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A Yildiz ve Akin Algoritmalari ile
Otonom Siirii Sistemleri icin Yol Bulma

Arastirma Makalesi/Research Article
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Ozet— Savas ve yapay yasam temali bilgisayar oyunlarinda, yapay zekali karakterlerin, ortak bir hedefe takim halinde
yol bularak akin hareketi algoritmasi kurallarina gére siirii halinde hareket etme sistemleri lizerinde ¢alisilmistir. Bu
sistemlerin kullandig1 yol bulma algoritmalar1 arasinda Dijkstra, Best-First Search (en iyi ilk arama) ve A* (A yildiz)
incelenmistir. Sonuclar, A* yol bulma algoritmasinin en hizli ve etkili oldugunu gostermistir. Bu algoritma ve siirii
hareketi modeli kullanarak, takim halinde hareket ederken kendi yolunu bulabilen yapay zeka sistemi gelistirilmigtir. A*
algoritmasini kullanan yapay zekali karakterlerin olusturdugu takimlarin, oyun i¢i durumlara karsi daha basarilt sonuglar
elde ettigi goriilmiistiir.

Bu ¢aligma kapsaminda, savas temal1 bir oyun i¢in takim tabanli yapay zeka modiilii gelistirilmistir. Bu modiil, Unity 3D
oyun motoru kullanilarak olusturulmustur. Bayrak kapma senaryosu modu kullanilarak, lider kullanicili takim ile diigman
takimi arasindaki kargilagmanin sergiledigi davranislar incelenmistir. Bu c¢alisma sonucunda, A* ve akin hareketi
algoritmalarmin kullanilmasi ile oyunlarin oynanabilirlik ve gergekeilik gibi 6nemli 6zelliklerinin, dinamik oyun
karakterleri araciligiyla bir iist seviyeye taginabilecegi ortaya ¢ikmustir.

Anahtar Kelimeler— A*, akin, siirii, takim tabanh yapay zeka, yol bulma algoritmalar1

Pathfinding for Autonomous Swarm Systems
with A Star and Flocking Algorithms

Abstract— In computer games with the theme of war and artificial life, the systems of artificial intelligence characters to
move in flocks according to the rules of the raid movement algorithm by finding a way to a common goal as a team have
been studied. Among the pathfinding algorithms used by these systems, Dijkstra, Best-First Search and A* have been
examined. The results have shown that the A* pathfinding algorithm was the fastest and most efficient. By using this
algorithm and a swarm movement model, an artificial intelligence system has been developed that can find its own way
while moving as a team. It has been observed that teams formed by artificial intelligence characters using the A* algorithm
achieve more successful results against in-game situations.

Within the scope of this study, a team-based artificial intelligence module was developed for a war-themed game. This
module was created using the Unity 3D game engine. Using the flag grabbing scenario mode, the behavior of the leader
user team and the enemy team was examined. As a result of this study, it has been revealed that important features of
games such as playability and realism can be taken to the next level through dynamic game characters by using A* and
raid movement algorithms.

Keywords— A*, flocking, swarm, team-based artificial intelligence, pathfinding algorithm
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1. GIRIS (INTRODUCTION)

Karakter yapay zekas, bir oyunun iginde yer alan yapay
zeka tarafindan yonetilen karakterlerin davraniglarini ve
hareketlerini belirleyen bir sistemdir. Bu sistem,
karakterlerin oyun icinde dogal ve inandiric1 bir sekilde
davranmasini saglar ve oyunun gergekgiligini arttirir.
Ornegin, bir karakter yapay zekas ile programlanmus bir
karakter, oyun icinde bir catisma sirasinda diger
karakterlerle etkilesime girerek savunma pozisyonuna
gegebilir veya kagabilir. Ayrica, karakter yapay zekasi
sayesinde karakterler oyun i¢inde dogal bir sekilde yiiz
ifadeleri ve mimikler kullanarak duygularini ifade
edebilirler. Bu sayede oyun oynayan kisi, karakterlerle
daha etkilesimli ve inandirici bir sekilde oyun
oynayabilir. Ozetle, karakter yapay zekasi, oyunlarin
gercgekeiligini ve oynanig deneyimini artiran 6nemli bir
0gedir. Bu ¢alismada takim halinde hareket eden yapay
zekélt karakterler i¢in yol bulma algoritmalari
aragtirtlmis ve en iyi ve performansli yol bulma
algoritmalarindan biri olan A* algoritmasinin 3D (3
boyutlu) oyun ortaminda takim tabanli yapay zeka
sistemleri i¢in kullanimi lizerinde ¢alisilmistir.

Bilgisayar oyunlarinda kullanilan  yapay zeka
sistemlerinin temel amaci, oyuncu ile etkilesimde
bulunan karakterlerin ve oyunun gectigi ortamin gercek
insan, topluluk ve diinya yasam ortamina olabildigince
benzetilmesidir. Bu amag¢ dogrultusunda, oyun tasarimi
ve yapay zeka algoritmalar1 araciligiyla oyunun
gergekei ve dogal bir etkilesim ortami olusturulmaya
calisilir. Gelismis yapay zekd sistemlerine sahip
oyunlar, oyun i¢i deneyimin ger¢ek yasam ortamlarina
benzeyen bir ortamda yasanmasini saglar. [1].
Oyunlarda kullanilan yapay zeka sistemlerinin baska bir
onemli amaci, oyuncunun yeteneklerine karsilik vermek
ve oyuncunun kurdugu planlar1 veya tuzaklar taklit
etmektir. Bu amag¢ dogrultusunda, yapay zeka
algoritmalart oyuncunun yeteneklerini ve stratejilerini
analiz ederek, oyuncuya karst uygun bir tepki
olusturmaya calisir. Ayn1 zamanda, yapay zeka sistemi
oyuncuyu zor duruma diisiirerek oyunu kazanabilmek
icin  gerektiginde tuzaklar kurabilir. Bu, oyun
programindaki yapay zeka kalitesini belirleyen onemli
bir faktordiir [2].

Geleneksel yol bulma algoritmalari ile takim halinde
hareket eden yapay zekdli oyun Kkarakterlerinin bir
noktadan baska bir noktaya dogru hareket ederken,
karinca siiriisii gibi tek bir yol izlemesi gergeklikten
uzak bir hareket 6rnegi olusturmaktadir. Her bir yapay
zekali takim bireyinin kendi konumuna en uygun yolu
bularak ve oyun i¢i dinamik engelleri asarak ilerlemesi
oyun i¢i gercekgiligi arttiran bir yaklasimdir.

Takim halinde hareket eden yapay zekali karakter
sistemleri, savas temali FPS (First Person
Shooter/Birinci Sahis Nisanci) tiirii oyunlar i¢in 6nemli
bir 6gedir. Bu sistemler sayesinde, oyun i¢inde yer alan
yapay zeka tarafindan yonetilen karakterler takim
halinde hareket edebilir ve birbirlerine yardimci
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olabilirler. Ornegin, takim tabanl karakter yapay zekasi
ile programlanmig bir takim, oyun icinde bir catisma
sirasinda  birbirlerine yardim etmek icin pozisyon
degistirebilir veya birkac karakterin bir hedefe birlikte
saldirmasini saglayabilir. Bu sayede oyun oynayan kisi,
takimin1 daha etkili bir sekilde yonetebilir ve oyunun
gercekeiligini arttiran inandirici bir takim deneyimi
yasayabilir. Ayrica, takim halinde hareket eden yapay
zekali karakterler, oyun iginde dinamik ve degisen
kosullara uyum saglama konusunda da &nemli bir rol
oynar.

Bu c¢aligmada, yol bulma problemlerinde kullanilan
algoritmalar incelenerek, literatiirde en iyi sonuglari
verdigi gorillen A* algoritmasi seg¢ilmistir. A*
algoritmasi, yol bulma problemlerinde etkili bir sekilde
kullanilan bir yontemdir. Bu algoritmanin yani sira, siirii
halinde hareket eden gruplar i¢in de A* algoritmasina
entegre olarak calisgan bir yaklasim iizerinde
durulmustur. Bu yaklasim, grubun bir arada tutulmasini
saglarken, bireylerin de kendi yollarini bulabilmelerine
olanak tanir. Bu sayede, grup icindeki bireylerin
birbirlerini takip etmeleri yerine, her bir bireyin kendi
yolunu bulabilmesi hedeflenmistir.

Geleneksel yol bulma algoritmalarindan farkli olarak,
A* algoritmasinin 3D harita iizerine uygulanarak takim
karakterlerinin takimin varis noktasi amacina uygun bir
sekilde en dogru ve Ozgiin yollar1 bulabilmesi
saglanmistir. Bu sayede oyun yaziliminin zaman ve
islem giiclinden tasarruf edilirken daha gergekgi hareket
eden yapay zekal karakter sistemleri elde edilmistir.

2. TEORIK METOD (THEORETICAL METHOD)

Bu boliimde kullanilan metot, yol bulma algoritmalari,
stirii hareketi ve takim tabanli yapay zeka uygulamasi
hakkinda bilgi verilmektedir.

2.1. Yol Bulma ve Engel Gegigi (Pathfinding and Obstacle
Avoidance)

Savas temal1 bilgisayar oyunlari, oyun oynayan kisinin
savas alaninda yer alan bir karakteri yOnetmesini
ve/veya savagin i¢cinde yer almasini saglar ve genellikle
taktiksel ve stratejik hareketler gerektiren dinamik bir
oynanis deneyimi sunar. Ozellikle Battlefield ve Call of
Duty gibi etkilesimli ve dinamik oyunlarda, yol bulma
probleminin  gelistirilmis ~ ¢oziimleri  sayesinde
karakterler oyun iginde dinamik kosullara uyum
saglayabilir ve bu sayede oyunun zorluk seviyesi de
arttirtlabilir.

Giintimiizdeki oyunlar genellikle ¢cok genis oyun igi
diinyalar1 ve oynanis sirasinda degisen kosullart igerir.
Bu nedenle, oyun igi karakterlerin yol bulma islemleri
farkli algoritmalar kullanarak gergeklestirilir. Bu yeni
nesil oyunlar, ger¢ekc¢i ortamlar ve karakterler icerir ve
bu nedenle, gercekei bir yapay zekd sistemi olmadigi
takdirde bos ve diisiik kaliteli goriinebilirler. Bu
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nedenle, oyun i¢i karakterlerin siirekli degisen oyun
ortamina uyum saglamak icin yeni yollar bulma gibi
islemleri gergeklestirebilmesi gerekir.

2.1.1. A* Algoritmasi (A* Algorithm)

A*, bir grafik lizerinde iki nokta arasindaki en kisa ve en
az maliyetli yolu bulmak i¢in kullanilan bir yol bulma
algoritmasidir. Aramay1 yonlendirmek ve en umut verici
yollar1 segmek icin sezgisel bir islev kullanarak hem
Dijkstra hem de Breadth-First Search algoritmasinin
faydalarini birlestirir.

A* algoritmas1 sezgisel fonksiyonu f(n) ifadesi
asagidaki gibidir;

f(n) = g + h(n) @

Burada, g(n) baslangi¢ diigiimiinden mevcut diigiime
kadar gelme maliyetini, h(n) ise mevcut diigiimden
hedef diigiime varmak i¢in tahmin edilen mesafeyi
temsil eder.

Sekil 1'de gosterildigi gibi en kisa yol bulma
algoritmalarindan  olan  Dijkstra  algoritmasinda
baslangi¢ diigiimiinden itibaren disariya dogru biitiin
yonlerde ilerleme teknigi kullanilir. A* algoritmasinin
temel fikri, her yolun maliyetini g6z Oniinde
bulundurarak ve aramayi hedefe dogru yonlendirmek
icin sezgisel islevi kullanarak arama sinirini yinelemeli
olarak genisletmektir. Her adimda, algoritma en diisiik
tahmini toplam maliyete f(n) sahip yolu seger ve arama
smirina komsu diigimleri ekleyerek onu genisletir.
f(n), yolun o ana kadarki maliyeti olan g(n) ve hedefe
giden tahmini maliyet olan h(n) toplami olarak
hesaplanir. g(n) Degerinde olan artig hedeften
uzaklagildigini gosterir. Algoritma daha diisik g(n)
degerleri ile hedefe ulasilmasi sonucunda dogru yolu
tespit eder [3].

EE= |
IHE T
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I |
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Sekil 1. Dijkstra algoritmasi yol bulma semasi
(Dijkstra algorithm pathfinding schema) [4]

A* algoritmasi, bir agik liste ve bir kapali liste
kullanarak galigir. Agik liste, A* algoritmasi tarafindan
ziyaret edilmeyi bekleyen noktalarin bir listesidir. Her
adimda, agik listesinden en diisiik maliyetli noktay1
secer ve bu noktay1 kapali listeye tasir. Kapali liste ise,
A* algoritmasi tarafindan ziyaret edilen noktalarin bir
listesidir. Bu sayede, aym1 noktay: ikinci kez ziyaret
etmekten kaginilir ve algoritma daha hizh ¢alisir [5].
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Sekil 2’de noktalar arast baglantili  yollarin
birlestirilerek hedefe ulasma siireci goriilebilir. Sekil
2’deki yesil nokta baglangi¢ noktasi, mavi nokta ise
hedef noktasidir. Baglanti yollar1 turuncu ¢izgiler ile
temsil edilmektedir. Her bir arasi g(n) (maliyet) ve
h(n) (mesafe) degerleri toplanip f(n) hesaplanir ve son
nokta olan hedefe ulasilir [6].

A* algoritmasi her iglem adiminda acik listesinden en
diisiik maliyetli noktayr seger. Segilen noktanin
cevresindeki noktalara gider ve ¢evresindeki noktalarin
maliyetlerini  hesaplar.  Cevresindeki  noktalarin
maliyetlerini karsilastirir ve en diisiik maliyetli noktay1
secer. Segilen en diisiik maliyetli noktay1 kapali listeye
tasir ve iglemi tekrar basa dondiiriir. Algoritma, hedef
noktaya ulasana kadar bu adimlar1 tekrar eder ve hedef
noktaya ulastiginda en kisa yolu bulmus olur [7].

fla)=15 + 4
fld)=2 + 4.5
fib)=3.5 + 2
fld)=2 + 4.5
flc)=6.5 + 4
fld)=2 + 4.5
flc)=6.5 + 4
fle)=5+2

Hedef

Sekil 2. A* algoritmasi diigiim ve yol bulma semast
(A* algorithm node and pathfinding schema) [8]

A* algoritmasi, sezgisel fonksiyon tarafindan
hesaplanan tahmini maliyetin ger¢ek maliyetten daha az
oldugu durumlarda, en kisa yolu garanti eder. Ancak,
tahmini maliyet gergek maliyetten daha fazla olursa,
bulunan yol optimal olmayabilir. Bu nedenle, A*
algoritmas1 i¢in kullanilan sezgisel fonksiyonun
dogrulugu, bulunan yolun en kisa yol olup olmadigini
belirler [9].

Algoritma 1: A* Algoritmasi
Input: Baslangi¢ (start), Hedef (goal) noktalar
Output: Bulunan noktalar listesi (came_from)
function A*(start, goal)
// Arama sy baslangici noktasin belirle
frontier = baglangic¢ iceren oncelik sirasi listesi
// came_from (onceki aranan) listesini belirle
came_from = bos liste
/l cost_so_far (simdiye kadar) listesini belirle
cost_so_far = bos liste
cost_so_far[start] =0
/I Arama listesi bosalana kadar dongii
while frontier bos degil
/I Arama listesinden en diisiik f~maliyetli
noktayi al
current = frontier.get_lowest_f_cost_node()
// Mevcut nokta hedef ise, algoritma sonlanir
if current == goal

| return came_from, cost so_far
// Gegerli noktayr arama listesinden kaldir
frontier.remove(current)

R RPRlOolodoo|~lwWw|N|F-

[l (=]

RN
~N|o|o|~|w|N
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18 // Gegerli noktanin komsularini arama
listesine ekle
19 for each neighbor of current
20 // Komguya ulagmanin maliyetini hesapla
21 new_cost = cost_so_far[current] +
cost(current, neighbor)
22 Il Komsu ziyaret edilmemisse veya yeni

maliyet onceki maliyetten diisiikse,
maliyeti giincelle ve komsuyu arama
simrina ekle

23 if neighbor not in cost_so_far or
new_cost < cost_so_far[neighbor]
24 cost_so_far[neighbor] = new_cost
25 priority = new_cost +
heuristic(neighbor, goal)
26 frontier.add(neighbor, priority)
27 came_from[neighbor] = current

Algoritma 1’de A* algoritmasinin ¢alisma prensibini
aciklayan kod 6rnegi belirtilmistir.

Sekil 3. A* yol bulma semasi
(A* algorithm pathfinding schema) [4]

Sezgisel ¢aligma prensibi sayesinde, A* algoritmasi ile
engelsiz ortam kosullarinda ¢ok daha hizli ve basarili
yol bulma islemi ger¢eklestirilmektedir. [5].

Karakterlerin oyun i¢i ortamda hedeflerine gitmesi i¢in,
engel olusturabilecek objelerin varligina gore yol
hesaplama fonksiyonlar1 kullanilir. Bu fonksiyonlar
stirekli olarak c¢alisarak, karakterin hedefe gitmesi igin
en kisa yolu hesaplar. Ayrica kaynak noktadan hedef
noktaya ve hedef noktadan kaynak noktaya olan yollar
da hesaplanir ve en kisa ve hizli olan yol segilir.

Kaynak nokta ve hedef nokta arasinda engel
olustugunda, yol bulma performansi icin farklh
algoritmalar kullanilabilir. Ornegin, Dijkstra algoritmasi
yolun maliyetine bakarak en kisa yolu bulur, Best-First
Search algoritmasi ise yolun hedefe olan yakinligina
bakarak en kisa yolu seger ve A* algoritmasi ise hem
maliyeti hem de hedefe olan yakinlig1 dikkate alarak en
kisa yolu hesaplar. Bu algoritmalarin performanslar
arasinda zaman ve maliyet agisindan farkliliklar vardir.

Dijkstra algoritmasi ile engellerin oldugu ortamda yol
bulma iglemi sirasinda, algoritma tim yonlerde arama
yaparak dogru yolu bulmaya calisir. Bu nedenle, zaman
agisindan biiyiik bir kayip yasanabilir. Ornegin, Sekil
4'de gosterildigi gibi, algoritma tiim yonleri taradiktan
sonra dogru yol bulunmus olsa da biiyiik bir alan
taranmig ve vakit kaybedilmistir.
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Sekil 4. Dijkstra algoritmasi engel ortami1
(Dijkstra algorithm environment with obstacles) [4]

Best-First Search algoritmasi, engel durumunda tarama
yapacag1 alani azaltir, bu da Dijkstra algoritmasina gore
daha hizli bir hedefe ulagsma saglar. Ancak, Best-First
Search algoritmasi engeli fark edene kadar sezgisel
hareket etmez, bu nedenle izledigi yol daha uzun
olabilir. Bu noktada, Best-First Search algoritmasinin
bir avantaji hedefe hizli ulagmak igin tarama alanini
azaltmasidir, ancak dezavantaji ise engeli fark edene
kadar sezgisel bir hareket sergilememesidir [4]. Aym
konumlardaki baglangi¢ ve hedef noktalar1 arasindaki en
kisa mesafe Sekil 5°de gorildigi gibi yanlis
hesaplanmuistir.

|
[
EEEEESEEEEEEEEEEE:

Sekil 5. Best-First Search engel ortam
(Best-First Search environment with obstacles) [4]

A¥* algoritmasi, engel iceren ortam durumlari karsisinda
sezgisel hareket sergiler. Bu sayede, diger
algoritmalardan farkli olarak, hedef yoniindeki engeli
onceden tayin edebilir. Sezgisel hareket etme 6zelligi
sayesinde engel yapisina gore en az maliyetli yol
hesaplanarak hem hizli hem de az maliyetli bir sekilde
en iyi yol belirlenebilir. Bu nedenle A* algoritmasi diger
algoritmalara gore daha efektif bir yol bulma yontemi
olarak kabul edilmektedir. Sekil 6’da A* algoritmasinin
ayni engel ortaminda buldugu yol ve aradigi noktalar
goriilmektedir.
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Sekil 6. A* algoritmasi1 engel ortami
(A* algorithm environment with obstacles) [4]

Sekil 4 ve Sekil 5’de goriilen Dijkstra ve Best-First
Search algoritmalarina gére daha az nokta taranmuistir.
Buna ragmen Sekil 6’da goriildiigi gibi en kisa yolun
bulundugu anlasilmaktadir.

Farkli ihtiyaglara gore farkli akademik alanlarda, A*
algoritmasinin temel 6zelliklerini kullanarak gelistirilen
farkli algoritmalar {izerinde ¢alismalar yapilmistir.

IDA* (Iterative Deepening A*, Yinelemeli Derinlesen
A¥*), belirlenmis bir baglangi¢ diiglimii ile bir kiimenin
herhangi bir iiyesi arasindaki en kisa yolu bulmak igin
yinelemeli derinlestirme dncelikli arama fikrini igeren
A* algoritmasinin bir ¢esididir. A* 'm optimalligim ve
eksiksizligini derinlemesine Oncelikli aramanin diisiik
bellek gereksinimleriyle birlestirir. Bu, bir diigiimiin
derinligi yerine ardigik iterasyonlarda hedefe ulasmak
icin kalan maliyeti degerlendirmek icin kullanilan
bulussal isleve daha biiyiik bir sinir koyarak yapilir [10].

SMA* (Simplified Memory-Bounded A*
Basitlestirilmis Bellek Siurlt A*), bir grafikteki en kisa
yolu bulmak i¢in kullanilan A* algoritmasina dayal bir
en kisa yol algoritmasidir. SMA* ve A* arasindaki
temel fark, SMA*'nin sirh bir bellek kullanmasi, A*
algoritmasinin ise daha fazla bellege ihtiyag duymasidir.
Sezgiye gore en umut verici dallart genigletmek i¢in A*
gibi benzer bir yontem kullanir. Ancak SMA*, bellek
kullanimin1 kontrol altinda tutmak i¢in genisletilecek

acik diigiimler listesinden en az umut vadeden dallari
budar [11]

RBFS (Recursive Best-First Search, Ozyinelemeli En
Iyi ilk Arama), A*'ya benzer bir algoritmadir, ancak
diigtimlerin genisletilmesini siralamak igin bir dncelik
stras1 kullanmak yerine, yinelemeyi kullanir. Bu, daha
esnek bir f-degerinin uygulanmasina izin verir ve A*
algoritmasinin uygun olmadigr belirli durumlarda
yararli olabilir. RBFS (Recursive Best-First Search), A*
aramasia benzer, ancak yinelemeli bir yaklasim
kullanan ve lineer uzay karmasikligina sahip bir arama
algoritmasidir. RBFS'min arkasindaki fikir, digiimlerin
genigletilme sirasini belirlemek icin bir degerlendirme
islevi kullanan en iyi ilk arama algoritmasi olan A*
aramasinin  ¢alismasimi  taklit etmektir. A*'daki
degerlendirme islevi, yol maliyetini ve bulussal yontemi
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toplar, ancak RBFS algoritmasi, diigiimleri en iyi birinci
siraya gore siralamak i¢in monoton olmayan bir maliyet
islevi kullanir [12].

2.2 Akin Hareketi (Flocking)

Flocking, bir¢ok nesnenin birlikte hareket ettigi bir
sistemde, nesnelerin nasil birlikte hareket ettigini
modellemenin bir yoludur. Flocking algoritmasi,
nesnelerin izledigi li¢ temel kurallar {izerine insa edilir:
konsensiis, 6zdeslesme ve sinirlama.

Konsensiis kurali, nesnelerin ortalama pozisyon ve
hizlarini  izlemesini  saglar. Ozdeslesme kurals,
nesnelerin diger nesnelerin yoniinii izlemesini saglar.
Smirlama  kurali, nesnelerin  birbirlerine  ¢ok
yaklagmamasini saglar [13].

Ornegin, bir kus siiriisiiniin ugus simiilasyonu yapilmak
istendiginde, her bir kusun pozisyonu ve hiz1 veri olarak
almir. Kuglar, konsensiis, 6zdeslesme ve simirlama
kurallarini izleyerek ortak bir diizende ugarlar. Bu yolla,
stiriiniin biitiinii hakkinda bilgi elde edilebilir.

Siiriiyii  olusturan nesneler (boids) komgulara ve
engellere carpismadan kaginmak (Sekil 7), hiz ve
dogrultuyu komsularla yaklasik ayni tutmak (Sekil 8),
komsulara yakin durmaya ¢alismak (Sekil 9) kurallarin
uygulayarak akin hareketi (siirii hareketi) islemini
gerceklestirir.

A

Sekil 7. Komsulara ve engellere ¢arpigmadan kaginmak
(Avoiding collisions with neighbors and obstacles) [13]

A, A
o
XAX

Sekil 8. Hiz ve dogrultuyu komsularla ayni tutmak
(Keeping speed and direction the same as neighbors) [13]
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A

Sekil 9. Komgulara yakin durmaya ¢alismak
(Trying to stay close to neighbors) [13]

Stirti hiyerarsisi i¢in belirlenen kurallar sonucunda, her
bir nesnenin hiz vektdrii hesaplanmaktadir. Bu islem,
siiriiniin  biitlin nesnelerine uygulandiginda, giinliik
hayatta gozlemledigimiz siirii hareketlerine benzer bir
hareket elde edilir. Bilgisayar oyunlarindaki
karakterlerin olusturdugu kalabalik grubun hareketi
benzer bir sekilde modellenmis olur.

Takim olarak hareket eden yapay zekali karakterlerin bir
takim kaptanini takip ederken ayni zamanda takimdan
kopmadan ve diger takim tiyelerine carpmadan hareket
etmeleri gerekir. Karakterlerin birbirlerine olan
mesafelerini siirekli olarak kontrol edecek ve herhangi
bir karakterin takimdan asir1 derecede uzaklastigini
tespit ettiginde onu takima geri ¢eken bir algoritma
gelistirilebilir. Bir cisim hareketinin son yoni v,
asagidaki gibi akin hareketi algoritmasinin kurallari
uygulanarak bu kurallarin sonuglarinin agirlikli toplami
olarak hesaplanir:

v = wref.vref + wcoh.vcoh + wsep.vsep @

vref, hesaplanan siirii yolunun yoniinii yansitan
referans vektoriidiir. vcoh = posavg — pozunit, takim
elemanlarinin ~ konumundan  siiriinlin ~ ortalama
konumuna kadar olan vektordiir. wvsep, ayrilma
vektoriidiir. Karsilik gelen agirliklar wref , wcoh ve
wsep olarak tanimlanmistir. |vsep|, ayirma vektdriiniin
uzunlugudur ve “Ayirma Mesafesi” olarak bilinir [14].

Sekil 10°da goriildiigii gibi, Seek (aramak veya statik bir
hedefin pesinden gitmek), karakteri kiiresel uzayda
belirli bir konuma ydnlendirmek i¢in hareket eder ve
hizt hedefe dogru radyal olarak hizalanacak sekilde
ayarlar.

Sekil 10’ da goriilen kavramlarin agiklamalari:

Flee path: Kagis yolu.

Flee steering: Kagis manevrasi.

Current velocity: Mevcut hiz vektorii.

Desired velocity (flee): Ka¢is durumundaki amaglanan
hiz vektoril.

Desired velocity (seek): Arama durumundaki amaglanan
hiz vektori.

Seek path: Arama yolu.

Seek steering: Arama manevrasi.

Target: Hedef.
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flee path

flee steering seek path

desired
velocity desired
{flee) velocity

{seek) target

Sekil 10. Takim iiyesine etki eden siirii hareketi kuvveti
(Flocking force acting on team member) [15]

Karakterden hedefe dogru olan vektdre istenen hiz
denir. Belirli uygulamaya bagli olarak "istenen hizin"
uzunlugu max_speed veya karakterin mevcut hizi
olabilir. Yo6nlendirme vektorii, bu istenen hiz ile
karakterin mevcut hiz1 arasindaki farktir.

desired_velocity = normalize(position ?3)
— target).max_speed

steering = desired_velocity — velocity

Bir karakter aramaya devam ederse, sonunda hedefi
gegecek ve sonra tekrar yaklagmak i¢in geri donecek ve
bir giivenin bir ampuliin etrafinda vizildamas: gibi
hareket tiretmeye devam edecektir. Kagmak, basitge
aramanin tersidir ve karakteri yonlendirmek i¢in hareket
eder, boylece hizi hedeften radyal olarak hizalanir.
Istenen hiz z1t yonii isaret eder.

2.3. 3B Yiizey Analiz Haritasi (3D Surface Analysis
Map)

Yiizey analiz haritalari, Unity 3D oyun motorunda
NavMesh (Navigation Mesh, Gezinme Ag1) adi verilen
bir sistem ile olusturulur. NavMesh, oyun igindeki
nesnelerin ve engellerin yerlesimini analiz eder ve
hareket alanlarini belirler. NavMesh, karakterlerin yol
bulmasini saglamak i¢in bir grid (1zgara) grafik olarak
goriintiilenir ve oyun i¢inde kullanilir (Sekil 11).

Sekil 11. 3B yiizey analiz haritast
(3D surface analysis map)

Sekil 11°de goriilen ylizey analiz haritas1 6rneklerinde,
mavi tonlar ile belirtilen alanlar 3B arazi tizerinde
hareket edilebilecek alanlar1 temsil etmektedir. A*
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algoritmasinin ¢aligmast i¢in gereken 1zgara (grid)
sistemi bu alanlar iizerindeki noktalar kullanilarak
olusturulmaktadir. A* algoritmasi ile 1zgara tizerindeki
®)
fm) =g@) + h(m) +m(n)
nokta (vertex) arasi mesafelere gore yol bulma islemi
gergeklestirilir.

2.4. 3B A* ve Akin Algoritmalarimin Birlikte Kullanimi
(Combining A* and Flocking Algorithms)

A* ve akin algoritmalari, farkli fiziksel ortamlar
iizerinde konum belirleme amagli kullanilmaktadir.
Kullanim amagclarina gore farkliliklar1 asagidaki Tablo
1’°de belirtilmistir.

Tablo 1. A* ve Akin Algoritmasi Farkliliklart
(A* and Flocking Algorithm Differences)

A* Akin
Grafik tabanl S . .
(dilgiimler ilc) Serbest bigimli (kayan koordinatlar ile)
Optlumum Fiziksel yoriinge (hiz, atalet)
yoriinge
Bireysel Grup
Genel bilgi o
Kullanm Yerel bilgi kullanim1

A* ve sirii algoritmasmi birlikte kullanarak grup
halinde bir noktadan baska bir noktaya ulagsma iglemi
gerceklestirmek icin, bireyin (node, boid) ayn1 anda A*
algoritmasi ile yol bulurken diger bireyler ile ortak
hareket  etmesi  gerekmektedir.  Algoritmalarin
kullaniminda uygulanan adimlar asagida listelenmistir:

e  Bir makro hedef ve bu hedefe giden kiiresel bir
yol belirlenir.

e istenen kiiresel yol boyunca hareket edilecek
yonlendirme davranigi i¢in yerel bir izleme
hedefi belirlenir.

e Birey fiziksel diinyadaki davraniglarina gore
(nokta arama ve ¢arpigma) hareket ettirilir.

e Bireyin mevcut konumunu temsili grafik
diigiimiine eslenir.

e Birey oOnceki diigiimiinden ayrildiysa, yolu
yeniden hesaplanir ve en yakin bireye gore
arama yapilir.

Grup hareketi agirliginin hesaplanmasi ve kullanilmasi
icin asagidaki gibi bir 6rnek esitlik gelistirebilir:
4
mn) =w* (1 —d) @
Burada; m(n), grup hareketi agirligini temsil eder. Grup
halindeki bireylerin birlikte hareket etme Onceligini
veya etkisini gosterir.

w, bir agirlik faktoriidiir ve grup hareketine ne kadar
onem verilecegini belirler. Bu faktorii istege bagli olarak
ayarlanabilir.d, bireyin diger bireylerden olan uzakligini
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gosteren degerdir. Bu deger, bireyin etrafindaki diger
bireylerin yogunlugunu temsil eder.Bu durumda
gelistirilen yol bulma algoritmasin matematiksel
formiilii agagidaki gibi temsil edilebilir;

Gelistirilen yol bulma algoritmasin s6zde kodu
Algoritma 2’deki gibi temsil edilebilir;

Algoritma 2: Gelistirilen Yol Bulma Algoritmast

1 | function findPath(startNode, goalNode, otherNodes,

w)
2 let globalPath = AStar(startNode, goalNode);
3 let localTarget = getNextTarget(startNode,
globalPath);
4 moveBoid(startNode, localTarget, otherNodes,
w);
5 mapNodeToGraph(startNode);
6 if (hasLeftPreviousNode(startNode))
7 globalPath = AStar(startNode,
findNearestBoid(startNode, otherNodes));
8 localTarget = getNextTarget(startNode,
globalPath);
9 moveBoid(startNode, localTarget,
otherNodes, w);
10 mapNodeToGraph(startNode);
11 | function AStar(startNode, goalNode)
12 let fScore = gScore + hScore,// A* algoritmasi

ile startNode'dan goalNode'a giden yol bulunur
// ve bu yolun bir listesi olan path dondiiriiliir.

13 | function getNextTarget(currentNode, path)

14 let fScore = gScore + hScore,// Istenen kiiresel
yol boyunca hareket edilecek yonlendirme
davranist igin

// currentNode'in konumuna gore path'teki bir
sonraki hedef diigiim dondiiriiliir.

15 | function moveBoid(currentNode, targetNode,
otherNodes, w)

16 let d = calculateDistance(currentNode,
otherNodes); // Diger bireylere olan uzaklik
hesaplanir

17 letm=w* (1-d), // Grup hareketi agirlig:
hesaplanir

18 let fScore = gScore + hScore + m; // Toplam

maliyet hesaplanir

// Bireyin fiziksel diinyada hareket etmesini
saglayan islemler gerceklestirilir,

/I grup hareketi agiriig kullanilir.

19 | function mapNodeToGraph(node)

20 let fScore = gScore + hScore;// Bireyin mevcut
konumunu temsili grafik diigtimiine eslemek igin
gerekli islemler yapilir.

21 | function hasLeftPreviousNode(node)

22 let fScore = gScore + hScore;// Bireyin dnceki
diigiimiinden ayrilip ayrilmadigi kontrol edilir.

// Ornegin, bir ¢arpisma sonucu birey yon
degistirdiyse true, aksi takdirde false dondiiriiliir.

23 | function findNearestBoid(currentNode, otherNodes)

24 let fScore = gScore + hScore;// currentNode'e en
yakin bireyi diger bireyler listesinden bulup
dondiiriir.

25 | function calculateDistance(currentNode,

otherNodes)

26 let fScore = gScore + hScore; // currentNode ile
diger bireyler arasindaki uzakligi hesaplar ve
dondiiriir.
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Bu giincellenmis sdzde kodda, w degeri grup hareketi
agirlik faktoriinii temsil ederken, grup hareketi agirligini
hesaplamak icin d degeri kullanilir. m Degeri grup
hareketi agirligini ifade eder ve fScore hesaplamasina
eklenir.

Bireylerin kalabalik gruplar halinde hareket etmesi
durumunda yol iizerinde bazi sikisma durumlari
gerceklesebilmektedir. Sikigma durumlarini engellemek
i¢in bireylerin birbirlerine olan mesafelerine kisitlama
getirilerek fazla yaklagsma durumlarinda itici bir giig
parametresi kullanilmas: gerekmektedir. Bireyler arasi
mesafe igin kullanilan parametreye benzer olarak
yiirlinemez bolgeler i¢in de bir yaklagsma parametresi
kullanilabilir.

Sekil 12’ de bireysel olarak hareket eden birey ile takim
ve siirli halinde hareket eden bireylerin yol bulma
¢aligmasi 6rnegi gosterilmektedir.

Birey Durumu ! Takim Durumu ! Strét Durumu
Sekil 12. A* ve siirii algoritmasinin birlikte kullanimi
(Combined use of A* and flocking algorithm)

Bireylerin birbiri ile arasindaki mesafeye gore hareket
ederken, engellere ¢arpmadan en kisa yoldan hedefe
ulasmasi i¢in farkli ortamlarda hareket durumlari test
edilmigtir. Bireyin fiziksel 6zellikleri (ebat ve hareket
hiz1), ortamdaki pozisyonuna gore diger bireylere gore
sectigi yolu degistirebilmektedir. Bu sekilde her birey
ortak bir hedefe giderken birebir ayn1 yolu kullanmak
yerine farkli ama kendine goére en kisa ve hizli yolu
secerek hareket edebilmektedir. Sekil 13’de bireylerin
sirii halinde hareket ederken, yesil c¢izgiler olarak
belirtilen farkli yollar {izerinden istenen hedefe
ulastiklar1 gosterilmistir.

Baslangic

Sekil 13. Siirii halinde hareket etme durumu
(The state of moving in a flock)
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Bireylerin yol iizerinde Kkarsilastiklart engellerin
etrafindan dolagarak istenen hedefe farkli yollardan
ulasabildikleri ve trafik olusturmadan karmagik
yollardan gegmeleri durumu Sekil 14°de gosterilmistir.

Hedefp‘.‘ J

Basl.
ag :l’l;

Baslangic

Sekil 14. Siirii halinde karmagik ;701 durumu
(Complex road situation in flock)

2.5. A* ve Akin Algoritmast ile Takim Oyunu (Team Play
with A* and Flocking Algorithm)

Takim olarak hareket eden yapay zekali karakterlerin bir
takim kaptanini takip ederken ayni zamanda takimdan
kopmadan ve diger takim iiyelerine ¢garpmadan hareket
etmeleri i¢in Dbirkag farkli ydntem bir arada
kullamlmaktadir. ~ Oncelikle, =~ A*  algoritmasim
kullanarak hedef noktasina ulagan takim kaptaninin
diger takim iiyeleri tarafindan takip edilmesini saglayan
bir yonlendirme algoritmast gelistirilmigtir. Bu
algoritma, karakterlerin yoniinii takim kaptaninin
yoniine gore ayarlayarak onlari takip etmeye zorlar.
Daha sonra, takimdan kopmadan hareket etmelerini
saglamak icin bir takim bitinliigii algoritmasi
gelistirilmigtir.  Akin  hareketi  kurallarina  gore
gelistirilen bu algoritma, karakterlerin birbirlerine olan
mesafelerini siirekli olarak kontrol eder ve herhangi bir
karakterin takimdan asirt derecede uzaklastigini tespit
ettiginde onu takima geri ¢gekmeye ¢aligir. Son olarak,
karakterlerin diger takim {iiyelerine ¢arpmadan hareket
etmelerini  saglamak i¢in bir c¢arpisma Onleme
algoritmas1 gelistirilmigtir. Bu algoritma, karakterlerin
birbirleriyle olan mesafelerini siirekli olarak kontrol
eder ve birbirlerine ¢ok yaklastiklarini tespit ettiginde
takim iiyelerinin yonlerini degistirerek ¢arpigmalarim
onler [16].

Diisman takiminin hareket etme sistemi, belirli bir takim
lideri tarafindan belirlenir. Her birey, karst takimin
askerlerini siirekli olarak arar ve bir karsi askeri
buldugunda, ates etme menziline girene kadar yaklasir
ve atisa baglar. Diigman takiminin ates etme Onceligi,
oyunu oynayan kullanicinin kontrol ettigi karakterdir.
Eger kullanicinin kontrol ettigi karakter bulunmuyorsa,
diger takim iiyelerine ates edilir.
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Tablo 2'de iki takim arasindaki miicadele sirasinda
kullanllan yapay zekd sisteminin dinamikleri ve
uygulama asamalar1 yer almaktadir.

Tablo 2. Sistem Dinamikleri ve Asamalari
(System Dynamics and Stages)

Dinamik Tiiri Aciklamasi

EnemyRespawn_team | Takim arkadas: olusturulmasi

EnemyRespawn_enemy Diigman kuvveti

olusturulmasi
AlFollowUSE Takim liderinin takip edilmesi
Seeker Yiizey analiz haritasinin
¢ikarilmasi
AstarPath Egim ve engellere gore yol

bulunmasi
FunnelModifier Bulunan yolgr) parqbollk hale

getirilmesi

SimpleSmooth Bulunan yolun yumusatilmasi

iki farkli zeka seviyesine sahip yapay zekali karakter
takimi savas ortaminda karsilasirlarsa, daha yiiksek zeka
seviyesine sahip olan takim daha etkili ve uygun
stratejiler gelistirerek daha az kayip verirken, daha
diisiik zeka seviyesine sahip olan takim daha az etkili
stratejilerle daha fazla kayip verir. Ayni zamanda daha
yiiksek zeka seviyesine sahip olan takim diger takimin
hamlelerini daha kolay analiz ederek karsi hamleler
gelistirebilir.

Bayrak kapma oyunun, yapay zekali oyun karakterleri
isaretlenmis bdlgeleri ele gecirmek icin, taktikler
gelistirebilir ve diger takimla miicadele etmek igin
cesitli oyun mekaniklerini kullanabilirler. Ornegin:

e Karakterler, bolgenin g¢evresindeki bariyerleri
kullanarak saldirtya kars1 korunma
saglayabilir.

e Karakterler, oncii bir takim olusturarak
bolgenin 6niinde hareket edebilir.

e Karakterler, bolgenin ¢evresindeki diger
bolgelerin kontroliinii elde etmek igin taktikler
gelistirebilir.

e Karakterler, diger oyuncularla birlikte bolge
icindeki diger oyunculardan ve oyun
mekaniklerinden gelen bilgileri analiz edip
hizli bir sekilde kararlar alarak oyunun
dinamiklerini degistirebilir.

o Karakterler, bolgenin ¢evresindeki diger
oyuncularla is birligi yaparak saldirtya karsi
korunma saglayabilir.

Bayrak kapma oyunu ortami igin belirlenen zeka
seviyelerine gore karakterlerin 6zellikleri Tablo 3’de
gosterilmigtir [17]. Takimlar harita lizerinde belirlenen
bolgeleri ele gecirmeye calismaktadirlar. Yapay zekal
karakterler, bolge ele gegirme miicadelesi sirasinda
oyun haritas1 ortami ve yasanan durumlara gore farkli
hareket ederek galip gelmeye calisir.
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Tablo 3. Karakter Yapay Zeka Ozellikleri
(Character Al Traits)

Karakter Tiirii Aciklamasi

OpportunisticBot | Karakter siirekli bolgeleri gezer. Karsi

(firsatc1 bot) takima ait olan bolgeye saldirir.
PossesiveBot Karakter tek bir bolgeye gider ve o
(sahip ¢ikan bot) bolgeyi ele gecirip savunur.
GreedyBot (ag Kaybedilen bolgeyi tekrar ele
g0zl bot) gecirmeye calisir.

3. ARASTIRMA BULGULARI (RESEARCH
FINDINGS)

Bu béliimde ¢alisma sirasinda gelistirilen uygulamadan
elde edilen arastirma bulgular1 sunulmustur.

3.1. Bireysel ve Akin Takimlarimin Yol Bulma

Karsilastirmalari (Pathfinding Comparisons of Individual and
Flock Teams)

Bireysel ve akin halinde hareket eden takimlar olarak
ikiye ayrilan takimlarm, 100 saniye icinde 200 adet
bireyden hedefe ulagsan birey adeti karsilagtirmalari
yaptlmustir. Sekil 17°de gortildiigli gibi, siirii halinde
hareket eden bireyler daha yiiksek oranda hedefe
ulagsmustir. Hareket edilen yol karmasiklastikga siirii
halinde hareket eden bireylerin bagari oran1 artmaktadir.
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Sekil 15. Bireysel ve siirii takimlarinin hedefe ulasma

durumu
(Achievement of individual and flock teams)

Sekil 18°de goriilen sonuglara gore "IND" isimli
karakter takimi ile "FLCK" isimli rakip takimin her ikisi
de ilk magta bireysel olarak hedefine ulagsmaya
calisirken, kazanma oranlar1 arasindaki fark azdir. Tlk
magta her iki takim karakterleri icin ayni o6zelliklere
sahip kural tabanli yapay zeka sistemi kullanilmistir.
Dijksta algoritmasi ile yol bulan karakterler, takim
halinde hareket etmek icin sadece takim liderini takip
etmisglerdir.
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Sekil 16. FLCK ve IND t;lﬁmlan 1. mag galibiyet

grafigi
(Game 1 win chart of FLCK and IND teams)

Ik mag sonucunda, iki takimin da dengeli bir karsilasma
sonucu benzer bir basart orani elde ettigi goriilmiistiir.
Ikinci magta ise "FLCK" takimi igin, A* yol bulma
algoritmasini kullanan ve siirii halinde hareket eden
daha gelismis yapay zekd sistemi kullanilmustir. Ilk
magta goriilen karakter davranislarinin ve kullanilan
yollarin diginda hareket eden "FLCK" takimi, daha
basaril1 bir sonug elde etmistir.
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Sekil 17. FLCK ve IND takimlar1 2. mag galibiyet
grafigi
(Game 2 win chart of FLCK and IND teams)

"FLCK" takimi, ikinci magin basladigi andan itibaren,
rakip takimm davraniglarindan farkli olarak haritaya
daha farkli bolgelerden yayilmis ve hedefe ulagmada
daha basarili olmustur. Sekil 20’de mavi renk ile
simgelenen "FLCK" takimi bireyleri ile kirmizi renk ile
simgelenen "IND" takimi bireylerinin harita iizerindeki
yayilmalari gosterilmektedir.

4

Sekil 18. FLCK ve IND takimlart haTita yayilimi
(FLCK and IND teams map spread)

BiLiSiM TEKNOLOJILERI DERGISI, CILT: 16, SAYI: 4, EKIM 2023

A* ve akin hareketi algoritmalarini bir arada kullanmak,
takim halinde hareket eden oyun karakterleri i¢in
oldukca gergek¢i ve inandirict  bir  hareket
saglayabilmistir. A* algoritmas: bir hedefe giden en
uygun yolu bulmak icin kullanilabilirken, akin hareketi
algoritmas1 hareket sirasinda grup davranisini ve
olusumunu kontrol etmek i¢in kullanilmistir.

4. TARTISMA ve SONUCLAR (DISCUSSION and
CONCLUSIONS)

Takim halinde hareket eden oyun karakterleri igin yapay
zekd sistemi gelistirilmistir. Bu sistemde kullanict,
takim lideri olarak kabul edilir ve rakip takim ile
savagmak i¢in kullanilir. A* algoritmasi, takim iginde
haberlesebilen karakterlerin yol bulma becerilerini
optimize etmek icin kullanilmistir. Bu sayede, oyun
karakterleri daha etkili bir sekilde hareket edebilir ve
rakip takim karsisinda daha etkili bir sekilde savasabilir.

A* algoritmasi, Dijkstra ve Best-First Search
algoritmalarina kiyasla zaman ve maliyet a¢isindan daha
etkili bir ¢6ziim sunmaktadir. Bu sonug, islemci yiikiinii
azaltarak hizli ve saglikli ¢ozlimler saglamasindan
kaynaklanmaktadir. Bu algoritmanin zamanlama
sonuglari, oyun ig¢i rakip takimlarin kargilagmast ve
savagmast durumunda ger¢eklesen bekleme ve saldirma
gibi olaylar igin kargilagtirilmistir. Bu karsilagtirma
sonucunda, A* algoritmasinin kullanilmasinin olaylarin
¢ok daha kisa ve etkili bir sekilde gerceklestirildigi
gozlemlenmistir.

Bir¢ok senaryoda, takim halinde hedeflere ulagsmanin
o6nemli bir bileseni olan yol bulma i¢cin A* ve akin
hareketi algoritmalarimin kombinasyonunun
kullanilmasi, daha gelismis bir yapay zeka sistemi elde
edilmesini  saglamaktadir. Bu konuda yapilan
calismalarimizda, standart yol bulma algoritmalarini
kullanan ve bireysel hareket eden karakterlere sahip olan
bir takim ile A* algoritmasi ve akin algoritmasini bir
arada kullanan bir takimin bayrak kapma oyun tipindeki
miicadelesi gozlemlenmistir. Sonuglar, A* ve akin
algoritmalarimi kullanan takimin daha basarili sonuglar
elde ettigini gostermektedir.

Yapay zekali karakterlerin daha gergekei hareket etmesi
icin farkli alanlarda c¢esitli ¢aligmalar yapilmaktadir.
Ozellikle, takim halinde ortak bir hedefe ulasabilen
karakterlerin yapay zeka sistemi ne kadar iyi olursa,
oyun ici kullanici deneyimi o kadar iyi olacaktir.
Buradan hareketle gelismis takim tabanli algoritma
sistemleri iizerinde g¢alisarak, yeni nesil yol bulma ve
stirli hareketi sistemleri gelistirilebilecektir.
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Abstract— Churn analysis is a customer relationship management analytics that companies implement to predict the
customers who are likely to terminate doing business with them. The success of marketing efforts to retain the existing
customers is possible only if probable churners are correctly specified beforehand. Therefore, having powerful models
with high prediction capabilities that lead to a profit growth is crucial. The imbalanced nature of churn datasets negatively
effects the classification performance of machine learning methods. This study examines resampling —over- and under-
sampling- and ensemble learning —bagging, boosting, and stacking— strategies integrated with the cross-validation
procedure on imbalanced churn prediction. The experimental results, which are compared to the results of Support Vector
Machines taken as the benchmark, show that ensemble methods improve the prediction performances. Also, applying
over-sampling achieves a noticeable performance in comparison with the under-sampling approach.

Keywords— churn prediction; class imbalance; resampling; support vector machines; evaluation metrics; ensemble
learning

Miisteri Kayb1 Tahmini i¢in Yeniden Ornekleme ve
Topluluk Yontemleri

Ozet— Miisteri kay1p analizi; sirketlerin, kendileriyle ¢alismay1 sonlandirmas: muhtemel miisterileri tahmin etmek icin
kullandig1 bir miisteri iligkileri yonetimi analitigidir. Mevcut miisterileri elde tutmaya yonelik pazarlama galigmalarinin
basarisi, ancak olasi miisteri kayiplarinin 6nceden dogru bir sekilde belirlenmesiyle miimkiindiir. Bu nedenle kar artisina
yol agacak, yiiksek tahmin kabiliyetli, gii¢lii modellere sahip olmak ¢ok onemlidir. Kayip analizi i¢in kullamilan veri
kiimelerinin dengesiz dogasi, makine 6grenimi yontemlerinin siniflandirma performansini olumsuz etkilemektedir. Bu
¢alisma, dengesiz kayip tahmini tizerinde gapraz dogrulamanin prosediiriiyle entegre edilmis yeniden 6rnekleme - asirt
ve az 6rnekleme - ve topluluk 6grenme - bagging, boosting, ve stacking - stratejilerini incelemektedir. Referans noktasi
olarak alman Destek Vektér Makinelerinin sonuglariyla karsilastirilan deneysel sonuglar, topluluk yontemlerinin tahmin
performanslarini iyilestirdigini gostermektedir. Ayrica asirt orneklemenin uygulanmasi, az 6rnekleme yaklasimina
kiyasla fark edilebilir bir performans artis1 saglamstir.

Anahtar Kelimeler— kayip tahmini, siif dengesizligi, yeniden drnekleme, destek vektor makineleri, degerlendirme
metrikleri, topluluk 6grenme
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1. INTRODUCTION

Building and maintaining successful relationships with
customers is an inevitable necessity to survive in today’s
competitive and demanding markets. The purpose of
customer relationship management (CRM) is to understand
customer behaviors and develop a sustainable
communication with them through a personalized
approach to prevent customer churn [1]. Therefore, the
analytical aspect of CRM, which focuses on analyzing
customer and market data, hugely benefits from data
analytics by deploying the obtained analysis results to have
an increased effectiveness of marketing efforts.

Customer churn, also known as customer attrition, is
defined as the likelihood that a customer terminates doing
business with a company [2]. It is a financially expensive
problem for businesses since gaining new customers is
known to be much more expensive than keeping the current
ones with regards to the cost of marketing efforts. Also, the
existing customers are more open to communication and
spend more than the new ones. As a result, “increasing
customer retention rates by 5% increases profits by 25% to
95% [3].

Telecommunication sector is a prevalent domain for
customer churn analysis. Customers switching between
operators, who are by definition churners, are quite
common in the sector. The annual churn rate is around 30%
in average and acquiring new customers is at least 5 times
more expensive than keeping the existing ones [4].
Therefore, losing a high number of customers results in
high losses for the telecom companies because of the lost
acquisitions as well as of certain CRM efforts such as
reducing the prices to keep the highly potential churners in
the company portfolio. This makes the minimization of the
churn rate crucial for the telecom companies, and
consequently successful churn analysis becomes an
important tool.

Churn analysis is handled by data analytics approaches,
especially by using predictive analytics via machine
learning algorithms. However, the problem —as in other
CRM cases such as fraud detection, response modeling,
and credit evaluation— inherits imbalance data classes
which is a factor that negatively effects the classification
performance of models and turns customer classification
into a more challenging task.

This study tackles the class imbalance problem both with a
data-level approach of resampling and an algorithm-level
approach of ensemble learning. The prediction
performances of the applied methods are evaluated on an
imbalanced churn dataset in the telecom sector. The study
differentiates from the existing literature by providing a
more comprehensive comparison of techniques as well as
their hybrids. To the authors’ knowledge, there is no prior
research on churn prediction that provides the
hybridization of the stacking ensemble with both under-
and over-sampling techniques. The other point that is
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missing in the churn prediction literature is how to apply
resampling techniques with cross-validation. Studies in the
domain either do not mention about this at all or state that
they are applying cross-validation after resampling, which
may cause achieving overly optimistic results. This study
implements the correct integration of resampling and
cross-validation to its empirical design. The prediction
performances of the applied methods are compared with
the benchmark results of Support Vector Machines (SVM)
that is known to have high performance in binary
classification problems.

Comparative analyses are carried out in order to answer the
following questions within the scope of the research
context:

Research Question 1 (RQ1): Do resampling methods
affect the prediction performance of SVM?

Research Question 2 (RQ2): Do ensemble strategies
increase the prediction performance for imbalanced
telecom churn problem? Which ensemble yields the best
results?

Research Question 3 (RQ3): Does the combination of
resampling and ensemble strategies increase the prediction
performance for the imbalanced telecom churn problem?
Research Question 4 (RQ4): Do the selected performance
metrics give compatible results? Are they all appropriate
measures for evaluating the imbalanced customer churn
prediction?

The remainder of this paper is as follows: Section 2 gives
a summary of prior research on imbalanced datasets in a
churn setting. Section 3 explains the methods used and
Section 4 explains the experimental framework of the
study. Section 5 presents and discusses the empirical
findings and Section 6 concludes with remarks and future
research directions.

2. PREVIOUS WORK ON IMBALANCED CHURN
PROBLEM

There is a substantial discrepancy in the sample size of
each target class in a typical churn dataset, which is known
as the class or data imbalance problem. Kwon and Sim [5]
specify the class imbalance as one of the data set
characteristics that has a negative effect on the
performance of classification algorithms. There are two
main approaches —data-level (external) and algorithm-level
(internal) — to handle this problem. The algorithm-level
approach involves modifications of the existing classifiers
to favor the learning from the minority class, whereas the
data-level approach is independent of classifiers and
resizes the training data to decrease the imbalance ratio for
to diminish the effects caused by the skewed class
distribution [6].

Resampling is a pre-processing technique suggested as a
data-level approach for obtaining more balanced classes.
Qureshi et al. [7] use both random under- and over-
sampling and keep the imbalance ratio to a certain level
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prior to applying classification algorithms. Amin et al. [8]
focus on over-sampling techniques and compare their
effects on the classification performance of algorithms
based on the rough set theory. There are studies [9], [10]
that implement more sophisticated sampling methods as
well as studies [11], [12] that investigate the combination
of over-sampling and under-sampling techniques to
compensate the drawbacks of each technique. Li et al. [13]
propose one-sided sampling to balance massive churn
datasets once the dataset is split into clusters by the k-
means algorithm. Two cluster-based under-sampling
methods are applied in [14] with Support VVector Machines
and their performance for a telecom churn dataset is found
adequate. Verbeke et al. [15] examine the effect of over-
sampling on the performance of a telecom customer churn
prediction model and conclude that the dataset structure
and the classification technique can completely change the
results as Haixiang et al. [16] also emphasize.

The literature on churn prediction is more focused on the
algorithm-level  approach,  which includes the
modifications of traditional classifiers that are especially
developed for learning from imbalanced datasets [17],
[18]. Several studies on the domain try to understand the
algorithm-level effect of methods such as one-class
learning [19], and cost-sensitive learning [20].

Ensemble classifiers are solution methods that can be sub-
categorized under the algorithm-level approach [21], [22].
Bagging and random forests are the most popular
ensembles used in churn prediction. The literature on
imbalanced churn prediction that use the ensembles favors
random forests as well as its modified versions [23] and
states that the ensemble improves the prediction accuracy.
Boosting algorithms found applications in churn prediction
[24], [25]. There are studies that propose new solution
approaches combining ensemble methods with cost-
sensitive learning [26] and transfer learning [27] for
imbalanced churn prediction and declare the results as
prominent.

With the ensemble methods showing their strength in
improving the classification performances, researchers
also investigated the combinations of ensemble learning
methods —especially bagging and random forests— with
resampling methods to tackle the imbalance churn
problem. The findings in [28], [29] show that random over-
sampling combined with random forests yields better
results than resampling with random under-sampling and
SMOTE. On the other hand, Zhu et al. [30] state that
bagging and random forests achieve the most promising
results with respect to the profit-based measure when there
is no resampling involved. The authors in [31] claim that
the combination of simple under-sampling and SMOTE
with cost-sensitive version of random forests give better
performance than random forests.

Burez and Van del Poel [32] compared the performance of
under-sampling, gradient boosting machine, and weighted
random forests, whereas Liu et al. [33] made a similar
comparison between under-sampling, weighted random
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forests, and RUSBoost. Both studies concluded that under-
sampling performs better in terms of accuracy. The
literature on investigating the effects of stacking as an
ensemble in churn prediction is scarce. Ahmed et al. [34]
suggest to use hybrid models of boosted-stacked and
bagged-stacked classification. Authors investigate the
optimal number of base learners in a stacking ensemble
through implementing all combinations of selected
classifiers in stacking and comparing the performances.
Amin et al. [35] follow a just-in-time perspective and apply
stacking, using SVM as the base classifier, on the training
set of a cross-company and test it on the company dataset.

This study examines the main strategies of ensemble
learning —bagging, boosting, and stacking—, resampling
methods and their combinations to see whether they affect
the performance of imbalanced churn prediction. While
testing the performances of these methods, the
methodological framework of using resampling techniques
with cross-validation is another focal point.

3.IMBALANCED CHURN DATA CLASSIFICATION

Classification is a supervised learning task, and customer
churn analysis can be modeled as a binary classification
problem. Let’s define a training dataset as;

L={(;,y)i=12,..,n} )

where n refers to the number of customers and the vector
x; € RY represents the values the ith customer takes with
respect to the attributes denoting the characteristics of
customers. y; is the target vector and y; € {—1,1} for a
binary classification case, where -1 refers to a non-churner
and 1 refers to a churner. The general assumption is that
the data are independent and identically distributed (iid)
realizations of a sample randomly drawn from a population
(X,Y). Therefore, the objective is to build a learning
model, a function f:x = f(x) € {—1,1}, and use this
model to predict the class label for the previously unseen
(test) data.

Class imbalance is a skewed distribution problem of
classes inherent in churn datasets. Let p be the minority
class referring to churners and g be the majority class
referring to non-churners. p = {y;,y,,...,yp } and q =
{y1,¥2, -, y0 }, where P and Q refer to the number of
samples in the minority and majority class, respectively.
The imbalance ratio (IR), IR = Q/P, is greater than 1 in
telecom churn datasets since the number of non-churners
are more than churners [13]. The imbalanced structure of a
dataset either distorts the performance of classification or
causes overfitting and gives fallacious high accuracies.
Hence, the skewly distributed target values turn
classification into a challenging task. This study focuses on
resampling methods as a data-level strategy, and ensemble
learning methods as an algorithm-level strategy to tackle
the imbalance problem.
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3.1. Resampling methods

A dataset with balanced classes has a better chance of being
classified accurately and outputting a high prediction rate
without facing an overfitting issue. This study pursues
resampling as a data-level approach to tackle the class
imbalance problem and examines the effects of the
following techniques.

Random Over-Sampling (ROS): ROS balances the
representation of classes in the training set by randomly
duplicating the observations in p. The regenerations in
ROS can cause overfitting. [36]

Synthetic  Minority  Over-Sampling  Technique
(SMOTE): SMOTE searches k nearest neighbors for each
observation x; in class p and generates synthetic samples
based on the linear interpolations between each x; in p and
their selected nearest neighbors[37].

Xsynthetic = Xi + (x"—x)*6 )

where x' is the randomly selected neighbor, and & € [0,1]
is a random number. The parameter k that is based on the
over-sampling size, determines the number of samples to
be generated for a minority sample.

Random under-sampling (RUS): RUS randomly
eliminates the observations in g so that the representation
of classes in the training set is balanced.

Clustering Based Under-Sampling (CLUSBUS): After
splitting the dataset into training and test sets in accordance
with the distribution of classes, the training set is divided
into homogenous groups via clustering. Each cluster has
data that belongs to both the majority and the minority
class. The number of samples from the majority class
(SSizel, ,) are randomly selected from each cluster based
on (1) and combined with the minority class units. Thus, a
new training set is constructed [38].

Sizej,/Sizey,;

3)

SSizel;, = (m X Sizey;) X - -
k Pl Pl
ey Sizey,/Sizey,

Sizel,; refers to the sample size of the minority class in the
ith cluster. m stands for the ratio of majority class (Size,; 4
) over minority class (Sizey,;) in the training setand m >
1. This study uses Partitioning Around Medoids (PAM) as
the clustering algorithm because of the mixed structure of
the dataset attributes.

3.2. Ensemble Learning

Ensemble learning is a combination of base or weak
supervised learning algorithms to form a stronger
classification. This study investigates the three main
ensemble learning —bagging, boosting, stacking— in churn
classification along with their combinations with
resampling methods.
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Let @, (x) be a predictor from a classification model fitted
to the learning random sample defined in (1).

3.2.1. Bagging

Bagging starts with drawing bootstrap samples {L®},
where b = 1,2, ..., B —subsets of the same size (n) as £ are
randomly drawn with replacement— from L. The next step
is to form a learning model ¢, (x) = {¢(x, L®)} for each
{L®}  that predicts their class labels. The bagging
predictor @, g (x) is then formed by aggregating the results
of all ¢,,(x)’s as in (4) [39].

Pn,5(x) = MajorityVote{p, ()}, (4)

Bagging is a variance reduction technique for unstable
machine learning procedures that are highly variant such as
the tree-based algorithms due to their sensitivity to the
training data. This study uses bagged CART and random
forests that are both decision-tree based procedures.

Bagged CART: Bagged CART follows the bagging
procedure by selecting bootstrap samples from L and
creating a learning model using CART that uses a greedy
algorithm to choose the feature to split on [40].

Random Forests (RF): A random forest extends the idea of
bagging by realizing the splits through randomly selecting
a subsample of features with replacement and choose the
best split from among those features instead of choosing
the best split among all predictors as is the case in bagging.

3.2.2. Boosting

The idea behind boosting is to use weak learners, whose
performance is at least slightly better than random chance,
several times to get a stronger learner [41]. As opposed to
bagging, classifiers are created sequentially (iteratively) in
boosting [42]. It starts by assigning equal weights to all
examples a = 1/n. At each iteration b, with b€
{1,2,...,B} the weak classifier @, ,.,(x) updates the
weights {ap4,3=; from {a,}-, by giving more
concentration to the examples that are unfitted by the
previous classifier @, , (x). It assigns more weights to the
erroneous classifications while decreasing the weights of
those that are correctly classified by @,, , (x).

The predictions of the binary classification are then a
weighted linear combination of the selected binary
classifiers, ¢4 (x), ..., g (x);

P (x) = sign(Xh-1 app,(x)) (5)
where a € R: (0, 1] refers to the assigned weights. The

sign function is 1 when the argument is non-negative, and
-1 otherwise.
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C5.0: The algorithm is a tree-based classifier and the
successor of C4.5 [43] with the boosting property. The
C5.0 classifier splits on the feature that has the maximum
information gain based on the entropy measure calculated
as — Y-, p; logp; , where p; denotes the probability of a
given class as the outcome for each of the classes for y.
The information gain of attribute A on L is defined as the
difference between the empirical entropy of set L and the
empirical conditional entropy of L under the given
condition A: IG(L,A) = ¢(L) — @(L|A). The algorithm
assigns considerable weights to the misclassified instances
at each iteration, while decreasing the assigned weights of
correctly classified instances in a slower rate. The final
prediction is a simple average of class probabilities
generated from each tree.

Stochastic Gradient Boosting (SGB): SGB is a regularized
boosting algorithm through the learning rate v € [0,1], in
addition to preserving the advantages of bagging. At each
iteration, a decision tree as the base learner is built using

the random subset {xn(i).yn(i)}? , where {m()}7 is a
random permutation of the possible values of i € Z and
i < n . Classification trees are constructed sequentially

from the gradient of the loss function, instead of
misclassification rates, of the previous tree [44].

3.2.3. Stacking

Stacking involves a two-level learning structure. When
cross-validation is incorporated to this structure, the
training dataset L as defined in (1) is splitinto K equal folds
Li,Ly, ..., Lg, where k=12,..,K. L, refers to the
validation set and the remaining folds (L — L;) shown as
LG refer to the training set.

In the first level (Level-0), the selected classifiers —called
as the base or weak classifiers— are individually trained
using the training set and have predictions for the
validation set. Given that ¢ =1,2,...,C denoting the
selected classifiers, the cth classifier is trained on L& to

build a model MC("‘) that is used to predict the output value
y; for all x; in L,. This process runs K times so that each
fold is considered as a validation set and a prediction value
is obtained for all x; in L. The predictions for the cth
classifier compose a vector (zy, z,, ..., z,)T. This procedure
is applied to all base classifiers and we achieve a matrix Z
of nx C, where each column corresponds to a base
classifier’s prediction of Level-0. In the second-level
(Level-1), a learning algorithm —called as the meta-
classifier— builds a model M that imputes the predictions
obtained from Level-0 (z;4, z;5, - .., Z;c) as the input of the
new training set of Level-1 and maps them to the original
class label y;. [45]
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This study includes SVM, bagged CART, RF, C5.0, and
SGB for the Level-0 trials of stacking and all algorithms
act as a meta-classifier for Level-1 of different experiments

3.3. Support vector machines as a benchmark

Support vector machines (SVM) is a powerful
nonparametric supervised learning method based on
structural risk minimization [28] and is proven to show
good performance especially for binary classification
tasks. SVM searches for the optimal separating hyperplane,
which is usually a nonlinear decision function f(x) =
wTp(x) + b), where ¢(x) is a nonlinear transform
function. The margin between two hyperplanes is
calculated as ||2/yy||, therefore the solution to the
minimization problem in (6) finds the optimal separating
hyperplane with the maximum margin leading to a good
generalization performance.

Pnp(x) = sign(Xj-; ap 9y (X)) (6)
subjectto y,(wT¢p(x;)) +b) =1-¢;

where C > 0 is a regularization parameter called as the
penalty term and & >0(i =12,..1) are the slack
parameters.

To solve the minimization problem in (6), w can be written
in terms of a linear combination of ¢(x;) such that w =
Y ;¢ (x;). Kernel functions allow the calculation of
dot products in a high dimensional feature space
K(x;,x) = ¢p(x)-p(x) and ¢p:XcRI->R" is a
transformation that maps x; to the attribute space, not
explicitly to the input space. Hence, the solution is
calculated by the decision function f(x) =
Yia;K(x;,x)+b. The maximization problem in (7)
solves for a; = 0.

! 1l !
maxz_ a; — Ez Z aia]-yiyjl((x,-,xj) @)
i=1 i=1 Jj=1

subjectto 0 < a; <C and ¥'_ ;=0

The solution to this problem is f(x) = ¥; a;y;(x; - x) +
b, where x;’s are the support vectors. Motivated by the
findings in [46] this study applies SVM with the RBF
kernel function (8) as the benchmark classifier, where x;
and x; refer to n-dimensional inputs, and o is the shape
parameter.

(RBF) kernel:

K(xl-, xj) = exp (— M) (8)
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3.4. Evaluation metrics for imbalanced data classification
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Evaluation metrics are used to compare different
experimental results as well as to quantify the performance
of a classifier in machine learning. The choice of the
evaluation metric can completely change the results of the
analyses and accordingly the conclusion driven, since each
metric has a different assumption of what matters the most
about the problem at hand. Accuracy is a commonly used
metric that calculates the correctly classification rate of an
algorithm but can be misleading for imbalanced datasets
since it only considers the overall prediction rate. The
metric can yield high values by favoring the majority class
for highly skewed class distributions which is the case in
the telecom churn practices.

Evaluation results of classifier performances can vary with
regards to different metrics for imbalanced classes, yet
there is no commonly held metric. The decision of
selecting the appropriate model and of evaluating
classifiers for imbalanced churn problems should not be
based on one metric but a combination of them. This study
uses the Receiver Operating Characteristic (ROC) curve,
which depicts the true positive rate as a function of the false
negative rate for all possible prediction thresholds, as the
evaluation metric when training the classifiers. In addition,
the metrics in (9) to (11) are used to evaluate the prediction
results. The calculation of the selected metrics is based on
the confusion matrix values in Table 1.

Table 1. Confusion matrix

Classified as
Actual Churner Non-churner
Churner True Positive (TP) False Negative (FN)

Non-churner False Positive (FP) True Negative (TN)

AUC (The area under curve) = 1( L il ) 9
2 \TP+FN TN+FP
P ¥
Recall (Sensitivity) = TS (10)
e, TP 1
Lift = (TP+FN) x P/(P+N)’
P=TP+FNand N = TN + FP (11)

In churn prediction, the FNs referring to the
misclassification of churners as non-churners is an
important error that should be avoided. In such cases, the
operational CRM processes do not show the necessary
effort to retain these potential churners that in return has a
high financial cost to the company. The AUC distinguishes
churners from non-churners and measures the area under
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the ROC curve (9). Sensitivity (10), and Lift (11) eliminate
the drawbacks of traditional metrics for imbalanced classes
and expose the correctly classification of the churner class.
The minimum (the worst) score and the maximum (the
best) score for the metrics formulated in (9) and (10) are 0
and 1, respectively. The lift value is between the range [0,
o] and we look for high values.

4. EMPIRICAL EVALUATION DESIGN

This study observes the effects of two different strategies,
resampling and ensembles, as well as their hybridization
on customer churn prediction performance to answer the
research questions stated in Section 1.

After preparing the dataset for the experiments —the details
are in Section 5-, the first step is dividing the dataset into
training and test sets preserving the IR ratio. Training and
test set proportions are specified as 70% and 30%,
respectively. After the split, the test set does not interfere
with any step of the model building and sets aside until we
are ready to proceed with prediction in order to align the
setup to practice. Preprocessing the attributes of the
training set by the z standardization [z = (x —u)/o,
where u is the mean value, and o is the standard deviation
of an attribute] rescales data for to reduce the impact of
degree of attribute magnitudes on classifiers.

The other steps of the empirical design change regarding
the research question and hence the method used. The
study pursues two strategies, resampling and ensemble
learning, to handle class imbalance. Under- and over-
sampling methods are incorporated to the model
construction, yet their setup is different when the cross-
validation procedure is applied. For under-sampling, the
preprocessed training set is first resampled implementing
the method of concern and then cross-validation is
performed with the learning algorithm. For over-sampling
on the other hand, applying the same procedure as in under-
sampling —apply CV after resampling— may cause over
optimism as explained in [47], [48] which is a crucial point
most studies ignore. There is a probability that the
resampled training folds and the test fold contain the same
samples, which may lead to a significantly biased
prediction. The correct way to combine over-sampling
with CV is through first dividing the training dataset into k
folds and then resampling each training fold and not the
validation fold. Once the learning model is constructed, the
validation fold is used for prediction. Hence, it is
guaranteed that the classifier is not exposed to any
repetitions of the validation set examples in the learning
phase. This problem does not occur in under-sampling for
either of the designs since CV after under-sampling and the
integration of under-sampling and CV yield the same
performance. Fig.1 depicts the methodology of applying
CV with the resampling methods and also contains the
hybridization of stacking and CV (Note that Lg, refers to
the resampled learning data for the kth fold, and n' is the
resampled training data size).
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Fig. 1. Flowchart for cross-validation with resampling and stacking hybridization

Another decision to make is the imbalance ratio to target
with resampling. However, as emphasized in [32], [49] the
best class distribution changes with respect to each training
set size and algorithm. Therefore, this study uses the
default IR parameters of resampling techniques which
provide a more practical approach. Hence, the majority and
the minority class sizes become equal (IR=1) with the
application of RUS, ROS, and CLUSBUS, whereas the IR
becomes 1.33 with the application of SMOTE. According
to CLUSBUS technique the dataset is divided into 3
clusters.

The parameters of the algorithms do not invoke any fine
tuning to prevent a drastic altering of decision boundaries
and to sustain the generalization capability of the models
that can resist to minor changes in the data.

After the model building phase on the training set (L)
involving the CV procedure, the test set that has no prior
involvement in the learning process and kept separate is
used for the final model evaluation.

5. RESULTS AND DISCUSSION

This study applies its empirical setup on a well-known
churn dataset from the telecom sector. Churn: This is a
dataset from the UCI Machine Learning Repositoryl.
There are 17 explanatory attributes in total after the
elimination of the “State”, “Area.Code”, and ‘“Phone”
attributes prior to the analyses and a target feature referring

1 The dataset no longer exists in the UCI Repository, but can be
retrieved from https://www.kaggle.com/spscientist/telecom-
data/data?select=telecom_churn.csv

to whether a customer is a churner or not. 15 attributes take
numerical values and the remaining 2 attributes take
discrete values. There were no missing values, the sample
size is 3333 and the IR is 5.9.

The experimental results provide the evaluations of the
model performances of different strategies based on the
frequently preferred metrics for imbalanced churn datasets.
The benchmark values are the SVM results obtained by
implementing the binary classification task to the
imbalanced datasets with original imbalance ratios. All
phases of the model building are coded and executed in R
programming language.

Table 2. SVM prediction results: The benchmark

Metric Performance
AUC 0.738
Sens. 0.498

F1 0.637
Lift 3.455

The results in Table 2 indicate that SVM performs poorly
in predicting churners since the value of the AUC ratio is
satisfactory (over 0.7), but not supported by the sensitivity
measure. Therefore, SVM is affected by the imbalanced
structure of the dataset and this costly problem needs
improved solutions. The analyses results are informative in
terms of answering our research questions presented in
Section 1.



270

Table 3. Prediction results for resampling methods
combined with SVM
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Under-sampling techniques, however, do not perform well
in general. The possible reason for this could be the

Classifier | Resampling | AUC | Sens | F1 Lift elimination of some distinctive examples in the process
RUS 0738 | 0498 | 0.637 | 3.455 Table 6. Prediction results of resampling with boosting
SUM ROS 0.794 | 0.616 | 0.713 | 4.275 ensembles
SMOTE 0.801 | 0629 | 0.722 | 4.363 Resampling . .
type Classifier | AUC | Sens | F1 Lift
CLUSBUS 0.699 | 0437 | 0565 | 3.034
RUS C5.0 0.752 | 0520 | 0.663 | 3.605
Answer to RQ1: Under-sampling deteriorates the results of SGB 0.736 | 0.491 | 0.636 | 3.403
SVM even more, whereas over-sampling has a positive ROS C5.0 0935 | 0896 | 0867 | 6.218
effec_t on the SVM performance. SMOTE vyields the best <GB 0845 | 0707 | 0793 | 4.901
prediction value.
N SMOTE C5.0 0.864 | 0.744 | 0.819 | 5.164
Table 4. Prediction results of ensemble methods SGB 0.879 | 0.783 | 0.817 | 5.435
Ensemble
type Classifier AUC Sens | F1 Lift CLUSBUS €50 0.730 | 049 | 0614 | 3439
Bagging | BA0URCCART | 0028 | 0894 | 0824 | 6204 SGB 0.680 | 0.398 | 0534 | 2.761
RF 0.950 0974 | 0679 16.757 Answer to RQ3: The combination of under-sampling
Boosting C5.0 0.950 | 0.934 | 0.857 | 6.483 strategy with bagging and bpogting techniques does not
SGB 0.944 | 0925 | 0.841 | 6417 have any effect on churn prediction results. Although RUS
SVM 0.935 0.905 | 0.844 | 6277 Fechnlque combined with stacking ense_mble per_forms well
BaaoedCART | 0929 0887 | 0852 | 6158 in general, CLUSBUS results are disappointing. Over-
Stack agge : : : : sampling techniques on the other hand, significantly
tacking | RF 0941 | 0913 | 0.856 | 6.337 increase the prediction performances compared to the
C5.0 0.936 0.902 | 0.862 | 6.254 benchmark results. However, there is a noticeable result
SGB 0945 | 0917 | 0.877 | 6.359 overall; which is the performance of RF when there is no

Answer to RQ2: Ensemble strategies significantly improve
the results for the churn dataset in comparison to the
benchmark results. Among all ensemble techniques
experimented in this study, RF performs the best with
respect to the AUC, Sensitivity, and Lift measures. This
result is in line with the literature findings. Boosted C5.0
also shows a good performance, yet is less successful in
predicting the churners than RF.

Table 5. Prediction results of resampling techniques
combined with bagging ensembles

Resampling

type Classifier AUC | Sens | F1 Lift

RUS BaggedCART | 0.794 | 0.604 | 0.726 | 4.188
RF 0.797 | 0.606 | 0.734 | 4.206

ROS BaggedCART | 0.895 | 0.819 | 0.819 | 5.685
RF 0.934 | 0.917 | 0.791 | 6.365

SMOTE BaggedCART | 0.844 | 0.710 | 0.781 | 4.927
RF 0.883 | 0.792 | 0.819 | 5.496

CLUSBUS BaggedCART | 0.720 | 0.477 | 0.599 | 3.312
RF 0.705 | 0.448 | 0.576 | 3.107

Bagging and Boosting methods achieve better results when
combined with over-sampling rather than under-sampling
techniques (Table 5 and Table 6). For Stacking ensembles,
the only combination that does not work well is the one
with CLUSBUS. The over-sampling results are neither
over-optimistic nor over-fitting since these techniques are
applied within cross-validation as explained in Section 4.

resampling involved.

Answer to RQ4: All selected metrics show compatible
evaluations in general, except for the F1 ratio. Based on the
results we can conclude that F1 is not a preferable metric
for imbalanced churn prediction cases. Among all four
metrics, when the values are close to each other, it is better
to choose the model directed by sensitivity and lift
measures. An example to this can be given for the results
achieved by the combination of resampling and stacking
ensembles (Table 7). The best combination according to
the AUC and F1 ratios is when ROS is combined with
stacking Bagged CART, while sensitivity and lift ratios
indicate the best combination as SMOTE and stacked
SVM. In such situations, the decision should be made in
favor of the indication of the sensitivity and lift ratios. Both
metrics give more importance to the minority class, which
is what we are seeking in churn prediction.
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Table 7. Prediction results of resampling with stacking

ensembles

Re-

sampling Meta-

type Classifier AUC | Sens | F1 Lift
SVM 0940 | 0.927 | 0.803 | 6433
BaggedCART | 0.890 | 0.823 | 0.781 | 5.710

RUS RF 0923 | 0.890 | 0.802 | 6.173
C5.0 0918 | 0.870 | 0.829 | 6.037
SGB 0938 | 0911 | 0.843 | 6.322
SVM 0.950 | 0.929 | 0.871 | 6.446
BaggedCART | 0.953 | 0.931 | 0.887 | 6.461

ROS RF 0.949 | 0.924 | 0.880 | 6.408
C5.0 0952 | 0931 | 0.883 | 6.457
SGB 0942 | 0910 | 0.874 | 6.312
SVM 0950 | 0.945 | 0.819 | 6.559
BaggedCART | 0911 | 0.864 | 0.803 | 5.994

SMOTE RF 0930 | 0.896 | 0.833 | 6.216
C5.0 0925 | 0.884 | 0.835 | 6.131
SGB 0924 | 0.887 | 0.821 | 6.154
SVM 0730 | 0.496 | 0.614 | 3.439
BaggedCART | 0.709 | 0.455 | 0.584 | 3.158

CLUSBUS | gf 0719 | 0475 | 0598 | 3.298
C5.0 0731 | 0.498 | 0.617 | 3.454
SGB 0.725 | 0.487 | 0.607 | 3.381

6. CONCLUSION

The binary classification of imbalanced datasets is a hot
topic of data analytics in recent years and churn analysis is
one of the application areas. Particularly churn in the
telecommunication sector is a problem that needs a focused
attention since the financial cost of misclassification is
already known. The purpose of this study is to address the
skewed class distribution problem in the domain, and
investigate the effects of resampling and ensemble
strategies on churn prediction performance.

The study handles the imbalanced dataset classification
from a data-level and an algorithm-level approach. We can
conclude that ensembles examined under the algorithm-
level approach drastically improve the prediction
performances. Form the data-level approach, over-
sampling tends to yield better results than under-sampling
approach in general. A further improvement to this study
would be to apply feature selection in the preprocessing
step and investigate the effects of feature selection on the
performance of resampling and ensemble learning
strategies, which could reveal the importance of the data
characteristics.
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Abstract— In this article, based on its potential contribution to architectural design processes, research has been made
on the “text-t0-image” systems of artificial intelligence. In the research, the four most common systems Craiyon, Dall-E,
Midjourney, and Stable Diffusion were selected, and these systems were tested for coloring a pre-school education space.
First of all, the “kindergarten” text was presented to the systems and according to this text, four alternative images were
produced from each system. Afterward, the dominant color coding of the images was analyzed in the computer
environment. The 3D model of preschool space was colored with the obtained color codes. The 16 images that emerged
because of coloring were presented to 62 expert participants, consisting of preschool teaching and architecture/interior
architecture department members, accompanied by a survey. In the survey, the experts were asked to evaluate the colored
images in “entertainment” and “academic” contexts. As a result of the statistical analysis of the survey data showed that
the Craiyon system used colors more successfully than other systems in terms of coloring a preschool education space.
This study measured the ability of artificial intelligence systems from text-to-image to interpret the text in terms of the
production of color codes suitable for the type of space. However, it has been tried to articulate such systems to
architectural design areas and to open the door from a unique perspective.

Keywords— artificial Intelligence, text-to-image, coloring, interior space

Ic Mekan Renklendirmesine Katki Acisindan Metinden
Goriintilye Yapay Zeka Sistemlerinin Incelenmesi

Ozet— Bu makalede mimari tasarim siireclerine potansiyel katkisindan hareketle yapay zekanin “metinden gériintiiye”
sistemleri iizerine bir aragtirma yapilmigtir. Arastirmada en yaygin dort sistem olan Craiyon, Dall-E, Midjourney ve Stable
Diffusion secilmis ve bu sistemler bir okul 6ncesi egitim mekaninin renklendirmesi icin denenmistir. Oncelikle sistemlere
“kindergarten” (anaokulu) metni sunulmus ve bu metne gore her bir sistemden doérder alternatif gorsel retilmistir.
Sonrasinda gorsellerin baskin renk kodlamalar1 bilgisayar ortaminda ¢6ziimlenmistir. Elde edilen renk kodlar1 ile bir okul
oncesi mekanin 3B modeli renklendirilmistir. Renklendirme sonucu ortaya ¢ikan 16 gorsel, okul 6ncesi 6gretmenligi ve
mimarlik/i¢c mimarlik boliim mensuplarindan olusan 62 uzman katilimciya bir anket esliginde sunulmustur. Ankette
uzmanlardan renklendirilmis gorselleri “eglence” ve “akademik” baglamlarda degerlendirmeleri istenmistir. Anket
verilerinin istatistiksel analizleri sonucu Craiyon sisteminin bir okul dncesi egitim mekaninin renklendirmesi agisindan
renkleri diger sistemlere gore daha basarili kullandigi izlenmistir. Bu g¢aligma ile metinden goriintiiye yapay zeka
sistemlerinin metni, mekanin tiirline uygun renk kodlarinin iiretimi agisindan yorumlama becerisi dl¢iilmiistiir. Bununla
birlikte bu gibi sistemlerin mimari tasarim alanlarina eklemlenmesine, 6zgiin bir agidan kap1 agilmaya ¢aligilmustir.

Anahtar Kelimeler— yapay zeka, metinden goriintiiye, mekan tasarimi, mimari tasarim
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1. INTRODUCTION

Artificial intelligence, an interdisciplinary concept,
involves modeling living and human behavior systems [1].
It can also be defined as a method that mimics human
thinking ability and the functioning of the brain through
computer simulation, generating solutions by utilizing the
necessary information when confronted with a specific
situation or problem [30]. For centuries after the Industrial
Revolution, humans focused on machine production. With
increasing mechanization, artificial intelligence has
become one of the leading mottos of the digitized world
[2]. Artificial intelligence is a cognitive science that
enables the exploration of many “intelligent” ways to
model human perception and thought processes. Data sets
containing various types of text, image, and audio data are
analyzed using artificial intelligence, which achieves its
effectiveness  through learning and training with
algorithms. As the data is analyzed, the algorithms are also
trained to produce more accurate content [3].

Artificial intelligence has entered almost all areas of life,
such as automotive, healthcare, gaming, entertainment,
aviation, e-commerce, and computer-aided translation.
Moreover, the use of artificial intelligence in architecture,
interior design, and various branches of art is increasing
day by day. Today, 2D and 3D digital design tools are
complemented by systems such as energy and acoustics
calculation programs with artificial intelligence, cost
estimation, and environmental simulation [4]. The opening
of these Al-powered services to shared virtual worlds,
nourished by a multitude of technologies through
metadata, is defined as a more advanced objective by
experts [31].

This article highlights text-to-image data processing
systems, which are a current application area of artificial
intelligence, and questions the success of using color in the
production of imagery in providing output for architectural
design. “The inability of architectural and interior design
sciences to keep up with the rapid advancements in various
domains of artificial intelligence and assistive systems” has
been considered as a problem in this study. Fueled by the
concerns stemming from this problem, the hypothesis that
“artificial intelligence-supported data processing systems,
transitioning from text to image, can contribute to interior
spatial coloring in a scientifically accurate manner, thereby
enriching the fields of architecture and interior design” has
been formulated. Underlying this main hypothesis,
subsidiary hypotheses have been articulated as follows: “A
method for evaluating the efficiency of prominent systems
can be developed, and based on these evaluations,
designers can be directed towards suitable systems.” At the
outset, the term “kindergarten” was entered into four
distinct artificial intelligence models, facilitating the
generation of four corresponding images to elucidate its
interpretation by each system. Following this, RGB color
codes were extracted from the cumulative 16 images
obtained, and these 16 distinct images were employed to
colorize the interior of a 3D model representing a preschool
space. Consequently, the same set of 16 images, pertaining
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to the identical spatial context, was presented to a group of
62 experts consisting of specialized architects/interior
architects, and preschool educators. Through a survey
employing Likert-type questions, these experts were
prompted to assess the volumes in terms of “academic
instruction” and “entertainment”. The resulting data were
then subjected to statistical methods for subsequent
analysis and interpretation.

1.1. Data Visualization with Text-to-Image Al Systems

Text to Image can be defined as a “machine learning
model” [5]. It refers to computer approaches that can
convert human-written text descriptions, such as keywords
or sentences, into visually depicted concepts that have the
same semantic meaning as the text. [6]. The development
of such models began in the mid-2010s as a result of
scientific studies in the field of deep neural networks [7].
These models also offer variations of the concept of text-
to-image conversion by drawing on various artificial
intelligence techniques. These technologies, instead of
requiring programmers to make every decision, create their
own models by utilizing training data. This allows
programmers to set goals and provide data to artificial
intelligence for problem-solving, often establishing
connections in ways that humans may not envision [33]. In
general, in text-to-image models, artificial intelligence
interprets the text provided to the system, producing
images as close to the description as possible. Yildirim
states that text-image conversion systems have the
revolutionary potential for interior design. Thanks to this
system capability, faster architectural visualizations, and
more effective client communication can be achieved.
Moreover, with the accessible and intuitive methods
provided by the system, the design process can become
more accessible to people who do not have technical skills
or expertise [8]. These tools have quickly given rise to
various content creation communities, thereby connecting
amateur and professional users across different platforms
and contributing to the advancement of systems [32].

Today, there are many examples of these systems, such as
Craiyon, DALL-E, MidJourney, Stable Diffusion,
Motionleap, and DifusionBee [9]. In the context of this
article, four of the most well-known text-to-image artificial
intelligence systems are examined below.

Dall-E

Figure 1. A view from Dall-E results screen [10].
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The name of the software is a combination of the names of
Wall-E, a Pixar character, and Salvador Dali, a surrealist
artist [11]. Dall-E, announced by OpenAl in January 2021,
uses an updated version of GPT-3 for rendering [12]. In
April 2022, OpenAl announced Dall-E 2, which can
combine concepts, attributes, and styles to produce more
realistic images with higher resolution (Figure 1). The
company claimed to have trained a neural network that
generates images from text titles for a variety of concepts
that can be expressed in natural language [13]. The system
has also attracted attention from the publishing world, and
the cover of Cosmopolitan magazine was designed with an
image generated by Dall-E [14]. Dall-E’s system uses a
process called “diffusion”, which starts with a pattern of
dots and gradually changes that pattern toward an image as
it recognizes certain aspects of the image [15].

Stable Diffusion

Figure 2. Result views from two beta versions of Stable
Diffusion [16].

In the words of Stable Diffusion’s developers, it is a text-
to-image Al model that will “get billions of people to create
stunning works of art in seconds” (Figure 2). Model: Al
developer Katherine Crowson builds on the CompVis and
Runway teams’ work on the widely used latent diffusion
model with insights from the conditional diffusion models
of Dall-E 2 from Open Al and Imagen from Google Brain.
Stable Diffusion is currently being tested at scale with
more than 10,000 beta testers generating 1.7 million daily
views [17].

Two beta versions are available on the Stable Diffusion
website. One can be accessed without membership, while
the other is accessible through a detailed interface that is
active after membership. Since this is a beta version, only
the words that the system predicts should be selected. In
this context, it is necessary to use terms such as object,
place, space, and color, which are accepted by all but do
not encompass everything that is desired.
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Craiyon (Dall-E Mini)

Figure 3. A view from the results screen of Craiyon. [18]

Craiyon, formerly “Dall-E Mini”, is an artificial
intelligence model that can draw images from any text
input [18]. According to OpenAI’s explanation of Dall-E
Mini, this system was developed to replicate Dall-E’s
results with a smaller architecture. With this in mind,
Craiyon’s architecture and memory requirements were
simplified and reduced to 27 times the size of Dall-E. The
system demonstrates that impressive results can be
obtained, albeit of lower quality, when constrained by
much smaller hardware resources. Craiyon, which uses the
same algorithm as Dall-E, differs only in its interface
(Figure 3). After the text is input, it can be printed in about
1 minute [19].

Midjourney

Figure 4. Views from Midjourney’s Discord [20].

In the words of Midjourney’s developers, it's an
independent research lab that “explores new worlds of
thought and expands the productive powers of the human
species.” It was founded in 2021 as a small, self-funded
team focused on design, human infrastructure, and
artificial intelligence [21]. Midjourney is distinctive in that
its artificial intelligence bot is accessible over the Internet
through Discord, a social platform for voice protocols and
instant messaging, rather than through its web application.
The same types of industry terms are used, such as
“common models” and “colloquial pre-education (CLIP)”
[22].

The system displays four alternative images on the screen
after the text is entered through a channel opened in
Discord. After this stage, the alternatives are detailed using
additional commands (Figure 4).
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2. FURTHER WORKS

In his study, Ali Borji quantitatively compares Stable
Diffusion, Midjourney and Dall-E 2 in terms of their ability
to create photorealistic faces and finds Stable Diffusion
more successful than others [23].

In their article, Ploennigs and Berger examined the
applicability of diffusion-based models for the early stages
of architectural design, which includes the sketching and
modeling phase. Comparing Midjourney, Dall-E 2 and
Stable Diffusion platforms in this respect, the team
analyzed a dataset consisting of 40 million Midjourney
queries with NLP methods to extract common usage
patterns and revealed how they are currently used [24].

In Dudani’s study, metaphors were used in the discovery
of artificial intelligence, which are complex systems, and
in terms of providing a fun experiment, creating a specific
descriptive language in the use of artificial intelligence
programs such as Dall-E and Midjourney, exploring the
relationship between the participants and how alternative
metaphorical visualizations between words and visual
representations, multiple and has analyzed how they can
affect design designs as prompts to imagine versatile [25].

In his research, Vermillion tested various diffusion model
platforms, including Dall-E, MidJourney, and Stable
Diffusion, which leverage artificial intelligence to generate
architectural concepts, ideas, and images, to iterate
conceptual design ideas and question their generative
capacity [26].

Abduljawad and Alsalmani discussed the Dall-E 2, Stable
Diffusion and Midjourney artificial intelligence models in
their article, and they found that the images produced by
these models differ due to the difference in software
architectures and the data they train. In their study, they
found the overall performance of their model positive, but
they stated that Dall-E 2 offered the best performance in
the tests, followed by Stable Diffusion and finally
Midjourney. [27].

3. INVESTIGATION OF TEXT-TO-IMAGE
ARTIFICIAL INTELLIGENCE SYSTEMS IN
TERMS OF INTERIOR COLORING

In the study, Dall-E, Craiyon, Midjourney and Stable
Diffusion, selected from text-to-image artificial
intelligence systems, were compared in terms of their
success in interpreting colors according to text. Pre-school
education space was preferred as the plot area in the
research. The colors used by the systems in terms of
compliance with the “entertainment” and ‘“academic
education” actions taking place in this space were
questioned with a survey directed to the users. The methods
and steps used in the research are listed below.
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Preparation of 3D Model

Figure 5. Pre-school education volume modeled in Max.

The 3D model used within the scope of the research was
modeled in the 3dsMax to appeal to the 3-6 age group. In
the literature, it is recommended that pre-school education
spaces should be at least 2.7 meters high and a minimum
of 1.5 square meters should be allocated for each child [28].
Adhering to these limitations in the modeling, the floor
height of the space is 3.6 m and the dimensions 7.8x6 m.
In the design, there are reading, working and painting
spaces, libraries and children’s playgrounds used in the
academic education of children. In order to expand the
space and provide a vertical perspective, a ceiling in the
light sky model was designed and suspended objects in the
form of cloud/planet were added to this ceiling. The
environment is enriched with various pillows, toys and
paintings (Figure 5).

Identifying the Texts

Text-to-image artificial intelligence systems, as explained
above, work on the basis of sentences and words.
Therefore, in order for the systems to present visuals
related to the pre-school space, a search for compatible
concepts has been made. As a result of the trials, the word
“kindergarten” was entered into the systems for getting the
ideal visuals.

Resolution of Color Codes

According to the word “kindergarten”, 4 alternative images
were obtained in each system. Then, another study was
started to obtain the RGB codes for the dominant colors
preferred by the artificial intelligence in these images. Each
image was analyzed using CorelDraw software, and the
RGB color codes were listed according to the dominance
ratio of the colors. This list is limited to the 5 most
dominant colors, matching the number of model types to
be overlaid in the 3D model. Below are the images
produced with 4 different systems and the dominant RGB
color codes (Figure 6).
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Dall-E Al

Midjourney Al

Stable Diffusion

Figure 6. Images and dominant RGB color codes
produced by four different artificial intelligence systems.

3D Scene Coloring

Figure 7. Coloring stage of 3D model in 3ds Max
environment

Afterward, the colors obtained from the visuals were

transferred to the 3D model as a material color (Figure 7).

Thus, a total of 16 views of the same space were obtained

from 4 different systems. These views are listed below
(Figure 8).
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Dall-E Al

Figure 8. Images and dominant RGB color codes
produced by four different artificial intelligence systems.

Survey Study

A survey was organized to evaluate the images obtained
after the above preparation steps. The next section will
explain the scope, method, evaluation, and interpretation
phases of the study.

3.1. Statistical Analysis Study
Scope and Method

The survey study includes a mixed group of graduates and
academics in the fields of pre-school teaching and
architecture/interior architecture. The appropriateness of
the color schemes in the images in the contexts of
“education” and “entertainment” for a pre-school
educational space was measured using the “relational
screening model”. For this purpose, an attitude scale was
applied to the participants of the study group. 50.8% of the
study group are pre-school teachers, and 49.2% are
members of the architectural and interior design
department. To measure the attitudes of the participants, a
total of 32 questions were asked, which consisted of 2
items in 10 Likert-type items associated with each of the
16 images. The result of Cronbach’s Alpha reliability
analysis of the survey was found to be 0.918. The data
obtained in the research were analyzed with the “t-test for
independent groups” using SPSS 26 software. Depending
on the variables, “arithmetic mean”, “standard deviation”,
and “kurtosis-skewness” data were used in the study in
addition to the “t-test for independent samples”. Whether
the data were suitable for normal distribution was tested
with the normality test on the p<0.05 plane and based on
the hypothesis that the group variances were
“homogeneous” with 95% confidence. Thus, parametric
tests were performed.

In this context, the attitudes of the participants regarding
the suitability of the spaces in the visuals were determined
according to their departments. In addition, as sub-
dimensions of the scale, the sub-contexts “entertainment”
and ‘“‘academic” were examined to determine which
artificial intelligence system the participants considered
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more successful in creating the color code. It was also
calculated for which artificial intelligence system the
departments adopted parallel settings.
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3.2. Findings

In Table 1, sample size (N), lowest-highest attitude score
(Min-Max), arithmetic mean (Mean), median mean
(Median), standard deviation (SD) and skewness-kurtosis
values are given.

Table 1. General attitude levels of participants towards visuals.

N Min Max

Mean

Median SS Skewness Kurtosis

Participants' attitude scale

. 62 3.38 10
towards visuals

6.7298

6.6250 | 1.51126 0.119 -0.614

In Table 1, the “normality” distributions of the data
obtained from the normality test were examined, and the
values for skewness and kurtosis were presented.
According to the results, the skewness value of the data
ranged from 0.119 to 0.304, and the kurtosis value ranged
from -0.614 to 0.599. According to Tabachnick and Fidell,
the data can be considered normally distributed when these
values range from -1.5 to +1.5 [29]. In addition, the lowest
score that the participants achieved on the attitude scale
was 3.38, and the highest score was 10. The mean score of

the participants was 6.7298, and the median mean score
was 6.6250. According to this value, it can be said that the
participants generally have a “close to positive” attitude
about the visuals. Afterwards, the “independent sample t-
test” was conducted to determine whether there was a
significant difference regarding the “department” variable
in the attitudes of the participants, whose data were
observed to be normally distributed, and the analysis
results were shared in Table 2.

Table 2. Results of participants” assessment of attitudes toward visual media in the context of “entertainment” and
“academic”, determined by independent samples t-test by department.

Variables Departments N X ss T Test
t sd p
Craiyon (Entertainment) Arch./int. Arch 30 | 67333 | 136920 | 1903 | 62 | .049
4 Pre-school Teaching 32 | 7.4609 | 1.59271 ' '
Dall-E (Entertainment) Arch./int. Arch 30 | 53250 | 164939 2194 | 62 032
Pre-school Teaching 32 | 6.2656 | 1.72147 ' '
. . Arch./int. Arch 30 | 3.1500 | 1.61031
Midjourney (Entertainment) - -1.206 62 232
Pre-school Teaching 32 3.7578 | 2.27671
. Arch./int. Arch 30 5.7333 1.48547
Stable D. (Entertainment) - -3.019 62 .004
Pre-school Teaching 32 7.0391 1.88169
Craiyon (Academic edu.) Arch./int. Arch 30 | 5.4583 | 1.81003 3.646 62 001
4 ' Pre-school Teaching 32 | 7.1875 | 1.91766 ' '
. Arch./int. Arch 30 | 4.6917 | 1.34818
DallE (Academic edu.) - -3.308 62 .002
Pre-school Teaching 32 | 6.1484 | 2.02789
Midjourney (Academic edu.) Arch./int, Arch 30 | 39333 | 169041 171 62 865
) y ' Pre-school Teaching 32 | 4.0234 | 237031 | ° '
. Arch./int. Arch 30 | 5.4583 | 1.74825
Stable D. (Academic edu.) - -3.387 62 .001
Pre-school Teaching 32 7.0859 | 2.01567

When Table 2 is examined, it is seen that 30 of the 62
participants who participated in the study were from
architecture/interior architecture and 32 of them were
individuals from the department of pre-school teaching.
According to the table, Craiyon-Entertainment (t[62]=-
1.923; p<.05), DallE-Entertainment (t[62]= -2.194;
p<.05), Stable Diffusion-Entertainment (t[62]= -3.019;
p<.05), Craiyon-Academic education (t[62]= -3.646;
p<.05), Dall-E-Academic education (t[62]= -3.646;
p<.05) and Stable Diffusion-Academic education
( t[62]= -3.387; p<.05) significant differences were
observed in their attitudes since the p value was less than

0.05. Attitude differences can be followed by looking at the
mean (X). In addition, the p values of the participants’
attitudes towards Midjourney-Entertainment (t[62]= -
1.206; p>.05) and Midjourney-Academic education
(t[62]= -.171; p>.05) are greater than 0.05. No significant
differences were observed in the images under these
contexts. From here, it was seen that the participants from
both disciplines showed a common attitude toward the
results of the Midjourney system.
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Departments
M Arch jnt. Arch
W Pre-school Teaching

Craiyon Dall-E

M a Stable D
(Entertainment) (Entertainment)

(Entertainment)

Midjourney
(Entertainment)

Figure 9. Comparison of results by departments in the
context of “entertainment”.

Table 2 shows the average and overall average data scores
resulting from the ratings of 16 different visual displays in
the “entertainment” and “science” sections by members of
each department. From the values, it can be seen that the
members of the Architecture/Interior Design department
found Craiyon’s color interpretation in the
“Entertainment” context more successful than the others,
with an average value of 6.7333 (Figure 9). Members of
the pre-school education department answered the same
context question by finding Craiyon successful with an
average value of 7.46009.
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Departments
8 M Arch.fint. Arch
W Pre-school Teaching

Craiyon DallE

Stable D
(Academic edu.)

Midjourney
(Academic edu.)

(Academic edu) (Academic edu.)
Figure 10. Comparison of results by departments in the
context of “academic education”.

In the “academic” context query, the members of the
architecture/interior architecture department gave their
preferences equally weighted to Craiyon and Stable
systems, with an average of 5.4583. In the same context,
the attitude of the pre-school teaching department was
again the Craiyon system with an average of 7.1875
(Figure 10).

Table 3. Average totals of all participants in relation to attitudes toward visual aids by department.

Craiyon DallE Midjourney | Stable D. Craiyon DallE Midjourney | Stable D.
(entertain | (enterta | (entertainme | (entertain | (academic | (academi (academic (academic
ment) inment) nt) ment) edu.) c edu.) edu.) edu.)
Average totals
of the 7.1089 5.8105 3.4637 6.4073 6.3508 5.4435 3.9798 6.2984
departments
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Figure 11. The average of the responses of all
participants.

Table 3 presents the response averages of all participants
for the four Al systems, regardless of the departments.
According to the values, in both contexts, Craiyon system
seems to be ahead of the others with 7.1089 and 6.3508
averages (Figure 11).

4. CONCLUSION

Artificial intelligence (Al), which has been on the agenda
since the 1950s, makes its presence felt even more today.
Due to the advancement of machine learning and the
availability of data, the interest in artificial intelligence has

increased considerably today. Today, artificial intelligence
has been used in a wide variety of fields and applications,
and has begun to have a significant impact on different
industries and branches of science. Simple image
variations could be produced with machines that
“understand” the language developed by researchers in the
50s and early 60s. Thus, with the contributions of many
researchers in the following years, detailed and realistic
images began to be obtained with various synthesis
methods by using today's deep learning techniques. The
developments in artificial intelligence techniques have also
attracted the attention of the field of architecture and led
researchers to use artificial intelligence in architecture.
Thus, artificial intelligence-oriented ways to support the
design process by creating design alternatives,
analysis/optimization or visualization have been opened.

In the study, four selected models of text-to-image artificial
intelligence systems were compared in terms of their
success in interior coloring. In the research, the pre-school
education space was preferred as the plot area. First, 3D
modeling of an experimental training space was
performed. Afterwards, 4 images were produced from
artificial intelligence systems according to the texts related
to pre-school education. After that, the dominant color
codes used in the formation of these images were obtained.
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Then, the 3D model was colored with these color codes by
relating the percentage of intensity of the colors in the
images and the space occupied by the reinforcing elements
and furnishings in the 3D space. With this approach, 4
views of a preschool education space were obtained with
the color interpretation of 4 different systems. The images
were presented to experts in the departments of pre-school
and architecture/interior architecture, accompanied by a
survay, and scored in terms of “entertainment” and
“academic education”. In both contexts, the images created
with the Craiyon system color codes were rated by the
participants as more successful than the other systems.

As it is known, “thinking with alternatives” is a very
important approach in terms of design. This approach has
a great impact on the emergence of richness and diversity
in design. In this context, it is predicted that text-to-image
artificial intelligence systems will make an important
contribution to architectural practice in order to produce
new design ideas or concept alternatives.

Today, these systems can be easily accessed from online
platforms. Although complex mathematical calculations
are performed in the background, the systems welcome
users with very simple interfaces. With this access and ease
of use, it is thought that every designer can easily use these
systems and expand their imagination in this way.

Ploennigs and Berger state that in the future, the
capabilities of these models and platforms will evolve, and
as suitable interaction paradigms are established, the
workflows between tools will converge [24]. In this regard,
it is believed that the development of artificial intelligence
models will lead to a better understanding of architectural
structure and the relational network within contexts such as
interior design, color, texture, and construction materials
will be more effectively established in the future. It is also
anticipated that these models will yield more refined
outcomes in the field of architecture and interior design.
The data and results obtained through the approach adopted
within the scope of the article are thought to have the
potential to influence the establishment of this network in
a more sophisticated manner.

The systems update the data within the concept of
“learning” with artificial intelligence bases. In this sense,
text-to-image systems can offer the designer alternative
ideas that are enriched day by day. In addition, by
interpreting current scientific trends in a sociological
framework, it can enrich design alternatives within this
framework. In this sense, artistic approaches such as
architecture or interior architecture, where intuitiveness
comes to the fore, should be followed more closely.

The research conducted by Ali Borji has identified the need
for further work in order for artificial intelligence-
supported text-to-image translation models to be able to
evaluate in detail according to various sub-categories [23].
Considering the diversity of spatial configurations in
architecture and potential variations in spatial physiology
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based on psychic effects, it is envisaged that more
sophisticated studies should be carried out for the
advancement of Al-supported systems in the context of
spatial and spatial  psychological development.
Furthermore, it is anticipated that the findings of this article
will be re-evaluated from this perspective in the future.

Following a pursuit akin to that of this article, various
research studies employing comparative methodologies
have been examined in the literature, focusing on artificial
intelligence systems for text-to-image conversion within
the domain of architecture/interior architecture. In these
investigations, it has been observed that certain models
yield more successful outcomes compared to others [23],
[26], [27]. The potential for such comparisons, along with
similar ones, to contribute significantly to the advancement
of models within their respective contexts is evident.
Moreover, the collective evaluation of these studies on a
unified platform by system developers is deemed essential.
In alignment with this trend, it is considered important to
both foster the development of these models and to monitor
their implications for the field of architecture.

As mentioned above, this study focuses on the
interpretation of colors by artificial intelligence systems
from text-to-image. With similar scientific research
approaches, it can also contribute to the more qualified
development of systems on the axis of architecture.
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Ozet—Pazarlamada tiiketicilerle etkilesim sorunu isletmelerin her zaman en basta ¢dzmesi gereken konulardan biridir.
Bu noktada tarihe baktigimizda kullanilan iletisim kanallarinin degisim hizinin teknoloji degisim hizina paralel bir sekilde
ilerledigini gérmek miimkiindiir. Gegmiste internet, gelisen sosyal medya ag1 gibi donlim noktalarinin bir benzeri bugiin
Metaverse teknolojisi ile yasanmaktadir. Kimilerine goére internetin ii¢ boyutlu hali kimilerine gore sanal ile gergegin
birlestigi melez bir diinya olarak goriilen bu teknoloji tiiketicilere kisisellesmis, siirlikleyici aligveris deneyimleri
yasatmaktadir.Literatiirde Metaverse teknolojisi ile ilgili olarak yapilan az sayida arastirmalarda tiiketicilerin Metaverse
teknolojisi ile ilgili yaklagimini ortaya ¢ikarmak ig¢in Yeniliklerin Yayilmasi, Planlanmigs Davranig Teorisi, Teknoloji
Kabul Modelinin farkli versiyonlari ve Teknoloji Kabul ve Kullanim Birlestirilmis Modeli gibi bazi teorilerin kullanildig:
goriilmektedir. Teknoloji Kabul Modelinin yaygin bir sekilde kullanilmasinin en 6nemli sebeplerinden biri ise basit, kolay
ve anlagilir olmasidir.Bu c¢aligmada Teknoloji Kabul Modeli teorik g¢ergevesinde Metaverse ve tiiketicilerin degisen
davranislar1 ele alinarak tiiketicilerin satin alma niyetleri {izerindeki yansimalar1 yorumlanmak istenmistir. Bu sayede
pazarlamacilar ve igerik iireticiler i¢in bir ¢erceve olusturmak ve Metaverse teknolojisinin yayginlasmasiyla birlikte
gelecekte bu konuda yapilacak ampirik ¢aligmalara zemin olusturmak istenmistir.

Anahtar Kelimeler— tiiketiciler, pazarlama, teknoloji kabul modeli, metaverse, tiiketici davranisi

Metaverse and Consumers in the Context of the
Technology Acceptance Model

Abstract—The problem of interaction with consumers in marketing is one of the issues that businesses should always
solve in the first place. At this point, when we look at the history, it is possible to see that the rate of change of the
communication channels used progresses in parallel with the rate of change in technology. A similar turning point such
as the internet and the developing social media network in the past is experienced today with Metaverse technology.
According to some, this technology, which is seen as the three-dimensional state of the internet and a hybrid world where
virtual and reality meet, provides consumers with personalized, immersive experiences. In the few studies on Metaverse
technology in the literature, it is seen that some theories such as The Diffusion of innovations, The Theory of Planned
Behavior, different versions of The Technology Acceptance Model and The Unified Theory Acceptance and Use of
Technology Model are used to reveal the consumers' approach to Metaverse technology. One of the most important
reasons for the widespread use of the Technology Acceptance Model is that it is simple, easy and understandable. In this
study, within the theoretical framework of The Technology Acceptance Model, Metaverse and changing behaviors of
consumers are discussed and the reflections on consumers' purchasing intentions are interpreted. In this way, it was aimed
to create a framework for marketers and content producers and to lay the groundwork for future empirical studies on this
subject with the spread of Metaverse technology.

Keywords— consumers, marketing, technology acceptance model, metaverse, consumer behavior
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1. GIRIS (INTRODUCTION)

Teknolojik gelismelerin hizin1 kesmeden devam ettigi
giinliimiizde bu duruma bagli olarak pazarlama alaninda da
onemli degisimler yasanmaktadir [1]. Bu degisimler
1s1g1inda pazarlama diinyasinda her zaman tiiketiciler odak
noktasi olmustur. Hedef kitleye en etkili, en hizli sekilde ve
en az maliyetle ulasmanin yollarin1 bulmak sirketlerin
temel amaclarindan biridir. Ciinkii bu sayede sektorel
acidan rekabet edebilmekte ve varliklarini devam
ettirmektedirler.

Bu giine kadar teknoloji alaninda yasanan biiyiik
gelismeler insanoglunun hayatint  bir seviye daha
kolaylastirmistir. Bu teknolojik atilimlar1 son kullanici
tizerindeki etkileri agisindan incelendigimizde ise temelde
dort doniim noktasi goriilmektedir. Birincisi kisisel
bilgisayarlar, ikincisi internet ve ticlinciisi mobil
telefonlardir. Bugiin dordiincli doniim noktasi sanal
gerceklik, arttirllmis gergeklik ve karma gerceklik gibi
teknolojilerle desteklenen ve gercek hayatin sanal
yansimasini sunan Metaverse olarak diisiiniilmektedir.

Ancak Metaverse zengin igerigi ve karmagikligi yliziinden
anlasilmasi zor bir kavram olarak karsimiza ¢ikmaktadir.
1980’li yillarda internetin girisiyle onu giinliik hayatta
nereye konumlandirilacagi bilinemedigi gibi bugiin
Metaverse teknolojisinin de nasil kullanilacagi tam
anlamiyla  netlestirilememektedir.  Aslinda  hayati
kolaylastirdigt goriilen bu tiir teknolojileri kullanmanin
faydalarindan yararlanilirken, diger taraftan bu hizli
gelismelere ayak uyduramamanin endisesi yasanmaktadir.
Ciinkii teknoloji her gecen giin iist seviye bir hizla
gelismektedir ve pazarlamada birgok firma bu hiza ayak
uydurmakta zorlanmaktadir [2]. Ancak biiyiik isletmeler
bir teknolojiden yeni bir teknolojiye geciste hizli
davranmakta ve ileride arka saflarda kalmamak i¢in bu yeni
teknolojileri biinyelerine hizli bir sekilde entegre etmek
istemektedir.

Bu c¢alismada Teknoloji Kabul Modeli ¢ercevesinde
Metaverse, tiiketici beklentilerinde yaganan farklilagmalar
ve yeni pazarlama anlayisi ele alinmaktadir. Bu sebeple
Teknoloji Kabul Modeli ve Metaverse konularinda
kavramsal bilgiler verilerek Metaverse ile ilgili tiiketici
deneyimleri ele  alinmakta, farklilasan  tiiketici
gereksinimleri ve bu gereksinimlere karsilik pazarlama
alaninda gelistirilen ¢oziimler yorumlanarak Metaverse’iin
tiiketici niyetlerini nasil sekillendirecegi konusu literatiirde
yapilan ¢aligmalar kapsaminda incelenmektedir. Bu sayede
icerik hazirlayicilar ve pazarlamacilar i¢in bir gergeve
olusturularak gelecekte yapilacak ampirik ¢alismalara
zemin hazirlanacaktir.

2. TEKNOLOJi KABUL MODELIi CERCEVESINDE

METAVERSE VE TUKETICILER (METAVERSE AND
CONSUMERS iN THE FRAMEWORK OF THE TECHNOLOGY
ACCEPTANCE MODEL)

2.1. Teknoloji Kabul Modeli ve Satin Alma Niyeti
(Technology Acceptance Model and Purchase Intent)
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Tarih boyunca insanoglunun ortaya ¢ikan yeni
teknolojilere karsi tutumu, tepkisi ve kabul siireci merak
konusu olmustur [3]. Bu kapsamda yapilan arastirmalar
genellikle sosyolojik ~ ve psikolojik  teorilere
dayandirilmistir. Bu arastirma kapsaminda ele alinacak
olan Teknoloji Kabul Modeli 1975 yilinda Fishbein ve
Ajzen [4] tarafindan ortaya atilan gerekgeli eylem teorisine
kadar uzanmaktadir [5]. Gerekgeli eylem modeli insan
davranisi her zaman belirli sebeplerle ortaya c¢iktigini ve
cevrelerinden alacaklar1 doniite gore sekillendigini
savunmaktadir. Modele gore insan eylemlerinin kendi
davranig ve niyetini etkiledigi varsayimina dayanan
algilanan davranmig kontrol degiskeni s6z konusu davraniga
etki etmektedir [6].

Teknolojik gelismelerin  6zellikle bilgi ve iletisim
teknolojilerinin kabulii iizerine kurgulanan arastirmalarda
insan davranislarinin biiyiikk 6l¢iide etkilendigi inang,
tutum, niyet gibi faktorleri barindirmasi ayrica basit ve
anlagilir olmasi sebebiyle Teknoloji Kabul Modeli en sik
kullanilan teorik altyapi olarak karsimiza ¢ikmaktadir [7-
12]. Diger taraftan Teknoloji Kabul Modeli teorik ve
ampirik bir ¢ok ¢aligsma ile destelenmektedir [13].

Teknoloji Kabul Modeline gore, algilanan kullanim
kolayligi ve algilanan fayda bir teknolojinin kabul
edilirliginin  ortaya ¢ikartilmasinda kullanilan ana
degiskenlerdir. Ayrica algilanan kullanim kolaylig1
degiskeninin algilanan fayda iizerinde etkili oldugu ifade
edilmektedir. Bu iki ana degiskenin de birlikte gelistirilen
tutum dzerinde etkili oldugu gorilmektedir. Tutum ve
algilanan fayda ise davranis niyetine etki etmektedir. Son
olarak niyet aktif kullanima etki etmektedir [14]. Ancak
daha sonra yapilan ¢alismalarla tutumun aracilik etkisinin
sinirlt kaldigr anlasilmis ve modelden ¢ikarilmigtir [15].

Literatiire baktigimizda Teknoloji Kabul Modelinin
genigletilmis versiyonlar1 Teknoloji Kabul Modeli 2 [15]
ve Teknoloji Kabul Modeli 3 [16] ortaya atilmistir ve iki
modelde de tutum degiskeni kullanilmamistir. Bu sebeple
modelin temel alindigi ¢aligmalarin bazilarinda tutum
degiskeninin kullanildig1 bazilarinda kullanilmadigi goze
carpmaktadir. Bu arastirma boyunca da tutum degiskenine
deginilmeyecektir.

Algilanan
Fayda \
/ Kullanima ; Giincel
Dissal Yonellk  |—> | Kullanm |5 otom
Defisken | Tutum N Kullamm
Algilanan
Kullanim
Kolayhg

Sekil 1. Davis (1986)
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Ayni zamanda Davis (1989) [14] tarafindan gelistirilen
temel Teknoloji Kabul Modelini farkli degiskenler
acisindan ele alan ancak Tam2 ve Tam3 modellerinde
oldugu gibi teori haline getirilmeyen ve “Genisletilmis
Teknoloji Kabul Modeli” olarak ifade edilen farkl
modellerde vardir [17-22]. Bu ¢alismada da teorik
gergevede Teknoloji Kabul Modeli ele alinarak farkli bazi
degiskenler incelenmek istenmistir. Temel olarak Davis’in
gelistirdigi Teknoloji Kabul Modeli  degiskenleri;
algilanan fayda, algilanan kullamm kolayligi, kullanmaya
niyet ve aktif kullanim seklinde kategorize edilmektedir.

Aktif kullanim; eylemin igerigine ve amacina gore
degismekle birlikte tekrar1 olan ve zamana gore degisim
gosteren eylem anlaminda kullanilmaktadir [23]. Davis
(1986) [23] yilinda yaptig1 calismasinda algilanan fayda
degiskeninin aktif kullanim iizerinde dogrudan ve dolayli
etkisi oldugunu ifade etmektedir.

Algilanan  kullanim  kolayligi; kullanicinin  verilen
teknolojiye karsi olan tutumu ve o teknolojinin kullanim
kolayligi hakkindaki algisini ifade etmektedir [24-26].
Teknoloji Kabul Modelinde algilanan kullanim kolaylig1
aynt zamanda algilanan faydayr yordamak igin
kullanilmaktadir [27]. Kullanim kolayligi ile ilgili pozitif
bir algi gelismesi i¢in kullanicinin belirtilen teknolojiye
gereginden fazla zihinsel ya da fiziksel performans
gostermemesi gerekmektedir. Ayrica kullanicinin teknoloji
ile etkilesim kurabilmeyi kolay O6grenmesi ve onu
kullanirken  herhangi bir istenmeyen durum ile
kargilagsmamasi beklenmektedir [28].

Pazarlama alaninda ise Teknoloji Kabul Modelinin teorik
cerceve olarak kullanildigi ¢alismalarda algilanan kullanim
kolayliginin tiiketicilerin aligveris niyetleri iizerinde
dogrudan veya dolayh olarak pozitif etkiye sahip oldugu
ifade edilmektedir [29-32]. Teknoloji Kabul Modelinin
temel degiskenlerinden biri olan algilanan kullanim
kolaylig1 tiiketici davraniglart gergevesinde, tiiketicilerin
aligveris siiresince ¢ok gaba sarf etmeyecegine olan inanci
ile ilgilidir. Diger bir ifade ile algilanan kullanim kolaylig1
tiiketicinin satin alma deneyiminden daha ¢ok satin alma
davranisinin  gergeklestigi  stirecle  ilgili  algilarim
kapsamaktadir [33].

Algilanan fayda; kullanilmasi beklenen teknolojinin
kullanicin  gergeklestirmek istedigi eylem yoniinde
performansini arttiracagina olan inanci ve ona karsi algisi
ile ilgilidir [34]. Davis (1986) [23] yaptig1 caligmalar
sonucunda, algilanan faydanin aktif kullanima dogrudan ve
tutum araciligiyla dolayli olarak etkisi oldugunu tespit
etmigtir. Tiketiciler acisindan ise Ozellikle g¢evrimigi
teknolojiler distiniildiigiinde algilanan fayda satin alma
niyeti lizerinde olumlu bir etkiye sahiptir [35]. Diger bir
ifade ile 6nerilen teknolojinin bir igin daha iyi yapilmasina
yardimer oldugu gergegi, insanlart o teknolojiyi
kullanmaya yoneltecegi diisiiniilmektedir [36]. Dolayisiyla
tiiketicilerin 6zellikle ¢evrimigi platformlarda satin alma
davranisi1  gergeklestirirken  kullanilmast  beklenen
teknoloji veya sistem ile ilgili algiladiklart
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fayda, onlarin satin alma niyetlerine pozitif yonde etki
etmektedir [37]. Diger taraftan tiiketicinin satin alma niyeti
iizerinde algilanan faydanin etkisi birgok deneysel ¢aligma
ile desteklenmektedir [38-40].

Algilanan kullanim kolaylig1 degiskeni ile algilanan fayda
degiskeni arasindaki iligkinim incelendigi bir¢ok ¢aligmada
ise pozitif yonlii bir iligki tespit edildigi goriilmektedir [41-
48]. Algilanan fayda ve algilanan kullanim kolaylig:
degiskenleri arasindaki pozitif yonlii iliski Teknoloji Kabul
Modelinin babasi olarak kabul edilen Davis (1986) [23]
yaptigt ¢aligmalara kadar dayanmaktadir. Burada temel
goriis kullanict igin Onerilen teknolojinin kullanimi ne
kadar basit ve kolay ise kullanim sonrasi elde edilen fayda
o kadar fazladir [46].

Son on yilda yapilan ¢aligmalara baktigimizda algilanan
kullanim kolaylifi ve algilanan fayda degiskenlerinin
kullanic1 niyetine dogrudan veya dolayli olarak etkisi
oldugu goézlemlenmektedir. Bir teknolojiye karsi
olusturulan tutum ve bu tutum sonucunda gelistirilen
davranigsal niyet o teknolojinin kullanilmasi veya
reddedilmesini saglamaktadir. Davranigsal niyet kiginin o
teknolojiyi kullanmaya ne kadar istekli oldugu ile ilgilidir
[54]. Bu durumda bir teknolojinin kullanim kolayligi ve 0
teknolojinin sundugu fayda, kullanicinin teknolojiye karsi
pozitif bir tutum gelistirmesine ve o teknolojiyi kullanma
niyetine pozitif yonde etki etmesine sebep olmaktadir.

Bu perspektiften bakildiginda Metaverse teknolojisin
kullanicilara onu kesfetme yoniinde sundugu merak
duygusu ve elde edilen haz, algilanan kullanim kolayligini
ve algilanan fayda {izerinde olumlu bir etkiye sahiptir.
Sonu¢ olarak Teknoloji Kabul Modelinin algilanan
kullanim kolayligt ve algilanan fayda gibi iki onemli
degiskeni Metaverse teknolojine olumlu bir tutum
gelistirmeyi  saglamaktadir. Bdylece  kullanicilarin
Metaverse teknolojisini kullanma niyeti artmaktadir [28].
Bu amagla yiiriitiilen ¢aligmalar 6zellikle algilanan fayda
acisindan  kullanicilarin~ Metaverse  teknolojisini
kullanmaya devam edecegini gostermektedir [28].

Metaverse barindirdigi teknolojiler sayesinde tiiketicilere
alistk  oldugu gergeklik algisindan uzaklagtirmadan
aligveris  deneyimi  saglamakta ve bu  siireci
kolaylastirmaktadir. Diger bir ifade ile Metaverse
tilketicilerin daha fazla bilgiye ulagma (kisisel aligveris
asistani araciligtyla), alternatifleri arasindan karsilastirma
yapma, diger tiiketicilerle etkilesime girme, onlarin
deneyimlerinden yararlanma ve isletmelerle eszamanli
etkilesime gegme vb. satin alma niyetlerini belirleyen
stireclerini ¢ok daha kolay hale getirmektedir [48]. Ayrica
cevrimici aligveris deneyimini daha eglenceli daha
stiriikleyici ve miimkiin oldugu kadar kisisel hale getirerek
tikketicilerin satin alma niyetleri tzerinde devrim
niteliginde etkiler yaratabilmektedir. Ciinkd tiiketicilere
konfor alanindan ¢ikmadan diinyanin 6biir ucundaki bagka
bir yerde gercek bir aligveris deneyimi yasatma firsati
sunmaktadir.
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Metaverse  teknolojisi ile ilgili olarak yapilan
arastirmalarda tiiketicilerin bu teknolojiye olan yaklasimini
anlamak i¢in Yeniliklerin Yayilmasi, Planlanmis Davranis
Teorisi, Teknoloji Kabul Modelinin farkli versiyonlar1 ve
Teknoloji Kabul ve Kullanim Birlestirilmis Modeli gibi
bazi teorilerin kullanildig1 goriilmektedir. Teknoloji Kabul
Modelinin yaygin bir sekilde kullanilmasinin en dnemli
sebeplerinden biri ise basit ve kolay anlagilir olmasidir
[48].

2.2. Metaverse Kavrami (Metaverse Concept)

Bugiin Metaverse hizla gelisen teknolojinin en Onemli
yansimalarindan biridir. Zaman iginde teknoloji akil almaz
bir sekilde genisleyerek, insanlarin siiriikleyici sanal ortam
uygulamalariyla uzun zamanlar gegirmesini Ve gercek
diinyanin yansimasi hatta alternatifi olan paralel bir diinya
ile etkilesim i¢inde olmasini saglayan bir sinira ulagsmigtir
[49]. Diger bir ifade ile Metaverse, fiziki gergeklikle
dijitallesmenin sundugu sanallik arasindaki kopriiyii insa
eden birden fazla kullanicinin etkilesim icinde oldugu
alternatif bir evren haline gelmistir.

Genel olarak Metaverse kavraminin ilk olarak Neal
Stephenson (1992) yilinda insanlarin ii¢ boyutlu sanal bir
cevrede kendilerini yansitan bir avatar yardimiyla
¢evrimi¢i oldugunu anlatan “Snow Crash” isimli bilim
kurgu romaninda ifade edildigi sdylenmektedir [50-51].
Bir asir sonra Roblox’un halka arz olmasi, meta veri
deposu olusturmasi [52] ve daha sonra Mark Zuckerberg
tarafindan Facebook’un kendisini meta olarak tanimlamasi
kavramin popiilaritesini arttirmigtir. Bugiin  Metaverse
heyecanini destekleyen iki sebep oldugu diisiiniilmektedir.
Birincisi, pandemi ile birlikte sosyal etkilesimin temassiz
bir ortamda siirdiiriilebilirligi, ikincisi ise altyap1
teknolojilerinin 6nemli derecede gelismesiyle bu 3D
ortama olanak saglamasi olarak ifade edilmektedir [53].
Bir bilim kurgu romanin iitopyast olarak ortaya cikan
Metaverse, gelisen teknolojik altyapr ve blokzinciri ile
kullanicilara gergek yasam yansimasi sunmaktadir.

Metaverse, ultra hizli internet ortamu saglanmadan tam
olarak amacina ulasamayacaktir. Ornegin; otuz yil kadar
oncesinde  “Snow  Crash” romanindan esinlenen
yazilimcilar ¢izim avatarlar sayesinde baska kullanicilarla
etkilesime  gegilebilen  ¢evrimigi  “Second  Life”
platformunu yaratmistir. Ancak bu teknoloji, o zaman
interneti cebimize kadar indiren akilli telefonlar yaygin
olmadigi i¢in zaman ve mekan smirlamasindan
styrilamanis daha sonra ilgiyi kaybetmistir. internetin
somutlastirllmig  hali olarak tanmimlanan Metaverse
teknolojisinde, kullanicilar yansima bir {ii¢ boyutlu
diinyaya yerlestirilerek, internetin tamda ortasinda diger
bir deyisle kendi i¢inde var olmaktadir [47].

“Meta” ve “Verse” kelimesinin birlesiminde olusan bu
kelime evren Otesi anlamiyla insanlara fiziki yasamin
otesinde alternatif bir diinyayr ifade etmektedir. Ug
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boyutlu ¢evrimi¢i bu diinyada, insanlar kendileri igin
sectikleri dijital avatarlar1 araciligiyla birbirleri ile iletisime
gegerek, interaktif bir sekilde etkilesimde
bulunabilmektedir. Oyundan egitime, ticaretten sanata
farkli alanlarda faaliyetlerde bulunabildikleri bu diinyada
insanlar aligveris yapabilmekte, arkadaglariyla konsere
gidebilmekte, i3  toplantilar1  diizenleyebilmekte,
konferanslara katilabilmekte, sergi gezebilmekte veya
moda defilesi izleyebilmektedir [54].

Metaverse Roadmap 2007 yilinda Metaverse kavramini
tanimlamak icin ilk adimi atarak onu ayna diinya, sanal
diinya, arttirilmis gergeklik gibi terimlerle siniflandirmis ve
akademik zemini hazirlamistir [53-55].

|
::: s J LITERATUR DONEMI
Absrid METIN TABANLI ETKILESIM OYUN DONEMI
;:; Dikimud I Kisisel Bilgisayar Kullanimi Yayilds
[ Bilgisayar Grafik Teknolojisi Hizla Gelisti
nt Snowcrash
SANAL DUNYALAR VE COKLU OYUN PLATFORMLARI
Aciveworld | DONEMI
::: Online | Internet Kullaniminin Hizla Yayilmas
o Second Life Dokunmatik Telefon Donemi
" MineCra ‘ Blokzincir Kripto Para Kurgulanmast
. AKILUI CEP TELEFONLARI VE GIYiLEBILIR CIHAZLARDA
— Prkseman ‘ SURUKLEYICi SANAL ORTAMLAR DONEMI
17 Vi Chat | Artuinlmig Gergeklik Teknolojisi Bilinirliginin Yayilmas
ny Somar Wsrles i Sanal Gerceklik Ve Kontrol Araclannin Gelismesi
217 Giete | METAVERSE CAGI
alisnward 1 Blokzincir ve Kripta Paralarinin Hayatimiza Daha Da Girmesi
2020 Facebock Ve Oyunlarin Kendi Para Birimlerini Uretmesi
;3: i t Facebook Meta Cikisi lle Metaverse Kavraminin Bir Oyun
;“':" Kore | Araci Olmaktan Gikmast

" Giney Korenin Metaverse lle lgili Devlet Politikasi Aciklamast

Sekil 2: Metaverse gelisim evreleri (Duan, Li, Fan, Lin,
Wu ve Cai, 2021 ) [56]

Literatiire baktigimizda Metaverse kavramu ile ilgili olarak
-¢c1kis noktasi haricinde- kullanim alanlari, fonksiyonlar: ve
katkilar1 ile ilgili hala ortak bir diisiince olugsmamustir.
Metaverse teknolojisine karsi elestirel bazi bakis agilarina
gore bu teknoloji “heyecan verici ” vaadiyle insanlarin
hayatlarin1 kontrol altina alarak onlari tiiketimin kara
deligine siiriikkleyecek sanal bir diinya olarak goriillmektedir
[53]. Ancak diger bazi1 arastirmacilara gore ise bu teknoloji
internetin yerini alacak ve hayatimizin dnemli bir pargasi
haline gelecek alternatif bir diinya olarak ifade
edilmektedir [57].

Arttinlmis gergeklik ve internetin bir araya getirilmesi
sayesinde sanal diinyalar olugturuldugu bilinmektedir [58].
Metaverse teknolojisi de kalici, etkilesimli, goklu kullanict
ozelligi olan ve bir¢ok sanal diinyanin sentezlenmesiyle
olugan kullanicilarin rahatlikla gegis yapabildigi paralel bir
gergeklik olarak ifade edilmektedir. Metaverse temelde
arttirllmis  gerceklik ve sanal gergeklik teknolojilerini
igeriyor olsa da blokzinciri, yapay zeka, 5G, B5G gibi iist
seviye teknolojilerle desteklenerek gergek diinya ile sanal
diinya arasindaki smr1 ortadan kaldirmaktadir [53].
Metaverse diinyasini olusturan meta veri deposu, dijital
avatarlarin sanal diinyadaki diger
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kullanicilarla  paylasilabildigi, senkronize  hareket
edebildigi, iletisim kurabildigi, es zamanli ve aktif bir
sekilde etkilesime gecebildigi bir ag alt yapisidir [53]. Bu
ag alt yapisi ile Metaverse, kullanicilara sanal diinyalarinda
icerik tiretmelerine ve bunu diger diinyalara dagitmasina
izin vermektedir [55]. Ultra hizli internet, yapay zeka,
arttirllmis ve sanal gergeklik teknolojileri meta veri
deposunu olusturan énemli unsurlardir. Sanal gergeklikle
karistirilan Metaverse ise her yoniiyle ¢ok daha ileridir.
Kullanicilara gerceklik hissi veren sosyal ve kiiltiirel
aktiviteleri gerceklestirme imkani sunan evirilmis bir
teknolojidir [59]. Ancak, meta veri deposu heniiz
kaydettigi ilerlemenin en basinda oldugu igin onun
gelismis gorsel yapisi 6zellikleri veya etkilesimi hakkinda
ayrmtili aragtirma yoktur [60].

Metaverse teknolojisinin istenilen seviyeye ulagmasi igin
baz1 asamalardan gecmesi gerektigi diisiiniilmektedir. Ilk
olarak sanal diinyanin gergek diinyaya ayna olabilmesi i¢in
¢ok sayida dijital kopyalarin olusturulmasi gerekmektedir
[61]. Sonraki asamada kullanicilar avatarlari araciligiyla
sanal diinya diizenini olusturmak icin dijital yerliler olarak
gorev almalidir. Son ve en 6nemli asamada ise dijital-
gercek baglantisinin kurulmas: gerekmektedir. Boylece
sanal diinya ile gercek diinya arasinda koprii gorevini
iistlenecek teknoloji olarak Metaverse olusacaktir [57].

Artinlmis gerceklik, yasam giinliigii, ayna diinyalar ve
sanal diinyalar Metaverse ekosisteminin dort temel
senaryosunu olusturmaktadir [55]. Bu glin Metaverse
kullanicilar1 gergek yasam hissi veren deneyimleri
arttirllmis gerceklik, sanal gerceklik, karma gergeklik ve
genisletilmis gergeklik gibi gesitli kavram ve teknolojiler
sayesinde hayata gegirmektedir [62-65].

AVATAR

30

GIYILEBILIR
TEKNOLOJI

SANAL GERGEKLIK

KARMA
GERGEKLIK

Sekil 3. Metaverse Bilesenleri

Ayna Diinyalar ve Sanal Gergeklik: Kullanicilar1 gergek
diinyadan ayirarak onlar siiriikleyici sanal ortamlarda
etkilesim kurmasini saglayan sanal gerceklik, Metaverse
teknolojisinin en 6nemli yap1 tasidir [66]. Karmasik ve
stiriikleyici olmasinin yaninda sanal gergeklik teknolojileri
kullanicilar igin gercek zamanli etkilesim
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firsatlar1 sunmaktadir. Bu teknolojiler ayni zamanda
firmalar i¢in markalarina yonelik tiiketici davranislarini
yonlendirme ve hedef kitle ile yakindan etkilesim kurma
imkant  saglamaktadir [67]. Egitimden siyasete,
politikadan sanata, spordan sagliga ve pazarlamaya kadar
birgok sektdrde kullanilan sanal gerceklik kullanicilarin
gercek hayatta oldugu var olmasi varsayimina
dayanmaktadir  [43]. Ger¢ek diinyadaki yasami
gercekligini yitirmeden sanal diinyaya yansitmak, sanal
gerceklik kavraminin ayna diinyalar kavramma karsilik
gelen bir 6zelligidir [68].

Artinlmis gerceklik; gercek fiziksel diinya ile etkilesim
kurmay1 saglayan bir arenadir. Bu teknoloji kullanicilarin
fiziksel c¢evresinin konumlama sistemi ve arayiizler
araciligiyla zenginlestirilmesini saglamaktadir Artirilmis
gerceklik pazarlama, oyun, ev dekorasyonu, reklam gibi
cesitli alanlarda kullanilmaktadir. Sanal gergeklikte oldugu
gibi  gergeklikle yer degistirmenin aksine onu
tamamlamaktadir.

Avatar; sanal diinyalarin gergek diinyanin yansitmasi ve
giderek biiyiimesi ile birlikte kullanicilarin kendilerinin
ozelliklerini tasiyan ve onlar1 temsil eden bu yoniiyle
kisisellestirilen karakterlere sahip olmasi gerekmektedir
[50]. Kullanicilar tarafindan tasarlanan avatarlar sanal
diinyada diger kullanicilar agisindan 6nemli bir etkiye
sahip olmaktadir [69]. Kullanicilarin fiziksel ger¢ekligiyle
avatarlarim1  karsilagtirdiginda avartarlarinin - sosyal ve
ckonomik yeteneklerinin ¢ok daha hizli gelistigi
sOylenmektedir [70]. Bugiin dijital platformlarda siklikla
kargilagtigimiz avatar teknolojileri, dzellikle Metaverse,
video oyunlari, egitim, tip ve eglence alanlarinda var olan
uygulamalar olarak goriilmektedir

Yasam gilinligli; yasam giinliiklerinde kullanicilarin
durumlarini,  hayat  hikayelerini, giinlik yasam
deneyimlerini gézlemleme, depolama ve paylasma imkan
sunulmaktadir. Samsung Health gibi teknolojiler,
uygulama orneklerindendir.

Giyilebilen teknolojiler sayesinde insanlara ger¢ek yagsam
hissi veren ii¢ boyutlu bu platformlarin Metaverse ile
sunulan faaliyet (sosyal, kiiltiirel, ekonomik, politik)
cesitliligini  arttirdign  soylenmektedir [68]. Farkli
teknolojileri (5G, bulut teknolojileri, kriptoloji, yapay
zeka) bir araya getirerek kullanicilara kendine &zel
deneyimler yasamasini saglayan Metaverse teknolojisinin
oldukga siiriikleyici bir 0Ozellige de sahip oldugu
distiniilmektedir [63].

Baz1 kaynaklarda Metaverse “internetin ortaya ¢iktigi
glinden beri pazarlama diinyasi i¢in biiyiikk bir firsat ”
olarak ifade edilmektedir. Metaverse teknolojisinin dijital
evrenle gergek evreni kusursuz bir sekilde harmanlayarak
giinliik yasama niifuz ettigi ve bu sebeple gergek ve sanal
deneyim arasindaki ikiligi Dbelirsizlestirdigi  ifade
edilmektedir [71]. Bazilarina goére alternatif gergeklik
bazilarina gore sanal diinya olarak tanimlanan Metaverse
fiziksel ve dijital diinyanin kombine edildigi yeni bir diinya
olarak diistiniilmektedir [72].
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Metaverse bizlere sosyal medya veya internetin yerini
almay1 vadetmemektedir. Onun yerine gercek diinyanin
yansimasi i¢ boyutlu bir alan olusturarak kullanicilarina

ileri seviye internet ve sosyal medya deneyimleri
saglamaktadir. Bugiin “Roblox” ve “Fortnite” gibi
cevrimi¢i oyunlar belirli bir demografik grup igin

Metaverseli  yayginlastirmigtir. Bu  kapsamda gergek
diinya isletmeleri i¢in Metaverse 6zellikle Z ve Alfa kusagi
ile dogrudan baglanti kurmaya yonelik Onemli bir
ekosistem olarak diisiiniilebilir. Operasyonel yeteneklerini
gelistirmek isteyen ve Metaverse ile ilgilenen sirketler bu
fikrin kullanici deneyimini zenginlestirmesi agisindan
dogru bir strateji uygulamaktadir. Ciinkii Metaverse
kullanicilar1  dinamik olarak diger kullanicilarla ve
nesnelerle etkilesime gecebilmektedir.

Sirketler dijital avatarlar yardimiyla etkilesimli toplantilar
diizenleyen operasyonel faaliyetleri disinda pazarlama
alaninda da bu teknolojinin avantajlarindan faydalanmak
istemektedirler. Sektorlerinde rekabet iistiinligii saglamak
isteyen diinyaca Uinlii markalar ve isletmeler simdiden
Metaverse i¢in planlarini ilan etmekte ve bu durumun
siklig1 her gegen giin artmaktadir.

Bugiin sirketlerin ve markalarin her yoniiyle homojen hale
gelen tiiketicilere bir {irlin saglamasi veya hizmet sunmasi
onlart memnun etmek i¢in tek basina yeterli faaliyetler
degildir. Ayrica, yerel ve kiiresel pazarlamada rekabetin
ist seviyeye ¢iktigr bilinmektedir [2]. Bu durumun
farkinda olan bazi biiyiik organizasyonlar tiiketicilerine
Metaverse diinyalarmi  tanitmakta ve ortalama Dbir
tiketicinin  kendi  Ozelliklerini  yansitan  avatarlari
aracilifiyla bagkalari ile etkilesim kurmalarint ve sanal
topluluklar olusturmalarini saglamaktadir. Bu tiiketiciler
dijital para birimleriyle (NFT) markalardan aligveris
yapabilmektedir. Tiim bunlar kulaga bilim kurgu gibi
geliyor olsa da derine baktigimizda bunu saglayacak
teknolojilere ve daha fazlasina sahip oldugumuzu
gormekteyiz

Diinyaca 1iinlii bazt markalar (Gucci, Luisvation)
Metaverse diinyasinda marka tamitimlarinin yaninda
dogrudan iriin satimi bile yapmaktadir [73]. Gucci
artirtlmis Metaverse hizmeti sunan Zepeto’yu kullanilarak,
yeni nesil kusagi hedef kitle olarak belirlemis, onlari
¢ekmek icin Metaverse platformu ile uyumlu iiriinler
sunmus ve hizmetler gelistirmistir [74]. Balenciaga ve
Burberry markas1 spor ayakkabi ve sirt cantalari igin
Fortnite ile anlasma yapmis ve driinlerini Fortnite
evreninde misterileri tarafindan  denenebilir hale
getirmistir. Nike ve Adidas markasi arttirtlmig gergeklik
teknolojisi ile tiiketicilerinin bazi ayakkabi modellerini
denemelerine olanak vermistir. Teknolojik atilimlar bu
hizla artmaya devam ettikge Metaverse uygulamalarinin
sektorde daha etkili olmasi beklenmektedir. Ozellikle bu
teknolojinin  pazarlamayi, miisteri ~memnuniyetini,
etkilesimi, miisteri karar verme slireglerini ve miisteri
deneyimlerini  gelistirmesinin ~ muhtemel  oldugu
distintilmektedir. Ayrica, Metaverse teknolojisinin igerdigi
stirtikleyici teknolojiler sayesinde miisterilerine
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kendi konfor alaninda iiriin deneyimleme imkéani sunmak
konusunda giderek daha etkin olacag: diisiiniilmektedir.

Metaverse diinyasinin gercek diinya ile karsilagtirildiginda
en ¢arpici avantajinin, tek engelin tiiketicilerin kendi hayal
diinyas1 oldugu siirsiz bir ¢evre ortaya koymasi seklinde
ifade edilmektedir [74]. Bazi arastirmacilara gére 2026
yilinda bireylerin %25 i giinde en az bir saatini Metaverse
diinyasinda g¢alismak, 6grenmek, eglenmek ve aligveris
yapmak i¢in zaman gegireceklerdir [74].

2.3. Tiiketiciler ve Metaverse (Consumers and the Metaverse)

Bilgi ve iletisim teknolojilerinde yasanan ilerlemeler ve
kiiresellesmenin etkileri ile birlikte tiiketimde anlayis
degismis ve deneyimleme kavrami oOnemli bir hale
gelmistir. Modern pazarlama diinyasinda tiiketicilerin
bireysel ilgi, ihtiya¢ ve arzular1 odak noktasi olmustur. Bu
ilgi ve ihtiyaclart karsilamak igin ise yeni pazarlama
stratejilerine ihtiyag duyulmustur. Isletmeler tiiketici
nazarinda farkim ortaya koyabilmek igin iriin ve
hizmetlerini deneyimlemelerle zenginlestirmeye
baglamuslardir [76].

Bu anlamda Metaverse tiiketicilere, gercek ile sanal
arasinda sorunsuz gecisler saglayarak haz verici sanal
deneyimler yasatmaktadir. Ciinkii teknolojinin geldigi
nokta sayesinde kullanicilar bulunduklart an olduklari
cevre ile ilgili bir yanilsama halindedirler ve bu durumda
deneyimlerin gergegini sanalindan ayirmak g¢ok giigtiir.
Sanal diinyanin kontroliiniin kullanict yani tiiketicinin
elinde olmasi kisiye 6zel, kendi ihtiyaglarini yansitan ve
baglama duyarl deneyimler olusturmasini
desteklemektedir. Boylece tiiketiciler kolay erisilebilir,
kisisellesmis ve siiriikleyici sanal ortamlar sayesinde
memnuniyetlerini  arttirabilmektedir. Diger taraftan
Metaverse zaman ve mekan kisitlamasini azaltarak daha
fazla kisisellesmeyi, aktif katilmi ve o&zellesmeyi
arttirmakta ve boylece tiiketiciler ve saglayicilar arasindaki
iliskiyi  gelistirmektedir ~ [77]. Ayrica  Metaverse
teknolojisinin canlilik 6zelligi miisterilerine gelecekte bir
iirtinle olacak etkilesimlerini 6ngérmeyi saglamaktadir.

Tiiketicilerin  etkilesimde bulundugu alanda gesitli
uyaranlar tarafindan bilissel, duygusal ve davranigsal
tepkilerinin yonlendirilmesi ve bu tepkilerin zamanla
genelleserek tutuma doniismesi tiiketici deneyimini ifade
etmektedir. Geleneksel tiiketici deneyimi yiliz yiize
etkilesimle desteklenen en temel tiiketici deneyimi seklidir.
Teknoloji destekli tiiketici deneyimi ise Web 1.0
teknolojilerinin  yaygin  kullanimiyla ortaya ¢ikan,
genellikle teknolojinin yardimcr roliinde oldugu bir
deneyim alamini kapsamaktadir. Ornegin; isletme web
siteleri, temel otomasyon programlari gibi. Teknoloji ile
gelistirilmis tiiketici deneyimleri ise sosyal medya,
dinamik web siteleri, Android destekli cihazlar, igerik
iireticilerin kullanict oldugu sistemler gibi Web 2.0
teknolojilerin tiiketici faaliyetlerinin karar verme ve
gerceklestirilme asamasinda sahnede oldugu, tiiketicinin
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aktif katilm gosterdigi ifade

edilmektedir [78].

deneyim tiirii olarak

Metaverse ve icerdigi teknolojilerin (sanal gerceklik,
arttirllmis gerceklik, karma gergeklik) daha fazla gelisip,
yayginlasarak insanlarin giinliik hayatina niifuz etmesiyle
tiketiciler aligveris siireclerini iic boyutlu ¢evrimici
ortamlarda farkli bir deneyim ile gergeklestirebilecektir.
Bunun sebebi Metaverse teknolojisinin tiiketicilere
stirdiirtilebilir ve siiriikleyici bir sosyal baglamda tiriinleri
deneme firsat1 sunmasidir [68].

Metaverse’ te arttirilmig gergeklik ve sanal gergeklik
teknolojilerin pazarlama alaninda kullanilmastyla birlikte
gerceklik hissi veren sanal ortamlar yaratilmistir [50].
Karma gerceklik teknolojisi ise arttirilmig gerceklik ve
sanal gergeklik teknolojilerinin entegre edildigi gercek ile
sanal arasindaki ayrimi siliklestiren bir 3D teknolojisidir
[79]. Aslinda sanal gerceklik, arttirilmig gergeklik ve
karma gercgeklik teknolojilerinden her biri Metaverse
diinyasin olusturan  teknolojileri degil, onu
deneyimlemenin farkli yollarini temsil etmektedir [71].
Karma gerceklik teknolojisi ger¢ek ve sanal arasinda koprii
olusturarak melez bir alan ortaya g¢ikarmaktadir [80].
Karma gergeklik teknolojisinin kullanildigr Metaverse’iin
ortaya c¢ikardigi sanal alemde kullanicilar c¢alisma,
sosyallesme, eglence, egitim gibi bir dizi faaliyetlerini
gerceklestirebilmektedir [78]. Fiziksel tiiketici
deneyimlerinin bu tiir gelismis teknolojilerle desteklenmesi
onlarin duygusal, biligsel ve davranigsal tepkilerini
gelistirdigi  ifade  edilmektedir [81]. Tim bu
tanimlamalardan yola ¢ikarak anliyoruz ki Metaverse,
fiziksel ve dijital ortami gelistirilmis teknolojiler ile
eszamanli birbirine baglayarak, tiiketiciler igin birlikte
faaliyet gosterilebilir bir ortam sunmaktadir.

Son otuz yilda tiiketici deneyimleri hakkinda c¢ok fazla
arastirma yapilmistir. Ancak deneyim kelimesi ifade
ettiginden ¢ok daha karmagik bir yapiya sahiptir. Holbrook
ve Hirschman (1982) [82] yilinda tiiketimin duygusal,
diirtiisel ve hazza dayali yoniinii vurgularken, Getz (2007)
[83] ise tiiketimin biligsel, goreve dayali ve farkindaligi
yiikksek yoniinii ortaya ¢ikarmugtir. Tiketici deneyimi
tikketici-Uriin, tiiketici-tiiketici, tiikketici-firma olmak tizere
bir dizi etkilesimin sonucu olarak olusmaktadir [81].
Metaverse teknolojisi sayesinde isletmeler tiiketicilerin
iriin veya hizmetten beklentilerini ve digerleriyle olan
etkilesimlerini karsilastirmaktadir. Ustelik tiiketiciler bu
yolculuga duygusal, biligsel ve fiziksel olarak cesitli
seviyelerde katilmakta ve kendi 0znel deneyimlerini
olusturmaktadirlar.

Teknolojik yenilikleri ilk benimseyenler Metaverse
diinyasinin tanitilmasinin sanal gergeklik deneyimini daha
da gelistirecegine inanmaktadir. Siipheci bakan bazi
arastirmacilara gore ise tiiketiciler igin Metaverse
deneyimlerinin biyolojik ve fiziksel sinirlamalar sebebiyle
gercek diinya deneyimleriyle ayn1 olamamaktadir.

Ancak tiiketici deneyimi ile tiiketici memnuniyeti
karigtirilmamahidir. Clinkii deneyim biligsel duygusal ve
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davranigsal  faktorlerin  toplamindan  olugmaktadir.
Biyolojik ve fiziksel sinirlamalar bu olgularin hepsinin
ayn1 anda olusmasina engel olabilmektedir [2]. Buna
ragmen Metaverse sayesinde kendi 6znel deneyimlerini
olusturabilen miisterilerin memnuniyet seviyelerinin
yiikseldigi ifade edilmektedir [83].

Metaverse teknolojinin dogasi geregi her tiiketicinin
Metaverse diinyasindaki deneyimi kendine o6zel olarak
farklilasmaktadir. Bu ozellik tiiketici deneyimini arttirmak
i¢in hayati dnem tagimaktadir. Ciinkii tiiketici portfoyiiniin
¢ok cesitli olmasi tiikketicinin memnuniyetini ve sadakatini
arttirmaktadir. Ayrica Metaverse diinyasinda simdiden var
olmak markalar i¢in kendi tiiketicileri tarafindan farkli bir
kimlige sahip oldugu hissi uyandirmaktadir [2].

Rekabetin {ist seviyede oldugu pazarlama diinyasinda,
firmalarin avantaj elde edebilmesi i¢in her zaman
tiiketicilerle etkilesim kurmasi ve baglanti halinde olmasi
gerekmektedir. Bu  baglantinin  gilici  ise marka
performansi, iriiniin veya hizmetin kalitesi, tiiketicinin
memnuniyeti gibi ¢esitli etmenlere gore degisiklik
gostermektedir. Bu kapsamda her seyin bir tik uzakta
oldugu, bilgiye erismenin miithis hizlandig1 giiniimiizde
markalar i¢in geleneksel yollarla tiiketicileri kendine
¢ekmenin ¢ok zor oldugu ifade edilmektedir [84].

Markalarin, marka bilinirligini saglamak, tiiketicileri
memnun etmek ve kendine baglayarak onlari miisterileri
haline getirmek igin alternatif yollar kesfetmesi
gerekmektedir. Cilinkii giiniimiizde miisterilerin istek ve
ihtiyaglart ¢ok degisken bir hal almistir [2]. Metaverse
teknolojisi ise genel kullanim i¢in heniiz hazir degildir.
Ancak teknolojiyi erken benimseyenler i¢in bu
kisisellestirilmis  pazarlama deneyimi memnuniyet
acisindan bulunmaz bir firsattir.

2.4. Metaverse Diinyasinda Tiiketici Memnuniyeti ve Satin

Alma Niyeti (Consumer Satisfaction and Purchasing Intent in the
Metaverse World)

Pazarlama alaninda tiiketici memnuniyeti kisinin aligveris
deneyimlerinden ortaya c¢ikan haz duygusu olarak
tanimlanmaktadir [85-87]. Gilinlimiizde pazarlamanin
temel amaci tiiketicilerin istek ve arzularini tatmin
etmektir. Miisteriyi elinde tutmak ve yeni miisteriler
kazanmak siiphesiz ki onlara deger vermekten
ge¢mektedir. Bu acidan bakildiginda algilanan kullanim
kolayligi  tiiketicinin ~ Metaverse  teknolojisi  ile
gergeklestirdigi aligveris deneyiminden aldigi haz iizerinde
onemli bir etkisi vardir [88]. Diinyanin herhangi bir
yerinden evinin rahathiginda gergek bir aligveris deneyimi
yasayabilmek tiiketici memnuniyeti agisindan anahtar bir
etkendir. Metaverse’iin igerdigi teknolojiler sayesinde
tilketici arzu ettigi hizmet ve {irlin ile kolayca etkilesime
gegerek eglenceli bir aligveris deneyimi yasamakta ve
memnuniyet derecesi artarak alim karar1 kolaylagsmaktadir
[89-90]. Tiiketici memnuniyeti, harekete ge¢me veya
olasiliklara yanit verme egilimi olarak tanimlanmaktadir
[91]. Bu baglamda Metaverse
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diinyasinda tiikketici memnuniyeti de kullanicinin
kullanmaya devam etme veya baskalarina tavsiye etme
istegi ile dl¢lilmektedir.

Pazarlama alaninda memnuniyet degiskenin dahil edildigi
Genisletilmis Teknoloji Kabul Modelinin kullanildig:
ampirik caligmalarda da algilanan fayda ve algilanan
kullanim kolaylig1 degiskenlerinin memnuniyeti ve
dolayisiyla alim niyetini pozitif etkiledigi
desteklenmektedir [92].

Algilanan
Fayda

Algilanan
Kullanim
Kolayhg

Sekil 4. Genisletilmis Teknoloji Kabul Modeli

Tiiketicilerin sanal gerceklik, arttirilmis gerceklik ve karma
gergeklik teknolojileri ile yasadiklari aligveris deneyimi
onlarin  memnuniyet  derecesini  yiikseltmektedir.
Kullamicilar Metaverse diinyasima tiiketici olarak dahil
olduklarinda almak istedikleri iiriin veya hizmetle ilgili
zaman ve mekandan bagimsiz olarak daha ¢ok bilgi
edinebilme sansi yakalamakta ve ger¢ek hayattaki gibi onu
deneyimleyebilme sansi elde ederek tiiketici memnuniyet
derecesi  artmaktadir. Bugiin  ¢evrimici  aligveris
deneyiminin iki boyutlu 6zelligiyle smurli dogallik
sunmasina ragmen ¢ok tercih edildigi bilinmektedir. Ancak
Metaverse’lin igerdigi teknolojiler kullanici arayiizlerini
tamamlayan anlamli teknolojiler olarak goriilmektedir
[93].

Tiiketici memnuniyeti tiiketicin nihaiyi karari ig¢in bir
gosterge olarak kabul edilmekte ve bugiin pazarlamanimn en
onemli konularindan biri oldugu ifade edilmektedir.
Memnuniyet derecesi yiiksek miisterilerin alim niyetleri
pozitif etkilenmekle kalmaz aligverigin tekrar edilmesi
ihtimalini de arttirmaktadir [94]. Sanal gerceklik,
arttirllmis gerceklik ve karma gerceklik teknolojilerinin
kullanildig1 aligveris deneyimlerinde tiiketicin aligverisi
daha siiriikleyici, eglenceli ve memnun edici olarak
gordiigli ve alim niyetlerinin pozitif yonde degistigi ifade
edilmektedir [95]. Tiketiciler herhangi bir iiriin veya
hizmet ile ilgili olarak daha fazla bilgilendirildiklerinde
iriine kars1 pozitif yonde tutum gelistirmektedirler [96].
Dolayistyla  tiiketicileri  iiriinle  etkilesimini, diger
kullanicilarla tiiketici deneyimleri agisindan paylagimini
arttirmak ve tim bunlart yaparken gergeklikten
uzaklagtirmamak tiiketici memnuniyetini arttirmaktadir.
Yapilan aragtirmalarda Metaverse teknolojisi
bilesenlerinden arttirilmig gerceklik, sanal gerceklik ve
karma gergeklik uygulamalarinin miisterilerin satin alma
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davraniglarini olumlu etkiledigi sonucuna ulagilmistir [97].

Onceki arastirmalarin gosterdigi gibi yiiksek etkilesimli
tilketici deneyimi karar verme siireclerini desteklemekte ve
bu anlamda pazarlama stratejileri  gelistirilmesini
saglamaktadir. Diger taraftan zengin igerikli ii¢ boyutlu
gerceklik algisi yiiksek aligverig cevresi tiiketiciler igin
eglenceli, siiriikleyici bir deneyim saglamakta ve
memnuniyeti arttirmaktadir.

Metaverse gibi yeni teknolojilerle miisteri deneyimlerini
zenginlestirmek marka yoneticilerinin 6nceligi haline
geldigi ifade edilmektedir [98]. Tiiketici sartlar1 agisindan
yaratict diislincenin gelistigi kosullar, son zamanlarda
yapilan yaratict diisiinme analizi ¢alismalar1 tarafindan
kategorize edilmistir. Bu kosullar yaraticihigi destekleyen
psikolojik, duygusal ve durumsal 6zellikler icermektedir.
Ayrica bu kosullar miisterinin iiriin veya hizmetin
sunuldugu igletmelerle etkilesimde bulunmak tiiketiciyi
istekli ve katilimci hale getirmektedir [99]. ileri teknoloji
aktiviteleri sayesinde tiiketici dikkati siirekli canli tutularak
stiriikleyici ve haz dolu bir deneyim saglanmaktadir.
Ayrica, tiiketiciler agisindan bir hizmet veya iriinle
yakindan etkilesime ge¢cmek o iiriin veya hizmeti saglayan
marka hakkinda olumlu bir izlenim biraktig1 ifade
edilmektedir. Metaverse diinyasinda aligveris
deneyimleyen tiiketiciler i¢in memnuniyet duygusu bu
diinyada var olmay1 basaran markalar hakkinda olumlu bir
tutum  gelistirmekte ve markaya olan baghlig:
arttirmaktadir.

Metaverse tiiketicilere sundugu Ozellestirme ve bu
ozellestirilmis iceriklere kolay erisim deneyimi sayesinde
memnuniyet  seviyesini  arttirmaktadir.  Tiketiciler
Metaverse diinyasinin kigisellesmis, haz veren, siiriikleyici
¢evresinde zaman ve mekan sinir1 olmadan isletmelerle
kargiliklt samimi iligkiler gelistirebilmekte ve bu sayede
kendine  6zgli  yaratict  bir  aligveris  firsati
yakalayabilmektedir. ~ Ayrica, yapilan arastirmalar
tilketicilerin iriin veya hizmet saglayicilariyla dogrudan
bag kurmasinin memnuniyeti arttirdigini gostermektedir.

Metaverse diinyas: markalara tiiketici algilarint yonetmek
icin 6nemli bir firsat sunmaktadir. Tiketicilerle kurulan
yakin etkilesim sayesinde onlarmn ilgilerini ¢ekmek ve
memnuniyet derecelerini ylikseltmek kolaylasmaktadir.
Tiiketicilerin eglenceli ve siirtikleyici olarak algiladiklar
platformlara karst olumlu duygular besledikleri ifade
edilmektedir [100]. Metaverse diinyasinda ozellestirilmis
eglenceli ve haz veren ¢evresiyle tiiketicilerin satin alma
niyetinin giiclenmesine olanak saglamaktadir.
Kullanicilarin Metaverse diinyasinda kendilerini yansitan
avatarlar ile otantik ve gergekei {irlin/ hizmet sunumuyla
karsilagsmaktadirlar. Sonug olarak tiiketiciler igin eglenceli
ve memnun edici simiile edilmis bir deneyim alim niyetini
pozitif yonde etkilemektedir [101].
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3. SONUC, TARTISMA VE ONERILER
(CONCLUSION, DiISCUSSION AND
RECOMMENDATiONS)

Yeni bir pazarlama diinyasin1 temsil eden Metaverse,
internet ve sosyal medya aginin yerini almak yerine ona ii¢
boyutlu bir ger¢eklik kazandirarak siirekli degisen ve
doniisen miisteri deneyimi saglayan etkileyici bir diinya
olarak ifade edilmektedir [43]. Metaverse diinyasinin
gelecek zamanda birgok endiistri dalinda &zellikle de
pazarlama alaninda biiyiik bir etkiye sahip olacagi tahmin
edilmektedir. Bu sebeple fiziksel gergekligi ve dijital
sanallig1 bir araya getiren bu yeni sanal gergekligi anlamak
ve ona goOre aksiyonlar almak pazarlama igin ¢ok
onemlidir. Ayrica, igletmeler icin Metaverse hedef kitle
ozelliklede geng nesil (Z ve Alfa kusaklari) ile dogrudan
baglant1 kurmak i¢in essiz firsatlar sunmaktadir. Ciinkii
geng hedef kitlenin teknoloji ile daha ilgili oldugu ve bu
karmagik diinyada sayillarimin daha ¢ok oldugu
varsayilmaktadir [61].

Ancak bazi elestirilere gore Metaverse bu biiyilil
ozelliklerinin yaninda bulanik bir fikirdir ve siisli istek
uyandiran arttirilmis gergeklik disinda bir sey ifade
etmemektedir [53]. Metaverse bir siiri Dbelirsizlik
barindirdig1 icin siiphe ¢ekmektedir. Ancak bu noktada
ulagilmasi gereken gergek bir tiriin hizmet veya birbirine
baglt bir evren yoktur. Vadedilen biitiin faydalariyla ve
firsatlariyla Metaverse’ii gelecek teknolojiler igin teoriler
ve prototipler olarak gérmek gerekmektedir.

Metaverse’ {in tiiketici etkilesimini, tiim ticaret unsurlarini
ve siireglerini tek bir deneyimde birbirine baglayan,
tiketicinin olumlu bir deneyim yasayip yasamadigini
belirleyen tamamen ¢ekici bir glic oldugu ifade
edilmektedir [58]. Metaverse teknolojisinin
yayginlagsmasiyla birlikte sanal gerceklik teknolojisinin
yaninda kullanicilarini  ger¢ek diinyanin rahathiginda
hissettirecek daha bircok ileri teknolojinin gelistirilmesine
ve kullanicilarin hizmetine sunmasina olanak saglayacaktir

[68].

Bu calisma temelde Metaverse teknolojisinin ortaya
¢ikmasi ve gelismesi ile birlikte Teknoloji Kabul Modeli
baglaminda tiiketicilerin onu kabul etmesini ve satin alma
niyetlerini etkileyen faktdrleri incelemekte ve her bir faktor
arasindaki iliskiyi analiz etmektedir. Bu baglamda yapilan
literatiir taramas1 sonucu elde edilen degerlendirmelerden
bazi ¢gikarimlarda bulunulmustur.

Son zamanlarda dikkatleri iizerine c¢eken Metaverse
teknolojisinde tiiketici (kullanic1) teknik ozellikleri ne
kadar c¢ok anlar, inanir ve iyi kullanilirsa, meta veri
deposunu kullanma gabasi 0 kadar artmaktadir. Metaverse
teknolojisin kullanicilara sundugu merak duygusu, elde
edilen haz, algilanan kullanim kolaylig1 ve algilanan fayda
iizerinde olumlu bir etkiye sahiptir ve bu durum Metaverse
teknolojine olumlu bir tutum gelistirmeyi saglamaktadir
[28].

Insanlarin ev konforunda gergek bir alisveris deneyimi
yasamasinin tiiketici memnuniyeti acisindan Onemli
oldugu diistiniilmektedir. Metaverse’iin icerdigi
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teknolojiler sayesinde tiiketici eglenceli bir aligveris
deneyimi yasamakta ve memnuniyet derecesi artarak alim

karar1 kolaylasmaktadir [89-90]. Tiiketicilerin sanal
gerceklik, arttinlmig gerceklik ve karma gergeklik
teknolojileri ile yasadiklar1 aligveris deneyimi onlarin
memnuniyet derecesini yiikseltmektedir.

Bu c¢alismanin sonuglari, kullanicilara kullaniglilik
bilincini agilamak ve yeni teknolojileri benimsemede
kolaylik saglamak i¢in gerekli olan Onceki ¢aligmalarla
uyumlu olacaktir. Caligmanin teorik sonuglari; ilk olarak,
Metaverse teknolojisinin biiyiime asamasinda teknolojiyi
kabul etme niyetini etkileyen faktorler, erken kullanicilar
olarak adlandirilabilecek mevcut Metaverse kullanicilari
icin teknik karakteristik faktorler ve kullanicilarin kisisel
ozellikleri olarak alt boliimlere ayrilmis ve dogrulanmistir.
Metaverse arastirmasi su anda emekleme asamasinda
oldugundan, yiiriitilen arastirmalarin ¢ogu Metaverse
kavraminin ne oldugu hakkinda bir tanim ¢aligsmasi olarak
goriilmektedir. Ayrica, mevcut arastirmalarla tiiketiciler
arasinda Metaverse teknolojisinin benimsemesini en fazla
etkileyen faktorlerin, baskalartyla iligkiler ve aktif
etkilesim, eglence, siiriikleyicilik ile ilgili faktorler oldugu
dogrulanmaktadir.

Ancak, bu ¢aligsmada ilk olarak, Teknoloji Kabul Modeli
degiskenlerinin her birinin ve memnuniyet faktoriiniin
tilketici niyetleri iizerindeki etkisi degerlendirildigi igin bu
konuda yapilacak ampirik Metaverse arastirmalarina bir
temel saglayabilecegi diisiiniilmektedir. ikinci olarak, bu
caligmanin sonuglari, meta veri tabaninin tiiketici odakli
taraflarinin (teknik yonlerinin) kurumsal diizeyde daha da
giiclendirilmesi gereken bir yon 6nermektedir.

Gelecekte Metaverse diinyasinin gelistirilmesi ve devam
ettirilmesi icin bazi 6nerilerde bulunulmaktadir. Tk olarak,
Metaverse teknolojisi ile ilgili olarak multidisipliner
calismalar yapilmali ve bu calismalar ampirik olarak
desteklenmelidir.  Yapilan bu ampirik ¢alismalar
sonucunda kullanicilarin (tiiketicilerin) Metaverse diinyasi
ve bu diinyada gerceklestirdigi faaliyetlerle ilgili olarak
tutumlar1, memnuniyetleri ve ihtiyaglari ortaya ¢ikartilarak
bu teknolojinin her gecen giin daha da iyilestirilmesine
yonelik kullanilmalidir.

Ikinci olarak, Metaverse'i 3D tasarimli oyun veya 3D
diinya gibi dar kaliplardan uzak, gergek diinya ile baglantili
melez bir alan olarak anlasilmasi ve bu sekilde kabul
edilmesi gerekmektedir. Bunun i¢in sanal varliklarin
miilkiyeti, gizlilik, sanal evren bagimlilig1 ve avatar cinsel
tacizi gibi multidisipliner bircok konunun tartigilmasi
aragtirilmasi ve kurallar konulmasi gerekmektedir.

Son olarak, kullanicilarin dikkatini ¢ekmek i¢in gelisen bu
yeni durumun siirekli izlenmesi 6nceliklidir. Bu ¢alismanin
ise sanal ve ger¢ek diinyanin bir arada yasatildigi bu yeni
melez evrenin pazarlama diinyasina getirdigi yeniliklerin
Teknoloji Kabul Modeli ¢ergevesinde tiiketici satin alma
niyetine etkilerinin anlasilmasi i¢in fikir saglamasi
beklenmektedir [102].



294

KAYNAKLAR (REFERENCES)

[1]

[2

31

[4

[5]

[6]

[7]

(8]

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

P. D. Monica & G.S. Darma, “Digital Marketing Strategy for
Balinese Handicrafts Facing the Metaverse Era. CHANNEL”, Jurnal
Komunikasi, 10(1), 73-84, 2022.

K. Israfilzade, “Marketing in the Metaverse: A Sceptical Viewpoint
of Opportunities and Future Research Directions”, The Eurasia
Proceedings of Educational and Social Sciences, 24, 53-60, 2022.

M. Yorulmaz & S. Alnipak, “Yonetici diizeyindeki gemi adamlarinin
elektronik seyir teknolojileri kullaniminin teknoloji kabul modeli ile
incelenmesi”, OPUS International Journal of Society Researches,
16(29), 1928-1954, 2020.

M. Fishbein & 1. Ajzen, “Misconceptions about the Fishbein model:
Reflections on a study by Songer-Nocks”, Journal of Experimental
Social Psychology, 12(6), 579-584, 1976.

F.D. Davis, “Perceived usefulness, perceived ease of use, and user
acceptance of information technology”, MIS quarterly, 319-

340,1989.

L. Ajzen, “The theory of planned behavior”, Organizational behavior
and human decision processes, 50(2), 179-211,1991.

H. Van der Heijden, T. Verhagen & M. Creemers, “Understanding
online purchase intentions: contributions from technology and trust
perspectives”, European journal of information systems, 12(1), 41-
48, 2003.

J. H. Sharp, “Development, extension, andapplication: a review of the
technology acceptance model”, Director, 7(9), 2006.

AH. Turan & F.B. Ozgen, “Tiirkiye’de E-Beyanname Sisteminin
Benimsenmesi: Gelistirilmis Teknoloji Kabul Modeli ile Ampirik Bir
Calisma”, Dogugs Universitesi Dergisi, 10(1), 134-147, 2009.

M.T. Amini, M. Ahmadinejad & M.J. Azizi, “Adoption of Internet
banking by Iranian customer: An empirical investigation. The
International”, Journal of Management Science and Information
Technology (1JMSIT), (1-(Jul-Sep)), 27-44, 2011.

S. C. Chen, L. Shing-Han & L. Chien-Yi, “Recent related research in
technology acceptance model: A literatu rereview”, Australian
journal of business and management research, 1(9), 124, 2011.

P. Surendran, “Technology acceptance model: A survey of
literatiire”, International Journal of Business and Social Research,
2(4), 175-178, 2012.

V. Venkatesh & F.D. Davis, “A model of the antecedents of perceived
ease of use: Development and test”, Decision sciences, 27(3), 451-
481, 1996.

F.D. Davis, R. P. Bagozzi & P.R. Warshaw, “User acceptance of
computer technology: A comparison of two theoretical models”,
Management science, 35(8), 982-1003, 1989.

F.D. Davis & V. Venkatesh, “A critical assessment of potential
measurement biases in the technology acceptance model: three
experiments”, International journal of human-computerstudies,
45(1), 19-45,1996.

V. Venkatesh & H. Bala, “Technology acceptance model 3 and a
research agenda on interventions”, Decision sciences, 39(2), 273-315,
2008.

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

BILiSIM TEKNOLOIJILERI DERGISI, CILT: 16, SAYI: 4, EKiM 2023

D. Lee, J. Moon & Y. Kim, “The effect of simplicity and perceived
control on perceived ease of use”, 2007.

H. P. Shih, “Extended technology acceptance model of Internet
utilization behavior”, Information &management, 41(6), 719-729,
2004.

S. Agrebi & J. Jallais, “Explain the intention to use smart phones for
mobile shopping”, Journal of retailing and consumer services, 22, 16-
23, 2015.

C. Yimaz & A. Tiimtiirk, “Internet iizerinden aligveris niyetini
etkileyen faktorlerin genisletilmis teknoloji kabul modeli kullanarak
incelenmesi ve bir model onerisi”, Yonetim ve Ekonomi, 22(2), 355-
384, 2015.

F. Abdullah & R. Ward, “Developing a General Extended Technology
Acceptance Model for E-Learning (GETAMEL) by analysing
commonly used external factors”, Computers in human behavior, 56,
238-256, 2016.

T. Natarajan, S. A. Balasubramanian & D. L. Kasilingam,
“Understanding the intention touse mobile shopping application
sandits influence on pricesensitivity”, Journal of Retailingand
Consumer Services, 37, 8-22, 2017.

S.G. Davis, Parades and power: Street theatre in nineteenth-
century Philadelphia, Philadelphia: Temple University Press, 1986.

Y. He, Q. Chen, & S. Kitkuakul, “Regulatory focus and technology
acceptance: Perceived ease of use and usefulness as eff, 2018.

F. Huang, T. Teo & R. Scherer, “Investigating the antecedents of
university students’ perceived ease of using the Internet for learning”,
Interactive learning environments, 30(6), 1060-1076, 2022.

M. AL-Oudat & A. Altamimi, “Factors influencing behavior intentions
to use virtual reality in education”, International Journal of Data and
Network Science, 6(3), 733-742, 2022.

L.Mostafa, “Measuring Technology Acceptance Model touse
Metaverse Technology in Egypt”, 4 laill Adlllssdidlas 23(3), 118-
142, 2022.

A. M. Aburbeian, A. Y. Owda & M. Owda, “A Technology
Acceptance Model Survey of the Metaverse Prospects”, Al, 3(2), 285-
302, 2022.

G. Choi & H. Chung, “Applying the technology acceptance model to
social networking sites (SNS): Impact of subjective norm
andsocialcapital on the acceptance of SNS”, International Journal of
Human-Computer Interaction, 29(10), 619-628, 2013.

S. Torki Biucky, N. Abdolvand & S. Rajaee Harandi, “The effects of
perceived risk on social commerce adoption based on tam model”,
International Journal of Electronic Commerce Studies, 2017.

D. Suleman & 1. Zuniarti, “Consumer decisions toward fashion
product shopping in Indonesia: The effects of attitude, perception of
ease of use, usefulness, and trust”, Management Dynamics in the
Knowledge Economy, 7(2), 133-146, 2019.

X. Li, X. Zhao, & W. Pu, “Measuring ease of use of mobile
applications in e-commerce retailing from the perspective of consumer
online shopping behavior patterns”, Journal of Retailing and
Consumer Services, 55, 102093. [1], 2020.



BILISIM TEKNOLOJILERI DERGISI, CILT: 16, SAYI: 4, EKiM 2023

[33]

[34]

[39]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Y.C. Cho & E. Sagynov, “Exploring factors that affect usefulness,
ease of wuse, trust, and purchase intention in the online
environment”,International ~ journal ~ of  management &
informationsystems, 19(1), 21- 36, 2015.

Y. H. Chen & S. Barnes, “Initial trust and online buyer behaviour”,

Industrial management & data systems, 2007.

N. Mohamed, R. Hussein, N. H. A. Zamzuri & H. Haghshenas,
“Insights into individual's online shopping continuance intention”,
Industrial Management & Data Systems, 114(9), 1453-1476, 2014.

M. Muslichah, “The effect of self efficacy and information quality on
behavioral intention with perceived usefulness as intervening
variable”, Journal of Accounting, Business and Management (JABM),
25(1), 21-34, 2018.

S. H. Hsu & B. E. Bayarsaikhan, “Factors influencing on online
shopping attitude and intention of Mongolian consumers”, The
Journal of International management studies, 7(2), 167-176, 2012.

J. Wang, S. Wang, Y. Wang, J. Li & D. Zhao, “Extending the theory
of planned behavior to understand consumers’ intentions to visit
green hotels in the Chinese context”, International Journal of
Contemporary Hospitality Management, 2018.

Y. Y. Mun & Y. Hwang, “Predicting the use of web-based
information systems: Self-efficacy, enjoyment, learning goal
orientation, and the technology acceptance model”, International
Journal of Human- Computer Studies 59(4), 431-44, 2004.

D. H. Tien, A. A. A. Rivas & Y. K. Liao, “Examining the influence
of customer-to-customer electronic word-of-mouth on purchase
intention in social networking sites”, Asia Pacific Management
Review, 24(3), 238-249, 2019.

C.E. Porter & N. Donthu, “Using the technology acceptance model to
explain how attitudes determine Internet usage: The role of perceived
access barriers and demographics”, Journal of business research,
59(9), 999-1007, 2006.

J. Schepers & M. Wetzels, “A meta-analysis of the technology
acceptance model: Investigating subjective norm and moderation
effects”, Information & Management, 44(1), 90-103, 2007.

A. Goger & C. A. Vural, “Sosyal Pazarlamada Teknoloji Kabulii:
Hayirseverlik Davraniglari Uzerine Bir Inceleme”, Dumlupinar
Universitesi Sosyal Bilimler Dergisi, 1-23, 2017.

S. Hollensen, P. Kotler & M. O. Opresnik, “Metaverse-the new
marketing universe”, Journal of Business Strategy, 2022.

M. Moslehpour, V. K. Pham, W. K. Wong & I. Bilgicli, “E- purchase
intention of Taiwanese consumers: Sustainable mediation of
perceived usefulness and perceived ease of use”, Sustainability,
10(1), 234, 2018.

K. T. Manis & D. Choi, “The virtualreality hardware acceptance
model (VR-HAM): Extendingand individuating the technology
acceptance model (TAM) forvirtualreality hardware”, Journal of
Business Research, 100, 503-513, 2019.

J. Cheon, S. Lee, S.M. Crooks & J. Song, “An investigation of mobile
learning readiness in higher education based on the theory of planned
behavior”, Computers & education, 59(3), 1054-1064, 2012.

F.D. Orel & A. R. L. K Abdil, “Sosyal medya pazarlamasinin tiiketici
satin alma niyetine etkisinin teknoloji kabul modeli araciligiyla
incelenmesi”, Erciyes Universitesi Iktisadi ve Idari Bilimler Fakiiltesi
Dergisi, (57), 205-232.

[49]

[50]
[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

295

Y. Han, D.Niyato, C. Leung, C. Miao & D. 1. Kim, “A dynamic
resource allocation framework for synchronizing metaverse withiot
service and dat”, In ICC 2022-1EEE International Conference on
Communications, IEEE, 1196-1201, May 2022.

S. Mystakidis, “Metaverse”, Encyclopedia, 2(1), 486-497, 2022.

Internet: C. Brian, What Is the
Metaverse ?, https://blogs.nvidia.com/blog/2021/08/10/what-is-
the-metaverse/, 10.10.2021.

Internet: E. Shapiro, Artificial Intelligence Will Change World,
https://time.com/5955412/artificial-intelligence-nvidia-jensen-huang/,
18.04.2021.

[53 J. Kim, “Advertising in the Metaverse: Research agenda”, Journal
of Interactive Advertising, 21(3), 141-144, 2021.

H. Lee & Y. Hwang, “Technology-Enhanced Education through VR-
Making and Metaverse-Linking to Foster Teacher Readiness and
Sustainable Learning”, Sustainability, 14(8), 4786, 2022.

S. G. Lee, S. Trimi, W. K. Byun & M. Kang, “Innovation and imitation
effects in Metaverse service adoption”, Service Business, 5(2), 155-
172, 2011.

H. Duan, J. Li, S. Fan, Z. Lin, X. Wu & W. Cai, “Metaverse for social
good: A university campus prototype”, In Proceedings of the 29 th
ACM International Conference on Multimedia, 153-161, October
2021.

L. H. Lee, T. Braud, P. Zhou, L. Wang, D. Xu, Z. Lin & P. Hui,
“Allone need stok now about metaverse: A complete survey on
technological singularity, virtual ecosystem, and research agenda”,
arXivpreprint arXiv:2110.05352, 2021.

J. E. Jeon, “TheEffects of User Experience-Based Design
Innovativeness on User-Metaverse Platform Channel Relationships in
South Korea”, Journal of Distribution Science, 19(11), 81-90, 2021.

H. Ning, H. Wang, Y. Lin, W. Wang, S. Dhelim, F. Farha & M.
“A Survey on Metaverse: the State-of-the-art,
and Challenges”, Ar Xivpreprint

Daneshmand,
Technologies, Applications,
arXiv:2111.09673, 2021.

Y. Zhao, J. Jiang, Y. Chen, R. Liu, Y. Yang, X. Xue & S. Chen,
“Metaverse:  Perspectives from graphics, interactions and
visualization”, Visual Informatics, 2022.

J. Han, J. Heo & E. You, “Analysis of metaverse platform as a new
play culture: Focusing on roblox and zepeto”, In Proceedings of the
2nd International Conference on Human-centered Artificial
Intelligence, 2021.

S.Dhelim, H. Ning, F. Farha, L. Chen, L. Atzori & Daneshmand, “IoT-
enabled social relationships meet artificial social intelligence”, IEEE
Internet of Things Journal, 8(24), 17817-17828, 2021.

T. R. Gadekallu, T.Huynh-The, W. Wang, G.Yenduri, P. Ranaweera,
Q. V. Pham, ... & M. Liyanage, “Blockchain for the Metaverse: A
Review”, ar Xivpreprint arXiv:220309738, 2022.

Internet: A. Sherman, Execs seemed confuse dabout the metaverse on
Q3 earnings calls, https://www.cnbc.com/2021/11/20/executives-
wax-poetic-on-the-metaverse-during-gq3-earnings-calls.html,
20.11.2021.

Internet: J. Radoff, https://medium.com/building-the-metaverse/9-
megatrends-shaping-the-metaverse-93b91¢159375,01.10.2021.


https://blogs.nvidia.com/blog/2021/08/10/what-is-the-metaverse/
https://blogs.nvidia.com/blog/2021/08/10/what-is-the-metaverse/
https://time.com/5955412/artificial-intelligence-nvidia-jensen-huang/
https://www.cnbc.com/2021/11/20/executives-wax-poetic-on-the-metaverse-during-q3-earnings-calls.html
https://www.cnbc.com/2021/11/20/executives-wax-poetic-on-the-metaverse-during-q3-earnings-calls.html

296

[66]

[67]

[68]

[69]

[70]

(71

[72]
[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

K. Valaskova, V. Machova & E. Lewis, “Virtual Marketplace
Dynamics Data, Spatial Analytics, and Customer Engagement Tools
in a Real-Time Interoperable Decentralized Metaverse”, Linguistic
and Philosophical Investigations, 21, 105-120, 2022.

A. De Regt, K. Plangger& S. J. Barnes, “Virtual reality marketing and
customer advocacy: Transforming experiences from story-telling to
story-doing”, Journal of Business Research, 136, 513-522, 2021.

SM. Park & Y. G. Kim, (2022), “A Metaverse: Taxonomy,
components, applications, and open challenges”, leee Access, 10,
4209- 425, 2022.

T. Lemenager, M. Neissner, T. Sabo, K. Mann & F. Kiefer, “Who am
i” and “how should i be”: a systematic review on self-conceptand
avatar identification in gaming disorder”, Current Addiction Reports,
7(2), 166-193, 2020.

C.-P. Hsu & C.-W. Chang, “Does the social platform established by
MMORPGs build social and psychological capital?”, Computers in
Human Behavior, 129 (1), 107139, 2022.

M. Ball, “The metaverse: and how it will revolutionize

everything”, Live right Publishing, 2022.
M. Sparkes, “What is a metaverse, ” New Scientist, 251(3348), 2021.

G. S. Park, “A study on the virtual fashion industry case study of
fashion brands through convergence with metaverse”, Korea Soc. Sci.
Art Converg, 39, 161-178, 2021.

Internet: G. Mileva, How to Invest in Virtual Real Estate (Metaverse
Real Estate Guide), https://influencer marketing hub.com/metaverse-
real-estate/,2022.

J. Lee & K. H. Kwon, “Novel path way regarding good cosmetics
brands by NFT in the metaverse World”, Journal of Cosmetic
Dermatology, 2022.

S. Cavusoglu & Y. Durmaz, “Deneyimsel Pazarlama ve Yesil
Davranis” Hiper yayin,”2020.

D. Buhalis, M.S. Lin & D. Leung, “Metaverse as a driver for customer
experience -creation: implications for hospitality and marketing”
International Journal of Contemporary Hospitality Management,
(ahead-of-print), 2022.

D. Buhalis, E.P. Lopez & J. A. Martinez-Gonzalez, “Influence of
young consumers’ on their e-loyalty”, Journal of Destination
Marketing & Management, 15, 100409, 2020.

P. A., Rauschnabel, B. J. Babin, M. C. Tom Dieck, N. Krey & T.
Jung, “What is augmented reality marketing? Its definition,
complexity, andfuture”, Journal of Business Research, 142, 1140-
1150, 2022.

P. A. Rauschnabel, R. Felix, C. Hinsch, H. Shahab & F. Alt, “What
is XR? Towards a framework for augmented and virtual realit”,
Computers in Human Behavior, 133, 107289, 2022.

K. N. Lemon & P. Verhoef, “Understanding customer experience
throughout the customer journey”, Journal of marketing, 80(6), 69-
96.

E. C Hirschman & M. B. Holbrook, “Hedonic consumption:
emerging concepts, methods and propositions”, Journal of marketing,
46(3), 92-101, 1982.

(83]

(84]

(85]

(86]

[87]

(s8]

(89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

BILISIM TEKNOLOJILERI DERGISI, CILT: 16, SAYI: 4, EKIM 2023

X. L., Pei, J. N.Guo, T. J.Wu, W. X. Zhou & S. P. Yeh, “Does the
effect of customer experience on customer satisfaction create a
sustainable competitive advantage? A comparative study of different
shopping situations”, Sustainability, 12(18), 7436, 2020.

K. lsrafilzade & N. Babayev, “Millennial Versus Non-Millennial
Users: Context Of Customer Engagement Levels On Instagram Stories
(ExtendedVersion)”, Journal of Life Economics, 7(2), 135-150, 2020.

FM. Tseng & H.Y. Lo, “Antecedents of consumers’ intentions to
upgrade their mobile phones”, Telecommunications Policy, 35(1), 74-
86, 2011.

G. Prayag, S. Hassibi & R. Nunkoo, “A systematic review of consumer
satisfaction studies in hospitality journals: Conceptual development,
research approaches and future prospects”, Journal of Hospitality
Marketing & Management, 28(1), 51-80, 2019.

D. G. Taylor, J. E. Lewin, & D. Strutton, “Friends, fans, and followers:
do adswork on social networks?: how gender and ages
hapereceptivity”, Journal of advertising research, 51(1), 258-275,
2011.

T. E. Yoon & J. F. George, “Why aren’t organizations adopting virtual
worlds?”, Computers in Human Behavior, 29(3), 772-790, 2013.

D. Y. Kim, X. Y., Lehto & A. M. Morrison, “Gender differences in
online travel information search: Implications for marketing
communications on the internet”, Tourism management, 28(2), 423-
433, 2007.

S.A.Sina & H.Y. Kim, “Enhancing consumer satisfaction and retail
patronage through brand experience, cognitive pleasure, and shopping
enjoyment: A comparison between lifestyle and product-centric
displays”, Journal of Global Fashion Marketing, 10(2), 129-144,
2019.

X. Chen, X. Su, Z. Li, J. Wu, M. Zheng & A. Xu, “ The impact of
omni-channel collaborative marketing on customer loyalty to fresh
retailers: the mediating effect of the omni-channel shopping
experience”, Operations Management Research, 1-15, 2022.

A. Y. M. A. Islam, “Viability of the extended technology acceptance
model: An empirical study”, Journal of Information and
Communication Technology, 10, 85-98, 2011.

J. Wann & M. Mon-Williams, “What does virtual reality NEED?:
human factors issues in the design of three-dimensional computer
environments”, International Journal of Human-Computer Studies,
44(6), 829-847, 1996.

D. M. Szymanski, & R. T. Hise, “E-satisfaction: an initial
examination”, Journal of retailing, 76(3), 309-322, 2000.

S. Papagiannidis, E. Pantano, E. W. See-To & M. Bourlakis,
“Modelling the determinants of a simulated experience in a virtual
retail store andusers’ product purchasing intentions”, Journal of
Marketing Management, 29(13-14), 1462-1492, 2013.

A. Mollen & H. Wilson, “Engagement, telepresence and interactivity
in online consumer experience: Reconciling scholastic and managerial
perspectives”, Journal of business research, 63(9-10), 919-925,2010

F. Rabby, R. Chimhundu & R. Hassan, “Artificial intelligence in
digital marketing influences consumer behaviour: A review and
theoretical foundation for future research”, Academy of Marketing
Studies Journal, 25(5), 1-7, 2021.



BILISIM TEKNOLOJILERI DERGISI, CILT: 16, SAYI: 4, EKiM 2023

[98] Internet: Metamandrill, Top 12 Metaverse Brands Selling Their
Products Digitally,
https://metamandrill.com/metaversebrands/#nike, 06.2022.

[99] L. D. Hollebeek, R. K. Srivastava, & T Chen, “SD logic—
informed customere ngagement: integrative framework, revised
fundamental propositions, and applicationto CRM”, Journal of
the Academy of Marketing Science, 47(1), 161-185, 2019.

[100] B.A. Al-alak & I. A. M.Alnawas, “Evaluating the effect of
marketing activities on relationship quality in the banking sector:
The case of private commercial banks in JordaN”, International
Journal of Marketing Studies, 2(1), 78-91, 2010.

[101]

[102]

297

Y. K. Dwivedi, L. Hughes, A. M. Baabdullah, S. Ribeiro-
Navarrete, M. Giannakis, Al-Debei, M. M., ... & S. F. Wamba,
“Metaverse beyond the hype: Multi disciplinary perspectives on
emerging challenges, opportunities, andagenda for research,
practice and policy”, International Journal of Information
Management, 66, 102542, 2022.

J. Y. Lee, “A study on metaverse hype for sustainable growth”,
International journal of advanced smart convergence, 10(3), 72-
80, 2021.


https://metamandrill.com/metaversebrands/#nike

BiLiSiM TEKNOLOJILERI DERGISI, CILT: 16, SAYI: 4, EKIM 2023 299

Selection of the Most Effective Augmented Reality
Application for English Education

Arastirma Makalesi/Research Article

Mehmet Bilge Kagan ONACAN', 0Vildan ATES’, @' Tung D. MEDENT,
Demet SOYLU', (9Sadik KULAKOGLU®

Faculty of Applied Sciences, Department of Information Systems and Technology, Okan University, Istanbul, Turkiye
2Faculty of Business, Management Information Systems, Ankara Yildirim Beyazit University, Ankara, Tukiye
SFaculty of Business, Management Information Systems, Ankara Yildirim Beyazit University, Ankara, Tukiye
“Faculty of Humanities and Social Sciences, Management of Information and Documents, Ankara Yildirim Beyazit University, Ankara, Tukiye
STurkish Naval Forces, Istanbul, Turkiye
kagan.onacan@okan.edu.tr, vgirginates@gmail.com, tuncmedeni@gmail.com, bunchnoble@gmail.com, sadikkulakoglu@gmail.com
(Gelis/Received:01.04.2023; Kabul/Accepted:07.09.2023)

DOI: 10.17671/gazibtd.1275280

Abstract— Efforts to take advantage of the opportunities offered by advancing information technologies to make the
process of learning and teaching English more effective are increasing every day. One of the information technologies
that has begun to be used in different fields of education and whose popularity is increasing day by day is Augmented
Reality (AR) technology. This study aims to provide information about the general concept of AR technologies, to identify
the application areas and examples of AR technology in education and English education, to identify and classify the
difficulties encountered in teaching English, to make recommendations for AR technology applications that can solve the
difficulties identified in English teaching, to present the priority rankings and importance levels of the identified
difficulties, and to decide on the most effective AR technology application that can solve the identified difficulties. In the
scope of the study, the difficulties encountered in teaching English are divided into four different classes: difficulties
arising from students, difficulties arising from the education system, difficulties arising from materials, and difficulties
arising from teachers. It has been determined that the difficulties arising from students have the most impact on teaching
English. Among the nine solution proposals that could solve the problems in teaching English, the "virtual character
wandering in the classroom" application has been identified as the most effective solution proposal. Since there are a
limited number of studies on the use of AR in English education in the literature, it is expected that this study will fill the
gap in the literature and will contribute to academicians and application developers, and be a source of inspiration for
future research.

Keywords— augmented reality, information system, english education, focus group interview, analytic hierarchy process.

Ingilizce Egitimi icin En Etkili Artirilmis Gergeklik
Uygulamasinin Se¢imi

Ozet— Ingilizce 6grenme-Ogretme siirecini daha etkili hale getirebilmek icin, gelisen bilgi teknolojilerinin sundugu
firsatlardan yararlanma cabalar1 her gegen giin artmaktadir. Egitimin farkli alanlarinda kullanilmaya baglanan ve
popiilaritesi her gegen giin artan bilisim teknolojilerinden biri de Artirllmis Gergeklik (AG) teknolojisidir. Bu ¢alismada;
AG teknolojilerinin genel kavranmu hakkinda bilgi vermek, egitim ve Ingilizce egitiminde uygulama alanlarmm ve
uygulama Srneklerini ortaya koymak, Ingilizce 6gretmede karsilasilan giigliikleri belirlemek ve siniflandirmak, Ingilizce
ogretmede belirlenen zorluklar1 ¢ozebilecek AG teknolojisi uygulamalarina yonelik 6nerilerde bulunmak, belirlenen
zorluklarin Oncelik siralamalarini ve énem derecelerini sunmak, belirlenen zorluklara ¢6ziim olabilecek en etkili AG
teknolojisi uygulamasina karar vermek amaglanmaktadir. Calisma kapsaminda Ingilizce ogretmede karsilasilan
giicliikler; ogrenciden kaynaklanan zorluklar, egitim sisteminden kaynaklanan zorluklar, materyallerden kaynaklanan
zorluklar ve &gretmenlerden kaynaklanan zorluklar olmak iizere dért farkli smifa ayrilmistir. Bunlardan Ingilizce
dgretmeye en fazla etki edenin, 6grenciden kaynaklanan zorluklar oldugu belirlenmistir. Ingilizce dgretmedeki sorunlara
¢Oziim olabilecek dokuz ¢6zliim dnerisinden “sinifta dolasan sanal karakter” uygulamasinin en etkili ¢dziim dnerisi oldugu
tespit edilmistir. Literatiirde AG'in Ingilizce egitiminde kullanimma iliskin simirli sayida calisma oldugundan, bu
caligmanin literatiirdeki boslugu doldurmasi beklenmekte ve caligmanin akademisyenlere ve uygulama gelistiricilere
katk: saglayacagi ve gelecekteki aragtirmalar i¢in ilham kaynag: olacag diisiiniilmektedir.

Anahtar Kelimeler— artirilmus gergeklik, bilgi sistemi, Ingilizce egitimi, odak grup goriismesi, analitik hiyerarsi siirec
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1. INTRODUCTION

Today, rapid advances in science and technology affect and
change our lifestyles [1]. With the increasing use of
computer and internet technologies in daily life in recent
years, the education process and educational environments
are also affected by this change [2]. Thanks to the

development of computer, internet and mobile
technologies, many new applications that increase
communication and interaction in  educational

environments have emerged. Especially, the use of AR
technologies in education, which has emerged with
advancing technology and allows the real world to feel like
augmented by adding objects such as pictures, text and
sound to real-life images simultaneously, is becoming
widespread. Providing the educational process by using
AR technologies in English language teaching is one of the
AR application areas in education. Since the learning
features of the new generation, known as the generation Z,
are more information technology-oriented than the
previous generations, it is important for the recognition and
effective use of AR technologies, which are thought to
contribute to a more effective learning process in the
English learning environment [3] [4] [5].

In the literature, there are a limited number of academic
studies on the use of AR in English learning and to what
extent AR technologies can be a solution to the difficulties
in English learning. With this study that has the aim of
putting forward suggestions for AR technology
applications that may solve the difficulties encountered in
English learning, it is expected to fill the gap in the
literature and it is estimated that it will contribute to
academicians, application developers, teachers and the
process of identifying educational assistants at the
university and guide future research aimed at identifying
AR technologies that can solve these challenges by
identifying challenges encountered in English learning.

This study provides solutions with AR technology for the
difficulties encountered in learning English in the Analytic
Hierarchy Process (AHP) method, which is one of the
multi-purpose decision-making methods. It is believed that
this method has a unique quality in terms of being used for
the first time on this subject. That is, the AHP method,
which is known and used in many fields before, has been
applied to the difficulties encountered in learning English
in a different field. Another original characteristic of the
study is that the criteria and sub-criteria related to the
difficulties faced in English education were specified
within the frame of the focus group study.

In the following parts of the study, the general concept of
AR and the difference between Virtual Reality (VR), the
use of AR in education and English education, the
difficulties encountered in English education and the
suggested AR applications for the difficulties encountered
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in English education are revealed, the method of the study
is explained, the findings obtained within the scope of the
research are discussed and the study was concluded by
presenting an evaluation of the study and making
suggestions for future research.

1.1. General Concept of Augmented Reality

In general, it is possible to divide reality applications into
two as AR and VR. VR is the imitation of real-life
environments through computers. It is a technology that
gives its participants the feeling of being real and allows
mutual communication in a dynamic environment created
by computers [6]. VR environments are usually created
with a helmet or glasses worn on the head. In some cases,
there may be accessories to support VR glasses. The main
goal in VR is to adapt to the environment in the helmet or
glasses when the VR helmet is worn and forget the real
environment.

AR is atechnology that aims to integrate the physical world
with virtual objects in real-time and to be in the same
frame. This technology can be defined as the enrichment of
the real-world environment with virtual objects during the
visualization process with various technological devices
[7]. In other words, it is the change and augmentation of
reality by the computer. AR applications can be evaluated
in two different groups as optical-based technologies and
video-based technologies, considering the technology used
[8]. The main difference between these two technologies is
the tool in which the scene formed by the integration of the
real and virtual worlds is seen. In optical-based reality
systems, the integrated scene is seen in the real world
through glasses, while in video-based reality systems, the
integrated scene is seen on computers, tablets and mobile
devices [9].

Among the main differences between AR and VR, the
following can be listed. While VVR offers an experience that
is isolated from real life, AR is built on top of real life and
makes it more interactive. Although the environment
experienced in VR is a completely simulated environment
that does not exist in reality, the virtual environment that
created in AR completes the real environment. While there
is a need for glasses that will cover the whole field of vision
and control what is heard during VR applications, there is
no such need during AR applications. In VR, the system
works in a virtual environment, but in AR, the real and
virtual images are combined and the system works
according to real-time [10].

Today these two technologies, VR and AR, are preparing
to put the Metaverse, which is considered one of the
technologies with the greatest potential, to the service of
humanity [11]. Designed as a simulation of the natural
world, Metaverse aims to be the most advanced form of
human-computer interaction, enabling individuals to
move, communicate, and exist in digitally and digitally-
enhanced physical environments through two-way
interactions between virtual and physical worlds [12]. In
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the future, the metaverse will fully model the world in a
virtual environment, allowing us to live in this modeled
world using a digitally chosen avatar and will be built upon
VR and AR Technologies [13]. In this study, VR
applications are excluded from the scope and only AR
applications are focused on. Therefore, in the following
parts, AR is explained in detail.

AR applications were first used in the military field history
[14]. Transparent screens placed on fighter pilots' helmets
and used at eye level are designed. These screens instantly
show the flight data that pilots must see. Thanks to the
transparent structure of the equipment, it is aimed for pilots
to see the real image and the data screen image at the same
time. In the following periods, AR applications started to
be widely used in education as well as in areas such as
engineering, health, sports, tourism, advertising [15] and
the manufacturing industry [16] [17].

This technology, which started with the application area in
fighter pilots, shows itself in many areas today [18]. AR
technology is intensely used in games, in applications that
serve as a compass and in GPS, in providing information
about historical artifacts, in learning the product prices in
markets, in design studies for determining the interior
design of a place, in obtain, share and store information
about its construction and it also has many more
application areas. In the use of AR technology for mobile
devices; a mobile phone with a camera and the hardware to
run the necessary applications is sufficient. By
downloading the appropriate applications, AR can be
experienced only with a mobile phone. In order to
experience fully AR on mobile phones, it is of great benefit
if the phone has a digital compass, navigation and
accelerometer.

1.2. Use of Augmented Reality in Education

According to the model developed by Dale [19] in order to
assist students, teachers and educators in the learning-
teaching process by making use of the relationships
between experiences and the formation of concepts, people
remember; 10% of what they read, 20% of what they heard,
30% of what they saw, 50% of what they saw and heard,
70% of what they said and wrote, and 90% of what they
did. In this respect, AR applications in the field of
education support the development of students'
imagination and creativity and provide an enjoyable
learning style at the learning level by increasing students'
perceptions of the real world and their interaction with the
real world. Using 3D visual objects in AR applications
attracts the attention of students, increases their
participation in learning and lessons and motivates them. It
also supports them to gain different perspectives on issues
[20]. In addition to these, AR applications have advantages
such as making lessons interesting in education, increasing
the quality of education, facilitating learning because it is
based on visuality and providing easy access to materials
that are difficult to obtain. AR applications are effective
learning materials in education, highly interactive,
contribute to the learning process and are easy to use [21].
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There are various studies in the literature on the
applications of AR technologies in the field of education.
Freitas and Campos [22] designed and implemented an
education system using AR in three different primary
school classes in their research. As a result of the study, it
was observed that the learning experiences of students with
poor learning skills improved. Cuendet et al. [23] focused
on the usability of AR technology in the classroom and it
was shown that AR technology can be realized not only in
the laboratory environment but also in the classroom
environment. Within the scope of the study, AR
applications were tested in the classroom environment by
making arrangements in the classrooms of a high school-
level school providing vocational education in
Switzerland. It has been revealed that AR technology can
be used in the classroom without interfering with the
teaching of other lessons. In another study conducted by
Abdusselam and Karal [24], 11th-grade Physics course
students were divided into the experimental group that
carried out their activities with AR technologies while the
subject of magnetism was taught, and the control group,
which continued its effectiveness with classical methods,
and the success of the experimental group was controlled.
It was observed that it increased compared to the group. In
the study conducted by Di Serio et al. [25] in Spain, it was
found that the attention, interest, trust and satisfaction of
the students at the secondary school level increased when
using the AR technology.

In a study conducted by Demirer and Erbas [16] and fully
supported by the manufacturer company, Google Glass
was used for the purposes of gaining experience, especially
in practice-based courses, making virtual field trips,
preparing evaluation images on field trips, or giving
lectures simultaneously with faculty members at different
universities. It has been concluded that it can be used in
higher education institutions. Rezende et al. [26] designed
a mobile education tool for children using the Jigsaw
methodology. AR technology, which aims to improve the
teaching experience, was used in the designed educational
tool. In the study, 3D book content was presented and a fun
environment was created. As a result, it was observed that
the interest and motivation of the students increased. In the
study of Albayrak and Altintas [17], 50 students were given
lesson preparation notes supported with AR for the
connection with the database for the visual programming
course, and the other students were given lesson
preparation notes prepared in plain text. It was found that
the difference between the two groups differed
significantly. In Durak and Yilmaz's [27] study, it was
aimed to evaluate the effect of AR applications from the
perspective of students, and as a result of the analysis of
the opinions of 43 participants, who were 7th and 8th-grade
students in the Technology and Design course, it was
revealed that the most frequently stated codes regarding
AR are “providing a fun learning environment” and
“making the learning process remarkable and effective”
and it was revealed that they think that it’s use in the next
lessons will contribute to the success of the lesson. In
addition, in the study, the course that students think will be
most useful for using AR applications is identified as
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“science”, while the difficulties experienced when using
AR applications include the lack of smartphone
ownership/access. Kirikkaya and Sentiirk [28], who
investigated the effect of using AR applications on
students' academic success and their views on these
applications in the unit of Solar System and Beyond in the
Science course, revealed that AR applications positively
affect academic achievement in line with the analysis of the
findings they obtained within the scope of the research.

On the other hand, Topraklikoglu [29] discussed the AR
activities designed and developed with three-dimensional
modeling software in the teaching of the subject of "views
of objects from different sides” in the seventh-grade
mathematics lesson in middle school. The researcher
aimed to reveal whether the AR activities had an effect on
the development of students' spatial abilities, geometry
design and change of their attitudes towards AR
applications and also tried to reveal students' views on AR
activities. As a result of the interviews conducted in the
study group consisting of 53 students and the analysis of
the data, there was no statistically significant difference in
the students attitudes towards geometry with AR activities,
but they revealed that the students' mathematics lesson
with AR activities was productive and fun, also their
interest and motivation increased with AR. Cetin [30]
designed an AR application that includes the "Projection
and Appearance Extraction" units in the Information
Technical Drawing course given to the 10th-grade students
of the Information Technologies Department of VVocational
and Technical Anatolian High Schools. They found that
this AR application did not have a significant effect on
students ‘achievement, spatial skills and attitudes, but it
increased students' excitement, curiosity and motivation
for the lesson.

Kurtoglu [31] investigated the effects of the learning
material, which includes the subjects of the unit "Computer
Systems" developed with AR technology, on the learning
environment in the teaching of information technologies
and software lessons. As a result of the research, it was
seen that the learning material prepared using AR
technology significantly increased the motivation of the
students. By participating more actively in the lesson, the
students found the lesson more understandable and fun.
Ozbek and Ak [32] investigated in their studies whether the
AR application used in teaching punctuation marks in
primary school 4th-grade Turkish lessons had an effect on
the students' success in using punctuation marks and their
motivation. Timur et al. [33] investigated the effect of AR
applications on the academic achievement of sixth-grade
students on the subject of "Cell" in the Science course
curriculum. In their study, they found a statistically
significant difference between the pre-test and the post-test
as a result of the analysis of the data they obtained from the
Cell Success Test they applied to a sample group of 76
class students determined by random sampling technique.
It was observed that the scores obtained in the study
increased in favor of the post-test due to the important role
of the AR applications, and it was concluded that the AR
applications positively affected the success of the student.
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Finally, in another study, it is aimed to design a simulation
type Mobile-AG teaching software that can be used in the
teaching of the data sub-learning area, which includes basic
statistical concepts at high school level, by using the
Design and Development Research (DDR) method and to
examine its effect on the sample determined in the study. It
was seen that the application developed in the study was at
a usable level according to the software evaluation scales
and positively affected the academic achievements and
attitudes of the students towards technology [34].

1.3. Use of Augmented Reality in English Education

Among the studies in the literature regarding the
applications of AR technologies in the field of English
education, Cinar and Akgiin [35] targeted the unit “At The
Fair” in the 6th grade English course content and enriched
the content on this subject visually and aurally. In order to
display the text, visuals and AR-supported hybrid textbook
section within the scope of their research, it is included to
evaluate this section with expert opinions. In another study;
Cakir, Solak and Tan [36] examined the application of AR
technology developed to enrich and activate education and
training environments in the classroom and the effect of
this technology on students' academic achievements and
motivations. For this purpose, a quasi-experimental study
was conducted at the university level. In the study, in which
60 university students participated, English words were
presented to the experimental group in an environment
developed with AR technology, while the control group
was taught with traditional methods. As a result of the
study, it was observed that the success of the experimental
group of students who taught the lesson with AR
technology was statistically significantly higher than the
control group of students who taught the lesson with
traditional methods. Kii¢iik et al. [37] investigated students'
perceptions in the process of learning English with AR.
The study was carried out with students from five different
secondary schools. As a result of the study, it was revealed
that secondary school students were satisfied with learning
English with the help of AR technologies, their anxiety
levels were low and they wanted such applications to be
used in their lessons. Ramya [38] used Computer Assisted
Language Learning (CALL) for teaching and learning
English in her study. One of the developing technologies
in CALL is AR technology. In his study, he examined the
advantages of adopting AR in English language teaching.
As a result, he found that AR technology provides a better
understanding and higher motivation among students while
learning English. Vate-U-Lan [39] created a 3D pop-up
book for 3rd-grade students in the curriculum, he prepared
with AR technology in English education. In the book
prepared within the scope of the research, the dialogues
were processed audibly and visually and it was observed
that participation in the lesson was higher. With this study,
it was revealed that AR technology increases students'
desire to learn.

Rayene [40] investigated the effect of AR as a teaching tool
on students' learning with her experiment on third-year
English students. The results obtained as a result of the
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study show that the use of AR technology gets positive
feedback from students and teachers. Kog¢, Altun and
Yiiksel [41] investigated whether the use of AR-based
materials could contribute to high school students in the
process of producing English texts and their perceptions of
AR-based materials. The findings showed that the use of
AR-based materials had a moderate effect on students’
selected writing skills, and students' perceptions of the AR-
based writing experience were positive. Pugoy et al. [42]
present the development of learning material enhanced
with AR technology to help improve nursing education in
English in their work. Most of the participants in the study
group, which consisted of 39 nursing students in total,
stated that the talking comic was useful, easy to use and
learn, and they were happy to use it. Tsai [43] aimed to
compare the effect of traditional teaching methods and AR
methods on the English word learning performance of
primary school students and as a result of the study, it was
revealed that the English word learning performance and
motivation of the students who are taught with the learning
materials created by using AR technologies are superior to
those who are taught using traditional teaching methods.
Wang and Khambari [44] investigated how the AR-based
gamified learning environment affects students' learning
motivation and collaborative learning in English lessons,
and the results of the research revealed that the learning
motivation of the students was improved by the change of
the teacher's role and the use of virtual content of the AR
technology. In addition, they stated in their studies that the
AR-based gamified learning environment can effectively
improve collaborative learning by strengthening the desire
for discussion and providing a comfortable learning
environment with more opportunities. In the research that
has provided a basis for this work [45], focus group method
was applied to a group that consisted of six English
teachers, and consequently, problems in front of English
teaching were brought up and suggestions with respect to
use and benefits of AR for English-teaching were provided.
The related problems identified and interlinked were
categorized into four main titles.

1.4. Difficulties Encountered in English Education

Among the reasons for not being successful enough in
English education and the difficulties encountered are
many reasons. Some of these reasons are traditional
language teaching habits, errors in foreign language
education planning, inadequacies in the methods,
materials, deficiencies and mistakes in assessment-
evaluation and activities [46], academic and administrative
deficiencies of senior managers [47], reasons associated
with the profiles of current teachers [48], the motivation
problem experienced by foreign language learners [49],
problems with the training process of foreign language
teachers, trying to determine the competencies of foreign
language teachers through multiple-choice exams that are
not suitable for the nature of the field, problems related to
physical conditions such as crowded classrooms and lack
of equipment, not adopting a common teaching method and
philosophy related to foreign language teaching, not
controlling the foreign language teaching process and
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quality problems of educational materials [50]. Sahin [51]
categorizes the reasons for the failure in English education
under three main headings: 1. student, 2. system, and 3.
teacher.

2. METHOD

The main purpose of using technology in education is to
provide more effective education by solving the problems
encountered in education. This study aims to suggest
solutions to the difficulties encountered in teaching English
with AR technology and to determine the perception of the
effects of these suggestions on solving the difficulties. The
main question of this research determined as "What could
be the most effective AR applications that can be used in
English education in order to solve the difficulties
encountered in English education?" and the first sub-
research question is "What are the difficulties encountered
in English education?", the second sub-research question is
“What are the AR applications that can be used in English
education?”. In order to find the answer to the sub-research
questions, a focus group interview was held in November
2018 with a group of 32 English teachers and a moderator
and a reporter (they are informatics experts). English
teachers had MS degrees from different universities in
Turkey and had an average of nine years of experience. In
the continuation of the study, for answering the research
question, the AHP application, one of the multi-criteria
decision-making methods, was carried out to determine the
most effective AR application that can be a solution to the
difficulties in teaching English. In this context,
questionnaires were sent to 32 teachers who participated in
the focus group interview and feedback was received from
18 teachers. The obtained data were transferred to the
computer, and all the calculations required for the
implementation of the AHP method were performed using
a code written in MS Excel, and the results were evaluated.

Focus group interviews carried out within the scope of the
research can be defined as a technique of using the effect
of group dynamics in the unstructured interview and
discussion between a small group and the moderator,
obtaining in-depth information and generating ideas. The
purpose of focus group interviews is to obtain in-depth,
detailed and multidimensional qualitative information
about the participants' perspectives, lives, interests,
experiences, tendencies, thoughts, perceptions, feelings,
attitudes and habits on a specified topic. It is important for
the participants to express their opinions freely during the
focus group discussions. The most important advantage of
focus group discussions is that new and different ideas
emerge as a result of in-group interaction and group
dynamics. This technique is widely used in social sciences
as preliminary research. Detailed data from focus group
interviews provide a solid basis for one-on-one interviews
and surveys [52].

Multi-Criteria Decision Making, on the other hand, is a
sub-branch of Decision Sciences and relies on modeling
and analyzing the decision process according to criteria
[53]. Allows the decision maker to choose by evaluating
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based on at least two criteria within a set of countable finite
or uncountable numbers of options. For this reason, multi-
criteria decision-making methods help the decision-maker
evaluate the options to achieve the research objectives
according to various criteria by ensuring a good analysis of
the findings helping the decision-maker to determine the
most appropriate option. AHP, one of the multi-criteria
decision-making methods, is an approach where
knowledge, experience, individual thoughts and intuitions
are combined in a logical way [54]. It is based on
determining weight, importance, or superiority in order to
be able to choose among various alternatives by
considering multiple criteria. In AHP, both subjective and
objective opinions of decision makers can be included in
the decision process. Therefore, AHP is a mathematical
method that takes into account the priorities of the group
and the individual and evaluates qualitative and
quantitative variables together in decision-making. This
situation makes AHP stronger than other decision-making
methods. This method is used to evaluate the factors that
are independent from each other at each level in their
hierarchical structure [55]. It transforms significant
differences in decision points in the hierarchy into
percentage distributions with binary comparisons using a
predefined comparison scale. Thus, in a systematic
approach, numerical performance measurements are
combined with subjective evaluations, and results are
obtained [56].

3. RESULTS

In this part, firstly the results of the focus group study, in
which the answers to the sub-research questions were
found, and then the results of the AHP study, in which the
answer to the research question was found, will be
presented.

3.1. Findings of Focus Group Meeting

In this study, for the answer to the first sub-question, the
difficulties encountered in English education were divided
into four different categories: difficulties caused by the
student, difficulties caused by the education system,
difficulties caused by materials and difficulties caused by
teachers. Among the difficulties caused by the students;
inability to learn the word in context, fear of making
mistakes while speaking in a foreign language, lack of
motivation, insufficient practice in English, different
grammar, word and alphabet structure between English
and his/her native language, inability to have a command
of the grammar of his/her native language, not allocating
enough time for foreign language lessons, low cultural
awareness, and status of not knowing how to learn. Among
the difficulties caused by the education system; lack of in-
service training, not starting language learning at an early
age, providing only exam-focused education in schools,
deficiencies caused by the curriculum, lack of sufficient
quantitative and qualitative teachers, difficulties arising
from measurement (multiple choice exam), and the fact
that knowledge level of students are different. Lack of
correct and high-quality materials, difficulties in learning
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in crowded classrooms, and deficient use of technology are
among the difficulties caused by the material. Finally, lack
of practice in English speaking, using the native language
mainly in foreign language teaching and restricting active
speaking, deficiencies in teaching ability, lack of
knowledge in teacher’s English level, and inability in self-
improvement are among the difficulties caused by the
teacher. In this focus group interview, while the same
categories were determined as the main categories in
Onagan and Kulakoglu [45], it was decided to make some
changes in the sub-categories.

In line with the answers given by the participants to the
second sub-question, some suggestions were made
regarding the use of AR in English education and solving
the difficulties encountered in English education. Among
these suggestions, first of all, it is necessary to use the
dictionary for unknown words while reading an English
book. This situation is both tiring, boring and difficult to
focus. By using AR technology, it may be useful to learn
the equivalent of the pointed word by using eyeglasses or
mobile phone. As another suggestion, it is considered that
developing a mobile application and seeing the English
equivalents of the material in the environment on a phone,
tablet or glasses may be beneficial in terms of learning the
words. With the developed mobile application, translation
can be provided by placing the phone on the text. In
addition, displaying all parts of any material in 3D and
ensuring that they are seen in detail during the lecture can
also be beneficial in terms of retention in English learning.
It is among the evaluations that a halogen 3-dimensional
character can also be used as a teaching aid in English
education. For example, as the teacher speaks and gives
commands, the 3-dimensional teaching aid (be it an animal
or a comic character) can execute the given commands. It
is considered that English teaching/learning can be
facilitated by gamification in the form of giving English
commands to the player in the game and getting points if
the player performs them. Animating the shape in an
English storybook and making it 3D, reading the story by
a native English speaker can be both interesting and easy
to learn for a student. Different functions can be evaluated,
such as vocalizing the written conversations in English.
The suggestions regarding the use of AR in English
education were provided below in detail.

3.2. Findings of AHP

In this study, AHP method has been used. In all the
analyses within the scope of the study, implementation
phases of AHP method have been realized as given below:

=  The problem was identified.

= Required criteria for the decision has been
determined, criteria priorities were specified. As a
result of the focus group study that was carried out
with English teachers within the frame of this study,
criteria and sub-criteria were determined and the
difficulties encountered in teaching English were
grouped in terms of four criteria: student-related,
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educational system-related, material-related and
teacher-related.

= Hierarchical structure was established. In the upper
part, there are fundamental target to be achieved.
Below it is the criteria of the study and sub-criteria.
While the criteria were being set, it was
acknowledged that the options in the same level were
independent of each other. Nine student-related,
seven educational system-related, three material-
related and five teacher-related sub-criteria were
identified.

=  Binary comparisons matrix was created. By using a
severity scale that has values between 1 and 9, first
the criteria, and then the sub-criteria and finally all the
criteria have been taken into account, matrixes in
which solution proposals were compared and
contrasted according to the criteria were created.
Solution proposals were compared according to each
criterion  separately.  Decision matrixes are
constructed using the 1-9 comparison scale proposed
by Saaty [57], presented in Table 1.

=  Binary comparison matrixes have been normalized.
Then the priority vector has been calculated. The
average of each row sum of the normalized matrix
was divided by the size of the matrix, and these values
were the criterion weights that were calculated for
each criterion. These weights form the priority vector.
Then, the fact that whether the criterion weights
would be used in the model or not has been
investigated.

=  The sum of each row of the normalized matrix was
multiplied by the criterion weights of that row. The
lambda max (Amax) value was obtained by summing
the product results and dividing by the matrix size.

Table 1. Saaty scale of comparison

Significance | Description | Statement
1 Equally Two factors are
Significant | equally significant
Little More | One is little more
3 Significant | significant than the
other one.
Quite More | One is quite more
> Significant | significant than the
other one.
Much More | One is much more
! Significant | significant than the
other one
Absolutely | One is absolutely
9 More more significant
Significant | than the other one
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2 4.6 8 Intermediate | Used when the
o Values preference values
are close to each
=  After performing binary comparisons and

determining their priorities the consistency of the
comparison matrixes has been calculated. With the
purpose of finding out whether a matrix created as a
result of binary comparison judgment is consistent or
not, the coefficient called "Consistency Index-CI",
which is one of the various efficient methos, was
calculated. In order to evaluate the consistency of the
Cl coefficient, the "Random Index (RI)" value should
be known. The RI values which were defined for the
n-dimensional comparison matrixes are indicated in
Table 2. The consistency index of the comparative
matrix was calculated with Consistency Index Cl=
Amax— n / n — 1. After the ClI and RI values were
specified, the consistency ratio (Consistency Ratio-
CR=CI/RI) of the comparison matrixes was
calculated. Since the consistency ratio was less than
0.10, the comparison matrix was found out to be
consistent.
By forming a binary comparison matrix for the criteria, the
priority vector of the solution proposals is calculated and
this priority vector was also defined as the weight vector
for the criteria. Finally, the solution proposals were listed
and the priority vectors which were collected for the sub-
criteria were combined to obtain the entire priority matrix.
The result vector is obtained by multiplying all the
priorities matrix and the priority vector of the solution
proposals. The solution proposal with the highest weight in
this vector has been determined as the solution proposal
which will contribute to the solution of the problem and
should be preferred first.

Table 2. RI values which were defined for the
n-dimensional comparison matrixes

n 1 2 3 4 5 6 7 8

RI 0 0 058 | 0.90 | 112 | 124 | 1.32 | 141

n 9 10 11 12 13 14 15 -

RI'| 145 | 149 | 151 | 1.53 | 1.56 | 1.57 | 1.59 -

A focus group study was held out to find out the criteria
and sub-criteria for selecting the solutions to the difficulties
faced in teaching English through using AR technology,
and the suggestions which might be possible solutions for
these difficulties among the technological products
currently available in the market. As a result of this study,
four criteria were specified; the difficulties caused by the
student, the education system, the material and the teacher.
Nine sub-criteria for student-related difficulties, seven for
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educational system-related difficulties, three for material-
related difficulties, and five sub-criteria for teacher-related
difficulties were determined. Within the scope of the study,
the following nine solution proposals (decision options)
were offered:

S1: Seeing the corresponding word in a written text using
AR technology with glasses or a cell phone.

S2: Defining the material in the environment using image
processing techniques and displaying its English
equivalent on a phone/tablet/glasses.

S3: Displaying the translated version with the original text
by placing the phone on the text.

S4: Displaying all parts of any material in three dimensions
and ensuring that their details are seen in English during
the lecture.

S5: The use of a virtual character as a teaching aid in
English education, and this virtual character wandering
around the classroom randomly and the teacher
occasionally asking the students about where this character
is and what it is doing.

S6: Teaching/learning English through gamification in the
form of giving English commands to the player in the game
and getting points if the player performs them.

S7: Animating the shape in an English storybook by
making it 3D and shaping and moving it according to the
given commands.

S8: Asking questions in English while a character is being
taught and responding in English to these questions by the
character as well.

S9: Recognizing the picture in the book with image
processing technique and watching the video on that
subject on a phone/tablet/glasses.

3.3. Analysis Results of Binary Comparative Matrixes

One of the important evaluation criteria is the difficulties
caused by the students. There are nine sub-criteria related
to this. These are as follows: 1: inability to learn the word
in context, 2: fear of making mistakes while speaking in a
foreign language, 3: lack of motivation, 4: insufficient
practice in English, 5: different grammar, word and
alphabet structure between English and his/her native
language, 6: inability to have a command of the grammar
of his/her native language, 7: not allocating enough time
for foreign language lessons, 8: low cultural awareness and
9: status of not knowing how to learn. While creating the
binary comparison matrix table for difficulties stem from
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students, the sub-criteria were numbered as 1,2...9,
respectively. Binary Comparative Matrix of the student-
related difficulties is presented in Table 3.

Table 3. Binary comparative matrix of the student-related
difficulties

1,00 | 2,00 { 0,20 | 2,00 | 7,00 | 3,00 | 0,33 | 7,00 | 1,00

0,50 | 1,00 | 1,00 | 1,00 | 9,00 | 3,00 | 0,50 | 5,00 | 0,33

5,00 | 1,00 | 1,00 | 1,00 | 7,00 | 1,00 | 0,50 | 7,00 | 1,00

0,50 | 1,00 | 1,00 | 1,00 | 7,00 | 2,00 | 1,00 | 7,00 | 0,50

0,14 | 0,11 | 0,24 | 0,24 | 1,00 | 0,20 | 0,24 | 1,00 | 0,11

0,33 | 0,33 | 1,00 | 0,50 | 5,00 | 1,00 | 0,33 | 6,00 | 0,33

3,00 | 2,00 | 200 | 1,00 | 7,00 | 3,00 | 1,00 | 9,00 | 1,00

0,14 ) 0,20 | 0,24 | 0,14 | 1,00 | 0,27 | 0,11 | 1,00 | 0,11

O (| N0 | bd|lw [N |EF

1,00 | 3,00 | 1,00 | 2,00 | 9,00 | 3,00 | 1,00 | 9,00 | 1,00

As a result of the AHP analysis applied to the binary
comparison matrix of the student-related difficulties
(Amax=9.800; CI=0.100; CR=0.069), it was decided to be
consistent since the CR value was less than 0.10.

Another important evaluation criterion is the difficulties
stemming from the education system. The sub-criteria of
this criterion are; 1: lack of in-service training, 2: not
starting language learning at an early age, 3: providing only
exam-focused education in schools, 4: deficiencies caused
by the curriculum, 5: lack of sufficient quantitative and
qualitative teachers, 6: difficulties arising from
measurement (multiple choice exam) and 7: the fact that
knowledge level of students are different.

As a result of the AHP method analysis (Amax=38.090;
CI=0.182; CR=0.138), the consistency value was
determined to be 0.138 and it was decided that model
estimation cant’ be performed because it was bigger than
0.10. As a result, the difficulties stem from the education
system were excluded because the binary comparison
matrix was not consistent.

Material-related difficulties are another evaluation
criterion, and it has three sub-criteria: 1: lack of correct and
high-quality materials, 2: difficulties in learning in
crowded classrooms and 3: deficient use of technology. As
a result of the AHP analysis, the binary comparison matrix
values of the difficulties arising from the material were
Amax=3.029; CI=0.015; CR=0.025. Likewise, as the CR
value is lower then 0.10, it is consistent and model
estimation can be made with these criterion weights.
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Binary Comparative Matrix of the difficulties stem from

the material is presented in Table 4.

Table 4. Binary comparative matrix of the difficulties
stem from the material

Lack of Learning Insufficient
correct and difficulties | Use of
high-quality | in crowded | Technology
material classrooms

Lack of

correct and

high-quality 1,00 1,00 3,00

material

Learning

Difficulties

in crowded 1,00 1,00 5,00

classrooms

Insufficient

Use of 0,33 0,20 1,00

Technology

The sub-criteria of teacher-related difficulties are 1: lack of
practice in English speaking, 2: using the native language
mainly in foreign language teaching and restricting active
speaking, 3: deficiencies in teaching ability, 4: lack of
knowledge in teacher’s English level and 5: inability in
self-improvement.

According to the results of the AHP analysis applied for
the sub-criteria of this criterion (Amax=5.228; CI=0.057;
CR=0.051), it was acknowledged that the binary
comparison matrix of difficulties stemming from the
teacher is consistent. Binary Comparative Matrix of
teacher-related difficulties is presented in Table 5.

While the most significant criterion for the difficulties
encountered in teaching English is student-related as
indicated with the rate of 71%, it is seen that the second is
material-related (19%) and the third is teacher-related
difficulties (10%). The most important sub-criterion of the
student-related criterion of the difficulties faced in teaching
English is that students do not (can not) spend enough time
on foreign language lessons as indicated by the rate of
18.9%. When Table 6 is examined, it is seen that having no
knowledge of how to learn (18.3%) and lack of motivation
(15.4%) are other student-related problems. The least
effective student-related difficulties are the sub-criteria of
different native language grammar, vocabulary and
alphabet structure and weak cultural awareness (1.8%).
When the sub-criteria of material-related difficulties are
examined, it has been observed that the most significant
sub-criterion is the learning difficulties seen in crowded
classrooms with 57.4%.
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While the lack of correct and high-quality materials is in
the second rank with the rate of 28.6%, the least effective
sub-criteria (14%) is the students’ insufficient use of
technology. In Table 6, the most important sub-criterion
(54.3%) of the student-related difficulties criterion is the
inability to self-improvement. In the second rank (24%)
comes the teacher's lack of knowledge in English linguistic
level. The least effective sub-criterion (5.8%) is seen to be
deficiencies in teaching ability.

The values of the solution proposals (decision options)
presented by using AR in English teaching were calculated
by using the priority matrix value and importance levels of
the sub-criteria of each criterion. These values are shown
in Table 7. When Table 7 is examined, it is seen that the
solution offers are as follows from the top to the low: S5
(%20.5), S7 (%16.6), S4 (%13.4), S3 (%12), S8 (%11.3),
S6 (%11), S1 (%6), S2(%4.9) and S9(%4.5). As a result of
the research, the best three solution suggestions would be
“the use of a virtual character as a teaching aid in English
education and this virtual character wandering around the
classroom randomly and the teacher occasionally asking
the students about where this character is and what it is
doing”, “animating the shape in an English storybook by
making it 3D and shaping and moving it according to the
given commands” and “displaying all parts of any material
in three dimensions and ensuring that their details are seen
in English during the lecture”. Detailed result of AHP
model is presented on Table 6.
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Table 5. Binary comparative matrix of teacher-related difficulties

Using the native

racticein | foregn language | Defcienciesin | (SCCE | nability i
Epeaking teacr?ing angd ’ t(?.f.h.i ng in teache%"s self-
English restricting active abilities English level Improvement
speaking
Lack of practice in
speaking English 1,00 1,00 2,00 0,33 0,20

Using the native
language mainly in
foreign language 1,00 1,00 1,00 0,20 0,14
teaching and restricting
active speaking

Deficiencies in teaching

abilities 0,50 1,00 1,00 0,20 0,14
Lack of knowledge in

teacher’s 3,00 5,00 5,00 1,00 0,20
English level

Inability in self-

improvement 5,00 7,00 7,00 5,00 1,00

Table 6. Detailed result of AHP model

Choosing The Best Solution For Teaching English Value of Comparison
Sub-Criteria of Difficulties Caused by the Student
Inability to learn the word in context 0,137
Fear of making mistakes while speaking in a foreign language 0,111
Lack of motivation 0,154
Insufficient practice in English 0,119
Different grammar, words and alphabet structures between English and his/her
native language 0,018
Student’s inability to have a command of the grammar of his/her native language 0,072
Not allocating enough time for foreign language lessons 0,189
Low cultural awareness 0,018
No knowledge of how to learn 0,183
Sub-Criteria of Difficulties Caused by the Material
Lack of correct and high-quality material 0,286
Learning difficulties in crowded classes 0,574
Insufficient use of technology 0,140
Sub-Criteria of Difficulties Caused by the Teacher
Lack of practice in speaking English 0,091
Using the native language mainly in foreign language teaching and restricting 0,068
active speaking
Deficiencies in teaching abilities 0,058
Lack of knowledge in teacher’s English level 0,240
Inability in self-improvement 0,543
Criterion
Difficulties caused by the student 0,710
Difficulties caused by the material 0,190
Difficulties caused by the teacher 0,100
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Table 7. Values of solution suggestions

Code of
the Offered | The Solution Offered by Using Augmented Reality in English Teaching Values
Solution

Seeing the corresponding word in a written text using Augmented Reality

S1 - 0,060
technology with glasses or a cell phone

s Defining the material in the environment using image processing technique and 0.049
displaying it’s English equivalent on a phone/tablet/glasses '
Displaying the translated version with the original text by placing the phone on

S3 0,120
the text

s4 Displaying all parts of any material in three dimensions and ensuring that their 0.134
details are seen in English during the lecture '
The use of a virtual character as a teaching aid in English education and this

S5 virtual character wanders around the classroom randomly and the teacher 0,205
occasionally asks students about where this character is and what it is doing
Teaching/learning English through gamification in the form of giving English

S6 commands to the player in the game and getting points if the player performs 0,110
them.

57 Animating the shape in an English storybook by making it 3D and shaping and 0166
moving it according to the given commands '

s8 Asking questions in English while a character is being taught and responding in 0113
English to these questions by the character as well '

59 Recognizing the picture in the book with image processing technique and 0.045
watching the video on that subject on a phone/tablet/glasses '
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4. DISCUSSION AND CONCLUSION

Accordingly, this work has aimed to give information
about the general concept of AR technologies and reveal
their application areas with examples in English education
in order to provide suggestions for AR technology
applications that can solve the problems and difficulties
encountered in English learning. To do so, a focus group
interview technique has been applied to a group of English
teachers and accordingly priority rankings and importance
ratings of encountered difficulties and their categorization
in a comparative way have been presented by using AHP
Rating Scale. After that, it has been suggested AR
technology applications that can solve the problems and
difficulties encountered in English education and they have
been listed according to their priority rankings.

Similar to Sahin [51]'s study, but with one addition, the
difficulties encountered in English education were divided
into four groups as student-related difficulties, education
system-related difficulties, material-related difficulties,
and teacher-related difficulties. In this study, similar
reasons were identified as in [46], [47], [48], [49], [50] and
these reasons were grouped under four main categories to
create a hierarchical structure. It is evaluated that this
hierarchy will provide a systematic infrastructure for future
studies and implementations.

The teaching materials used in English language education
play a crucial role in the effectiveness of the teaching
process. Written, auditory, and visual materials used in
education appeal to students' different sensory organs,
making learning more effective and also reducing the
likelihood of forgetting what has been learned.

In parallel with the developments in technology, it is
necessary to develop new materials and to benefit from AR
technology like many new developing technologies. In
education, AR assists students in better learning through
visualization and full immersion in the subject. Although
new applications will continue to emerge as AR technology
develops, this study has identified nine AR applications
that can be used in English education, and determined
which one would contribute the most to addressing the
issues in English education.

Of the nine proposed technologies, three of the most
effective are “the use of a virtual character as a teaching aid
in English education and this virtual character wandering
around the classroom randomly and the teacher
occasionally asking the students about where this character
is and what it is doing”, “animating the shape in an English
storybook by making it 3D and shaping and moving it
according to the given commands” and “displaying all

parts of any material in three dimensions and ensuring that

BiLiSiM TEKNOLOJILERI DERGISI, CILT: 16, SAYI: 4, EKiM 2023

their details are seen in English during the lecture”. It is
considered that the proposed technologies will develop
more and more effectively as they are used in English
education and will also shed light on the development of
other innovative applications.

As a result, it is evaluated that lots of AR applications can
be developed and will increase the effectiveness in learning
and teaching English, and in parallel with the
developments in technology and the increase in awareness
regarding the use of technology in education, the AR can
be used intensively and effectively in English education
over time. It is hoped that the resulting work is useful for
other relevant work in academia and practice.

5. RECOMMENDATIONS

In the future studies, the AR applications mentioned in this
study can be implemented and actually can be used in
English education, the effectiveness of the AR applications
mentioned here can be determined, the benefits of AR
applications in English education can be investigated, the
results of a similar study conducted with students can be
compared with the results of this study, and new
applications can be developed by using the AR applications
mentioned in this study.
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