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Oz
Giris: Bu calismada 6zel gereksinimli bireylere matematik becerilerinin 6gretiminde Somut-Yart Somut-Soyut
(SY-YS-S) 6gretim uygulamalarinin kanita dayali olma durumunun degerlendirmesi amaglanmaktadir.

Yontem: Bu ¢alismada, 1980-2020 yillar1 arasinda ulusal ve uluslararasi kaynaklarda yayimlanan ¢alismalarin,
betimsel analiz ve kanita dayali olma standartlarina gére analiz siirecleri gerceklestirilmistir. Ilk taramalar
sonucunda toplamda 52 g¢aligmaya ulasilmistir. Bu ¢aligmalardan dahil etme 6lgiitlerini karsilayan toplam 21
¢alisma betimsel analiz siirecine dahil edilmistir. Ardindan, tek-denekli aragtirmalar i¢in belirlenmis olan niteliksel
Olgiitler dikkate alinarak bu ¢alismalar yontemsel agidan degerlendirilmistir. Niteliksel Olgiitlerin tamamin
karsilayan 17 galisma gorsel ve meta-analiz siirecine alinmistir.

Bulgular: Betimsel analiz bulgularina gore, ¢alismalarin 2011-2019 yillar1 arasinda yogunlastigi ve siklikla 6zel
ogrenme glicliigli olan ¢ocuklara yonelik gerceklestirildigi goriilmiistiir. Yontemsel ozelliklere bakildiginda;
aragtirma deseni olarak siklikla denekler arasi yoklama denemeli ¢oklu yoklama modelinin kullanildigt; bagimli
degisken olarak problem ¢6zme alaninda en ¢ok onluk bozma gerektiren ¢ikarma islemi i¢eren problemleri ¢cozme
becerisi ve dort islem becerileri alaninda ise siklikla ¢arpma islemi becerisine yer verildigi goriilmiistiir. S-YS-S
stratejisinin  siklikla dogrudan ogretim yontemi ile sunuldugu ve RENAME stratejisi ile desteklendigi
goriilmektedir. incelenen arastirmalarin tiimiinde grafiksel analiz kullanilmis; ancak istatistiksel analizlere tiim
¢aligmalarda yer verilmemistir. Kanita dayali degerlendirmeye iligkin bulgulara bakildiginda, niteliksel 6lgiitlerin
tamamini1 karsilayan 17 calismadan 16’sinda olumlu etki goriilmiistiir. Meta-analiz calismalarinda, OVY ve Tau-
U etki biiyiikliigli analiz sonuglari ise bulgular bagliginda ayritilandirilmastir.

Tartisma: Elde edilen bu bulgular, S-YS-S 6gretiminin kanita dayali bir uygulama oldugunu gosterir niteliktedir.
Elde edilen bulgular alanyazin dikkate alinarak tartisilmig, arastirmacilara ve uygulamacilara Onerilerde
bulunulmustur.
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Giris

Ogretim ortamlarinda her bireye &grenme bicimini destekleyecek etkili ve sistematik o6gretim
uygulamalarmin saglanmasi vurgulanmaktadir (Westling & Fox, 1995). Ozellikle 6zel gereksinimli bireylere
matematik becerilerinin 6gretim siireci diisiiniildiigiinde, 6grencilere ¢ok duyulu 6grenme yasantilar1 saglayacak
uyarlamalarin yapilmast biiyiilk Onem tagimaktadir (Hudson & Miller, 2006). Alanyazinda, Ogretim
uygulamalarinin matematigin soyut dogasi geregi soyut deneyimler ile sinirl kaldigi ve kavramsal 6grenme yerine
daha cok islemsel siirece odaklanan uygulamalarin yapildig: ifade edilmektedir (Maccini & Hughes, 1997).
Ozellikle Maccini ve Hughes (1997), gerceklestirdikleri alanyazin taramasinda, 1988 ve 1995 yillar1 arasinda
siklikla matematiksel kurallarin ve islemlerin ezberlenmesine odaklanan ¢aligmalarin yiiriitiildiigiin,
matematiksel bilginin daha ¢ok islemsel bilgi boyutunun gelisimini destekleyen ¢alismalarda yogunlastigini ifade
etmislerdir. Tiim bu ¢aligmalarda ortaya c¢ikan temel gereksinim, matematik &gretim siirecinde &grencilerin
kavramin dogasinin gerektirdigi soyutlamalar1 yapabilmeleri i¢in, baslangicta yeterli diizeyde somut deneyimler
yasayacaklar1 uygulamalara yer verilmesi olarak belirtilmektedir.

Son yillarda 6zel gereksinimli bireylere matematik becerilerini 6gretme siireci, ¢ok duyulu 6grenme
yasantilar1 sunan yontem ve yaklasimlar iizerinde yogunlasmaktadir (Carmack, 2011; Ferreira, 2009; Hughes,
2011). Alanyazm incelendiginde, matematik 6gretimi siirecinde somut deneyimler ve gorsellestirmeler yoluyla,
kavramsal ve iglemsel bilginin dengelendigi 6grenme yasantilarina odaklanan birgok yontem, teknik ve stratejinin
on plana ¢iktig1 goriilmektedir (Ozlii, 2016). Bu ydntem, teknik ve stratejiler arasinda; etkilesim iinitesi (Cawley
& Reines, 1996; Giirsel & Yikmis, 2001), nokta belirleme teknigi (Cihak & Foust, 2008; Terzioglu & Yikmus,
2018) ve somut-yar1 somut-soyut 6gretim stratejisi (Aydemir, 2017; Cease-Cook, 2013; Flores vd., 2014; Nar,
2018; Stroizer vd., 2015; Ozlii, 2016) gibi cok duyulu yaklasimlar yer almaktadir. Ozellikle, 5gretimin en somut
diizeyden baglayarak asamali olarak soyutlastirildigi bir strateji olan Somut-Yar1 Somut-Soyut (S-YS-S)
(Concrete-Representational-Abstract-CRA) 6gretim stratejisinin, bu ¢caligmalarda farkli kavramlarin ve becerilerin
dgretiminde siklikla kullanildig1 goriilmektedir (Carmack, 2011; Flores vd., 2014; Ozlii & Yikmis, 2019).

S-YS-S dgretimi somut, yart somut ve soyut olmak {izere li¢ asamadan olusan ve her bir agamanin bir
onceki asamay1 ardisik bir sirayla izledigi sistematik ve etkili bir 6gretim uygulamasi olarak bilinmektedir (Flores
vd., 2014; Ozlii & Yikmis, 2019). S-YS-S &gretim uygulamalar icin alanyazinda, siklikla strateji (Nar, 2018;
Ozlii, 2016), yaklasim (Bouck vd., 2017; Hudson vd., 2006) ve yontem (Aydemir, 2017) terimlerinin kullanildig1
goriilmektedir. Bu 6gretim uygulamalarinin ilk asamast olan somut agamada manipiilatif nesnelerin kullanildig:
yasantilar araciligiyla, matematiksel ifadeler ile somut nesneler arasinda anlamli iligkiler kurulmasina olanak
saglayacak zihinsel olgunluk diizeyi olusturulmaktadir. Ogrencilerin matematiksel kavramlar1 zihinlerinde
yapilandirmalart i¢in yogun bir sekilde somut materyallerle etkilesim kurmalar1 gerekmektedir. Bu baglamda
somut asama deneyimleri, matematik kavramlarinin ve becerilerinin soyut sembollerle iligkilendirilmesi
stirecindeki en 6nemli asama olarak kabul edilmektedir (Eastburn, 2010). Ancak soyut kavramlarin sadece somut
modellemeler yoluyla deneyimlenmesi, soyut kavramlarin anlamlandirilmasi igin yetersiz kalmaktadir. Bu nedenle
ogrencilerin somut agama deneyimlerinin ardindan kavramin yart somut formlari ile etkilesime girmeleri
gerekmektedir (Soylu, 2008; Sahin, 2012). Dolayisiyla somut ve soyut asamalar arasinda koprii niteligi tastyan
yart somut asama uygulamalarina gegilmektedir. Yar1 somut asamada, bir 6nceki asamada kullanilan gergek
nesnelerin yerini, resim, diyagram, sekil ya da ¢izim gibi iki boyutlu temsilleri almaktadir. Bu agamada, somut
asama uygulamalarinda elle tutulabilen nesneleri hareket ettirerek gergeklestirilen yasantilarin, sekil, resim ya da
cizimler araciligiyla iki boyutlu yansimalari olusturulmaktadir (Anstrom, 2006; Ozlii, 2016). Bu deneyimler
sayesinde 6grencilerin, ¢ok yonlii diistinme becerilerini gelistirmeleri (Carmack, 2011) ve matematik becerisi ile
bu becerinin yar1 somut temsili olan formu arasinda anlamli bir bag kurabilmeleri (Sahin, 2012) amaglanmaktadir.
ilk iki asamada yeterli yasantilarin gegirilmesinin ardindan, 6grencinin kavramin soyut formunu 6grenmeye hazir
hale geldigi diisiiniilmektedir. Soyut asamada, 6gretimi yapilan matematik kavramlar1 ve becerilerine iliskin
sadece say1, matematiksel ifade, sembol ve isaretler sunulmaktadir. Bu agamada kritik olarak kullanilan somut ve
yar1 somut kavramlarin, sadece kavramin anlamlandirilmasini kolaylastiran temsiller oldugu ve bu nedenle de
soyut kavramin yerine konulmamasi gerektigi 6grencilere vurgulanmalidir (Sahin, 2012). Dolayistyla, 6grencilerin
sekil ya da ¢izim gibi temsilleri kullanma bagimlilig1 kazanmamalar1 i¢in soyut diizeyde yeterli yasantiya yer
verilmesi biiyiik 6nem tasimaktadir (Carmack, 2011).

Matematik 6gretiminde soyut kavramlarin ve aralarindaki iligkinin anlamlandirilmasi, kavramsal ve
islemsel bilgi arasinda anlamli baglarin kurulabilmesine baglidir (Mercer & Mercer, 2005). Matematiksel bilgiyi
olusturan kavramsal ve islemsel boyutlar arasinda gii¢lii bir bag bulunmaktadir. Kavramsal bilgi, islemsel bilgiyi
destekleyen ve ona anlam kazandiran bir bilgi iken; islemsel bilgi kavramsal bilgiler iizerinde yapilan rutinler ve
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kurallardan olusan bir bilgi tiiriidiir. Somut diizeyden soyut diizeye asamali olarak giden ogretimlerle edinilen
becerilerdeki 6grenci hatalar1 islemsel hata olmasina ragmen, geleneksel 6gretimlerle edinilen becerilerdeki
hatalarin kavramsal hata oldugu 6ne siiriilmektedir. Bu duruma, matematik 6gretiminde kavramsal anlamaya
odaklanilmadigindan, 6grencilerin ezbere yonelmelerinin neden oldugu diistiniilmektedir (Soylu, 2008). Bu
baglamda bu iki boyut arasinda dengeli bir iliskinin kuruldugu 6gretimlere yer verilmesi biiyiik 6nem tasimaktadir.
Somuttan soyuta giden asamali bir siire¢ i¢inde soyut kavramlari yapilandirma olanagi sunan S-YS-S 6gretim
uygulamalar1 (Olkun & Ugar, 2009) ise, matematiksel bilginin anlamlandirilmasinda etkili yontemlerin baginda
gelmektedir (Anstrom, 2006). Bu stratejide, somut agamada ii¢ boyutlu nesneler ve yar1 somut asamada iki boyutlu
temsilleri ile gergeklestirilen deneyimler kavramsal boyuta; soyut asama uygulamalariyla da islemsel boyuta
iligkin 6grenmelerin gelistirilmesi amaglanmaktadir. Daha da 6nemlisi, bu iki boyuttaki dengeli ve yeterli diizeyde
o6grenme deneyimleri araciligtyla, kavramsal boyuttan islemsel boyuta asamali bir gecis olanagi sunulmaktadir. S-
YS-S uygulamalariyla 6grenciler, gorsel, dokunsal ve kinestetik yasantilar yoluyla matematik kavramlarinin ve
becerilerinin tiim anlama diizeylerindeki temsilleri ile asamali olarak karsilasmig olurlar. Bu sayede o6zel
gereksinimli dgrencilerin 6grenme siirecinde, ¢esitli gdsterimler vasitastyla matematiksel bilgiyi farkli formlarda
gormeleri, onlarin kavramlar arasindaki iliskiyi anlamalarina ve gerekli durumlarda bu bilgiyi transfer
edebilmelerine yardimer olur (Ozlii & Yikmus, 2019). Buna ek olarak dgrencilerin nesnelere dokunarak ve
hissederek gerceklestirdikleri yasantilar, bireylerin biligsel oldugu kadar duyussal alanda da gelisimlerini olumlu
yonde etkilemektedir (Soylu, 2008).

Matematik kavramlarinin ve becerilerinin 6gretimi siirecinde 6zel gereksinimli bireylere daha olumlu
o6grenme deneyimleri sunabilmek i¢in arastirmalar ve uygulamalarda etkili oldugu kanitlanmis 6gretim yontem ve
stratejilerinin belirlenmesine gereksinim duyulmaktadir. Pek ¢ok arastirmada, S-YS-S 6gretiminin etkili bir
uygulama oldugu ve 6zel gereksinimli bireyler i¢in olumlu gelismeler sagladig ifade edilmektedir (Ferreira, 2009;
Flores, 2009; Hughes, 2011). Buna ragmen 6zel gereksinimli bireylere matematik kavramlarmin ve becerilerinin
ogretiminde etkili yontem ve stratejilerin arayist devam etmektedir. Bu hareket, Amerika Birlesik Devletleri’nde
2001 yilinda yiirtirliige alinan ve tiim okullarin 6zel egitim alaninda kanita dayali uygulamalari kullanimini zorunlu
kilan Higbir Cocuk Geride Kalmasin Yasasi (No Child Left Behind, 2001) ve 2004 yilinda ¢ikarilan Ozel
Gereksinimli Bireylerin Egitimi Yasast (Individuals with Disabilities Education Act) ile birlikte hiz kazanmistir
(Rakap, 2016). Ozellikle Higbir Cocuk Geride Kalmasmn Yasasi (2001) ile kanita dayali ve bilimsel olarak
kanitlanmis &gretim yontemlerini kullanmanin 6nemi vurgulanmis ve bu yontemlerin kullanilmasi yasal
zorunluluk haline getirilmistir. Bunun sonucunda, son yirmi yilda 6zel egitim alanindaki uygulamalarin kanita
dayali uygulama olup olmadiklarina iliskin degerlendirmelerin yapildigi ¢aligmalar, nicelik ve nitelik olarak artig
gostermistir (Aydin & Tekin-iftar, 2020; Aydin vd., 2019; Ozkubat vd., 2022). Bu sebeple, bir uygulamanin kanita
dayali olup olmadigini belirlemek adina, bir konuda bagimsiz olarak yapilan ¢ok sayidaki bireysel ¢aligmalardan
elde edilen sonuglarin birlestirilmesi ve ulasilan bulgularin analizinin yapilarak daha genellenebilir ve giivenilir
sonuglar elde edilebilmesi i¢cin meta-analiz ¢alismalarimin gergeklestirilmesi (Giirbiiz & Sahin, 2017) énem arz
etmektedir.

Alanyazinda 6zel gereksinimli bireylere matematik 6gretiminde kullanilan S-YS-S 6gretiminin kanita
dayali uygulama olarak adlandirildigi ¢aligmalar mevcuttur (Agrawal & Morin, 2016; Powell, 2015). Ancak
Agrawal ve Morin’in (2016) ve Powell’in (2015) yiiriittikkleri bu ¢alismalar, S-YS-S 6gretiminin kanita dayali
olma durumunu incelemeye yonelik degildir. Bu ¢alismalarda, matematik kavramlarinin ve becerilerinin 6gretim
stirecinde stratejinin kullanimma yonelik bilgi verilerek, S-YS-S 6gretim stratejisinin kanita dayali olduguna
yonelik goriis bildirilmistir. Bu ¢aligmalardan farkli olarak, Bouck ve digerleri (2017), S-YS-S 6gretim stratejisinin
kanita dayali bir uygulama olup olmadigimi degerlendirmek adina sistematik bir ¢aligma yiriitmiislerdir. Hedef
¢aligma grubunun sadece 6grenme giicliigii olan bireyleri kapsadigi bu ¢alisma, 1975-2015 yillar arasindaki grup
deneysel ¢aligmalar ve tek-denekli arastirmalart degerlendirmistir. Ancak mevcut galisma, Bouck ve digerleri
(2017) tarafindan yiiriitiilen ¢alismadan; (a) tarama siireci araligi 1980-2020 yillar1 arasinda gergeklestirilen, (b)
aragtirma modeli olarak sadece tek-denekli arastirma modellerinden birine yer vermis olan ve (c) denek grubu,
herhangi bir yetersizlik tiiriinde tan1 almig bireylerden olugan ¢aligmalarin sistematik olarak incelenmesi yoniiyle
farklilik gostermistir. Calismada, 6zel gereksinimli bireylere matematik becerilerinin 6gretiminde S-YS-S
Ogretiminin kanita dayali olma durumunun degerlendirilmesi amaglanmistir. Bu amag dogrultusunda, dahil etme
kriterlerini karsilayan caligmalarin; (a) kapsamli betimsel Ozetlemeler araciligiyla genel oOzelliklerinin
belirlenmesi, (b) Cook ve digerleri (2014) tarafindan sunulan niteliksel dlgiitler dogrultusunda yontemsel agidan
uygunlugunun degerlendirilmesi ve (¢) Cook ve digerleri (2014) tarafindan sunulan kanita dayali uygulama olma
standartlar1 dogrultusunda incelenmesi hedeflenmistir. Ozel gereksinimli bireylere gesitli matematik becerilerinin
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kazandirilmasinda kanita dayali miidahalelere gereksinim duyulmaktadir. Bu baglamda mevcut arastirmanin, S-
YS-S 6gretim yaklasiminin kanita dayali olma durumuna yonelik alanyazina katki saglayacagi diistiniilmektedir.

Yontem
Cahismalarin Belirlenme Siireci

Calismalari seg¢ilmesi siirecinde ulusal ve uluslararast alanyazindaki uygun caligmalarin belirlenmesi
amaciyla elektronik tarama gerceklestirilmistir. Arastirmada, 1980-2020 yillar1 arasinda Education Resource
Information Center (ERIC), Academic Search Complete, SpringerLink, Sage, ResearchGate, Wiley Online
Library, ULAKBIM, ProQuest, Taylor & Francis Online, Science Direct, Web of Science, EBSCOHost ve YOK
Tez Merkezi adli veri tabanlarinda ilgili konularda yayimlanan ¢aligmalar uygun anahtar kelimeler kullanilarak
taranmigtir. Bu siirecte “matematik” (mathematics, math), “yetersizlik” (disability), “Somut-Yart Somut-Soyut”
(Concrete-Representational-Abstract/CRA ya da Concrete-Semiconcrete-Abstract/CSA) ve “strateji” (strategy)
Tiirkce ve Ingilizce anahtar kelimeleri ve bu kelimelerin olasi tiim kombinasyonlari ile tarama gergeklestirilmistir.
Buna ek olarak, tarama siirecinde siklikla karsilasilan dergilerde de ayni tarama siireci gergeklestirilmistir. Bu
dergilerin isimleri, Learning Disabilities Research & Practice, Remedial and Special Education, Learning
Disability Quarterly, The Journal of Special Education, Learning Disabilities: A Contemporary Journal,
Exceptional Children, International Journal of Special Education, European Journal of Special Needs Education
ve Journal of Applied Behavior Analysis olarak listelenmistir.

Aragtirmaya dahil edilecek olan c¢alismalarin belirlenmesinde; a) 1980-2020 tarihleri arasinda
yayimlanmis olmasi, b) Ingilizce veya Tiirkce dilinde yaymmlanmis olmasi, ¢) ulusal veya uluslararasi hakemli
dergilerde yayimlanmis makaleler ya da yiiksek lisans veya doktora tezi olmasi, d) matematik kavramlarinin ve
becerilerinin 6gretimi ile ilgili en az bir bagimli degiskeni icermesi, ¢) bagimsiz degiskenin taniminda Somut-Yari
Somut-Soyut d6gretimine ya da Somut-Yart Soyut-Soyut 6gretim stratejisi, yontemi ya da yaklasimina yer verilmis
olmasi, f) Somut-Yart Somut-Soyut 6gretim ya da Somut-Yart Soyut-Soyut 6gretiminin {i¢ asamasina eksiksiz ve
sirali bir bigimde yer verilmesi, g) deneklerin okul ¢aginda ve en az birinin tam1 almis olmasi, h) tek-denekli
arastirma modeline gore desenlenmis olmasi ve 1) bagimsiz degisken etkisinin her bir denek igin gorsel analize
uygun veri sunmasi Ol¢iitleri dikkate alinmistir.

Veri tabani taramalart sonucunda toplam 51 ¢aligmaya ve bu caligmalara ek olarak dergilerde
gerceklestirilen taramalar sonucunda bir ¢alismaya daha ulagilmistir. Daha Once matematik becerilerinin
ogretiminde Somut-Yart Somut-Soyut dgretiminin kullanimina yonelik gerceklestirilmis olan betimsel analiz
caligmalar1 ile betimsel ve meta-analiz ¢alismalarina ulasilmig ve bu g¢alismalarin kaynakgalart incelenmistir.
Kaynakg¢a incelemesi sonucunda, daha 6nce ulasilmis olan caligmalardan farkli bir ¢alismaya rastlanmadigi
goriilmiis ve toplam 52 c¢alisma dahil etme oOlgiitleri dogrultusunda degerlendirilmek {izere klasorlenmistir.
Ulasilan ¢aligmalarin aragtirmanin dahil etme 6l¢iitlerini karsilayip karsilamadiklarini belirleyebilmek amaciyla,
¢aligmalarin 6zet boliimleri incelenmis ve gerek duyulmasi halinde ¢aligmalarin tamami okunmustur. Dahil etme
Olciitlerini karsilayan toplam 21 calismaya ulasilmis ve her bir ¢aligmanin kaynakgasi incelenmistir. Bu
incelemeler sonucunda farkli bir ¢alismaya rastlanmamustir. Belirlenen bu galigsmalar kapsamli bir betimsel analiz
siirecine alinmigtir (bk. Sekil 1).
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Sekil 1

Calismalarin Belirlenme Siirecine Iliskin Akis (Moher vd., 2009)

Calismalarin belirlenme siireci
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935

o

g Veri tabanlarinmn taranmasi Dergi dizinlerinin taranmasi | Erisilen calismalarin kaynakcalarinin taranmasi
E (n=51) i (n=1) v (n=0)
% Erisilen tiim ¢alismalarin 6zet béliimlerinin incelenmesi

E (n=52)
-5 i

'M . .. . .

= Dahil etme &lgiitlerini karsilayan ¢alismalarin belirlenmesi

a (n=21)

>

- i

Betimsel analize dahil edilen ¢alismalar

B (n=21)

3 v

< Meta-analize dahil edilen ¢alismalar

A (n=17)

Analiz Siireci

Aragtirmanin analiz siireci, betimsel analiz siireci ve meta-analiz yoluyla ¢aligmalardaki uygulamalarin
kanita dayali olma standartlaria gore analiz siireci olmak iizere iki asamada ger¢eklesmistir.

Betimsel Analiz Siireci

Kanita dayali olma standartlart kapsaminda niteliksel Olgiitleri karsilayan caligmalarin belirlenme
stirecine, Oncelikle tiim caligmalarin betimsel analizi gerceklestirilerek baglanmistir. Bu baglamda, toplam 21
calisma, betimsel analiz siirecine dahil edilmistir. Caligmalara iligkin bilgiler aragtirmacilar tarafindan gelistirilen
“Calisma Degerlendirme Formu” kullanilarak kaydedilmistir. Form araciligiyla ¢aligmanin yazar ve yil bilgisi,
tirii, yayimlandig1r kaynak, bagimli degisken, bagimsiz degisken, denek ozellikleri (deneklerin tani, yas ve
sayilar1), aragtirma deseni, analiz tiirii, izleme, genelleme, sosyal gegerlik, gozlemciler arasi giivenirlik ve
uygulama giivenirligi basliklarinda bilgiler toplanmstir (bk. Tablo 1).
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Tablo 1
Betimsel Analiz Siirecine Dahil Edilen Calismalar
Calismanin ~ Yayimlandig: - .. g o Denekler . e Giivenirlik
No  Kaynak tirii kaynak Bagimli degisken ~ Bagimsiz degisken Tami tiri Yay/say: Aragtirma deseni Analiz tiiri G s GAG UG
Bouck ve Research in Pagarlella(ct)izr?;nnayl Dogrudan 6gretim  ZY (n = 2) 12-13 DG;IZI; l:qgaraSl Grafiksel analiz,
1 digerleri  Makale Developmental groblemleri Szme ile sunulan S-YS- ve OOG as/4 ﬁenemeli oklu istatistiksel analiz -+ + +
(2017) Disabilities Dot s (n=2) vas SOt (Tau-U ve OVY)
ecerisi yoklama modeli
Dogrudan dgretim
. ile sunulan S-YS- Iki tekrarli
Eldeli toplama . .
Carmack  Doktora University of islemi gerektiren S ve RENAME e 7-11 denekler arasi  Grafiksel analiz,
2 (2011) tezi Nevada oblemleri cézme (toplama islemi) 00G a5/9 yoklama istatistiksel analiz + + + +
g emiert ¢ FAST RENAME yas denemeli goklu  (OVY)
ecerisi o )
(sozel problem yoklama modeli
igin)
Birinci dereceden bir Dogrudan aretim
Cease- bilinmeyenli i égsunulangS-YS- Denekler arasi
3 Cook Dokt_ora University of_ denklem kurmay: S ve ISOLATE 7y 15-16 yoklama_ Grafiksel analiz + o+ 4 +
(2013) Tezi North Carolina ~ gerektiren (hatirlatic: yas/3 denemeli ¢coklu
problemleri ¢ézme . yoklama modeli
becerisi strateji)
ecerisi
Onluk bozma Bir tekrarli
. . . gerektiren ¢itkarma  Dogrudan 6gretim . denekler arasi Grafiksel analiz,
4 F(ezr(r)eolg? D_It_):ztiora USL\\/Izrs:y of islemi iceren ile sunulan S-YS- 00G 1?1 }62 yoklama istatistiksel analiz -+ 4 +
problemleri ¢zme S ve RENAME yas denemeli ¢oklu (t-test)
becerisi yoklama modeli
Preventin
School Failure;  Onluk bozma iy
Flores Alternative ' gerektiren ¢gikarma  Dogrudan 6gretim  OOG (n = 4) 8-10 Gruplar arasi
5 (2009) Makale Education for islemi igeren ile sunulan S-YS- ve NGG as/6 yinelenen ¢oklu  Grafiksel analiz -+ + +
Children and problemleri ¢zme S ve DRAW (n=2) yas yoklama modeli
Youth becerisi
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Tablo 1 (devami)
No Kaynak Caht%nrzinm Ya}ll(l:;}r?;lf el Bagimli degisken Bagimsiz degisken Tam tlﬂ?s{;l&kl&:{as syt Aragtirma deseni Analiz tirt G Gsuveélilé;k UG
Flores ve nge:ggg:ﬁ ties El‘if:kfﬁg]ma Dogrudan dgretim o 10-11 Deélkellzl lri;aram Grafiksel analiz,
6  digerleri  Makale Research & groblemleri S5zme ile sunulan S-YS-S 00G as/d ﬁenemeli oklu istatistiksel analiz + + o+ +
(2014) ; problemiert ¢ ve RENAME yas SOXI  (Tau-U)
Practice becerisi yoklama modeli
S-YS-Sile Denekler arasi
Hord ve The Journal of .
7 Xin Makale Special Alan ve haC|_m kavramsal model Y 11-13 yoklama_ Grafiksel analiz -+ o+ +
(2015) Education problemleri tabanli problem yas/3 denemeli goklu
¢ozme (COMPS) yoklama modeli
Learnin Toplama, gikarma, Dogrudan 6gretim Denekler arasi
Maccini ve Arning garpma, bélme 08 g Grafiksel analiz,
Disabilities ; . i ile sunulan S-YS-S o 14-18 yoklama A,
8 Hughes Makale islemi igeren sozel e 00G . sesli diistinme + + + +
(2000) Research & oblemleri cézme ve STAR (bilissel yas/6 denemeli ¢oklu rotokolii
Practice 1; - ¢ strateji 6gretimi) yoklama modeli P
ecerisi
- . Cikarma islemi Dogrudan 6gretim Denekler arasi . .
Maccini ve Education and gerektiren ile sunulan S-YS-S g 14-15 yoklama Grafl_ksgl énallz,
9 Ruhl Makale Treatment of - . 000G i sesli diistinme + o+ + +
(2000) Children problf:n_llerl ¢ozme ve ST_AR (biligsel yas/3 denemeli goklu_ protokolii
becerisi strateji 6gretimi) yoklama modeli
Learnin Onluk bozma Denekler arasi
Mancl ve Di 9 gerektiren ¢gikarma  Dogrudan dgretim Grafiksel analiz,
S . isabilities : L - o 10-11 yoklama L .
10  digerleri ~ Makale Research & islemi igeren ile sunulan S-YS-S 00G as/5 denemeli coklu istatistiksel analiz - - + +
(2012) ; problemleri gozme  ve RENAME yas FOXIL — (OVY)
Practice - yoklama modeli
becerisi
. . Denekler arast . .
O e G Tmeammve  Demdmogem  00G0=9  sa3 o o Coflemmen
Olme becerisi ile sunulan S-YS- ve n= as enemeli ¢coklu =
& Y bolme becerisi | lan S-YS-S veSP(n=1) yay/s  d li okl
(2019) Quarterly . (Tau-Uve OVY)
yoklama modeli
Morin ve Education and Teg:sll(g?;ﬁma islemi Dogrudan 6gretim CY (2v, 15-16 Denekler arasi
12 Miller Makale Treatment of groblemleri Szme ile sunulan S-YS-S  ZY-GY, ZY- as/3 coklu baslama Grafiksel analiz - - + +
(1998) Children p ¢ ve FAST DRAW FY) yas modeli

becerisi
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Tablo 1 (devami)
Caligmanin  Yayimlandig . o _ o Denekler . N Giivenirlik
No Kaynak tiirii kaynak Bagimli degisken =~ Bagimsiz degisken Tan tiird Yas/say1 Aragtirma deseni Analiz tiiri i G s GAG UG
Denekler aras: Grafiksel analiz
13 Nar (2018) erlksek . A.rja(_jolu o Toplarpz? islemi ngrudan ogretim 7y 8-11 yoklama. istatistiksel + 4+ 4 + +
lisanstezi  Universitesi becerisi ile sunulan S-YS-S yas/3 denemeli goklu -
. analiz (Tau-U)
yoklama modeli
Abant izzet Denekler arasi
S Yiiksek Carpma islemi Dogrudan dgretim 9-10 yoklama - .
14 Ozl (2016) lisans tezi %i{izlrsitesi becerisi ile sunulan S-YS-S zY yas/3 denemeli goklu Crafiksel analiz -+ + +  + *
yoklama modeli
Bir bilinmeyenli Denckler aras
Scheuermann Learning denklem Dogrudan é&retim 11-14 oklama ! Grafiksel analiz,
15  vedigerleri Makale Disability coziimiinii igeren oo ool OBTC 00G y . istatistiksel + o+ -+ -
(2009) Quarterly sozel problem Hle sunulan S-YS-S yas/l4  denemeli coklu o) (OVY)
¢dzme becerisi yoklama modeli
Tek basamakli
Sealander ve Assessment for S?lz’;l;‘;fi(t; rgﬁl) Dogrudan ééretim OOG (n = 5) Denekler arasi
16  digerleri Makale Effective ¢ Kt sier | i £ | & Y DDB (n = 6-8 yag/8  ¢oklubaglama  Grafiksel analiz  + + - + +
(2012) Intervention gerektiren sdze ile sunulan S-YS-S (n=3) modeli
problemleri
¢Ozme becerisi
Alan 00G (n=2) Denekler aras
Strickland ve Remedial and problemlerinin - e PO rast Grafiksel analiz,
o - - . Dogrudan dgretim 00G- 13- yoklama P
17 Maccini Makale Special igine gémiilen ile sunulan S-YS-S DEHB 15vas/3 denemeli coklu istatistiksel + + 4+ + +
(2012) Education cebirsel ifadeleri - yas SO analiz (OVY)
. (n=1) yoklama modeli
carpma becerisi
Eldeli toplama
Education and Eéir;; Ogszlk(tiren Dogrudan dgretim
Stroizer ve Training in 1kamla?i lemi ile sunulan S-YS-S 8-10 Davranislar aras1 ~ Grafiksel analiz,
18  digerleri Makale Autism and zlﬁr dan bse . > ve RENAME 0SB as/3 ¢oklu baglama istatistiksel - -+ + +
(2015) Developmental kadar olans (¢1karma) ve yas modeli analiz (Tau-U)
Disabilities DRAW (garpma)

sayilarla carpma
islemi becerisi
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Tablo 1 (devami)

Caligmanin ~ Yayimlandigt . o _ .. Denekler . N Giivenirlik
No Kaynak tiirii kaynak Bagimli degisken Bagimsiz degisken Tan tiird Yas/sayt Aragtirma deseni Analiz tird i G s GAG UG
Semaya dayali
Spmavebiime e, SvS.s Deneker arast
Taber Doktora Florida Atlantic garpm . JIst, - yoklama . .
19 - . islemi gerektiren ve kendini . Grafiksel analiz ~ +
(2013) tezi University o - denemeli ¢oklu
problemleri ¢cézme diizenleme .
. e baslama modeli
becerisi stratejisini igeren
ogretim paketi
. _ Denekler arasi Grafiksel analiz,
Washing  Yiksek  Miami Onluk bozma Video modelle ZYM=1) " 1445  yoklama istatistiksel
20 - . S gerektiren ¢ikarma ogretim ile sunulan ~ ve OSB-ZY . - + + + -
(2018) lisans tezi  University : . .. _ yas/3 denemeli ¢oklu  analiz (Tau-U
islemi becerisi S-YS-S (n=2) . -
yoklama modeli  ve OVY)
Tek ve iki basamakl
Y\?ekumva J%Jzzllnogn d S?g;ﬁ;f\tzps l;mlla, Video modelle Davraniglar arast ~ Grafiksel analiz,
21 . . Makale ¢ Y Ogretim ile sunulan 0SB 5-6 yag/4  ¢oklu baglama istatistiksel + -+ + +
digerleri Developmental  karsilagtirmalarini S-YS-S modeli analiz (ILOF)
(2016) Disorders gerektiren sozel

problemler

Not: DDB = duygusal ve davranigsal bozukluk; DEHB = dikkat eksikligi ve hiperaktivite bozuklugu; FY = fiziksel yetersizlik; G = genelleme; GAG = gozlemciler arasi giivenirlik; GY = g6rme yetersizligi; I =izleme;
NGG = normal gelisim gosteren; OSB = otizm spektrum bozuklugu; OOG = 6zel 6grenme giigligii; OVY = ortiismeyen veri yiizdesi; S = sosyal gecerlik; SP = saglik probleminden kaynakl yetersizlik; UG = uygulamaci
giivenirligi; ZY = zihin yetersizligi.
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Kanita Dayali Uygulama Standartlarina Gére Analiz Siireci

2014 yilinda Ozel Gereksinimli Cocuklar Konseyi (Council for Exceptional Children [CEC]) tarafindan
bir uygulamanin kanita dayali olarak nitelendirilmesinde; (a) her bir ¢calismanin yontemsel agidan uygunlugunu
belirleyen niteliksel 6l¢iitler ve (b) bir uygulamanin kanita dayali uygulama olarak siniflandirilmasini belirleyen
standartlar olmak iizere iki unsurun yer aldig1 6ne siiriilmiistiir. Bir uygulamanin kanita dayali olup olmadiginin
belirlenmesinde; (1) tek-denekli ¢alismalarin niteliksel 6l¢iitlerin tamamini karsilayarak yontemsel agidan uygun
olmasi, (2) konuya iliskin toplamda en az bes tek-denekli calismanin yapilmis olmasi, (3) bu calismalarda olumlu
etki goriilmesi ve (4) bu calismalarin toplamda en az 20 denek ile yiiriitiilmiis olmasi standartlarinin dikkate
alinmas1 gerekmektedir (Ozel Gereksinimli Cocuklar Konseyi, 2014). Bunun yan1 sira bir uygulamanin kanita
dayali olarak adlandirilmasinda, niteliksel ve niceliksel degerlendirmelerin bir arada yapildigi kapsamli bir
degerlendirme siirecinin 6nemi vurgulanmaktadir (Karasu, 2011; Kavale, 1984). Niceliksel 6zetleme olarak meta-
analizler, niteliksel baglamda betimsel analiz siirecine kiyasla daha iist diizey nesnellik saglamaktadir. Bir
uygulamanin kanita dayali olup olmadigina karar vermek icin, ilgili ¢alismalarin niceliksel 6zetlemeler ile
desteklenerek etki biiyiikliiklerinin incelenmesi 6nerilmektedir (Kavale, 1984). Bu nedenle, niteliksel agidan tiim
Olciitleri karsilayan calismalarin niceliksel olarak sentezlenmesi i¢in, ¢alismalarin etki biiyiikliigii hesaplamalarina
yer verilir. Bu bilgiler 1s181inda, mevcut ¢aligmada, S-YS-S 6gretiminin kanita dayali uygulama olma durumunun
degerlendirilmesi amaciyla, her bir calismanin niteliksel ve niceliksel 6zetlemeleri gerceklestirilmistir.

Ozel Gereksinimli Cocuklar Konseyi (2014) tarafindan, bir ¢caligmanin yéntemsel agidan uygun olmasi
i¢in tiim niteliksel dlgiitleri karsilamasi gerektigi one siiriilmiistiir. Bu baglamda, ¢alismalarin niteliksel agidan
degerlendirilme siireci, Ozel Gereksinimli Cocuklar Konseyi tarafindan gérevlendirilen ve 6zel egitim alaninda
hizmet veren Cook ve digerleri (2014) tarafindan gelistirilen 6lgiitler dikkate alinarak yiiritiilmistiir. Cook ve
digerleri (2014), gergeklestirdikleri pilot calismada, belirlenen 6lgiitlere yonelik degerlendiriciler arasi giivenirlik
katsayisini tek-denekli ¢alismalar i¢in .64 olarak hesaplamislardir. Belirlenen toplam 28 6l¢iitiin 22’sinin ise tek-
denekli ¢aligmalar igin gegerli oldugu bildirilmistir. Tek-denekli ¢aligmalar igin belirlenen 6lgiitler su sekilde
siralanmigtir: (1) ortam ve baglamim tanimlanmast (6l¢iit 1.1), (2) deneklere iliskin demografik &zelliklerin
belirtilmesi (dl¢iit 2.1), (3) deneklerin yetersizlik durumlarimin/risk durumlarinin ne oldugu ve yetersizlik
durumlarmin/risk durumlarinin belirlenme siirecinin belirtilmesi (6lgiit 2.2), (4) uygulamaciya yonelik bilgi
verilmesi ve roliiniin agiklanmasi (6rn., 6gretmen, arastirmaci, yardimei profesyonel, ebeveyn, goniillii, akran
ogretmenti, kardes vb.) (6l¢iit 3.1), (5) uygulamanin gergeklestirilebilmesi i¢cin bu konuda bir egitim alinmasi veya
yeterlik sahibi olunmasi gerekiyor ise, uygulamacinin uygulamay1 ger¢eklestirme konusunda gerekli egitimi alma
veya bu konuda yeterliginin olma durumunun belirtilmesi (6l¢iit 3.2), (6) uygulama siirecinin ve uygulamacinin
davraniglarinin agiklanmasi (6l¢iit 4.1), (7) galisma i¢in gerek duyulan materyallerin agiklanmasi (6lgiit 4.2), (8)
dogrudan ve gozlenebilir dlgiimlerle (kontrol listesi) ¢alismanin uygulama giivenirliginin degerlendirilmesi ve
raporlastirilmasi (6lgiit 5.1), (9) uygulamanin siiresi ve sikhiginin degerlendirilmesi ve raporlastirilmasi (6lgiit 5.2),
(10) uygulama giivenirliginin, uygulama siireci boyunca ve her bir uygulamaci, ortam ve denek igin
degerlendirilmesi ve raporlastirilmasi (Sl¢iit 5.3), (11) bagimsiz degiskenin arastirmaci tarafindan sistematik bir
bi¢imde kontrol edilmesi (6lgiit 6.1), (12) baglama diizeyi asamasinin ayrintih olarak agiklanmasi (6l¢iit 6.2), (13)
baslama diizeyinde miidahaleye yer verilmemesi (6l¢iit 6.3), (14) deneysel etkinin en az ii¢ farkli durumda
gosterilmesi (6lgiit 6.5), (15) baslama diizeyinin yer aldig1 tek-denekli ¢caligmalarda, baglama diizeyi asamasinda
en az ii¢ veri noktasinin bulunmasi (Slgiit 6.6), (16) i¢ gecerligin kontrol edilmesi (6l¢iit 6.7), (17) bagimsiz
degiskenin uygulanmasi ile bagimli degiskende meydana gelen degisimin sosyal agidan 6nem tegkil etmesi (5lgiit
7.1), (18) bagimh degiskene iligkin 6l¢timlerin agik bir bi¢imde tanimlanmasi ve agiklanmasi (6l¢iit 7.2), (19) etki
biiytikliigii hesaplamaya olanak taniyan verinin sunulmasi (6lgiit 7.3), (20) uygulamanin olas1 etkisini gdstermek
amaciyla en az {i¢ veri noktasina yer verilmesi (6l¢iit 7.4) (21) giivenirlik hesaplamalarinin gergeklestirilmesi (6lgiit
7.5) ve (22) uygulamanin her agamasinda, her bir duruma (denek, davranis ya da ortam) yonelik elde edilen
verilerin gorsel analiz yapmaya olanak taniyacak sekilde grafik tizerinde sunulmasi (6l¢iit 8.2) (Cook vd., 2014).

Calismalarin niteliksel agidan degerlendirilmesinin ardindan her bir ¢alismanin olumlu etki gosterme
kriterini inceleme siirecine gegilmistir. Tek-denekli ¢alismalarda olumlu etkinin izlenmesi, bagimli ve bagimsiz
degisken arasinda islevsel bir iliskinin gériilmesi ile miimkiin olmaktadir (Ozel Gereksinimli Cocuklar Konseyi,
2014). Baska bir ifadeyle tek-denekli ¢alismalarda olumlu etkiden sz edilebilmesi i¢in, (a) bagimli ve bagimsiz
degisken arasinda iglevsel bir iligkinin olmasi ve (b) en az ii¢ durum (denek, davranis, ortam) igeren bir ¢alismanin,
ilgili durumlarinin %75’inde anlamli degisimlerin goriilmesi gerekmektedir (Cook vd., 2014).

Tek-denekli deneysel arastirma yontemlerinde, gorsel analizler ile etki biiyiikliigii istatistiklerine bir arada
yer verilmesi, uygulanan miidahalenin etkisinin belirlenmesinde biiyiik 6nem tasimaktadir (Kazdin, 1982; Rakap
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vd., 2020). Bunun yam sira, tek-denekli ¢alismalarin etki durumlarinin siniflandirilmasinda, her bir durumda
(denek, davranis ve ortam) bagimli ve bagimsiz degisken arasinda islevsel bir iliskinin kurulmus olmasi
beklenmektedir. Islevsel iliskinin varligi, (a) kararhilik (verilerde tolere edilebilecek degiskenlik diizeyi ya da
verilerdeki inig-¢ikis diizeyi), (b) egilim (verilerde goriilen sistematik artma yada azalma), (c) diizey (bagiml
degiskenin y ekseninde aldig1 biiyiikliik), (d) acil etki (evreler arasinda ilk evrenin son veri noktasi ve takip eden
evrenin ilk veri noktasi arasindaki farkin belirlenmesi ile mutlak diizey degisikliginin bulunmasi) ve (e) ortlisme
analizi (farkli evrelerde verilerin ortiisme/benzesme yiizdesi) (Tekin-iftar, 2012) ile miimkiin olmaktadir. Bu
nedenle mevcut ¢alismada, gorsel analiz siirecine yer verilmistir.

Gorsel analiz siirecinde dncelikle, bir evredeki veri noktalarinin degiskenligini incelemek iizere kararlilik
analizine yer verilmistir (Tekin-iftar, 2012). Oncelikle, evredeki verilerin ortalamasi hesaplanmistir. Ortalamanin
+ %151 hesaplanarak veri noktalarinin kabul edilebilir araligi belirlenmistir. Ardindan, kabul edilebilir veri
araliginda bulunan veri noktasi sayisi yilizde olarak hesaplanmigtir. Kararlilik bir evredeki verilerin degiskenlik
gostermemesi, diger bir ifadeyle verilerin inisli ¢ikigh olmamasi anlamina gelmektedir. Bu nedenle bir evredeki
verilerin en az %80’inin, %15’ten daha fazla ortalamadan uzaklasmamas1 durumunda verilerin kararli oldugu
kabul edilmistir (Tekin-Iftar, 2012). Sonrasinda, veri yolunun y&niiniin analiz edildigi egilim analizine yer
verilmistir. Egilim analizi ile bir evrede yer alan verilerin artma, azalma ya da diiz yonde olma durumlari
incelenmistir. Bu kapsamda verilerin egilimini belirlemek {izere es-yar1 (ortadan bolme) yontemi kullanilmigtir
(Tekin-iftar, 2012). Es-yar1 yonteminde dncelikle, denegin performansindaki ilerlemenin yon ve siddetini yansitan
ilerleme ¢izgisi ¢izilerek verilerin egilimi belirlenmistir. Ancak, ilerleme ¢izgisinin gizilmesi tek basina yeterli
olmadigindan, egilim kararliligi zarfi olusturulmustur. Bu dogrultuda, evredeki ortanca degerin + %20’si
hesaplanarak, veri noktalarinin kabul edilebilir kararlilik araligi belirlenmistir. Verilerin %80’inin kararlilik
araliginda bulunmasi durumunda egilimin kararli oldugu goriisiine varilmistir. Tiim bu siireglerin ardindan, diizey
kararligimin hesaplandigi diizey analizi ger¢eklestirilmistir. Diizey kararlilig1, bir evredeki verilerin diizeyinde (y
ekseninde aldig1 biiyiikliik) griilen degisikligin miktar1 olarak ifade edilir (Tekin-Iftar, 2012). Diizey kararlilig
analizi kapsaminda, verilerin %80°1 hesaplanarak, o evredeki ortanca degerin %15 ya da %20 arasinda kalma
durumu degerlendirilmistir. Ayrica, bir evreden diger evreye gecilirken goriilen bagimsiz degiskenin acil etkisinin
belirlenmesi adina mutlak diizey degisikligi analizine yer verilmistir (Tekin-iftar, 2012). Mutlak diizey degisikligi
analizi kapsaminda ise, evreler arasinda ilk evrenin son veri noktasi ve takip eden evrenin ilk veri noktasi
arasindaki fark belirlenmistir. Bu farkin biiyiikliigii, miidahalenin etkisinin yarattif1 degisimin biiytkligi
konusunda bilgi vermistir (Rakap vd., 2020). Tiim bu analizlerden elde edilen bulgular, miidahalenin etkililigi
konusunda karar verilmesinde tek basina yeterli goriilmemektedir. Bu sebeple analizlerden elde edilen bulgular
sentezlenerek yorumlanmustir. Ornegdin; egilim ve acil etki durumlar birlikte degerlendirilirken, evreler arasinda
geciste bagimli degiskende ani ve dik bir egilimin goriillmesi durumunda miidahalenin etkili oldugu sonucuna
ulagilmistir. Bagka bir degerlendirme siirecinde, uygulama evresindeki verilerde inis ¢ikislarin gériillmemesi yani
verilerin kararlilik gdstermesi ile verilerin birbirine yakin ve biiyiik degerlerde olmasi durumunda miidahalenin
etkili oldugu bilgisine varilmistir (Rakap vd., 2020; Tekin-iftar, 2012).

Calismalarin kanita dayali olma durumlarini incelemek adina yiiriitiilen bir diger siirecte, uygulamanin
etkisini belirlemek iizere etki biiylikliigii hesaplamalarma yer verilmistir. Bu baglamda, gorsel analiz siirecinde ek
olarak farkli evrelerde verilerin Ortiigme (benzesme) yiizdesinin belirlenmesi adina Ortiisme analizi
gerceklestirilmistir (Tekin-Iftar, 2012). Bu ¢alismada, bagimli degiskende arttirilmak istenen durumlar s6z konusu
oldugundan, Ortiismeyen Veri Yiizdesi hesaplamasi kullamlmistir. Ortiismeyen veri yiizdesi (OVY)
hesaplamasinda, baglama diizeyindeki en yiiksek veri noktasi belirlenir ve belirlenen bu noktadan uygulama
asamasinin i¢ine dogru yatay bir dogru ¢izilir. Dogrunun iist kisminda kalan veri noktalari, uygulama diizeyindeki
toplam veri noktasi sayisina boliinerek yiizdelik olarak hesaplanir. Elde edilen etki diizeyi degeri, %90 ve {izerinde
ise “yiiksek etkili”, %70 ve %90 arasinda ise “etkili”, %50 ve %70 arasinda ise “tartigmali” ve %50°nin altinda ise
“etkisiz” olarak degerlendirilmektedir (Scruggs vd., 1986). OVY hesaplamasi, giivenirliginin yiiksek olmas1 ve
kolay hesaplanmasi nedeniyle kullanish bir yéntem olarak gériilmektedir. Ote yandan parametrik istatistik icin
gereken varsayimlarin karsilanmasini gerektirmeyen bir yontem oldugu bilinmektedir (Rakap vd., 2020). Ancak,
bu analiz yontemi, baslama diizeyi evresinde veri noktalarindaki egilim degigimine iligkin yeterli diizeyde hassas
Olciimler sunmadigi gerekgesiyle elestirilmektedir (Karasu, 2009).

OVY hesaplamalarinin ardindan, Parker ve digerleri (2011) tarafindan gelistirilen ve parametrik olmayan
bir baska analiz teknigi olan Tau-U analiz teknigi kullanilmistir. Bu analiz teknigi; (a) baslama diizeyi ve uygulama
diizeyi evrelerindeki Ortiismeyen verilerin yorumlanmasi, (b) Ortiismeyen veriler ile uygulama evresindeki
verilerde goriillen egilimin birlestirilerek yorumlanmasi, (c) basglama diizeyi evresindeki egilimin kontrol
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edilmesiyle ortlismeyen verilerin yorumlanmasi ve (d) uygulama evresi ve baslama diizeyi evresindeki egilim
kontrol edildiginde drtiismeyen verilerin yorumlanmas: siireglerinden olusmaktadir. Bu analiz tekniginde evreler
ciftli karsilagtirilmakta ve karsilastirmalarda pozitif veya negatif yonlii 0-1 arasinda degerlere ulagilmaktadir. Bu
aragtirmada ise, 0-1 arasi Tau-U degerleri yiizdelik degere ¢evrilerek gosterilmistir. Analiz sonucunda elde edilen
yiizdelik deger, %93 ve tizerinde ise “yiiksek etkili”, %66-92 arasinda oldugunda “etkili”, %65 ve altinda
oldugunda ise “digiik etkili” olarak yorumlanmistir (Parker & Vannest, 2009). Tau-U hesaplamalarinin
gerceklestirilmesi  i¢in,  http://www.singlecaseresearch.org/calculators/tau-u ~ hesaplama  sayfasindan
yararlanilmigtir. Tau-U analizi, baslama diizeyi ve uygulama evresinde yer alan tiim veri noktalarim
karsilagtirabilir 6zelliktedir. Bu siiregte de baslama diizeyi evresindeki egilimi dikkate almasi nedeniyle diger
yontemlere gore daha giivenilir ve hassas sonug¢lar sunmaktadir. Baglama diizeyi ve uygulama evrelerinde ¢ok az
sayida veri oldugu durumlarda dahi etkili sonuglar vermektedir. Bu ¢alismada da Tau-U analiz tekniginin bu
yonleri ile OVY hesaplamalarin destekler ve simirliliklarim giderir nitelikte oldugu diisiiniilmiistiir.

Etki biiyiikliigii hesaplamalarinin ardindan, OVY ve Tau-U degerleri arasindaki iliskiyi belirlemek adina
korelasyon analizi gerceklestirilmistir. Bu iki parametrik olmayan analiz teknigi arasindaki tutarlilii
degerlendirmek iizere korelasyon katsay1 degerleri hesaplanmis
(https://www.socscistatistics.com/tests/spearman/) ve aralarinda pozitif yonde bir iliski olup olmadig:
belirlenmistir.

Giivenirlik Hesaplamalar

Bu arastirmada, betimsel analiz siirecinde, niteliksel analizlerin degerlendirilmesi siirecinde, ¢alismalarin
olumlu etki gdsterme kriterini inceleme siirecinde ve kanita dayali olma standartlarini inceleme siirecinde olmak
tizere dort farkli kodlayicilar arasi giivenirlik hesaplamasi gergeklestirilmistir. Aragtirmacilar arasindaki tutarlilig
degerlendirmek {izere gergeklestirilen kodlayicilar arasi giivenirlik hesaplamalarinda [goris birligi / (goris birligi
+ goriis ayriligi) X 100] formiilii kullanilmustir (Erbas, 2012). i1k olarak, betimsel analiz siirecine baglamadan énce,
her bir kodlama degiskeninin tanimi ve kapsami iizerinde uzlagma saglanmasi ve goriis birligine varilmast
amactyla “Caligma Degerlendirme Formu” kullanilarak degerlendiriciler arast giivenirlik analizi
gerceklestirilmistir. Bu formda ¢aligmalarin kaynak bilgisinin yan1 sira (1) ¢aligmanin tiirdi, (2) yayimlandigi
kaynak, (3) bagimli degisken, (4) bagimsiz degisken, (5) deneklerin aldig: tani tiirdi, (6) deneklerin yaslari, (7)
toplam denek sayisi, (8) arastirma deseni, (9) analiz tiirii, (10) izleme, (11) genelleme, (12) sosyal gecerlik, (13)
gozlemciler arasi giivenirlik ve (14) uygulama giivenirligi olmak {izere toplam 14 baslik yer almaktadir. Bu 14
baslik dikkate alinarak, arastirmanin birinci ve ikinci yazari tarafindan her bir kodlama degiskeninin kapsami,
tanimi, olumlu ve olumsuz 6rnekleri iizerinde tartisilmis ve degerlendirmeler yapilmistir. Bu siirecte, betimsel
analize alian 21 ¢aligmanin %25°1 (n = 6) yansiz olarak belirlenmis ve ¢alismalara iligkin bilgiler birinci ve ikinci
yazar tarafindan birbirlerinden bagimsiz bir sekilde “Caligma Degerlendirme Formu” kullanilarak kaydedilmistir.
Kodlayicilar arasi tutarlilik %100 oraninda bulunmustur.

Tek-denekli arastirmalarin niteliksel 6lgiitlerinin degerlendirilmesi siirecinde Cook ve digerleri (2014)
tarafindan her bir niteliksel 6l¢iit icin yer verilen agiklamalar dikkate alinmistir. Calismalarin niteliksel agidan
degerlendirilmeleri siirecinde, ¢alismanin ilgili niteliksel 6l¢iitii karsilamast durumunda “Evet” ve karsilamamasi
durumunda ise “Hayir” seklinde kodlama yapilmigtir. Goriig birliginin saglanmasi amaciyla, aragtirmanin birinci
ve ikinci yazari her bir niteliksel 6l¢iitin olumlu ve olumsuz Ornekleri iizerinde tartigmiglardir. Ardindan,
calismalarin %25’i (n = 6) yansiz atama ile belirlenmis ve c¢alismalara iliskin bilgiler birinci ve ikinci yazar
tarafindan birbirlerinden bagimsiz bir sekilde “Niteliksel Acgidan Degerlendirme Formu” kullanilarak
kaydedilmistir. Aragtirmacilar arasinda ilk etapta %90.9 oraninda tutarlilik gériilmiistiir. Daha sonra arastirmacilar,
her bir tutarlilik saglanamayan niteliksel 6lgiit {izerinde tartisarak %100 goriis birligine ulasmislardir. Niteliksel
Olciitlerin tamamini karsilayan ¢aligmalar Tablo 2°de “*” isareti ile gosterilmistir.

Ardindan her bir ¢aligmanin olumlu etki gosterme kriterini inceleme siirecine yonelik giivenirlik analizleri
gergeklestirilmistir. Arastirmanin birinci ve ikinci yazari tarafindan her bir ¢alisma, islevsel iliski agisindan gorsel
analiz yoluyla incelenmisgtir. 17 calismanin %25°1 (n =5) yansiz atama ile belirlenmis ve kodlayicilar arasi tutarlilik
%100 oraninda bulunmustur. Son olarak, kanita dayali olma standartlarini karsilayan ¢aligmalarin tamami birinci
ve ikinci yazar tarafindan degerlendirilmis ve kodlayicilar arasi tutarlilik %100 oraninda bulunmustur.
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Bulgular
Betimsel Analize Yonelik Bulgular

Kapsamli betimsel analiz siirecine dahil edilen ¢aligmalar (n = 21), yayimlanma 6zellikleri, demografik
ozellikleri, yontemsel 6zellikleri ve sonuglara iliskin olmak {izere dort temel baglikta incelenmistir. Her bir temel
basliga iliskin bulgular izleyen bagliklarda detaylandirilmistir.

Yayumlanma Ozelliklerine Iliskin Bulgular

Bu baglikta ¢aligmalarin yayimlanma 6zelliklerine iliskin bulgular, calismalarin (a) yayimlanma yili, (b)
yayimlanma tiirii ve (c) yayimlandigi kaynak olmak iizere ii¢ alt baglikta sunulmustur.

Yayimlanma Yih. Yapilan ¢aligmalarin yillara gore dagilimi incelendiginde, 1980-1992 yillar1 arasinda
herhangi bir ¢alismaya rastlanmamistir. 1980-2019 yillar1 arasinda yapilan ilk ¢alismanin 1993 yilinda yapildig
ve 2009 yiliyla birlikte yapilan ¢aligmalarda bir artis oldugu goériilmiistiir. 2011-2019 yillari, yapilan galisma
sayisinin en yogun oldugu yillar olarak goriilmektedir. Uger ¢alismanin gerceklestirildigi 2009 ve 2012 yillarinin
en ¢ok ¢aligmanin yapildig1 yillar oldugu belirlenmistir.

Yaymmlanma Tiirii. Yapilan ¢alismalarin tiirlere gore dagilmi incelendiginde makale (n = 14; or.,
Strickland & Maccini, 2012), yiiksek lisans tezi (n = 3; or., Ozlii, 2016) ve doktora tezi (n = 4; 6r., Taber, 2013)
olmak tizere toplam 21 ¢aligmanin yapildig1 ve calismalarin makale tiirtinde yogunlastig1 belirlenmistir.

Yayimmlandigi Kaynak. Yapilan calismalarin kaynaga goére dagilimi incelendiginde, ¢aligmalarin
Research in Developmental Disabilities (n = 1), Preventing School Failure: Alternative Education for Children
and Youth (n = 1), Learning Disabilities Research & Practice (n = 3), The Journal of Special Education (n = 1),
Education and Treatment of Children (n = 2), Learning Disability Quarterly (n = 2), Assessment for Effective
Intervention (n = 1), Remedial and Special Education (n = 1), Education and Training in Autism and
Developmental Disabilities (n = 1), Journal of Autism and Developmental Disorders (n = 1) dergilerinde
yayimlandigi gorillmiistiir. Caligmalarin Learning Disabilities Research & Practice (n = 3) dergisinde yogunlastigi
belirlenmistir. Bununla birlikte ¢alismalarin geri kalan kismmin Nevada Universitesi (n = 2), North Carolina
Universitesi (n = 1), Anadolu Universitesi (n = 1), Bolu Abant izzet Baysal Universitesi (n = 1), Florida Atlantic
Universitesi (n = 1) ve Miami Universitesi (n = 1) enstitiilerinde lisansiistii tez olarak yayimlandig1 goriilmiis ve
calismalarin Nevada Universitesi’nde yogunlastig1 belirlenmistir.

Demografik Ozelliklere Iliskin Bulgular

Bu baslik altinda deneklerin 6zelliklerine iliskin bulgular (a) deneklerin tanilari, (b) deneklerin yaslari ve
sayilart olmak tizere iki alt baslikta sunulmustur.

Deneklerin Tanilari. Calismalardaki deneklerin 6zel 6grenme giigliigii (n = 66), zihin yetersizligi (n =
15), otizm spektrum bozuklugu (n = 7), ¢coklu yetersizlik (n = 6), diger (saglik probleminden kaynakl yetersizlik,
duygusal davranissal bozukluk) (n = 5) ve normal gelisim gdsteren bireyler (n = 2) olmak iizere alt1 baslik altinda
gruplandigi gorillmiistiir. Sadece bir ¢alismada (Flores, 2009), denek grubuna 6zel 6grenme giigliigii olan
Ogrencilerin yani sira, normal gelisim gosteren iki 6grencinin de dahil edildigi goriilmiistir. Bu bilgiler
dogrultusunda, 6zel 6grenme giigliigii tanili bireyler ile gergeklestirilen ¢aligmalarin siklikta oldugu izlenmistir.

Deneklerin Yas ve Sayilari. Calismalarda yer alan deneklerin 5-7 yas (n = 10), 8-10 yas (n = 33), 11-13
yas (n = 35) ve 14-18 yas (n = 23) gruplarinda olduklar1 ve yapilan ¢alismalarin (6r., Hord & Xin, 2015;
Scheuermann vd., 2009) 11-13 yas grubunda yogunlastigi belirlenmistir. Bunun yani sira, 14 yas ve iistii denekler
ile (Cease-Cook, 2013; Maccini & Hughes, 2000; Maccini & Ruhl, 2000; Morin & Miller, 1998; Washing, 2018)
calisan dort calismanim oldugu goriilmiistiir. Incelenen tiim bu calismalarda, toplam 101 denegin yer aldig1
bulgusuna ulagilmistir.

Yontemsel Ozelliklere Iliskin Bulgular

Bu baglikta calismalarin yontemsel ozelliklerine iliskin bulgular, (a) arastirma deseni, (b) bagiml
degisken, (c) bagimsiz degisken ve (d) kullanilan analiz tiirii olmak {izere olmak dort alt baglikta sunulmustur.

Arastirma Deseni. Yapilan ¢alismalarin arastirma desenine gore dagilimlari incelendiginde, tek-denekli
aragtirma modellerinden davranislar arasi ¢oklu baglama modeli (n = 2), denekler arasi ¢oklu baglama modeli (n =
2), denekler aras1 yoklama denemeli goklu yoklama modeli (n = 14), gruplar arasi yinelenen ¢oklu yoklama modeli
(n = 1), bir tekrarli denekler aras1 yoklama denemeli ¢oklu yoklama modeli (n = 1) ve iki tekrarli denekler arasi
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yoklama denemeli ¢oklu yoklama modeli (n = 1) desenlerinin kullanildig1 belirlenmistir. Bu ¢aligmalar arasinda
(6r., Strickland & Maccini, 2012; Taber, 2013) siklikla denekler arasi yoklama denemeli goklu yoklama modeline
yer verildigi goriilmiistiir.

Bagimh Degisken. Dogrudan 6gretim yontemi ile sunulan g¢alismalarin bagimli degigskenlere gore
dagilimi incelendiginde, dort islem gerektiren problemleri ¢ézme (n = 11), denklem kurmayr gerektiren
problemleri ¢ozme (n = 2), alan ve hacim hesaplamalarini gerektiren problemleri ¢6zme (n= 1) ve para kullanmay1
gerektiren problemleri ¢é6zme (n = 1) olmak iizere toplam 15 ¢alismanin problem ¢dzme alaninda yogunlastigt
goriilmiigtiir. Bununla birlikte, dort islem becerileri (n = 5) ve cebir 6gretimi (n = 1) olmak iizere tiim ¢alismalarin
toplam alt1 konu alaninda toplandigi belirlenmistir. Caligmalarda (Flores, 2009; Mancl vd., 2012; Washing, 2018)
bagimli degisken olarak, problem ¢6zme alaninda en ¢ok onluk bozma gerektiren ¢ikarma islemi igeren
problemleri ¢ozme becerisine (N = 3) yer verilmisken, dort iglem becerileri alaninda ise siklikla ¢arpma islemi
becerisine (n = 3) yer verildigi goriilmiistiir (6r. Ozli, 2016).

Bagimsiz Degisken. Calismada bagimsiz degiskenin sunulmasinda kullanilan strateji, yontem ya da
teknikler incelendiginde, ¢aligmalarin dogrudan 6gretim yontemi ile sunulan ¢alismalar (n = 17), video modelle
ogretim ile sunulan ¢alismalar (n = 2), kavramsal model tabanli 6gretim ile sunulan ¢aligmalar (n = 1), semaya
dayal1 6gretim ile sunulan ¢alismalar (n = 1) ve bir stratejinin eslik ettigi calismalar (n = 13) olmak {izere bes baslik
altinda toplandig1 belirlenmistir. Calismalarda siklikla S-YS-S &gretiminin dogrudan 6gretim ydntemi ile
sunuldugu goriilmiistiir. Calismalarda S-Y'S-S 6gretim uygulamalarina DRAW (6r., Flores, 2009), RENAME (6r.,
Mancl vd., 2012), FAST DRAW (6r., Morin & Miller, 1998), FAST RENAME (6r., Carmack, 2011), Isolate (6r.,
Cease-Cook, 2013), STAR (6r., Maccini & Hughes, 2000) ve Kendini Diizenleme Stratejileri (6r., Taber, 2013)
olmak tizere yedi stratejinin eslik ettigi belirlenmistir. Bu ¢alismalarda en ¢ok RENAME stratejinin (n = 5)
kullanildig1 ve bu stratejiyi DRAW (n = 2) ve STAR (n = 2) stratejilerinin izledigi belirlenmistir.

Kullanilan Analiz Tiirii. Caligmalarin analiz tiirline gore dagilimlari incelendiginde, ¢alismalarin
timiinde grafiksel analizlerin kullanildigi (n = 21) ve bu calismalar arasinda istatistiksel analize yer veren
calismalarin da (n = 15) oldugu belirlenmistir. Istatistiksel analizlere yer verilen ¢alismalarda analiz yontemi olarak
OVY (n =7), Tau-U (n = 6), ilerleme Oram Farki (ILOF) (n = 1) ve t-testi (n = 1) kullanildig1 gériilmiistiir. Bu
calismalarda (&r., Strickland & Maccini, 2012) siklikla OVY analiz yénteminin kullamldig: gériilmektedir.

Sonuclara Iligkin Bulgular

Bu baglikta calismalarin sonuglarina iligkin bulgular; (a) izleme ve genelleme, (b) sosyal gecerlik ve (c)
giivenirlik olmak iizere ii¢ alt baglikta sunulmustur.

izleme ve Genelleme. Calismalarin 19’unda izleme ve 12’sinde ise genelleme verisine iliskin bilgi
verildigi belirlenmistir. Bu galigmalarin 12’sinde hem izleme hem de genelleme verisine yo6nelik bulgular
paylasildigi goriilmiistiir.

Sosyal Gegerlik. Calismalarin 16’sinda sosyal gegerlik verisine iliskin bilgi verildigi belirlenmistir.

Giivenirlik. Calismalarin 21’inde gézlemciler arasi giivenirlik ve 19’unda ise uygulama giivenirligi
verisine iligkin bilgi verildigi belirlenmistir. Bu ¢aligmalarin 19’unda hem goézlemciler arasi giivenirlik hem de
uygulama giivenirligi verisine yonelik bulgularin paylasildigi goriilmiistiir.

Kanita Dayah Degerlendirmeye iliskin Bulgular
Yontemsel Olarak Uygun Calismalar

Dahil edilen g¢aligmalarin 17’sinin Cook ve digerleri (2014) tarafindan sunulan niteliksel 6lgiitlerin
tamamini karsiladig: belirlenmistir. (bk. Tablo 2). Olgiitlerin tamami karsilayan calismalar tabloda “*” ile
gosterilmistir. Bu c¢aligmalardan ikisi niteliksel olgiitlerden 8.2 oOlgiitiinii kargilamadigindan yontemsel agidan
uygun bulunmamistir (Hord & Xin, 2015; Sealander vd., 2012). Bununla birlikte, Scheuermann ve digerlerinin
(2009) galismasi 5.1 Olgiitiinii, Strickland ve Maccini’nin (2012) caligmasi ise 6.5 ve 7.3 dlgiitlerini kargilamadigi
icin yontemsel agidan uygun olarak degerlendirilememistir. Niteliksel Olciitlerin tamamim1 karsilayan 17
caligmadan 16’sinda olumlu etki goriilmiistiir. Sadece bir ¢aligmada (Washing, 2018) ii¢ denekten birinde anlamh
bir degisim goriilmedigi i¢in, bu ¢alismada notr etki elde edildigi belirlenmistir.
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Tablo 2
Calismalarin Niteliksel Olciitler Dogrultusunda Degerlendirilmesi

Niteliksel Ol¢iitler

No Cahgmalar 11 21 22 31 32 41 42 51 52 53 61 62 63 65 66 67 7.1 72 73 74 75 82

*Bouck ve digerleri (2017)
*Carmack (2011)
*Cease-Cook (2013)
*Ferreira (2009)

*Flores (2009)

*Flores ve digerleri (2014)
Hord ve Xin (2015)
*Maccini ve Hughes (2000)
*Maccini ve Ruhl (2000)
10  *Mancl ve digerleri (2012)
11  *Milton ve digerleri (2019)
12 *Morin ve Miller (1998)
13 *Nar (2018)

14 *Ozlii (2016)
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15  Scheuermann ve digerleri (2009)
16  Sealander ve digerleri (2012)

17 Strickland ve Maccini (2012)

18  *Stroizer ve digerleri (2015)

19  *Taber (2013)

20  *Washing (2018)

21  *Yakubova ve digerleri (2016)
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Not: E = evet; H = hayir.
*Niteliksel ol¢iitlerin tamamini karsilayan ¢aligmalar.
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Gorsel Analize Iliskin Bulgular

Bu c¢alismada kararlilik, egilim, diizey ve mutlak diizey analizi olmak iizere dort tiirde gorsel analiz
gerceklestirilmistir. Niteliksel dlciitleri kargilayan her bir ¢aligmanin gorsel analizi ayr1 ayr1 uygulanmis ve her bir
analiz tiirli icin ¢caligmalarda yer alan grafikler tek tek incelenmistir. Elde edilen bulgular Tablo 3’te sunulmustur.

Incelemeler sonucunda ¢alismalardan elde edilen bulgular, etki biiyiikliigii degerlerine gore
kategorilendirilerek sunulmustur. Toplam 17 ¢alismanin 14’{inde etki biyiikliigiiniin yiksek etkili veya etkili
oldugu; 3’tinde ise diisiik veya tartismali oldugu goriilmistiir. Etki biiyiikliigii hesaplanan ¢aligmalar, gorsel analiz
kapsaminda kararlilik, egilim, diizey ve mutlak diizey degerlerine gore yorumlanmustir. Oncelikle etki biiyiikliigii
yiiksek etkili (C1, C2, C4, C5, C7, C9, C10, C12, C13, C14 ve C17) ve etkili (C8, C11 ve C16) olarak
siiflandirilan ¢alismalar incelenmistir. Bu ¢aligmalar arasindan bes ¢alismanin (C1, C2, C4, C9 ve C13), mutlak
etki diizeyi analizinde elde edilen acil etki degerleri yiiksek bulunmustur. Bu bes ¢alismadan C1 ve C4 kodlu
¢aligmalarin egilim analizleri incelendiginde, C1 kodlu ¢aligmanin tiim grafiklerinde veri yolu yoniiniin diiz yonde;
C4’te ise alt1 denekten besinde diiz yonde, bir denekte ise azalma yoniinde oldugu belirlenmistir. Acil etki
degerinin yiiksek olmasi ile bagimsiz degiskenin uygulanmasiyla bagimli degiskende goriilen degisimin biiytik
oranda arttif1, ancak egilimin diiz olmasi ile verilerin degisiklik gostermedigi sonucuna ulasilmistir. C1 ve C4
kodlu ¢aligmalarin aksine C13 kodlu ¢alismada ise, ii¢ denekten ikisinin grafiklerinin egiliminin artma yoniinde,
birinin egiliminin ise diiz yonde oldugu goriilmektedir. Ek olarak yapilan kararlilik ve diizey analizleri sonucunda,
bu bes calismadan C1 kodlu ¢alismanin her bir grafigine yonelik kararlilik diizeyinin %80’in altinda oldugu
goriilmiistiir. Ote yandan, C2, C4 ve C9 kodlu calismalarm grafiklerinin biiyiik bir kismmin ve C13 kodlu
¢aligsmanin ise tiim grafiklerinin kararlilik diizeyinin %80’in {izerinde oldugu bulunmustur.

Etki biiylikligi yiliksek etkili veya etkili olan ¢alismalar arasindan, mutlak etki diizeyi analizinde elde
edilen acil etki degerleri diisiik olan dort ¢alisma (C5, C11, C14 ve C16) oldugu belirlenmistir. Bu dort ¢alisma
egilim analizleri kapsaminda incelendiginde, C5 ve C14 kodlu ¢aligmalarin tiim grafiklerinde, C16 kodlu
¢alismanin ise li¢ denekten ikisinin grafiginde veri yolu yoniiniin arttig1 belirlenmistir. Acil etki degerinin diisiik
olmasi ile bagimsiz degiskenin uygulanmastyla bagimli degiskende goriilen degisimin biiyiik oranda olmadigi
sonucuna ulasilmistir. Acil etkinin diisiik olmasina ragmen, egilimin artma yoniinde olmasiyla verilerin y
ekseninde aldig1 degerlerin arttig1 goriilmiistiir. Ek olarak yapilan kararlilik ve diizey analizleri sonucunda, bu dort
calismadan C11 kodlu ¢alismanin tiim grafiklerinde kararlilik diizeyi %80’in {izerinde; C5, C14 ve C16 kodlu
calismalarin kararlilik diizeyi ise %80’in altinda olarak degerlendirilmistir. Ayrica C11 kodlu ¢alismanin acil etki
degerinin diisiikk olmasinin yaninda, caligmalardaki tiim grafiklerde egilimin azalma ydniinde oldugu goriilmiistiir.
Bu durum, hem bagimsiz degiskenin uygulanmasiyla bagimli degiskende goriilen degisimin az oldugunun, hem
de verilerin aldig1 degerlerin gitgide azaldiginin bir gostergesidir.

Etki biiyiikligii yiiksek etkili veya etkili olan ¢aligmalar arasindan, mutlak etki diizeyi analizinde elde
edilen acil etki degerleri orta diizeyde olan ti¢ ¢alisma (C8, C12 ve C17) oldugu belirlenmistir. Egilim analizleri
kapsaminda, C8’de yer alan dokuz grafikten bir tanesinde egilimin diiz yonde, ii¢ tanesinde egilimde azalma ve
iki tanesinde artma oldugu, C12’de ise grafiklerin ikisinde egilimde azalma ve bir tanesinde artma oldugu
goriilmiistiir. Ayrica C17 kodlu ¢alismada ise, dort grafigin egiliminde artma ve sekiz grafigin egiliminin diiz
yonde olmast ile ¢aligmadaki grafiklerin ¢ogunlugunda egilimin diiz yonde oldugu sdylenebilir. Kararlilik ve
diizey analizlerine bakildiginda, C17 kodlu ¢aligmada yer alan 12 grafikten 7’sinin kararlilik diizeyinin %80’in
altinda olmasindan dolay1, bu calismada kararlilik diizeyinin genel anlamda diisiik oldugu sdylenebilir. Ote
yandan, C8’de alt1 grafikten doérdiinde ve C12’de {i¢ grafikten ikisinde kararlilik diizeyinin %80’in iizerinde oldugu
goriilmistiir. C12 kodlu ¢aligmada iki denek igin yer alan veriler giderek azalma gostermis, ancak buna ragmen
bu verilerde dalgalanma gériillmemis, baska bir ifadeyle verilerin kararlt oldugu sonucuna ulagilmstir.

Etki biytikliigii yiiksek etkili veya etkili olan ¢alismalar arasindan, acil etki degeri negatif yonde ¢ikan 2
¢alismaya (C7 ve C10) rastlanmistir. Bu iki ¢alismada bagimsiz degiskenin uygulanmasi ile uygulama evresinde
elde edilen ilk veri noktasi, bir dnceki evre olan baslama diizeyi evresinin son veri noktasindan diigiiktiir.
Miidahalenin uygulanmasi ile bagimli degiskene yonelik performansin artmasi beklenirken, aksi yonde bir acil
etki goriilmistiir. Ancak bu diisiise ragmen miidahalenin uygulanmasi ile tim grafiklerdeki veri yolunun yonii artis
gostermigtir. Ek olarak bu iki ¢alismanin kararlilik ve diizey analizleri, C7 kodlu ¢aligmanin kararlilik diizeyinin
%80’in ilizerinde, C10 kodlu ¢aligmanin ise %80’inin altinda oldugunu gdstermistir.

Son olarak, etki biiyiikliigii diisiik veya tartismali olan C3, C6 ve C15 kodlu ¢aligmalarin gorsel analiz
degerleri incelendiginde, bu ii¢ ¢alismada yer alan grafiklerin tamaminda veri yolunun artma ydniinde oldugu

Oxzlii-Unlii vd. 2022, 23(4)



OZEL GEREKSINIMLI BIREYLERE MATEMATIK OGRETIMINDE SOMUT-YARI SOMUT-SOYUT 947
OGRETIMIN KANITA DAYALI UYGULAMA OLARAK BELIRLENMES]

goriilmistiir. C6 ve C15 kodlu ¢aligmalarda acil etki degerleri diisiik iken, C3 kodlu ¢alismada acil etki degerinin
yiiksek oldugu belirlenmistir. Kararlilik ve diizey analizleri sonucunda, C3’te ii¢ grafikten ikisinin kararlilik diizeyi
%80 iizerinde bulunmustur. Ote yandan C6 ve C15 kodlu calismalarda yer alan grafiklerdeki verilerin tamaminin
degisken oldugu, bir baska ifadeyle kararlilik diizeyinin %80’nin altinda oldugu belirlenmistir.

Meta-Analize Iliskin Bulgular

Cook ve digerlerinin (2014) niteliksel 6lgiitlerini karsilayan toplam 17 calismanin her biri icin OVY ve
Tau-U etki biiyiikliigii hesaplamalar1 yapilmis ve elde edilen degerler Tablo 3’te sunulmustur. OVY etki
bliylikligi degerleri dikkate alindiginda, 11 ¢alismanin yiiksek etkili, {i¢ caligmanin etkili ve ii¢ ¢aligmanin ise
tartigmal1 oldugu belirlenmistir. Bunun yani sira Tau-U etki biiytikligii degerlerine bakildiginda, 12 ¢alismanin
yiiksek etkili, li¢ ¢aligmanin etkili ve iki ¢alismanin ise disiik etkili oldugu belirlenmistir.

Calismada OVY ve Tau-U etki biiyiikliigii degerleri arasindaki iliskiyi belirlemek iizere korelasyon
analizi gergeklestirilmistir. Spearman's Rho analizi ile OVY ile Tau-U degerleri arasindaki korelasyon katsay1
degerleri hesaplanmis ve bulgular Tablo 4’te gdsterilmistir. Analiz sonucunda, OVY ve Tau-U analizleri arasinda
pozitif yonde giiclii bir iliski oldugu gorilmiistiir (rs = .96415; p < .01).
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Tablo 3
Meta-Analiz ve Gérsel Analiz Bulgulari
Kod/ Etki biiyiikliikleri . . .
kaynak BVY TauU Kararlilik Egilim Diizey Mutlak diizey ED
0, 0,
Cl ﬁgg é"igg I: %77.7 I: DY I: %77.7 I: %80
Bouck ve ) ) I1: %45.4 Il: DY II: %54.5 I1: %80
e Ve %100 YE %100 YE , , , , OE
digerleri %100 %100 111: %60 Il: DY 111: %60 111: %100
(2017) VY- %100 TaUU- %100 IV: %50 IV: DY IV: %50 IV: %80
. 0 - .
0, 0,
ﬁgg ﬁgg I: %95.2 I: ARTY I: %95.2 I: %80
0/2100 0/2100 11: %100 II: ARTY 1: %100 I1: %30
I11: %95 Il: DY 111: %100 111: %90
0, 0,
o oﬁgg oﬁgg IV: %90.4 IV: ARTY IV: %90.4 IV: %100
Carmack (2011) %4100 YE %100 YE V: %95 V: ARTY V: %100 V: %40 OE
%4100 %100 VI: %90 VI: ARTY VI: %100 VI: %90
%4100 %100 VII: %72.7 VII: DY VII: %90.9 VII: %80
%100 %100 VIII: %100 VIII: AZY VIII: %100 VIII: %100
OV;' %100 Tal l‘_’J %100 IX: %95 IX: DY IX: %100 IX: %90
. 0 = .
0, 0,
C3 ;"‘28 (;028 I: %100 I: ARTY I: %100 I: %75
Cease-Cook 0/"50 T 0/"50 DE I1: %66.6 II: ARTY 1: %100 I1: %75 OE
(2013) (")V‘)((): %50 Tau-f): %50 111: %100 I1I: ARTY 111: %%66.6 11: %66
(;/"16000 (;A’1%50 I: %92 I: DY I: %100 I: %10
0/"100 0/0100 I1: %925 II: AZY 11: %92.5 1: %100
c4 0/"89 2 VE (;85 VE 11: %68.9 Il: DY 1I: %72.4 111: %100 OF
Ferreira (2009) ;% 100 %"100 IV: %89.2 IV: DY IV: %89.2 IV: %30
V: %92.8 V: DY V: %92.8 V: %100
0, 0,
OV\/;)~l‘E/)(J91 5 Tau 6.1(3/293 7 VI: %30.6 VI: DY VI: %80.6 VI: %100
. 0 . = . .
0, 0,
0//"188 ;’igg I: %13 I: ARTY I: %26.6 I: %8
(;100 (;100 1: %18.1 II: ARTY 11: %27.2 11: %24
Cs (;100 VE (;100 YE 111: %9 I1I: ARTY I11: %18.1 1: %12 OF
Flores (2009) <y2100 0/2100 IV: %50 IV: ARTY IV: %70 IV: %16
%100 %100 V: %30 V: ARTY V: %60 V: %24
OVY: %100 Tau-U: %100 VI: %27.2 VI: ARTY VI: %27.2 VI: %16
. 0 = .
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Tablo 3 (devami)
k?;r?z:k VY Etki biiyiikliikleri Tau-U Kararlilhik Egilim Diizey Mutlak diizey ED
C6 2228 zﬁzgg I: %10 I: ARTY I: %20 I: %5
Flores ve %71 T %61 DE 11: %30 II: ARTY 11: %30 11: %0 OE
digerleri 0642 %5 I11: %14.2 I: ARTY 111: %42.8 111: %0
(2014) OVY: %58.2 Tau-U: %42 1V: %8.3 IV: ARTY 1V: %25 1V: %1.6
I: %100 I: %100 I: %100 I: AZY I: %100 I: %43
11: %50 11: %83.3 11: %100 II: ARTY 11: %100 11: %30
111: %0 I11: %40 111: %2100 I: AzYy 111: %100 11: %10
1V: %100 1V: %100 1V: %100 IV: AZY 1V: %100 1V: %80
V: %100 V: %100 V: %100 V: ARTY V: %100 V: %20
VI: %0 VI: %70 VI: %100 VI: AZY VI: %100 VI: %5
(toplama) (toplama) (toplama) (toplama) (toplama) (toplama)
I: %100 I: %100 I: %100 I: ARTY I: %100 I: %40
11: %100 11: %100 11: %100 II: ARTY 11: %100 11: %40
111: %100 111: %100 111: %100 I: AZY 111: %100 111: %40
1V: %100 1V: %100 1V: %100 IV: AZY 1V: %100 1V: %85
C7 V: %100 V: %100 V: %100 V:AZY V: %100 V: %50
Maccini ve (¢1tkarma) (¢tkarma) (¢1karma) (¢ikarma) (¢1karma) (¢1karma)
Hughes I: %0 YE I: %50 YE I: %100 I: DY I: %100 I: %20 OF
(2000) 11: %100 11: %100 11: %100 II: DY 11: %100 I1: %75
111: %0 I1: %76.6 111: %2100 I11: DY 111: %100 I1: %35
1V: %100 1V: %100 1V: %100 IV: DY 1V: %100 1V: %55
V: %100 V: %100 V: %100 V: AZY V: %100 V: %65
(¢arpma) (¢arpma) (¢arpma) (arpma) (¢arpma) (¢arpma)
I: %0 I: %75 I: %100 I: DY I: %100 I: %45
11: %100 11: %100 11: %100 II: DY 11: %100 11: %90
111: %100 111: %100 111: %100 I11: DY 111: %100 111: %93
1V: %100 1V: %100 1V: %100 IV: DY 1V: %100 1V: %65
V: %100 V: %100 V: %100 V: DY V: %100 V: %40
(bolme) (bolme) (bolme) (bolme) (b6lme) (bolme)
OVY: %73.8 Tau-U: %90.2
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Tablo 3 (devami)
k:;r? ;k VY Etki bilylklikleri TauU Kararlilik Egilim Diizey Mutlak diizey ED
22188 22188 I: %100 I: DY I: %100 I: %40
0483 %71 11: %100 Il: AZY 11: %100 11: %60
8 (prob. ¢ozme) (prob. cozme) I1: %83.3 Il: AZY 11: %83.3 I1: %15
Maccini ve 9100 E %.100 YE (prob. ¢ozme) (prob. ¢6zme) (prob. ¢6zme) (prob. ¢6zme) OE
Ruhl (2000) %100 0692 I: %100 I: ARTY I: %100 I: %70
%33 9100 11: %66.6 Il: ARTY 11: %66.6 I1: %30
(prob. temsili) (prob. temsili) I1: 9%66.6 I:AZY I1:%83.3 11:9%55
OVY: 04,86 Tau-U: 0493.8 (prob. temsili) (prob. temsili) (prob. temsili) (prob. temsili)
9 22188 Zﬁgg I: %88.8 I: ARTY I: %88.8 I: %40
Mancl ve %100 9100 11: %88.8 Il: ARTY 11: %88.8 11: %100
digerleri 9100 YE %100 YE 111: %100 Il: DY 111: %100 111: %100 OE
(2012) %100 9100 1V: %100 IV: AZY 1V: %100 1V: %100
OVY: %100 Tau-U: %100 V: %50 V: ARTY V: %58.3 V: %80
2232 2232 I: %28.5 I: ARTY I: %42.8 I: %0
%89 996 I1: %32 Il: ARTY 11: %52 11: %0
%100 9100 111: %88.8 I: ARTY 111: %88.8 11: %10
%100 9100 1V: %38.4 IV: ARTY 1V: %69.2 IV: %20
(b6lme edinim) (b61me edinim) " V%625 V ARTY ,.V' %31.2 i V: %10
%100 %100 (bSlme edinim) (b6lme edinim) (bSlme edinim) (bSlme edinim)
%100 9100 l: %11.1 I: ARTY I: % 66.6 I: %10
C10 9100 %100 11: %42.8 Il: ARTY 1l: %57.1 I1: %10
Milton ve 9100 YE %100 YE 111: %30 I: ARTY 111: %70 111: %33.3 OE
digerleri 9100 %100 1V: %44 IV: ARTY 1V: %52 IV: %23.3
(2019) (b6lme akicilik) (b6lme akicilik) V: %3.7 V: ARTY V: %22.2 V: %6.6
%88 %63 (bolme akicilik) (bolme akicilik) (bolme akicilik) (bolme akicilik)
064 062 I: %50 I: ARTY I: %50 I: %30
%100 9100 I1: %54.5 Il: ARTY 1l: %63.6 11: %0
%77 %85 111: %60 Il ARTY I1: %70 11 %22.5
%96 %90 IV: %23 IV: ARTY 1V: %7.6 IV: %2.5
(¢arpma akicilik) (¢arpma akicilik) V: %16 V:ARTY V- %16 V: %0
OVY: %93 Tau-U: %916 (carpma akicilik) (carpma akicilik) (carpma akicilik) (carpma akicilik)
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Tablo 3 (devami)
Kod/ Etki biyiikliikleri L .. "
kaynak BVY TauU Kararlilik Egilim Diizey Mutlak diizey ED
0, 0,
Cll. _ 0238 0/0/;2?5 I: %95 I: AZY I: %95 I: %10
Morin ve Miller %95 E %95 E 11: %90 1. AZY 11: %90 11: %40 OE
. - 0 . - 0 - 0
(1998) OVY: %85 Tau-U%915 11: %95 1. AZY 11 %95 111 %20
0, 0,
C12 (;0188 (;0188 l: %83.3 I: ARTY I: %91.6 I: %30
o YE o YE 11: %90 I: AZY 11: %90 11: %90 OE
Nar (2018) . %100 %100 1I: %75 ni: AZY 1I: %100 1I: %70
OVY: %100 Tau-U: %100 ) ) ) )
0, 0,
I3 02188 02188 1: %94.4 I: ARTY I: %94.4 I: %70
o YE YE 11: 9%88.2 Il: DY 11: 9%88.2 11: %80 OE
Ozlii (2016) . %6100 %100 111: %85.7 I1: ARTY I11: %85.7 11: %80
OVY: %100 Tau-U: %100 ) ) ) ) ) )
0, 0,
%100 %100 . I: ARTY I: %57.1 I: %44.4
%2100 %100 l: %57.1
" ' I: ARTY 1l: %33.3 11 %44.4
%2100 %100 1: 9%33.3 . ! .
(toplama) (toplama) 111 %91.6 (toplama) HI- ARTY 111: %91.6 111 %88.8
' 3 (toplama) (toplama) (toplama)
9%90.91 %90 IV: %81.8 : %906 %0
C14_ 90 %90 V' %30 IV: ARTY 1V %90. 1V: %
Stroizer ve o YE % YE VI % V: ARTY V: %70 V: %0 E
digerleri 690 690 : %650 VI: ARTY VI: %60 VI: %0 O
(¢1karma) (¢1karma) (¢1karma) : ) )
(2015) . (¢ikarma) (¢1karma) (¢1karma)
%100 %100 VII: %37.5 . . ) )
. VII: ARTY VIII: VII: %50 VII: %11.1
%100 %100 VIII: %62.5
%100 %100 IX: %33.3 ARTY VIII: %62.5 VIII: %77.7
(carpma) (carpma) (g:;lrpma.) IX: ARTY IX: %77.7 1X: %33.3
OVY: %96.7 Tau-U: %96.6 (¢arpma) (garpma) (garpma)
0, 0,
0/;372 (;)22 1: %25 I: ARTY I: %50 I: %19
0/249'5 %‘345 11: %0 II: ARTY I1: %20 I1: %50
(prob t;zme) (prob. ¢ozme) 11: %15.3 1: ARTY 111: %38.4 111 %0
C15 %gl T % 89 E (prob. ¢ozme) (prob. ¢ozme) (prob. ¢6zme) (prob. ¢6zme) OE
Taber (2013) %100 %91.7 1V: %40 IV: ARTY 1V: %50 1V: %27
;;0 =0 0/273'5 V: %35 V: ARTY V: %45 V: %12
.. Lo VI: %46.1 VI: ARTY VI: %53.8 VI: %5
(strateji kullanimu) (strateji kullanimu) - s - -
OVY: %69 4 Tau-U: %71.7 (strateji kullanimi) (strateji kullanimi) (strateji ullanimi) (strateji kullanimi)
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Tablo 3 (devami)
k:;r?efk VY Etki biiyiikliikleri TauU Kararlilik Egilim Diizey Mutlak diizey ED
0 0,
Cl6 /oo/ngS ;;% I: %33.3 I: ARTY I: %55.5 I: %11.6
. E E 11: %50 Il: DY 11: %60 I: %9.3 NE
0 0,
eshing (2019) (")VS/?%‘}/go 1 Tau_/&?fzt%ﬁs 111: %100 I ARTY 111: %100 1I: %2.3
0, 0,
0//571;)(% &1550 I: %81.8 I: DY I: %81.8 I: %100
%90'9 %89 11: %0 Il: ARTY I: %27.2 I1: %25
%81.8 087 111: %36.3 I: ARTY 111: %54.5 111: %0
(Qlkal‘r.na) (ekarma) 1IV: %18.1 IV: ARTY 1V: %54.5 IV: %25
%100 %100 (¢1karma) (¢ikarma) (¢1karma) (¢1karma)
C17 %100’ %100 I: %80 I: DY I: %80 I: %100
Yakubova ve %100 %100 11: %80 Il: DY I1: %70 11: %50
diserleri 9100 YE %100 YE 111: %80 I: DY 111: %80 11: %75 OE
(2%16) (toplama) (toplama) 1IV: %60 IV: ARTY 1V: %60 1V: %50
o/po 100 (;; 100 (toplama) (toplama) (toplama) (toplama)
%70 997 I: %100 I: DY 1: %100 I: %100
%80 %98 11: %50 Il: DY 11: %50 11: %50
%90 %99 11: %50 I: DY 111: %50 111: %50
i) . -0, )
(karsalastirma) (karsilastirma) 1IV: %60 IV: DY 1V: %60 IV: %75
OVY: %90.4 Tau-U: 9%096.8 (karsilagtirma) (karsilagtirma) (karsilastirma) (kargilagtirma)

Ortalama: %86.1

Ortalama: %84.4

Not: Tablo igerisinde yer alan romen rakamlart her bir durumu (denek ve davranis) temsil etmektedir. ARTY = artan yonde; AZY = azalan yonde; DE = diigiik etkili; DY = diiz yonde; E = etkili; NE = nétr etki; OE =
olumlu etki; OVY = ortiismeyen veri yiizdesi; T = tartigmali; YE = yiiksek etkili.
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Tablo 4
OVY ile Tau-U Korelasyon Analizi

Baslama diizeyi-uygulama

N I's
ovy .
Tau-U 17 .96415
Not: OVY = értiismeyen veri yiizdesi.

*p < .01,
S-YS-S Ogretiminin Kanita Dayali Uygulama Olarak Degerlendirilmesi

S-YS-S 6gretim uygulamasimin kanita dayali bir uygulama olup olmadiginin belirlenmesinde, 2014
yilinda Ozel Gereksinimli Cocuklar Konseyi tarafindan belirlenen, (1) tek-denekli ¢alismalarin niteliksel 8l¢iitlerin
tamamini karsilayarak yontemsel agidan uygun olmasi, (2) konuya iliskin toplamda en az bes tek-denekli
¢aligmanin yapilmis olmasi, (3) bu ¢alismalarda olumlu etki goériilmesi ve (4) bu ¢aligmalarin toplamda en az 20
denek ile yiiriitilmiis olmasi standartlar1 dikkate alinmistir. Bu standartlar dogrultusunda, 6zel gereksinimli
bireylere matematik becerilerinin 6gretiminde S-Y-S 6gretiminin gergeklestirildigi, yontemsel agidan uygun olan
ve olumlu etki gosteren toplam 16 ¢alismanin oldugu ve bu ¢aligmalardaki toplam denek sayisinin ise 73 oldugu
belirlenmistir. Bu bulgular 1s1ginda, S-YS-S 6gretiminin kanita dayali bir uygulama oldugu sonucuna ulagilmistir.

Tartisma

Ozel gereksinimli bireylere matematik becerilerinin 6gretiminde S-YS-S &gretimi uygulamalarinin kanita
dayali olma durumunun degerlendirilmesinin hedeflendigi bu ¢alismada, alanyazindaki ¢aligmalardan (Bouck vd.,
2017) farkli olarak tarama siireci 1980-2020 yillar1 arasinda olacak sekilde giincellenmis, arastirma modeli olarak
sadece tek-denekli arastirma modellerine yer verilmis ve denek grubu olarak tiim 6zel gereksinimli bireyler dahil
edilmigtir.

1988 ve 1995 yillar1 arasinda 6zel gereksinimli bireylere matematik 6gretiminde kurallart ve igslemleri
ezberlemeye yonelten, matematiksel bilginin daha ¢ok islemsel bilgi boyutunun gelisimini destekleyen 6gretimlere
yer verilmekteydi. (Maccini & Hughes, 1997). Ancak son zamanlarda, matematik dgretiminde bireylerin somut
deneyimler yasayarak daha aktif 6grenmeler igerisinde bulunduklari ¢ok duyulu 6grenme yasantilart sunan yontem
ve yaklagimlara gereksinim dogmustur. Bu gereksinimin, S-YS-S 6gretimine yonelik yapilan ¢aligmalarin son 10
yil iizerinde yogunlagmasinda rol oynadigi sOylenebilir. Taramalar sonucunda ise, S-YS-S 6gretimine yonelik
yapilan ¢alismalar incelendiginde, 2009 yilinda gergeklestirilen ¢alismalarda nicelik olarak bir artis oldugu ve bu
artigin sonraki yillarda da devam ettigi goriilmiistiir. Ancak bu artigsa ragmen, S-Y S-S 6gretiminin 6zel gereksinimli
bireylerin matematik becerilerine 6gretiminin etkisini inceleyen arastirmalarin sayisi nicelik olarak sinirli kalmigtir
(Lee vd., 2020). Mevcut ¢alismanin bu smirliliga dikkat ¢ekerek alanda yapilacak c¢aligmalari tesvik edecegi
diisiiniilmektedir.

Elde edilen bir diger dnemli bulgu ise betimsel analize dahil edilen arastirmalarda, S-YS-S 6gretiminin
ozel 6grenme giigliigliniin yani sira zihin yetersizligi, otizm spektrum bozuklugu ve ¢oklu yetersizlik alanlarindaki
bireylere de uygulandigini gérmek olmustur. Incelenen caligmalarda siklikla dzel 6grenme giicliigii olan bireyler
ile ¢alisildig1 belirlenmistir. Bu durumun birincil olarak, 6zel egitim alaninda goriilme sikligina gére yapilan
smiflandirmada 6zel 6grenme giicliigiiniin sik rastlanan yetersizlikler grubunda yer alarak sayisal olarak en biiylik
kategoriyi olusturmasindan (Melekoglu, 2017), ikincil olarak ise 6zel 6grenme giigliigii olan bireylerin diger
yetersizlik tiirtindeki bireylere kiyasla akademik beceri 6gretiminde 6n kosul beceri 6gretimine daha az gereksinim
duymalarindan kaynakli olabilecegi diisiiniilmektedir. Mevcut calismaya benzerligiyle bilinen Bouck ve
digerlerinin (2017) gergeklestirdikleri ¢caligma, sadece 6zel 6grenme giigliigli olan bireylere S-YS-S dgretiminin
yapildig1 ¢alismalar ile sinirh tutulmustur. Ancak bu galisma diger yetersizlik tiirlerindeki bireylerle S-YS-S
ogretiminin etkililigini incelemesi agisindan, Bouck ve digerlerinin (2017) gerceklestirdigi ¢alismadan farklilik
gostermektedir. Ayni zamanda mevcut ¢alisma, S-Y'S-S 6gretiminin ¢oklu yetersizligi olan bireylere de matematik
becerilerinin kazandirilmasinda olumlu etkileri oldugunu gosterir niteliktedir.

Ozel gereksinimli bireylere S-YS-S 6gretimi ile cesitli konularda beceri dgretimleri gergeklestirilmistir.
Calismalarda yer alan bagimli degiskenler, arastirmalarin problem ¢ézme ve dort islem becerilerinin 6gretimine
odaklandigim1 gostermektedir (Bouck vd., 2017). Bu beceriler, Amerika Birlesik Devletleri’'nde matematik
miifredatinin olusturulmasinda etkin rol oynayan Matematik Ogretmenleri Ulusal Konseyi (National Council of
Teacher of Mathematics [NCTM], 2000) ile iilkemizde Milli Egitim Bakanligi’nin (MEB, 2015) hazirladigi
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programlarda 6gretimi gerekli goriilen ortak beceriler olarak yer almaktadir. Ancak matematik programlarindaki
konu cesitliligi dikkate alindiginda, arastirmalarin sadece bu iki konu alaninda smirli kalmasi, uygulamanin
genellenebilirligini olumsuz yonde etkilemektedir. Bir uygulamanin matematik 6gretiminde etkili oldugunu 6ne
stirebilmek i¢in, o uygulamanin farkli beceri 6gretimi alanlarinda etkililigini inceleyen calismalara gereksinim
duyulmaktadir. Ozel gereksinimli bireyler, genel egitim siirecinde yer verilen matematik programlarinin igeriginin
timiinden sorumlu tutulmaktadir. Dolayisiyla 6gretim siireclerinin, problem ¢6zme ve dort islem becerilerinin yani
sira, basamak degeri, ritmik sayma, kesirler ve islemler, geometride temel kavramlar, uzunluk, cevre, alan ve
zaman Ol¢me gibi daha kapsamli konu alanlarint igermesi beklenmektedir.

Yapilan arastirmalar bagimsiz degisken baglaminda incelendiginde, S-Y'S-S &gretimi i¢in strateji terimini
kullanan ¢alismalarda (6r., Nar, 2018; Ozlii, 2016), S-YS-S 6gretiminin siklikla dogrudan dgretim yontemi ile
sunuldugu goriilmektedir. Alanyazindaki c¢aligmalar, S-YS-S 6gretiminin uygulanmasinda &gretmen-dgrenci
etkilesiminin 6nemini vurgulamaktadir. Ogretmen olarak uygulamacinin, dgrenciye model olmasi, rehberlik
etmesi, bu rehberligi giderek azaltmasi ve ¢ok sayida firsat sunmasi gerekmektedir (Hudson vd., 2006; Mercer &
Miller, 1992). Ogretmen-6grenci etkilesimine dayali bir yontem olmasindan dolay1, dogrudan 6gretim yonteminin
bu calismalarda siklikla tercih edildigi diigiiniilmektedir. Bunun yani sira 6nemli bir bulgu olarak, ¢aligmalarda S-
YS-S 6gretimine siklikla DRAW ve RENAME gibi hatirlatici stratejilerin eslik ettigi goriilmektedir (6r., Flores,
2009; Stroizer vd., 2015). Hatirlatic1 stratejiler, bir veya daha fazla kelimenin ilk harflerinden veya ilk birkag
harfinden olusturulmus kelimeler olarak ifade edilmektedir (Reid & Lienamann, 2006). Bu kelimeyi olusturan her
bir harf sirasiyla, bir bilissel strateji adimini isaret ederek sozel problemin ¢6ziimiinde, problem ¢dzme
basamaklarini hatirlatmak amaciyla kullanilmaktadir. Bu hatirlatict stratejiler, dgrencilerin problemi ¢6ziim
basamaklarini sirasiyla ve eksiksiz bir sekilde hatirlamalari, problemde verilen bilgileri analiz etmelerini,
problemin ¢éziimiine ulagmalarini ve problem ¢dzme siireclerini kontrol edebilmelerini saglamaktadir (Maccini &
Ruhl, 2000). Hatirlaticr stratejilerin kullanildigi ¢caligmalarda S-Y'S-S 6gretiminin uygulanma siireci sirasiyla; (a)
somut asama, (b) yart somut agama, (c) hatirlatici stratejinin 6gretimi ve (d) soyut asama olmak {izere toplam dort
asamada gergeklestirilmektedir. Mevcut aragtirmada elde edilen bulgulardan yola ¢ikarak, hatirlatict stratejilerin
kullanildig1 ¢aligmalarda dort islem gerektiren problem ¢dzme becerisinin 6gretimine odaklanildigi sdylenebilir.
Bu calismalarda somut ve yart somut dgretim asamalarinda islem becerisinin kavramsal boyutuna yonelik
ogretimler gerceklestirilmis ve soyut asamaya gecmeden Once strateji Ogretimine yer verilmistir. Strateji
Ogretiminin ardindan, sézel problemlerin calisildig1 soyut asama oturumlarina ge¢ilmistir. Problem ¢dzme siireci,
bir¢ok igslem ve stratejiyi igeren karmagik bir biligsel ve istbilissel aktivitedir (Montague, 1992). Problem ¢dzme
siirecinde bilissel islemleri gerceklestirmek igin biligsel strateji basamaklari kullanilir. Dolayisiyla, S-YS-S
Ogretiminin somut, yari somut ve soyut asama uygulamalarinda kavramsal ve islemsel boyuta yonelik 6grenmelere
odaklanildigindan, problem ¢ézmenin biligsel siiregleri igin bilissel stratejilerden destek alinmasi gerekebilir.
Incelenen ¢alismalarin biiyiik cogunlugunun bu gerekge ile hatirlatici stratejilere yer verdigi diisiiniilmektedir.

Bir diger 6nemli bulgu olarak caligmalarin arastirma desenleri incelendiginde, siklikla denekler arasi
yoklama denemeli ¢oklu yoklama modeline yer verildigi goriilmiistiir (6r., Strickland & Maccini, 2012; Taber,
2013). Matematik kavramlarinin ve becerilerinin 6gretim siireci, dogast geregi uzun oturumlar gerektirmektedir.
Bununla birlikte, S-YS-S 6gretimin her bir asamasinin uzun siireli 6gretim oturumlar1 gerektirmesi, aragtirma
deseni olarak ¢oklu yoklama desenlerini daha avantajli ve kullanisli kilmaktadir. Bundan kaynakli olarak
aragtirmacilar agisindan uygulanmasi kolay bir model oldugu diisiiniilmektedir. Dolayisiyla, S-YS-S &gretiminin
gerceklestirilecegi calismalarda, kullanigliligi acisindan yoklama denemeli ¢oklu yoklama modelinin tercih
edilmesi Onerilebilir.

S-YS-S ogretimi ile gerceklestirilen tek-denekli galismalarin tamaminda verilerin, grafikler lizerinde
sunuldugu belirlenmistir. Ancak etki biiyiikliigii hesaplamalar1 yapilarak miidahalenin etkisinin sunuldugu sinirl
sayida calismaya rastlanmistir. Alanyazinda tek-denekli arastirmalarda uygulanan miidahalenin etkisinin
belirlenmesinde, gorsel analiz tiiri tek basma yeterli goériilmediginden, bu analiz tiriiniin etki biiyikligi
hesaplamalariyla birlikte yorumlanmasi gerektigi dne siiriilmektedir. Etki biiyilikligii hesaplamalari, (a) miidahale
etkisini nesnel olarak degerlendirebilme, (b) gorsel analiz ile belirlenemeyecek durumlarda hassas 6lgtimler
saglama ve (c) farkli caligmalar1 karsilastirarak goreceli olarak daha etkili yontemi belirleyebilme 6zelliklerinden
dolay1 gorsel analiz verilerini destekler niteliktedir (Kazdin, 1982; Rakap vd., 2020). Dolayisiyla, alanyazinda etki
biiyilikliigii hesaplamalarina yer veren mevcut ¢alismalarin niceliksel olarak artmasi gerekmektedir.

Mevcut ¢aligmadan elde edilen bulgular, S-YS-S 6gretiminin kanita dayali bir uygulama oldugunu 6ne
siiren Bouck ve digerlerinin (2017) bulgularini1 destekler ve genisletir niteliktedir. Bir ¢aligmanin yontemsel agidan
uygun olarak degerlendirilebilmesi i¢in, niteliksel dl¢iitlerin tamamini karsilamasi gerektigi vurgulanmistir (Cook
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vd., 2014). Ik olarak Bouck ve digerleri (2017) tarafindan yiiriitiillen galismada, Cook ve digerlerinin (2014)
sundugu niteliksel 6lgiitlerin tamamini karsilayan, yontemsel agidan uygun toplam yedi tek-denekli calismaya
ulagildign goriilmiistiir. Mevcut calismada ise, anahtar kelimeler kullanilarak yapilan ilk taramalarda 52
aragtirmaya ulasilmistir. Bu arastirmalar arasindan dahil etme Olgiitlerini karsilayan 21 tek-denekli ¢alismanin,
Cook ve digerlerinin (2014) oOnerdigi niteliksel Oolgiitleri karsilama durumlari degerlendirilmistir. Bu
degerlendirmeler sonucunda Bouck ve digerleri (2017) tarafindan gerceklestirilen ¢aligmadan farkli olarak mevcut
calismada, niteliksel 6lgiitlerin tamamini karsilayan, yontemsel agidan uygun toplam 17 tek-denekli ¢alisma
oldugu sonucuna ulagilmistir. Geri kalan dort calismanin ise niteliksel Olgiitlerin tamamini karsilamadigi
belirlenmistir. Tiim bu bilgiler 1s181nda, 6zel gereksinimli 6grencilere matematik becerilerinin kazandirilmasinda
S-YS-S &gretimine yer veren ve yontemsel olarak uygun goriilen sinirhi sayida tek-denekli arastirma oldugu
goriilmiigtiir. Bu durum, S-YS-S 6gretim uygulamalarina yer veren tek-denekli aragtirmalarin bir kisminin (n = 4)
niteliksel Olgiitleri karsilamakta yetersiz kaldigini gostermektedir. Ancak arastirmalarin belirlenen niteliksel
Olciitleri eksiksiz bir sekilde karsilamalari, yontemsel agidan giiclii olarak nitelendirilmelerinde 6nemli bir rol
oynamaktadir. Bunun yani sira ele alinan uygulamanin kanita dayali bir uygulama olup olmadig1 konusunda karar
verilebilmesi, metodolojik olarak gii¢lii olan ¢aligmalarin varlig: ile miimkiindiir. Bir tek-denekli arastirmada elde
edilen sonuglarin, bagka aragtirmacilara yararl olabilmesi igin tiim uygulama siirecinin 6zelliklerinin yineleme
yapmaya izin verecek nitelikte acik olarak tanimlanmas1 gerekmektedir (Tekin-Iftar, 2012). Bu durum da ancak,
tek-denekli arastirmalarin niteliksel lgiitler dikkate alinarak alanyazina sunulmasiyla saglanabilir.

Aragtirmada elde edilen meta-analiz bulgular1 dikkate alindiginda, OVY etki biiyiikliigii hesaplamalar1
sonucunda 11 ¢aligmanin yiiksek etkili, {i¢ ¢alismanin etkili ve ii¢ ¢aligmanin ise tartismali oldugu belirlenmistir.
OVY analizleri yapilan ¢alismalardan Cease-Cook (2013) tarafindan gerceklestirilen calismada, birinci dereceden
bir bilinmeyenli denklem kurmay1 gerektiren problemleri ¢6zme becerisinin 6gretiminde S-Y S-S 6gretiminin etki
bliylikligii agisindan tartigmali oldugu goriilmiistiir. Benzer sekilde, Flores ve digerlerinin (2014) ¢alismasinda
eldeli ¢carpma gerektiren problemleri ¢ozme becerisinin 6gretiminde ve Taber’in (2013) ¢aligmasinda bir ve iki
asamali carpma ve bolme gerektiren problemleri ¢dzme becerisinin dgretiminde S-YS-S 6gretiminin etki
biiyiikliigii agisindan tartismali oldugu belirlenmistir. Ancak tiim bu bulgular 1s181nda, arastirmanin OVY nin
ortalama degeri (%86.1) goz 6niine alindiginda, ¢alismalarda 6zel gereksinimli bireylere matematik becerilerinin
kazandirilmasinda S-YS-S 6gretimin etkili oldugu sonucuna varilmstir.

Aragtirmada yer verilen bir diger etki biiyiikliigli hesaplamasi olan Tau-U degerlerine bakildiginda, 12
calismanin yiiksek etkili, ii¢ ¢alismanin etkili ve iki ¢aligmanin ise disiik etkili oldugu goriilmiistiir. Tau-U
analizleri sonucunda, Cease-Cook’un (2013) ¢aligmasinda, birinci dereceden bir bilinmeyenli denklem kurmay1
gerektiren problemleri ¢ozme becerisinin 6gretiminde S-YS-S 6gretiminin etki biiyiikliigii agisindan diisiik etkili
oldugu goriilmiistiir. Benzer sekilde Flores ve digerlerinin (2014) gerceklestirdikleri ¢alismada eldeli ¢arpma
gerektiren problemleri ¢ozme becerisinin 6gretiminde S-YS-S 6gretiminin etki biiyiikliigii agisindan diisiik etkili
oldugu belirlenmistir. Her iki calismaya iliskin elde edilen Tau-U degerleri, OVY analizlerinden elde edilen
bulgular ile paralellik gostermektedir. Ancak tim bu bulgular 1s18inda, arastirmanin Tau-U ortalama degeri
(%84.4) gboz oOniine alindiginda, c¢alismalarda 6zel gereksinimli bireylere matematik becerilerinin
kazandirilmasinda S-YS-S 6gretimin etkili oldugu sonucuna ulasilmistir. Bunlarin yani sira niteliksel 6lgiitleri
karsilayan ¢aligmalarm OVY ve Tau-U degerleri arasindaki korelasyonu incelendiginde, iki deger arasinda pozitif
yonde gii¢lii bir iliski oldugu goriilmiistiir. Bu durum, yiiriitiilen uygulamalarda baglama diizeyi evresinde terapotik
yonde bir egilim olmadigmin ve OVY’nin dogru uygulanmas: durumunda diger etki biiyiikliigii hesaplama
yontemleri kadar basarili sonuglar sundugunun (Lee vd., 2015) bir gostergesi olarak goriilebilir.

Aragtirma kapsamindaki ¢aligmalarda yer verilen grafikler gérsel analiz yoluyla incelendiginde kararlilik,
diizey, egilim ve acil etki degerleri bakimindan kayda deger sonuglara ulagilmistir. Incelenen calismalarin bir
kisminda (Carmack, 2011; Ferreira, 2009; Mancl vd., 2012; OzIii, 2016) bagimsiz degiskenin uygulanmasi ile
bagimli degiskene iligkin verilerin biiyiik oranda arttig1 ve bu evredeki verilerin kararlilik diizeyinin tiim grafikler
i¢in %80’in {izerinde oldugu belirlenmistir. Ayn1 zamanda bu ¢alismalarin etki biiyiikliigii degerleri, OVY igin
strastyla %100, %91.5, %100, %100 ve Tau-U igin sirastyla %100, %93.7, %100, %100 seklinde hesaplanarak
uygulamanin etkili oldugu sonucuna ulasilmistir. Her iki analiz tiiriine yonelik bu veriler dikkate alindiginda, etki
biiyilikligii ve gorsel analiz bulgularinin birbirini destekler nitelikte oldugu goriilmiistiir. Buna ek olarak, Morin ve
Miller (1998) tarafindan gergeklestirilen ¢alismanin OVY (%85) ve Tau-U (%91.5) degerleri ile calismada yer
alan grafiklerin tamaminin kararlilik diizeyleri yiiksek olarak belirlenmistir. Buna karsin, ¢caligmadaki grafiklerin
egilimlerine bakildiginda tiim deneklerin grafiklerinin azalma yoniinde oldugu gorilmiistiir. Calisma
incelendiginde, somut ve yar1 somut oturumlarda ¢arpma islemi becerisinin 6gretimine odaklanildigi, sonrasinda
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problem ¢dzmenin biligsel basamaklarini igeren strateji Ogretiminin yapildigi ve ardindan sadece sozel
problemlerin yer aldig1 soyut asamaya gecildigi goriilmiistiir. Deneklerin s6zel problem becerilerinin 6gretimine
gecilen soyut asamada performanslariin azalan bir egilim gosterdigi belirlenmistir. Dolayistyla, bu durumdan
kaynakli olarak aragtirmanin egilim analizi sonuclarmin azalma yoniinde oldugu diisiiniilmektedir. Caligmadaki
bagimli degiskenin arttirilmak istenen bir davranig oldugu g6z 6niinde bulunduruldugunda, elde edilen verilerin
etkililik gostermekten uzak oldugu diistiniilebilir. Ancak arastirmada egilim azalma yoniinde olmasina ragmen,
deneklerin performanslarinda diizey olarak artis olmasindan, kararli veriler elde edilmesinden ve etki biiyiikligii
degerlerinin yiiksek olmasindan dolay1 uygulamanin etkili oldugu sdylenebilir. Ayrica bir diger énemli bulgu
olarak, Cease-Cook (2012) tarafindan gergeklestirilen ¢alismada ise kararlilik, egilim, diizey ve mutlak diizey
analizleri sonucunda uygulamanin gorsel analiz yolu ile etkili oldugu yansitilmistir. Ancak bu ¢alismanin etki
biiyiikligii degerleri OVY (%50) ve Tau-U (%50) gérsel analiz bulgularinin aksine diisiik etkili bulunmustur.
Bagka bir ifadeyle, gorsel analizde etkili olan miidahale, etki biiyiikligii sonuglarina gore etkisiz goriilmiistiir. Bu
bulgulardan farkli olarak, Flores ve digerleri (2014) ile Taber’in (2013) yiiriittiikleri caligmalarda kararlilik, diizey
ve mutlak diizey analizlerine iliskin sonuglar ile OVY (sirastyla %58.2 ve %69.4) ve Tau-U (sirasiyla %42 ve
%71.7) etki bytikliigh degerleri, uygulamanin diisiik etkili oldugu yoniinde bilgi sunmaktadir. Analiz sonuglari
uygulamanin etkili oldugunu gostermese de etki biiylikliigii degerleri ile gorsel analiz verilerinin benzerlik
gosterdigi sdylenebilir. Tiim bu bulgular 1s181nda, bir uygulamanin etkililigi hakkinda sonuca varilabilmesi i¢in
tek bagina gorsel analizin ya da tek basina etki biiyilikliigii hesaplamalarinin yeterli olmadigina ulasilmistir. Her ne
kadar gérsel analiz verileri ile OVY degerlerinin uyumlu oldugu éne siiriilse de (Yiicesoy-Ozkan vd., 2018), tek-
denekli deneysel arastirmalardan elde edilen verilerdeki diizey, egilim ve dalgalanma oriintiilerini dikkate alan bir
yontem gelistirilinceye kadar, etki biiytikliigii hesaplamalarinda birden fazla yontemin bir arada kullanilmasimin
daha etkili olacag1 diisliniilmektedir (Rakap vd., 2020).

Son olarak, tiim bu bulgular dikkate alindiginda, 6zel gereksinimli bireylere matematik becerilerinin
kazandirilmasinda S-YS-S 6gretiminin gergeklestirildigi, (a) yontemsel agidan uygun ve deneklerde anlamli
degisimlerin goriildiigii toplam 16 ¢alismanin mevcut oldugu ve (b) bu ¢alismalardaki toplam denek sayisinin 73
oldugu goriilmiistiir. Bu bilgilerden yola ¢ikarak, S-YS-S 6gretim uygulamalar1 kanita dayali bir uygulama olarak
nitelendirilmistir.

Mevcut c¢alismanin, her arastirmanin dogasinda oldugu iizere birtakim sinirlhiliklari bulunmaktadir.
Oncelikle bu arastirmada yer alan dahil etme kriterlerinin her biri birer smirlilik olarak nitelendirilebilir. Mevcut
arastirma Ingilizce ve Tiirkge dilleri disinda farkli dillerde yayimlanan ¢aligmalar1 ya da hakemli bir dergide
yayimlanmayan arastirma raporlarini, grup deneysel arastirmalari ve karsilastirma calismalarini incelemeye
almamistir. Ayrica bu arastirma, bagimsiz degisken olarak Somut-Yar1 Somut-Soyut 6gretim ya da Somut-Yari
Soyut-Soyut 6gretimin ii¢ asamasinin eksiksiz ve sirali sunuldugu ¢alismalarla sinirlt tutulmustur. Bunun yani sira
Cook ve digerlerinin (2014) 6ne stirdiigii niteliksel 6lgiitlerin tamamini karsilayan ¢aligmalarin meta-analizi ile ve
sadece OVY ve Tau-U etki biiyiikliigii hesaplamalari ile stmirl tutulmustur.

Bu calismada, S-YS-S 6gretimi ile 6zel gereksinimli bireylere matematik becerilerinin kazandirilmasini
ele alan sadece tek-denekli arastirmalarin incelenmesi gerceklestirilmistir. Bu baglamda ileri aragtirmalar igin, 6zel
gereksinimli bireylere yonelik gerceklestirilen grup deneysel caligmalar ile tek-denekli ¢aligmalarin birlikte
incelenmesi Onerilebilir. Bunun yani sira ileri arastirmalarda, kanita dayali olma degerlendirmelerinde yer verilen
meta-analiz siirecinde farkli etki biiyiikliigii analiz tekniklerinden yararlanilabilir. Bu arastirmada incelemeye
alman calismalar, Cook ve digerlerinin (2014) niteliksel Olgiitleri dikkate alinarak metodolojik olarak
degerlendirilmistir. Tleri arastirmalar ise alanyazinda niteliksel dlgiitlere yer veren farkli standartlar1 takip edebilir
(6r., Horner, 2005; Kratochwill vd., 2013; Reichow vd., 2008). Kanita dayali bir uygulama olarak nitelendirilen
S-YS-S ogretiminin kesir kavrami, basamak kavrami, geometrik kavramlar, ritmik sayma becerisi gibi farkh
matematik konu alanlarinda etkililiginin incelendigi ¢aligmalara yer verilmesi dnerilmektedir. Ayrica dzel egitim
Ogretmeni yetistirme programlarinda S-YS-S Ogretiminin teorik ve uygulamaya yonelik Ogretimlerinin
gercgeklestirilmesi onemli goriilmektedir. Bununla birlikte matematik 6gretiminde S-YS-S uygulamalarina,
disiplinler arasi ¢alismalarda ve alan uzmanlarmin ¢aligmalarinda yer verilmesi 6nerilmektedir.

Yazarlarin Katki Diizeyleri

Calismanin konusu birinci yazar tarafindan belirlenmistir. Arastirmanin giris boliimii, yontemi, veri
toplama ve analiz siireci, bulgular ve bulgularin yorumlanmasi ile tartigma siire¢lerinin tamami birinci ve ikinci
yazar tarafindan birlikte yiiriitilmiistir. Caligmanin raporlanmas: siireci ise {iglincii yazar tarafindan
gergeklestirilmistir.

Oxzlii-Unlii vd. 2022, 23(4)



OZEL GEREKSINIMLI BIREYLERE MATEMATIK OGRETIMINDE SOMUT-YARI SOMUT-SOYUT 957
OGRETIMIN KANITA DAYALI UYGULAMA OLARAK BELIRLENMES]

Kaynaklar

*Niteliksel olgiitlerin tamamin karsilayan ¢aligmalar.

Agrawal, J., & Morin, L. L. (2016). Evidence-based practices: Applications of concrete representational abstract
framework across math concepts for students with disabilities. Learning Disabilities Research & Practice,
31(1), 34-44. https://doi.org/10.1111/1drp.12093

Anstrom, T. (2006). Supporting students in mathematics through the wuse of manipulatives.
https://studylib.net/doc/18105288/supporting-students-in-mathematics-through-the-use-of-man .

Aydemir, T. (2017). Zihin yetersizligi olan ogrencilere temel ¢arpma isleminin dgretiminde iki 6gretim uygulamasinin
etkililik ve verimlilik yoniinden karsilastiriimasi (Tez Numarasi: 458656) [Doktora tezi, Anadolu Universitesi].
Yiiksekogretim Kurulu Ulusal Tez Merkezi.

Aydin, O., & Tekin-iftar, E. (2020). Otizm spektrum bozuklugu olan bireylere matematik becerilerinin 6gretimi: Tek-
denekli arastirmalarda betimsel ve meta analiz. Ankara Universitesi Egitim Bilimleri Fakiiltesi Ozel Egitim
Dergisi, 21(2), 383-426. https://doi.org/10.21565/0zelegitimdergisi.521232

Aydm, O., Tekin-Iftar, E., & Rakap, S. (2019). Bilimsel dayanakli uygulamalar belirlemede “tek-denekli deneysel
arastirmalarin niteliksel gostergeleri” yonergesinin matematik becerileri 6gretimi 6rneginde ele alinigi. Ankara
Universitesi Egitim Bilimleri Fakiiltesi Ozel Egitim Dergisi, 20(3), 597-628.
https://doi.org/10.21565/0zelegitimdergisi.421952

*Bouck, E., Park, J., & Nickell, B. (2017). Using the concrete-representational-abstract approach to support students
with intellectual disability to solve change-making problems. Research in Developmental Disabilities, 60(1),
24-36. https://doi.org/10.1016/j.ridd.2016.11.006

*Carmack, C. M. (2011). Investigating the effect of addition with regrouping strategy instruction among elementary
students with learning disabilities [Unpublished doctoral dissertation]. University of Nevada.

Cawley, J. F., & Reines, R. (1996). Mathematics as a communication: Using the interactive unit. Teaching Exceptional
Children, 28(2), 29-34. https://doi.org/10.1177/004005999602800206

*Cease-Cook, J. J. (2013). The effects of concrete-representational-abstract sequence of instruction on solving equations
using inverse operations with high school students with mild intellectual disability [Unpublished doctoral
dissertation]. University of North Carolina.

Cihak, D. F., & Foust, J. L. (2008). Comparing number lines and touch points to teach addition facts to students with
autism.  Focus on  Autism and other Developmental Disabilities, 23(3), 131-137.
https://doi.org/10.1177/1088357608318950

Cook, B. G., Buysse, V., Klingner, J., Landrum, T. J., McWilliam, R. A., Tankersley, M., & Test, D. W. (2014). CEC’s
standards for classifying the evidence base of practices in special education. Remedial and Special Education,
36(1), 220-234. https://doi.org/10.1177/0741932514557271

Council for Exceptional Children. (2014). Council for Exceptional Children: Standards for evidence-based practices in
special education. Teaching Exceptional Children, 46(6), 206-212. https://doi.org/10.1177/0040059914531389

Eastburn, J. A. (2010). The effects of a concrete, representational, abstract (CRA) instructional model on tier 2 first-
grade math students in a response to intervention model: Educational implications for number sense and
computational fluency [Unpublished doctoral dissertation]. Temple University.

Erbas, D. (2012). Giivenirlik. E. Tekin-Iftar (Ed.), Egitim ve davranis bilimlerinde tek-denekli arastirmalar iginde (1.
baski, ss. 109-132). Tiirk Psikologlar Dernegi Yaynlari.

*Ferreira, D. (2009). Effects of explicit subtraction instruction on fifth grade students with learning disabilities
[Unpublished doctoral dissertation]. University of Nevada.

*Flores, M. M. (2009). Teaching subtraction with regrouping to students experiencing difficulty in mathematics.
Preventing School Failure: Alternative Education for Children and Youth, 53(3), 145-152.
https://doi.org/10.3200/PSFL.53.3.145-152

*Flores, M. M., Hinton, V. M., & Schweck, K. B. (2014). Teaching multiplication with regrouping to students with
learning disabilities. Learning Disabilities Research & Practice, 29(4), 171-183.
https://doi.org/10.1111/ldrp.12043

Oxzlii-Unlii vd. 2022, 23(4)


https://doi.org/10.1111/ldrp.12093
https://studylib.net/doc/18105288/supporting-students-in-mathematics-through-the-use-of-man
https://doi.org/10.21565/ozelegitimdergisi.521232
https://doi.org/10.21565/ozelegitimdergisi.421952
https://doi.org/10.1016/j.ridd.2016.11.006
https://doi.org/10.1177%2F004005999602800206
https://doi.org/10.1177/1088357608318950
https://doi.org/10.1177/0741932514557271
https://doi.org/10.1177/0040059914531389
https://doi.org/
http://dx.doi.org/10.3200/PSFL.53.3.145-152
https://doi.org/10.1111/ldrp.12043

OZEL GEREKSINIMLI BIREYLERE MATEMATIK OGRETIMINDE SOMUT-YARI SOMUT-SOYUT 958
OGRETIMIN KANITA DAYALI UYGULAMA OLARAK BELIRLENMES]

Giirbiiz, S., & Sahin, F. (2017). Sosyal bilimlerde arastirma yontemleri: Felsefe-yontem-analiz (4. baski). Seckin
Yayincilik.

Giirsel, O., & Yikmis, A. (2001). Engelli ¢cocuklara matematik becerilerinin kazandirilmasinda 6gretmen ve dgrenci
etkilesiminin basamaklandirilmasi. Abant Izzet Baysal Universitesi Sosyal Bilimler Enstitiisii Dergisi, 2(3),
164-175. https://doi.org/10.13140/RG.2.1.3937.8962

Hord, C., & Xin, Y. P. (2015). Teaching area and volume to students with mild intellectual disability. The Journal of
Special Education, 49(2), 118-128. https://doi.org/10.1177/0022466914527826

Horner, R. H., Carr, E. G., Halle, J., McGee, G., Odom, S., & Wolery, M. (2005). The use of single-subject research to
identify evidence-based practice in special education. Exceptional Children, 71(2), 165-179.
https://doi.org/10.1177/001440290507100203

Hudson, P., Miller, S. P., & Butler, F. (2006). Adapting and merging explicit instruction within reform based
mathematics classrooms. American Secondary Education, 35(1), 19-32. https://www.jstor.org/stable/41219810

Hughes, E. M. (2011). The effects of concrete-representational-abstract sequenced instruction on struggling learners
acquisition, retention and self-efficacy of fractions [Unpublished doctoral dissertation]. Clemson University.

Individuals with Disabilities Education Act of 2004. 20 U.S.C. § 1400 et seq. (2004). https://sites.ed.gov/idea/statute-
chapter-33/subchapter-i/1400

Karasu, N. (2009). Ozel egitimde delile dayali yéntemlerin belirlenmesi: Tek-denekli caligma analizleri ve
karsilagtirmalari. Journal of Turkish Educational Sciences, 7(1), 143-163.
https://dergipark.org.tr/en/pub/tebd/issue/26140/275305

Karasu, N. (2011). Otizmli bireylerin egitiminde video ile model olma uygulamalarinin degerlendirilmesi: Bir alanyazin
derlemesi ve meta-analiz 6rnegi. Ankara Universitesi Egitim Bilimleri Fakiiltesi Ozel Egitim Dergisi, 12(2), 1-
12. http://doi.org/10.1501/Ozlegt_0000000158

Kavale, K. A. (1984). Potential advantages of the meta-analysis technique for research in special education. The Journal
of Special Education, 18(1), 61-72. https://doi.org/10.1177/002246698401800107

Kazdin, A. E. (1982). Single-case research designs: Methods for clinical and applied settings. Oxford University Press.

Kratochwill, T. R., Hitchcock, J. H., Horner, R. H., Levin, J. R., Odom, S. L., Rindskopf, D. M., & Shadish, W. R.
(2013). Single-case intervention research design standards. Remedial and Special Education, 34(1), 26-38.
https://doi.org/10.1177/0741932512452794

Lee, J., Bryant, D. P., Ok, M. W., & Shin, M. (2020). A systematic review of interventions for algebraic concepts and
skills of secondary students with learning disabilities. Learning Disabilities Research & Practice, 35(2), 89-
99. https://doi.org/10.1111/ldrp.12217

Lee, S. H., Wehmeyer, M. L., & Shogren, K. A. (2015). Effect of instruction with the self-determined learning model of
instruction on students with disabilities: A meta-analysis. Education and Training in Autism and
Developmental Disabilities, 50(2), 237-247. https://www.jstor.org/stable/24827538

Maccini, P., & Hughes, C. A. (1997). Mathematics interventions for adolescents with learning disabilities. Learning
Disabilities Research & Practice, 12(3), 168-176.

*Maccini, P., & Hughes, C. A. (2000). Effects of a problem-solving strategy on the introductory algebra performance of
secondary students with learning disabilities. Learning Disabilities Research & Practice, 15(1), 10-21.
http://doi.org/10.1207/SLDRP1501 2

*Maccini, P., & Ruhl, K. L. (2000). Effects of a graduated instructional sequence on the algebraic subtraction of integers
by secondary students with learning disabilities. Education and Treatment of Children, 23(4), 465-489.
https://www.jstor.org/stable/42899634

*Mancl, D. B., Miller, S. P., & Kennedy, M. (2012). Using the concrete-representational-abstract sequence with
integrated strategy instruction to teach subtraction with regrouping to students with learning disabilities.
Learning Disabilities Research & Practice, 27(4), 152-166. https://doi.org/10.1111/j.1540-5826.2012.00363.x

Melekoglu, M. A. (2017). Ozel égrenme giigliigiine giris. M. A. Melekoglu & O. Cakiroglu (Eds.), Ozel dgrenme
giicliigii olan ¢ocuklar iginde (SS. 15-47). Vize Yayincilik.

Mercer, C. D., & Mercer, A. R. (2005). Teaching students with learning problems (7th ed.). Pearson Education, Inc.

Oxzlii-Unlii vd. 2022, 23(4)


https://doi.org/10.1111/ldrp.12043
http://dx.doi.org/10.13140/RG.2.1.3937.8962
https://doi.org/10.1177/0022466914527826
https://doi.org/10.1177/001440290507100203
https://www.jstor.org/stable/41219810
https://sites.ed.gov/idea/statute-chapter-33/subchapter-i/1400
https://sites.ed.gov/idea/statute-chapter-33/subchapter-i/1400
https://dergipark.org.tr/en/pub/tebd/issue/26140/275305
http://dx.doi.org/10.1177/07419325030240020501
http://dx.doi.org/10.1501/Ozlegt_0000000158
https://doi.org/10.1177%2F002246698401800107
https://doi.org/10.1177%2F0741932512452794
https://doi.org/10.1111/ldrp.12217
https://www.jstor.org/stable/24827538
http://dx.doi.org/10.1207/SLDRP1501_2
http://dx.doi.org/10.1207/SLDRP1501_2
https://www.jstor.org/stable/42899634
https://doi.org/10.1111/j.1540-5826.2012.00363.x

OZEL GEREKSINIMLI BIREYLERE MATEMATIK OGRETIMINDE SOMUT-YARI SOMUT-SOYUT 959
OGRETIMIN KANITA DAYALI UYGULAMA OLARAK BELIRLENMES]

Mercer, C. D., & Miller, S. P. (1992). Teaching students with learning problems in math to acquire, understand, and
apply basic math facts. Remedial and Special Education, 13(3), 19-35.
https://doi.org/10.1177/074193259201300303

Milli Egitim Bakanlig1. (2015). [lkokul matematik dersi 1-4. simiflar 6gretim programi. Milli Egitim Bakanlig1 Yaymlari.

*Milton, J. H., Flores, M. M., Moore, A. J., Taylor, J. L. J., & Burton, M. E. (2019). Using the concrete representational-
abstract sequence to teach conceptual understanding of basic multiplication and division. Learning Disability
Quarterly, 42(1), 32-45. https://doi.org/10.1177/0731948718790089

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & The PRISMA Group. (2009). Preferred reporting items for
systematic reviews and meta-analyses: The prisma statement. Annals of Internal Medicine, 151(4), 264- 2609.
http://doi.org/10.7326/0003-4819-151-4-200908180-00135

Montague, M. (1992). The effects of cognitive and metacognitive strategy instruction on the mathematical problem
solving of middle school students with learning disabilities. Journal of Learning Disabilities, 25(4), 230- 248.
https://doi.org/10.1177/002221949202500404

*Morin, V. A., & Miller, S. P. (1998). Teaching multiplication to middle school students with mental retardation.
Education and Treatment of Children, 21(1), 22-36. https://www.]jstor.org/stable/42899519

*Nar, S. (2018). Zihin yetersizligi olan 6grencilere temel toplama isleminin Ggretiminde somut-yari somut-soyut 6gretim
stratejisinin etkililigi (Tez Numarasi: 524964) [Yiiksek lisans tezi, Anadolu Universitesi]. Yiiksekogretim
Kurulu Ulusal Tez Merkezi.

National Council of Teachers of Mathematics. (2000). Principles and standards for school mathematics. National
Council of Teachers of Mathematics.

No Child Left Behind Act-NCLB 20 U.S.C.A. § 9101 et seq. (2001). https://www.govinfo.gov/content/pkg/PLAW-
107publ110/pdf/PLAW-107publ110.pdf

Olkun, S., & Ugar, Z. T. (2009). [lkogretimde etkinlik temelli matematik ogretimi (4. baski). Maya Akademi.

Ozkubat, U., Karabulut, A., & Sert, C. (2022). Ogrenme giicliigii olan ortaokul 6grencilerine uygulanan matematik
problemi ¢dzme miidahaleleri: Kapsamli alanyazin incelenmesi. Ankara Universitesi Egitim Bilimleri Fakiiltesi
Ozel Egitim Dergisi, 23(1), 191-218. https://doi.org/10.21565/0zelegitimdergisi.774650

*Ozlii, O. (2016). Zihinsel yetersizligi olan &grencilere ¢arpma Ogretiminde somut-yari somut-soyut Ogretim
stratejisinin etkililigi (Tez Numarast: 418166) [Yiiksek lisans tezi, Bolu Abant Izzet Baysal Universitesi].
Yiiksekogretim Kurulu Ulusal Tez Merkezi.

Ozlii, 0., & Yikmis, A. (2019). Zihinsel yetersizligi olan dgrencilere ¢arpma 6gretiminde somut-yar1 somut soyut
dgretim stratejisinin etkililigi. Kalem Uluslararasi Egitim ve Insan Bilimleri Dergisi, 9(16), 195-225.
http://doi.org/10.23863/kalem.2019.125

Parker, R. I., & Vannest, K. (2009). An improved effect size for single-case research: Nonoverlap of all pairs. Behavior
Therapy, 40(4), 357-367. http://doi.org/10.1016/j.beth.2008.10.006

Parker, R. I., Vannest, K. J., Davis, J. L., & Sauber, S. B. (2011). Combining nonoverlap and trend for single case
research: Tau-U. Behavior Therapy, 42(2), 284-299. http://doi.org/10.1177/0145445511399147

Powell, S. R. (2015). Connecting evidence-based practice with implementation opportunities in special education
mathematics preparation. Intervention in School and Clinic, 51(2), 90-96.
http://doi.org/10.1177/1053451215579269

Rakap, S. (2016). Ozel egitimde bilimsel dayanakli uygulamalar. V. Aksoy (Ed.), Ozel egitim iginde (ss. 181-211).
Pegem Akademi.

Rakap, S., Yiicesoy-Ozkan, S., & Kalkan, S. (2020). Tek-denekli deneysel arastirmalarda etki biiyiikliigii hesaplama:
Ortiismeyen veriye dayali yontemlerin incelenmesi. Tiirk Psikoloji Dergisi, 35(85), 40-60.
https://www.psikolog.org.tr/tr/yayinlar/dergiler/1031828/tpd1300443320181023m000015.pdf

Reichow, B., Volkmar, F. R., & Cicchetti, D. V. (2008). Development of the evaluative method for evaluating and
determining evidence-based practices in autism. Journal of Autism and Developmental Disorders, 38(7), 1311-
1319. http://doi.org/10.1007/s10803-007-0517-7

Oxzlii-Unlii vd. 2022, 23(4)


https://doi.org/10.1177/074193259201300303
https://doi.org/10.1177/0731948718790089
http://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.1177%2F002221949202500404
https://www.jstor.org/stable/42899519
https://www.govinfo.gov/content/pkg/PLAW-107publ110/pdf/PLAW-107publ110.pdf
https://www.govinfo.gov/content/pkg/PLAW-107publ110/pdf/PLAW-107publ110.pdf
https://doi.org/10.21565/ozelegitimdergisi.774650
http://dx.doi.org/10.23863/kalem.2019.125
https://doi.org/10.1016/j.beth.2008.10.006
http://doi.org/10.1177/0145445511399147
http://doi.org/10.1177/1053451215579269
https://www.psikolog.org.tr/tr/yayinlar/dergiler/1031828/tpd1300443320181023m000015.pdf
http://dx.doi.org/10.23863/kalem.2019.125

OZEL GEREKSINIMLI BIREYLERE MATEMATIK OGRETIMINDE SOMUT-YARI SOMUT-SOYUT 960
OGRETIMIN KANITA DAYALI UYGULAMA OLARAK BELIRLENMES]

Reid, R., & Lienemann, T. O. (2006). Self-regulated strategy development for students with learning disabilities. Teacher
Education and Special Education, 29(1), 3-11. https://doi.org/10.1177/088840640602900102

Scheuermann, A. M., Deshler, D. D., & Schumaker, J. B. (2009). The effects of the explicit inquiry routine on the
performance of students with learning disabilities on one-variable equations. Learning Disability Quarterly,
32(2), 103-120. https://doi.org/10.2307/27740360

Scruggs, T. E., Mastropieri, M. A., Cook, S. B., & Escobar, C. (1986). Early intervention for children with conduct
disorders: A quantitative synthesis of single-subject research. Behavioral Disorders, 11(4), 260-271.
https://doi.org/10.1177/019874298601100408

Sealander, K. A., Johnson, G. R., Lockwood, A. B., & Medina, C. M. (2012). Concrete-semiconcrete-abstract (CSA)
instruction. Assessment for Effective Intervention, 38(1), 53-65. http://doi.org/10.1177/1534508412453164

Soylu, Y. (2008). Tlkdgretim birinci kademesinde matematik derslerinde basariya ulasmada somut-yar1 somut soyut
6gretim yonteminin etkisi. Journal of Qafgaz University, 1(1), 65-76.

Strickland, T. K., & Maccini, P. (2012). The effects of the concrete-representational-abstract integration strategy on the
ability of students with learning disabilities to multiply linear expressions within area problems. Remedial and
Special Education, 34(3), 142-153.https://doi.org/10.1177/0741932512441712

*Stroizer, S., Hinton, V., Flores, M., & Terry, L. (2015). An investigation of the effects of CRA instruction and students
with autism spectrum disorder. Education and Training in Autism and Developmental Disabilities, 50(2), 223-
236. https://www.jstor.org/stable/24827537

Sahin, O. (2012). Cebir égretiminde Somut-Yart Somut-Soyut 6gretim tekniginin ogrencilerin basarilarina, tutumlarina
ve kaliciligina etkisi (Tez Numarasi: 319671) [Yiiksek lisans tezi, Atatiirk Universitesi]. Yiiksekogretim Kurulu
Ulusal Tez Merkezi.

*Taber, M. R. (2013). Use of a mathematics word problem strategy to improve achievement for students with mild
disabilities [Unpublished doctoral dissertation]. Florida Atlantic University.

Tekin-Iftar, E. (2012). Grafik ve grafiksel analiz. E. Tekin-iftar (Ed.), Egitim ve davranis bilimlerinde tek denekli
arastirmalar iginde (1. baski, ss. 403-443). Tiirk Psikologlar Dernegi Yayinlari.

Terzioglu, N. K., & Yikmis, A. (2018). Otizm spektrum bozuklugu olan &grencilere temel ¢ikarma islemi 6gretiminde
nokta belirleme tekniginin etkililigi. Ankara Universitesi Egitim Bilimleri Fakiiltesi Ozel Egitim Dergisi, 19(1),
1-27. https://doi.org/10.21565/0zelegitimderqisi.298939

*Washing, A. M. (2018). The effectiveness of the CRA method of instruction and video modelling in teaching
substraction with regrouping to students with moderate disabilities [Unpublished master’s thesis]. Miami
University.

Westling, D. L., & Fox, L. (1995). Teaching students with severe disabilities. Prentice Hall/Merill.

*Yakubova, G., Hughes, E. M., & Shinaberry, M. (2016). Learning with technology: Video modeling with concrete-
representational-abstract sequencing for students with autism spectrum disorder. Journal of Autism and
Developmental Disorders, 46(1), 2349-2362. https://doi.org/10.1007/s10803-016-2768-7

Yiicesoy-Ozkan, S., Rakap, S., & Giilboy, E. (2020). Evaluation of treatment effect estimates in single-case experimental
research: Comparison of twelve overlap methods and visual analysis. British Journal of Special Education,
47(1), 67-87. http://doi.org/10.1111/1467-8578.12294

Oxzlii-Unlii vd. 2022, 23(4)


https://doi.org/10.1177/088840640602900102
https://doi.org/10.2307/27740360
https://doi.org/10.1177%2F019874298601100408
http://doi.org/10.1177/1534508412453164
https://doi.org/10.1177/0741932512441712
https://www.jstor.org/stable/24827537
https://doi.org/10.21565/ozelegitimdergisi.298939
https://doi.org/10.1007/s10803-016-2768-7
http://doi.org/10.1111/1467-8578.12294

\\\\\\\\

_—— k Ankara University Faculty of META-ANALYSIS
0% Educational Sciences

Journal of Special Education Recieved Date: 17.05.21
Accepted Date: 28.05.22
2022, 23(4), 931-960 Online First: 18.06.22

Identifying Concrete-Representational-Abstract Instruction as an
Evidence-based Practice in Teaching Mathematics to Individuals with
Special Needs”

Ozge Ozlii-Unlii"~'* Aslin Arslanoglu"~'2 Ahmet Yikmg =3

Abstract

Introduction: This study aimed to evaluate whether Concrete-Representational-Abstract (CRA) teaching
practices adopted in teaching mathematical skills to individuals with special needs were evidence-based.

Method: In this study, the analysis processes of the studies published in national and international sources between
1980 and 2020 were completed in line with descriptive analysis standards and standards for being evidence-based.
As a result of the first search, a total of 52 studies were reached. Of these studies, 21 studies that met the inclusion
criteria were included in the descriptive analysis process. Afterward, these studies were evaluated
methodologically by considering the quality indicators for single-subject research designs. Seventeen studies that
met all the quality indicators were included in the visual and meta-analysis process.

Findings: According to the descriptive analysis results, it was observed that studies were mostly conducted
between 2011 and 2019 and were often carried out on children with specific learning disabilities. Concerning
methodological characteristics, it was seen that the multiple probe design across participants was frequently used
as the research design, and subtraction with regrouping problem-solving skills in the field of problem-solving and
multiplication skills in the field of four operations skills were included as dependent variables. The CRA strategy
is observed to be often presented by the direct instruction method and supported by the RENAME strategy.
Graphical analysis was used in all the studies reviewed. However, statistical analyses were not included in all
studies. When the findings regarding evidence-based evaluation were examined, a positive effect was observed in
16 out of 17 studies meeting all the quality indicators. In meta-analysis studies, the results of PND and Tau-U
effect size analysis are detailed under the Results heading.

Discussion: These results demonstrate that CRA instruction is an evidence-based practice. The results obtained
were discussed in line with the literature, and recommendations were made to researchers and intervention agents.

Keywords: Individuals with special needs, mathematical skills, evidence-based practice, meta-analysis, single-
subject research.
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Introduction

It is emphasized that effective and systematic teaching practices that will support the learning style of
each individual should be provided in educational settings (Westling & Fox, 1995). Especially considering the
teaching process of mathematical skills to individuals with special needs, it is very important to make adaptations
that will provide students with multisensory learning experiences (Hudson & Miller, 2006). In the literature, it is
stated that teaching practices are limited to abstract experiences due to the abstract nature of mathematics, and
practices that focus more on the procedural process instead of conceptual learning are carried out (Maccini &
Hughes, 1997). In particular, in their literature review, Maccini and Hughes (1997) stated that studies focusing on
memorizing mathematical rules and operations were frequently conducted between 1988 and 1995, and
mathematical knowledge was more concentrated in studies supporting the development of the procedural
knowledge dimension. All these studies indicate the resulting basic requirement of implementing practices in
which students will have sufficient concrete experience at the beginning so that they can make the abstractions
required by the nature of the concept in the mathematics teaching process.

Recently, the process of teaching mathematical skills to individuals with special needs has focused on
methods and approaches that offer multisensory learning experiences (Carmack, 2011; Ferreira, 2009; Hughes,
2011). When the literature is reviewed, it is observed that many methods, techniques, and strategies that focus on
learning experiences in which conceptual and procedural knowledge are balanced through concrete experiences
and visualization come to the fore in the mathematics teaching process (Ozlii, 2016). Among these methods,
techniques, and strategies, there are multisensory approaches such as interaction unit (Cawley & Reines, 1996;
Giirsel & Yikmis, 2001), Touch Math (Cihak & Foust, 2008; Terzioglu & Yikmis, 2018), and Concrete-
Representational-Abstract instructional strategy (Aydemir, 2017; Cease-Cook, 2013; Flores et al., 2014; Nar,
2018; Stroizer et al., 2015; Ozlii, 2016). In particular, it is observed that the Concrete-Representational-Abstract
(CRA) instructional strategy, a strategy in which instruction is gradually abstracted starting from the most concrete
level, is frequently used in teaching different concepts and skills in these studies (Carmack, 2011; Flores et al.,
2014; Ozl & Yikmis, 2019).

CRA instruction is known as a systematic and effective teaching practice, which consists of three stages,
concrete, representational, and abstract, and in which each stage follows the previous stage in sequential order
(Flores et al., 2014; Ozlii & Yikmis, 2019). The terms strategy (Nar, 2018; Ozli, 2016), approach (Bouck et al.,
2017; Hudson et al., 2006), and method (Aydemir, 2017) are frequently used for CRA teaching practices in the
literature. At the concrete stage, the first stage of these teaching practices, a level of mental maturity is created that
will allow establishing meaningful relationships between mathematical expressions and concrete objects through
experiences in which manipulative objects are used. In order for students to construct mathematical concepts in
their minds, they need to interact with concrete materials intensively. In this context, concrete stage experiences
are accepted as the most important stage in the process of associating mathematical concepts and skills with
abstract symbols (Eastburn, 2010). However, experiencing abstract concepts only through concrete modeling is
insufficient to make sense of abstract concepts. Therefore, students should interact with representational forms of
the concept after concrete stage experiences (Soylu, 2008; Sahin, 2012). Hence, representational stage practices,
a bridge between concrete and abstract stages, are initiated. At the representational stage, two-dimensional
representations such as pictures, diagrams, figures, or drawings are used instead of real objects used in the previous
stage. At this stage, two-dimensional reflections of the experiences realized by moving tangible objects in concrete
stage practices are created through figures, pictures, or drawings (Anstrom, 2006; Ozlii, 2016). Owing to these
experiences, it is aimed to ensure that students develop their multidimensional thinking skills (Carmack, 2011)
and establish a meaningful connection between mathematical skills and their semi-concrete representation (Sahin,
2012). It is thought that students become ready to learn the abstract form of the concept after adequate experiences
in the first two stages. Only numbers, mathematical expressions, symbols, and signs related to the taught
mathematical concepts and skills are presented at the abstract stage. It is necessary to emphasize to students that
the concrete and representational concepts used critically at this stage are only representations that facilitate
making sense of the concept and therefore they should not substitute for the abstract concept (Sahin, 2012).
Therefore, it is very important to include sufficient experience at the abstract level so that students do not become
addicted to using representations such as figures or drawings (Carmack, 2011).

Making sense of abstract concepts and the relationship between them in mathematics teaching depends
on establishing meaningful connections between conceptual and procedural knowledge (Mercer & Mercer, 2005).
There is a strong connection between the conceptual and procedural dimensions that make up mathematical
knowledge. While conceptual knowledge is the knowledge that supports procedural knowledge and gives it
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meaning, procedural knowledge is a type of knowledge that consists of rules and routines performed on conceptual
knowledge. Although students' errors in the skills acquired with the gradual instructions from the concrete level to
the abstract level are operational errors, it is suggested that errors in the skills acquired through traditional
instruction are conceptual errors. It is thought that this situation is caused by the fact that students tend to memorize
since there is no focus on conceptual understanding in mathematics teaching (Soylu, 2008). In this regard, it is
essential to include instructions in which a balanced relationship is established between these two dimensions.
CRA teaching practices (Olkun & Ugar, 2009), which offer the opportunity to structure abstract concepts in a
gradual process from concrete to abstract, are among the most effective methods of making sense of mathematical
knowledge (Anstrom, 2006). In this strategy, experiences realized with three-dimensional objects at the concrete
stage and two-dimensional representation at the representational stage aim to develop learning related to the
conceptual dimension, and it is aimed to develop learning related to the procedural dimension with abstract stage
practices. More importantly, the possibility for a gradual transition from the conceptual dimension to the
procedural dimension is offered through balanced and adequate learning experiences in these two dimensions.
With CRA practices, students gradually encounter representations of mathematical concepts and skills at all levels
of understanding through visual, tactile, and kinesthetic experiences. Thus, the fact that students with special needs
see mathematical knowledge in different forms through various presentations in the learning process helps them
to understand the relationship between concepts and transfer this knowledge when necessary (Ozlii & Yikmus,
2019). Additionally, the experiences of students by touching and feeling objects positively affect the cognitive and
affective development of individuals (Soylu, 2008).

To provide more positive learning experiences to individuals with special needs in the teaching process
of mathematical concepts and skills, it is necessary to determine teaching methods and strategies proven to be
effective in research and practices. Many studies state that CRA instruction is an effective practice and ensures
positive developments for individuals with special needs (Ferreira, 2009; Flores, 2009; Hughes, 2011).
Nevertheless, the search for effective methods and strategies in teaching mathematical concepts and skills to
individuals with special needs continues. This movement accelerated with the No Child Left Behind Act (2001)
enacted in the United States of America in 2001 and mandating the use of evidence-based practices in the field of
special education for all schools and the Individuals with Disabilities Education Act, which was enacted in 2004
(Rakap, 2016). Especially with the No Child Left Behind Act (2001), the importance of using evidence-based and
scientifically proven teaching methods was emphasized, and the use of these methods became a legal obligation.
Accordingly, studies in which the evaluations of whether practices in the field of special education are evidence-
based have increased in quantity and quality in the last two decades (Aydin & Tekin-Iftar, 2020; Aydn et al.,
2019; Ozkubat et al., 2022). Therefore, to reveal whether a practice is evidence-based, it is important to combine
the results obtained from a large number of individual studies conducted independently on a subject and carry out
meta-analysis studies to obtain more generalizable and reliable results by analyzing the findings reached (Giirbiiz
& Sahin, 2017).

There are studies in the literature in which CRA instruction, which is used to teach mathematics to
individuals with special needs, is called evidence-based practice (Agrawal & Morin, 2016; Powell, 2015).
However, these studies carried out by Agrawal and Morin (2016) and Powell (2015) do not aim to examine the
evidence-based status of CRA instruction. These studies provided information on the use of the strategy in the
teaching process of mathematical concepts and skills and expressed the opinion that the CRA instructional strategy
was evidence-based. Unlike these studies, Bouck et al. (2017) carried out a systematic study to evaluate whether
the CRA instructional strategy was an evidence-based practice. This study, which involved only individuals with
learning disabilities in the target study group, evaluated group experimental studies and single-subject research
between 1975 and 2015. However, the present study differs from the study by Bouck et al. (2017) in the following
aspects: a) the survey range includes studies conducted between 1980-2020; b) studies using only one of the single-
subject research designs as a research design are included, and c) studies whose subject group consists of
individuals diagnosed with any type of disability are examined systematically. The study aimed to evaluate the
evidence-based status of CRA instruction in teaching mathematical skills to individuals with special needs. In line
with this aim, it was aimed to a) determine the general characteristics of studies meeting the inclusion criteria
through comprehensive descriptive summaries, b) evaluate their methodological soundness in accordance with the
quality indicators presented by Cook et al. (2014), and c) examine them in line with the standards for being
evidence-based practices presented by Cook et al. (2014). There is a need for evidence-based interventions to help
individuals with special needs acquire various mathematical skills. In this context, it is thought that the current
study will contribute to the literature on the evidence-based status of the CRA instructional approach.

Ozlii-Unli et al. 2022, 23(4)



IDENTIFYING CONCRETE-REPRESENTATIONAL-ABSTRACT INSTRUCTION AS AN EVIDENCE-BASED 934
PRACTICE IN TEACHING MATHEMATICS TO INDIVIDUALS WITH SPECIAL NEEDS

Method
Identification of Studies

During the selection of studies, an electronic search was done to identify the appropriate studies in the
national and international literature. In the research, studies published on the relevant subjects in Education
Resource Information Center (ERIC), Academic Search Complete, SpringerLink, Sage, ResearchGate, Wiley
Online Library, ULAKBIM, ProQuest, Taylor & Francis Online, Science Direct, Web of Science, EBSCOHost,
and YOK Thesis Center databases between 1980 and 2020 were scanned using the appropriate keywords. In this
process, the search was done with Turkish and English keywords “matematik” (mathematics, math), “yetersizlik”
(disability), “Somut-Yar1 Somut-Soyut” (Concrete-Representational-Abstract/CRA or Concrete-Semiconcrete-
Abstract/CSA), and “strateji” (strategy) and all possible combinations of these words. Additionally, the same
search process was carried out in journals frequently encountered in the search process. The names of these
journals are listed as Learning Disabilities Research & Practice, Remedial and Special Education, Learning
Disability Quarterly, The Journal of Special Education, Learning Disabilities: A Contemporary Journal,
Exceptional Children, International Journal of Special Education, European Journal of Special Needs Education,
and Journal of Applied Behavior Analysis.

The following criteria were considered in identifying studies to be included in the research: a) being
published between 1980 and 2020, b) being published in English or Turkish, c) being articles or master’s theses
or doctoral dissertations published in national or international peer-reviewed journals, d) including at least one
dependent variable related to teaching mathematical concepts and skills, e) including the Concrete-
Representational-Abstract instruction or the Concrete-Representational-Abstract instructional strategy, method, or
approach in the definition of the independent variable, f) including the Concrete-Representational-Abstract
instruction or the three stages of the Concrete-Representational-Abstract instruction in a complete and sequential
manner, g) subjects being at school age and at least one of them having a diagnosis, h) being designed according
to a single-subject research design, and i) the effect of the independent variable presenting data suitable for visual
analysis for each subject.

A total of 51 studies were reached as a result of the database search, and in addition to these studies, one
more study was reached as a result of searches carried out in journals. Descriptive analysis studies and descriptive
and meta-analysis studies previously conducted on the use of Concrete-Representational-Abstract instruction in
the teaching of mathematical skills were reached, and the references of these studies were examined. As a result
of the references review, it was observed that there was no study different from the previously reached studies,
and a total of 52 studies were grouped to be evaluated in line with the inclusion criteria. To reveal whether the
reached studies met the inclusion criteria, the abstract sections of the studies were examined, and the entire studies
were read if necessary. A total of 21 studies that met the inclusion criteria were reached, and the references of each
study were examined. No study was found different as a result of these examinations. These identified studies
were included in a comprehensive descriptive analysis process (See Figure 1).
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Figure 1

Flowchart for the Identification of Studies (Moher et al., 2009)
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The analysis process of the studies was carried out in two stages, the analysis process of the practices in
the studies according to the standards for being evidence-based through the descriptive analysis process and meta-

analysis.
Descriptive Analysis Process

The process of identifying studies that met the quality indicators within the scope of the standards for
being evidence-based was started by performing a descriptive analysis of all studies. In this context, 21 studies in
total were included in the descriptive analysis. Information about the studies was recorded using the "Study
Evaluation Form" developed by the researchers. Using the form, information was collected under the headings,
such as the author and year of the study, its type, the source of publication, dependent variable, independent
variable, subject’s characteristics (diagnosis, age, and the number of subjects), research design, analysis type,
maintenance, generalization, social validity, interobserver reliability, and treatment fidelity (See Table 1).
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Table 1
Studies Included in the Descriptive Analysis Process
Subjects Reliability
Type of the Source of . Independent . .
No Source study publication Dependent variable variable Diagnosis nfngﬁler Research design Analysis type MG S IOR TF
Research in Change-making . ID(n=2) ) Multiple probe Graphical analysis,
1 B;)IU((:lz(oef?) Article Developmental  problem-solving c dFiz;:c?riisset?ljittjic\)Ar/:th and SLD leiéz design across statistical analysis + - +  + +
' Disabilities skills (n=2) y participants (Tau-U and PND)
CRA pr.esented_ with Multiple probe
. Addition with direct instruction across Graphical analysis
Carmack Doctoral University of . and RENAME 7-11 e - !
2 - - regrouping problem- L SLD participants statistical analysis + + +  + +
(2011) dissertation Nevada solving skills (addition) FAST years/9 design with two  (PND)
’ RENAME (for re Iigcations
verbal problems) P
CRA presented with
Cease- . Solving one-variable direct instruction : Multiple probe
3 Cook Ddoigggpztion Ul\rllxterzsggrgll‘ina equations embedded  and ISOLATE ID leiéfg design across Graphical analysis + + + + +
(2013) in problems (mnemonic y participants
strategy)
Multiple probe
. . Subtraction with CRA presented with . across Graphical analysis,
4 Fggg'g; Dd(;(s:;z;?;tion Ug‘le\\/lzrds;ty of regrouping problem-  direct instruction SLD le(;é/ZG participants statistical analysis + - +  + +
solving skills and RENAME y design withone  (t-test)
replication
Preventing
School Eallure: Subtraction with CRA presented with  SLD (n = Mult_lple probe
Flores . Alternative . . . - 8-10 design . .
5 Article . regrouping problem-  direct instruction 4)and TD : Graphical analysis + - + + +
(2009) Education for - . _ years/6 replicated
- solving skills and DRAW (n=2)
Children and across groups
Youth
Learning . - . . . .
e Multiplication with CRA presented with Multiple probe Graphical analysis,
Flores et . Disabilities . S - 10-11 - - -
6 Article regrouping problem-  direct instruction SLD design across statistical analysis + + + + +
al. (2014) Research & - ! years/4 hy
Practice solving skills and RENAME participants (Tau-U)
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Table 1 (continued)
Subjects Reliability
Type of the Source of . Independent . .
No Source study publication Dependent variable variable Diagnosis nﬁmggér Research design Analysis type G S IOR TF
CRA and .
Hord and . The Jo_urnal of Area and volume Conceptual model- 11-13 Mult.lple probe . .
7 Xin Article Special bl based probl ID / design across Graphical analysis -+ + +
(2015) Education problems ased problem years/3 participants
solving (COMPS)
- . Solving word CRA presented with
Maccini Learning problems involving direct instruction Multiple probe Graphical analysis,
and - Disabilities o . 14-18 - ;
8 Atrticle addition, subtraction, and STAR SLD design across think-aloud + + + +
Hughes Research & T L years/6 hy
- multiplication, and (Cognitive Strategy participants protocol
(2000) Practice I .
division Instruction)
CRA presented with
Maccini Education and Problems involvin direct instruction 14-15 Multiple probe Graphical analysis,
9 andRuhl Article Treatment of subtraction g and STAR SLD cars/3 design across think-aloud + + o+ +
(2000) Children (Cognitive Strategy y participants protocol
Instruction)
Learning - - . . . .
A Subtraction with CRA presented with Multiple probe Graphical analysis,
Mancl et . Disabilities . . . - 10-11 - . .
10 Article regrouping problem-  direct instruction SLD design across statistical analysis - - + +
al. (2012) Research & - . years/5 hy
- solving skills and RENAME participants (PND)
Practice
. _ . Graphical
Milton et . Learning Basic multiplication CRA presented with SLD (n = 9-13 Mult_lple probe Analysis,
11 Article Disability S - . . . 4) and HP design across L2 . -+ + +
al. (2019) Quarter] and division skills direct instruction (n=1) years/5 articipants statistical analysis
y = particip (Tau-U and PND)
. . . S . Multiple
Morin and Education and Basic multiplication CRA presented with  MD (ID, 15-16 baseline desian
12 Miller Article Treatment of problem-solving direct instruction ID-VI, ID- cars/3  across g Graphical analysis - - + +
(1998) Children skills and FAST DRAW PD) y o
participants
, . ) Multiple probe Graphical analysis,
13 Nar(2018) Master's Anadolu Addition skills CRA presented with ID 811 " design across statistical analysis + o+ 4+
thesis University direct instruction years/3

participants

(Tau-U)
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Table 1 (continued)
Subjects Reliability
Type of the Source of Dependent Independent . .
No Source study publication variable variable Diagnosis nuAn%E/er Research design Analysis type M G S IOR TF
N , Abant {zzet T CRA presented . Multiple probe
14 Ozl MaSt?r S Baysal Mu_lupllcatlon with direct ID 9-10 design across Graphical analysis + + + + +
(2016) thesis A skills . . years/3 o
University instruction participants
Scheuerma Learning S\?&!\\r/ilgglggebations CRA presented 11-14 Multiple probe Graphical analysis,
15 nnetal.  Atrticle Disability a with direct SLD design across statistical analysis + + - + -
(2009) Quarterly embedded in instruction years/14 participants (PND)
word problems
Sealander Assessment for  Basic subtraction ~ CRA presented SLD (n = 5) 6-8 Multiple baseline
16 etal Article Effective problem-solving with direct EBD (n = 3) cars/s design across Graphical analysis + + - + +
(2012) Intervention skills instruction - y participants
Multiplying linear
Strickland Remedial and algebral_c CRA presented SLD (n =2), Multiple probe Graphical analysis,
and . - expressions o 13-15 - L :
17 Maccini Acrticle Special s with direct SLD-ADHD design across statistical analysis + + + + +
accint Education embedded within instruction (n=1) years/3 articipants (PND)
(2012) contextualized P P
area problems
Addition with CRA presented
Education and regrouping, with direct
Stroizer et Training in subtraction with instruction and 8-10 Multiple baseline  Graphical analysis,
18 al. (2015) Avrticle Autism and regrouping, and RENAME ASD ears/3 design across statistical analysis - - + + +
' Developmental  the multiplication  (subtraction) and y behaviors (Tau-U)
Disabilities facts zero through DRAW
five (multiplication)
Instruction
1- and 2-step word package including Multiple baseline
. . problems schema-based design with a
Taber Doctoral Florida Atlantic : - problem-solving SLD (n=2) 11 . .
19 (2013) dissertation  Universit involving strategy, CRA and HP (n=1) ears/3 probe phase Graphical analysis — + + - * *
y multiplicationand ~ _ ¢ 53%1 ’ - y across
division . participants
regulation
strategy
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Table 1 (continued)

Type of the Source of Independent Subjects Reliability
No Source study publication Dependent variable variable Diagnosis nuAggler Research design Analysis type MG S IOR TF
Washing Master’s Miami Subtraction with CR.A pr_esented ID(h=1)and 14-15 Mult_lple probe Grap_hlt_:al analy3|§,
20 (2018) thesis Universit regrouping skills with video ASD-ID (n=2) years/3 design across statistical analysis -+ + + * i
y grouping modeling - y participants (Tau-U and PND)
Journal of Single- and double-
Yakubova Autism and digit subtraction, CRA presented 5.6 Multiple baseline  Graphical analysis,
21  etal Article addition, and with video ASD design across statistical analysis + - + + +
Developmental . . years/4 .
(2016) Disorders number comparison ~ modeling behaviors (IRD)

word problems

Note: ADHD = attention deficit and hyperactivity disorder; ASD = autism spectrum disorder; EBD = emotional and behavioral disorder; G = generalization; HP = health problem-related disability; ID = intellectual
disability IOR = inter observer reliability; M = maintenance; PD = physical disability; PND = percentage of noneoverlapping data; S = social validity; SLD = specific learning disability; TD = typically developing; TF:
treatment fidelity; VI = visual impairment.
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Analysis Process According to Evidence-based Practice Standards

In defining practice as evidence-based by the Council for Exceptional Children (CEC) in 2014, two
elements were suggested, a) quality indicators that determine the methodological soundness of each study and b)
standards that determine the classification of practice as evidence-based. To determine whether a practice is
evidence-based, the following standards should be considered: (1) single-subject research should meet all of the
quality indicators and be methodologically sound, (2) at least five single-subject studies in total should be
conducted on the subject, (3) a positive effect should be observed in these studies, and (4) these studies should be
carried out with at least 20 subjects in total (Council for Exceptional Children, 2014). Additionally, the importance
of a comprehensive evaluation process in which qualitative and quantitative evaluations are made together is
emphasized in calling a practice evidence-based (Karasu, 2011; Kavale, 1984). As a quantitative summary, meta-
analyses provide a higher level of objectivity than the descriptive analysis process in a qualitative context. To
decide whether a practice is evidence-based, it is recommended to examine effect sizes by supporting the relevant
studies with quantitative summaries (Kavale, 1984). Therefore, effect size calculations of the studies are included
to quantitatively synthesize the studies that meet all the indicators qualitatively. In light of this information, in the
present study, qualitative and quantitative summaries of each study were performed to evaluate the status of CRA
instruction being an evidence-based practice.

The Council for Exceptional Children (2014) suggested that a study should meet all quality indicators to
be methodologically sound. In this context, the qualitative evaluation process of studies was carried out by taking
into account the indicators developed by Cook et al. (2014), assigned by the Council for Exceptional Children and
serving in the field of special education. In their pilot study, Cook et al. (2014) calculated the interrater reliability
coefficient for the indicators determined as .64 for single-subject research. It was reported that 22 of the 28
indicators determined were valid for single-subject research. The indicators determined for single-subject research
are listed as follows: (1) defining the context and setting (indicator 1.1), (2) specifying the demographic
characteristics of subjects (indicator 2.1), (3) identifying the disability status/risk situations of subjects and
specifying the determination process of their disabilty status/risk situations (indicator 2.2), (4) providing
information about the intervention agent and explaining his role (e.g., teacher, researcher, asistant professional,
parent, volunteer, peer teacher, sibling, etc.) (indicator 3.1), (5) if it is necessary to receive training or have
competence in this subject to perform the intervention, specifying the intervention agent’s status of receiving the
necessary training on the subject or having competence in this subject (indicator 3.2), (6) explaining the
intervention process and the intervention agent’s behaviors (indicator 4.1), (7) explaining the materials needed for
the study (indicator 4.2), (8) evaluation and reporting the treatment fidelity of the study with direct and observable
measurements (checklist) (Indicator 5.1), (9) evaluating and reporting the duration and frequency of the
intervention (indicator 5.2), (10) evaluating and reporting treatment fidelity throughout the intervention process
and for each intervention agent, setting, and subject (indicator 5.3), (11) systematic control of the independent
variable by the researcher (indicator 6.1), (12) explaining the baseline stage in detail (indicator 6.2), (13) not
including intervention at the baseline level (indicator 6.3), (14) presentation of the experimental effect in at least
three different conditions (indicator 6.5), (15) the presence of at least three data points at the baseline stage in
single-subject research with baseline level (indicator 6.6), (16) control of internal validity (indicator 6.7), (17) the
change in the dependent variable with the implementation of the independent variable being socially important
(indicator 7.1), (18) clearly defining and explaining the measurements of the dependent variable (indicator 7.2),
(19) presenting data allowing to calculate the effect size (indicator 7.3), (20) including at least three data points to
show the possible effect of the intervention (indicator 7.4) (21) performing reliability calculations (indicator 7.5),
and (22) presenting the data obtained for each situation (subject, behavior, or setting) at every stage of the
intervention in a way that allows visual analysis (indicator 8.2) (Cook et al., 2014).

After the qualitative evaluation of studies, the process of examining the positive effect criterion of each
study was started. It is possible to observe the positive effect in single-subject research by observing a functional
relation between dependent and independent variables (Council for Exceptional Children, 2014). In other words,
for a positive effect to be mentioned in single-subject research, a) there should be a functional relation between
dependent and independent variables, and b) significant changes should be observed in 75% of the relevant
conditions of a study, including at least three conditions (subject, behavior, setting) (Cook et al., 2014).

In single-subject experimental research methods, including visual analysis and effect size statistics
together is very important to determine the effect of the intervention (Kazdin, 1982; Rakap et al., 2020).
Furthermore, in the classification of effect states of single-subject research, a functional relation is expected to be
established between the dependent and independent variables in each condition (subject, behavior, and setting).
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The presence of a functional relation is possible with the following: a) consistency (the level of variability that can
be tolerated in the data or the level of fluctuation in the data), b) trend (systematic increase or decrease in the data),
c) level (the magnitude of the dependent variable on the y-axis), d) immediacy of any observed treatment effect
(finding the absolute level change by determining the difference between the last data point of the first phase and
the first data point of the following phase), and €) overlap analysis (the percentage of overlap/similarity of the data
in different phases) (Tekin-iftar, 2012). Therefore, the visual analysis process was included in the present study.

In the visual analysis process, first, consistency analysis was used to examine the variability of data points
in a phase (Tekin-iftar, 2012). First of all, the mean of the data in the phase was calculated. The acceptable range
of data points was found by calculating +15% of the mean. Then the number of data points in the acceptable data
range was calculated as a percentage. Consistency means that the data in a phase do not change, i.e., the data do
not fluctuate. Hence, it is accepted that the data are consistent if at least 80% of the data in a phase do not diverge
from the mean by more than 15% (Tekin-iftar, 2012). Afterward, trend analysis, in which the direction of the data
path is analyzed, was included. With the trend analysis, the status of the data in a phase being decelerating (DC),
accelerating (AC), or zero-celerating (ZC) was examined. In this context, the split-middle method was employed
to determine the trend of the data (Tekin-Iftar, 2012). In the split-middle method, firstly, the trend of the data was
determined by drawing a progression line reflecting the direction and severity of the improvement in the subject’s
performance. However, since drawing the progression line alone is not sufficient, the trend consistency envelope
was formed. In line with this, the acceptable consistency range of the data points was found by calculating £20%
of the median value in the phase. If 80% of the data were in the consistency range, it was concluded that the trend
was consistent. After all these processes, level analysis in which level consistency was calculated was carried out.
Level consistency is expressed as the amount of change in the level of the data in a phase (its magnitude on the y-
axis) (Tekin-iftar, 2012). Within the scope of the level consistency analysis, 80% of the data were calculated, and
the median value in that phase was evaluated as being between 15% and 20%. Moreover, the absolute level change
analysis was used to determine the immediacy of any observed treatment effect of the independent variable
observed while passing from one phase to another phase (Tekin-iftar, 2012). Within the scope of absolute level
change analysis, the difference between the last data point of the first phase and the first data point of the following
phase was determined between the phases. The size of this difference provided information about the size of the
change created by the effect of the intervention (Rakap et al., 2020). The findings obtained from all these analyses
are not considered sufficient alone to decide on the effectiveness of the intervention. Hence, the findings obtained
from the analyses were synthesized and interpreted. For example, while the statuses of the trend and immediacy
of any observed treatment effect were evaluated together, it was concluded that the intervention was effective if
there was a sudden and steep trend in the dependent variable in the transition between phases. In another evaluation
process, it was learned that the intervention was effective if there were no fluctuations in the data in the intervention
phase, i.e., the data showed consistency, and the data were close to each other and of large values (Rakap et al.,
2020; Tekin-iftar, 2012).

In another process conducted to examine the evidence-based status of studies, effect size calculations
were included to determine the effect of the intervention. In this context, in addition to the visual analysis process,
overlap analysis was carried out to find the percentage of overlapping data in different phases (Tekin-Iftar, 2012).
In this study, the percentage of nonoverlapping data (PND) calculation was used since there were conditions in
which the dependent variable was desired to be increased. In PND calculation, the highest data point at the baseline
is determined, and a horizontal line is drawn from this determined point into the intervention phase. The data points
remaining at the top of the line are calculated as a percentage by being divided by the total number of data points
at the intervention level. The obtained effect level value is evaluated as “very effective” if it is 90% and above, as
“effective” if it is between 70% and 90%, as “questionable” if it is between 50% and 70%, and as “ineffective” if
itis below 50% (Scruggs et al., 1986). PND calculation is regarded as a practical method since it has high reliability
and is easy to calculate. On the other hand, it is known that it is a method that does not require meeting the
assumptions necessary for parametric statistics (Rakap et al., 2020). However, this method of analysis has been
criticized because it does not provide sufficiently accurate measurements of the trend change in the data points in
the baseline phase (Karasu, 2009).

After PND calculations, the Tau-U analysis technique, another non-parametric analysis technique
developed by Parker et al. (2011), was employed. This analysis technique consists of the following processes: a)
interpreting the nonoverlapping data in the baseline and intervention phases, b) combining and interpreting the
trend observed in the data in the intervention phase with nonoverlapping data, c) interpreting the nonoverlapping
data by controlling the trend in the baseline phase, and d) interpreting the nonoverlapping data when the trend in
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the intervention and baseline phases is controlled. In this analysis technique, phases are compared in pairs, and
positive or negative values between 0-1 are reached in comparisons. In the present study, Tau-U values between
0-1 were converted to percentage values. The percentage value obtained as a result of the analysis was interpreted
as “very effective” when it was 93% and above, as “effective” when it was between 66-92%, and as “low effective”
when it was 65% and below (Parker & Vannest, 2009). The calculation page
http://www.singlecaseresearch.org/calculators/tau-u was used for Tau-U calculations. Tau-U analysis can compare
all data points in the baseline and intervention phases. This process provides more reliable and sensitive results in
comparison with other methods since it considers the trend in the baseline phase. It yields effective results even in
cases where there is very little data in the baseline and intervention phases. In the present study, it was thought
that the Tau-U analysis technique supports PND calculations with these aspects and eliminates its limitations.

After effect size calculations, correlation analysis was conducted to determine the relationship between
the PND and Tau-U values. To evaluate consistency between these two non-parametric analysis techniques,
correlation coefficient values were calculated (https://www.socscistatistics.com/tests/spearman/), and it was found
whether there was a positive correlation between them.

Reliability Calculations

In this study, four different inter-rater reliability calculations were carried out in the descriptive analysis
process, in the evaluation of qualitative analyses, in the process of examining the positive effect criterion of the
studies, and in the process of examining the standards for being evidence-based. The formula [Agreement /
(Agreement + Disagreement) X 100] was used in the inter-rater reliability calculations performed to evaluate
consistency between the researchers (Erbas, 2012). First, before starting the descriptive analysis process, an inter-
rater reliability analysis was conducted using the “Study Evaluation Form” to reach a consensus on the definition
and scope of each coding variable and achieve agreement. In addition to the source information of the studies, this
form includes 14 headings in total, (1) the type of the study, (2) the source of publication, (3) the dependent
variable, (4) the independent variable, (5) the diagnosis of subjects, (6) the age of subjects, (7) the total number of
subjects, (8) research design, (9) analysis type, (10) maintenance, (11) generalization, (12) social validity, (13)
interobserver reliability, and (14) treatment fidelity. Considering these 14 headings, the scope, definition, and
positive and negative examples of each coding variable were discussed and evaluated by the first and second
authors. In this process, 25% (n = 6) of the 21 studies included in the descriptive analysis were determined as
unbiased, and the information about the studies was recorded independently by the first and second authors using
the "Study Evaluation Form." The inter-rater consistency was found as 100%.

The explanations given for each quality indicator by Cook et al. (2014) were taken into account in the
process of evaluating the quality indicators of single-subject research. During the qualitative evaluation of the
studies, coding was made as "Yes" if the study met the relevant quality indicator and as "No" if it did not. To reach
a consensus, the first and second authors discussed the positive and negative examples of each quality indicator.
Then, 25% (n = 6) of the studies were identified by unbiased assignment, and the information about the studies
was recorded independently by the first and second authors using the "Qualitative Evaluation Form." Consistency
of 90.9% was observed between the researchers at the first stage. Afterward, the researchers reached 100%
consensus by discussing each quality indicator for which consistency could not be provided. The studies meeting
all of the quality indicators are indicated in Table 2 with a “*” sign.

Then, reliability analyses were conducted to examine the positive effect criterion of each study. Each
study was examined by the first and second authors in terms of functional relationships through visual analysis.
Of the 17 studies, 25% (n = 5) were identified by unbiased assignment, and the inter-rater consistency was found
to be 100%. Finally, all studies meeting the standards for being evidence-based were evaluated by the first and
second authors, and the inter-rater consistency was revealed as 100%.

Results
Findings Regarding Descriptive Analysis

The studies (n = 21) included in the comprehensive descriptive analysis process were examined under
four main headings, publication characteristics, demographic characteristics, methodological characteristics, and
results. Findings related to each main heading are detailed under the following headings.
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Findings Regarding Publication Characteristics

Under this heading, the findings regarding the publication characteristics of the studies are presented
under three sub-headings: a) year of publication, b) type of publication, and c) source of publication.

Year of Publication. Upon examining the distribution of the studies by years, no study conducted
between 1980 and 1992 was found. It was revealed that the first study conducted between 1980 and 2019 was
performed in 1993, and there was an increase in the studies carried out with the year 2009. The period between
2011 and 2019 is the year when the highest number of studies was conducted. It was determined that 2009 and
2012 were the years when the highest number of studies were carried out, with three studies in each of the years.

Type of Publication. Considering the distribution of the studies by types, it was revealed that a total of
21 studies were conducted, including articles (n = 14, e.g., Strickland & Maccini, 2012), master’s theses (n = 3;
e.g., Ozlii, 2016), and doctoral dissertations (n = 4; e.g., Taber, 2013), and most studies were articles.

Source of Publication. Concerning the distribution of the studies by source, it was found that the studies
were published in the following journals: Research in Developmental Disabilities (n = 1), Preventing School
Failure: Alternative Education for Children and Youth (n = 1), Learning Disabilities Research & Practice (n = 3),
The Journal of Special Education (n = 1), Education and Treatment of Children (n = 2), Learning Disability
Quarterly (n = 2), Assessment for Effective Intervention (n = 1), Remedial and Special Education (n = 1), Education
and Training in Autism and Developmental Disabilities (n = 1), and Journal of Autism and Developmental
Disorders (n = 1). It was revealed that the highest number of the studies were published in the journal Learning
Disabilities Research & Practice (n = 3). Moreover, the remaining part of the studies was published as master’s
theses in the institutes of the University of Nevada (n = 2), University of North Carolina (n = 1), Anadolu
University (n = 1), Bolu Abant izzet Baysal University (n = 1), Florida Atlantic University (n = 1), and Miami
University (n = 1), and the highest number of studies was published at the University of Nevada.

Findings Regarding Demographic Characteristics

Under this heading, the findings regarding the characteristics of subjects are presented under two sub-
headings: a) diagnosis of subjects, b) age and the number of subjects.

Diagnosis of Subjects. The subjects in the studies were grouped under six headings, specific learning
disability (n = 66), intellectual disability (n = 15), autism spectrum disorder (n = 7), multiple disabilities (n = 6),
other (health problem-related disability, emotional behavioral disorder) (n = 5), and typically developing
individuals (n = 2). It was observed that the subject group in only one study (Flores, 2009) included two typically
developing students in addition to students with specific learning disabilities. In line with this information, it was
observed that studies conducted with individuals diagnosed with specific learning disabilities were frequent.

Age and Number of Subjects. It was revealed that the subjects in the studies were in the 5-7 (n = 10), 8-
10 (n =33), 11-13 (n = 35), and 14-18 (n = 23) age groups and the highest number of studies (e.g., Hord & Xin,
2015; Scheuermann et al., 2009) were carried out in the 11-13 age group. Additionally, there were four studies
conducted with subjects aged 14 years and above (Cease-Cook, 2013; Maccini & Hughes, 2000; Maccini & Ruhl,
2000; Morin & Miller, 1998; Washing, 2018). It was found that a total of 101 subjects were included in all these
studies examined.

Findings Regarding Methodological Characteristics

Under this heading, findings regarding the methodological characteristics of the studies are presented
under four sub-headings, a) research design, b) dependent variable, ¢) independent variable, and d) the type of
analysis used.

Research Design. Upon examining the distribution of the studies, it was revealed that a multiple baseline
design across behaviors (n = 2), a multiple baseline design across participants (n = 2), a multiple probe design
across participants (n = 14), a multiple probe design replicated across groups (n = 1), a multiple probe across
participants design with one replication (n = 1), and a multiple probe across participants design with two
replications (n = 1) were used among single-subject research designs. It was observed that a multiple probe design
across participants was frequently included in these studies (e.g., Strickland & Maccini, 2012; Taber, 2013).

Dependent Variable. Upon examining the distribution of the studies presented with the direct instruction
method according to dependent variables, it was found that a total of 15 studies were concentrated in the field of
problem-solving, including four operations problem solving (n = 11), equation problem solving (n = 2), area and
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volume problem solving (n = 1), and change-making problem solving (n = 1). Furthermore, it was determined that
all studies were gathered in six subject areas, including four operations skills (n = 5) and teaching algebra (n = 1).
While the studies (Flores, 2009; Mancl et al., 2012; Washing, 2018) mostly included subtraction with regrouping
problem-solving skills (n = 3) in the field of problem-solving as a dependent variable, they frequently included
multiplication skills (n = 3) in the field of four operations skills (e.g., Ozlii, 2016).

Independent Variable. When the strategies, methods, or techniques used in presenting the independent
variable were examined, it was found that the studies were gathered under five headings, such as studies presented
with the direct instruction method (n = 17), studies presented with video modeling (n = 2), studies presented with
conceptual model-based instruction (n = 1), studies presented with schema-based instruction (n = 1), and studies
accompanied by a strategy (n = 13). CRA instruction was frequently presented with the direct instruction method
in the studies. In the studies, seven strategies, DRAW (e.g., Flores, 2009), RENAME (e.g., Mancl et al., 2012),
FAST DRAW (e.g., Morin & Miller, 1998), FAST RENAME (e.g., Carmack, 2011), Isolate (e.g., Cease-Cook,
2013), STAR (e.g., Maccini & Hughes, 2000), and Self-Regulation Strategies (e.g., Taber, 2013), accompanied
CRA teaching practices. It was found that the RENAME strategy (n = 5) was used the most in these studies,
followed by the DRAW (n = 2) and STAR (n = 2) strategies.

Type of Analysis Used. Concerning the distribution of the studies by the type of analysis, it was revealed
that all studies employed graphical analysis (n = 21), and there were also studies including statistical analysis (n =
15) among these studies. The studies involving statistical analysis used PND (n = 7), Tau-U (n = 6), Improvement
Rate Difference (IRD) (n = 1), and t-test (n = 1) as the analysis method. It is observed that the PND analysis
method was frequently used in these studies (e.g., Strickland & Maccini, 2012).

Findings Regarding Results

Under this heading, findings regarding the studies’ results are presented under three sub-headings, a)
maintenance and generalization, b) social validity, and c) reliability.

Maintenance and Generalization. Nineteen of the studies provided information on maintenance and 12
on generalization data. It was found that findings regarding both maintenance and generalization data were shared
in 12 of these studies.

Social Validity. It was determined that 16 of the studies provided information on social validity data.

Reliability. It was revealed that 21 of the studies provided information on interobserver reliability and 19
provided information on treatment fidelity data. It was observed that 19 of these studies shared findings regarding
both interobserver reliability and treatment fidelity data.

Findings Regarding Evidence-based Evaluation
Methodologically Sound Studies

Seventeen of the included studies met all of the quality indicators presented by Cook et al. (2014) (See
Table 2). The studies meeting all of the indicators are indicated with “*” in the table. Two of these studies were
not found methodologically sound since they did not meet indicator 8.2 among the quality indicators (Hord & Xin,
2015; Sealander et al., 2012). Moreover, since the study by Scheuermann et al. (2009) did not meet indicator 5.1
and the study by Strickland and Maccini (2012) did not meet indicators 6.5 and 7.3, they could not be evaluated
as methodologically sound. A positive effect was observed in 16 of the 17 studies that met all of the quality
indicators. Because no significant change was observed in one of the three subjects in only one study (Washing,
2018), it was found that a neutral effect was obtained in this study.
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Table 2
Evaluation of Studies in Accordance with Quality Indicators
No Studies 11 21 22 31 32 41 42 51 52 5.§uag§1/ mcisl.czatoress.s 65 66 67 71 7.2 73 714 75 82
1 *Bouck et al. (2017) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
2 *Carmack (2011) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
3 *Cease-Cook (2013) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
4 *Ferreira (2009) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
5 *Flores (2009) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
6 *Flores et al. (2014) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
7 Hord and Xin (2015) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y N
8 *Maccini and Hughes (2000) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
9 *Maccini and Ruhl (2000) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
10  *Mancl et al. (2012) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
11 *Milton et al. (2019) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
12 *Morin and Miller (1998) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
13 *Nar (2018) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
14 *QOzlii (2016) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
15  Scheuermann et al. (2009) Y Y Y Y Y Y Y N Y Y Y Y Y Y Y Y Y Y Y Y Y Y
16  Sealander et al. (2012) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y N
17 Strickland and Maccini (2012) Y Y Y Y Y Y Y Y Y Y Y Y Y N Y Y Y Y N Y Y Y
18  *Stroizer et al. (2015) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
19  *Taber (2013) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
20  *Washing (2018) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
21  *Yakubova et al. (2016) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Note: N =no; Y = yes.

*Studies meeting all of the quality indicators.

Ozli-Unlii et al.

2022, 23(4)



IDENTIFYING CONCRETE-REPRESENTATIONAL-ABSTRACT INSTRUCTION AS AN EVIDENCE-BASED 946
PRACTICE IN TEACHING MATHEMATICS TO INDIVIDUALS WITH SPECIAL NEEDS

Findings Regarding Visual Analysis

In the present study, four types of visual analysis were conducted, consistency, trend, level, and absolute
level analysis. The visual analysis of each study, that met the quality indicators, was applied separately, and the
graphs in the studies were examined one by one for each analysis type. The findings obtained are presented in
Table 3.

The findings obtained from the studies as a result of the examinations were categorized according to the
effect size values and presented. It was found that the effect size in 14 of the 17 studies was very effective or
effective, and the effect size in 3 studies was low effective or questionable. The studies whose effect size was
calculated were interpreted according to consistency, trend, level, and absolute level values within the scope of
visual analysis. First, the studies whose effect size was classified as very effective (S1, S2, S4, S5, S7, S9, S10,
S12, S13, S14, and S17) and effective (S8, S11, and S16) were examined. The immediacy of any observed
treatment effect values obtained in the absolute effect level analysis of the five studies (S1, S2, S4, S9, and S13)
among these studies was found to be high. When the trend analyses of the studies coded S1 and S4 among these
five studies were examined, it was determined that the direction of the data path in all graphs of the study coded
S1 was zero-celerating (ZC), and in five of the six subjects in S4, it was zero-celerating (ZC), and accelerating
(AC) in one subject. With the high immediacy of any observed treatment effect value, it was concluded that the
change in the dependent variable increased significantly with the implementation of the independent variable, but
the data did not change with the zero-celerating trend. Contrary to the studies coded S1 and S4, in the study coded
S13, the trend of the graphs in two of the three subjects was decelerating (DC), and the trend of one subject was
zero-celerating (ZC). Additionally, as a result of the consistency and level analyses, the consistency level for each
graph of the study coded S1 among these five studies was below 80%. On the other hand, the consistency levels
of most of the graphs in the studies coded S2, S4, and S9 and all graphs in the study coded S13 were found to be
above 80%.

Among the studies with very effective or effective effect size, there were four studies (S5, S11, S14, and
S16) with the low immediacy of any observed treatment effect values obtained in the absolute effect level analysis.
Upon examining these four studies within the scope of trend analyses, it was revealed that the direction of the data
path increased in all graphs of the studies coded S5 and S14 and in the graphs of two of the three subjects in the
study coded S16. With the low immediacy of any observed treatment effect value, it was concluded that there was
no significant change in the dependent variable with the implementation of the independent variable. Despite the
low immediacy of any observed treatment effect, it was observed that the values of the data on the y-axis increased
due to the decelerating trend. Additionally, as a result of the consistency and level analyses, the consistency level
in all graphs of the study coded S11 among these four studies was above 80%, and the consistency levels of the
studies coded S5, S14, and S16 were below 80%. Moreover, in addition to the low immediacy of any observed
treatment effect value of the study coded S11, it was found that the trend in all graphs in the studies was
accelerating (AC). This indicates that the change in the dependent variable with the implementation of the
independent variable is low and that the values of the data gradually decrease.

Among the studies with a very effective or effective effect size, there were three studies (S8, S12, and
S17) with the moderate immediacy of any observed treatment effect values obtained in the absolute effect level
analysis. Within the scope of trend analyses, it was observed that the trend was zero-celerating (ZC) in one of the
nine graphs in S8, the trend was accelerating (AC) in three graphs, and decelerating (DC) in two graphs. In S12,
the trend was accelerating (AC) in two of the graphs and decelerating (DC) in one graph. Moreover, since the trend
was decelerating (DC) in four graphs and zero-celerating (ZC) in eight graphs in S17, it can be said that the trend
in most of the graphs in the study was zero-celerating (ZC). Concerning the consistency and level analyses, since
the consistency level in 7 of the 12 graphs in the study coded S17 was below 80%, it can be said that the consistency
level in this study was low in general. On the other hand, the consistency level in four of the six graphs in S8 and
two of the three graphs in S12 was above 80%. In the study coded S12, the data for the two subjects decreased
gradually; however, there was no fluctuation in these data, in other words, it was concluded that the data were
consistent.

Among the studies with a very effective or effective effect size, there were two studies (S7 and S10) with
the negative immediacy of any observed treatment effect value. In these two studies, the first data point obtained
in the intervention phase with the implementation of the independent variable is lower than the last data point of
the previous phase, the baseline phase. Whereas it was expected that the performance of the dependent variable
would increase with the intervention, the immediacy of any observed treatment effect in the opposite direction was
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observed. However, despite this decrease, the direction of the data path in all graphs increased with the
intervention. Additionally, the consistency and level analyses of these two studies showed that the consistency
level of the study coded S7 was above 80%, while the consistency level of the study coded S10 was below 80%.

Finally, upon examining the visual analysis values of the studies coded S3, S6, and S15 with low or
questionable effect sizes, it was observed that the data path was decelerating (DC) in all of the graphs in these
three studies. It was found that the immediacy of any observed treatment effect values in the studies coded S6 and
S15 were low, while the immediacy of any observed treatment effect value in the study coded S3 was high. As a
result of the consistency and level analyses, it was revealed that the consistency level of two of the three graphs in
S3 was above 80%. On the other hand, all of the data in the graphs in the studies coded S6 and S15 were variable,
in other words, the consistency level was below 80%.

Findings Regarding Meta-Analysis

PND and Tau-U effect size calculations were made for each of the 17 studies that met the quality
indicators of Cook et al. (2014), and the obtained values are presented in Table 3. Considering the PND effect size
value, it was determined that 11 studies were very effective, three studies were effective, and three studies were
questionable. Moreover, concerning Tau-U effect size values, it was revealed that 12 studies were very effective,
three studies were effective, and two studies were low effective.

In the study, a correlation analysis was conducted to determine the correlation between PND and Tau-U
effect size values. The correlation coefficient values between PND and Tau-U values were calculated with
Spearman's Rho analysis, and the results are presented in Table 4. As a result of the analysis, a strong positive
correlation between PND and Tau-U analyses was observed (rs = .96415; p < .01).
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Table 3
Meta-Analysis and Visual Analysis Results
Code/source PND Effect sizes Tau-U Consistency Trend Level Absolute level EL
0, 0,
100% 100% I: 77.7% I: ZC I: 77.7% I: 80%
s1 100% 100% , . : .
I1: 45.4% Il: ZC I1: 54.5% I1: 80%
Bouck et al. 100% VE 100% VE ) , _ , PE
11: 60% 1: zC 111: 60% 111: 100%
(2017) 100% 100% IV: 50% IV: ZC IV: 50% IV: 80%
PND: 100% Tau-U: 100% ' : : :
0, 0,
18802 18802 I 95.2% I DC I 95.2% I 80%
100% 100% 11: 100% Il: DC I1: 100% I1: 30%
100% 100% 11: 95% 1: zC 111: 100% 11: 90%
5 100% 100% IV: 90.4% IV: DC IV: 90.4% IV: 100%
Carmack (2011) 100% VE 100% VE V: 95% V:DC V: 100% V: 40% PE
100% 100% VI: 90% VI: DC VI: 100% VI: 90%
100% 100% VI 72.7% VII: ZC VII: 90.9% VII: 80%
100% 100% VIII: 100% VIII: AC VII1: 100% VIII: 100%
. OE0, . . 0 - 909
PND: 100% Tau-U: 100% IX: 95% IX: ZC IX: 100% 1X: 90%
0, 0,
s3 ggof’ gg;" I: 100% I: DC I: 100% I: 75%
Cease-Cook 500/3 Q 50ty3 LE I1: 66.6% Il: DC 1: 100% I 75% PE
. 0 . . 0 . 0
(2013) PND: 50% TalU: 50% 111: 100% I1: DC I11: 66.6% 11: 66%
0, 0,
16000& 16050& I: 92% I: ZC I: 100% I: 10%
100%¢ 100%¢ I1: 92.5% I: AC I1: 92.5% 11: 100%
S4 89 293/ VE 850/° VE 11: 68.9% I: zCc 11: 72.4% 111: 100% bE
Ferreira (2009) 160<>/0 1000; IV: 89.2% IV: ZC IV: 89.2% IV: 30%
100%‘1 100%‘: V: 92.8% V: ZC V: 92.8% V: 100%
. 0 . . 0 : 0
PND. 91.5% TaUU: 93.7% VI: 80.6% VI: ZC VI: 80.6% VI: 100%
100% 100% I: 13% I: DC I: 26.6% I: 8%
1002/0 1002/0 I1: 18.1% Il: DC I11: 27.2% I1: 24%
S5 1000/0 1000/0 11: 9% I1: DC 11: 18.1% 11: 12%
Flores (2009) 100% VE 100% VE IV: 50% IV: DC IV: 70% IV: 16% PE
100% 100% V: 30% V: DC V: 60% V: 24%
100% 100% VI: 27.2% VI: DC VI: 27.2% VI: 16%
PND: 100% Tau-U: 100%
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Table 3 (continued)

Code/source PND Etfect sizes TauU Consistency Trend Level Absolute level EL
Gozﬁ 5024) I: 10% I: DC I: 20% I: 5%
S6 6004> 5204) I1: 30% Il: DC I1: 30% 11: 0%
Flores et al. 1% Q 61% LE 11: 14.2% I1: DC 11: 42.8% 11: 0% PE
(2014) 42% 5% IV: 8.3% IV: DC IV: 25% IV: 1.6%
PND: 58.2% Tau-U: 42% o ' ' -
I: 100% I: 100%
VI: 0% VI: 70% V: 100% V:DC V: 100% V: 20%
e e V1. 100% VI: AC VI: 100% VI: 5%
(addition) (addition)
(addition) (addition) (addition) (addition)
- 100% I: 100% 1: 100% I: DC 1: 100% 1: 40%
I1: 100% I1: 100% - 070 : oty a0
IV: 100% IV: 100% 111: 100% 1I: AC 111: 100% 11: 40%
V: 100% V: 100% 1V: 100% IV: AC 1V: 100% 1V: 85%
s7 (subtraction) (subtraction) V:100% V:AC V:100% V2 50%
Maccini and - 0% VE - 50% VE (subtraction) (subtraction) (subtraction) (subtraction) PE
Hughes (2000 . 0 . 0 I: 100% I:ZC 1: 100% I: 20%
11: 100% 11: 100%
V- 100% V- 100% 11: 100% : zC 111: 100% 111 35%
(multiplication) (multiplication) V:_ 1(_)00/‘? V '_A‘C . V:_ 1(_)00/‘? V 6_5%,
(multiplication) (multiplication)  (multiplication) (multiplication)
1: 0% I: 75%
IV: 100% IV: 100% 111: 100% I: zC 111: 100% 11: 93%
V: 100% V: 100% 1V: 100% IV: ZC 1V: 100% 1V: 65%
(diViSiOﬂ) (division) V: 100% V:ZC V: 100% V: 40%
(division) (division) (division) (division)
PND: 73.8% Tau-U: 90.2%
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Table 3 (continued)
Code/source PND Etfect sizes Tau-U Consistency Trend Level Absolute level EL
0, 0,
Loy Loy I: 100% I ZC I: 100% I: 40%
83% 71% 11: 100% 1I: AC 11: 100% 11: 60%
S8 (prob. solving) (prob. solving) 11: 83.3% 1I: AC 11: 83.3% 1: 15%
Maccini and proo. 9 proo. 9 (prob. solving) (prob. solving) (prob. solving) (prob. solving)
Ruhl 1882;0 E 1902%;/0 VE 1: 100% I: DC 1: 100% 1: 70% PE
(2000) 33%" 1000;0 11: 66.6% Il: DC I1: 66.6% 11: 30%
. . 11: 66.6% 1I: AC 11: 83.3% 11: 55%
(prob. representation) (prob. representation) b . b . b . b .
PND: 86% Tau-U: 93.8% (prob. representation) (prob. representation) (prob. representation)  (prob. representation)
0, 0,
oo oo I: 88.8% I: DC I: 88.8% I: 40%
S9 100% 100% 11: 88.8% 1I: DC 11: 88.8% 11: 100%
Mancl et al. 100% VE 100% VE 111: 100% I: ZC 111: 100% 111: 100% PE
(2012) 100(;’ 1000/2 1V: 100% 1IV: AC 1V: 100% 1V: 100%
- 500 : : 0, - 8009
PND: 100% Tau-U: 100% V: 50% V:DC V: 58.3% V: 80%
0, 0,
o0 oo I: 28.5% | bC I: 42.8% I: 0%
89% 96% 1l: 32% ”', DC 11: 52% 11: 0%
1000; 1000; 111: 88.8% 1l DC 11: 88.8% 11: 10%
1000/" 1000/" IV: 38.4% V- DG IV: 69.2% IV: 20%
o N V: 25% ; V:31.2% V: 10%
(division acquisition) (division acquisition) R L V:DC A s S .
(division acquisition) - I (division acquisition)  (division acquisition)
100% 100% I 11.1% (division acquisition) ' 66.6% I 10%
0 0 11, ) : 66. :
1880;0 1880;0 11: 42.8% III.' DDCC 11: 57.1% 11: 10%
S10 1000/" 1000/" 111: 30% 1l De 11: 70% 11: 33.3%
Milton et al. 100% VE > VE IV: 44% ; IV: 52% IV: 23.3% PE
00% 100% . IV: DC . )
(2019) (division fluency) (division fluency) V: 3.1% V:DC Vi 22.2% V: 6.6%
o (division fluency) R (division fluency) (division fluency)
88% 63% I: 50% (division fluency) I 50% " 30%
64% 62% - 50% I' DC 1 50% :30%
100% 100% 11: 54.5% “', DC 11: 63.6% 11: 0%
77‘V0 85(y° 11: 60% 1l De 11: 70% 11: 22.5%
) ) IV: 23% : IV: 7.6% IV: 2.5%
96% 90% . IV: DC ; .
e S V:16% . V:16% V: 0%
(multiplication (multiplication N V:DC L A
(multiplication Lo (multiplication (multiplication
fluency) fluency) fl (multiplication fluency) fi fi
PND: 93% Tau-U: 91.6% uency) uency) uency)
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Table 3 (continued)
Code/source PND Effect sizes Tau-U Consistency Trend Level Absolute level EL
S11 70% 85% 1: 95% ) . 020 100
Morin and 90% 92.5% 11: 90% I', A% I', %%f’ I'_ l%go
Miller 95% E 95% E 111: 95% ”'_AC ”',9 f’ ”'_Aéof PE
(1998) PND: 85% Tau-U: 91.5% Hi-A 111 95% I11-20%
0, 0,
s12 18843 18802 1: 83.3% 1. DC 1:91.6% 1: 30%
VE VE 11: 90% 1I: AC 11: 90% 11: 90% PE
Nar (2018) 100% 100%
PND: 100% Tau-U: 100% 11: 75% 11: AC 111: 100% 11: 70%
0, 0,
s13 18802 18802 1:94.4% I: DC 1: 94.4% 1: 70%
Ozl (2016) 100% VE 100% VE 11: 88.2% Il: ZC 11: 88.2% 11: 80% PE
PND: 100% Tau-U: 100% 111: 85.7% 111: DC I11: 85.7% 111: 80%
100% 100% . . .
100% 100% I 57 1% 1. DC 1: 57.1% I: 44.4%
100% 100% - 33.3% 1I: DC 1l: 33.3% 11 44.4%
. 00, . . 0 . 0
(addition) (addition) I11: 91.6% (addition) lcljld_E?C I d(?.l:“’ “Id 53.8:8/"
90.91% 90% IV: 81.8% (addition) (addition) (addition)
s14 90% 90% V: 30% IV: DC 1V'90.9% 1V: 0%
Stroizer et 90% VE 90% VE VI 50% \\/’I DD% \\/’I 76%5/" \\//| %gj PE
al. (2015) (subtraction) (subtraction) (subtraction) - v, o7
100% 100% VIl 37.5% (subtraction) (subtraction) (subtraction)
N VII: DC VII: 50% VII: 11.1%
100% 100% VIII: 62.5%
100% 100% IX: 33.3% VIII: DC VIII: 62.5% VIII: 77.7%
e . . 0 . 0
(multiplication) (multiplication) (multiplication) (mullt>i(r;l::t):i(i:tion) (m:J>I<t.ip7IZr.:;t/i2)n) (mlu)l(t.is)l?(.:it?on)
PND: 96.7% Tau-U: 96.6%
0, 0,
8%72/00/ gg;’ I: 25% I: DC 1: 50% 1: 19%
49'50/" 45(; 11: 0% Il: DC 11 20% I1: 50%
A ) 111: 15.3% I1l: DC 11 38.4% 1: 0%
S15 (prab. solving) (prab. solving) b. solvi b. solVi b. solvi b. solvi
Taber 91% Q 89% E (prob. solving) (prob. solving) (prob. solving) (prob. solving) PE
(2013) 100% 91.7% 1V: 40% IV: DC 1V: 50% IV: 27%
50 2350 V: 35% V:DC V: 45% V: 12%
0 270 VI: 46.1% VI: DC VI: 53.8% VI: 5%
(strategy use) (strategy use)
PND: 69.4% Tau-U: 71.7% (strategy use) (strategy use) (strategy use) (strategy use)
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Table 3 (continued)
Code/source PND Effect sizes Tau-U Consistency Trend Level Absolute level EL
0, 0,
s16 oo o 1: 33.3% I: DC I: 55.5% I: 11.6%
Washing 41.6% E 34% E 11: 50% Il: ZC 11: 60% 11: 9.3% NE
(2018) PND'.70 1% Tau-U: 68% 111: 100% I1l: DC 111: 100% 11 2.3%
0, 0,
71330//2 1805?’/? I: 81.8% I:ZC 1: 81.8% I: 100%
90'9% 89% 11: 0% I: DC 11: 27.2% I1: 25%
81.8% 87% 111: 36.3% I1l: DC 111: 54.5% 11: 0%
(subtréction) (subtraction) 1V: 18.1% IV:DC IV: 54.5% IV: 25%
100% 100% (subtraction) (subtraction) (subtraction) (subtraction)
s17 100% 100% I: 80% I: ZC 1: 80% I: 100%
Yakubova 100% 100% 11: 80% II: ZC 11: 70% I1: 50%
et al 100% VE 100% VE 111: 80% II: ZC 111: 80% 11: 75% PE
: - 609 : - 609 - 500
(2016) (addiition) (addition) 1V: 60% IV: DC 1V: 60% IV: 50%
100% 100% (addition) (addition) (addition) (addition)
70% 97% 1: 100% I:ZC I: 100% I: 100%
80% 98% 11: 50% Il: ZC 11: 50% 11: 50%
90% 99% 111: 50% 1 zC 11: 50% 11: 50%
(comparison) (comparison) 1V: 60% IV:zC 1V: 60% IV: 75%
PNDP 90.4% Tau-Up - 96.8% (comparison) (comparison) (comparison) (comparison)
Mean: 86.1% Mean: 84.4%

Note: Roman numerals in the table represent each condition (subject and behavior). AC = accelerating (AC); DC = decelerating; E = effective; LE = low effective; NE = neutral effect; PE = positive effect; PND =

percentage of noneoverlapping data; Q = questionable; VE = very effective: ZC = zero-celerating.
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Table 4
PND and Tau-U Correlation Analysis

Baseline-intervention

N I's

PND

*
Tau-U 17 96415

*p< .01
Evaluation of the CRA Instruction as an Evidence-based Practice

While determining whether the CRA instruction was an evidence-based practice, the following standards
determined by the Council for Exceptional Children in 2014 were taken into account: (1) single-subject studies
should be methodologically sound by meeting all of the quality indicators, (2) at least five single-subject studies
in total should be conducted on the subject, (3) positive effect should be observed in these studies, and (4) these
studies should be carried out with at least 20 subjects in total. In line with these standards, it was determined that
there were a total of 16 studies, which were methodologically sound and displayed a positive effect and in which
the CRA instruction was carried out to teach mathematical skills to individuals with special needs, and the total
number of subjects in these studies was 73. In light of these results, it was concluded that the CRA instruction was
an evidence-based practice.

Discussion

In this study, which aimed to evaluate the status of CRA instructional practices being evidence-based in
teaching mathematical skills to individuals with special needs, unlike the studies in the literature (Bouck et al.,
2017), the search process was updated to be between 1980 and 2020, only single-subject research designs were
included, and all individuals with special needs were included as the subject group.

Between 1988 and 1995, instructions that were directed to memorizing rules and operations and mostly
supported the development of the procedural knowledge dimension of mathematical knowledge were included in
mathematics teaching to individuals with special needs (Maccini & Hughes, 1997). However, a need has recently
emerged for methods and approaches that present multisensory learning experiences in which individuals learn
more actively by having concrete experiences in mathematics teaching. It can be said that this need has played a
role in the concentration of studies on CRA instruction over the last 10 years. As a result of the search, upon
examining studies on CRA instruction, it was observed that there was an increase in quantity in the studies carried
out in 2009 and this increase continued in the following years. However, despite this increase, the number of
studies examining the effect of CRA instruction on the mathematical skills of individuals with special needs has
remained limited in quantity (Lee et al., 2020). It is thought that the present study will promote studies in the field
by drawing attention to this limitation.

Another important finding was that CRA instruction was applied to individuals with intellectual
disabilities, autism spectrum disorder, and multiple disabilities, in addition to specific learning disabilities in the
studies included in the descriptive analysis. It was revealed that research was frequently conducted with individuals
with specific learning disabilities in the studies reviewed. This is thought to be primarily due to the fact that specific
learning disability was included in the group of frequently encountered disabilities and constituted the largest
group numerically in the classification made according to the frequency of occurrence in the field of special
education (Melekoglu, 2017), and secondly, due to the fact that individuals with specific learning disabilities
required less prerequisite skill teaching in teaching academic skills compared to individuals with other disability
types. The study by Bouck et al. (2017), which is known to be similar to the present study, was limited to studies
in which CRA instruction was applied only to individuals with specific learning disabilities. However, this study
differs from the study by Bouck et al. (2017) in that it examines the effectiveness of CRA instruction with
individuals with other disability types. At the same time, the present study shows that CRA instruction has positive
effects on the acquisition of mathematical skills by individuals with multiple disabilities.

Skills in various subjects were taught to individuals with special needs with CRA instruction. The
dependent variables in the studies show that the studies focus on problem-solving and teaching four operations
skills (Bouck et al., 2017). These skills are included as common skills that are required to be taught in the programs
prepared by the National Council of Teachers of Mathematics (NCTM, 2000), which plays an active role in
creating the mathematics curriculum in the United States of America, and the Ministry of National Education
(MoNE, 2015) in Turkey. However, considering the diversity of subjects in mathematics programs, the fact that
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studies are limited to only these two subject areas adversely affects the generalizability of the intervention. To
argue that an intervention is effective in teaching mathematics, studies examining the effectiveness of that
intervention in different skill teaching areas are needed. Individuals with special needs are held responsible for all
the content of the mathematics programs included in the general education process. Hence, in addition to problem-
solving and four operations skills, it is expected that teaching processes include more comprehensive subjects such
as place value, rhythmic counting, fractions and operations, and basic concepts in geometry, length, circumference,
area, and time measurement.

Upon examining the studies in the context of independent variables, it is seen that CRA instruction is
frequently presented with the direct instruction method in studies that use the term strategy for CRA instruction
(e.g., Nar, 2018; Ozlii, 2016). Studies in the literature emphasize the importance of teacher-student interaction in
the implementation of CRA instruction. As a teacher, the intervention agent must be a model and guide the student,
gradually reduce this guidance, and offer many opportunities (Hudson et al., 2006; Mercer & Miller, 1992). Since
it is a method based on teacher-student interaction, it is thought that the direct instruction method is frequently
preferred in these studies. Additionally, another important finding is that mnemonic strategies such as DRAW and
RENAME frequently accompany CRA instruction in studies (e.g., Flores, 2009; Stroizer et al., 2015). Mnemonic
strategies are expressed as words formed from the first letters or first few letters of one or more words (Reid &
Lienamann, 2006). Each letter constituting this word is used respectively to indicate a cognitive strategy step and
to remind problem-solving steps in solving a verbal problem. These mnemonic strategies enable students to
remember problem-solving steps in order and complete, analyze the information given in the problem, reach the
solution of the problem, and control problem-solving processes (Maccini & Ruhl, 2000). In studies using
mnemonic strategies, the implementation process of CRA instruction is carried out in four stages, respectively: a)
concrete stage, b) representational stage, ¢) mnemonic strategy teaching, and d) abstract stage. Based on the
findings of the present study, it can be said that studies in which mnemonic strategies are used focus on teaching
four operations problem-solving skills. In these studies, teaching concerning the conceptual dimension of the
operational skill was carried out at the concrete and representational teaching stages, and strategy teaching was
included before proceeding to the abstract stage. After strategy teaching, abstract stage sessions were started in
which verbal problems were studied. The problem-solving process is a complex cognitive and metacognitive
activity that includes many operations and strategies (Montague, 1992). Cognitive strategy steps are used to
perform cognitive operations in the problem-solving process. Thus, since the concrete, representational, and
abstract stage interventions of CRA instruction focus on learning for conceptual and procedural dimensions, it may
be necessary to receive support from cognitive strategies for the cognitive processes of problem-solving. It is
thought that most of the studies examined included mnemonic strategies for this reason.

Concerning the research designs of the studies, another important finding is that a multiple probe design
across participants was frequently used (e.g., Strickland & Maccini, 2012; Taber, 2013). The teaching process of
mathematical concepts and skills requires long sessions due to their nature. Therefore, the fact that each stage of
CRA instruction requires long-term teaching sessions makes multiple probe designs more advantageous and
practical as a research design. Accordingly, it is thought to be an easy-to-apply design for researchers. Hence, it
can be suggested that the multiple probe design should be preferred due to its practicability in studies in which
CRA instruction will be carried out.

It was revealed that the data were presented on graphs in all single-subject research conducted with CRA
instruction. However, few studies were found in which the effect of the intervention was presented by making
effect size calculations. Since the visual analysis alone is not considered sufficient in determining the effect of the
intervention applied in single-subject research in the literature, it is suggested that this type of analysis should be
interpreted together with effect size calculations. Effect size calculations support visual analysis data due to their
a) ability to objectively evaluate the effect of the intervention, b) providing precise measurements in cases that
cannot be determined by visual analysis and c) ability to identify a relatively more effective method by comparing
different studies (Kazdin, 1982; Rakap et al., 2020). Therefore, existing studies that include effect size calculations
should be increased quantitatively in the literature.

The findings obtained from the current study support and extend the findings of Bouck et al. (2017), who
suggest that CRA instruction is an evidence-based practice. It has been emphasized that in order for a study to be
considered methodologically sound, it must meet all of the quality indicators (Cook et al., 2014). In the study
carried out by Bouck et al. (2017), it was observed that a total of seven methodologically sound single-subject
studies that met all of the quality indicators presented by Cook et al. (2014) were reached. In the present study, 52
studies were reached in the first search done using the keywords. Among these studies, 21 single-subject studies
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meeting the inclusion criteria were evaluated for meeting the quality indicators suggested by Cook et al. (2014).
As a result of these evaluations, unlike the study by Bouck et al. (2017), it was concluded in the current study that
there were a total of 17 methodologically sound single-subject studies that met all of the quality indicators. It was
revealed that the remaining four studies did not meet all of the quality indicators. In light of all this information, it
is seen that there is a limited number of single-subject research that includes CRA instruction in the acquisition of
mathematical skills by students with special needs and is methodically sound. This shows that a part (n = 4) of the
single-subject research including CRA teaching practices is insufficient in meeting the quality indicators.
However, the fact that studies fully meet the determined quality indicators plays an important role in qualifying
them as methodologically strong. Furthermore, it is possible to decide whether the practice in question is an
evidence-based practice with the presence of methodologically strong studies. In order for the results obtained in
a single-subject study to be useful to other researchers, the characteristics of the entire intervention process must
be clearly defined to allow repetition (Tekin-iftar, 2012). This can only be achieved by presenting single-subject
research to the literature by taking into account quality indicators.

Considering the meta-analysis findings obtained in the study, it was found that 11 studies were very
effective, three studies were effective, and three studies were questionable as a result of PND effect size
calculations. In the study by Cease-Cook (2013), one of the studies in which PND analyses were conducted, it was
observed that CRA instruction was questionable in terms of effect size in teaching solving one-variable equations
embedded in problems. Likewise, the study by Flores et al. (2014) and the study by Taber (2013) determined that
CRA instruction was questionable in terms of effect size in teaching multiplication with regrouping problem-
solving skills and 1- and 2-step word problems involving multiplication and division, respectively. However, in
light of all these findings, considering the mean value of PND (86.1%) in the study, it was concluded that CRA
instruction was effective in acquiring mathematical skills for individuals with special needs.

Upon examining the Tau-U values, another effect size calculation included in the study, it was seen that
12 studies were very effective, three studies were effective, and two studies were low effective. As a result of Tau-
U analysis, the study by Cease-Cook (2013) revealed that CRA instruction was low effective in terms of effect
size in teaching solving one-variable equations embedded in problems. Likewise, the study carried out by Flores
et al. (2014) found that CRA instruction was low effective in terms of effect size in teaching multiplication with
regrouping problem-solving skills. The Tau-U values obtained for both studies are parallel with the findings
obtained from the PND analyses. However, in light of all these findings, it was concluded that CRA instruction
was effective in ensuring that individuals with special needs acquire mathematical skills, considering the Tau-U
mean value (84.4%) in the study. Additionally, when the correlation between the PND and Tau-U values of the
studies meeting the quality indicators was examined, a strong positive correlation was observed between the two
values. This can be regarded as an indicator that there is no therapeutic trend in the baseline phase of the
interventions carried out and that if PND is applied correctly, it offers as successful results as other effect size
calculation methods (Lee et al., 2015).

Upon examining the graphs in the studies included within the scope of the research through visual
analysis, remarkable results were achieved in terms of consistency, level, trend, and immediacy of any observed
treatment effect values. Some of the studies examined (Carmack, 2011; Ferreira, 2009; Mancl et al., 2012; Ozlii,
2016) revealed that the data on the dependent variable increased significantly with the implementation of the
independent variable and the consistency level of the data in this phase was above 80% for all graphs. At the same
time, the effect size values of these studies were calculated as 100%, 91.5%, 100%, and 100%, respectively, for
PND and 100%, 93.7%, 100%, and 100%, respectively, for Tau-U, and it was concluded that the intervention was
effective. Considering these data for both types of analysis, it was observed that the effect size and visual analysis
findings supported each other. Additionally, the PND (85%) and Tau-U (91.5%) values of the study carried out by
Morin and Miller (1998) and the consistency levels of all the graphs in the study were found to be high. On the
other hand, considering the trends of the graphs in the study, it was seen that the graphs of all subjects were
accelerating (AC). Upon examining the study, it was revealed that the focus was on teaching multiplication skills
in concrete and representational sessions, then strategy teaching including the cognitive steps of problem-solving
was carried out, and then the abstract stage involving only verbal problems was initiated. It was found that the
performances of subjects showed an accelerating trend at the abstract stage at which teaching verbal problem skills
was started. Hence, it is thought that the results of the trend analysis of the study are accelerating due to this
situation. Considering that the dependent variable in the study is a behavior that is desired to be increased, it can
be thought that the data obtained are far from showing effectiveness. However, despite the accelerating trend in
the study, it can be said that the intervention is effective due to the increase in the performance of subjects,

Ozlii-Unli et al. 2022, 23(4)



IDENTIFYING CONCRETE-REPRESENTATIONAL-ABSTRACT INSTRUCTION AS AN EVIDENCE-BASED 956
PRACTICE IN TEACHING MATHEMATICS TO INDIVIDUALS WITH SPECIAL NEEDS

obtaining consistent data, and high effect size values. Furthermore, another important finding is that the
intervention was found to be effective through visual analysis as a result of the consistency, trend, level, and
absolute level analyses in the study performed by Cease-Cook (2012). However, the effect size values of this study
were found to be low effective, in contrast to the PND (50%) and Tau-U (50%) visual analysis results. In other
words, the intervention that was effective in the visual analysis was found to be ineffective according to the effect
size results. Unlike these findings, in the studies carried out by Flores et al. (2014) and Taber (2013), the results
of consistency, level, and absolute level analyses and PND (58.2% and 69.4%, respectively) and Tau-U (42% and
71.7%, respectively) effect size values provide information that the intervention is low effective. Although the
results of the analysis do not show that the intervention is effective, it can be said that the effect size values and
the visual analysis data are similar. In light of all these findings, it was concluded that visual analysis alone or
effect size calculations alone were not sufficient to reach a conclusion about the efficiency of an intervention.
Although it is argued that the visual analysis data and PND values are compatible (Yiicesoy-Ozkan et al., 2018),
it is thought that using more than one method together in effect size calculations will be more effective until
developing a method that takes into account the level, trend, and fluctuation patterns in the data obtained from
single-subject experimental research (Rakap et al., 2020).

Finally, considering all these findings, it was observed that a) there were a total of 16 studies that were
methodologically sound and in which significant changes in subjects were observed, and in which CRA instruction
was carried out to ensure that individuals with special needs acquire mathematical skills and b) the total number
of subjects in these studies was 73. Based on this information, CRA teaching practices were described as evidence-
based.

The present study has some limitations, as is the nature of any study. First, each of the inclusion criteria
in this study can be characterized as a limitation. The current study did not include studies published in languages
other than English and Turkish, or research reports, group experimental studies, and comparison studies that were
not published in a peer-reviewed journal. Furthermore, the present research was limited to studies in which the
Concrete-Representational-Abstract instruction or the three stages of the Concrete-Representational-Abstract
instruction were presented in a complete and sequential manner as independent variables. Additionally, it was
limited to the meta-analysis of the studies that met all of the quality indicators put forward by Cook et al. (2014)
and only PND and Tau-U effect size calculations.

This study examined only single-subject research that addressed the acquisition of mathematical skills by
individuals with special needs with CRA instruction. In this regard, it may be recommended to examine group
experimental studies and single-subject studies conducted for individuals with special needs together for further
research. Additionally, different effect size analysis techniques can be used in the meta-analysis process, which
includes evidence-based evaluations in further research. The studies examined in this research were evaluated
methodologically by considering the quality indicators of Cook et al. (2014). Further research may follow different
standards that include quality indicators in the literature (e.g., Horner, 2005; Kratochwill et al., 2013; Reichow et
al., 2008). It is recommended to include studies that examine the effectiveness of CRA instruction, which is
described as an evidence-based practice, in different mathematical subject areas such as the concept of fraction,
the concept of place, geometric concepts, and rhythmic counting skills. Moreover, it is considered important to
carry out theoretical and practical teaching of CRA instruction in special education teacher training programs. It
is also recommended to include CRA practices in mathematics teaching in interdisciplinary studies and studies of
domain experts.
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