

Communications, according to the gender variable.

Table 4. The t-test results of the study group's Computer and Instructional Technologies Gender Equality Perception (CEIT-
Gender Perception) Scale and Attitude Scale towards the Use of Information and Communications according to gender variable.

Gender N Y S Sd T P
Ceit
Female 165 31.4909 10.70082 6.311
Tce 286 ' .0
Perceptiontotal Male 123 40.1057 12.40691
Bikvto Female 165 80.9212 10.21118
Y 286 -1.095 274
Total
Male 123 82.4146 12.92597

As seen in Table 4, according to the findings obtained by using the t-test for unrelated samples, the study group's
Computer and Instructional Technologies Perception of Gender Equality (CEIT-TCE Perception) (Female =31.49;

Male =40.10) was divided into gender variable. shows a significant difference according to (p<.05). The Attitude
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Scale towards Information and Communication Use of the study group did not differ significantly according to the
gender variable (Female =80.92; Male =82.41). In other words, the Computer and Instructional Technologies
Perception of Gender Equality (CEIT-TCE) status of the study group varies according to the gender variable, and
the Attitudes towards the Use of Information and Communication Scale status do not change according to the

gender variable.
Findings Regarding the Weighted Grade Point Average Variable

Table 5 shows the single-factor analysis of variance (ANOVA) findings on whether the study group's status of the
Computer and Instructional Technologies Gender Equality Perception (CEIT-TCE Perception) Scale and the
Attitudes towards the Use of Information and Communication Scale shows a significant difference according to

the weighted grade point average variable.

Table 5. One-factor analysis of variance (ANOVA) results of the study group's Computer and Instructional
Technologies Perception of Gender Equality (CEIT-TCE) Scale and Attitudes towards the Use of Information and

Communication Scale according to the weighted grade point average variable.

Weighted Grade Point Source of
] ) Sum of Squares sd Mean Squares F p
Average Variable Variance
Ceit Intergroup 1021.849 2 510.924 3.486 .032
Tce Ingroups 41766.814 285 146.550
Perception
Total 42788.663 287
Total
Bikytd Intergroup 1161.398 2 580.699 4.537 .011
Total Ingroups 36479.599 285 127.999
Total 37640.997 287

As seen in Table 5, according to the findings obtained by using one-factor analysis of variance for unrelated
samples, according to the weighted grade point average variable of the Computer and Instructional Technologies
Gender Equality Perception (CEIT-Gender Perception) Scale and Attitudes towards the Use of Information and
Communication Scale of the study group. There is a significant difference between the scores of the study group
for the weighted grade point average variable of the Computer and Instructional Technologies Gender Equality
Perception (CEIT-Gender Perception) Scale status [F(2-285)= 3.486, p < .05]. In other words, it varies according
to the weighted grade point average variable of the study group's Computer and Instructional Technologies Gender

Equality Perception (CEIT-TCE Perception) Scale status.

In addition, there is a significant difference between the scores of the study group for the weighted grade point
average variable of the Attitude Scale towards the Use of Information and Communication [F(2-285)= 4,537, p <
.05]. In other words, the Attitude Scale towards the Use of Information and Communication of the study group

varies according to the weighted grade point average variable.

Findings Regarding Daily Internet Usage Variable
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Table 6 shows the single-factor analysis of variance (ANOVA) findings of the study group regarding whether the
statuses of the Computer and Instructional Technologies Gender Equality Perception (CEIT-TCE) Scale and the
Attitude Scale towards Information and Communication Use differ significantly according to the daily internet use

variable.

Table 6. Single-factor analysis of variance (ANOVA) results of the study group's Computer and Instructional Technologies
Gender Equality Perception (CEIT-TCE Perception) Scale and Attitude Scale towards Information and Communication Use

status according to daily internet use variable.

. Source Of
Daily Internet Usage ) Sum Of Squares Sd Mean Squares F P
Variance
Ceit Intergroup 1461.547 3 487.182 3.348 .020
Tce Ingroups 41327.116 284 145.518
Perception
Total 42788.663 287
Total
Bikytd Intergroup 880.736 3 293.579 2.268 .081
Total Ingroups 36760.260 284 129.438
Total 37640.997 287

As seen in Table 6, according to the findings obtained by using one-factor analysis of variance for unrelated
samples according to daily internet use variable of the study group's Computer and Instructional Technologies
Gender Equality Perception (CEIT-TCE Perception) Scale status There is a significant difference between the
scores of the Gender Equality Perception (CEIT-TCI Perception) Scale statuses for the daily internet use variable
[F(3-284)=3.348, p <.05]. In other words, the status of the study group's Computer and Instructional Technologies
Gender Equality Perception (CEIT-TCE Perception) Scale does not change according to the variable of daily

internet use.

In addition, there is a significant difference between the scores of the study group's Attitudes Towards Information
and Communication Use Scale for daily internet use variable [F(3-284)= 2.268, p < .081]. In other words, the
Attitude Scale towards Information and Communication Use of the study group varies according to the daily

internet usage variable.
Findings Regarding the Family Education Level Variable

Table 7 shows the single-factor analysis of variance (ANOVA) findings about whether the study group's status of
Computer and Instructional Technologies Gender Equality Perception (CEIT-TCE Perception) Scale and Attitude
Scale towards the Use of Information and Communication shows a significant difference according to the family

education level variable.

Table 7. One-factor analysis of variance (ANOVA) results of the study group's Computer and Instructional Technologies
Gender Equality Perception (CEIT-TCE Perception) Scale and Attitude Scale towards Information and Communication Use,
according to the family education level variable.
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) ) Source Of
Family Education Level . Sum Of Squares Sd Mean Squares F P
Variance
Ceit Intergroup 106.279 2 53.139 .355 .702
Tce Ingroups 42682.384 285 149.763
Perception
Total 42788.663 287
Total
Bikytd Intergroup 869.035 2 434,517 3.368 .036
Total Ingroups 36771.962 285 129.024
Total 37640.997 287

As can be seen in Table 7, according to the findings obtained by using one-factor analysis of variance for unrelated
samples according to the family education level variable of the Computer and Instructional Technologies Gender
Equality Perception (CEIT-Gender Perception) Scale status of the study group, There is no significant difference
between the scores of the Gender Equality Perception (CEIT-TCI Perception) Scale statuses for the family
education level variable [F(2-285)=.355, p > .702]. In other words, the status of the study group's Computer and
Instructional Technologies Gender Equality Perception (CEIT-TCE Perception) Scale does not change according

to the family education level variable.

In addition, there is a significant difference between the scores of the study group's Attitudes Towards Information
and Communication Use Scale for the family education level variable [F(2-285)= 3.368, p <.036]. In other words,
the Attitude Scale towards Information and Communication Use of the study group varies according to the family
education level variable.

As a result of the LSD test conducted to determine which groups caused this difference, in other words, which
groups made the difference, it was found that the difference was between Primary and High School (in favor of
Primary Education) and between Primary and University (in favor of Primary Education); In addition, it is seen
that the difference is between High School and Primary Education (in favor of Primary Education) and between

University and Primary Education (in favor of Primary Education).
Findings Regarding the Variable of Family Socio-Economic Level

Table 8 shows the results of the single-factor analysis of variance (ANOVA) of the study group to determine
whether the statuses of the Computer and Instructional Technologies Gender Equality Perception (CEIT-TCE)
Scale and the Attitude Scale towards Information and Communication Use differ significantly according to the

Family Socio-Economic Level variable.

Table 8. One-factor analysis of variance (ANOVA) results of the study group's Computer and Instructional Technologies
Gender Equality Perception (CEIT-TCE Perception) Scale and Attitudes towards Information and Communication Use Scale

statuses according to the Family Socio-Economic Level variable.

Family Socio-Economic Source Of
) Sum Of Squares Sd Mean Squares F P
Level Variance
Cett Intergroup 484.958 2 242.479 1.634 197
Tce Ingroups 42303.705 285 148.434
Total 42788.663 287
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Perception
Total
Bikytd Intergroup 311.155 2 155.577 1.188 .306
Total Ingroups 37329.842 285 130.982

Total 37640.997 287

As seen in Table 8, according to the findings obtained by using one factor analysis of variance for unrelated
samples according to the Family Socio-Economic Level variable of the Computer and Instructional Technologies
Gender Equality Perception (CEIT-Gender Perception) Scale status of the study group, There is no significant
difference between the scores of the Gender Equality Perception (CEIT-GLO Perception) Scale statuses for the
Family Socio-Economic Level variable [F(2-285)=1.634, p > .197]. In other words, the status of the study group's
Computer and Instructional Technologies Gender Equality Perception (CEIT-TCE Perception) Scale does not

change according to the Family Socio-Economic Level variable.

However, there was no significant difference between the scores of the study group's Attitudes Towards
Information and Communication Use Scale for the Family Socio-Economic Level variable [F(2-285)= 1.188, p <
.306]. In other words, the Attitude Scale towards Information and Communication Use of the study group does

not change according to the Family Socio-Economic Level variable.
Discussion and Conclusion

As a result of the study, if the first question of the research, the relationship between the gender equality perception
of the teacher candidates and the level of technology use, is evaluated, it was observed that the gender equality
perception status of the study group showed a significant difference according to the gender variable. However, it

was observed that technology use levels did not show a significant difference according to the gender variable.

Similarly, in Y1lmaz's (2016) study, it was determined that teachers had a high level of sexist approaches in these
dimensions. Akbulut (2020) studied the gender equality perception levels of university students and concluded

that there is a significant difference in participant views according to the gender variable.

In some studies, conducted in the literature, it has been revealed that there is no significant difference according
to the gender variable related to gender equality. In their research, Sahin, Korkmaz & Coban (2018) stated that
while pre-school teacher candidates defined gender equality, they mostly stated that men and women should have
equal opportunities. Ogirima, Emilia, & Juliana (2017) revealed that the gender variable did not affect teachers'
attitudes and competencies towards assistive technologies. Barut (2015) concluded in his study that the mean

scores of technology attitudes in education do not differ significantly according to teacher gender.

There are studies that show the opposite of the current research. Gunli¢ & Tagkin (2005) found in their research
that male pre-service teachers have more positive attitudes towards technology use by pre-service teachers than
female pre-service teachers. As a result of the study, if the second question of the research, the relationship between
the gender equality perception of the teacher candidates and the level of technology use is evaluated, it is observed
that the gender equality perception status of the study group shows a significant difference according to the
weighted grade average variable. At the same time, it was observed that there was a significant difference between

the scores of technology use levels and the weighted grade point average variable.
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As a result of the study, if the third question of the research, the relationship between the gender equality perception
of the teacher candidates and the level of technology use, there is a significant difference according to the daily
internet usage time, it was observed that the gender equality perception status of the study group showed a
significant difference according to the daily internet usage time variable. . In addition, it has been observed that
there is a significant difference between the levels of technology use and the scores they get for the variable of

daily internet usage time.

As a result of the study, if the fourth question of the research, the relationship between the gender equality
perception of the teacher candidates and the level of technology use, is evaluated whether there is a significant
difference according to the education level of the families, it was observed that the gender equality perception
status of the study group did not show a significant difference according to the education level of the families. On
the other hand, it was observed that there was a significant difference between the levels of technology use and
the scores of the families for the education level variable. Similar to the results obtained in this study, it was
determined in Atis's (2010) study that students whose mothers were graduates of any school adopted egalitarian
roles. Zeyneloglu (2008) emphasized in his study that students whose fathers are literate (primary school,
secondary school, high school, university) have similar egalitarian gender role attitudes compared to students
whose fathers are illiterate. Din¢ and Caliskan (2016) stated in their research that there was no significant
difference between the total attitude scores of university students regarding gender roles according to their father's
education level. Also, Giimiisoglu's (2004) study revealed that although the education level of their mothers is
quite high, the students adopt traditional gender roles and the students consider traditional gender roles appropriate
for their mothers. There are studies that show the opposite of the current research. It has been determined that the
technology attitudes and individual innovativeness levels of Social Studies teacher candidates do not differ

according to the education levels of their mothers and fathers (Ozgiir, 2013).

As a result of the study, if the last question of the research, the relationship between the gender equality perception
of the teacher candidates and the level of technology use, there is a significant differentiation according to the
socioeconomic structure of the family, it was observed that the gender equality perception status of the study group
did not show a significant difference according to the socioeconomic structure of the family. At the same time, it
was observed that technology use levels did not show a significant difference between the scores they received for
the socioeconomic structure of the family variable. Likewise, Kodan-Cetinkaya (2013) found in their research that
there is no difference between students' gender role attitude scores and family income level. However, some studies
have produced results contrary to this research. Pinar, Tagkin, and Eroglu (2008) found in their research that

students from low-income families have a more traditional perspective on gender role stereotypes.
Suggestions
According to the data obtained as a result of the research, some suggestions can be made for future research:

e The results obtained by conducting research with students studying at different universities and faculties in

different provinces can be compared.

o Different research methods can also be used to examine the relationship between pre-service teachers' perception

of gender equality and technology use levels.
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e Applications to be made regarding the use of technology in education and gender equality should include both

teacher candidates and faculty members, so that a coordinated work will occur among all concerned.

o It can be suggested that the number of elective courses related to the subject in education faculties should be

increased and students should choose courses on a voluntary basis.

o Efforts can be made to democratize the institutional structure and social environment of schools and to eliminate

sexism.

e The opportunities of teacher candidates to access and use free technologies in university environments can be

increased.
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Abstract

Voice authentication systems are a comfortable way of protection since users do not need to
remember passwords or carry identification cards. As a unique identifier for all individuals, voice
is a practical tool to authenticate people into security services, including online banking and phone-
based customer or computer services. Single-model voice authentication systems refer to voice
recognition systems that utilize a single voice model to verify the identity of individuals based on
their unique vocal characteristics, such as pitch, tone, and other speech patterns. For multi-model
voice authentication systems, additional biometric factors like facial recognition or
electroencephalogram data are included in the voice authentication process to enhance security.
This paper reviews recent single-modal and multimodal voice authentication studies with an
explanation of underlying feature extraction and classification methods. This paper also discusses
security attacks on voice authentication systems, including random attacks, mimicry attacks,
replay attacks, voice synthesizing attacks, counterfeit attacks, and hidden voice command attacks.

Sesli Kimlik Dogrulama Sistemleri i¢cin Makine Ogrenimi Yaklasimlarinin incelenmesi
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Oz

Sesli kimlik dogrulama sistemleri, kullanicilarin parolalar1 hatirlamalar1 veya kimlik kartlart
tagimalar1 gerekmedigi i¢in rahat bir koruma yontemidir. Tiim bireyler igin benzersiz bir
tanimlayici olarak ses, ¢cevrimigi bankacilik ve telefon tabanli miisteri veya bilgisayar hizmetleri
dahil olmak fiizere giivenlik hizmetlerinde kisilerin kimligini dogrulamak igin pratik bir aragtir.
Tek modelli ses kimlik dogrulama sistemleri, bireylerin kimligini perde, ton ve diger konusma
kaliplar1 gibi benzersiz ses 6zelliklerine dayali olarak dogrulamak icin tek bir ses modeli kullanan
ses tanima sistemlerini ifade eder. Cok modelli ses kimlik dogrulama sistemleri i¢in, giivenligi
artirmak amaciyla ses kimlik dogrulama siirecine, yiiz tanima veya elektroensefalogram verileri
gibi ek biyometrik faktdrler dahil edilir. Bu makale, yakin zamandaki tek modelli ve ¢cok modelli
ses kimlik dogrulama ¢alismalarini, 6zellik ¢ikarma ve siniflandirma yontemlerinin altinda gézden
gegirmektedir. Bu makale ayni1 zamanda rastgele saldirilar, taklit saldirilari, tekrarlama saldirilari,
ses sentezleme saldirilari, sahte saldirilar ve gizli sesli komut saldirilar1 dahil olmak iizere ses
kimlik dogrulama sistemlerine yonelik giivenlik saldirtlarini tartismaktadir.

Anf: Can, Z. & Atilgan, E. (2023). Sesli kimlik dogrulama sistemleri i¢in makine 6grenimi yaklagimlarinin incelenmesi, Bilgi
ve Iletisim Teknolojileri Dergisi, 5(1), 95-113. https:/doi.org/10.53694/bited.1296035
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A Review of Recent Machine Learning Approaches for Voice Authentication Systems

Introduction

Biometrics is the unique and measurable characteristics of people used to describe and distinguish individuals that
have multiple application areas in various domains such as security systems (Beranek, 2013; Boubchir & Daachi,
2021), forensics (Tistarelli & Champod, 2017), health care (Bhalla, 2020), online banking (Goode, 2018) and
customer care services. As demonstrated in Figure 1, in the literature, biometrics are divided into physiological
biometrics and behavioral biometrics (Dargan & Kumar, 2020; Gayathri, Malathy, & Prabhakaran, 2019).
Physiological biometrics are gained genetically, such as DNA, face, iris, ear shape, electrocardiogram (EEG), palm
vein, and hand geometry. Behavioral biometrics are formed by human activity patterns, such as voice keystroke
dynamics, signature, and gait. Some of these biometrics can be only used in special cases, such as DNA matching

in criminal cases, etc., and are not practical for real-time personal authentication.

Physiological Behavioral
Fingerprint Voice
Iris ‘@ Keystroke
Face 'al;? Signature

Palm Vein {[% Gait
7

Figure 1. Classification of Common Biometrics

The human voice is in the category of behavioral biometrics. Behavioral patterns and vocal components (lungs
and articulators) form a unique and distinctive voice for all individuals that can be distinguished in terms of pitch,
volume, timbre, accent, rhythm, or tone (Yoshida, 2012). The usage of vocal components such as vocal vibrations,

breathing noise, and articulatory gestures creates a personal 1D similar to other biometric identifiers for people.

¢ Reduce signals at high | * MFCC, CMS, DWT,
frequencies, ambient ‘ ‘ GFCC, LPC, LPCC,
noise, and silence gaps RPCC, STFT, TPCC, ...

) ) Pre- Feature
! processing extraction

L | =SSR

Voice signals
Decis.ion Classification
making
° Accept, * HMM-UBM,

GMM-UBM, ANN,
DTW, GMM, HMM, K-
means, KNN, LDA,

‘ ‘ QDA, RF, Similarity
Learning, SVM

Reject

e Processsing of other biometrics (Face, EEG...)

Figure 2. General Framework of Voice Authentication Systems
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Voice authentication enables people to access secure services using their voices. In voice authentication systems,
the user’s speech is acquired by system microphones as voice signals and processed to verify the user’s
authentication. For example, by voice authentication integrated online banking systems, the previously recorded
voice of a user is stored in the server for further access (Fairhurst, Li, & Da Costa-Abreu, 2017). When the customer
wants to make a new transaction in the future, it is checked whether it matches the voice recorded in the system,
and authentication is performed. As with all authorized entry systems, security systems are needed for voice
authentication.

From signal acquisition to voice verification, voice signals go through pre-processing, feature extraction,
classification, and decision phases, as demonstrated in Figure 2. A single-modal biometric authentication system
processes only one type of biometrics data, whereas a multimodal biometrics system processes different biometric

data together for user authentication and improves security comparatively.

In this study, recent single-modal and multimodal voice authentication works are reviewed, and security attacks
for voice authentication systems are explained. This study focuses on traditional machine learning approaches for
voice authentication systems and does not include deep learning studies on this subject. In the following sections,
recent machine learning studies on voice authentication systems are discussed based on their feature extraction
and classification methods.

Method

Voice-recognition systems have taken place in our lives with the technological development in voice-assisted
technologies, such as Google Assistant, Google Home, Apple Siri, Microsoft Cortana, and Amazon Alexa.
According to Juniper Research, the number of devices using digital voice assistants will reach 8 billion in 2023
(Juniper, 2022). Based on Statistica.com, the global market of voice recognition will reach 27.16 billion USD in
2026 (Statistica.com, 2021).

With technology development, many transactions go through the web or smartphones without arriving at the
institutions personally. Remembering usernames and passwords becomes challenging as the number of
authenticated websites increases. Writing down passwords for fear of forgetting them brings up significant security
risks. Therefore, researchers have focused on developing user-friendly and safe security methods such as

authentication through voice or voice as a part of multi-factor authentication.

In recent years, voice authentication has gained popularity in many areas, such as e-commerce, online banking,
and healthcare. For example, banks provide services through customer voice confirmations, and ATM devices
have started to operate by listening to the voices of their customers without the necessity of swiping their cards
(Kaman, Swetha, Akram, & Varaprasad, 2013). For many years, voice recognition and speech-to-text methods
have been used in the healthcare industry. Physicians record their reports about their patients audibly, and
computers convert them to text to save time and energy. On the other hand, voice authentication is a new
application for the health sector as in other sectors. Due to the importance of health information security,
authentication is a critical process in the healthcare industry. While it is necessary to be in the institution personally
for other biometric verification processes (face, iris, fingerprint, etc.), patients do not need to go to the hospital or

doctor’s office for voice authentication, which is especially convenient for elderly or disabled patients.
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Yet, consumers are concerned about confidence due to low verification accuracy and vulnerability to malicious
attacks (de Barcelos Silva et al., 2020; Smallman, 2020). Moreover, voice verification accuracy is affected by
several factors, including ambient noise, utterance length, sampling frequency, and hardware quality. Moreover,
change in voice due to diseases, accidents, aging, and environmental factors affect the verification accuracy. The
security and accuracy of voice authentication systems are enhanced by developing multi-model systems using
various biometrics. Underlying techniques of voice authentication systems are discussed in many literature papers
under speech identification, verification, and recognition topics (Tirumala, Shahamiri, Garhwal, & Wang, 2017;
Disken, Tifekgi, Saribulut, & Cevik, 2017; Singh, Nath, & Kumar, 2018; Jayanna, Mahadeva Prasanna, &
Prasanna, 2009; Jayanna et al., 2009; Todkar, Babar, Ambike, Suryakar, & Prasad, 2018; Lawson et al., 2011;
Sidorov, Schmitt, Zablotskiy, & Minker, 2013).

Traditional voice authentication systems consist of four phases; pre-processing, feature extraction, classification,
and decision-making. In the pre-processing phase, voice signals are processed before the feature extraction phase.
In this phase, voice signals are separated from unnecessary noises to improve system accuracy. Human perceives
sounds at frequency bands ranging between 20 and 20 kHz, and human voice frequency is lower than 3400 Hz. In
the pre-processing phase, signals at high-frequency bands (for example, 20 kHz and more) are removed from
acquired voice signals. Moreover, ambient noise and silence gaps are reduced from acquired voice data. Since
ambient noise is at the frequency ranges of a human voice, reducing ambient noise from voice signals is not always
practically possible; therefore, voice signals may still include ambient noise after the pre-processing phase. In the
feature extraction phase, various temporal (e.g., energy levels, zero-crossing rate, amplitude levels) and spectral

features (e.g., frequency components, spectral energies, spectral densities) are extracted from voice signals.

In the classification phase, extracted features of previously recorded voice signals are classified and stored in the
system as voice templates. The next phase after the classification phase is the decision phase. The decision phase
aims to find a match between the user voice and the previously stored voice templates. According to the matching
ratio, authentication is accepted or rejected. The system is evaluated based the performance metrics such as
Accuracy (ACC), True Positive Rate (TPR), False Reject Rate (FRR), and Equal Error Rate (ERR).

In voice authentication systems, selecting appropriate feature extraction and classification methods is essential for
improving system accuracy. This study reviews voice authentication systems in the literature under single-model
and multi-model systems with several details, including feature extraction and classification methods, assisted
biometrics, number of participants, and system performance. The feature extraction and classification methods

applied to these systems are listed and explained in detail in this study.

Findings

Single-modal and multimodal studies are sorted by year and listed in Table 1. A single-model voice authentication
system uses only voice as the biometric data. Several single-model studies are focusing on voice data for human
recognition in literature. In the AVA (Z. Meng et al., 2020) study, an average windowed-based equal error rate of
3-4%, depending on the model, is achieved based on 25 speaker records. Voicelive (L. Zhang et al., 2016) presents

a liveness detection system for voice authentication on smartphones and reaches 99% detection accuracy based on
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Table 1. Single-modal and Multimodal Voice Authentication Systems

Study Feature Classification Other
Extraction Methods Biometrics Number of Users Performance
Methods
EchoVib MFCC, Time- SVM, Vocal .
(Abhishek Anand et al., Frequency LR, RF, Vibrations 30 ACC: 90%
2021) Analysis RT
Moreno-R. et al.
(Moreno-Rodriguez, HMM-UBM
Ramirez-Cortes, Atenco- MFCC ANN, MAP EEG 30 ACC: 83.43%
Vazquez, & Arechiga- '
Martinez, 2021)
Time- iilari
WearlD Similarity Speech .
(Shi, Wang, Chen, & Frequency Learning Vibrations 10 TPR: 99%
Saxena, 2021) Analysis
) GFCC?, GMM-
VocalPrint RPCC, TPCC, UBM _Voc_al M ACC: 96%
(Li et al., 2020) DCT, MFCC, SVM’ Vibrations
LPC, LPCC HMM,
MAP
Zhang et al MFCC VAD FRR (Voice): 10.98%
(X. Zhang CHeng Jia ' ' Face 102 FRR (Face): 1.22%
Dai, & Xu, 2020) LBP, DW GMM, FRR (Fusion): 0%
MAP
LVID Lip - oro
(Wu, Yang, Zhou, Chen, MFCC, DCT \C:,'\A/Ili/i Movements 104 ACC: 95%
& Wang, 2019)
K-means , . . .
AVA MECC Clustering, NA 25 EER( window s;ze of 1.01 s):
(Z. Meng, Altaf, & 5%
MAP, MVE,
Juang, 2020) HMM
Cepstral and .
Abozaid et al. statistical GMM, ANN, Face 100 EER (Voice): 2.98%
(Abozaid, Haggag, coefficients, SVM EER (Fa(;e): 1.43%
Kasban, & Eltokhy, _PCA, EER (Fusion): 0.62%
2019) Eigenfaces
VoicePop STFT Breathing .
’ HMM, : 18 ACC: 93.5%
(Q. Wang et al., 2019) GFCC2, PCA, SVM Noise
DCT
Olazabal et al. MFCC KNN Face 27 EER (Fusion): 8.04%
(Olazabal et al., 2019)
LipPass Mouth .
DNN SVM, 48 ACC: 90.2%
(Luetal., 2019) SVDD Movements °
LDA, EER (Voice): 54.21%
g/l"fgo"’;?n:rf;'él 2015 MFCC. HOG ODA. Face 27 EER (Face): 47.51%
' " SVM, RF, EER (Fusion): 20.59%
KNN
VoiceGesture Similarity Articulatory X
(L. Zhang, Tan, & Yang, STFT, DWI Learning Gestures 21 ACC: 99.34%
2017)
VAuth On-body . 0
(Feng, Fawaz, & Shin, MFCC SVM Vibrations 18 ACC: 97%
2017)
Voicelive MFCC HMM NA 12 EER: 1%
(L. Zhang, Tan, Yang, &
Chen, 2016)
LDA, EER (Voice): 34.72%
(i/l"flma”fet a"M. MFCC, HOG Similarity Face 54 EER (Face): 4.29%
(M. I. Gofman, Mitra, L earnin EER (Fusion): 2.14%
Cheng, & Smith, 2016) earning
Yan and Zhao MFCC, CMS DTW NA 15 ACC: 80.6%
(Yan & Zhao, 2016)
EER (Face): 18.70%
Gofman et al. MFCC, HMM Face 54

(M. Gofman, Mitra,
Cheng, & Smith, 2015)

Fisherfaces

EER (Voice): 22.42%
EER (Fusion): 14.56%

Please look at Table 2 and Table 3 for expansions of abbreviations
TRP: True Positive Rate

NA: Not Applicable
EER: Equal Error Rate

ACC: Accuracy

WEER: Window-based Equal Error Rate

FRR: False Positive Rate

12 participant data. Another single-model voice authentication study (Yan & Zhao, 2016) achieves 80.6% accuracy

based on speech recognition and speech synthesis on vocalized verification codes that change each time.
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A multi-model voice authentication system aims to improve security and accuracy by integrating various
biometrics. There are several multi-model voice authentication systems in the literature. Moreno-Rogriguez et al.
(Moreno-Rodriguez et al., 2021) achieved 83.43% accuracy with their Electroencephalography (EEG) integrated
voice authentication model over a study of 50 people. WearlD (Shi et al., 2021) exploits speech vibrations,
VocalPrint (Li et al., 2020) and EchoVib (Abhishek Anand et al., 2021) exploit vocal vibrations, and VVAuth (Feng
et al., 2017) exploits on-body vibrations for the voice authentication systems and achieves more than 90%
accuracy. LVID (Wu et al., 2019) uses lip movements, LipPass (Lu et al., 2019) uses mouth movement, and
VoicePop (Q. Wang et al., 2019) uses breathing noise in addition to voice biometrics, and they achieve accuracy
rates of more than 90%, as well. Moreover, there are several multimodal voice authentication systems based on
face biometrics achieving high accuracy rates (X. Zhang et al., 2020; Abozaid et al., 2019; Olazabal et al., 2019;
M. Gofman et al., 2018; M. I. Gofman et al., 2016; M. Gofman et al., 2015).

Feature Extraction Methods

Table 2. Feature Extraction Methods for Voice Authentication Systems

Feature Extraction Methods

CMS: Cepstral Mean Subtraction (Yan & Zhao, 2016)

DCT: Discrete Cosine Transform (Li et al., 2020; X. Zhang et al., 2020; Wu et al., 2019)

DNN: Deep Neural Network (Lu et al., 2019; Vincent, Larochelle, Bengio, & Manzagol, 2008)

DWT: Discrete Wavelet Transform (X. Zhang et al., 2020; L. Zhang et al., 2017; Tzanetakis, Essl, & Cook, 2001)
Eigenfaces (Abozaid et al., 2019)

Fisherfaces (M. Gofman et al., 2015)

GFCC: Glottal Flow Cepstrum Coefficients (Li et al., 2020)

GFCC? Gammatone Frequency Cepstral Coeff. (Q. Wang et al., 2019)

HOG: Histogram of Oriented Gradients (M. Gofman et al., 2018; M. I. Gofman et al., 2016)

LBP: Local Binary Pattern (Dargan & Kumar, 2020)

LPC: Linear Predictive Coefficients (Li et al., 2020)

LPCC: Linear Predictive Cepstral Coefficients (Li et al., 2020)

MFCC: Mel Frequency Cepstral Coefficients (Abhishek Anand et al., 2021; Suman, Harish, Kumar, & Samrajyam, 2015)
PCA: Principal Component Analysis (Abozaid et al., 2019; Q. Wang et al., 2019)

RPCC: Residual Phase Cepstrum Coefficients (Li et al., 2020)

STFT: Short-Time Fourier Transform (Q. Wang et al., 2019; L. Zhang et al., 2017)

TPCC: Teager Phase Cepstrum Coefficients (Li et al., 2020)

Table 2 lists various vocal feature extraction methods in the course of voice authentication studies. MFCC is a
well-known speaker recognition technique that measures pitches on a frequency scale similar to the human hearing
range. MFCC-based feature extraction approaches were reported as the most commonly used and successful
approaches for speaker identification (Tirumala et al., 2017). Working relatively to human voice perception by
describing the signal characteristics similar to the vocal track properties is an advantage of the MFCC technique.
Another common feature extraction approach is LPC. Both LPC and LPCC are vocal feature extraction method
that detects emotional information. LPC-based feature extraction approaches are commonly used in automatic

speaker recognition.
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DNN is a neural network feature extraction method that consists of an auto-encoder network to abstract the input
features. TPCC is a vocal feature extraction method that captures speakers’ excitation characteristics based on the
Teager energy model. RPCC characterizes the phase information of an excitation waveform, and GFCC! captures
speakers’ excitation characteristics. GFCC? is a vocal feature extraction method to detect pop noises, and CMS is
to reduce the influence of background noise. DWT is a voice denoising method to decompose voice signals into
different wavelet coefficients. DCT is an energy compaction method for calculating the cepstral coefficients. Last
but not least, STFT is a signal processing method that divides the signal into shorter segments and computes the

Fourier transform on each of these shorter segments.

More feature extraction methods are used to recognize other biometrics for multimodal voice authentication
systems, as listed in Table 2. PCA is a statistical feature extraction method for image processing. HOG is an image
processing method that counts the occurrences of gradient orientations in each image cell. LBP is an image
processing method to extract image texture features. Finally, Eigenfaces and Fisherfaces are face recognition

methods based on principal components of linear discriminant analyses.

Classification Methods

Table 3. Classification Methods for Voice Authentication Systems

Classification Methods

ANN: Artificial Neural Networks (Jain & Mao, 1996)

DTW: Dynamic Time Warping (Muda, Begam, & Elamvazuthi, 2010)

GMM: Gaussian mixture model (Reynolds & Rose, 1995)

HMM: Hidden Markov Model (Juang & Rabiner, 1991)

K-means Clustering (Hajarolasvadi & Demirel, 2019)

KNN: k-Nearest Neighbor (Olazabal et al., 2019; M. Gofman et al., 2018)

LDA: Linear Discriminant Analysis (M. Gofman et al., 2018; M. I. Gofman et al., 2016)
MAP: Maximum A Posteriori (Gauvain & Lee, 1994)

MVE: Minimum Verification Error (Z. Meng et al., 2020)

QDA: Quadratic Discriminant Analysis (Kwon, Chan, Hao, & Lee, 2003)

RF: Random Forests (Abhishek Anand et al., 2021; M. Gofman et al., 2018)

RT: Random Trees (Abhishek Anand et al., 2021)

LR: Logistic Regression (Abhishek Anand et al., 2021)

Similarity Learning (M. I. Gofman et al., 2016; Shi et al., 2021)

SVDD: Support Vector Domain Description (Lu et al., 2019)

SVM: Support vector machines (Campbell, Sturim, & Reynolds, 2006)

UBM: Universal Background Model (Moreno-Rodriguez et al., 2021; Li et al., 2020)
VAD: Voice Activity Detection (X. Zhang et al., 2020; Wu et al., 2019)

In Table 3, classification methods are listed based on the authentication works listed in Table 1. There are several
classification methods (Abdulrahman, Khalifa, Roushdy, & Salem, 2020). ANN is a classification method
containing one input and output and several hidden computational layers for speech recognition. While UBM is a
classification method to detect human-specific features, SVDD is a classification method that rejects imposter

components. A statistical classification method, SVM, separates different feature sets by building a hyperplane.
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Another method, HMM, is a statistical Markov model used as a speech recognition classifier based on state
transition probabilities. GMM is a probabilistic classification method based on Gaussian distributions of
components. GMM-based classification methods are efficient for text-dependent voice identification (Tirumala &
Shahamiri, 2016; Snyder, Garcia-Romero, Povey, & Khudanpur, 2017) K-means Clustering is a vector
quantization method for feature classification. KNN is a classification method for storing feature vectors using a
distance function. While LDA is a linear classification method, QDA is a quadratic classification method for

classifying features into related sets.

Other widespread classification methods are similarity learning and RF. Similarity learning is a feature
classification method based on feature comparison and scoring. And RF is a classification method that combines

and corrects the outputs of several decision trees.

Classification methods are developed by various methods to improve voice recognition accuracy rates, such as
DTW, MAP, MVE, and VAD. DTW is a time series analyzing method for measuring the similarity between vocal
samples at different speeds. The MAP method reduces noise components from speech signals. MVE minimizes

the speaker verification error. And VAD detects the presence or absence of human speech.
Discussion and Conclusion

With technological advances, biometrics is used as a tool to identify people and collect information about their
emotional and mental states and physical and behavioral characteristics (Sae-Bae, Wu, Memon, Konrad, & Ishwar,
2019). Biometrics authentication is a leading solution for security concerns in diverse application domains,
including online banking (Shah & Kanhere, 2019), smart homes (Edu, Such, & Suarez-Tangil, 2021; Ponticello,
Fassl, & Krombholz, 2021), smartphones (Abuhamad, Abusnaina, Nyang, & Mohaisen, 2021; Alzubaidi & Kalita,
2016; Mahfouz, Mahmoud, & Eldin, 2017; Mahfouz et al., 2017), wearable devices (Blasco, Chen, Tapiador, &
Peris-Lopez, 2016), the internet of things (Obaidat, Traore, & Woungang, 2019; Duraibi, 2020; Ongun et al.,
2018), and health care (Mohsin et al., 2018).

From a security point of view, all authorization systems may have some security vulnerabilities. Ideally, these
vulnerabilities should be eliminated or minimized. In recent years, biometric characteristics of people have been
integrated into authentication systems and become a part of authorization systems. High-security systems focus
on adopting multi-factor authentication systems to strengthen their security systems against attackers (Sinigaglia,
Carbone, Costa, & Zannone, 2020). Researchers are studying integrating biometrics into traditional knowledge-
based authentication systems to achieve secure multi-factor authentication mechanisms, focusing on several
authentication factors, including universality, uniqueness, permanence, collectability, performance, acceptability,
and spoofing (Y. Meng et al., 2018; Ometov et al., 2018).

Vocal biometrics can be stolen or imitated in various ways. Voice authentication enables remote authentication,
unlike other biometrics. Despite its advantages, voice authentication systems have security vulnerabilities against
many attacks. Voice verification may not be as accurate and reliable as other biometric methods (e.g., fingerprint,
face recognition, iris recognition). Thus, voice authentication systems have been persistently developed against
security leaks (Edu et al., 2021; Y. Meng et al., 2018; Rui & Yan, 2019). During sound verification, liveness
detection is required to confirm that the sound comes from a living speaker and, not a recording. The background

noise in the environment affects the verification of the sound and, consequently, the matching performance. As
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explained below, attackers steal or imitate a speaker’s biometrics to trick the authentication systems in several

ways.
Random Attacks

Although the human voice is unique, current voice assistants and authentication technologies are inadequate to
distinguish all voices. Without having information about a speaker’s voice, attackers have a chance to authenticate
successfully using their voices (Shi, Wang, Chen, Saxena, & Wang, 2020). Further developments in voice assistant
and authentication technologies are essential to prevent such kinds of random attacks.

Mimicry Attacks

Attackers imitate a speaker’s articulatory movements and articulatory gestures (Vestman, Kinnunen, Hautamaki,
& Sahidullah, 2020). Facial mimics, lips, tongue, or jaw movements, accent, pitch, tone, speed of speech, and
word preferences are examples of articulatory gestures. Such attacks can be prevented by multimodal

authentication methods, such as verifying both the voice and face of the speaker.
Replay Attacks

Attackers record vocal commands/passwords of a speaker, then replay these recordings for spoofing authentication
systems (Ren, Fang, Liu, & Chen, 2019). Such attacks can be prevented by living detection methods (L. Zhang &
Yang, 2021; Shang, Chen, & Wu, 2018) and multimodal authentication methods.

Voice Synthesizing Attacks

Attackers collect speech samples of a person and then generate authentication commands/passwords by speech
synthesizing techniques (Ning, He, Wu, Xing, & Zhang, 2019). Then attackers play these generated

commands/passwords for spoofing authentication systems.
Counterfeit Attacks

Attackers imitate the speaker’s voice authentication methods, using records of vocal commands/passwords,
simulations of vocal cord vibrations, or other stolen biometric features, such as fingerprints (Li et al., 2020). Such

attacks can be prevented by live detection, multimodal authentication, and other security methods.
Hidden Voice Command Attacks

Attackers convert voice commands into sound signals and send them to loudspeakers. Even though humans cannot
hear and realize these commands, voice verification models receive and process these commands. These
commands can be hidden and embedded in the audio channel of a video to operate the device maliciously (C.
Wang et al., 2019; G. Zhang et al., 2017; Blue, Abdullah, Vargas, & Traynor, 2018; Carlini et al., 2016).

Voice authentication is a promising way of developing fast, user-friendly, and reliable multi-factor authentication
mechanisms. In this paper, machine learning approaches adapted to voice authentication methods are clarified and

discussed with the enlightenment of recent works and trends in the literature.

This paper discusses current single-model and multimodal voice authentication systems and various security
attacks, and several feature extraction and classification methods are concisely explained. Voice Authentication is
becoming a widely used form of authentication instead of using strings of textual passwords and numbers that are

hard to remember. Voice authentication systems are convenient to adapt to multimodal biometric authentication
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systems. Also, the remote authentication opportunity of voice authentication systems is convenient for the elderly
and disabled.

Together with several benefits, voice authentication approaches have some limitations. One limitation affecting
security is the inadequacy of user awareness. Users need to be well-informed about the security risks and concerned
about their safety and privacy. Another limitation is the computational cost and energy consumption of the
authentication methods on the target device. Devices in the application domain of voice authentication systems,
such as smart home appliances, may not have enough computational and energy resources. After technological
developments and improvements, more robust solutions, such as deep learning-based voice authentication

methods, can be adapted to these devices.

Security is the main challenge of voice authentication systems. Voice authentication systems suffer from several
attacks, including random attacks, mimicry attacks, replay attacks, voice synthesizing attacks, counterfeit attacks,
and hidden voice command attacks. Enhancing accuracy is another challenge; collected voice data is always
affected by some noise level that affects the system’s accuracy. Authentication accuracy is also affected by
diseases, accidents, and aging. One way to improve security and accuracy is by expanding authentication by
multimodal authentication systems. Future advances in integrating multimodal biometric authentication systems

into current authentication systems will strengthen existing security and accuracy solutions.
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Genisletilmis Ozet
Giris
Biyometri, giivenlik sistemleri (Beranek, 2013; Boubchir & Daachi, 2021), adli (Tistarelli & Champod, 2017),
saglik hizmetleri (Bhalla, 2020), online bankacilik (Goode, 2018) ve miisteri hizmetleri gibi ¢esitli alanlarda birden
¢ok uygulama alanina sahip bireyleri tanimlamak ve ayirt etmek i¢in kullanilan, kisilerin benzersiz ve dlgiilebilir
Ozellikleridir. DNA, yiiz, iris, kulak sekli, elektroensefalografi (EEG), avug igi damari ve el geometrisi gibi
fizyolojik biyometri genetik olarak kazanilir. Davranigsal biyometri, ses tus vurusu dinamikleri, imza ve yiirliyiis

gibi insan aktivite modellerinden olusur. Bu biyometriklerden bazilar1 yalnizca ceza davalarinda DNA eslestirmesi

gibi 6zel durumlarda kullanilabilir ve ger¢ek zamanl kisisel kimlik dogrulama igin pratik degildir.

Insan sesi davranissal biyometri kategorisinde yer almaktadir. Davranig kaliplar1 ve ses bilesenleri (akcigerler ve
artikiilatorler), perde, ses, tini, vurgu, ritim veya ton acisindan ayirt edilebilen tiim bireyler igin benzersiz ve ayirt
edici bir ses olusturur (Yoshida, 2012). Ses titresimleri, nefes alma sesi ve artikiilasyon hareketleri gibi ses

bilesenlerinin kullanimi, insanlar i¢in diger biyometrik tanimlayicilara benzer bir kisisel kimlik olusturur.

Sesle kimlik dogrulama, insanlarin seslerini kullanarak giivenli hizmetlere erismelerini saglar. Sesli kimlik
dogrulama sistemlerinde, kullanict konugmasi sistem mikrofonlar1 tarafindan ses sinyalleri olarak alinir ve
kullanicinin kimlik dogrulamasini dogrulamak i¢in islenir. Ornegin, cevrimigi bankacilik sistemlerine entegre sesli
kimlik dogrulama ile, bir kullanicinin 6nceden kaydedilmis sesi, daha fazla erisim i¢in sunucuda saklanir
(Fairhurst, Li, & Da Costa-Abreu, 2017). Miisteri ileride yeni bir iglem yapmak istediginde sistemde kayitli sesle
eslesip eslesmedigi kontrol edilir ve kimlik dogrulamasi yapilir. Tiim yetkili giris sistemlerinde oldugu gibi sesli

kimlik dogrulama i¢in de giivenlik sistemlerine ihtiya¢ duyulmaktadir.

Ses sinyalleri, sinyal alimimdan ses dogrulamasma kadar 6n isleme, 6zellik ¢ikarma, siniflandirma ve karar
asamalarindan gecer. Tek modelli bir biyometrik kimlik dogrulama sistemi, yalnizca bir tiir biyometrik veriyi
islerken, ¢ok modelli bir biyometrik sistem, kullanici kimlik dogrulamasi i¢in farkli biyometrik verileri birlikte

isler ve giivenligi kargilagtirmali olarak artirir.

Bu caligmada literatiirde yer alan ve son zamanlarda yapilan tek modelli ve cok modelli ses dogrulama ¢aligmalari
gozden gegirilmistir. Ses dogrulama sistemleri {izerine yapilan son makine 6grenimi ¢alismalari, 6znitelik ¢ikarma
ve siniflandirma yontemlerine dayali olarak ele alinmaktadir. Ayrica bu ¢aligmada sesli kimlik dogrulama

sistemlerine yonelik giivenlik saldirilari tartigilmistir.
Ydntem

Geleneksel sesli kimlik dogrulama sistemleri dort asamadan olusur; 6n isleme, 6zellik ¢ikarma, siniflandirma ve
karar verme. On isleme asamasinda, ses sinyalleri 6znitelik ¢ikarma asamasindan dnce islenir. Bu asamada, sistem
dogrulugunu iyilestirmek icin ses sinyalleri gereksiz giiriiltiilerden ayrilir. Insan, sesleri 20 ile 20 kHz arasinda
degisen frekans bantlarinda algilar ve insan sesinin frekansi 3400 Hz'den diisiiktiir. On isleme asamasinda, yiiksek
frekans bantlarindaki (6rnegin 20 kHz ve iizeri) sinyaller, alman ses sinyallerinden ¢ikarilir. Ayrica, elde edilen
ses verilerinden ortam giirtiltiisii ve sessizlik bosluklar1 azaltilir. Ortam giirtiltiisii insan sesinin frekans araliginda
oldugundan, ses sinyallerinden ortam giiriiltiisiinii azaltmak her zaman pratik olarak miimkiin degildir; bu nedenle

ses sinyalleri, on isleme asamasindan sonra da ortam giiriiltiisii igerebilir. Ozellik ¢ikarma asamasinda, ses
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sinyallerinden ¢esitli zamansal (6rn. enerji seviyeleri, sifir gecis orani, genlik seviyeleri) ve spektral 6zellikler (6rn.

frekans bilesenleri, spektral enerjiler, spektral yogunluklar) ¢ikarilir.

Smiflandirma asamasinda, 6nceden kaydedilmis ses sinyallerinin g¢ikarilan 6zellikleri siniflandirilir ve ses
sablonlar1 olarak sistemde saklanir. Siniflandirma agsamasindan sonraki agama karar agamasidir. Karar agamasi,
kullanict sesi ile daha 6nce saklanan ses sablonlari arasinda bir eslesme bulmay1 amaglar. Eslesme oranina gore
kimlik dogrulama kabul edilir veya reddedilir. Sistem, dogruluk, gercek pozitif orant, yanlis reddetme orani ve esit

hata oran1 gibi performans 6lgiitlerine gore degerlendirilir.

Bu caligma, literatiirdeki ses dogrulama sistemlerini, tek modelli ve ¢ok modelli sistemler altinda, 6zellik ¢ikarma
ve siniflandirma y6ntemleri, ikincil biyometri, katilimci sayist ve sistem performansi dahil olmak tizere gesitli
ayrintilarla incelemektedir. Bu sistemlere uygulanan 6znitelik ¢ikarma ve siniflandirma yontemleri bu ¢aligmada

listelenmis ve ayrintili olarak agiklanmuistir.
Bulgular

Literatiirdeki 18 ses dogrulama sistemi, bu sistemlerde kullanilan 6zellik ¢ikarma ve siniflandirma yontemleri ile
birlikte inclenmistir. Bu ¢aligmalardan ii¢ ¢alisma tek model olarak gelistirilmisken digerleri ses titresimleri,
konusma titresimleri, viicut titresimleri, nefes alma sesi, yliz sekli, dudak hareketleri, agiz hareketleri, eklem
hareketleri gibi ek biyometrik 6zelliklerle kimlik tanima modelini gelistirerek ¢ok modelli sistemler olarak
olusturulmuslardir. Sesle kimlik dogrulama sistemlerinde, sistem dogrulugunu iyilestirmek i¢in uygun 6znitelik
¢ikarma ve siniflandirma yontemlerinin segilmesi esastir. Bu ¢aligmalarda gesitli sayida katilimcilardan alinan

veriler iizerinde yapilan incelemelerde gelistirilen modellerin yiiksek basarim gosterdikleri agiklanmaistir.
Tartisma ve Sonu¢

Bu makale, mevcut tek modelli ve ¢ok modelli sesli kimlik dogrulama sistemlerini ve gesitli giivenlik saldirilarin

tartigmaktadir ve gesitli 6zellik ¢ikarma ve siiflandirma yontemleri agiklanmaktadir.

Sesli Kimlik Dogrulama, hatirlanmasi zor metinsel parola ve sayi dizileri kullanmak yerine, yaygin olarak
kullanilan bir kimlik dogrulama bi¢imi haline gelmektedir. Sesli kimlik dogrulama sistemleri, ¢ok modelli
biyometrik kimlik dogrulama sistemlerine uyum saglamak i¢in uygundur. Ayrica sesli kimlik dogrulama

sistemlerinin uzaktan kimlik dogrulayabilme imkan1 yaghlar ve engelliler igin uygundur.

Cesitli faydalarinin yani sira, sesle kimlik dogrulama yaklasimlarinin bazi siirlamalari vardir. Kullanicilarin
giivenlik riskleri hakkinda iyi bilgilendirilmeleri gerekir. Diger bir sinirlama, hedef cihazdaki kimlik dogrulama
yoéntemlerinin hesaplama maliyeti ve enerji tiketimidir. Bu sistemlerin uygulanacag: cihazlar yeterli hesaplama

ve enerji kaynaklarmna sahip olmayabilir.

Tim yetkilendirme sistemlerinde giivenlik agiklari olabilir. Son yillarda kisilerin biyometrik 6zellikleri kimlik
dogrulama sistemlerine entegre edilerek yetkilendirme sistemlerinin bir pargasi haline gelmistir. Yiiksek
giivenlikli sistemler, giivenlik sistemlerini saldirganlara kars1 giiclendirmek icin ¢ok faktorlii kimlik dogrulama
sistemlerini benimsemeye odaklanir (Sinigaglia, Carbone, Costa, & Zannone, 2020). Arastirmacilar, evrensellik,
benzersizlik, kalicilik, toplanabilirlik, performans, kabul edilebilirlik ve sahtekarlik dahil olmak iizere gesitli

kimlik dogrulama faktorlerine odaklanarak giivenli ¢ok faktorlii kimlik dogrulama mekanizmalar1 elde etmek igin
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biyometriyi geleneksel bilgi tabanli kimlik dogrulama sistemlerine entegre etmeyi arastirtyorlar (Y. Meng ve

digerleri, 2018; Ometov ve digerleri, 2018).

Vokal biyometri, ¢gesitli sekillerde ¢alinabilir veya taklit edilebilir. Ses dogrulamasi sirasinda, sesin bir kayittan
degil, canli bir hoparldrden geldigini dogrulamak i¢in canlilik tespiti gerekir. Ortamdaki arka plan giiriiltiisi, sesin
dogrulanmasin1 ve dolayisiyla eslestirme performansini etkiler. Asagida agiklandigi gibi, saldirganlar kimlik
dogrulama sistemlerini birka¢ sekilde kandirmak igin bir konugmacinin biyometrigini ¢alar veya taklit eder.
Teknolojik gelismeler ve iyilestirmeler sonrasinda derin 6grenme tabanli ses dogrulama yontemlerinin de

gelismesiyle daha saglam ¢oziimler Uretilecektir.

Sesle kimlik dogrulama sistemleri, rastgele saldirilar, taklit saldirilari, tekrar saldirilari, ses sentezleme saldirilari,
sahte saldirilar ve gizli sesli komut saldirilart dahil olmak iizere cesitli saldirilardan muzdariptir. Dogrulugu
artirmak baska bir zorluktur; toplanan ses verileri her zaman sistemin dogrulugunu etkileyen bazi giriltii
seviyelerinden etkilenir. Kimlik dogrulama dogrulugu ayrica hastaliklardan, kazalardan ve yaslanmadan da
etkilenir. Giivenligi ve dogrulugu artirmanin bir yolu, ¢ok modelli kimlik dogrulama sistemleriyle kimlik
dogrulamay1 genisletmektir. Cok modelli biyometrik kimlik dogrulama sistemlerini mevcut kimlik dogrulama
sistemlerine entegre etme konusundaki gelecekteki gelismeler, mevcut giivenlik ve dogruluk ¢6ziimlerini

guclendirecektir.
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