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Otizmli Cocuklara Isitsel-Gorsel Kosullu Ayirt Etme Ogretiminde
Artirillmis Gergeklik Kullanim

Hasan Kose'~/ROR1 Nevin Giiner'”’ROR2

Oz
Giris: Isitsel-gorsel kosullu ayirt etme, bilissel, sosyal ve akademik beceriler ile 6zbakim becerileri gibi islevsel

becerilerin gelisiminde 6nemli bir rol oynamaktadir. Ancak, etkili 6gretim yontemlerine ragmen, bazi ¢ocuklar bu
tiir bir ayirt etmeyi 6grenmede gligliik yasayabilmektedir.

Yontem: Bu calismada, otizm spektrum bozuklugu (OSB) tanisi almig ¢ocuklarda isitsel-gorsel kosullu ayirt
etmeye yonelik 6grenme materyali olarak resimli kartlar ile artirllmig gergeklik kullanimimin etkililigi ve
verimliligi karsilastirilmistir. Calismaya, yaslari 3 ile 6 arasinda degisen OSB tanili ii¢ erkek gocuk katilmustir.
Uygulama ve veri toplama siireci katilimcilarin evlerinde gergeklestirilmistir. Arastirmada, tek-denekli aragtirma
desenlerinden katilimcilar arast ¢oklu yoklama igine gomiilii uyarlanmis doniigimlii uygulamalar modeli
kullanilmaistir.

Bulgular: Bulgular, tim katilimcilarin artirilmis gergeklik kosullarinda hedef beceriyi basariyla edindigini,
edindigi beceriyi farkli dgretim setlerine genelleyebildigini ve 6gretim sonrasindaki iki ve besinci haftalarda
stirdiirebildigini gostermistir. Buna karsilik, resimli kartlar kosulunda yalnizca bir katilimer beceriyi basariyla
edinmis, genellemis ve slirdiirmiistiir.

Tartisgma: Sonuglar, artirilmig gergeklik tabanli 6gretim materyallerinin, 6zellikle geleneksel resimli kartlarla
¢esitli nedenlerle 6grenme giigliigii yasayan OSB olan ¢ocuklar i¢in isitsel-gorsel kosullu ayirt etme becerisinin
edinimini kolaylastirabilecegini gostermektedir. Ayrica, sosyal gegerlik bulgulari, artirilmig gergeklik ile
hazirlanan 6grenme materyallerinin resimli kartlara kiyasla daha yiiksek diizeyde sosyal gecerlik tagiyabilecegini
ortaya koymaktadir.

Anahtar sozciikler: Artirllmis gergeklik, resimli kartlar, isitsel-gorsel kosullu ayirt etme, alici dil, otizm spektrum
bozuklugu.

Aunfi¢in: Kése, H., & Giiner, N. (2025). Otizmli ¢ocuklara isitsel-gorsel kosullu ayirt etme 6gretiminde artirilmis
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Giris

Ayirt etme kisiler, renkler, sekiller ve nesneler gibi uyaranlar arasinda ayrim yapabilme becerisini ifade
eder. Otizm spektrum bozuklugu (OSB) olan ¢ocuklar i¢in ayirt etme becerilerinin 6gretimi egitim programlarinin
onemli bir pargasidir. Alici dil becerilerinin temel bilesenlerinden biri olan isitsel-gorsel kosullu ayirt etme
(IGKA), sbzel olarak ifade edilen bir nesne veya duruma karsilik gelen dogru resim ya da nesnenin farkh
secenekler arasindan secilmesini icerir. IGKA'nin 6grenilebilmesi icin kosullu ayirt etme becerilerinin kazanilmasi
gerekmektedir. Kosullu ayirt etme becerisi, hedef uyaran, karsilagtirma uyaranlari, cocugun tepkisi ve sonucundan
olusan dortlii izlerlik (dort terimli nedensel iligki) igerir. Kosullu ayirt etme becerisi 6gretimi kisaca 6grencinin
kargilagtirma uyaranlar1 arasindan dogru se¢imi yaparak sunulan 6rnek uyarana uygun olani segmesi olarak
ozetlenebilir (Carp vd., 2012). Ornegin, cocugun 6niine karsilastirma uyarani olarak bir dizi resimli kart (kazak,
corap, eldiven, sapka) yerlestirildiginde; 6gretmen “sapka” dediginde (6rnek uyaran) cocugun sapka resmine,
“corap” dediginde ise ¢orap resmine dokunmasi pekistireci elde etmesini saglar (LaMarca & LaMarca, 2018).
Ogretmen tarafindan sunulan 6rnek uyaran (sozel ya da gorsel), karsilastirma uyaranlari (resimli kartlar ya da
nesneler) arasindan dogru secenegi ayirt edici uyaran haline getirir. Ogrencinin, 6rnek uyaranin (ér. eldiven)
sunulmasinin ardindan ayirt edici uyarani (eldiven resmi) segmesi beklenir (Fisher vd., 2019; Green, 2001). Her
bir se¢im, belirli bir 6rnek uyaranin varliginda kosullu pekistirme ile sonuglanir. Kosullu ayirt etmeyi gerektiren
IGKA, 6z bakim becerileri ile biligsel, sosyal ve akademik becerilerin greniminde &nkosul niteligine sahiptir
(Green, 2001). Bu nedenle de OSB’li ¢ocuklarin egitim programlarinda en sik hedeflenen becerilerden biridir
(Eldevik vd., 2020; Gutierrez Jr vd., 2009).

IGKA &gretiminde, uygulamali davranis analizi (UDA) ilkelerine dayali gesitli gretim prosediirleri
gelistirilmistir. En sik kullanilan 6gretim prosediirleri arasinda “basitten kosulluya ayirt etme” ve “yalnizca kosullu
ayirt etme” yer almaktadir (Grow vd., 2011). Basitten kosulluya ayirt etmede, IGKA kiigiik ve yonetilebilir
adimlara béliinerek dokuz asamada ogretilir. {lk asamalarda, karsilastirma uyaranlar1 birer birer 6gretilir. Takip
eden adimlarda, bireyin 0grenilen nesne ya da resimler arasinda kosullu ayirt etme yapabilmesi hedeflenir.
Dokuzuncu asamada ise amag, bireyin daha once 6grendigi tiim karsilagtirma uyaranlari arasindan sézel olarak
belirtilen hedef uyarani segebilmesidir (Grow vd., 2011). Ancak bazi arastirmacilar, bu kadar uzun bir 6gretim
stirecinin gereksiz olabilecegini ve istenmeyen sonuglara yol agabilecegini savunmaktadir (DiSanti vd., 2020;
Green, 2001). Bu nedenle, bazi aragtirmacilar “yalnizca kosullu ayirt etme” olarak bilinen alternatif bir prosediirii
desteklemektedir. Bu prosediirde, basitten kosulluya ayirt etme prosediiriiniin yalnizca dokuzuncu asamasi
uygulanir (Green, 2001). Bireyin, kendisine sunulan karsilastirma uyaranlart arasindan 6rnek uyaranla eslesen
hedef uyarani tanimasi ve se¢mesi beklenir. Arastirmalar, cesitli UDA teknik ve stratejileriyle birlestirilerek
kullanilan bu iki sistematik prosediiriin OSB’li bireylere dil becerilerinin kazandirilmasinda etkili oldugunu
gostermigtir (Eldevik vd., 2020; Grow & LeBlanc, 2013; LaMarca & LaMarca, 2018). Bununla birlikte, bazi
cocuklar IGKA becerisini edinmede yine de zorluk yasayabilmektedir (Eldevik vd., 2020; Halbur vd., 2021;
LaMarca & LaMarca, 2018; Leaf vd., 2018). Bu nedenle aragtirmacilar, gesitli 6gretim stratejilerini ve bilesenlerini
etkililik ve verimlilik acisindan karsilastiran arastirmalarla IGKA edinimindeki basar1 oranini artirmanin yollarimi
aramaktadir (Ince vd., 2024; Halbur vd., 2021; Schnell vd., 2020).

OSB olan ¢ocuklarda IGKA ogretimini gelistirmek icin basarilarim1 engelleyebilecek zorluklarmn
belirlenmesi biiylik 6nem tagimaktadir. Kodak ve digerlerine (2013) gore, potansiyel engellerden biri, bazi
katilimcilarin uzun siiren oturumlar boyunca tiim karsilastirma uyaricilarina katilmak ve dogru sekilde yanit
vermek i¢in yeterli motivasyona sahip olmamalaridir. Resimli kartlar gibi geleneksel karsilastirma uyaranlart tim
¢ocuklar i¢in yeterince ilgi ¢ekici olmayabilir ve bu da egitim siiresi ilerledikge ilgide azalmaya yol agabilir. Benzer
sekilde, cesitli arastirmacilar OSB’li baz1 cocuklarin IGKA 6gretiminde dikkat ve motivasyon eksikligi nedeniyle
zorluk yasadigmi belirtmislerdir (Eldevik vd., 2020; Halbur vd., 2021; Leaf vd., 2018). IGKA &gretiminde
basariya engel olabilecek faktorlerden birinin motivasyon eksikligi oldugu g6z oniine alindiginda, ¢ocuklarin
ilgisini daha fazla ¢ekebilecek ogretim materyalleri kullanilarak motivasyonlariin artirilabilecegi soylenebilir.
Boylece dgrenmeleri daha iyi desteklenebilecektir. Bazi arastirmacilar, IGKA 6gretimi icin OSB’li ¢ocuklara
yonelik daha etkili materyalleri belirlemek amaciyla farkli karsilagtirma uyaranlarinin etkililigini incelemislerdir
(Eadon, 2017; Pellegrino vd., 2020; Ulzii vd., 2022). Eadon (2017), 4 ila 12 yas arasinda degisen ii¢c OSB’li ¢ocuga
yazili sdzciik ifadelerini 6gretmeyi amaglamis, bu siirecte kosullu ayirt etme 6gretimi ve ayrik denemeler 6gretim
yontemlerini kullanmigtir. Calismada, yazili kelimeleri iceren basili kartlar ile tablet ekraninda gosterilen yazili
kelimelerden olusan &gretim seti karsilastirilmistir. Sonuglar, basili kartlarla yapilan geleneksel IGKA &gretiminin
edinim, kalicilik ve genelleme agisindan daha basarili oldugunu ortaya koymustur. Pellegrino ve digerleri (2020),
IGKA egitiminde geleneksel resimli kartlarla tablet ekraninda gosterilen gorsellerin etkililigini karsilagtirmastir.
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Calismada 4-5 yas araliginda OSB’li ii¢ ¢ocuk yer almistir. Arastirmacilar, yalnizca kosullu ayirt etme prosediiriinii
ve ipucunun giderek artirilmasiyla 6gretim yontemini kullanmiglardir. Sonuglar, ii¢ katilimcidan birinin her iki
kosulda da beceriyi benzer stirede 6grendigini, diger iki katilimcinin ise geleneksel resimli kart kosulunda daha
hizli 6grendigini gdstermistir. Ulzii ve digerleri (2022), IGKA &gretiminde geleneksel resimli kartlar ile iPad
ekranlarinin etkilerini karsilagtirmigtir. Katilimceilardan biri okul 6ncesi, digeri ise ilkokul diizeyinde OSB’li
ogrencidir. Bulgular, iPad kullanimmin her iki katilimer i¢in de becerinin kazanimini biraz daha kisa siirede
sagladigini ve biraz daha az ipucu kullanimma ihtiya¢ duyuldugunu gostermistir. Ancak kazanilan becerilerin
korunmast agisindan iki kosul arasinda fark gézlenmemistir.

Daha etkili 6gretim seti bulmaya yonelik 6nceki arastirmalar, tablet ekraninda gorsel sunum ile geleneksel
resimli kart sunumunun etkilerini karsilastirmaya odaklanmistir. Ancak bu ¢aligmalar, IGKA 6gretiminde kartlar
yerine tablet {izerindeki gorsellerin kullanimimi destekleyecek yeterli kanit sunmanmustir. Dolayisiyla, IGKA
edinimini kolaylastirmak i¢in daha etkili 6gretim materyallerine yonelik arastirma ihtiyact devam etmektedir. Bu
gereksinimi karsilamak i¢in, 6grenenlere daha dikkat ¢ekici duyusal deneyimler sunabilecek potansiyel araglarin
kesfedilmesi 6nemlidir. Bu yiizden, statik gorseller ve geleneksel dijital formatlar yerine daha dinamik ve
stiriikleyici segeneklerin arastirilmasi yararl olacaktir. Artirtlmis gerceklik (AG), geleneksel resimli kartlar veya
tablet ekranlarindan daha dikkat ¢ekici ve etkili bir segenek olabilir. Artirilmig gergeklik; metin, gorsel, ses ve
video gibi bilgisayar tarafindan iretilen dijital iceriklerin, bireylerin etrafinda gordiigii gercek/fiziksel diinya
gOriintiisii lizerine yerlestirilmesini saglayan bir teknolojidir. Bu teknoloji, fiziksel ¢evre ile dijital igerigi sorunsuz
bir sekilde ortiistiirerek tutarli bir algi olusturur. AG ile kullanicilar dijital igerikle ger¢ek zamanli olarak etkilesime
girebilirler. Bununla birlikte, artirilmig gergeklik sadece bir goriintiileme teknolojisi degildir; tiim duyulara hitap
edebilen uyaricilar saglayabilir (Azuma vd., 2001; Grubert vd., 2017). Son yillarda yapilan ¢aligmalar, artirilmig
gercekligin OSB’li ¢ocuklara dikkat ¢ekici 6grenme deneyimleri sunabilecegini gostermistir (Akin & Gokturk,
2019; Berenguer vd., 2020; Denizli-Gulboy vd., 2023). Ayrica arastirmalar, geleneksel 6gretim materyalleri yerine
artirtlmig gerceklik kullanmanm, OSB’li ¢ocuklara bazi becerilerin &gretilmesinde basartyr 6nemli Olgiide
artirabilecegini de ortaya koymustur. McMahon vd. (2015), zihinsel yetersizligi olan bes liniversite 6grencisi ve
bir OSB'li 6grencinin bagimsiz seyahat becerilerini gelistirmede kagit haritalar, Google haritalar ve AG harita
uygulamalarinin etkililigini karsilastirmistir. Bulgular, AG haritalarinin tiim katilimcilar i¢in seyahat becerilerini
gelistirmede en etkili yontem oldugunu gostermistir. Akin ve Gokturk (2019) tarafindan yapilan bagka bir
calismada ise, norogelisimsel bozukluk tanis1 almis gocuklarda zihin kurami (ZK) becerilerinin gelisimine yonelik
olarak kagit, bilgisayar ekrant ve AG materyallerinin etkileri aragtirilmistir. Calisma, tim katilimcilarin AG
kosulunda daha iyi performans gosterdigini ortaya koymustur. Bulgular ayrica, AG kosulunun tiim katilimcilar
icin en eglenceli deneyim oldugunu da gostermistir.

Calismalar, AG teknolojisinin OSB’li ¢ocuklarin dikkatini ¢ekmede ve bazi becerilerin dgretiminde
geleneksel materyallerden daha etkili olabilecegini gdstermistir. AG teknolojisi, IGKA &gretiminin basarisim
artirmaya da yardimci olabilir. IGKA &gretimi baglaminda, AG ile hazirlanmis karsilastirma uyaranlarmnin
kullanilmasi, geleneksel resimli kartlara gore daha yararli olabilir. Bu yaklagim, 6zellikle beceri ediniminde zorluk
yasayan ¢ocuklar i¢in basar1 oranlarmi artirabilir. Bu calisma, OSB’li ¢ocuklara yonelik IGKA 6gretiminde
karsilastirma uyarani olarak resimli kartlar ile artirllmig gergekligin kullaniminin etkililigini karsilagtirmaktadir.
Bu amag dogrultusunda ¢aligmada, “OSB’li ¢ocuklara IGKA 6gretiminde karsilagtirma uyarani olarak resimli
kartlar ile artirilmis gergekligin kullanimi arasinda etkililik ve verimlilik agisindan bir fark var midir?” sorusuna
yanit aranmigtir. Ayrica, katilimcilarin birincil bakicilarinin ¢alismaya iligkin goriisleri de incelenmistir.

Yontem
Arastirma Deseni

Kosullar1 karsilagtirmak igin, tek-denekli aragtirma desenlerinden ¢oklu yoklama deseni igine
yerlestirilmis uyarlamali doniisiimlii uygulamalar deseni kullanilmigtir (Halbur vd., 2021). Bu desen, iki bagimsiz
degiskenin iki bagiml degisken {izerindeki etkilerinin karsilastirilmasina ve bu etkilerin katilimcilar arasinda es
zamanli olarak gosterilmesine olanak tanimaktadir. Arastirma 6ncesinde katilimcilarin aileleri ve 6gretmenleriyle
goriislilmiis ve arastirma siirecinde bagimli degiskenlerine yonelik 6gretim etkinliklerinin yapilmamasi istenmistir.

Calisma Grubu

Aragtirmanin katilimcilari, bagska herhangi bir engeli olmayan OSB'li ii¢ erkek ¢ocuktur. Katilime1
¢ocuklar, iniversite temelli bir kurumda 6zel egitim almaktadirlar. Kurumda yapilan degerlendirmelere gore, tiim
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katilimcilarin alict ve ifade edici dil konusunda yardima ihtiyaci vardir. Katilimeilarin yaglari ve bazi test puanlari
Tablo 1'de gosterilmistir.

Tablo 1
Katilimct Yast ve Test Skorlar

Katihmer Yas Stanford-binet Otizm davranis  Egitsel degerlendirme Tiirkce erken dil gelisim testi
(Ay) zeka testi kontrol listesi aract Alic1 dil Ifade edici dil
Kayahan 76 60 29 67 56 59
Deniz 45 67 28 67 65 59
Tayfun 48 78 23 43 54 57

Not: Bilgi kaynagi, katilimcilarin 6zel egitim aldiklar {iniversite tabanli kurumdur.

Kayahan ii¢ yasindayken OSB tanisi almistir. Yarim giin anaokuluna devam etmekte ve iiniversite temelli
bir kurumda haftada bir saat 6zel egitim almaktadirlar. Ayrica iki saat akademik ve giinliik yasam becerileri iizerine
bireysel egitim gormektedir. Deniz iki yasinda OSB tanis1 almigtir. Haftada ii¢ giin 6zel egitim anaokuluna devam
etmekte ve haftada iki saat bireysel egitim, yedi saat dil ve konugma terapisi ve iki saat fizyoterapi almaktadir.
Tayfun'a ii¢ yasindayken OSB tanis1 konmustur. Universite temelli bir 6zel egitim programina devam etmekte ve
haftada dort saat bireysel egitim, bir rehabilitasyon merkezinde akademik Oncesi beceriler icin iki saat bireysel
egitim ve bir saat ergoterapi almaktadir.

IGKA egitiminde katilimcilarin sahip olmasi gereken on kosul beceriler literatirde su sekilde
tanimlanmaktadir: basit yonergeleri takip etme (6rn. gosterme), eslestirme, bir dizi uyarani tarama (gorsel ayirt
etme) ve taklit etme (Kodak vd., 2015; LaMarca & LaMarca, 2018). Calisma oncesinde katilimcilara Egitsel
Degerlendirme Aract (EDA) (Aksoy & Diken, 2013) uygulanmis ve Onkosul becerilere sahip olduklari
goriilmiistiir. Bu donkosul becerilere ek olarak, katilimcilarin bireysellestirilmis egitim programinda (BEP) IGKA
ile ilgili hedeflere sahip olma ve daha 6nce akilli telefon deneyimine sahip olma 6nkosullarini saglamalart da
dikkate alinmistir. Caligma dncesinde katilimeilarin BEP'leri incelenmis, 6gretmenleri ve aileleriyle goriismeler
yapilarak bu 6n kosullara sahip olduklar: anlagilmistir.

Ortam

Aragtirmada egitim ve veri toplama amaciyla katilimceilarin evleri kullanilmistir. Ebeveynlerle egitim ve
yoklama oturumlarinin ¢ocuklarinin genellikle ders galistigi oturma odalarinda gergeklestirilmesi konusunda goriis
birligine varilmistir. Tim oturumlar, biiyliklik ve mobilya diizeni agisindan benzer olan oturma odalarinda
gerceklestirilmistir. Odalarda bir oturma grubu, bir televizyon sehpasi, bir masa ve ¢ocuklarin boylarina uygun iki
sandalye yer almaktadir. Ailelerden odanin diizenini ¢alisma boyunca ayni tutmalari istenmistir.

Veri Toplama Araclari

Arastirmada resimli kart kosulu i¢in, beyaz bir arka plan lizerinde 6gelerin fotograflarini iceren 8x8cm
lamine resimli kartlar kullanilmigtir. AG kosulu i¢in ise QR koda benzer 8x8cm boyutlarinda gorsel isaretleyiciler
olusturulmustur. AG kosuluna atanan Ogelerin dijital modellerini almak igin, tiicretsiz icerek saglayan
https://sketchfab.com/ adresine erisilmistir. Her katilimci i¢in ayr1 bir AG mobil uygulamasi olugturmak iizere
gorsel isaretleyicileri ve modelleri iliskilendirmek i¢in UNITY programi ve Vuforia yazilim gelistirme kiti
kullanilmistir.  Uygulamalar Android isletim sistemine sahip akilli telefonlarda c¢alisabilecek sekilde
gelistirilmistir. Bir uygulama ¢aligtirtldiginda, ilk olarak cihazin kamera goriintiisii tam ekranda gosterilmektedir.
Gorsel isaretleyicilerden biri kamera agisina girerse, gorsel isaretleyici ile iliskili model ekrandaki gorsel
isaretleyicilerin {izerinde goriinmektedir. Uygulama, modeller disinda arayiiz 6geleri (6rn. metin, diigme, ses)
icermemektedir. Caligma sirasinda, masa iizerine yerlestirilmis 6,5 ing ekranli bir akilli telefonu tutmaya uygun
bir mini tripod kullanilmigtir. Ayrica denemeler arasinda karsilagtirma uyaranlarinin sirasini degistirirken
katilimcilarin goriisiinii engellemek icin A4 boyutunda (21 x 29.7 cm) siyah karton kullanilmistir. Sekil 1'de
karsilagtirma uyaranlarinin bazi 6rnekleri gosterilmektedir.
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Sekil 1

Karsilagtirma Uyarani Ornekleri

Not: AG kosulu materyali solda, resimli kart kosulu mate;’yali sagda yer amaktader

Ogretimi Yapilacak Kelimelerin Belirlenmesi

[lk olarak, katilimcilarin ailelerinin ve 6gretmenlerinin sagladig1 bilgilere dayanarak 24 kelimeden olusan
bir havuz olusturulmustur. Kelime havuzu olusturmak icin ailelerden ve 6gretmenlerinden, katilimcilarin egitim
hedefleriyle uyumlu olan ve giinliik ortamlarda akranlari, dgretmenleri ve bakicilariyla daha iyi iletisim
kurmalarina yardimci olabilecek, heniiz 6grenmedikleri nesnelerin adlarini belirlemeleri istenmistir. Ardindan,
katilimcilarin bu 24 kelimeye iliskin bilgilerini degerlendirmek igin 6n test oturumlart gergeklestirilmistir
(Cubicciotti vd., 2019; Lin & Zhu, 2020; Schnell vd., 2020). Bir 6n test oturumu 12 denemeden olusmustur. Her
denemede, katilimemin goriisii siyah kartonla engellenirken ii¢ resimli kart yatay bir sira halinde masaya
yerlestirilmistir. Bir denemede her kart dort kez sunulmustur. Kartlarin masa iizerindeki konumlar1 (sag-orta-sol)
denemeler boyunca dengelenmistir (Leon vd., 2021). Ardindan, karton kaldirilmig ve katilimcinin karsilagtirma
uyaranlarin1 gérmesine izin verilmistir. Katilimcilar karsilastirma uyaranlarina bakmadigi durumlarda dikkatleri
cekilerek kartlara bakmalar1 saglanmistir. Daha sonra katilimeilara 6rnek uyaran sunulmus ve yanit vermeleri igin
bes saniye siire tannmugtir. On test oturumlari sonucunda her katilimeimin %0 dogrulukla yanitladigr alti kelime
belirlenmigtir. Bu alt1 kelime daha sonra mantiksal olarak analiz edilmistir (Wolery vd., 2018). Mantiksal analizde
kelimelerdeki hece sayisi, benzer fonemler ve renk benzerligi gibi faktorler géz 6niinde bulundurulmustur.
Mantiksal analiz, iki kosulda &gretilecek kelimelerin zorluk seviyelerini dengelemeyi amaglamistir. Mantiksal
analiz sonucunda karsilagtirilabilir zorluk diizeyinde oldugu belirlenen kelime gruplar1 daha sonra rastgele resimli
kart kosuluna ve AG kosuluna atanmistir. Hedef kelimeleri belirleme, mantiksal analiz ve materyal gelistirme igin
uzman goriisleri alinmigtir. Tablo 2 her kosul i¢in katilimcilara atanan kelimeleri gostermektedir.

Tablo 2

Kosullara Atanan Kelimeler

Katilimci Resimli kart kosulu Artirilmig gerceklik kosulu

Kayahan Abakiis, hoparlor, atag Klavye, fare, blender
Deniz Mango, cetvel, melodika Klarnet, kaktiis, menekse
Tayfun Kask, paspas, flas bellek Paten, cetvel, baskiil

Pekistireclerin Belirlenmesi

Calisma Oncesinde, katilimcilarin aileleri ve 6gretmenleriyle goriismeler yapilarak katilimcilarin tercih
edebilecegi yiyeceklerin bir listesi hazirlanmistir. Ardindan, “yeniden yerlestirmesiz gergeklestirilen ¢ok secenekli
pekistire¢ belirleme” yontemi (DeLeon & Iwata, 1996) kullanilarak her katilimcinin en ¢ok tercih ettigi ii¢ yiyecek
belirlenmistir. Her egitim oturumundan dnce bu yiyecekler kiigiik pargalar halinde katilimciya sunulmus ve
katilimeinin segtigi yiyecek oturum boyunca potansiyel pekistireg olarak kullanilmustir.
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Katiime1 Tepkilerinin Olgiilmesi

Calismanin bagimli degiskeni dogru tepki sayisidir. Katilimemin yanit araligi (bes saniye) icinde 6rnek
uyaranlarla iligkili uyaranlar1 igaret etmesi veya bunlara dokunmasi dogru tepki olarak kabul edilmistir. Yanit
araliginda (bes saniye) tepki vermemesi ya da baska herhangi bir uyarani isaret etmesi yanlis tepki olarak
igsaretlenmistir.

Resimli kart kosulunda karsilagtirma uyaranlari hedef kelimelerin resimleridir. AG kosulunda ise
karsilagtirma uyaranlart AG yazilimi ¢aligtiran bir akilli telefon ekranindaki gorsel modellerdir. Bir denemede,
katilimeinin yanit araligi iginde ekrandaki dogru karsilastirma uyaranina isaret etmesi veya dokunmasi dogru yanit
olarak kabul edilmistir.

Arastirma Siireci

Calisma sirasinda, tim katilimcilarla es zamanli olarak baslama diizeyi evresi verileri toplanmistir.
Uygulama evresinde bir katilimcinin veri yollar1 arasindaki aciklik belirginlestiginde, bir sonraki katilimeiyla
uygulamalara baslanmistir. Bu dongii tim katilimeilar igin tekrarlanmistir. Kalicilik verilerini toplamak igin
uygulamalardan iki ve bes hafta sonra yoklama oturumlari diizenlenmistir. Genelleme verileri ise basglama diizeyi
ve uygulamalar sonrasinda yapilan on test ve son test degerlendirmeleri yoluyla elde edilmistir. Ayrica,
katilimcilarin birincil bakicilart olan annelerinin ¢alismanin amaci, yontemleri, 6gretim materyalleri ve sonuglart
hakkindaki goriislerini belirlemek i¢in 6znel degerlendirmeler yoluyla sosyal gegerlilik verileri toplanmuistir.
Yoklama oturumlari, uygulama ve gériismeler arastirmanin birinci yazari tarafindan gergeklestirilmistir.

Baslama Diizeyi Evresi

Uygulamalar 6ncesinde katilimcilarin performanslarini degerlendirmek i¢in baslama diizeyi evresi
gerceklestirilmistir. Baglama diizeyi evresinde, her iki kosul i¢in esit sayida yoklama oturumu gerceklestirilmis ve
kosullar oturumlar ve katilimcilar arasinda dengelenmistir.

Resimli Kart Kosulu Yoklama Oturumlart

Aragtirmaci ve katilimei tiim yoklama oturumlart boyunca yan yana oturmustur. Bir oturumda dokuz
deneme yapilmistir (her biri ii¢ kez sunulan {i¢ hedef). Denemeler boyunca bir karsilastirma uyaranini art arda
ikiden fazla sunulmamistir (Breeman vd., 2020; Green, 2001). Bir denemede, katilimcinin goriisii siyah kartonla
engellenirken masanin iizerine yatay bir sira halinde {i¢ resimli kart yerlestirilmistir. Denemeler boyunca kartlarin
masadaki konumlari (sag-orta-sol) dengelenmistir (Leon vd., 2021). Daha sonra, kartonu kaldirarak katilimcinin
karsilagtirma uyaranlarini gormesi saglanmistir. Ardindan, 6rnek uyaran sunulmus ve yanit vermesi igin bes saniye
beklenmistir. Yanit araligindan sonra, bes saniye denemeler arasi siire verilmis ve bir sonraki denemeye gegilmistir
(Dogan & Tekin-Iftar, 2002). Yoklama oturumu denemeleri sirasinda higbir ipucu ya da potansiyel pekistireg
kullanilmamigtir. Ancak, oturum sonunda katilimcilara katilimlart i¢in 6vgii ve yiyecek sunulmustur.

Artirdmus Gergeklik Kosulu Yoklama Oturumlart

AG kosulunda, yoklama oturumlari resimli kart kosuluna benzer sekilde diizenlenmistir. Ancak AG
kosulunda karsilagtirma uyaranlari olarak resimli kartlar yerine gorsel isaretleyiciler kullanilmistir. Katilimeilar,
gorsel igaretleyicilerle eslestirilmis modelleri akilli telefon ekranina bakarak gorebilmiglerdir. Telefon kamerasi
gorsel isaretleyicileri yakaladiginda ekranda hedef kelimelerle iliskili gorseller izlenebilmistir. Resimli kart
kosulunda oldugu gibi gorsel isaretleyiciler masanin iizerine yerlestirildigi sirada katilimcinin goriisii siyah
kartonla engellenmistir.

Uygulama Evresi

Baslama diizeyi evresinde tiim katilimcilar benzer diizeyde performans gosterdiginden, miidahaleye
IGKA 6gretimine en ¢ok ihtiyaci oldugu diisiiniilen Kayahan ile baglanmistir. Miidahale asamasinda, haftanin bes
glinii her kosul i¢in bir egitim oturumu diizenlenmistir. Bir egitim oturumu dokuz denemeden olusmaktadir (her
uyaran ii¢ kez sunulmustur). Miidahaleler boyunca her iki kosul i¢in esit sayida oturum diizenlenmis, oturumlar
ve katilimcilar arasinda kosullar dengelenmistir.

Uygulama evresinde veri toplamak i¢in, her iki kosul icin de ilk oturum hari¢ olmak iizere, egitim
oturumlarmdan 6nce giinliik yoklama oturumlar1 diizenlenmistir. Miidahaleler sirasindaki yoklama oturumlari
baslama diizeyi evresindeki yoklama oturumlarina benzerdir. Bir yoklama oturumu dokuz denemeden olusmustur
(her uyaran ii¢ kez sorulmustur). Basar1 6l¢iitiine ulagmak i¢in katilimecinin dokuz denemenin tamamina dogru
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tepki vermesi beklenmistir. Bir katilimc1 kosullardan birinde art arda ii¢ oturumda 6l¢iitii karsiladiginda o katilimei
icin uygulama evresi sonlandirilmistir.

Calismada, IGKA o6gretiminde karsilastirma uyarani olarak resimli kartlar ve AG kullanimi kosullari
karsilagtirtlmistir. Tki kosul arasindaki tek fark sunulan kargilagtirma uyaranlariin tiiriiyken, egitim prosediirleri
gibi diger kosullar ayni1 kalmistir. Caligmada her iki kosulda da egitim prosediirleri olarak “yalnizca kosullu ayirt

199 e

etme dgretimi”, “Ornek uyaranin 6nce sunulmasi” ve “eszamanlt ipucuyla 6gretim” kullanilmistir.
Resimli Kart Kosulu Ogretim Oturumlar

Resimli kart kogulundaki 6gretim oturumlari bazi farklar disinda yoklama oturumlarina benzer sekilde
diizenlenmistir. Aradaki fark, yoklama oturumlarinda herhangi bir ipucu ya da pekistire¢ kullanilmamis olmasidir.
Buna karsilik, 6gretim oturumlarinda 6rnek uyaranla birlikte kontrol edici ipucu es zamanli olarak sunulmustur.

9 <

Ayrica, katilimeimin dogru tepkilerine 6vgii (6rnegin, “aferin”, “miikemmel”, “harikasin”) ve yiyecek sunulmustur.
Artirdmuis Gergeklik Kosulu 0gretim Oturumlart

AG kosulundaki 6gretim oturumlari, AG kosulu yoklama oturumlarma benzer sekilde yiirtitiilmiistiir.
Farkliliklar, 6rnek uyaran ve kontrol edici ipucunun birlikte sunulmasi ve katilimeinin tepkisinin 6vgii ve yiyecekle
pekistirilmesidir.

En Iyi Uygulama Evresi

Uygulamalardan sonra, kosullardan birinde hala dlgiitii karsilayamayan katilimeilar i¢in en iyi uygulama
evresi diizenlenmistir. Bu evrede, katilimcinin daha hizli edindigi kosulla egitime devam edilmis ve boylece her
iki kosula atanan tiim hedef kelimeleri 6grenmesi amaglanmaistir.

Kaheciik

Kalicilik verilerini toplamak i¢in miidahale ve en iyi uygulama evrelerinin bitiminden iki ve bes hafta
sonra her kosul icin yoklama oturumlar1 ger¢eklestirilmistir. Yoklama oturumlar1 baslama diizeyi evresindeki
oturumlara benzer sekilde diizenlenmistir.

Genelleme

Edinilen becerilerin genellenebilirligini 6lgmek igin dn-test ve son-test degerlendirmesi yapilmistir. Her
iki kosul i¢in de On test olarak baslama diizeyinden Once iki yoklama oturumu, son test i¢in ise uygulamalarin
sonunda iki yoklama oturumu gerceklestirilmistir. Genelleme verisi elde etme amaciyla diizenlenen yoklama
oturumlarinda -her iki kosul i¢in de- karsilastirma uyaranlari olarak ogretimde kullanilan karsilastirma
uyaranlarinin farkli gorsellerinin bulundugu kartlar kullanilmistir. Yoklama oturumlari baslama diizeyindekilere
benzer sekilde diizenlenmistir.

Gozlemciler Arasi Giivenirlik ve Uygulama Giivenirligi

Calismanin giivenilirligini belirlemek i¢in bagimsiz bir gézlemci, her bir katilimc1, agama ve kosul i¢in
gerceklestirilen oturumlarin ortalama %44'iniin (%30 ila %100) kamera kayitlarini analiz etmistir. Analiz edilen
oturumlar yansiz atamayla belirlenmistir. Bagimsiz gézlemci OSB'li ¢ocuklarla 16 y1l ¢alisma deneyimine sahip
doktora aday1 bir 6zel egitim d6gretmenidir. Baslama evresi i¢in gézlemciler arasi ortalama giivenirlik %98.7 (%95-
%100); uygulama evresi igin %97.6 (%96 - %100) bulunmustur. Yoklama oturumlarinin uygulama giivenirligi
resimli kart kosulu i¢in %96 (%88 - %100) ve artirilmig gergeklik kosulu igin %95 (%88 - %100) hesaplanmustir.
Egitim oturumlarinin uygulama giivenirligi ise resimli kart kosulu i¢in %98 (%97 - %99) ve artirilmis gerceklik
kosulu i¢in %98.3 (%97 - %99) olmustur.

Bulgular

Aragtirma bulgulart Sekil 2'de grafiksel olarak sunulmustur. Grafik gorsel olarak incelendiginde, tiim
katilimcilar i¢in baglama diizeyi ve uygulama evrelerine ait veri yollarinin diizeylerinde ve egilimlerinde ayirt
edilebilir farkliliklar oldugu anlasilmaktadir. Uygulama evresinde, 6zellikle Kayahan ve Deniz'in grafiklerinde
kosullar arasindaki farklar daha belirgindir.

Baslama diizeyi evresinde, Kayahan her iki kosulda da benzer diizeyde performans sergilemistir.
Yoklama oturumlarinda bir ile ti¢ dogru tepki vermistir. Uygulama evresinde, kosullar arasindaki fark {iglincii
oturumdan itibaren belirginlesmistir. Her iki kosulun grafikleri artis egilimi gosterse de AG kosulunun ¢izgisi,
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resimli kart kosuluna gore belirgin sekilde yiikselmistir. Kayahan, AG kosulunda 14 §gretim oturumunun ardindan
basar Olciitiine (%100) ulagmistir. Resimli kartlarla yapilan dgretimlerde kismi ilerleme kaydedilse de sonraki
oturumlarda performansi diisiis gostermistir. Bu nedenle, AG kosulunun 6l¢iitiin karsilandig1 yirminci oturumun
sonunda her iki kosul i¢in de miidahaleler sonlandirilmigtir. Kayahan'in uygulama evresindeki ortalama dogru
tepki sayisi, resimli kart kosulunda ortalama 3.4, AG kosulunda ise ortalama 6.6 olmustur. Kayahan i¢in daha
yararli olacagi diisiiniilerek, "en iyi uygulama" evresi diizenlenmistir. Bu evrede, resimli kart kosulundaki ii¢ hedef
kelimenin (abakiis, hoparlor ve atas) 6gretimine -resimli kartlar yerine- hazirlanan AG mobil uygulamasi ile devam
edilmistir. En iyi uygulama evresinin yedinci oturumunun sonunda Kayahan’in bagart Slgiitiine ulastigt
gbzlemlenmistir. Ancak, ailesinin talebi {izerine ¢alismaya bu asamada bir siire ara verilmistir. Bes hafta sonra
yapilan kalicilik oturumunda, Kayahan AG kosulundaki dokuz denemenin tamamina dogru tepki vermistir. En iyi
uygulama evresine iligkin kalicilik oturumunda ise dokuz denemeden yedisinde dogru tepki gostermistir. AG
kosulunda, Kayahan genelleme 6n test oturumlarinda sirastyla 0 ve 2 dogru tepki verirken, son test oturumlarinda
7 ve 8 dogru tepki sergilemistir. Resimli kart kosulunun 6n test oturumlarinda ise yalnizca bir dogru tepki
kaydedilmistir. Ancak, Kayahan resimli kart kosulunda edinim saglamadig1 i¢in genelleme son test oturumlari
diizenlenmemistir. Calismanin genelleme verileri Tablo 3'te sunulmustur.

Tablo 3

Genelleme Verileri

Artirilmig gerceklik Resimli kart

Katilimer Karsilagtirma uyaran On test Son test On test Son test
1. set 0 7 1 -
Kayahan 2. set 7 8 1 —
. 1. set 1 8 0 -
Deniz 2. set 2 9 1 -
1. set 0 9 0 9
Tayfun 2. set 0 9 0 9

Deniz baslama diizeyi evresinde her iki kosulda da sinirli performans gostermistir. Uygulama evresinin
ise ilk oturumunun sonunda performans diizeyi kosullar arasinda farklilagmaya baglamistir. Uygulamalar sirasinda
Deniz'in dogru tepki ortalamasi resimli kart kosulunda 4.6, AG kosulunda ise 7.6 olmustur. Deniz dokuzuncu
oturumun sonunda AG kosulunda basar1 6l¢iitiinii kargilamigtir. Ancak 13 6gretim oturumu almasina karsin resimli
kart kosulunda 6lgiitii karsilayamamistir. Bu asamada Deniz i¢in en iyi uygulama evresine gecilmistir. Deniz'in
resimli kart kosulunda 6grenemedigi {i¢ kelimenin modellerini igeren bir AG uygulamasi hazirlanmis ve gretime
bu uygulama ile devam edilmistir. Deniz, en iyi uygulama evresinde {igiincii oturumun sonunda 6lgiitii karsilayacak
diizeyde performans gostermistir. Deniz, AR kosulunda kalicilik i¢in diizenlenen her iki yoklama oturumunda da
%100 dogru tepki vermistir. Ancak Deniz resimli kart kosulunda 6l¢iite ulasamadigindan bu kosul i¢in genelleme
verisi toplanmamistir. AG kosulunda ise 6n-test oturumlarinda 1 ve 2, son-test oturumlarinda 8 ve 9 dogru tepki
gostermistir.

Baglama diizeyi evresinde Tayfun her iki kosulda da bir ila ii¢ arasinda dogru tepki gostermistir.
Uygulama evresinde Tayfun’un veri Oriintiisii seviyesi ve egilimi her iki kosul i¢in de benzerdir. Ortalama olarak,
resimli kart kosulu icin 3.5 ve AG igin ise 3.7 dogru tepki sergilemistir. Olgiite ulasmak icin AG kosulunda dért,
resimli kart kosulunda ise alt1 oturum gergeklestirilmistir. Tayfun AG kosulunda 14 yanlis tepki verirken, resimli
kart kosulunda 24 yanlis tepki gostermistir. Kalicilik igin diizenlenen yoklama oturumlarinda %100 dogru tepki
vermistir. Tayfun genelleme 6n test oturumlarinda hi¢ dogru tepki gdstermezken, son test oturumlarinda her iki
kosul i¢in de 9 dogru tepki gdstermistir.
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Sekil 2
Baslama Diizeyi, Uygulama, En Iyi Uygulama ve Kalicilik Verileri

En iyi Kalicihk
uygulama

9 Baslama Uygulama

diizeyi

—& Artirilmus gergeklik

Dogru tepki sayisi

—O- Resimli kart

Kayahan
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Bu arastirmada, kosullarin etki biiyiikliiklerini degerlendirmek i¢in Tau-U yontemi (Parker vd., 2011) ve
performans 6lgiitiine dayal etki biiyiikliigii (PODEB) yontemi (Aydin & Tanious, 2022) kullanilmistir. Tau-U
degerlerini Vannest ve Ninci (2015) tarafindan énerilen araliklar1 kullanarak yorumlarken, PODEB hesaplamalari
icin Cohen's d’d degerlendirme araliklari (Cohen, 1992) kullanilmistir, ¢linkii bu yontem Aydin ve Tanious'un
onerileriyle tutarli olarak ortalamaya dayalidir. Etki biiyiikliikleri Tablo 4'te sunulmustur.

Tablo 4
Etki Biiyiikliigii Degerleri

Katilimei Kosul Tau-U Yorum PODEB Yorum
Artirllmis gergeklik .95 Cok etkili .66 Orta diizey

Kayahan Resimli kart .79 Etkili 24 Etkisiz

) Artirilmig gergeklik 1 Cok etkili .82 Etkili

Deniz Resimli kart .80 Etkili 40 Etkisiz
Tavfun Artirillmig gergeklik .92 Cok etkili 72 Orta diizey
ayt Resimli kart 85 Cok etkili 62 Orta diizey
Artirllmig gerceklik 97 Cok etkili 73 Orta diizey

Ortalama Resimli kart 81 Cok etkili 42 Etkisiz

Not: PODEB = performans 6lgiitiine dayal etki biiyiikliigii.
Sosyal Gegerlik Bulgular:

Arastirma sonunda, sosyal gegerlilik verilerini toplamak i¢in katilimcilarin anneleriyle goriismeler
yaptlmistir. Edindikleri becerinin ¢ocuklarinin gelisimi i¢in 6nemi soruldugunda, annelerin tamami olumlu
yanitlar vermistir. Ornegin Kayahan'in annesi gériisiinii “Evet, ¢iinkii cocugumun 6grendigi anlamma geliyor.
Gelisimi i¢in de hizlandiric1 olacagim diisiiniiyoruz. Ilerleyen siirecte egitim ve giinliik hayatini kolaylastiracagim
diisiiniiyoruz” seklinde ifade etmistir. Annelere 6gretim setleri olan resimli kartlar ya da artirilmig gerceklik
arasindaki tercihleri soruldugunda tamamui artirilmig gergeklikle 6gretimi tercih ettiklerini bildirmislerdir. Deniz'in
annesi, tercihine ek olarak, AG igeriginin ¢ocugunun dikkatini daha ¢ok cektigini paylagsmistir. Tayfun'un annesi
de AG'nin gorsel olarak daha ilgi ¢ekici oldugunu ve daha kalic1 6grenme deneyimlerine yol agtigini vurgulamistir.

Yapilan goriismelerde anneler, ¢alisma sonrasinda ¢ocuklarinda gézlemledikleri 6grenmenin hizlanmasi
ve kelime dagarcigmin artmasi gibi degisimlere iliskin gézlemlerini de paylagmislardir. Bu ¢alisma sonucunda
cocuklarinda gozlemledikleri degisiklikler soruldugunda Kayahan'm annesi digiincesini “Bilmedigi ve
ogrenemedigi nesneleri 6grenmesi hizlandi” seklinde agiklamistir. Deniz'in annesi ¢ocugunun “AG ile daha kolay
o6grendigini” vurgulamistir. Tayfun'un annesi ise bu ¢alismadan sonra ¢ocugunun kelime dagarciginda (ifade edici
dil becerileri) artig fark ettiklerini belirtmistir. Ayrica annelere “Bu ¢alisma sonucunda ¢ocugunuz 6grendigi yeni
becerileri giinlik yagaminda (evde, okulda, parkta vb.) kullantyor mu? Kullantyorsa drnek bir olay: anlatir
misiniz?” sorusu sorulmustur. Anneler, ¢ocuklarinin c¢aligma sirasinda Sgrendikleri yeni becerileri giinliik
yasamlarinda nasil kullandiklarma dair 6rnekler paylasmislardir. Ornegin, Kayahan'in annesi “Evimizde masaiistii
bilgisayar yok. Kayahan bir komsunuzun evinde bilgisayar1 goriince fareyi isaret ederek ‘fare’ dedi”. Deniz'in
annesi “Cicek goriince ‘kaktiis?” diyerek (burada kaktiis de var m1?) soruyor” yanitin1 verdi. Tayfun'un annesi
“Yazic1 goriince heyecanl bir sekilde “yazict’ diyor. Bir keresinde televizyonda bilgisayar goriince ‘flas bellek’
dedi. Bu benim ¢ok hosuma gitti” seklinde diisiincelerini ifade etmistir.

Tartisma

Tayfun her iki kosulda da o6lgiitii karsilayan tek katilimcidir. Bununla birlikte AG kosulunda daha az
oturumda Olciitii karsilamis ve daha az yanlis tepki gostermistir. Diger iki katilimc1 (Kayahan ve Deniz) ise her iki
kosul i¢in de esit sayida egitim oturumu gerceklestirilmis olmasina karsin yalmizca AG kosulunda olgiitii
karsilayabilmis, resimli kart kosulunda 6l¢iitii karsilayamamustir.

Sekil 2'de yer alan grafik resimli kartlarla 6gretime baslandiginda Kayahan ve Deniz i¢in baslangicta bir
gelisme oldugunu ortaya koymaktadir. Ancak egitim devam ettik¢e basaridaki artis durmus ve diisme egilimi
gostermistir. Bunun nedeni, 6gretim oturumlar1 uzadik¢a katilimcilarin resimli kartlara olan ilgisinin azalmasi
olabilir. Dolayistyla bu gozlem, literatiirde vurgulanan, ¢ocuklarin resimli kartlara olan ilgisinin azalmasinin
IGKA egitiminin basarisini engelleyebilecegi goriisiiyle ortiismektedir (Eldevik vd., 2020; Halbur vd., 2021;
Kodak vd., 2013; Leaf vd., 2018). En iyi uygulama evresinde AG karsilastirma uyaranlar1 kullanildiginda, bu iki
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katilimci resimli kartlarla 6grenmede giicliik ¢ektikleri uyaranlari kisa siirede 6grenebilmislerdir. Bu durum, AG’in
karsilagtirma uyarani olarak kullanilmasinin IGKA 6grenmelerini kolaylastirabilecegini diisiindiirmektedir.

Bulgular, resimli kartlar gibi geleneksel gretim materyallerine daha az ilgi gosteren OSB'li cocuklar igin
AG'nin IGKA 6grenmede daha etkili olabilecegine isaret etmektedir. IGKA 6gretiminde karsilastirma uyaran
olarak AG kullanimina iligskin bir aragtirma bulunmadigindan, bulgular: literatiirle dogrudan karsilagtirmak
olanakli degildir. Ancak bulgular, OSB'li bireylere IGKA disindaki becerilerin dgretiminde AG'yi geleneksel
o0grenme materyalleriyle karsilagtiran ¢aligmalarla uyumludur (Akin & Gokturk, 2019; McMahon vd., 2015). AG
kullanim ile ilgili 6nceki arastirmalar IGKA disindaki becerilere odaklanmus olsa da, genel olarak AG'nin OSB'li
bireylerin egitiminde bir 6grenme materyali olarak kullanilmasinin geleneksel materyallere kiyasla 6grenmeyi
kolaylagtirabilecegini gostermektedir. Alanyazinda vurgulandigi iizere, bunun bazi nedenleri (a) AG'nin OSB'li
bireylerin gorsel-uzamsal uyaranlar1 islemedeki giiclii yonlerini daha iyi kullanmalarini saglamasi, (b) gercek
zamanli ortam goriintiileri lizerine yerlestirilen gorsellerin giinliik yagam baglamlarini oldukea iyi taklit eden bir
o0grenme deneyimi yaratmasi ve ilgi ¢ekici bir egitim ortami saglamasi (Berenguer vd., 2020) ve (c) AG sayesinde
OSB!li bireylerin egitim materyallerine olan ilgilerini ve etkinliklere katilim diizeylerini artirarak daha nitelikli bir
o0grenme siireci gegirmeleri olabilir (Denizli-Gulboy vd., 2023; Kése & Giiner-Yildiz, 2021).

AG kosulunda, tiim katilimeilar edindikleri becerileri uygulamalarin bitiminden bes hafta sonra bile %100
dogrulukla sergilemistir. Ote yandan, Kayahan ve Deniz resimli kart kosulunda beceriyi edinmedikleri icin,
kosullar kalicilik agisindan karsilagtirilamamistir.  Ayrica, Kayahan ile planlanan ilk izleme oturumu
gergeklestirilememistir. Bu nedenle Kayahan'in 6gretimden iki hafta sonra beceriyi siirdiirme becerisi
belirlenememistir. Ancak, diger katilimci gibi onun da AG kosulunda edindigi becerileri egitimden bes hafta sonra
yapilan ikinci izleme oturumunda %100 dogrulukla siirdiirdiigii gézlemlenmistir. Bu sonuclar AG materyalleri
iceren egitimin becerilerin kazanilmasi ve siirdiiriilmesinde etkili oldugunu gostermektedir. Ancak, en iyi
uygulama evresinde egitimi yapilan uyaranlarin kaliciligin1 degerlendirmek i¢in yapilan yoklama oturumlarinda,
katilimcilar dokuz denemeden yalnizca yedisinde dogru tepki vermistir. En iyi uygulama evresinde 6gretim seti
olarak AG uyaranlar1 kullanilmasina karsin, muhtemelen egitim siiresinin kisa olmasi nedeniyle, kalicilik AG
kosuluna gore biraz daha diisiik ¢ikmistir. Bu gibi durumlarda, edinim saglandiktan sonra bir siire daha dgretime
devam edilmesi g¢ocuklarin edindikleri becerileri siirdiirmelerine yardimci olabilir. Caligmanin bulgularina gore,
tim katilimeilar AR kosulunda 6grendikleri becerileri farkli uyaranlara genellemislerdir. Ancak, resimli kart
kosulunda iki katilimecidan veri alinamadigi igin, iki kosula iliskin genelleme verilerini karsilagtirmak miimkiin
degildir.

Arastirmanin sosyal gecerlilik verileri, tiim annelerin IGKA 6gretimini ¢ocuklari i¢in gerekli bulduklarini
ve cocuklarinin arastirma siirecinde edindikleri becerilerin gelisimleri iizerinde 6nemli etkileri oldugunu
diisiindiiklerini ortaya koymustur. Anneler AG teknolojisi ile hazirlanan karsilastirma uyaranlarimin ¢ocuklarinin
dikkatini daha ¢ok ¢ektigini ve hedef becerileri 6grenmelerini kolaylastirdigini diigiinmektedir. Akin ve Gokturk
(2019) de OSB olan katilimcilarin zihin kurami becerilerinin dgretiminde geleneksel kagit kosulunda %29, 2
boyutlu bilgisayar ekrant kosulunda %76, AG kosulunda ise %100 mutlu olduklart sonucuna ulagsmigtir. Bu
calismada, katilimecilarin AG kosulunda hedef becerileri daha yiiksek diizeyde veya daha hizli edinmeleri ve
Ogretim sona erdikten sonra bilgilerini genelleyebilmeleri ve siirdiirebilmeleri, 6zel degerlendirme yoluyla elde
edilen sosyal gegerlilik bulgularini desteklemektedir.

Ozetle, elde edilen sonuglar AG teknolojisinin OSB'li bireyler igin IGKA egitimini kolaylastirma
potansiyeline sahip olabilecegine isaret etmektedir. Dolayisiyla, AG karsilastirma uyaranlarinin kullanilmasinin
OSB'li ¢ocuklarda IGKA becerilerinin gelistirilmesini hizlandirabilecegi, herhangi bir nedenle geleneksel resimli
kartlarla IGKA becerilerini edinmekte gii¢liik ¢ceken gocuklarm 6grenmelerini kolaylastirabilecegi ve IGKA
ogretiminde AG kullanimmin sosyal gegerliliginin yiiksek olabilecegi diisiiniilmektedir. Caligmanin bulgulari,
literatiirde siklikla vurgulanan AG teknolojisinin OSB'li ¢ocuklarin genel olarak 6grenmelerine olumlu katki
saglayabilecegi goriisiinii desteklemektedir.

Simirhiliklar ve Oneriler

Calismanin dikkate alinmas1 gereken bazi sinirhiliklar1 bulunmaktadir. i1k olarak, calismada bazi veriler
eksiktir. Ornegin Kayahan'm kalicilik verileri ancak ¢alisma kesintiye ugradiktan sonra toplanabilmistir. Ayrica
iki katilimer i¢in daha yararli olacagi diisiincesiyle resimli kart kosullari i¢in uygulamalar beklenenden erken
sonlandirilmis ve en iyi uygulama evresi diizenlenmistir. Bu nedenle bu iki katilimcidan elde edilen kalicilik ve
genelleme bulgular1 karsilastirilamamistir. Ayrica arastirmada, genelleme i¢in her iki kosulda da dogal nesneler
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yerine resimli kartlar kullanilmistir. Oysa gercek nesnelerin kullanilmasinin kosullar arasindaki farkin
anlasilmasina daha fazla katkida bulunabilecegi diisiiniilmektedir. Ek olarak, ¢alismaya katilanlar belirlenirken
“daha once akilli telefon deneyimine sahip olma” 6nkosul becerisi i¢in bir test uygulanmamigtir. Bu 6n kosulun
varligini belirlemek i¢in ebeveynler ve 6gretmenler tarafindan saglanan bilgilere giivenilmistir.

Genel olarak, bu calisma, OSB'li katilimcilar icin IGKA 6grenme sonuglarini iyilestirmede bir
karsilastirma uyarani olarak AG igeriginin potansiyelini vurgulamaktadir. Bununla birlikte, ¢ocuklar i¢in AG gibi
ilgi cekici 6grenme materyallerinin kullanimi konusunda daha fazla arastirma yapilmasi, IGKA ve diger alic1 dil
becerilerini 6gretmek igin daha iyi 6grenme ortamlari olusturmak agisindan olduk¢a 6nemlidir. Daha fazla
aragtirma yapilmasi OSB'li ¢cocuklarin dil gelisimini desteklemek ve akademik, sosyal ve iletisim alanlarindaki
basarilarinin dniindeki engelleri azaltmak i¢in degerli bilgiler saglayacaktir.
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Abstract

Introduction: Auditory-visual conditional discrimination is essential in developing functional skills, such as self-
care and cognitive, social, and academic skills. Despite the availability of various effective methods, some children
continue to face challenges in acquiring this form of discrimination.

Method: This study compared the effectiveness and efficiency of using picture cards versus augmented reality as
learning material for auditory-visual conditional discrimination in children with autism spectrum disorder (ASD).
Three boys aged 3 to 6, all diagnosed with ASD, participated in this study. Instruction and data collection took
place in the participants’ homes. A single-subject research design was used, an adapted alternating treatment design
embedded in multiple probes across participants.

Findings: Results showed that all participants successfully acquired the skill under augmented reality conditions,
generalized their learning to different instructional sets, and retained their skills for two and five weeks after
instruction. Conversely, only one participant successfully acquired, generalized, and maintained the skill in picture
card condition.

Discussion: The findings suggest that augmented reality-based teaching methods can enhance the acquisition of
auditory-visual conditional discrimination for children with ASD, particularly those who struggle to learn with
traditional picture cards for various reasons. Social validity assessments suggest that augmented reality learning
materials provide a stronger perceived validity compared to picture cards.

Keywords: Augmented reality, picture cards, auditory-visual conditional discrimination, receptive language,
autism spectrum disorder.
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FOR CHILDREN WITH AUTISM

Introduction

Discrimination refers to distinguishing between stimuli, such as people, colors, shapes, and objects. For
children with autism spectrum disorder (ASD)), it is crucial to teach discrimination skills as a part of their education
programs. Auditory-visual conditioned discrimination (AVCD), a fundamental aspect of receptive language skills,
requires selecting the correct item or picture that corresponds to a verbally expressed object or scenario from a set
of varying items or images. To learn AVCD, conditional discrimination skills should be acquired. Conditional
discrimination involves a four-term contingency consisting of a target stimulus, comparison stimuli, the child's
response, and the outcome. The teaching of conditional discrimination can be briefly described as the student
choosing among a series of comparison stimuli appropriate for the presented sample stimulus (Carp et al., 2012).
For example, after a series of picture cards (sweater, socks, gloves, hat) are placed in front of the child, the child
needs to touch the hat picture to reach the reinforcer when the teacher verbally says "hat" and touch the sock
picture when the teacher says "socks" (LaMarca & LaMarca, 2018). The sample stimulus (verbal or visual)
presented by the teacher turns the correct option among the comparison stimuli (picture cards or objects) into the
discriminative stimulus. The student is expected to choose the discriminative stimulus after presenting the example
stimulus (Fisher et al., 2019; Green, 2001). Each selection leads to contingent reinforcement in the presence of the
specific sample stimulus. AVCD, a skill dependent on conditional discrimination, serves as a foundational
requirement for developing (Green, 2001). Therefore, it is one of the most frequently targeted skills in educational
programs for children with ASD (Eldevik et al., 2020; Gutierrez Jr et al., 2009).

In AVCD training, various procedures are developed based on the applied behavior analysis (ABA)
principles. The most utilized training procedures include "simple-to-conditional discrimination" and "conditional-
only discrimination" (Grow et al., 2011). In simple-to-conditional discrimination, AVCD is structured into small,
manageable steps, taught through nine stages. Initially, comparison stimuli are introduced individually. Subsequent
steps focus on enabling the individual to make conditional discriminations among the learned objects or pictures
as stimuli. By the ninth step, the goal is for the individual to identify the named stimulus from all previously
learned comparison stimuli (Grow et al., 2011). However, some researchers contend that such a lengthy series of
steps may be excessive and lead to unintended outcomes (DiSanti et al., 2020; Green, 2001). As a result, some
researchers support an alternative known as "conditional-only discrimination." In this procedure, only the ninth
step of the simple-to-conditional discrimination is utilized (Green, 2001). The individual must identify and select
the stimulus corresponding to the sample among the comparison stimuli presented to them. Research has shown
that these two systematic procedures, combined with a variety of ABA techniques and strategies, are effective in
training language skills in individuals with ASD (Eldevik et al., 2020; Grow & LeBlanc, 2013; LaMarca &
LaMarca, 2018). Nevertheless, despite the success of many procedures, some children may still encounter
challenges in mastering AVCD (Eldevik et al., 2020; Halbur et al., 2021; LaMarca & LaMarca, 2018; Leaf et al.,
2018). Thus, researchers are looking for ways to increase the success rate in the acquisition of AVCD through
studies comparing various instructional strategies and components in terms of effectiveness and efficiency (ince
et al., 2024; Halbur et al., 2021; Schnell et al., 2020).

To improve AVCD training for children with ASD, it is crucial to identify the challenges that can hinder
their success. According to Kodak et al. (2013), one of the potential obstacles could be a lack of motivation for
some participants to attend and accurately respond to all the comparison stimuli during prolonged sessions.
Traditional comparison stimuli like picture cards may not effectively engage all children, leading to decreased
interest as the instruction period progresses. Likewise, various researchers have noted that some children with
ASD face challenges in AVCD training due to a lack of attention and motivation (Eldevik et al., 2020; Halbur et
al., 2021; Leaf et al., 2018). Given that one of the obstacles to success in AVCD training may be a lack of
motivation, children's motivation can be increased by using teaching materials that can attract more attention.
Therefore, their learning can be better supported. Some researchers compared the effectiveness of different kinds
of comparison stimuli to determine more effective materials for AVCD training for children with ASD (Eadon,
2017; Pellegrino et al., 2020; Ulzii et al., 2022). In a study, Eadon (2017) aimed to teach written word expressions
to three children with ASD, aged between 4 and 12, using conditional discrimination instruction and discrete trial
teaching procedures. The study compared the effectiveness of using printed cards or a tablet screen with printed
words as a teaching set. The results revealed that traditional teaching of AVCD with printed cards was more
successful in acquisition, maintenance, and generalization. Pellegrino et al. (2020) compared the effectiveness of
traditional picture cards and visuals on a tablet screen in AVCD training. The research involved three children
aged 4-5 years who had ASD. The researchers used a conditional-only discrimination procedure and the least-to-
most prompting. The results showed that one of the three participants learned the skill at similar times in both
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conditions. The other two participants achieved faster learning in the traditional picture card condition. Ulzii et al.
(2022) compared the effects of traditional picture cards and iPad screens in AVCD training. In the study, one of
the participants was a preschool student with ASD and a primary school student with ASD. The study's findings
showed that the iPad enabled acquisition in a slightly shorter time for both participants and required slightly less
use of prompts. However, the two conditions regarding maintaining acquired skills were the same.

Previous research to find more effective stimuli has focused on comparing the effects of visual
presentation on the tablet screen with traditional picture card presentation. However, studies have not provided
sufficient evidence to support using pictures on tablets instead of cards in AVCD education. Thus, there is an
ongoing need for research into more effective teaching materials to facilitate AVCD acquisition. Exploring
potential tools to offer learners more engaging sensory experiences is essential to meet this requirement. Therefore,
we should look into more dynamic and immersive options instead of static resources and conventional digital
formats. Augmented reality (AR) may be a more engaging and effective option than traditional picture cards or
tablet screens. Augmented reality is a technology that allows computer-generated digital content such as text,
images, audio, and video to be superimposed on a picture of the real/physical world that individuals see around
them. This technology seamlessly overlaps the physical environment with computer-made digital content to create
a consistent perception. With AR, users can interact with digital content in real-time. AR is not just an imaging
technology since it can provide stimuli that appeal to all users’ senses (Azuma et al., 2001; Grubert et al., 2017).
Recent studies have shown that AR can provide children with ASD engaging learning experiences (Akin &
Gokturk, 2019; Berenguer et al., 2020; Denizli-Gulboy et al., 2023). Moreover, research has shown that using AR
instead of traditional teaching materials can significantly improve the success of teaching specific skills to children
with ASD. McMabhon et al. (2015) compared the effectiveness of paper maps, Google maps, and AR map
applications in improving the independent travel skills of five college students with intellectual disabilities and
one with ASD. The findings indicated that AR maps were the most effective in improving the travel skills of all
participants. Another study by Akin and Gokturk (2019) investigated the effects of paper, computer screens, and
AR materials on developing theory of mind (ToM) skills in children diagnosed with neurodevelopmental disorders.
The study revealed that all participants performed better in AR conditions. The findings also indicated that the AR
condition was the most enjoyable for all participants.

Studies have shown that AR technology can be more effective than traditional materials in engaging
children with ASD and improving learning outcomes for some skills. With this potential, AR technology can also
help increase the success of AVCD training. Regarding AVCD training, using comparison stimuli prepared with
AR may be more helpful than traditional picture cards. This approach has the potential to enhance success rates,
particularly for children experiencing challenges in skill acquisition. The current study compares the effectiveness
of using picture cards and AR as comparison stimuli in AVCD training for children with ASD. In line with this
purpose, this study sought to answer the following question, "Is there a difference in effectiveness and efficiency
between the use of picture cards and the use of AR as comparison stimuli in AVCD training for children with
ASD?" In addition, the opinions of the participants' caregivers regarding this study were examined.

Method
Design of the Study

To compare the conditions, we used the adaptive alternating treatments design embedded in the multiple
probe design, one of the single-subject research designs (Halbur et al., 2021). This design allows us to compare
the effects of two independent variables on two dependent variables and to show these effects simultaneously
across participants. Before this research, we interviewed the participants' families and teachers and requested that
activities teaching the dependent variables not be carried out during the research process.

Study Group

Three boys with ASD who did not have any other disabilities are the participants of this study. They
receive special education at a university-based institution. According to the assessments conducted at the Institute,
all participants needed help with receptive and expressive language. The ages and some test scores of the
participants are shown in Table 1.

Kayahan received a diagnosis of ASD when he was three years old. He attends a mainstream kindergarten
for half a day and receives one hour of education weekly and two hours of individual education on academic and
daily living skills. Deniz received a diagnosis of ASD at the age of two. He attends a special education kindergarten
three days a week and receives two hours of individual education weekly, seven hours of speech and language
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therapy, and two hours of physiotherapy. Tayfun was diagnosed with ASD at three years old. He attends a
university-based special education program and receives four hours of individual education weekly, two hours for
pre-academic skills at a rehabilitation center, and one hour of occupational therapy.

Table 1

Participants Ages and Test Scores.

i : . Test of early 1
Autism Autism screening est ol early language

Participant Age 'Stanford-bmet behavior instrument for educational - development -
(Month) intelligence test . . . oo Receptive Expressive
checklist planning-third edition
language language
Kayahan 76 60 29 67 56 59
Deniz 45 67 28 67 65 59
Tayfun 48 78 23 43 54 57

Note: The source of the information was the university-based institution where the participants received special education.

The prerequisite skills that participants should have in AVCD training are defined in the literature as
follows: following simple instructions (e.g., show), matching, scanning a series of stimuli (visual discrimination),
and imitation (Kodak et al., 2015; LaMarca & LaMarca, 2018). We applied the Autism Screening Instrument for
Educational Planning-Third Edition (ASIEP-3) (Aksoy & Diken, 2013) to the participants before this study and
found they possessed the prerequisite skills. In addition to these prerequisite skills, we considered the participants'
prerequisites of having AVCD-related targets in the individualized education program (IEP) and having previous
smartphone experience. Before this study, we examined their IEPs and interviewed the institute's teachers and
families. Thus, we identified individuals with these prerequisites and invited them to participate.

Settings

We used the participants' homes for training and data collection for this study. We agreed with the parents
that the training and probe sessions would be conducted in their living room, where their children usually study.
All sessions were conducted in the living rooms that were similar in size and furniture arrangement. The rooms
had a seating group, a television stand, a table, and two chairs suitable for children's sizes and heights. We asked
the families to maintain the room's layout the same throughout this study.

Data Collection Tools

For the picture card condition, we used 8x8cm laminated picture cards with photographs of the items on
a white background. We created 8x8cm visual markers similar to QR codes for the AR condition. To receive
models of the items assigned to the AR condition, we accessed https://sketchfab.com/, which provided them for
free. We used the UNITY program and Vuforia software development kit to associate the visual markers and the
models to create a separate AR mobile application for each participant. The applications could run on smartphones
with the Android operating system. When an application is run, the device's camera view is shown on full screen.
If one of the visual markers enters the camera angle, a model associated with the visual marker appears above the
visual markers on the screen. The application did not include interface elements (e.g., text, button, sound) other
than the models. During this study, we used a stable mini tripod to hold a smartphone with a 6.5-inch screen placed
on a table. We also used A4-sized (21 x 29.7 cm) black cardboard to block the participants' view when changing
the order of the comparison stimuli between trials. Figure 1 shows some examples of the comparison stimuli.
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Figure 1

Note: AR condition material is on the left, and picture card condition material is on the right.
Target Identification

First, we created a pool of at least 24 words to determine target words based on the input of the
participants' families and teachers. We asked families to identify the names of objects they had not yet learned that
aligned with participants' educational goals and that might help them communicate better with peers, teachers, and
caregivers in everyday settings. We then conducted pre-test sessions to assess the participants' knowledge of these
24 words (Cubicciotti et al., 2019; Lin & Zhu, 2020; Schnell et al., 2020). A pre-test session one trial contained
12 trials. In each trial, three picture cards were placed on the table in a horizontal row while the participant's vision
was blocked by black cardboard. We presented each card four times in a trial. The positions of the cards on the
table (right-center-left) were counterbalanced across the trials (Leon et al., 2021). Then, the cardboard was
removed, and the participant was allowed to see the comparison stimuli. If the participants did not look at the
comparison stimuli, they were prompted to do so. They were then presented with the sample stimulus and given
five seconds to respond. Based on the results of these pre-test sessions, we identified six words that each participant
answered with 0% accuracy. These six words were then logically analyzed and assigned to two resulting groups
of comparable difficulty (Wolery et al., 2018). We considered factors, such as the number of syllables, similar
phonemes, and similarity in color, shape, and size of the pictures (Breeman et al., 2020; Schnell et al., 2020). The
logical analysis aimed to balance the difficulty levels of two groups, which were then assigned randomly to the
picture card condition and the AR condition. Expert opinions were obtained for target identification, logical
analysis, and materials development. Table 2 shows the words assigned to participants for each condition.

Table 2
Words Assigned to Conditions

Participant Picture card condition Augmented reality condition
Kayahan Abacus, speaker, paperclip Keyboard, mouse, blender
Deniz Mango, ruler, melodica Clarinet, cactus, violet
Tayfun Helmet, mop, flash drive Roller skates, ruler, scale

Preference Assessments

Before this study, we conducted interviews with the families and teachers of the participants to prepare a
list of edible items that participants might prefer. Then, using the "multiple stimuli without replacement" method
(DeLeon & Iwata, 1996), we determined the three items most preferred by each participant. Before each training
session, we offered these items to the participant in small pieces and used the item the participant had chosen for
that session.
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Response Measurement

The dependent variable of this study was the correct responses. If the participant pointed or touched the
stimuli associated with the sample stimuli in five seconds, it was considered a correct response. Not responding
during the response interval (five seconds) or pointing to any other stimuli was marked as an incorrect response.
In the picture card condition, comparison stimuli were pictures of target words. In the AR condition, the
comparison stimuli were presented using a smartphone running AR software. In a trial, pointing to or touching the
correct comparison stimulus on the screen within the five-second response interval was considered a correct
response.

General Procedure

During this study, we collected baseline data simultaneously with all participants. When a participant's
data paths branched, we started interventions with the next participant. We repeated this cycle for all participants.
After the interventions, we held probe sessions two and five weeks later to collect follow-up data. We obtained
generalization data through pre-test and post-test evaluations conducted during the baseline and interventions. We
also collected social validity data through subjective evaluations to determine the opinions of participant caregivers
about the study's purpose, methods, instructional materials, and results. This study's first author conducted all
probes, training sessions, and interviews.

Baseline

We held a baseline phase to evaluate the participants' performance before the interventions. During the
baseline, we conducted an equal number of probe sessions for both conditions and counterbalanced the conditions
across sessions and participants.

Probe Sessions for Picture Card Condition

The researcher and participant sat next to each other during all probe sessions. Each session consisted of
nine trials (three targets, each presented three times). We did not present a comparison stimulus more than twice
successively across the trials (Breeman et al., 2020; Green, 2001). In a trial, we placed three picture cards on the
table in a horizontal row while the participant's vision was blocked by black cardboard. We counterbalanced the
positions of the cards on the table (right-center-left) across the trials (Leon et al., 2021). Then, we removed the
cardboard, allowing the participant to see the comparison stimuli. Then, we presented the sample stimulus and
gave him five seconds to respond. After the response interval, we waited another five seconds before proceeding
to the subsequent trial (Dogan & Tekin-Iftar, 2002). We used no prompts or potential reinforcers during the probe
session trials. However, we praised and offered edible items to the participants at the end of the session for their
participation.

Probe Sessions for Augmented Reality Condition

In the AR condition, probe sessions were similar to the picture card condition, with distinction in the
comparison stimuli. Instead of picture cards, we utilized visual markers. The participants looked at the smartphone
screen to view the models paired with the visual markers. The AR software displayed the models of the target
words on the screen when the camera captured the visual marker associated with the model. When the visual
markers were placed on the table, black cardboard blocked the participant's view, as in the picture card condition.

Interventions

Since all participants performed at a comparable level at the baseline, we started the intervention with
Kayahan, who was thought to need AVCD instruction the most. In the intervention phase, we organized one
training session for each condition five days a week. A training session consisted of nine trials (each presented
three times). Throughout the interventions, we conducted equal sessions for both conditions and counterbalanced
the conditions across sessions and participants.

To collect data in the intervention phase, we organized daily probe sessions before the training sessions,
except for the first session for both conditions. Probe sessions during interventions align with the procedures from
baseline. A probe session consisted of nine trials because each stimulus was asked three times. To reach the
mastery criterion, the participant should respond correctly on all nine trials. We ended the intervention when the
participant met the criterion for three consecutive sessions in one of the conditions.
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This study compared the conditions of using picture cards and AR as comparison stimuli in AVCD
training. The only difference between the two conditions was the type of comparison stimuli presented, while the
other conditions, such as the training procedures, remained the same. The study used "conditional-only training,"
"sample-first stimulus presentation order,” and "simultaneous prompting" as training procedures in both
conditions.

Training Sessions for Picture Card Condition

We organized training sessions similar to probe sessions for the picture card condition. The difference is
that we did not use any prompt or reinforcer in the probe sessions. In contrast, we simultaneously presented the
sample stimulus and the controlling prompt in the training sessions. Also, following the participant's response, we
provided praise (e.g., "well done," "excellent," and "you are great") and edible items.

Training Sessions for Augmented Reality Condition

The training sessions for the AR condition were conducted similarly to the probe sessions for the AR
condition. The differences were that the sample stimulus and the controlling prompt were presented together, and
the participant's response was reinforced with praise and edible items.

Best Treatment

After the interventions, we organized the best treatment phase for participants who still needed to meet
the criterion in one of the conditions. In this phase, we continued training with the condition that the participant
acquired faster and thus aimed to learn all target words assigned to both conditions.

Follow-up

To gather the follow-up data, we conducted probe sessions for each condition two and five weeks after
the end of the intervention and best treatment phases. Probe sessions were similar to those at baseline.

Generalization

We organized a pre-test and post-test to measure the generalizability of the skills learned. For both
conditions, we conducted two probe sessions before baseline as a pre-test and two probe sessions at the end of the
interventions for the post-test. For both conditions, we used cards with different photographs of the comparison
stimuli used in the instruction as comparison stimuli. Probe sessions were similar to those at baseline.

Interobserver Agreement and Procedural Integrity

To determine the reliability of this study, an independent observer analyzed the camera recordings of an
average of 44% (range, 30% to 100%) of sessions conducted for each participant, phase, and condition. The
independent observer, a PhD candidate special education teacher who has worked with children with ASD for 16
years, randomly assigned the sessions. The observer followed a set of procedural checklists, including the
instructor's steps for baseline and intervention for both conditions. The instructor's performance was evaluated as
the percentage of correctly implemented steps per session was determined. The average inter-observer agreement
for the baseline was 98.7% (range: 95% - 100%); for the intervention phase, it was 97.6% (range: 96% - 100%).
Probe sessions’ procedural integrity was 96% (range: 88% - 100%) for the picture card condition and 95% (range:
88% - 100%) for the augmented reality condition. Training sessions’ procedural integrity was 98% (range: 97% -
99%) for the picture card condition and 98.3% (range: 97% - 99%) for the augmented reality condition.

Findings

Research findings are presented graphically in Figure 2. A visual examination of Figure 2 reveals distinct
variations in the levels and trends of the graphs representing the baseline and intervention phases for all
participants. During the intervention phases, the differences between the conditions are more apparent, especially
in Kayahan and Deniz's graphs.

In the baseline, Kayahan showed comparable level performance in both conditions. In this phase, he made
between one and three correct responses in the probe sessions. In the intervention phase, the difference between
the conditions became apparent from the third session onwards. Despite both conditions' graphs showing an
upward trend, there was a significant increase in the AR condition's line compared to the picture card condition.
The participant reached the mastery criterion (100%) in the AR condition after 14 training sessions. Although
some progress was made during the intervention with picture cards, the participant's performance decreased in the
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subsequent sessions. Therefore, we terminated interventions for both conditions at the end of the twentieth session,
when the AR condition reached mastery. Kayahan's means of correct responses until mastery was 3.4 for the
picture card condition and 6.6 for AR. Given its anticipated benefits for Kayahan, we conducted the best treatment
phase. In this phase, training on the three target words (abacus, speaker, and paperclip) of the picture card condition
was continued with the AR models we prepared instead of the picture cards. At the end of the seventh session of
the best treatment phase, we observed that he reached the mastery criterion. However, we temporarily halted the
study at this stage due to his family's request. After five weeks, Kayahan responded correctly to all nine trials in
the AR condition in a probe session for follow-up. Follow-up data for his best treatment condition showed that he
gave seven correct responses out of nine trials. For the AR condition, Kayahan showed 0 and 2 correct responses
in the generalization pre-test sessions and 7 and 8 correct responses in the post-test sessions, respectively. In the
pre-test sessions regarding the picture cards condition, Kayahan showed only one correct response. However, since
Kayahan did not make any acquisition in the picture card condition, post-test sessions were not arranged. Table 3
contains the study's generalized data.

Table 3

Data on Generalization Probes

Participant Comparison stimuli Augmented reality Picture card

Pre test Post test Pre test Post test

Ist 0 7 1 -

Kayahan 2nd 2 8 1 -

. Ist 1 8 0 -

Deniz nd 2 9 1 —

Ist 0 9 0 9

Tayfun 2nd 0 9 0 9

Deniz exhibited limited performance in both conditions in the baseline. At the end of the first session of
the intervention phase, his performance level started to differ between conditions. Deniz's means of correct
responses was 4.6 in the picture card condition and 7.6 in the AR during the interventions. Deniz met the mastery
criterion in the AR condition at the end of the ninth session. Despite undergoing 13 training sessions, Deniz was
unable to meet the mastery criteria in the picture card condition. Then, we organized the best treatment phase. We
prepared an AR application, including models of the three words Deniz could not learn in the picture card
condition. The training continued with this app. Deniz performed at the level of meeting the criterion at the end of
the third session in the best treatment phase. In the follow-up, Deniz performed 100% correct responses in both
probe sessions organized for the AR condition. The probe sessions were organized for the trained stimuli in the
best treatment phase; Deniz performed seven correct responses in nine trials. Deniz did not reach mastery in the
picture card condition, so generalization data could not be obtained. However, in the AR condition, Deniz
demonstrated 1 and 2 correct responses in the pre-test sessions and 8 and 9 correct responses in the post-test
sessions.

In the baseline, Tayfun performed from one to three in both conditions. In the intervention phase, the data
pattern level and trend changed similarly within the conditions. On average, he gave 3.5 correct responses for the
picture card and 3.7 correct responses for AR. To achieve mastery, he had four sessions in the AR condition and
six in the picture card condition. During the AR condition, he made 14 incorrect responses, whereas during the
picture card condition, he made 24 incorrect responses. In the follow-up, he gave 100% correct responses in all
the probe sessions. Tayfun did not show any correct responses in the pre-test sessions, while in the post-test
sessions for both conditions, he demonstrated nine correct responses.
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In this research, we employed the Tau-U method (Parker et al., 2011) and the Performance Criteria-Based
Effect Size (PCES) method (Aydin & Tanious, 2022) to assess the effect sizes of various conditions. We
interpreted the Tau-U values using the ranges proposed by Vannest and Ninci (2015), while for the PCES
calculations, we applied Cohen's d evaluation ranges (Cohen, 1992), as this method is mean-based, consistent with
Aydin and Tanious' recommendations. The effect sizes are presented in Table 4.

Table 4
Effect Sizes
Participants Conditions Tau-U Interpretation PCES Interpretation
Augmented reality 95 Very large .66 Medium
Kayahan Picture card .79 Large 24 Small
) Augmented reality 1 Very large .82 Large
Deniz Picture card .80 Large 40 Small
Augmented reality 92 Very large 72 Medium
Tayfun Picture card .85 Very large .62 Medium
Augmented reality .97 Very large 73 Medium
Average Picture card .81 Very large 42 Small

Note: PCES = performance criteria-based effect size.
Social Validity Findings

At the end of the interventions, we conducted interviews with the participants’ mothers to gauge the social
validity findings. When asked about the importance of the skill taught during the intervention to their child's
development, all responded with resounding positivity. For instance, Kayahan's mother expressed, "Yes, because
it signifies my child's progress. We believe it will serve as a catalyst for his development and aid his education and
daily life in the future." We also inquired about their preference between teaching sets, picture cards, or augmented
reality, and all favored teaching with augmented reality. Deniz's mother, in addition to her preference, shared that
AR content captivated her child's attention more. Tayfun's mother emphasized that AR is visually more
stimulating, leading to more lasting learning experiences.

The mothers shared their observations of the changes they noticed in their children after the study, such
as accelerated learning and increased vocabulary output. When asked about the changes they observed in their
child as a result of this study, Kayahan's mother noted, "His learning of objects that he did not know and could not
learn accelerated." Deniz's mother highlighted that her child "learned more easily with AR." After this study,
Tayfun's mother proudly mentioned that they noticed a boost in her child's vocabulary output (expressive language
skills). We further asked, "As a result of this study, does your child use the new skills he learned in his daily life
(e.g., at home, at school and in the park)? If so, can you give an example?" The mothers shared instances of how
their child was applying the new skills learned during the study in their daily life. For example, Kayahan's mother
shared, "When Kayahan saw a desktop computer, he pointed to the mouse and said 'mouse." Deniz's mother
shared, "When he sees a flower, he asks 'cactus?' (Is there a cactus here?)." Tayfun's mother shared, "When he sees
a printer, he says 'printer' excitedly. Once, when he saw a computer on the TV, he said, 'flash drive.' [ was thrilled
to see this."

Discussion

Tayfun was the only participant who met the criterion in both conditions. However, he met the criterion
in fewer sessions and showed fewer incorrect responses in the AR condition. Despite an equal number of training
sessions across both conditions, two participants (Kayahan and Deniz) attained mastery exclusively in the AR
condition. That is, they could not reach mastery in the picture card condition.

As shown in Figure 2, an initial improvement when training started with picture cards. However, as the
training continued, the increase in achievement halted and tended to decline. The reason may be that children's
interest in picture cards decreased as the teaching sessions were prolonged. Therefore, this observation aligns with
the viewpoint highlighted in the literature that reduced children's interest in picture cards can impede the success
of AVCD training (Eldevik et al., 2020; Halbur et al., 2021; Kodak et al., 2013; Leaf et al., 2018). In the best
treatment phase, when AR comparison stimuli were used, they could acquire the stimuli that were difficult to learn
with picture cards in a short period. This suggests that using AR as comparison stimuli may facilitate their learning
of AVCD.
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The findings point out that AR may be more effective in learning AVCD for children with ASD who are
less interested in traditional teaching materials, such as picture cards. Since there is no research on using AR as
comparison stimuli in AVCD training, it is not feasible to directly compare the findings with the literature.
However, the findings are aligned with studies comparing AR with traditional learning materials in teaching skills
other than AVCD to individuals with ASD (Akin & Gokturk, 2019; McMahon et al., 2015). Although previous
studies on the use of AR have focused on skills other than AVCD, in general, studies have shown that the use of
AR as a learning material in the education of individuals with ASD can facilitate learning compared to traditional
materials. As emphasized in the literature, some reasons might be (a) AR enables individuals with ASD to better
use their strengths in processing visuospatial stimuli, (b) visuals overlaid on real-time environment images create
a learning experience that closely mimics daily life contexts and provide an engaging training environment
(Berenguer et al., 2020), and (c) thanks to AR, individuals with ASD have a more qualified learning process by
increasing their interest in educational materials and their level of participation in activities (Denizli-Gulboy et al.,
2023; Kdse & Giiner-Yildiz, 2021).

In the AR condition, all participants demonstrated the acquired skills with 100% accuracy even five weeks
after the end of the interventions. On the other hand, since Kayahan and Deniz did not acquire the skill in picture
card condition maintenance, it is impossible to compare the conditions. Furthermore, we could not conduct the
planned first follow-up session with Kayahan during the interruption period. Therefore, Kayahan's ability to
maintain the skill two weeks after the instruction could not be determined. However, like the other participants, he
maintained the skills acquired in the AR condition with 100% accuracy in the second follow-up session conducted
five weeks after the training. These results suggest that training with AR materials was practical in acquiring and
maintaining the skills. However, in the follow-up sessions conducted to assess the maintenance of the stimuli
trained in the best treatment phase, participants responded correctly in only seven out of nine trials. Despite using
AR stimuli as the best treatment, the maintenance was slightly lower than in the AR condition, possibly due to the
short duration of training. In such situations, overtraining trials may help children maintain their acquired skills.
According to the study's findings, all participants generalized the skills they learned to different stimuli in the AR
condition. However, due to missing data from two participants in the picture card condition, it is impossible to
compare the generalization level between the two conditions.

After analyzing the social validity data of this study, it was seen that all mothers believed that AVCD
training was necessary for their children and that the skills acquired by their children as a result of the research
had a significant impact on them. The mothers felt that the comparison stimuli prepared with AR technology
captured their children's attention more and made it easier for them to learn the target skills. In the study by Akin
and Gokturk (2019) comparing the effects of using different types of instructional materials in teaching ToM skills,
it was concluded that participants with ASD were 29% happy in the traditional paper condition, 76% in the 2D
computer screen condition, and 100% in the AR condition. In this study, the fact that the participants acquired the
target skills at a higher level or faster in the AR condition and could generalize and maintain their knowledge after
the instruction ended supports the social validity findings obtained through the special assessment.

In summary, AR technology holds promising potential for enhancing AVCD training for individuals with
ASD. Using AR comparison stimuli can accelerate the learning of AVCD skills in children with ASD, ease the
learning of AVCD by children who have difficulty in acquiring AVCD skills with traditional picture cards for any
reason, and that the social validity of using AR in teaching AVCD may be high. The study's findings support the
view that AR technology, frequently emphasized in literature, can contribute positively to the learning of children
with ASD.

Limitations and Suggestions

This study presents several limitations that warrant consideration. Firstly, some data were missing. For
example, Kayahan’s follow-up data could only be collected after this study was interrupted. We also terminated
interventions for picture card conditions earlier than expected and organized the best treatment with the thought
that it would benefit two participants. Therefore, we could not compare follow-up and generalization in the picture
card condition. Also, we used picture cards instead of natural objects in both conditions for generalization, which
could have contributed to understanding the difference between the conditions. Additionally, we did not conduct
a test for the prerequisite skill of “having previous smartphone experience” while identifying the participants in
the study. We relied on information provided by parents and teachers to determine the presence of this prerequisite.

Overall, this study underscores the potential of AR content as a comparison stimulus in improving AVCD
learning outcomes for participants with ASD. However, conducting further research on using engaging learning

Ké&se & Giiner ONLINE FIRST



AUGMENTED REALITY IN AUDITORY-VISUAL CONDITIONAL DISCRIMINATION TRAINING 12
FOR CHILDREN WITH AUTISM

materials for children, such as AR, is crucial to creating better learning environments for teaching AVCD and

other receptive language skills. Further research will provide valuable information to support the language
development of children with ASD and reduce barriers to their academic, social, and communication success.
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