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GIRIS

Matematiksel diisiinme psikoloji, egitim ve ndrobilim alanlarini igine alan kapsamli bir siiregtir.
Cocuklar yaslari ilerledik¢e giderek daha karmasik hale gelen matematiksel fikirler ve siireglerle karsilasir ve
cevresindekiler tarafindan desteklendiklerinde bu siirecleri kullanabilecek yeterlilikler elde ederler (Gilmore
vd., 2018). Giiniimiiz diinyasinin bilgi zenginligi disiiniildiigiinde egitimin ¢ocuklar ¢evrelerinde meydana
gelen ¢esitli karmasik gorevlerle basa ¢ikmaya hazirlamasi gerekmektedir (van Oers ve Poland, 2012). Ciinkii
matematik becerilerinin temeli erken deneyimlerle sekillenmekte, daha sonraki matematiksel diistinme yapilar
ve akademik becerileri i¢in erken ve etkili miidahalelerin 6nemli oldugu goriilmektedir (Aunio ve Niemivirta
2010; Duncan vd., 2007; Geary vd., 2013; Levine vd., 2010; MacDonald ve Carmichael, 2016; Watts vd.,
2014). Matematik becerileri nitelikli olarak desteklenmeyen ¢ocuklarda olusan bosluklar egitim kademelerinde
ilerledik¢e daha belirgin hale gelmektedir (Willingham, 2021). Bu nedenle okul 6ncesi donemden itibaren
cocuklarin yiiksek kaliteli matematik ihtiyaglarinin kargilanmasi olduk¢a 6nemlidir (Corey vd., 2010; Mensah
ve Ampadu, 2024; Munter, 2014; Rosenquist vd., 2015).

Okul oncesi donemde c¢ocuklara sunulan matematik igerigi ve firsatlar1 onlarin ilerlemelerinin de
belirleyicisidir. Bazi siiflarda matematik egitimi tanima ve bilgi seviyesinde kalabilmekte ve daha derin
diisiinme siiregleri goz ardi edilebilmektedir (Engel vd., 2013; van Oers ve Poland, 2012). Matematigin artik
sadece bilgi diizeyinde degil, problem ¢6zme ve bilgi toplumunun zorluklariyla basa ¢ikabilmek i¢in kullanma
becerilerini  olusturacak sekilde anlam, yorum ve iretme gibi ist bilissel siireglerle desteklenmesi
gerekmektedir (Novita ve Herman, 2021).

Son yillarda erken matematikle ilgili yapilan caligmalar incelendiginde ileri matematik (sembolik
gelisim, temsil becerileri, matematiksel soyutlama, matematiksel diisiinme, problem ¢6zme, uzamsal diisiinme
vb.) ile ilgili icerik ve becerilerin arttig1 goriilmiistiir (Bjorklund vd., 2020; Donlan, 2020; Gilmore vd., 2018;
McCluskey vd., 2023; Sterner vd., 2020; van Oers ve Poland, 2012; Worthington vd., 2019). Literatiirde
cocuklarin temel matematik performanslarini 6lgen araglar (Erdogan ve Baran, 2006; Celik ve Kandir, 2011;
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Onkol, 2012; Pekince, 2015; Ergiil, 2014; Karakus, 2022) olmakla birlikte ileri matematik becerilerini
degerlendirmek i¢in de 6lgme araglarina ihtiyag duyulmaktadir. Nguyen vd. (2016) yapmis olduklar1 ¢alismada
temel becerilere ek olarak ileri sayma becerilerini degerlendirdikleri bir dlgme aract kullanmiglar ve daha
sonraki matematik performanslarinda ileri sayma becerilerinin daha etkili oldugu sonucuna ulagmislardir. leri
matematik sayma becerilerine ek olarak oriintii ve O0lgme becerileri de Onemli olarak gorilmekte ve
incelenmesi gerekmektedir (Engel vd., 2013).

Okul 6ncesi egitimde ileri matematik becerilerinin incelenmesi, ¢ocuklarin bilissel gelisimlerini nitelikli
olarak desteklemek, akademik hazirlig1 saglamak ve egitimde esitlik saglamak i¢in kritik dneme sahiptir. fleri
diizey matematik becerilerinin desteklenmesi ¢cocuklarin bireysel gelisim ihtiyacii destekler ve yasam boyu
Ogrenme ve basar1 igin saglam bir temel olusturur (Litkowski vd., 2020; Nguyen vd., 2016; Verdine vd., 2014).
Cocuklarin gelisimleri ve ilgileri dogrultusunda temel matematik becerileri ile birlikte karmasik matematik
bilgileri sistematik olarak desteklendiginde ilkokul kademesine daha giiclii hazirlanabilirler (Verdine vd.,
2014). Tiim ¢ocuklara erken yaslardan itibaren ihtiya¢ duyduklar diizeyde matematik becerileri gelistirme
firsat1 saglamak esitlik¢i 6grenme igin de bir temel olusturur (Litkowski vd., 2020). Bu dogrultuda ¢ocuklarin
ileri matematik becerilerinin belirlenmesinin ihtiya¢ duyduklari egitim siirecinin belirlenmesine de dnemli
katkilar sunacag diigiiniilmektedir.

Tiirkiye literatiiriinde matematik becerilerini 6lgen araglar incelendiginde ¢ocuk performansina dayali
olduklar (Erdogan ve Baran, 2006; Celik ve Kandir, 2011; Ergiil, 2014; Kagira ve Daglioglu, 2019; Karakus,
2022; Onkol, 2012; Pekince, 2015) ve gdézleme dayali bir 8lgme arac1 olmadig1 goriilmiistiir. Bu nedenle bu
calismada Ogretmen ve arastirmacilara daha pratik veri saglamasi ve ileri matematik becerilerini kapsamli ele
almas1 amaciyla “Okul Oncesi Donem Cocuklart Igin Ileri Matematik Becerileri Testi” gelistirilmesi
amaclanmustir.

Belirlenen amag dogrultusunda asagidaki sorulara cevap aranmaktadur:
1. Okul 6ncesi donem ¢ocuklari i¢in gelistirilen Ileri Matematik Becerileri Testi gecerli bir yapiya sahip
midir?
2. Okul 6ncesi donem ¢ocuklari igin gelistirilen Ileri Matematik Becerileri Testi giivenilir bir yapiya
sahip midir?

YONTEM

Arastirmamin Modeli

Okul Oncesi Dénem Cocuklari Igin ileri Matematik Becerileri Testinin gelistirilmesi amaciyla
gergeklestirilen bu caligma nicel arastirma yoOntemlerinden tarama modelinde tasarlanmistir. Tarama
modelinde bir grubun belirli 6zelliklerini tanimlamak i¢in bilgi toplanmasi amaciyla veri toplanir, ¢aligmanin
verileri evreni temsil edecek sekilde 6rneklemden toplanan bilgilere dayanmaktadir (Biiyiikoztiirk vd. 2017;
Fraenkel vd., 2012). Okul Oncesi Dénem Cocuklar1 I¢in fleri Matematik Becerileri Testi ¢ocuklarm ileri
diizey matematik becerilerinin 6gretmen gozlemleri ile belirlenmesi amaciyla arastirmacilar tarafindan
hazirlanip, gecerlik giivenirlik calismalar1 gerceklestirilmistir. Bu noktada DeVellis (2016)’nin dlgek
gelistirme ilkelerinden yararlanilmistir.

Cahisma Grubu

Okul Oncesi Dénem Cocuklar1 igin Ileri Matematik Becerileri Testinin agimlayici faktdr analizini
yapmak amactyla 66 okul 6ncesi 6gretmeninden toplamda 180 ¢ocuk i¢in veri toplanmistir. Bir 6gretmen sinif
listesinden rastgele yontemle belirlenen 1-5 ¢ocuk i¢in formu doldurmustur. Degerlendirilen ¢ocuklarin
%15’inin (n =27) dort yasinda, %59,44’tiniin (n = 107) bes yasinda ve %25,56’sinin (n = 46) alt1 yasinda
oldugu belirlenmistir. Cocuklarin %48,33’i (n = 87) erkek, %51,67’si (n= 93) ise kizdir. Dogrulayici faktor
analizinde ise 89 okul 6ncesi 6gretmeninden toplamda 243 cocuk icin veri toplanmistir. Degerlendirilen
¢ocuklarin %16,46’s1 (n = 40) dort yasinda, %65,02’si (n = 158) bes yasinda ve %18,52’s1 (n = 45) alt1
yasindadir. Cocuklarin %47,33°1 (n = 115) erkek ve %52,67’si (n = 128) kizdir.
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Veri Toplama Araci

Okul Oncesi Dénem Cocuklar igin fleri Matematik Becerileri Testi Temel Beceriler, Sayma, Islem,
Uzamsal Algi ve Problem ¢6zme alt boyutlarindan olusmaktadir. Her al boyut i¢in ayr1 havuzda olusturulan
maddeler besli Likert yapida (“Hi¢bir Zaman=1, Bazen=2, Sik Sik=3, Cogu Zaman=4, Her Zaman=5")
degerlendirilecek sekilde hazirlanmig, Ogretmenlerden son bir aylik goézlemlerine gore ¢ocuklari
degerlendirmeleri istenmistir.

Verilerin Toplanmasi ve Analizi

Veriler caligmaya goniilliik esasiyla katilan 6gretmenlerden online form araciligiyla 01.05.2022 ve
01.07.2022 tarihleri arasinda toplanmistir. Ag¢imlayict faktér analizi Oncesinde verilerin 6rneklem
biiyiikliigiiniin yeterligi Kaiser-Meyer-Olkin (KMO) testi ve verilerin faktdr analizine uygunlugu Bartlett
kiiresellik testi ile incelenmistir. Okul Oncesi Dénem Cocuklar Igin fleri Matematik Becerileri Testinin
acimlayic1 faktdr analizi sonucunda ortaya ¢ikan yapinin dogrulanmasi i¢in de dogrulayici faktor analizi
yapilmistir. Dogrulayict faktor analizi yapilirken ¢oklu normal dagilim géstermedigi i¢in robust maksimum
olabilirlik kestirim yoéntemi kullanilmigtir. Dogrulayici faktér analizi sonucunda model uyumunda y*/sd, CFI,
NFI, NNFI ve RMSEA uyum iyiligi indeksleri degerlendirilmistir. Test puanlarinin giivenirligini tespit etmek
icin Cronbach alfa ve McDonald's omega giivenirlik katsayilar1 hesaplanmustir.

Arastirmanin Etik izinleri

Bu arastirma birinci arastirmacinin “Somut-Yart Somut (Temsili)- Soyut Yaklagimli Matematik
Programimin Cocuklarin Matematik Becerileri ile Ogretmen Bilgi ve Uygulamalarina Etkisi’* bashikli doktora
tez galismasindan iiretilmis olup, etik onay1 Gazi Universitesi Etik Komisyonu, 22.03.2022 tarih ve 06 say1li
toplantisindan E-77082166-302.08.01-333644 sayisi ile elde edilmistir.

BULGULAR

Okul Oncesi Dénem Cocuklari igin ileri Matematik Becerileri Testi’nin gelistirilmesinde gecerlilik ve
giivenirligi saglamak icin yapilan islemler kapsam gegerliligi, yap1 gecerliligi ve giivenirlik alt bagliklar ile
aciklanmugtir.

Kapsam Gecgerliligi

Okul Oncesi Donem Cocuklar1 igin Ileri Matematik Becerileri Testi’nin kapsam gecerliliginin
saglanmasi siirecinde; Olgme aracinin amaglarinin belirlenmesi, 06zelliklerinin tanimlanmasi, madde
havuzunun olusturulmasi, uzman goriisii alinmasi, pilot test ve revizyonlar, 6l¢egin gecerlik ve giivenirliginin
yapilmast ve maddelerin degerlendirilmesi gibi Slgek gelistirme ilkeleri izlenmistir. Bu ilkeler, 6lgek
gelistirmeye yonelik sistematik bir yaklasim sunarak Olgme araglarmin gegerli ve giivenilir olmasini
saglamaktadir (DeVellis, 2016).

Olcme aract amaclarinin belirlenmesi

Olgek gelistirmede dl¢iilmek istenen yapinin net bir sekilde kavramsallastiriimasi gerekmektedir. Olgegi
olusturmadan dnce Olgiilmek istenen yapi ile ilgili kuramsal gerceveyi ve boyutlari tanimlamak ve anlamak
icin bu yapu ile ilgili literatiiriin ve teorik ¢cer¢evenin kapsamli bir sekilde incelenmesi gerekmektedir (DeVellis,
2016). Bu amagla Okul Oncesi Dénem Cocuklar1 igin ileri Matematik Becerileri Testinin kuramsal
gerg¢evesinde yapilandirmaci yaklasimdan yola ¢ikilmistir. Cocugun somut deneyimleri ile duyusal veya algisal
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geri bildirim arasindaki iligskiyi anlamasi, yapilandirmaci yaklasimin temelinde yer almaktadir. Yapilandirmaci
yaklagima gore gelisim diizeylerine uygun Ogrenme firsatlar1 ¢ocuklarin yeni kavramlar edinmelerini
saglayarak ¢evrenin karmasik ve sembolik yonlerini daha anlamli hale getirebilir (Athey, 2007). Ayrica erken
matematik ile ilgili yapilan ¢aligmalar incelenerek vurgulanan matematik becerileri listelenmeye c¢alisilmistir
(Tablo 1). Bu arastirmalar incelendiginde sembolik gelisim, temsil becerileri, matematiksel soyutlama,
matematiksel diisiinme, problem ¢6zme, uzamsal disiinme vb. ileri erken matematik becerileri ile ilgili
kavramlarin arttig1 gorilmustiir.

Tablo 1

Erken Matematikle flgili Yapilan Calismalar

Arastirmalar
Bjorklund ve Palmér (2022)
Worthington vd. (2019)
Sterner vd. (2020)
Nguyen vd. (2016)
Ginsburg vd., (2005)

Lira vd. (2017)
DePascale vd., (2021)

De Smedt vd., (2013)
Gilmore vd. (2018)

Geary ve Vanmarle (2016)
Rittle-Johnson vd., (2015)
Leong vd., (2015)

Mix vd., (2014)

Hawes vd., (2017)

Hurst vd., (2017)

Tobia vd., (2021)
McCluskey vd. (2023)
Cakir ve Ergiil (2022)
Calamak vd. (2022)

Ergiil ve Artan (2015)
Gok-Colak Kandir (2020)
Yildiz (2022)

Matematik
Becerileri
Temel
Beceriler
Sayma ve
Islem
Sembolik
Gelisim
Temsil
Becerileri
Matematiksel
Soyutlama
Matematiksel
Diisiinme

(Akil NN A A v v v NN
Yiiriitme)

Problem

Cdzme N N

Uzamsal Alg1 N N

Matematiksel N N N N N N

Dil Kullanimi

<2
2
<2
<2

< | < | < | <
< [ < | 2 | <
< [ < | 2 | <
< | < | < | <
< [ < | 2 | <

<2 | | 2| <= | <

Tablo 1°de arastirmalarda yer alan matematik becerileri incelendiginde temel beceriler, sayma ve islem,
sembolik gelisim, temsil becerileri, matematiksel soyutlama, matematiksel diisiinme (akil yiiriitme), problem
¢Ozme, uzamsal algi, matematiksel dil kullanim1 gibi beceriler elde edilmistir. Tiirkiye’de erken matematikle
ilgili gelistirilen veya uyarlanan 6l¢ekler incelendiginde Erken Matematik Yetenegi Testi-3 (Erdogan ve Baran,
2006), Matematik Gelisimi 6 Testi (Celik ve Kandir, 2011), Erken Say1 Testi (Onkol, 2012), Sayma Ilkeleri
Testi (Pekince, 2015), Erken Matematiksel Akil Yiiriitme Becerileri Degerlendirme Araci (Ergiil, 2014), Erken
Matematik Olcegi (Karakus, 2022) seklinde araglara ulasilmis ve bu araglarda matematik becerilerinin ¢ocuk
performansina gore degerlendirildigi gorilmiis, ileri matematik becerilerini igeren Olgme araglarina
rastlanmamistir. Bu dogrultuda ve NCTM (2000) matematik etkinliklerinin matematik iceriklerinin (sayilar,
islemler, geometri, 6lgme vb.) siire¢ standartlar1 (problem ¢dzme, akil yiiriitme, ispat, iliskilendirme, iletisim
ve sembollestirme vb.) ile biitiinlestirebilmesi ve lgecedi beceriler de dikkate alinarak Okul Oncesi Dénem
Cocuklari I¢in Ileri Matematik Becerileri Testinin kapsan ileri matematik becerilerini iceren temel beceriler,
sayma ve iglemler, uzamsal algi ve problem ¢ézme gibi becerilerin degerlendirilmesi olarak belirlenmistir.
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Olcme araci ozelliklerinin belirlenmesi

Olg¢me aracinin amaglari belirlendikten sonra 6lgme aracinin dzellikleri tanimlanmustir. Olgme aracinin
format1 6l¢iilmesi amaclanan yapinin dogasi ve arastirma hedefleriyle uyumlu olmalidir. Bu nedenle okul
oncesi donem g¢ocuklarinin ileri matematik becerilerini 6l¢gmeyi hedeflemesi hedeflenmesi ve ileri matematik
becerilerinin somut ve dikkat ¢ekici olmasi1 goz oniinde bulundurularak gozlem ile degerlendirmeye dayali bir
aracin hem arastirmacilar hem de dgretmenler igin daha islevsel olacagina karar verilmistir. Ogretmenlerin
cocuklara iliskin ileri matematik becerilerini gézlemleyerek degerlendirecekleri bu form besli Likert seklinde
(“Hicbir Zaman=1, Bazen=2, Sik Sik=3, Cogu Zaman=4, Her Zaman=5") hazirlanmistir.

Madde havuzunun olusturulmasi

Madde havuzunun olusturulmasinda maddelerin kapsamli olmas1 ve yapinin farkli yonlerini temsil
etmesi icin ilgili alan yazin detayli olarak taranmustir. Ileri matematik becerileri listelenmis ve erken
matematikle ilgili gelistirilmis olan 6l¢ekler gdzden gegirilmistir. Cocuklarin matematiksel gelisimleri ile ilgili
caligmalarda daha ¢ok say1 ve islemlere odaklanilmis fakat diger matematiksel boyutlarla ilgili az ¢aligma
bulunmaktadir (Milburn vd., 2019). Devlin vd., 2022 erken matematiksel gelisimi degerlendirmek icin
kullanilan 6lgme araglarinin alt boyutlarini inceledikleri ¢alismada, 6lgme araglarinin alt boyutlarinda amag ve
yontemlerden kaynaklanan énemli 6l¢iide farklilik oldugu sonucuna ulagsmislardir. Milburn vd. (2019) sayi,
aritmetik islemler, geometri ve uzay, ol¢lim ve modellemeyi iceren matematiksel kavram ve becerileri
degerlendirmek i¢in tasarlanan Child Math Assessment (CMA) ile 1630 ¢ocuktan veri toplanmis ve say1 ve
islemler, 6lgme, geometri ve Oriintii olarak en iyi uyum modelinin dort faktdrden olustugu sonucuna
ulagsmiglardir. Literatiirde sayma ve iglemler, dlgme, geometri, Oriintii gibi ayr basliklar altinda alindig1 ve
deneysel sonuglarla da kanitlandigl icin calismada ayr1 ayri1 bagliklar altinda maddeler diizenlenmistir.
Maddeler temel beceriler, sayma ve islemler, uzamsal algi ve problem ¢ozme alt boyutlarinin altinda
hazirlanarak sunulmustur. Temel beceriler alt becerisi ile ilgili 18 madde, sayma ve iglemler ile ilgili 24 madde,
uzamsal algi ile ilgili 11 madde ve problem c¢ozme ile ilgili 7 maddeden olusan, Ogretmenlerin
anlayabilecekleri ve gdzlemleyebilecekleri ifadelerden olusan 60 maddelik bir havuz olusturulmustur.

Uzman goriigiiniin alinmasi

Madde havuzu olusturulduktan sonra ortaya ¢ikan 60 maddelik yap1 Okul Oncesi Egitimi alanindan bes,
Olgme ve Degerlendirme alamindan bir, Simif Egitimi alanindan bir ve Matematik egitimi alanindan bir
uzmanin goriisiine sunulmustur. Uzman goriigleri sonrasinda anlasilmayan maddeler yeniden diizenlenmis,
gerektiginde Ornek ifadeler eklenmis, bazi maddeler ayr1 iki maddeye doniistiiriilmiis, baz1 maddeler
birlestirilmis ve ayni igerikte olan maddeler silinerek toplamda 45 maddelik bir yapiya ulasilmistir.

Pilot test ve revizyonlar

Olgme aracina son halini vermeden 6nce, hedef kitleye benzer bir 6rneklem ile pilot test yapilmasi
onerilmektedir. Pilot ¢aligma maddelerin hedef kitle tarafindan anlasilirligint kontrol etmek i¢in yapilmaktadir
(DeVellis, 2016). 45 maddeden olusan 6l¢me araci pilot ¢alisma yapmak tlizere hedef kitleyi temsil eden 10
Ogretmene iletilmis, sinifindaki ¢ocuklar i¢in doldurmalar1 saglanmistir. Pilot ¢alisma sonrasinda 6lgme
aracinin esas uygulamaya hazir oldugu gorilmiistiir.

Olcegin gecerlik ve giivenirliginin yapilmast

Olgme arac1 gelistirme, aracin gegerlilik ve giivenilirliginin belirlenmesini gerektirir. Gegerlilik, aracin
Olgmeyi amacladigi seyi ne Olgiide oOlgtiiglinii, giivenilirlik ise gelistirilen aracla yapilan O6lg¢iimlerinin
tutarliligin1 ve istikrarin1 ifade eder. Aracin farkli gegerlilik (6rn. icerik gecerliligi, kriter gegerliligi) ve
giivenilirlik (6rn. test-tekrar test glivenilirligi, i¢ tutarlilik) testleri ile degerlendirilmesi gerekir. Bu arastirmada
da Okul Oncesi Dénem Cocuklari Igin Ileri Matematik Becerileri Testinin yap1 gecerligi siirecinde agimlayict
ve dogrulayici faktor analizi yapilmis, ardindan giivenirligi degerlendirilmistir.
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Yapi gecerligi

Okul Oncesi Dénem Cocuklart Igin ileri Matematik Becerileri Testinin Yapr gegerliginin
belirlenmesinde agimlayict ve dogrulayici faktdr analizinden yararlanilmistir. Acgimlayici ve dogrulayict
faktor yapilarinin belirlenmesinde de ayr1 ayri ¢alisma gruplari olusturulmustur. Literatiirde faktor analizi i¢in
orneklem biiyiikligiiniin yeterliligi ile ilgili 6rneklem biiyiikliigliniin madde sayisinin en az iki kati kadar
olmasi (Cokluk vd., 2012, 5.206), 6rneklem biiyiikliigii ne kadar fazla ise o kadar iyi olacagi ve 100 kisilik bir
orneklemde genellikle giivenilir sonuglar elde edilerek analiz edilebilecegi gibi (Kline, 1994, s.73) farkli
goriisler bulunmaktadir. Bu agiklamalardan yola ¢ikilarak Okul Oncesi Dénem Cocuklari I¢in ileri Matematik
Becerileri Testinin agimlayici faktdr analizini yapmak amaciyla 66 okul dncesi 6gretmeninden toplamda 180
¢ocuk i¢in veri toplanmistir. Bir 6gretmen 1-5 ¢ocuk i¢in form doldurmustur.

Acimlayici faktor analizinden 6nce 6rneklem biiyiikliigliniin yeterligi Kaiser-Meyer-Olkin (KMO) testi
ve verilerin faktor analizine uygunlugu Bartlett kiiresellik testi ile incelenmistir. KMO degeri (0,6 ve {izeri) ve
Bartlett testi sonuglarinin istatistiksel olarak anlamli fark gostermesi verinin faktorlestirmeye uygun oldugunu
gostermektedir (Tabachnick ve Fidell, 2007). Arastirmada elde edilen KMO ve Bartlett testi degerleri
(KMO=0,918; Bartlett’s statistic=2062,629/sd=105/p<0,001) verilerin faktér analizine uygunlugunu
gostermektedir.

Acimlayici faktor analizi yapilirken oncelikle faktor yiikii 0,30’dan diisiik olan maddeler ve birden fazla
faktorde birbirine yakin faktor yiikii gosteren (binisik) maddeler analiz disinda birakilmis ve analiz tekrar
edilmistir. Olusturulan boyutlarda yer alacak maddelerin kavramsal olarak uygunlugu ve ayni anlama gelen
maddeler de degerlendirilmistir. Bu kapsamda bes maddenin analiz dis1 birakilmasina karar verilmistir.

Erken matematigin alt boyutlarinda yer almasi gereken becerilere modelleme, 6lgme, geometri, veri
analizi gibi farkli boyutlarin da dahil edilmesi ve ileri matematik becerilerini nasil yordadig ile ilgili daha
kapsamli ¢aligmalar yapilmasi dnerilmektedir (Aunio ve Résénen, 2016; Devlin vd., 2022; Purpura ve Lonigan,
2013). Ornegin, Aunio ve Risinen (2016) matematiksel becerilerle ilgili 6lgme araclarinin inceledigi
caligmada sembolik ve sembolik olmayan sayr duyusu, matematiksel iliskiler, temel aritmetik ve sayma
becerilerini iceren dort bilesenden olugmasi gerektigini ve bu becerilerin risk altindaki ¢ocuklarin belirlenmesi
icin 6nemli oldugunu vurgulamaktadir. Purpura ve Lonigan (2013), matematiksel beceriler arasindaki
iligkilerin sayma, sayisal iligkiler ve matematiksel akil yiiriitme olarak {i¢ faktorlii modelle agiklandigina dikkat
¢cekmektedir. Bagka bir arastirma sonucunda ise erken matematiksel becerilerin say1 ve iglemler, 6lgme,
geometri ve Orlintli olarak dort faktdrden olustugu belirtiimektedir (Milburn vd., 2019). Matematiksel
becerileri incelemek i¢in kullanilan 6lgme araglarinda ortak alt boyutlar olsa da amag¢ ve yontemlerden
kaynaklanan 6nemli lgiide farklilik oldugu belirtilmektedir (Devlin vd., 2022). Bu dogrultuda Okul Oncesi
Donem Cocuklar Igin fleri Matematik Becerileri Testi; temel beceriler, sayma ve islemler, uzamsal algi ve
problem ¢ozme alt boyutlart olarak maddeler olusturuldugundan ve dolayisiyla her bir boyut ayr1 bir beceri
alamini temsil ettiginden madde analizleri bu boyutlara ayrilarak yapilmustir. ileri Matematik Becerileri
Testinde Temel Beceriler Boyutu igin 11 madde faktor analizine almmustir. Tablo 2’de Ileri Matematik
Becerileri Testi Temel Beceriler Boyutuna ait agimlayici faktor analizi sonuglar verilmistir.
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Tablo 2

) Okul Oncesi Donem Cocuklar: Icin Ileri Matematik Becerileri Testi Temel Beceriler Boyutuna Iliskin
Ozdegerler ve A¢iklanan Varyans Yiizdeleri

Baslangic Oz Degerleri Faktor Olusturan Ozdegerler
Pk Aciklanan Kiimiilatif Aciklanan Kiimiilatif
aktor agiklanan agiklanan
Toplam varyans Toplam varyans
lizdesi varyans lizdesi varyans
yu ylizdesi yu ylizdesi
1 6,809 61,898 61,898 6,809 61,898 61,898
2 ,906 8,236 70,134
3 ,745 6,775 76,909
4 ,643 5,845 82,754
5 ,449 4,086 86,840
6 ,313 2,847 89,687
7 ,298 2,705 92,393
8 ,268 2,435 94,828
9 ,220 2,004 96,832
10 ,213 1,933 98,765
11 ,136 1,235 100,000

Tablo 2’ye gore Okul Oncesi Dénem Cocuklar I¢in Ileri Matematik Becerileri Testi Temel Beceriler
boyutunda 6z degeri 1’in lizerinde bir madde oldugu ve birikinti grafigi (Sekil 1) incelendiginde, dordiincii
faktorden sonra grafigin egiminin belirgin bir sekilde azaldig1 ve diizlesmeye basladig1 gozlemlenmistir. Testin
Temel Beceriler boyutu tek faktorlii bir yapt gdstermektedir. Testin Temel Beceriler boyutu i¢in belirlenen tek
boyutlu yapi, toplam varyansin %61,90'm1 agiklamaktadir. Bu da 11 maddenin, tek faktorlii yapida varyansin
%61,90’1m1 agikladigin gostermektedir.

0z deger

Faktdr Sayisi

Sekil 1. Okul Oncesi Donem Cocuklari igin Ileri Matematik Becerileri Testi Temel Beceriler Boyutuna
iliskin yamag-birikinti grafigi
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Tablo 3

Okul Oncesi Dénem Cocuklar: Icin Ileri Matematik Becerileri Testi Temel Beceriler Boyutu

Maddelerinin Faktor Yiik Degerleri

Faktor
1

Madde No

—

0,736
0,824
0,778
0,746
0,840
0,808
0,824
0,802
0,822
0,795
11 0,663

O 0 9 N »n B~ W

—
(e}

Tablo 3 incelendiginde Okul Oncesi Dénem Cocuklar1 I¢in ileri Matematik Becerileri Testi Temel

Beceriler boyutunda yer alan maddelerin faktor yiiklerinin 0,663 ile 0,840 arasinda degistigi tespit edilmistir.
Her bir madde i¢in faktor yiik degerinin 0,30'un {izerinde olmasi, bu maddelerin bulunduklari boyutta amacina
uygun oldugunu gostermektedir. Okul Oncesi Dénem Cocuklari I¢in Ileri Matematik Becerileri Testi Sayma
ve Islem boyutunda 10 madde faktor analizine almmustir.

Tablo 4

) Okul Oncesi Dénem Cocuklart Igin Ileri Matematik Becerileri Testi Sayma ve Islem Boyutuna Iliskin
Ozdegerler ve A¢iklanan Varyans Yiizdeleri

Baslangi¢ Oz Degerleri Faktor Olusturan Ozdegerler
Fakis Aciklanan Kimilatif Aciklanan Kimilatif
aktor aciklanan agiklanan
Toplam varyans Toplam varyans
tizdesi varyans lizdesi varyans
yu ylizdesi yu ylizdesi
1 6,118 61,184 61,184 6,118 61,184 61,184
2 ,886 8,863 70,048
3 ,672 6,717 76,765
4 511 5,110 81,875
5 471 4,706 86,581
6 ,439 4,390 90,971
7 ,335 3,351 94,322
8 ,231 2,314 96,636
9 ,209 2,090 98,726
10 ,127 1,274 100,000

Tablo 4’e gore Okul Oncesi Dénem Cocuklari I¢in fleri Matematik Becerileri Testi Sayma ve Islem
boyutunda 6z degeri 1’in iizerinde bir madde oldugu ve birikinti grafigi (Sekil 2) incelendiginde, dordiincii
faktorden sonra grafigin egiminin belirgin bir sekilde azaldig1 ve diizlesmeye basladigi gdzlemlenmistir. Buna
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gore, Sayma ve Islem boyutu tek faktorlii bir yapr gostermektedir. Sayma ve Islem boyutu icin belirlenen tek

boyutlu yapi, toplam varyansin orant %61,18’ ini agiklamaktadir. Bu durumda 10 madde tek faktorlii yapidaki
varyansin %61,18’ini acikladigin1 géstermektedir.

!

Oz deger

1 2 3 4 5 6

-
o
©
o

Faktdr Sayisi

Sekil 2. Okul Oncesi Dénem Cocuklari I¢in ileri Matematik Becerileri Testi Sayma ve Islem Boyutuna
iliskin yamag-birikinti grafigi

Tablo 5

Okul Oncesi Dénem Cocuklart Igin Ileri Matematik Becerileri Testi Sayma ve Islem Boyutu
Maddelerinin Faktor Yiik Degerleri

Faktor
1
,818
,865
811
,823
,720
,780
,803
,721
, 752
, 713

Madde No

O 0 9 AN N B~ W D =

—
e}

Tablo 5’te Okul Oncesi Donem Cocuklar Igin leri Matematik Becerileri Testi Sayma ve Islem
boyutunda yer alan maddelerin faktor yiiklerinin 0,713 ile 0,865 arasinda oldugu belirlenmistir. Her bir
maddenin faktor yiik degerinin 0,30'un {izerinde olmasi, bu maddelerin bulunduklar1 boyutta istenilen amaca
uygun ¢alistigini géstermektedir.

Okul Oncesi Dénem Cocuklari I¢in ileri Matematik Becerileri Testi Uzamsal Alg: boyutunda 11 madde
faktor analizine alinmig, yapilan analiz sonucunda 4 madde test disinda birakilmustir.
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Tablo 6

) Okul Oncesi Dénem Cocuklart I¢in Ileri Matematik Becerileri Testi Uzamsal Algi Boyutuna Iliskin
Ozdegerler ve A¢iklanan Varyans Yiizdeleri

Baslangi¢ Oz Degerleri Faktor Olusturan Ozdegerler
Fakis Aciklanan Kimilatif Aciklanan Kimilatif
aktor agiklanan agiklanan
Toplam varyans Toplam varyans
tizdesi varyans tizdesi varyans
yu ylizdesi yu ylizdesi
1 4,256 60,800 60,800 4,256 60,800 60,800
2 ,874 12,482 73,282
3 ,544 7,770 81,051
4 ,533 7,612 88,663
5 ,330 4,716 93,380
6 ,317 4,532 97,912
7 ,146 2,088 100,000

Tablo 6’ya gore Okul Oncesi Dénem Cocuklar: igin ileri Matematik Becerileri Testi Uzamsal Algi
boyutunda Oz degeri 1'in iizerinde olan bir madde oldugu belirlenmistir. Sekil 3'teki yamag-birikinti grafiginde
dordiincii faktorden sonra grafigin egiminin azalarak diizlesmeye basladigi goriilmektedir. Bu durum, Uzamsal
Algi boyutunun tek faktorlii bir yapr sergiledigini gostermektedir. Testin Uzamsal Algi boyutu i¢in belirlenen
tek boyutlu yapi, toplam varyansin %60,80'ini agiklamaktadir. Bu durum 7 madde, tek faktorli yapidaki
varyansin %60,80'ini agikladigin1 gostermektedir.

Oz deger

Faktér Sayisi

Sekil 3. Okul Oncesi Dénem Cocuklari Igin Ileri Matematik Becerileri Testi Uzamsal Algi Boyutuna
iligkin yamacg-birikinti grafigi
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Tablo 7

Okul Oncesi Dénem Cocuklari Icin Ileri Matematik Becerileri Testi Uzamsal Algi Boyutu Maddelerinin
Faktor Yiik Degerleri

Faktor
1

,686
,697
,743
,801
,834
,830
,849

Madde No

N N R W N =

Tablo 7 incelendiginde Okul Oncesi Dénem Cocuklar: i¢in Ileri Matematik Becerileri Testi Uzamsal
Alg1 boyutunda yer alan maddelerin faktor yiikleri 0,686 ile 0,849 arasinda oldugu tespit edilmistir. Her bir

madde i¢in faktor yiik degerinin 0,30'un tizerinde olmasi, bu maddelerin bulunduklar1 boyutta amacina uygun
oldugunu gostermektedir.

Okul Oncesi Dénem Cocuklari Igin ileri Matematik Becerileri Testi Problem ¢ozme boyutu i¢in 7 madde
faktor analizine alinmig, yapilan analiz sonucunda 1 madde test disinda birakilmustir.

Tablo 8

) Okul Oncesi Donem Cocuklart Icin Ileri Matematik Becerileri Testi Problem Cézme Boyutuna Iliskin
Ozdegerler ve Ac¢iklanan Varyans Yiizdeleri

Baslangic Oz Degerleri Faktor Olusturan Ozdegerler
; Aciklanan Kimiilatif Aciklanan Kimiilatif
Faktor agiklanan agiklanan
Toplam varyans Toplam varyans
tizdesi varyans yiizdesi varyans
yu ylizdesi ylizdesi
1 4,139 68,976 68,976 4,139 68,976 68,976
2 ,678 11,294 80,271
3 ,376 6,259 86,529
4 ,335 5,591 92,121
5 ,308 5,137 97,258
6 ,165 2,742 100,000

Tablo 8’e gére Okul Oncesi Dénem Cocuklari Igin ileri Matematik Becerileri Testi Problem Cozme
boyutunda 6z degeri 1'in iizerinde olan bir madde oldugu tespit edilmistir. Ayrica, Sekil 4'teki yamag-birikinti
grafiginde dordincii faktorden sonra grafigin egiminin azalarak diizlesmeye basladigi goriilmektedir. Bu
durum, Testin Problem C6zme boyutunun tek faktorlii bir yap1 sergiledigini gostermektedir. Testin Problem
(Co6zme boyutu i¢in belirlenen tek boyutlu yapi, toplam varyansin %68,98'ini agiklamaktadir. Bu durumda 6
madde tek faktorlii yapidaki varyansin %68,98'ini agikladigimi gostermektedir.
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5|

Oz deger

Faktdr Sayisi

Sekil 4. Okul Oncesi Dénem Cocuklari igin Ileri Matematik Becerileri Testi Problem Cézme Boyutuna
iliskin yamag-birikinti grafigi

Tablo 9

Okul Oncesi Dénem Cocuklar:t Icin Ileri Matematik Becerileri Testi Problem Cozme Boyutu
Maddelerinin Faktor Yiik Degerleri

Madde No 113akt6r
1 ,791
2 ,882
3 ,900
4 ,831
5 ,808
6 ,763

Tablo 9 incelendiginde Okul Oncesi Dénem Cocuklar I¢in Ileri Matematik Becerileri Testi Problem
Cozme boyutunda yer alan maddelerin faktor yiiklerinin degerleri 0,763 ile 0,900 arasinda oldugu
belirlenmistir. Her bir maddenin faktor yiik degerinin 0,30'un iizerinde olmasi, bu maddelerin bulunduklar1
boyutta istenilen amaca uygun ¢alistigini géstermektedir.

Okul Oncesi Dénem Cocuklar igin Ileri Matematik Becerileri Testi puanlarinin giivenirligine iliskin
olarak Cronbach alfa ve McDonald's omega katsayis1 hesaplanmaistir.
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Tablo 10

Okul Oncesi Dénem Cocuklar: Icin Ileri Matematik Becerileri Testi puanlarimin giivenirligine iliskin
sonuclar

Boyutlar 1\8/[:;11(:16 eggrcllggce}rli McDonald's
Temel Beceriler 11 0,94 0,94
Sayma ve Islem 10 0,93 0,93
Uzamsal Algt 7 0,89 0,89
Problem Cézme 6 0,91 0,91

Tablo 10°da Okul Oncesi Dénem Cocuklar1 igin ileri Matematik Becerileri Testi Cronbach alfa degeri
ve McDonald's o degerleri Temel Beceriler boyutu icin 0,94; Sayma ve Islem boyutu i¢in 0,93; Uzamsal Alg1
boyutu i¢in 0,89 ve Problem Co6zme boyutu i¢in 0,91 olarak hesaplanmistir. Cronbach alfa degeri ve
McDonald's o degerlerinin 0,70’den yiiksek oldugu igin Okul Oncesi Dénem Cocuklari ileri Matematik
Becerileri Testi puanlarinin giivenilir oldugu sdylenebilir.

Tablo 11

Okul Oncesi Donem Cocuklart Icin Ileri Matematik Becerileri Testi boyutlar: arasindaki iliskiler

Temel Beceriler Sayma ve Uzamsal Algi Prc.).blem
Islem Cozme
Temel Beceriler Ir’ }
Sayma ve Islem Ir) 1695 %
Uzamsal Algi ; 820 77 }
Problem Cozme }1; ,894 737 748 }

“p<0,01

Tablo 11° de Okul Oncesi Dénem Cocuklart Icin Ileri Matematik Becerileri Testi Temel Beceriler,
Sayma ve Islem, Uzamsal Alg1 ve Problem C6zme boyutlar1 arasinda pozitif yonlii, yiiksek diizeyde ve
istatistiksel olarak anlamli (p<0,01) iligkiler oldugu goriilmektedir. Test boyutlar1 arasinda pozitif yonlii ve
yliksek iliskiler olmasi boyutlarin birbirini destekledigine ve testten toplam puan alinabilecegine de isaret
etmektedir (Biiyiikoztiirk, 2017). Bu durumda, dogrulayici faktor analizi yapilirken ikinci diizey dogrulayici
faktor analizi yapilarak okul oncesi donem cocuklarinin ileri matematik becerilerine iliskin toplam puan
alinabilirligi incelenmistir.

Okul Oncesi Dénem Cocuklar1 I¢in Ileri Matematik Becerileri Testinin agimlayici faktdr analizi
sonucunda 34 maddeden ve dort boyuttan olustugu tespit edilmistir. Temel beceriler boyutunda 11 madde,
sayma ve islem boyutunda 10 madde, uzamsal alg1 boyutunda 7 madde ve problem ¢6zme boyutunda 6 madde
vardir. Ortaya ¢ikan bu yapmin dogrulanmasi igin dogrulayict faktdr analizi yapilmistir. Birinci diizey
dogrulayici faktor analizi sonucunda elde edilen 6lgme modeli Sekil 12°de ve ikinci diizey dogrulayici faktor
analiz sonucunda elde edilen 6l¢gme modeli Sekil 13’te sunulmustur.
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Tablo 12

Dogrulayici Faktor Analizi Sonuglart

Falitor Hata
Yiik Varyanslari
Degerleri Y

x? x?/sd p CFI NFI NNFI RMSEA max min max min

Model 1 128435 248 0,000 0,99 0,98 0,98 0,082 089 0,72 048 0,21
Model 2 1305,10 2,51 0,000 0,99 0,98 0,98 0,082 089 0,72 0,49 0,21
Onerilen x?/sd<3 >90 >90 >90  <0,080 >0,30 <0,90

Model 1: Birinci diizey dogrulayici faktor analizi
Model 2: Ikinci diizey dogrulayici faktdr analizi

Tablo 12°de birinci diizey dogrulayici faktor analizi sonucunda y*/sd degerinin 2,48 oldugu
gorilmektedir. Bu degerin ligten kiigiik olmasi, modelin veriyle ¢ok iyi bir uyum gosterdigini ifade etmektedir.
Birinci diizey dogrulayici faktor analizi sonucunda degerlerin CFI 0,99; NFI 0,98 ve NNFI 0,98 olarak
belirlenmistir. Bu degerlerin 0,90’nin {izerinde olmasi modelin veriye c¢ok iyi uyum gosterdigini
belirtmektedir. Birinci diizey dogrulayici faktdr analizi sonucunda RMSEA indeksi agisindan
degerlendirildiginde, modelin 0,082 degerine sahip oldugu oldugu saptanmistir ve bu degerin 0,080 degerine
cok yakin oldugunda goriilmektedir. Buna gére model veri uyumu gosterdigi soylenebilir. Uyum indeksleri
genel olarak degerlendirildiginde birinci diizey dogrulayici faktdr analizi sonucunda dort boyutlu modelin
veriye uyum sagladigi belirlenmistir. Sekil 12°de verilen 6l¢gme modelinde boyutlar arasindaki korelasyonlarin
(;Ok yﬁksek Oldugu (r temel beceriler, sayma ve islem™ 0,96, T’ temel beceriler, uzamsal a1g1:0,93; T temel beceriler, problem Qézme:O,97; I sayma
ve islem, uzamsal alg120,9 1, T sayma ve islem, problem ¢ézme :13005 T uzamsal algi, problem ¢ozme 20,94) gorulmektedlr IklnCl dﬁzey
dogrulayici faktor analizi sonucunda y*/sd degerinin 2,51 oldugu tespit edilmistir. Bu degerin ligten kiiciik
olmasi modelin veriye ¢ok iyi uyum gosterdigini ifade etmektedir. Birinci diizey dogrulayici faktor analizi
sonucunda degerlerin CFI 0,99; NFI 0,98 ve NNFI 0,98 oldugu belirlenmistir. Bu degerlerin 0,90 nin iizerinde
olmas1 modelin veriye ¢ok iyi uyum gosterdigini isaret etmektedir. Ikinci diizey dogrulayici faktdr analizi
sonucunda RMSEA indeksi acisindan degerlendirildiginde modelin i 0,082 degere sahip oldugu saptanmistir
ve bu degerin 0,080 degerine ¢ok yakin oldugu goriilmektedir. Buna gore model veri uyumu gosterdigi
sOylenebilir.
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Chi-Square=1284_35, 4f=519, P-valug=]d,Jd000, RHSEAR=]. 082

Sekil 1. Birinci diizey dogrulayici faktor analizi 6lgme modeli
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L.oo

Chi Couara=1305.10; 4df=530; [ vyealus=0_00000,; RMOOA=C_OO2

Sekil 13. Ikinci diizey dogrulayic faktor analizi 6lgme modeli
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Giivenirlik

Okul Oncesi Dénem Cocuklari igin ileri Matematik Becerileri Testi puanlarmin giivenirligine iliskin
olarak Cronbach alfa ve McDonald's omega katsayis1 hesaplanmaistir.

Tablo 13

Okul Oncesi Dénem Cocuklar I¢in Ileri Matematik Becerileri Testi puanlarinin giivenirligine iliskin
sonuclar

Savis alfadegeri  MeDonalds o
Temel Beceriler 11 0,95 0,95
Sayma ve Islem 10 0,96 0,96
Uzamsal Algt 7 0,94 0,94
Problem Cozme 6 0,93 0,93
fleri Matematik Becerisi (Toplam puan) 34 0,98 0,98

Tablo 13 incelendiginde Cronbach alfa degeri ve McDonald's omega degerleri Okul Oncesi Dénem
Cocuklart igin ileri Matematik Becerileri Testinin Temel Beceriler boyutu puanlar1 i¢in 0,95; Sayma ve Islem
boyutu puanlari i¢in 0,96; Uzamsal Algi boyutu puanlari i¢in 0,94; Problem C6zme boyutu igin 0,93 ve test
toplamt igin 0,98 olarak hesaplanmistir. Cronbach alfa degeri ve McDonald's ® degerleri 0,70’ten yiiksek
oldugu icin Okul Oncesi Dénem Cocuklar1 Ileri Matematik Becerileri Testi puanlarmin giivenilir oldugu
sOylenebilir.

TARTISMA, SONUC ve ONERILER

Arastirmada O6gretmen gozlemlerine gore okul oncesi donem c¢ocuklarmin ileri diizey matematik
becerilerini degerlendirmeyi hedefleyen Okul Oncesi Dénem Cocuklar1 igin Ileri Matematik Becerileri
Testinin gelistirilmesi hedeflenmistir. Bulgular testin gecerli ve giivenilir bir yapiya sahip oldugunu ortaya
koyulmustur.

Okul Oncesi Dénem Cocuklari igin Ileri Matematik Becerileri Testi; temel beceriler, sayma ve islemler,
uzamsal algi ve problem ¢ézme alt boyutlarindan olugmakta, Temel Beceriler boyutunda 11 madde, Sayma ve
Islem boyutunda 10 madde, Uzamsal Algi boyutunda 7 madde, Problem Cézme boyutunda 6 madde yer
almaktadir. Temel Beceriler alt boyutu, matematiksel diisiinmenin temelini olusturur ve ¢ocuklarin
matematiksel durumlarla karsilagsmaya basladiklar1 temel say1 kavramlarini ve say1 6ncesi becerileri kapsar
(Clements, 2014). Sayma ve islemler, toplama ve ¢ikarma gibi daha karmasik bilissel gorevleri icerir (Geary,
2013). Uzamsal algi, sekiller, desenler ve mekansal iligkilerin anlasilmasina igermektedir (Clements, vd.,
2014). Problem ¢ézme alt boyutu, 6grenilen matematik kavramlarini yeni durumlara uygulama yetenegini
degerlendirir (Litkowski vd., 2020). Bu beceriler, ¢ocuklarin erken yaslardaki matematiksel gelisim igin kritik
oneme sahiptir. {leri matematik becerileri ile ilgili ¢alismalar incelendiginde ¢cocuklara bilissel gelisimlerinin
altindaki materyallere odaklanmasi daha sonraki matematik basarisini olumsuz yonde etkiledigi ve daha
karmasik becerilerin edinilmesini geciktirebildigi goriilmektedir (Bodovski ve Farkas, 2007, Claessens vd.,
2014; Engel vd., 2013, Engel vd., 2016). Cocuklarin yetenek diizeyinin ilerisinde destek saglamak
matematiksel diisiinmelerinin daha derin ve anlamli olmasini saglamaktadir (Litkowski, vd., 2020; Vygotsky,
1978). Bu baglamda gelistirilen 6lgme aracinin ¢ocuklarin tanima seviyesinde bilginin 6tesine gecerek daha
anlamli 6grenmeler saglayacaklart ileri diizey matematik becerilerinin degerlendirilmesi icin alana katki
saglayacagi disiiniilmektedir.
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Bulgular dogrultusunda testin farklit matematik beceri alanlarini icermesinin kapsamli degerlendirme
saglama bakimindan hizmet verecegi sdylenebilir. Ayrica Okul Oncesi Dénem Cocuklari i¢in fleri Matematik
Becerileri Testi 6gretmenler ve aragtirmacilar tarafindan gézleme dayali olarak dolduruldugu i¢in zaman ve
emek tasarrufu da saglamaktadir.

Calismada Okul Oncesi Dénem Cocuklar icin gelistirilmis olan ileri Matematik Becerileri Testi dort
alt boyutla kapsaml1 bir 6l¢lim saglayarak matematik becerilerini degerlendirmekle birlikte ¢ocuklarin daha
fazla destek veya miidahaleye ihtiya¢ duyabilecegi 6zel alanlar belirlemede yardimci olacaktir. Ayrica bu test,
¢ocuklarin matematik becerilerini degerlendirmek ve farkli alanlarda Kkarsilastirmalar yapmak igin
kullanilabilir. Cocuklarin ileri matematik becerilerini incelemek ve matematikle ilgili egitim programlarina
rehberlik etme agisindan 6nemli bir kaynak saglayabilir.
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INTRODUCTION

Mathematical thinking is a comprehensive process involving the fields of psychology, education and
neuroscience. Children encounter increasingly complex mathematical ideas and processes as they grow older,
and with appropriate support from others, they develop the competencies needed to apply these processes
effectively (Gilmore et al., 2018). Considering the wealth of information in today's world, education should
prepare children to cope with various complex tasks occurring around them (van Oers & Poland, 2012). This
is because the foundation of mathematical skills is shaped by early experiences, and early and effective
interventions are important for later mathematical thinking structures and academic skills (Aunio & Niemivirta
2010; Duncan et al., 2007; Geary et al., 2013; Levine et al., 2010; MacDonald & Carmichael, 2016; Watts et
al., 2014). The gaps in mathematical skills among children who lack adequate support become increasingly
pronounced as they advance through educational levels (Willingham, 2021). Therefore, it is crucial to address
children's needs for high-quality mathematics education starting from preschool (Corey et al., 2010; Mensah
& Ampadu, 2024; Munter, 2014; Rosenquist et al., 2015).

The mathematical content and opportunities offered to children in the preschool period are also
determinants of their progress. In some classrooms, mathematics education may remain at the level of
recognition and knowledge, and deeper thinking processes may be ignored (Engel et al., 2013; van Oers &
Poland, 2012). Mathematics no longer needs to be supported only at the knowledge level, but needs to be
supported by metacognitive processes such as meaning, interpretation, and production to build skills for
problem solving and using mathematics to cope with the challenges of the information society (Novita &
Herman, 2021).

Recent studies on early mathematics reveal a growing emphasis on content and skills related to advanced
mathematics, such as symbolic development, representation skills, mathematical abstraction, mathematical
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thinking, problem-solving, and spatial reasoning (Bjorklund et al., 2020; Donlan, 2020; Gilmore et al., 2018;
McCluskey et al., 2023; Sterner et al., 2020; van Oers & Poland, 2012; Worthington et al., 2019). Although
there are tools in the literature that measure children's basic mathematics performance (Erdogan & Baran,
2006; Celik & Kandir, 2011; Onkol, 2012; Pekince, 2015; Ergiil, 2014; Karakus, 2022), measurement tools
are also needed to evaluate advanced mathematics skills. Nguyen et al. (2016) utilize a measurement tool
assessing both basic and advanced counting skills and conclude that advanced counting skills have a greater
impact on later mathematics performance. In addition to advanced counting skills, pattern recognition and
measurement skills are also deemed important and warrant further study (Engel et al., 2013).

The study of advanced mathematics skills in preschool education is critical for qualitatively supporting
children's cognitive development, ensuring academic readiness and ensuring equality in education. Supporting
advanced mathematics skills supports children's individual development needs and creates a solid foundation
for lifelong learning and success (Litkowski et al., 2020; Nguyen et al., 2016; Verdine et al., 2014). Aligned
with children's development and interests, systematic support for complex mathematical knowledge alongside
basic skills can better prepare them for the primary school level (Verdine et al., 2014). Providing all children
with the opportunity to develop math skills at the level they need from an early age also forms a basis for
egalitarian learning (Litkowski et al., 2020). In this direction, it is thought that determining the advanced
mathematics skills of children will also make important contributions to determining the educational process
they need.

When the tools measuring mathematics skills in the Turkish literature are examined, it is seen that they
are based on child performance (Erdogan & Baran, 2006; Celik & Kandir, 2011; Ergiil, 2014; Kagira &
Daglioglu, 2019; Karakus, 2022; Onkol, 2012; Pekince, 2015) and there is no observation-based measurement
tool. For this reason, this study aims to develop a “Advanced Mathematics Skills Test for Preschool Children”
in order to provide more practical data for teachers and researchers and to address advanced mathematics skills
comprehensively.

Aligned with the stated purpose, the following questions are being explored:
1. Does the Advanced Mathematics Skills Test developed for preschool children have a valid structure?
2. Does the Advanced Mathematics Skills Test developed for preschool children have a reliable
structure?

METHOD

Research Model

This study, aimed at developing the Advanced Mathematics Skills Test for Preschool Children, was
designed using the screening model within quantitative research methods. In the survey model, data are
collected to define specific characteristics of a group, with the study's data derived from the sample to represent
the broader population (Biiyiikoztiirk et al., 2017; Fraenkel et al., 2012). The Advanced Mathematics Skills
Test for Preschool Children was developed by the researchers to assess children's advanced mathematics skills
through teacher observations, and validity and reliability studies were conducted. At this point, the scale
development principles of DeVellis (2016) were utilized.

Study Group

In order to conduct an exploratory factor analysis of the Advanced Mathematics Skills Test for Preschool
Children, data were collected from 66 preschool teachers for a total of 180 children. One teacher completed
the form for 1-5 children randomly selected from the class list. Of the children evaluated, 15% (n = 27) were
four years old, 59.44% (n = 107) were five years old and 25.56% (n = 46) were six years old. 48.33% of the
children (n = 87) are male and 51.67% (n= 93) are female. In the confirmatory factor analysis, data were
collected from 89 preschool teachers for a total of 243 children. Of the evaluated children, 16.46% (n = 40)
were four years old, 65.02% (n = 158) were five years old and 18.52% (n = 45) were six years old. 47.33% of
the children (n = 115) are male and 52.67% (n = 128) are female.
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Data Collection Tool

The Advanced Mathematics Skills Test for Preschool Children consists of Basic Skills, Counting,
Operations, Spatial Perception and Problem Solving sub-dimensions. The items created in separate pools for
each dimension were prepared in a five-point Likert scale (“Never=1, Sometimes=2, Often=3, Most of the
Time=4, Always=5") and teachers were asked to evaluate the children according to their observations in the
last month.

Data Collection and Analysis

The data were collected between 01.05.2022 and 01.07.2022 through an online form from teachers
who participated in the study voluntarily. Before the exploratory factor analysis, the adequacy of the sample
size of the data was examined by Kaiser-Meyer-Olkin (KMO) test and the suitability of the data for factor
analysis by Bartlett sphericity test. Confirmatory factor analysis was also performed to confirm the structure
obtained as a result of the exploratory factor analysis of the Advanced Mathematics Skills Test for Preschool
Children. Robust maximum likelihood estimation method was used during confirmatory factor analysis
because it did not show multiple normal distributions. As a result of confirmatory factor analysis, the model
fit ¥*/sd, CFI, NFI, NNFI and RMSEA goodness of fit indices were evaluated. In order to determine the
reliability of the test scores, Cronbach alpha and McDonald’s omega reliability coefficients were calculated.

Ethical Permissions of the Research

This research is derived from the first researcher's doctoral dissertation titled “The Effect of Concrete-
Semi-Concrete (Representational)-Abstract Approach Mathematics Program on Children's Mathematical
Skills and Teachers' Knowledge and Practices” and ethical approval was obtained from Gazi University Ethics
Commission, meeting dated 22.03.2022 and numbered 06 with the number E-77082166-302.08.01-333644.

FINDINGS

The procedures performed to ensure validity and reliability in the development of the Advanced
Mathematics Skills Test for Preschool Children were explained under the subheadings of content validity,
construct validity and reliability.

Scope Validity

In ensuring the content validity of the Advanced Mathematics Skills Test for Preschool Children, scale
development principles were followed, including defining the objectives of the measurement tool, specifying
its characteristics, creating the item pool, obtaining expert opinions, conducting pilot testing and revisions, and
assessing the validity and reliability of the scale and its items. These principles provide a systematic approach
to scale development and ensure that measurement tools are valid and reliable (DeVellis, 2016).

Determining the objectives of the measuring instrument

The structure to be measured in scale development must be clearly conceptualized. Before creating the
scale, it is essential to thoroughly review the literature and theoretical framework related to the structure to be
measured in order to define and understand its theoretical framework and dimensions (DeVellis, 2016). For
this purpose, the theoretical framework of the Advanced Mathematics Skills Test for Preschool Children was
grounded in the constructivist approach. The child's understanding of the relationship between concrete
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experiences and sensory or perceptual feedback is at the heart of the constructivist approach. According to the
constructivist approach, learning opportunities that align with developmental levels can make the complex and
symbolic aspects of the environment more meaningful by helping children acquire new concepts (Athey,
2007). Additionally, studies on early mathematics were reviewed, and efforts were made to identify the key
mathematical skills emphasized (Table 1). Upon examining these studies, it was found that concepts related to
advanced early mathematical skills, such as symbolic development, representational skills, mathematical
abstraction, mathematical thinking, problem-solving, and spatial reasoning, have increased.

Table 1

Studies Conducted on Early Mathematics

Papers
Bjorklund and Palmér (2022)
Worthington et al. (2019)
Sterner et al. (2020)
Nguyen et al. (2016)
Ginsburg et al., (2005)
Lira et al. (2017)
DePascale et al., (2021)
De Smedt et al., (2013)
Gilmore et al. (2018)
Geary and Vanmarle (2016)
Rittle-Johnson et al., (2015)
Leong et al., (2015)
Mix et al., (2014)
Hawes et al., (2017)
Hurst et al., (2017)
Tobia et al., (2021)
McCluskey et al. (2023)
Cakir ve Ergiil (2022)
Calamak et al. (2022)
Ergiil and Artan (2015)
Gok-Colak Kandir (2020)

Yildiz (2022)

Mathematics
Skills

Basic Skills

<
<
<
2

Counting and
Processing
Symbolic
Development
Representation
Skills
Mathematical
Abstraction
Mathematical
Thinking NN N A v v 3 NN N
(Reasoning)

Problem

Solving N N
Spatial

Perception N N N

The Use of

Mathematical \l \l \l \l \l \/

Language

< | 2| <2 | <
< | 2| <2 | <
< | 2| <2 | <
< | <2 | <2 | <
< | 2| <2 | <

< | | 2 | < | &

When the mathematical skills included in the research were examined in Table 1, basic skills such as
counting and calculation, symbolic development, representation skills, mathematical abstraction, mathematical
reasoning, problem-solving, spatial perception, and the use of mathematical language were identified. When
the scales developed or adapted in Turkey related to early mathematics are examined, the Early Mathematics
Ability Test-3 (Erdogan & Baran, 2006), Mathematics Development 6 Test (Celik & Kandir, 2011), Early
Number Test (Onkol, 2012), Counting Principles Test (Pekince, 2015), Tools such as Early Mathematical
Reasoning Skills Assessment Tool (Ergiil, 2014) and Early Mathematics Scale (Karakus, 2022) were found
and it was seen that mathematics skills were evaluated according to children's performance in these tools, but
no measurement tools involving advanced mathematics skills were found. In this direction and taking into
account the NCTM (2000) mathematics activities' ability to integrate mathematics content (numbers,
operations, geometry, measurement, etc.) with process standards (problem solving, reasoning, proof,
association, communication and symbolization, etc.) and the skills to be measured, the scope of the Advanced
Mathematics Skills Test for Preschool Children was determined as the assessment of skills such as basic skills,
counting and operations, spatial perception and problem solving, which include advanced mathematics skills.
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Determination of measurement tool properties

After determining the objectives of the measurement tool, the characteristics of the measurement tool
are defined. The format of the measuring instrument should be compatible with the nature of the structure
intended to be measured and the research objectives. For this reason, it was decided that a tool based on
observation and assessment would be more functional for both researchers and teachers, considering that it
aims to measure advanced mathematics skills of preschool children and that advanced mathematics skills are
concrete and remarkable. This form was prepared in the form of a five-point Likert scale (“Never=l1,
Sometimes=2, Often=3, Most of the time=4, Always=5").

Creation of a item pool

In creating the item pool, the relevant literature was thoroughly reviewed to ensure that the items were
comprehensive and represented various aspects of the construct. Advanced mathematics skills were listed, and
scales developed for early mathematics were reviewed. Studies on children's mathematical development have
predominantly focused on numbers and operations, with fewer studies addressing other mathematical
dimensions (Milburn et al., 2019). Devlin et al., 2022 investigate the sub-dimensions of measurement tools
used to assess early mathematical development and conclude that there is a significant difference in the sub-
dimensions of measurement tools due to their objectives and methods. Milburn et al. (2019) collected data
from 1,630 children using the Child Math Assessment (CMA), which was designed to assess mathematical
concepts and skills, including number, arithmetic operations, geometry, space, measurement, and modeling.
They conclude that the best-fit model comprise four factors: number and operations, measurement, geometry,
and pattern. In the literature, counting and operations are categorized under separate headings such as
measurement, geometry, and pattern. Since this distinction is supported by experimental results, the items are
organized under separate headings in this study. The items were prepared and presented under the sub-
dimensions of basic skills, counting and operations, spatial perception and problem solving. A pool of 60 items
was created, consisting of 18 items related to basic skills, 24 items related to counting and operations, 11 items
related to spatial perception, and 7 items related to problem-solving.

Obtaining an expert opinion

After the item pool was created, the 60-item structure was presented to the opinion of five experts from
the field of Preschool Education, one from the field of Measurement and Evaluation, one from the field of
Classroom Education and one from the field of Mathematics Education. After consulting expert opinions, the
unclear items were revised, sample expressions were added where necessary, some items were split into two
separate items, others were combined, and items with identical content were removed, resulting in a final pool
of 45 items.

Pilot tests and revisions

Before finalizing the measurement tool, it is recommended to conduct a pilot test with a sample that
closely resembles the target audience. Pilot studies are conducted to check the comprehensibility of the items
by the target group (DeVellis, 2016). The 45-item measurement tool was sent to 10 teachers representing the
target group to conduct a pilot study, and they were asked to fill it out for the children in their classrooms.
After the pilot study, it was determined that the measurement tool was ready for the main application.

Measuring the validity and reliability of the scale

The development of a measurement tool requires the determination of the validity and reliability of the
tool. Validity refers to the extent to which the vehicle measures what it aims to measure, and reliability refers
to the consistency and stability of its measurements made with the developed vehicle. The tool needs to be
evaluated using different validity tests (e.g., content validity, criterion validity) and reliability tests (e.g., test-
retest reliability, internal consistency). In this research, an exploratory and confirmatory factor analysis was
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performed during the structural validity of the Advanced Mathematics Skills Test for Preschool Children, and
then its reliability was evaluated.

Structure validity

Exploratory and confirmatory factor analysis was used to determine the Structural validity of the
Advanced Mathematics Skills Test for Preschool Children. Separate working groups have also been
established to determine the exploratory and confirmatory factor structures. In the literature, there are different
opinions about the adequacy of the sample size for factor analysis, such as the sample size should be at least
twice the number of items (Cokluk et al., 2012, p.206), the larger the sample size the better, and a sample of
100 people can generally be analyzed by obtaining reliable results (Kline, 1994, p.73). Based on these
explanations, in order to conduct an exploratory factor analysis of the Advanced Mathematics Skills Test for
Preschool Children, data were collected from 66 preschool teachers for a total of 180 children. A teacher filled
out a form for 1-5 children.

Before the exploratory factor analysis, the adequacy of the sample size of the data was examined by
Kaiser-Meyer-Olkin (KMO) test and the suitability of the data for factor analysis by Bartlett sphericity test.
The statistically significant difference between the KMO value (0.6 and above) and Bartlett's test results
indicate that the data are suitable for factorization (Tabachnick & Fidell, 2007). The KMO and Bartlett's test
values obtained in the study (KMO=0.918; Bartlett's statistic=2062.629/sd=105/p<0.001) indicate that the data
are suitable for factor analysis.

During the exploratory factor analysis, items with factor loadings below 0.30 and those with similar
loadings across multiple factors (cross-loading) were excluded, and the analysis was repeated. The conceptual
alignment of the items with the identified dimensions and the redundancy of items with similar meanings were
also assessed. In this context, we decided to exclude five items from the analysis.

It is recommended that sub-dimensions of early mathematics include areas such as modeling,
measurement, geometry, and data analysis, with further research conducted on their predictive value for
advanced mathematics skills (Aunio & Résénen, 2016; Devlin et al., 2022; Purpura & Lonigan, 2013). For
example, Aunio and Résénen (2016) emphasize that the measurement tools related to mathematical skills
should consist of four components, including symbolic and non-symbolic number sense, mathematical
relations, basic arithmetic and counting skills, and that these skills are important for the identification of
children at risk. Purpura and Lonigan (2013) draw attention to the fact that the relationships between
mathematical skills are explained by a three-factor model as counting, numerical relationships and
mathematical reasoning. Another study identifies early mathematical skills as comprising four factors: number
and operations, measurement, geometry, and patterns (Milburn et al., 2019). Although measurement tools for
studying mathematical skills share common sub-dimensions, significant differences are reported due to
variations in goals and methods (Devlin et al., 2022). Accordingly, since the Advanced Mathematics Skills
Test for Preschool Children was developed with items reflecting the sub-dimensions of basic skills, counting
and operations, spatial perception, and problem-solving—each representing a distinct skill area—item
analyses were conducted separately for each dimension. In the Advanced Mathematics Skills Test, 11 items
were included in the factor analysis for the Basic Skills Dimension. Table 2 presents the results of the
exploratory factor analysis of the Basic Skills Dimension of the Advanced Mathematics Skills Test.
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Table 2

The Eigenvalues Related to the Basic Skills Dimension and the Explained Percentages of Variance in
the Advanced Mathematics Skills Test for Preschool Children

Initial Eigenvalues Factor-Forming Eigenvalues
Cumulative Cumulative
Percentage of Percentage of
Factor . percentage of . percentage
Total explained . Total explained .
. explained . of explained
variance . variance .
variance variance
1 6.809 61.898 61.898 6.809 61.898 61.898
2 .906 8.236 70.134
3 745 6.775 76.909
4 .643 5.845 82.754
5 449 4.086 86.840
6 313 2.847 89.687
7 298 2.705 92.393
8 268 2.435 94.828
9 220 2.004 96.832
10 213 1.933 98.765
11 136 1.235 100.000

According to Table 2, the Basic Skills dimension of the Advanced Mathematics Skills Test for Preschool
Children included one item with an eigenvalue greater than 1. Examination of the scree plot (Figure 1) revealed
a marked decrease in the slope after the fourth factor, followed by a leveling off. The Basic Skills dimension
of the test shows a one-factor structure. The unidimensional structure specified for the Basic Skills dimension
of the test explains 61.90% of the total variance. This shows that 11 items explain 61.90% of the variance in
the single-factor structure.

0z deger
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Figure 1. Scree plot for the Basic Skills Dimension of the Advanced Mathematics Skills Test for
Preschool Children
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Table 3

Factor Loadings of the Basic Skills Dimension Items of the Advanced Mathematics Skills Test for
Preschool Children

Factor
1
0.736
0.824
0.778
0.746
0.840
0.808
0.824
0.802
0.822
0.795
11 0.663

Item No

O 0 9 AN »n B~ W D =

—
(e}

Examination of Table 3 revealed that the factor loadings of the items in the Basic Skills dimension of
the Advanced Mathematics Skills Test for Preschool Children ranged from 0.663 to 0.840. The factor load
values exceeding 0.30 for each item indicate their suitability for the corresponding dimension. In the Counting
and Operations dimension of the Advanced Mathematics Skills Test for Preschool Children, 10 items were
included in the factor analysis.

Table 4

The Eigenvalues Related to the Counting and Operations Dimension and the Explained Percentages of
Variance in Advanced Mathematics Skills Test for Preschool Children

Initial Eigenvalues Factor-Forming Figenvalues
Cumulative Cumulative
Percentage of Percentage of
Factor . percentage of . percentage
Total explained . Total explained .
. explained . of explained
variance . variance .
variance variance
1 6.118 61.184 61.184 6.118 61.184 61.184
2 .886 8.863 70.048
3 .672 6.717 76.765
4 Sl 5.110 81.875
5 471 4.706 86.581
6 439 4.390 90.971
7 335 3.351 94.322
8 231 2314 96.636
9 .209 2.090 98.726
10 127 1.274 100.000

According to Table 4, the Counting and Operations dimension of the Advanced Mathematics Skills Test
for Preschool Children included one item with an eigenvalue greater than 1. Examination of the scree plot
(Figure 2) revealed a marked decrease in the slope after the fourth factor, followed by a leveling off.
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Accordingly, the Counting and Operations dimension shows a one-factor structure. The one-dimensional

structure determined for the Counting and Operations dimension explains the ratio of the total variance of
61.18%. In this case, 10 items show that they explain 61.18% of the variance in the single-factor structure.

4t
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Figure 2. Scree plot for the Counting and Operations Dimension of the Advanced Mathematics Skills
Test for Preschool Children

Table 5

Factor Loadings of the Counting and Operations Dimension Items of the Advanced Mathematics Skills
Test for Preschool Children

Factor
1
818
.865
811
.823
720
.780
.803
721
7152
713

Item No

O 0 9 AN N B~ W D =

—
e}

Table 5 shows that the factor loadings of the items in the Counting and Operations dimension of the
Advanced Mathematics Skills Test for Preschool Children were between 0.713 and 0.865. The factor loading
values above 0.30 for each item indicate that these items align with the intended purpose within their respective
dimensions.

In the Spatial Perception dimension of the Advanced Mathematics Skills Test for Preschool Children,
11 items were included in the factor analysis, and 4 items were excluded from the test as a result of the analysis.
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Table 6

The Eigenvalues Related to the Spatial Perception Dimension and the Explained Percentages of
Variance in Advanced Mathematics Skills Test for Preschool Children

Initial Eigenvalues Factor-Forming Eigenvalues
Cumulative Cumulative
F Percentage of Percentage of
actor . percentage of . percentage
Total explained . Total explained .
. explained . of explained
variance . variance :
variance variance
1 4.256 60.800 60.800 4.256 60.800 60.800
2 .874 12.482 73.282
3 544 7.770 81.051
4 533 7.612 88.663
5 330 4.716 93.380
6 317 4.532 97.912
7 146 2.088 100.000

According to Table 6, it was determined that there was an item with an Eigen value above 1 in the
Spatial Perception dimension of the Advanced Mathematics Skills Test for Preschool Children. The scree plot
in Figure 3 shows that after the fourth factor, the slope of the graph decreases and starts to flatten. This situation
shows that the Spatial Perception dimension exhibits a one-factor structure. The unidimensional structure
specified for the Spatial Perception dimension of the test explains 60.80% of the total variance. This situation
shows that 7 items explain 60.80% of the variance in the single-factor structure.
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Figure 3. Scree plot for the Spatial Perception Dimension of the Advanced Mathematics Skills Test for
Preschool Children
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Table 7

Factor Loadings of the Spatial Perception Dimension Items of the Advanced Mathematics Skills Test
for Preschool Children

Factor

1
1 .686
.697
743
.801
.834
.830
.849

Item No

N N B~ WN

Examination of Table 7 reveal that the factor loadings of the items in the Spatial Perception dimension
of the Advanced Mathematics Skills Test for Preschool Children ranged from 0.686 to 0.849. The factor load
values exceeding 0.30 for each item indicate their suitability for the corresponding dimension.

The Advanced Mathematics Skills Test for Preschool Children 7 items were included in the factor
analysis for the Problem solving dimension, and 1 item was excluded from the test as a result of the analysis.

Table 8

The Eigenvalues Related to the Problem Solving Dimension and the Explained Percentages of Variance
in Advanced Mathematics Skills Test for Preschool Children

Initial Eigenvalues Factor-Forming Eigenvalues
Cumulative Cumulative
Percentage of Percentage of
Factor . percentage of . percentage
Total explained . Total explained .
. explained . of explained
variance . variance :
variance variance
1 4.139 68.976 68.976 4.139 68.976 68.976
2 .678 11.294 80.271
3 376 6.259 86.529
4 335 5.591 92.121
5 .308 5.137 97.258
6 165 2.742 100.000

According to Table 8, it was determined that there was an item with an Eigen value above 1 in the
Problem Solving dimension of the Advanced Mathematics Skills Test for Preschool Children. Moreover, the
scree plot in Figure 4 shows that after the fourth factor, the slope of the graph decreases and starts to flatten.
This situation shows that the Problem Solving dimension of the test exhibits a one-factor structure. The
unidimensional structure specified for the Problem Solving dimension of the test explains 68.98% of the total
variance. In this case, 6 items show that they explain 68.98% of the variance in the single-factor structure.
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Figure 4. Scree plot for the Problem Solving Dimension of the Advanced Mathematics Skills Test for
Preschool Children

Table 9

Factor Loadings of the Problem Solving Dimension Items of the Advanced Mathematics Skills Test for
Preschool Children

Factor

Item No |

1 791
2 .882
3 900
4 831
5 .808
6 763

Examination of Table 9 reveal that the factor loadings of the items in the Problem Solving dimension of
the Advanced Mathematics Skills Test for Preschool Children ranged from 0.763 to 0.900. The factor loading
values above 0.30 for each item indicate that these items align with the intended purpose within their respective
dimensions.

Cronbach alpha and McDonald's omega coefficients were calculated for the reliability for the scores
from the Advanced Mathematics Skills Test for Preschool Children.

Table 10

Results on the reliability of the scores of the Advanced Mathematics Skills Test for Preschool Children

Number of Cronbach's

Dimensions Ttems alpha value McDonald's
Basic Skills 11 0.94 0.94
Counting and Processing 10 0.93 0.93
Spatial Perception 7 0.89 0.89
Problem Solving 6 0.91 0.91
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In Table 10, the Cronbach alpha value and McDonald's ® values of the Advanced Mathematics Skills
Test for Preschool Children were calculated as 0.94 for the Basic Skills dimension; 0.93 for the Counting and
Processing dimension; 0.89 for the Spatial Perception dimension and 0.91 for the Problem Solving dimension.
Since Cronbach's alpha and McDonald's o values are higher than 0.70, it can be said that the scores of the Test
of Advanced Mathematics Skills of Preschool Children are reliable.

Table 11

Relationships between the dimensions of the Advanced Mathematics Skills Test for Preschool Children

Basic Skills Countlng. and Spatlgl Probl.ern
Processing Perception Solving
Basic Skills ; !
Counting and r .695™ 1
Processing p -
Spatial Perception ; 820 S77 }
Problem Solving Ir) 894 737 748 }

“p<0.01

Table 11 shows that there are positive, high-level and statistically significant (p<0.01) relationships
between the Basic Skills, Counting and Operations, Spatial Perception and Problem Solving dimensions of the
Advanced Mathematics Skills Test for Preschool Children. The positive and strong relationships between the
test dimensions suggest that the dimensions support each other, allowing for the calculation of a total score
from the test (Biiyiikoztiirk, 2017). In this case, while performing the confirmatory factor analysis, a second-
level confirmatory factor analysis was conducted to examine the feasibility of calculating a total score for
preschool children's advanced mathematics skills.

The exploratory factor analysis of the Advanced Mathematics Skills Test for Preschool Children reveal
that it consists of 34 items across four dimensions. There are 11 items in the basic skills dimension, 10 items
in the counting and operations dimension, 7 items in the spatial perception dimension and 6 items in the
problem solving dimension. Confirmatory factor analysis was performed to confirm this structure. The
measurement model obtained as a result of the first level confirmatory factor analysis is presented in Figure
12 and the measurement model obtained as a result of the second level confirmatory factor analysis is presented
in Figure 13.

Table 12

Confirmatory Factor Analysis Results

Factor
Error
Load Variances
Values
x? x?/sd p CFI NFI NNFI RMSEA max min max min

Model 1 128435 248  0.000 099 098 0.98 0.082 0.89 0.72 048 0.21
Model 2 1305.10  2.51 0.000 0.99 098 0.98 0.082 0.89 0.72 049 0.21
Recommended x?/sd<3 >90 >90 >90  <0.080 >0.30 <0.90

Model 1: First level confirmatory factor analysis

Model 2: Second level confirmatory factor analysis

1341



Trakya Journal of Education, 15(3) 2025, 1307-1349

The first level confirmatory factor analysis as shown Table 12 yielded the y*/sd value as 2.48. The fact
that this value is less than three indicates a good fit between the model and the data. The results of the first-
level confirmatory factor analysis yielded CFI = 0.99, NFI = 0.98, and NNFI = 0.98. The fact that these values
are above 0.90 indicates an excellent fit of the model to the data. As a result of the first-level confirmatory
factor analysis, when evaluated in terms of the RMSEA index, it was found that the model has a value of 0.082,
and this value is observed when it is very close to the value of 0.080. Accordingly, it can be concluded that the
model demonstrates good data compatibility. Overall evaluation of the fit indices indicated that the four-
dimensional model demonstrated a good fit to the data in the first-level confirmatory factor analysis. In the
measurement model shown in Figure 12, the correlations between the dimensions are very high: r(pasic skils,
counting and operation) = 096, I-(basic skills, spatial perception) = 093, r(basic skills, problem solving) = 097, r(counting and operation, spatial perception)
= 0917 I-(counting and operation, problem solving) = 100, and I-(spatial perception, problem solving) = 0.94. As a result Of the second
level confirmatory factor analysis, the y*/sd value was found to be 2.51. The fact that this value is less than
three indicates a good fit between the model and the data. The results of the first-level confirmatory factor
analysis yielded CFI = 0.99, NFI = 0.98, and NNFI = 0.98. The fact that these values are above 0.90 indicates
an excellent fit of the model to the data. As a result of the second level confirmatory factor analysis, when
evaluated in terms of RMSEA index, it was found that the model has a value of 0.082 and this value is very
close to 0.080. Accordingly, it can be concluded that the model demonstrates good data compatibility.

e

.

LR

i-Square=1284.35, df

Figure 1. The first level confirmatory factor analysis measurement model
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Chi Couara=1305.10; (Hf=S2Z0; F vyalus=0.00000; RMOOA=C.002

Figure 13. The second level confirmatory factor analysis measurement model
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Reliability

Cronbach alpha and McDonald's omega coefficients were calculated for the reliability for the scores
from the Test of Advanced Mathematics Skills for Preschool Children.

Table 13

Results on the reliability of the scores of the Advanced Mathematics Skills Test for Preschool Children

Number of Cronbach's

Items alpha value McDonald's ©
Basic Skills 11 0.95 0.95
Counting and Processing 10 0.96 0.96
Spatial Perception 7 0.94 0.94
Problem Solving 6 0.93 0.93
Advanced Mathematics Ability (Total score) 34 0.98 0.98

Table 13 shows that Cronbach alpha and McDonald's omega values were calculated as 0.95 for the Basic
Skills dimension scores of the Advanced Mathematics Skills Test for Preschool Children; 0.96 for the Counting
and Processing dimension scores; 0.94 for the Spatial Perception dimension scores; 0.93 for the Problem
Solving dimension and 0.98 for the test total. Since Cronbach's alpha and McDonald's  values are higher than
0.70, it can be said that the scores of the Test of Advanced Mathematics Skills of Preschool Children are
reliable.

DISCUSSION, CONCLUSIONS and RECOMMENDATIONS

The aim of the study was to develop an Advanced Mathematics Skills Test for Preschool Children,
which aims to assess preschool children's advanced mathematics skills based on teacher observations. The
findings revealed that the test has a valid and reliable structure.

The Advanced Mathematics Skills Test for Preschool Children consists of basic skills, counting and
operations, spatial perception and problem solving sub-dimensions, with 11 items in the Basic Skills
dimension, 10 items in the Counting and Operations dimension, 7 items in the Spatial Perception dimension
and 6 items in the Problem Solving dimension. The Basic Skills sub-dimension forms the basis of
mathematical thinking and covers the basic number concepts and pre-number skills that children begin to
encounter mathematical situations (Clements, 2014). Counting and operations involve more complex cognitive
tasks such as addition and subtraction (Geary, 2013). Spatial perception includes the understanding of shapes,
patterns and spatial relationships (Clements et al., 2014). The problem solving sub-dimension evaluates the
ability to apply the learned mathematical concepts to new situations (Litkowski et al., 2020). These skills are
critical for children's mathematical development at an early age. Studies on advanced mathematics skills show
that focusing children on materials below their cognitive development negatively affects later mathematics
achievement and may delay the acquisition of more complex skills (Bodovski & Farkas, 2007, Claessens et
al., 2014; Engel et al., 2013, Engel et al., 2016). Providing support beyond the ability level of children allows
their mathematical thinking to be deeper and more meaningful (Litkowski et al., 2020; Vygotsky, 1978). It is
believed that the measurement tool developed in this context will contribute to the field by evaluating advanced
mathematics skills, enabling children to achieve more meaningful learning that goes beyond mere recognition
of knowledge.

In line with the findings, it can be concluded that including different areas of mathematics skills in the
test will contribute to providing a comprehensive assessment. In addition, the Advanced Mathematics Skills
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Test For Preschool Children is filled out by teachers and researchers on an observation basis, which also saves
time and effort.

The Advanced Mathematics Skills Test developed for Preschool Children in the study will help to assess
mathematics skills by providing a comprehensive measurement with four sub-dimensions, as well as identify
specific areas where children may need more support or intervention. In addition, this test can be used to
evaluate children's math skills and make comparisons in different areas. It can provide an important resource
in terms of studying children's advanced mathematics skills and guiding mathematics-related educational
programs.
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