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Article Information Abstract
@ Crosshark This study examines the research on virtual reality (VR) technology, particularly in
educational research, by considering the variables of postgraduate dissertations written
DOI: 10.29299/kefad.1201788 in Turkey. The study uses the keyword “virtual reality” to locate 194 dissertations on

the centre database of the Council of Higher Education (CHE). 34 of these dissertations,
which are part of the field of “Education and Training”, were used in the research. These
dissertations were examined by using a qualitative research approach: namely basic
interpretive design. The subject areas of the dissertations are Science Education, Teacher
Training, Special Education, and Language Teaching. The software used in the
development process is divided into four basic categories: 2D and 3D design programs,
3D function libraries, interactive interface design software, and computer programming
languages. The hardware mostly used in the implementation process are VR glasses and
Tendency, haptic devices/remote controls, with approximately half of the dissertations being
concerned with the design and development of a new VR environment. Significant
advantages of VR are found in the majority of the dissertations in terms of very
VR In Education important variables in the learning processes, including academic achievement, skill
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development, attitude, and motivation. The experiences of users were used to
demonstrate that the developed VR environments are both effective and reusable. When
the cost of developing a VR environment is considered, the latter advantage makes a
significant contribution to the entire research, application, and dissemination processes.

Egitimde Sanal Gerceklik Teknolojisi: Tiirkiye’deki Egilimin

Belirlenmesi
Makale Bilgileri Oz
@CmssMa:k Bu calisma, Tiirkiye'deki lisansiistii tezlerde sanal gerceklik (SG) teknolojisine iligkin
Ozellikle egitim alanindaki arastirmalar1 cesitli degiskenler agisindan incelemeyi
DOI: 10.29299/kefad.1201788 amaglamustir. Bu kapsamda “sanal gerceklik” anahtar s6zciigiinii kullanarak Yiiksekogretim

Yiikleme:  09.11.2022 Kurumu (YOK) tez merkezi veri tabamindaki tezlere (n=194) ulasilmistir. Bu tezlerden

Diizeltme:  13.05.2023 “Egitim ve Ogretim” (n=34) alamnda yer alan tezler aragtirmaya dahil edilmistir. Tezler nitel

Kabul: 06.07.2023 aragtirma yaklagimlarndan biri olan terr.lhel yorumlayici deser.l. kullamilarak ir}Felenmi§tir.
Tezlerin konu alanlar1 Fen Bilgisi Egitimi, Ogretmen Yetistirme, Ozel Egitim, Dil Ogretimidir.
Anahtar Kelimeler: Gelistirme stirecinde kullamilan yazilimlar, 2B ve 3B tasarim programlari, 3B islev
kitapliklari, etkilesimli arayiiz tasarim yazilimlar1 ve bilgisayar programlama dilleri olmak
Egilim, iizere dort temel kategoriye ayrilmistir. Uygulama siirecinde en ¢ok kullanilan donanimlar
Sanal Gerceklik, VR gozliikleri ve dokunsal cihazlar/uzaktan kumandalardir. Tezlerin yaklasik yarisinda yeni

bir VR ortamu tasarlanmis ve gelistirilmistir. Ayrica tezlerin ¢ogunda akademik basari, beceri
gelistirme, tutum ve motivasyon gibi 6grenme siireglerinde ¢ok 6nemli degiskenler agisindan
VR lehine pozitif ve anlamli farkliliklar bulunmaktadir. S6z konusu tezlerde {iiretilen VR
ortamlarinin yeniden kullanilabilmesi ve bu kullanic1 deneyimleri raporlanarak gelistirilen
ortamlarin etkinliginin dogrulanmasi saglanabilir. Yeni bir SG ortamu gelistirmenin maliyeti
g6z Oniinde bulunduruldugunda, bu hem arastirma hem de uygulama siireglerine ve
dolayisiyla yayginlagtirilmasina biiyiik katk: saglayacaktir.
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Giris

21. ylizyilin 6grenme kolaylastiricist olarak tanimlanan Sanal Gergeklik (SG) (Rogers, 2019)
goriintiiler, sesler veya diger uyaranlarla kullanicilara fiziksel olmayan bir diinyada fiziksel olarak var
olma algisinin olusturulmasidir (Freina ve Ott, 2015). Biocca ve Delaney (1995) SG'yi “bireylerin
gercekte bulunulmadiklar1 bir ortamda duyusal yanilsamalarini miikemmellestirmek igin ¢alisan
donanim ve yazilim sistemlerinin biitiinii” olarak tanimlanmistir (Radianti, Majchrzak, Fromm ve
Wohlgenannt, 2020)._SG, teknolojik donanimlar araciligiyla istenilen ortamin gercekgi bigimde dijital
olarak kullamicilara sunulabildigi, olusturulan 3 boyutlu modeller {izerinde kullanici denetiminin
saglanabildigi, duyusal agidan gercek hayata dair benzerliklerin kullanicilara hissettirilebildigi ve
yapay ile gerceklik olgusu arasindaki yakinsamanin saglanabildigi sistemlerdir (Kalkan,
2020). Dolayisiyla, SG’yi teknoloji araciligiyla kullanici duyularimin modere edilmesi olarak

tanimlamak olanaklidir.

SG ortamlari ile kullanicilara gercekte bulunmadiklar1 ortamlar sunularak tehlikeli durumlar:
deneyimleyebilmeleri saglanabilmektedir (Alfadil, 2020). Sanchez ve digerleri'ne (2000) gore SG
teknolojileri 6grencilerin ortamdan gelen uyaranlar: algilamasi, 6ziimsemesi ve anlamlandirmasina
olanak tanimaktadir. SG’yi bir egitim teknolojisi olarak diger teknolojilerden ayiran en temel 6zellik,
ogrencilere sadece cevreyi algilama veya deneyimleme olanag1 sunmas: degil yorumlama ve okuma
olanag1 sunarak bilgiyi somutlagtirilabilmeye katki saglamas: olarak ifade edilmektedir. Buna kosut
olarak egitim 6gretim siireclerinde SG teknolojileri ise kosularak tasarimlanan arastirmalarda siklikla
farkli 6grenenlere gore bireysellestirilebildigi ve siirecin istenilen siklikta tekrarlanabilmesine olanak
saglanabildigi tizerinde durulmaktadir (Chen, 2016; Ganier, Hoareau ve Tisseau, 2014). Dahas1 soz
konusu bu olanaklar 6grencilerin 6grenme siirecine etkin katilimlarinin saglanabildigi ve 6grenen-siireg
etkilesiminin artirilabildigi (Ververidis ve digerleri, 2022), dolayisiyla 6grencilerin akademik bagar1 ve

beceri gelistirmelerinin de desteklendigi vurgulanmaktadir (Jensen ve Konradsen, 2018).

SG teknolojisinin egitim Ogretim siireclerinde kullanimi yoluyla 6grenmeyi destekleme
potansiyeli hali hazirda pek ¢ok arastirmact tarafindan ortaya konuldugundan, s6z konusu teknolojinin
egitim ortamlarinda kullaniminin yayginlasmasi oldukga anlasilir goriinmektedir. Gerek ulusal gerekse
uluslararas1 alanyazinda SG teknolojisinin farkli baglamlarda kullanimina iliskin gesitli sistematik
tarama calismalar1 bulunmaktadir (Agbo ve digerleri, 2021; Hamilton ve digerleri, 2021; Jensen ve
Konradsen, 2018; Ozeren ve digerleri, 2021; Pellas ve digerleri, 2020; Radianti ve digerleri, 2020; Turgut
ve Varli Denizalp, 2020). Ornegin, ulusal alanyazinda Ozeren ve arkadaslari (2021) tarafindan yapilan
tarama c¢alismasi 6rneklem olarak 2016 ve 2019 yillar1 arasinda Web of Science veri tabaninda “virtual
reality” anahtar kelimesi ile erisilen 309 uluslararasi makaleyi kapsarken, calisma kapsaminda

belirlenen makaleler bibliyografik olarak ¢oziimlenmistir. Ulusal alanyazinda yayimlanan bir diger
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calisma Turgut ve Varl Denizalp (2020) tarafindan yayimlanmistir. S6z konusu ¢alismada ise Web of
Science, ERIC, Scopus, DergiPark, TR Dizin, YOK Tez ve Google Scholar veri tabanlarinda belirlenen
Ol¢iitlere uygun lisansiistii tezler, bildiri ve makaleler olmak {izere 69 calisma incelenmistir. Ancak
benzer bicimde bu arastirmada da bibliyografik tarama 6n plana ¢ikarken kullamilan teknoloji ve
yazilimlar da ¢Oziimleme siirecine dahil edilmistir. Ayrica Geris ve Tunga (2020) tarafindan da
bireylerin sanal gerceklik ortamlarinda yasadiklar1 bulunma hissine odaklanilarak sistematik tarama
calismasi yayimlanmistir. Hem ulusal hem de uluslararasi alanyazinda yapilan tarama arastirmalariin
ya ¢ok simrli bir yil araligimi ele aldigi, ya ulusal ve uluslararasi ayrimi yapmadan ¢ok genis bir
perspektif sunmaya ¢alistigt ya da spesifik anahtar kelimelerle yalnizca o baglama odaklanan

calismalar: inceledigi dikkati cekmektedir.

Halbuki konu ile ilgili egilimi belirleyebilmek icin konunun farkli perspektiflerden ele alinarak
incelenmesi ve bilesenlerinin ayrintili bir bigimde ortaya konulmas: énemlidir. Buradan hareketle,
ozellikle egitim Ogretim konu alaninda lisansiistii diizeyde yiiriitiilen tezlerde SG teknolojisinin
kullanim egilimi belirlenmek istenmistir. Boylece SG teknolojisinin ulusal alanyazindaki kullanim
egilimini belirleyerek hem ulusal hem de uluslararas: alanyazina gelecek ¢alismalarin gereksinimlerini
belirleyebilmek igin yol gosterici adim atildig1 diistiniilmektedir. Ciinkii bu arastirma Tiirkiye
Ornekleminde yapilan lisanstistii ¢alismalar: ele alsa da lisansiistii ¢alismalarin gelecekteki ¢alismalar
igin temel olusturdugu goz éniinde bulundurulmalidir. Ote yandan bu aragtirmada hem de elde edilen
sonuglar hem sundugu 6nemli noktalarla ve fark edilen bosluklarla gelecekteki arastirma zorluklarina
daha iyi hazirlanilmasi i¢in yardimci olabilir hem de farkh iilkelerdeki arastirma sonuglar ile

karsilastirma olanagi sunarak alanyazina katki saglayabilir.

Bu amag dogrultusunda, SG teknolojisini konu alan tezler incelenirken asagidaki arastirma

sorularina yanit aranmistir:

o Tez diizeyine gore dagilimi nasildir?

¢ Yillara gore dagilimi nasildir?

e Konu alanina gore dagilimi nasildir?

o Hedef kitle diizeyine gore dagilimi nasildir?

e Orneklem biiyiikliigiine gore dagilimi nasildir?

e Arastirma yaklasimi ve arastirma desenine gore dagilimi nasildir?
o Geligtirilmek/test edilmek istenen beceri tiiriine gore dagilimi nasildir?
¢ Yapilan uygulamalarin siiresine gore dagilimi nasildir?

¢ Kaullanilan ortamin tiiriine gére dagilimi nasildir?

o Gelistirme siirecinde kullanilan yazilimlara gore dagilimi nasildir?
¢ Uygulama siirecinde kullanilan donanima goére dagilimi nasildir?

¢ Elde edilen sonuglara gore dagilimi nasildir?
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Yontem
Arastirmanin Modeli

Tiirkiye’de SG teknolojisine odaklamilarak yiiriitiilen lisansiistii tezlerin incelenmesini
amaglayan bu c¢alismada nitel arastirma yaklasimlarindan temel yorumlayicit desenden yararlanilarak
s0z konusu tezler dokiiman inceleme yontemi ile incelenmistir. Arastirmanin temel odaginda herhangi
bir felsefi ve kuramsal tutuma yer verilmemis ise ilgili alanyazinda tercih edilen desen temel

yorumlayici desen olarak adlandirilmaktadir (Merriam, 2009).
Calisma Grubu

Aragtirma amacina kosut bicimde 2021 y1li Agustos ayinda Yiiksek Ogretim Kurumu (YOK) tez
merkezi veri tabaninda “sanal gerceklik” anahtar kelime grubu ile 194 teze erisilmistir. Erisilen tezlerin
egitim ve ogretim, bilgisayar miihendisligi bilimleri-bilgisayar ve kontrol, bilim ve teknoloji, fizyoterapi
ve rehabilitasyon, mimarlik, iletisim bilimleri, fiziksel tip ve rehabilitasyon gibi ¢esitli konu alanlarinda

oldugu belirlenmistir.

Aragtirmanin temel amaci egitim arastirmalarinda SG teknolojilerini konu alan tezlerin
incelenmesi oldugundan s6z konusu tezler arasindan “Egitim ve Ogretim” konu alaminda olan 34 tez

arastirma kapsaminda incelenmistir.
Verilerin Coziimlenmesi

Calisma grubunda yer alan 34 tez ¢oziimlenirken igerik analizi tekniginden yararlanilmistir. Bu
asamada her bir tezin tam metin erisim durumu kontrol edilmistir. Ancak 1997 yilinda yayimlanan tezin

tam metnine erisilemediginden ¢oziimleme siirecine dahil edilememistir.

Tezlerin tam metinlerine erisimin ardindan arastirma sorularma yamnit olacak bicimde ozet,
amag, yontem, siire¢ ve sonuglar ayrintili okunmus ve iligkili boliimler agik kodlama igin Microsoft
Office Excel programinda indekslenmistir. Ardindan indekslenen veriler acik bicimde kodlanmaistir. Bu
asama iki aragtirmaci da ayr1 agik kodlama islemi yaptiktan sonra kodlarda karsilastirma yapilmis ve
uyusmayan kodlar (%8) tizerinde tartisilmistir. Sonraki asamada iki arastirmaci birlikte agik kodlardan

kategorileri olusturmustur. Arastirma sorulari ¢oziimleme asamasinda tema olarak kullanilmistir.
Bulgular

Arastirma kapsaminda incelenen tezlerin, tez diizeyine (doktora ve yiiksek lisans) gore dagilimi

Tablo 1’de yer almaktadir.

Tablo 1. Incelenen tezlerin diizeye/tiire gore dagilim

Tez Tiirt f %
Yiiksek Lisans 25 77
Doktora 8 23
Toplam 33 100
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Buna gore egitim ve 6gretim konu alaninda yayimlanan tezlerin biiyiik bir boliimiiniin (%77)
yiiksek lisans diizeyinde oldugu goriilmektedir. S6z konusu bu bulgu SG teknolojisinin gelismekte ve

yayginlasmakta heniiz baslangi¢ asamasinda olan bir ¢alisma alani oldugu bigiminde yorumlanabilir.
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Sekil 1. Incelenen tezlerin yillara gére tez dagilimi

SG teknolojisine odaklanan tezlerin yillara gore dagilimi Sekil 1’de yer almaktadir. Buna gore
s6z konusu teknolojinin kullaniminin yillar igerisinde biiyiik bir artis gosterdigi ancak en fazla artisin
2019 yilinda (%39) meydana geldigi goriilmektedir. 2020 yilinda ise SG teknolojisine odaklanilan
tezlerin diger yillara gore artis gostermesine karsin 2019 yilina kiyasla diisiiste oldugu (%18) da dikkati
cekmektedir. Ayrica 2019 yilinin Eyliil ayinda YOK Tez Merkezi Sistemine heniiz yiiklenmis tez sayilari
dikkate alindiginda 2021 y1li i¢in de bu diisiis (%3) oldukga dikkat ¢ekicidir. Ancak bu durumun iginde
bulundugumuz pandemi donemi nedeni ile veri toplama ve uygulama siireclerinin sekteye ugramis

olabilecegi gerceginden de etkilemis olabilir.

Tablo 2. Incelenen tezlerin konu alanina gore dagilim

Konu Alam f %
Fen Egitimi 6 18
Ogretmen yetistirme 3 9
Ozel Egitim 3 9
Dil Ogretimi 3 9
Is Giivenligi 3 9
Tip Egitimi 2 6
Tarama/konu alan yok 2 6
Bilgisayar Egitimi 2 6
Diger (Mimarhk, Trafik, Halkla iligkiler, Matematik Egitimi, Grafik Tasarim, 9 o7
Beden Egitimi, Cografya, Egitim, Sinema)
Toplam 33 100
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SG teknolojisinin hangi konu alanlarinda kullanildigina iligkin yapilan analiz sonuglar1 Tablo
2’de yer almaktadir. Buna gére SG teknolojisinin en ok Fen Egitiminde (%18) kullanuldig1 ve Ogretmen
yetistirme, Ozel Egitim, Dil Ogretimi ve Is Giivenligi (%9) alanlarinda da gérece yaygin kullamildig
belirlenmistir. Konu alanlarina gore kullanima iligkin cesitli etkenler oldugu diisiiniilmektedir. Ornegin
Google Expedition gibi ¢gesitli uygulama kiitiiphanelerinde hazir ve erisime a¢ik SG ortamlarinin benzer
konu anlarinda olmasi SG teknolojisinin bu alanlarda kullanim yayginligini tetiklemis olabilir. Ayrica
fen egitiminde Ozellikle ortaokul diizeyinde “Viicudumuzdaki Sistemler”, “Dolasim Sistemi” ve
“Glines Sistemi ve Tutulmalar” gibi somutlastirmaya gereksinim duyulan konu ve kazanimlara
odaklarildigr belirlendiginden SG teknolojisinin somutlastirmaya destek saglayabilme gibi

avantajlarinin 6grenme problemlerinde ¢6ziim olarak kullanildig: diistiniilmektedir.

Tablo 3. Hedef kitle diizeyine gore tez sayilarindaki dagilim

Hedef Kitle Diizey f %
Universite Ogrencisi 10 31
Ortaokul Ogrencisi 8 24
Meslek Sahibi/Yetiskin 6 18
[lkokul Ogrencisi 2 6
OSB'li Ogrenci 2 6
Lise Ogrencisi 1 3
Dokiiman 1 3
Yazilim 1 3
Uygulama Yapilmamis 2 6
Toplam 33 100

Yayimlanan tezlerin hedef kitlelerine iliskin bulgular Tablo 3’te yer almaktadir. Veriler
incelendiginde SG teknolojisi ile yiiriitiilen arastirmalarin en ¢ok {iniversite 6grencileri (%31), ortaokul
ogrencileri (%24) ve meslek sahibi/yetiskinler (%16) ile uygulandig1 dikkati cekmektedir. En yaygin
hedef kitlenin iiniversite 6grencileri olmasinin sebebi 6zellikle tarama ¢alismalari igin kolay ulasilabilir
orneklem olmalarindan kaynaklandigi diisiiniilmektedir. Bir diger yaygin hedef kitlenin &zellikle
ortaokul Ogrencilerinden olusmasi ise bu donemde Ogretim programlarinda soyut konu ve

kazanimlarin ele alinmis olabileceginden kaynaklandig diisiiniilmektedir.
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= Nicel Yaklagim
= Karma Yaklasim
= Nitel Yaklasimi

Belirtilmemis

Sekil 2. Aragtirma yaklasimina gore tez sayilarindaki dagihm

Tablo 4. Arastirma desenine gore tez sayilarindaki dagilim

Aragtirma Deseni f %
Deneysel Desen 10 26
Yar1 Deneysel Desen 8 21
Durum Caligmasi 6 15
Tarama 5 13
Meta Sentez 4 10
Fenomenoloji 2 5
Tasarim Arastirmasi 1 3
Yazilim Degerlendirme 1 3
Belirtilmemis 2 5

Toplam 39 100

*Her bir tezin gelistirme siirecinde birden fazla arastirma deseni kullamldi§indan toplam sayilarinda degisiklik
mevcuttur.

SG teknolojisine odaklanilan tezlerde benimsenen arastirma yaklasimlarina iliskin bulgular
Sekil 2’de ve kullanilan arastirma desenlerine iliskin bulgular Tablo 4’te yer almaktadir. S6z konusu
veriler incelendiginde tezlerin benimsenen arastirma yaklasimma gore cesitlilik gosterdigi
belirlenirken, en yaygin arastirma yaklasiminin nicel yaklasim (%46) oldugu goriilmektedir. Nicel
yaklasimin benimsendigi arastirmalarda siklikla deneysel (%21) ve yari deneysel (%12) desen
kullanilarak arastirma siireglerinin tasarimlandigi dikkati ¢ekmektedir. Ayrica karma aragtirma
yaklagiminin benimsendigi arastirmalarda (%30) da en yaygin kullanilan arastirma desenleri benzer
bi¢cimde yar1 deneysel (12) ve deneysel (9) desen oldugu goriilmektedir. Siklig1 gorece az olmakla
birlikte tezlerde nitel arastirma yaklasiminin (%18) da benimsendigi goriiliirken, en yaygin kullanilan

nitel aragtirma deseninin durum ¢alismasi (%12) oldugu dikkati cekmektedir.
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Tablo 5. Orneklem biiyiikliigiine gore tez sayilarindaki dagilim

Orneklem Biiyiikliigii £ %
Orneklem yok 2 6
1-9 Kisi 5 15
10-49 Kisi 5 15
50-99 Kisi 13 40
100 ve Daha Fazla Kisi 8 24
Toplam 33 100

Incelenen tezlerin drneklem biiyiikliiklerine iliskin bulgular Tablo 5'te yer almaktadir. S6z
konusu verilerde en dikkat gekici olan hi¢ 6rneklemi olmayan tezlerin (%6) de bulunuyor olmasidir.
Dahasi arastirmalarin biiyiik cogunlugunun 6rneklemi 50 ile 99 kisi araliginda degisim gostermektedir
(%40). Bu durum deneysel desenden yararlanilan arastirmalarin siklig1 ile de kosutluk gosterdiginden
anlaml goriilmektedir. Ayrica 100 ve daha fazla kisiyle calisilan tezlerinde sayica fazla oldugu (%24)

belirlenmistir. Bu durumun tarama calismalarinin siklig ile kosutluk gosterdigi diistiniilmektedir.

Tablo 6. Yapilan uygulamalarin siiresine gore tez sayilarindaki dagilim

Uygulama Stiresi f %
Uygulama Yapilmamis 9 27
Tek Seferlik Uygulama Yapilmis 9 27
2-4 Hafta Siireyle Uygulama Yapilmis 7 21
6-8 Hafta Siireyle Uygulama Yapilmis 4 12
9 Hafta ve Daha Fazla Siireyle Uygulama Yapilmis 3 9
Belirtilmemis 1 3
Toplam 33 100

Tezlerin uygulama yapilma durum ve yapilan uygulamalarin siiresine iliskin veriler Tablo 6’da
yer almaktadir. Dikkat ceken en 6nemli bulgu SG teknolojisine odaklanilarak yiiriitiilen ¢alismalarin
biiyiik bir boliimiinde (%27) hi¢ uygulama yapilmamis ya da tek seferlik uygulama yapilmis (%27)
olmasidir. Hi¢ uygulama yapilmamis olmasmna iliskin verilerin 6zellikle arastirmalarda tarama
deseninin yayginlig1 gibi daha 6nce sunulan verilerle kosutluk gosterdigi dikkati cekmektedir. Ayrica
SG teknolojisinin yeni, gelisen ve heniiz egitim ortamlarinda ve dolayisiyla arastirmalarinda
yayginlasmamis oldugu bicimiyle de yorumlamak olanaklidir. Ayrica 2-4 hafta siireyle uygulama
yapilmis (%21) uygulamalarin gorece yaygin oldugu belirlenmis olup 6-8 hafta siireyle (%12) ve 9 hafta

ve daha fazla siireyle uygulama yapilmis (%9) calismalarin sikliginin diisiik oldugu goriilmiistiir.
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Tablo 7. Gelistirilmek/test edilmek istenen beceri tiiriine gore tez sayilarindaki dagilim

Beceri Tiirli Beceri f % f %
Akademik Basar1 9 17
Kalicilik 4 7
Ayirt Etme 3 6
Biligsel Beceri Kelime Ogrenme 2 4 26 48
Biligsel Yiik 2 4
Diger (Kavram Ogrenimi, Ogrenme
Ciktilari, Ust-Bilissel Karar, Ust-Bilissel 6 11
Farkindalik)
Tutum 4 7
Kaygi 1 2
Duyussal Beceri Oz-Yeterlik 1 2 10 19
Motivasyon 1 2
Diger (Bulunma Hissi, Ogrenci 3 6
Baglilig1, Teknoloji Kullanim Egilimi)
Islemsel Beceri 6 11
Psikomotor Beceri .§ e.rrTse ecent . 8 15
Iletisim/Konugma Becerisi 2 4
Diger Beceri Gelisimi Amaglanmamis 10 19 10 19
Toplam 54 100 54 100

*Her bir tezde bir veya birden fazla beceri gelisimine odaklamildi§indan toplam sayilarinda degisiklik mevcuttur.

Calisma kapsaminda incelenen tezlerde gelistirilmek/test edilmek istenen beceri tiiriine iligkin
bulgular Tablo 7’de yer almaktadir. S6z konusu verilerin analizinde biligsel (%48), duyussal (%19) ve
psikomotor (%15) beceri olmak iizere ii¢ temel kategori olusturulmustur. Gelistirilmek istenilen biligsel
beceriler dogrudan akademik basari, kalicilik, ayirt etme, kelime 6grenme, biligsel yiik, kavram
Ogrenimi ve 6grenme ciktilari ile ilgilidir. Incelenen tezler arasinda en yaygin gelistirilmek istenen
biligsel becerinin akademik basar1 (%17) oldugu dikkati ¢cekmektedir. Ayrica gelistirilmek istenen
duyussal becerilerin tutum, kaygi, 6z-yeterlik, motivasyon, bulunma hissi, 6grenci baglilig, tist-bilissel
karar, iist-biligsel farkindalik ve teknoloji kullanim egilimi ile ilgili oldugu belirlenmistir. S6z konusu
duyussal beceriler arasinda ise tutum (%7) en ¢ok gelistirilmek ya da sinanmak istenen beceri olarak
dikkati ¢ekmektedir. Tablo 7 incelendiginde psikomotor beceri gelisimine odaklanilan ¢alismalarda
(%15) genellikle islemsel beceri ediniminin (%11) ve iletisim/konusma becerisinin (%4) incelendigi
goriilmektedir. Ayrica incelenen tezlerin énemli bir boliimiinde (%19) herhangi bir beceri gelisimine

odaklamilmadig da dikkati gekmektedir.

Tablo 8. Kullanilan ortamin tiiriine gore tez sayilarindaki dagilim

Kullanilan Ortam Tiirii f %
Geligtirilmig 17 52
Hazir 12 36
Ortam Kullanilmamis 4 12
Toplam 33 100

SG teknolojisi daha 6nce sozii edildigi {izere yiiksek maliyet gerektiren bir teknolojidir. Ayrica
s0z konusu teknolojinin ise kosulacag ortamlar: tasarlamak da gesitli tasarim ve yazilim programlarin
iyi derecede kullanabilmeyi gerektirmektedir. Tablo 8'de yer alan kullanilan ortamin tiiriine gore tez

sayilarindaki dagilimin yiiksek maliyet ve uzmanlik gerektirmesi durumundan etkilenmis oldugu goz
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oniinde bulundurulmalidir. Incelenen tezlerin yaklasik yarisinda (%52) yeni bir ortam gelistirilmesine

karsin 6nemli bir boliimiinde (%36) hazir ortamlardan yararlanildig: belirlenmistir.

Tablo 9. Gelistirme siirecinde kullamlan yazilimlara gore tez sayilarimdaki dagilim

Kategori Yazilim Tiiri f % f %
Cizim programlar: (3D Studio MAX, Adobe PHOTOSHOP,
Adobe ILLUSTURATOR, AutoCAD, Blender3D v2.8, Blender, 15 19
Cinema 4D, Substance 3D, Maya, SolidWorks)
Video diizenleme programlari (Adobe AFTER EFFECT
2 Boyutl prog
ve3 OYUt u PREMIERE, Adobe PREMIER) 2 3 27 34
Tasarim Programlart Ses diizenleme programlari (Adobe Audition) 1 1
Diger (Adobe AIR, MonoDevelop, VIVE Input Utility, SMI
BeGaze 2.4, SMI BeGaze 2.4, Vuforia, AR Foundation, The 9 11
ARSessionOrigin)
Oculus Go 4 5
Google VR 3 4
. Google Expeditions 2 3
3 Boyutlu Fonksiyon gle Exp
o y . y Second Life Viewer 3 4 22 28
Kutuphanelerl Diger (Assetstore, Assetstore, Directx, Chai3d, Stellarium,
Cinevoyage, Steam, Marketplace, Thebodyvr, Eleven Table 10 13
Tennis VR)
Unity 4D/3D 11 14
Etkilesimli Arayiiz Microsoft Visual Studio 4 5 18 23
Tasarim Yazilimlar: Diger (Movavi Studio, Macromedia Director, Adobe Flash 3 4
Professional Cs6)
] C Sharp (C#) 7 9
Bilgisayar p
gisay . . Diger (C-Script, Lite-C, Darkbasic, Actionscript 3.0, Linden 5 6 12 15
Programlama Dilleri Script Language, Java)
Toplam 79 100 79 100

*Her bir tezin gelistirme siirecinde birden fazla yazilim kullamildigimdan kullamlan yazilimlara iliskin toplam

sayilarinda degisiklik mevcuttur.

Calisma kapsaminda incelenen tezlerin gelistirme siirecinde kullanilan yazilimlara gore

dagilimlar1 Tablo 9'da yer almaktadir. Tezlerde kullanilan yazilim tiirleri ¢6ziimlenirken dort temel

kategori altinda toplandig: belirlenmistir. Tezlerde kullanilma sikligina gore bu kategoriler sirastyla 2

ve 3 boyutlu tasarim programlar1 (%34), 3 boyutlu fonksiyon kiitiiphaneleri (%28), etkilesimli arayiiz

tasarim yazilimlari (%23) ve bilgisayar programlama dilleri (%15) olarak belirlenmistir. 2 ve 3 boyutlu

tasarim programlarindan yaygin kullarulanlar ¢izim programlar1 olurken, 3 boyutlu fonksiyon

kiitliphaneleri arasindan yaygin kullanilanlar Oculus Go, Google VR, Google Expeditions ve Second

Life Viewer olarak belirlenmistir. Ayrica en yaygin kullanilan etkilesimli arayiiz programinin da UNITY

3D ve 4D oldugu belirlenmistir.
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Tablo 10. Uygulama siirecinde kullanilan donanima gére tez sayilaridaki dagilim

Donanim Tiirt £ %
5G Gozlugi 23 59
Dokunsal (Haptik) Cihaz/Kumanda vb. 8 21

Temel Donanim (Projeksiyon, Kulaklik, Kamera) 6 15

Kinect Konsol 1 3

Goz Izleme Cihazi 1 3

Toplam 39 100

*Her bir tezin uygulama siirvecinde birden fazla donavum kullamildigimdan kullanilan donanimlara iliskin toplam
sayilarinda degisiklik mevcuttur.

Tablo 10’da incelenen tezlerin uygulama siirecinde ise kosulan donanimlar yer almaktadir. En
yaygin kullanilan donanim birimin SG gozliigii (%59) olurken, dokunsal cihazlarin (%21) da
kullaniminin gorece yaygin oldugu belirlenmistir. Ayrica yalnizca bir ¢alismada Kinect Konsol (%3) ve

g0z izleme cihazindan (%3) yararlanildig: goriilmiistiir.

Tablo 11. Elde edilen sonuclara gore tez sayilarindaki dagilim

SG Lehine Anlamli Fark Var  SG Lehine Anlamli Fark Yok
Kategori

f % f %
21 3 5

—_
[V}

Akademik Basar1
Degerlendirme/Goriis
Motivasyon

Olumlu Tutum
Kaliclik

Bulunusgluk Hissi
Daldirma Hissi
Gergeklik Hissi

Guven

9l P, P N W W & NN @

Beceri Gelistirme
Ust Bilissel Karar
Diger (Etkililik, Baglilik) 2
Programin iyile;;tirilmesi
Gereken Noktalar Var
Toplam 49 78 14 22

*Her bir tez icin birden fazla sonuca erisildiginden elde edilen sonuglara iliskin toplam sayilarinda degisiklik

5 8

mevcuttur.

SG teknolojisi ulusal alanyazinda egitim arastirmalarinda neredeyse son on yildir kullanilmakla
birlikte sonuglari {izerine bir derleme s6z konusu degildir. Tablo 11’de tezlerden elde edilen sonuglarin
genel hatlariyla ¢oziimlenmesine iliskin veriler yer almaktadir. S6z konusu sonuglarin biiyiik
¢ogunlugunda (%78) gelistirilmek istenen beceri iizerinde SG teknolojisinin olumlu etkisinin oldugu
goriilmektedir. Ayrica daha 6nce belirtildigi iizere en ¢ok gelistirilmek istenen beceri olan akademik
basarmin tiim ¢aligmalar arasinda %21 oraninda olumlu sonuglandig: belirlenirken %5 oraninda SG
teknolojisi ile gelistirilen uygulama siirecinin akademik basar1 {izerinde anlaml fark olusturmadig:

dikkati cekmektedir. Ote yandan incelenen tezlerde katiimci goriislerinin tamaminin (%13) olumlu
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oldugu raporlanmistir. Ayrica SG teknolojisinin ise kosuldugu arastirma siireglerinde tutum (%10) ve

motivasyon (%11) gibi duyussal becerilerin de gelistirilebildigine iliskin sonuglar yer almaktadir.
Tartisma ve Sonug

Ulusal alanyazinda SG teknolojisinin kullanim egilimini belirlemek amaciyla YOK Tez veri
tabaninda egitim ve 6gretim konu alaninda yayimlanan tezlerden “sanal gergeklik” kelime blogu ile
erisilen otuz dort lisansiistii tez, diizeye, yayim yilina, konu alanina, hedef kitlesine, drneklem
biiytikliigiine, arastirma yaklasimi ve arastirma desenine, gelistirilmek/test edilmek istenen beceri
tiirtine, yapilan uygulamalarin siiresine, kullanilan ortamin tiirtine, gelistirme siirecinde kullanilan

yazilimlara, uygulama siirecinde kullanilan donanima ve elde edilen sonuglara gore ¢oziimlenmistir.

Incelenen tezlerin biiyiik bir boliimiiniin yiiksek lisans diizeyinde yayimlandig belirlenmisgtir.
Yillara gore tezlerin dagiliminda 2019 yili dahil artis gozlemlenirken, 2020 ve 2021 yillarinda SG
kullanilarak vyiiriitiilen tez sayilarinda diisiis oldugu belirlenmistir. Geris ve Tunga (2020) SG
teknolojisine odaklanan arastirmalardaki yillara gore artisi, s6z konusu teknolojiye erisimin artmasiyla
bagka bir soyleyisle gorece kolay ulasilabilir olma ile iligskilendirmislerdir. Yapilan arastirmada
belirlenen son iki yillik diisiisiin i¢inde buldugumuz pandemi kosullariyla iligkili olabilecegi
diisiiniilmektedir. Ciinkii 2020-2021 egitim 6gretim yilinin biiyiik bir boliimiinde acil uzaktan egitim
siirecleri ise kosuldugundan, pek ¢ok lisansiistii tezin uygulama asamas: ertelenmek durumunda
kalmstir. Dolayistyla s6z konusu bulguyu son yillarda diisiis oldugu bi¢iminde yorumlamak gercegi

yansitmak konusunda yetersiz kalacaktir.

Arastirma kapsaminda incelenen tezlerin yaygin bigimde fen egitimi alaninda yiirtitildagi;
ardindan 6gretmen yetistirme, dil egitimi ve 6zel egitim alanlarinda da ¢alismalarin gorece sik oldugu
belirlenmistir. Bu durum ulusal ve uluslararas: diger egilim arastirmalarindaki bulgular ile kosutluk
gostermektedir (Bkz. Ozeren ve digerleri, 2020; Pellas ve digerleri, 2020). Ornegin, Ozeren ve digerleri,
(2020) uluslararas1 alanyazinda SG teknolojisinin en yaygin saglik ve fen bilimleri alanindaki
calismalarda kullanildigmi belirlemislerdir. Ote yandan, yapilan arastirmada SG teknolojisine
odaklanilan tezlerde benimsenen arastirma yaklasimlarina ve kullanilan arastirma desenlere iliskin
igerik analizi sonuglari en yaygin arastirma yaklasiminin nicel yaklasim oldugunu gostermektedir. S6z
konusu bu bulgu uluslararasi alanyazin ile de kosutluk gostermektedir (Agbo ve digerleri, 2022; Huttar
ve BrintzenhofeSzoc, 2020). Nicel arastirma yaklagimimin yaygin olarak tercih edilmesinin nedenleri
arasinda, nicel aragtirma sonuglarini sunmak gorece daha basitlestirilebilirdir, nicel verileri yiiriitmek
ve analiz etmek icin daha az zaman ve ¢abaya gereksim vardir, nicel yaklasimla yiiriitiilen ¢alismalarin
tekrarlanabilirligi yiiksektir ve bulgular1 genellemek gorece daha olanaklidir gibi Ozelliklere atifta
bulunulmaktadir (Agbo ve digerleri, 2021). Ayrica yapilan igerik analizinde arastirma yontem ve
yaklagimina iligkin belirlenen bir diger 6nemli bulgu arastirma deseni gesitlemesi (triangulaiton) ve

dolayisiyla veri toplama siirecinin de gesitlemesinin arastirma siirecinde ise kosuldugu belirlenmistir.
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Tarama ve deneysel desenin ise kosuldugu arastirma siire¢lerinin yaygin olduguna iliskin
analiz sonuglar1 goéz oniinde bulunduruldugunda, arastirma orneklemlerinin gorece biiyiik Olgekli
olmasi beklenmektedir. Ancak sasirtici bicimde incelenen tezlerde 50 katihmcidan az 6rneklemlerin
yaygin oldugu belirlenmistir. Bu durumun 6rneklem tiirii ile iligkili oldugu, dahas: kolay ulasilabilir
ornekleme yontemiyle katilimcilara erisimden kaynaklanabilecegi diisiiniilmektedir. Arastirmada
tezlerin orneklem tiirii incelendiginde, tiniversite ve ortaokul diizeyindeki katihimcilarla yiiriitiilen
arastirma siireglerinin tiim tezlerin yarisindan fazla oldugu goriilmektedir. Bu nedenle biiyiikliigiinii
mevcut durumlarmn sekillendirdigini sdylemek olanaklidir. Uluslararas: alanyazinla kosutluk gosteren
bu bulgu nicel arastirmalarin genellenebilirligi i¢in daha biiyiik 6rneklemler ile ¢alisiimas1 beklentisini
dogurdugu biciminde yorumlanmistir (Agbo ve digerleri, 2021). Ayrica arastirmalarin uygulama
siirelerine iligkin icerik analizi sonuglar1 acik bir sekilde uzun siireli zamana yayilmis arastirmalarin yok
denecek kadar az oldugunu gostermektedir. Incelenen tezlerin genellikle tek seferlik uygulama ve
sonrasinda yapilan degerlendirmeler bi¢ciminde oldugu belirlenmistir. Bu durum Pellas ve digerleri,
(2020) tarafindan uluslararas: alanyazinda K-12 diizeyde egitime odaklanan calismalarda da benzer
bulunmustur. Arastirmalarda genellikle uygulamanin yapildig1 giin degerlendirme ve goriislerin
alindigy belirtilirken hem uygulama hem de 6l¢iim siirelerinin uzun vadeli olarak tasarimlanmasinin
onemine deginilmistir. Ciinkii bu konu hem uygulamanin etkililiginin degerlendirilmesi hem de

incelenen beceri agisindan kaliciigin sinanabilmesi icin oldukga biiyiik Sneme sahiptir.

Arastirma kapsaminda incelenen tezlerin yarisinda yeni bir ortam gelistirilirken, hazir
ortamlardan yararlanilma oraninin da oldukga fazla oldugu belirlenmistir. Ortam gelistirilen tezlerde
kullanilan yazilimlarin ise 2 ve 3 boyutlu tasarim programlari, 3 boyutlu fonksiyon kiitiiphaneleri,
etkilesimli arayiiz tasarim yazilimlari, bilgisayar programlama dilleri olmak {izere dort temel

kategoriye ayrildig1 goriilmiistiir.

Arastirmada dikkat ¢eken bulgulardan biri uygulama siireclerinde kullanilan teknolojiler ile
iliskilidir. S6z konusu teknolojilerden en yaygin kullanilan donamim birimi SG gozliigii olarak
belirlenmistir. SG gozliigii, baska bir soyleyisle basa takilan ekranlar (HTC Vive veya Oculus Rift vb.)
araciligi ile kullanicilarin yiiksek derecede daldirma deneyimi yasayabilmesi saglanmaktadir (Kim ve
digerleri, 2020; Radianti ve digerleri, 2020). Basa takilan ekranlar kullanilarak sunulan yiiksek kaliteli
grafikler ve siiriikleyici igerikler, 6grencilerin karmasik konular1 geleneksel 6gretim y6ntemlerinin
yapamayacagl sekilde kesfetmelerine olanak tamimaktadir (Hamilton ve digerleri, 2021). Benzer
bicimde Jensen ve Konradsen’in (2018) basa takilan SG cihazlarmmn kullanimimin daldirma ve
bulunusluga etkisine {izerine yiirtitiilen ¢alismalar1 inceledikleri egilim arastirmasinda, tasarimlanan
SG ortamlarinda SG gozliigii kullaniminin 6grenciler iizerinde daha olumlu etkiye sahip olduguna
iliskin alanyazin ortaya konulmustur. S6z konusu donanim araciligiyla 6grencilerin siirece daha fazla
odaklandiklari, 6grenme gorevlerine daha fazla zaman harcadiklar1 ve daha iyi biligsel, psikomotor ve

duyussal beceriler kazandiklar: belirlenmistir.
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Sanchez ve digerleri'ne (2000) gore Ogrenmelerin, duyular ve bedensel -etkinliklerle
yorumlanmasi gerektiginden, tasarimlanmasi planlanan SG ortamlarinin ogrencileri bu noktada
destekleyebilmesi beklenmektedir. Buna kosut olarak, incelenen tezlerde gelistirilmek istenen
becerilerinin biligsel, duyussal ve psikomotor beceriler oldugu, yalnizca iki ¢alismada beceri gelisimine
odaklanilmadig goriilmektedir. Arastirmalarda her ne kadar bilissel becerileri gelistirme amaci 6n
plana ¢ikiyor olsa da duyussal ve psikomotor beceri gelisimini amaglayan ¢alismalarin orani da oldukga
fazladir. Benzer bigimde Radianti ve digerleri (2020) calismalarinda SG teknolojisinin kullanildig:
aragtirmalarda yaygim olarak biligsel bilgiye odaklamildigini, ancak sayica az olmakla birlikte bazi
calismalarda prosediirel, pratik bilgi ve bildirimsel bilgiyi ogretmek igin SG teknolojisinden
yararlanildigini bulmuslardir. Bu ¢alismalarin konu alanlarinin da yangin giivenligi, cerrahi tip egitimi,
hemsirelik ve astronomi oldugu belirtilmistir. S6z konusu bu bulgudan farkli olarak yapilan
arastirmada SG teknolojisinin psikomotor beceri gelisimine odaklanilan c¢alismalarin konu alanlar1
arasinda dil egitimi ve o0zel egitim oldugu bulunmustur. Symonenko ve digerleri, (2020) SG
uygulamalarmin dil egitiminde kullaniminin giderek daha fazla yayginlastiinin altini gizerken, s6z
konusu teknolojinin 6grencilerin dil 6grenmelerini gelistirmenin yani sira, gercek yasama hazirlama ve
iletisim becerisi gelistirme konusunda da desteklenebildigini ifade etmektedirler. Ayrica 6zellikle 6zel
egitim baglaminda kullamilan SG teknolojilerinin sozel iletisim becerisi gelistirmeye odaklandig:
goriilmiistiir. Bu durum Pantelidis (2010) tarafindan SG teknolojisinin, ©6zel gereksinimi olan
ogrencilerin bagka tiirlii deneyimleyemedikleri deney veya 6grenme ortamina katilmalarina olanak

tanidig1 biciminde agiklanmistir.

Arastirma kapsaminda incelenen tezlerin ¢ok biiyiik ¢ogunlugunun olumlu sonuglar igerirken
¢ok az arastirmada incelenen degiskenler acisindan anlamli fark bulunmadig: belirlenmistir. Ornegin,
egitimde SG kullanmanin 6nemli avantajlar1 raporlanirken, gorece az bir boliimiinde SG teknolojisinin
belirlenen kazanim diizeyinde 6nemli bir farklilik olusturmadig1 raporlanmistir (Hamilton ve digerleri,

2021).

SG teknolojisi yayginligini siirdiirmekle birlikte, hemen her alanda egitim 6gretim siireglerine
kaynastirilmaktadir. Ornegin, cografya konu alaninda yiiriitiilen deneysel bir calismada SG
teknolojisinin web/tablet tabanli 6gretim sistemine gore daha yiiksek diizeyde kazanimi destekledigi
ve tekrar Olgiimleri ile daha yiiksek kaliciik sagladig1 belirlenmistir (Olmos-Raya ve digerleri, 2018).
Dil egitimi {izerine yiiriitiilen ¢alismalarda SG teknolojisinin konusma becerisi, motivasyon ve elestirel
diisiinme diizeylerinde anlamli farkliliklar yarattigi goriilmiistiir (Chien ve digerleri, 2020; Sun ve
digerleri, 2018). Benzer bicimde fen egitimi konu alaninda yiiriitillen ve CoSpaceEdu hazir
kiitliphanelerinden yararlanilan arastirmada, gelistirilen ortamin 6grencilerin karar verme, problem
¢ozme ve elestirel diisiinme becerileri {izerine olumlu etkileri raporlanmistir (Al-Gindy ve digerleri,
2020). SG teknolojisi uygulama alanlarinda yiiksek diizeyde olumlu sonuglar gosterme egilimindedir.

Buna karsin, egitim 6gretim siireglerinde beklenen olumlu etkinin gozlemlenebilir ve siirdiiriilebilir
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olmasi i¢in temel bilesenin 6gretim tasarimi kararlarina ve yontemlerine bagh oldugu unutulmamalidir
(Pellas ve digerleri, 2020). Gelecekte SG teknolojilerini egitim Ogretim siireclerinde kullanmay:
amaglayan arastirmaci ve uygulayicilarin SG teknolojisinin kullanimini saglam bir pedagojik zemine
oturtmalari, uygulama siireglerini 6grencilerin stratejileri, biligsel siiregleri ve uygulamalari tizerinden

planlamalar1 gerekmektedir (Parmaxi, 2020).

Ozetle, yapilan bu egilim galismasi SG teknolojisinin Tiirkiye’de de ele alindig1 baglam, konu
alani, odak, yontem ve siire¢ bakimindan alanyazinla benzer bicimde ele alindigin1 gostermektedir. Bu
zamana kadar teknoloji farkindaligi, kullanilabilirligi, bilissel ve duygusal yansimalar1 ve 6grenme
siirecine etkisine odaklanilmigtir. Ve elde edilen sonuglar bu teknolojinin 6grenme ve Ogretme
sorunlarm iyilestirmek igin etkili olabilecegini gostermektedir. Ote yandan, SG teknolojisi yeni bir
teknoloji oldugu igin egitim baglaminda bu ilk baglarda bu bicimde ele alinmasi kabul edilebilir olmakla
birlikte gelecekte daha fazla etkili entegrasyon i¢in 6gretim ve siire¢ tasarimina odaklanan arastirmalar
yapilabilir. Bunun i¢in de arastirmalarda kuramsal ve kavramsal cerceve iyi yapilandirmak gerekir.
Konu ile ilgili alanyazin taramasi yapan Radianti ve digerlerine (2020) gore de durum aynidir. Onlar da
gelecekte SG teknolojisinin egitimde kullanimu ile ilgili tasarim degiskenlerine daha fazla odaklanilarak
tasarim Ogelerini ve ilkelerini ortaya cikaracak ve test edecek arastirmalara gereksinim duyuldugunu

vurgulamaktadir.

Ote yandan hem yapilan aragtirma da hem de alanyazinda vurgulanan dnemli bir boyut bu
teknolojinin egitimde kullarumu ile ilgili yeterince tartisiimayan maliyet, saglik ve giivenlik gibi
olumsuz etkileridir (Atal ve dig., 2021; Cardullo ve Wang, 2022). Alanyazinda halen bu olumsuzluklarla
ilgili 6nemli bir bosluk oldugu diisiiniilmektedir. Gelecekteki arastirmalarin bu boslugu ele almasinin

alanyazina katki getirecegi diistiniilmektedir.
Katki Oran1 Beyam

Her iki yazar da ¢alismaya esit diizeyde (%50, %50) katk: saglamistir.
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Introduction

Virtual Reality (VR), defined as the learning facilitator of the 21st-century (Rogers, 2019), is the
creation of a perception of physical existence in a non-physical world for users which includes images,
sounds, or other stimuli (Freina and Ott, 2015). Biocca and Delaney (1995) defined VR as “the set of
hardware and software systems that work to perfect an individual’s sensory illusions in an environment
where they are not present” (Radianti et al., 2020). VR are systems in which the desired environment
can be presented digitally in a realistic manner through technological equipment. The user is able to
interact with the provided 3D models to provide an alternate reality similar to actual life, thus creating
a convergence between the artificial and the actual phenomena (Kalkan, 2020). Therefore, it is possible

to define SG as the moderation of user senses through technology.

VR environments enable the user to experience dangerous situations (Bryson, 2004) in safety
since they are not actually there (Alfadil, 2020). Sanchez et al. (2000) also point out that VR technologies
allow students to perceive, assimilate and make sense of stimuli in their environment. The most basic
feature that distinguishes VR from other technologies as being educational is that it not only offers
students the opportunity to fully experience their environment, but it also contributes to the effective
assimilation of information by providing opportunities to interpret and read. Furthermore, studies that
focus on the use of VR in education emphasize that VR enables the inclusion of emotional support,
personalized learning, and an interactive learning processes for cognitive and affective learners (Chen,
2016; Ganier et al., 2014). Moreover, it is suggested that these opportunities enable students to actively
participate in the learning process, thus increasing learner-process interaction (Ververidis et al., 2022),

and supporting the academic success and skill development of students (Jensen and Konradsen, 2018).

The widespread use of VR technology in educational environments is quite understandable
when one considers the previously described potential of VR technology to support learning in
educational and training processes. Multiple systematic review studies can be found in both national
and international literature on the use of VR technology in different contexts (Agbo et al.,, 2021;
Hamilton et al., 2021; Jensen and Konradsen, 2018; Ozeren et al., 2021; Pellas et al., 2020; Radianti et al.,

2020; Turgut and Varli Denizalp, 2020). For example, a survey study conducted by Ozeren et al. (2021)
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bibliographically analysed the 309 international articles accessed on Web of Science database between
2016 and 2019 using the search term "virtual reality". Another study, published in the national literature
by Turgut and Varli Denizalp (2020), examined 69 studies, including postgraduate dissertations, papers,
and articles, which meet the criteria determined in Web of Science, ERIC, Scopus, DergiPark, TR Index,
YOK Dissertations and Google Scholar databases. However, this research, in addition to the
bibliographic survey, also included technology and software variables in the analysis process. An
additional systematic review study, which was published by Geris and Tunga (2020), focused on the
sense of presence in virtual reality environments. It is noteworthy that the survey studies conducted in
both national and international literature, are either limited in the number of years they cover, try to
present a broad perspective without making national and international distinctions, or only consider
studies obtained using specific keywords. However, if we are to examine the subject from different
perspectives, it is important to determine the trend related to the subject and present its components in
detail. Bearing this in mind, this study focuses on the use of VR technology in graduate level theses,
especially in Education and Training. The aim is to determine the trend of VR technology in education
and training in the national literature, and thus provide a guiding road map for future studies of both
national and international literature. VR technology has just begun to be integrated into the education

process in Turkey, and it is thought that the literature of many countries on the topic is at the same level.

Although this research is based on a sample of postgraduate studies in Turkey, the study can
also be considered to be the basis of future studies. It is hoped that the results obtained in this research,
and the emphasis upon both important points and gaps, can both help to better prepare for future
research challenges, while contributing to the literature by providing the opportunity to compare
research results from different countries. The study utilizes the following research questions in its

examination of theses on the subject of SG technology:
e What is the frequency according to the level of dissertation?
e What is the frequency according to the year?
e What is the frequency according to the subject area?
e What is the frequency according to the target audience?
e What is the frequency according to the size of the sample?
e What is the frequency according to the research approach and design?
e What is the frequency according to the skill type that is being developed/tested?
e What is the frequency of the applications according to the duration?
e What is the frequency according to the type of media used?

¢ How is the frequency according to the software used in the development process?
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e How is the frequency according to the hardware used in the implementation process?
e What is the frequency according to the research results?
Research Method
Research Model

In this study, a systematic examination of postgraduate dissertations focused on VR technology
in Turkey was conducted to answer the above research questions. Dissertations were examined by the
document review method by making use of basic interpretive design, one of the qualitative research
approaches. If philosophical and theoretical attitudes are not used as the main focus of the research, the

preferred pattern in the relevant literature is called the basic interpretive design (Merriam, 2009).
Research Process

The research process consisted of the accessing, in August 2021, of 194 dissertations using the
search term: “virtual reality” from the dissertations centre database of the Higher Education Council
(HEC). The dissertations accessed are from a variety of different subject areas, including education and
training, computer engineering sciences-computer and control, science and technology, physiotherapy
and rehabilitation, architecture, communication sciences, physical medicine, and rehabilitation. As the
main purpose of the research was to examine the dissertations on VR technologies in terms of
educational research, 34 dissertations in the subject area of “Education and Training” were examined,
with the full-text access status of each dissertation also being checked. However, since the full text of

the dissertations published in 1997 could not be accessed, it was not included in the analysis process.
Data Analysis

The document analysis method was used in the analysis of the 33 dissertations in the study
group. The process included a review, interpretation, and evaluation of the documents (Bowen, 2009).
After accessing the full texts of the dissertations, the abstract, purpose, method, process, and results
were all examined in detail to answer the research questions, and the related sections were data indexed
in Microsoft Office Excel program for open coding. After two researchers, separately at this stage,
conducted open coding, the codes were compared, and the unmatched codes (8%) were discussed. In
the next stage, categories were created from the two researchers using open codes. Research questions

were used as a theme in the analysis phase.
Findings

The frequency of the dissertations, categorized according to the level of dissertations (doctoral

and master’s degree), is given in Table 1.
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Table 1. The frequency of dissertations by level/type

The Type of Dissertations f %
Doctor of Philosophy 8 23
Master of Science 25 77
Total 33 100

According to Table 1, it is seen that most of the dissertations (77%) published in the field of
education and training are at the master’s level. This finding can be interpreted as VR technology being

a field of study that is still at the development phase.
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Figure 1. Distribution of the dissertations by year

The distribution by year of the dissertations which focus on VR technology is shown in Figure
1. It can be seen that VR technology usage has increased greatly over time, but that the highest increase
occurred in 2019 (39%). It is noteworthy that although the dissertations which focused on VR technology
in 2020 increased compared to other years, the frequency was lower (18%) when compared to 2019. In
addition, considering the number of dissertations uploaded to the Council of Higher Education (CHE)
Dissertations Centre in September 2019, such a substantial decrease (3%) by 2021 is quite remarkable. A
possible reason for this anomaly could be the interruption of the data collection and implementation

processes due to the COVID19 pandemic.
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Table 2. Distribution of dissertations by subject

Subject f %
Science Education 6 18
Teacher Training 3 9
Special Education 3 9
Language Teaching 3 9
Work Safety 3 9
Medical Education 2 6
Unspecified Subject Area 2 6
Computer Education 2 6
Others (Architecture, Traffic, Public Relations, Mathematics Education, Graphic Design, Physical 9 o7
Education, Geography, Education, Cinema)
Total 33 100

Table 2 shows the results of an analysis on which subject fields employ VR technology. It was
found that VR technology is most widely used in Science Education (18%), while it is also relatively
common in teacher education, special education, language teaching, and occupational safety (9%).
There were various factors related to VR usage in different subject areas. For instance, the learning
environments that employed VR technology are ready and open to free access in various application
libraries, such as Google Expedition. These have similar subjects that may have triggered the prevalence
of VR technology in these areas. In addition, since it has been determined that science education focuses
on subjects and concepts that need consolidation of learning, such as “Systems in Our Body”,
“Circulation System” and “Solar System and Eclipses”, especially at the secondary school level, it is
thought that the advantages of VR technology, such as providing support for consolidation of learning,

can be used to reduce student learning problems.

Table 3. Distribution of dissertations by sample size

The Sample Size f %
No Participants 2 6
1-9 Participants 5 15
10-49 Participants 5 15
50-99 Participants 13 40
100 and More Participants 8 24
Total 33 100

The findings regarding the sample sizes of the examined dissertations are provided in Table 3.
The most striking aspect of the aforementioned data is that there are dissertations (6%) that have no
sample. The sample size of most of the studies ranges from 50 to 99 people (40%). This appears to be
significant since it is in parallel with the frequency of studies which utilize experimental design. In
addition, it was determined that there was a higher (24%) number of dissertations that included 100 or

more people. It is thought that this is parallel with the frequency of screening studies.
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Table 4. Distribution of dissertations by participant type

Types of Participants f %
University Students 10 31
Middle School Students 8 24
Professionals/Adults 6 18
Primary School Students 2 6
Students With OCD (obsessive-compulsive disorder) 2 6
High School Students 1 3
Document 1 3
Software 1 3
No Implementation 2 6
Total 33 100

Table 4 shows the findings regarding the types of participants used in the dissertations. When
the data was examined, it is noteworthy that the studies conducted with VR technology mostly applied
to university students (31%), secondary school students (24%), and professionals/adults (16%). The
reason why the most common target group is university students is that they are an easily accessible
sample. It is thought that the reason another target audiences are common, especially secondary school
students, is that abstract subjects and acquisitions may have been discussed as part of the current

curriculum.

Table 5. Distribution of dissertations according to the duration of implementation

The Duration of Implementation f %
Not Implemented 9 27
One-Time 9 27
2-4 Weeks 7 21
6-8 Weeks 4 12
9 Weeks and More 3 9
Unspecified 1 3
Total 33 100

Table 5 shows the data regarding the duration of dissertations. The most striking finding is that
most of the theses which focused on VR technology had no (27%), or just a one-off application (27%). It
can be pointed out that this finding is in parallel with the aspects of the previously presented research
data, such as the intensity of the studies at the graduate level, and the prevalence of the scanning pattern
in the studies. It is also possible to suggest that VR technology is a newly developing, and therefore not
yet a widespread, technology in educational environments and research. It is seen that 2-4 weeks
applications were relatively common (21%), whereas the frequency of 6-8 weeks (12%), and nine weeks

or more studies (9%), was low.
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® Quantitative Approach
= Mixed Approach
= Qualitative Approach

Unspecified

Figure 2. Distribution of dissertations by research approach
Figure 2 shows the findings regarding research approaches in the dissertations which focused

on VR technology, while Table 6 shows the findings regarding the research design employed.

Table 6. Distribution of dissertations by research design

Research Design f %
Experimental Design 10 26
Semi-Experimental Design 8 21
Case Study 6 15
Survey Method 5 13
Meta Syndissertations 4 10
Phenomenology 2 5
Design Research 1 3
Software Evaluation 1 3
Unspecified 2 5

Total* 39 100

*Since more than one research design is employed in each dissertation, there is disparity in the totals.

When the aforementioned data is examined, it can be seen that the dissertations vary according
to the research approach, although the most common research approach is the quantitative approach
(46%) (See Figure 2). It is noteworthy that research processes are often designed using experimental
(21%) and quasi-experimental (12%) designs. In addition, it is seen that the most commonly used
research designs (30%) in studies in which the mixed research approach is employed are also quasi-
experimental (12) and experimental (9) designs. Although its frequency is relatively low, it is observed
that the qualitative research approach (18%) is also employed in dissertations, while the most widely

used qualitative research design is the case study (12%).
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Table 7. Distribution of dissertations numbers according to the skill type developed/tested.

Skill Type Skill f % f %
Academic Achievement 9 17
Permanence 4 7
Distinction 3 6
Cognitive Skill Word Acquisition 2 4 26 48
Cognitive Load 2 4
Others (Concept Learning, Learning
Outcomes, Meta-Cognitive Decision, Meta- 6 11
Cognitive Awareness)
Attitude 4 7
Worry 1 2
Self-Efficacy 1 2
Affective Skill Motivation 1 2 10 19
Other (Feeling of Presence, Student
Engagement, Technology Usage 3 6
Tendency)
Procedural Acquisition 6 11
Psych tor Skill 8 1
sychomotor Ski Communication Behaviour 2 4 >
Others Skill Development Not Intended 10 19 10 19
Total* 54 100 54 100

*Since more than one skill development is aimed in each dissertation, there is disparity in the totals.

The findings regarding the type of skill to be developed/tested in the dissertations examined
within the scope of the study are given in Table 7. In the analysis of the aforementioned data, three basic
categories were formed: cognitive (48%), affective (19%), and psychomotor (15%) skills. Cognitive skills
to be developed are directly related to academic achievement, retention, discrimination, vocabulary
learning, cognitive load, concept learning, and learning outcomes. It is noteworthy that, among the
dissertations examined, the most common cognitive skill to be developed is academic achievement
(17%). In addition, it is determined that the affective skills to be developed are related to attitude,
anxiety, self-efficacy, motivation, sense of presence, student engagement, meta-cognitive decision,
meta-cognitive awareness, and technology usage tendency. Among these effective skills, attitude (7%)

is noteworthy as the skill most chosen for development or testing.

When Table 7 is examined, it is seen that studies focusing on psychomotor skill development
(15%) generally examine procedural knowledge acquisition (11%) and communication/speaking skills
(4%). In addition, it is noteworthy that a significant number of the dissertations (19%) did not focus on

any skill development.

Table 8. Distribution of dissertations by software type

Type of Software f %
Developed 17 52
Available 12 36
Not Used 4 12
Total 33 100

As mentioned previously, VR technology is expensive. In addition, designing the environments

in which the VR technology will be used requires the ability to competently use various design and
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software programs. It should therefore be borne in mind that the distribution in the number of
dissertations, according to the type of media used in Table 8, is affected by the high cost of the
technology and the need for expertise. Although a new environment was developed in approximately
half (52%) of the dissertations examined, it was determined that a significant section (36%) utilized

ready-made environments.

Table 9. Distribution of dissertations by software

Categories The Software f % f %

Drawing programs (3D Studio MAX, Adobe PHOTOSHOP,
Adobe ILLUSTRATOR, AutoCAD, Blender3D v2.8, Blender, 15 19
Cinema 4D, Substance 3D, Maya, SolidWorks)

. Video editing programs (Adobe AFTER EFFECT PREMIERE
2D and 3D Design 8 Prog ’ 3
& Adobe PREMIER) 27 34
Programs Audio editing programs (Adobe Audition) 1 1
Others (Adobe AIR, MonoDevelop, VIVE Input Utility, SMI
BeGaze 2.4, SMI BeGaze 2.4, Vuforia, AR Foundation, The 9 11
ARSessionOrigin)
Oculus Go 4 5
Google VR 3 4
. ) ) Google Expeditions 2 3
3D Function Libraries Second Life Viewer 3 4 22 28
Others (Assetstore, Directx, Chai3d, Stellarium, Cinevoyage, 10 13
Steam, Marketplace, Thebodyvr, Eleven Table Tennis VR)
Unity 4D/3D 11 14
Interactive Interface Microsoft Visual Studio 4 5 18 23
Design Software Others (Movavi Studio, Macromedia Director, Adobe Flash 3 4
Professional Cs6)
Computer C Sharp (C¥#) 7 9
Programming Others (C-Script, Lite-C, Darkbasic, Actionscript 3.0, Linden 5 6 12 15
Languages Script Language, Java)
Total* 79 100 79 100

*Since more than one software is employed in each dissertation, there is disparity in the totals.

The distribution of the dissertations examined within the scope of the study according to the
software used in the development process is given in Table 9. The software types used in the
dissertations were grouped under four basic categories during analysis. According to the frequency of
use in the dissertations, these categories were determined as 2D and 3D design programs (35%), 3D
function libraries (28%), interactive interface design software (23%), and computer programming
languages (15%). Autodesk 3DS MAX, and 3D Studio MAX are the most commonly used 2D and 3D
design programs, while other commonly used 3D function libraries are Oculus Go, Google VR, Google
Expeditions, and Second Life, Viewer. It can be seen that the most widely used interactive interface

program is UNITY 3D and 4D.
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Table 10. Distribution of dissertations according to the equipment used in the implementation process.

The Type of Hardware f %
VR Goggles 23 59
Haptic Device 8 21
Basic Hardware (Projector, Headphone, Camera) 6 15
Kinect Console 1 3
Eye Tracker 1 3
Total* 39 100

*Since more than one hardware is used in each dissertation, there is disparity in the totals.
Table 10 shows the equipment used in the application process of the dissertations examined.
While the most commonly used hardware unit was VR glasses (59%), it was determined that the use of
haptic devices (21%) was also relatively common. In addition, it was observed that only one study used

the Kinect Console (3%) and eye-tracking device (3%).

Table 11. Distribution of dissertations according to research results

Positive Results (Significant =~ Neutral Results (No Significant

Category Difference in VR Favor) Difference in VR)
f % f %

Academic Achievement 13 21 3 5

Evaluation/Opinion 8 13

Motivation 7 11

Attitude 6 10

Persistence 3 5 2 3

Presence 3 5

Immersion 2 3

Feeling of Reality 1 2

Confidence 1 2

Skill Development 5 8

Metacognitive Decision

Others (Effectiveness, Adherence)

The program requires some 5 8

improvement points
Total* 49 78 14 22

*Since more than one research result was obtained from each dissertation, there is disparity in the totals.

Although it can be seen from the literature that VR technology has been used in educational
research in the national literature for almost ten years, there is no review of results. Table 11 contains
data on the analysis of the results obtained from the dissertations in general terms. In the vast majority
of the results (78%), it can be observed that VR technology has a positive effect on the skill to be
developed. In addition, as stated previously, it was determined that academic success, which is the most
skill most singled out for development, achieved positive results in 21% of all studies. It is noteworthy
that the application process developed with VR technology at a rate of 5% did not make a significant
difference to academic success. On the other hand, it was reported that all of the options of the

participants (13%) were positive in the dissertations examined. In addition, results indicate that affective
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skills, such as attitude (10%) and motivation (11%), can be developed in research processes where VR

technology is used.
Discussion and Conclusion

In this study, thirty-three postgraduate dissertations published in the field of education and
training in the CHE database, which were accessed using the search term "virtual reality”, were
examined to determine the usage trend of VR technology in Turkish literature. In this regard, several
dimensions, namely publication year, subject field, participants, sample size, research approach,
research design, the type of skill to be developed/tested, the type of environment and technologies, and

the research results, were determined and discussed to map research on the use of VR in education.

It was found that the majority of the dissertations were published at the master’s level. While
an increase was observed in the distribution of dissertations by year, including 2019, it was determined
that there was a decrease in the number of dissertations in 2020 and 2021. Geris and Tunga (2020) related
the increase in research focusing on VR technology over the years to the increased access, or relatively
easy accessibility, to VR technology. The decline in the previous two years can be attributed to the
limiting effect of pandemic conditions. More specifically, during most of the 2020-2021 academic year,
the implementation phase of many graduate dissertations had to be postponed in favour of emergency
distance education procedure processes. Therefore, findings should not be interpreted as merely

showing a decline in VR research in recent years.

Concerning the scope of the research, science education is seen as the main focus of the
dissertations. It can also be observed that studies in the fields of teacher training, language education,
and special education were also relatively frequent. This result is in parallel with the findings of other
national and international trend studies (Ozeren et al., 2020; Pellas et al., 2020). For instance, Ozeren et
al. (2020) determined that VR technology is most widely used in studies in the field of health and science
in the international literature. On the other hand, it is seen that the most common research approach is
the quantitative approach. This finding is in parallel with the international literature (Agbo et al., 2021;
Huttar and BrintzenhofeSzoc, 2020). Among the reasons why the quantitative research approach is
widely preferred, Agbo et al. (2021) suggest the following: it is relatively simple to present quantitative
research results, less time and effort are required to conduct and analyse quantitative data, the
reproducibility of studies conducted with a quantitative approach is high, and it is relatively simple to
generalize the findings. In addition to the method, another finding was the diversity of the research

design (triangulation) and therefore the diversity of the data collection process.

It is expected that the research samples will be relatively large-scale in the experimental design
research, which is a common feature of the dissertations. However, it was unexpectedly determined
that samples of less than 50 participants were common in the dissertations examined. It is thought that

this situation is related to the sample type and may be due to participants being easily accessed through
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the sampling method. When the sample type of the dissertations is examined, it is seen that the research
processes carried out with participants at the university and secondary school level comprise more than
half of all dissertations. In this regard, it could be said the sample type and size are shaped by the current
situation. This finding, which is in parallel with the international literature, has been interpreted as the
expectation of working with larger samples for the generalizability of quantitative studies (Agbo et al.,
2021). In addition, the results regarding the implementation periods of the studies clearly show that
there are hardly any studies which span a protracted period, and that studies were generally in the form
of a one-time application and subsequent evaluations. One example of this is the study by Pellas et al.
(2020), who found similar results in the international literature by focusing on education at the K-12
level. While it was stated in the studies that evaluations and opinions were generally received on the
day of the application, the importance of the long-term design of both the application and measurement
periods was emphasised. This subject is of great importance for both for the evaluation of the

effectiveness of the application, and for testing the permanence in terms of the skill being examined.

While a new environment was created in half of the dissertations, the rate of using ready-made
environments was also quite high. It has been seen that the software used in the dissertations focusing
on environment development is divided into four basic categories: 2 and 3-dimensional design
programs, 3-dimensional function libraries, interactive interface design software, and computer
programming languages. One of the remarkable findings of the research is related to the technologies
used in the application processes. The most widely used hardware among these technologies has been
determined as VR glasses. VR glasses, in other words, head-mounted displays (HTC Vive or Oculus
Rift, etc.) enable users to experience a high degree of immersion (Kim et al., 2020; Radianti et al., 2020).
High-quality graphics and immersive content delivered using head-mounted displays allow students
to explore complex topics in ways that traditional teaching methods cannot (Hamilton et al., 2021). This
can be seen in the research of Jensen and Konradsen (2018), which examined the studies on the effect of
the use of head-mounted VR devices on immersion and presence, in which it was revealed that the use
of VR glasses in designed VR environments had a positive effect on students. Moreover, it has been
determined that students focus more on the process, spend more time on learning tasks, and gain better

cognitive, psychomotor, and affective skills with head-mounted VR devices.

According to Sanchez et al. (2000), since learning should be interpreted with senses and body
activities, planned VR environments are expected to support students in this regard. Similarly, it is seen
that the skills developed in the examined dissertations are cognitive, affective, and psychomotor skills,
with only two studies not focusing on skill development. There are an extensive number of studies
which focus on the aim of developing cognitive skills, the development of effective and psychomotor
skills is also a common area of research. Furthermore, Radianti et al. (2020) found that cognitive
knowledge is widely used in studies that use VR technology, although VR technology is used to teach

procedural, practical, and declarative knowledge in a few studies.
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Subject areas of the studies range from fire safety, surgical medicine education to nursing and
astronomy. However, in addition to these topics, language education, and special education are among
the subject areas of the studies which focus on the psychomotor skill development of VR technology.
Underlining that the use of VR applications in language education is becoming more and more
widespread, Symonenko et al. (2020) state that the technology in question can be supported in terms of
preparing students for real life and developing communication skills, as well as improving their
language learning. In addition, it has been observed that VR technologies used especially in the context
of special education focus on developing verbal communication skills. This situation was explained by
Pantelidis (2010) as VR technology allowing students with special needs to participate in experiments

or learning environments that they could not experience otherwise.

In terms of results, while the vast majority of the dissertations included positive results, there
was no significant difference between the variables examined in very few studies. Similarly, in the
international literature, while the important advantages of using VR in education are reported in most
studies, it is found in relatively few that VR technology does not make a significant difference in the

determined level of achievement (Hamilton et al., 2021).

While VR technology continues to be widespread, it is integrated into education processes in
almost every field. For instance, in an experimental study conducted in the subject area of geography,
it was determined that VR technology supports higher levels of attainment compared to the web/tablet-
based teaching system and provides higher retention with repetition measurements (Olmos-Raya et al.
2018). Similarly, in studies on language education, it has been observed that VR technology creates
significant differences in speaking skills, motivation, and critical thinking ability (Chien et al., 2020; Sun
et al.,, 2018). The positive effects of the developed environment on students” decision-making, problem-
solving, and critical thinking skills were reported in the research conducted in the field of science

education and using CoSpaceEdu ready-made libraries (Al-Gindy et al., 2020).

VR technology tends to show highly positive results in application areas. On the other hand, it
should not be forgotten that the main component depends on the instructional design decisions and
methods for the expected positive effect in education processes being observable and sustainable (Pellas
et al., 2020). Researchers and practitioners who aim to use VR technologies in education and training
processes in the future therefore need to place the use of VR technology on solid pedagogical ground
by considering implementation processes in terms of student strategies, cognitive processes, and

practices (Parmaxi 2020).

In summary, this trend study shows that VR technology is handled in a similar way to the
literature in terms of context, subject area, focus, method, and process in Turkey. So far, the focus of
research has been on technological awareness and usability, as well as cognitive and emotional

considerations and their impact on the learning process. Generally speaking, results show that this
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technology can be effective in improving learning and teaching problems. On the other hand, since VR
technology is a new technology, it understandable that the focus thus far has been within the context of
education, but it is suggested that future research focuses more specifically on teaching and process
design for more effective integration of the technology. In order to achieve this, the theoretical and
conceptual framework in the research should be well structured. This conclusion is echoed by Radianti
et al. (2020), who conducted a literature review on the subject in which it is emphasized that there is a
need for research in the future that will reveal and test design elements and principles by focusing more
on design variables related to the use of VR technology in education. On the other hand, an important
dimension emphasized both in the research and in the literature, but which is not sufficiently discussed,
is the negative effects, such as cost, health, and safety, of using this technology in education (Atal et al.,
2021; Cardullo and Wang, 2022). It is thought that there is still an important gap in the literature
regarding these occurrences, and that future studies which address this gap would make a valuable

contribution to the literature.
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