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The aim of this study was to comparing the psychometric properties of the
mathematics subtest items of the Determination of Students” Achievement Exam and
the achievement levels of the students who took the mathematic subtest with Sato Test
Theory (STT), Classical Test Theory (CTT) and Item Response Theory (IRT) indicators.
The research was conducted on 15461 8th grade students who participated in the exam
in 2005. The data of this study were analyzed by examining the correlations between
item discriminations, item difficulties and individual characteristics calculated in the
context of different test theories. In addition, problematic test items were analyzed by
clustering and observing common elements. After the analysis, it was seen that Sato
Test Theory produced similar results with other theories many times in terms of
determining item and individual characteristics. Moreover, some advantages related to
theory were also suggested in the study. The results obtained support the claims in the
literature that STT can be considered as an alternative test theory that can allow valid
and reliable measurements with predictions that robust and do not contradict with
other test theories.
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Bu aragtirmanin amaci, Ogrenci Bagarilarinin Belirlenmesi Smavi’nin (OBBS) matematik alt
testi maddelerinin  psikometrik  Ozelliklerinin ~ ve  testi alan  Ogrencilerin
performans/basari/yetenek diizeylerinin Sato Test Kurami (STK), Klasik Test Kurami (KTK)
ve Madde Tepki Kurami (MTK) ile belirlenmesi ve elde edilen bulgularin karsilastirilarak
incelenmesidir. OBBS’ye (2005) katillan 15461 8.smuf dgrencisi iizerinde yiiriitillen bu
aragtirmanin verilerifarkli test kuramlari baglaminda hesaplanan madde ayiriciliklari,
madde giicliikleri ve birey 6zellikleri arasindaki korelasyonlarin incelenmesi, bunun yani
sira sorunlu maddelerin kiimelenerek ortak elemanlarinin gozlemlenmesi seklinde analiz
edilmigtir. Yapilan analizler sonrasinda STK'nin madde ve birey 6zelliklerinin belirlenmesi
bakimindan diger kuramlarla pek ¢ok kezbenzer sonuglar ortaya koydugu goriilmiistiir.
Bununla birlikte ¢alismada, kurama iliskin bazi avantajlar da 6ne siiriilmiistiir. Ulagilan
sonuglar, alanyazinda yer alan, STK'mn, diger test kuramlariyla celismeyen kestirimleriyle
gegerli ve giivenilir dlgmeler yapilmasina olanak taniyabilecek alternatif bir test kurami
olarak degerlendirilebilecegi iddialarini desteklemektedir.
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Giris

Egitimde testler, segme, hazirbulunuslugu belirleme, yonlendirme, durum belirleme, diizey
belirleme, arastirma gibi c¢esitli amagclarla kullanilabilirler. Bu testlerin gelistirilmesi ve test
sonuglarinin analiz edilmesi s6z konusu oldugunda siklikla kullanilan iki 6nemli test kuramindan s6z
edilebilir. Bunlar, Klasik Test Kurami (KTK) ve Madde Tepki Kurami (MTK) olarak
adlandirilmaktadir. Alanyazinda her iki kuramin da birbirlerine gore {istiin ve zayif yonlerinin
oldugu ileri siiriilmektedir. MTK, icerdigi ileri diizey istatistiksel yontemlerin varsayimlarindan
kaynakli olarak biiyiik (genis) 6rneklemlere ihtiya¢ duymaktadir (de Ayala, 2009; van der Linden ve
Hambleton, 1997; Hulin, Lissak ve Drasgow, 1982; Ree ve Jensen, 1983). Bu nedenle, kiigiik gruplarla
yiriitiilen 6lgme ve degerlendirme ¢alismalarinda KTK'nin kullanimi yaygin bir sekilde devam
etmektedir. Bununla birlikte, KTK’ya dayali olarak hesaplanan madde istatistiklerinin gruba bagh
olmasi ve bireylerin basari/yetenek puanlarinin da madde/test 6zelliklerine baglh olmas: pratikte pek
¢ok sorunu beraberinde getirmektedir. KTK ile yapilan kestirimlerin tutarlilig1 da tartisma konusudur.
Ctim, Gelbal ve Tsai (2016), KTK'ya dayal1 olarak elde edilen madde istatistiklerinin ayni evrene ait
farkli orneklemler (30’ar kisilik) arasinda biiyiik farkliliklar gosterdigi bulgusuna ulasmislardir. Bu
noktada, kii¢iik 6rneklemlerde daha etkili 6lgmeler yapabilmek ve KTK’da karsilasilan sorunlari

asabilmek bakimindan yeni test kuramlari iizerinde arastirmalar yapilmasi ihtiyaci dogmaktadir.

1970'lerde Japon aragtirmact Takahiro Sato tarafindan Ogrenci-Madde Cizelgesi Analizi
(Student-Problem Chart Analysis) adinda yeni bir teknik olusturulmustur. Analiz sonucunda elde
edilen katsayilarin, 6gretmenlerin 6grencilerin performanslarini ve test maddelerini formiile ederek
tanilamalar1 (diagnose), sonrasinda ise dgrencilere rehberlik edilmesi ve 0gretimin gelistirilmesi i¢in
referans gorevi gorebilecegi belirtilmistir. Bu c¢izelgenin kullanilmasinin, az Ogrencili siniflarin
bigimlendirici degerlendirmesi icin son derece iyi ve etkili bir yaklasim oldugu goriisii ne

suriilmiistiir (Takeya, 1980; Tatsuoka, 1984).

Ogrenci- Madde Cizelgesi Analizinin (O-MCA)2010 yilinda Nagai'nin 6nerisiyle Gri Iligki
Analizi (Grey Relational Analysis) ile gli¢clendirilmesi 6grencilerin basari/yetenek diizeylerinin elde
edilebilmesini de miimkiin hale getirmistir. Gri Iliski Analizi Ju-Long Deng tarafindan 1982 yilinda
ortaya konulan Gri Sistem Teorisi (Grey System Theory) igerisinde yer alan analiz yontemidir. Bir
derecelendirme, smiflandirma ve karar verme teknigi olan Gri iligki Analizi, normal dagilim
varsayimint saglayamayan, belirsizlik nedeniyle modellenemeyen ve yeterli veri icermeyen kisith
verilerle karar verme durumlarinda istatistiksel ¢oziimler onermektedir (Deng, 1982). Bu durum az
sayida kisi/0grenci tizerinde yapilan olgmelerde artik “Sato Test Kurami”-STK- (Sato Test Theory)
olarak anilmaya bagslayan yaklasimi avantajli hale getirmektedir. Giiniimiizde STK baglaminda, Gri
O-MCA (Grey S-P Chart Analysis), Rasch Gri O-MCA (Rasch Grey S-P Chart Analysis)ve Kismi
Kredili O-MCA (Partial Credit S-P Chart Analaysis) gibi modellemeler ile hem ikili puanlanan hem de
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¢oklu puanlanan madde tiirlerine uygulanabilen, test gelistirme ve uygulama alaninda mevcut

sorunlara ¢oziim getirebilecek calismalar tizerinde durulmaktadir (Pham, Sheu ve Nagai, 2015; Sheu
ve digerleri., 2014a).

Ogrenci-Madde Cizelgesi Analizi sonucunda iki tiir indeks {iretilir. Bunlar, 6grenci uyari
indeksi (Student Caution Indices) ve madde uyari indeksi (Problem Caution Indices) olarak

adlandirilmaktadar.

Madde Uyar Indeksi

Madde uyari indeksi (MUI) maddelerin belli kategoriler altinda simiflandirilmasini ve bu
sayede her bir maddenin islerligiyle ilgili doniit elde edilmesini saglar. MUI indeksi asagidaki

formiille hesaplanmaktadir (Lin ve Yih, 2015; Sheu ve digerleri., 2014b).

2=y (Ynm)(¥Yn) — (Ym). (1)
M ¥n— (Ym).(u")

MUi=1-—

m: Madde degiskeni (m=1,2,3,...M)

n: Ogrenci degiskeni (n=1,2,3,...N)

Ynm: n. 63rencinin m. maddeden aldig1 puan (dogru:1, yanhs: 0)
Ym: Ogrencilerin m. maddeden aldiklar: puanlarin toplam:

Yn: n. §3rencinin toplam test puani

r . EJI}l:._ ¥n
N

Madde uyar1 indeksi (MUI), maddeleri dort farkli smifa atamak igin kullanilmaktadir. indeks
0 ile 1 araliginda deger almaktadir. Herhangi bir madde icin hesaplanan indeks degerinin 0,50’den
daha biiyiik bir deger almasi, ilgili maddenin islerligiyle ilgili baz1 sorunlarin oldugu yoniinde
yorumlanmaktadir. MUI degeri maddenin dogru yanitlanma orami ile birlikte yorumlanir. Bu iki

Ol¢lintin alacagi degerlere gore maddenin hangi simifa atanacagma iliskin gorsel Sekil 1’de

sunulmustur.

50% A

B B
0.50
Madde Uyan indeksi

Maddenin dogru yamitlanma orani

Sekil 1. MUI ve oran degerlerine gére maddelerin atanaca@: sinuflar.
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Sekil 1’de goriildiigli {izere MUI degerinin 0,50’den diisiik bir deger aldigi durumda
maddenin dogru yanitlanma orami %50’den yiiksek ise A; diisiik ise B sinifina atandigi ve MUI
degerinin 0,50’den biiyiik bir deger aldigi durumda maddenin dogru yamitlanma orami %50’den
yiiksekse A’; diisiik ise B’ smifina atandig1 belirtilebilir. Yapilan bu smiflandirmalara iliskin

yapilabilecek yorumlar asagida verilmistir (Sheu, Pham, Nguyen ve Nguyen, 2013).

A: Diizgiin ¢alisan bir madde.
A’: Kismi olarak sorunlu bir madde. Tekrar gozden gecirilebilir.
B: Zor bir madde.

B':Sorunlu bir madde. Ters isliyor olabilir. Testten atilmali ya da yeniden yazilmal.

Ogrenci Uyan Indeksi

Ogrenci uyan indeksi (OUI) 6grencilerin belli kategoriler altinda simiflandirilmasini ve bu
sayede her bir dgrencinin testle yoklananbilgi/becerileri 6grenme ve maddeleri dikkatli bir sekilde
yanitlama durumlari hakkinda déniit elde edilmesini saglar. OUI indeksi asagidaki formiille

hesaplanmaktadir (Lin ve Yih, 2015; Sheu ve digerleri., 2014a).

M (Yanm)(Ym) — (Yn). (u)
X Ym—(¥n).(u)

ovi=1-

m: Madde degiskeni (m=1,2,3,...M)

n: Ogrenci degiskeni (n=1,2,3,...N)

Ynm: n. 6grencinin m. maddeden aldig1 puan (dogru:1, yanls: 0)
Ym: Ogrencilerin m. maddeden aldiklar: puanlarn toplam:

Yn: n. 6grencinin toplam test puani

w: IM_vm
M

Ogrenci uyari indeksi (OUT), 6grencileri alti farkli sinifa atamak icin kullamilmaktadir. Indeks
0 ile 1 arahginda deger almaktadir. Herhangibir 6grenci i¢in hesaplanan indeks degerinin 0,50'den
daha biiyiik bir deger almasi, o 6grencinin 6grenme eksikliklerinin olabilecegi ya da baz1 maddeleri
dogru cevaplayabilecekken dikkatsizlikle kagirmis olabilecegi uyarisini vermektedir. OUI degeri
ogrencinin dogru yanit verdigi madde sayisinin testte yer alan madde sayisina orami ile birlikte
yorumlanir. Bu iki 6lgiiniin alacagi degerlere gore 6grencinin(bireyin) hangi sinifa atanacagina iliskin

gorsel Sekil 2’de sunulmustur.

1800



KEFAD Cilt 23, Say1 2, Agustos, 2022

8 1nas

£ 100%

1)

=

® A A
E 759

=)

B

5 B

! B’
5 50%

[=]

-

=

E _

g C C
b=y 0.50

Ogrenci Uyan indeksi

Sekil 2. OUI ve oran degerlerine gore dgrencilerin atanacagi siniflar.

Sekil 2’de yer alan degerler dogrultusunda yapilan smniflandirmalar ve bunlara iliskin

yapilabilecek yorumlar asagida verilmistir (Sheu ve digerleri., 2013).

A: Etkili 6grenme gerceklesmis.

A’: Ogrenme var fakat cok dikkatsiz.

B: Genel olarak iyi ancak biraz daha fazla calismaya ihtiyact var.
B’: Biraz dikkatsiz ve daha fazla ¢alismaya ihtiyaci var.

C: Ogrenme diizeyi yetersiz.

C’: Ogrenme gerceklesmemis.

Yapilan bu siniflandirmalarin Sato Test Kurami'nin bicimlendirici degerlendirme ve 6gretimi
gelistirme amaciyla kullamilmasinda 6gretmenlere 6nemli bir referans olusturdugu ifade edilebilir. Bu
smiflandirma sayesinde ogretmenler, farkli kesme puanlar: belirlemek gibi bir zorlukla kars: karsiya
kalmaksizin 6grencileri alt1 farkli gruba ayirabilmekte ve 6gretimi bu gruplarin ihtiyaglarina uygun

olarak diizenleyebilmektedirler.

OUI ve MUI indeksleriyle ulasilan nitel veri diizeyindeki sonuglar, yetenek diizeyleri
bakimindan bireyleri ve giigliikleri bakimindan maddeleri karsilastirabilme noktasinda smirh
kalmaktadir. O-MCA'nin bu sinirliligini ortadan kaldirmak amaciyla gelistirilen Gri O-MCA’ya dayali
olarak 6grencilerin test performans diizeylerini belirlemek amaciyla “6grenciler i¢in siirlandirilmisg
gri iliski derecesi” ~QOISGID- (Localized Grey Relational Grade-Student) ve madde giigliiklerini
belirlemek amaciyla “maddeler igin sinirlandirilmis gri iliski derecesi” -MISGID- (Localized Grey

Relational Grade-Problem) hesaplanmaktadir (Sheu ve digerleri., 2014a).
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Ogrenciler icin Sinirlandirilmis Gri Iliski Derecesi

C)grencﬂer icin Stnurlandirilmis Gri iliski Derecesi (OISGID) degerleri 6grencilerin yetenek ya
da basar1 diizeylerine iliskin bilgi vermektedir. OISGID hesaplanirken kullanilan vektorler ve

formiiller asagida verilmistir (Sheu ve digerleri., 2014c).

Gri iligki analizinde kargilagtirilan vektorler:

xg = (2 (1), 25 (2)s oo, g (K, s g (1)) Referans vektor
x; = (x,(1),x,(2), x5, (k), oo, %, (1)) : Incelenen vektor
Gri 6grenci-madde cizelgesi analizinde OISGID degeri elde etmek icin incelenen vektor:

Si= (x,(1),%,(2), ..., x,(k), ..., x;(m)) :i. 6grencinin tim maddelere verdigi yanitlar

vektori, k=1,2,3,...n

. A e — Do
OISGID = T(y ., = E”"”—_“"
™Mox

T Bmin
Ag= (0o, (x, (k) — xi(k]*"j?Refemns vektor ve incelenen wvektor (68renciler icin) arasindaki

Minkowski uzaklik élciisii.

Aax= Do icin maksimum deger.

Apin= Ay icin minimum deger.

OISGID degerlerine dayali olarak &grencilerin/bireylerin olgiilen ozellikteki performanslar

asagidaki gibi degerlendirilebilir.

Tablo 1. OISGID degerlendirme 6lciitleri

Bireyin Performansi OISGID degeri*
Yiiksek OISGID > 0,75
Ortanin {istii 0,75 > OISGID = 0,50
Orta 0,50 > OISGID = 0,25
Diisiik 0,25 > OISGID

*OISGID 0 ile 1 araliginda deger almaktadir.

OISGID degerleri, 6grencilerin diizeylerini belirlemeye ve buna bagl olarak onlar hakkinda

kararlar almaya olanak taniyan, karsilastirilabilir ve siralanabilir nicel verilerdir.
Maddeler i¢in Stnirlandirilmis Gri iliski Derecesi

Maddeler igin siirlandirilmis gri iliski derecesi (MISGID) maddelerin giiglitk diizeylerine
iliskin bilgi vermektedir. MISGID 0 ile 1 araliginda deger almakta ve kolay maddeler igin yiiksek, zor
maddeler icin diisiik degerler elde edilmektedir. Baska bir ifadeyle, MISGID degeri ne denli yiiksekse
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madde o denli kolaydir, denilebilir. MISGID hesaplanirken kullanilan vektorler ve formiiller asagida

verilmistir (Sheu ve digerleri., 2014c).
Gri 6grenci-madde cizelgesi analizinde MISGID degeri elde etmek icin incelenen vektor:

P, = (xy (k) xy(k), oy x (k) s (K)) k.maddeye tiim oOgrencilerin verdigi yartlar
vektorti, i=1,2,3,...,m

. A
MiSGiD = T, = _—max R0
ﬁmﬂx

L) n

’ — 4

min
Emz (xm 1(x0(kj—xi(kjpj::° Referans wvektor wve incelenen vektér (maddeler igin) arasimdaki

Minkowski uzaklik élciisii.

A, .= Do icin maksimum deger.

max

Bomin=Bi0jein minimum deger.

STK ile ilgili ¢calismalarin son yillarda 6zellikle Uzak Dogu Cografyasinda bir artis gosterdigi
ve yapilan Ingilizce yayinlarin, kurami tamtma (Lin ve Chen, 2006; Wang, Sheu ve Nagai, 2011; Wang
ve Chen 2013), kuramin uygulamasina yonelik gelistirilen bir yazilimi tanitma (Pham, Sheu ve Nagai,
2015; Sheu ve digerleri., 2013; Sheu ve digerleri., 2014b; Sheu ve digerleri., 2014a; Wu, 1999), STK
araciigryla kavram yanilgilarina neden olan maddeleri ve/veya kavram yanilgilarina sahip olan
Ogrencileri saptama (Sheu ve digerleri, 2013; Tsai ve digerleri.,, 2014) ve STK ve MTK'nin
karsilastirilmasi (Sheu ve digerleri., 2014b; Tatsuoka, 1984) alanlariyla iliskili oldugu belirlenmistir. Bu
belirlemeden hareketle, Gri Iliski Analizi'nin kurama eklendigi 2010 yilindan sonra dahi Avrupa ve
Amerika’da kurama olan ilginin zayif kaldigina iliskin bir ¢ikarim yapilabilir. Bu anlamda, farkh
katilimar gruplar iizerinde STK ¢ergevesinde {iiretilen madde ve birey 6zelliklerine iligkin degerlerin
diger test kuramlari araciligiyla elde edilen degerlerle karsilastirilmasmin hem farkli kuramlar
arasindaki benzerlik ve farkliliklar1 ortaya koymasi bakimindan hem de STK'min zayif ve giiclii

yonlerini ortaya ¢ikarmasi bakimindan ¢alismanin ilgili alanyazina katki sunacagi diisiiniilmektedir.
Yontem

Bu boliimde, arastirmanin modeli, ¢alisma grubu, veri seti ve verilerin analizine iligkin bilgiler

verilmigtir.
Arastirma Modeli

Bu arastirmada, Ogrenci Basarilarinin Belirlenmesi Smavi'na (OBBS-2005) katilan ogrencilerin
matematik alt testine verdikleri yanitlar iizerinden, madde analizlerinin Sato Test Kurami (STK),
Klasik Test Kurami (KTK) ve Madde Tepki Kurami (MTK) ile yapilarak elde edilen madde 6zellikleri

arasindaki iliski diizeylerinin, testlerden ¢ikarilmasina ya da diizeltilmesine karar verilen sorunlu
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maddelerin belirlenmesi ve sozii edilen kuramlara dayali olarak elde edilen 6grenci basar1 puanlarinin

karsilastirilmasi amaglanmistir. Bu temel amagtan hareketle asagidaki sorulara yant aranmistir.

OBBS (2005) matematik alt testinde yer alan maddeler icin random belirlenen 50’ser kisilik 10,
100er kisilik 10, 200er kisilik 10 ve 600’er kisilik 10 farkli 6érneklem iizerinden hesaplanan (Madde

Tepki Kurami'na dayali kestirimler i¢in bu 6rneklemler degil tam veri seti kullanilmistir),

1. Sato Test Kurami'nin madde uyari indeksleri (MUI) ile Klasik Test Kurami'min madde
aywricilik indeksleri (Cift Serili Korelasyon Katsayilarl) arasindaki korelasyonlar ne
diizeydedir?

2. Sato Test Kurami'nin maddeler i¢in smirlandirilmis gri iliski dereceleri (MISGID) ile Klasik
Test Kurami'nin madde giiglitk indeksleri arasindaki korelasyonlar ne diizeydedir?

3. Sato Test Kurami'min &grenciler igin sinirlandirilmis gri iliski dereceleri (OISGID) ile Klasik
Test Kurami'nin 6grenci basari puanlari (toplam test puanlar1) arasindaki korelasyonlar ne
diizeydedir?

4. Sato Test Kurami'min madde uyar indeksleri (MUI) ile Madde Tepki Kurami'nin a
parametreleri arasindaki korelasyonlar ne diizeydedir?

5. Sato Test Kurami'nin maddeler icin sirlandirilmis gri iliski dereceleri (MISGID) ile
Madde Tepki Kurami'nin b parametreleri arasindaki korelasyonlar ne diizeydedir?

6. Sato Test Kurami'nin &grenciler igin sirlandirilmis gri iliski dereceleri (OISGID) ile
Madde Tepki Kurami'nin yetenek parametreleri arasindaki korelasyonlar ne diizeydedir?

7. Klasik Test Kurami, Madde Tepki Kurami ve Sato Test Kurami'na dayali olarak yiiriitiilen
madde analizlerinin sonuglarindan hareketle testten c¢ikarilmasi ya da diizeltilmesi

gerektigine karar verilen maddeler ne oranda uyum gostermektedir?

Arastirmada ele alman yontemlerin arastirma verisi {izerinden isleyislerinin incelenmesi
amaclandigindan kullanilan verinin giincel olup olmamasi énem tasimamaktadir. Arastirma, analiz
sonuglarinin karsilastirilmasi yoluyla yontemler arasindaki baglantilarin belirlenmesi ve buradan
hareketle genel bir tablonun ortaya koyulmasi bakimindan betimsel bir arastirma niteligi

tasimaktadir.
Calisma Grubu ve Veri Seti

Calisma grubunda, 2005 yilinda uygulanan Ogrenci Basarilarmin Belirlenmesi Sinavi'na
(OBBS) katilan 8.smif 6grencilerinden olusan 15461 kisi yer almaktadir. Arastirma verileri, OBBS
matematik alt testinde yer alan ¢oktan se¢meli maddelere verilen yanitlarin ikili puanlanmasi (1-0) ile

olusturulmustur.

OBBS'nin bu aragtirma kapsaminda ele alinan matematik alt testinde dort segenekli 25 madde

yer almaktadir. Sinava katilan 6grencilerin matematik testinden aldiklar1 puanlarin (dogru yanitlanan
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maddeler i¢in 1 yanlis yanitlanan ve bos birakilan maddeler i¢in 0 puan verilmistir) histogram grafigi

Sekil 3'te sunulmustur.

1.500-]
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Sekil 3.Matematik test puanlarmin dagilimina iliskin histogram grafigi.

Sekil 3’te verilen test puanlari dagiliminin ortalamas: 11,199 ve ortancast 10,000 olarak
hesaplanmistir. Dagilimin standart sapmasi 5,513’tiir. Dagilima iligkin carpiklik katsayis1 0,697'dir ve
test puanlar1 bu anlamda saga garpik bir dagilim 6zelligi gostermektedir. Basiklik katsayis: ise -0,320

olarak hesaplanmustir.
Verilerin Analizi

Bu boliimde oncelikle, arastirma verisinin yapilacak olan analizlerin gerektirdigi varsayimlari
karsilayip karsilamadigi incelenmis daha sonra veri ¢oziimleme siireci, arastirma sorularin sirasiyla

ele alacak sekilde 6zetlenmeye calisilmistir.
Varsayimlarin Test Edilmesi

Bu asamada ilk olarak hem KTK hem de MTK igin gerekli olan tek boyutluluk varsayimi
Paralel Analiz yontemi ile incelenmistir. S6z konusu yontem pek ¢ok arastirmaci tarafindan faktor
(boyut) sayisinin belirlenmesinde en iyi yontem olarak nitelendirilmektedir (Fabrigar, Wegener,
MacCallum ve Strahan, 1999; Field, 2009; Hayton, Allen ve Scarpello, 2004; Henson ve Roberts, 2006;
Horn, 1965; Thompson, 2004; Zwick ve Velicer, 1986). Bu amagla, “Factor 10” programi araciligiyla
tetrakorik korelasyon matrisine dayal faktor analizi yiiriitiilmiis ve faktorlestirme yontemi olarak
Coughlin (2013) tarafindan 6nerilen Agirliklandirilmamis En Kiigiik Kareler Yontemi (Unweighted
Least Squares) secilmistir. Korelasyon matrisinin faktorlesebilirligine iliskin karitlar Bartlett
Kiiresellik Testi (Bartlett’s Test of Sphericity) ve Kaiser-Meyer-Olkin Orneklem Uygunlugu Olgiitii

(Kaiser-Meyer-Olkin Test of Sampling Adeqacy) ile elde edilmistir. Matematik alt testi icin Bartlett
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Kiiresellik Testi sonuglar1 korelasyon matrisi ile birim matris arasinda istatistiksel olarak manidar bir
farklihik olduguna (p= 0.000) isaret etmektedir. Teste iliskin KMO degeri (0,901) goz Oniinde
bulunduruldugunda, korelasyon matrislerinin faktorlesebilirlik diizeylerinin “miikemmel” oldugu
seklinde bir degerlendirmede bulunulabilir (Beavers ve digerleri., 2013). Korelasyon matrisine iliskin
varsayimlar saglandiktan sonra yapilan Faktor Analizi ve buna dayali olarak yapilan Paralel Analiz
sonuglari, test icin “tek boyut” onermistir. Elde edilen bulgulara dayali olarak arastirma verisinin tek

boyutluluk varsayimini karsiladigina karar verilmistir.

Tek boyutluluk, bir diger MTK varsayimi olan yerel bagimsizligin varligina da kanit olarak
gosterilebilir. Bu kanitin yan sira IRTPRO programi araciligiyla maddeler aras: standardize edilmis
ki-kare degerleri incelenmis ve az sayida madde arasinda yiiksek ki-kare degerlerinin tespit
edilmesine karsin testin biitiinsel olarak ele alndigi durumda maddeler arasi iligkilerin yerel

bagimsizligi ihlal edecek diizeyde olmadigi sonucuna ulagilmistir.

Arastirma verisine iliskin temel varsayimlarin kontroliinden sonra MTK parametrelerinin
daha dogru kestirilebilmesi igin veriye en iyi uyum saglayan MTK modelinin segilmesi asamasina
gecilmistir. Bu amacla, teste ait veriler 1P, 2P ve 3P Lojistik Modellere gore analiz edilmis ve elde
edilen -2log Likelihood degerleri arasindaki farklar incelenmistir. S6z konusu degerler Tablo 2’de

sunulmustur.

Tablo 2. Lojistik modeller icin -2log likelihood degerleri

Test 1PLM 2PLM 3PLM
Matematik 471051,75 468898,42 463975,82

Modellerin uyum diizeylerinin karsilastiriimasinda x? fark testi kullamlmistir. Test icin en
uygun modelin Ug Parametreli Lojistik Model oldugu sonucuna ulagilmistir. Yapilan hesaplamalar

asagidaki sekilde ifade edilebilir.

x%=-2log Likelihoodqp;y — ( —21og Likelihoodyy ) = 471051,75 — 468898,42 = 2153,33 >

2
37,65 (X” (ar=25 p=10,05)) V&

x%=-2log Likelihoodypy, — ( —21og Likelihoods,y,) = 468898,42 — 463975,82 = 4922,60 >

2
37,65 (¥ (df=25 p=;0,05))

Secilen modelin veriye uygunluguna iligkin daha fazla kamit elde edebilmek amaciyla 3PLM
ile {iiretilen madde ve yetenek parametrelerinin degismezligine yonelik incelemeler yapilmustir.
Madde parametrelerinin degismezligine iliskin kanit elde edilmesi amaciyla matematik testini
yarutlayan bireylere ait yanit oriintiileri seckisiz olarak iki gruba ayrilmig ve her iki gruptan kestirilen
madde parametreleri arasindaki iliski Spearman-Brown Sira Farklari Korelasyon Katsayilar: ile

incelenmistir. Iki gruptan elde edilen madde parametreleri arasindaki korelasyonlar a parametreleri
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i¢in 0,926; b parametreleri i¢in 0,993; c parametreleri i¢in 0,940 olarak belirlenmistir. Bu bulguya dayali

olarak madde parametrelerinin 3PLM’de degismezlik 6zelligi gosterdigi yorumu yapilabilir.

Yetenek parametrelerinin degismezliginin incelenmesi amaciyla, matematik testinde yer alan
maddeler rastgele bir sekilde ikiser gruba ayrilarak alt testler olusturulmus ve bu alt testlerden 3PLM
ile yetenek parametreleri kestirilmistir. Test maddelerinden olusturulan iki ayri alt test iizerinden
kestirilen yetenek parametreleri arasindaki korelasyon diizeyi Pearson Momentler Carpim
Korelasyon Katsayist teknigi ile incelenmis ve bu deger 0,887 olarak belirlenmistir. S6z konusu
bulguya dayali olarak, testi yanitlayan bireylerin yetenek diizeylerinin 3PLM ile madde
ornekleminden bagimsiz olarak Kkestirilebildigi iddiasinda bulunulabilir. Yapilan incelemeler
sonrasinda, arastirma verisinin ¢Ozlimlemeler i¢in gerekli olan varsayimlari karsiladigina karar
verilmistir. Bununla birlikte, MTK’ya dayal1 ¢oziimlemelerde arastirma verisine en iyi uyum saglayan
Ug Parametreli Lojistik Modelin kullanilmast ve diger test kuramlariyla yapilan karsilagtirmalarm bu

modele dayali olarak kestirilen parametrelerle sinirlandirilmasi kararlastirilmistir.
Veri Coziimleme Siireci

Oncelikle, OBBS’ye (2005) katilan 15461 8.simif 6grencisinin matematik testinden elde edilen
yanit Orilintiileri arasindan basit seckisiz 6rnekleme yontemiyle her birinden 10’ar adet olmak {izere
50’ser, 100’er, 200"er ve 600’er kisilik 6rneklemler olusturularak arastirma verisi arastirma problemini

¢oziimlemeye uygun hale getirilmistir.

Arastirmanin birinci sorusuna yanit aramak amaciyla, olusturulan tiim 6rneklemler {izerinden
test maddelerinin 7}, ve MUI degerleri; ikinci sorusuna yanit aramak amaciyla p ve MISGID degerleri
elde edilmistir. S6z konusu degerler arasindaki korelasyon katsayilar1 her bir 6rneklem biiytikligii
igin 10 farkli orneklem {izerinden Spearman’in Sira Farklari Korelasyon Katsayis1 Teknigi ile

hesaplanarak ortancalar1 alinmustir.

Arastirmanin iigiincii sorusuna yanit aramak amaciyla, olusturulan érneklemler igerisinde yer
alan &grencilerin test toplam puanlari ve dgrenciler igin siirlandirilmig gri iliski dereceleri (OISGID)
elde edilmistir. S6z konusu degerler arasindaki korelasyon katsayilar1 her bir 6rneklem biiyiikliigii
i¢in 10 farkli 6rneklem {izerinden Pearson Korelasyon Katsayisi Teknigi ile hesaplanarak ortancalar:

alinmistir.

Arastirmanin dordiincii ve besinci sorularina yanit aramak amaciyla, testte yer alan maddeler
icin 50, 100, 200 ve 600’er kisilik 10’ar farkli érneklem iizerinden MUI ve MISGID degerleri ile teste
katilan tiim Ogrenciler {izerinden 3PLM ile a ve b parametreleri belirlenmis, ilgili degiskenler
arasindaki korelasyon Kkatsayilari Spearman’in Sira Farklari Korelasyon Katsayisi Teknigi ile

hesaplanarak ortancalar: alinmistir.
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Aragtirmanin altinci sorusuna yanit aramak amaciyla, testi yanitlayan ve 50, 100, 200 ve 600’er
kisilik 6rneklemler icerisinde yer alan dgrencilerin OISGID degerleri ile ayn1 6grencilerin 3PLM ile
kestirilen yetenek (0) parametreleri (6 kestirimleri EAP yontemi ile tiim veri seti iizerinden

gerceklestirilmistir.) arasindaki korelasyonlar Pearson Korelasyon Katsayis: Teknigi ile incelenmistir.

Arastirmanin yedinci sorusuna yanit aramak amaciyla, olusturulan 6rneklemler {izerinden
Gift Serili Korelasyon Katsayisi teknigi ile madde ayiricilik indeksleri (7jy) elde edilerek sorunlu
maddeler KTK baglaminda belirlenmistir. Daha sonra, ayn1 6rneklemlerden alinan veriler Sato Test
Kurami'na dayali olarak analiz edilmis ve sorunlu maddeler MUTJ'ler araciligl ile yapilan
simniflandirmalar yoluyla belirlenmistir. Son olarak, Madde Tepki Kurami'nin 4, ¢ parametreleri ve
madde bilgi fonksiyonlar1 aracilif: ile sorunlu maddeler belirlenerek her ii¢ kurama gore ulasilan

sonuglar arasinda karsilastirmalar yapilmistir.

Verilerin analizi siiresince Sato Test Kuramina dayali kestirimler Sheu, Pham, Nguyen ve
Nguyen (2013) tarafindan gelistirilen MATLAB eklentisi ile Madde Tepki Kuramina dayal
parametreler IRTPRO (V, 4.2) yazilimi ile Klasik Test Kuramina dayali istatistikler ise TAP (V,14.7.4)
yazilimi ile elde edilmistir. Spearman’mn Sira Farklar1 Korelasyon Katsayisi Teknigi, Pearson
Korelasyon Katsayis1 Teknigi ve Kruskal-Wallis-H Testi ile yapilacak olan karsilastirmalar igin ise

SPSS (V,22) yazilimi kullanilmistir.
Arastirmanin Etik izinleri

Bu calismada “Yiiksekogretim Kurumlar: Bilimsel Arastirma ve Yaymn Etigi Yonergesi”
kapsaminda uyulmas: belirtilen tiim kurallara uyulmus, yonergenin ikinci boliimiinde yer alan
“Bilimsel Arastirma ve Yayin Etigine Aykir1 Eylemler” bashig: altinda belirtilen eylemlerden higbiri

gerceklestirilmemistir.

Etik kurul izin bilgileri: Hacettepe Universitesi Egitim Bilimleri Enstitiisii'niin 2019 yilinda doktora
tezi olarak kabul ettigi aragtirmanin bir boliimiinii igeren bu makalede yapilan islemler i¢in ¢calismada
hazir veri kullanildig1 gerekgesiyle danisman onayiyla ayni enstitiiye etik komisyon muafiyeti

basvurusu yapilmis ve ilgili arastirma etik kurul izninden muaf tutulmustur.
Muafiyet Izin Formu Tarihi= 23/06/2016
Bulgular ve Yorumlar

“Klasik Test Kurami'nin madde ayiricilik indeksleri (Cift Serili Korelasyon Katsayilari) ile Sato
Test Kurami'nin madde uyari indeksleri (MUI) arasinda ne diizeyde korelasyon bulunmaktadir?”
sorusuna yanit bulmak amaciyla OBBS matematik alt testi maddeleri igin 50, 100, 200 ve 600’er kisilik
orneklemler tizerinden 7j, ve MUI degerleri elde edilmis ve her bir 6rneklem biiytikligii icin 10 farkl
orneklem {izerinden elde edilen degerler arasindaki korelasyon katsayilar1 hesaplanarak ortancalar:

alimustir. Konuya iligskin bulgular Tablo 3’te sunulmustur.
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Tablo 3. Matematik testi madde ayiricilik indeksleri ile madde uyar: indeksleri arasindaki korelasyonlara iliskin
bulgular

Orneklem Biiyiikliigii 50 100 200 600
Korelasyon wyi_r,, -0,968* -0,934* -0,944* -0,934*

*Sunulan degerler her bir érneklem biiyiikliigii igin 10 farkli 6rneklem iizerinden elden edilen korelasyon

katsayilarinin ortancalar1 alinarak elde edilmistir.

Tablo 3 incelendiginde, ele alinan tiim 6rneklem biiyiikliikleri i¢cin KTK'nin madde ayiricilik
indeksleri ile STK'nin madde uyari indeksleri arasinda negatif yonde ve yiiksek diizeyde
korelasyonlarin oldugu goriilmektedir. Elde edilen yiiksek korelasyon katsayilarindan hareketle,
matematik testinde yer alan maddelerin ayirt edicilik diizeylerinin belirlenebilmesi bakimindan,
madde ayiricilik ve madde uyar: indekslerinin benzer sekilde galistig1 goriisii one siiriilebilir. Bununla
birlikte, maddelerin 7j, ve MUI degerleri arasindaki iliski diizeylerinin drneklem biiyiikliigiinden

etkilendigine dair bir bulguya ulagilmamuisgtir.

“Klasik Test Kurami'nin madde giiglitk indeksleri ile Sato Test Kurami'nin maddeler igin
sinirlandirilmig gri iliski dereceleri (MISGID) arasinda ne diizeyde korelasyon bulunmaktadir?”
sorusuna yanit bulmak amactyla OBBS matematik alt testi maddeleri icin 50, 100, 200 ve 600’er kisilik
orneklemler iizerinden p ve MISGID degerleri elde edilmistir. S6z konusu degerler arasindaki
korelasyon katsayilar1 her bir 6rneklem biiyiikliigii icin 10 farkli 6rneklem tiizerinden hesaplanarak
ortancalar1 alinmistir. Konuya iliskin bulgular Tablo 4’te sunulmustur.

Tablo 4. Matematik testi madde giicliik indeksleri ile maddeler icin smirlandirilmg gri iliski dereceleri
arasindaki korelasyonlara iliskin bulgular

Orneklem Biyiikligii 50 100 200 600
Korelasyon wisgip-p) 1,000* 0,998* 0,998* 0,999*

*Sunulan degerler her bir érneklem biiyiikliigii igin 10 farkli 6rneklem iizerinden elden edilen korelasyon

katsayilarinin ortancalar: alinarak elde edilmistir.

Tablo 4 incelendiginde, ele alinan tiim 6rneklem biiyiikliikleri i¢cin KTK'nin madde giigliik
indeksleri ile STK'nin maddeler icin sinirlandirilmis gri iliski dereceleri arasinda pozitif yonde ve
yliksek diizeyde korelasyonlarin oldugu goriilmektedir. S6z konusu korelasyonlarin 6rneklem
biiytikliigiinden etkilendigine dair bir bulguya ulasilmamistir. Elde edilen yiiksek korelasyon
katsayilarindan hareketle, matematik testinde yer alan maddelerin giiglik diizeylerinin
belirlenebilmesi bakimindan, madde giigliik indekslerinin ve maddeler i¢in sinirlandirilmis gri iliski

derecelerinin benzer sekilde calistig1 goriisii 6ne stiriilebilir.

“Klasik Test Kuraminin &6grenci basari puanlari (toplam test puanlari) ile Sato Test
Kurami'min 6grenciler i¢in smirlandirilmis gri iliski dereceleri (OISGID) arasinda ne diizeyde
korelasyon bulunmaktadir?” sorusuna yanit bulmak amaciyla OBBS matematik alt testini yanitlayan
ve 50, 100, 200 ve 600’er kisilik orneklemler icerisinde yer alan 6grencilerin test toplam puanlar1 ve

ogrenciler i¢in smirlandirilmis gri iliski dereceleri elde edilmistir. S6z konusu degerler arasindaki
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korelasyon katsayilar1 her bir 6rneklem biiyiikliigii igin 10 farkli drneklem {izerinden hesaplanarak

ortancalar1 alinmigtir. Konuya iliskin bulgular Tablo 5’ de sunulmustur.

Tablo 5. Matematik testi toplam puanlar: ile 63renciler icin surlandiilmg gri iligki dereceleri arasindaki
korelasyonlara iliskin bulgular

Orneklem Biiyiikliigii 50 100 200 600
Korelasyon jsgip-11p) 0,979* 0,977* 0,978* 0,976*

*Sunulan degerler her bir érneklem biiyiikliigii igin 10 farkli 6rneklem tiizerinden elden edilen korelasyon
katsayilarinin ortancalari alinarak elde edilmistir.

Tablo 5 incelendiginde, ele aliman tiim Orneklem biiyiikliikleri icin test toplam puanlar ile
Ogrenciler igin siurlandirilmis gri iliski dereceleri arasinda pozitif yonde ve yiiksek diizeyde
korelasyonlarin oldugu goriilmektedir. S6z konusu korelasyonlarin 6rneklem biiyiikliigiinden
etkilendigine dair bir bulguya ulasiimamustir. Elde edilen yiiksek korelasyon katsayilarindan
hareketle, bireylerin matematik testinde gosterdikleri performanslarin belirlenmesi noktasinda
OISGID ve test toplam puanlarinin benzerlik gosterdigi ifade edilebilir. Aragtirmanin birinci, ikinci ve
tiglincli alt problemine iliskin bulgular degerlendirildiginde STK ve KTK'nin psikometrik 6zellikler

bakimindan birbirine yakin sonuglar ortaya koydugu goriilmiistiir.

“Sato Test Kurami'min madde uyari indeksleri (MUI) ile Madde Tepki Kuraminin a4
parametreleri arasinda ne diizeyde iliski bulunmaktadir?” Sorusuna yanit bulmak amaciyla OBBS
matematik alt testi maddeleri i¢in 50, 100, 200 ve 600er kisilik 10’ar farkli 6rneklem tizerinden elde
edilen MUI degerleri ile teste katilan tiim 6grenciler iizerinden 3PLM ile elde edilen a parametreleri

arasindaki korelasyon katsayilar1 incelenmistir. Elde edilen bulgular Tablo 6’da sunulmustur.

Tablo 6. Matematik testi madde uyar1 indeksleri ile a parametreleri arasindaki korelasyonlara iliskin bulgular
Orneklem Biiyiikliigii 50 100 200 600
Korelasyon yyj_a) -0,082* -0,154* -0,138* -0,269*

*Sunulan degerler her bir &rneklem biiyiikliigii i¢in 10 farkli 6rneklem tizerinden elden edilen korelasyon
katsayilarinin ortancalar: alinarak elde edilmistir.

Tablo 6 incelendiginde, matematik testi maddeleri i¢in elde edilen STK'nin madde uyar:
indeksleri ve MTK'nin 4 parametreleri arasinda tiim orneklem biiyiikliikleri icin negatif yonde ve
diisiik diizeyde bir iliskinin bulundugu goriilmektedir. Bu bakimdan, matematik testi maddelerinin
ayirt ediciliklerinin belirlenmesi noktasinda MUI ve a parametrelerinin benzer sekilde calismadiklar

ifade edilebilir.

“Sato Test Kurami'nin maddeler igin simirlandirilmig gri iliski dereceleri (MISGID) ile Madde
Tepki Kurami'nin b parametreleri arasinda ne diizeyde iliski bulunmaktadir?” Sorusuna yanit bulmak
amactyla OBBS matematik alt testi maddeleri igin 50, 100, 200 ve 600’er kisilik 10’ar farkli 6rneklem

{izerinden elde edilen MISGID degerleri ile teste katilan tiim 6grenciler iizerinden 3PLM ile elde
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edilen b parametreleri arasindaki korelasyon katsayilari incelenmistir. Elde edilen bulgular Tablo 7’de

sunulmustur.

Tablo 1 Matematik testi maddeler icin simrlandirilns gri iligki dereceleri ile b parametreleri arasindaki
korelasyonlara iliskin bulgular
Orneklem Biiyiikliigii 50 100 200 600
Korelasyon yisgip—p) -0,805* -0,880% -0,891* -0,928%

*Sunulan degerler her bir érneklem biiyiikliigii igin 10 farkli 6rneklem tiizerinden elden edilen korelasyon
katsayilarinin ortancalar1 alinarak elde edilmistir.

Tablo 7 incelendiginde, STK'nin maddeler i¢in smirlandirilmis gri iliski dereceleri ile MTK'nin
b parametreleri arasinda tiim Orneklem biiyiikliikleri icin negatif yonde ve yiiksek diizeyde
korelasyonlarin oldugu goriilmektedir. Ayrica, MISGID degerlerinin elde edildigi orneklem
biiytikliikleri arttikga tiim katihmcilarin yanitlar1 {izerinden elde edilen b parametreleri ile
gosterdikleri korelasyon diizeylerinin de arttif1 belirlenmistir. Elde edilen bulgulardan hareketle,
matematik testi maddelerinin giigliik diizeylerinin belirlenmesi noktasinda MISGID ve b
parametrelerinin benzerlik gosterdigi ifade edilebilir. Bu arastirmada, madde giigliiklerinin
belirlenmesi noktasinda STK ve MTK ile iiretilen degerlerin yiiksek diizeyde iliski gosterdiginin
ortaya koyulmus olmas1 bakimindan elde edilen bulgularin Sheu ve digerlerinin (2014c) yaptiklar
arastirmada elde ettikleri bulgularla paralellik gosterdigi ifade edilebilir. S6z konusu arastirmada bu

arastirmadan farkl olarak STK ile MTK modellerinden 1PLM karsilagtirilmistir.

“Sato Test Kuram1'nin 6grenciler i¢in sinirlandirilmis gri iliski dereceleri (OISGID) ile Madde
Tepki Kurami'nin yetenek parametreleri arasinda ne diizeyde korelasyon bulunmaktadir?” Soruna
yanit bulmak amaciyla, OBBS matematik alt testini yamitlayan ve 50, 100, 200 ve 600%er kisilik
orneklemler igerisinde yer alan grencilerin OIsSGID degerleri ile ayn1 6grencilerin 3PLM ile kestirilen
yetenek (0) parametreleri (0 kestirimleri tiim veri seti iizerinden gergeklestirilmistir.) arasindaki
korelasyon katsayilar1 incelenmistir. Elde edilen bulgular Tablo 8'de sunulmustur.

Tablo 8. Matematik testini yamitlayan ogrencilerin yetenek parametreleri ile 63renciler icin stmrlandirilmig gri
iligki dereceleri arasindaki korelasyonlara iliskin bulgular

Orneklem Biiyiikliigii 50 100 200 600
Korelasyon ;isgip-e) 0,936 0,915 0,941 0,949

Tablo 8 incelendiginde, STK'min Ogrenciler i¢in smirlandirilmis gri iliski dereceleri ile
MTK'nin yetenek parametreleri arasinda tiim orneklem biiyiikliikleri i¢in pozitif yonde ve yiiksek
diizeyde korelasyonlarin oldugu goriilmektedir. S6z konusu korelasyonlarin, OISGID degerlerinin
elde edildigi orneklemlerin biiytiikliigiinden etkilendigine dair net bir bulguya ulasilamamaistir. Elde
edilen yiiksek korelasyon katsayilarindan hareketle, bireylerin matematik testinde gosterdikleri
performanslarin belirlenmesi noktasinda OISGID ve 6 degerlerinin benzerlik gosterdigi ifade

edilebilir.
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“Klasik Test Kurami, Madde Tepki Kurami ve Sato Test Kurami'na dayali olarak yiiriitiilen
madde analizlerinin sonuglarindan hareketle testten cikarilmasi ya da diizeltilmesi gerektigine karar
verilen maddeler ne oranda uyum gostermektedir?” Sorusuna yamt aramak amaciyla oncelikle
matematik testi i¢in 50, 100, 200 ve 600’er kisilik Orneklemler {izerinden Cift Serili Korelasyon
Katsayis1 teknigi ile madde ayiriclik indeksleri (7jy) elde edilmig ve elde edilen madde ayiricihk
indeksleri baz alinarak matematik testinden ¢ikarilmasi ya da diizeltilmesi gerektigine karar verilen

sorunlu maddeler (1j, < 0,3 0) belirlenerek her bir 6rneklem biiytikliigii i¢in Tablo 9’da sunulmustur.

Tablo 9. Matematik testindeki sorunlu maddelerin klasik test kurami'na gore belirlenmesine iliskin bulgular

Orneklem 50 100 200 600
Biiyiikliigii

Sorunlu Madde 3,5,6,11,13,

Kiimeleri 14,16, 22, 23 4,6,7,16 10, 22, 23 4,6,7,16,23

Tablo 9 incelendiginde, KTK’'ya gore, farkli dérneklem biiyiikliiklerinde en ¢ok kez sorunlu

oldugu tespit edilen maddelerin 6, 16 ve 23. maddeler oldugu sdylenebilir.

Ayni Orneklemlerden alman veriler Sato Test Kurami'na dayali olarak analiz edilmis ve
maddeler MUT'ler aracihig1 ile siuiflandirilmistir. Yapilan incelemeler sonucu matematik testinden
cikarilmasi ya da diizeltilmesi gerektigine karar verilen sorunlu maddeler her bir Orneklem

biiytikliigii igin Tablo 10’da sunulmustur.

Tablo 10. Matematik testindeki sorunlu maddelerin sato test kurami'na gore belirlenmesine iliskin bulgular

Orneklem 50 100 200 600
Bityiikliigii

Sorunlu Madde 3,56,11,13,14, 4,6,7,10,13, 16,

Kiimeleri 16, 19, 22, 23 22,23, 25 7,10, 14, 22,23 4, 7,10,16,22, 23

Tablo 10 incelendiginde, 22. ve 23. maddelerin tiim 6rneklem biiyiikliiklerinde; 7. ve 10.
maddelerin ise 100, 200 ve 600 kisilik 6rneklemlerde sorunlu olarak sinflandirildig1 goriilmektedir.
STK ve KTK’ya dayali olarak yapilan analizler sonrasinda sorunlu oldugu tespit edilen madde
kiimeleri karsilastirildiginda, 6rneklem biiyiikliigii 50 iken 3, 5, 6, 11, 13, 14, 16, 22 ve 23. maddelerin;
100 iken 4, 6, 7 ve 16. maddelerin; 200 iken 10, 22 ve 23. maddelerin; 600 iken 4, 7, 16 ve 23. maddelerin
ortak eleman oldugu belirlenmistir. Yapilan karsilastirmalardan hareketle, her iki kurama dayali
olarak sorunlu maddelerin tespiti amaciyla yiiriitiilen analizlerin benzer sonuglar ortaya koydugu

iddia edilebilir.

Madde Tepki Kurami'na gore matematik testinden ¢ikarilmasi ya da diizeltilmesi gereken
sorunlu maddeler a, ¢ parametreleri ve madde bilgi fonksiyonlar1 araciligi ile belirlenmistir. Bulgular,

tiim katilimcilar {izerinden yiiriitiilen analizler sonucu elde edilmis ve Tablo 11’de sunulmustur.
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Tablo 11. Matematik testindeki sorunlu maddelerin madde tepki kurami'na gore belirlenmesine iliskin bulgular

Ayirt Edicilik Tahmin Olasilig1 Aciklanan Bilgi
Bakimindan Bakimindan Bakimindan
Sorunlu Madde 1,2,3,5,610,11, 14, 15,

Kiimeleri ) 16,19, 21, 22,23 4,6,7,9,15,22

Ayirt ediciligi ve tasidig1 bilgi yiiksek olan bunun yani sira tahminle dogru yanitlanma
olasilig1 ¢ok yiiksek olmayan maddeler kaliteli olarak nitelendirilebilir. Madde bilgi fonksiyonlar:
maddelerin ayirt edicilik ve tahminle dogru yamitlanma olasilig1 gibi bilgilerinden tiiretilen bir
fonksiyon olmasina karsin bu degerlendirmede ayri bir kistas olarak ele alinmis ve parametre

degerlerinin bir saglamasi olarak diistiniilmiistiir.

MTK’ya dayal yiiriitillen bu inceleme sonrasinda sorunlu oldugu belirlenen 3, 4, 5, 6, 7, 10,
11, 14,16, 19, 22 ve 23. maddelerin Sato Test Kuramu ile yapilan belirlemelerle tutarhilik gosterdigi
(Tablo 10) goriilmiistiir. Bununla birlikte 3, 4, 5, 7, 10, 11, 14, 16, 22 ve 23. maddelerin Klasik Test
Kuramu ile yapilan incelemelerde de sorunlu olarak belirlendigi (Tablo 9) goriilmiistiir. Testteki
sorunlu maddelerin her {i¢ kurama dayali olarak belirlenmesi ve karsilastirilmasi noktasinda elde
edilen bulgulardan hareketle STK'min hem KTK hem de MTK ile tutarli sonuglar {irettigi yorumu
yapilabilir. Yapilan belirlemelerin farkli biiyiikliikteki orneklemler arasindaki tutarliligi s6z konusu

oldugunda ise STK'nin KTK’dan daha tutarli sonuglar iirettigi gozlemlenmistir.
Sonucg ve Tartisma

Arastirmanin ilk ii¢ sorusunun STK ile KTK'nin karsilastirilmas: gercevesinde ele alindig:
belirtilebilir. Bu baglamda, incelenen testte yer alan maddelerin ayirt edicilik diizeylerinin
belirlenebilmesi bakimindan madde ayiricilik (KTK) ve madde uyar1 (STK) indekslerinin benzer
sekilde calistigi sonucuna ulasilmistir. Ayrica s6z konusu maddelerin giigliik diizeylerinin
belirlenebilmesi bakimindan da madde giigliik indeksleri (KTK) ile maddeler i¢in sinurlandirilmis gri
iliski derecelerinin (STK) benzer sekilde calistig1 belirlenmistir. Bireylerin test iizerinde gosterdikleri
performanslarin belirlenmesi noktasinda da toplam test puanlart (KTK) ile 06grenciler igin
sinirlandirilmis gri iliski dereceleri (STK) arasinda tiim Orneklem biiyiikliikleri igin pozitif yonde ve
yliksek diizeyde korelasyonlarin oldugu tespit edilmistir. Elde edilen bulgulardan hareketle STK ile

KTK'nin psikometrik 6zellikler bakimindan birbirine yakin sonuglar iirettigi ifade edilebilir.

Aragtirmanin dordiincli, besinci ve altinai sorularmin STK ile MTK'nin karsilagtirilmasi
cercevesinde ele almdig belirtilebilir. Bu baglamda, testte yer alan maddelerin ayirt edicilik
diizeylerinin belirlenebilmesi bakimindan madde uyari indeksleri (STK) ile a parametreleri (MTK)
arasinda yiiksek diizeyde bir benzerligin bulunmadig: belirlenmistir. Buna kargin testlerde yer alan
maddelerin giiclitk diizeylerinin belirlenmesi noktasinda maddeler igin smirlandirilmis gri iliski
dereceleri (STK) ile b parametrelerinin (MTK) benzer sekilde calistig1 sonucuna ulasilmistir. Bireylerin

test tizerinde gosterdikleri performanslarin belirlenmesi s6z konusu oldugunda ise 6grenciler icin
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sinirlandirilmis gri iliski dereceleri (STK) ile 6 degerleri (MTK) arasinda pozitif yonde ve yiiksek
diizeyde korelasyonlarin bulundugu goriilmiistiir. Elde edilen bulgulardan hareketle STK ile
MTK'nin madde ayirt ediciliklerinin belirlenmesi haricinde benzer sonuglar {irettigi iddia edilebilir.
Bununla birlikte, STK’da dogrudan madde ayirt ediciliklerine iligskin bilgi elde etmeye yonelik olarak
kullanilabilecek bir indeksin tanimlanmadigi vurgulanabilir. Maddelerin ayirt edicilik 6zelliklerine
isaret eden madde uyar1 indeksleri tek baslarina yorumlanmamakta maddelerin dogru yanitlanma
oranlariyla birlikte islerlikleri yoniinden simiflandirilmasi amaciyla kullanilmaktadir. Arastirma
bulgulari, STK'nin madde uyari indeksleriyle KTK'min madde ayiricilik indekslerinin benzer sonuglar

iirettigini buna karsin MTK'nin a parametreleri ile bu benzerligin kurulamadigini gostermektedir.

Testte yer alan sorunlu maddelerin her {ii¢ kurama dayali olarak belirlenmesi ve
karsilastirilmasi sonrasinda STK’ya gore sorunlu oldugu belirlenen maddelerden olusturulan kiimeler
ile KTK ve MTK’ya gore sorunlu oldugu belirlenen maddelerden olusturulan kiimelerin ¢ok sayida
ortak elemanimin oldugu belirlenmistir. S6z konusu bulgudan hareketle, sorunlu maddelerin
belirlenmesi konusunda STK’ya dayali belirlemelerin diger kuramlara dayali belirlemelerle paralellik
gosterdigi (dis tutarlilik) sonucuna ulasilmistir. Ayrica, yapilan belirlemelerin farkli biiyiikliikteki
Orneklemler arasindaki tutarlilig1 s6z konusu oldugunda (i¢ tutarlilik) STK'nin KTK'dan daha tutarh
sonuglar iirettigi gozlemlenmistir. Elde edilen bulgular, gegerligi ve giivenirligi yiiksek Ol¢melerin
yapilmasina olanak taniyacak olgme araglarinin gelistirilmesi siirecinde STK’dan yararlanilabilecegi

gorisiinii destekler niteliktedir.

Kiigiik gruplar {izerinde yiiriitiilen 6l¢me ve degerlendirme uygulamalarinda KTK'nin yaygin
olarak kullanildig: bilinmektedir. Bu arastirmada KTK ve STK'nin psikometrik 6zellikler bakimindan
birbirine yakin sonuglar {irettigi ortaya konulmus olsa da STK'y1 iistiin kilan, maddeler ve 6grenciler
hakkinda nitel doniitler elde edilebilmesi ve ayn1 puani alan dgrencilerin siniflandirmalar araciligiyla
ayirt edilebilmesi gibi 6zellikler dikkate alindiginda STK, ozellikle okullarda yiiriitiilen 6lgme ve
degerlendirme uygulamalari igin Ogretmenlere oOnerilebilir. Bununla birlikte, maddelerin ayurt
ediciliklerinin ~ belirlenmesi bakimimndan STK ve MTK'min farklilastigi gz Oniinde
bulunduruldugunda STK, 6zellikle MTK modellerinden 1PLM'nin tercih edilecegi durumlar icin de

alternatif olusturabilir.

Bu calismada yapilan karsilastirmalar yalnizca iki kategorili (dichotomous) puanlanan
maddelere uygun STK modeli iizerinden yiiriitiilmiistiir. Konuya ilgi duyan arastirmacilara, ¢ok
kategorili (polytomous) puanlanan maddelere uygun STK modellerinin diger test kuramlariyla

psikometrik agidan karsilastirilmasini amaglayan ¢alismalar yapmalar: onerilebilir.
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Introduction

It can be mentioned about two major test theories, which are frequently used in order to
develop tests and to analyze test results. These are named as Classical Test Theory and Item Response
Theory. In the literature, it is claimed that both of these theories have superior and weak aspects when
compared to each other. At this point, it is necessary to conduct research on new test theories in order
to make more effective measurements in small samples and to overcome the problems which are

encountered in the applications.

In the 1970s, a new technique called Student-Problem Chart Analysis was created by Japanese
researcher named Takahiro Sato. It was stated that the coefficients obtained as a result of the analysis
could serve as a reference for teachers to diagnose students' performances and then to guide students
and improve teaching. It has been suggested that the use of this analysis is an extremely good and
effective approach for formative assessment of classes with fewer students (Takeya, 1980; Tatsuoka,

1984).

Student-problem Chart Analysis was strengthened with Gray Relational Analysis in year 2010
with the suggestion of Nagai and it made usable in order to determine the ability levels of the
students and their ormative assessment. Gray Relational Analysis proposes statistical solutions in
decision-making situations with limited data that cannot provide the normal distribution assumption
and do not contain sufficient data (Deng, 1982). This situation makes the approach, that is now known

as Sato Test Theory (STT), become advantageous in the measurements made on small samples.

Item Caution Indices, Student Caution Indices, Localized Gray Relational Grade-Student and
Localized Gray Relational Grade-Problem values are calculated within the scope of STT. Item Caution
Indices (ICI) is used to assign items to four different classes. The indices takes values between 0 and 1.
The fact that the ICI value of the items is higher than 0.50 provides information that there may be
some problems in the related item. The ICI value is interpreted together with the correct response rate

of the item.
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B

B

items' correct response rate

0.50

item caution index

Figure 1. Classes to which items will be assigned according to ICI and ratio values.

For example, if the ICI value is less than 0.50 and the correct response rate of the item is higher

than 50%, the item is assigned to Class A. The criteria for assigning items to other classes are also

shown in Figure 1. The definitions that can be made regarding these classifications are given below

(Sheu, Pham, Nguyen, and Nguyen, 2013).

A: Item that works well.

A’: Partially problematic item. It can be reviewed.

B: It is a diffucult item.

B’: A problematic item. It should be kicked out of the test or it should be rewritten.

Student Caution Indices (SCI) is used to assign students to six different classes. The indices

takes a value between 0 and 1. When the value of SCI is higher than 0.50, this gives information that

the relevant student may have learning deficiencies or carelessness. SCI value is interpreted together

with the ratio of the number of items that the student answered correctly to the number of items in the

test.

100%

75%

50%

c

Pos

students' correct response rate

0.50

student caution index

Figure 2. Classes to which students will be assigned according to SCI and ratio values.

The classifications made in line with the values in Figure 2 and the definitions that can be

made about them are given below (Sheu et al.,

A: Effective learning has taken place.

2013).

A’: The learning has taken place, but the student is too careless.

B: The student is doing well but needs some more work.
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B’: The student is a little careless and needs more work.
A: The level of learning is insufficient.

C’: Learning has not taken place.

Localized Gray Relational Grade-Student (LGRG-S) values provide information on the
ability or success levels of students. Table 1 shows how the students' levels in the measured trait can

be evaluated based on the LGRG-S values.

Table 1. Evaluation criteria for LGRG-S values

Student Level LGRG-S Value*
High LGRG-5>0,75
Upper-intermediate 0,75>LGRG-52 0,50
Intermediate 0,50 > LGRG-5 > 0,25
Low 0,25 > LGRG-S

*LGRG-S value ranges from 0 to 1.

Localized Gray Relational Grade- Problem (LGRG-P) values provide information about the
difficulties of the items. LGRG-P value ranges from 0 to 1, whereas high values denote easy items and
low values denote difficult items. In other words, it can be said that the higher the LGRG-P value, the

easier the item is.

Studies on STT have increased in recent years, especially in the Far East Geography, and the
following topics have generally been emphasized in the English publications. These topics are related
with the introduction of the theory (Lin and Chen, 2006; Wang, Sheu and Nagai, 2011, Wang and
Chen 2013), the introduction of the software developed to apply the theory (Pham, Sheu, and Nagai,
2015; Sheu et al., 2013; Sheu et al., 2014b; Sheu et al., 2014a; Wu, 1999), the identification of students
who have learned with misconceptions and/or items that cause misconceptions through STT (Sheu et
al,, 2013; Tsai et al., 2014) and comparison of STT and IRT (Sheu et al., 2014b; Tatsuoka, 1984) . Based
on the literature review, it can be inferred that even after combining Gray Relationship Analysis with
STT (2010), interest in the theory remained weak in Europe and America. It was thought that this
study can contribute to the relevant literature in terms of showing the similarities and differences
between different test theories and revealing the strengths and weaknesses of the proposed

techniques.
Method

In this study, the item and test statistics of the mathematics subtest of the Determination of
Students” Achievement Exam were obtained by using Sato Test Theory (STT), Classical Test Theory
(CTT) and Item Response Theory (IRT) techniques. In this study, it was aimed to determine the

relationship levels between item characteristics, to determine the problematic items that were decided
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to be removed from the tests, and to compare student achievement scores which are determined by

different techniques.
According to this main purpose, we sought answers to the following questions.

1. What is the correlation between Sato Test Theory's item caution indices and Classical Test

Theory's item discrimination indices (biserial correlation coefficients)?

2. What is the correlation between Sato Test Theory's localized gray relational grade- problem

values and Classical Test Theory's item difficulty indices?

3. What is the correlation between Sato Test Theory's localized gray relational grade-student

values and Classical Test Theory's student achievement scores (total test scores)?

4. What is the correlation between Sato Test Theory's item caution indices and Item Response

Theory's a parameters?

5. What is the correlations between Sato Test Theory's localized gray relation grade-problem

values and Item Response Theory's b parameters?

6. What is the correlation between Sato Test Theory's localized gray relation grade- student

values and Item Response Theory's ability parameters?

7. To what extent do the items that are decided to be corrected or removed from the test based
on the results of the item analyzes with Classical Test Theory, Item Response Theory and Sato Test

Theory agree?
Dataset

The research dataset consists of the responses of 5461 8th grade students who took the
Determination of Students’ Achievement Exam (DSAE) applied in year 2005. The dataset was created

with binary scored (1-0) data.

There were 25 items with four options in the mathematics subtest of DSAE, which was
evaluated within the scope of this research. The histogram graph of the scores of the students who

took the exam in the math test is given in Figure 3.
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Figure 3. Histogram plot of the distribution of math test scores.
The mean of the distribution of test scores in Figure 3 was 11,199, the median was 10,000, and
the standard deviation was 5.513. The skewness coefficient of the distribution, which appeared to

right-skewed, was 0.697. The kurtosis coefficient of the distribution was -0.320.
Testing Assumptions and Model Selection

At this stage, firstly, the unidimensionality assumption required for both CTT and IRT was
examined with the Parallel Analysis method. The mentioned method is described by many
researchers as the best method for determining the number of factors (Fabrigar, Wegener, MacCallum,
and Strahan, 1999; Field, 2009; Hayton, Allen, and Scarpello, 2004; Henson and Roberts, 2006; Horn,
1965; Thompson, 2004; Zwick and Velicer, 1986). For this purpose, factor analysis based on tetrachoric
correlation matrix was carried out and the Unweighted Least Squares method proposed by Coughlin
(2013) was chosen as the factorization method. Evidence for the factorability of the correlation matrix
was obtained with the Bartlett's Test of Sphericity and the Kaiser-Meyer-Olkin (KMO) Test of
Sampling Adequacy. The results of the Bartlett Test of Sphericity indicate that there was a statistically
significant difference (p= 0.000) between the correlation matrix and the unit matrix. In addition,
considering the value (0.901) obtained from the KMO test, it could be concluded that the factorability
levels of the correlation matrices were “excellent” (Beavers et al.,, 2013). The results of the Parallel
Analysis performed after providing the assumptions regarding the correlation matrix suggested “one
dimension” for the test. Thus, we decided that the research data met the unidimensionality
assumption. Unidimensionality can also be shown as evidence for the existence of local independence,
which is another IRT assumption. In addition to this, the standardized chi-square values between the
items were examined and it was concluded that the inter-item relations did not violate local

independence.

After checking the assumptions, the IRT model that best fitted the data was selected so that
IRT parameters could be estimated more accurately. For this purpose, the test data were analyzed
according to 1P, 2P and 3P Logistic Models and the differences between the -2log Likelihood values
were examined. These values were calculated as 471051,75 for 1PLM, 468898,42 for 2PLM, and
463975,82 for 3PLM.

The y? difference test was used to compare the fit levels of the models. It was concluded that

the most fit model for the test was the 3PL Model. The calculations made are given below.

x?=-2log Likelihoodqp;y, — ( —2log Likelihoodyy ) = 471051,75 — 468898,42 = 2153,33 >

2
37,65 (x (df=25 p=;0.05))
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x%=—-2log Likelihoodypy, — ( —21og Likelihoodsy ) = 468898,42 — 463975,82 = 4922,60 >

2
37,65 (x (df=25 p=;0,05))

We examined the invariance of the item and ability parameters produced with 3PLM in order
to gain further evidence of the fit of the selected model to the data. In order to conduct this, we
randomly divided the response patterns of individuals who took the math test into two groups and
examined the relationships between the item parameters estimated from both groups with Spearman-
Brown Rank Differences Correlation Coefficients. The correlation coefficients between the item
parameters from the two groups were 0.926 for the a parameters; 0.993 for b parameters; 0.940 for the c
parameters. Based on this finding, it could be interpreted that item parameters show invariance in

3PLM.

In order to examine the invariance of ability parameters, we created subtests by randomly
dividing the items in the math test into two groups, and we estimated the ability parameters from
these subtests with 3PLM. We analyzed the correlation level between the ability parameters estimated
over two separate subtests with the Pearson Correlation Coefficient technique and found that this
value was 0.887. Based on the aforementioned finding, it could be claimed that the ability levels of
individuals who took the test were independent of the item sample in the test. After this process, we
decided to use the Three-Parameter Logistic Model that best fits the research data in the analysis and

to limit comparisons with other test theories to the parameters of this model.
Data Analysis Process

First of all, the research dataset was prepared to analyze the research questions by randomly
sampling the math test response forms of 15461 8th grade students who participated in DSAE (2005),
by creating samples of 50, 100, 200 and 600, 10 of each.

In order to find an answer to the first question of the research, 1j, and ICI values of the test
items were obtained from all the samples created. In order to answer to the second question of the
study, p and LGRG-P values were obtained. The correlation coefficients between the mentioned
values were calculated with Spearman’s Rank Difference Correlation Coefficient Technique over 10

different samples of each sample size (50, 100, 200 and 600) and their medians were taken.

In order to seek an answer to the third question of the study, the test total scores and LGRG-5
values of the students in the samples were obtained. The correlation coefficients between the
mentioned values were calculated with the Pearson Correlation Coefficient Technique on 10 different

samples of each sample size and their medians were taken.
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In order to seek answers to the fourth and fifth questions of the study, ICI and LGRG-P values
were obtained from 10 different samples of each sample sizes for the items in the test, and 4 and b
parameters were obtained with 3PLM over 15461 students (whole dataset). The correlation
coefficients between these variables were calculated using Spearman's Rank Differences Correlation

Coefficient Technique and their medians were taken.

In order to find an answer to the sixth question of the study, the correlations between the
LGRG-S values of the students who took the test and their ability (0) parameters estimated by the 3PL

IRT model were examined using the Pearson Correlation Coefficient Technique.

In order to compare the problematic items, the CTT discrimination indices were calculated
using the Biserial Correlation Coefficient technique. Then, the same data were analyzed based on Sato
Test Theory and the problematic items were determined through the classifications made with ICI's.
Finally, the problematic items with the 4, ¢ parameters and item information functions of the Item

Response Theory were determined.

The MATLAB Package developed by Sheu, Pham, Nguyen, and Nguyen (2013) was used for
the Sato Test Theory estimates in the analysis of the data. IRTPRO (V, 4.2) software was used for Item
Response Theory estimates and TAP (V, 14.7.4) software was used for Classical Test Theory statistics.
SPSS (V, 22) software was used for Spearman's Rank Differences Correlation Coefficient Technique,

Pearson’s Correlation Coefficient Technique and Kruskal-Wallis-H Test.
Findings

The correlation coefficients we calculated to answer to the question of “What is the correlation
between Sato Test Theory's item caution indices and Classical Test Theory's item discrimination

indices?” are given in Table 2.

Table 2. Findings on the correlations between item discrimination indices and item caution indices

Sample Size 50 100 200 600
Corrggiyy,) -0,968* -0,934* -0,944% -0,934*
*The values given were obtained by finding the medians of the correlation coefficients obtained from 10 different
samples of each sample size.

When Table 3 was examined, it was seen that there were negative and high level correlations
between the item discrimination indices of the CTT and the item caution indices of the STT for all
sample sizes. Based on the high correlation coefficients obtained, it can be argued that item
discrimination and item caution indices work similarly in terms of determining the discrimination
levels of the items in the test. Additionally, there was no finding that correlations were affected by

sample size.
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The correlation coefficients we calculated to answer to the question of “What is the correlation
between Sato Test Theory's localized gray relational grade- problem values and Classical Test

Theory's item difficulty indices?” are given in Table 3.

Table 3. Findings on correlations between item difficulty indices and localized gray relation grades-problems

Sample Size 50 100 200 600

Corr Gre-pp) 1,000* 0,998* 0,998* 0,999*
*The values given were obtained by finding the medians of the correlation coefficients obtained from 10 different
samples of each sample size.

When Table 3 was examined, it was seen that there were positive and high correlations
between the item difficulty indices of the CTT and the localized gray relation grades-problem of the
STT in all sample sizes. There was no finding that the correlations were affected by the sample size.
Based on the high correlation coefficients obtained, it can be argued that item difficulty indices and

LGRG-P work similarly in terms of determining the difficulty levels of the items in the test.

The correlation coefficients we calculated to answer to the question of “What is the correlation
between Sato Test Theory's localized gray relational grade-student values and Classical Test Theory's

student achievement scores (test total scores)?” is given in Table 4.

Table 4. Findings on the correlations between test total scores and localized gray relation grades- students

Sample Size 50 100 200 600

Corrycro_sTs) 0,979* 0,977* 0,978* 0,976*

*The values given were obtained by finding the medians of the correlation coefficients obtained from 10 different
samples of each sample size.

When Table 4 was examined, it was seen that there were positive and high-level correlations
between the test total scores and the localized gray relation grades- students in all sample size. In
addition to this, there was no finding that correlations were affected by sample size. It can be stated
that LGRG-S and test total scores are similar in determining the performance of individuals on the
test. When the findings related to the first three questions of the study were evaluated, it was seen that

the STT and CTT revealed similar results.

The correlation coefficients we calculated to answer to the question of “What is the correlation
between Sato Test Theory's item caution indices and Item Response Theory's a parameters?” are given

in Table 5.

Table 5. Findings on the correlations between item caution indices and a parameters

Sample Size 50 100 200 600

Corrcia) -0,082* -0,154* -0,138* -0,269*

*The values given were obtained by finding the medians of the correlation coefficients obtained from
10 different samples of each sample size.
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When Table 5 was examined, it was seen that there was a negative and low-level correlation
between the item caution indices of the STT and the a parameters of the IRT in all sample sizes. In this
respect, it can be stated that ICI and a parameters do not work similarly in determining the
discrimination of test items. Note that 4 parameters are estimated with the 3PL model using the total

dataset.

The correlation coefficients we calculated to the question of “What is the correlations between
Sato Test Theory's localized gray relation grade-problem values and Item Response Theory's b

parameters?” are given in Table 6.

Table 6. Findings on the correlations between localized gray relation grades- problems and b parameters

Sample Size 50 100 200 600

COTT 1 .rG-pb) -0,805* -0,880* -0,891* -0,928*

*The values given were obtained by finding the medians of the correlation coefficients obtained from 10 different
samples of each sample size.

When Table 6 was examined, it was seen that there were negative and high correlations for all
sample sizes between the localized gray relation grade-problems of the STT and the b parameters of
the IRT. In addition, it was determined that the correlation coefficients between LGRG-P values
estimated from larger samples and b parameters were greater. It should be noted that the b parameters
were estimated from the whole dataset at all time. Based on this findings, it can be stated that LGRG-P

and b parameters are similar in determining the difficulty levels of test items.

The correlation coefficients we calculated to answer to the question of “What is the correlation
between Sato Test Theory's localized gray relation grade- student values and Item Response Theory's
ability parameters?” are given in Table 7.

Table 7. Findings on the correlations between students’ ability parameters and localized gray relation grades-
students

Sample Size 50 100 200 600

Corrgrg-s,6) 0,936 0,915 0,941 0,949

In Table 7, it was seen that there were positive and high correlations for all sample sizes
between the localized gray relation grades-students of STT and the ability parameters of IRT. There
was no clear finding that correlations were affected by the size of the samples from which LGRG-S
values were obtained. Based on the findings, it can be stated that LGRG-S and 0 values are similar in

determining the performance of individuals on the test.

To what extent do the items that are decided to be corrected or removed from the test based
on the results of the item analyzes with Classical Test Theory, Item Response Theory and Sato Test
Theory agree? In order to seek an answer to this question, in the first stage, item discrimination
indices (7j,) were calculated using the biserial correlation coefficient technique of the items in the math
test. Based on these values, the problematic items (7;,<0.30) that were decided to be corrected or

removed from the test were detected and given in Table 8 for each sample size.
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Table 8. Determination of problematic items in mathematics test according to classical test theory

Sample Size 50 100 200 600
Problematic Item 3,5,6,11,13,
Sets 14, 16,22, 23 4,6,7,16 10, 22, 23 4,6,7,16,23

As Table 8 shows, items 6, 16 and 23 were the most repeated items found to be problematic in

different sample sizes according to the CTT.

For the examinations based on the Sato Test Theory, the items were classified via ICI values
and correct response rates. As a result of the examinations, the problematic items that were decided to
be corrected or removed from the test were detected and given in Table 9 for each sample size.

Table 9. Determination of problematic items in mathematics test according to sato test theory
Sample Size 50 100 200 600

Problematic Item  3,5,6,11,13,14, 4,6,7,10, 13, 16,
Sets 16, 19, 22, 23 22,23, 25

7,10, 14, 22,23 4,7,10,16, 22, 23

As seen in Table 9, items 22 and 23 were classified as problematic in all sample sizes, and
items 7 and 10 were classified as problematic in samples of 100, 200 and 600. When the item sets found
to be problematic after the analyzes based on STT and CTT were compared, while the sample size was
50, items 3, 5, 6, 11, 13, 14, 16, 22 and 23, while it was 100, items 4, 6, 7 and 16, while it was 200, items
10, 22 and 23, while it was 600, items 4, 7, 16 and 23 were common. Based on the comparisons made, it
can be claimed that the analyzes carried out for the detection of problematic items based on both

theories reveal similar results.

Problematic items that need to be corrected or removed from the test with Item Response
Theory were determined through a, c parameters and item information functions. The whole dataset

that was used for the analyzes and the findings are given in Table 11.

Table 10. Determination of problematic items in mathematics test according to item response theory

In terms of . . .
. In terms of guessing In terms of information
discrimination
Problematic Item 1,2,3,5,10,11, 14, 15
_ 7 4 7 7 7 7 7 7 4 7 1 22
Sets 16,19, 21, 22,23 »6,7,9,15,

Items with high discriminative power, high level of information and not very high probability
of being answered correctly by guessing can be qualified as high quality. After this examination based
on IRT (Table 10), items 3, 4, 5, 6, 7, 10, 11, 14, 16, 19, 22, and 23, which were found to be problematic,
were found to be consistent with the detection made with the STT (Table 10). Additionally, items 3, 4,
5,7,10, 11, 14, 16, 22, and 23 were also found to be problematic in the detection made with CTT (Table
9). According to the findings obtained from the detection and comparison of the problematic items
based on all three theories, it can be interpreted that STT produces results consistent with both CTT
and IRT. When it comes to the consistency of the detections between different sized samples, it was

observed that STT produces more consistent results than CTT.
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Conclusion and Discussion

It can be stated that the first three questions of the research were handled within the
framework of the comparison of STT and CTT. It was concluded that item discrimination (CTT) and
item caution (STT) indices work similarly in terms of determining the discrimination levels of the
items in the examined test. In addition, it was determined that item difficulty indices (CTT) and
localized gray relation grades-problems (STT) work similarly in terms of determining the difficulty
levels of the items. At the point of determining the level of the students' performances on the test, it
was seen that there were positive and high level correlations for all sample sizes between the total test
scores and the localized gray relation grades- students. Based on the findings, it can be stated that STT

and CTT produce similar results in terms of psychometric examinations.

It can be stated that the fourth, fifth and sixth questions of the research were evaluated within
the framework of the comparison of STT and IRT. It was determined that there was not a high level of
similarity between the item caution indices (STT) and a parameters (IRT) in terms of determining the
discrimination levels of the items in the test. On the other hand, it was concluded that the localized
gray relation grades-problems (STT) and b parameters (IRT) worked similarly at the point of
determining the difficulty levels of the items in the tests. When it came to determining the
performance level of students, it was seen that there were positive and high level correlations between
localized gray relation grades-students (STT) and O values (IRT). Based on the findings, it can be
claimed that STT and IRT produce similar results, except for the determination of item discrimination.
However, it can be emphasized that there is no indices that gives information about item
discrimination in STT. Item caution indices, which are assumed to indicate the discrimination of the
items, are not interpreted alone, but are used to classify the items in terms of their functionality with
items' correct response rates. The findings show that the item caution indices of the STT and the item
discrimination indices of the CTT produce similar results, but this similarity cannot be established

with the a parameters of the IRT.

After the comparison of the problematic items in the test based on all three theories, it was
determined that the sets formed from the problematic items according to the STT and the sets formed
from the problematic items according to the CTT and the IRT had many common elements (items).
Finally, it was determined that the internal consistency of the STT estimates was high in terms of
invariance in samples of different sizes. The findings of this research support the view that the STT
can be used in the process of developing measurement tools (tests) that allow measurements with

high validity and reliability.

It is known that CTT is widely used in assessments carried out on small groups. Although it
was revealed in this study that CTT and STT produced similar results in terms of psychometric

properties, there are some features that make STT become advantageous. Considering the situations
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such as obtaining qualitative feedback about items and students, and distinguishing students with the
same score through classifications made with STT, it can be recommended to teachers especially for
assessment practices carried out in schools. STT is also more useful for online exams applied with the
aim of giving quick and functional feedback to individuals/students. Additionally, considering that
STT and IRT differ in terms of determining the discrimination levels of items, STT can also create an
alternative especially for cases where 1PL IRT model would be preferred. Comparisons made in this
study were limited to the STT model only for items scored in two categories (dichotomous). We can
suggest other researchers interested in the subject to conduct studies aiming at psychometric

comparison of STT models used in polytomous scored items with other test theories.
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