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Bu arastirmanin temel amaci, Tiirkiye’de matematik egitimi alaninda yapilmis yapay
zeka konulu lisansiistii tezleri yontemsel agidan incelemektir. Caligma kapsaminda,
Ulusal Tez Merkezi veri tabaninda 2013-2025 yillar1 arasinda yayimlanan tezler
sistematik olarak taranmis ve belirlenen &lgiitler dogrultusunda detayli bir analiz
gerceklestirilmistir.  Incelenen tezler; yaymmlandiklari yil, {iniversiteleri,
arastirmalarda yer verilen 6rneklem gruplari, kullanilan arastirma yontemleri ve veri
toplama araglar1 gibi cesitli degiskenler acisindan degerlendirilmistir. Elde edilen
bulgular, yapay zek&nin matematik egitiminde son yillarda fark edilir bir ilgiyle ele
alindigin1 ve ozellikle lise diizeyinde gergeklestirilen uygulamali ¢alismalarin
yogunlastigini ortaya koymaktadir. Bu arastirma, mevcut egilimleri belirleyerek
alandaki bosluklara dikkat c¢ekmekte ve gelecekte yapilacak caligmalar igin
yonlendirici olmay1 amaglamaktadir.
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The primary aim of this study is to examine the methodological characteristics of
postgraduate theses on artificial intelligence in mathematics education in Tiirkiye.
Within the scope of the study, theses published between 2013 and 2025 in the Council
of Higher Education National Thesis Center database were systematically reviewed
and analyzed in detail based on predetermined criteria. The theses were evaluated in
terms of variables such as publication year, university, sample group, research method
and data collection tools. The findings indicate that there has been a growing interest
in artificial intelligence within mathematics education in recent years, with a
particular increase in applied studies conducted at the high school level. This research
aims to identify current trends, highlight gaps in the literature, and provide guidance
for future studies in the field.
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21. yiizyilin bagindan itibaren hizla gelisen dijital teknolojiler, egitim siireglerini koklii bigimde
doniistiirmekte ve 6grenme-Ogretme yaklasimlarini yeniden sekillendirmektedir. Bu doniisiimiin en
dikkat c¢ekici boyutlarindan biri, yapay zeka (YZ) teknolojilerinin egitim ortamlarina entegrasyonudur.
Ozellikle soyut kavramlarin yogunlukta oldugu matematik egitimi, bireysel farkliliklarin belirgin oldugu

ve bilissel siireclerin 6n planda yer aldig1 bir alan olarak YZ uygulamalar1 i¢in énemli bir potansiyel
sunmaktadir.

Yapay zekd, insan hayatin1 kolaylastirmak, sorunlara ¢oziim iiretmek ve gesitli ihtiyacglari
karsilamak amaciyla gelistirilen bir bilgi birikimidir. Bu yoniiyle, insanlik tarihindeki bilgi birikiminin
iirlinii olan en islevsel ve potansiyelli araglardan biri olarak degerlendirilebilir. Ge¢miste egitimde
telefon, tablet ve bilgisayar gibi teknolojik araclar kullanilirken (Arslan, 2019), giiniimiizde bunlarin
yerini yapay zeka destekli akilli egitim teknolojileri almaktadir.

Yapay zeka; bilgisayar sistemlerinin insan zekasina benzer bi¢imde diisiinme, 6grenme, problem
¢ozme ve karar verme yeteneklerini taklit etmesini amaglayan bir bilim dalidir. Temelleri, Alan
Turing’in 1950°de sordugu “Makineler diisiinebilir mi?” sorusuna dayanir (Turing, 1950). Bu alan,
ozellikle 1980’lerde uzman sistemlerin gelistirilmesiyle yeniden ilgi gérmiistiir. Yapay zeka; veri isleme
ve algoritmalar araciligiyla karmagik gorevleri yerine getirmeyi hedefler.

Son yillarda gergeklestirilen bircok galisma, yapay zekdnin matematik egitiminde hem 6gretim
siirecini hem de &grenci basarisin1 olumlu yénde etkileyebilecegini ortaya koymaktadir. Ornegin,
bireysellestirilmis 0grenme ortamlar1 saglayan uyarlanabilir 6gretim sistemleri (adaptive learning
systems), Ogrencilerin biligsel diizeylerine uygun igerikler sunarak Ogrenme siireclerini optimize
etmektedir (Chen vd., 2020; Woolf, 2010). Aym sekilde, akilli 6gretim sistemleri (Intelligent Tutoring
Systems-ITS) ve otomatik geribildirim mekanizmalari, 6grencilerin problem ¢dzme becerilerini
gelistirme konusunda etkili birer arag olarak degerlendirilmektedir (Van Lehn, 2011).

Yapay zeka uygulamalari sadece Ogretim siireciyle sinirli kalmayip, 6grenme analitikleri
(learning analytics) araciligiyla 6grencilerin 6grenme davraniglarini izleyebilmekte ve 6gretmenlere veri
temelli kararlar alma imkan1 sunmaktadir (Papamitsiou & Economides, 2014). Bununla birlikte,
literatiirde bu teknolojilerin egitim ortamlarina entegrasyonu siirecinde karsilasilan etik, pedagojik ve
teknik sinirliliklara da dikkat ¢ekilmektedir (Holmes vd., 2019; Luckin vd., 2016).

Yapay zeka destekli sistemler, 6grencilerin 6grenme siireglerine dair biiyilik veriyi analiz ederek
Ogretmenlere anlik geri bildirim saglamakta; hata yapilarindan 6grenme yollarina kadar pek ¢ok bilgiyi
isleyerek kisisellestirilmis 6grenme deneyimleri olusturabilmektedir (Zawacki-Richter vd., 2019). Bu
durum, dzellikle soyut kavramlarin 6grenilmesinde zorlanan 6grenciler i¢in matematik 6gretimini daha
etkili ve erisilebilir hale getirme potansiyeline sahiptir.

Ayrica, literatiirde YZ destekli 6grenme ortamlariin 6grencilerin motivasyonunu, 6z-diizenleme
becerilerini ve 6grenmeye karsi tutumlarini olumlu etkiledigine dair bulgular yer almaktadir (Chen et
al., 2020). Bununla birlikte, YZ’nin egitimdeki potansiyeline ragmen, 6zellikle matematik dgretiminde
ne Ol¢iide etkili oldugu, hangi 6gretim stratejileriyle daha basarili sonuglar verdigi ve 6gretmen-6grenci
etkilesimlerini nasil doniistiirdiigii gibi sorular heniiz yeterince yanitlanmamustir.

Bu baglamda, yapay zeka destekli matematik egitiminin 6grenci basarisina, 6grenme siireglerine
ve Ogretim uygulamalarina etkisinin arastirilmasi hem kuramsal hem de uygulamali agidan énemli bir
boslugu dolduracaktir. Ayn1 zamanda bu alanda yapilacak ¢alismalar, egitim teknolojileri politikalarimin
sekillendirilmesine ve Ogretmenlerin mesleki gelisim programlarinin  giincellenmesine katki
saglayacaktir.
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Bu caligma, matematik egitiminde yapay zekdnin kullamimina iliskin giincel literatiirii
inceleyerek, YZ teknolojilerinin Ogretim siireclerine katkilarii, karsilasilan zorluklar1 ve gelecege
yonelik potansiyel uygulama alanlarini1 degerlendirmeyi amaclamaktadir. Ayrica, yapay zeka destekli
sistemlerin O0grenme c¢iktilarina etkisi, 0gretmen ve Ogrenci rollerindeki doniisim ve egitim
politikalarina yansimalar da ele alinacaktir.

Glincel egitim teknolojilerinden egitim ve 6gretimin ¢esitli alanlarinda matematik egitiminde ders
tasarimlari planlanirken faydalanilmaktadir. Son zamanlarda yapay zeka teknolojileri, egitim alaninda
kokli degisimlere yol agmakta ve 6zellikle matematik 6gretiminde yeni firsatlar sunmaktadir. Bu
baglamda, Tiirkiye’de matematik egitiminde yapilan lisansiistii tezlerin incelenmesi, alandaki akademik
egilimleri ve bosluklar1 belirlemek acisindan 6nemlidir. Bu calisma, matematik egitimi baglaminda
yapay zekd konulu tezlerin sistematik bir analizini sunarak, mevcut durumu ortaya koymayi
hedeflemektedir.

Bu amag¢ dogrultusunda arastirmanin temel problemi, Tiirkiye’de matematik egitiminde yapay
zekd konulu lisansiistii tezlerin gesitli degiskenlere gore nasil bir dagilim gosterdiginin belirlenmesi
seklindedir. Temel problem dogrultusunda matematik egitiminde YZ konulu;

1. Tezlerin yillara gore dagilimi nasildir?
. Tezlerin aragtirma yontemine gore dagilimi nasildir?

. Tezlerin 6rneklem grubuna gore dagilimi nasildir?

2

3

4. Tezlerin veri toplama aracina gore dagilimi nasildir?

5. Tezlerin kullanilan veri analiz yontemlerine gore dagilimi nasildir?
6

. Tezlerin yaymlandig tiniversitelere gore dagilimi nasildir?

Alt problemlerine yanitlar aranmugtir.
YONTEM

Arastirmanin Deseni

Bu aragtirma, nitel aragtirma desenlerinden biri olan dokiiman analizi yontemiyle ylriitilmistiir.

9

YOK Ulusal Tez Merkezi veri tabaninda konu alani olarak “egitim ve 6gretim”, “matematik” ve anahtar
kelime olarak ise ‘“yapay zeka”, “artificial intelligence”, ‘‘yapay zeka destekli matematik 6gretimi’’,
““ChatGPT destekli matematik 6gretimi’’, “yapay zeka destekli matematik” ve <‘ChatGPT’’ kavramlari
kullanilmistir. Yapilan tarama sonucunda ulasilan tezler, belirlenen kriterlere gore secilmistir. Veriler,

betimsel analizi teknigiyle ¢dziimlenmis ve bulgular frekans ve yiizde degerleriyle raporlanmustir.

Veri Toplama Araclari

Arastirmada matematik egitiminde yapay zekdyr konu alan c¢alismalar tasnif edilerek,
yorumlanmisg, degerlendirilmis ve ¢gikarimlar yapilmistir. Arastirmada nitel arastirma yontemlerinden
biri olan dokiiman incelenmesi kullanilmistir. Dokiiman incelenmesinde tarama islemi konuya bagh
olarak yapilir ve taramalardan sonra ortaya ¢ikan bulgular belirli bir sisteme aktarilir (Giirbiiz & Sahin,
2018).

Verilerin Toplanmasi

Bu aragtirma Tiirkiye’ de yer alan tiniversitelerde egitim-6gretim alaninda matematik egitiminde
yer alan YZ konulu lisansiistii tezleri incelemek amaciyla gerceklestirilmistir. lgili konudaki tezlerin
literatiirii olusturulurken YOK Ulusal Tez Merkezi veri tabanindan yararlanilmustir. Literatiir taramasi
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sirasinda konu alani olarak “egitim ve 0gretim”, “matematik” ve anahtar kelime olarak ise ‘‘yapay
zeka”, “artificial intelligence”, ‘‘yapay zeka destekli matematik o6gretimi’’, ‘‘ChatGPT destekli
matematik 6gretimi’’, “yapay zeka destekli matematik” ve ‘‘ChatGPT’’ kavramlar1 kullanilmistir. Bu
kriterler baz alindiginda 2013-2025 yillar1 arasinda belirlenen alanlarda yapilan lisansiistii tezlere

ulasiimustir.

Verilerin Analizi

Arastirmada betimsel analiz kullanilmistir. Betimsel analiz nitel veri analizlerinden birisidir
(Calik & Sozbilir, 2014). Betimsel analiz dort asamadan olusmaktadir. Bu asamalar sirasiyla betimsel
analiz i¢in g¢erceve olusturma, tematik cergeveye gore verileri igleme, bulgulart tanimlama ve
yorumlamadir. Betimsel analizde amag, elde edilen verilerin incelenmesi ve yorumlanmasidir (Yildirim
& Simsek, 2016).

BULGULAR

Bu bdliimde matematik egitimi alaninda yapay zekd konulu c¢aligmalarin derlenmesine ilgili
calismalarda elde edilen bulgulara yer verilmistir.

Aragtirmanin birinci sorusunda “Matematik egitimi alaninda yapay zeka konulu tezlerin yillarina
gore dagilimi nasildir?”

Aragtirma 2013-2025 yillar1 arasinda YOK Ulusal Tez Merkezi’nde yayimlanan yapay zeka ile
ilgili caligmalar1 kapsamaktadir. Arastirmaya belli kriterler dogrultunda 9 c¢alisma dahil edilmistir.
Birinci alt problem kapsaminda ¢aligmalarin yillara gore dagilimi incelenmis ve Tablo 1’de verilmistir.

Tablo 1

Tezlerin yillara gore dagilimlart
Yil Frekans (f) Yiizde (%)
2014 1 11,1
2017 1 11,1
2024 5 55,6
2025 2 22,2
Toplam 9 100

Caligmalarin yillara gore dagilimlar incelendiginde 2024 yilinda 5 ¢alisma, 2025 yilinda 2
caligma yapildigi goriilmiistiir. 2014 ve 2017 yillarinda 1 ¢alisma yapilmistir. 2024 yilindan itibaren
matematik egitiminde YZ konulu ¢aligma sayisinin arttig1 goriilmistiir. 2022 yilindan itibaren ChatGPT
gibi yapay zeka uygulamalarinin siiriime ¢ikmasi ile birlikte bu uygulamalarla yapilan ¢alismalarda artis
oldugu belirtilebilir.

Arastirmanin ikinci sorusunda; “Matematik egitimi alaninda yapay zeka konulu tezlerin aragtirma
yontemine gore dagilimi nasildir?” problemine yonelik bulgular belirlenmistir.

Yapilan caligmalarda hangi arastirma yonteminin kullanildig1 ikinci alt problemde verilmistir.

Tablo 2

Tezlerin arastirma yontemine gore dagilimlari
Yontem (Desen) Frekans (f) Kod Yiizde (%)
Nitel 7 T2, T3, T4, T6, T7, T8, T9 77,8
Nicel 2 T1, TS 22,2
TOPLAM 9 100

Arastirmaya dahil edilen ¢alismalarin %77,8’inde (f=7) nitel arastirma yontemi, %22,2’sinde
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(f=2) nicel arastirma yontemi kullanilmigtir. Aragtirmalarda daha ¢ok nitel yontemler kullanilmigtir.
Nitel yontemlerin, nicel verilerden daha ¢ok kullanilmasinin sebebi aragtirmacilarin daha derin analizler
yapmak istemesi olabilir.

Aragtirmanin i¢iincli sorusunda; “Matematik egitimi alaninda yapay zeka konulu tezlerin
orneklem tiiriine gore dagilimi nasildir?” problemine yonelik bulgular belirlenmistir.

Tablo 3

Tezlerin orneklem tiiriine ait sayilar
Orneklem Gruplar Frekans (f) Kod Yiizde (%)
Ortaokul 1 T8 11,1
Lise 1 T1 11,1
Ogretmen Adaylar 3 T4, TS5, T6 33,3
Ogretmen-Ogrenci 1 T7 11,1
Ogretmen Adaylar1, Ogretmen, Ogretim Eleman1 1 T3 11,1
Makale 2 T2,T9 22,2
TOPLAM 9 100

Arastirmaya dahil edilen calismalarin o6rneklem tiirline bakildiginda calismalarin siklikla
Ogretmen adaylar1 (f=3) ile gerceklestirilmistir. Daha sonra Ogretmen adaylari-6gretmen-6gretim
elamanlar (f=2) ile yapildigina ulasilmistir.

Arastirmanin dordiincii sorusunda “Matematik egitimi alaninda yapay zeka konulu tezlerin veri
toplama aracina gore dagilimi nasildir?” problemine yonelik bulgular belirlenmistir.

Tablo 4

Tezlerin veri toplama aracina gore dagilimi
Veri Toplama Araclar Frekans (f) Kod Yiizde (%)
Dokiiman Inceleme 3 T2, T6, T9 21,4
Anket (Tutum, Inang Olgegi) 3 T1, T5, T8 21,4
Calisma Yapraklari 1 T8 7,1
Gozlem 1 T1 7,1
Gorlisme 4 T1, T3, T4, T7 28,6
Basar1 Testi 1 Tl 7,1
Gorev Formlari 1 T4 7,1
TOPLAM 14 100

Tablo 4’¢ bakildiginda tezlerin veri toplama araglarindan; en fazla %31,8 oranla (7 adet) goriisme
ve %22,7 oranla (5 adet) basari testi, onu takip eden %18,2 oranla (4 adet) anket, %13,6 oranla (3 adet)
dokiiman incelemesi gozlem, %4,5 oranla (1 adet) goézlem, %4,5 oranla (1 adet) sesli diisiinme teknigi,
%4,5 oranla (1 adet) gorev formlar1 oldugu goriilmektedir.

Arastirmanin besinci sorusunda “Matematik egitimi alaninda yapay zekd konulu tezlerin veri
analiz yontemine gore dagilimi nasildir?” problemine yonelik bulgular belirlenmistir.
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Tablo 5

Tezlerin veri analiz yontemine gore dagilimi
Veri Analiz Yontemi Frekans (f) Kod Yiizde (%)
Betimsel Analiz 3 T5,T6, T9 21,4
Icerik Analizi 5 T2, T3, T4,T7,T9 35,7
Mann Whitney U Testi 1 T1 7,1
SOM-Ward Kiimeleme Yontemi 1 T8 7,1
Sira Ortalamalari 1 T8 7,1
t Testi 1 T1 7,1
Regresyon Analizi 1 T5 7,1
Diizenleyicilik Analizi 1 T5 7,1
TOPLAM 14 100

Tablo 5’e bakildiginda tezlerin veri analizinde; en fazla %35,7 oranla (5 adet) igerik analizi ve
%21,4 oranla (3 adet) betimsel analiz teknigi kullanildigina ulasilmistir.

Arastirmanin altinci sorusunda “Matematik egitimi alaninda yayimlanan yapay zeka konulu
tezlerin hazirlandiklari tiniversiteye gore dagilimi nasildir?” problemine yonelik bulgular belirlenmistir.

Tablo 6

Tezlerin yaymlandigi tiniversiteye gore dagilimi
Yaymlandign Universite Frekans (f) Kod Yiizde (%)
Karadeniz Teknik Universitesi 1 T1 11,1
Balikesir Universitesi 1 T9 11,1
Kocaeli Universitesi 1 T2 11,1
Afyon Kocatepe Universitesi 1 T3 11,1
Eskisehir Osmangazi Universitesi 1 T4 11,1
Aksaray Universitesi 1 TS5 11,1
Van Yiiziincii Y1l Universitesi 2 T6, T7 22,2
Dokuz Eyliil Universitesi 1 T8 11,1
TOPLAM 9 100

Matematik egitiminde YZ konulu tezlerin Tiirkiye’de sekiz farkli {iniversitede hazirlandigi
goriilmektedir. Farkli bolgelerde bulunan {iniversitelerde YZ konulu caligmalar1 gerceklestirdigi
belirtilebilir.

SONUC VE TARTISMA

Aragtirmanin bu boliimiinde calismalardan elde edilen bulgular yorumlanmig ve genel bir
degerlendirme yapilmistir. Arastirmada 2013-2025 yillar1 arasinda YOK Ulusal Tez Merkezi’nde
yayimlanan yapay zeka destekli matematik egitimi ile ilgili tez caligmalarimi yorumlamak ve
¢ikarimlarda bulunmak amag¢lanmistir. Arastirmada elde edilen bulgular, alt problemlere gore sirasiyla
tartisilmustir.

Aragtirmanin birinci alt probleminde calismalarin yillara gore dagilimina bakilmigtir. YOK
Ulusal Tez Merkezi’nde yayimlanan yapay zeka destekli tezlere bakildiginda en fazla 2024 yilinda
yapilan ¢aligmanin oldugu goriilmektedir. 2023 yilindan itibaren ¢alisma sayisinda artis yasanmistir.
Caligma sayisinin artis gostermesinin sebebi 2022 yilindan itibaren ChatGPT yapay zeka robotunun
kullanima sunulmasi olabilir. ChatGPT, dikkat ve bilyiik bir veri modeline sahip, genis bir veri agini
kullanarak, verilen komutlara insan benzeri cevaplar iireterek, mantikli ve sorulan soru ile Ortiisen
yanitlar veren bir chatbottur (Van Dis vd., 2023). 2023 yilindan itibaren ¢alisma sayis1 artig géstermistir.



Matematik Egitiminde Yapay Zekd Konulu Tezlerin Incelenmesi

2023 yilindan itibaren ChatGPT ile tartismalarin baglamasi ile arastirmacilar tarafindan ChatGPT ile
yapilan ¢aligmalarda artig yagsanmuistir.

Arastirmanin ikinci alt probleminde calismalarda hangi arastirma yonteminin kullanildigi
incelenmigstir. Yapilan caligmalarda siklikla nitel yontemlerin kullanildigi goriilmiistiir. Nitel
yontemlerin daha sik kullanilmasinin sebebi arastirmacilarin daha derinlemesine bilgi sahibi olmak
istemeleri olabilir. Yapay zekaya dair calismalarda siklikla nitel yontemler, nicel yontemlerden daha
cok kullanilmigtir. Nicel yontemler daha c¢ok oOrneklem gruplart ile yapilmistir. Calismalar
incelendiginde daha g¢ok arastirma desenlerinden en ¢ok durum c¢aligmasi modelinin kullanildig:
goriilmektedir. Durum c¢alismasi, giincel olguyu kendi gergekligi igcinde detayli inceleme imkani
sunmaktadir (Yildirrm ve Simsek, 2016). Yapay zekad destekli matematik egitimi calismalarinin
sonuclari, Tiirkiye'de yapilan matematik egitimi tezlerinin artan bir arastirma egilimi gosterdigini ve
nitel yontemlerin daha fazla tercih edildigini gostermektedir.

Bu calismada yapay zekad destekli matematik egitimi calismalarinin sonuglari alan yazinda
Tiirkiye'de yapilan matematik egitimi tezlerinin artan bir aragtirma egilimi gdsterdigini ve nitel
yontemlerin daha fazla tercih edildigini gostermektedir (Celik, Eroglu ve Uzun; 2024).

Arastirmanin ii¢lincii alt probleminde ¢aligmalarda siklikla hangi 6rneklem tiiriiniin tercih edildigi
incelenmistir. Elde edilen veriler incelendiginde ¢alismalarin siklikla 6gretmen adaylan ile yapildig
goriilmiistiir. Ogretmen adaylarmin gelecekte sinif ortaminda yapay zeka destekli uygulamalart
kullanacak olmasi, Teknolojik pedagojik alan bilgisi (TPAB) gelisimine agik olmalari nedeniyle
Ogretmen adaylari ile yapilan galisma sayisinin fazla olmasiin sebebi olabilir. Gliniimiizde yapay zeka
sistemleri ¢cok hizli bir sekilde gelisim ve yayilim gosterdiginden, gelinen noktada yapay zekanin
karsisinda durmanin gereksiz bir ugras olacagi belirtilmektedir (Coskun ve Giilleroglu, 2021). Yapay
zekd destekli matematik egitimi caligmalarinda, 6zellikle ChatGPT gibi yapay zeka sistemlerinin
kullanimi, Ogretmen adaylarinin egitimine katki saglamakta ve tercihlerinin artmasinda etkili
olmaktadir.

Arastirmanin dordiincii alt probleminde incelenen calismalarda hangi veri toplama araglariin
tercih edildigi incelenmistir. Elde edilen bulgulara gore veri toplama araglari arasinda en fazla goriisme
tekniginin kullanildig1 sirasiyla basar testi, anket, dokiiman incelemesi, gozlem ve gorev formlari
kullanildigina ulagilmastir.

Arastirmanin besinci alt probleminde incelenen tezlerin veri analizinde; en fazla igerik analizi ve
betimsel analiz teknigi kullanildigina ulagilmigtir. Bu durum, toplanan verilerin biiylik dl¢iide nitel
nitelikte olmasiyla tutarlidir. Nicel analiz tekniklerinin sinirli sayida ¢alismada yer almasi ise yapay zeka
destekli matematik 6gretiminin etkililigine yonelik deneysel ve yar1 deneysel ¢aligmalarin heniiz yeterli
diizeye ulagsmadigini gostermektedir.

Aragtirmanin altinci alt probleminde hazirlanan tezlerinin yayinlandiklar1 Gniversitelere gore
dagilimlar1 incelenmistir. Tezlerin iilkemizin farkli bdlgelerinde bulunan {iniversitelerde hazirlandigina
ulasilmistir. Bu bulgu, yapay zekd konusuna yonelik akademik ilginin belirli merkezlerle sinirli
olmadigini, ancak ¢aligma sayisinin genel olarak halen sinirli diizeyde oldugunu gostermektedir.

Elde edilen bulgular, yapay zekanin matematik egitiminde giderek daha fazla yer buldugunu
gostermektedir. Ancak tezlerin ¢ogunun uygulama diizeyinde sinirli kaldigi ve teorik cergevelerin
yeterince derinlestirilmedigi gozlemlenmistir.

Yapay zeka destekli matematik egitimi, interaktif 6grenme platformlar1 ve adaptif test sistemleri
gibi araglar1 kullanarak egitimde 6nemli bir rol oynadigina ulasilmigtir (Nayirolu ve Tutak, 2024). Bu
nedenle daha fazla deneysel ¢aligmalarla aragtirmalarin desteklenmesi onerilmektedir.
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Ayrica, yapay zeka araglarinin pedagojik etkilerinin uzun vadeli olarak degerlendirilemedigi
dikkat ¢ekmektedir. Bu nedenle gelecek aragtirmalarda daha uzun siireli kesitsel arastirmalar ve
boylamsal arastirmalar yapilabilecegi belirtilebilir.

Arastirma sonucunda gelecek arastirmalara yonelik asagidaki 6nerilerde bulunulmustur:
o Farkli egitim kademelerinde (6zellikle okul 6ncesi ve ortaokul) daha fazla calisma yapilabilir.
e Tasarim tabanli arastirmalara agirlik verilebilir.
e Yapay zeka uygulamalarinin 6grenci basarist ve motivasyonu iizerindeki etkileri uzun vadeli
olarak izlenebilir.
Etik Kurul Onay

Bu calisma, derleme c¢alismas1 oldugu icin etik kurul onay1 alinmamustir.

Yazar Katkilar

Tasarim: Yazar 1 (%50) — Yazar 2 (%50)

Veri Toplama veya veri girisi yapma: Yazar 1 (%50) — Yazar 2 (%50)
Analiz ve yorum: Yazar 1 (%50) — Yazar 2 (%50)

Literatiir tarama: Yazar 1 (%50) — Yazar 2 (%50)

Yazma: Yazar 1 (%50) — Yazar 2 (%50)

Finansman

Calisma herhangi bir finansal destek almamustir.

Cikar Catismasi

Cikar gatigsmasi yoktur.
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This study aims to investigate the impact of students' Information and Communication Technology
(ICT) self-efficacy (ICTEFFIC) and subject-related ICT use during lessons (ICTSUBJ) on
mathematics achievement. Framed within Self-Determination Theory and ICT Engagement Theory,
this quantitative secondary data analysis is based on a sample of 6,599 15-year-old students (3,286
males, 3,313 females) from the Program for International Student Assessment (PISA) 2022 Tiirkiye
cohort. Data were analyzed using multiple regression analysis based on 10 pooled plausible values
in accordance with Rubin's rules, while controlling for socioeconomic status (ESCS) and gender, and
employing robust standard errors to account for heteroscedasticity. The findings revealed that even
when ESCS and gender were held constant, both ICT self-efficacy and subject-related ICT use
significantly and positively predicted mathematics achievement. The regression model explained
15.6% of the variance in mathematics performance. Comparative results demonstrated that
pedagogical, subject-related ICT use (B=12.109, B = 0.146) had approximately twice the predictive
power on mathematics achievement compared to digital self-efficacy (B= 6.284, f = 0.080).
Furthermore, socioeconomic status was confirmed as the strongest predictor in the model. Regarding
gender, although male students scored statistically higher on ICT variables, the effect sizes (Cohen's
d) indicating practical significance remained at a negligible level. In conclusion, this study
demonstrates that students’ mere psychological competence (self-efficacy) is not solely sufficient for
digital technologies to positively contribute to academic achievement. For academic benefit, it is
imperative that this digital belief translates into action through curriculum-integrated, teacher-guided,
and pedagogically purposeful use in the classroom environment.

BIiT Oz Yeterliginin ve Derslerde Konu Odakh BiT Kullamminin Matematik Basarisina Etkisi: PISA 2022 Tiirkiye Orneklemi

Makale Bilgisi

OZET
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Yayin Tarihi: 30.06.2026

Keywords:

PISA 2022,

BIT 6z yeterligi,

Konu odakli BIT kullanim1
Matematik basarist.

Bu ¢alisma, &grencilerin Bilgi ve Tletisim Teknolojileri (BIT) 6z yeterliklerinin (ICTEFFIC) ve ders
sirasinda konuyla ilgili bilgi ve iletisim teknolojileri kullanimlarinin (ICTSUBJ) matematik basarist
tizerindeki etkisini incelemeyi amaglamaktadir. Oz Belirleme Kuramm ve Dijital Katilim Kurami
cerevesinde sekillendirilen bu nicel ikincil veri analizi, Uluslararas1 Ogrenci Degerlendirme
Programi1 (PISA) 2022 Tiirkiye 6rnekleminden 15 yasindaki 6.599 6grenciye (3.286 erkek, 3.313 kiz)
dayanmaktadir. Veriler; sosyoekonomik diizey (ESCS) ve cinsiyet kontrol altina alinarak ve degigen
varyans (heteroskedastisite) durumunu hesaba katmak amaciyla direngli standart hatalar (robust
standard errors) kullanilarak, Rubin'in kurallar1 dogrultusunda birlestirilmis 10 olas1 deger (plausible
values) iizerinden ¢oklu regresyon analizi ile incelenmistir. Bulgular, ESCS ve cinsiyet sabit
tutuldugunda dahi, hem BIT 6z yeterliginin hem de konuyla ilgili BIT kullanimmin matematik
basarisini anlamli ve pozitif yonde yordadigini ortaya koymustur. Regresyon modeli, matematik
performansindaki varyansin %15,6'sin1 agiklamistir. Karsilagtirmali sonuglar, pedagojik olarak
konuyla ilgili BIT kullammnn (B = 12.109, B = 0.146) matematik basaris1 iizerinde, dijital 6z
yeterlige (B = 6.284, B = 0.080) kiyasla yaklasik iki kat daha fazla yordayici giice sahip oldugunu
gostermistir. Ayrica, sosyoekonomik diizeyin modeldeki en giiglii yordayici oldugu dogrulanmustir.
Cinsiyet acisindan, erkek ogrenciler BIT degiskenlerinde istatistiksel olarak daha yiiksek puanlar
almus olsalar da pratik anlamlilig1 gosteren etki biiyiikliiklerinin (Cohen's d) ihmal edilebilir diizeyde
kaldig1 goriilmiistiir. Sonug olarak bu ¢alisma, dijital teknolojilerin akademik basaritya olumlu katki
saglamast i¢in dgrencilerin salt psikolojik yeterliklerinin (6z yeterlik) tek basina yeterli olmadigini
gostermektedir. Akademik fayda saglanabilmesi igin, bu dijital inancin simf ortammda miifredata
entegre edilmig, 6gretmen rehberliginde ve pedagojik olarak amaca uygun bir kullanimla eyleme
dontismesi elzemdir
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INTRODUCTION

The integration of information and communication technologies (ICT) into education systems is
accelerating globally in the 21st century, and the effects of this process on students' academic
achievement are attracting increasing attention (Caponera, Colonnello, Annunziata, Palmerio & Russo,
2026). PISA 2022 findings and related research indicate that moderate digital device use in the school
environment is associated with higher academic performance; however, the relationship between high-
level use and achievement is not simple and linear, but rather can create an inverted U-shaped contrast
by causing cognitive overload (Sweller, 1988) after a certain threshold (Li & Zhu, 2023; Ornek & Afari,
2026). This finding highlights that simply having access to or intensive use of devices does not
automatically improve educational outcomes; rather, the quality of use, pedagogical context, and the
quality of technology use—also referred to as "digital capital"—are decisive factors (Petko, Cantieni &
Prasse, 2017; Caponera et al., 2026).

Tiirkiye stands out as a country where only 61% of its students achieved Level 2 or higher in the
PISA 2022 mathematics assessment, significantly below the OECD average (69%) (OECD, 2023).
Especially in the recent past, Tiirkiye, having implemented large-scale digital infrastructure investments
such as the FATIH (Enhancing Opportunities and Improving Technology) Project and accelerating ICT
policies (Unal, Uzun & Kilis, 2022; Ornek & Afari, 2026), offers a unique and policy-valued context
for examining the relationship between ICT and mathematics achievement. However, empirical
evidence on the extent to which these enormous public investments have translated into students’
academic success is still limited, and the need for current, systematic, and quantitative analyses in the
Turkish context is further highlighted by the new generation of PISA data (Erdogdu & Erdogdu, 2015).

Literature addressing the relationship between ICT use and academic achievement on a global
scale largely reports inconsistent findings (Areepattamannil & Santos, 2019; Odell, Cutumisu & Gierl,
2020). While some studies argue that ICT use improves achievement (Wei & Zhang, 2025), others have
shown mixed or meaningless relationships (Bulut & Cutumisu, 2020; Courtney, Karakus, Ersozlii &
Nurumov, 2022); and still others have consistently shown that—particularly general-purpose use at
school or excessive entertainment use at home—negatively impacts mathematics and science
achievement (Unal et al., 2022; Zhang & Liu, 2016). The main reason for this inconsistency in findings
is that ICT use is modeled as a one-dimensional and linear "exposure" process, ignoring how and for
what purpose students use technology (Ornek & Afari, 2026). Indeed, recent studies have shown that
intensive ICT use alone does not predict success; however, structured use that is appropriate to its
purpose (academic and course-focused) increases success, while uncontrolled use focused on leisure
time, social interaction, or gaming decreases success (Hu, Gong & Lai, 2018; Wei & Zhang, 2025;
Caponera et al., 2026).

This study, drawing on Self-Determination Theory (SDT) and Digital Engagement (ICT
Engagement) (Zylka, Christoph, Kroehne, Hartig & Goldhammer, 2015; Kunina Habenicht &
Goldhammer, 2020), aims to examine the predictive power of ICT self-efficacy (ICTEFFIC) and
subject-related ICT use (ICTSUBJ) variables on the PISA 2022 mathematics achievement of 15-year-
old students in Tiirkiye. In the analyses, confounding factors such as socioeconomic status (ESCS) and
gender, known to have strong and stable effects on academic achievement, will be controlled; as research
shows that advantaged socioeconomic groups and male students exhibit significant structural differences
in their patterns of access to and use of technology (Biagi & Loi, 2013; Hristov, Yada, Fagerlund, Naykki
& Hikkinen, 2026). The scarcity of studies in the existing literature that utilize the PISA 2022 Tiirkiye
dataset to simultaneously test the psychological dimensions of technology (i.e., self-efficacy and
purpose of use)—rather than its mere quantity—through a parsimonious and reproducible regression
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model constitutes the originality and scholarly contribution of this research. To achieve this overarching
purpose, the study specifically addresses the following research questions:

RQ1: How are the levels of ICT self-efficacy and subject-related ICT use distributed among 15-
year-old students in Tiirkiye?

RQ2: Do ICT self-efficacy and subject-related ICT use exhibit significant differences based on
gender?

RQ3: Do ICT self-efficacy and subject-related ICT use significantly predict mathematics
achievement when socioeconomic status (ESCS) and gender are controlled?

Theoretical Framework Research Design

Self-Determination Theory

Self-Determination Theory (SDT; Deci & Ryan, 1985; Ryan & Deci, 2017) is a comprehensive
and empirically based psychological framework developed to explain individuals' intrinsic motivation
and self-regulation capacity. According to SDT, optimal human functionality, the development of
treatment methods, and well-being depend on the fulfillment of three fundamental universal
psychological needs: competence, autonomy, and relatedness (Ryan and Deci, 2000). Competence refers
to an individual’s belief in their ability to effectively cope with their environment, develop their abilities,
and achieve desired outcomes; autonomy reflects the need for individuals to direct and act according to
their own will and values without any external pressure (Ryan and Deci, 2017). Relatedness
encompasses the components of establishing meaningful connections, feeling a sense of belonging to a
group, and bonding with others (Ryan and Deci, 2000). In environments where these three needs are
met, individuals’ intrinsic motivation increases, and they successfully internalize externally motivated
tasks (e.g., compulsory school assignments), incorporating them into their self-regulation processes.
Conversely, in controlling environments where needs are thwarted or suppressed, intrinsic motivation
weakens, alienation occurs, and academic performance and sustained effort are negatively affected
(Ryan and Deci, 2000; Ryan and Deci, 2017).

Self-Determination Theory (SDT) has been widely used in research on academic achievement;
consistent positive relationships have been found between students’ intrinsic motivation for learning,
self-regulation skills, and perceived competence, and their academic success (Ryan & Deci, 2017,
Areepattamannil & Santos, 2019). In this context, students’ feeling of competence in a particular area
and their ability to manage that area with their own autonomous decisions stands out as a critical
psychological mechanism that shapes not only their engagement in that area but also their overall
academic performance.

Digital (ICT) Engagement Theory

The Digital Engagement Theory, which emerged from the adaptation of Self-Determination
Theory (SDT) to the context of information and communication technologies (ICT), goes beyond mere
cognitive and hardware technology use and focuses on the motivational and metacognitive processes
behind technology (Zylka, et al. 2015; Kunina-Habenicht & Goldhammer, 2020). This theory,
conceptually framed by Goldhammer et al. (2017) and validated by Kunina-Habenicht and Goldhammer
(2020) through international PISA data, explains students’ ICT engagement through four fundamental
dimensions: (1) ICT Interest: The individual’s long-term, content-specific, and intrinsic motivational
inclination to engage with digital tasks and activities; (2) Perceived ICT Competence/Efficacy: The
individual’s self-efficacy belief that they can effectively use their own ICT knowledge and skills; (3)
Perceived ICT Autonomy: The individual’s feeling of control that they can solve problems encountered
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in digital environments independently and self-directed, without external constraints; and (4) ICT as a
Topic in Social Interaction: The level at which digital tools are used for social interaction,
communication, and information sharing with peers (Kunina-Habenicht & Goldhammer, 2020).

According to the theory, these four dimensions directly align with the fundamental universal
psychological needs of SDT as “autonomy, competence, and relatedness” and positively influence
academic performance by facilitating students’ purposeful, competent, and engaged use of technology,
driven by their own autonomous will rather than external compulsion (Li & Zhu, 2023). The
contradictory (or negative) findings frequently reported in the literature regarding the relationship
between the amount of ICT use and achievement stem from neglecting these psychological dynamics
behind technology. Indeed, a structural equation modeling study conducted by Li and Zhu (2023) using
PISA data from 52 countries revealed that cognitive-motivational ICT engagement acts as a significant
and strong mediator between technology use and academic achievement. This finding supports the idea
that ICT use does not directly and automatically increase achievement; rather, the effect is transformed
into a positive learning outcome only through the student's digital autonomy and other psychological
engagement processes.

This study operationalizes the perceived ICT self efficacy dimension of the Digital Engagement
Theory with the ICTEFFIC (Self-Efficacy in Digital Competencies) index and the behavioral
engagement dimension in the learning context with the ICTSUBJ (Subject-Related ICT Use in the
Lesson) index, in line with the updated assessment framework of PISA 2022 (OECD, 2024). Unlike
previous PISA cycles, the ICTEFFIC, further customized in PISA 2022, reflects the student's self-
efficacy perception in both basic Computer and Information Literacy (CIL) tasks such as online
information searching and text editing, and advanced Computational Thinking (CT) tasks such as
computer programming and algorithmic problem solving (OECD, 2024; Hristov et al., 2026); while
ICTSUBI represents the level at which this perceived competence is translated into pedagogical action
in specific lesson settings. The study does not specifically claim to mediate; instead, this study aims to
test the independent predictive power of these two dimensions of digital engagement on mathematics
achievement, while keeping control variables such as socioeconomic status (SES) and gender constant,
using a descriptive-level analysis. Thus, the goal is to provide a empirical contribution not only to the
motivational dimensions of the theory but also directly to the academic outcome (achievement)
dimension.

Digital Self-Efficacy (ICTEFFIC) and Academic Achievement

Based on social cognitive theory, digital self-efficacy refers to students’ belief in their own
capacity to perform specific tasks or achieve goals using digital resources (Bandura, 1997; Hatlevik,
Scherer & Christophersen, 2017; Ornek & Afari, 2026). Updated and expanded as the "Digital Self-
Efficacy (ICTEFFIC)" index in the PISA 2022 assessment, this construct encompasses both basic
Computer and Information Literacy (CIL) tasks such as online information searching and text editing,
as well as more advanced Computational Thinking (CT) skills such as computer programming and
algorithmic problem solving (OECD, 2024; Hristov et al., 2026). The literature emphasizes that
students’ high belief in their ability to use digital tools effectively (self-efficacy) enables them to not
give up in the face of academic challenges, to better design learning strategies, and to interact
productively with technology (Wang & Chu, 2023; Hristov et al., 2026).

Furthermore, empirical studies consistently show that digital self-efficacy (and perceived ICT
competence as measured in previous PISA cycles) is one of the strongest factors that significantly and
positively predicts achievement in mathematics, science, and reading (Hu et al., 2018; Areepattamannil
& Santos, 2019; Courtney et al., 2022; Unal et al., 2022). In the current literature, ICTEFFIC is seen as

13



The Impact of ICT Self-Efficacy and Subject-Oriented ICT Use During Lessons on Mathematics Achievement:
A PISA 2022 Tiirkiye Sample

more than just a predictor of academic achievement; in the complex relationship between the
unstructured or recreational use of technology and academic achievement, it stands out as a “protective”
and transformative, regulatory mechanism (Li & Zhu, 2023; Ornek & Afari, 2026; Hristov et al., 2026).
In other words, whether the use of ICT at school or at home provides an academic benefit to the student
largely depends on the student’s high self-efficacy perception in using these tools strategically and
purposefully (Ornek & Afari, 2026).

Subject-Related ICT Use in Lessons (ICTSUBJ) and Academic Achievement

Studies examining the impact of educational technologies in schools emphasize not just “how
much” technology is used, but “in what context and for what purpose” it is used. The “Subject-Related
ICT Use in Lessons (ICTSUBJ)” index included in the PISA 2022 survey measures how frequently
digital resources are integrated into learning and teaching processes in specific subject areas such as
mathematics, science, and language (OECD, 2024). Research shows that the general and unstructured
use of ICT in schools (e.g., simply browsing the internet or using email) often negatively impacts
academic achievement by leading to cognitive overload or distraction (Hu et al., 2018; Courtney et al.,
2022). However, the subject-focused and teacher-guided use of digital tools in a way that directly serves
the pedagogical objectives of the lesson (ICTSUBJ) has a very different dynamic on learning outcomes
(Acun- Celik, Elgiin & Kalelioglu, 2024).

This conceptual differentiation is also supported by empirical findings based on a Turkish sample.
In their research, Acun Celik et al. (2024) revealed that while the use of general-purpose ICT in schools
(USESCH) negatively predicted mathematics and science achievement, the subject-related use of ICT
integrated into subjects such as mathematics and science during lessons positively contributed to student
achievement. Current analyses at the international level also confirm that ICT functions as a factor that
increases mathematics achievement when technology and subject-specific pedagogy are combined (Wei
& Zhang, 2025). In this context, [CTSUBJ stands out as a critical variable reflecting the vital importance
of the compatibility of technological tools with the curriculum and lesson content, rather than the
duration of “exposure” to technology investments in the transformation of academic achievement.

METHOD

Research Design

This study is designed as a secondary data analysis study in a quantitative, correlational survey
design using PISA 2022 data. Correlational survey models are research approaches that aim to determine
the existence and/or degree of covariation between two or more variables (Karasar, 2020). This design
allows the current situation to be presented as it is without manipulating the variables (Fraenkel, Wallen
& Hyun, 2012).

Since the study utilizes data from a large-scale international achievement test, secondary data
analysis was adopted as the method. Secondary data analysis is the process of re-analyzing ready-made
datasets previously collected by other researchers, institutions, or organizations for specific purposes to
test new hypotheses or research questions (Glass, 1976; Johnston, 2014). This approach; by leveraging
the advantages offered by objective databases with large sample sizes, high sampling power, and
methodological standards, such as PISA, time and cost savings are achieved while maximizing the
generalizability and external validity of the findings (Smith, 2008).

Data Source and Sample

The research data was obtained from the PISA (Programme for International Student Assessment)
database, conducted by the Organization for Economic Cooperation and Development (OECD) in 2022.
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PISA is an international assessment program that evaluates the proficiency of 15-year-old students in
mathematics, science, and reading literacy.

The analysis consists of 7,250 students from Tiirkiye who participated in PISA 2022. After
removing missing data using the listwise deletion method, the analysis sample reached 6,599 students
(Male = 3,286, Female = 3,313). The 651 missing observations (9.0%) are due to missing data in the
ICTEFFIC and ICTSUBJ indices.

Measurement Tools

ICT Self-Efficacy (ICTEFFIC): A ready-made index created by the OECD using Item Response
Theory (IRT) to measure students' self-efficacy perceptions regarding general digital technology use.
The index is derived from IC175 items in the PISA 2022 ICT Questionnaire.

Subject-Related ICT Use in Lessons (ICTSUBJ): A ready-made index created by the OECD using
IRT to reflect the frequency of students' use of digital technology in mathematics, science, and language
courses. It is derived from IC173 items.

Mathematics Achievement: Measured through the PISA 2022 mathematics test. Ten PVs were
generated for each student using the plausible value method, and pooling was applied in the analyses
according to Rubin's (1987) rules.

Control Variables: The socioeconomic, social, and cultural status index (ESCS) and gender (0 =
Male, 1 = Female) were included in the analysis as control variables. ESCS was included in the model
because it is a consistently documented predictor of mathematics achievement in the literature.

Data Analysis

Analyses were performed using R 4.6.0 statistical software. Descriptive statistics, independent
samples t-test, and multiple regression analysis were applied in accordance with the research questions.

Assumption Checks: Due to the large sample size (n = 6,599), a formal normality test (e.g.,
Shapiro-Wilk) was not applied within the framework of the Central Limit Theorem. However, skewness
and kurtosis values were calculated to describe the distribution of the variables; all values were found
to be within acceptable limits (skewness: -0.529 to 0.566; kurtosis: -0.499 to 0.253). Outlier analysis
(z> 3.29 criterion) was applied, and one observation each was detected in the PVMATH and ESCS
variables (0.02%); these values were not removed from the analysis sample.

Gender Comparison: The Levene equivalence of variance test yielded significant results for both
ICT variables (ICTEFFIC: F = 7.94, p = .005; ICTSUBJ: F = 28.19, p < .001). Based on this finding,
the Welch independent samples t-test was applied. Cohen's d effect size was calculated to assess
practical significance, as statistical significance in large samples does not guarantee practical
significance.

Multiple Regression: Multicollinearity between predictors was evaluated by examining VIF
values (1.009 - 1.052) and correlations between variables (r < .25), and no problems were found. The
Breusch-Pagan test showed the presence of heteroskedasticity (BP = 100.609, p <.001); therefore, HC3
robust standard errors were used in all regression models. The Durbin-Watson statistic (DW = 1.981, p
= .221) confirmed the independence of the errors. The coefficients and robust standard errors obtained
from the regression models, which were run separately on 10 calculated PVs (plausible values) related
to mathematical performance, were pooled according to Rubin's (1987) rules. The pooled B
(unstandardized) coefficients, robust standard errors, t-statistics, and p-values are reported.
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FINDINGS

RQI: Descriptive Statistics of ICT Variables

Descriptive statistics on the ICT self-efficacy (ICTEFFIC) and subject-related ICT use in lessons
(ICTSUBJ) levels of students in Tiirkiye are presented in Table 1.

Table 1
Descriptive Statistics Regarding ICT Variables

Variable Group N Mean SD Min. Max
ICT Self-Efficacy All 6599 0.011 1.111 -2.648 2.284
(ICTEFFIC)
Male 3286 0.049 1.065 - -
Female 3313 -0.027 1.154 - -
Subject-Related ICT All 6599 0.097 1.056 -2.031 1.950
Use (ICTSUBJ)
Male 3286 0.161 1.006 - -
Female 3313 0.034 1.099 - -
Mathematics All 6599 456.95 85.46 237.09 751.76
Achievement
(PVIOMATH)

Note: ICTEFFIC and ICTSUBJ are scaled using IRT with OECD mean=0 and SD=1.

When Table 1 is examined, the mean score for students’ ICT self-efficacy is found to be very
close to the OECD baseline (M = 0.011, SD = 1.111), while their subject-related ICT use during lessons
exhibits a slightly positive inclination above the OECD average (M = 0.097, SD = 1.056). A descriptive
breakdown by gender indicates that male students possess higher average scores than female students
in both ICT self-efficacy (M = 0.049, SD = 1.065 vs. M = -0.027, SD = 1.154) and subject-related ICT
use (M =0.161, SD = 1.006 vs. M = 0.034, SD = 1.099). Lastly, the mean mathematics achievement
score of the Turkish cohort is calculated as 456.95 points (SD = 85.46), spanning across a wide
distribution between a minimum score of 237.09 and a maximum score of 751.76.

RQ?2: Comparison of ICT Variables by Gender

To determine whether ICT self-efficacy and the level of subject-related ICT use differed
according to gender, the Welch independent samples t-test and Cohen's d effect size were calculated.
The findings are presented in Table 2.

Table 2
Comparison of ICT Variables by Gender

. Male Mean Female Cohen's
Variable (SD) Mean (SD) t sd p d
ICT Self-Efficacy 0.049 -0.027
(ICTEFFIC) (1.065) (1.154) 2.800 6562.6 .005 0.069
Subject-Related ICT 0.161 0.034
Use (ICTSUBY) (1.006) (1.099) 4902 65553 <.001 0.121

Note. Welch's independent samples t-test was used due to the violation of homogeneity of variance
(Levene’s p < .05).
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As illustrated in Table 2, male students scored statistically significantly higher than female
students in both ICT self-efficacy (Male M = 0.049, Female M = -0.027; t(6562.6) = 2.800, p = .005)
and subject-related ICT use (Male M =0.161, Female M = 0.034; t(6555.3) =4.902, p <.001). However,
the effect sizes calculated for both variables (ICTEFFIC: d = 0.069; ICTSUBJ: d =0.121) are negligibly
small according to Cohen's (1988) criteria, indicating that practical significance remains highly limited.
This finding highlights that statistical significance does not guarantee practical meaningfulness in large
samples

RQ3: Predicting Math Achievement

A Rubin pooled multiple regression analysis was conducted to determine whether ICT self-
efficacy and subject-related ICT wuse significantly predicted mathematics achievement when
socioeconomic status and gender were controlled for. The findings are presented in Table 3.

Table 3
Results of Rubin Pooled Regression Analysis Regarding the Prediction of Mathematical Achievement

Variable B Robust SE t p p
Intercept 482.169 1.990 242.354 <.0071***

ICT Self-Efﬁcacy sokk
(ICTEFFIC) 6.284 1.060 5.926 <.001 0.080
Subject-Related ICT Use sk
(ICTSUBJ) 12.109 0.995 12.175 <.001 0.146
ESCS (control) 24.293 0.934 26.019 <.001%** 0.316
Gender (control) 5.522 2.248 2.456 .015%* 0.020
R?=.156

Explained variance =

%15.6

Note: B = unstandardized regression coefficient; f = standardized beta coefficient; Robust SE =
consistent standard error of HC3 heteroskedasticity; pooled using Rubin's (1987) rules. Since both ICT
variables are scaled by IRT according to the OECD with mean=0, SD=1, the B coefficients are directly
comparable using the same scale unit. *** p < .001, *p < .05.

As shown in Table 3, the model explains 15.6% of the variance in mathematics achievement (R?
= .156). When ESCS was controlled for and the effect of gender was removed, both ICT self-efficacy
(B = 6.284, Robust SE = 1.060, t = 5.926, p < .001) and the use of ICT for learning purposes (B =
12.109, Robust SE =0.995,t=12.175, p <.001) were found to be significant predictors of mathematics
achievement.

When the relative power of the predictor variables is examined, it is noteworthy that the use of
ICT for learning purposes (B = 12.109, § = 0.146) is associated with an approximately twofold increase
in mathematics achievement compared to ICT self-efficacy (B = 6.284, p = 0.080). When the control
variables were examined, ESCS was found to be the strongest predictor (B = 24.293, f = 0.316, p <
.001). Although the effect of gender was significant (B = 5.522, B = 0.020, p = .015), it remained quite
limited.
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DISCUSSION

This study investigated the predictive power of ICT self-efficacy (ICTEFFIC) and subject-related
ICT use in lessons (ICTSUBJ) on mathematics achievement, controlling for socioeconomic status and
gender, using Rubin pooled multiple regression analysis with PISA 2022 Tiirkiye data (n = 6,599). Both
variables were identified as significant and positive predictors; the predictive effect of ICTSUBJ (B =
12.109) was found to be approximately twice as strong as that of ICTEFFIC (B = 6.284). The findings
are discussed below within the context of the research questions, relevant literature, and theoretical
framework.

The Effect of ICT Self-Efficacy (ICTEFFIC) on Mathematical Achievement

The first key finding of the study is that ICT self-efficacy (ICTEFFIC) significantly predicts
mathematical achievement (B = 6.284, B = 0.080, p < .001). This finding is an expected pattern within
the framework of Bandura's (1997) Social Cognitive Theory; self-efficacy belief directly shapes an
individual’s ability to persevere when faced with difficulty, to use cognitive resources efficiently, and
to exhibit strategic learning behaviors. Students with a high self-efficacy perception in the digital context
use technology more purposefully and resiliently, which reinforces cognitive processes that support
mathematical learning (Bandura, 1997; Ornek & Afari, 2026).

This finding directly aligns with the PLS-SEM study conducted by Ornek & Afari (2026) using
PISA 2022 Tirkiye data (N = 7,250): in that study, ICTEFFIC positively predicted mathematics
achievement at the level of B =.216 (p <.001). Li & Zhu (2023) showed that cognitive-motivational
ICT involvement — of which ICTEFFIC is a key component — had a significant positive effect on
student-level achievement in a multi-level structural equation modeling study covering 52 countries (3
=.191, p <.001). Fayda-Kinik and Cetin’s (2025) three-level HLM analysis covering 53 countries also
revealed that perceived ICT competence (COMPICT) and ICT interest (INTICT) were positive
predictors in the high achievement group; in contrast, the study found that social interaction-focused
ICT use (SOIAICT) consistently negatively impacted achievement across all achievement quartiles.
This finding highlights that the type of ICT engagement—whether competency-focused or social
interaction-focused—is a key determinant of the impact on academic outcome; consistent with this
pattern, given that ICTEFFIC represents the competency dimension in the present study. Hatlevik et al.
(2018), in their International Computer and Information Literacy Study (ICILS) 2013 analysis covering
14 countries, also found that ICT self-efficacy positively predicted computer and information literacy
achievement in all countries, including Tiirkiye (r = 0.17-0.36; r = 0.24 for Tiirkiye), and that the
variance it explained was higher in Tiirkiye compared to other countries (R = 0.15).

When evaluated within the framework of Digital Engagement Theory (Zylka et al., 2015; Kunina-
Habenicht and Goldhammer, 2020), the expanded formulation of ICTEFFIC in PISA 2022 encompasses
both core Computer and Information Literacy (CIL) tasks and computational thinking (CT) skills
(OECD, 2024). At this point, the interesting finding obtained by Hristov et al. (2026) in the Finnish
sample (N = 10,239) is noteworthy: CIL self-efficacy showed a strong positive correlation with success
(B = .440-.528), while CT self-efficacy was negatively correlated with success (p = —.214 to —.334).
This contrasting pattern suggests that using ICTEFFIC as a holistic index may mask some nuances; The
question of whether CIL and CT skills influence academic achievement through different mechanisms,
and whether this divergence is also valid in the Turkish sample, is an important question for future
studies, and should be investigated through sub-dimension level analyses.

The relatively modest B coefficient of ICTEFFIC (B = 6.284, = 0.080) indicates that digital
self-efficacy belief needs to be transformed into a concrete usage behavior in a pedagogical context in
order to produce academic output. Li and Zhu (2023) showed that ICT use affects student achievement
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not directly but largely through mediation via cognitive-motivational ICT engagement; this finding
theoretically explains why psychological competence alone is insufficient and why ICTSUBJ is a
stronger predictor than ICTEFFIC.

The Effect of Subject-Related ICT Use in Lessons (ICTSUBJ) on Mathematics
Achievement

The second finding of the study is that the subject-related ICT use in lessons (ICTSUBJ) strongly
and significantly predicts mathematics achievement (B = 12.109, = 0.146, p <.001). This effect size
is approximately twice that of ICTEFFIC in the model and empirically supports a growing line of
literature: that it is not “how much ICT is used” but “in what pedagogical context ICT is used” that
determines academic achievement (Zylka et al., 2015; Papanastasiou, Zembylas & Vrasidas, 2003).

This finding can be considered a continuation of the ICTCLASS finding from the hierarchical
regression analysis conducted by Unal et al. (2022) with PISA 2018 Tiirkiye data (n=6,101), extending
to PISA 2022: in that study, subject-focused ICT use during lessons (ICTCLASS) positively predicted
mathematics achievement at the = 0.18 level (p <.001); it rose to the position of the strongest positive
ICT predictor both among the ICT use variables and in the entire model. In the SEM analysis of PISA
2018 Tirkiye data by Acun Celik et al. (2024), subject-specific ICT use (SUB_ICT) also positively
predicted mathematics achievement at the p = 0.23 level, becoming the strongest ICT variable in the
model. Using PISA 2022 Australian data, Wei and Zhang (2025) also reported that ICTSUBJ positively
predicted mathematics achievement (B = 0.067). This consistent pattern demonstrates that the benefits
of subject-related in lessons ICT use are not limited to a single country or PISA cycle.

However, this finding does not entirely align with the relevant literature, and this discrepancy
needs to be honestly addressed. Courtney et al. (2022), in their three-level HLM analysis covering the
PISA 2009-2018 cycles, found that the use of subject-focused ICT during lessons (ICTCLASS) was
negatively correlated with mathematics achievement (b =—1.10, p <.001). Hu et al. (2018), on the other
hand, showed that the use of general ICT in schools (USESCH) was strongly negatively correlated with
achievement in 44 countries (y = —9.67, p < .001). Two main arguments can be put forward to explain
this discrepancy. First, the PISA 2022 ICTSUBJ index was redesigned to measure curriculum-integrated
use for specific subject and lesson objectives, qualitatively differing from the general in-school use
measures of previous cycles; therefore, the difference between the findings may largely stem from the
variables representing different pedagogical realities. Secondly, while the studies in question use
multilevel modeling (HLM), the current research applies single-level regression; the inability to control
grouping effects at the school and class level could potentially affect the direction and magnitude of the
ICTSUBIJ coefficient. This methodological difference should be tested with multilevel analyses in the
future.

In Petko et al.’s (2017) PISA 2012 analysis covering 39 countries, it was found that the frequency
of ICT use in schools was a negative predictor in 37 countries for academic achievement, while positive
student attitudes toward the pedagogical usefulness of technology as a learning tool (ICTATTPOS)
remained positively correlated with success in the vast majority of countries; this finding strengthens
the argument that quality, rather than quantity, is the determining factor. When evaluated from the
perspective of Self-Determination Theory (Deci & Ryan, 1985; Ryan & Deci, 2017), it can be argued
that the use of ICT integrated into the curriculum and directed towards specific subject objectives
supports students’ needs for competence and autonomy, thereby increasing intrinsic motivation and
positively impacting academic outcomes; However, it should be noted that this mechanism has not been
experimentally tested in the PISA 2022 Tiirkiye data.
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Comparative Interpretation of ICTEFFIC and ICTSUBJ

The finding that ICTSUBJ (B = 12.109, B = 0.146) is approximately twice as strong a predictor
as ICTEFFIC (B = 6.284, B = 0.080) constitutes the most original theoretical contribution of this
research. This difference provides empirical evidence that digital self-efficacy needs to be translated
into concrete behavioral use in a pedagogical context in order to produce academic output. In other
words, having a high self-efficacy belief has limited academic value unless that belief is reflected in
purposeful and structured ICT use in the classroom. This finding is consistent with the core prediction
of Digital Engagement Theory (Kunina-Habenicht and Goldhammer, 2020): that technology use
contributes positively to success not only through cognitive or motivational factors, but through
integrated processes where these factors are combined with behavioral engagement. Li and Zhu (2023),
based on data from 52 countries, demonstrated that cognitive-motivational ICT engagement is a critical
mediating mechanism bridging the gap between ICT use and success. Hristov et al. (2026) also showed
that in Finland, the direct effect of ICT use for learning purposes on success was insignificant; however,
the indirect effect through CIL self-efficacy was positive, emphasizing the need for tightly integrating
ICT use with specific learning objectives. When all these findings are considered together, it is
understood that the beta difference between ICTEFFIC and ICTSUBJ represents the transition point
between psychological capacity and pedagogical practice.

The Determinant Role of Socioeconomic Status

The finding that ESCS (B = 24.293, B = 0.316, p < .001) is the strongest predictor in the model
aligns with a long-documented and internationally replicated pattern in educational research. This value
is approximately twice the ICTSUBJ effect and four times the ICTEFFIC effect, clearly demonstrating
the decisive dominance of socioeconomic structure on academic achievement. PISA 2022 Tiirkiye
findings show that the relationship between socioeconomic inequality and mathematics achievement is
significantly above the OECD average (OECD, 2023).

Hu et al.’s (2018) analysis of PISA 2015 in 44 countries revealed that SES maintained its position
as the strongest predictor of achievement at both individual and school levels. Hatlevik et al.’s (2018)
findings also show that SES continues to be the primary driver of the digital divide; The study showed
that ICT self-efficacy significantly predicted success even after controlling for SES. The fact that the
current research predicts ICT variables while statistically controlling for SES is important because it
reveals that these relationships exist independently of socioeconomic status. However, whether
ICTEFFIC and ICTSUBJ are equally strong predictors for students in different SES groups remains an
important question awaiting investigation through moderation or multi-level analysis.

Interpretation of Gender Findings

The gender findings of the study necessitate careful evaluation. The significant gender coefficient
in the regression model (B =5.522, = 0.020, p =.015) indicates a mathematics achievement pattern in
favor of female students; on the other hand, the effect sizes of the gender differences observed in ICT
variables (ICTEFFIC: d = 0.069; ICTSUBJ: d = 0.121) remain negligible according to Cohen's (1988)
criteria.

The statistically significant difference of male students in ICT variables stems from the fact that
even very small differences produce significant p-values in a large sample size of n = 6,599, and it is
methodologically necessary not to disregard effect sizes. In Hatlevik et al.’s (2018) analysis covering
14 countries, it was found that the gender difference in ICT self-efficacy in Tiirkiye was insignificant (p
>.05); This finding is consistent with the negligible effect sizes in the current study. Hristov et al. (2026)
showed that the structural effects of ICT self-efficacy on achievement did not differ for both girls and
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boys in Finland. Kunina-Habenicht and Goldhammer (2020) reported that in PISA 2015 data from
Switzerland and Germany, female students exhibited lower latent means than male students in the
dimensions of perceived ICT competence and ICT autonomy. Whether this pattern is observed in the
Turkish sample and whether the reflection of the ICT self-efficacy gap on mathematics achievement
differs for girls compared to boys is a question that needs to be investigated with moderation analyses.

Unique Assessment in the Context of Tiirkiye

The fact that the average ICT self-efficacy of students in Tiirkiye almost coincides with the OECD
average (= 0) (Mean = 0.011) indicates that current infrastructure investments are partially reflected in
student perceptions. However, the way these investments translate into pedagogical practice at the
classroom level — which ICTSUBJ measures — maintains its decisive position on mathematics
achievement. When the findings of three consecutive PISA cycles in Tiirkiye are evaluated together, a
consistent pattern emerges. In Bulut and Cutumisu's (2018) PISA 2012 analysis, in-school computer use
(USESCH) negatively predicted mathematics achievement (f = -0.107). In Unal et al.'s (2022) PISA
2018 analysis, while general in-school ICT use (USESCH) continued to negatively predict achievement,
in-class subject-focused ICT use (ICTCLASS) became the strongest positive ICT predictor in the model
(B =0.18). In the present study, the strong positive effect of ICTSUBJ (B = 12.109, B = 0.146) on PISA
2022 data continues this pattern. Ornek and Afari's (2026) findings on the same PISA 2022 Tiirkiye data
also confirm the strong positive predictor of digital self-efficacy and the negative trend of general ICT
use in schools. This three-cycle integrity supports the idea that unstructured general ICT use in Tiirkiye
consistently has a limited or negative academic impact; however, its use for educational purposes and
integrated into the curriculum can offer a positive contribution, suggesting that policy priority should be
directed towards the technological professional development of teachers and the integration of
technology into the curriculum, in addition to hardware acquisition.

Model Explanatory Power and Methodological Limitations

The regression model explaining 15.6% of the variance (R? = .156) is consistent with single-
sectional PISA analyses conducted with similar sets of variables in the literature; indeed, Wang et al.’s
(2023) systematic review of 156 articles showed that the vast majority of factors used in studies
addressing PISA mathematics achievement produce complex and variable explanatory rates.

Methodological strengths can be listed as follows: 10 plausible values were pooled according to
Rubin's (1987) rules; robust HC3 standard errors were used in response to the heteroskedasticity
problem identified by the Breusch-Pagan test; and the large sample size (n = 6,599) increased the
reliability of parameter estimates.

The main limitations of the study must also be honestly acknowledged. First of all, the cross-
sectional design does not allow for causality inference; the relationship between ICT self-efficacy and
mathematics achievement may be bidirectional. Secondly, the elimination of missing data using the
listwise deletion method carries the risk of selection bias; the multiple assignment method may offer a
more robust alternative to mitigate this limitation. Thirdly, PISA's self-report-based measurement
structure carries the risk of common method variance. Fourthly, it should be noted that the one-level
regression model does not account for the clustering effects at the school and district levels; multi-level
modeling approaches would offer a more suitable analytical framework to overcome this limitation; as
a specific consequence of this limitation, the magnitude of the ICTSUBJ coefficient may differ when
school-level variations are controlled. Finally, ICTSUBJ is modeled using linear terms, and the possible
threshold effect — an inverted U-relation where moderate use is beneficial and excessive use is harmful
— shown by Li and Zhu (2023) and Zhu and Li (2022) could not be tested in this study; it is suggested
that future research should test this relationship through quadratic terms.
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CONCLUSION

This study, using Rubin pooled multiple regression analysis with PISA 2022 Tiirkiye data,
revealed that digital self-efficacy (ICTEFFIC) and classroom-oriented ICT use (ICTSUBJ) are
significant predictors of mathematics achievement, even when controlling for socioeconomic status and
gender. The findings are consistent with the core predictions of Digital Engagement Theory (Zylka et
al., 2015; Kunina-Habenicht & Goldhammer, 2020) and Self-Determination Theory (Deci & Ryan,
1985; Ryan & Deci, 2017): psychological competence and pedagogical action are complementary but
relatively different predictors. The strong impact of ICTSUBIJ in particular (B = 12.109, = 0.146)
confirms that for digital technologies to positively contribute to academic outcomes, they must go
beyond mere access or self-efficacy perception and transform into a pedagogically meaningful form of
use integrated into the curriculum in the classroom environment. The pattern obtained from three
consecutive PISA cycles in Tiirkiye reinforces this message. It is recommended that future research
examine the ICT-achievement relationship using multi-level models, longitudinal designs, nonlinear
specifications, and moderation analyses according to socioeconomic status (SES) groups; and test
whether the inverse effects between the CIL and CT sub-dimensions of ICTEFFIC are also valid in the
Turkish context.
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This study comprehensively examines the issue of authenticity triggered by the
integration of artificial intelligence systems into content production, addressing its
philosophical, sociological, epistemological and cultural dimensions. The central
argument is as follows: the concept of authenticity has historically been grounded in
human experience, subjective intention and bodily existence; artificial intelligence
outputs cannot be subsumed within this definition. However, this does not imply that
such outputs are worthless; on the contrary, it necessitates a rethinking of the
‘authenticity’ category itself. The study discusses this issue through the lenses of
education, digital identity, epistemic trust and digital content production, highlighting
how technologies such as deepfakes challenge perceptions of reality and drawing
attention to the inadequacy of existing conceptual frameworks. Two alternative
frameworks are evaluated: process-oriented authenticity and a human-Al
collaboration model. Ultimately, the issue is positioned not merely as a matter of
technology policy, but as a profound cultural and ethical problem concerning how
humans understand themselves and others.
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Bu calisma, yapay zeka sistemlerinin igerik {iretimine entegre edilmesiyle giindeme
gelen 6zgiinliik meselesini, felsefi, sosyolojik, epistemolojik ve kiiltiirel boyutlariyla
kapsamli bir sekilde incelemektedir. Temel argiiman soyledir: 6zgiinlik kavrami
tarihsel olarak insan deneyimine, 6znel niyete ve bedensel varolusa dayanmaktadir;
yapay zeka ¢iktilari bu tanimin kapsamina alinamaz. Ancak bu, s6z konusu ¢iktilarin
degersiz oldugu anlamina gelmez; aksine, “6zgiinliik” kategorisinin kendisinin
yeniden disiiniilmesini gerektirir. Calisma, bu konuyu egitim, dijital kimlik,
epistemik giliven ve dijital igerik tiretimi perspektiflerinden ele almakta; deepfake gibi
teknolojilerin gergeklik algilarin1 nasil sorguladigini vurgulamakta ve mevcut
kavramsal cercevelerin yetersizligine dikkat ¢ekmektedir. ki alternatif gergeve
degerlendirilmektedir: siire¢ odakli 6zgiinliik ve insan-yapay zeka igbirligi modeli.
Sonug olarak, bu konu yalnizca bir teknoloji politikas1 meselesi olarak degil,
insanlarin kendilerini ve bagkalarini nasil anladiklarina dair derin bir kiiltiirel ve etik
sorun olarak konumlandirilmaktadir.
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INTRODUCTION

Over the past few years, texts, images, musical works and academic studies generated by artificial
intelligence have created a deep sense of unease within the world of cultural production. At the heart of
this unease lies a single question: Is the resulting product genuine? Why does knowing whether the
words filling the pages of a book were written by a human or by a language model alter the way we
approach those words so fundamentally?

It would be misleading to assume that the issue is merely a technological panic. The anxiety that
has arisen runs much deeper than a superficial resistance to change. For centuries, people have expressed
their identities through the works they have produced; through original works in the fields of art,
literature and science, they have done more than merely convey information. They have also embedded
the traces of their personal history, their struggles and their intentions within these works. The products
produced by artificial intelligence in this field, however, carry the very risk of erasing these traces.

The Rise of Artificial Intelligence and Transformation in Education

There are certain turning points in the history of technology; the conference held in Dortmund in
1956 was one such moment, when John McCarthy introduced the concept of artificial intelligence to the
public. Since that day, the field has become one of the most dynamic research priorities in computer
engineering and has emerged as the driving force behind technological progress in the first half of this
century. Governments and companies across the globe are continuously launching new initiatives by
channelling significant resources into various application areas. (Arslan, 2020)

One of the most striking branches of this investment wave is the education sector. The learning
capacity, intelligent prediction ability, skill in solving complex problems, adaptability to changing
conditions, and the ability to comprehend different languages and experiences—all considered defining
characteristics of artificial intelligence—make this technology functional across a broad spectrum in
education, ranging from knowledge management to direct teaching processes. In reality, artificial
intelligence has already entered the classroom under the guise of ‘intelligent, adaptable and personalised
learning systems’; it has fundamentally reshaped secondary and higher education worldwide without
waiting for students, teachers or families to be prepared. This transformation continues through the
collection and processing of vast amounts of data accumulated on each individual student. (Arslan,
2020)

Artificial intelligence technologies, which have gained momentum in recent times with support
from various projects, are extending their success across numerous fields into the educational
environment. In a significant proportion of developed countries, these technologies are being used
effectively in educational processes; tailoring students’ learning experiences to individual needs serves
as a concrete example of this. (Isler & Kilig, 2021)

In discussions comparing artificial intelligence with human intelligence, certain structural
differences play a decisive role. Given that human memory may lose information over time, the fact that
artificial intelligence preserves data stored in the system—provided it is not deleted—stands out as a
significant advantage. Transferring knowledge to an artificial intelligence system also requires
significantly less time and resources, whereas bringing a human up to an expert level necessitates a long-
term process of education and experience. Furthermore, artificial intelligence produces consistent and
predictable responses rather than decisions clouded by emotional and subjective factors; this
characteristic provides an advantage over human intelligence in certain contexts. Storage and
documentation processes are also far more manageable in machine-based systems. On the other hand,
the learning capacity of artificial intelligence relies on acquiring knowledge from encountered situations
by modelling human experience. (Y1ilmaz, 2022)
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The Historical and Psychological Background of the Concept of Authenticity

The idea of authenticity has taken shape most clearly within the existentialist tradition in Western
thought. The fundamental insight here is very simple: whether individuals are ‘being themselves’ is
determined not by externally imposed moulds, but by an inner originality.

A review of the clinical psychology literature reveals that authenticity is directly linked to
psychological well-being. Different theoretical traditions approach this concept from unique
perspectives; whilst this diversity of definitions enriches our understanding of authenticity, it also makes
it difficult to address it within a common framework. (Yildirim & Yilmaz, 2024)

Studies in the realm of measurement tools also highlight just how multidimensional this concept
is. In psychometric research conducted in Turkey, validity and reliability tests were carried out on the
Authenticity Scale; it was found that the internal consistency coefficients for the three core
dimensions—alienation, submission to external influences, and authentic living—ranged between .62
and .79. Regression analyses, meanwhile, indicate that authenticity possesses a significant predictive
power in explaining variability in subjective well-being. (ilhan & Ozdemir, 2013)

In the context of language teaching, however, authenticity takes on a different meaning. In this
field, authentic materials are visual, audiovisual and written resources that bring the real language—free
from artificial examples—into the classroom environment. Through such materials, students have the
opportunity to immerse themselves in the cultural fabric of the target language in a much more natural
and rapid manner. (Celik, 2018)

In the field of art, however, authenticity is generally defined through the creator’s intention, the
originality of the production process, and the personal traces carried by the work. Viewed from this
perspective, content generated by artificial intelligence poses a fundamental problem. Large language
models generate output by mimicking statistical patterns; in this process, there is neither intention nor
an experienced subject... The output is, in a real sense, a simulation of experiences that have never been
and will never be lived.

The Transformation of Digital Identity and Authenticity

The debate on authenticity cannot be considered separately from the issue of digital identity.
Digital identity is defined as an entity that represents the individual in the digital space, encompassing
everything they do, share and possess in online environments. From a technical perspective, this identity
constitutes a set of transferable attributes used by computer systems to identify individuals. People now
establish their presence in numerous domains—such as shopping, banking, social media and e-
government—through digital identity. In this environment, where identity structures are in a state of
constant change and transformation, significant gaps still exist in the relevant literature. (Kavut, 2020)

The reliability of the digital identity infrastructure also harbours deep-seated issues. Digital
identity, which enables individuals to prove who they are when securely linked to their real-world
identity, constitutes one of the most critical areas of uncertainty in digitalisation. Centralised authorities’
control over data, irregularities in data storage processes, privacy breaches, data inconsistencies between
different systems, and operational inefficiencies are among the foremost of these issues. Blockchain
technology is regarded as a promising alternative due to its potential to address these shortcomings in
the current system; both national governments and international organisations such as the UN and the
EU are conducting extensive research into developing digital identity models based on this technology.
(Karahan & Tiifekei, 2020)

The concept of digitalisation also warrants re-examination in this context. This concept should
not be viewed as a destination for societies and individuals, but rather as a dynamic process in which
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each participates, shapes and transforms within their own unique conditions. Consequently, every
phenomenon and process brought about by digitalisation must be understood according to its own
internal logic, rather than universal templates. This approach necessitates a unique examination of
digitalisation across every field, ranging from knowledge production to education, and from institutional
structures to individual experiences. (Ozkegeci, 2024)

In the postmodern era, the rapid transformation in information technologies has profoundly
shaken perceptions of identity. The growing distinction between offline and online identities is also
taking the identity-building processes of Generation Z—who have grown up alongside digital
platforms—to a different dimension. This generation, referred to as ‘digital natives’, constructs its
identity largely through digital platforms. (Cankal, 2024)

‘The Illusion of Authenticity’ and Past Turning Points

The debate over authenticity is a timeless one; it did not emerge with the advent of artificial
intelligence. Painters faced a similar crisis with the invention of the camera. Could a tool that
mechanically captures reality replace the artist’s subjective interpretation? When sound recording
technology developed, it was argued that recorded music might lose the energy of a live performance.

History shows us this: every new technology has pushed the boundaries of authenticity, yet
societies have, over time, developed new values and redefined what is considered original. The crisis of
the Al era is simply restarting this cycle. However, this time, the scale and speed of the transformation
are making the adaptation process significantly more challenging.

The Role of Artificial Intelligence in the Production Process: Deepfakes and Beyond

The era we are living in marks a threshold where virtual and physical reality intertwine to give
rise to new hybrid forms of existence. Whilst social media now functions both as a mirror and a
constructor of objective reality, artificial intelligence algorithms enable the reconstruction of reality on
virtual platforms. The impact of artificial intelligence on new communication technologies is most
strikingly evident in content creation and distribution processes.

Deepfake technology, which stands out particularly in this field, consists of a suite of outputs that
use deep learning algorithms to learn, imitate, and even manipulate the characteristics of real objects
and individuals. Having come to the attention of malicious online actors around 2018, this technology
is transforming various fields—particularly cinema—from a visual and semantic perspective, whilst also
paving the way for identity fraud in digital spaces. The anonymity and freedom of movement afforded
to users in digital spaces, whilst facilitating the proliferation of such technologies, also brings with it
profound perceptual issues regarding what is real as the generated content enters circulation. (Elitas,
2022)

There are several key characteristics that distinguish the authenticity issue raised by artificial
intelligence from those posed by other technologies. The first issue is the potential for anonymity and
concealment. The identity of the person using a camera cannot be concealed, but a text generated by
artificial intelligence can easily blur this distinction. The second issue is the problem of scale. A human
can produce a certain amount of content over the course of a lifetime, whereas artificial intelligence
systems surpass this amount in a matter of seconds. The third issue is the loss of traceability. Behind an
original work, there is a journey, and visible errors may occasionally emerge. These errors serve as proof
of the artist’s humanity. Artificial intelligence outputs, however, do not contain such errors.

Digital Content Production and the Authenticity Economy

The content production process in digital media has evolved into a unique structure that breaks
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away from traditional publishing paradigms, blurring the boundaries between users and content creators.
This structure, which blends consumer and producer roles, paves the way for content to be shaped both
individually and collectively. Whilst personal content production takes place via social networks,
professional content is becoming increasingly prevalent on digital publishing platforms. This multi-
layered structure of content production gives rise to new producer identities such as influencers, social
media stars and bloggers, whilst also revealing how these identities are shaped in collaboration with the
user. (Ciltas & Ilhan, 2023)

It is evident that content production has largely become digitalised today, and a vast mass of
content is constantly flowing into the online environment across a broad spectrum ranging from ordinary
users to professionals. However, what is truly decisive within this crowd is the ability of the produced
content to create a distinctive impact. Research conducted in this regard reveals that the most popular
content shares certain formal characteristics. (Aytekin & Kilig, 2022)

This efficiency in content production is facing significant fragility in the age of artificial
intelligence. Artists, writers, musicians and journalists operate on the assumption that the content they
produce is unique to them and can, in return, yield royalties or prestige. Artificial intelligence is eroding
the foundations of this economic model, plunging individuals and institutions into profound uncertainty.

Epistemic Trust and Cultural Legitimacy

The crisis of authenticity is not merely an aesthetic issue, but also a crisis of epistemic trust.
Epistemic trust, which plays a critical role in the social learning process, is defined as individuals’
capacity to evaluate information received from others. Research conducted in academic, journalistic and
legal fields demonstrates that epistemic trust exhibits significant correlations with subjective well-being,
mentalisation skills and psychological symptoms. (Bilge vd., 2025)

From the perspective of science communication, the issue becomes even more profound. Science
communication is not merely a tool for transmitting information; it is a cultural process that determines
the form and value of the social relationship established through knowledge. Popular science practices
should be interpreted not merely as an effort to simplify the narrative, but as intellectual actions aimed
at generating accountability and visibility. Indeed, the practices of virtual witnessing that developed
within the framework of Robert Boyle’s experiments in the 17th century demonstrate that scientific trust
is established not only through observation but also through narrative style, modes of representation,
and the qualities of the subject conveying the knowledge. The legitimacy of scientific knowledge is
shaped not only by the laboratory conditions in which it is produced but also by the cultural contexts in
which it circulates. (Ozdemir, 2025)

This issue is also addressed from the perspective of the philosophy of science. The contemporary
scientific community is increasingly acknowledging the inevitable role of social and ethical values in
scientific reasoning. The question of what foundations the public’s trust in science should be built upon
is being addressed through various approaches. The approach advocating high epistemic standards
argues that scientists should only share results of high certainty with the public. However, it is observed
that this stance falls short in addressing epistemic issues beyond inductive risks and sometimes leads to
scientific findings being underutilised. (Kurtulmus, 2023)

Is a New Framework for Authenticity Possible?

At this point, we arrive at the paper’s central philosophical question: Is it possible to expand the
concept of authenticity in a way that aligns with the reality of artificial intelligence, or must we abandon
this concept altogether?
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Two fundamental proposals can be put forward in response to this question:

Process-oriented authenticity: According to this approach, authenticity should be sought not in
the product’s source but in the production process. Content in which artificial intelligence is used as a
tool, provided this use is explicitly stated, can be considered authentic in this new sense. The decisive
factor here is the absence of any intent to deceive.

The human-AI collaboration model: Creativity has never been the product of a single subject in
the strictest sense; language itself, cultural templates and historical accumulations shape every creator.
Viewed from this perspective, artificial intelligence is nothing more than the final link in a long chain
of intermediaries. The real question, however, is this: within this chain, which decisions does the human
make?

Neither of these proposals is complete, yet it is clear that they are worthy of discussion; for they
allow existing categories to be questioned without simply succumbing to a technophobic nostalgia.

METHOD

This study is a theoretical review designed within the framework of the qualitative research
paradigm. The primary aim of the research is to examine the issue of authenticity in Al-generated content
from a multidimensional perspective and to systematically elucidate the philosophical, sociological,
epistemological and cultural implications of this issue.

Document analysis was adopted as the data collection method in this study. Accordingly,
domestic and international academic articles, conference papers and theoretical frameworks addressing
the themes of artificial intelligence, authenticity, digital identity, epistemic trust and digital content
production were examined. The literature review was conducted via Google Scholar, YOK Academic
and various national databases; the search process was based on the key concepts of ‘artificial
intelligence’, ‘authenticity’, ‘digital identity’, ‘epistemic trust’, ‘content production’ and ‘deepfakes’.
Although the scope of the review was limited to the period between 2013 and 2026, older studies that
contributed to illuminating the historical background of the subject were also included in the analysis.

Descriptive content analysis and thematic analysis techniques were used in conjunction to analyse
the data. In the descriptive analysis phase, the key findings and arguments of the examined studies were
summarised; in the thematic analysis phase, the conceptual relationships and tensions between these
findings were interpreted within the framework of emerging patterns. Thus, the seemingly fragmented
findings of the literature were grounded in a coherent theoretical discussion.

Regarding the limitations of the study, the following point should be noted: As this research
constitutes a theoretical review, it does not produce an original empirical dataset. Given that artificial
intelligence technologies are undergoing extremely rapid evolution, it is acknowledged that the findings
and recommendations presented here reflect the current literature and will require updating in the future.
Nevertheless, the study claims to provide a consistent theoretical foundation for empirical research to
be conducted in the future.

RESULTS

The findings obtained during this study can be summarised under several key headings.

The multi-layered structure of the concept of authenticity

Authenticity is not merely a philosophical abstraction; it is a multidimensional concept that finds
functional counterparts in diverse fields such as psychology, language education, science
communication and digital culture. This multidimensionality makes the redefinition of the concept in
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the age of artificial intelligence both necessary and challenging.

The disruptive impact of artificial intelligence on authenticity

Whilst previous technologies such as photography, sound recording or word processors have
shaken the perception of authenticity to a certain extent, artificial intelligence takes this disruption to a
qualitatively different level. The absence of an intentional agent, the boundlessness of scale and the
concealability of the production process render artificial intelligence outputs incomparable to past
technological transformations.

The erosion of epistemic trust

The unchecked proliferation of Al-generated content across academic, journalistic and legal fields
threatens the reliability of sources, which is fundamentally required in these domains. The erosion of
epistemic trust is not merely an individual concern; it possesses the capacity to negatively impact the
entirety of societal knowledge production processes.

Fragility of digital identity

Al-enabled content manipulation technologies, particularly deepfakes, directly undermine the
reliability of digital identity. The severing of the link between digital identity and objective reality gives
rise to serious uncertainties in how individuals define both themselves and others.

The transformation of the content economy

The already complex prosumer structure of digital content production has reached a new breaking
point with the integration of artificial intelligence into the process. The sustainability of content
producers’ economic models, based on labour, originality and copyright, is increasingly being called
into question.

The limitations of two alternative frameworks

Whilst the process-oriented authenticity model and the human-Al collaboration model offer
valuable starting points for overcoming the current conceptual impasse, both are open to significant
objections. The transparency declaration fails to resolve the issue of verifiability in practice; the
collaboration model, meanwhile, cannot eliminate the difficulty of determining where human
intervention begins and ends.

DISCUSSION AND CONCLUSION

If we are to ask the truly provocative question: what is the fundamental reason why people place
such value on authenticity? The answer is partly ethical and partly ontological. Knowing that a human
being exists behind the words alters the relationship we establish with those words on an ethical level.

The crisis created by artificial intelligence should therefore not be addressed merely as an
aesthetic issue but must also be viewed as an ethical crisis. On what grounds are logical connections
established between people, and how can this connection be sustained in an environment where the
creative agent has become ambiguous? These questions have yet to find answers, but they will continue
to be asked.

The crisis of authenticity brought about by content produced by artificial intelligence has not yet
been resolved in its philosophical and practical dimensions. However, this uncertainty does not require
us to abandon the discourse on the crisis. On the contrary, remaining within this uncertainty is the very
essence of conceptual integrity.
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Artificial intelligence has evolved from an idea conceptualised at an academic conference in 1956
into a force that today challenges the very nature of reality. Faced with this transformation, which
directly impacts education systems, identity structures, the content economy and epistemic trust,
societies must choose which values to uphold. At its core, the issue is not so much a matter of artificial
intelligence policy as it is a profound cultural question concerning how people will understand
themselves and one another.

RECOMMENDATIONS

The findings have led to the development of various recommendations for academic circles,
policies and content.

Recommendations for the academic and research community

Approaches that treat the issue of originality in Al-generated content as merely a fragmented or
purely technical matter are insufficient. It is considered of great importance that future approaches are
designed from an interdisciplinary perspective, particularly through the joint evaluation of philosophy,
psychology, law and communication science. Furthermore, rather than merely producing theoretical
frameworks, there is a need to expand the scope of research based on empirical evidence. In particular,
there is a need for large-scale studies that measure users’ perceptions of trust and authenticity regarding
content generated by artificial intelligence.

Recommendations for policymakers and organisations

Legal regulations regarding the labelling of Al-generated content are no longer a matter of choice
but have become a necessity. The conditions under which such content may be circulated, the extent to
which it may be distributed, and the transparency standards required are being addressed as a regular
policy objective, alongside the examination of financial frameworks. In the field of digital identity
security, testing and rolling out blockchain-based solutions at the level of public regulations provides a
systemic safeguard against identity fraud. From an educational policy perspective, the integration of
economic and Al literacy into curricula is no longer a matter that can be postponed. Furthermore,
ensuring that content generated by Al can be critically evaluated, and that systematic education is
maintained to ensure this technology is used in a way that safeguards its capabilities, is essential.

Recommendations regarding content and media files

Openly sharing with readers and viewers whether Al tools have been used in content production
is becoming one of the fundamental conditions for maintaining the long-sought institutional efficiency.
Transparency is not a weakness, but an active tool for building trust. Increasing technical infrastructure
investments to detect Al in content platforms and developing industry standards in this regard can be
considered a regular step forward.

Recommendations for future research

There is a need for comparative research into how concepts of authenticity are interpreted in
different cultural contexts. Furthermore, given the rapid pace of development in Al technologies, it is
an inevitable necessity to regularly update focused policy frameworks in this field. Finally, longitudinal
studies examining the long-term effects of Al-generated content on psychological well-being, epistemic
trust and social bonds are of a nature that will fill one of the most critical gaps in the field.
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21. yilizyiln dijital doniisiim siirecinde egitim alani, biiylik veri analitigi ve yapay zekd (YZ)
teknolojilerinin entegrasyonu ile derin bir yapisal degisim gecirmektedir. Ogrenme ydnetim
sistemleri, uyarlanabilir platformlar ve yapay zekd destekli araglar; 6grenci performansinin
izlenmesi, Ogrenme siireclerinin kigisellestirilmesi ve erken miidahale mekanizmalarinin
gelistirilmesi agisindan 6nemli firsatlar sunmaktadir. Bununla birlikte, bu teknolojiler; mahremiyet
ihlalleri, algoritmik Onyargilar, seffaflik eksikligi ve dijital esitsizliklerin derinlesmesi gibi ¢ok
katmanli etik riskleri de beraberinde getirmektedir. Bu calismanin amaci, dijitallesen egitim
ortamlarinda biiyiik veri ve yapay zeka kullanimindan kaynaklanan etik sorunlari normatif bir bakis
acistyla analiz etmek ve uygulanabilir bir etik ¢erceve gelistirmektir. Nitel arastirma paradigmasi
kapsaminda dokiiman analizi yOntemiyle yiiriitilen caligmada, 2016-2025 yillar1 arasinda
yayimlanan akademik literatiir ile UNESCO, OECD ve Avrupa Birligi dokiimanlari incelenmis;
tematik kodlama sonrasinda deontolojik ve teleolojik/faydact etik yaklagimlari dogrultusunda
normatif bir degerlendirme gergeklestirilmistir. Bulgular alt1 temel tema etrafinda toplanmustir: (i)
veri gizliligi, mahremiyet ve gozetim; (ii) algoritmik Onyargi ve ayrimeilik; (iii) seffaflik,
agiklanabilirlik ve hesap verebilirlik eksiklikleri; (iv) dijital esitsizlik ve firsat esitliginin zayiflamasi;
(v) otomasyon yanlilig1 ve insan denetiminin azalmasi; (vi) uluslararasi etik gergevelerin egitime
0zgii dinamikleri ele almada yetersiz kalmasi. Deontolojik etik, 6grencinin mahremiyetini ve insan
onurunu ihlal edilemez sinirlar olarak konumlandirirken, faydaci etik bu simirlar i¢inde toplumsal
yararin somut bigimde ortaya konulmasini gerekli gormektedir. Caligma, egitim baglamina 6zgii veri
minimizasyonu, algoritmik agiklanabilirlik, bagimsiz denetim ve baglayici yonetisim standartlarinin
gelistirilmesini dnermektedir.
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In the digital transformation of the 21st century, the field of education is undergoing profound
structural change through the integration of big data analytics and artificial intelligence (AI)
technologies. Learning management systems, adaptive platforms and Al-supported tools offer
considerable opportunities for monitoring student performance, personalising learning processes and
developing early intervention mechanisms. At the same time, these technologies carry multilayered
ethical risks, including privacy violations, algorithmic bias, lack of transparency and the deepening
of digital inequalities. This study aims to analyse the ethical problems arising from the use of big
data and Al in digitalising educational environments from a normative perspective, and to develop
an applicable ethical framework. Conducted within a qualitative research paradigm using document
analysis, the study examines academic literature from the 20162025 period alongside UNESCO,
OECD and EU documents; following thematic coding, a normative evaluation was carried out
through deontological and teleological/utilitarian ethical perspectives. The findings are concentrated
around six themes: (i) data privacy, confidentiality and surveillance; (ii) algorithmic bias and
discrimination; (iii) gaps in transparency, explainability and accountability; (iv) digital inequality and
the erosion of equal opportunity; (v) automation bias and the decline of human oversight; (vi) the
inadequacy of international frameworks in addressing education-specific dynamics. Whilst
deontological ethics positions the student's privacy and human dignity as non-negotiable boundaries,
utilitarian ethics requires that social benefit be demonstrated within those boundaries. The study
recommends the development of data minimisation, algorithmic explainability, independent
oversight and binding governance standards specific to the educational context.
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21. ylizyilda bilgi ve iletisim teknolojileri, dijital kullanict verilerini temel bir unsur olarak
kullanmakta ve gelismis veri analiz yontemleriyle iiretim ve hizmet siireclerinin daha verimli
yiiriitiilmesine katk1 saglamaktadir (Oflas ve Ozcan Demir, 2022). Bu doniisiimiin énemli etkilerinden
biri egitim alaninda goriilmektedir. Egitim sistemleri; mobil uygulamalar, 6grenme yonetim sistemleri

ve yapay zeka destekli araglar aracilifiyla daha dinamik, veri temelli ve kisisellestirilebilir bir yapiya
doniismiistiir (Toker, 2025).

Biiyiik veri, hacim, hiz ve cesitlilik bakimindan olduk¢a genis veri kiimelerinin toplanmast,
islenmesi ve bu verilerden anlamli sonuclar cikarilmasi siirecini ifade etmektedir (Oflas ve Ozcan
Demir, 2022). Egitim alaninda bu yap1, 6grencilerin yalnizca akademik basarilarinin degil; davranigsal
etkilesimlerinin, sosyal iligkilerinin ve duygusal egilimlerinin de analiz edilmesine imkan tanimaktadir
(Toker, 2025). Biiyiik veri teknolojilerinin egitime sundugu baslica katkilardan biri, 6grenci
performansinin 6nceden tahmin edilerek gerekli durumlarda erken miidahale edilmesine ve
kisisellestirilmis Ogrenme yollarinin olusturulmasina olanak saglamasidir (Kina, 2025). Bununla
birlikte, bu imkanlar 6nemli etik sorunlar1 da beraberinde getirmektedir.

Biiyiik veri analiz tekniklerinin 6grenenler hakkinda topladigi ayrintili davranigsal veriler,
egitimde siirekli bir gdzetim mekanizmasi olusturma riski tasimaktadir (Oflas ve Ozcan Demir, 2022).
Bu durum; 6grenenlerin dijital izleme altina alinmast, kisisel verilerin riza dis1 paylagimi ve davranigsal
profilleme gibi mahremiyet ihlallerine dair tartigsmalar egitimin merkezine tasimistir (Toker, 2025).
Ogrenme yonetim sistemlerinden elde edilen biiyiik veri, barmdirdigi ayrmtili kullanim bilgileri
nedeniyle etik agidan sorunlu bir alan olarak degerlendirilmekte; ticari amaglarla faaliyet gosteren
platformlarin bu verilere erisimi ise kurumsal ¢ikarlar ile bireysel haklar arasindaki gerilimi goriiniir
kilmaktadir (Akyildiz Uygun, 2023). Nitekim, bu alandaki ¢caligmalarda katilimcilarin da belirttigi tizere,
verilerin 6grenmeyi gelistirme amaciyla kullanilmasi kabul edilebilir goriilmekle birlikte; verilerin ne
zaman kullanildigi, ka¢ saat kullanildigi ne yazildigr ve ne sOylendigi gibi ayrintilarin yillarca kayit
altinda tutulmasi, alanda giderek artan bir rahatsizlik yaratmaktadir (Akyildiz Uygun, 2023).
Algoritmalarin aragsal mantigi ile insan ihtiyaglar arasinda kurulmasi gereken denge, bu sistemlerin
etik ve ahlaki bir zemine oturup oturmadigi sorusunu giindeme getirmektedir (Oflas ve Ozcan Demir,
2022).

Egitimde biiyiik veri kullaniminin etik boyutlari; gizlilik, 6nyargi, ayrimcilik, seffaflik ve hesap
verebilirlik ilkeleridir (Temur, 2025). YZ sistemlerinin egitildigi biiyiik veri setlerindeki sosyokiiltiirel
esitsizlikler algoritmik dnyargilara neden olmakta ve bu dnyargilar egitim siire¢lerinde ayrimcilik riskini
beraberinde getirmekte ve mevcut toplumsal esitsizlikleri pekistirmektedir (Kina, 2025; Toker,
2025). Derin 6grenme modellerinin kara kutu niteligi, egitim kararlarinin nedenlerini 6grenci, 6gretmen
ve veli i¢cin anlagilmaz kilarak sistemin mesruiyetinde siiphelere yol agmaktadir (Kina, 2025). Biiyiik
veri kullanimma baglh algoritmik Onyargi, seffaflik eksiklikleri ve kara kutu karar mekanizmalari,
yalnizca bireysel haklarla sinirli kalmayip istihdam, ekonomik doniisiim ve yasal diizenlemeler gibi
makro diizeyde etkileri de kapsamaktadir (Kina, 2025). Etik agisindan teknolojinin tarafsiz olmadig;
bununla birlikte veri kalitesi {lizerinde derin etkiler yarattig1 agik¢a goriilmektedir (Akyildiz Uygun,
2023). Biiyiik veri teknolojilerinin yarattigi algoritmik gii¢ ve bilissel kapitalizm dinamikleri i¢erisinde
(Oflas ve Ozcan Demir, 2022), 6grenen haklarim koruyan ve egitimde adaleti tesis eden biitiinsel bir
etik yaklagimin gelistirilmesi giderek daha zorunlu hale gelmektedir (Akyildiz Uygun, 2023).

Uluslararasi 6lgekte bu farkindalik kurumsal politika ¢ercevelerine doniismektedir. Birlesmis
Milletler, UNESCO, Avrupa Birligi ve OECD basta olmak {izere dort temel uluslararasi1 orgiit; insan
haklari, veri giivenligi ve etik degerler ekseninde yapay zeka ile blyilik veri kullanimina yonelik
kapsaml1 normatif ¢ergeveler gelistirmektedir (Akman, Bayram Topgu ve Chiftch, 2022). Bu o6rgiitlerin
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etik, hukuki ve yonetisimsel yaklagimlarini kargilagtirmali olarak inceleyen ¢alismalar; seffaflik, esitlik,
zarar vermeme, sorumluluk ve gizlilik ilkelerine yonelik genis bir uluslararasi uzlaginin gelismekte
oldugunu ortaya koymaktadir (Kiizeci ve Ogretmen Kotil, 2025). UNESCO'nun 2021 tarihli Yapay
Zeka Etigine Iliskin Tavsiye Karari; hukukun {istiinliigii, orantilhlik ve zarari énleme, giivenlik ve
emniyet, adalet ve ayrimcilik yapmama, siirdiiriilebilirlik, mahremiyet ve veri koruma, insan denetimi
ve karar yetkisi, seffaflik ve aciklanabilirlik, sorumluluk ve hesap verebilirlik, farkindalik ve
okuryazarlik, ¢ok paydasli ve uyarlanabilir yonetisim ile is birligi olmak {izere on iki temel etik ilkeyi
belirlemistir (Bayram Topcu ve Chiftch, 2022).

Bununla birlikte, mevcut literatiirde kritik bir bosluk dikkat ¢cekmektedir. E-6grenme etigi iizerine
gergeklestirilen calismalarin biiyiik gogunlugu 6gretim stratejileri, intihal, fikrl haklar ve telif haklar
gibi konulara odaklanmakta; biiyiik veri ve 6grenme analitiginin dogrudan normatif bir perspektiften
incelenmesi yeterince ele alinmamaktadir (Akyildiz Uygun, 2023). Egitimde biiyiik veri kullanimina
iligkin caligmalar agirlikli olarak teknik ve pedagojik boyutlara yogunlagmakta; etik tartismalar ise
cogunlukla betimleyici diizeyde kalmakta ve mevcut sorunlar1 siralamakla sinirlt kalmaktadir (Kina,
2025). Ote yandan uluslararas: drgiitlerin gelistirdigi etik ilkeler genel yapay zeka baglamina yonelik
kapsamli standartlar sunmakla birlikte, bu ilkelerin egitim gibi kendine 6zgii normatif dinamiklere sahip
bir alana nasil uyarlanacagi sorusu biiyiik 6l¢iide yanitsiz kalmaktadir (Bayram Topgu ve Chiftch, 2022).
Tiirkiye 6zelinde ise Ulusal Yapay Zeka Stratejisi'nin (2021-2025), egitimde yapay zeka uygulamalarina
yonelik potansiyeli ortaya koymakla birlikte, bu uygulamalarin normatif ve etik boyutlarina iligkin
sistematik bir analiz sunmaktan uzak kaldigi goriilmektedir (Aydin, 2025). Uluslararasi diizlemde ise
mevcut ¢calismalarin cogunlukla Bati merkezli 6rnekler iizerinden ilerledigi ve Tiirkiye baglamina iliskin
ampirik ya da stratejik degerlendirmeler igermedigi dikkat cekmektedir (Aydin, 2025). Deontolojik etik
ve teleolojik etik ekseninde sistematik bicimde analiz eden herhangi bir calismaya egitim baglaminda
yeterince rastlanmamaktadir.

Bu calismanin amaci, egitimde biiyiik veri kullaniminin ortaya ¢ikardig etik sorunlar1 deontolojik
ve faydaci etik yaklagimlar ekseninde normatif bir perspektiften sistematik bicimde analiz etmek ve
egitim kurumlari ile politika yapicilar i¢in uygulanabilir bir etik ¢ergeve Onerisi gelistirmeye ¢alisarak
alandaki bosluga katki saglamaktir. Deontolojik etik, eylemlerin sonuglarindan ziyade ahlaki 6dev ve
kurallara odaklanirken; faydaci etik en fazla sayida insan i¢in en yiiksek fayday1 hedefleyen sonug odakli
bir perspektif sunar (Temur, 2025; Kiizeci ve Ogretmen Kotil, 2025). Bu amag¢ dogrultusunda ii¢ temel
arastirma sorusuna yanit aranacaktir:

(1) Egitimde biiyiik veri kullaniminin 6nde gelen etik sorunlar1 nelerdir?
(2) Bu sorunlar normatif etik kuramlari1 baglaminda nasil degerlendirilebilir?

(3) Ulusal ve uluslararas: etik ilkeler 1s181inda egitim kurumlari i¢in uygulanabilir bir normatif
cerceve nasil insa edilebilir?

Aragtirmanin 6nemi ii¢ temel gerekgeye dayanmaktadir. Ilk olarak, egitim alaninda biiyiik veri
kullaniminin yalnizca teknik bir sorun olarak degil, ayn1 zamanda insan haklar1 ve 6grenen onurunu
dogrudan ilgilendiren normatif bir mesele olarak ele alinmasi zorunluluktur; zira yapay zeka ve biiyiik
veri teknolojilerinin kamu hizmetlerine entegrasyonu; etik, hukuki ve toplumsal boyutlarin biitiinciil bir
yaklagimla gii¢clendirilmesini gerektirmektedir (Aydin, 2025).

Ikinci olarak, Tiirkiye ve benzer iilkelerde ulusal strateji belgelerinin egitimde bilyiik veri
uygulamalarina yonelik potansiyeli ortaya koydugu, ancak bu uygulamalarin etik boyutlarini sistematik
bigimde ele alan gercevelerin yetersiz kaldigi goriilmektedir.

Ugiincii olarak ise dijitallesen egitim sistemlerinin siirdiiriilebilirligi ve 6grenci haklarinm
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korunmasi agisindan adil, seffaf ve hesap verebilir bir veri yonetisimi anlayisinin teorik temellerinin
atilmast hem ulusal hem de uluslararasi egitim politikasi i¢in stratejik bir 6neme sahiptir.

KAVRAMSAL CERCEVE

Biiyiik veri (Big Data), hacim, hiz ve ¢esitlilik bakimindan geleneksel sistemlerle islenemeyecek
kadar devasa boyuttaki verinin toplanmasi ve bu veriden yeni anlamlar ¢ikarilmasini saglayan teknolojik
kapasiteyi temsil etmektedir (Oflas ve Ozcan Demir, 2022). Kavramsal olarak veri; olgu, kavram veya
komutlarin iletigim, yorumlama ve islem i¢in kullanilabilir duruma getirilmis kayitlar biitiintidiir (Oflas
ve Ozcan Demir, 2022). Biiyiik verinin yasamimn pek ¢ok alanina niifuz etmesi, baglantili cihazlarmn
yayginlagmasi ve veri isleme kapasitesindeki artig; yapay zekanin gelisimini hizlandiran belirleyici
unsurlar arasinda yer almaktadir (Kiizeci ve Ogretmen Kotil, 2025). Egitim baglaminda biiyiik veri
uygulamalari; 6grenme ydnetim sistemleri, uyarlanabilir 6grenme platformlar1 ve yapay zeka destekli
degerlendirme araglar1 araciligiyla hayata gegirilmektedir. Bu sistemler Ogrencilerin akademik
performanslarini, sisteme giris sikliklarini, icerikle etkilesim bicimlerini, tiklama Oriintiilerini ve
duygusal tepkilerini analiz ederek kisisellestirilmis 6grenme yollari tasarlamakta ve 6gretmenlere erken
miidahale imkéan1 sunmaktadir (Kina, 2025).

Egitimde biiyilkk veri analiti§i kapsaminda islenen veriler genellikle iic ana grupta
siniflandirilmaktadir. Kisisel veri; Avrupa Birligi'nin veri koruma yasalarinda tanimlandigi sekliyle,
yasamakta olan kisilerin kimlik bilgilerini igeren ya da kimlik tespitinin yapilmasina olanak saglayan
her tiirli enformasyonu kapsamakta; tekrar kimlik teshisi yapilabilecek sekilde kimliksizlestirilen,
sifrelenen ya da anonimlestirilen veriler de kisisel veri kapsaminda degerlendirilmektedir. isim, soy
isim, ev adresi, isim-soy isim iceren mail adresleri, kimlik numarasi, konum bilgisi, IP adresi bu
kategoride yer almakta; ayrica ders icerigiyle ilgili kisiye 6zel geri bildirimler, 6grencinin teslim ettigi
Odevler, 6grenme analitigi verileri ve sinav notlar1 da kisisel veri niteligi tasimaktadir (Akyildiz Uygun,
2023; Oflas ve Ozcan Demir, 2022). Davranigsal veri; kullanicilarin internete bagh olduklar1 her an
stirekli olarak {irettikleri ve cogu zaman tirettiklerinin dahi farkinda olmadiklari verilerdir. Kullanicilarin
iirettikleri ¢cevrimici icerikleri, tekrarlanan website gezintileri, etkilesimleri, arattiklar1 ya da yazdiklar
anahtar kelimeleri i¢eren bu veri tiirii; bilylik verinin ileri analiz kapasitesi ile deger ve anlam kazanmis
olup kullanicilarin internet kullanim aligkanliklarina dair Oriintiilerden yola c¢ikilarak bir sonraki
davranislarinin éngoriilmesine yardimei olmaktadir (Oflas ve Ozcan Demir, 2022). Dahasi, davranigsal
verilerin biiyiikk veri gibi gelismis algoritmalar kullanilarak iglenmesiyle birlikte, kullanicinin ses
oriintiilerine, mesaj yazarken uyguladiklar1 kuvvete ya da viicut sicakliklarina iliskin verilerden de
anlam cikarmak miimkiin hale gelmistir (Oflas ve Ozcan Demir, 2022). Hassas veriler ise bireylerin
etnik kokeni, siyasi goriisii, dini inanct ve biyometrik-genetik verileri gibi korunmasi kritik 6neme sahip
ozel nitelikli verilerdir (Oflas ve Ozcan Demir, 2022). Bu ii¢lii siniflandirma igerisinde 6zellikle kisisel
veriler ile davranigsal veriler arasindaki ayrim, egitimde veri etigi tartigmalarinin merkezinde yer
almaktadir. Arastirmalar, kullanicilarin kisisel verileri ile davranigsal verilerine yaklagimlar1 arasinda
anlamli bir farklilasma oldugunu; bireylerin ¢evrimdisi diinyada da gizlilik ve mahremiyet kapsaminda
korumaya aldiklar1 kisisel verilere iliskin daha yiiksek endise tasidiklarini, buna karsilik dijital
platformlarda siirekli iirettikleri davranigsal verilerin toplanmasina yoénelik farkindaliklarinin daha
diisiik oldugunu ortaya koymaktadir (Oflas ve Ozcan Demir, 2022).

Egitimde biiyiikk verinin pedagojik islevleri incelendiginde ii¢ temel uygulama alani One
¢ikmaktadir. Birincisi, 6ngoriicii analitikler araciligiyla diisiik basari riski tasiyan 6grencilerin dnceden
belirlenmesi ve bu Ogrencilere yonelik bireysellestirilmis miidahale stratejilerinin gelistirilmesidir.
Ikincisi, 6grencinin gegmis performans verilerine dayali igerik oneri sistemleri araciligiyla materyallerin
kisisellestirilerek sunulmasidir. Ugiinciisii ise dogal dil isleme tabanli sohbet robotlar1 ve otomatik
degerlendirme sistemleri aracilifiyla 6gretim siireglerinin desteklenmesidir (Kina, 2025). Ancak bu
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islevlerin yerine getirilmesi, 6grenenler hakkinda son derece ayrintili verilerin toplanmasini zorunlu
kilmakta; bu zorunluluk da s6z konusu siireclerin etik boyutunu tartismali bir zemine tagimaktadir.
Nitekim katilimei goriislerine dayali arastirmalar, bu durumun egitim paydaslarinda giderek derinlesen
bir rahatsizlik yarattigini ortaya koymaktadir (Akyildiz Uygun, 2023).

Egitimde Dijitallesme ve Biiyiik Veri Gozetimi

Egitim sistemleri, 21. ylizyilda 6grenme yonetim sistemleri, mobil uygulamalar ve yapay zeka
destekli araglar aracilifiyla dinamik ve veri temelli bir yapiya biiriinmiis; egitim, artik yalnizca simif ici
fiziksel etkilesimlerle sinirli olmayan; ¢evrim i¢i siniflar ve yapay zekad destekli araglar araciligryla
yiiriitiilen, veri temelli ve kisisellestirilmis bir siirece evrilmistir (Toker, 2025). Bu evrimsel doniisiim
sayesinde Ogretim siirecleri daha erisilebilir, esnek ve bireysel 6grenme ihtiyaglarina uyumlu hale
gelmis; ancak bu durum, beraberinde etik, giivenlik ve mahremiyet gibi egitimde daha 6nce geride kalan
konular1 da egitim politikalarinin merkezine tagimistir. Geleneksel egitim anlayisinin aksine, dijital
Ogrenme ortamlar1 bireylerin yalnizca akademik performans verilerini degil; davranigsal etkilesimlerini,
sosyal iligkilerini ve hatta duygusal egilimlerini dahi 6l¢en, analiz eden ve siniflandiran sistemler tizerine
kuruludur. Bu doniisiim, egitim siireglerini kisisellestirme ve 6grenci performansini tahmin etme imkani
sunsa da (Kina, 2025), ayn1 zamanda egitim ortamlarini siirekli bir dijital izleme alanina doniistiirme
riskini de beraberinde getirmistir (Toker, 2025).

Yapay zeka sistemlerinin gozetim etkinliklerini derinlestirme potansiyeli; bireyin siirekli ve
sistemli bigimde izlenmesine ve bunun yasamini ¢esitli bicimlerde etkilemesine yol agmaktadir (Kiizeci
ve Ogretmen Kotil, 2025). Dijital egitim platformlari, dgrenci davramslarini kaydederek egitimsel
performans degerlendirme gibi yararli islevlerin 6tesinde siirekli gozetim pratigi olusturabilmekte; bu
durum, bireylerin davraniglari {izerinde baski hissi yaratabilmektedir (Toker, 2025). Biligsel kapitalizm
baglaminda 6grenci verilerinin metalastirilmasi ise egitim siirecini bir gozetim mekanizmasina
doniistiirme riskini daha da derinlestirmektedir (Oflas ve Ozcan Demir, 2022). Ozellikle kapal sistemler
olan 6grenme yonetim sistemleri digaridan kullanicilarin girmesine izin vermese de bu sistemlerin sahibi
olan kurumlar tarafindan igerideki veri; ticari amaglar da dahil olmak iizere farkli bi¢cimlerde suistimal
edilebilmekte, hatta oOzellikle kir amaci giiden bir {iniversite tarafindan pazarlama amaciyla
kullanilabilmektedir (Akyildiz Uygun, 2023).

Ogretimin dijitallestirilmesi, bireysel mahremiyetin simirlarinin belirsizlesmesine, giivenligin
teknik kapasiteyle smirli kalmamasi gerektigine ve etik kararlarin sadece bireylerin sorumluluguna
birakilmamasi gerektigine isaret etmektedir. Egitim ortamlarinin dijitallesmesi, 6grenmenin zaman ve
mekanla sinirh kalmamasini saglarken; bireylerin sistem i¢indeki konumlarini yeniden tanimlamus,
Ogretmenleri ise yalnizca bilgi aktarici degil, ayn1 zamanda dijital rehber, veri koruyucu ve etik lider
rollerine biiriindlirmiistiir. Bu baglamda, dijital egitimin sadece bir aragsal yenilik olmadigl; aym
zamanda bir zihniyet ve degerler doniisiimiinii de zorunlu kildig1 agiktir.

Normatif Etik Yaklasimlar

Etik, olay, olgu ve eylemlerin iyi veya kotii, dogru veya yanlis olarak degerlendirilmesiyle
ilgilenen bir disiplindir (Kiizeci ve Ogretmen Kotil, 2025). Dijital egitimde etik, geleneksel etik ilkelerin
dijital ortama uyarlanmasiyla olusan disiplinlerarasi bir alan olup; dijital teknolojilerin egitim
siireglerine dahil edilmesi sirasinda ortaya ¢ikan davraniglarin, tasarim kararlarmin ve uygulama
politikalarinin dogruluk, adalet, seffaflik ve hesap verebilirlik gibi degerlerle degerlendirilmesini
gerektirmektedir (Toker, 2025). Tanim olarak dijital egitim etigi, egitimde kullanilan dijital araglarin ve
stireclerin insan haklarina, egitimin esitlik ilkesine ve bireylerin onuruna saygi gosterecek bigcimde
uygulanmasini amaglayan normatif bir ¢erceveyi ifade etmektedir.
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Normatif etik; 6znel degerlendirmeleri degil, genel gegerliligi olan ve herkes icin kabul edilebilir
yarg1 ve normlari ifade etmektedir. Etik ilkeler, kisisel ¢ikarlardan ziyade iyi, dogru ve ideale yonelen
eylem ve kararlarin rehberi niteligindedir (Kiizeci ve Ogretmen Kotil, 2025). Hukuk kurallarinin
toplumsal yasamin dinamizmi karsisinda her zaman en etkili ve tek basina yeterli ¢6ziim olamadig:
durumlarda etik ilkeler, dinamik bir kaynak islevi gérmektedir. Nitekim YZ sistemlerinin teknik riskleri
bir boliimii mevcut ilke ve kurallar aracilifiyla ¢ézliimlenebilir; ancak bu diizenlemeler, gelisen ve
degisen teknoloji karsisinda yetersiz kalabilir. Bu durumda etik ilkeler dinamik ¢oziimler sunabilir,
giincel teknik gelismelere cevap verebilecek nitelikte uygulamalar gelistirilmesine yardimci olabilir
(Kiizeci ve Ogretmen Kotil, 2025). Bu ¢aligmada egitimde biiyiik veri kullaniminimn ahlaki boyutlarmi
analiz etmek i¢in normatif etik kuramlar1 temel bir dayanak olusturmakta (Akyildiz Uygun, 2023) ve
birbiriyle tamamlayici iliski i¢cinde olan iki temel yaklagimdan yararlanilmaktadir: deontolojik etik ve
teleolojik (faydaci) etik.

Deontolojik etik, eylemlerin ahlaki degerini sonuglarindan bagimsiz olarak, belirli ddevlere,
kurallara ve ilkelere uygunluguyla degerlendiren bir yaklasimdir (Akyildiz Uygun, 2023). Bu kurama
gore insanlara saygi, rizanin alinmasi ve bireylerin aragsallagtirilmamasi gibi evrensel o6devler,
eylemlerin doguracagi sonuglardan 6nce gelir (Akyildiz Uygun, 2023). Bu perspektiften egitimde veri
kullanimi; mahremiyet, riza ve insan onuru gibi evrensel haklarin ihlal edilmemesi zorunlulugu
iizerinden degerlendirilmektedir (Temur, 2025). Egitimde biiyiik veri baglaminda deontolojik yaklasim;
Ogrenci verilerinin toplanmasinda bilgilendirilmis rizanin alinmasini, verilerin kotiiye kullanilmamasin
ve Ogrencilerin siyasi, ticari ya da kurumsal ¢ikarlar ugruna aragsallagtirllmamasini zorunlu bir édev
olarak ortaya koymaktadir. Ozellikle AB YZ Ust Diizey Uzman Grubu'nun da isaret ettigi iizere, insan
denetiminin saglanmasi ve bireyin kendi kaderini tayin hakkinin korunmasi; insani1 dongiiniin digina
¢ikarmaktan kaginmay1 gerektiren temel bir ahlaki yiikiimliiliiktiir (Kiizeci ve Ogretmen Kotil, 2025).
UNESCO 2021 Tavsiye Karari'nda da iiye devletlerden, YZ ile ilgili konularda sorumlulugun
atfedilmesinde her zaman gergek veya tiizel kisilere dayanilmasi gerektigi; YZ sistemlerinin nihai
sorumluluk ve hesap verebilirligin hi¢bir zaman yerini alamayacagi vurgulanmistir (Alakus ve Yilmaz,
2025).

Teleolojik (faydaci) etik ise bir eylemin ahlaki degerini, yarattig1 sonuglara ve en fazla sayida
insan icin sagladig1 en yliksek faydaya gore belirleyen sonug odakli bir yaklagimdir (Akyildiz Uygun,
2023). Biiyiik veri kullaniminin egitimde verimliligi artirmasi ve 6grenme ¢iktilarini iyilestirmesi,
faydaci etik agisindan bu sistemlerin mesruiyet zeminini olusturmaktadir (Temur, 2025; Akyildiz
Uygun, 2023). Ancak faydaci hesap yalnizca ¢ogunlugun yararini esas aldigi igin azinlikta kalan
savunmasiz gruplarin haklarini1 géz ardi etme riski tasimaktadir. Nitekim algoritmik sistemlerin, egitim
verilerindeki sosyokiiltiirel esitsizlikleri miras almasi ve bunu Ogrencilerin degerlendirilmesinde
yeniden iiretmesi; faydaci mantikla agiklanamayacak bir adaletsizlik sorununa isaret etmektedir (Kina,
2025; Alakus ve Yilmaz, 2025).

Etik ilkeler arasinda hiyerarsik bir oncelik siralamasi bulunmamakta; birgok ilke birbirini
tamamlayici nitelik tasimaktadir. Etik ilkelerdeki birbirini tamamlayict olma unsuru, veri koruma
diizenlemelerinde yer alan ilke ve kurallarda da varligim1 gostermektedir. Bu durum, bir veri koruma
ilke veya kuralinin birden fazla etik ilkeyle veya bir etik ilkenin bir¢ok veri koruma kuraliyla dogrudan
baglantili olmasmin sebebini olusturmaktadir (Kiizeci ve Ogretmen Kotil, 2025). Somut olaym
Ozelliklerine gore bir ilkenin digerinden daha 6ncelikli olmasi1 s6z konusu olabilir; bu durumda dahi
ilkeler biitiinsel bicimde diigiiniilmeli ve yorumlamada ilkeler aras tutarliliga dikkat edilmelidir (Kiizeci
ve Ogretmen Kotil, 2025). Bu ¢alisma s6z konusu iki kurami ¢atisan degerler olarak degil, birbirini
dengeleyen ve tamamlayan perspektifler olarak konumlandirmakta; bu tamamlayicilik iliskisi tizerinden
egitimde biiyiik veri kullaniminin normatif analizine kuramsal bir temel sunmaktadir.
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Veri Mahremiyeti ve Etik Tlkeler

Egitimde biiylik veri kullaniminin etik boyutlari; birbiriyle i¢sel olarak baglantili birden fazla
eksen iizerinde sekillenmektedir. Teknolojinin ve teknoloji ile zenginlestirilmis 6grenme araglarinin
gizlilik, fikri haklar, veri kalitesi ve sosyal yapi1 iizerinde etik acidan 6nemli etkileri bulunmaktadir
(Akyildiz Uygun, 2023). Biiyiik veri ekosisteminde etik bir yonetisim ig¢in 6ne cikan temel ilkeler
sunlardir:

Seffaflik ve aciklanabilirlik, karar alma siireglerinin anlagilabilir olmasini ve verinin hangi amagla
toplandiginin agikca belirtilmesini ifade etmektedir (Alakus ve Yilmaz, 2025; Bayram Topgu ve
Chiftch, 2022). Seffaflik ilkesine yapilan vurgular, zaman igerisinde yerini hesap verebilirlik,
denetlenebilirlik, izlenebilirlik ve aciklanabilirlik kavramlarina birakmis; bu dort unsur arasindaki bag
giderek kuvvetlendirilmis ve YZ etigi tartismalarinin temel giindem maddelerinden biri haline gelmistir
(Kiizeci ve Ogretmen Kotil, 2025). Ozellikle derin 6grenme modelleri gibi karmasik yapilarin
aciklanabilirlik sorunu, kararlarin nedenlerine iligkin belirsizlik yaratarak kara kutu (black box)
niteligindeki bu sistemlerin kullanici giivenini ve mesruiyetini zedeleyebilmektedir (Kina, 2025).

Hesap verebilirlik, hatali veya Onyargili bir analiz sonucunda ortaya ¢ikan magduriyetlerin
sorumlulugunun kime ait oldugunun belirlenmesidir (Alakus ve Yilmaz, 2025; Temur, 2025). Yanlis ya
da onyargili bir veri analizi sonucunda magduriyet yasandiginda sorumlulugun yazilimcida mi, egitim
kurumunda m1 yoksa verinin kendisinde mi oldugu sorusu, normatif etik agisindan kritik bir belirsizlik
alam olusturmaktadir. AB YZ Ust Diizey Uzman Grubu'nun hesap verebilirlik ilkesi kapsaminda
belirledigi lizere; YZ'nin yasam dongiisiiniin farkli unsurlart veri, tasarim siirecleri ve algoritmalar
degerlendirilmeli, belgelendirilmeli, dogrulanabilmeli ve denetlenebilmelidir (Kiizeci ve Ogretmen
Kotil, 2025).

Algoritmik adalet, veri setlerindeki Onyargilarin (bias) ayrimciliga yol agmamasini ve tiim
Ogrenciler icin firsat esitliginin saglanmasini ifade etmektedir (Kina, 2025; Alakus ve Yilmaz, 2025).
Yapay zeka sistemleri bireyi cesitli etiketlerle tanimlayabilir ve siniflandirabilir; bu tiir algoritmik
Onyargiyr destekleyen uygulamalar, bireyin temel hak ve Ozgirliikklerden geregi gibi
yararlanamamasina, potansiyel ya da mevcut dezavantajlarin pekistirilmesine ve esitlige aykir
muameleye maruz kalmasina neden olabilmektedir (Kiizeci ve Ogretmen Kotil, 2025). YZ sistemlerinin
yarattig1 onemli sakincalarin basinda gesitlilik, esitlik, ayrimcilik yapmama ve adalet ilkelerine yonelik
potansiyel riskler gelmektedir (Kiizeci ve Ogretmen Kotil, 2025). Egitimde tahmine dayali analitiklerin
Ogrencileri "risk grubu" olarak etiketlemesi; 6gretmenler ve kurumlar iizerinde Onyargi olusturarak
Ogrencinin gelecekteki basarisini olumsuz etkileyen kendi kendini gergeklestiren kehanete doniisme
riski tasimaktadir. Bu etki, yalnizca bireysel haklarla sinirli kalmayip istihdam, ekonomik doniisiim ve
toplumsal esitsizlikler gibi makro diizeyde sonuglart da kapsamaktadir (Kina, 2025). Uluslararasi
belgelerin tiimevarimsal analizinde de bu kaygi merkezi bir yer tutmakta; YZ sistemlerinin uygun
giivenceler olmadan kullanilmasinin, kimlik tespiti, izleme, profil ¢ikarma ve davranis tahmini yoluyla
0zel hayatin gizliligi ile ifade 6zgiirliigii gibi temel insan haklarmi tehlikeye sokabilecegi ve 6zellikle
ayrimcilikla sonuglanabilecek onyargili karar mekanizmalarina kapi aralayabilecegi vurgulanmaktadir
(Alakus ve Yilmaz, 2025).

Veri gizliligi ve mahremiyet, dijital egitim ortamlarinda bilginin gizliligi ve giivenliginin;
kullanic1 bilgilerine izinsiz erisilmesinin, bu bilgilerin rizalar1 olmadan kullamlmasinin ya da
bagkalariyla paylagilmasinin Oniline gecilmesini kapsar (Akyildiz Uygun, 2023). Dijital c¢agda
mahremiyet anlayisi, geleneksel "yalniz kalma hakki" tanimindan "bilgi mahremiyeti" kavramina
evrilmistir. Bilgi mahremiyeti, bireyin kendi verilerinin kimlerle ve ne amacla paylasilacagini belirleme
hakkini ifade etmektedir (Toker, 2025). Dijital mahremiyetin korunmasinda riza kavrami merkezi bir
oneme sahiptir. Riza; bireyin hangi verilerinin ne amagla kullanildigini bilerek verdigi onayi ifade eder.
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Bu baglamda bilgilendirilmis riza, yalnizca onay kutusuna tiklamaktan 6te, kullanicinin tam olarak neyi
kabul ettigini kavradig1 bir siire¢ olarak diigiiniilmelidir (Toker, 2025). Ne var ki yapay zeka sistemleri
ile Nesnelerin Interneti'nin biiyiik miktarda veriyi daha sik ve daha kolay toplayabilmesi; elde edilen
verilerin, sahiplerinin ¢ok az farkindalif1 ya da hi¢ rizasi olmadan diger verilerle iliskilendirilmesi
sonucunu dogurmaktadir (Alakus ve Yilmaz, 2025). Bir¢cok durumda kullanicilar, uzun ve karmasik
gizlilik politikalarin1 okumadan onayladiklar: i¢in varsayilan riza mekanizmasi gercek veri korumasi
saglamamaktadir (Toker, 2025).

Dijital esitsizlik ve firsat esitligi boyutu da veri etiginin ayrilmaz bir parcasini olusturmaktadir.
Dijital esitsizligin, siyasi ve orgiitsel gii¢ iliskilerinin etik agidan toplumsal sonuglari bulunmaktadir
(Akyildiz Uygun, 2023). E-6grenme ortamlarinda erigsim problemleri; sosyoekonomik, cografi ve
sosyokiiltiirel agidan esit kosullara sahip olmayan 6grenciler arasindaki ugurum anlamina gelmektedir
(Akyildiz Uygun, 2023). Yiiksek bant genisligi gerektiren ya da maliyetli cihazlara bagimli veri odakli
sistemler, dezavantajli 6grencilerin egitim haklarim fiilen kisitlayabilir. Ote yandan 6grenci verilerinin
ticari bir meta haline getirilmesi, egitimi bir kamu hizmeti olmanin 6tesine tagiyarak kar odakl bir alana
doniistiirme riskini barindirmaktadir (Alakus ve Yilmaz, 2025). Nihayet, veri odakli sistemlere duyulan
agir1 glivenin egitimcilerin ve d6grencilerin kendi muhakemelerini algoritmik kararlara teslim etmesine
yol acan otomasyon Onyargisi sorunu da normatif etik acisindan vazgegilmez bir ilke olarak insan
denetimi ve goOzetiminin Onemini ortaya koymaktadir. Birey, hangi kararlarin insan tarafindan
almacagini segme 6zgiirliigiine sahip olmali ve bu 6zgiirliigiinii YZ sistemlerine devretmemelidir; insan
denetimi, insan dzerkliginin teminatidir (Kiizeci ve Ogretmen Kotil, 2025).

Uluslararasi1 Normatif Cercevelerin Egitime Yansimalar:

Yapay zekanin kiiresel diizeyde insan haklari, etik degerler ve veri giivenligi gibi ¢ok boyutlu
etkiler yaratmasi, uluslararasi normatif ¢cergeve ihtiyacini giderek daha goriiniir kilmistir (Bayram Topgu
ve Chiftch, 2022). YZ teknolojilerinin hukuki bir perspektiften kiiresel ve bdlgesel anlamda ortak bir
zeminde diizenlenmesi i¢in uluslararasi orgiitler, yetki ve gorevleri dahilinde ilkeler, politika belgeleri
ve normatif gerceveler gelistirmektedir (Bayram Topgu ve Chiftch, 2022). Bu kapsamda BM ve
UNESCO daha evrensel ve etik temelli ilkelerle hareket ederken, AB yasal baglayiciligi olan
diizenlemelerle kapsamli politikalar liretmekte; OECD ise rehber niteligindeki ilke ve tavsiyelerle
iyelerini yonlendirmektedir (Bayram Topgu ve Chiftch, 2022). Uluslararas1 orgiitlerin politika
belgelerinin tiimevarimsal analizinden elde edilen sekiz temel etik ilke insan unsuru ve gozetim, gizlilik
ve veri yonetimi, cesitlilik ve adillik, seffaflik, toplumsal ve cevresel refah, insan haklari, teknik
saglamlik ve giivenlik ile hesap verebilirlik giivenilir yapay zekanin normatif zeminini olusturmaktadir
(Alakus ve Yilmaz, 2025). UNESCO'nun 2021 tarihli Yapay Zeka Etigine iliskin Tavsiye Karar1 ise on
iki temel etik ilkeyi belirlemistir: hukukun iistiinliigii, orantililik ve zarar1 6nleme, giivenlik ve emniyet,
adalet ve ayrimcilik yapmama, siirdiirtilebilirlik, mahremiyet ve veri koruma, insan denetimi ve karar
yetkisi, seffaflik ve aciklanabilirlik, sorumluluk ve hesap verebilirlik, farkindalik ve okuryazarlik, cok
paydash ve uyarlanabilir yonetisim ile is birligi (Bayram Topgu ve Chiftch, 2022).

YZ etik ilkelerinin yer verildigi metinlerde zaman i¢inde baz1 degisiklikler oldugu goriilmektedir
(Kiizeci ve Ogretmen Kotil, 2025). Onceki tarihli metinlerde daha ¢ok YZ'nin yaratacagi sorunlar
tanimlanirken, ilerleyen donemde risklerle miicadele i¢in ¢6ziim Onerileri siralanmistir. Seffaflik
ilkesine yapilan vurgular, zamanla hesap verebilirlik, denetlenebilirlik, izlenebilirlik ve aciklanabilirlik
ile i¢ ice gecmis; YZ'nin yagsam dongiisiiniin farkli unsurlarinin degerlendirilmesi, belgelendirilmesi ve
denetlenmesine iliskin gereklilikler 6n plana ¢ikmustir (Kiizeci ve Ogretmen Kotil, 2025). AB'nin 2024
tarihli Yapay Zeka Yasasi, risk temelli asamali bir yaklagim benimseyerek sistemleri kabul edilemez
risk, yiiksek risk, sinurlt risk ve minimum risk kategorilerine ayirmaktadir (Bayram Topgu ve Chiftch,
2022). Egitim baglaminda degerlendirilen biiyiikk veri sistemlerinin Onemli bir bolimi, bu
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siniflandirmada yiiksek riskli kategoriye girebilir; zira s6z konusu sistemler dogrudan bireylerin egitim
kararlarin1 etkilemektedir. AB'nin Giivenilir YZ i¢in Etik Rehberi'nde belirlenen insan gozetimi ve
denetim, gizlilik ve veri yonetimi, seffaflik, cesitlilik ve ayrimcilik yapmama, toplumsal refah, teknik
giivenilirlik ve hesap verebilirlik ilkeleri bu baglamda yol gosterici niteliktedir (Kiizeci ve Ogretmen
Kotil, 2025).

Ne var ki bu normatif ¢ergeveler, agirlikli olarak genel yapay zeka uygulamalarina yonelik olup
egitim gibi kendine 0Ozgii dinamikleri olan bir alanin 06zgil gereksinimlerini yeterince
karsilamamaktadir. E-6grenme etigi iizerine yapilan calismalarin bilyiikk ¢ogunlugunun o6gretim
stratejileri, intihal, fikrl haklar ve telif haklar1 gibi konulara yoéneldigi; biiyiik veri ve 0grenme
analitiginin dogrudan normatif bir perspektiften ele alinmasinin ise yeterince gerceklestirilmedigi
goriilmektedir (Akyildiz Uygun, 2023). YZ'nin yalnizca teknolojik acidan degil, ayni zamanda
pedagojik, etik ve 0gretmen yeterlilik gelisimi agisindan da dgretme ve 6grenme ilizerinde énemli bir
etkiye sahip oldugu disiiniildiigiinde (Temur, 2025); YZ teknolojilerinin gelistirilmesi ve
uygulanmasinda etik ilke, yonerge ve politikalarin dikkate alinmasinin bir 6n kosul gorevi tistlendigi
aciktir. Bu bosluk, mevcut uluslararasi etik standartlari ile egitimde biiyiik verinin yarattigr 6zgiil
sorunlar arasinda bir koprii kurulmasini, yani egitime 6zgii, uygulanabilir ve biitiinciil bir normatif
cerceve gelistirilmesini zorunlu kilmakta; tiim bu tartigmalarin golgesinde, egitimde bilyilik veri
kullaniminin yalnizca teknik altyapinin degil; ayn1 zamanda etik, hukuki ve toplumsal boyutlarin da
biitiinciil bir yaklasimla gii¢lendirilmesi hedeflenmelidir (Aydin, 2025).

YONTEM

Bu calisma, egitimde biiyiik veri kullaniminin yarattig1 etik sorunlart biitiinciil bir perspektifle
inceleyen nitel bir aragtirmadir (Akyildiz Uygun, 2023; Aydin, 2025). Arastirmanin temel metodolojik
eksenini, teknolojik uygulamalarin ahlaki standartlar ve evrensel ilkeler 1s18inda degerlendirildigi
normatif analiz yaklasimi olusturmaktadir (Akyildiz Uygun, 2023; Kiizeci ve Ogretmen Kotil, 2025).
Normatif analiz, mevcut durumu betimlemenin Gtesine gegerek egitim siireglerinde biiyiik verinin "nasil
ve hangi ahlaki zemin iizerinde kullanilmas1 gerektigini" sorgulayan bir ¢er¢eve sunmaktadir (Kiizeci
ve Ogretmen Kotil, 2025; Temur, 2025). Bu dogrultuda arastirmada, egitimde biyiik veri
uygulamalarinin dogurdugu etik gerilimler; birbiriyle tamamlayici iligki i¢cinde olan iki normatif etik
kuram1 (deontolojik etik ve teleolojik/faydaci etik) analitik mercek olarak kullanilmak suretiyle
cozlimlenmistir. Deontolojik etik; veri gizliligi, bilgilendirilmis riza ve insan onuru gibi 6dev temelli
degerlendirmeler icin; teleolojik etik ise biiylik veri uygulamalarinin egitimdeki verimlilik artis1 ve
toplumsal fayda boyutlarmin analiz edilmesi i¢in kuramsal zemin saglamistir (Akyildiz Uygun, 2023;
Temur, 2025).

Arastirmada veri toplama teknigi olarak dokiiman analizi benimsenmistir (Alakus ve Yilmaz,
2025; Bayram Topgu ve Chiftch, 2022). Dokiiman analizi, arastirilan olguya yonelik bilgi iceren basili
ve elektronik materyallerin sistematik bi¢cimde incelenip degerlendirilmesini esas alan bir nitel veri
toplama yontemidir (Alakus ve Yilmaz, 2025; Kiral, 2020). Bu yontem; birbirinden bagimsiz
caligmalarin bulgularini sentezleyerek belirli bir alandaki bilgi birikimini anlamlandirmay1, kavramsal
bosluklari tespit etmeyi ve normatif gerceveler gelistirmeyi miimkiin kilmaktadir.

Analiz kapsaminda iki temel veri kaynagi grubundan yararlanilmistir:

Akademik literatiir: Web of Science, Scopus, ERIC, IEEE Xplore ve TR Dizin gibi veri tabanlari

algoritmik adalet konularindaki giincel makaleler, tezler ve kitaplar.
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Uluslararas1 ve ulusal diizenlemeler: UNESCO, OECD, Avrupa Komisyonu ve Birlesmis
Milletler gibi kuruluslarin yayimladig: etik yonergeler, tavsiye kararlari ve strateji belgeleri; AB Yapay
Zeka Yasast (2024), UNESCO Yapay Zeka Etigine Iliskin Tavsiye Karar1 (2021), OECD YZ llkeleri
(2019/2024) ve Tiirkiye Cumhuriyeti Ulusal Yapay Zeka Stratejisi (2021-2025) gibi resmi politika
metinleri.

Dokiiman seciminde; konu uygunlugu (egitimde biiyiik veri ve/veya yapay zeka kullaniminin etik
boyutlarini dogrudan ya da dolayli ele alma), giincellik (agirlikli olarak 2016-2025 dénemi), akademik
nitelik (hakemli yayin veya uluslararasi orgiit politika belgesi olma) ve ¢esitlilik (ulusal ve uluslararasi
literatiirli kapsama) oOlgiitleri esas alimmistir. Bu olgiitler dogrultusunda analize dahil edilen baglica
dokiimanlar Tablo 1'de sunulmaktadir.

Tablo 1
Veri Kaynagi Olarak Kullanilan Baslica Dokiimanlar
No Yazar(lar) Yil Calismanin Odag Tiiril
1 Oflas ve Ozcan Demir 2022 Biiyiik veri teknolojisi caginda Makale

kullanic1 verilerinin gizlilik ve
mahremiyeti: Sosyolojik analiz

2 Akyildiz Uygun 2023 E-6grenmede biitiinsel etik yaklagim: Doktora Tezi
Ortak degerler ve normlar

3 Toker 2025 Dijital egitimde etik, giivenlik ve Kitap Boliimii
mahremiyet

4 Kiizeci ve Ogretmen 2025 Yapay zeka teknolojilerine etik Makale

Kotil yaklagim: Etik ilkeler ve veri koruma

hukuku iliskisi

5 Temur 2025 Egitimde yapay zeka kullanimi: Etik Makale
sorunlar ve ¢6ziimler (Derleme)

6 Kima 2025 Yapay zekanin multidisipliner Makale
alanlardaki uygulamalari (Derleme)

7 Alakus ve Yilmaz 2025 Bilimsel arastirmalarda yapay zeka Makale

kullanimu etik ilkeleri: 54
uluslararasi/ulusal belgenin
timevarimsal analizi

8 Bayram Topgu ve 2022 Uluslararasi orgiitlerin yapay zeka Makale
Chiftch politikalarinin karsilastirmali analizi
(BM, UNESCO, AB, OECD)

9 Aydn 2025 Kamu yonetiminde yapay zeka Makale
uygulamalarmin Tiirkiye 6rneginde
analizi: Dijital doniisiim, stratejik
uygulamalar ve ¢ok boyutlu etkiler

Uluslararasi Literatiir

10 Selwyn 2019 Should robots replace teachers? Al and  Kitap
the future of education

11 Holmes, Bialik ve 2019 Artificial intelligence in education: Kitap
Fadel Promises and implications for teaching
and learning
12 Zuboff 2019 The age of surveillance capitalism Kitap
13 Mittelstadt vd. 2016 The ethics of algorithms: Mapping the =~ Makale
debate
14 Jobin, Ienca ve Vayena 2019 The global landscape of Al ethics Makale
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guidelines
15 Floridi vd. 2018 Al4People—An ethical framework for ~ Makale
a good Al society: Opportunities, risks,
principles, and recommendations
16 Williamson 2017 Big data in education: The digital Kitap
future of learning, policy and practice
17 O'Neil 2016 Weapons of math destruction: How big  Kitap
data increases inequality and threatens
democracy
18 Nguyen vd. 2023 Ethical principles for artificial Makale
intelligence in education
19 Holmes ve Porayska- 2022 The ethics of artificial intelligence in Kitap
Pomsta education: Practices, challenges, and
debates
20 Veale ve Zuiderveen 2021 Demystifying the draft EU Artificial Makale
Borgesius Intelligence Act
21 Andreotta, Kirkham ve 2022 Al, big data, and the future of consent Makale
Rizzi
22 Wachter ve Mittelstadt 2019 A right to reasonable inferences: Re- Makale
thinking data protection law in the age
of big data and Al
23 European Commission 2019 Ethics guidelines for trustworthy Al Politika Belgesi
(AT HLEG)
24 UNESCO 2021 Recommendation on the ethics of Tavsiye Karari
artificial intelligence
25 OECD 2019/2  Recommendation of the Council on Tavsiye Karari
024 Artificial Intelligence
26 European Parliament 2024 Artificial Intelligence Act (AB Yapay Yasal
and Council Zeka Yasasi) Diizenleme
27 T.C. Cumhurbagkanligi 2021 Ulusal Yapay Zeka Stratejisi 2021- Strateji Belgesi
Dijital Doniistim Ofisi 2025
28 UNICEF 2021 Policy guidance on Al for children Politika Belgesi
29 IEEE 2019 Ethically aligned design: A vision for Vizyon Belgesi

prioritizing human well-being with
autonomous and intelligent systems

Verilerin Analizi

Toplanan veriler, iki agamali bir ¢6ziimleme siirecine tabi tutulmustur.

Birinci agamada, incelenen dokiimanlardaki temel etik tartigmalar1 ve risk faktorlerini belirlemek
amaciyla tematik kodlama analizi uygulanmistir (Alakus ve Yilmaz, 2025; Akman, Bayram Topgu, &
Chiftchi, 2022; Braun ve Clarke, 2006). Tematik kodlama analizi, nitel veriler i¢indeki Griintiilerin
sistematik olarak belirlenmesini, kodlanmasini ve temalar-alt temalar hiyerarsisinde
yapilandirilmasini esas alan bir analiz yaklagimidir (Braun ve Clarke, 2006; 2019). Bu siiregte dncelikle

ana

analize dahil edilen tiim dokiimanlar, "egitimde biiyiik veri ve yapay zekd kullaniminin etik boyutuna
iliskin hangi sorun, kaygi veya ilke dile getirilmektedir?" sorusu rehberliginde derinlemesine okunmus;
her bir ¢alismanin temel tezleri, bulgular1 ve etik boyutlara iligskin kavramsal katkilar1 belirlenerek ham
(tanimlayici) kodlar ¢ikarilmistir. Bu agamada elde edilen ham koda 6rnek olarak; bir ¢calismada gegen
"6grenci davraniglarinin siirekli kaydedilmesi gdzetim baskisi yaratir" ifadesinin dijital gozetim, baska
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bir caligmada gecen "algoritmik kararlar kara kutu niteligindedir, nedenleri agiklanamaz" ifadesinin
seffaflik eksikligi, bir diger ¢aligmada yer alan "kullanicilar davranigsal verilerini tirettiklerinin farkinda
degiller" ifadesinin ise kullanici farkindaligi olarak kodlanmasi gosterilebilir.

Ardindan bu ham kodlar arasindaki anlamsal yakinliklar incelenerek ayni olguya isaret eden
kodlar bir araya getirilmis ve alt temalara ulasilmistir. Ornegin; "siirekli kayit altina alinma", "farkinda
olmadan veri liretme", "davranigsal profil olusturma" ve "gozetim kapitalizmi" kodlar1 dijital gézetim

n n

ve veri madenciligi alt temasinda; "ticari amacla kullanim", "verilerin metalastirilmasi" ve "6grenci
verilerinin pazarlanmas1" kodlar1 verilerin metalastiriimast ve ticari somiirii alt temasinda; "kara kutu
sorunu", "algoritmik kararlarin agiklanamamasi" ve "kullanici giiveni zedelenmesi" kodlar ise seffaflik
ve aciklanabilirlik eksikligi alt temasinda birlestirilmistir. Son olarak bu alt temalar bir adim daha
soyutlanarak ana temalar halinde yapilandirilmistir. Bu sistematik gruplandirma siireci sonucunda su
temel temalar ortaya ¢cikmistir: (a) veri gizliligi, mahremiyet ve gozetim; (b) algoritmik dnyargi, adalet
ve etiketleme riski; (c) seffaflik, hesap verebilirlik ve kara kutu sorunu; (d) dijital esitsizlik ve firsat
esitligi; (e) insan gozetimi, otomasyon Onyargisi ve elestirel diislinme; (f) uluslararast normatif
cergeveler. Tematik kodlama analizi sonucunda elde edilen bu temalar, bunlara karsilik gelen alt
temalar, her bir calismanin yontemsel yaklasimi, temel bulgular1 ve 6ne ¢ikardigi etik riskler Tablo 2'de
biitiinciil olarak sunulmustur.

Tablo 2
Egitimde Biiyiik Veri ve Yapay Zekd Kullammimn Etik Boyutlarina Iliskin Tematik Kodlama Analizi

Uygulama Tematik Kodlar  Yontemsel Temel Bulgular Etik ve Sosyal Kaynak
Alam / Yaklasim ve Katkilar Riskler
Disiplin
= Igisisellestirilmis. Makine Bireysel 6grenme  Gozetim toplumu Kina (2025);
= g Ogrenme, Ogrenmesi yollarinin tasarim1 ~ baskisi, davranigsal ~— Temur (2025);
Qﬁ o Ogrenme (ML), Dogal ve 6grenci verilerin Toker (2025);
£ :80 Analitigi, Olgme-  Dil Isleme performans takibi  metalastirilmasi, Oflas ve
BTy Degerlendirme, (NLP/Chatb ile bagarty1 artirtr.  dijital esitsizlik Ozcan Demir
Ué Akademik otlar), Idari yiikii azaltir,  (erisim engelleri), (2022);
§ Diiriistliik, Pekistirmeli  erken uyari mahremiyet ihlali, Kiizeci ve
8 Egiticilerin Ogrenme sistemleri kurar. ticari veri Ogretmen
= Egitimi, Dijital (RL), LLM,  Ogrenme somiiriisi, Kotil (2025);
QE) Gozetim, Veri Ogrenme analitikleri akademik Holmes,
§ Mahremiyeti, Yo6netim Ogrenenlerin sahtekarlik Bialik ve
:80 Algoritmik Sistemleri sistemle (kopya/intihal), Fadel (2019);
o Onyargi (0YN), etkilesimlerine algoritmik Williamson
E Biiyiikk Veri  dair detayl bilgi etiketleme ve kara (2017);
:OED Analitigi, saglar. kutu sorunu. Nguyen vd.
m Duygu (2023)
Analizi
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Veri Tirleri ve Gizlilik

Yapay Zeka Etigi ve Veri Koruma Hukuku

Kisisel Veri,
Davranigsal Veri,
Hassas Veri, Bilgi
Mahremiyeti,
Cevrimigi
Profilleme, Veri
Metalastirmasi,
Kullanici
Farkindalig:

Etik-Hukuk
iliskisi, Normatif
Etik, Deontolojik
Etik, Faydac1 Etik,
Insan Onuru,
Insan Ozerkligi,
Gozetim,
Ayrimcilik
Yapmama

Anket, Nicel
Analiz
(ANOVA,
Kruskal-
Wallis, Post
Hoc
Scheffe/Tam
hane),
Dokiiman
Analizi

Normatif
Analiz,
Dokiiman
Analizi,
Zamansal ve
Kurumsal
Karsilagtirm
a

Kullanicilarin
kisisel verileri ile
davranigsal
verilerine
yaklagimlart
arasinda anlamli
fark vardir.
Bireyler
cevrimdist
diinyada
koruduklar1
kisisel verilere
iligkin daha
yiiksek endise
tasirken,
davranigsal
verilerinin
toplanmasina
yonelik
farkindaliklar1
diistiktiir. Dijital
okuryazarlik
arttikca kigisel
veri koruma
temkinliligi artar.

Etik ilkeler,
hukuk kurallariin
yetersiz kaldig1
durumlarda
dinamik ¢6ziimler
sunar. ilkeler
arasinda hiyerarsi
yoktur; birbirini
tamamlayicidir. Y
Z sistemlerinin
gbzetim
etkinliklerini
derinlestirme
potansiyeli
mevcuttur.
Seffaflik vurgular
zamanla hesap
verebilirlik,
denetlenebilirlik,
izlenebilirlik ve
aciklanabilirlige
evrilmistir.

Davranigsal
verilerin kullanici
farkindalig1
olmadan
toplanmasi, biligsel
kapitalizm
baglaminda
verilerin
metalagtirilmasi,
gbzetim
kapitalizminin
derinlesmesi,
kullanici
mahremiyetinin
sistematik ihlali.

YZ'nin bireyi
manipiile etmesi,
sartlandirmasi,
nesnelestirmesi;
insan denetiminin
devre dig1 kalmasi,
gbzetimin bireyin
yasamini gesitli
bigimlerde
etkilemesi;
algoritmik
Onyargilarin
ayrimciliga yol
agmasl.

Oflas ve
Ozcan Demir
(2022);
Zuboff
(2019);
Andreotta,
Kirkham ve
Rizzi (2022);
Wachter ve
Mittelstadt
(2019)

Kiizeci ve
Ogretmen
Kotil (2025);
Floridi vd.
(2018); Jobin,
Ienca ve
Vayena
(2019);
Mittelstadt vd.
(2016)
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Uluslararas1 YZ Etik ilkeleri (54 Belge Analizi)

Uluslararas1 Orgiitlerin YZ Politikalar

Egitimde YZ Etigi (Sistematik Literatiir

(BM, UNESCO, AB, OECD)

Taramasi)

Insan Unsuru ve
Gozetim, Gizlilik
ve Veri Yonetimi,
Cesitlilik ve
Adillik, Seffaflik,
Toplumsal ve
Cevresel Refah,
Insan Haklari,
Teknik Saglamlik
ve Guvenlik,
Hesap Verebilirlik

Insan Merkezli
YZ, Givenilir YZ,
Risk Temelli
Yaklagim, Sert
Hukuk-Yumusak
Hukuk, Cok
Paydaslt
Yonetisim, Etki
Degerlendirmesi

Veri Gizliligi,
Algoritmik
Onyargi, Adalet
ve Esitlik, Hesap
Verebilirlik,
Seffaflik, Fikri
Miilkiyet, Dijital
Ugurum,
Teknoloji
Bagimliligi, Siber
Giivenlik, Sosyal
Miihendislik,
Kiiltiirel Erozyon,
Ogretmen
Rollerinin
Doniistimii

Timevarims
al Tematik
Kodlama
Analizi
(Braun ve
Clarke,
2006),
Dokiiman
Analizi (54
Uluslararasi/
Ulusal
Belge)

Karsilagtirm
ali Dokiiman
Analizi,
Tematik
Analiz

Sistematik
Literatiir
Taramasi
(PRISMA
benzeri),
Tematik
Kodlama,
Dediiktif ve
Endiiktif
Kodlama,
Karsilagtirm
al1 Analiz

54 belgenin
analizi sonucunda
sekiz temel etik
ilke belirlenmistir.
UNESCO 2021
Tavsiye
Karari'nda
sorumlulugun
gercek veya tiizel
kisilere
atfedilmesi
gerektigi, YZ'nin
nihai
sorumlulugun
yerini
alamayacagi
vurgulanmustir.
Yasam ve 6liim
kararlar1 YZ'ye
devredilemez.

BM ve UNESCO
evrensel etik
ilkelerle hareket
ederken, AB yasal
baglayiciligi olan
diizenlemeler
iretmekte; OECD
rehber niteliginde
tavsiyeler
sunmaktadir. AB
YZ Yasasi risk
temelli dortli
smiflandirma
getirmistir.
UNESCO 12 etik
ilke belirlemistir.

Egitimde YZ
kullaniminin 10
temel etik sorunu
ve 5 ana etik
baslik
belirlenmistir.
Deontolojik ve
faydaci etik
cergevesinde
analiz yapilmistir.
YZ'nin egitimde
sorumlu ve etik
kullanimai i¢in
kapsamli
diizenlemelere
ihtiya¢ oldugu
vurgulanmustir.

Algoritmik 6nyarg1
ve ayrimcilik,
otomasyon
Onyargisi ve
elestirel diigiinme,
veri gizliligi
ihlalleri, seffaflik
eksikligi, uygun

giivenceler olmadan

kullanilan YZ'nin
temel insan
haklarin1 tehlikeye
atmasi, onyargili
karar
mekanizmalari.

Egitim
baglamindaki YZ
uygulamalarinin
yiiksek riskli
kategoride
degerlendirilebilme
si; yumusak hukuk
araglarinin
baglayicilik sorunu;
uluslararasi
normlarin egitimin
0zgiil dinamiklerini
yeterince
karsilamamasi.

YZ onyargisi
(egitim
verilerindeki
Onyargilart miras
alma), kara kutu
dogasi, algoritmik
ayrimcilik, veri
gizliligi ve

giivenligi, 6gretmen

rollerinin aginmasi,
fikri miilkiyet
ihlalleri, kiiltiirel
erozyon, teknoloji
bagimlilig:.

Alakus ve
Yilmaz (2025)

Akman,
Bayram
Topeu, &
Chiftchi,
2022;
European
Commission
(2019);
UNESCO
(2021); OECD
(2019/2024);
Veale ve
Zuiderveen
Borgesius
(2021)

Temur (2025);
Holmes,
Bialik ve
Fadel (2019);
Nguyen vd.
(2023);
Selwyn (2019)
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Dijital Egitimde Etik, Giivenlik ve Mahremiyet

E-Ogrenmede Biitiinsel Etik Yaklagim (Doktora Tezi)

Dijital Egitim
Etigi, Bilgi
Mahremiyeti, Riza
(Bilgilendirilmis/
Varsayilan),
Gozetim
Toplumu,
Sharenting, Biiyiik
Veri ve
Profilleme, Dijital
Giivenlik
(Kurumsal/Bireys
el/Pedagojik
Diizey), Dijital
Vatandasglik

Sistem Yaklagimi1
(Ogrenme,
Teknoloji,
Etkilesim,
Yonetim), Bilgi
Gizliligi ve
Giivenligi, Dijital
Esitsizlik, Fikri
Miilkiyet,
Cevrimigi
Davranisg
Kurallari,
Verilerin
Korunmasi ve
Paylagimi,
Akademik
Ozgiirliik ve
Seffaflik

Kavramsal
Analiz,
Literatiir
Taramasi,
Biitiinciil
Sistem
Yaklagimi

Yorumlayici
Fenomenoloj
i, Yari
Yapilandiril
mig
Goriigsme (13
Uzman),
MAXQDA
ile Tematik
Kodlama,
Deontolojik
Etik Kurami

Dijital egitim
etigi; egitimde
kullanilan dijital
araglarin insan
haklarina, esitlik
ilkesine ve birey
onuruna saygili
bigimde
uygulanmasini
amaclayan
normatif bir
gercevedir.
Mahremiyet
"yalniz kalma
hakki"ndan "bilgi
mahremiyeti"ne
evrilmistir.
Ogretmenler
dijital rehber, veri
koruyucu ve etik
lider rollerine
biiriinmiistiir.

E-6grenmede etik;
0grenme,
teknoloji,
etkilesim ve
yonetim olmak
tizere dort ana
boyutta
incelenmistir.
Ortak etik deger
ve normlarin
varlig tespit
edilmis; bir etik
kontrol listesi
sunulmustur.
Verilerin ticari
amaglarla
kullanim1 ve
O0grenme
analitiklerinin etik
sinirlar1 6nemli
kaygilar
arasindadir.

Siirekli gdzetim
pratiginin
davranislar tizerinde
baski yaratmasi,
rizasiz profilleme,
sharenting ile
cocuklarin dijital
ayak izlerinin kalic1
hale gelmesi, biiyilik
veri ve
profillemenin
mahremiyeti tehdit
etmesi, siber
zorbalik, platform
bagimlilig1.

Kurumlarin
hazirbulunugluk
analitigi verilerinin
kétiiye kullanimi,
O0grenen
cesitliliginin g6z
ard1 edilmesi, dijital
esitsizlik, akademik
sahtekarlik, veri
giivenligi ihlalleri.

Toker (2025);
Zuboff
(2019);
UNICEF
(2021)

Akyildiz
Uygun (2023);
Holmes ve
Porayska-
Pomsta (2022)
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Kamu Yo6netiminde YZ ve Etik Boyut

Cok Disiplinli YZ Uygulamalari ve Etik

Dijital Doniistim,
Algoritmik

Y Onetigim,
Weberyen
Biirokrasi-YZ
Catigmasi,
Mesruiyet Krizi,
Seffaflik, Hesap
Verebilirlik,
Vatandag
Odaklilik

Veri Gizliligi,
Algoritmik
Onyargi,
Agiklanabilirlik,
Kara Kutu Sorunu,
Algoritmik
Adalet, Istithdam
Kayb1, Hukuki
Diizenleme
Eksikligi

Disiplinlerar
as1 Analiz,
Dokiiman ve
Vaka
Incelemesi,
Tematik
Igerik
Analizi,
Triangiilasyo
n

Sistematik
Literatiir
Taramasi
(2015-2025),
Karsilagtirm
al1 Cergeve,
Tematik
Haritalandir
ma

YZ'nin kamu
yonetiminde etkili
kullanimt i¢in
yalnizca teknik
altyapimin degil;
etik, hukuki ve
toplumsal
boyutlarin da
biitiinciil bir
yaklagimla
gliclendirilmesi
gerekmektedir.
YZ, Weberyen
biirokrasinin
rasyonel-legal
yapisiyla kod
temelli karar
mekanizmalari
arasinda catigma
yaratmaktadir.

YZ; saglik,
hukuk, egitim,
tarim ve sosyal
bilimler gibi pek
¢ok alanda karar
alma siireclerine
entegre edilmistir.
Egitimde YZ;
6grenme analitigi,
uyarlanabilir
sistemler ve
sohbet robotlari
araciligiyla
kisisellestirilmis
6grenme ve erken
miidahale imkani
sunarken veri
gizliligi ve
algoritmik
Onyarg1
sorunlarini da
beraberinde
getirmektedir

Algoritmik 6nyargi,
seffaflik
eksiklikleri, karar
siire¢lerinin
denetlenebilirligi
sorunu, veri

gizliligi, demokratik

hesap verebilirlik
eksikligi, sosyal
esitlik riskleri,
vatandas
memnuniyetsizligi.

Veri gizliligi
ihlalleri, algoritmik
Onyargilar,
kararlarin
aciklanamamast
(kara kutu), hukuki
belirsizlikler,
istihdam yapisinin
dontisiimii,
toplumsal
esitsizliklerin
derinlesmesi,
otomasyon
onyargisl.

Aydin (2025);

O'Neil (2016);

European
Parliament

and Council
(2024)

Kina (2025);
Floridi (2023);
Mittelstadt vd.
(2016)
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yOnetigim, i
birligi. AB YZ
Yasasi (2024) risk
temelli dortlii
siiflandirma
getirmistir. OECD
YZ ilkeleri
(2019/2024)
kapsayici
biiylime, insan
merkezli degerler,
seffaflik,
saglamlik ve
hesap verebilirligi
esas almistir.

- Insan Merkezli Kargilasirm  UNESCO 2021 Egitim UNESCO
= YZ, Giivenilir YZ, ali Dokiiman Tavsiye Karar1 12 baglamindaki YZ (2021); OECD
g Etik Etki Analizi, etik ilke uygulamalarinin (2019/2024);,
§ Degerlendirmesi,  Normatif belirlemistir: yiiksek riskli European
>~ Sorumluluk ve Analiz, hukukun kategoride Commission
5 Hesap Politika ustlinliig, degerlendirilebilme  (2019);
)‘050 Verebilirlik, Cok Analizi orantililik ve si; yumusak hukuk ~ European
Lﬁ Paydasl zarar1 Onleme, araclarinin Parliament
> Yonetisim, AB giivenlik ve baglayicilik sorunu;  and Council
% YZ Yasasi, emniyet, adalet ve  uluslararasi (2024); IEEE
Z UNESCO Tavsiye ayrimeilik normlarin egitimin ~ (2019); T.C.
g Karari, OECD YZ yapmama, 0zgiil dinamiklerini ~ Cumhurbagska
8 Ilkeleri, IEEE Etik stirdiiriilebilirlik,  yeterince nlig1 Dijital
2 Acidan Uyumlu mahremiyet ve karsilamamasi; etik ~ Doniisiim
g Tasarim veri koruma, ilkeler ile uygulama  Ofisi (2021);
2 insan denetimi ve  arasindaki bosluk. Floridi (2023);
7 karar yetkisi, Jobin, Ienca
=] seffaflik ve ve Vayena
3 aciklanabilirlik, (2019)
E sorumluluk ve
= hesap verebilirlik,

farkindalik ve

okuryazarlik, ¢ok

paydasl ve

uyarlanabilir

BULGULAR VE NORMATIF ANALIZ

Arastirmanin en baskin bulgularindan biri, biiyiik veri teknolojilerinin egitim ortamlarini birer
gbzetim alanma doniistirme potansiyelidir (Oflas ve Ozcan Demir, 2022; Toker, 2025). Egitimde
kullanilan 6grenme yonetim sistemleri, O0grenci bilgi sistemleri ve ¢evrim i¢i smav yazilimlari;
ogrencilerin yalmzca akademik performanslarini degil, tiklama oriintiileri, etkilesim hizlari, sayfada
kalma siireleri ve ¢evrim i¢i aligkanliklari gibi davranissal verilerini de toplamakta ve analiz etmektedir
(Zuboft, 2019). Bu durum, Ogrencilerin farkindalik gelistirmeksizin siirekli veri iireten Oznelere
doniismesine ve egitim ortamlarinin pedagojik alan olmanin yaninda veri temelli izleme alanlar1 haline
gelmesine yol agmaktadir.

Ogrenci verilerinin bilissel kapitalizm icerisinde ticari birer metaya ddniistiiriilmesi,
bilgilendirilmis riza ilkesini zedelemektedir (Zuboff, 2019; Oflas ve Ozcan Demir, 2022). Zuboffun
(2019) goézetim kapitalizmi kurami ¢ergevesinde davramigsal veriler, pazarda alinip satilan
hammaddelere doniismekte; egitim platformlar1 6zelinde bu durum 6grenci verilerinin ticarilestirilmesi
riskini beraberinde getirmektedir. Toker (2025), dijital mahremiyetin "yalniz kalma hakki"ndan "bilgi
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mahremiyeti"ne dogru kavramsal bir doniisiim gecirdigini; bu doniisiimiin egitim ortamlarinda rizasiz
profilleme ve siirekli gozetim pratikleriyle daha goriinlir hale geldigini vurgulamaktadir. Riza
mekanizmalarinin karmasikligi, kullanicilarin rizayr ¢ogu zaman yeterli farkindalik gelistirmeden
vermesine neden olmakta; bu durum varsayilan rizanin gergek anlamda veri korumasi saglamadigim
gostermektedir (Temur, 2025; Oflas ve Ozcan Demir, 2022; Schermer, Custers ve Van Der Hof, 2014).
Bu nedenle mahremiyetin korunmasi yalnizca veri toplama asamasiyla sinirh degil, verinin islenmesi,
yorumlanmast ve ¢ikarima doniistiiriillmesi agamalarini da kapsamalidir (Wachter ve Mittelstadt, 2019).

Deontolojik etik acisindan, 6grencinin bilgi mahremiyetine ve riza hakkina yonelik her ihlal,
bireyi amag olarak degil arag olarak konumlandirmaktadir (Toker, 2025; Akyildiz Uygun, 2023). Kant'in
insani ara¢ olarak kullanma yasag1 cercevesinde, 6grenci verilerinin rizasiz toplanmasi ve islenmesi
ahlaki bir &devin ¢ignenmesi olarak degerlendirilebilir (Kiizeci ve Ogretmen Kotil, 2025).
Teleolojik/faydaci etik acisindan ise veri toplama pratikleri 6grenme siireclerini iyilestirme ve erken
miidahale imkdn1 saglama gerekcesiyle savunulabilir; ancak bu fayda, dgrencilerin mahremiyetini,
giivenligini ve 6zerkligini zedeledigi 6l¢iide etik mesruiyetini kaybetmektedir (Kina, 2025; Nguyen vd.,
2023). UNESCO (2021), mahremiyet ve veri korumay1 bagimsiz bir etik ilke olarak belirlerken; AB YZ
Yasasi (2024), egitimde kullanilan YZ sistemlerini yliksek riskli kategoriye yerlestirerek seffaflik, veri
minimizasyonu ve insan denetimi yiikiimliiliikklerini 6ne ¢ikarmaktadir. Bununla birlikte bu uluslararasi
normlarin, 6grenci-6gretmen gii¢ asimetrisi ve kiiciiklerin veri haklart gibi egitime 6zgii sorunlar1 daha
acik bicimde ele almasi gerekmektedir (Akman, Bayram Topgu ve Chiftchi, 2022).

Arastirma bulgularinin normatif sentezi amaciyla Tablo 2'de sunulan tematik kodlama sonuglari;
deontolojik etik (Akyildiz Uygun, 2023; Kiizeci ve Ogretmen Kotil, 2025; Kant, 2006),
teleolojik/faydact etik (Akyildiz Uygun, 2023; Temur, 2025) ve uluslararasi normatif belgeler
(UNESCO, 2021; OECD, 2019/2024; Avrupa Parlamentosu ve Konseyi, 2024; Alakus ve Yilmaz, 2025)
1s1Z1inda bir normatif senteze ulasilmistir. Alt1 etik sorun alanini politika Onerileriyle iliskilendiren bu
biitiinciil ¢cergeve Tablo 3'te sunulmaktadir.
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Tablo 3

Egitimde Biiyiik Veri ve YZ Kullamimina Yonelik Deontolojik—Teleolojik Normatif Cer¢eve

Etik Sorun Deontolojik Teleolojik/Faydaci Uluslararasi Politika Onerisi
Alani Perspektif Perspektif Normatif Dayanak
Veri gizliligi, Rizasiz veri Davranigsal veri UNESCO (2021) Veri
mahremiyet ve  toplama, Kant'in toplamanin cogunluk Tavsiye Kararimd.  minimizasyonu,
gozetim insan1 ara¢ olarak  faydasi, dezavantajli 6; AB YZ Yasast amagla sinirhilik,
kullanma yasagmi  gruplarin (2024) Yiiksek anonimlestirme
¢igner; giivenliginden taviz Risk;
mahremiyet ahlaki  verilerek saglanamaz GDPR/KVKK
bir 6devdir
Algoritmik Her 6grenci 6zgiin ~ "Risk grubu” etiketleri ~ UNESCO (2021) Algoritmik 6nyarg1
onyargi, adalet  onura sahiptir; kendi kendini cesitlilik ve ayrim denetimi,
ve etiketleme etiketleme gerceklestiren kehanete  yapmama ilkesi; etiketleme
ayrimcilik olarak doniiserek toplam OECD (2019/2024)  protokollerinin
ahlaken kabul egitim faydasi lizerinde  kapsayici biiyiime seffaflastirilmasi
edilemez net negatif etki yaratir
Seffaflik, Kara kutu kararlar, ~Seffaflik eksikligi UNESCO (2021): Acgiklanabilirlik
aciklanabilirlik  6grencinin kurumsal giiveni "Aciklanabilirlik zorunlulugu, kara
ve hesap rasyonel dzne asindirir; egitim diger etik pratikleri  kutu sistemlerin
verebilirlik olarak muamele teknolojilerinin miimkiin kilan etik ~ ytiksek riskli
gorme hakkini toplumsal faydasi Oncesi bir siiflandiriimasi
ihlal eder gerceklesemez kosuldur"; ABYZ
Yasast (2024) yasal
yikimliilik
Dijital esitsizlik  Altyap1 eksikligi Yalnizca ayricalikl UNESCO "kimseyi  Dijital altyap1
ve firsat esitligi  nedeniyle egitim gruplara yarar saglayan geride birakmama"  yatirimi, birinci ve
hakkindan YZ uygulamalar1 ilkesi; OECD ikinci diizey dijital
mahrum toplam refahi artirmaz;  (2019/2024) ugurumun
birakilmak insan esitsizlikleri kapsayici biiyiime; kapatilmasi
onuruna saygi derinlestirir UNICEF (2021)
ilkesini ¢igner cocuk haklari
insan gozetimi Insan1 déngiiniin Otomasyon Onyargist UNESCO (2021): Human-in-the-
ve otomasyon disina ¢ikarmak, elestirel diistinme YZ nihai loop; yiiksek riskli

onyargisi

Uluslararasi
normatif
bosluklar

bireyin kendi
kaderini tayin
hakkini ihlal eder;
YZ nihai
sorumlulugun
yerini alamaz

Egitime 6zgili 6dev
ve haklarin
(ktigiiklerin r1za
hakki, giic
asimetrisi)
evrensel
belgelerde
yeterince
tanimlanmamig
olmasi ahlaki bir
eksikliktir

becerilerini agindirarak
pedagojik verimliligi
uzun vadede diigiirtir

Yumusak hukuk
araglarinin baglayicilik
sorunu; etik ilkelerin
uygulanmasinin
kurumsal iradeye
birakilmasi toplam
faydayi sistematik
olarak diistirtir

sorumlulugun yerini
alamaz; ABYZ
Yasasi (2024)
zorunlu insan
denetimi; OECD
insan merkezli
degerler

Akman, Bayram
Topgu ve Chiftchi
(2022); Veale ve
Zuiderveen
Borgesius (2021);
Alakus ve Yilmaz
(2025) 54 belge
analizi

kararlarda zorunlu
insan denetimi

Egitime 6zgii
baglayict
yonetisim
standartlart;
bagimsiz denetim
ve etik etki
degerlendirmesi
zorunlulugu
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Algoritmik Onyargi, Adalet ve Etiketleme Riski

Biiyiik veri analitiginde kullanilan algoritmalarin tarafsiz olmadigi, aksine egitildikleri veri
setlerindeki insani ve tarihsel dnyargilar1 yansittigi tespit edilmistir (Temur, 2025; Kina, 2025; O'Neil,
2016). Temur (2025), egitimde YZ kullaniminin on temel etik sorunundan ilkinin 6nyargi ve ayrimcilik
oldugunu ortaya koymus; algoritmalarin cinsiyet, sosyoekonomik statii veya etnik kokene dayali olarak
belirli gruplart dezavantajli duruma diislirebildigini belgelemistir. Tahmine dayali analitiklerle
Ogrencilerin "risk grubu" olarak etiketlenmesi, kendi kendini gerceklestiren kehanet mekanizmasin
devreye sokmakta; bu etiketleme hem 6gretmenlerin hem de 6grencilerin beklentilerini olumsuz yénde
bigimlendirerek basariy1 sistematik olarak sinirlandirmaktadir (Temur, 2025; Educause, 2020; Selwyn,
2019).

Kina (2025), algoritmik 6nyarginin iki temel kaynagina dikkat ¢ekmektedir: egitim veri setlerinde
gomiilii tarihsel ayrimeilik ve algoritma tasarim siirecinde yeterince ¢esitli olmayan gelistirici ekipleri.
Temur (2025) bu tabloya kiiltiirel 6nyargi boyutunu da eklemekte; farkli kiiltiirel gegmislere ve dilsel
cesitlilige sahip O0grenci profillerinde egitilmemis algoritmalarin sistematik hatali degerlendirmeler
tiretebildigini vurgulamaktadir. O'Neil (2016) ise bu tiir algoritmik sistemleri "imha silahlar1" (weapons
of math destruction) olarak nitelendirmekte; genis kitlelerin yagam olanaklarin1 dlgeklenebilir bi¢cimde
sinirlandirdiklarina dikkat ¢cekmektedir.

Deontolojik perspektiften, her 6grencinin 6zgilinliigli nedeniyle onurlu muamele gérme hakki
vardir ve algoritmik dnyargi ahlaken kabul edilemezdir (Kiizeci ve Ogretmen Kotil, 2025; Alakus ve
Yilmaz, 2025). Faydaci etik perspektifinden ise, risk grubu etiketlemesinin yarattigi kendi kendini
gergeklestiren kehanetler, uzun vadede toplam egitim faydasi iizerinde net negatif etki yaratmakta;
dolayisiyla goriiniirdeki verimlilik kazanci aldatici olmaktadir (Akyildiz Uygun, 2023; Mittelstadt vd.,
2016). UNESCO (2021) cesitlilik, kapsayicilik ve adaleti temel ilkeler arasinda saymis; OECD
(2019/2024) kapsayici biiylime ve firsat esitligini Onceliklendirmistir. Ancak mevcut uluslararasi
belgelerin, egitim baglamina 6zgii algoritmik dnyargi mekanizmalarini 6zellikle 6lgme-degerlendirme
sistemlerindeki etiketleme riskini yeterince ayrintili ele almadigi goriilmektedir (Akman, Bayram
Topgu, & Chiftchi, 2022; Veale ve Zuiderveen Borgesius, 2021).

Seffaflik, Hesap Verebilirlik ve Kara Kutu Sorunu

Biiyiik veri sistemlerinin karmasik yapisi, kararlarin gerekgelerinin anlagilamadigi bir kara kutu
(black box) problemi dogurmaktadir (Kina, 2025; Temur, 2025; Holmes vd., 2019). Egitimde kullanilan
derin 6grenme modellerinin karar alma mekanizmalar1 ¢ogu durumda kullanicilar tarafindan
anlagilamaz niteliktedir: Bir 6grencinin neden belirli bir 6grenme yoluna yonlendirildigi, neden risk
grubuna dahil edildigi ya da neden belirli bir degerlendirme notu aldigi ne 6grenci ve ailesi ne de
ogretmen tarafindan denetlenebilir degildir. Bu durum, bir 6grenci hakkinda verilen otomatik karara
itiraz edilmesini fiilen imkansiz kilmakta (Temur, 2025; Nguyen vd., 2023); yanlis veya Onyargili
analizler sonucu ortaya ¢ikan magduriyetlerde sorumlulugun yazilimci, kurum veya veri kaynagi
arasinda paylastirilamamas1 hesap verebilirlik ilkesini zayiflatmaktadir (Alakus ve Yilmaz, 2025;
Floridi vd., 2018).

Kiizeci ve Ogretmen Kotil (2025), seffaflik ilkesine yapilan vurgularin zaman iginde yerini hesap
verebilirlik, denetlenebilirlik, izlenebilirlik ve agiklanabilirlik kavramlarina biraktigini; bu dort unsur
arasindaki bagin kuvvetlendirilmesinin sorumlu bir YZ isleyisinin 6n kosulu haline geldigini
belirtmektedir. Akyildiz Uygun (2023) ise 13 alan uzmaniyla gergeklestirdigi goriismelerde, yonetimin
Ogretim elemanlarinin goriislerine ve kendilerini ifade etme bi¢imlerine miidahale etmesinin akademik
ozgiirliik kapsaminda etik agidan yanlis oldugunu tespit etmistir.

Deontolojik etik ¢er¢evesinde, Ogrenciyi etkileyen kararlarin gerekgesinin paylasilmamasi,
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Ogrencinin rasyonel bir 6zne olarak muamele gérme hakkini ¢ignemektedir (Alakus ve Yilmaz, 2025).
Faydaci perspektiften ise seffaflik eksikligi, egitim sistemine duyulan kurumsal giiveni asindirarak
egitim teknolojilerinin potansiyel faydalarinin toplum o&lceginde gerceklesmesini engellemektedir
(Kina, 2025; Jobin vd., 2019). Agciklanabilirlik, UNESCO (2021) Tavsiye Karari'nda "diger etik
pratikleri miimkiin kilan etik oncesi bir kosul" olarak tanimlanmakta (Akman, Bayram Topcu, &
Chiftchi, 2022); AB YZ Yasasi1 (2024) yiiksek riskli YZ sistemleri i¢in agiklanabilirlik gerekliliklerini
yasal yiikiimliiliik olarak diizenlemektedir.

Dijital Esitsizlik ve Firsat Esitligi

Biiyiik veri ve YZ uygulamalarinin yayginlagsmasi, teknolojik imkéanlara erisimi olan ve
olmayanlar arasindaki dijital ugurumu derinlestirmektedir (Kina, 2025; Akman, Bayram Topgu, &
Chiftchi, 2022; UNICEF, 2021). Kina (2025) dijital ugurumun iki diizeyini ayristirmaktadir: donanim
ve baglanti erisimini kapsayan birinci diizey ugurum ile sayisal araglart pedagojik olarak etkili
kullanabilme kapasitesini kapsayan ikinci diizey ucurum. Yiiksek maliyetli cihazlar veya genis bant
internet gerektiren veri odakli sistemler, sosyoekonomik agidan dezavantajli 6grencileri sistemin digina
itebilmekte (Temur, 2025); veri analizinden elde edilen kisisellestirilmis 6grenme firsatlarinin yalnizca
belirli bir kesime sunulmasi egitimde adaleti sarsmaktadir (Williamson, 2017).

UNICEF'in (2021) kiiresel verileri, okul cagindaki gocuklarin yaklasik tigte ikisinin evde internet
baglantisindan yoksun oldugunu ortaya koymakta; bu durum uzaktan egitim donemlerinde
esitsizliklerin nasil tahkim edildigini carpict bigimde gozler o6niine sermektedir. Akyildiz Uygun (2023),
alan uzmanlarimin dijital esitsizligi e-6grenme etiginin teknoloji boyutunun en temel sorunlarindan biri
olarak tanimladigini; herkesin erigebilecegi licret diizeyinde hizmetlerin saglanmasini ve ortam
cesitliliginin artirilmasimi hem teknik hem de etik bir zorunluluk olarak nitelendirdiklerini
aktarmaktadir.

Deontolojik perspektiften, egitimde firsat esitligi salt bir politika tercihi degil, ahlaki bir 6devdir.
Dijital altyapi eksikligi nedeniyle belirli 6grenci gruplarinin egitim olanaklarindan yoksun birakilmas,
insan onuruna saygi ilkesini ¢ignemektedir (Temur, 2025; Alakus ve Yilmaz, 2025). Faydaci etik ise
egitimde YZ uygulamalarinin yalnizca ayricalikli gruplara yarar saglamasinin toplam refahi artirmayip
ortalama yasam kalitesini uzun vadede diisiirdiigiinii 6ngérmektedir (Kina, 2025). UNESCO'mun
"kimseyi geride birakmama" ilkesi ve OECD'nin (2019/2024) kapsayic1 bilylime hedefi bu dogrultuda
onemli normatif taahhiitler sunmakla birlikte; s6z konusu taahhiitleri somut egitim uygulamalarina
doniistiirecek mekanizmalar, 6zellikle diisiik ve orta gelirli {ilkeler baglaminda yetersiz kalmaktadir
(Akman, Bayram Topcgu, & Chiftchi, 2022; Avrupa Komisyonu, 2019).

insan Gézetimi, Otomasyon Onyargsi ve Elestirel Diisiinme

Egitimcilerin ve O&grencilerin biiyilkk veri ¢iktilarina duydugu asirn1 gilivenin, otomasyon
Onyargisina ve elestirel diistinme becerilerinde kayba yol agtig1 tespit edilmistir (Alakus ve Yilmaz,
2025; Kiizeci ve Ogretmen Kotil, 2024). Kiizeci ve Ogretmen Kotil (2025) otomasyon dnyargisini;
ogretmenlerin, yoneticilerin veya velilerin algoritmik kararlar1 kendi yargilarindan daha giivenilir ve
objektif kabul etme egilimi olarak tanimlamakta; bu egilimin insan denetimini fiilen devre disi
biraktigim1 vurgulamaktadir. Temur (2025) ise otomasyon Onyargismin Ozellikle iki baglamda
belirginlestigini ortaya koymaktadir: 6grenci devam takibi ve erken uyari sistemleri ile otomatik
degerlendirme ve not verme sistemleri. Her iki baglamda da algoritmaya asir1 giivenin, pedagojik
yargilar1 insan degerlendirmesinden koparma riski tasidigi gortilmektedir.

Akyildiz Uygun (2023), 6gretim elemanlarinin dijital etik konularinda kendilerini yeterince
donanimli hissetmediklerini; bu durumun elestirel denetim kapasitesini kisitladigini tespit etmistir.
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Holmes ve Porayska-Pomsta (2022) ise yapay zekanin egitimde kullanicinin yerini almamasi, aksine
ogrenci Ozerkligini ve katilimim desteklemesi gerektigini vurgulamaktadir. Benzer sekilde Floridi
(2023) de YZ sistemlerinin insan karar alma siireclerini destekleyici bir rol {iistlenmesi, nihai
sorumlulugun ise her zaman insanda kalmasi gerektiginin altin1 ¢izmektedir.

Deontolojik perspektiften, insan gbzetimi salt pratik bir denetim mekanizmasi degil; 6grencinin
ahlaki bir 6zne olarak saygmligmin teminatidir. "Insan1 déngiiniin disina ¢ikarmak" risklerin tespitini
ve denetlenmesini giiglestirmekte; insan denetimi insan 6zerkliginin vazgecilmez giivencesi olarak
konumlanmaktadir (Kiizeci ve Ogretmen Kotil, 2025). Yasam ve 6liim kararlar1 analogu olarak —egitim
baglaminda smif gegme, burs karari, yonlendirme gibi kritik esiklerde— insan gdzetimi olmaksizin
alman algoritmik kararlar kabul edilemez niteliktedir (Alakus ve Yilmaz, 2025). Faydaci perspektif ise
otomasyon Onyargisinin sistematik yanlis kararlar iireterek kurumsal giiveni ve toplam egitim ¢iktisin
asidirdigim 6ngdérmektedir (Temur, 2025; Floridi, 2023).

UNESCO (2021) Tavsiye Karari, YZ'min nihai sorumlulugunun yerini alamayacagini agikca
hiikme baglamis; AB YZ Yasasi (2024) yiiksek riskli YZ sistemleri i¢in zorunlu insan denetimi kosulunu
yasal giivence altina almistir. OECD (2019/2024) ise insan merkezli degerlerin korunmasini ilke olarak
benimsemistir. Buna karsin, egitim baglaminda insan gdzetiminin pratik sinirlarinin ve egitimci
yetkinliginin nasil giivence altina alinacagina dair somut standartlar heniiz olugturulamamisgtir (Akman,
Bayram Topgu, & Chiftchi, 2022; Holmes vd., 2019).

Uluslararasi1 Normatif Cercevelerin Degerlendirilmesi

UNESCO, OECD ve AB gibi kuruluslarin yayimladig1 belgelerin analizi, egitimde biiylik veri ve
YZ kullanimi i¢in insan merkezli bir yaklasimin evrensel bir standart héline geldigini géstermektedir
(Akman, Bayram Topgu, & Chiftchi, 2022; Alakus ve Yilmaz, 2025). Alakus ve Yilmaz'in (2025) 54
uluslararasi ve ulusal belgeyi kapsayan tiimevarimsal tematik kodlama analizi sonucunda ulastigi sekiz
temel etik ilke insan unsuru ve gézetim, gizlilik ve veri yonetimi, ¢esitlilik ve adillik, seffaflik, toplumsal
ve g¢evresel refah, insan haklari, teknik saglamlik ve giivenlik ile hesap verebilirlik bu ¢aligmada
incelenen alt1 tema ile dogrudan ortiismektedir.

Bayram Topcu ve Akman'in (2022) dort uluslararas: orgiitii kapsayan karsilagtirmali analizi, bu
orgiitlerin YZ politikalarinin hem yakinsamalar hem de anlamli ayrigmalar sergiledigini ortaya
koymaktadir. BM ve UNESCO evrensel insan haklar1 ve etik ilkelerle hareket ederken, AB yasal
baglayiciligi olan diizenlemeler liretmekte (AB YZ Yasasi, 2024); OECD rehber niteliginde tavsiyeler
sunmaktadir (OECD, 2019). Avrupa Komisyonu'nun (2019) "Giivenilir Yapay Zeka i¢in Etik Rehber"i,
yedi temel gereklilik belirleyerek insan merkezli YZ yaklasimimi normatif bir c¢erceveye
kavusturmustur. IEEEin (2019) "Etik Agidan Uyumlu Tasarim" (Ethically Aligned Design) girigimi
ise teknik standartlar ile etik ilkeler arasinda koprii kurmay1 amaglamaktadir.

Ancak bu ilkelerin ulusal diizeyde baglayici yasal diizenlemelere dondistiiriilmesinde halen dnemli
bosluklar bulunmaktadir (Akman, Bayram Topgu, & Chiftchi, 2022). Yumusak hukuk araglarinin
baglayicilik sorunu, etik ilkelerin egitim kurumlan diizeyinde uygulanmasin biiyiik Sl¢iide kurumsal
iradeye birakmaktadir. Buna ek olarak, mevcut normatif c¢ergevelerin egitimin 6zgiil dinamiklerini
yeterince karsilayamadigr tespit edilmistir (Kina, 2025; Temur, 2025; Akyildiz Uygun, 2023). Bu
baglamda dort temel normatif bogluk 6ne ¢ikmaktadir: (i) 6grencilerin biiyliik ¢ogunlugunun resit
olmamasi nedeniyle bilgilendirilmis rizanin nasil isletilecegi sorunu; (ii) 6gretmen-0grenci giic
asimetrisini gézeten pedagojik baglama 6zgii hesap verebilirlik ¢ercevelerinin yoklugu; (iii) 6grenme
yonetim sistemi saglayicilarinin veri ticaretine iligkin baglayici diizenlemelerin eksikligi; (iv) otomatik
not verme ve Ogrenci yonlendirme sistemleri i¢in bagimsiz etik denetim mekanizmalarinin
bulunmamasi.
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SONUC

Egitimde biiyiikk veri ve yapay zekd temelli uygulamalar sadece pedagojik verimlilik i¢in
kullanilan teknik araclar degil; ayn1 zamanda egitim hakki, mahremiyet, adalet ve hesap verebilirlik gibi
temel normatif alanlarda yeni etik gerilimler tireten bir alan oldugu bu ¢alismada ele alinmistir. (Tokel,
2023; Temur, 2025; Kina, 2025). Dokiiman analizi ve tematik kodlama bulgulari, veri-temelli
kisisellestirme ve erken uyar: sistemlerinin 6grenme stireclerini destekleme potansiyeline karsin; veri
gizliligi, algoritmik Onyargi, kara kutu karar verme, dijital esitsizlik ve otomasyon Onyargist gibi
risklerin egitim baglaminda sistematik bicimde yonetilmedigi durumlarda bu potansiyelin “etik
maliyetinin” yiikseldigini gdstermektedir (Kiizeci ve Ogretmen Kotil, 2025; Alakus ve Yilmaz, 2025).

Bulgulara gore egitim ortamlarinda toplanan verinin niteliginin degismesi Oncelikle etik bir
gerilim olusturmaktadir. Ogrenme ydnetim sistemleri ve dijital platformlar aracihgiyla dgrencilerin
yalnizca akademik ¢iktilarinin degil, davranigsal oriintiilerinin de siirekli izlenebilir hale gelmesi,
mahremiyetin “yalniz kalma hakki”ndan “bilgi mahremiyeti’ne evrildigi bir zeminde, riza siireclerinin
ve veri yonetisiminin yeniden tamimlanmasini zorunlu kilmaktadir (Oflas ve Ozcan Demir, 2022; Toker,
2025; Wachter ve Mittelstadt, 2019). Bu baglamda, 6grencilerin davranigsal verilerinin farkindalik
diizeyi diisiikken sistematik bigimde toplanabilmesi, bilgilendirilmis rizanin big¢imsel bir onay
mekanizmasina indirgenmesi riskini giiclendirmektedir (Oflas ve Ozcan Demir, 2022).

Ikinci olarak, algoritmik karar verme siireclerinin egitimde adalet ve firsat esitligi {izerindeki
etkisi belirginlesmektedir. Biiylik veri ile egitilen sistemlerin veri setlerine gomiilii toplumsal
esitsizlikleri yeniden iiretmesi; bazi 6grenci gruplarim “riskli” olarak etiketleyerek kendi kendini
gergeklestiren kehanet dinamiklerini tetiklemesi, egitimde ayrimcilik karsiti normlarin algoritmik
diizlemde de gozetilmesi gerektigini gostermektedir (O’Neil, 2016; Temur, 2025; Kina, 2025). Bu
durum, egitimde yapay zeka kullaniminin “objektiflik” iddiasinin, uygun denetim ve aciklanabilirlik
mekanizmalar1 olmaksizin normatif agidan siirdiiriilebilir olmadigini ortaya koymaktadir (Mittelstadt
vd., 2016).

Ugiincii olarak, kara kutu niteligi tastyan modellerin yayginlagmasi seffaflik ve hesap verebilirlik
eksikligini derinlestirmektedir. Bir 6grenci hakkinda verilen otomatik degerlendirme veya yonlendirme
kararinin gerekgesinin anlagilamamasi, itiraz ve diizeltme mekanizmalarini islevsizlestirmekte; bu da
hem bireysel haklar hem de kurumsal mesruiyet agisindan kritik bir sorun alan1 olusturmaktadir (Nguyen
vd., 2023; Kiizeci ve Ogretmen Kotil, 2025; Alakus ve Y1lmaz, 2025). Bu nedenle seffaflik, egitimde
YZ uygulamalarinda yalnizca “bilgilendirme” degil; denetlenebilirlik ve sorumluluk atfint miimkiin
kilan yapisal bir gereklilik olarak degerlendirilmelidir.

Dérdiincii olarak, dijital ugurumun ¢ok boyutlu niteligi (erisim ve kullanim becerileri) biiytik veri
temelli egitim uygulamalarinin etkilerini esitsiz bigimde dagitma riskini artirmaktadir (Kina, 2025;
UNICEF, 2021). Bu risk, kigisellestirilmis 6grenme gibi vaat edilen faydalarin, altyapr ve dijital
okuryazarlik yetersizlikleri nedeniyle toplumun tiim kesimlerine esit bigimde yansimayabilecegini
gostermektedir (Akyildiz Uygun, 2023).

Son olarak, otomasyon Onyargisi baglaminda, 6gretmen ve yoneticilerin algoritmik ¢iktilari
pedagojik muhakemenin yerine ikame etmesi hem insan gozetiminin zayiflamasia hem de 6grencilerin
elestirel diisiinme kapasitesinin dolayli bicimde asinmasina yol acabilmektedir (Kiizeci ve Ogretmen
Kotil, 2025). Bu bulgu, egitimde yapay zekanin “karar verici” degil, ilke olarak “karar destekleyici”
konumda tutulmasi gerektigi yoniindeki uluslararasi vurgularla uyumludur (UNESCO, 2021; Avrupa
Parlamentosu ve Konseyi, 2024).

Normatif etik agisindan bulgular birlikte degerlendirildiginde; deontolojik etik egitimin 6znesi
olan 6grencinin 6zerkligini, mahremiyetini ve insan onurunu “miizakere edilemez” asgari sinirlar olarak
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konumlandirmakta; teleolojik/faydact etik ise bu sinirlar i¢inde kalan uygulamalarin toplumsal fayda
tiretip tiretmediginin siirekli 6l¢iilmesini ve zararin en aza indirilmesini gerekli kilmaktadir (Akyildiz
Uygun, 2023; Temur, 2025). Uluslararas1 normatif belgeler (UNESCO, OECD, AB) insan-merkezli
yaklagimda belirli bir yakinsama tiretmekle birlikte, egitim baglamina 6zgii uygulama standartlarinin ve
baglayici denetim mekanizmalariin gii¢lendirilmesi gerekliligi devam etmektedir (Akman, Bayram
Topcu, & Chiftchi, 2022; Avrupa Parlamentosu ve Konseyi, 2024).

ONERILER

Politika Yapicilara ve Yasal Cerceveye Yonelik Oneriler

Etik/algoritmik etki degerlendirmesi zorunlulugu: Egitim kurumlarinda kullamilacak biiyiik
veri/YZ sistemleri devreye alinmadan dnce, 6zellikle cocuklar ve kirillgan gruplar {izerindeki etkileri
kapsayan etik etki degerlendirmesi siiregleri standardize edilmelidir (UNESCO, 2021; Akman, Bayram
Topgu, & Chiftchi, 2022).

Veri yonetisiminde asgari standartlar: Veri minimizasyonu, amagla siirlilik, saklama siiresi,
anonimlestirme/kimliksizlestirme ve uglincii taraf erigimi gibi basliklarda; GDPR/KVKK ile uyumlu,
egitim baglamina 6zgii uygulama rehberleri yayimlanmalidir (Toker, 2025; Kiizeci ve Ogretmen Kotil,
2025).

Yiiksek riskli sistemlerde baglayici denetim: Egitim alanindaki karar destek/degerlendirme
sistemlerinin “yiiksek risk” niteligi dikkate alinarak, AB YZ Yasast’nin yaklasimiyla uyumlu bi¢imde
bagimsiz denetim ve raporlama yiikiimliiliikleri giiclendirilmelidir (Avrupa Parlamentosu ve Konseyi,
2024).

Egitim Kurumlarina ve Uygulayicilara Yonelik Oneriler

Kurumsal etik politika ve prosediirleri: Veri toplama—igsleme—paylagma siirecleri, bilgilendirilmis
riza tasarimi, ihlal bildirimi ve itiraz mekanizmalar1 kurumsal diizeyde yazil1 prosediirlere baglanmali;
bu prosediirler diizenli araliklarla glincellenmelidir (Akyildiz Uygun, 2023; Alakus ve Yilmaz, 2025).

Zorunlu dijital etik okuryazarlig1: Ogretmen adaylari ve gérevdeki dgretmenler i¢in; mahremiyet,
algoritmik 6nyargi, aciklanabilirlik ve otomasyon 6nyargisi konularini igeren zorunlu egitim modiilleri
tasarlanmali ve hizmet i¢i programlara entegre edilmelidir (Temur, 2025; Kiizeci ve Ogretmen Kotil,
2025).

Insan-gdzetimli karar siiregleri (human-in-the-loop): Sinif gegme, burs, disiplin, yonlendirme gibi
Ogrencinin yasam seyrini etkileyebilecek esik kararlarinda algoritmik ¢iktilarin “nihai karar” olarak
kullanilmamasi; 6gretmenin pedagojik degerlendirmesiyle birlikte, gerekcelendirilmis insan denetimi
altinda isletilmesi saglanmalidir (UNESCO, 2021; Avrupa Parlamentosu ve Konseyi, 2024).

Etik Beyan

Bu makale, bir tez ¢alismasina dayanmamakta olup bagimsiz bir akademik ¢aligma niteligindedir.

Finansman

Bu ¢alisma herhangi bir kurum veya kurulus tarafindan desteklenmemistir.

Cikar Catismasi

Yazar, bu ¢alismayla ilgili herhangi bir ¢ikar ¢atigsmasi bulunmadigini beyan eder.
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The shift toward hybrid learning in university level EFL classrooms has introduced unique
challenges, particularly regarding the engagement gap between physical and virtual
environments. While face to face sessions tend to facilitate natural interaction, the online
component often suffers from a participation challenge that limits students' opportunities for
authentic language practice and critical thinking. This conceptual paper aims to identify factors
contributing to this decline engagement, ranging from technical barriers and diminished
motivation to the sense of psychological isolation students experience when separated from
their peer. By synthesizing the TPACK framework and Social Presence Theory, this study
proposes a more cohesive hybrid pedagogical approach. Th proposed model transcends basic
digital literacy by advocating for the strategic use of interactive online methods, gamification
elements to boost intrinsic drive, and Project Based Learning (PjBL) to foster collaborative
inquiry. The discussions emphasize that bridging this engagement gap requires educators to be
not only technically proficient but also pedagogically wise in creating inclusive digital spaces.
Ultimately, this conceptual framework provides practical guidance for EFL practitioners to
transform passive online presence into active and meaningful learning experiences.
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Universite diizeyindeki EFL (Yabanci Dil Olarak Ingilizce) siiflarda hibrit grenmeye gegis,
ozellikle fiziksel ve sanal ortamlar arasindaki katilim bosluguyla ilgili benzersiz zorluklari
beraberinde getirmistir. Yiiz ylize oturumlar dogal etkilesimi kolaylagtirma egilimindeyken,
cevrimici bilesen genellikle 6grencilerin 6zgiin dil pratigi ve elestirel diistinme firsatlarini
sinirlayan bir katilim sorunundan muzdariptir. Bu kavramsal ¢alisma, teknik engellerden ve
azalan motivasyondan, Ogrencilerin akranlarindan ayrildiklarinda yasadiklar1 psikolojik
izolasyon hissine kadar bu katilm diisiisiine katkida bulunan faktorleri tanimlamay1
amaclamaktadir. Bu ¢alisma, TPACK ¢ercevesini ve Sosyal Bulunuluk Teorisini sentezleyerek
daha uyumlu bir hibrit pedagojik yaklasim Onermektedir. Onerilen model, isbirlikgi
sorgulamay1 tesvik etmek igin etkilesimli ¢evrimi¢i yontemlerin stratejik kullanimini, igsel
motivasyonu artirmak icin oyunlastirma unsurlarmi ve Proje Tabanli Ogrenmeyi (PjBL)
savunarak temel dijital okuryazarligin Gtesine gegcmektedir. Tartigmalar, bu katilim boslugunu
kapatmanin egitimcilerin yalnizca teknik olarak yetkin olmalarin1 degil, ayni zamanda
kapsayict dijital alanlar yaratmada pedagojik olarak bilge olmalarin1 gerektirdigini
vurgulamaktadir. Sonug olarak, bu kavramsal gergceve, EFL uygulayicilarinin pasif ¢evrimici
varligi aktif ve anlamli 6grenme deneyimlerine doniistiirmeleri igin pratik rehberlik
saglamaktadir.
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INTRODUCTION

The landscape of Higher Education in the English as a Foreign Language (EFL) context has
undergone a significant transformation, primarily driven by the integration of hybrid learning models as
a permanent educational standard. This shift reflects a necessary evolution where the combination of
face-to-face and online learning is tailored to student characteristics, readiness, and learning autonomy
(Sukiman et al., 2022), a trend that is likely to continue in the post-pandemic era (Cahyono et al., 2024).
Furthermore, hybrid environments have been found to enhance self-determined motivation and learner
autonomy by providing a balanced synergy between real-time interaction and flexible, self-paced
learning (Labbafi et al., 2025; Sajib & Vhabna, 2026). Online education, in this regard, has the potential
to enrich foreign language learning by offering high-quality experiences (Wu, 2023; Jiang et al., 2023;
Lei et al., 2022). However, the effectiveness of this scalable model heavily relies on well-designed
environments and supportive instructor behavior to mitigate emotional challenges and optimize the
overall learning experience (Ablafia et al., 2025; Karimi & Ashkani, 2025; Liu & Phonggsatha, 2025).

Despite the noted advantages of hybrid models, a critical "paradox of participation" remains a
significant hurdle in higher education EFL settings. While students often appreciate how hybrid
environments accommodate contextual needs and mitigate initial anxiety (Rofiah et al., 2025), many
still harbor pessimistic perceptions toward transitioning into fully online components (Gamage et al.,
2022). In these digital spaces, Li and Dewaele (2020) along with Solhi (2024) suggest that EFL learners
frequently perceive lower levels of social and academic presence, which adversely influences their
emotional dispositions and overall motivation.

Furthermore, as reported by Sendi and Alsaedi (2026), participants often encounter formidable
challenges such as frustration with online systems, difficulty in tracking progress, and maintaining focus
amidst technical disruptions. This reduction in social presence can lead to diminished engagement
compared to natural face-to-face interactions. Ultimately, Nurhayati and Hanafiah (2026) underscore
that without strong instructor support and intentionally designed interactive activities, the online
component of hybrid learning risks becoming a passive space rather than a platform for authentic
language practice. Student participation in English as a Foreign Language (EFL) class is very important
for language skill development (Choukaier et al., 2024), especially for speaking and listening skills
(Zannah et al., 2024; Chen, 2024). However, in online teaching, student participation is often lower
compared to face-to-face classes. In face-to-face classes, students can directly interact with the teacher
and classmates, which encourages them to be more active in discussions and learning activities. On the
other hand, in online classes, limited interaction, such as the lack of face-to-face communication, often
makes students participate less.

Review of Related Literature

Recent studies show that there are significant challenges in increasing student participation in
online classes, especially in the context of English as a Foreign Language (EFL) learning. A study by
Zboun & Farrah (2021) found that although online learning offers flexibility, many students struggle to
participate actively due to factors such as a lack of social engagement, technical difficulties, and
discomfort with virtual communication. A study by Donelan et al. (2025) identified that in online
classes, students tend to be more passive and reluctant to speak, which contributes to a decline in their
speaking and listening skills. This suggests that online classes often create challenges in direct
communication and collaboration between students and teachers.

Several theories support the study of participation in online learning. One is the Social Presence
Theory, The Community of Inquiry (Col) model emphasizes three interconnected aspects of online
learning: social presence, cognitive presence, and teaching presence. Garrison et al. (2000) explain that
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effective online learning occurs when these three aspects are well-established, enabling students to
interact with their teachers and peers while engaging in critical. Another relevant theory is The
Technological Pedagogical Content Knowledge (TPACK) framework is used to explore how teachers
integrate technology, pedagogy, and content in teaching. TPACK is highly relevant in the context of
teaching English through digital platforms (Luo, 2022; Ma et al., 2024; Alhamid, 2024) because teachers
need to combine technology with appropriate teaching strategies and materials that meet students’ needs.
According to Mishra and Koehler (2006), TPACK highlights the importance of the relationship between
three core elements: content (C), pedagogy (P), and technology (T). Teachers must have a strong
understanding not only of the English content they teach but also of how to use digital platforms
effectively and creatively to support learning goals (Lim et al., 2023; Shiu, 2024; Sierra, 2024).

Various strategies have been suggested to improve participation in online EFL classes. According
to some studies, using gamification techniques and project-based learning can enhance student
engagement in online learning (Ardhyantama, V et al.,2020; Chukwu, J. ,2023). Gamification creates
elements of competition and rewards that encourage students to participate actively, while project-based
learning provides opportunities for students to work collaboratively in real-world contexts. Additionally,
using interactive digital tools such as online discussion apps and integrated video conferencing can help
increase student involvement (Almusharraf, N et.al, 2022).

Despite the growing body of empirical research on hybrid learning challenges, there remains a
notable scarcity of deeper conceptual analysis that connects these issues to robust theoretical
frameworks. Many existing studies focus primarily on the technical or practical aspects of technology
integration, yet often neglect the original conceptual underpinnings that govern student interaction and
engagement. Without conceptual clarity, efforts to bridge the participation gap may result in shaky or
vague foundations, leading to misconceptions about how digital tools should be pedagogically
employed. Specifically, there is a lack of synthesis between the Technological Pedagogical Content
Knowledge (TPACK) framework, which delineates teacher competence, and Social Presence Theory,
which addresses the psychological connection of learners. This article argues that a cohesive
pedagogical approach requires a synergy between these two pillars to transform passive online presence
into active and meaningful learning experiences.

In light of these gaps, this article aims to provide a comprehensive conceptual synthesis of the
TPACK framework and Social Presence Theory to address the participation gap in hybrid EFL contexts.
The discussion begins by re-examining the theoretical foundations of both frameworks as the pillars of
modern digital pedagogy. Subsequently, the article proposes a unified model that integrates pedagogical
wisdom with social connection strategies, such as gamification and Project-Based Learning (PjBL). By
doing so, this paper seeks to offer practical implications for EFL practitioners and policymakers to foster
a more inclusive and interactive hybrid learning environment. Ultimately, this conceptual analysis
serves as a foundation for reimagining how technology can be humanized to enhance student
engagement in the digital era.

Effects of Low Students’ Participation on Language Learning

Low student participation in online classes can negatively affect English language learning,
especially in developing speaking, listening, and critical thinking skills (Iftanti, E. et al., 2023). In EFL
learning, active participation is crucial because direct involvement with the teacher and classmates gives
students the chance to practice, receive feedback, and deepen their understanding of the language. If
students do not participate actively, their language acquisition process may be hindered, which affects
their overall progress in English, those are:
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Speaking Skills

Active involvement in class discussions and interaction with peers is key to improving speaking
skills in English. In face-to-face classes, students have the chance to speak directly with the teacher and
classmates. However, in online classes, students' inactivity can reduce their chances to practice speaking
in the target language. When students rarely participate, they miss opportunities to practice their verbal
expression, which leads to limitations in their speaking ability. The decrease in participation in online
learning can also affect students' confidence in speaking (Permatasari et.al,2024). Many students feel
nervous or uncomfortable speaking in front of the camera, especially without direct interaction with
classmates. This anxiety can prevent them from speaking more, which directly impacts their speaking
skills in English

Listening Skills

Listening skills are greatly influenced by direct interaction in class. In online classes, when
student participation is low (Hassan et al., 2023), they may not engage in conversations or discussions
that allow them to listen to various accents, vocabulary, and sentence structures used in real-life contexts.
This reduces their exposure to the target language and slows down their ability to understand spoken
language, which is essential in language acquisition. Additionally, inactivity in online classes can reduce
opportunities to hear direct feedback from the teacher. In language learning, receiving feedback is very
important for improving pronunciation, intonation, and understanding of the messages conveyed in
conversations. Without interaction, students cannot hear or process constructive feedback.

Critical Thinking Skills

Active participation also significantly impacts critical thinking ability. In English language
learning, discussions and collaboration among students often lead to a deeper understanding of the
material being studied. When students engage in discussions or answer questions in class, they are forced
to think critically, evaluate information, and form arguments in English. However, in online classes with
low participation (Herwati, T. I et al., 2021), the opportunity for critical thinking becomes limited.
Without dynamic interaction, students cannot test their understanding through conversations or
discussions, which reduces their ability to think analytically and develop a deeper understanding of the
language. Additianally low critical thinking cause students difficult to solve the problem (Herwati et al.,
2020)

Motivation and Engagement

Low participation in online classes can lower students' motivation to learn English (Tasneem
,2021). Without sufficient engagement, students may feel more isolated and lose their connection to the
learning material and the teacher. They may also feel they have no clear goals or that their efforts are
not valued, which can ultimately lead to a decrease in motivation to participate further in the learning
process (Ginting, 2021). Thus, low participation can hinder various aspects of language development,
including speaking, listening, critical thinking, and motivation to continue learning. Therefore, it is
important to identify and address the factors that cause low participation in order to enhance the quality
of language learning in online classes.

Strategies for Reducing Low Participation in Hybrid classrooms

Improving student participation in online classes is very important to create an interactive and
effective learning environment, especially in English as a Foreign Language (EFL) teaching. Several
practical and classroom-based strategies have been proven effective in addressing this issue. In this
section, various approaches will be discussed that teachers can use to increase student participation in
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online classrooms, including interactive techniques, the use of technology, and teaching methods that
motivate students to be more active.

Using Interactive Techniques to Increase Engagement

Pedagogical strategies for encouraging active students discussed in terms of theoretical principles
and a proposed model for incorporating such strategies when engaged in digital education (Cakmak,
2024). Interactive techniques that involve students in discussions and small group activities are one
effective way to improve participation (Bakla & Demirdz , 2024; Dwipayanti et al., 2024). Given the
limited face-to-face interaction in online learning, teachers must create opportunities for collaboration
between students. For example, using breakout rooms in video conference platforms allows students to
discuss in small groups before sharing their findings with the larger class. This helps reduce
awkwardness and encourages students to speak more freely, without the pressure of a large audience.
Moreover, open-ended questions and topic-based discussions can make students more interested in
participating. These techniques encourage students to think critically and speak spontaneously and
facilitate live communication (Medynska et al., 2022). The use of "live polls" or quizzes during class
also helps keep students engaged and motivates them to respond quickly, providing the necessary
feedback for their language development (Utomo & Utama, 2022).

Using Gamification to Increase Motivation

According to Ertan & Kocadere (2022) found that Gamification is one of the most effective
approaches to increasing student participation in online learning. By incorporating game elements into
teaching, teachers can make the class more enjoyable and competitive, which increases student
involvement. In addition, Gamification encourages students to interact more frequently with the learning
materials and their peers, while also enhancing their sense of achievement. Meanwhile positive
reinforcement can enhance students’ motivation (Fatimannisa abd Jamilah, 2024). in line with Temel &
Cesur (2024) stated that gamification with Web 2.0 tools including Kahoot! Socrative, Quizizz, and
Mentimeter on EFL learners’ motivation and academic achievement levels in online learning situations.
Meanwhile variety of technical applications impacts the students’ participations (Ironsi, 2020)

Project-Based Learning (PJBL)

Project-based learning gives students the opportunity to engage directly in projects that are
relevant to the real world (Maulina , 2024), while developing speaking and critical thinking skills. These
projects can be done by doing assignment (Bhakti et al., 2021) include group presentations, creating
learning videos, or developing interactive materials that involve active use of the English language. This
method not only boosts involvement but also strengthens students' understanding of the material, as they
must apply the knowledge they have learned in practical contexts. Project-based learning allows students
to collaborate in groups, strengthening social skills and increasing their sense of responsibility for their
learning.

Implementing Strategies in A Hybrid EFL Classroom

Classroom Scenario: In a hybrid EFL classroom, a group of university students is participating in
an online English class where participation has traditionally been low. To address this issue, several
strategies are implemented to boost student engagement and involvement in the learning process. These
strategies include the use of interactive activities, gamification, and project-based learning as shown in
the figure 1 below:
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Figure 1

The Strategies Include the Use of Interactive Activities, Gamification, and Project-Based Learning

Pre-Class Preparation
(Orientation: Zoom & Padlet)

Interactive Activities
(Breakout rooms: Problem Solving)

Gamifacation

(Kahoot! Quiz: Vocabulary Review) Outcomes:

Significant increase in
Participation
Stronger Social Connection
Enhanced Speaking &
Project-Based Learning Critical Thnking
(Vidio Creation: Collaboration) Sense of Community

Pre-Class Preparation and Technology Readiness

The initial phase that determines the success of participation is pre-class preparation, which
focuses on orientation in using digital tools to minimize technical barriers that often cause students to
feel anxious or uncomfortable. The instructor provides brief tutorials on specific functions, such as
Zoom breakout rooms for small-group discussions and Padlet as a collaborative brainstorming space,
ensuring students possess adequate digital literacy before the class commences. By ensuring that
students understand how these platforms operate, technological awkwardness is reduced, thereby
making them mentally prepared to contribute actively in the online learning process.

Interactive Activities through Group Discussion

The implementation of interactive techniques within the classroom is achieved by facilitating
students to work in small groups to solve real-world problems relevant to the learning topic. The use of
breakout rooms is a key strategy for creating a more intimate communication space, which helps reduce
the psychological pressure typically felt by students when required to speak in front of a large audience
on video conferencing platforms. These activities demand active collaboration and communication in
English, which directly supports the development of students' speaking skills and critical thinking
abilities through a dynamic exchange of ideas.

Gamification as a Motivational Trigger

Gamification strategies are integrated through the use of interactive quizzes, such as Kahoot!, to
review vocabulary and lesson concepts in an enjoyable and competitive manner. This game element,
which includes points and rewards, has proven effective in increasing students' intrinsic motivation and
encouraging them to interact more frequently with the material and their peers. Through healthy
competition, students become more focused and enthusiastic in responding to the instructor's prompts,
allowing a previously passive online classroom atmosphere to transform into a much more lively and
engaging learning environment.
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Language Production through Project-Based Learning (PjBL)

In the final stage, Project-Based Learning (PjBL) is implemented as a means for students to
produce language meaningfully through the creation of authentic projects, such as group discussion
videos. This method empowers students to practice their language knowledge in a practical context,
which not only enhances their engagement but also strengthens personal responsibility for learning
outcomes. By working on collaborative projects, students are able to build a stronger sense of
community and higher self-confidence in using English to convey their arguments and creative ideas.

LIMITATIONS AND CONSIDERATIONS

Even though the strategies to increase participation in a hybrid EFL class are effective, there are
some challenges to consider. One major issue is technical problems, such as poor internet connections
or students having trouble using digital tools. These problems can disrupt interactive activities and
gamification elements, which may reduce overall participation. Another challenge is student readiness.
Some students may feel anxious or lack confidence when speaking English in an online class. This can
make it harder for them to take part actively. Teachers need to support these students and help them feel
more comfortable. Teacher training is also very important. Teachers need skills to manage online tools
and create engaging activities while keeping the class dynamic. Ongoing professional development and
training in classroom management, digital tools, and engagement strategies are key to overcoming these
challenges and ensuring long-term success.

By addressing these issues, the hybrid EFL class can become more effective for both teachers and
students.

CONCLUSION AND RECOMMENDATIONS

Improving student participation in online English learning classes is a challenge that requires
careful and varied approaches. A lot of students face problems engaging in online situations due to issues
such as a lack of confidence, limited digital literacy, or technical problems. To address these challenges,
teachers can adopt strategies that encourage active involvement and make learning more enjoyable.
Interactive strategies, such as group discussions and collaborative tasks, promote communication and
teamwork among students. Gamification, which includes activities like quizzes or competitions, makes
learning fun and helps students stay motivated. Project-based and problem-based learning allows
students to explore real-world topics, encouraging critical thinking and creativity. Using digital tools,
such as Padlet, Zoom breakout rooms, or interactive whiteboards, supports collaboration and makes
online lessons more dynamic.
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