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Oz
Giris: So6zel problem ¢dzme becerisi, biligsel ve iistbilissel stratejilerin dogru ve uygun sekilde kullanilmasin
gerektirmektedir. Ozel dgrenme giigliigii (OOG) olan bireylerin akranlarma kiyasla, bu stratejileri daha az
kullandiklari, ayrica sahip olduklari stratejileri uygun baglamlarda kullanmada ve dogru stratejiyi segmede belirgin
giigliikler yasadiklar1 goriilmektedir. Bu gerekceyle meveut arastirmanin amaci, Uyarlanmis Kavramsal Model
Temelli Ogretim (KMTO) paketinin 6zel 6grenme giigliigii olan 6grencilerin sézel problem ¢dzme becerilerine
etkisini belirlemektir.

Yontem: Arastirmada tek denekli arastirma ydntemlerinden denekler arasi yoklama denemeli ¢oklu yoklama
modeli kullanilmigtir. Dordiincii ve besinci sinifa devam eden, 10-11 yaslarinda ve 6grenme giigliigii tanisi olan
ii¢ dgrenci, arastirmanin deneklerini olusturmaktadir.

Bulgular: Bulgular, Uyarlanmis KMTO paketinin 6grenme giicliigii olan dgrencilerin tek asamali toplama ya da
¢ikarma islemi gerektiren karsilagtirma tiirtindeki sézel problemlere yonelik performanslarini artirmada etkili
oldugunu ve deneklerin performanslarini 6gretimin tamamlanmasindan iki, dort ve alt1 hafta sonra siirdiirdiiklerini,
ayrica bu performanslarint ve kullandiklar: stratejileri gergek sinif ortamina genelleyebildiklerini gostermistir.
Bununla birlikte 6grencilerin 6grendikleri stratejiyi, tek agamali toplama ya da ¢ikarma islemi gerektiren parca-
biitiin, ayirma ve birlestirme tiirlindeki sozel problemlere genelleyebildikleri bulgulanmigtir. Sesli diisiinme
protokollerinden elde edilen veriler, 6@rencilerin 6gretim 6ncesi kullandiklar1 biligsel ve iistbilissel stratejilerinin
Ogretim sonrasinda tiim problem tipleri i¢in 6nemli 6l¢iide arttigini ve gesitlendigini gostermistir. Sosyal gegerlik
bulgular1 6grencilerin, Ogretmenlerinin ve ebeveynlerinin g¢alismaya yonelik olumlu goriis sunduklarin
gostermistir.

Tartisma: Ogrenme giicliigii olan dgrencilere farkli bilissel ve iistbilissel stratejilerin dgretimine yer veren mevcut
aragtirmanin bulgulari, alanyazinda 6zel gereksinimli 6grencilerle yapilan aragtirmalarin bulgularini destekler ve
geneller niteliktedir.

Anahtar sozciikler: Bilissel strateji 6gretimi, kendini diizenleme stratejileri, sdzel problem ¢ézme, dgrenme
glicliigi, sesli diistinme protokolii.

Anf igin: Ozli-Unlii, O., & Yikmus, A. (2024). Ozel 6grenme giigliigii olan dgrencilere sdzel problem ¢dzme
becerilerinin dgretiminde uyarlanmig kavramsal model temelli dgretimin etkililigi. Ankara Universitesi
Egitim Bilimleri Fakiiltesi Ozel Egitim Dergisi, Erken Goériiniim.
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Giris
Matematik becerileri, 6zel 6grenme giicliigii (OOG) olan dgrencilerin zorluk yasadiklar ve miidahaleye
gereksinim duyduklar1 temel alanlardan biridir (Montague, 1992). Bu bireylerin sayilar1 yazma, temel islemleri
yapma, islem basamaklarini hatirlama, s6zel problemleri ¢dzme, stratejileri kullanma ve islemleri uygun adimlarla
yapmada giigliik yasadiklar1 bilinmektedir. Ozellikle sézel problem ¢ozme becerileri, OOG bireylerin en ¢ok
zorlandiklar1 beceriler arasinda yer almaktadir (Montague vd., 1993). Ogrenme gii¢liigii olan 6grenciler okumada

yasadiklar1 zorluklar ile kisa siireli, uzun siireli ve calisan bellek kapasitelerindeki sinirliliklar nedeniyle, s6zel
problem ifadesini okuma ve anlama ile ¢6ziimii uygulama siire¢lerinde zorluklar yasayabilmektedir (Wang, 2016).

Sozel problem ¢dzme becerisi, problem ifadesindeki bilgilerin analiz edilmesi, yorumlanmasi ve bu
¢ikarimlar dogrultusunda ¢éziim igin uygulanmasi gerecken matematiksel igslemlere karar verilmesi siireclerini
icermektedir (Montague vd., 1993). Tiim bu islemleri gergeklestirebilmek igin sdzel problem ¢oézme siirecinde
bilissel ve iistbilissel stratejilerin dogru ve uygun sekilde kullanilabilmesi gerekir (Rosenzweig vd., 2011). OOG
olan bireylerin de bilgileri zihinden geri ¢agirmadaki yetersizliklerinden ve gelismemis islem becerilerinden
dolay1, akranlarina gore bilissel ve iistbiligsel stratejileri daha az kullandiklar1 6ne stiriilmektedir (Rosenzweig vd.,
2011; Shin & Bryant, 2015). Daha da 6nemlisi 6grencilerin, s6z konusu biligsel ve iistbiligsel stratejilere sahip
olsalar bile, bu stratejileri uygun baglamlarda kullanmada ve uygun stratejiyi se¢cmede belirgin giicliikler
yasadiklar1 goriilmiistiir (Swanson, 1990). Dolayisiyla problem ¢dzme siirecinde &grencilere ne yapmalart
gerektiginin yani sira, nasil yapmalari ve dogru stratejileri nasil uygulamalart gerektigi de dgretilmelidir (Mayer,
1989). Ozellikle &grencilere, problem ¢dzme siirecinde gerekli olan bilissel ve iistbilissel islemleri
gerceklestirebilmeleri icin sesli diisiinerek model olunmalidir (Ozkubat, 2019). Bu gerek¢eyle mevcut ¢aligmada
problem ¢6zme siirecindeki biligsel siireglerin etkilesimsel diyaloglarla sunuldugu ve kendini diizenleme
stratejileriyle desteklendigi Uyarlanmis Kavramsal Model Temelli Ogretim (KMTO) paketi kullanilmistir.

Uyarlanmig KMTO paketi; (i) yar1 somut modelden soyut matematiksel modele gecisi saglayan model
¢izme stratejisinin gubuk modellemeleri; (ii) problemin ¢6ziimii i¢in dogru matematiksel isleme karar verilmesini
kolaylagtiran kavram semalarinin olusturulmasi (Xin vd., 2008) ile (iii) problem ¢6zme siirecinin bilissel
basamaklart (Mercer & Miller, 1992) ve (iv) kendini diizenleme stratejilerini iceren iistbiligsel strateji basamaklari
(Cassel & Reid, 1996; Montague, 1992) olmak iizere dort temel bileseni icermektedir. Mevcut arastirmada
gerceklestirilen strateji uyarlamasiyla; gorsellestirme basamaginda ¢ubuk modele ve Xin (2008) tarafindan
gelistirilen ve tiim problem tiirleri i¢in kullanilabilen kavram semasina yer verilmistir. Gorsellestirme siireglerinde,
daha az soyut olan temsilden (¢ubuk model), daha soyut olan temsile (kavram semasi) gegis yapilarak, asamal bir
siire¢ izlenmistir. Bu durumun, 6grencilerin gorsellestirme stratejilerini daha kolay ve anlamli bir sekilde
ogrenmeleri tizerinde biiyiik etkisinin olabilecegi diisiiniilmiistiir. Ayrica mevcut stratejide, toplama ve ¢ikarma
islemi gerektiren tiim problem tiirleri igin tek tiirde bir semaya yer verilmistir. Stratejinin bu ézelligiyle, OOG olan
ogrencilerin problem tiiriiniin siniflandirilmasina yonelik yasadiklart zorluklarin (Powell, 2011) Oniine gegilecegi
diistiniilmiistiir. Bununla birlikte OOG olan 6grenciler i¢in okudugunu anlama becerisi, sdzel problem ¢dzme
becerisinin 6nemli bir yordayicisi olarak goriildiigiinden (Kumag vd., 2019), mevcut stratejinin biligsel strateji
basamaklarinda, okudugunu anlama stratejisine yer verilmistir. Bu y6niiniin, 6grencilerin problem ifadesini daha
kolay anlamalarina, problemde yer alan gerekli ve gereksiz bilgileri ayirt ederek problemin temsilini daha kolay
olusturmalarina katk: saglayacagi diistiniilmiistiir.

Alanyazinda, 6zel gereksinimli 6grencilere problem ¢dzme becerilerinin kazandirilmasinda biligsel
strateji ve lstbiligsel strateji ile bu stratejilerin bir arada yer verilmesiyle olusturulan 6gretimlerin incelendigi
calismalar bulunmaktadir. Bu c¢alismalarda siklikla sema temelli 6gretimlere yer verildigi goriilmektedir (6r.,
Jitendra vd., 2007; Xin vd., 2005). Tirkiye’de 6zel gereksinimli 6grencilerle ilgili problem ¢dzme becerilerinin
desteklendigi ¢caligmalara bakildiginda ise, uygulanan miidahale programinin etkililiginin incelendigi sinirli sayida
caligma bulunmaktadir. Bu c¢aligsmalarda, uygulanan miidahale programi olarak siklikla sema temelli yaklagima
dayali ogretimlere yer verildigi ve farkli yetersizlik gruplariyla calisildigi goriilmektedir. Otizm spektrum
bozuklugu (Kasap, 2015), zihinsel yetersizligi (6r., Karabulut, 2015; Kot & Yikmis, 2018) ve gérme yetersizligi
olan dgrencilerle (Tuncer, 2009) yiiriitiilen bu ¢alismalarmn yani sira, OOG olan 6grencilerin dahil edildigi tek bir
calismaya (Gencan, 2020) rastlanmaktadir. Gencan (2020) tarafindan gergeklestirilen bu ¢alismada, Uyarlanmis
Bunu Co6z! Stratejisi’nin d6grenme gii¢liigli olan &grencilerin matematik problemi ¢6zme becerisindeki etkisi
incelenmigtir. Tiim bu ¢aligmalardan farkli olarak mevcut ¢aligmada, sema temelli yaklasimlara farkli bir bakis
acis1 sunularak gelistirilen KMTO’in uyarlanmis versiyonuna yer verilmistir. Uyarlanmis KMTO, Xin (2012)
tarafindan gelistirilen KMTO’in, OOG olan grencilerin problem ¢dzme siireclerinde yasadiklar1 zorluklar ve
gereksinimleri dikkate alinarak uyarlanan ilk strateji olma 6zelligini gostermektedir. Bu baglamda farkli bir
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stratejinin uyarlanmasi ile olusturulan biligsel-listbiligsel strateji 6gretim paketinin etkisini incelemesi yoniiyle,
mevcut ¢calismanin alanyazinda bir ilk olacagi, uygulamacilara ve arastirmacilara yararl olacag diistintilmektedir.
Ayrica, mevcut calismada uygulama 6ncesinde ve sonrasinda dgrencilerin strateji kullanim sikliklarinin farklilasip
farklilasmadigini belirlemek tizere sesli diisiinme protokollerinden yararlanilmigtir. Sesli diistinme protokolleri,
ozellikle biligsel ve iistbiligsel siirecleri icinde barindiran s6zel problem ¢ézme becerisi gibi tirlinden ziyade siirecin
degerlendirilmesinin gerektigi gorevler icin son derece etkili bir yontemdir (Wilhelm, 2001). Bu baglamda,
Tiirkiye'de Ozkubat (2019) tarafindan vyiiriitilen bir ¢alismada, sesli diisiinme protokollerinin, OOG olan
ogrenciler ile diisiik ve ortalama bagarili olan 6grencilerin matematik problemi ¢ozerken kullandiklar: biligsel
stratejiler ile listbiligsel islevler arasindaki iligkileri incelemek iizere kullanildig1 goriilmiistiir. Mevcut ¢calismada
farkli olarak, soézel problem ¢ézme becerilerinin kazandirilmasina yonelik bir miidahale uygulanmig ve bu
miidahalenin uygulanmasiyla o6grencilerin strateji kullanim sikliklarinin 6gretim &ncesi ve sonrasindaki
farklilasma durumlart sesli diislinme protokolleriyle incelenmistir. Bu yoniiyle mevcut ¢aligmanin, alana 6zgiin bir
katk1 sunacag disiiniilmektedir.

Tiim bu bilgiler 15131nda arastirmanin amac1; OOG olan dgrencilere sézel problem ¢dzme becerilerinin
kazandirilmasinda Uyarlanmis KMTO paketinin etkililiginin incelenmesi amaglanmistir. Bu genel amag
dogrultusunda Uyarlanmig KMTO paketinin, OOG olan 6grencilerin, (1) tek asamali toplama ya da ¢ikarma islemi
gerektiren karsilagtirma tiirtindeki sézel problemleri ¢cdzme becerileri; (2) biligsel ve iistbiligsel strateji kullanim
sikliklari; (3) kazandiklar1 beceriyi iki, dort ve alt1 hafta sonra siirdiirebilmeleri; (4) tek asamali toplama ya da
¢ikarma iglemi gerektiren karsilastirma tiirlindeki sozel problemlerdeki performanslarini ve kullandiklart
stratejileri sinif ortamina genelleyebilmeleri, (5) tek agamali toplama ya da ¢ikarma islemi gerektiren parga-biitiin,
ayrma ve birlestirme tiirlindeki s6zel problemlere genelleyebilmeleri iizerindeki etkilerinin incelenmesi
amaglanmustir. Ayrica, Uyarlanmis KMTO paketiyle ilgili 6grencilerin, dgretmenlerin ve ailelerin goriislerinin
belirlenmesi hedeflenmistir.

Yontem
Arastirma Modeli

Bu caligmada tek-denekli arastirma modellerinden denekler arasi yoklama denemeli ¢oklu yoklama
modeli kullanilmistir. Arastirmada deneysel kontrol, yalnizca dgretime baslanan denegin verilerinin diizey veya
egiliminde degisiklik olmasi, dgretim yapilmayan diger deneklerde bir degisikligin olmamasi ve 6gretim
gerceklestirildikce verilerin egilim veya diizeyinde benzer degisikligin art zamanli olarak tiim deneklerde ortaya
cikmastyla kurulmustur (Tekin-Iftar, 2012). Ayrica mevcut arastirma igin, 24.12.2020 tarihinde Bolu Abant izzet
Baysal Universitesi insan Aragtirmalar1 Etik Kurulundan 2020/12 no’lu toplantisinda 2020/304 Protokol sayist ile
etik izin alinmistir.

Katilimcilar

Bu aragtirmanin katilimeilarini; denekler, uygulamaci, gézlemciler, deneklerin aileleri ve 6gretmenleri
olusturmaktadir. Arastirmanin denekleri, Istanbul’un Atasehir ilgesinde yasayan, 10-11 yaslarinda ve OOG tanist
olan, ikisi erkek biri kiz olmak iizere ii¢ 6grencidir. Senemoglu (2005) tarafindan, 6grencilerin dordiincii sinif
diizeyinden itibaren, stbiligsel stratejileri anlayabildikleri ve uygun stratejiyi kendiliginden kullanabildikleri 6ne
stiriilmiigtiir. Bu gerekceyle mevcut galigmada dgrencilerin se¢iminde en az dordiincii sinif diizeyinde olmalari
kosulu dikkate alinmigtir. Buna ek olarak deneklerde aranan diger 6n kosul beceriler: (a) bes ve daha fazla
kelimeden olusan yazili ya da s6zlii yonergeleri yerine getirme, (b) okuma-yazma becerilerine sahip olma, (c)
diizeylerine uygun metinle ilgili okudugunu anlamaya yonelik sorulan 5N1K sorularna en az %80 dogruluk
diizeyinde sozel olarak yanit verebilme, (d) elde gerektiren toplama islemleri ile onluk bozma gerektiren ¢ikarma
islemlerinde %80 dogruluk diizeyinde performans gosterebilme (Case vd., 1992), (e) tek asamal1 toplama ya da
¢ikarma iglemi gerektiren karsilastirma tiiriindeki 10 s6zel problem icinden en az iki ve en fazla dort problemi
dogru sekilde ¢ozebilme (Karabulut, 2015), (f) diizenli devamlilik goésterme ve (g) hedef beceriye iliskin bir
¢aligmada bulunmama olarak belirlenmistir. Bu dnkosul becerileri karsilayan, kuruma devam sorunu bulunmayan,
aile izinleri alinan ve goniillii olan bes 6grenci oldugu belirlenmistir. Bu 6grenciler, iicii asil, biri pilot uygulama
ve biri yedek olmak iizere aragtirmanin denekleri olarak secilmistir. Tablo 1°de kod isimleriyle yer verilen
deneklerin demografik 6zellikleri sunulmustur.
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Tablo 1

Deneklerin Demografik Ozellikleri
Deneklerin isimleri Yaslari Cinsiyetleri Tanilar1 Sinif diizeyleri
Barig 11yas 1 ay Erkek 00G 5.s1mf
Sevgi 10 yas 4 ay Kiz 00G 4.smf
Umut 11 yas 5 ay Erkek 00G 5.s1nif

Ortam

Aragtirmada tiim oturumlar, dgrencilerin egitim aldiklar1 6zel egitim ve rehabilitasyon merkezindeki
bireysel egitim siniflarindan biri olan 4mx3m ebatlarindaki bir odada, bire-bir 6gretim diizenlemesi seklinde
gergeklestirilmistir. Oturumlarin kaydedilmesi amaciyla kullanilan video kamera, denegin tepkilerinin net
goriinebilecegi sekilde uygun bir yere konumlandirilmistir.

Bagimh ve Bagimsiz Degisken

Bu ¢alismada iki bagimli degisken mevcuttur. Arastirmanin birinci bagimli degiskeni; arastirmada yer
alan OOG olan dgrencilerin tek asamali toplama ya da ¢ikarma islemi gerektiren karsilastirma tiiriindeki sozel
problem ¢dzme becerilerini gerceklestirme diizeyleri iken, ikinci bagimli degiskeni; OOG olan &grencilerin s6zel
problem ¢dzmeye yonelik bilissel ve iistbilissel strateji kullanim sikliklaridir. Bunun yani sira aragtirmanin
bagimsiz degiskeni; Kendini Diizenleme Stratejisi Gelisimi (KDSG) modeli temel alinarak sunulan Uyarlanmis
KMTO paketidir.

Uyarlanmis Kavramsal Model Temelli Ogretim Paketinin Gelistirilmesi

Bu arastirmada kullanilan Uyarlanmis KMTO paketi, Xin (2012) tarafindan olusturulan KMTO
modelinin uyarlanmasi ile gelistirilmistir. Bu uyarlama siireci, Mayer’in iki Asamali Problem Cézme Modeli’ne
dayali olarak gelistirilmis olan Model Cizme Stratejisi (Mahoney, 2012) ile KMTO niin (Xin, 2012) basamaklar1
temel almarak gergeklestirilmistir. Mevcut arastirmadaki dgretim paketi, KMTO (Xin, 2012; Xin vd., 2008)
modeliyle birtakim benzerlikler ve farkliliklar icermektedir. Oncelikle bu 6gretim paketinin KMTO ile benzer
yoni, sozel problemde yer alan soyut bilgilerin semaya donistiiriilmesi siirecinde gegis gorevi goéren gubuk
modellerin kullanilmasi ile gubuk modellerden yola ¢ikarak kavram semalarinin olusturulmasi olmustur. Bu
benzerligin disinda, Uyarlanmis KMTO ile KMTO (Xin, 2012; Xin vd., 2008) modeli arasinda belirgin farkliliklar
bulunmaktadir. Bu farkliliklarin ilk ve en 6nemlisi, her iki modelde problem ¢6zme siirecinde farkli biligsel strateji
basamaklarinin yer almasidir. KMTO'de, problem ¢dzme siirecine rehberlik etmesi igin Belirle (D:Detect),
Organize et (O:Organize), Doniistiir (T:Transform) ve Coz (S:Solve) olmak iizere dort biligsel strateji
basamagindan olusan DOTS isimli hatirlatic1 bir strateji kullanilmistir. Ancak Uyarlanmis KMTO’nin iceriginde
Montague (1992) tarafindan 6ne siiriilen biligsel strateji basamaklarinin bir uyarlamasina yer verilmistir. Montague
(1992) tarafindan gelistirilmis olan Bunu C&z! (Solve It!) stratejisi, “Oku”, “Kendi kelimelerinle ifade et”,
“Gorsellestir”, “Hipotez olustur”, “Tahmin et”, “Hesapla” ve “Kontrol et” olmak iizere yedi biligsel strateji
basamagini i¢ermektedir. Mevcut c¢alismada ise bu biligsel strateji basamaklarinda birtakim uyarlamalar
yapilmistir. Montague (1992) tarafindan gelistirilen Bunu C6z! (Solve It!) stratejisinin “Kendi kelimelerinle ifade
et” basamagi, Uyarlanmis KMTO'de “Problemdeki 6nemli bilgileri bul” basamagi olarak uyarlanmistir. Bu
basamak, Chung ve Tam (2005) tarafindan gelistirilen Uyarlanmig Bunu Coz! stratejisinde de bulunmaktadir.
Bununla birlikte, “Gorsellestir” basamagi ise mevcut dgretim paketinde “Model ve sema olustur” adiyla yerini
almigtir. Bu basamakta, 6grencilerden probleme uygun bir resim ya da diyagram ¢izmeleri yerine, gubuk modeller
ve kavram semasi olusturmalari istenmistir. Bu farklarin yani sira “Hipotez olustur” basamagi, mevcut 6gretim
paketinde “Karar ver ve islemi yap” basamagi adiyla yerini almis ve bu basamakta dgrencilerden problemin dogru
¢ozlimii i¢in gerekli olan matematiksel isleme karar vererek planlama yapmalar1 beklenmistir (bk., Tablo. 2).

KMTO’den farkli olarak Uyarlanmis KMTO paketinde, biligsel stratejinin "Problemdeki &nemli bilgileri
bul." basamaginda okudugunu anlama stratejisine yer verilmistir. Bu uyarlamayla, 6grencilerin matematik
problemindeki sozel ifadeleri anlamalarini ve analiz etmelerini kolaylastirmak amaclanmistir. Bu amagla
okudugunu anlama stratejisi olarak, Ogle (1986) tarafindan gelistirilen KWL (What do I know?/ Ne biliyorum?,
What do I want to learn?/Ne 6grenmek istiyorum?, What is my learning?/ Ne 6grendim?) stratejisinin bir
uyarlanmasina yer verilmistir. Yapilan bu uyarlamada, KWL stratejisinde yer alan sorular, “Anahtar kelimeler
ne?”, “Problemde verilen bilgiler ne?” ve “Problemde ne bulmam isteniyor?” seklinde diizenlenmistir. Bunun yani
stra mevcut dgretim paketini KMTO den ayiran bir diger farklihigi, bu galismada bilissel strateji basamaklarinin
kendini diizenleme stratejileriyle birlikte sunulmasidir. Ayrica KMTO’den farkli olarak, Uyarlanmis KMTO’niin

Ozli-Unlii & Yikmis ERKEN GORUNUM



OZEL OGRENME GUCLUGU OLAN OGRENCILERE SOZEL PROBLEM COZME BECERILERININ 5
OGRETIMINDE UYARLANMIS KAVRAMSAL MODEL TEMELLI OGRETIMIN ETKILILiGi

sunulmasinda, Case ve digerleri (1992) tarafindan gelistirilen KDSG yaklasiminin asamalart esas alinmistir. Bu
ozellikler Uyarlanmis KMTO’yii, KMTO’den ayiran en 6nemli unsurlar arasinda yer almaktadir. Sonug olarak
Tablo 2’de sunuldugu iizere, Uyarlanmis KMTO paketi; (a) problemi okuma, (b) problemdeki énemli bilgiler
bulma, (c) model ve sema olusturma, (d) karar verme ve islemi yapma ve (e) kontrol etme olmak iizere bes bilissel
strateji basamagindan olusmaktadir. Bununla birlikte bilissel strateji basamaklarinin her biri, kendini diizenleme
stratejilerinden (a) kendini talimatlandirma, (b) kendine soru sorma ve (c) kendini izleme olmak iizere ii¢ iistbiligsel
stratejiyle (Reid & Lienemann, 2006) desteklenmektedir.

Tablo 2

Uyarlanmis Kavramsal Model Temelli Ogretim Paketi’'nin Basamaklar

Ustbilissel strateji

Biligsel strateji basamaklar1 Islemler basamaklar
Problemi anlama
. Problemi sesli olarak okuyun. Kendini talimatlandirma
Problemi oku. . . . .
. . Anahtar kelimeleri bulun ve daire igine alin. Kendine soru sorma
Problemdeki 6nemli bilgiler bul. . e -
Kendinize énemli bilgilerin ne/neler oldugunu sorun. Kendini izleme
Problemin temsili
Cubuk modellerini ¢izin. Kendini talimatlandirma
Model ve sema olustur. Cubuk model {izerine verilen bilgileri yazin. Kendine soru sorma
Cubuk modele bakarak kavram semasini olusturun. Kendini izleme
Problemi ¢6zme
. . Coziim i¢in yapilmasi gereken igleme karar verin. Kendini talimatlandirma
Karar ver ve islemi yap. . . . :
Kontrol et Matematiksel iglemi yapin. Kendine soru sorma
' Cikan sonucu ve siireci kontrol edin. Kendini izleme

Veri Toplama Araclar

Deneklerin s6zel problem ¢ézme performanslarini belirlemek amaciyla, aragtirmanin baglama diizeyi,
O0gretim agamalari sonu, 6gretim sonu, izleme ve genelleme oturumlarinda S6zel Problem Degerlendirme Kagidi
kullanilmistir. Bu degerlendirme kagidi, uzman goriisii dogrultusunda gerekli diizenlemelerin yapildigt 10’ar adet
s6zel problemden olugsmaktadir. Bu oturumlarda deneklerin S6zel Problem Degerlendirme Kagidinda yer alan
sozel problemlere verdikleri yanitlar1 kaydetmek {izere ise Sozel Problem C6ézme Veri Toplama Formu’ndan
yararlanilmigtir. Bunun yani sira deneklerin sézel problemlerde kullandiklar stratejileri sinif ortamina genelleme
durumlarimi belirlemek iizere veri toplamak amaciyla Strateji G6zlem Formu kullanilmistir.

Deneklerin sézel problem ¢ozme siirecinde biligsel ve iistbiligsel stratejileri kullanma durumlarini belirlemek
iizere sesli diistinme protokolii kodlama formu kullanilmigtir. Mevcut arastirmada kullanilan bu form, Sweeney (2010)
tarafindan kullanilan sesli diisiinme protokolii kodlama ve puanlama formu temel alinarak gelistirilmigtir. Sweeney’in
(2010) yer verdigi bu kodlama formu biligsel ve istbiligsel statejiler olmak iizere iki ana kategoriden olugsmaktadir
(Rosenzweig vd., 2011). Bu formun bilissel stratejiler basligi, Montague’mn (2003) problem ¢6zme modelinde yer alan
problemi okuma, kendi ciimleleri ile ifade etme, gorsellestirme, hipotez kurma, tahmin etme, hesaplama ve kontrol etme
olmak iizere yedi biligsel stratejiyi igermektedir. Bunun yani sira, bu formda kendini talimatlandirma, kendine soru
sorma, kendini izleme ve kendini diizeltme stratejileri iiretici olan istbilissel stratejiler olarak yer alirken; hesap
makinesi, yorum ve duygu basliklart ise {iretici olmayan iistbiligsel stratejiler olarak yer almaktadir (Rosenzweig vd.,
2011; Sweeney, 2010). Mevcut arastirmadaki sesli diislinme protokolii kodlama formu, Sweeney (2010) tarafindan
kullanilan formdan birtakim farkliliklar igermektedir. Mevcut caligmada kullanilan formda, 6gretim paketinin icerigi
dikkate alinarak biligsel stratejiler kategorisinde problemi okuma, problemdeki Snemli bilgileri bulma, gorseller
olusturma, karar verme, hesaplama, kontrol etme biligsel stratejilerine yer verilmistir. Bir diger farklilik olarak, kendini
diizeltme ve hesap makinesine yonelik sesletimlere mevcut ¢caligmada yer verilmemistir. Bunun yerine Gistbiligsel strateji
kategorisinde kendini talimatlandirma, kendine soru sorma ve kendini izleme stratejilerine yonelik sesletimler iiretici
olan istbiligsel strateji olarak kodlanmigken, problem ¢ézme siirecinde yasadiklart duygu durumlar ve siirece yonelik
yorumlar ise iiretici olmayan iistbilissel stratejiler olarak kodlanmustir (Ozkubat, 2019). Kendini talimatlandirma
stratejilerinin ise “problemi belirleme” (gorevin dogasini ve gereksinimlerini tanimlama), “strateji kullanim1” (stratejiyi
kullanma ve strateji ile mesgul olma), “dikkat ve planlamaya odaklanma” (goreve dikkatini odaklama ve plan olusturma),
“kendini degerlendirme ve hata diizeltme” (siire¢ ve iiriinlerde performansi degerlendirme, hata yakalama ve diizeltme),
“sorunlarla basa ¢ikma” (zorluklar1 ve bagarisizliklar1 anlama, duygusal durumlarla basa ¢ikma) ve “kendini pekistirme”
(performans: i¢in kendini 6diillendirme) olmak {izere alt1 tiiriine formda yer verilmistir (Reid & Lienemann, 2006).
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Mevcut form, iki boliimden olugsmaktadir. Formun ilk béliimiinde, katilimcinin sesletimlerinin kodlayicilar tarafindan
yaziya dokiildiigii bir alan; ikinci bdliimiinde ise, katilimeinin biligsel ve iistbiligsel stratejileri kullanim sikliklar ile
yiizdelerinin yer aldig1 bir alan bulunmaktadir.

Arastirmada sosyal gegerlik verilerini toplamak iizere, deneklere sunulan 18 maddelik, 6gretmenlere sunulan
9 maddelik ve ailelere sunulan 8 maddelik formlar kullanilmistir. Ayrica, uygulamanin igerigi, siireci ve etkileri hakkinda
daha ayrintili bilgi edinmek iizere, deneklere toplam yedi adet yar1 yapilandirilmig gériisme sorusu yoneltilerek veri
toplanmustir.

Uyarlanmis Kavramsal Model Temelli Ogretim Paketinde Kullanilan Destekleyiciler

Uyarlanmis KMTO paketinin dgretim siirecinde (a) cubuk modelden yola cikarak kavram semasinin
olusturulmasinda yararlamlan Kavram Semasit Kagidi, (b) Uyarlannmg KMTO paketinin basamaklarimin yer aldig
Strateji Akis Semas1 Kagidi, (c) sozel problemin yer aldigi Problem Kagidi, (d) strateji basamaklarinin yer aldigi ve
dgrenciye hangi basamakta oldugunu belirlemesine yardimer olmasi amaciyla kullanilan Kendini Izleme Kagidi, (e)
problemin ¢6ziimil i¢in yapilmasi gereken matematiksel isleme karar verme siirecini kolaylastirmak amaciyla stratejinin
“Karar ver ve islemi yap.” basamagida kullanilan Karar Agaci ve (f) 6grencinin uygulamasi gereken strateji
basamaklarini yerine getirip getirmedigini kontrol etmesini saglayan Strateji Kontrol Listesi olmak iizere alt1 farkli
destekleyici kullanilmustir.

Genel Siirec
Pilot Uygulama

Arastirmanin uygulama siirecine gecilmeden dnce, Uyarlanmis KMTO stratejisinin uygulanmasi sirasinda
olusabilecek olas1 zorluklar1 dnceden tespit ederek varsa gerekli diizenlemeleri yapabilmek igin, 6n kosul becerileri
saglayan ve deney siirecine dahil edilmeyen yedek &grencilerden biriyle pilot uygulama siireci yiiriitiilmiistiir. Pilot
uygulama siirecinde, KDSG yaklagiminin 6n bilgileri harekete gegirme, stratejiyi tartigma ve stratejiye model olma
asamalarinin her biri i¢in bir oturuma ve sesli diisiinme protokolii siireci i¢in iki oturuma yer verilmistir. Pilot uygulama
oturumlarina bir gézlemci eslik etmis ve 6grencinin ile uygulamacinin video kaydi alinmistir. Elde edilen video kayitlar
bir dgretim iiyesine goriisleri alinmak {izere izlettirilmistir. Ogretim iiyesinin ve gdzlemcinin gdriisleri dogrultusunda,
Ogretim siireci ve iceriginde gerekli diizenlemeler yapilarak aragtirmanin deney siirecine gecilmistir.

Deney Siireci

Aragtirmanin deney siireci, haftada dort giin ve giinde bir oturum olacak sekilde gerceklestirilmistir. Bu
stireg, yaklasik olarak alt1 ayda tamamlanmistir. Deney siirecine iliskin akis semast ise Sekil 1°de sunulmaktadir.
Sekil 1

Arastirmanin Deney Siirecine Yonelik Akis Semasi

Ogretim 6ncesi siireci Ogretim siireci . 1 Ogretim sonrasi siireci
r \ o y ' ) N
Baglama diizeyi ve Ogretim oturumlari Ogretim sonu
yoklama oturumlari degerlendirme
Her 6gretim oturumun oturumlari
Ogretim Oncesi ardindan )
genelleme oturumlari _gergeklestirilen Ogretim sonu
Ogretim Asamalar1 genelleme oturumlari
Ogretim 6ncesi strateji S?”U . .
kullanimi Degerlendirme Ogretim sonrast strateji
degerlendirme oturumlari kullanim
oturumlari degerlendirme
oturumlari

Sosyal gegerlik
oturumlari

zleme oturumlar
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Bagslama Diizeyi ve Yoklama Oturumlari

Ogretime oturumlarindan dnce deneklerin sézel problem ¢dzme performanslarinin belirlenmesi amaciyla
baslama diizeyi oturumlar1 gergeklestirilmistir. Her bir oturumda deneklere, tek agamali toplama ya da ¢ikarma
islemi gerektiren karsilastirma tiirlinde 10 farkli sézel problem sunulmus ve deneklerden bu problemleri sesli bir
sekilde diisiinerek ¢ozmeleri istenmistir. Bu siirecte deneklere, yanlis yaptig1 veya zorlandigi durumlara yonelik
uygulamaci tarafindan herhangi bir miidahalede bulunulmamistir. Baglama diizeyi oturumlarina ilk olarak Baris
ile baglanmis, Sevgi ve Umut ile birer yoklama verisi alinmistir. Baris i¢in baslama diizeyi verileri en az {i¢ oturum
iist Uste kararlilik gosterdikten sonra, dgretim oturumlarina gecilmistir. Barig’in 6gretim sonu degerlendirme
oturumlarinda %90 ve iistii dogruluk diizeyine ulastig1 ilk veri elde edildiginde, Sevgi i¢in baglama diizeyi verisi
alinmaya baslanmisg; Umut’la ise bir yoklama oturumu daha gergeklestirilmistir. Sevgi i¢in baglama diizeyi verileri
en az li¢ oturum st iste kararlilik gosterdikten sonra dgretim oturumlarina gegilmistir. Sevgi’nin gretim sonu
degerlendirme oturumlarinda %90 ve iistii dogruluk diizeyine ulastigi ilk veri elde edildiginde, Umut i¢in baglama
diizeyi verisi alinmaya baslanmistir. Ayni sekilde Umut ile, baglama diizeyi verileri en az ii¢ oturum {ist iiste
kararlilik gosterdikten sonra dgretim oturumlarina gecilmistir.

Ogretim Oturumlart

Baslama diizeyinde en az ii¢ oturum iist iiste kararlilik gosteren denekler ile Uyarlanmig KMTO paketinin
asamalarina gore sunulmustur. KDSG yaklagiminda &gretim zamana dayali olmak yerine olgiite dayalidir.
Ogrenciler her bir asamada belli bir yeterlilige ulastiktan sonra diger asamaya gecilmektedir (Reid & Lienemann,
2006). Mevcut 6gretim paketi, KDSG yaklasimin, 6n bilgileri harekete gecirme, stratejiyi tartisma, stratejiye
model olma, rehberli uygulamalar ve bagimsiz uygulamalar agamalar1 esas alinarak sunulmustur.

On Bilgileri Harekete Gegirme. Bu asama, stratejinin kullaniminda ve problem ¢6zme siirecinde gerekli
olan 6n bilgilerin 6gretimini gerceklestirilmek iizere iki oturum seklinde yiirGtiilmistir. Birinci oturumda,
ogrencilerin sdzel problemde yer alan bilgiler arasindaki iliskileri anlayabilmelerini saglayacak anahtar
kelimelerin 6gretimi yapilmigtir. Bu siire¢, 6grenci karsilastirma problemlerinin tiim tiirlerine yonelik anahtar
kelimeleri bagimsiz bir sekilde %100 tespit etme dlciitiine ulastiginda sona erdirilmistir. Ikinci oturumda ise
problem yapist 6gretimine yer verilmis ve problemdeki bilgilerin gubuk modellerle temsil edilmesi, ¢ubuk
modelden yola c¢ikarak kavram semasmin olusturulmasi Ogretilmistir. Bu siireg, Ogrenci karsilastirma
problemlerinin tiim tiirleri i¢in problemdeki bilgileri ¢ubuk modeller ve kavram semalarinda uygun yerlere
bagimsiz bir sekilde %100 dogruluk diizeyinde yerlestirdiginde sona erdirilmistir.

Stratejiyi Tartisma. Bu asamada, iyi problem ¢oziiciilerin 6zelliklerinden ve strateji kullanmanin
yararlarindan bahsedilmis, Oonceden belirlenen 6rnek bir sézel problem {iizerinde stratejinin basamaklar
uygulanarak tanitilmistir. Ogrenci, strateji basamaklarmi bagimsiz ve sirali bir sekilde %100 dogruluk diizeyinde
sOyleme olgiitiine ulagtiginda, bu asamaya son verilmistir.

Stratejiye Model Olma. Stratejinin basamaklarinin tanittiminin ardindan bu basamaklarin ve kendini
diizenleme stratejilerinin nasil ve ne zaman kullanilacaginin gosterildigi model olma asamasina gegilmistir. Bu
asamada uygulamacidan, 6rnek bir problem {izerinde strateji basamaklarini ve kendini diizenleme stratejilerini
uygularken, nasil ve neden kullandigina, kullanirken neler diisiindiigiine sesli diisiinerek model olmasi
beklenmistir. Ogrenci, strateji basamaklarinin isimlerini ve her bir basamakta yapilmasi gerekenleri akis semasi
kagidina bakmadan, sirali ve bagimsiz bir sekilde %100 dogruluk diizeyinde sdyleme 0lgiitiine ulastiginda, bu
asamaya son verilmistir.

Rehberli Uygulamalar. Bu agamada oncelikle uygulamacinin rehberliginde 6grenciyle birlikte sozel
problem ¢6ziilmiis, 6grencinin ihtiyag duydugu noktalarda 6grenciye model olunmus ve strateji basamaklarinin
uygulanmasinda 6grenciye rehberlik edilmistir. Sonraki oturumlarda destekleyiciler yavas yavas geri ¢ekilmis,
dgrenciden siireci hatirlatmasi ve model ile sema cizimlerini kendisinin yapmasi beklenmistir. Ogrenci,
destekleyicilerden yararlanmadan bilissel strateji ve iistbiligsel strateji basamaklarini dogru ve sirali bir bicimde
gerceklestirmede bagimsizlik kazandiginda, bu asamaya son verilmistir.

Bagimsiz Uygulamalar. Bu asamada 6grenciden, destekleyicilere yer verilmede strateji basamaklarini
dogru ve sirali sekilde uygulamasi, kendini talimatlandirma, kendine soru sorma ve kendini izleme stratejilerini
bagimsiz bir sekilde uygulamasi beklenmistir. Bu siireg, 6grenci bagimsiz bir sekilde, destekleyiciler olmadan,
strateji basamaklarini ve kendini diizenleme stratejilerini yerinde ve dogru bir bigimde kullanarak, 10 problemden
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en az 9’unu dogru cevapladiginda sona erdirilmistir. Siirecin sonlanmasiyla, 6gretim sonu degerlendirme
oturumlarma gegilmistir.

Tablo 3

Deney Siirecinde Denekler ile Gergeklestirilen Ogretim Oturumlarinin Sayist

" Ogretimin asamalari Baris Sevgi Umut
On bilgileri harekete gegirme 2 2 2
Stratejiyi tartisma 1 1 1
Stratejiye model olma 5 6 4
Rehberli uygulamalar 2 3 2
Bagimsiz uygulamalar 2 3 2
Toplam 12 15 11

Her bir 6gretim oturumu yukaridaki asamalar izlenerek gerceklestirilmistir. Deneklerle gergeklestirilen
Ogretim asamalarinda yer alan O6gretim oturumlarinin sayisina yonelik bilgiler Tablo 3’te sunulmustur.
Gergeklestirilen toplam 6gretim oturumu sayis1 Baris icin 12, Sevgi i¢in 15 ve Umut igin 11 seklindedir. Ogretim
oturumlarma, denekler tek asamali toplama veya ¢ikarma islemi i¢eren karsilagtirma tiiriindeki s6zel problemleri
bagimsiz olarak en az %90 dogruluk diizeyinde ¢6zme olgiitiine ulasana kadar dgretim siirecine devam edilmistir.
Her bir 6gretim asamas1 oturumunun ardindan Ogretim Asamalar1 Sonu Degerlendirme oturumlarina ve dgretimin
sonlanmastyla, Ogretim Sonu Degerlendirme oturumlarima yer verilmistir. Bu degerlendirme oturumlari, yoklama
ve baslama diizeyi oturumlariyla benzer sekilde yiiriitiilmiistiir.

Strateji Kullanimi Degerlendirme Oturumlart

Deneklerin biligsel ve iistbiligsel stratejileri kullanma durumlarindaki farklilig1 belirlemek iizere, 6gretim
oncesi ve sonrasi olmak iizere iki farkli zamanda sesli diisiinme protokolii uygulamalar: gergeklestirilmistir. Bu
degerlendirme oturumlarinda her bir denekle, tek agsamali toplama ya da ¢ikarma islemi gerektiren karsilasma
tiriindeki problemlerin ii¢ tipi ig¢in ayri ayrt olmak iizere tiiger sesli diigsiinme protokolii oturumu
gerceklestirilmistir. Dolayisiyla her bir denek ile 6gretim Oncesi ve sonrasi iiger tane olmak iizere, toplamda alt1
adet sesli diisiinme protokolii oturumu gerceklestirilmistir. Ogretim 6ncesi strateji degerlendirme oturumlarinda,
ilk basta uygulamaci “Hedef 4” oyununu oynarken aklindan gegen diisiinceleri sesli sekilde denege anlatarak sesli
diigiinme siirecine model olmusgtur. Ardindan denekten Oniindeki problemi ¢ozerken aklindan gegen tiim
diisiinceleri sesli bir sekilde sdylemesini istemis ve herhangi bir miidahalede bulunulmamaistir. Ancak uygulamaci,
denegin sesli diislinmeyi 5 sn boyunca gerceklestirmemesi durumunda “Liitfen sesli diisinmeye devam et.”
seklinde hatirlatmalar yapmustir. Ogretim sonrasi strateji kullanimi degerlendirme oturumu ise, Ogretim
oncesindekine benzer sekilde yiiriitilmiistiir. Deneklerin strateji kullanimlari kodlama formuna kaydedilmistir.

Genelleme Oturumlari

Deneklerin, tek asamali toplama ya da ¢ikarma islemi gerektiren karsilastirma tiiriindeki sézel
problemlerdeki performanslarini sinif ortamina genelleme diizeylerine ve tek asamali toplama ya da ¢ikarma islemi
gerektiren parca-biitiin, ayirma ve birlestirme tiiriindeki sézel problemlere genelleme diizeylerine iliskin veri
toplamak amaciyla, her bir denek ile 6gretim dncesi ve sonrasinda 6n test-son test seklinde genelleme oturumlarina
yer verilmistir. Ayrica 6gretim bittikten sonra deneklerin tek asamali toplama ya da ¢ikarma iglemi gerektiren
kargilagtirma tlirlindeki sozel problemlerde kullandiklari stratejileri, sinif ortamina genelleme durumlarini
degerlendirmek {izere oturumlar diizenlenmistir.

Tzleme Oturumlart

Ogretim sonu degerlendirme oturumlarmin ardindan iki, dort ve alt1 hafta sonra, deneklerin kazandiklari
becerileri siirdiiriip siirdiirmediklerini degerlendirmek iizere, her denek i¢in {iger tane izleme oturumuna yer
verilmigtir. Izleme oturumlarindaki veriler baglama diizeyine benzer bir sekilde toplanmistir.

Verilerin Toplanmasi ve Analizi
Etkililik ve Izleme Verilerinin Toplanmast

Baslama diizeyi, 6gretim agamalari sonu, 6gretim sonu degerlendirme ve izleme oturumlarinda deneklere,
tek asamali toplama ya da ¢ikarma iglemi gerektiren karsilastirma tiirtindeki 10 farkli s6zel problemin yer aldigi
So6zel Problem Degerlendirme Kagidi sunulmus ve deneklerin yanitlar1 S6zel Problem Cézme Veri Toplama
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Formu’na kaydedilmistir. Deneklerin sdzel problem ¢dzme becerilerini gergeklestirme diizeyleri “Dogru tepki
yiizdesi = Dogru tepki sayisi / Toplam tepki sayis1 X 100” formiili kullanilarak hesaplanmigtir. Elde edilen veriler,
cizgi grafiklerine doniistiiriilerek, gorsel analiz yoluyla analiz edilmistir. Ayrica etki biiyiikliigii hesaplamalarini
gerceklestirmek iizere Ortiismeyen Veri Yiizdesi analizi (OVY) ve Tau-U analiz teknikleri kullanilmistir (Parker
& Vannest, 2009; Parker vd., 2011; Scruggs vd., 1986).

Genelleme Verilerinin Toplanmast ve Analizi

Deneklerin, tek asamali toplama ya da c¢ikarma islemi gerektiren karsilastirma tiirlindeki sdzel
problemlerdeki performanslarini sinif ortamina genelleme diizeylerine ve tek asamali toplama ya da ¢ikarma iglemi
gerektiren parga-biitiin, ayirma ve birlestirme tliriindeki sdzel problemlere genelleme diizeylerine yonelik
genelleme verileri toplanmistir. On test-son test modeli kullamilarak elde edilen veriler, siitun grafigi {izerinde
sunulmustur. Genelleme verilerinin analizi, 6n test ile son test verileri karsilastirilarak gergeklestirilmistir.

Kargilastirma problemlerinde deneklerin kullandiklart stratejileri sinif ortamina genelleme diizeylerine
iligkin verilerin toplanmasi siirecinde ise, 6gretimden sonra sinif ortaminda matematik dersinde deneklerin sozel
problem degerlendirme kagidindaki sézel problemleri ¢ozerken kullandiklar: stratejiler gézlemlenmistir. Elde
edilen veriler Strateji Gozlem Formu’na kaydedilmis ve ¢izgi grafigi iizerinde gosterilmistir. Bagimsiz degigskenin
uygulanmasinin neticesinde stratejilerin kullanim diizeylerinde artis goriilmiistlir. Bu artig, uygulanan stratejinin
etkisini ortaya koymustur.

Strateji Kullanim Diizeylerine Iliskin Verilerin Toplanmast ve Analizi

Deneklerin sozel problem ¢6zme siirecinde biligsel ve iistbilissel strateji kullanim sikliklarinin farklilagip
farklilasmadigini belirlemek {izere, 6gretim Oncesi ve sonrasi olmak iizere iki farkli zamanda sesli diisiinme
protokolii uygulamalari gergeklestirilmistir. Oncelikle, dgrencilerle sesli diisiinme protokolii egitimi uygulamasi
gerceklestirilmistir. Ancak diger calismalardan (Ozkubat, 2019; Sweeney, 2010) farkli olarak mevcut ¢alismada,
tek denekli uygulama siirecini etkileyebilecegi diistiniildiigiinden bu egitimlerde matematik problemleri yerine
“Hedef 4 isimli bir oyun {izerinden sesli diisiinme siirecine model olunmustur.

Sesli diisiinme protokolii uygulama oturumlarinin tamami videoyla kayit altina alinmistir. Sonrasinda
video kayitlar1 izlenmis ve deneklerin problem ¢6zme siirecindeki sesletimleri, Sesli Diistinme Protokolii Kodlama
Formunun ilk béliimii olan Sozel Problem Sesletim Ifadeleri alanina, kelimesi kelimesine yazilmistir. Ardindan
deneklerin yaziya dokiilen sesletim ifadeleri iizerinde bilissel ve iistbiligsel stratejilere iligkin kodlamalar
gerceklestirilmistir. Sonrasinda, olusturulan kodlardan yola ¢ikarak strateji kullanim sikliklarina yonelik elde
edilen veriler, formun ikinci boliimiinde yer alan tabloya her bir s6zel problem i¢in ayri ayri kaydedilmistir. Elde
edilen verilerin, biligsel ve listbiligsel strateji kategorileri dogrultusunda betimsel analizleri yapilmistir. Frekans ile
yiizde hesaplamalar1 gerceklestirilerek, nitel veriler nicel verilere doniistiirilmiistiir.

Sosyal Gegerlik Verilerinin Toplanmast ve Analizi

Uyarlanmigs KMTO paketine yonelik goriislerin belirlenmesi amaciyla deneklere, 8gretmenlere ve ailelere
sunulan bir ile ii¢ arasinda derecelendirilmis olan sosyal gegerlik formlariyla veri toplanmistir. Toplanan veriler
ylizde olarak hesaplanmig ve analiz edilmistir. Ayrica arastirmanin deneklerinden yar1 yapilandirilmis goriismeler
yoluyla elde edilen nitel veriler, i¢erik analizi yoluyla analiz edilmistir.

Giivenirlik Hesaplamalari

Mevcut arastirmada, bagimsiz degigkene iliskin (a) uygulama giivenirligi, birinci bagimli degiskene
iliskin (b) gozlemciler arasi giivenirlik, ikinci bagimli degiskene iliskin sesli diisiinme protokolii uygulama
oturumlarma yonelik (c) sesletim dokiimlerinin giivenirligi ve (d) kodlayicilar arasi giivenirlik seklinde dort tiirde
giivenirlik hesaplamasi gergeklestirilmistir. Giivenirlik hesaplamalarina yonelik veriler, 6zel egitimde lisans ve
yiiksek lisans derecelerine sahip olan, ayn1 alanda doktora tezi agamasinda bulunan bir akademisyen ile 6zel egitim
alaninda lisans, yiiksek lisans ve doktora derecelerine sahip bir akademisyen olmak tizere iki gézlemci tarafindan
toplanmistir. Kodlayicilar arasi giivenirlik ve goézlemciler arasi giivenirlik hesaplamalar1 goriis birliginin, goriis
birligi ile goriis ayrilig1 toplamina boliinerek, sonucun 100 ile ¢arpilmasi yoluyla gergeklestirilmistir (Erbas, 2012).

Gozlemciler arasi giivenirlik i¢in her bir denege yonelik oturumlardan en az birer 6rnek alinarak
gozlemcilere izletilmistir. Tiim denekler i¢in gozlemciler arasi giivenirlik %100 olarak bulunmustur. Bununla
birlikte tiim 6gretim, degerlendirme ve sesli diisiinme protokolii uygulama oturumlart i¢in uygulama giivenirligi
hesaplamalar1 gergeklestirilmistir. Bu oturumlardan her bir denek i¢in en az birer drnek yansiz atama yoluyla
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secilmis ve segilen video kayitlarinin en az %30’u gozlemcilere izletilmistir. Veriler, 6gretim ve degerlendirme
oturumlar1 i¢in Uygulama Giivenirligi Veri Kayit Formu’na ve sesli diisiinme uygulama oturumlart i¢in ise Sesli
Diistinme Protokolii Uygulama Giivenirligi Veri Kayit Formu’na kaydedilmistir. Daha sonra formlara bakilarak
“[(gbdzlenen uygulamaci davranigi/planlanan uygulamaci davranisi) x 100]” formiiliiyle uygulama giivenirligi
katsayis1 bulunmustur (Erbas, 2012). Ogretim, degerlendirme ve sesli diisiinme protokolii uygulama oturumlarmin
tamaminda uygulama giivenirligi her bir denek i¢in %100 olarak hesaplanmustir.

Mevcut arastirmada sesli diisiinme protokolii uygulama oturumlarma yonelik sesletim dokiimlerinin
giivenirligi ve kodlayicilar arasi giivenirlik olmak tizere iki tiirde giivenirlik hesaplamasi gergeklestirilmistir. Sesli
diisiinme protokolii uygulama oturumlarindan 6gretim 6ncesi ve sonrasi siireglerine ait videolardan en az birer
ornek yansiz atama yontemiyle se¢ilmistir. Sesletim dokiimlerinin giivenirligine iligkin veri toplamak tizere her
bir denek i¢in bu video kayitlarinin en az %30'u incelenmistir. Sesletim dokiimlerinin giivenirligi her li¢ denek
igin %100 olarak hesaplanmustir. Ikinci olarak, yaziya dokiilen sesletimler {izerinden biligsel ve iistbilissel
stratejilere yonelik yapilan kodlamalarin uyumunu incelemek {tizere kodlayicilar arasi giivenirlik verisi
toplanmustir. Veriler Sesli Diistinme Protokolii Kodlama Formu’nu kaydedilmistir. Bu baglamda kodlayicilar arast
giivenirlik verileri, 6gretim Oncesinde Ogrencilerin kullanmis oldugu biligsel-iistbilissel stratejilere iligkin
kodlayicilar aras1 giivenirlik tiim denekler igin %100 olarak bulunmus iken; 6gretim sonrasinda Baris, Sevgi ve
Umut’un i¢in sirastyla %96.1, %96.7 ve %97.2 olarak hesaplanmistir. Bununla birlikte &grencilerin dgretim
sonrasinda kullandiklar1 biligsel stratejilere iliskin kodlayicilar arasi giivenirlik deneklerin tamami i¢in %100
olarak hesaplanirken; 6gretim sonrasinda kullandiklar {istbiligsel stratejilere iligkin kodlayicilar arasi giivenirlik
Baris, Sevgi ve Umut’un igin sirasiyla %93.3, %95 ve %95.5 olarak hesaplanmustir.

Bulgular
Etkililik Bulgular:

Etkililige yonelik bulgular Sekil 2’de sunulmustur. Bu bulgular incelendiginde; baglama diizeyi
oturumlarinda Barig’in ortalama %20; Sevgi’nin ortalama %23.3 ve Umut’un ise ortalama %26.6 dogruluk
diizeyinde performans gosterdikleri bulgulanmistir. Ogretim sonu degerlendirme oturumlarinda ise, Barig’m
ortalama %96.6; Sevgi’nin ortalama %90 ve Umut’un ise ortalama %100 dogruluk diizeyinde performans
gosterdikleri goriilmiistiir. Bu bulgularda goriildiigii izere, strateji 6gretiminin sonunda ii¢ denegin de karsilastirma
problemlerini ¢ézme performanslart %90 dogruluk diizeyinin iizerine ulagmistir. Ayrica, tiim deneklerin
kargilagtirma tiirtindeki sozel problem ¢ézme performanslari baglama diizeyinde diisiik iken; strateji dgretimi
sonrasinda her birinin performansinda artig goriilmistiir. Bununla birlikte izleme oturumlarinda; Baris, Sevgi ve
Umut’un sirasiyla ortalama %96.6, %96.6 ve %100 dogruluk diizeyinde problem ¢6zme becerilerini koruduklari
gozlenmistir.
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Deneklerin Sézel Problem Cozme Diizeylerine Iliskin Etkililik Bulgular
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Not: BD = baslama diizeyi, BU = bagimsiz uygulamalar, H = hafta I = izleme, MO = stratejiye model olma, OB = 6n bilgileri harekete gegirme, OS = 6gretim sonu, RU = rehberli uygulamalar, T = stratejiyi tartisma.
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Bu bulgularin yam sira, mevcut arastirmada, KDSG modeliyle sunulan Uyarlanmis KMTO paketinin
OO0G olan dgrencilerin sozel problem ¢ozme becerileri iizerindeki etkisini degerlendirmek iizere, OVY ve Tau-U
analiz teknikleri kullanilarak etki biiyiikliigli hesaplamalar1 gergeklestirilmis ve elde edilen bulgular Tablo 4’te
sunulmustur. Tiim denekler i¢in OVY etki biiyiikliigii degeri ise %90.1 olarak belirlenmis ve yiiksek etkili
bulunmustur. Tim denekler i¢in Tau-U etki biliylikligi degeri ise 0.9336 olarak belirlenmis ve yiiksek etkili
bulunmustur. Elde edilen bu bulgular, Uyarlanmis KMTO paketinin, OOG olan 6grencilere sézel problem ¢dzme
becerilerinin kazandirilmasinda etkili oldugu yoniindeki gorsel analiz bulgularin1 destekler niteliktedir.

Tablo 4
Etki Biiyiikliigii Hesaplamalarina Yonelik Bulgular

Denekler ovy Etki diizeyi Tau-U Etki diizeyi
Baris %93.3 Yiiksek etkili 0.9333 Yiiksek etkili
Sevgi %384.2 Etkili 0.9079 Etkili
Umut %92.8 Yiiksek etkili 0.9571 Yiiksek etkili
Ortalama %90.1 Yiiksek etkili 0.9336 Yiiksek etkili

Not: OVY = értiismeyen veri yiizdesi.
Genelleme Bulgular:

Aragtirmada, deneklerin (a) tek agamali toplama ya da ¢ikarma islemi gerektiren karsilastirma tiirtindeki
sozel problem performanslarini ve bu problemlerde kullandiklari stratejileri sinif ortamina genelleme diizeyleri ve
(b) tek asamali toplama ya da c¢ikarma islemi gerektiren parca-biitiin, ayirma ve birlestirme tiiriindeki sozel
problemlere genelleme diizeyleri incelenmistir.

Sekil 3

Deneklerin Tek Asamali Toplama ve Cikarma Islemi Ger.ektiren Karsilastirma Tiiriindeki Sozel Problemlerdeki
Performansiarmi Sinif Ortamina Genelleme Diizeylerine Iliskin Bulgular:
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Deneklerin tek asamali toplama ya da g¢ikarma islemi gerektiren karsilagtirma tiriindeki sézel
problemlerdeki performanslarini smif ortamina genelleme diizeylerine iliskin 6n-test ve son-test oturumlarina
yonelik bulgular Sekil 3’te gosterilmektedir. Deneklerden Baris’in, Sevgi’nin ve Umut’un performanslariin 6n-
test oturumlarinda sirastyla %20, %20 ve %30 oldugu; son-testte ise tiim deneklerin performanslarmin %100
dogruluk diizeyinde oldugu goriilmiistiir. Bu bulgular, tiim deneklerin strateji dgretiminden sonra, tek asamali
toplama ve ¢ikarma islemi gerektiren karsilastirma tiiriindeki sdzel problemlerde gosterdikleri performansi sinif
ortamina genelleyebildiklerini gostermektedir.
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Sekil 4

Deneklerin Tek Asamali Toplama ve Cikarma Islemi Gerektiren Karsilastirma Tiiriindeki Sézel Problemlerde
Kullandiklar: Stratejileri Sinif Ortamina Genelleme Bulgular:
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Deneklerin tek asamali toplama ya da ¢ikarma islemi gerektiren karsilagtirma tiiriindeki sozel
problemlerde kullandiklart stratejileri sinif ortamina genelleme diizeylerine iliskin genelleme bulgulart her bir
denek i¢in Sekil 4’te gosterilmektedir. Barig’n sinif ortamina genelledigi biligsel stratejilerin sirasiyla, %100,
%90, %100, %100 ve %90 diizeyinde oldugu; istbilissel stratejilerin ise sirasiyla %90, %80 ve %100 diizeyinde
oldugu séylenebilmektedir. Sevgi’nin sinif ortamina genelledigi biligsel stratejilerin sirastyla %100, %90, %90,
%90 ve %90 diizeyde oldugu; iistbilissel stratejilerin ise sirasiyla %90, %80 ve %90 diizeyde oldugu
goriilmektedir. Son olarak Umut’un siif ortamina genelledigi biligsel stratejilerin sirasiyla %100, %100, %100,
%100 ve %90 diizeyde; {stbiligsel stratejilerin ise sirasiyla %100, %100 ve %90 diizeyde oldugu
sOylenebilmektedir.

Sekil 5

Deneklerin Tek Asamali Toplama ve Cikarma Islemi Gerektiren Par¢a-Biitiin, Birlestirme ve Ayirma Tiiriindeki
Sozel Problemlere Genelleme Bulgulari
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Parga-biitiin Birlestirme Ayirma

Deneklerin tek asamali toplama ve ¢ikarma islemi gerektiren parga-biitiin, ayirma ve birlestirme tiiriindeki
sozel problemlere genelleme bulgulart her bir denek igin Sekil 5’te gosterilmektedir. Deneklerin parga-biitiin

Ozli-Unlii & Yikmis ERKEN GORUNUM



OZEL OGRENME GUCLUGU OLAN OGRENCILERE SOZEL PROBLEM COZME BECERILERININ 14
OGRETIMINDE UYARLANMIS KAVRAMSAL MODEL TEMELLI OGRETIMIN ETKILILiGi

tiirtindeki s6zel problemlere yonelik 6n-test oturumlarindaki performanslari Baris i¢in %30, Sevgi i¢in %20, Umut
icin %30 iken; son-testteki performanslar1 Barig icin %100, Sevgi icin %90, Umut i¢in %100 olmustur. Her bir
denegin birlestirme tiiriindeki sozel problemlere yonelik 6n-test oturumlarindaki performanslart %20 iken; son-
testteki performanslart %90 olmustur. Son olarak aymrma tiirlindeki sozel problemlere yonelik On-test
oturumlarimdaki performanslar1 Barig ve Sevgi i¢in %10, Umut i¢in %30 iken; son-testteki performanslar1 Baris
ve Sevgi i¢in %90, Umut i¢in %100 olmustur. Bu bulgular, tiim deneklerin karsilastirma tiiriindeki sozel
problemlerde gosterdikleri performansi, farkl tiirdeki sdzel problemlere genelleyebildiklerini gdstermektedir.

Sesli Diisiinme Protokollerine iliskin Bulgular

Deneklerin sdzel problem ¢6zme siireglerindeki biligsel ve listbilissel stratejileri kullanma durumlarindaki
farkliliklar1 belirlemek {izere, 6gretim Oncesi ve sonrast olmak tizere iki farkli zamanda sesli diistinme protokolii
uygulamalar1 gergeklestirilmistir. Tek agamali toplama ya da ¢ikarma isglemi gerektiren karsilagma tiiriindeki
problemlerin {i¢ tipi i¢in ayr1 ayr1 olmak iizere ¢ sesli diiglinme protokolii oturumuna yer verilmesi gerektiginden;
her bir denek i¢in toplamda alt1 adet sesli diisiinme protokolii oturumu gerceklestirilmistir. Elde edilen bulgular
her bir denek i¢in sirastyla Tablo 5, Tablo 6 ve Tablo 7’de frekans ve yiizde hesaplamalari seklinde sunulmustur.

Tablo 5
Barig’in Sesli Diisiinme Protokollerinden Elde Edilen Bulgular
SDP-1 SDP-2 SDP-3
00 0s 00 0s 00 0s
f % f % f % f % f % f %
Bilissel stratejiler

Problemi okuma 3 %38 3 %4 3 %38 3 %3 3 %38 3 %3
Problemdeki 6nemli bilgileri bulma 0 %0 5 %7 0 %0 6 %7 0 %0 6 %7
Cubuk model olusturma 0 %0 3 % 0 %0 4 %5 0 %0 4 %4

Gorsel Kavram semasi olusturma 0 %0 3 % 0 %0 3 %3 0 %0 4 %4
olusturma  Sekil diyagram gibi diger gorselleri 0 %0 0 %0 0 %0 0 %0 0 %0 0 %0

olusturma
Karar verme 0 %0 4 %5 1 %12 4 % 0 %0 4 %4
Hesaplama 4 %50 5 %7 2 %25 4 %5 4 %50 4 %4
Kontrol etme 0 %0 5 %7 0 %0 8 %9 0 %0 7 %8
Toplam 7 %88 28 %38 6 %75 32 %37 7 %88 32 %34
Ustbiligsel stratejiler
Uretici olan iistbilissel stratejiler

Problemi belirleme 0 %0 4 %5 0 %0 5 %6 0 %0 6 %7

Strateji kullanimi1 0 %0 9 %13 0 %0 12 %13 0 %0 13 %14

. Dikkat ve planlamaya odaklanma 0 %0 6 %8 0 %0 8 %9 0 %0 8 %9

Kendini Kendini degerlendirme ve hata
talimatlandirma . £ 0 %0 5 %7 0 %0 7 %8 0 %0 7 %8
diizeltme

Sorunlarla basa ¢ikma 0 %0 1 %1 0 %0 3 %3 0 %0 3 %3

Kendini pekistirme 0 %0 3 %4 0 %0 3 %3 0 %0 3 %3

Kendine soru sorma 0 %0 6 %8 0 %0 6 %7 0 %0 7 %8

Kendini izleme 0 %0 7 %10 0 %0 8 %9 0 %0 8 %9
Toplam 0 %0 41 %56 0 %0 52 %58 0 %0 55 %61

Uretici olmayan iistbiligsel stratejiler

Duygu 0 %0 2 %3 2 %25 3 %3 1 %12 3 %3

Yorum 1 %12 2 %3 0 %0 2 %2 0 %0 2 %2

Toplam 1 %12 4 %6 2 %25 5 %5 1 %12 5 %5
Toplam 1 %12 45 %62 2 %25 57 %63 1 %12 60 %66
Genel toplam 8 %100 73 %100 8 %100 89 %100 8 %100 92 %100

Not: OO = 6gretim 6ncesi, OS = 6gretim sonrast; SDP = sesli diisiinme protokolii.
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Tablo 6
Sevgi 'nin Sesli Diisiinme Protokollerinden Elde Edilen Bulgular:
SDP-1 SDP-2 SDP-3
00 0s 00 0s 00 0s
f % f % f % f % f % f %
Biligsel stratejiler
Problemi okuma 3 %30 3 %4 3 %3 4 %5 3 %43 3 %4
Problemdeki 6nemli bilgileri bulma 0 %0 5 %7 0 %0 6 %8 0 %0 5 %6
Gérsel Cubuk model olusturma 0 %0 4 %6 0 %0 4 %5 0 %0 4 %5
olusturma Kavram semas: olusturma 0 %0 3 %4 0 %0 4 %5 0 %0 3 %4
Sekil diyagram gibi diger gorselleri olusturma 0 %0 0 %0 0 %0 O %0 0 %0 0 %0
Karar verme 1 %10 3 %4 1 %14 3 %4 0 %0 2 %3
Hesaplama 4 %40 5 %7 3 %43 4 %5 4 %57 4 %5
Kontrol etme 0 %0 5 %7 0 %0 7 %9 0 %0 7 %9
Toplam 8 %80 28 %39 7 %100 32 %41 7 %100 28 %36
Ustbilissel stratejiler
Uretici olan iistbilissel stratejiler
Problemi belirleme 0 %0 3 %4 0 % 4 % 0 %0 5 %6
Strateji kullanimi 0 %0 9 %13 0 %0 9 %12 0 %0 12 %15
- Dikkat ve planlamaya odaklanma 0 %0 7 %10 0 %0 7 %9 0 %O 7 %9
Kendini Kendini degerlendirme ve hata
talimatlandirma .. 0 %0 6 %9 0 %0 6 %8 0 %0 7 %9
diizeltme
Sorunlarla basa ¢ikma 0 %0 2 %3 0 %0 3 %4 0 %0 3 %4
Kendini pekistirme 0 %0 1 %1 0 % 2 %3 0 %0 2 %3
Kendine soru sorma 0 %0 5 %7 0 %0 4 %5 0 %0 5 %6
Kendini izleme 0 %0 7 %10 0 %0 7 %9 0 %0 6 %8
Toplam 0 %0 40 %57 0 %0 42 %55 0 %0 47 %60
Uretici olmayan iistbilissel stratejiler
Duygu 0 %0 1 %1 0 %0 2 %3 0 %0 1 %1
Yorum 2 %20 2 %3 0 %0 1 %l 0 %0 2 %3
Toplam 2 %20 3 %4 0 %0 3 %4 0 %0 3 %4
Toplam 2 %20 43 %61 0 %0 45 %59 0 %0 50 %64
Genel toplam 10 %100 71 %100 10 %100 77 %100 10 %100 78 %100
Not: OO0 = gretim 6ncesi, OS = dgretim sonrast; SDP = sesli diisiinme protokolii.
Tablo 7
Umut 'un Sesli Diigiinme Protokollerinden Elde Edilen Bulgular
SDP-1 SDP-2 SDP-3
00 0s 00 0s 00 0s
f % f % f % f % f % f %
Biligsel stratejiler
Problemi okuma 3 %30 4 %5 3 %30 3 %3 3 %30 3 %3
Problemdeki 6nemli bilgileri bulma 0 %0 6 %8 0 %0 7 %7 0 %O 7 %7
Cubuk model olugturma 0 %0 0 %0 0 %0 4 %4 0 %0 5 %5
Gorsel olusturma  Kavram semasi olusturma 0 %0 5 %7 0 %0 4 %4 0 %0 4 %4
Sekil diyagram gibi diger gorselleri olugturma 0 %0 0 %0 0 %0 0 %0 0 %0 0 %0
Karar verme 1 %10 3 %4 1 %10 4 %4 1 %10 4 %4
Hesaplama 3 %30 5 %7 2 %40 6 %6 3 %30 5 %5
Kontrol etme 0 %0 6 %8 0 %0 8 %8 0 %0 7 %7
Toplam 7 %70 29 %39 6 %60 36 %36 7 %70 35 %35
Ustbilissel stratejiler
Uretici olan iistbiligsel stratejiler
Problemi belirleme 0 %0 2 %3 0 %0 6 %6 0 %0 7 %7
Strateji kullanimi 0 %0 12 %16 0 %0 13 %13 0 %0 14 %l4
Kendini Dikkat ve planlamaya odaklanma 0 %0 6 %8 0 %0 8 %8 0 %0 8 %8
talimatlandirma  Kendini degerlendirme ve hata diizeltme 0 % 6 %8 0 %0 8 %8 0 %0 8 %8
Sorunlarla basa ¢ikma 0 %0 2 %3 0 %0 3 %3 0 %0 2 %2
Kendini pekistirme 0 %0 1 %1 0 %0 3 %3 0 %0 3 %3
Kendine soru sorma 0 %0 6 %8 0 %0 8 %8 0 %0 8 %8
Kendini izleme 0 %0 7 %10 0 %0 9 %9 0 %0 9 %9
Toplam 0 %0 42 %57 0 %0 58 %58 0 %0 59 %59
Uretici olmayan iistbilissel stratejiler
Duygu 1 %10 1 %1 2 %20 3 %3 1 %10 3 %3
Yorum 2 %20 2 %3 2 %20 3 %3 2 %20 3 %3
Toplam 3 %30 3 %4 4 %40 6 %6 3 %30 6 %6
Toplam 3 %30 45 %61 4 %40 64 %64 3 %30 65 %65
Genel toplam 10 %100 74 %100 10 %100 100 %100 10 %100 100 %100

Not: 00 = dgretim éncesi, OS = égretim sonrast; SDP = sesli diisiinme protokolii.
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Bu edilen bulgulara bakildiginda, her bir denegin tiim sesli diisiinme protokolii oturumlarinda, 6gretim
sonundaki strateji kullanim sikliklarinin, 6gretim oncesine kiyasla artis gosterdigi goriilmiistiir. Bunun yani1 sira
yine her bir denegin strateji 6gretimi 6ncesinde sozel problem ¢dzme siirecindeki sesletimlerinin agirlikli olarak
bilissel stratejilerden olustugu; strateji 6gretimi sonrasinda ise iistbilissel stratejileri 6gretim Oncesine kiyasla daha
sik kullanmaya basladiklar1 goriilmiistiir. Bagka bir ifadeyle, strateji 6gretimi sonrasinda tiim deneklerin sozel
problem ¢6zme siirecinde iistbiligsel stratejilere yonelik sesletimlerinde yiizde olarak artig oldugu goriilmiistiir.
Tim bunlara karsin, ylizde hesaplamalarina yonelik bulgulara bakildiginda, dgretim oncesine kiyasla dgretim
sonrasindaki biligsel strateji sesletimlerinin yiizde olarak azaldigi ve iistbiligsel stratejilere yonelik sesletimlerin
agirlik kazandigi goriilmektedir. Bu durumun temel nedeni, 6gretim sonrasindaki {istbiligsel stratejilere yonelik
sesletimlerin yiizdelik olarak agirlik kazanmasidir. Strateji 6gretimi sonrasinda, bilissel strateji sesletimleri yiizde
olarak azalma gdstermis olmasina ragmen, aslinda siklik olarak énemli bir artis gostermistir. Ozetle; her bir
denegin, 6gretim Oncesi kullandigi biligsel ve iistbilissel stratejilerin, 6gretim sonrasinda tiim problem tipleri i¢in
onemli olgiide arttigr ve cesitlendigi gozlemlenmistir. Deneklerin problem ¢dzme siireglerindeki bilissel ve
istbiligsel stratejilerin her bir alt baglhigina yonelik sesletimlerinin yer aldigi ornek ifadeler Tablo 8'de
sunulmaktadir.

Tablo 8

Deneklerin Sesli Diisiinme Protokollerinde Elde Edilen Bilissel ve Ustbiligsel Strateji Kullanimina Yénelik Ornek
Ifadeleri

Biligsel strateji kullanimina yonelik ifadeler
Biligsel stratejiler Islevsel tanimlar Omnek ifadeler
Bir trende iki tane vagon vardir. Trenin birinci
vagonunda 38 tane yolcu vardir. ikinci vagondaki
yolcu sayist, birinci vagondaki yolcu sayismdan 5
fazladir. Buna gore ikinci vagonda kag¢ yolcu

Problemi bagindan sonuna kadar

Problemi okuma eksiksiz ve dogru okuma

vardir?
- . Problemde yer alan anahtar kelimeleri  Birinci vagonda 38 yolcu var demistim, bu ilk
Problemdeki 6nemli SO R, S
bilgileri bulma ya da verilen istenen bilgilileri sozel bilgimdi.
olarak ifade etme Verilen ikinci bilgi, diger vagonda 5 yolcu varmis.

Problemdeki bilgileri temsil etmek
iizere cubuk modeller olugturma,
¢ubuk modeller iizerinden kavram
semalarini olusturma

Ahmet’inkiyle birebir ayni bir gubuk ¢iziyorum.
Su gubuk daha uzun. Yani daha fazla olmal1 38’den.
Semada buraya 16 yaziyorum, kiigiik say1 ¢iinkii.

Gorsel olusturma

Tamam simdi kiigiik ile farki biliyorum. Biiyiik olani
bulmam gerek. Toplama yapacagim yani.
Burasini bilmiyorum ki, ikisini toplamam gerek o

Problemin ¢6ziimiine yonelik
Karar verme yapilmasi gereken matematiksel
hesaplamalara karar verme

zaman.
Matematiksel hesaplamalarini 38 ile 5 toplanir. 8 ile 5, 13 olur. 3”{ buraya yazdim.
Hesaplama . . . .
sozellestirme Elde var 1, yani 4. Tamam cevap yani 42.
Problem ¢6zme adimlarini, Sema ve modelleri yaptim. Ay, bir de okudum ilk
Kontrol etme gerceklestirilen iglemleri ve once tabii. En son da islemi yaptim.

hesaplarin dogrulugunu kontrol etme 8 ve 5, 13. Yani burasi 4, sonug 42 imis.
Ustbilissel strateji kullanimina yénelik ifadeler

Uretici olan iistbilissel

.. Islevsel tanimlar Ornek ifadeler
stratejiler

Gorevin dogasini ve gereksinimlerini  ilk olarak ne yapmam gerekiyordu?
tanimlama ya da stratejinin ... yaptim. Simdi ne yapmaliyim?
basamagiyla ilgili hatirlatict ifadeler ~ Burada ne yapmam gerekiyor?

Kendini talimatlandirma
Problemi Belirleme

Simdi kavram semasint olusturmaliyim. Bu
basamakta semaya bilgileri yazmaliyim. Fark
miktarini buraya yazmam gerek semada, kiigiik
olan miktar1 da buraya.

Kendini talimatlandirma Stratejiyi kullanma ve strateji ile Once problem okunmali tabii. Sonra énemli bilgileri
Strateji Kullanimi mesgul olma bulmam gerek. Sonra da model ve sema. Iste, en
sonunda da isleme karar verip sonucu bulmaliyim.

Yani, 6nce problemi okumam gerek.

Buldugum anahtar kelimeleri bu kutucuguna
yazmaliyim.
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Tablo 8 (devam)

Uretici olan iistbilissel
stratejiler
Kendini talimatlandirma Simdi dikkatli olmaliyim.

Dikkat ve Planlamaya Goreve dikkatini odaklama ve Once problemi dikkatli bir sekilde okuyacagim.
plan olusturma

Islevsel tanimlar Ornek ifadeler

Odaklanma Simdi 6nce modeli gizecegim, sonra semaya bakarim.
Cubuk modeli dogru ¢izdim mi acaba? Yok sunu biraz
Kendini talimatlandirma Siireg ve iiriinlerde performansi uzatayim. Fazla diyordu ¢linkii, ondan bu uzun olmali.
Kendini Degerlendirme degerlendirme, hata yakalama ve Ay dur yanlis dedim. ...5 tane fazla yolcu diyecektim.
ve Hata Diizeltme diizeltme Hemen bakayim, fark kutucuguna miktar: dogru yazmis
miyim?
Sorun degil anlamazsam zaten tekrar okurum.
S Zorluklar1 ve basarisizliklar Adim adim gidersem benden istenen bilgileri rahatlikla
Kendini talimatlandirma S :
anlama, duygusal durumlarla bulabilirim. Panik yapmama gerek yok, bulamazsam
Sorunlarla Basa Cikma
basa ¢ikma probleme tekrar bakarim.

Isim kolay, hangi islemi yapacagimi biliyorum.

Iyi ¢dziiyorum bence.
Iyi, hatirladim ya.
Nasil da hepsini tamamladim ama.

Kendini talimatlandirma Performansi i¢in kendini
Kendini Pekigtirme odiillendirme

Biitlinii biliyor muyum?

Problemi ve ¢oz{im basamaklarini Problem benden neyi bulmamu istiyor?

Kendine soru sorma

diistinme Problemde verilen ilk bilgi neymis?
Stratejimin iki basamagini da tamamladim.
L Performans ve ilerlemeyi Bunu bulunca problemdeki tiim 6nemli bilgileri bulmug
Kendini izleme ) -
gbzlemleme olacagim.
Problemi anlama sorularimdan sadece bir sorum kaldi.
_ Uretici olmayan Islevsel tanimlar Ornek ifadeler
istbiligsel stratejiler
Gorevi yerine getirirken Cubuk modelleri ¢izmeyi seviyorum ya, eglenceli
Duygu kullanilan goreve yonelik kisisel oluyor.
ifadeler Bundan sonrasi eglenceli iste, ben seviyorum

Gorevi yerine getirirken
Yorum kullanilan gorevle ilgili duygusal
egilime iligkin ifadeler

Bu biraz karmasik bir problem gibi.
Burada biraz zorlasiyor.

Sosyal Gecgerlik Bulgulari
Deneklerden Sosyal Gegerlige Iliskin Elde Edilen Nicel Bulgular

Tiim denekler, sosyal gecerlik formundaki sorularin tamamina “her zaman” yanitim1 vermislerdir.
Deneklerin her biri 6grendikleri stratejinin problem ¢6zme siirecinde kendilerine yardimc1 oldugu, bundan sonraki
siirecte bu stratejiyi kullanmay: diisiindiikleri, stratejiyi uygulamanin kolay oldugu ve kullanirken de g¢ok
eglendikleri yoniinde goriis belirtmislerdir. Bunun yani sira her bir denek, yapilan derslerin iceriginin daha kolay
ogrenmelerini sagladigini, kullanilan destekleyicilerden hoslandiklarini, gubuk model ve kavram semalarin
kullanmanin eglenceli oldugunu ve problem ¢6ziimlerini kolaylastirdigini 6ne siirmiislerdir. Bunlara ek olarak,
tim denekler sesli diigiinmenin, kendi kendilerini izlemenin, kendilerine ne yapacaklarini sdylemenin ve
kendilerine sorular sormanin ¢ok islerine yaradigini belirtmislerdir. Ayrica her bir denek 6grendikleri bu stratejiyi
matematik problemi ¢dzerken zorluk yasayan arkadaslarina onerebilecekleri yoniinde goriis belirtmislerdir.
Deneklerden sosyal gecerlige iliskin elde edilen nicel bulgulara bakildiginda arastirmanin sosyal gecerliliginin
denekler agisindan oldukga yiiksek oldugu sdylenebilir.

Deneklerden Sosyal Gegerlige Iliskin Elde Edilen Nitel Bulgular

Deneklerle yar1 yapilandirilmis goriigmelerden elde edilen nitel bulgular, Tablo 9°da sunulmustur.
Tabloda yer alan frekans degerleri, temalarin ve kodlarin denekler tarafindan ifade edilme sikliklarim
gostermektedir. Deneklerin, yar1 yapilandirilmis sorulara verdikleri yanitlarin bazilarinda, tek bir kod ile iliskili
olan birden fazla ifadenin oldugu goriilmiistiir; bu durumdan dolay1 baz1 kodlara yonelik frekans sayis1 denek
sayisindan fazla ¢ikmgtir.
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Tablo 9
Deneklerden Sosyal Gegerlige Iliskin Elde Edilen Nitel Bulgular

Temalar Kodlar Ornek ifadeler Denekler f
S6zel problem ifadelerinin

“...problemde yazilan seyleri daha iyi

daha kolay anlagilmasi ’ D1, D2, D3 9
L T anliyorum mesela. ..
. i tizerindeki etkisi
Stratejinin matematik .
roblemi ¢6zme Problem ¢6zme “Dogru ¢dzdiigiim problemler
p C R performanslarindaki artisa . D1, D2, D3 7
becerisinin geligimi etkisi fazlalasti...
tizerindeki etkileri . i
Coziim i¢in dogru “Onceden okuyordum ama toplama mi1
matematiksel isleme karar yapacagim ¢ikarma mi1 yapacagim onu D1,D2,D3 8
verme siireci tizerindeki etkisi  bilmiyordum, artik kolay oluyor.”
Ders dis1 etkinliklerdeki “Bazen 6gretmen 6dev veriyor, onlart D1 D2 D3 4
S . o performansina yonelik etkisi stratejiyle yapabiliyorum.” e
trateji ogretiminin Ba PR . i
> . sarl puanini arttirmaya ...bir de matematik sinavindan yiiksek
m_atema“k pro.bleml . yonelik etkisi almaya bagladim.” D1, D2, D3 3
¢ozme becerisi disindaki Ders ici etkinliklere Katil M ik derslerinde 63
alanlara yonelik olumlu efs 191 et 1n1 ere katilimin atematik derslerinde ogretmen sozu D1, D2, D3 4
etkileri yonelik etkisi sorunca artik parmak kaldirtyorum.
Derslerdeki motivasyonlarmma  “Matematigi de seviyorum artik diger D1 D2 D3 6
yonelik etkisi dersler de giizel gegiyor.” T
Ustbiligsel stratejileri “Turkge dersinde de sesli diigtiniiyorum, DL D2 D3 5
kullanimina yonelik goriisler isime yariyor.” T
Destekleyicilerin kullamimima  “Karar agaci da ¢ok iyi oluyor, oradaki D1 D2 D3 8
Strateji igerigine ve yonelik goriisler adimlarla iglemi se¢iyorum.” T
uygulamaya yonelik Gorsellestirmelerin kullanimma “...tiim problemler i¢in tek bir sema DL D2D3 9
olumluluk ifade eden yonelik goriigler olmasi ¢ok iyi.” T
goriisler Stratejinin eglenceli «...mesela cubuklar1 ¢izmek gok D1 D2 D3 6
bulunmasia yonelik goriisler  eglenceli, semay1 da sevdim.” T
Stratejinin 6nerilmesine “Arkadaglarim da dgrensin bence, D1 D2 D3 4
yonelik goriisler onlarin da notlari artar.” U
Strateji ierigine ve Stratejinin uygulanmasinin
uygulamaya_yonehk uzun zaman aldigina yonelik ...begf:nmedlglrr},blr sey yok ama daha D2 1
olumsuzluk ifade eden e kisa siirse keske.
e goriisler
goriisler

Tablo 9°dan anlagilacag iizere, tiim deneklerin, 6grendikleri stratejinin hem matematik problemi ¢ézme
becerisi hem de matematik problemi disindaki alanlar {izerinde olumlu goriisler belirttikleri goriilmektedir.
Bununla birlikte tiim denekler stratejinin igerigine ve uygulamaya yonelik olumlu goriisler bildirmisken; sadece
Sevgi, stratejinin uygulanmasinin uzun zaman aldigina yonelik olumsuz goriis ifade etmistir.

Ogretmenlerin ve Ailelerin Sosyal Gegerlik Bulgular

Ogretmen ve ailelerden edilen sosyal gecerlik bulgulari incelendiginde, her bir 6gretmen ve aile,
deneklerin matematik problemi ¢dzme etkinliklerinde ¢aligma 6ncesine gore daha fazla katilim gosterdigini, daha
az yardim talep ettigini ve problemleri kolaylikla ve daha dogru bir sekilde ¢dzdiigiinii 6ne stirmiislerdir. Ayrica
her bir 6gretmen ve aile, stratejinin kullanislt oldugunu, nasil uygulandiginin 6gretilmesi durumunda stratejiyi
etkinlerinde kullanmay1 diisiindiiklerini, bu stratejiyle ogretilen becerilerin genelleme ve kaliciliginin yiiksek
oldugunu ifade etmislerdir. Ogrencilerin 6gretmenleriyle yapilan gériismelerde tiim 6gretmenler, dgrencisinin
problem ¢ozerken model ve sema gibi gorsellerden yararlandigini ve bu stratejiyi baska Ogretmenlere de
onerebileceklerini belirtmislerdir.

Tartisma

Aragtirmanin bulgulari, tiim deneklerin karsilastirma tiirtindeki s6zel problem ¢dzme performanslarinin
baslama diizeyinde diisiik oldugunu; ancak strateji 6gretimi sonrasinda her birinin performansinda benzer sekilde
artis oldugunu gostermektedir. Ayrica, etki biiyiikliigii hesaplamalarinda strateji 6gretiminin yiiksek diizeyde etkili
oldugu sonucuna ulasilmistir. Bu bulgular, Uyarlanmis KMTO paketinin 6grenme giigliigii tanisi olan dgrencilere
bir agamal1 toplama ya da ¢ikarma iglemi gerektiren karsilastirma tiirtindeki s6zel problemlerin kazandirilmasinda
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etkili oldugunu gostermektedir. KMTO niin farkl tiirlerdeki sézel problem ¢6zme becerilerinin gretiminde etkili
oldugunu gosteren aragtirmalar (Hord & Xin, 2015; Xin, 2019; Xin vd., 2008; Xin & Zhang, 2009) bulunmaktadir.
Nitekim, mevcut arastirmada KMTO niin bir uyarlamasina yer verilmistir. KMTO igeriginde bilissel strateji olarak
DOTS isimli hatirlatict stratejiden yararlanilmisken (Xin vd., 2008; Xin & Zhang, 2009, Xin vd., 2011),
Uyarlanmis KMTO’de farkli bir bilissel stratejiye yer verilmistir. Ayrica Uyarlanmis KMTO paketinde, bilissel
strateji basamaklar1 kendini diizenleme stratejileriyle desteklenmis ve strateji 6gretim paketi KDSG yaklasiminin
(Case vd., 1992) asamalarina gére sunulmustur. Tiim bu yonleriyle Uyarlanmis KMTO paketi, KMTO’den biiyiik
oranda farklilik gostermektedir. Bu nedenle Uyarlanmis KMTO ile vyiiriitiilen mevcut calismanim bulgularmin,
KMTO'iin etkili oldugunu gosteren alanyazindaki ¢alismalara farkl bir perspektif sunacag diisiiniilmektedir.

Arastirmada, KMTO’niin (Xin, 2012) iceriginde ve sunulmasinda gergeklestirilen uyarlamalarin,
deneklerin daha kolay ve anlaml bir sekilde dgrenmeleri lizerinde 6nemli etkilerinin oldugu diisliniilmektedir.
Ornegin; Xin (2012; 2019) tarafindan yapilan ¢aligmalarda gubuk modeller, kavram semas1 olusturmada bir koprii
islevi gormiis; Ogrencilere problem c¢ozme c¢aligmalart Oncesinde problemin kavram semasini olusturmay1
ogretmek i¢in kullanilmigtir. Kavram semasinin 6gretiminin ardindan problem ¢ézme asamasinda dgrencilerden,
cubuk model gosterimine yer vermeden kavram semasini olusturmalari beklenmistir. Mevcut calismada da
problem yapisi 6gretimine yer verilmis ve bu oturumlarda farkli problem yapilarindaki bilgilerin ¢gubuk modellerle
temsil edilmesi ve ¢ubuk modellerden yola ¢ikarak kavram semalarinin olusturulmasiyla ilgili ¢alismalar
yapilmistir. Ancak, mevcut ¢alismada Xin (2012; 2019) tarafindan yapilan ¢alismalardan farkli olarak, problem
¢6zme asamasinda ¢gubuk model kullanim1 konusu dgrencinin tercihine ve ihtiyacina birakilmistir. Bu uyarlamanin
neticesinde elde edilen bulgular deneklerin gereksinim duyduklarinda gubuk model iizerinden kavram semasi
olusturduklarmm gdstermektedir. Ormegin; ikinci denegin “Cubuk ¢izince daha kolay sema yapabiliyorum.”
seklindeki ifadesi, ayni denegin sesli diisiinme protokolii oturumlarinda elde edilen bulgulariyla rtiismektedir.
Birinci denek de benzer goriisler iletmisken, sadece liglincli denegin sosyal gegerlik oturumlarinda yapilan yari
yapilandirilmis goriismelerinde, “Bazen ¢ubuk model ¢izmeme gerek kalmadi.” seklinde bir acgiklama yaptigi
goriilmiistiir. Tiim bu bulgular, deneklerin ihtiya¢ duymalar1 durumunda ¢ubuk model ¢izerek kavram semalarina
yerlestirdikleri bilgilerin kontroliinii yaptiklar1 ve bu sayede kendilerini daha giivende hissettikleri seklinde
yorumlanmuistir.

Jitendra (2002), semaya dayali 6gretimlerde her problem tiirii i¢in farkli semalarin olugturuldugu ve bu
nedenle semalarin kullanilabilmesi i¢in 6grencilerin problem tiirlerini ayirt etmeleri gerektigini vurgulamistir. Her
problem tiirii i¢in farkli sema bilgisi gerektiginde, problem tiirlerinin her birinin kendine 6zgii 6zelliklerinin
bilinmesi gerekmektedir. Ancak mevcut ¢alismada yer verilen Uyarlanmis KMTO paketinde, toplama ve ¢ikarma
islemleri gerektiren sozel problemlerin her tiiriinii temsil eden tek bir kavram semas1 kullanilmistir. Bu yoni,
Uyarlanmis KMTO'yii semaya dayali 6gretimlerden (Jitendra vd., 2007; Xin vd., 2005) farkli kilan en &nemli
ozelligi olarak goriilmektedir. Stratejinin bu 6zelliginin, tiim deneklerin 6grendikleri stratejiyi, parga-biitiin,
ayirma ve birlesme tlirindeki problemlere de genellemelerini kolaylagtirdigi disiiniilmektedir. Bu durum
deneklerden elde edilen sosyal gecerlik verileriyle de desteklenmistir. Ornegin; sosyal gecerlik oturumlarindaki
yar1 yapilandirilmis gériismelerde birinci denek “...tiim problemler i¢in tek bir gema olmasi ¢ok iyi.” seklinde
goriig belirtmistir. Bulgulardan yola ¢ikarak, strateji dgretiminde tek tiirde bir sema kullanmanin, arastirmaya
katilan Ogrencilerin s6zel problem ¢dzme performanslari iizerinde olumlu yonde bir etkisi oldugu seklinde
yorumlanabilir.

OO0G &grencilerin calisan bellek ve problem ¢dzme adimlarini koordine etme giicliiklerinin, gorsel
temsiller araciligiyla giderilebilecegi one siiriilmektedir (Hughes vd., 2003). Bu dogrultuda 6grencilerin gorsel
temsilleri kullanabilmeleri i¢in biligsel stratejilerin 6gretilmesi 6nerilmistir (Van Garderen, 2007). Bu 6neri dikkate
almarak mevcut ¢alismada, cubuk model ve kavram semasi olmak iizere iki tiirden gorsel temsile yer verilmistir.
Bu durumun, OOG &grencilerin problem ¢dzme performanslarini 6nemli dlgiide etkiledigi diisiiniilmektedir.
Mevcut ¢alismanin bu bulgulari, alinyazindaki gorsellestirme stratejilerine yer veren ¢alismalarin (6r., Hughes vd.,
2003; Gencan, 2020; Karabulut, 2015; Montague, 1992) bulgular1 ile benzerlik gostermektedir. Arastirmanin
sosyal gecerlik bulgularinda ise, dgrencilerin gorsellestirme stratejilerini yararli bulduklar1 ve gorsel temsil
olusturma siireglerinden keyif aldiklar1 goriilmektedir. Bu durumun benzer sekilde dgrencilerin sdzel problem
¢Ozme performanslarini olumlu yonde etkilemis olabilecegi diigiiniilmektedir.

Uyarlanmig KMTO paketini, KMTO’den ve semaya dayali yontemlerden ayiran en belirgin diger 6zelligi
ise; stratejinin “Problemdeki 6nemli bilgileri bul” biligsel basamaginda Ogle (1986) tarafindan gelistirilen
okudugunu anlama (KWL) stratejisine yer verilmis olmasidir. Bu sayede 0grencilerin okudugunu anlamadan
kaynakli problem ¢6zme siireclerinde zorluk yasamalarinin oniine gecilmesi hedeflenmistir. Deneklerden elde
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edilen sosyal gecerlik ve sesli diisiinme protokolil bulgulari, deneklerin sézel problem metnini anlama ve ¢6ziimi
planlama konularinda 6énemli bir fayda sagladiklarini gdstermistir. Ornegin; bu siireci iiciincii denek sosyal
gegerlik oturumlarida “...problemde énemli bilgileri buluyoruz, o zaman da hepsini anlayabiliyorum.” seklinde
ifade etmistir. Ayrica deneklerin sesli diisiinme protokolii uygulamalarinda, problemi okuduktan sonra kendilerine
problemdeki 6nemli bilgilere yonelik sorular sorduklari ve verdikleri yanitlar dogrultusunda model ve semalari
olugturduklar1 gozlemlenmistir. Dolayisiyla bu arasgtirmada, dgrencilerin problem ¢6zme performanslarinin
artmasinda, okudugunu anlama stratejisine yer verilmesinin 6nemli bir rolii oldugu diistiniilmektedir.

Ayrica, meveut calismanim Uyarlanmis KMTO paketinde Karar Agaci isimli destekleyiciye yer vermesi
yoniiyle, Xin (2012; 2019) tarafindan gergeklestirilen ¢alismalardan farklilik gosterdigi sdylenebilir. Xin (2012;
2019) tarafindan yiiriitillen caligmalarda, kavram semasindan yola c¢ikarak problemin cebirsel ifadesinin
olusturuldugu goriilmektedir. Aslinda kavram semasi 6zelligi geregi, dogrudan ¢dziim planina ydnlendiren
matematiksel bir denkleme doniistiiriilebilmektedir. Ancak cebir 6gretiminin iilkemizde ilk olarak altinci smif
diizeyinde baglanmasindan (Milli Egitim Bakanligi [MEB], 2018) ve mevcut ¢aligmada deneklerin dordiincii ve
besinci sinif diizeyinde olmalarindan dolayi, kavram semalarindan yola ¢ikarak bir matematiksel denklemin
olusturulmasi siirecine bu c¢alismada yer verilmemistir. Bu gerekceyle caligmada Karar Agaci isimli
destekleyiciden yararlanilarak, deneklerin problemin ¢oziimii i¢in gerekli matematiksel isleme karar verme
stireclerinde diistincelerini diizenleyebilmeleri hedeflenmistir. Arastirmanin sosyal gecerlik ve sesli diisiinme
protokolleriyle elde edilen bulgular neticesinde, bu destekleyicinin deneklerin problem ¢6zme performanslarini
olumlu yonde etkiledigi diisiinilmektedir.

Bu arastirmada Uyarlanmis KMTO paketinde, KMTO (Xin, 2012; 2019)’den farkli olarak iistbilissel
stratejilerden kendini diizenleme stratejilerine yer verilmistir. Problem ¢6zme becerisi dogasi geregi, 6grencilerin
kendi biligsel siireglerini kontrol edebilmelerini ve izleyebilmelerini gerektirir. Bu nedenle, problem ¢6zerken
bilissel ve iistbilissel stratejiler birbirinden ayn diisiiniilemez. Ancak, OOG olan 6grencilerin problemi ¢ézmek
i¢in gerekli Ustbilissel stratejilerden yoksun olduklari ve sahip olduklar stratejileri uygulamada giigliik yasadiklart
bilinmektedir. Ozellikle, kendini diizenleme stratejilerinden kendini talimatlandirma stratejisini daha az
kullandiklar1 &ne siiriilmektedir (Ozkubat, 2019). Bu durum, mevcut arastirmanin dgretim 6ncesi sesli diisiinme
protokolii uygulamalarindan elde edilen bulgularla értiigmektedir. Deneklerin tiimiiniin 6gretim 6ncesinde kendini
talimatlandirmaya yonelik sesletimlere hi¢ yer vermedikleri, ancak 6gretim sonrasinda bu sesletimlerin sikliginin
artti@1 gézlemlenmistir. Ayrica mevcut ¢alismada, kendini talimatlandirma, kendine soru sorma ve kendini izleme
stratejilerinin bir arada sunulmasinin, sdzel problem ¢ozmede etkili sonug elde edilmesinde biiyiik bir rolii oldugu
diisiiniilmektedir. Elde edilen bu sonuglar, alanyazinda problem ¢6zme becerisinin 6gretiminde kendini diizenleme
stratejilerini igeren caligmalardan elde edilen bulgulari (Cassel & Reid, 1996; Gencan, 2020; Karabulut, 2015)
destekler ve genisletir niteliktedir.

Son olarak, KMTO’den farkli olarak Uyarlanmis KMTO paketi KDSG yaklasiminin 6gretim asamalarina
gore sunulmustur. KDSG yaklagimin Slgiit temelli olma 6zelliginin, dgrencilerin strateji kullanim diizeylerini
etkiledigi gibi sdzel problem ¢ézme performanslarint da olumlu sekilde etkiledigi diisiiniilmektedir. Uyarlanmis
KMTO paketinin 6gretiminde, deneklerin sdzel problem ¢ozme performanslarinin, strateji adimlarmin sirali ve
dogru sekilde gergeklestirilmesiyle yakindan iligkili oldugu goriilmiistiir. Stratejinin igerigi kadar, sunum
bi¢iminin de 6gretim {izerindeki etkisi bulunmaktadir. Strateji 6gretim siirecinde, agik ve sesli diisiinerek model
olunmasi, uygun destekleyicilerin kullanilmasi, rehberli uygulamalar ile etkilesimsel diyaloglara yer verilmesi ve
olciit temelli olmasi agisindan 6grencilerin asamali olarak bagimsizlastirilmasi 6grencilerin iyi problem ¢dziiciiler
olmalarini saglar (Case vd., 1992). Bu baglamda mevcut arastirmada Uyarlanmis KMTO’nin KDSG asamalarina
gbre sunulmasinin, strateji adimlarint dogru ve sirali bir sekilde uygulayan deneklerin problem ¢dzme
performanslarini belirgin bir sekilde arttirdig goriilmektedir.

Aragtirmadaki bulgular, deneklerin 6gretimin tamamlanmasmin ardindan ikinci, dordiincti ve altinct
haftalarda kazandiklar1 bu beceriyi koruyup siirdiirebildiklerini gdstermistir. Bu sonuclar, KMTO ile dgretimi
yapilan sozel problem ¢ozme becerilerinin kalici oldugunu gosteren Xin ve Zhang (2009) tarafindan
gergeklestirilen ¢aligmanin bulgularini destekler niteliktedir. Aragtirmanin genelleme bulgularina bakildiginda ise,
ogrencilerin problem ¢dzme performanslarim farkl tiirdeki problemlere genelleyebildigini gdstermistir. Xin ve
digerleri (2008), Xin ve Zhang (2009) ve Xin (2019) tarafindan gerceklestirilen ¢aligmalarda, 6grencilerin
performanslarini cebir 6ncesi kavram ve becerilere genelleme durumlarinin incelendigi goriilmektedir. Mevcut
arastirmanin, bu yoniilyle farkli becerilere genelleme durumlarinin incelendigi ¢calismalardan (Xin, 2019; Xin vd.,
2008; Xin & Zhang, 2009) elde edilen bulgular1 destekler ve genisletir nitelikte oldugu goriilmektedir.
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Aragtirmanin sesli diisiinme protokolii bulgularina bakildiginda, 6gretim 6ncesinde deneklerin strateji
kullanim sikliklarinin oldukea diisiik oldugu goriilmiistiir. Ogretim sonrasinda, deneklerin biligsel ve iistbiligsel
stratejilere yonelik yaptiklar: sesletim sayilara bakildiginda, en fazladan en aza dogru, ii¢iincii, birinci ve ikinci
denek seklinde siralandig1 gozlenmistir. Bu deneklerin strateji 6gretim siirecinde ve sonunda sozel problem ¢ézme
performanslarinda da benzer bir siralama goriilmektedir. Bu bulgudan yola ¢ikarak 6grencilerin bilissel ve
iistbiligsel strateji kullanim sikliklar: arttik¢a, sdzel problem ¢6zme performanslarinin da arttig1 sdylenebilir. Elde
edilen bu sonug, problem ¢ézme becerisinde yetkin olan 6grencilerin biligsel ve iistbilissel stratejilere yonelik
repertuarin genis oldugunu 6ne siiren arasgtirmalar ile Srtiismektedir (Montague, 2007; Ozkubat & Ozmen, 2021;
Rosenzweig vd., 2011).

Son olarak, arastirmanin sosyal gegerligine yonelik tiim katilimcilarin olumlu gériislerde olduklar
bulgulanmustir. Yart yapilandirilmis goriismelerle elde edilen sosyal gecerlik verilerinde sadece bir denegin strateji
kullaniminin uzun siire gerektirdigine yonelik olumsuz goriis belirttigi goriilmiigtiir. Ancak ayni denek sosyal
gegerlik formundaki maddelerin tamamina “her zaman” yanit1 vererek olumlu goriis bildirmistir. Bu verilerin
ortiismemesinden dolayi, daha ayrintili bilgi edinmek iizere sosyal gegerlik verilerinin toplanmasinda yari
yapilandirilmis goriismelere yer verilmesinin énemli oldugu diisiiniilmiistiir. Ayrica KMTO’in kullamldig
caligmalardan (Xin, 2019; Xin vd., 2008; Xin & Zhang, 2009) farkli olarak, sosyal gegerlige yonelik 6grenci,
ogretmen ve ailelerden veri toplanmasi yoniiyle, mevcut arastirma KMTO'in sosyal éneminin ve etkilerinin
degerlendirilmesi agisindan bir ilk olmustur.

Bu arastirma, Tiirkiye’de OOG olan dgrencilere Uyarlanmis KMTO paketi ile sdzel problem ¢ézme
becerisinin dgretimine iliskin ilk arastirma olma 6zelligi gdstermektedir. Buna karsin arastirmanin; OOG olan ig
ogrenci ile gergeklestirilmesi, bir asamali toplama ya da ¢ikarma islemi gerektiren karsilagtirma tiiriindeki s6zel
problemlerin &gretimine yer vermesi ve izleme oturumlarinin daha yakin zaman araliklarinda alinmasi gibi
siirliliklart bulunmaktadir. Mevcut ¢alismanin sinirliliklar: ve bulgulari neticesinde, 6zel gereksinimli bireylerle
calisan uygulamacilara, Uyarlanmis KMTO stratejisini kullanarak sdzel problem ¢dzme becerilerinin
kazandirilmasina yonelik 6gretim yapilmast Onerilebilir. Ayrica bu uygulamacilara strateji 6gretimini KDSG
yaklagimi asamalarini ve dl¢iit temelli olma 6zelligini dikkate alarak yiiriitmeleri dnerilebilir. Ileri aragtirmalar igin
ise, mevcut ¢caligmanin, farkli yetersizlik gruplar ile farkli problem tiirleri ve tipleriyle, farkli aragtirmacilarla ve
farkli ortamlarda yinelenmesi Onerilebilir. Diger stratejiler veya geleneksel dgretim yontemleriyle Uyarlanmig
KMTO paketinin etkililik ve verimlilikleri karsilastirilabilir ya da stratejinin baska bir uyarlamasi
gerceklestirilebilir. Ileri arastirmalarda, 6grencilerin ¢ubuk modele gereksinim duymadan kavram semasimi
olusturabilmelerini saglamak amaciyla, on bilgilerin harekete gecirilmesi asamasinda problem yapisi 6gretimi
oturumlarinda daha fazla denemelere yer verilebilir.
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Abstract

Introduction: Word problem-solving skills require the correct and appropriate use of cognitive and metacognitive
strategies. Individuals with specific learning disabilities (SLD) use these strategies less than their peers and
experience significant difficulties employing the strategies they have in appropriate contexts and choosing the right
strategy. Therefore, the objective of the present study is to determine the effect of Modified Conceptual Model-
Based Problem-Solving (COMPS) on the word problem-solving skills of students with specific learning
disabilities.

Method: The study used the multiple probe design with probe trials across subjects, one of the single-subject
research methods. Three students aged 10-11 years who were diagnosed with learning disabilities and studying in
the fourth and fifth grades constituted the study subjects.

Findings: The findings showed that Modified COMPS was effective in improving the performance of students
with learning disabilities in comparison word problems including one-step addition or subtraction and the subjects
maintained their performance two, four, and six weeks after the instruction was completed and could generalize
this performance and the strategies they employed to the real classroom environment. Furthermore, the students
could generalize the strategy they learned to part-whole, separating, and joining word problems including one-step
addition or subtraction. The data obtained from the think-aloud protocols demonstrated that the cognitive and
metacognitive strategies the students used before the instruction increased and diversified significantly for all
problem types after the instruction. According to the social validity findings, the students, their teachers, and
parents expressed positive opinions about the study.

Discussion: The findings of the current study, which taught different cognitive and metacognitive strategies to
students with learning disabilities, support and generalize the findings of the research conducted with students with
special needs in the literature.

Keywords: Cognitive strategy instruction, self-regulated strategies, word problem-solving, learning disability,
think-aloud protocol.
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Introduction

Mathematical skills are among the main areas where students with specific learning disabilities (SLD)
experience difficulty and need intervention (Montague, 1992). These individuals are known to have difficulty
writing numbers, performing basic operations, remembering the steps of operations, solving word problems, using
strategies, and performing operations with appropriate steps. Especially word problem-solving skills are among
the skills that individuals with SLD experience the most difficulty with (Montague et al., 1993). Students with
learning disabilities may experience difficulty in reading and understanding a word problem statement and
applying the solution due to the difficulties they have in reading and their limited short-term, long-term, and
working memory capacities (Wang, 2016).

Word problem-solving skills involve the processes of analyzing and interpreting the information in the
problem statement and deciding on the mathematical operations that should be applied for the solution in line with
these inferences (Montague et al., 1993). To perform all these operations, cognitive and metacognitive strategies
should be used correctly and appropriately in the word problem-solving process (Rosenzweig et al., 2011). It is
suggested that individuals with SLD employ cognitive and metacognitive strategies less than their peers due to
their inability to recall information from their minds and their underdeveloped operational skills (Rosenzweig et
al., 2011; Shin & Bryant, 2015). More importantly, even if students have the cognitive and metacognitive strategies
in question, they experience significant difficulties using these strategies in appropriate contexts and choosing the
appropriate strategy (Swanson, 1990). Therefore, in the problem-solving process, students should be taught not
only what to do, but also how to do it and how to apply the correct strategies (Mayer, 1989). You should become
a model especially to students by thinking aloud so that they can perform the cognitive and metacognitive
operations required in the problem-solving process (Ozkubat, 2019). Therefore, the present study used Modified
Conceptual Model-Based Problem-Solving (COMPS) where cognitive processes in the problem-solving process
are presented through interactive dialogues and supported by self-regulated strategies.

Modified COMPS includes the following four basic components: (i) the bar modeling of the model
drawing strategy that enables the transition from a semi-concrete model to an abstract mathematical model; (ii)
creating concept schemas that facilitate the decision on the correct mathematical operation for the problem solution
(Xin et al., 2008); (iii) the cognitive steps of the problem-solving process (Mercer & Miller, 1992), and (iv) the
metacognitive strategy steps including self-regulated strategies (Cassel & Reid, 1996; Montague, 1992). With the
strategy modification performed in the current study, the bar model and the concept schema developed by Xin
(2008) that can be used for all problem types were included in the visualization step. Visualization followed a
gradual process by transitioning from a less abstract representation (bar model) to a more abstract one (concept
schema). It was thought that this could have a significant effect on students’ learning of visualization strategies
more easily and meaningfully. Furthermore, the current strategy included a single type of schema for all problem
types including addition and subtraction. It was thought that the strategy would prevent the difficulties experienced
by students with SLD in classifying the problem type due to this feature (Powell, 2011). Furthermore, since the
reading comprehension skill is regarded as an important predictor of word problem-solving skills for students with
SLD (Kumas et al., 2019), the reading comprehension skill was included in the cognitive strategy steps of the
current strategy. It was thought that this aspect would contribute to students’ understanding of the problem
statement more easily, distinguishing between necessary and unnecessary information in the problem, and creating
the representation of the problem more easily.

Some studies in the literature have examined cognitive and metacognitive strategies in ensuring that
students with special needs acquire problem-solving skills and instrcutions created by including these strategies
together. These studies frequently include schema-based instructions (e.g. Jitendra et al., 2007; Xin et al., 2005).
The review of the studies from Tiirkiye where problem-solving skills are supported in students with special needs
found few studies on the effectiveness of the intervention program implemented. These studies frequently include
schema-based instructions as an intervention program implemented and work with different disability groups. In
addition to these studies conducted with students with autism spectrum disorder (Kasap, 2015), intellectual
disability (e.g. Karabulut, 2015; Kot & Yikmuis, 2018), and visual impairment (Tuncer, 2009), there is a single
study including students with SLD (Gencan, 2020). This study by Gencan (2020) examined the effects of the
Modified Solve It! Strategy on the mathematical problem-solving skills of students with learning disabilities.
Unlike all of the above-mentioned studies, the current study included a modified version of COMPS, developed
by presenting a different perspective on schema-based approaches. Modified COMPS is the first strategy modified
from the COMPS, which was developed by Xin (2012), by considering the difficulties and requirements of students
with SLD in problem-solving processes. In this regard, it is thought that the present study will be the first in the
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literature and will benefit intervention agents and researchers in terms of examining the effects of the cognitive-
metacognitive strategy instruction package created by modifying a different strategy. Additionally, the current
study used think-aloud protocols to determine whether the frequency of students' strategy use differed before and
after the intervention. Think-aloud protocols are an extremely effective method, particularly for tasks that require
the evaluation of the process rather than the product, such as word problem-solving skills, including cognitive and
metacognitive processes (Wilhelm, 2001). In this respect, a study conducted by Ozkubat (2019) in Tiirkiye used
think-aloud protocols to examine the relationships between the cognitive strategies and metacognitive functions
used by students with SLD and students with low and average success while solving mathematical problems.
Differently, the present study implemented an intervention to ensure that students with SLD acquire word problem-
solving skills and examined differences in the students’ strategy use frequencies before and after the instruction
with the implementation of this intervention using think-aloud protocols. It is thought that the current study will
make an original contribution to the field from this aspect.

In light of all this information, the objective of the present study is to examine the effectiveness of
Modified COMPS in ensuring that students with SLD acquire word problem-solving skills. In line with this general
objective, it was aimed to examine the effects of Modified COMPS on: (1) solving skills of comparison word
problems including one-step addition or subtraction; (2) the frequencies of using cognitive and metacognitive
strategies; (3) the ability to maintain the acquired skill after two, four, and six weeks; (4) the performance in
comparison word problems including one-step addition or subtraction and the ability to generalize the strategies
used to the classroom environment; (5) the ability to generalize them to part-whole, separating, and joining word
problems including one-step addition or subtraction in students with SLD. It was also aimed to determine the
opinions of the students, their teachers, and families about Modified COMPS.

Method
Research Design

This study used the multiple probe design with probe trials across subjects, one of the single-subject
research designs. In the study, experimental control was established with a change only in the level or trend of the
data of the subject for whom instruction was started, the absence of a change in other subjects for whom instruction
was not performed, and the occurrence of similar changes in the trend or level of the data in all subjects sequentially
as the instruction was performed (Tekin-iftar, 2012). Additionally, ethical permission was obtained for the current
study from the Human Research Ethics Committee of Bolu Abant izzet Baysal University on 24.12.2020 at its
meeting numbered 2020/12 with the Protocol number 2020/304.

Participants

This study’s participants consist of subjects, intervention agents, observers, subjects’ families, and
teachers. The subjects of the research are three students, two males and one female, living in Atasehir district of
Istanbul, aged 10-11 years, and diagnosed with SLD. Senemoglu (2005) suggested that students can understand
metacognitive strategies and use the appropriate strategy spontaneously starting from the fourth grade. Therefore,
the condition that students should attend at least the fourth grade was taken into account when selecting students
in the present study. Additionally, other prerequisite skills sought in the subjects were determined as follows: (a)
fulfilling written or verbal instructions consisting of five or more words, (b) having reading and writing skills, (c)
being able to verbally respond to 5W1H questions asked about reading comprehension in texts appropriate to
students’ level with at least 80% accuracy, (d) being able to perform with at least 80% accuracy in addition with
regrouping and subtraction with regrouping (Case et al., 1992), (e) being able to correctly solve at least two and at
most four out of 10 comparison word problems including one-step addition or subtraction (Karabulut, 2015), (f)
showing regular continuity, and (g) not being involved in a study related to the target skill. Five students who met
these prerequisite skills, had no attendance problems, whose family permissions were obtained, and who
volunteered to participate were identified. These students were selected as the subjects of the study, three of whom
were the main subjects, one was the subject in the pilot study, and one was the substitute. Table 1 lists the
demographic characteristics of the subjects presented under code names.
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Table 1
Subjects’ Demographic Characteristics
Subjects’ name Age Gender Diagnosis Grade level

Baris 11 years and 1 month Male SLD 5t grade
Sevgi 10 years and 4 months Female SLD 4t grade
Umut 11 years and 5 months Male SLD 5 grade

Note: SLD = specific learning disabilities.

Setting

All sessions in the study were conducted as a one-on-one teaching arrangement in a 4mx3m room, one
of the individual educational classes in the special education and rehabilitation center where the students were
receiving education. The video camera used to record the sessions was positioned in a suitable place so that the
subject's reactions could be observed clearly.

Dependent and Independent Variables

There are two dependent variables in this study. Whereas the first dependent variable of the study is the
level of the students with SLD included in the study in solving comparison word problems including one-step
addition or subtraction, the second dependent variable is the frequency at which students with SLD use cognitive
and metacognitive strategies to solve word problems. Additionally, the study’s independent variable is Modified
COMPS, which is based on the Self-Regulated Strategy Development (SRSD) model.

Development of Modified Conceptual Model-Based Problem-Solving

The Modified COMPS used in this study was developed by modifying the COMPS model created by Xin
(2012). This modification process was carried out based on the Model Drawing Strategy (Mahoney, 2012)
developed on the basis of Mayer’s Two-Stage Problem-Solving Model and the steps of COMPS (Xin, 2012). The
instruction package in the current study has some similarities and differences with the COMPS (Xin, 2012; Xin et
al., 2008) model. First, the similarity of this instruction package with COMPS is the use of bar models that serve
as transitions in the process of transforming abstract information in the word problem into a schema and the
creation of concept schemas based on bar models. Apart from this similarity, there are significant differences
between Modified COMPS and COMPS (Xin, 2012; Xin et al., 2008). The first and most important of these
differences is that both models include different cognitive strategy steps in the problem-solving process. COMPS
uses a mnemonic strategy called DOTS, which consists of four cognitive strategy steps: D:Detect, O:Organize,
T:Transform, and S:Solve, to guide the problem-solving process. However, the content of Modified COMPS
includes a modification of the cognitive strategy steps suggested by Montague (1992). The Solve It! Strategy
developed by Montague (1992) includes seven cognitive strategy steps: “Read,” “Paraphrase,” “Visualize,”
“Hypothesize,” “Estimate,” “Compute,” and “Check.” In the present study, some modifications were made to these
cognitive strategy steps. The “Paraphrase (your own words)” step of the Solve It! Strategy developed by Montague
(1992) was modified as “Find important information in the problem” step in Modified COMPS. This step is also
present in the Modified Solve It! Strategy developed by Chung and Tam (2005). Furthermore, the “Visualize” step
was named as “Create a model and schema” in the current instruction package. In this step, instead of drawing a
picture or diagram appropriate to the problem, students were asked to create bar models and concept schemas. In
addition to the aforesaid differences, the “Hypothesize” step was named as the “Decide and perform the operation”
step in the current instruction package; in this step, students were expected to make a plan by deciding on the
mathematical operation required for the correct solution of the problem (see Table 2).

Unlike COMPS, Modified COMPS includes the reading comprehension strategy in the "Find important
information in the problem" step of the cognitive strategy. This modification aims to facilitate students’
understanding and analysis of word statements in mathematical problems. To this end, a modification of the KWL
(What do | know?, What do | want to learn?, What is my learning?) strategy developed by Ogle (1986) was
included as a reading comprehension strategy. In this modifictaion, the questions in the KWL strategy were
arranged as follows: “What are the keywords?”, “What is the information given in the problem?” and “What am I
asked to find in the problem?”. Additionally, another difference distinguishing the present instruction package
from COMPS s that in this study, cognitive strategy steps are presented together with self-regulated strategies.
Furthermore, unlike COMPS, the stages of the SRSD approach developed by Case et al. (1992) are taken as a basis
in the presentation of Modified COMPS. These features are among the most important elements distinguishing
Modified COMPS from COMPS. Consequently, as seen in Table 2, Modified COMPS consists of five cognitive
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strategy steps: (a) reading the problem, (b) finding important information in the problem, (c) creating a model and
schema, (d) deciding and performing the operation, and (e) checking. Moreover, each of the cognitive strategy
steps is supported by three metacognitive strategies: (a) self-instruction, (b) self-questioning, and (c) self-
monitoring (Reid & Lienemann, 2006), among self-regulated strategies.

Table 2
Steps of Modified Conceptual Model-Based Problem-Solving
Cognitive strategy steps Operations Metacognitive strategy steps

Understanding the problem

Read the problem.

Find important Read the problem aloud. Self-instruction
. portan Find and circle the keywords. Self-questioning
information in the . - S o
problem. Ask yourself what the important information is. Self-monitoring

Representation of the problem
Draw bar models. Self-instruction
Csrsﬁéerznimodel and Write the information given on the bar model. Self-questioning
' Create the concept schema by looking at the bar model. Self-monitoring

Solving the problem
Decide and perform the  Decide what operation should be performed for the solution. Self-instruction
operation. Perform the mathematical operation. Self-questioning
Check. Check the result and the process. Self-monitoring

Data Collection Tools

To determine the subjects’ word problem-solving performance, a Word Problem Assessment Sheet was
used at baseline, end of instruction phase, post-instruction, and in the maintenance and generalization sessions.
This assessment sheet consists of 10 word problems, whose necessary arrangements were made in line with expert
opinion. In these sessions, the Word Problem-Solving Data Collection Form was used to record the subjects’
responses to the word problems in the Word Problem Assessment Sheet. Additionally, the Strategy Observation
Form was used for data collection in order to determine the generalization of the strategies employed by the
subjects in word problems to the classroom environment.

The think-aloud protocol coding form was used to determine the subjects' use of cognitive and
metacognitive strategies in the word problem-solving process. This form utilized in the present study was
developed based on the think-aloud protocol coding and scoring form used by Sweeney (2010). This coding form,
included by Sweeney (2010), consists of two main categories: cognitive and metacognitive strategies (Rosenzweig
etal., 2011). The cognitive strategies heading of this form includes seven cognitive strategies in Montague's (2003)
problem-solving model, namely reading the problem, paraphrasing, visualizing, hypothesizing, estimating,
computing, and checking. In addition, this form includes self-instruction, self-questioning, self-monitoring, and
self-regulated strategies as productive metacognitive strategies, while the calculator, comment, and emaotion
headings are included as non-productive metacognitive strategies (Rosenzweig et al., 2011; Sweeney, 2010). The
think-aloud protocol coding form in the current study has some differences from the form used by Sweeney (2010).
Considering the content of the instruction package, the form used in the present study includes the cognitive
strategies of reading the problem, finding important information in the problem, creating visuals, deciding,
computing, and checking in the cognitive strategies category. Another difference is that the current study did not
include articulations for self-correction and calculator. Instead, in the metacognitive strategy category,
articulations for self-instruction, self-questioning, and self-monitoring strategies were coded as productive
metacognitive strategies, while the emotional states the students experienced during the problem-solving process
and their comments about the process were coded as non-productive metacognitive strategies (Ozkubat, 2019).
The form includes six types of self-instruction strategies: “problem definition” (identifying the nature and
requirements of the task), “strategy use” (using the strategy and engaging with the strategy), “focusing attention
and planning” (focusing attention on the task and creating a plan), “self-evaluation and error correction”
(evaluating performance in processes and products, finding and correcting errors), “coping with problems”
(understanding difficulties and failures, coping with emotional states), and “self-reinforcement” (rewarding
oneself for performance) (Reid & Lienemann, 2006). The present form consists of two sections. The first section
of the form includes an area where the participant’s articulations are transcribed by coders; the second section
includes an area where the participant’s cognitive and metacognitive strategy usage frequencies and percentages
are presented.
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To collect social validity data in the study, 18-item forms presented to the subjects, 9-item forms presented
to teachers, and 8-item forms presented to families were used. Furthermore, data were collected by asking seven
semi-structured interview questions to the subjects to obtain more detailed information about the content, process,
and effects of the intervention.

Supports Used in Modified Conceptual Model-Based Problem-Solving

Six different supports were used in the instruction process of Modified COMPS: (a) Concept Schema
Sheet used to create the concpt schema based on the bar model, (b) Strategy Flow Chart Sheet including the steps
of Modified COMPS, (c) Problem Sheet including the word problem, (d) Self-Monitoring Sheet including the
strategy steps and used to help students determine which step they are at, (e) Decision Tree used in the “Decide
and perform the operation” step of the strategy to facilitate the decision-making process of the mathematical
operation to be done to solve the problem, and (f) Strategy Checklist, allowing students to check whether they
have fulfilled the strategy steps that they are supposed to implement.

General Procedure
Pilot Study

Before proceeding to the implementation process of the study, a pilot study was conducted with one of the
substitute students who had the prerequisite skills and was not involved in the experimental process in order to identify
possible difficulties that might arise during the implementation of the Modified COMPS strategy in advance and to make
the necessary arrangements if any. In the pilot study, one session was included for each of the stages of activating the
background knowledge of the SRSD approach, discussing the strategy, and modeling the strategy, and two sessions were
included for the think-aloud protocol process. An observer accompanied the pilot study sessions, and the student and the
intervention agent were video-recorded. The video recordings obtained were shown to a faculty member to obtain their
opinions. In line with the faculty member’s and observer’s opinions, the necessary arrangements were made in the
instruction process and content, and the experimental process of the research was initiated.

Experimental Process

The experimental process of the study was conducted four days a week, with one session per day. This process
was completed in approximately six months. A flowchart illustrating the experimental procedure is presented in Figure
1.

Figure 1
Flow Chart for The Experimental Process of The Study

Pre-Instruction Process Instruction Process Post-Instruction Process
| a8 ~ N
Baseline and probe ‘ Instruction sessions ' Post-instruction
sessions assessment sessions
End of Instruction
Pre-instruction Phase Assessment Post-instruction
generalization sessions sessions conducted generalization sessions
after each instruction
Pre-instruction strategy session Post-instruction
use assessment strategy use
sessions assessment sessions
Social validity sessions
Maintenance sessions
\ ) /’J \ / \ j

Baseline and Probe Sessions

Baseline sessions were conducted before the instruction sessions to determine the subjects’ word
problem-solving performance. In each session, 10 different comparison word problems including one-step addition
or subtraction were presented to the subjects, and they were asked to solve these problems by thinking aloud.
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During this process, the intervention agent did not intervene in the situations where the subjects made mistakes or
experienced difficulty. Baseline sessions were first started with Baris, and probe data were collected from Sevgi
and Umut. After the baseline data for Baris displayed stability for at least three consecutive sessions, the instruction
sessions were initiated. When the first data in which Barig reached the accuracy level of 90% and above in the
post-instruction assessment sessions were obtained, the baseline data for Sevgi were started to be collected, and a
probe session was held with Umut. After the baseline data for Sevgi displayed stability for at least three consecutive
sessions, the instruction sessions were started. When the first data in which Sevgi reached the accuracy level of
90% and above in the post-instruction assessment sessions were obtained, the baseline data for Umut were started
to be collected. Likewise, after the baseline data for Umut displayed stability for at least three consecutive sessions,
the instruction sessions were initiated.

Instruction Sessions

The instruction sessions in which Modified COMPS was taught were started with the subjects displaying
stability in at least three consecutive baseline sessions. Modified COMPS was presented according to the stages
of the SRSD approach. The instruction in the SRSD approach is criterion-based instead of time-based. After
students reach a particular level of competence at each stage, the next stage is proceeded to (Reid & Lienemann,
2006). The current instruction package was presented based on the stages of the SRSD approach, which are
activating background knowledge, discussing the strategy, modeling the strategy, supporting the strategy, and
independent performance.

Activating Background Knowledge. This stage was conducted in two sessions to teach the background
knowledge required in the use of the strategy and the problem-solving process. In the first session, the keywords
that would enable students to understand the relationships between the information in the word problem were
taught. This process was terminated when the student reached the criterion of independently identifying 100% of
the keywords for all types of comparison problems. In the second session, the problem structure was taught, and
the student was taught to represent the information in the problem with bar models and create the concept schema
based on the bar model. This process was terminated when the student independently placed the information in
the problem in the appropriate places in the bar models and concept schemas with 100% accuracy for all types of
comparison problems.

Discussing the Strategy. At this stage, the characteristics of good problem solvers and the benefits of
using the strategy were mentioned, and the steps of the strategy were introduced by applying them to a previously
determined sample word problem. The current stage was terminated when the student reached the criterion of
saying the strategy steps independently and sequentially with 100% accuracy.

Modeling the Strategy. After the strategy’s steps were introduced, the modeling stage was started, where
it was shown how and when to use these steps and self-regulated strategies. At the present stage, the intervention
agent was expected to model how and why he/she used the strategy steps and self-regulated strategies on a sample
problem and what he/she thought while using them by thinking aloud. This stage was terminated when the student
reached the criterion of saying the names of the strategy steps and what to do in each step in a sequential and
independent manner without looking at the flow chart sheet with 100% accuracy.

Supporting the Strategy. At the current stage, first, a word problem was solved with the student under
the intervention agent’s guidance, the intervention agent became a model to the student at the points the student
needed, and the student was guided in implementing the strategy steps. In the subsequent sessions, the supports
were gradually withdrawn, and the student was expected to remember the process and draw the model and schema
himself/herself. This stage was terminated when the student gained independence in implementing the cognitive
and metacognitive strategy steps correctly and sequentially without using the supports.

Independent Performance. At this stage, the student was expected to implement the strategy steps
correctly and sequentially, in the presence of the supports, and to apply the strategies of self-instruction, self-
questioning, and self-monitoring independently. This process was terminated when the student answered at least
9 out of 10 problems correctly, independently, without any support, using strategy steps and self-regulated
strategies appropriately and correctly. At the end of the process, the post-instruction assessment sessions were
conducted.
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Table 3

Number of the Instruction Sessions Conducted with the Subjects in the Experimental Process
Stages of Instruction Barig Sevgi Umut
Activating background knowledge 2 2 2
Discussing the strategy 1 1 1
Modeling the strategy 5 6 4
Supporting the strategy 2 3 2
Independent performance 2 3 2
Total 12 15 11

Each instruction session was held following the stages mentioned above. Table 3 contains information on
the number of instruction sessions in the instruction stages conducted with the subjects. A total of 12 instruction
sessions were conducted for Barig, 15 for Sevgi, and 11 for Umut. The instruction continued until the subjects
independently reached the criterion of solving comparison word problems including one-step addition or
subtraction with at least 90% accuracy in the instruction sessions. End of Instruction Phase Assessment sessions
were included after each instruction phase session, whereas Post-Instruction Assessment sessions were included
with the end of the instruction. These assessment sessions were conducted similarly to the probe and baseline
sessions.

Strategy Use Assessment Sessions

To determine differences in the subjects’ use of cognitive and metacognitive strategies, the think-aloud
protocol was implemented at two different times, before and after the instruction. In these assessment sessions,
three think-aloud protocol sessions were conducted with each subject, separately for three types of comparison
problems including one-step addition or subtraction. Hence a total of six think-aloud protocol sessions were
conducted with each subject, three before and three after the instruction. In the pre-instruction strategy assessment
sessions, the intervention agent first modeled the think-aloud process by explaining the thoughts passing through
his/her mind to the subject while playing the “Target 4” game. Afterward, the subject was asked to say all the
thoughts passing through his/her mind while solving the problem in front of him/her aloud, and no intervention
was performed. However, the intervention agent reminded the subject, “Please continue thinking aloud,” if the
subject did not think aloud for 5 seconds. The post-instruction strategy use assessment session was held similarly
to the pre-instruction session. The subjects’ strategy use was recorded on the coding form.

Generalization Sessions

To collect data on the subjects' generalization levels of their performance in comparison word problems
including one-step addition or subtraction to the classroom environment and on their generalization levels to part-
whole, separating and joining word problems including one-step addition or subtraction, generalization sessions
were conducted with each subject in the form of pre-test and post-test before and after the instruction. Furthermore,
sessions were organized after the instruction to assess the strategies used by the subjects in comparison word
problems including one-step addition or subtraction and their generalization to the classroom environment.

Maintenance Sessions

After the post-instruction assessment sessions, three maintenance sessions were conducted for each
subject to assess whether the subjects maintained the skills they acquired after two, four, and six weeks. Data from
the maintenance sessions were collected similarly to the baseline sessions.

Data Collection and Analysis
Collection of Effectiveness and Maintenance Data

A Word Problem Assessment Sheet containing 10 different comparison word problems including one-
step addition or subtraction was presented to the subjects at baseline, end of instruction phase, and in post-
instruction assessment and maintenance sessions, and the subjects' responses were recorded on the Word Problem-
Solving Data Collection Form. The levels at which the subjects performed word problem-solving skills were
computed using the formula “Percentage of correct responses = Number of correct responses / Total number of
responses x 100”. The data obtained were converted into line charts and analyzed through visual analysis.
Additionally, percentage of nonoverlapping data (PND) analysis and Tau-U analysis techniques were employed
to calculate effect size (Parker & Vannest, 2009; Parker et al., 2011; Scruggs et al., 1986).
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Collection and Analysis of Generalization Data

Generalization data were collected concerning the generalization levels of the subjects' performance in
comparison word problems including one-step addition or subtraction to the classroom environment and the
generalization levels to part-whole, separating and joining word problems including one-step addition or
subtraction. The data obtained using the pre-test-post-test model are presented on a bar chart. The generalization
data were analyzed by comparing the pre-test and post-test data.

In the process of collecting data regarding the generalization levels of the strategies employed by the
subjects in comparison problems to the classroom environment, the strategies used by the subjects while solving
the word problems on the word problem assessment sheet in the classroom environment in the mathematics class
after the instruction were observed. The data obtained were recorded on the Strategy Observation Form and shown
on a line chart. The levels of using the strategies increased as a result of implementing the independent variable.
This increase demonstrated the effect of the applied strategy.

Collection and Analysis of Data Regarding Strategy Use Levels

Think-aloud protocol practices were carried out at two different times, before and after the instruction, to
determine whether the subjects’ frequency of cognitive and metacognitive strategy use differed during the word
problem-solving process. First, the students underwent the think-aloud protocol training. However, unlike other
studies (Ozkubat, 2019; Sweeney, 2010), since it was thought that it could affect the single-subject intervention
process, the current study used a game called “Target 4” as a model for the think-aloud process instead of
mathematical problems in this training.

All think-aloud protocol intervention sessions were video recorded. Afterward, the video recordings were
watched, and the subjects' articulations during the problem-solving process were written word for word in the
Word Problem Articulation Statements field, the first section of the Think-Aloud Protocol Coding Form. Then,
coding related to cognitive and metacognitive strategies was performed on the subjects' written articulation
statements. Afterward, the data obtained regarding strategy usage frequencies based on the codes created were
recorded separately for each word problem in the table in the form’s second section. Descriptive analyses of the
obtained data were conducted in line with cognitive and metacognitive strategy categories. Qualitative data were
converted into quantitative data by calculating frequencies and percentages.

Collection and Analysis of Social Validity Data

To determine opinions about modified COMPS, data were collected using social validity forms rated
between one and three and presented to the subjects, teachers, and families. The collected data were calculated as
percentage and analyzed. Additionally, the qualitative data obtained from the subjects through semi-structured
interviews were analyzed via content analysis.

Reliability Calculations

In the present study, four types of reliability calculations were performed: (a) treatment fidelity for the
independent variable, (b) interobserver reliability for the first dependent variable, (c) reliability of the transcription
of articulations, and (d) interrater reliability regarding the think-aloud protocol intervention sessions for the second
dependent variable. Two observers, an academician with a bachelor's and master's degree in special education who
is currently working on a doctoral dissertation in the same field, and an academician with a bachelor's, master's,
and doctorate degree in special education, collected data for reliability calculations. Interrater and interobserver
reliability calculations were performed by dividing the agreement by the sum of the agreement and disagreement,
and multiplying the result by 100 (Erbas, 2012).

For interobserver reliability, at least one sample was taken from each session for each subject and shown
to the observers. Interobserver reliability was found to be 100% for all subjects. Moreover, treatment fidelity was
calculated for all instruction, assessment, and think-aloud protocol intervention sessions. At least one sample was
selected for each subject from these sessions through unbiased assignment, and it was ensured that the observers
watched at least 30% of the selected video recordings. The data were recorded in the Treatment Fidelity Data
Recording Form for the instruction and assessment sessions and in the Think-aloud Protocol Treatment Fidelity
Data Recording Form for the think-aloud intervention sessions. Then, the forms were examined, and the treatment
fidelity coefficient was found using the formula “[(observed implementer behavior/planned implementer behavior)
x 100]” (Erbas, 2012). Treatment fidelity was computed to be 100% for each subject in all instruction, assessment,
and think-aloud protocol intervention sessions.
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In the current study, two types of reliability calculations were performed: reliability of articulation
transcripts and interrater reliability for the think-aloud protocol intervention sessions. At least one sample from
the videos of the pre- and post-instruction processes of the think-aloud protocol intervention sessions was selected
by the unbiased assignment method. To collect data on the reliability of articulation transcripts, at least 30% of
these video recordings were examined for each subject. The reliability of articulation transcripts was calculated to
be 100% for each subject. Second, interrater reliability data were collected to examine the consistency of the
codings performed for cognitive and metacognitive strategies on the transcribed articulations. The data were
recorded on the Think-Aloud Protocol Coding Form. In this respect, whereas the interrater reliability regarding
the cognitive-metacognitive strategies employed by the students before the instruction was 100% for all subjects,
it was calculated to be 96.1%, 96.7%, and 97.2% for Baris, Sevgi, and Umut, respectively, after the instruction.
Furthermore, while the interrater reliability regarding the cognitive strategies used by the students after the
instruction was computed to be 100% for all subjects, the interrater reliability concerning the metacognitive
strategies used after the instruction was calculated to be 93.3%, 95%, and 95.5% for Barig, Sevgi, and Umut,
respectively.

Findings
Effectiveness Findings

Figure 2 presents the effectiveness findings. According to these findings, in the baseline sessions, Barig
performed at an average accuracy level of 20%, Sevgi at 23.3%, and Umut at 26.6%. In the post-instruction
assessment sessions, Barig performed at an average accuracy level of 96.6%, Sevgi at 90%, and Umut at 100%.
These findings showed that the performance of all three subjects exceeded the accuracy level of 90% in solving
comparison problems at the end of the strategy instruction. Furthermore, while the performance of all subjects in
solving comparison word problems was low at baseline, the performance of each subject increased after the
strategy instruction. Additionally, Baris, Sevgi, and Umut maintained their problem-solving skills at an average
accuracy level of 96.6%, 96.6%, and 100%, respectively, in the maintenance sessions.
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Figure 2

SKILLSTO STUDENTS WITH SPECIFIC LEARNING DISABILITIES

Effectiveness Findings Regarding the Subjects’ Word Problem-Solving Levels

B ABK DS
100 A
90 H
80 -
70 A

responses

ENNwWbS oo
QOO OOOO
1

Percentage of correct

MS

SS

IP

'

PIA

'

M

11

Baris

=
o
w
o~
o
o

78 91011

1213

1415

161718

2W AW 6W

100 -
90 -
80 A
70 A
60 A
50 -
40 A
30 -
201 m
10 A

Percentage of correct
responses

B

ABK DS

MS

Sevgi

100 -
90 A
80 -
70 A
60 -
50 -
40 A
301 m
20 A
10 A

Percentage of correct
responses

o

o

7

8 010111213

141516

171819

202122723

2W AW 6W

B

2’8

ABK DS

s

MS

e

SS

Umut

0+

3

Sessions

"345

67

8

9101112 1314 1516

171819

2W a4 W
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In addition to these findings, to assess the impact of the Modified COMPS presented with the SRSD
model on the word problem-solving skills of students with SLD, the effect size was calculated using the PND and
Tau-U analysis techniques, and the findings obtained are presented in Table 4. The PND effect size value was
determined to be 90.1% for all subjects and was found to be highly effective. The Tau-U effect size value was
determined to be 0.9336 for all subjects and was found to be highly effective. These findings support the visual
analysis findings indicating that Modified COMPS is effective in ensuring that students with SLD acquire word
problem-solving skills.

Table 4
Findings Regarding Effect Size Calculations
Subjects PND Effect level Tau-U Effect level
Baris 93.3% Highly effective 0.9333 Highly effective
Sevgi 84.2% Effective 0.9079 Effective
Umut 92.8% Highly effective 0.9571 Highly effective
Mean 90.1% Highly effective 0.9336 Highly effective

Note: PND = percentage of nonoverlapping data.
Generalization Findings

The study examined the subjects’ (a) generalization levels of their perfromance in solving comparison
word problems including one-step addition or subtraction and the strategies they employed in these problems to
the classroom environment and (b) generalization levels to part-whole, separating and joining word problems
including one-step addition or subtraction.

Figure 3

Findings Regarding the Generalization Levels of the Subjects’ Performance in Comparison Word Problems
Including One-Step Addition or Subtraction
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Figure 3 shows the findings regarding the pre-test and post-test sessions for the generalization levels of
the subjects’ performance in comparison word problems including one-step addition or subtraction. Baris, Sevgi,
and Umut performed at 20%, 20%, and 30%, respectively, in the pre-test sessions, and all subjects performed at
an accuracy level of 100% in the post-test. These findings demonstrate that all subjects could generalize their
performance in comparison word problems including one-step addition or subtraction to the classroom
environment after the strategy instruction.
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Figure 4

Findings Regarding the Generalization of the Strategies Used by the Subjects in Comparison Word Problems
Including One-Step Addition or Subtraction
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Figure 4 shows generalization findings regarding the generalization levels of the strategies used by the
subjects in comparison word problems including one-step addition or subtraction to the classroom environment
for each subject. It can be said that Baris generalized cognitive strategies to the classroom enronment at 100%,
90%, 100%, 100%, and 90%, respectively, and generalized metacognitive strategies to the classroom environment
at 90%, 80%, and 100%, respectively. Sevgi generalized cognitive strategies to the classroom environment at
100%, 90%, 90%, 90%, and 90%, respectively, and generalized metacognitive strategies to the classroom
environment at 90%, 80%, and 90%, respectively. Finally, it can be stated that Umut generalized cognitive
strategies to the classroom environment at 100%, 100%, 100%, 100%, and 90%, respectively, and generalized
metacognitive strategies at 100%, 100%, and 90%, respectively.

Figure 5

Findings Regarding the Subjects’ Generalization to Whole-Part, Joining and Separating Word Problems
Including One-Step Addition or Subtraction
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Figure 5 displays findings regarding the subjects’ generalization to whole-part, separating, and joining
word problems including one-step addition or subtraction for each subject. Whereas the subjects’ performance in
the pre-test sessions for part-whole word problems was 30% for Baris, 20% for Sevgi, and 30% for Umut, their
performance in the post-test was 100% for Baris, 90% for Sevgi, and 100% for Umut. While the performance of
each subject in the pre-test sessions for joining word problems was 20%, their performance in the post-test was
90%. Finally, the performance in the pre-test sessions for separating word problems was 10% for Baris and Sevgi
and 30% for Umut, while the performance in the post-test was 90% for Baris and Sevgi and 100% for Umut. These
findings indicate that all subjects could generalize their performance in comparison word problems to different
types of word problems.

Findings Regarding Think-Aloud Protocols

The think-aloud protocol was implemented at two different times, before and after the instruction, to
determine differences in the subjects’ use of cognitive and metacognitive strategies in word problem-solving
processes. Since the session should include three think-aloud protocol sessions separately for three types of
comparison problems including one-step addition or subtraction, a total of six think-aloud protocol sessions were
held for each subject. The findings obtained are presented in Table 5, Table 6, and Table 7 for each subject,
respectively, as frequency and percentage calculations.

Table 5
Baris’s Findings Obtained from Think-Aloud Protocols

TAP-1 TAP-2 TAP-3
Pre-1 Post-I Pre-1 Pre-1 Post-I Pre-1
f % f % f % f % f % f %
Coghnitive strategies

Reading the problem 3 %38 3 %4 3 %38 3 %3 3 %38 3 %3

Finding important information in the problem 0 %0 5 %7 0 %O 6 %7 0 %0 6 %7
Creating a bar model 0 %0 3 %4 0 %0 4 %5 0 %0 4 %4

Creatinga Creating a concept schema 0 %0 3 %4 0 %0 3 %3 0 %0 4 %4

visual C(;;a:slrg?ngther visuals such as figures and 0 %0 0 %0 0 %0 0 %0 0 %0 0 %0
Deciding 0 %0 4 %5 1 %12 4 %5 0 %0 4 %4
Computing 4 %50 5 %7 2 %25 4 %5 4 %50 4 %4

Checking 0 %0 5 %7 0 %0 8 %9 0 %0 7 %8
Total 7 %88 28 %38 6 %75 32 %37 7 %88 32 %34

Metacognitive strategies
Productive metacognitive strategies

Problem definition 0 %0 4 %5 0 %O 5 %6 0 %0 6 %7
Strategy use 0 %0 9 %13 0 %0 12 %13 0 %0 13 %l4

Self-instruction Focusing attention and planning 0 %0 6 %8 0 %O 8 %9 0 %0 8 %9

Self-evaluation and error correction 0 %0 5 %7 0 %0 7 %8 0 %0 7 %8

Coping with problems 0 %0 1 %1 0 %0 3 %3 0 %0 3 %3

Self-reinforcement 0 %0 3 %4 0 %0 3 %3 0 %0 3 %3

Self-questioning 0 %0 6 %8 0 %0 6 %7 0 %0 7 %8

Self-monitoring 0 %0 7 %10 0 %0 8 %9 0 %0 8 %9
Total 0 %0 41 %56 0 %0 52 %58 0 %0 55 %61

Non-productive metacognitive strategies

Emotion 0 %0 2 %3 2 %25 3 %3 1 %12 3 %3

Comment 1 %12 2 %3 0 %0 2 %2 0 %0 2 %2

Total 1 %12 4 %6 2 %25 5 %5 1 %12 5 %5
Total 1 %12 45 %62 2 %25 57 %63 1 %12 60 %66
General total 8 %100 73 %100 8 %100 89 %100 8 %100 92 %100

Note: I = insturction; TAP = think-aloud protocol.
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Table 6
Sevgi’s Findings Obtained from Think-Aloud Protocols
TAP-1 TAP-2 TAP-3
Pre-1 Post-1 Pre-I Pre-1 Post-I Pre-I
f % f % f % f % f % f %
Cognitive strategies
Reading the problem 3 %30 3 %4 3 %43 4 %5 3 %43 3 %4
Finding important information in the problem 0 %0 5 %7 0 %0 6 %8 0 %0 5 %6
Creating a bar model 0 %0 4 %6 0 %0 4 %5 0 %0 4 %5
Creating a visual Creating a concept schema 0 %0 3 %4 0 %0 4 %5 0 %0 3 %4
Creating other visuals such as figuresand diagrams 0 %0 0 %0 0 %0 0 %0 0 %0 0 %0
Deciding 1 %10 3 %4 1 %14 3 %4 0 %0 2 %3
Computing 4 %40 5 %7 3 %43 4 %5 4 %57 4 %5
Checking 0 %0 5 %7 0 %0 7 %9 0 %0 7 %9
Total 8 %80 28 %39 7 %100 32 %41 7 %100 28 %36
Metacognitive strategies
Productive metacognitive strategies
Problem definition 0 %0 3 %4 0 % 4 %5 0 %0 5 %6
Strategy use 0 %0 9 %13 0 %0 9 %12 0 %0 12 %15
Self-instruction Focusing attention and planning 0 %0 7 %10 0 %0 7 %9 0 %0 7 %9
Self-evaluation and error correction 0 %0 6 %9 0 %0 6 %8 0 %0 7 %9
Coping with problems 0 %0 2 %3 0 %0 3 %4 0 %0 3 %4
Self-reinforcement 0 %0 1 %l 0 %0 2 %3 0 %0 2 %3
Self-questioning 0 %0 5 %7 0 %0 4 %5 0 %0 5 %6
Self-monitoring 0 %0 7 %10 0 %0 7 %9 0 %0 6 %8
Total 0 %0 40 %57 0 %0 42 %55 0 %0 47 %60
Non-productive metacognitive strategies
Emotion 0 %0 1 %l 0 %0 2 %3 0 %0 1 %l
Comment 2 %20 2 %3 0 %0 1 %1 0 %0 2 %3
Total 2 %20 3 %4 0 %0 3 %4 0 %0 3 %4
Total 2 %20 43 %61 0 %0 45 %59 0 %0 50 %64
General total 10 %100 71 %100 10 %100 77 %100 10 %100 78 %100
Note: | = insturction; TAP = think-aloud protocol.
Table 7
Umut’s Findings Obtained from Think-Aloud Protocols
TAP-1 TAP-2 TAP-3
Pre-1 Post-1 Pre-I Pre-I Post-1 Pre-I
f % f % f % f % f % f %
Cognitive strategies
Reading the problem 3 %30 4 %5 3 %30 3 %3 3 %30 3 %3
Finding important information in the problem 0 %0 6 %8 0 %0 7 %7 0 %O 7 %7
Creating a bar model 0 %0 0 %0 0 %0 4 %4 0 %0 5 %5
Creating a visual Creating a concept schema 0 %0 5 %7 0 %0 4 %4 0 %0 4 %4
Creating other visuals such as figures and diagrams 0 %0 0 %0 0 %0 0 %0 0 %0 0 %0
Deciding 1 %10 3 %4 1 %10 4 %4 1 %10 4 %4
Computing 3 %30 5 %7 2 %40 6 %6 3 %30 5 %5
Checking 0 %0 6 %8 0 %0 8 % 0 %0 7 %7
Total 7 %70 29 %39 6 %60 36 %36 7 %70 35 %35
Metacognitive strategies
Productive metacognitive strategies
Problem definition 0 %0 2 %3 0 %0 6 %6 0 %0 7 %7
Strategy use 0 %0 12 %16 0 %0 13 %13 0 %0 14 %14
Self-Instruction Focusing attention and planning 0 %0 6 %8 0 %0 8 %8 0 %0 8 %8
Self-evaluation and error correction 0 %0 6 %8 0 %0 8 %8 0 %0 8 %8
Coping with problems 0 %0 2 %3 0 %0 3 %3 0 %0 2 %2
Self-reinforcement 0 %0 1 %1 0 %0 3 %3 0 %0 3 %3
Self-questioning 0 %0 6 %8 0 %0 8 %8 0 %0 8 %8
Self-monitoring 0 %0 7 %10 0 %0 9 %9 0 %0 9 %9
Total 0 %0 42 %57 0 %0 58 %58 0 %0 59 %59
Non-productive metacognitive strategies
Emotion 1 %10 1 %l 2 %20 3 %3 1 %10 3 %3
Comment 2 %20 2 %3 2 %20 3 %3 2 %20 3 %3
Total 3 %30 3 %4 4 %40 6 %6 3 %30 6 %6
Total 3 %30 45 %61 4 %40 64 %64 3 %30 65 %65
General total 10 %100 74 %100 10 %100 100 %100 10 %100 100 %100
Note: I = insturction; TAP = think-aloud protocol.
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These findings show that the frequency of strategy use of each subject in all think-aloud protocol sessions
increased at the end of the instruction in comparison with that before the instruction. Additionally, the articulations
of each subject in the word problem-solving process before the strategy instruction mainly consisted of cognitive
strategies, whereas the subjects started to use metacognitive strategies more frequently after the strategy instruction
than before the instruction. In other words, the percentage of articulations concerning metacognitive strategies in
the word problem-solving process increased for all subjects after the strategy instruction. Despite all these,
considering the findings regarding percentage calculations, the articulations of cognitive strategies decreased in
percentage, while the articulations of metacognitive strategies gained weight after the instruction compared to the
pre-instruction period. The main reason for this is that the articulations of metacognitive strategies gained weight
in percentage after the instruction. Although the articulations of cognitive strategies decreased in percentage after
the strategy instruction, they actually increased significantly in frequency. In summary, the cognitive and
metacognitive strategies employed by each subject before the instruction increased and diversified significantly
for all problem types after the instruction. Table 8 contains sample statements including the subjects' articulations
for each subheading of cognitive and metacognitive strategies in problem-solving processes.

Table 8

Sample Statements Regarding the Subjects’ Use of Cognitive and Metacognitive Strategies Obtained in Think-
Aloud Protocols

Statements regarding the use of cognitive strategies
Coghnitive strategies Functional definitions Sample statements
There are two cars on a train. There are 38 passengers in the first
car of the train. The number of passengers in the second car is
5 more than the number of passengers in the first car.
Accordingly, how many passengers are there in the second car?

| said there were 38 passengers in the first car; this was my first
information.

The second information given was that there were 5 passengers
in the other car.

Reading the problem
completely and correctly from
beginning to end

Reading the
problem

Finding important Expressing the keywords in the
information in the problem or the requested
problem information verbally

Creating bar models to
represent information in the
problem, creating concept
schemas on bar models

Deciding on the mathematical
calculations that should be

I’m drawing a bar exactly the same as Ahmet’s.
This bar is longer. In other words, it should be more than 38.
I’m writing 16 here in the schema because it is a small number.

Creating visuals

Okay, now | know the difference with the smaller one. | need to

Deciding erformed to solve the find the larger one, i.e. | will perform the addition.
P I don’t know this, so I need to add the two.
problem
. . 38 and 5 are added together. 8 and 5 make 13. | wrote 3 here. |
. Verbalizing mathematical - .
Computing - carry the 1 over to the tens column, i.e. there is 4. Okay, the
calculations -
answer is 42.
Checking the prol_:;lem-solvmg | created the schema and models. Oh, | also read it first, of
. steps, the operations - -
Checking erformed. and the accurac course. | did the operation last.
P - y 8 and 5 make 13. So, 4 is here, and the result is 42.
of the calculations
Statements regarding the use of metacognitive strategies
Productive
metacognitive Functional definitions Sample statements
strategies

Identifying the nature and
Self-instruction requirements of the task or
Problem definition reminder statements related to
the strategy’s steps

What should | do first?
| did it. What should | do now?
What should | do here?

Now, | should create a concept schema. In this step, | should
write information on the diagram. | should write the difference
amount here in the diagram, and the smaller amount here.

Self-instruction Using the strategy and engaging  First, | must read the problem, of course. Then I should find the
Strategy use with the strategy important information. Then, a model and schema. Finally, |
must decide on the operation and find the result. In other words,
I must read the problem first.
I should write the keywords | found in this box.

Ozli-Unlii & Yikmis ONLINE FIRST



THE EFFECTIVENESS OF MODIFIED CONCEPTUAL MODEL-BASED PROBLEM-SOLVING IN TEACHING WORD 17
PROBLEM-SOLVING SKILLS TO STUDENTS WITH SPECIFIC LEARNING DISABILITIES

Table 8 (continue)

Productive
metacognitive strategies

Functional definitions Sample statements

Self-instruction Now, | should be careful.

. . Focusing attention on the task and First, 1 will read the problem carefully.
Focusing attention and . - . .
. creating a plan Now, | will draw the model first, then | will look at the
planning di
iagram.
Did I draw the bar model correctly? No, let me
extend this a little. It was said “more” in the
Self-instruction Evaluating performance in processes problem, so this should be longer.
Self-evaluation and and products, finding and correcting  Oh, wait, I said it wrong. ...I was going to say, “5 more
error correction errors passengers.”

Let me check it right away; did | write the amount in
the difference box correctly?

No problem, if I don’t understand, I will read it again
anyway.

If | proceed step by step, | can easily find the
information requested from me. There is no need to

Understanding difficulties and

Self-instruction - : - .
failures, coping with emotional

Coping with problems

situations panic; if I can’t find it, I’ll look at the problem again.
My task is easy, | know what to do.
. . I think I’'m solving it well.
Self-lns_tructlon Rewarding yourself for the Good, | remember it.
Self-reinforcement performance

How did | complete it all?

Do | know the whole?

What does the problem want me to find?

What is the first information given in the problem?
I have completed both steps of my strategy.

When | find this, | will have found all important
information in the problem.

Thinking about the problem and

Self-questioning solution steps

Self-monitoring Monitoring the performance and

progress I have only one question left from my questions of
understanding the problem.
Non-productive Functional definitions sample statements

metacognitive strategies

Emotion Personal statements related to the task I like drawing bar models, it’s entertaining.

used while performing the task It is fun after that; | like it.
Statements regarding the t_ask-related This seems like a bit of a complicated problem.
Comment emotional trend used while

performing the task It gets a bit difficult here.

Social Validity Findings
Quantitative Findings Obtained from the Subjects Regarding Social Validity

All subjects answered “always” to all questions in the social validity form. Each subject stated that the
strategy they learned helped them in the problem-solving process, they planned to use this strategy in the future,
it was easy to implement the strategy, and they had a lot of fun while using it. Furthermore, each subject indicated
that it ensured that they learned the subject of the lessons easier, they liked the supports used, using the bar model
and concept schemas was entertaining and facilitated problem-solving. Additionally, all subjects reported that
thinking aloud, self-monitoring, self-instruction, and self-questioning helped them a lot. Moreover, each subject
said that they would recommend the strategy they learned to their friends experiencing difficulties in solving
mathematical problems. According to the quantitative findings obtained from the subjects regarding social validity,
it can be said that the social validity of the research was quite high in terms of the subjects.

Quialitative Findings Obtained from the Subjects Regarding Social Validity

Table 9 lists the qualitative findings obtained from semi-structured interviews with the subjects. The
frequency values in the table indicate the frequencies of the themes and codes expressed by the subjects. Some
responses of the subjects to semi-structured questions included more than one statement related to a single code;
therefore, the frequency number for some codes was higher than the number of subjects.
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Table 9
Qualitative Findings Obtained from the Subjects Regarding Social Validity
Themes Codes Sample statements Subjects  f
Effect on understanding word “...For example, I understand what
. A . » S1,82,S3 9
problem statements more easily is written in the problem better...
Effects of the strategy on - - “
Effect on the increase in problem-  “The number of problems I solve
the development of . . . S1,S2,S3 7
mathematical problem- solving performance o correctly has increased. ..
solving skills Effect on the process of deciding “T used to read the problem, but I
9 on the correct mathematical didn’t know whether to add or S1,S2,S3 8
operation for the solution subtract. Not it’s easy.”
. “Sometimes the teacher gives
Effect on performach In homework; I can do it using the S1,52,S3 4
extracurricular activities v
strategy.
. . - “...I’ve also started to get higher
P_osmve _effects of strategy Effect on increasing the success scores from the mathematics S1,52,S3 3
instruction on areas other grade exam.”
than mathematical « e
roblem-solving skills Effect on participating in in-class I'now raise my hand_ Wh.en the
P e teacher asks a question in S1,S2,S3 4
activities . -
mathematics classes.
Effect on motivation in lessons Ilove mathem.atlcs’ and Oth,e,r S1,52,S3 6
lessons are going well now.
Opinions on the use of “I also think aloud in Turkish
o - . o S1,582,S3 5
metacognitive strategies lessons; it works for me.
“The decision tree is also very
Opinions on the use of supports good; I select the operation with S1,52,S3 8
the steps there.”
Positive opinions on Opinions on the use of “...Itis very good to have a single
L \ S1,82,S3 9
strategy content and visualization schema for all problems.
implementation - - “...For example, drawing bars is
Oplnlon_s on finding the strategy very entertaining; | liked the S1,52,S3 6
entertaining »
schema too.
Opinions on recommending the “I think my friends should learn the
P 9 strategy too; their grades will S1,S2,S3 4
strategy . »
mcerease.
Negative opinions on - . . « . . s
strategy content and Opinions that the implementation ...There is nothing I don’t like, but $2 1

implementation

of the strategy takes a long time

I wish it would take less time.”

As seen from Table 9, all subjects expressed positive opinions on both the mathematical problem-solving
skills and areas other than mathematical problems of the strategy they learned. However, whereas all subjects
expressed positive opinions on the content and implementation of the strategy, only Sevgi expressed a negative
opinion since the implementation of the strategy took a long time.

Social Validity Findings Obtained from Teachers and Families

According to the social validity findings obtained from teachers and families, each teacher and family
stated that the subjects engaged in mathematical problem-solving activities more than before the instruction, asked
for help less, and solved the problems more easily and correctly. Moreover, each teacher and family reported that
the strategy was useful, they considered using the strategy in their activities if they were taught how to implement
it, and the generalizability and permanence of the skills taught with this strategy were high. In the interviews
conducted with the students' teachers, all teachers stated that their students used visuals such as models and
schemas while solving problems and that they would recommend this strategy to other teachers.

Discussion

The research findings show that all subjects’ performance in solving comparison word problems was low
at baseline, but the performance of each subject increased in a similar way after the strategy instruction.
Furthermore, the strategy instruction was found to be highly effective in the effect size calculations. These findings
demonstrate that Modified COMPS is effective in ensuring that students diagnosed with learning disabilities
acquire the skills of solving comparison word problems including one-step addition or subtraction. Some studies
have shown that COMPS is effective in teaching the skills of solving different types of word problems (Hord &
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Xin, 2015; Xin, 2019; Xin et al., 2008; Xin & Zhang, 2009). Thus, the current study used a modification of
COMPS. Whereas the mnemonic strategy called DOTS was employed as a cognitive strategy in the content of
COMPS (Xin et al., 2008; Xin & Zhang, 2009, Xin et al., 2011), Modified COMPS included a different cognitive
strategy. Additionally, in Modified COMPS, cognitive strategy steps were supported by self-regulated strategies,
and the strategy instruction package was presented according to the stage of the SRSD approach (Case et al., 1992).
Modified COMPS differs considerably from COMPS from all these aspects. Hence it is thought that the findings
of the present study conducted with Modified COMPS will provide a different perspective to studies in the
literature indicating that COMPS is effective.

It is thought that the modifications made to the content and presentation of COMPS (Xin, 2012) have
significant effects on the subjects’ easier and more meaningful learning. For instance, in the studies by Xin (2012;
2019), bar models served as a bridge in creating a concept schema; they were used to teach students how to create
a concept schema of the problem before problem-solving studies. After teaching the concept schema, students
were expected to create a concept schema at the problem-solving stage without using the bar model representation.
The current study also taught the problem structure, and in these sessions, studies were carried out on representing
information in different problem structures with bar models and creating concept schemas based on bar models.
However, unlike the studies by Xin (2012; 2019), the present study left the use of bar models at the problem-
solving stage to the student's preferences and needs. The findings obtained as a result of this modification show
that the subjects created a concept schema using the bar model when they needed it. For instance, the second
subject’s statement, “I can make a schema more easily when I draw bars.” agrees with the findings obtained in
think-aloud protocol sessions of the same subject. While the first subject also expressed similar opinions, only the
third subject stated in the semi-structured interviews conducted in the social validity sessions, “Sometimes I didn’t
need to draw a bar model.” All these findings were interpreted as the fact that the subjects checked the information
they placed in their concept schemas by drawing a bar model when needed and thus felt more confident.

Jitendra (2002) stressed that in schema-based instruction, different schemas are created for each problem
type and therefore students should distinguish between problem types in order to use the schemas. Since different
schema knowledge is required for each problem type, it is necessary to know the specific characteristics of each
problem type. However, the Modified COMPS included in the present study used a single concept schema
representing all types of word problems including addition or subtraction. This aspect is regarded as the most
important feature distinguishing Modified COMPS from schema-based instruction (e.g., Jitendra et al., 2007; Xin
etal., 2005). It is thought that this feature of the strategy facilitates the generalization of the strategy learned by all
subjects to part-whole, separating, and joining problems. This was also supported by the social validity data
obtained from the subjects. For instance, in the semi-structured interviews in the social validity sessions, the first
subject expressed the following opinion “...it is very good to have a single schema for all problems.” According
to the findings, it can be interpreted that using a single type of schema in strategy instruction positively affected
the word problem-solving performance of the students participating in the research.

It is suggested that the difficulties of students with SLD in coordinating working memory and problem-
solving steps can be eliminated through visual representations (Hughes et al., 2003). Accordingly, it has been
recommended that cognitive strategies be taught so that students can use visual representations (Van Garderen,
2007). Considering this recommendation, the current study used two types of visual representations: bar model
and concept schema. This is thought to have significantly affected the problem-solving performance of students
with SLD. These findings of the present study are similar to the findings of studies in the literature including
visualization strategies (e.g., Hughes et al., 2003; Gencan, 2020; Karabulut, 2015; Montague, 1992). The social
validity findings of the study show that the students found visualization strategies useful and enjoyed the process
of creating visual representations. It is thought that this may have positively affected the students’ word problem-
solving performance in a similar way.

Another distinctive feature distinguishing Modifed COMPS from COMPS and schema-based instructions
is that the cognitive step of the strategy, “Find important information in the problem,” includes the reading
comprehension (KWL) strategy developed by Ogle (1986). In this way, it is aimed to prevent students from
experiencing difficulties in problem-solving processes due to not understanding what they read. The social validity
and think-aloud protocol findings obtained from the subjects demonstrated that the subjects acquired significant
benefits in understanding the text of the word problem and planning the solution. For instance, the third subject
expressed this process in the social validity sessions as follows “...we find important information in the problem,
and then I can understand all of it.” Additionally, the subjects asked themselves questions about the important
information in the problem after reading the problem in the think-aloud protocol interventions and created models
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and schemas in line with their responses. Therefore, it is thought that including the reading comprehension strategy
played an essential role in increasing the students’ problem-solving performance in this study.

Furthermore, it can be said that the present study differs from the studies by Xin (2012; 2019) in that
included a support called Decision Tree in Modified COMPS. In the studies by Xin (2012; 2019), the algebraic
expression of the problem was created based on the concept schema. In fact, the concept schema can be converted
into a mathematical equation leading directly to the solution plan due to its feature. However, since algebra
teaching starts at the sixth grade level in Tiirkiye (Ministry of National Education [MoNE], 2018) and the subjects
in the current study were studying at the fourth and fifth grades, this study did not include the process of creating
a mathematical equation based on concept schemas. Therefore, the study used the support called Decision Tree,
aiming to ensure that the subjects organized their thoughts in the decision-making process for the mathematical
operation required for the problem’s solution. According to the social validity findings and findings obtained from
think-aloud protocols, it is thought that this support positively affected the subjects’ problem-solving performance.

In this study, Modified COMPS included self-regulated strategies among metacognitive strategies, unlike
COMPS (Xin, 2012; 2019). By their nature, problem-solving skills require students to be able to control and
monitor their own cognitive processes. Hence cognitive and metacognitive strategies cannot be considered
separately when solving problems. However, students with SLD are known to lack the metacognitive strategies
necessary to solve problems and experience difficulty implementing the strategies they have. In particular, it is
argued that they use the self-instruction strategy, one of self-regulated strategies, less (Ozkubat, 2019). This agrees
with the findings obtained from the pre-instruction think-aloud protocol interventions of the current study. All
subjects did not use any articulations for self-instruction before the instruction, but the frequency of these
articulations increased after the instruction. Furthermore, the fact that the current study presented the self-
instruction, self-questioning, and self-monitoring startegies together played a major role in obtaining effective
results in word problem-solving. The aforesaid results support and expand the findings from studies in the literature
including self-regulated strategies in teaching problem-solving skills (e.g., Cassel & Reid, 1996; Gencan, 2020;
Karabulut, 2015).

Finally, unlike COMPS, Modified COMPS was presented according to the teaching stages of the SRSD
approach. It is thought that the criterion-based feature of the SRSD approach impacts the students' strategy use
levels and positively influences their word problem-solving performance. In the teaching of Modified COMPS, it
was observed that the subjects word problem-solving performance was closely related to the sequential and correct
implementation of the strategy steps. The presentation style affects insruction as much as the strategy’s content.
In the strategy instruction process, being a model by thinking clearly and aloud, using appropriate supports,
including guided practices and interactive dialogues, and gradually making students independent in terms of being
criterion-based enable students to become good problem solvers (Case et al., 1992). In this respect, presenting
Modified COMPS according to the SRSD stages in the current study significantly increased the problem-solving
performance of the subjects who implemented the strategy steps in a correct and sequential manner.

The study findings showed that the subjects could maintain the acquired skill two, four, and six weeks
after the end of the instruction. These results support the findings of the study by Xin and Zhang (2009), indicating
that the word problem-solving skills taught with COMPS were permanent. The generalization findings of the
research demonstrated that the students could generalize their problem-solving performance to different types of
problems. The studies by Xin et al. (2008), Xin and Zhang (2009), and Xin (2019) examined the generalization of
students’ performance to pre-algebra concepts and skills. In this respect, the present study supports and expands
the findings obtained from the studies examining generalization to different skills (Xin, 2019; Xin et al., 2008; Xin
& Zhang, 2009).

Considering the think-aloud protocol findings of the study, the frequency of the subjects’ strategy use was
quite low before the instruction. Upon examining the number of articulations made by the subjects for cognitive
and metacognitive strategies after the instruction, it was seen that the subjects were ranked from the most to the
least as the third, first, and second subject. A similar ranking is observed in the word problem-solving performance
of these subjects during and at the end of the strategy instruction process. Based on this finding, it can be said that
students’ word problem-solving performance increases with the increased frequency of their cognitive and
metacognitive strategy use. This result agrees with the research suggesting that students competent in problem-
solving skills have a wide repertoire of cognitive and metacognitive strategies (Montague, 2007; Ozkubat &
Ozmen, 2021; Rosenzweig et al., 2011).
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Finally, all participants had positive opinions on the social validity of the research. As seen in the social
validity data obtained from semi-structured interviews, only one subject expressed a negative opinion that strategy
use required a long time. However, the same subject reported a positive opinion by responding “always” to all
items in the social validity form. Since these data did not overlap, it was considered important to include semi-
structured interviews in the collection of social validity data in order to obtain more detailed information.
Furthermore, unlike studies using COMPS (Xin, 2019; Xin et al., 2008; Xin & Zhang, 2009), the current study
was the first to assess the social significance and impacts of COMPS since it collected social validity from students,
their teachers, and families.

This research is the first study in Tiirkiye on teaching word problem-solving skills to students with SLD
using Modified COMPS. Nevertheless, the study has some limitations, such as being conducted with three students
with SLD, teaching comparison word problems including one-step addition or subtraction, and conducting
maintenance sessions at closer intervals. Due to the limitations and findings of the present study, it can be
recommended that intervention agents working with individuals with special needs should be taught how to ensure
the acquisition of word problem-solving skills using the Modified COMPS strategy. Additionally, it can be
recommended that these intervention agents perform strategy instruction considering the SRSD approach stages
and its criterion-based feature. For further research, it can be recommended that the present study be repeated with
different disability groups, different problem types, with different researchers, and in different settings. The
effectiveness and efficiency of Modified COMPS can be compared with other strategies or traditional teaching
methods, or another modification of the strategy can be performed. Further research can include more trials in the
problem structure instruction sessions at the stage of activating background knowledge to ensure that students can
create a concept schema without needing a bar model.
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