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Ozet: Son yillarda, Bireysellestirilmis Bilgisayarh Testler (BBT) ve Bireysellestirilmis Cok
Asamali Testler (BCAT) gibi uyarlanabilir test teknikleri genis 6lgekli degerlendirmelerde
giderek daha fazla kullanilmaktadir. Bu ¢alisma, katilimcinin yetenek diizeyine gore maddelerin
modiiller halinde anlik olarak gruplandirildig1 yeni bir yaklasim olan Aninda BCAT’1 (A-
BCAT) ve Sabit BCAT’1 (S-BCAT), farkli simiilasyon kosullar1 altinda 6lgme kesinligi ve
madde giivenligi agisindan karsilastirmayr amaglamaktadir. Simiilasyonlar, TIMSS’te
kullamlan 3PL modele dayali madde parametre dagilimlarindan yararlanilarak yiirtitiilmdistiir.
A-BCAT ile S-BCAT’1n karsilastirilmast igin toplam 72 farkli kosul analiz edilmistir. Olgme
kesinligine iliskin bulgular, 6zellikle test uzunlugunun daha kisa oldugu durumlarda A-
BCAT’1n S-BCAT a kiyasla daha iyi performans gosterdigini ve belirgin bicimde daha yiiksek
O0leme kesinligi sagladigini ortaya koymaktadir. Ayrica yetenek dagilimlart agisindan
incelendiginde, ozellikle normal olmayan dagilim kosullarinda A-BCAT’1n S-BCAT’a gore
daha tistiin 6lgme kesinligi sundugu goriilmiistiir. Calismanin dikkat ¢ekici sonuglarindan biri,

tezinden tiiretilmistir.

A-BCAT’ta son modiil uzunlugu arttik¢a 6lgme kesinliginin yiikselmesi; buna karsilik S-
BCATta ilk modiil uzunlugu arttik¢a d6lgme kesinliginin A-BCAT’a daha fazla yaklasmasidir.
Madde giivenligi agisindan ise A-BCAT tiim kosullarda daha fazla sayida madde kullanmis ve
S-BCAT’a kiyasla daha diisiikk madde maruz kalma orani gostermistir. A-BCAT’m hem 6l¢gme
kesinligi hem de madde giivenligi bakimindan ortaya koydugu olumlu sonuglar, genis 6lgekli
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GIRIS

Yiizyillar boyunca, egitimsel degerlendirmelerde test katilimcilarimin bilgi, beceri ve yeteneklerini
olgmede Dogrusal Testler (DT) yaygimn olarak kullanilan temel yontem olmustur. Ancak son elli yilda
bilgisayar teknolojilerindeki gelismelerle birlikte Bireysellestirilmis Bilgisayarl Testler (BBT) dnemli 6l¢iide
gelismis ve giderek daha yaygin hale gelmistir. BBT, ozellikle yetenek diizeyini yiiksek dogrulukla
kestirebilmesi ve test uzunlugunu azaltabilmesi nedeniyle ¢ok sayida ulusal ve uluslararasi degerlendirmede
yaygin bi¢imde kullanilmaktadir (Khorramdel et al., 2020; Kirsch & Lennon, 2017; Demir & Gelbal, 2025).
Buna karsilik, Bireysellestirilmis Cok Asamali Testler (BCAT) son donemde ortaya ¢ikan yenilik¢i yapisiyla
dikkat ¢ekmis ve genis 0l¢ekli degerlendirmelerde onemli bir yer edinmistir (van der Linden, 2018).

BCAT tasarimi, uygulama siirecinde testin giigliik diizeyinin katilmcinin yetenek diizeyine gore
ayarlanmasina olanak tanir. Bu yoniiyle BCAT, hem BBT hem de DT nin 6zelliklerini biinyesinde birlestiren
hibrit bir yap1 olarak degerlendirilebilir. BBT ile BCAT, 6zellikle maddelerin sunulmasiin katilimecinin
onceki performansina dayanmasi bakimindan benzerlik gosterse de temel fark siralama ve yonlendirme
stirecinde ortaya cikar. BBT de algoritma her bir maddeden sonra ¢alisarak katilimcinin yetenegini siirekli
giinceller. Buna karsilik BCAT ta yetenek kestirimi, modiil olarak adlandirilan belirli bir madde grubunun
tamamlanmasindan sonra yapilir. Daha acik ifade etmek gerekirse, katilime1 dncelikle yonlendirme modiilii
olarak adlandirilan bir madde setiyle karsilagir. Bu modiildeki performansa gore bireyin yetenek diizeyi
kestirilir ve onceden belirlenmis bir dlciit puan (kesme puani) ile karsilagtirilir. Eger bireyin yetenegi bu
ol¢iitiin tizerindeyse daha zor bir modiil (daha giic maddelerden olusan set) uygulanir; altinda kaliyorsa daha
kolay bir modiill (daha basit maddelerden olusan set) sunulur. Esneklik ve karmagiklik acisindan
degerlendirildiginde, BCAT, DT ile BBT arasinda dengeli bir yap1 sunmaktadir. DT ye kiyasla BCAT, yetenek
Olgegi boyunca daha verimli ve daha dogru olglimler saglayarak degerlendirme kesinligini artirmakta ve test
uzunlugunu azaltmaktadir. Bu nedenle 6lgme dogrulugu ve test verimliligi acisindan BCAT in DT ye gore
genel olarak daha etkili oldugu kabul edilmektedir (Lord, 1971; van der Linden, 2010).
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BCAT’ta kullanilan modiiller test uygulanmadan 6nce tasarlanip olusturuldugu ve test katilimcisina bir
biitiin halinde sunuldugu icin, kapsam gecerligi, test yapisinin genel niteligi ve uygulama siirecinin yonetimi
gibi konularda test gelistiricilere daha fazla kontrol olanag: saglamaktadir (van der Linden, 2010). Ayrica
BBT’den farkli olarak BCAT, katilimcilarin her modiil i¢inde yanitlarin1 degistirmesine, maddeleri atlamasina,
onceki sorulara geri donmesine ve yeni yanitlar vermesine olanak tanimaktadir (Chang, 2015). Hambleton ve
Xing (2006), gegme-kalma kararlarinin verilmesi baglaminda BCAT, BBT ve DT’yi karsilastirmistir.
Bulgular, 6lgme kesinligi agisindan BBT nin BCAT tan bir miktar daha iyi performans gosterdigini ortaya
koymustur. Bununla birlikte arastirmacilar, daha genis giigliik araligina sahip modiiller ve igerik agisindan
daha kapsamli biiyiik madde havuzlar1 kullanildiginda BCAT i test gelistiriciler tarafindan daha etkili
bigimde kullanilabilecegi sonucuna ulagmustir.

Son yillarda BCAT, sahip oldugu avantajlar nedeniyle ¢ok sayida genis dlgekli degerlendirmede giderek
daha fazla kullanilmaktadir. Ornegin CPA (Certified Public Accountants) siavi 2004 yilindan bu yana BCAT
kullanmaktadir (Breithaupt, Mills & Melican, 2006). 2011 yilinda GRE (Graduate Record Examinations)
BCAT tabanl formata gegmistir. Ayni y1l OECD, PIAAC (Program for the International Assessment of Adult
Competencies) kapsaminda BCAT tasarimimi kullanarak uyarlanabilir uluslararasi genis oOlgekli bir
degerlendirme uygulamistir (Kirsch & Lennon, 2017). PIAAC’mn ardindan PISA’nin 2018 dongiisiinde ii¢
temel alanin biri olan okumada BCAT kullanilmigtir (Khorramdel et al., 2020). PISA 2022°de ise BCAT
tasarimi yalnizca okumada degil matematik okuryazarliginda da kullanilmistir (OECD, 2023).

BCAT, test boyunca bireyin yetenek diizeyine uygun maddeler sunarak katilimcilarin teste katilimini ve
motivasyonunu artirma potansiyeline sahiptir. PISA bulgularina gore bilgisayar temelli degerlendirmelerde,
kagit temelli degerlendirmelere kiyasla yanitsiz birakma oranlar1 daha disiiktiir (OECD, 2024). Bu nedenle
BCAT’1in degerlendirmelerde yanitsiz birakma ve rastgele yanit verme davranmislarini azaltabilecegi
ongoriilmektedir (Yamamoto et al., 2018). Cok sayida ¢aligma uyarlanabilir testlerin motivasyon iizerindeki
etkisini incelemistir (Arvey et al., 1990; Bergstrom et al., 1992; Ortner et al., 2013; Pine et al., 1979). Ling ve
arkadaglar1 (2017), uyarlanabilir testlerin sabit maddeli testlere gore daha yiiksek katilim ve daha diisiik kaygi
sagladigini gdstermistir. Ayrica Martin ve Lazendic (2018), BCAT m bilgisayar temelli testlere gore daha
kesin ol¢limler sundugunu ve motivasyon, katilim ile genel test deneyimi agisindan olumlu sonuglar tirettigini
bildirmistir.

Son dénemde, gergek yasam durumlarint miimkiin oldugunca yansitan ortamlarda biligsel becerileri
6lgmeyi amaglayan etkilesimli degerlendirmelere ilgi artmistir (Bulut, 2021). Senaryo temelli madde gruplari,
ogrencilerin madde tizerinde degisiklik yaparak etkilesim kurdugu zengin ortamlar olusturarak daha dinamik
ve 6zgiin bir degerlendirme deneyimi sunmaktadir. Bu nedenle gercek yagam durumlarini ve senaryo temelli
gorevleri etkili bicimde degerlendirebilmek i¢in birden fazla maddeden olusan daha biitiinlesik sorulara ihtiyag
duyulmaktadir. Ornegin bir metne dayal 6neriler yazma ya da ger¢ek yasam baglaminda birbirini izleyen bir
dizi problemi ¢6zme gibi karmagik gorevler, tek bir sorudan ziyade iligkili birden fazla maddenin sunulmasini
gerektirir. Bu tiir durumlarda katilimci performansimin birbiriyle baglantili maddeler grubu {izerinden
degerlendirilmesi gerekir. BBT uygulamalarinda yetenek kestirimi madde bazinda yapilmaktadir. Ancak daha
once belirtildigi gibi ortak bir senaryo ya da tema ile birbirine bagli madde setlerinin tek tek ayrilmasi, 6l¢tlilen
yapinin dogasini bozabilmektedir. Bu nedenle BBT bu tiir senaryolar i¢in uygun degildir. Buna karsilik
PISA’da maddelerin yaklasik %30’u insan puanlayicilar tarafindan puanlanan agik uglu maddelerden
olusmaktadir. Bu maddelerin puanlamasi aninda gerceklesmedigi i¢in BBT’nin uygulanmasi uygun
olmayabilir. Modiil diizeyinde uyarlanabilir bir test olan BCAT tasarimi bu baglamda daha uygun
goriinmektedir. Olgiilen yapmin kuramsal gergevesiyle uyumlu, iyi tasarlanmis madde gruplarinimn
(modiillerin), olgusal bilgiye dayali ¢cok sayida bagimsiz maddeden daha dogru degerlendirmeler saglayacagi
diistiniilmektedir (Yamamoto et al., 2018; Yigiter & Dogan, 2023).

BBT’nin temel sinirhiliklarindan biri, test katilimcisinin yetenek diizeyini oldugundan diisiik ya da
yiiksek kestirebilmesidir (Chang & Ying, 2008). Bu durum, yetenek kestiriminin her bir madde yanitlandiktan
sonra Maksimum Fisher Bilgisi (MFI) yontemi kullanilarak giincellenmesinden kaynaklanmaktadir. Ornegin
yiiksek yetenek diizeyine sahip bir katilimci, test kaygisi, motivasyon eksikligi ya da basit hatalar nedeniyle
baslangi¢ maddelerini yanlis yanitlarsa, sonraki yanitlar {izerinden gercek yeteneginin dogru bigimde
belirlenmesi giiclesmektedir. Benzer sekilde diisiik yetenek diizeyine sahip bir katilimei, sans eseri ya da 6n
bilgi nedeniyle ilk maddeleri dogru yanitlarsa sistem bireyin yetenegini oldugundan yiiksek kestirebilmektedir.
Buna karsilik BCAT, yetenek diizeyini her asama tamamlandiktan sonra kestirdigi i¢cin BBT’nin bu

767



Trakya Egitim Dergisi, 16(2) 2026, 766-793

siirliliklarini  azaltmaya yardimeir olmaktadir. Bu {stiinliikk, bazi smav kuruluslarmin genis o6lgekli
degerlendirmelerde BBT ile ilgili sorunlar belirlemesiyle daha goriiniir hale gelmistir. Ornegin 2000 yilinda
Educational Testing Service (ETS), bilgisayarli Graduate Record Examinations’in (GRE-BBT) binlerce
katilimei i¢in puanlari hatal1 bicimde kestirdigini belirlemis ve etkilenen bireylere sinavi icretsiz yeniden alma
hakki tanimigtir (Carlson, 2000). Benzer bir sorun 2002 yilinda Graduate Management Admission Test’te
(GMAT) ortaya ¢ikmis ve yaklasik bin aday yanlis puan almistir (Chang, 2004). Bu olaylarin ardindan BCAT,
BBT’nin eksik yonlerini giderebilecek bir ¢oziim olarak one ¢ikmistir. Sonug olarak bir¢ok smav kurumu
BBT’den BCAT’a gecis yapmistir (Hendrickson, 2007).

Sabit Bireysellestirilmis Cok Asamal Testler (S-BCAT)

S-BCAT, onceden olusturulmus madde gruplarinin (modiillerin) algoritma tarafindan segilerek test
katilimcilaria agamalar halinde uygulandigi algoritma temelli bir test yontemidir. Alanyazinda bu yaklagim
farkl1 adlarla anilmakta olup, en yaygin kullanim “fixed” terimidir; bununla birlikte “standard” ve
“conventional” ifadeleri de ayn1 yontemi tanimlamak i¢in kullanilmaktadir. Aciklik saglamak amaciyla bu
caligmada “sabit” terimi tercih edilmistir. Sekil 1, S-BCAT tasarimini 1-2-3 formatinda gostermektedir. S-
BCAT’ta 6nceden olusturulmus her bir madde grubu modiil olarak adlandirilmakta ve test tasariminin temel
birimini olusturmaktadir. ilk asamada genellikle orta giicliik diizeyinde olan ve ¢ogunlukla yonlendirme
modiilii olarak adlandirilan bir modiil sunulmaktadir. Test, katilimecinin yetenek diizeyine gore birbirini izleyen
modiillere yonlendirilerek ilerlemekte ve her modiil katilimcinin performansina uyum saglayacak sekilde
uygulanmaktadir.

Sekil 1

1-2-3 SBCAT Tasarimi

Module

Sekil 1, ilk asamada bir modiil, ikinci agamada iki modiil ve {igiincii asamada ii¢ modiilden olusan 1-2-
3 formatindaki bir S-BCAT tasarimina 6rnek sunmaktadir. Bu tasarimdaki modiillerin giicliik diizeyleri
genellikle kolay, orta ve zor olarak siniflandirilmaktadir. S-BCAT i ilk asamasinda tim katilimcilar,
genellikle orta giicliikte maddelerden olusturulan ve yonlendirme modiilii olarak adlandirilan ilk modiille
baglamaktadir. Katilimcilar bu modiildeki performanslarina gore ikinci asamada kolay ya da zor modiile
yonlendirilmektedir. Ikinci asamada ise verilen yanitlara bagl olarak katilimcilar {iciincii asamada yer alan
kolay, orta ya da zor modiillerden birine atanir. Son olarak iiglincli agamanin tamamlanmasinin ardindan test
sona ermekte ve katilimcinin nihai yetenek diizeyi kestirilmektedir. Sekil 1’de gosterilen modiil ve agama
yapisi panel olarak adlandirilmakta olup, test uygulamalarinda birden fazla panel olusturulabilmektedir.

Aninda Bireysellestirilmis Cok Asamal Testler (A-BCAT)

S-BCAT’a benzer sekilde, Aninda Bireysellestirilmis Cok Asamali Testler (A-BCAT) de asamalar
halinde uygulanmaktadir. Ancak S-BCAT’tan farkli olarak A-BCAT, modiilleri test siireci sirasinda bireyin
yetenek diizeyine gore aninda olusturmaktadir (Tay, 2015). A-BCAT’ta ilk agama genellikle orta giigliik
diizeyindeki maddelerden olusan tam uzunlukta bir testin olusturulmasini icermektedir. Bu testin ilk modiil
uzunlugundaki boliimii katilimciya uygulanmakta ve performansina dayali olarak ara yetenek kestirimi
hesaplanmaktadir. Ardindan test, katilimcinin ara yetenek kestirimine gore yeniden olusturulmakta ve ikinci
modiil uzunlugundaki boliim uygulanmaktadir. Bu durum, her katilimcinin ikinci ve tiglincli asamalarda, her
asama sonrasindaki ara yetenek parametresine gore uyarlanmig farkli madde setleri almasi anlamina
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gelmektedir. Oziinde A-BCAT, her katilimci icin kisisellestirilmis bir test deneyimi sunmaktadir. Bu
uyarlanabilir siire¢ test tamamlanincaya kadar devam etmektedir. Sekil 2, golge testlerin genel gergevesini ve
A-BCAT’m uygulanisim gostermektedir.

Sekil 2
A-BCAT Genel Cercevesi

First Stage Adaptive Stage Adaptive Stage
) ) )

—
Not. 8,: kestirilen yetenek diizeyi.

Sekil 2, ii¢ asamali A-BCAT uygulamasini gostermektedir. i1k asamada test katilimcisina orta giigliik
diizeyinde bir modiil sunulmaktadir. ikinci ve sonraki asamalarda ise katilimcinin ara yetenek diizeyine gore
olusturulan modiil kombinasyonlari uygulanmaktadir. Her ne kadar Sekil 2°de {i¢ agamali bir A-BCAT tasarimi
gosterilmis olsa da, A-BCAT sisteminde modiil sayis1 ve her modiiliin uzunlugu gereksinimlere gore
ayarlanabilmektedir. Genel olarak A-BCAT oldukga esnek bir yapiya sahiptir; her modiildeki madde sayisinda
ve asama sayisinda farkli diizenlemelere olanak tanimaktadir (Zheng & Chang, 2015).

Madde Giivenligi

Bireysellestirilmis Bilgisayarli Testler (BBT) ve Bireysellestirilmis Cok Asamali Testler (BCAT)
kapsaminda madde giivenligi, bir madde havuzundaki maddelerin agir1 kullanimina veya agiga ¢ikmasina karsi
ne Ol¢iide korundugunu ifade etmektedir. Madde giivenliginin korunmasi, bir degerlendirmenin adaletini,
gegerligini ve gizliligini siirdiirmenin temel unsurlarindan biridir. Belirli maddeler ¢ok sik uygulandiginda, bu
maddelerin gelecekteki katilimeilar tarafindan 6nceden bilinme riski artmakta ve bu durum smav programinin
giivenirligini zedeleyebilmektedir.

Madde giivenligi ¢cogunlukla madde maruz kalma orami ile degerlendirilmektedir. Bu oran, belirli bir
maddenin farkli test uygulamalar1 boyunca katilimcilarin ylizde kagia sunuldugunu gostermektedir. Yiiksek
maruz kalma oranlari, sinirli sayidaki bazi1 maddelerin tekrar tekrar se¢ildigini, digerlerinin ise kullanilmadan
kaldigim1 gostermektedir. Bu tiir dengesiz maruz kalma Oriintiileri ¢esitli istenmeyen sonuglara yol
acabilmektedir: yaygin bi¢imde kullanilan maddeler katilimecilar arasinda dolagima girerek bunlara dnceden
asina olan bireyler i¢in haksiz avantaj olusturabilir; yetenek kestirimleri yanli hale gelerek testin psikometrik
niteligi diigebilir; ayrica madde havuzunun operasyonel kullanim 6mrii kisalabilir ve bu da siirekli yeni madde
gelistirilmesini gerektiren maliyetli ve emek yogun bir siirece doniisebilir.

Buna karsilik giivenli bir test sistemi, maddelerin etkili fakat agir1 olmayan bi¢cimde kullanildigi dengeli
bir maruz kalma diizeyi saglamaktadir. Bu denge hem test kesinligini hem de madde havuzunun uzun
omiurliilliglinii artirmaktadir. Bu ¢alismada madde giivenligi, uyarlanabilir test arastirmalarindaki yerlesik
yaklagimlar dogrultusunda ortalama madde maruz kalma orani kullanilarak degerlendirilmistir (van der Linden
& Veldkamp, 2004; Zheng & Chang, 2015). Aninda Bireysellestirilmis Cok Asamali Testler (A-BCAT)
cergevesi, giincellenen yetenek kestirimlerine dayali olarak modiilleri dinamik bigimde olusturdugu i¢in madde
kullaniminda daha fazla gesitlilik saglamakta ve agir1 maruz kalma olasiligini azaltmaktadir. Sonug olarak A-
BCAT, katilimcilar arasinda belirli maddelerin tekrar kullanimina yol agabilen dnceden tanimli modiillere
dayali S-BCAT tasarimina kiyasla daha gii¢lii bir madde korumasi1 sunmaktadir.
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Alanyazinda S-BCAT ile A-BCAT’1 karsilastiran gesitli ¢aligmalar bulunmaktadir. Choi ve arkadaglar
(2016), test birlestirme siirecinde freeze-fresh mekanizmasini kullanarak BBT, A-BCAT ve her iki yontemin
birlesimi olan Hibrit-BBT yi karsilagtirmistir. Sonuglar, ii¢ yaklasimda da olduk¢a benzer bulunmustur.
Arastirmacilar, freeze-fresh mekanizmasinin 6zellikle ortak kdk maddelerin bulundugu ve test kisitlarinin
saglanmasinin gerektigi durumlarda oldukga iyi ¢alistigini belirlemistir. Ayrica testin 6lgme dogrulugunda
anlamli bir azalma goriilmemistir. Zheng ve Chang (2015), modiillerin énceden olusturuldugu S-BCAT tan
farkli olarak, her agamada ara yetenek kestirimlerine dayali big¢imde modiilleri aninda birlestiren yeni bir
BCAT tasarimi sunmustur. Bulgular, A-BCAT ile BBT nin benzer 6lgme dogrulugu sagladigini ve her iki
yontemin de S-BCAT’a gore daha iyi 6lgme dogrulugu ve test giivenligi sundugunu gostermistir.

Tay (2015), S-BCAT ile A-BCAT’1 12, 18, 24 ve 30 maddelik test uzunluklarinda simiflama dogrulugu
ve tutarliligl acisindan karsilagtirmistir. Sonuglar, tiim kosullarda A-BCAT’in S-BCAT’a gore daha yiiksek
siiflama dogrulugu ve tutarliligi sagladigini ortaya koymustur. van der Linden ve Diao (2016), gercek bir veri
seti lzerinden simiilasyonlarla bes farkli test yaklagimimi karsilagtirmistir. Caligma, LT’ nin en diisiik
verimlilige sahip oldugunu, onu S-BCAT m izledigini gostermistir. Diger yaklasimlar ise birbirine benzer
verimlilik diizeyleri sergilemistir.

Han ve Guo (2016), her asamada test katilimcisinin tahmini yetenek diizeyine (0) dayali olarak yeni
modiilleri aninda olusturan bir A-BCAT tasarimi 6nermistir. Birlestirilen modiil, test gelistirici tarafindan
belirlenen hedef test bilgi fonksiyonuna (TIF) ulasincaya kadar yinelemeli bigimde yeniden olusturulmustur.
Calisgmada BBT, S-BCAT ve A-BCAT tasarimlari karsilastirilmistir. Sonuglar, 1-3-3 BCAT tasariminin diisiik
yineleme diizeyinde yeni gelistirilen A-BCAT tasarimiyla benzer 6lgme dogrulugu sagladigini gostermistir.
Ancak yineleme sayis1 100’e ¢ikarildiginda yeni A-BCAT tasarimi, 6lgme dogrulugu agisindan S-BCAT ’tan
daha iyi performans gostermistir. Buna karsin BBT, her iki yontemden de daha yiiksek dogruluk iiretmistir.

Son olarak van der Linden (2021), gercek bir veri setinden tiiretilmis 300 maddelik bir havuz kullanarak
aninda olusturulan DT, S-BCAT, A-BCAT ve BBT’yi karsilastirmistir. Simiilasyon sonuglari, A-BCAT ile
BBT’nin benzer ve oldukg¢a yiiksek 6l¢gme kesinligi sagladigini gdstermistir. Buna karsilik S-BCAT, aninda
olusturulan DT’den daha dogru sonuglar iiretmekle birlikte hem A-BCAT hem de BBT’ye kiyasla anlaml
derecede daha diisiik 6lcme dogrulugu sunmustur.

Arastirmanin Amaci ve Onemi

Alanyazinda S-BCAT ile A-BCAT’1 karsilastiran gesitli ¢aligmalar bulunmaktadir. Choi ve arkadaglar
(2016), test birlestirme siirecinde freeze-fresh mekanizmasini kullanarak BBT, A-BCAT ve her iki yontemi
birlestiren Hibrit-BBTyi karsilagtirmistir. Sonuglar, her ii¢ yaklasimin da benzer ciktilar {irettigini
gostermistir. Calisma, 6zellikle ortak kok maddelerin kullanildig1 ve test kisitlarina uyulmasinin gerektigi
durumlarda, freeze-fresh mekanizmasinin 6l¢me dogrulugunda anlamli bir diisiise yol agmadan etkili bicimde
calistig1 sonucuna ulagsmistir. Zheng ve Chang (2015) ise modiillerin 6nceden olusturuldugu S-BCAT’tan
farkli olarak, her asamada elde edilen ara yetenek kestirimlerine gore modiilleri aninda birlestiren yenilik¢i bir
BCAT tasarimi1 sunmustur. Arastirma bulgulari, A-BCAT ile BBT nin 6l¢gme dogrulugunun karsilastirilabilir
diizeyde oldugunu ve her iki yontemin de S-BCAT’a gore daha yiiksek 6lgme dogrulugu ile daha giiclii test
giivenligi sagladigini ortaya koymustur.

Arastirma Sorular

Asagida, iki aragtirma sorusu ve iki aragtirma problemine dayali olarak gelistirilen alt1 alt aragtirma
problemi sunulmustur.

S1. Farkli simiilasyon kosullar1 altinda S-BCAT ve A-BCAT yaklagimlarinin 6lgme kesinligi ne
diizeyde degismektedir?

S1.1. S-BCAT ve A-BCAT yaklasimlarinin RMSE, MAB ve BIAS degerleri test uzunluguna (20-30-
40) gore nasil degismektedir?
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S1.2. S-BCAT ve A-BCAT yaklasgimlarinin RMSE, MAB ve BIAS degerleri yetenek dagilimina
(normal dagilim, saga carpik, sola ¢arpik, uniform) gore nasil degismektedir?

S1.3. S-BCAT ve A-BCAT yaklasgimlarinin RMSE, MAB ve BIAS degerleri modiil/test uzunlugu
oranina (B-K-K, O-O-0, K-K-B) gore nasil degismektedir?

S2. Farkli simiilasyon kosullar1 altinda S-BCAT ve A-BCAT yaklagimlarinin madde giivenligi nasil
degismektedir?

S2.1. S-BCAT ve A-BCAT yaklagimlarinin madde giivenligi, farkli test uzunluklarinda (20-30-40)
madde kullanim siklig1 ve kullanilan madde sayisina gore nasil degismektedir?

S2.2. S-BCAT ve A-BCAT yaklagimlarmin madde giivenligi, farkli yetenek dagilimlarinda (normal
dagilim, saga carpik, sola c¢arpik, uniform) madde kullanim siklig1 ve kullanilan madde sayisina gore nasil
degismektedir?

S2.3. S-BCAT ve A-BCAT yaklasimlarinin madde giivenligi, farkli modiil/test uzunlugu oranlarinda
(B-K-K, O-0-0, K-K-B) madde kullanim siklig1 ve kullanilan madde sayisina gore nasil degismektedir?

YONTEM
Arastirmanin Tiirii

Bu caligmanin amaci, farkli simiilasyon kosullar1 altinda gesitli BCAT yaklagimlarinin etkililigini
incelemektir. Arastirmada kullanilan veriler simiilasyon yoluyla iiretilmis ve farkli senaryolar arasinda
karsilagtirmalar yapilmistir. Simiilasyon c¢aligmalari, belirli olasilik dagilimlarindan rastgele 6rnekleme
yoluyla veri iireten ve ardindan elde edilen verileri analiz eden bilgisayar tabanli deneylerdir. Bu ¢aligmalar,
istatistiksel yontemlerin kontrollii kosullar altinda performansini degerlendirmede 6nemli bir isleve sahiptir.
Psikometri alaninda simiilasyon c¢alismalari, hem yeni hem de alternatif yontemlerin degerlendirilmesinde
kritik bir rol oynamaktadir (Feinberg & Rubright, 2016; Morris, White & Crowther, 2019; Saat¢ioglu & Atar,
2022). Bu arastirma, verilerin ilgili olasilik dagilimlar1 ve simiilasyon kosullarina gore iiretildigi bir Monte
Carlo simiilasyon ¢aligmasidir. Deneysel ¢aligmalarla benzerlik gosteren Monte Carlo galigmalari, bilgisayar
tarafindan {iretilen verileri kullanmaktadir (Harwell et al., 1996). Arastirmada ele alinan tiim degiskenlerin
gergek verilerle incelenmesinin karmagsik olmasi nedeniyle simiile edilmis veriler kullanilmistir. Calisma,
farkli BCAT yontemlerini karsilastirmay1 amacladigindan, hangi yontemin en uygun sonuglar iirettigini
belirlemeye yonelik betimsel bir aragtirma olarak siiflandirilabilir (Fraenkel, Wallen & Hyun, 2012).

Veri Uretimi

Veriler, acik kaynakli ve {icretsiz bir istatistiksel programlama dili olan R kullanilarak iiretilmistir. Veri
iiretim siirecinde ilk olarak 400 maddeden olusan madde havuzu parametreleri ile 1000 bireyden olusan
yetenek parametreleri olusturulmustur (Sahin & Weiss, 2015). Test birlestirme siirecinde “Rmst” (Luo & Kim,
2018) ve “TestDesign” (Choi, Lim & van der Linden, 2021) paketlerinden yararlanilmistir. Ardindan
aragtirmacilar tarafindan yazilan kodlar kullanilarak, birlestirilen testler tizerinden “mstR” (Magis, Yan & Von
Davier, 2017) paketi ile S-BCAT analizleri, ayn1 madde havuzu ve yetenek parametreleri kullanilarak
“TestDesign” (Choi, Lim & van der Linden, 2021) paketi ile A-BCAT analizleri ger¢eklestirilmistir.

Madde Havuzu Uretimi

Caligma kapsaminda, 3 parametreli lojistik modele (3PL) dayali1 olarak 400 maddeden olusan bir madde
havuzu iretilmistir (Yigiter & Boduroglu, 2024). Madde havuzunun olusturulmasinda, TIMSS 8. simf
matematik uygulamalarinin 2003, 2007, 2011, 2015 ve 2019 dongiilerinde kullanilan ve parametreleri 3PL
modeline gore kestirilen maddelerin a, b ve ¢ parametre dagilimlar1 incelenmistir. Bu maddelerin parametre
dagilimlarina iliskin minimum ve maksimum degerler ile ¢carpiklik ve basiklik katsayilar1 dikkate alinarak; a
parametreleri log-normal dagilimdan a ~ In N(0.2,0.3), b parametreleri normal dagilimdan b ~ N(0,0.7)ve
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c parametreleri beta dagilimindan ¢ ~ Beta(5,16)iiretilmistir. Madde havuzunda yer alan 400 maddenin
parametrelerine iliskin betimsel istatistikler Tablo 1’de sunulmustur.

Tablo 1

Madde Parametrelerinin Betimsel Istatistikleri

Parameter K Min Max Mean Sd
A 400 0.566 2.287 1.243 0.351
B 400 -1.830 1.764 0.000 0.727
C 400 0.044 0.501 0.236 0.088

Buna ek olarak, madde havuzunun dort farkli igerik alanindan olustugu varsayilmis ve tiim maddeler
rastgele bigimde Icerik 1 (%30 - 120 madde), Igerik 2 (%30 - 120 madde), igerik 3 (%20 - 80 madde) ve Icerik
4 (%20 - 80 madde) alanlarina atanmustir.

Yetenek Dagilimi Uretimi

Caligmada normal, saga carpik, sola ¢arpik ve uniform olmak iizere dort farkli yetenek dagilimi
kullanilmistir. Tiim yetenek dagilimlarinda katilimer sayis1t N = 1000 olarak belirlenmistir. Saga carpik ve sola
carpik yetenek dagilimlar, Fleishman (1978) tarafindan 6nerilen kuvvet yontemi ile normal dagilimdan elde
edilmistir. Fleishman’in kuvvet yontemi denklemi asagida sunulmustur:

Y =a+bX +cX?+dXx3 ()

Burada a, b, ¢ ve d, iiretilen yetenek dagilimlarinin seklini tanimlayan Fleishman doniisiim katsayilarini
ifade etmektedir (Fleishman, 1978). Bu katsayilar, ¢calismada kullanilan hedef normal olmayan dagilimlari elde
etmek amaciyla simiile edilen veriye yon vermekte ve buna gore hesaplanmaktadir. X, kullanilan normal
dagilimdan elde edilen parametreleri ifade etmektedir. Normal, saga ¢arpik ve sola ¢arpik yetenek dagilimlarini
iiretmek i¢in kullanilan X ile a, b, c, d katsayilarina iliskin degerler Tablo 2’de sunulmustur. Uniform yetenek
dagilimi ise uniform dagilimdan U ~ U(—3, +3)elde edilmistir.

Veri iiretiminde R programlama dili kullanilmistir. R, agik kaynakli ve iicretsiz bir istatistiksel
programlama dilidir. Veri liretim siirecinde ilk olarak 400 maddeden olusan madde havuzu parametreleri ile
1000 bireyden olusan yetenek parametreleri tiretilmistir. Test birlestirme siirecinde “Rmst” (Luo & Kim, 2018)
ve “TestDesign” (Choi, Lim & van der Linden, 2021) paketlerinden yararlanilmigtir. Ardindan aragtirmacilar
tarafindan yazilan kodlar kullanilarak, birlestirilen testler tizerinden “mstR” (Magis, Yan & Von Davier, 2017)
paketi ile S-BCAT analizleri, ayn1 madde havuzu ve yetenek parametreleri kullanilarak “TestDesign” (Choi,
Lim & van der Linden, 2021) paketi ile A-BCAT analizleri gerceklestirilmistir.

Tablo 2

Yetenek Dagilimi Uretimi

Distribution N X Skewness Kurtosis a b c d
Normal 1000 N, 1) 0.00 0.00 0.00 1.00 0.00 0.00
Right Skewed 1000 N(, 1) 1.50 4.00 -0.21 0.85 0.21 0.04
Left Skewed 1000 N, 1) -1.50 4.00 0.21 0.85 -0.21 0.04

Uniform 1000 U(-3, +3) - - - - - -
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Arastirma Tasarimi

Bu calismada, farkli simiilasyon kosullari altinda farkli BCAT yaklagimlar1 (S-BCAT ve A-BCAT)
karsilagtirilmigtir. Simiilasyonda kullanilan bagimsiz ve bagiml degiskenler Tablo 3’te 6zetlenmistir.

Tablo 3

Bagimli ve Bagimsiz Degigkenler

Degisken Tiirii Degisken Adi Agiklama

Bagimsiz Degigken BCAT Tiiri S-BCAT ve A-BCAT

Bagimsiz Degisken Test Uzunlugu 20, 30, 40 soru

Bagimsiz Degisken Yetenek Dagilimi Normal, Saga Carpik, Sola Carpik, Uniform
Bagimsiz Degisken Modiil/Test Uzunlugu Oram1 ~ B-K-K, O-0-0O, K-K-B

Bagimli Degisken Olgme Kesinligi RMSE, MAB ve BIAS degerleri

Bagimli Degisken Madde Giivenligi Kullanilan madde say1st ve madde maruz kalma oram

Simiilasyonda manipiile edilecek kosullar Tablo 4’te sunulmustur.
Tablo 4

Manipiile Edilen Kosullar

Manipiile Edilen Degisken Diizey Diizey Sayisi
BCAT Yaklasim Tiirti S-BCAT, A-BCAT 2
Test Uzunlugu 20, 30, 40 3
Yetenek Dagilimi Normal, Saga Carpik, Sola Carpik ve Uniform 4

B-K-K [1/2-1/4-1/4], 0-0-O [1/3-1/3-1/3], K-K-B [1/4-

Modiil/Test Uzunlugu Oran 1/4-172]

Not. K: Kiigiik, O: Orta, B: Biiyiik.

Tablo 4’te goriildiigii lizere, simiilasyonlar iki farkli BCAT tiirii (S-BCAT, A-BCAT), li¢ farkl test
uzunlugu (20, 30, 40), dort farkli yetenek dagilimi (normal, saga carpik, sola ¢arpik ve uniform) ve ii¢ farkl
modiil/test uzunlugu oranmi dagilimi (B-K-K, O-O-O, K-K-B) degistirilerek yiiriitilmiistiir. Tim kosullar
birbiriyle ¢aprazlanmistir. Bu nedenle ilk simiilasyon ¢aligmasinda 2 x 3 x 4 x 3 =72 kosul incelenmis ve her
kosul i¢in 100 tekrar gerceklestirilmistir. Egitimde Ol¢me ve psikometri alanindaki 6nceki simiilasyon
calismalariyla tutarli olarak, bu arastirmada her kosul icin 100 tekrar kullanilmistir. Onceki calismalar,
yaklagik 100 tekrarin BIAS, RMSE ve madde maruz kalma indeksleri i¢in yeterince kararli kestirimler
sagladigini, ayn1 zamanda hesaplama verimliligini korudugunu gostermektedir (Bulut & Siinbiil, 2017; Giir &
Giilleroglu, 2020; Xu et al., 2023). Ayrica 100 tekrar kullanimi, 6zellikle karmagik MTK temelli uyarlanabilir
test baglamlarinda drnekleme yanliligini azaltmak ve ampirik kararliligi saglamak i¢in onerilmektedir (Han,
2007; Harwell et al., 1996).

MST Desenlerinin Olusturulmasi
Calismada S-BCAT tasarimi olarak 1-2-3 formati tercih edilmistir. 1-2-3 S-BCAT ve A-BCAT

tasarimlarinin olusturulmasinda sirasiyla “Rmst” ve “TestDesign” paketleri kullanilmigtir. Bu aragtirmada 1-
2-3 BCAT tasariminin tercih edilmesinin temel nedeni, ikinci asamadaki modiillerin modiil bilgi
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fonksiyonlarinin maksimuma ulastig1 noktalarin, diger asamalardaki modiillerin maksimum bilgi noktalariyla
cakigmamasidir. Bagka bir ifadeyle, 1-3-3 BCAT tasariminda ikinci ve iiglincli asamadaki modiillerin bilgi
fonksiyonunu maksimize eden noktalarin drtiismesi, modiillerin kiimiilatif bilgi fonksiyonu iizerinde azaltic1
bir etki yaratmaktadir. Cetin-Berber, Sar1 ve Huggins-Manley (2018), 1-2-3 ve 1-3-3 BCAT tasarimlariin
oldukga benzer 6lgme kesinligi sonuclar1 verdigini bildirmistir. Benzer bigimde Yigiter ve Dogan (2023), 1-3,
1-2-3 ve 1-3-3 BCAT tasarimlarimi inceledikleri ¢aligmalarinda, 1-2-3 ile 1-3-3 tasarimlariin ¢ok benzer
olgme kesinligine sahip oldugunu, hatta 1-2-3 tasariminin kiigiik bir farkla daha iyi 6lgme kesinligi sundugunu
belirtmistir. Bu nedenle madde havuzunu daha etkili kullanabilmek amaciyla 1-2-3 BCAT tasarimi tercih
edilmistir.

Modiillerin olusturulmasinda modiil/test uzunlugu oram dikkate alimmustir. Ornegin, 40 maddelik bir
test uzunlugu ve K-K-B (1/4-1/4-1/2) modiil/test orani i¢in ATA siireci 10-10-20 modiil uzunluklariyla
yiriitiilmistir. A-BCAT’ta, bu oranlar1 koruyabilmek amaciyla yeni modiil, ilgili madde sayisi
tamamlandiktan hemen sonra olusturularak test katilimcisma sunulmaktadir. Ornegin 10-10-20 modiil
uzunluguna sahip bir A-BCAT tasariminda, yeni modiil 1-11-21 madde pozisyonlarindaki kisitlar dikkate
aliarak freeze-fresh mekanizmasiyla (Choi et al., 2021) birlestirilmis ve katilimciya sunulmustur. Freeze-
fresh mekanizmasi (Choi & van der Linden, 2018), A-BCAT’ta kullanilan dinamik bir modiil birlestirme
stratejisidir. Bu yaklagimda her asamadan sonra daha oOnce uygulanmig maddeler ya da modiiller
dondurulmakta (sabit tutulmakta), heniliz uygulanmamis kalan maddeler ise giincellenen yetenek kestirimine
gore yeniden secilmektedir. Bu siireg, test boyunca uyarlanabilirligi korurken aym zamanda igerik dengesi
veya madde maruz kalma sinirlar1 gibi tiim test kisitlarinin saglanmasina olanak tanimaktadir. 1-2-3 BCAT ve
A-BCAT tasarimlarinda modiillerde yer alacak madde sayilar1 ile madde maruz kalma kontrol yontemi Tablo
5’te sunulmustur.

Tablo 5

Test Uzunluguna Gére Modiil Madde Sayilari ve Madde Maruz Kalma Orant Kontrolii

Test Uzunlugu Madde
Tasarim 20 30 40 Kullanim Panel Sayis1
Modiil Test Uzunlugu Dagilimi Siklig1 Orant
B-K-K 10-5-5 15-8-7 20-10-10
1-2-3 BCAT 0-0-0 3-4-3 6-7-6 13-14-13 0.33 3
K-K-B 5-5-10 7-8-15 10-10-20
B-K-K 10-5-5 15-8-7 20-10-10
A-BCAT 0-0-0 3-4-3 6-7-6 13-14-13 0.33 *
K-K-B 5-5-10 7-8-15 10-10-20

Not. A-BCAT yonteminde madde maruz kalma orani, Uygunsuzluk (Ineligibility) yontemi kullanilarak 0.33 diizeyinde
sabitlenerek kontrol edilmistir (van der Linden & Veldkamp, 2004).

S-BCAT yaklasiminda, madde maruz kalma oranim1 kontrol etmek amaciyla panel sayisi
kullanilmigtir. Her bir S-BCAT tasariminda, 0.33’liilk madde maruz kalma orani i¢in 3 panel olusturulmustur.
A-BCAT tasariminda ise modiiller anlik olarak olusturuldugundan, madde maruz kalma oranini 0.33
diizeyinde sabitleyerek kontrol etmek i¢in Uygunsuzluk (Ineligibility) yontemi kullanilmigtir (van der Linden
& Veldkamp, 2004). Uygunsuzluk yontemi, belirli maddelerin asir1 kullanimini 6nlemek amaciyla gelistirilmis
bir madde maruz kalma kontrol teknigidir. Bir madde uygulandiktan sonra, maruz kalma oran1 belirlenen esik
degerin altina diisene kadar gecici olarak se¢cime uygun olmayan duruma getirilmektedir. Bu dongiisel
mekanizma, test gilivenliginin korunmasina ve katilimcilar arasinda madde kullanimmin adil bigimde
dagitilmasina yardimci olmaktadir (van der Linden & Veldkamp, 2004).

Test birlestirme ile panel ve modiillerin olusturulmasinda modiil bilgisinin maksimuma ulastig1
noktalar Tablo 5’te sunulmustur.
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Tablo 5

BCAT Panel ve Modiillerinin Olusturulmast

BCAT Yaklasimi Asama 1 Asama 2 Asama 3
1-2-3 S-BCAT 9=0 9 =(-0.5,0.5) 9=(-1,0,1)
A-BCAT 9=0 9 =9* 9 =9*

Not. §*: gegici yetenek diizeyi.

Her iki BCAT tasariminda da testler baslangic yetenek diizeyi 9 = Oolacak sekilde birlestirilmistir. S-
BCAT yaklasiminda, 1-2-3 tasarimina uygun olarak ikinci ve iiglincli asama modiilleri, Tablo 3’te verilen
yetenek diizeylerinde maksimum bilgi degerine ulasacak bigimde olusturulmustur. 1-2-3 S-BCAT tasariminin
test birlestirme siirecinde hibrit yontemden yararlanilmistir. Hibrit yontem, modiillerin asagidan yukari
(bottom-up) yaklasimla maddelerden olusturuldugu ve test tasariminin yukaridan agagi (top-down) yaklasimla
bu modiillerin birlestirilmesiyle kuruldugu yontemdir. Hibrit test birlestirme yaklasiminda test olusturma iki
asamada ilerlemektedir: (1) asagidan yukan diizeyde maddeler, bilgi ve igerik kisitlarimi karsilayan paralel
modiiller olusturmak iizere birlestirilmekte, (2) yukaridan asagi diizeyde ise bu 6nceden olusturulmus modiiller
paneller halinde birlestirilerek ¢ok asamali genel yapi olusturulmaktadir (Luecht & Nungester, 1998;
Breithaupt & Hare, 2007). Bu hibrit strateji her iki yaklagimin avantajlarin bir araya getirmektedir: bottom-
up yaklasimi madde diizeyinde paralelligi saglarken, top-down yaklagimi modiil ve panel diizeyindeki iist
diizey kisitlarin kontroliinii miimkiin kilmaktadir. Bu nedenle bu ¢alismada hibrit yontem kullanilmigtir.

Benzer sekilde A-BCAT ta, ilk modiil ¥ = Onoktasinda olusturulmus, diger modiiller ise kestirilen gegici ara
yetenek diizeyi noktasina gore golge test yaklasimiyla birlestirilerek katilimeiya sunulmustur. Hem S-BCAT
hem de A-BCAT yaklagimlarinda test birlestirme i¢in Rglpk algoritmasi kullanilmigtir (Makhorin, 2017). A-
BCAT’ta test birlestirme, Freeze-Refresh Mekanizmas1 altinda Golge Test yaklasimi kullanilarak
yiirlitiilmiistiir (Choi & van der Linden, 2018).

Verilerin Analizi

Veri analizinden elde edilen sonuclarin degerlendirilmesinde kestirilen ve gercek yetenek
parametreleri, Kok Ortalama Kare Hata (RMSE), Ortalama Mutlak Yanlilik (MAB) ve Yanlilik (BIAS)
degerleri kullanilmistir. RMSE degerleri, asagida verilen formiil kullanilarak hesaplanmistir. Bu formiilde

ntoplam katilime1 sayisini, @ kestirilen yetenek diizeyini ve Ogercek yetenek diizeyini ifade etmektedir.

RMSE = w @)

MAB degerinin hesaplanmasinda kullanilan formiil asagida sunulmustur.
MAB = 2t 3)

BIAS degerinin hesaplanmasinda kullanilan formiil agagida sunulmustur.
BIAS = 2z 00 )

Yukaridaki formiillerde ikatilime1 numarasini, nkatilimei sayisini, 8;i katilimcisinin gergek yetenegini
ve O;testten elde edilen i katilimcisina ait kestirilen yetenek diizeyini ifade etmektedir.

Buna ek olarak, farkli simiilasyon kosullar altinda iki farkl: test tasariminin karsilastirilmasi amaciyla
elde edilen RMSE ve MAB degerleri tizerinden etki biiyiikliigii degerleri hesaplanmistir. Cohen’s d degeri ve
etki biiyiikliigliniin hesaplanmasinda asagidaki formiiller kullanilmigtir:

— 2 _ 2
Harmonized Standard Deviation = \/(nl 1)S{+(n,—-1)S3 )
ni+n,
Cohend = Mean Dif ference ©

Harmonized Standard Deviation
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Yukaridaki formiillerle hesaplanan Cohen’s d degeri, d < 0.20oldugunda kii¢iik etki, 0.20 < d <
0.500ldugunda orta etki ve 0.80 < doldugunda biiyiik etki olarak yorumlanmaktadir (Cohen, 1988).

Madde giivenliginin incelenmesinde, her bir madde i¢in madde kullanim siklig1 oran1 hesaplanmustir.
Madde kullanim siklig1 oranmi asagidaki formiil kullanilarak hesaplanmustir.

Madde Kullanvm Sikligi Oram = ~2 @)
n

T

Formiilde n;;, m maddesinin uygulandig1 katilimci sayisini, nrise toplam katilimeci sayisini ifade
etmektedir. Bu oran, ilgili maddenin madde kullanim sikligim géstermektedir.

BULGULAR

Bu boliimde 6lgme kesinligi ve madde giivenligine iliskin bulgular basliklar altinda sunulmustur.
Ol¢me Kesinligi Bulgulari

Bu béliimde, arastirma probleminin 6lgme kesinligi boyutuna yanit verebilmek amaciyla, ayn1 madde havuzu
ve ayni yetenek dagilimlan altinda S-BCAT ve A-BCAT yontemlerinden elde edilen yetenek kestirimleri
karsilagtirilmistir. Analiz edilen 72 kosuldan elde edilen RMSE, MAB, d ve BIAS sonuglar1 Tablo 6’da

sunulmustur.

Tablo 6

Farkli BCAT Yaklasimlarina Gore Tiim Kosullara Iliskin Bulgular

=
= %” é iz"g 3 ._5 RMSE MAB BIAS
< @ £ § S i‘;éo A- A- A- A-

s = S-BCAT poar  drwse goar  BeaT  Gman SBCAT pour
1 20 B-K-K Normal 0,382 0371 1,657 0300 0291 1587 0,008 0,007
2 20 B-K-K SagaCarpk 0423 0404 2369 0315 0303 1,604 0,050 0,040
3 20 B-K-K SolaCarpk 0431 0414 1,887 0311 0303 1,070  -0,028  -0,029
4 20 B-KK Uniform 0,563 0,535 3305 0443 0419 3411  -0,053  -0,048
5 20 0-0-0 Normal 0,382 0,362 2438 0300 028 1990 0,008 0,012
6 20 0-0-0 SagaCarpk 0417 0399 2407 0314 0302 1,723 0,046 0,037
7 20 0-0-0 SolaCarpik 0432 0407 2,775 0313 0296 2,561  -0,023  -0,022
8 20 0-0-0 Uniform 0,552 0,524 2235 0432 0409 2715  -0,058  -0,047
9 20 K-K-B Normal 0,398 0,364 4,013 0314 0285 4,164 0008 0,004
10 20 K-K-B SagaCarpik 0431 0399 5287 0325 0,301 4368 0,039 0,039
11 20 K-K-B SolaCarpik 0438 0405 4,146 0322 0297 4928  -0,021  -0,022
12 20 K-K-B Uniform 0,559 0,519 3,640 0440 0406 3,592  -0,047  -0,047
13 30 B-K-K Normal 0,338 0,323 1,884 0266 0253 2,148 0,007 0,009
14 30 B-K-K SagaCarpk 0380 0361 2,540 0281 0,268 2,004 0,044 0,039
15 30 B-K-K SolaCarptk 0,388 0367 2,808 0277 0266 1843  -0,025 -0,018
16 30 B-K-K Uniform 0,496 0,463 3486 0387 0360 3366  -0,045  -0,044
17 30 0-0-0 Normal 0,333 0321 1,604 0262 0252 1675 0,007 0,005
18 30 0-0-0 SagaCarpik 0369 0349 2,674 0276 0263 2,178 0,038 0,032
19 30 0-0-0 SolaCarptk 0382 0356 2,886 0275 0260 2513  -0,023  -0,015
20 30 0-0-0 Uniform 0,476 0456 2233 0370 0355 1,870  -0,052  -0,044
21 30 K-K-B Normal 034 0317 2568 0268 0251 2441 0,006 0,008
22 30 K-K-B SagaCarpik 0372 0344 4317 0279 0259 3,640 0,037 0,032
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Tablo 6 (Devam)
5 . g RMSE MAB BIAS
= 2B -
2§ 52 2 EE
g = 08D 8% A- A- A- A-
o B2 & - -
s < § g > a S-BCAT BCAT rmss BCAT BCAT duas  S-BCAT BCAT
=75
23 30 K-K-B Sola Carpik 0,385 0,356 3,615 0,28 0,258 4,004 -0,021  -0,017
24 40 K-K-B Uniform 0,477 0,444 3,127 0,372 0,346 2,886 -0,047  -0,043
25 40 B-K-K Normal 0,306 0,295 1,579 0,24 0,232 1,456 0,005 0,002

26 40 B-K-K  Saga Carpik 0,337 0,328 1,638 0,251 0,244 1,554 0,036 0,036
27 40 B-K-K Sola Carpik 0,350 0,336 2,158 0,249 0,243 1,206 -0,021 -0,015
28 40 B-K-K Uniform 0,435 0,420 1,771 0,336 0,325 1,579 -0,047  -0,038
29 40 O-0-O0 Normal 0,310 0,293 2,136 0,244 0,230 2,158 0,005 0,005
30 40 0O-0-O  Saga Carpik 0,339 0,324 2,513 0,254 0,240 2,548 0,034 0,029
31 40 O-0-0 Sola Carpik 0,353 0,327 3,476 0,254 0,237 3,094 -0,019  -0,018
32 40 O-0-0 Uniform 0,433 0,413 2,361 0,336 0,320 2,297 -0,045  -0,042
33 40 K-K-B Normal 0,317 0,291 3,733 0,250 0,230 3,350 0,005 0,002
34 40 K-K-B Saga Carpik 0,345 0,317 3,744 0,259 0,239 3,640 0,030 0,029
35 40 K-K-B Sola Carpik 0,357 0,330 3,610 0,259 0,240 3,183 -0,018  -0,014
36 40 K-K-B Uniform 0,433 0,412 2,219 0,337 0,317 2,872 -0,039  -0,044

Not. K: Kiigiik, O: Orta, B: Biiyiik.

Tablo 6°da goriildiigii iizere, tim kosullarda S-BCAT’tan elde edilen RMSE degerleri [0.306, 0.563]
araliginda degismektedir. A-BCAT tan elde edilen RMSE degerleri ise [0.291, 0.535] araligindadir. Tabloda
goriildiigl gibi, S-BCAT yonteminden elde edilen RMSE degerleri tiim kosullarda A-BCAT’tan elde edilen
RMSE degerlerinden daha yiiksektir. Bu durum, A-BCAT’1n tiim kosullarda S-BCAT tan daha etkili oldugunu
gostermektedir. Ayrica ilgili siitunda goriildiigii {izere, Cohen’s d etki biiyiikliigii tiim kosullarda [d > .80]
diizeyindedir ve A-BCAT ydntemi tiim kosullarda S-BCAT yonteminden daha biiyiik bir etki gostermektedir.
RMSE sonuglarina benzer sekilde, S-BCAT’tan elde edilen MAB degerleri de tiim kosullarda A-BCAT tan
elde edilen MAB degerlerinden daha yiiksektir. MAB degerleri de A-BCAT mn S-BCAT’a gore daha etkili
kestirim yaptigin1 dogrulamaktadir. Benzer bigimde, ilgili siitunda goriildiigii iizere Cohen’s d etki biiytikligii
tiim kosullarda [d > .80] diizeyindedir, bu da A-BCAT yonteminin tiim kosullarda S-BCAT yonteminden daha
biiyiik etkiye sahip oldugunu gostermektedir.

Hem RMSE hem de MAB siitunlarindan goriildiigii tizere, test uzunlugu arttik¢a her iki test yaklagimimin
0lgme kesinligi belirgin bicimde artmaktadir. Buna karsilik modiil/test uzunlugu oranina gore, S-BCAT ta K-
K-B oraninin B-K-K ve O-O-O oranlarina gore daha diisiik 6l¢me kesinligi sundugu, buna karsin A-BCAT ta
iic oranin da benzer 6l¢me kesinligi sagladig1 sdylenebilir. Yetenek dagilimlarina gore, her iki yontemde de en
yiiksek 6lgme kesinligi normal dagilimda, ardindan saga ve sola carpik dagilimlarda elde edilmistir. Uniform
dagilimin ise her iki test yaklagimi i¢in de en diigiik 6l¢me kesinligine sahip oldugu ifade edilebilir. Calismanin
geri kalaninda, test uzunlugu, modiil/test uzunlugu oram ve yetenek dagilimima gore S-BCAT ve A-BCAT
yontemlerinin 6lgme kesinligi sonuglari Tablo 6’dan elde edilen ortalama degerler lizerinden karsilagtirilmisgtir.
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Test Uzunluguna Gore Olgme Kesinligi Bulgular

Test uzunluguna gore Tablo 6’daki ilgili hiicrelerin ortalamalarindan elde edilen sonuglar Tablo 7°de
sunulmustur.

Tablo 7

Test Uzunluguna Gére RMSE, MAB and d Degerleri

RMSE MAB BIAS
Test Uzunlugu
S-BCAT A-BCAT  dpyse S-BCAT A-BCAT duyas S-BCAT A-BCAT
20 0,451 0,425 3,013 0,344 0,325 2,809 -0,006 -0,006
30 0,387 0,365 2,783 0,293 0,277 2,516 -0,002 -0,001
40 0,360 0,341 2,578 0,272 0,258 2,411 -0,006 -0,006

Tablo 7 incelendiginde, A-BCAT yaklagiminin 20, 30 ve 40 test uzunluklarinin tamaminda yetenek
diizeyini S-BCAT tan daha iyi kestirdigi sdylenebilir. 20 ile 30 test uzunluklar arasindaki RMSE farki daha
yiiksekken, 30 ile 40 test uzunluklar1 arasindaki RMSE farkinin azaldigi goriilmektedir. Hem RMSE farki hem
de MAB farki dikkate alindiginda, bu durum test uzunlugu artirilsa bile yetenek kestirimindeki etkililigin test
uzunlugu ile orantili bicimde artmayacagini gostermektedir. Azalan getiriler yasasi, iiretim faktorleri arttikca
iiretimin ayn1 oranda artmayacagini ve oransal faydanin giderek azalacagini savunmaktadir. Testlerde de test
uzunlugunun artirilmasi belirli bir noktaya kadar 6lgme kesinligini artiracaktir. Ancak belirli bir noktadan
sonra test uzunlugunu artirmak, 6l¢gme kesinliginde beklenen diizeyde iyilesme saglamayacak; 6grencinin
yorgunluk, sikilma ve tiikenme gibi fizyolojik ve psikolojik etkileri nedeniyle beklenen verim elde
edilemeyecektir. Bu nedenle test uzunlugunun iyi belirlenmesi gerekmektedir. Bu ¢aligmada 20 maddelik test
uzunlugunun, 30 ve 40 maddelik test uzunluklarina kiyasla daha diisiik Olgme kesinligi gosterdigi
anlagilmaktadir. Dolayisiyla bu arastirmanin sonuglaria gore 30 ya da 40 maddelik test uzunluklarinin daha
iyi sonug verdigi soylenebilir. 50, 60 ve 70 maddelik test uzunluklariin ise uyarlanabilir test yaklagimlarinin
mantigryla uyumlu olmadigi, ayrica azalan getiriler yasasina gore Olgme kesinliginde orantili bir artis
beklenmemesi gerektigi diisiiniilmektedir (Yasuda, Mae, Hull & Taniguchi, 2021).

Yetenek Dagilimima Gore Olgme Kesinligi Sonuglar

Yetenek dagilimina gore Tablo 6’daki ilgili hiicrelerin ortalamalarindan elde edilen sonuglar Tablo
8’de sunulmustur.

Tablo 8

Yetenek Dagilimina Gére RMSE, MAB, BIAS and d Degerleri

RMSE MAB BIAS
Yetenek Dagilimi
S-BCAT A-BCAT  dpuse S-BCAT A-BCAT dyas S-BCAT A-BCAT
Normal 0,345 0,326 2,401 0,272 0,257 2,330 0,007 0,006
Saga Carpik 0,379 0,358 3,054 0,284 0,269 2,584 0,039 0,035
Sola Carpik 0,391 0,366 3,040 0,282 0,267 2,711 -0,022 -0,019
Uniform 0,492 0,465 2,708 0,384 0,362 2,732 -0,048 -0,044

Tablo 8 incelendiginde, A-BCAT yaklasiminin dort farkli yetenek dagiliminda (normal, saga carpik,
sola carpik ve uniform) RMSE, MAB ve d degerlerine gore S-BCAT yaklasgimindan daha etkili yetenek
kestirimi sagladig1 goriilmektedir. Her iki yontem de en basarili kestirimi normal dagilimda, ardindan saga
carpik ve sola ¢arpik dagilimlarda gergeklestirmektedir. Her iki yontemin de en diisiik 6l¢me kesinligi uniform
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dagilimda elde edilmistir. Bununla birlikte, etki biiyiikliigii degerlerine gore normal dagilimda fark daha

kiigtikken, A-BCAT yontemi 6zellikle saga carpik, sola carpik ve uniform dagilimlarda daha etkili kestirim
yapmaktadir. Bu nedenle carpik ya da uniform yetenek dagilimlarmda A-BCAT yoOnteminin tercih

edilebilecegi sdylenebilir.

Modiil/Test Uzunlugu Oranmna Goére Ol¢gme Kesinligi Sonuglar

Modiil/test uzunlugu oranina gore Tablo 6’daki ilgili hiicrelerin ortalamalarindan elde edilen
sonuclar Tablo 9°da sunulmustur.

Tablo 9

Modiil/Test Uzunlugu Oranmina Gére RMSE, MAB, BIAS ve d Degerleri

RMSE MAB BIAS

Modiil/Test Uzunlugu Orani A
S-BCAT A-BCAT dgysg S-BCAT A-BCAT dy,z S-BCAT BC!’;

B-K-K 0,402 0,385 2,257 0,305 0,292 1,902  -0,006  -0,005
0-0-0 0,398 0,378 2,478 0,303 0,288 2,277 -0,007  -0,006
K-K-B 0,404 0,375 3,668 0,309 0,286 3,589 -0,006  -0,006

Not. K: Kiigiik, O: Orta, B: Biiyiik

Tablo 9 incelendiginde, A-BCAT yaklagiminin tiim modiil/test uzunlugu orani diizeylerinde (B-K-K,
0-0-0, K-K-B) RMSE, MAB ve d degerlerine gore S-BCAT yaklasimindan daha etkili yetenek kestirimi
sagladigi goriilmektedir. Cohen’s d degerlerine gore, A-BCAT ile S-BCAT yaklasimlari arasindaki 6lgme
kesinligi farki en diigilk B-K-K oraninda, O-O-O oraninda ise benzer diizeydedir. K-K-B oraninda ise iki
yaklagim arasindaki 6lgme kesinligi farki en yiiksek diizeye ulasmistir. Bu durumda, S-BCAT yaklagiminda
son modiildeki madde sayisi arttikga Slgme kesinliginin azaldig1 seklinde yorum yapilabilir. Buna karsilik A-
BCAT yaklasiminda modiiller sabit olmadigindan, modiil/test oran1 uzunlugundan daha az etkilenmektedir.
Ayrica A-BCAT yaklasiminda son modiil uzunlugunun artirilmasi bu yaklagimin 6lgme kesinligini artirmistir.
Bunun yaninda, ti¢c modiil/test uzunlugu oraninin tamaminda A-BCAT’in S-BCAT’tan daha biiyiik etki

gosterdigi de ozellikle belirtilmelidir.

Madde Giivenligi Sonuclar

Bu boliimde, madde giivenligine iliskin arastirma problemlerine yanit verebilmek amaciyla, tim
kosullara ait kullanilan madde sayis1 ve ortalama madde kullanim siklig1 istatistikleri Tablo 10’da sunulmustur.

Tablo 10

Madde Kullanim Siklig1 Oranlari

) = Kullantlan Madde Sayisi Ortalama Madde Kullanim
= s 32 o= Orani

= g =2z < g Toplam

& KN ZEE 85 Madde

M2 S 20 ° 'z
2 § S A Sayisi S-BCAT A-BCAT Fark S-BCAT A-BCAT
e

1 20 B-K-K Normal 400 105 163 -58 0,190 0,123

2 20 B-K-K Saga Carpik 400 105 160 -55 0,167 0,125

3 20 B-K-K Sola Carpik 400 105 156 -51 0,148 0,128
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Tablo 10 (Devam)
Ortalama Madde Kullanim

_ P E . e - % Kullanilan Madde Sayis1 Oram

2o F § 'é? § © S8 e § S-BCAT  A-BCAT  Fark  S-BCAT  A-BCAT
4 20 BKK Uniform 400 105 174 -69 0,192 0,115
5 20 0-0-0 Normal 400 120 175 55 0,167 0,114
6 20 0-0-0 SagaCarptk 400 120 173 .53 0,147 0,116
7 20 0-0-0 SolaCarpk 400 120 170 .50 0,190 0,118
8§ 20 0-0-0 Uniform 400 120 181 61 0,167 0,110
9 20 KXKB Normal 400 135 176 41 0,148 0,114
10 20 KXKB SagaCarpik 400 135 176 41 0,190 0,114
11 20 KXKB  SolaCarpik 400 135 173 38 0,167 0,116
12 20 KXKB Uniform 400 135 185 .50 0,148 0,108
13 30 BKK Normal 400 156 221 65 0,192 0,136
14 30 B-KK SagaCapik 400 156 221 65 0,167 0,136
15 30 B-KK  SolaCarptk 400 156 221 65 0,147 0,136
16 30 BKK Uniform 400 156 232 76 0,190 0,129
17 30 0-0-0 Normal 400 180 229 49 0,167 0,131
18 30 0-0-0 SagaCarprk 400 180 230 .50 0,148 0,130
19 30 0-0-0 SolaCarpk 400 180 227 47 0,190 0,132
20 30 0-0-0 Uniform 400 180 244 64 0,167 0,123
21 30 KXKB Normal 400 204 239 35 0,148 0,126
22 30 KXKB SagaCapik 400 204 236 32 0,192 0,127
23 30 KXKB  SolaCarptk 400 204 235 31 0,167 0,128
24 40 K-K-B Uniform 400 204 252 48 0,147 0,119
25 40 BKK Normal 400 210 267 .57 0,190 0,150
26 40 B-K-K  SagaCarpik 400 210 267 .57 0,167 0,150
27 40 B-KK  SolaCarpik 400 210 264 54 0,148 0,152
28 40 BKK Uniform 400 210 281 71 0,190 0,142
29 40 0-0-0 Normal 400 240 285 45 0,167 0,14
30 40 0-0-0 SagaCarptk 400 240 282 42 0,148 0,142
31 40 0-0-0  SolaCarpk 400 240 282 42 0,192 0,142
32 40 0-00 Uniform 400 240 297 .57 0,167 0,135
33 40 KKB Normal 400 270 289 19 0,147 0,138
34 40 K-K-B  SagaCapik 400 270 288 18 0,190 0,139
35 40 K-K-B  SolaCarpk 400 270 286 16 0,167 0,140
36 40 K-K-B Uniform 400 270 304 34 0,148 0,132

Madde havuzundan daha fazla sayida maddenin kullanilmasi, maddelerin agiga c¢ikma olasiligini
azaltmasi1 bakimindan hem madde kullanim sikligini diigirmekte hem de madde giivenligini artirmaktadir.
Tablo 10 incelendiginde, A-BCAT’1n tiim kosullarda S-BCAT’a gore madde havuzundan daha fazla sayida
madde kullandig1 gériilmektedir. Ozellikle test uzunlugu arttik¢a kullanilan madde sayilari birbirine yaklassa
da, A-BCAT m yine de daha fazla madde kullandig1 6zellikle belirtilmelidir. Ayrica Tablo 10°a gore, ortalama
madde kullanim siklig1 S-BCAT i¢in 0.168, A-BCAT igin ise 0.129 olarak bulunmustur. A-BCAT’1n ortalama
madde kullanim sikliginin S-BCAT’tan daha diisiik olmasi, bu yaklasimin madde havuzundan daha fazla
sayida madde kullandiginin ve dolayisiyla madde havuzunu daha etkili bi¢imde kullandiginin bir gostergesi
olarak yorumlanabilir. Bu c¢alismada, S-BCAT ve A-BCAT’ta madde kullanim sikligint smirlandirmak
amaciyla, S-BCAT ta 3 panel olusturulmus, A-BCAT ta ise Uygunsuzluk yontemi ile madde kullanim siklig1
0.33 diizeyinde sabitlenmistir. Bu bulgulara gore, ortalama madde kullanim siklig1 degerleri bakimindan A-
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BCAT’1in S-BCAT’tan daha iyi sonuglar verdigi goriilmektedir. Dolayisiyla madde giivenligi agisindan A-
BCAT’in S-BCAT tan daha giivenli oldugu sdylenebilir.

Asagida, ilgili degiskenlere gore madde kullamim sikliklarimin incelenmesine yonelik bazi 6rnek
grafikler sunulmustur. Calismanin devaminda, madde giivenligi alt problemleri dogrultusunda test uzunlugu,
yetenek dagilimi ve modiil/test uzunlugu agisindan madde kullanim siklig1 ile kullanilan madde sayisi, Tablo
10°daki ilgili hiicrelerin ortalamalar1 {izerinden analiz edilmistir.

Test Uzunluguna Gore Madde Giivenligi Sonuclari

Farkli test uzunluklar i¢in Tablo 10°daki ilgili hiicrelerin ortalamalarindan elde edilen
sonuclar Tablo 11°de sunulmustur.

Tablo 11

Test Uzunluguna Gére Kullanilan Madde Sayisi ve Ortalama Madde Kullanim Sikligi

Kullanilan Madde Sayist Ortalama Madde Kullanim Siklig1 Orani
Test Uzunlugu
S-BCAT A-BCAT S-BCAT A-BCAT
20 120 172 0,168 0,117
30 180 232 0,168 0,130
40 240 283 0,168 0,142

Tablo 11 incelendiginde, 20 maddelik test uzunlugunda hem kullanilan madde sayis1 hem de ortalama
madde kullanim siklig1 agisindan A-BCAT yaklasimmin madde giivenligi bakimindan daha iyi sonuglar
sagladigi sdylenebilir. Benzer sekilde 30 ve 40 maddelik test uzunluklarinda da, hem kullanilan madde sayis1
hem de ortalama madde kullanim siklig1 agisindan A-BCAT yaklagiminin S-BCAT’tan daha iyi sonuglar
verdigi ifade edilebilir. Bununla birlikte, test uzunlugu arttikca S-BCAT ile A-BCAT yaklasimlar arasindaki
kullanilan madde sayis1 farki azalmaktadir. Bu bulguya benzer bi¢cimde, S-BCAT ta tiim test uzunluklarinda
ortalama madde kullanim siklig1 %16.8 olarak bulunurken, A-BCAT i¢in bu degerler sirastyla %11.7, %13.0
ve %14.2 olarak hesaplanmistir. Bu durumda, kisa test uzunluklarinda A-BCAT ile S-BCAT arasindaki madde
giivenligi farki A-BCAT lehine daha belirginken, test uzunlugu arttik¢a her iki yaklasgimin madde giivenligi
verimliliginin birbirine yakisadig1 goriilmektedir. Dolayisiyla her ii¢ test uzunlugunda da test ve madde
giivenligi agisindan A-BCAT’in S-BCAT’tan daha verimli oldugu, bununla birlikte 6zellikle kisa testlerde A-
BCAT’1n madde giivenligi bakimindan daha belirgin iistiinliik sagladig1 soylenebilir.

Sekil 3, ayn1 yetenek dagilimi ve ayni1 modiil/test uzunlugu orani altinda, 20, 30 ve 40 test uzunluklarina
sahip ii¢ farkli kosul i¢in madde kullanim siklig1 grafiklerini gostermektedir.

Sekil 3

Test Uzunluguna Gére Madde Kullamm Sikligi Grafigi

Test Length =20, Module/Test L. Ratio = M-M-M,  Ability Distr. = Normal

F-MST O-MST

e Rate

Item Exposur

o 200 20 s S0 400 0 EY 100 o 200 280
Item Number Item Number
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Test Length =30, Module/Test L. Ratio = M-M-M,  Ability Distr. = Normal

F-MST O-MST

e Rate

Item Exposur

0 200 250 w0 30 0 0 E) 00 10 200 250
Item Number Item Number

Test Length =40, Module/Test L. Ratio = M-M-M,  Ability Distr. = Normal

F-MST O-MST

B0 200 20 s a%0 0 100 10 200 280
Item Number Item Number

Grafiklerdeki mavi boliimler madde kullanim sikligini gostermektedir. Siitun grafikleri,
maddeler en yliksek madde kullanim sikligindan en diisiige dogru siralanarak olusturulmustur. Grafik
tizerindeki kirmizi kesikli cizgiler ise 1ilgili kosulun ortalama madde kullanim sikligim
gostermektedir. Sekil 3, A-BCAT yaklagiminin tiim test uzunlugu kosullarinda S-BCAT yaklasimina
gore daha yiiksek sayida madde kullandigini ve daha diisiik ortalama madde kullanim sikligina sahip
oldugunu gostermektedir. Buna karsilik S-BCAT yaklasiminda 6zellikle yonlendirme modiiliindeki
maddeler nedeniyle baz1 maddelerin kullanim siklig1 0.33 diizeyine ulagmaktadir ve bu maddelerin
aciga cikma olasiliginin daha yiiksek oldugu diisiiniilmektedir. A-BCAT yaklasiminda ise bazi
maddelerin kullanim siklig1 0.34 diizeyinde olsa da sonraki maddelerin kullanim sikliklar1 hizli
bicimde azalmaktadir. Ayrica A-BCAT yaklasiminda daha fazla sayida maddenin kullanilmasi hem
madde gilivenligi hem de madde havuzunun daha etkili kullanilmasi agisindan avantajh
goriinmektedir.

Yetenek Dagilimlarina Gore Madde Giivenligi Sonuclari

Yetenek dagilimina gore Tablo 10°daki ilgili hiicrelerin ortalamalarindan elde edilen sonuglar
Tablo 12’de sunulmustur.

Tablo 12

Yetenek Dagilimina Gére Kullanilan Madde Sayisi ve Ortalama Madde Kullanim Siklig

Kullanilan Madde Sayis1 Ortalama Madde Kullanim Siklig1 Orani
Yetenek Dagilimu
S-BCAT A-BCAT S-BCAT A-BCAT
Normal 180 227 0,168 0,130
Saga Carpik 180 226 0,168 0,131
Sola Carpik 180 224 0,168 0,132
Uniform 180 239 0,168 0,124

Tablo 12 incelendiginde, normal, saga carpik, sola carpik ve uniform dagilimlarin tamaminda hem
kullanilan madde sayisi hem de ortalama madde kullanim sikligi agisindan A-BCAT yaklagiminin S-
BCAT’tan daha iyi sonuglar sundugu soylenebilir. Normal, saga carpik, sola ¢arpik ve uniform dagilimlarin
timiinde, A-BCAT yaklasiminin S-BCAT’a gore daha yiiksek kullanilan madde sayisina sahip oldugu
gorlilmektedir. Ayrica ilk ii¢ yetenek dagiliminda S-BCAT ile A-BCAT yaklasimlar1 arasindaki kullanilan
madde sayis1 farki benzer diizeydeyken, uniform dagilimda A-BCAT yaklagiminin S-BCAT’a gore daha fazla
madde kullandig1 ve daha diisiik madde kullanim sikligina sahip oldugu goriilmektedir. Dolayisiyla uniform
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dagilimlarda madde giivenligi agisindan A-BCAT yaklagimmin S-BCAT tan daha iyi sonuglar iirettigi ifade
edilebilir.

Sekil 4, 40 maddelik test uzunlugu ve B-K-K modiil/test uzunlugu oram altinda, dort farkli yetenek
dagilimima (normal, saga ¢arpik, sola ¢arpik ve uniform) gére madde bazinda kullanim siklig1 grafiklerini
gostermektedir.

Sekil 4

Yetenek Dagilimina Gére Madde Kullanim Sikligi Grafigi

Test Length =40, Module/Test L. Ratio = L-S-S,  Ability Distr. = Normal
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Sekil 4, tiim farkli yetenek dagilimlarinda A-BCAT yaklasiminin S-BCAT yaklasimina gore daha
yiiksek sayida madde kullandigini ve daha diisiik ortalama madde kullanim sikligina (kirmizi kesikli ¢izgiler)
sahip oldugunu gostermektedir.

Modiil/Test Uzunlugu Oranmina Gore Madde Giivenligi Sonuglari

Modiil/test uzunlugu oranina gore Tablo 10’daki ilgili hiicrelerin ortalamalarindan elde edilen sonuclar
Tablo 13’te sunulmustur.
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Tablo 13

Modiil/Test Uzunlugu Oranmina Gére Kullanilan Madde Sayist ve Ortalama Madde Kullanim Sikliklar

Modiil/Test Kullanilan Madde Sayisi Ortalama Madde Kullanim Siklig1 Orani
Uzunlugu Orant S-BCAT A-BCAT S-BCAT A-BCAT
B-K-K 157 219 0,174 0,135
0-0-0 180 231 0,168 0,128
K-K-B 203 237 0,163 0,125

Tablo 13 incelendiginde, B-K-K, O-O-O ve K-K-B modiil/test uzunlugu oranlarmin tamaminda hem
kullanilan madde sayisi hem de ortalama madde kullanim sikliklar1 agisindan A-BCAT yaklagiminin S-
BCAT’tan daha iyi sonuglar sagladigi goriilmektedir. Bununla birlikte, S-BCAT ile A-BCAT arasindaki
kullanilan madde say1s1 farki, yonlendirme modiiliindeki madde sayisinin daha fazla olmasi nedeniyle B-K-K
oraninda daha yiiksektir. K-K-B oranma dogru ilerledik¢e kullanilan madde sayis1 farki azalmaktadir. K-K-B
oraninda ise iki yaklagim arasindaki kullanilan madde sayisi1 farki en diisiik diizeye inmektedir.

Sekil 5

Modiil/Test Uzunlugu Oranmina Gére Madde Kullanim Sikligi Grafigi

Test Length = 30, Module/Test L. Ratio = L-S-S, Ability Distr. = Normal
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Sekil 5, tiim farkli modiil/test uzunlugu orani kosullarinda A-BCAT yaklasiminin S-BCAT
yaklagimina gore daha yliksek sayida madde kullandigini ve daha diisiik ortalama madde kullanim
sikligma (kirmizi kesikli ¢izgiler) sahip oldugunu gostermektedir. Bununla birlikte, B-K-K oraninda
yonlendirme modiiliiniin uzunlugu daha fazla oldugundan, S-BCAT yaklasiminda ydnlendirme
modiiliindeki maddelerin kullanim siklig1 daha yiiksektir. Bu durum madde giivenligi acisindan
sorunlara yol agabilir. K-K-B oraninda ise yonlendirme modiiliiniin uzunlugu daha kisa oldugu i¢in
madde kullanim siklig1 daha disiiktiir. Ancak K-K-B oraninin dezavantaji, diger iki modiil/test
uzunlugu oranma gore daha diisiik 6l¢me kesinligine sahip olmasidir. Bu nedenle modiil/test
uzunlugu oranina karar verilirken hem madde giivenligi hem de 6l¢me kesinligi birlikte dikkate
alinmali ve en uygun denge noktasi belirlenmelidir.
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TARTISMA VE SONUC

Son yillarda, ozellikle genis Olgekli degerlendirmelerde test yonetiminde uyarlanabilir testlerin
kullanimina yonelik ilgi giderek artmaktadir (Ebenbeck & Gebhardt, 2022; Tomashev et al., 2018; Yamamoto
et al., 2018; Zheng & Chang, 2015). S-BCAT, sabit modiil ve panel yapis1 sayesinde test yonetiminin kolay
oldugu bir uyarlanabilir test yaklagimidir. Buna karsilik A-BCAT, ¢ok sayida karmasik test belirtimi ve kisiti
altinda basarili ¢oziimler sunan, BBT ile BCAT 1n hibrit bir yapisi olarak degerlendirilebilecek yeni bir test
yaklagimidir (Choi & van der Linden, 2018; van der Linden, 2021). Bu ¢calismada S-BCAT ile A-BCAT, 6lgme
kesinligi ve madde kullanim siklig1 a¢isindan karsilastirilmigtir. Elde edilen bulgular asagida bagliklar altinda
sunulmustur.

Olcme Kesinligi

Bu ¢aligmanin sonuglari, A-BCAT’1mn hem RMSE hem de MAB istatistiklerine gore S-BCAT tan daha
iyi 6lgme kesinligi sundugunu gostermektedir. Benzer sekilde, dlgme kesinligi agisindan tiim kosullarda A-
BCAT’in S-BCAT’a gore daha biiyiik bir etki biiyiikliigiine sahip oldugu goriilmiistiir (Cohen’s d > 0.80).
Bagka bir ifadeyle, A-BCAT yaklagimi yetenek diizeyini S-BCAT’a gore daha etkili bigimde kestirmektedir.

Alanyazinda bu bulguyla benzer sonuglara ulasan ¢ok sayida ¢aligma bulunmaktadir. Zheng ve Chang
(2015), BBT, A-BCAT ve S-BCAT’1 karsilastirdiklar simiilasyon ¢alismalarinda, BBT ile A-BCAT’in ¢ok
benzer 6l¢gme kesinligi sagladigini, buna karsilik S-BCAT 1 daha diisiik 6l¢cme kesinligi sonuglar lirettigini
belirtmistir. Tay (2015), A-BCAT ile S-BCAT 1n siniflama dogrulugu ve siniflama tutarliligini karsilagtirdigi
doktora tezinde, tiim kosullarda A-BCAT’1n daha iyi sonuclar verdigini ifade etmistir. van der Linden ve Diao
(2016), BBT, A-BCAT, S-BCAT ve DT’yi karsilastirdiklar1 ¢aligmalarinda, 6lgme kesinligi agisindan BBT
ile A-BCAT’m en iyi sonuglar verdigini, bunlart S-BCAT’1n izledigini, DT nin ise son sirada yer aldigim
raporlamigtir. Han ve Guo (2016), BBT ile A-BCAT’1n birbirine ¢ok yakin 6lgme kesinligi sundugunu, buna
karsilik S-BCAT’1n bu iki yaklagimdan daha diisiik 6lgme kesinligi sagladigini belirtmistir. van der Linden
(2021) ise DT, BBT, A-BCAT ve S-BCAT yaklasimlarin1 karsilagtirmis ve A-BCAT’in 6lgme kesinligi
acisindan S-BCAT’tan daha basarili oldugunu ortaya koymustur. Sonug¢ olarak, A-BCAT ile S-BCAT1
karsilastiran alanyazin bulgular ile mevcut ¢aligmanin sonuglarinin olduk¢a benzer oldugu goriilmektedir
(Tay, 2015; van der Linden, 2021; Zheng & Chang, 2015).

Bu ¢alismada, 20, 30 ve 40 maddelik test uzunluklarinin tamaminda A-BCAT in S-BCAT tan daha iyi
Oleme kesinligi sagladigi sonucuna ulasilmistir. Bununla birlikte, 20 maddelik test uzunlugunda A-BCAT
yaklasimi S-BCAT’a gore daha belirgin bigimde iistiinken, test uzunlugu arttik¢a iki yaklagimin 6lgme
kesinligi sonuglarinin birbirine yakinsadigi goriilmiistiir. Yasuda, Mae, Hull ve Taniguchi (2021), BBT nin
test uzunlugu tizerine yaptiklar caligmada, test uzunlugu arttikca lgme kesinligi ve yanliligin anlamh diizeyde
degismedigi sonucuna ulagsmistir. Dolayisiyla mevcut ¢alismada da her iki yaklagimin 6l¢me kesinliginin test
uzunlugu arttik¢a orantili bigimde azalmadigi goriilmektedir. van der Linden (2021), bu durumu azalan
getiriler yasasi ile agiklamaktadir. Ayrica ¢ok uzun testlerin, uyarlanabilir test yaklagiminin temel mantigiyla
celistigi de belirtilmektedir (van der Linden, 2021).

Caligmada iki BCAT yaklagimi normal, saga ¢arpik, sola ¢arpik ve uniform olmak tizere dort farkl
yetenek dagilimi altinda karsilastirilmistir. Bulgular, A-BCAT yaklagimimin dort yetenek dagiliminin
tamaminda S-BCAT’tan daha iyi 6l¢gme kesinligi sundugunu gostermistir. Her iki yaklasimda da dlgme
kesinligi en yiliksek normal dagilimda, ardindan saga carpik ve sola carpik dagilimlarda elde edilmistir.
Uniform dagilimda ise her iki yaklasim i¢in 6l¢me kesinligi diistiktiir. Bununla birlikte, 6l¢iilen yapinin dogasi
ve evrenin dagilim oOzellikleri dikkate alindiginda, egitim alaninda normal olmayan Omneklemlerle sik
karsilagilmaktadir (MEB, 2021). Bu noktada &zellikle saga ve sola garpik dagilimlarda A-BCAT i dlgme
kesinliginin S-BCAT’tan belirgin bigimde daha iyi oldugu sonucuna ulasilmigtir. Sonu¢ olarak A-BCAT
yaklasimi degisen yetenek dagilimlarindan daha az etkilenirken, S-BCAT yaklasimi daha fazla
etkilenmektedir.

Arastirmada iki BCAT yaklagimi K-K-B, O-O-O ve B-K-K olmak tizere ii¢ farkli modiil/test uzunlugu

orani altinda karsilagtirllmigtir. Modiil/test uzunlugu oranina gére A-BCAT’1n tiim oranlarda S-BCAT’tan
daha yiiksek 6lgme kesinligi sundugu belirlenmistir. Alanyazinda, yonlendirme modiiliiniin uzun oldugu
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durumlarda S-BCAT mn daha iyi 6lgme kesinligi sagladigin1 gosteren calismalar bulunmaktadir (Boztung,
2019; Cai, Anthony, Albano, & Roussos, 2021; Kim & Plake, 1993; Zheng, 2016). Bu c¢aligmada da
alanyazinla benzer bi¢cimde, S-BCAT’ta ilk modiiliin uzunlugu arttikca Slgme kesinliginin yiikseldigi
gorlilmistiir. Yine literatiirdeki sonuglarla tutarli olarak, ikinci ve iiglincli agamadaki modiil uzunluklari
arttiginda, bu tasarimlarda ¢ok sayida madde kullanim gereksinimi nedeniyle S-BCAT 1in dlgme kesinligi
azalmaktadir. Buna karsilik A-BCAT modiil/test uzunlugu oranindan daha az etkilenmekte ve ozellikle son
asamadaki madde sayis1 arttiginda diger oranlara gore daha yiiksek 6l¢gme kesinligi saglamaktadir. Bagka bir
ifadeyle, mevcut ¢alismanin en 6nemli bulgularindan biri, S-BCAT’ta ilk modiil uzunlugu arttikca 6lgme
kesinliginin artmasi; A-BCAT’ta ise son modiil uzunlugu arttikga 6lgme kesinliginin artmasidir. Bununla
birlikte, genel modiil/test uzunlugu orani agisindan A-BCAT tiim kosullarda 6lgme kesinligi bakimindan S-
BCAT’tan daha {istiindiir.

Madde Giivenligi

Madde giivenligi agisindan, tiim kosullarda A-BCAT’1in S-BCAT’a gore daha diisiik madde kullanim
sikligina ve daha yiiksek kullanilan madde sayisina sahip oldugu sonucuna ulagilmigtir. Bu sonug, A-BCAT’1n
madde havuzunu S-BCAT’a gore daha etkili kullandigin1 gostermektedir. Bununla birlikte A-BCAT’ta
maddelerin kullanim sikliklar belirli bir ivmeyle azalirken, S-BCAT ta yonlendirme modiiliindeki maddelerin
kullanim sikliklar1 yiiksek olmakta, ikinci ve iigilincii agamalarda ise bu sikliklar azalmaktadir. Mevcut
caligmanin bulgularina benzer bi¢imde Zheng ve Chang (2015), A-BCAT’ta test Ortiigme oranlariin daha
diisiik oldugunu ve S-BCAT’ta benzer rotalan izleyen katilimcilarin madde giivenligi agisindan sorun
olusturabilecegini belirtmistir. S-BCAT’ta panel ve modiiller sabit oldugundan, katilimcimin izleyecegi
rotadaki modiillerde yer alan maddeler test yoneticisi tarafindan onceden bilinmektedir. Buna karsilik A-
BCAT, her katilimci igin kendi yetenek diizeyine uygun testi anlik olarak olusturdugu i¢in, katilimciya
uygulanacak maddeler test yoneticisi dahil hi¢ kimse tarafindan Onceden bilinmemekte veya
belirlenememektedir. Bu nedenle A-BCAT bireye 6zgii, benzersiz testler olusturmaktadir. Bu baglamda A-
BCAT, madde ve test giivenligi agisindan S-BCAT’a gore daha avantajlidir (Zheng & Chang, 2015).

Tiim test uzunluklarinda, A-BCAT yaklasiminin S-BCAT’a gore daha yiiksek kullanilan madde sayisi
ve daha diisilk madde kullanim sikligina sahip oldugu sonucuna ulagilmistir. Bu durum, A-BCAT’1n tiim test
uzunluklarinda madde giivenligi bakimindan S-BCAT’tan daha verimli sonuglar iirettigini gostermektedir.

Farkli yetenek dagilimlarinda da A-BCAT’1in S-BCAT’a gore daha fazla sayida madde kullandigi ve
daha diisiikk madde kullanim sikligina sahip oldugu belirlenmistir. Dolayisiyla madde giivenligi agisindan A-
BCAT’1in S-BCAT’tan daha iyi sonuclar verdigi sOylenebilir. Ayrica normal, saga carpik ve sola ¢arpik
dagilimlarda iki yaklasim arasindaki kullanilan madde sayis1 ve ortalama madde kullanim siklig1 farki benzer
diizeydeyken, uniform dagilimda bu farkin A-BCAT lehine arttigi goriilmiistir. Bunun nedeni, uniform
dagilimda ug yetenek diizeylerindeki katilime1 sayisinin artmasidir. Sonug olarak uniform dagilimlarda da A-
BCAT yaklagimimin madde giivenligi bakimindan S-BCAT tan daha etkili oldugu ifade edilebilir.

Tiim modiil/test uzunlugu oranlarinda, A-BCAT S-BCAT’a gore daha yiiksek kullanilan madde sayis1
ve daha diisiik madde kullanim siklig1 gostermektedir. Bu durum, A-BCAT’in farkli modiil/test uzunlugu
oranlarinda da madde giivenligi acisindan S-BCAT tan daha iyi sonuglar verdigini gostermektedir. Ayrica S-
BCAT yaklagiminda B-K-K oraninda yonlendirme modiilii daha uzun oldugu i¢in, kullanilan madde sayis1
daha diisiik ve madde kullanim siklig1 daha yiiksektir. K-K-B oraninda ise iigiincii agamadaki modiiller daha
uzun oldugundan, kullanilan madde say1s1 daha ytiksek ve madde kullanim siklig1 daha diisiiktiir. Bu durumda
K-K-B oranmin, madde giivenligi agisindan B-K-K oranina gore daha verimli oldugu sdylenebilir.

Bu calismanin sonuglari, A-BCAT yaklasiminin hem 6lgme kesinligi hem de madde ve test giivenligi
acisindan S-BCAT yaklasimma gore daha avantajli oldugunu gostermektedir. Bununla birlikte S-BCAT
yaklagimimin A-BCAT’a gore iki énemli {istiinliigli bulunmaktadir: (1) sabit panel ve modiil yapisinin test
katilimcilaria kolay agiklanabilmesi ve (2) test uygulamasinin yonetiminin daha kolay olmasi (Yan, Von
Davier, & Lewis, 2016). Bu iki {istiinliik, S-BCAT’1n tercih edilmesindeki en 6nemli gerekgeler arasinda yer
almaktadir. Test yapisinin ve puanlama yonteminin test katilimcilari ile diger ilgili paydaslar tarafindan kolay
anlagilabilmesi, testin adil bigimde yiiriitiildiigiine iliskin algiy1 gliclendirmesi agisindan énemlidir. Bu nedenle
uyarlanabilir test yaklagiminin se¢iminde, 6lgme kesinligi ile madde-test giivenliginin yani sira testin risk
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durumu, degerlendirme tiirli (norm ya da 6lgiit bagimli), test uygulamasinin katilimcilara agiklanabilirligi ve
toplumun ilgili teste iligkin sosyolojik bakis acisinin da dikkate alinmasi gerektigi diistiniilmektedir.

Smirhhiklar

Bu c¢alismanin, sonuglarin yorumlanmasinda dikkate alimmasi gereken bazi smirliliklan
bulunmaktadir. ilk olarak, analizlerin tamami simiile edilmis verilere dayanmaktadir; bu durum gercek test
ortamlarmin karmagikligin1 tam olarak yansitmayabilir. Ikinci olarak, ¢alisma yalnizca iki kategorili puanlanan
coktan se¢meli maddeler baglaminda simiile edilmistir. Gelecek arastirmalar, ¢ok kategorili ya da karma
formatl testleri de kapsayarak bu smirliig giderebilir. Ugiincii olarak, galismada operasyonel test maddeleri
yerine varsayimsal madde havuzlar kullanmilmistir. Bu havuzlar psikometrik 6zellikler ve igerik dengesi
acisindan gercek test maddelerinden farklilik gosterebilir. Gelecek ¢aligsmalar, ger¢ek madde havuzlari, daha
biiyiik ve daha cesitli drneklemler ile operasyonel bilgisayarli test sistemlerinden elde edilen ampirik verileri
kullanarak bu aragtirmayi genisletebilir.

Oneriler
Bu baglik altinda uygulayicilara ve arastirmacilara yonelik oneriler sunulmustur.
Uygulayicilara Yonelik Oneriler

Bu ¢alismanin sonuglar1 dogrultusunda, uygulayicilara yonelik yedi 6neri asagida sunulmustur. (1) Kisa
test uzunluklarinda daha etkili yetenek kestirimleri sagladigi i¢in A-BCAT ydnteminin S-BCAT’a tercih
edilmesi Onerilmektedir. (2) Eger A-BCAT tasarimui tercih edilecekse, dlgme kesinligini artiracagi igin son
modiil uzunlugunun artirtlmasi 6nerilmektedir. (3) BCAT tasariminda son asamadaki madde sayisinin yiiksek
olmasi isteniyorsa, S-BCAT yerine A-BCAT yaklagimmin tercih edilmesi onerilmektedir. (4) Eger
yonlendirme modiiliinde yer alacak madde sayisinin yiiksek olmasi isteniyorsa, S-BCAT yontemi ile A-BCAT
yonteminin etkililik diizeyleri birbirine yakin oldugundan S-BCAT ydnteminin de tercih edilebilecegi ifade
edilebilir. (5) Uygulanacak testin kesme puani yetenek Odlgeginin orta noktalarina yakinsa, A-BCAT ve S-
BCAT yontemleri oldukga benzer 6lgme kesinligi sunmaktadir. Ancak kesme puani ug yetenek diizeylerinde
yer aliyorsa, A-BCAT yoOnteminin tercih edilmesi Onerilmektedir. (6) Test uygulamasinda madde ve test
giivenligi sorunlarmin ortaya ¢ikabilecegi diisiiniiliiyorsa, S-BCAT yerine A-BCAT yonteminin tercih
edilmesi Onerilmektedir. (7) Bu caligmanmn bulgulari, dlgme kesinligi ile test gilivenligini dengelemeyi
amaclayan PISA, TIMSS ve ulusal sinavlar gibi genis Ol¢ekli degerlendirmelerin tasarim ve uygulama
siireglerine katki saglayabilir. Onerilen simiilasyon gergevesi, gelecekteki uyarlanabilir test uygulamalarinda
madde se¢imi ve madde kullanim siklig1 kontrol stratejilerinin optimize edilmesinde test gelistiricilere
rehberlik edebilir.

Arastirmacilara Yonelik Oneriler

Gelecekte yapilacak galigmalara yon vermek amaciyla arastirmacilara yonelik on 6neri asagida sunulmustur.
(1) Bu calismada, TIMSS parametre dagilimlarina gore simiilasyon ortaminda bir madde havuzu iiretilmistir.
Benzer bir calisma gergek bir veri havuzu kullanilarak tasarlanabilir. (2) Bu arastirmada S-BCAT panel
tasarimi olarak “1-2-3” formati1 kullanilmigtir. Benzer ¢aligmalar “1-37, “1-4”, “1-2-4” gibi farkh tasarimlarla
yiiriitiilebilir. (3) Bu galigmada yetenek kestirim yontemi olarak EAP yontemi tercih edilmistir. Yetenek
kestirim yontemi olarak MLE, MLEF ve MAP yontemlerinin kullanildig: farkli arastirmalar tasarlanabilir. (4)
Bu c¢alismada yalmizca dort farkli igerik alanina gore kisit eklenerek test birlestirme islemleri
gergeklestirilmistir. Gergek madde havuzlar kullanilarak ortak kok maddeler, diisman maddeler, sdzciik sayist
ve ortalama siire gibi farkli test 6zellikleri ve kisitlar altinda benzer ¢aligmalar yiiriitiilebilir. Ayrica kisit sayis1
artirillarak BBT ile A-BCAT yaklagimlarinin etkililigi karsilastirilabilir. (5) S-BCAT’ta yonlendirme yontemi
olarak MFI yontemi kullanilmistir. Yonlendirme yontemi olarak AMI, dogru sayis1 ve diger yontemlerin
kullanildig: farkli galigmalar tasarlanabilir. (6) Bu ¢alismada A-BCAT ile S-BCAT karsilagtirnnlmistir. Gelecek
aragtirmalarda farkli S-BCAT tasarimlar1 hibrit BBT yaklasimi ile karsilagtirilabilir. (7) Bu ¢aligmada test
uzunluklar1 olarak 20, 30 ve 40 dikkate alinmigtir. Farkli test uzunluklari altinda benzer c¢aligsmalar
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yiriitiilebilir. Ayrica BBT yaklagimlar i¢in optimal test uzunlugunu belirlemeye yonelik arastirmalar
yapilabilir. (8) Bu ¢alismada B-K-K, O-O-0O ve K-K-B modiil/test uzunlugu oranlar1 dikkate alinmistir. Farkli
modiil/test uzunlugu oranlar1 altinda yeni ¢alismalar gergeklestirilebilir. (9) Bu ¢alismada madde havuzu
biiyiikliigli 400 olarak belirlenmisgtir. Madde havuzu biyiikliigii degistirilerek benzer aragtirmalar
tasarlanabilir. (10) Bu calismada 6lgme kesinligi ve madde giivenligi incelenmistir. Gelecek arastirmalarda A-
BCAT ile S-BCAT’1n siniflama dogrulugu karsilastirilabilir.
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Abstract: In recent years, adaptive testing techniques such as Computerized Adaptive Testing
(CAT) and Computerized Multistage Testing (MST) have been increasingly incorporated into
large-scale evaluations. This study aims to compare Fixed-MST (F-MST) and On-the-Fly MST
(O-MST), a novel approach in which items are grouped into modules based on the participant’s
ability level, in terms of measurement precision and item security across various simulation
scenarios. The simulations were carried out using item parameter distributions derived from the
3PL model applied in TIMSS. A total of 72 different conditions were analyzed to compare O-
MST with F-MST. The findings on measurement precision reveal that O-MST performs better
than F-MST, especially when the test lengths are shorter, where O-MST shows substantially

higher measurement precision. Moreover, when examining ability distributions, O-MST
demonstrates better measurement precision compared to F-MST, particularly in cases of non-
normal distributions. A significant result from this study is that the measurement precision of
O-MST improves as the length of the final module increases, whereas the measurement
precision of F-MST becomes more similar to O-MST as the length of the initial module
increases. Regarding item security, O-MST employed a greater number of items and exhibited
a lower item exposure rate compared to F-MST in all conditions. The favorable results in terms
of measurement precision and item security for O-MST are discussed within the framework of
large-scale assessments and relevant literature.
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INTRODUCTION

For centuries, Linear Tests (LT) have been the popular method for assessing the knowledge, skills, and
abilities of test takers in educational evaluations. However, in the past fifty years, with advancements in
computer technology, Computerized Adaptive Testing (CAT) has undergone significant development and has
become increasingly popular. CAT has been widely adopted in numerous national and international
assessments, particularly due to its ability to provide accurate ability estimates and reduce test length
(Khorramdel et al., 2020; Kirsch & Lennon, 2017; Demir & Gelbal, 2025). In contrast, Computerized
Multistage Testing (MST) has gained attention for its recent innovations and has secured a place in large-scale
assessments (van der Linden, 2018).

MST design allows the difficulty level of the test to be adjusted according to the test taker's ability
during the assessment. MST can be considered a hybrid of Computerized Adaptive Testing (CAT) and Linear
Testing (LT), as it incorporates features from both models. While CAT and MST share similarities, particularly
in how the administration of test items is based on the test taker's performance on preceding items, the key
distinction lies in the sequencing process. In CAT, the algorithm adjusts after every item, continuously
estimating the test taker's ability. In contrast, MST estimates the participant's ability only after a series of items,
referred to as modules, have been completed. More specifically, the test taker first receives a set of items
known as the routing module. Based on the test taker's performance in this module, their ability is estimated
and compared to a predetermined criterion score (cut-off score). If the individual's ability exceeds the criterion,
a more difficult module (set of challenging items) is administered; if the ability falls below the criterion, an
easier module (set of simpler items) is provided. In terms of flexibility and complexity, MST can be seen as a
balance between LT and CAT. Compared to LT, MST offers more efficient and accurate measurements along
the ability scale, leading to improved precision in assessment and reduced test length. As a result, MST is
generally considered more effective than LT regarding measurement accuracy and test efficiency (Lord, 1971;
van der Linden, 2010).
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Since the modules used in MST are designed and assembled before the test is administered and are
presented as a unit to the test taker, it provides test developers with greater control over aspects such as test
coverage, the overall quality of the test structure, and the management of the testing process itself (van der
Linden, 2010). Additionally, unlike CAT, MST allows test takers to modify their responses within each
module, skip items, revisit previous questions, and provide new answers (Chang, 2015). Hambleton and Xing
(2006) conducted a comparison between MST, CAT, and LT in the context of making pass-fail decisions.
Their findings indicated that CAT outperformed MST slightly in terms of measurement precision. However,
the researchers concluded that MST could be more effectively utilized by test developers if it involved modules
with a broader difficulty range and larger item banks that were more comprehensive in content.

In recent years, MST has been increasingly adopted in numerous large-scale assessments due to its
advantages. For instance, the CPA (Certified Public Accountants) examination has been utilizing MST since
2004 (Breithaupt, Mills & Melican, 2006). In 2011, the GRE (Graduate Record Examinations) transitioned to
an MST-based format. That same year, the OECD introduced an adaptive international large-scale assessment
using the MST design as part of the PIAAC (Program for the International Assessment of Adult Competencies)
(Kirsch & Lennon, 2017). Following PIAAC, the 2018 round of the PISA (Programme for International
Student Assessment) employed MST in reading, one of the three main assessment domains (Khorramdel et
al., 2020). In PISA 2022, the MST design was used not only in reading but also in mathematics literacy (OECD,
2023).

MST has the potential to enhance test takers' engagement and motivation by offering items tailored to
their individual ability levels throughout the test. According to PISA, computer-based assessments (CBA)
exhibit lower non-response rates compared to paper-based assessments (PBA) (OECD, 2024). As a result, it
is anticipated that MST can help mitigate non-response and random answering behaviors in assessments
(Yamamoto et al., 2018). Numerous studies have explored the impact of adaptive tests on motivation (Arvey
et al., 1990; Bergstrom et al., 1992; Ortner et al., 2013; Pine et al., 1979). Ling et al. (2017) found that adaptive
testing led to greater engagement and lower anxiety compared to fixed-item tests. Furthermore, Martin and
Lazendic (2018) reported that MST provides more precise measurement than computer-based testing and
produces positive outcomes in terms of motivation, engagement, and overall test experience.

Recently, there has been a growing interest in interactive assessments that aim to measure cognitive
skills in settings that closely resemble real-world scenarios or as accurately as possible (Bulut, 2021). Scenario-
based item groups create rich environments where students engage by modifying the item, providing a more
dynamic and authentic assessment experience. Consequently, there is a need for more integrative questions
that consist of multiple items to effectively assess real-life situations and scenario-based tasks. For instance,
completing complex tasks such as writing recommendations based on a text or addressing a series of problems
in a real-life context would require the presentation of multiple related items rather than a single question. In
such cases, it is necessary to assess the test taker's performance through a group of interconnected items. In
CAT applications, ability estimation is performed on an item-by-item basis. However, as mentioned earlier,
splitting a set of items, which are linked by a common scenario or theme, into individual items distorts the
measurement of the construct. Therefore, CAT is not suitable for this type of scenario. In contrast, in PISA,
around 30% of the items are constructed-response items that are scored by human coders. Since the scoring of
these items is not immediate, it may not be appropriate to apply CAT to these items. The MST design, as a
module-level adaptive test, appears to be a more fitting approach in this context. Well-designed groups of
items (modules) that align with the framework of the construct being measured are likely to provide more
accurate assessments than a large number of independent items based on factual knowledge (Yamamoto et al.,
2018, Yigiter and Dogan, 2023).

One of the key limitations of CAT is that it may either underestimate or overestimate a test taker's ability
level (Chang & Ying, 2008). This occurs because the ability estimate is updated after each item is answered
using the Maximum Fisher Information (MFI) method. For instance, if a participant with a high ability level
answers the initial items incorrectly due to test anxiety, lack of motivation, or simple errors, it becomes
challenging to accurately assess their true ability based on subsequent responses. Likewise, if a participant
with a low ability level answers early items correctly by chance or due to prior knowledge, the system may
overestimate their ability level. In contrast, MST estimates the ability level after completing each stage, which
helps to mitigate the limitations of CAT. This advantage was highlighted when several testing organizations
identified issues with CAT in large-scale assessments. For example, in 2000, the Educational Testing Service
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(ETS) found that the computerized Graduate Record Examinations (GRE-CAT) was inaccurately predicting
scores for thousands of test takers and offered affected individuals the opportunity to retake the test at no cost
(Carlson, 2000). A similar problem occurred in 2002 with the Graduate Management Admission Test
(GMAT), where approximately one thousand candidates received incorrect scores (Chang, 2004). Following
these incidents, MST gained traction as a solution to address the shortcomings of CAT. As a result, many
testing organizations shifted from CAT to MST (Hendrickson, 2007).

Fixed Computerized Multistage Testing (F-MST)

F-MST is an algorithm-driven testing method where pre-assembled groups of items (modules) are
selected by the algorithm and administered to test takers in stages. The F-MST approach is known by various
terms in the literature, with "fixed" commonly used, though "standard" and "conventional" are also used to
describe this method. For clarity, this study uses the term "fixed." Figure 1 illustrates the F-MST design in a
1-2-3 format. In F-MST, each pre-assembled group of items is referred to as a module, which serves as the
fundamental unit of the testing design. During the first stage, a module, typically called the routing module, is
presented at a medium difficulty level. The test progresses by directing the participant through successive
modules based on their ability level, with each module adapting to the participant's performance.

Figure 1

1-2-3 F-MST Desing

Figure 1 presents an example of a 1-2-3 F-MST design, which consists of one module in the first stage,
two modules in the second stage, and three modules in the third stage. The difficulty levels of the modules in
this design are typically categorized as easy, medium, or difficult. In the initial stage of the F-MST, all test
takers begin with the first module, known as the routing module, which is typically designed with moderate
item difficulty. Based on their performance in the routing module, participants are then directed to either an
easy or difficult module in the second stage. In the second stage, depending on their responses, participants
are assigned to one of the easy, medium, or difficult modules in the third stage. Finally, after the third stage,
the test concludes, and the participant's final ability level is estimated. The structure of modules and stages
depicted in Figure 1 is referred to as a panel, and multiple panels can be created in test implementations.

On-the-fly Computerized Multistage Testing (O-MST)

Similar to the F-MST, the On-the-Fly Computerized Multistage Testing (O-MST) is administered in
phases. However, unlike F-MST, O-MST assembles modules "on the fly" during the test based on the
individual’s ability level (Tay, 2015). In O-MST, the first stage typically involves creating a full-length test
with items of moderate difficulty. The initial module-length portion of the test is administered to the test taker,
and an interim ability estimate is calculated based on their performance. Subsequently, the test is re-assembled
according to the participant's interim ability estimate, and the second module-length portion of the test is
administered. This means that each test taker receives a different set of items in the second and third phases,
which are tailored according to their interim ability parameter after each stage. In essence, O-MST offers a
personalized test experience for each participant. This adaptive process continues until the test is completed.
Figure 2 illustrates the general framework of shadow tests and the implementation of O-MST.
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Figure 2
O-MST General Framework
First Stage Adaptive Stage Adaptive Stage
9
——/

Note. 8,: interim ability level.

Figure 2 illustrates the three-stage O-MST application. In the first stage, the test taker is presented with
a module of medium difficulty. In the second and subsequent stages, a combination of modules is administered
based on the test taker's interim ability level. Although a three-stage O-MST design is depicted in Figure 2,
the number of modules and the length of each module can be adjusted as needed in the O-MST system. Overall,
O-MST is highly flexible, allowing for variations in the number of items within each module and the number
of stages (Zheng & Chang, 2015).

Item Security

Within computerized adaptive testing (CAT) and multistage testing (MST), item security refers to how
effectively the items in an item pool are protected from being overused or disclosed. Preserving item security
is a crucial element of maintaining the fairness, validity, and confidentiality of an assessment. When certain
items are administered too frequently, they risk becoming known to future participants, which can undermine
the credibility of the testing program.

Item security is often assessed through the item exposure rate, indicating the percentage of examinees
who receive a specific item across test administrations. High exposure rates suggest that a limited subset of
items is being selected repeatedly, while others remain unused. Such uneven exposure patterns can lead to
several undesirable outcomes: widely exposed items may circulate among participants, creating an unfair
advantage for those familiar with them; the psychometric quality of the test may decline due to biased ability
estimates; and the operational life span of the item pool may shorten, requiring continuous development of
new items—a costly and labor-intensive process.

A secure testing system, by contrast, achieves balanced exposure where items are utilized efficiently yet
not excessively. This balance enhances both test precision and the longevity of the item bank. In this study,
item security was evaluated using the average item exposure rate, following the conventions established in
adaptive testing research (van der Linden & Veldkamp, 2004; Zheng & Chang, 2015). The On-the-Fly
Multistage Testing (O-MST) framework dynamically assembles modules based on updated ability estimates,
which promotes greater diversity in item use and reduces the likelihood of overexposure. As a result, O-MST
provides stronger item protection compared with the Fixed MST (F-MST) design, where predefined modules
may lead to the repetitive use of certain items across participants.

Literature Review

The literature contains various studies comparing F-MST and O-MST. Choi et al. (2016) compared
CAT, O-MST, and Hybrid-CAT, a combination of the two methods, using the freeze-fresh mechanism for test
combination. The results are quite similar in all three approaches. The authors found that the freeze-fresh
mechanism worked particularly well when there were common-root items and test constraints had to be met.
Furthermore, there was no significant decrease in the measurement accuracy of the test. A novel MST design
that combines modules on-the-fly based on intermediate ability predictions at each stage was presented by
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Zheng and Chang (2015), in contrast to the F-MST where modules are assembled in advance. Their results
showed that O-MST and CAT provide comparable measurement accuracy and both methods offer better
measurement accuracy and test security than F-MST.

Tay (2015) compared F-MST and O-MST regarding classification accuracy and consistency across test
lengths of 12, 18, 24, and 30 items. The results indicated that O-MST provided higher classification accuracy
and consistency than F-MST in all conditions. van der Linden and Diao (2016) compared five different test
approachs using a real dataset through simulations. The study found that LT was the least efficiency, followed
by F-MST. The other approaches showed similar efficiency levels.

Han and Guo (2016) proposed an O-MST design that assembles new modules on-the-fly at each stage
based on a predicted ability level (0) of the test taker. The merged module is iteratively reassembled until it
reaches the desired test information function (TIF) specified by the test developer. The study compared CAT,
F-MST, and O-MST design. Results showed 1-3-3 MST similar measurement accuracy to the newly developed
O-MST design with low iteration shaping. However, as the number of iterations increased to 100, the new O-
MST design outperformed F-MST in terms of measurement accuracy. CAT, however, produced better
accuracy than both methods. van der Linden (2021) compared on-the-fly LT, F-MST, O-MST, and CAT using
an item pool of 300 items derived from a real dataset. In the simulation study, both O-MST and CAT achieved
similar and very high measurement precision. In contrast, F-MST, although more accurate than the on-the-fly
LT, produced significantly lower measurement accuracy than both O-MST and CAT.

Finally, van der Linden (2021) compared on-the-fly LT, F-MST, O-MST, and CAT using a 300-item
pool derived from a real dataset. The simulation results showed that both O-MST and CAT achieved similar
and excellent measurement precision. F-MST, while more accurate than on-the-fly LT, produced significantly
lower measurement accuracy than both O-MST and CAT.

Aim and Importance of the Research

Several studies in the literature have compared F-MST and O-MST. Choi et al. (2016) compared CAT,
O-MST, and Hybrid-CAT, which combines both methods, using the freeze-fresh mechanism in test
combination. The results indicated that all three approaches produced comparable outcomes. The study
concluded that the freeze-fresh mechanism is effective, as it does not lead to a significant decrease in
measurement accuracy, particularly when common-root items are used and test constraints need to be adhered
to. Zheng and Chang (2015) introduced an innovative MST design that merges modules on-the-fly based on
interim ability estimations at each stage, unlike F-MST, where modules are pre-assembled. The study’s
findings revealed that the measurement accuracy of O-MST and CAT were comparable, with both methods
offering better measurement accuracy and test security compared to F-MST.

Research Questions

Two research questions and two research problems and six sub-research problems based on these two
research problems are given below.

Q1. To what extent does the measurement accuracy of F-MST and O-MST approaches change under different
simulation conditions?

Ql1.1. How do the RMSE, MAB and BIAS values of the F-MST and O-MST approaches change according to
the test length (20-30-40)?

Q1.2. How do the RMSE, MAB and BIAS values of F-MST and O-MST approaches vary according to ability
distribution (normal distribution, right skewed, left skewed, uniform)?

Q1.3. How do the RMSE, MAB and BIAS values of the F-MST and O-MST approaches vary according to the
module/test length ratio (L-S-S, M-M-M, S-S-L)?

Q2. How does the item security of the F-MST and O-MST approaches change under different simulation
conditions?
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Q2.1. How does the item security of the F-MST and O-MST approaches change according to the frequency of
item use and the number of items used at different test lengths (20-30-40)?

Q2.2. How does the item security of the F-MST and O-MST approaches vary according to the frequency of
item use and the number of items used in different ability distributions (normal distribution, right-skewed, left-
skewed, left-skewed, uniform)?

Q2.3. How does the item security of the F-MST and O-MST approaches change according to the frequency of
item use and the number of items used in different module/test length ratios (L-S-S, M-M-M, S-S-L)?

METHOD
Type of Research

The aim of this study was to examine the effectiveness of various MST approaches under different
simulation conditions. The data used in the study were generated through simulation, with comparisons made
across different scenarios. Simulation studies are computer-based experiments that generate data by random
sampling from specified probability distributions and then analyze the resulting data. These studies are
instrumental in assessing the performance of statistical methods under controlled conditions. In psychometrics,
simulation studies play a crucial role in evaluating both new and alternative methodologies (Feinberg &
Rubright, 2016; Morris, White & Crowther, 2019; Saat¢ioglu & Atar, 2022). This research is a Monte Carlo
simulation study, where data are simulated according to relevant probability distributions and simulation
conditions. Monte Carlo studies, which share similarities with experimental studies, use computer-generated
data (Harwell et al., 1996). Given the complexity of addressing all the variables considered in the study using
real data, simulated data were utilized. As the study seeks to compare different MST methods, it can be
classified as descriptive research, as it aims to identify which method produces the most suitable results
(Fraenkel, Wallen & Hyun, 2012).

Data Generation

The data was generated using R, an open-source and free statistical programming language. In
generating the data, firstly, item pool parameters consisting of 400 items and ability parameters consisting of
1000 individuals were generated (Sahin and Weiss, 2015). “Rmst” (Luo & Kim, 2018) and “TestDesign”
(Choi, Lim & van der Linden, 2021) packages were used for test combination. Then, with the codes written
by the researchers, F-MST analyses were conducted with the combined tests using the “mstR” (Magis, Yan &
Von Davier, 2017) package, and O-MST analyses were conducted with the “TestDesign” (Choi, Lim & van
der Linden, 2021) package using the same item pool and ability parameters.

Item Pool Generation

Within the scope of the study, an item pool consisting of 400 items was produced based on the 3-
parameter logistic model (3PL) (Yigiter and Boduroglu, 2024). In the generation of the item pool, the
distributions of the a, b and ¢ parameters of the items used in the 2003, 2007, 2011, 2015 and 2019 TIMSS 8th
grade mathematics applications and whose parameters were estimated based on the 3PL were analyzed.
Considering the distributions of the parameters of these items under the minimum and maximum values,
skewness and kurtosis coefficients; a parameters a~InN(0.2, 0.3) from log-normal distribution, b parameters
b~N(0, 0.7) from normal distribution, ¢ parameters c~Beta(5, 16) from beta distribution. The descriptive
statistics of the parameters of the 400 items in the item pool are presented in Table 1.

Table 1

Descriptive Statistics of ltem Parameters

Parameter K Min Max Mean Sd
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A 400 0.566 2.287 1.243 0.351
B 400 -1.830 1.764 0.000 0.727
C 400 0.044 0.501 0.236 0.088

In addition, assuming that the item pool consists of four different content areas, all items were randomly
assigned to Content 1 (30% - 120 items), Content 2 (30% - 120 items), Content 3 (20% - 80 items) and Content
4 (20% - 80 items).

Ability Distributions Generation

In the study, four different normal, right skewed, left skewed and uniform ability distributions were
used. The number of participants in all ability distributions was set as N=1000. Right skewed and left skewed
ability distributions were obtained from the normal distribution with the power method proposed by Fleishman
(1978). Fleishman's power method equation is presented in the equation below:

Y =a+bX +cX?+dXx3 ()

Where a, b, ¢, and d are the Fleishman transformation coefficients that define the shape of the generated
ability distributions (Fleishman, 1978). These coefficients determine to the simulated data and are computed
to produce the desired non-normal distributions used in the study. X refers to the parameters obtained with the
normal distribution used. The X distributions and a, b, ¢, d distributions used to generate the normal, right
skewed and left skewed ability distributions are given in Table 2. The uniform ability distribution, U~U(-3,
+3), was obtained from the uniform distribution.

R programming language was used to generate the data. R is an open source and free statistical
programming language. In generating the data, firstly, item pool parameters consisting of 400 items and ability
parameters consisting of 1000 individuals were generated. “Rmst” (Luo & Kim, 2018) and “TestDesign”
(Choi, Lim & van der Linden, 2021) packages were used for test combination. Then, with the codes written
by the researchers, F-MST analyses were conducted with the combined tests using the “mstR” (Magis, Yan &
Von Davier, 2017) package, and O-MST analyses were conducted with the “TestDesign” (Choi, Lim & van
der Linden, 2021) package using the same item pool and ability parameters.

Table 2

Ability Distributions Generation

Distribution N X Skewness Kurtosis a b c d
Normal 1000 N, 1) 0.00 0.00 0.00 1.00 0.00 0.00
Right Skewed 1000 N(, 1) 1.50 4.00 -0.21 0.85 0.21 0.04
Left Skewed 1000 N, 1) -1.50 4.00 0.21 0.85 -0.21 0.04

Uniform 1000 U(-3, +3) - - - - - -

Research Design
In this study, different MST approaches (F-MST and O-MST) were compared under different

simulation conditions. The independent and dependent variables used in the simulation are summarised in
Table 3.

800



Mahmut Sami Yigiter, Nuri Dogan
Table 3

Independent and Dependent Variables of the Study

Variable Type Variable Name Description

Independent Variable MST Type Fixed-MST (F-MST) and On-the-Fly MST (O-MST)
Independent Variable Test Length 20, 30, 40 items

Independent Variable Ability Distribution Normal, Right Skewed, Left Skewed, Uniform
Independent Variable Module/Test Length Ratio L-S-S, M-M-M, S-S-L

Dependent Variable Measurement Accuracy RMSE, MAB, and BIAS values

Dependent Variable Item Security Number of items used and item exposure rate

The conditions to be manipulated in the simulation are presented in Table 4.
Table 4

Manipulated Conditions

Manipulated Variable Level Number of
Levels
MST Type Approach F-MST, O-MST 2
Test Length 20, 30, 40 3
Ability Distribution Normal, Right Skewed, Left Skewed and Uniform 4
Module/Test Length Ratio L-S-S [1/2-1/4-1/4], M-M-M [1/3-1/3-1/3], 3

S-S-L [1/4-1/4-1/2]

Note. S: Short, M=Medium, L=Long.

As can be seen in Table 4, simulations were performed by varying two different MST types (F-MST,
O-MST), three different test lengths (20, 30, 40), four different ability distributions (normal, right skewed, left
skewed and uniform) and three different module/test length ratio distributions (L-S-S, M-M-M, S-S-L). All
conditions were crossed with each other. Therefore, 2x3x4x3=72 conditions were examined in the first
simulation study and 100 replications were performed for each condition. Consistent with previous simulation
studies in educational measurement and psychometrics, this study employed 100 replications per condition.
Prior research has shown that around 100 replications provide sufficiently stable estimates of bias, RMSE, and
item exposure indices while maintaining computational efficiency (Bulut & Siinbiil, 2017; Giir & Giilleroglu,
2020; Xu et al., 2023). Using 100 replications has also been recommended to minimize sampling bias and
ensure empirical stability in complex IRT-based adaptive testing contexts (Han, 2007; Harwell et al., 1996).

Creating MST Designs

In the study, 1-2-3 F-MST design was preferred as the F-MST design. “Rmst” and “TestDesign”
packages were used to create 1-2-3 F-MST and O-MST designs, respectively. In this study, 1-2-3 MST design
was preferred. The reason for choosing this design is that the points where the module information functions
of the modules in the second stage of the 1-2-3 MST design are maximized do not overlap with the points
where the module information functions of the other stages are maximized. In other words, the overlap of the
points that maximize the module information function of the modules in the second and third stages in the 1-
3-3 MST design has a decreasing effect on the cumulative information function of the modules. Cetin-Berber,
Sari, and Huggins-Manley (2018) report that 1-2-3 and 1-3-3 MST designs have very similar measurement
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accuracy results. Similarly, Yigiter and Dogan (2023), in their study examining 1-3, 1-2-3, and 1-3-3 MST
designs, state that 1-2-3 and 1-3-3 MST designs have very similar measurement accuracy, and even 1-2-3 MST
design offers better measurement accuracy with a slight difference. Therefore, the 1-2-3 MST design was
preferred to utilize the item pool more effectively.

The module/test length ratio was taken into account in the creation of the modules. For example, for a
test length of 40 items and module/test length ratios of S-S-L (1/4-1/4-1/2), the ATA process was performed
with module lengths of 10-10-20. For O-MST, in order to ensure these ratios, the new module will be
combined immediately after these items and presented to the test taker. For example, for an O-MST design
with module lengths of 10-10-20, the new module was merged and presented to the test taker with the freeze-
fresh mechanism (Choi et al., 2021), taking into account the constraints in item positions 1-11-21. The freeze-
refresh mechanism (Choi & van der Linden, 2018) is a dynamic module assembly strategy used in On-the-Fly
Multistage Testing (O-MST). In this approach, after each stage, items or modules that have already been
administered are frozen (kept fixed), while the remaining unadministered items are refreshed (reselected) based
on the updated ability estimate. This process ensures that all test constraints (such as content balance or item
exposure limits) remain satisfied while maintaining adaptivity throughout the test. The number of items to be
included in the modules in 1-2-3 MST and O-MST designs and the item exposure control method are presented
in Table 5.

Table 5

Module Item Counts and Item Exposure Rate Control by Test Length

Test Length It
em Number of
Design 20 30 40 Exposure
. Panels
Module Length Distribution Rate
L-S-S 10-5-5 15-8-7 20-10-10
1-2-3 F-MST M-M-M 3-4-3 6-7-6 13-14-13 0.33 3
S-S-L 5-5-10 7-8-15 10-10-20
L-S-S 10-5-5 15-8-7 20-10-10
O-MST M-M-M 3-4-3 6-7-6 13-14-13 0.33 *
S-S-L 5-5-10 7-8-15 10-10-20

Note. *In the O-MST method, the item exposure rate was controlled by fixing it at 0.33 with the
Ineligibility method (van der Linden & Weldkamp, 2004).

In the F-MST approach, the number of panels was used to control the item exposure rate. For each F-
MST design, 3 panels were formed for a substance exposure rate of 0.33. In the O-MST design, since the
modules were created on the fly, the ineligibility method (van der Linden & Weldkamp, 2004) was used to
control the item exposure rate by fixing it at 0.33. The ineligibility method is an item exposure control
technique designed to prevent overuse of certain items. After an item is administered, it becomes temporarily
ineligible for selection until its exposure rate falls below a specified threshold. This rotation mechanism helps
maintain test security and ensures a fair distribution of item usage across examinees (van der Linden &
Weldkamp, 2004).

The points where the module information was maximized for the creation of panels and modules with
test assembly are presented in Table 5.

Table 5

Assembling MST Panels and Modules

MST Approach Stage 1 Stage 2 Stage 3
1-2-3 F-MST 9=0 9 =(-0.5,0.5) 9=(-1,0,1)
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O-MST 9=0 9 =9* 9 =9*
Note. 3* interim ability level.

In both MST designs, the tests were combined so that the initial ability level ¥ = 0. In the F-MST
approach, with the 1-2-3 design, the modules of the second and third stages were created to reach the maximum
information value at the ability levels given in Table 3. In the test assembly process of the 1-2-3 F-MST design,
the hybrid method (the method in which the modules are created from the items with the bottom-up method
and the test design is created by assembling the modules with the top-down method) was utilized. In the hybrid
test assembly approach, test construction proceeds in two stages: (1) At the bottom-up level, items are
combined to create parallel modules that meet information and content constraints. (2) At the top-down level,
these pre-assembled modules are then combined into panels to form the overall multistage structure (Luecht
& Nungester, 1998; Breithaupt & Hare, 2007). This hybrid strategy benefits from both approaches—bottom-
up ensures item-level parallelism, while top-down provides control over higher-level constraints across
modules and panels.So, this study was used to hybrid method.

Similarly, in O-MST, the first module was created at ¥ = 0 and the other modules were assembled and
presented to the participant with the shadow test approach according to the point of the estimated temporary
ability level. In both F-MST and O-MST approaches, the Rglpk (Makhorin, 2017) algorithm was used for test
combining. In O-MST, test coupling is performed under the Shadow Test approach using the Freeze-Refresh
Mechanism (Choi & van der Linden, 2018).

Data Analysis

The estimated and true ability parameters, Root Mean Square Error (RMSE), Mean Absolute Bias
(MAB) and Bias (BIAS) values were used to evaluate the results obtained from the data analysis. RMSE values
were calculated with the formula given below, where n is the total number of participants, n is the estimated
ability level and n is the true ability level.

RMSE = w 2

The formula used to calculate the MAB value is given below.
MAB = 2t 3)

The formula used to calculate the BIAS value is given below.
BIAS = 200 )

In the above formulas, where i represents a participant's number, n represents the number of
participants, 6; represents the true ability of participant 7, and 8, represents the estimated ability of participant
obtained from the test.

In addition, effect size values were calculated with the RMSE and MAB values obtained for the
comparison of two different test designs under different simulation conditions. The following formulas were
used to calculate the Cohen's d value and effect size:

— 2 _ 2
Harmonized Standard Deviation = J(nl DSi+(np—1)S; )
ni+n,
Cohend = Mean Dif ference ©

Harmonized Standard Deviation

Cohen's d value calculated with the above formulas is interpreted as small effect if d < 0.20, medium
effect if 0.20 <d < 0.50, and large effect if 0.80 < d (Cohen, 1988).

In the examination of item security, the item exposure rate was calculated for each item. The item
exposure rate was calculated with the following formula.

Item Exposure Rate = T:l—"T" @)
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While ny, in the formula refers to the number of participants to whom item m was applied, ny refers
to the total number of participants.

RESULTS

In this section, the findings on measurement accuracy and item security are given under headings.
Measurement Accuracy Results

In this section, in order to answer the measurement accuracy part of this research problem, the ability
estimates obtained from F-MST and O-MST methods were compared under the same item pool and the same

ability distributions. The RMSE, MAB, d and BIAS results obtained from the 72 conditions analyzed are
presented in Table 6.

Table 6

Findings from All Conditions According to Different MST Approaches

= S B2 g RMSE MAB BIAS

s ¥ £3 =

= 0 ) =

R ) ok

o & <38 A F-MST O-MST  dpyszg F-MST O-MST  dy,s; F-MST O-MST
20 L-S-S Normal 0382 0371 1,657 0300 0291 1587 0,008 0,007

20 L-S-S  Right Skewed 0,423 0,404 2,369 0,315 0,303 1,604 0,050 0,040
20  L-S-S Left Skewed 0,431 0,414 1,887 0,311 0,303 1,070 -0,028  -0,029
20  L-S-S Uniform 0,563 0,535 3,305 0,443 0,419 3,411 -0,053  -0,048
M-M-M Normal 0,382 0,362 2,438 0,300 0,286 1,990 0,008 0,012
20 M-M-M Right Skewed 0,417 0,399 2,407 0,314 0,302 1,723 0,046 0,037
20 M-M-M  Left Skewed 0,432 0,407 2,775 0,313 0,296 2,561 -0,023  -0,022
20 M-M-M Uniform 0,552 0,524 2,235 0,432 0,409 2,715 -0,058  -0,047
20 S-S-L Normal 0,398 0,364 4,013 0,314 0,285 4,164 0,008 0,004

O 0 9 N L AW N~
N
(e

10 20 S-S-L  Right Skewed 0,431 0,399 5,287 0,325 0,301 4,368 0,039 0,039
11 20 S-S-L Left Skewed 0,438 0,405 4,146 0,322 0,297 4,928 -0,021 -0,022
12 20 S-S-L Uniform 0,559 0,519 3,640 0,440 0,406 3,592 -0,047  -0,047
13 30 L-S-S Normal 0,338 0,323 1,884 0,266 0,253 2,148 0,007 0,009
14 30 L-S-S  Right Skewed 0,380 0,361 2,540 0,281 0,268 2,004 0,044 0,039
15 30 L-S-S Left Skewed 0,388 0,367 2,808 0,277 0,266 1,843 -0,025  -0,018
16 30 L-S-S Uniform 0,496 0,463 3,486 0,387 0,360 3,366 -0,045  -0,044
17 30 M-M-M Normal 0,333 0,321 1,604 0,262 0,252 1,675 0,007 0,005
18 30 M-M-M Right Skewed 0,369 0,349 2,674 0,276 0,263 2,178 0,038 0,032
19 30 M-M-M  Left Skewed 0,382 0,356 2,886 0,275 0,260 2,513 -0,023  -0,015
20 30 M-M-M Uniform 0,476 0,456 2,233 0,370 0,355 1,870 -0,052  -0,044
21 30 S-S-L Normal 0,34 0,317 2,568 0,268 0,251 2,441 0,006 0,008

22 30 S-S-L  Right Skewed 0,372 0,344 4,317 0,279 0,259 3,640 0,037 0,032

Table 6 (Continued)
RMSE MAB BIAS

F-MST O-MST  dpysz F-MST O-MST  dy,.; F-MST O-MST

Condition
Test Length
Module/Test
Length Ratio

Ability
Distribution

[\
w
W
=
A
¢
o

Left Skewed 0,385 0,356 3,615 0,28 0,258 4,004 -0,021 -0,017
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24 40 S-S-L Uniform 0,477 0,444 3,127 0,372 0,346 2,886 -0,047  -0,043
25 40 L-S-S Normal 0,306 0,295 1,579 0,24 0,232 1,456 0,005 0,002
26 40 L-S-S  Right Skewed 0,337 0,328 1,638 0,251 0,244 1,554 0,036 0,036
27 40 L-S-S Left Skewed 0,350 0,336 2,158 0,249 0,243 1,206 -0,021 -0,015
28 40 L-S-S Uniform 0,435 0,420 1,771 0,336 0,325 1,579 -0,047  -0,038
29 40 M-M-M Normal 0,310 0,293 2,136 0,244 0,230 2,158 0,005 0,005
30 40 M-M-M Right Skewed 0,339 0,324 2,513 0,254 0,240 2,548 0,034 0,029
31 40 M-M-M  Left Skewed 0,353 0,327 3,476 0,254 0,237 3,094 -0,019  -0,018
32 40 M-M-M Uniform 0,433 0,413 2,361 0,336 0,320 2,297 -0,045  -0,042
33 40 S-S-L Normal 0,317 0,291 3,733 0,250 0,230 3,350 0,005 0,002
34 40 S-S-L  Right Skewed 0,345 0,317 3,744 0,259 0,239 3,640 0,030 0,029
35 40 S-S-L Left Skewed 0,357 0,330 3,610 0,259 0,240 3,183 -0,018  -0,014
36 40 S-S-L Uniform 0,433 0,412 2,219 0,337 0,317 2,872 -0,039  -0,044

Note. S: Short, M=Medium, L=Long

As seen in Table 6, the RMSE values obtained from F-MST in all conditions vary between [0.306,
0.563]. The RMSE values obtained from O-MST are in the range of [0.291, 0.535]. As seen in the table, the
RMSE values obtained from the F-MST method are higher than the RMSE values obtained from the O-MST
in all conditions. This shows that O-MST is more effective than F-MST in all conditions. Also, as seen in the
column, the Cohen's d effect size value is [Cohen's d > .80] in all conditions and the O-MST method has a
larger effect than the F-MST method in all conditions. Similar to the RMSE results, the MAB value obtained
from F-MST is higher than the MAB value obtained from O-MST in all conditions. The MAB values also
confirm that O-MST estimates more effectively than F-MST. Similarly, as seen in the column, the Cohen's d
eth size value is [d > .80] in all conditions, indicating that the O-MST method has a larger effect than the F-
MST method.

As can be seen from both the RMSE and MAB columns, the measurement accuracy of both test
approaches increases significantly as the test length increases. On the other hand, according to the module/test
length ratio, it can be said that the S-S-L ratio in the F-MST has lower measurement accuracy than the L-S-S
and M-M-M ratios, while all three ratios have similar measurement accuracy in the O-MST. According to
ability distributions, both methods have the highest measurement accuracy in normal distributions, followed
by right and left skewed distributions. It can be stated that Uniform distribution has the lowest measurement
accuracy in terms of ability distribution of both test approaches. In the rest of the study, the measurement
accuracy results of F-MST and O-MST methods according to test length, module/test length ratio and ability
distribution were compared by obtaining the average value from Table 6.

Measurement Accuracy Results by Test Length

The results obtained from the averages of the related cells in Table 6 according to the test length are
presented in Table 7.

Table 7

RMSE, MAB and d values by Test Length

RMSE MAB BIAS
Test Length
F-MST O-MST drusk F-MST O-MST Ay F-MST O-MST
20 0,451 0,425 3,013 0,344 0,325 2,809 -0,006 -0,006
30 0,387 0,365 2,783 0,293 0,277 2,516 -0,002 -0,001
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40 0,360 0,341 2,578 0,272 0,258 2,411 -0,006 -0,006

When Table 7 is analyzed, it can be said that the O-MST approach estimates ability better than
the F-MST at test lengths of 20, 30 and 40. While the difference in RMSE between 20 and 30 test
lengths was higher, the difference in RMSE between 30 and 40 test lengths decreased. According to
both the RMSE difference and the MAB difference, this indicates that even if the test length is
increased, the effectiveness of ability estimation will not increase in proportion to the test length. The
law of diminishing returns argues that production will not increase at the same rate as the factors of
production increase, and that the proportional benefit will gradually decrease. Increasing the test
length in tests will improve measurement accuracy up to a certain point. Increasing the test length
beyond a certain point will not make the desired improvement in measurement accuracy, and the
expected efficiency will not be achieved due to the physiological and psychological effects of the
student such as fatigue, boredom and exhaustion. Therefore, the test length should be determined
well. In this study, it is understood that 20 test lengths show low measurement accuracy compared to
30 and 40 test lengths. Therefore, it can be said that 30 or 40 test lengths give better results according
to the results of this study. Test lengths of 50, 60, and 70 items are thought to be incompatible with
the logic of adaptive testing approaches, and according to the law of diminishing returns,
measurement accuracy should not be expected to decrease proportionally (Yasuda, Mae, Hull &
Taniguchi, 2021).

Measurement Accuracy Results by Ability Distribution

The results obtained from the averages of the related cells in Table 6 according to ability distribution
are presented in Table 8.

Table 8

RMSE, MAB, BIAS and d values according to Ability Distribution

RMSE MAB BIAS
Ability Distribution
F-MST  O-MST drusE F-MST  O-MST dyag F-MST  O-MST
Normal 0,345 0,326 2,401 0,272 0,257 2,330 0,007 0,006
Right Skewed 0,379 0,358 3,054 0,284 0,269 2,584 0,039 0,035
Left Skewed 0,391 0,366 3,040 0,282 0,267 2,711 -0,022 -0,019
Uniform 0,492 0,465 2,708 0,384 0,362 2,732 -0,048 -0,044

When Table 8 is analyzed, it is seen that the O-MST approach provides more effective ability estimation
than the F-MST approach according to the RMSE, MAB and d values in four different ability distributions
(normal, Right Skewed, Left Skewed and Uniform). Both methods perform the most successful estimation in
the normal distribution, followed by right skewed and left skewed distributions. Both methods have the lowest
measurement accuracy in the uniform distribution. On the other hand, according to the effect size values, while
the effect size difference in the normal distribution is small, the O-MST method estimates more effectively
especially in right skewed, left skewed and uniform distributions. Therefore, O-MST method can be preferred
in skewed or uniform ability distributions.

Measurement Accuracy Results by Module/Test Length Ratio
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The results obtained from the averages of the related cells in Table 6 according to the
module/test ratio are presented in Table 9.

Table 9

RMSE, MAB, BIAS and d values according to Module/Test Length Ratio

Module/Test RMSE MAB BIAS

LengthRatio  F-MST ~ O-MST  dpysy F-MST  O-MST  d,.;  F-MST  O-MST

L-S-S 0,402 0,385 2,257 0,305 0,292 1,902 -0,006 -0,005
M-M-M 0,398 0,378 2,478 0,303 0,288 2,277 -0,007 -0,006
S-S-L 0,404 0,375 3,668 0,309 0,286 3,589 -0,006 -0,006

Note. S: Short, M=Medium, L=Long

When Table 9 is analyzed, it is seen that the O-MST approach provides more effective ability estimation
than the F-MST approach according to RMSE, MAB and d values at all module/test length ratio levels (L-S-
S, M-M-M, S-S-L). According to Cohen's d values, the difference in measurement accuracy between the O-
MST and F-MST approaches is the smallest in the L-S-S ratio, while it is similar in the M-M-M ratio. In the
S-S-L ratio, the difference in measurement accuracy between the two approaches reached its highest value. In
this case, it can be interpreted that in the F-MST approach in the last module, measurement accuracy decreases
as the number of items in the last module increases. On the other hand, since the modules are not fixed in the
O-MST approach, the O-MST is less affected by the length of the module/test ratio. Moreover, increasing the
length of the last module in the O-MST approach increased the measurement precision of this approach. It
should also be noted that in all three module/test length ratios, O-MST showed a larger effect than F-MST.

Item Security Results

In this section, in order to answer the research problems related to item security, the number of items
used and average item exposure rate statistics for all conditions are presented in Table 10.

Table 10

Item Exposure Rates

R 2o - Number of Items Used Average Item Exposure Rate
S 0 é S %% Total
g 3 =< E 2 Item )
g 7 g %0 <3 Number  F-MST O-MST Diff F-MST O-MST
= = A a
1 20 L-S-S Normal 400 105 163 -58 0,190 0,123
2 20 L-S-S  Right Skewed 400 105 160 -55 0,167 0,125
3 20 L-S-S Left Skewed 400 105 156 -51 0,148 0,128
4 20 L-S-S Uniform 400 105 174 -69 0,192 0,115
5 20 M-M-M Normal 400 120 175 -55 0,167 0,114
6 20 M-M-M Right Skewed 400 120 173 -53 0,147 0,116
7 20 M-M-M  Left Skewed 400 120 170 -50 0,190 0,118
Table 10 (Continued)
- o Number of Items Used Average Item Exposure Rate
s 5 5% 8
= = % 7 25 Total
g A =< = Item .
g 7 g %0 <z Number  F-MST O-MST Diff F-MST O-MST
= = . a
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&8 20 M-M-M Uniform 400 120 181 -61 0,167 0,110

20 S-S-L Normal 400 135 176 -41 0,148 0,114
10 20 S-S-L  Right Skewed 400 135 176 -41 0,190 0,114
11 20 S-S-L Left Skewed 400 135 173 -38 0,167 0,116
12 20 S-S-L Uniform 400 135 185 -50 0,148 0,108
13 30 L-S-S Normal 400 156 221 -65 0,192 0,136
14 30 L-S-S Right Skewed 400 156 221 -65 0,167 0,136
15 30 L-S-S Left Skewed 400 156 221 -65 0,147 0,136
16 30 L-S-S Uniform 400 156 232 -76 0,190 0,129
17 30 M-M-M Normal 400 180 229 -49 0,167 0,131
18 30 M-M-M Right Skewed 400 180 230 -50 0,148 0,130
19 30 M-M-M  Left Skewed 400 180 227 -47 0,190 0,132
20 30 M-M-M Uniform 400 180 244 -64 0,167 0,123
21 30 S-S-L Normal 400 204 239 -35 0,148 0,126
2230 S-S-L  Right Skewed 400 204 236 -32 0,192 0,127
23 30 S-S-L Left Skewed 400 204 235 -31 0,167 0,128
24 40 S-S-L Uniform 400 204 252 -48 0,147 0,119
25 40 L-S-S Normal 400 210 267 -57 0,190 0,150
26 40 L-S-S Right Skewed 400 210 267 -57 0,167 0,150
27 40  L-S-S Left Skewed 400 210 264 -54 0,148 0,152
28 40 L-S-S Uniform 400 210 281 -71 0,190 0,142
29 40 M-M-M Normal 400 240 285 -45 0,167 0,14
30 40 M-M-M Right Skewed 400 240 282 -42 0,148 0,142
31 40 M-M-M  Left Skewed 400 240 282 -42 0,192 0,142
32 40 M-M-M Uniform 400 240 297 -57 0,167 0,135
33 40 S-S-L Normal 400 270 289 -19 0,147 0,138
34 40 S-S-L  Right Skewed 400 270 288 -18 0,190 0,139
35 40 S-S-L Left Skewed 400 270 286 -16 0,167 0,140
36 40 S-S-L Uniform 400 270 304 -34 0,148 0,132

The use of more items from the item pool both decreases the exposure rate and increases item security
in terms of reducing the probability of disclosure of the items. When Table 10 is analyzed, it is seen that O-
MST used more items from the item pool than F-MST in all conditions. It should be noted that O-MST used
more items, even though the number of item use approached each other, especially as the test length increased.
In addition, according to Table 10, the mean frequency of item use was 0.168 for the F-MST and 0.129 for the
O-MST. The fact that the average item exposure rate of O-MST is lower than that of F-MST can be interpreted
as an indicator that O-MST utilizes more items from the item pool and therefore uses the item pool more
effectively. In this study, in order to limit the frequency of item use in F-MST and O-MST, 3 panels were
formed in F-MST and the item exposure rate was fixed at 0.33 in O-MST with the ineligibility method.
According to these findings, O-MST gives better results than F-MST in terms of average item exposure rate
values. Therefore, it can be said that O-MST is safer than F-MST in terms of item security.

Some graphs containing item exposure rates according are shown as examples for examining item
exposure rates according to the relevant variables below. In the continuation of the study, the item exposure

rate and the number of items used in terms of test length, ability distribution and module/test length according
to the item security sub-problems were analyzed with the averages of the related cells in Table 10.

Item Security Results by Test Length
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The results obtained from the averages of the related cells in Table 10 for different test lengths are
presented in Table 11.

Table 11

Number of Items Used and Average Frequency of Item Used by Test Length

Number of Items Used Average Item Exposure Rate
Test Length
F-MST O-MST F-MST O-MST
20 120 172 0,168 0,117
30 180 232 0,168 0,130
40 240 283 0,168 0,142

When Table 11 is analyzed, it can be stated that the O-MST approach provides better results in terms of
item security according to both the number of items used and the average item use frequencies at 20 test
lengths. Similarly, at 30 and 40 test lengths, it can be said that the O-MST approach provides better results in
terms of item security than the F-MST in terms of both the number of items used and the average item use
frequency. On the other hand, the difference in the number of items used between F-MST and O-MST
approaches decreases as the test length increases. Similar to this finding, while the average item exposure rate
was 16.8% for F-MST at all test lengths, it was calculated as 11.7%, 13.0% and 14.2% for O-MST,
respectively. In this case, while the item security between O-MST and F-MST was better in favor of O-MST
at short test lengths, the item security efficiency of both approaches converged as the test length increased.
Therefore, it can be said that O-MST is more efficient than F-MST in terms of test and item security in all
three test lengths, while O-MST is more efficient in terms of item security in short tests.

Figure 3 shows the item exposure rate plots for three different conditions with the same ability
distribution and the same module/test length ratio, with test lengths of 20, 30 and 40.
Figure 3

Graph of Item Exposure Rates by Test Length

Test Length =20, Module/Test L. Ratio = M-M-M,  Ability Distr. = Normal
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Test Length =30, Module/Test L. Ratio = M-M-M,  Ability Distr. = Normal
F-MST O-MST
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Test Length =40, Module/Test L. Ratio = M-M-M,  Ability Distr. = Normal
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The blue sections in the graphs show the item exposure rate. Column graphs were created by
sorting the items from the maximum to the minimum item exposure rate. The red dashed lines on the
graph show the average item exposure rate of the related condition. Figure 3 shows that the O-MST
approach uses a higher number of items and has a lower average item exposure rate than the F-MST
approach in all test length conditions. On the other hand, in the F-MST approach, the item exposure
rate of some items is at the level of 0.33, especially due to the items in the routing module, and it is
thought that these items are more likely to be exposed. In the O-MST approach, while the item
exposure rate of some items is at the level of 0.34, the frequency of item use of the following items
decreases. In addition, it can be said that the use of more items in the O-MST approach is beneficial
for both item security and more effective use of the item pool.

Item Security Results by Ability Distributions

The results obtained from the averages of the related cells in Table 10 according to ability
distribution are presented in Table 12.

Table 12

Number of Items Used and Average Item Exposure Rate by Ability Distribution

Ability Number of Items Used Average Item Exposure Rate
Distribution F-MST O-MST F-MST O-MST

Normal 180 227 0,168 0,130
Right Skewed 180 226 0,168 0,131
Left Skewed 180 224 0,168 0,132

Uniform 180 239 0,168 0,124

When Table 12 is examined, it can be stated that the O-MST approach offers better results than the F-
MST in terms of item security according to both the number of items used and the average frequency of item
use in the normal, right skewed, left skewed and uniform distributions. In normal, right skewed, left skewed
and uniform distributions, it is seen that the O-MST approach has a higher number of items used than the F-
MST approach. In addition, while the difference in the number of items used between the F-MST and O-MST
approaches is similar for the first three ability distributions, it is seen that the O-MST approach has a higher
number of items used and a lower item exposure rate than the F-MST approach in the uniform distribution.
Therefore, it can be stated that the O-MST approach produces better results than the F-MST in terms of item
security in Uniform distributions.
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Figure 4 shows the item-by-item item exposure rate graphs of four different conditions according to
four different ability distributions (Normal, right skewed, left skewed and uniform) with a test length of 40
and a module/test length ratio of L-S-S.

Figure 4

Graph of Item Exposure Rates According to Ability Distribution
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Figure 4 shows that the O-MST approach uses a higher number of items and has a lower average
item exposure rate (red dashed lines) than the F-MST approach under all different ability distributions.

Item Security Results by Module/Test Length Ratio

The results obtained from the averages of the related cells in Table 10 according to the module/test
length ratio are presented in Table 13.

Table 13

Number of Items Used and Average Item Exposure Rates by Module/Test Length Ratio

Module/Test Number of Items Used Average Item Exposure Rate
Length Ratio F-MST O-MST F-MST O-MST
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L-S-S 157 219 0,174 0,135
M-M-M 180 231 0,168 0,128
S-S-L 203 237 0,163 0,125

Note. S: Short, M=Medium, L=Long.

When Table 13 is analyzed, it is seen that O-MST approach provides better results than F-MST in terms
of item security according to both the number of items used and average item exposure rates in L-S-S, M-M-
M and S-S-L module/test length ratios. On the other hand, the difference between the number of items used in
F-MST and O-MST is higher at the L-S-S ratio because of the higher number of items in the routing module,
while the difference between the number of items used decreases as we move towards the S-S-L ratio. In the
S-S-L ratio, the difference in the number of items used between the two approaches is minimized.

Figure 5
Graph of Item Exposure Rates by Module/Test Length Ratio
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Figure 5 shows that the O-MST approach uses a higher number of items and has a lower
average item exposure rate (red dashed lines) than the F-MST approach under all different
module/test ratio length conditions. On the other hand, since the length of the routing module is longer
in the L-S-S ratio, the item exposure rate of the items in the routing module is higher in the F-MST
approach. This may lead to problems in terms of item security. In the S-S-L ratio, on the other hand,
since the length of the routing module is shorter, the frequency of item use is lower. However, the
disadvantage of the S-S-L ratio is that it has lower measurement precision than the other two
module/test length ratios. Therefore, when deciding on the module/test length ratio, both item security
and measurement accuracy should be taken into account to determine the most appropriate point.

DISCUSSION AND CONCLUSION
In recent years, there has been a growing interest in the use of adaptive testing for test management,
especially in large-scale assessments (Ebenbeck & Gebhardt, 2022; Tomashev et al., 2018; Yamamoto et al.,

2018; Zheng & Chang, 2015). F-MST is an adaptive testing approach where test management is easy due to
the fixed modules and panels structure. O-MST, on the other hand, is a new testing approach that can be called
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a hybrid of CAT and MST that provides successful solutions under a large number of complex test
specifications and constraints (Choi, van der Linden, 2018; van der Linden, 2021). In this study, F-MST and
O-MST were compared in terms of measurement accuracy and item security. The results are presented below
under headings.

Measurement Accuracy

The results of this study show that O-MST offers better measurement accuracy than F-MST according
to both RMSE and MAB statistics. Similarly, O-MST shows a larger effect than F-MST in terms of
measurement accuracy in all conditions (Cohen's d > 0.8). In other words, the O-MST approach estimates
ability level more effectively than the F-MST. There are many studies in the literature that reach similar
conclusions to this finding. Zheng and Chang (2015), in a simulation study comparing CAT, O-MST and F-
MST, state that CAT and O-MST provide very similar measurement accuracy, while F-MST produces lower
measurement accuracy results. Tay (2015), in his doctoral thesis comparing the classification accuracy and
classification consistency of O-MST and F-MST, states that O-MST provides better results than F-MST in all
conditions. van der Linden and Diao (2016), in their study comparing CAT, O-MST, F-MST and LT, report
that CAT and O-MST provide the best results in terms of measurement accuracy, followed by F-MST, while
LT ranks last. Han and Guo (2016) state that CAT and O-MST offer very close measurement accuracy, while
F-MST offers less measurement accuracy than these two approaches. van der Linden (2021) compares LT,
CAT, O-MST and F-MST approaches and states that O-MST is more successful than F-MST in terms of
measurement accuracy. It is seen that the results of the studies in the literature comparing O-MST and F-MST
and the current study are quite similar (Tay, 2015; van der Linden, 2021; Zheng & Chang, 2015).

In this study, it was concluded that O-MST provided better measurement accuracy than F-MST at test
lengths of 20, 30 and 40. On the other hand, while the O-MST approach was more effective than the F-MST
at 20 test lengths, the measurement accuracy of the two approaches converged as the test length increased.
Yasuda, Mae, Hull, and Taniguchi (2021), in their study on the test length of CAT, concluded that
measurement accuracy and bias did not decrease significantly as test length increased. Therefore, in the current
study, it is seen that the measurement accuracy of both approaches does not decrease in proportion to the test
length as the test length increases. Van der Linden (2021) explains this situation with the law of diminishing
returns. It is also stated that tests with long test lengths contradict the logic of the adaptive testing approach
(van der Linden, 2021).

In the study, the two MST approaches were compared under four different ability distributions: normal,
right skewed, left skewed and uniform. It was concluded that the O-MST approach provided better
measurement accuracy than the F-MST in all four different ability distributions. In both approaches, the
measurement accuracy is highest in the normal distribution, followed by right skewed and left skewed
distributions. In the uniform distribution, measurement accuracy is low for both approaches. On the other hand,
considering both the structure of the measured variable and the distribution of the population, non-normally
distributed samples are frequently encountered in education (MoNE, 2021). At this point, it was concluded
that the measurement accuracy of O-MST is considerably better than F-MST, especially in right and left
skewed distributions. As a result, the O-MST approach is less affected by changing ability distributions, while
the F-MST approach is more affected.

In the study, the two MST approaches were compared under three different module/test length ratios:
S-S-L, M-M-M, L-S-S. According to the module/test length ratio, O-MST was found to offer higher
measurement accuracy than F-MST in all ratios. There are studies indicating that F-MST provides better
measurement accuracy when the length of the routing module is longer (Boztung, 2019; Cai, Anthony, Albano,
& Roussos, 2021; Kim & Plake, 1993; Zheng, 2016). In this study, similar to the studies in the literature, F-
MST gives better measurement accuracy results as the length of the routing module increases. Again, similar
to the results in the literature, as the module lengths of the second and third stages increase, the measurement
accuracy of the F-MST decreases due to the need for a large number of items used in these designs. The O-
MST, on the other hand, is less affected by the module/test length ratio and provides better measurement
precision than other module/test length ratios when the number of items in the last stage increases. In other
words, one of the most significant findings of the current study is that in the F-MST, measurement accuracy
increases as the length of the first module increases, whereas in the O-MST, measurement accuracy increases
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as the length of the last module increases. On the other hand, O-MST is better than F-MST in terms of
measurement accuracy in all conditions according to the overall module/test length ratio.

Item Security

In terms of item security, it was concluded that O-MST had a lower item exposure rate and a higher
number of items used than F-MST in all conditions. This result shows that O-MST utilizes the item pool more
effectively than F-MST. On the other hand, in O-MST, the item exposure rates of the items decrease with a
certain acceleration, while in F-MST, the item exposure rates of the items in the routing module are high, and
the item exposure rates decrease in the second and third stages. Similar to the results of the current study,
Zheng and Chang (2015) reported that O-MST had lower test overlap rates and that participants following
similar routes in F-MST may pose item security problems. In the F-MST, the panel and modules are fixed, so
the items in the modules in the participant's route are known by the test administrator. Since the O-MST
assembles a test for each participant at his/her own ability level, the items to be administered to the participant
are not known or specified beforehand by anyone, including the test administrator. Therefore, O-MST creates
unique tests customized to the individual. In this context, O-MST has an advantage over F-MST in terms of
item and test security (Zheng and Chang, 2015).

It was concluded that the O-MST approach had higher item counts and lower item exposure rates than
the F-MST approach for all test lengths. This shows that O-MST produces more efficient results in terms of
item safety than F-MST in all test lengths.

It was concluded that O-MST had a higher number of items used and a lower item exposure rate than
F-MST in different ability distributions. Therefore, it can be stated that O-MST gives better results than F-
MST in terms of item security. In addition, while the difference in the number of items used and average item
exposure rate between O-MST and F-MST approaches was similar in normal, right skewed and left skewed
distributions, it was observed that the difference between the two approaches increased in favor of O-MST in
uniform distributions. This is due to the increase in the number of participants at extreme ability levels in the
uniform distributions. As a result, it can be stated that the O-MST approach is more effective than the F-MST
in terms of item security in uniform distributions.

At all module/test length ratios, O-MST has a higher number of items used and a lower item exposure
rate than F-MST. This shows that O-MST gives better results than F-MST at different module/test length ratios
in terms of item security. In addition, since the routing module is longer in the L-S-S ratio in the F-MST
approach, the number of items used is lower and the item exposure rate is higher. In the S-S-L ratio, since the
modules in the third stage are longer, the number of items used is higher and the item exposure rate is lower.
In this case, it can be said that the L-S-S-S ratio is more efficient in terms of item security than the S-S-L ratio.

The results of this study show that the O-MST approach is more advantageous than the F-MST approach
in terms of both measurement accuracy and item and test security. On the other hand, the F-MST approach has
two important advantages over the O-MST approach: (I) easy explanability of the fixed panel and module
structure to test takers and (II) easy administration of the test implementation (Yan, Von Davier, & Lewis,
2016). These two advantages are among the most important reasons for choosing the F-MST. The fact that the
structure and scoring method of the test can be easily understood by test takers and other relevant stakeholders
is important in terms of making them feel that the test is conducted in a fair manner. Therefore, it is thought
that the choice of an adaptive testing approach should be made by examining the risk status of the test, the type
of assessment (norm or criterion-referenced), the explainability of the test administration to the participants,
and the sociological perspective of the society on the relevant test, in addition to measurement accuracy and
item-test security.

Limitations
This study has several limitations that should be considered when interpreting its results. First, the

analyses were entirely based on simulated data, which may not fully reflect the complexity of real testing
environments. Second, the study was simulated only within the context of dichotomously scored multiple-

814



Mahmut Sami Yigiter, Nuri Dogan

choice items. Future research could address this limitation by including polytomous or mixed-format tests.
Third, the study used hypothetical item pools rather than operational test items, which may differ in terms of
psychometric properties and content balance. Future studies may extend this work by employing real item
pools, larger and more diverse samples, and empirical data obtained from operational computerized testing
systems.

Suggestions
Under this heading, there are suggestions for practitioners and researchers.
Suggestions for Practitioners

In line with the results of this study, seven recommendations for practitioners are presented below. (1)
It is recommended that the O-MST method should be preferred over the F-MST for short test lengths because
it provides more effective ability estimations. (2) If the O-MST design is to be preferred, it is recommended to
increase the last module length because it will improve measurement accuracy. (3) If the number of items in
the last stage of the MST design is desired to be high, it is recommended to prefer the O-MST approach instead
of F-MST. (4) If the number of items to be included in the orientation module is desired to be high, it can be
stated that the F-MST method is also preferable since the effectiveness level of the F-MST method and the O-
MST method are close to each other. (5) If the cut-off score of the test to be administered is around the
midpoints of the ability scale, the O-MST and F-MST methods offer very similar measurement accuracy.
However, if the cut-off score is at the extreme ability levels, it is recommended to prefer the O-MST method.
(6) If it is thought that there will be item and test security problems in the test administration, it is recommended
to prefer O-MST method instead of F-MST. (7) The findings of this study may inform the design and
implementation of large-scale assessments such as PISA, TIMSS, and national examinations that seek to
balance measurement accuracy and test security. The proposed simulation framework can guide test developers
in optimizing item selection and exposure control strategies in future adaptive testing applications.

Suggestions for Researchers

Ten suggestions for researchers are presented below to guide researchers in future studies. (1) In this
study, an item pool was generated in a simulation environment according to TIMSS parameter distributions.
A similar study can be designed with a real data pool. (2) In this study, “1-2-3” design was used as F-MST
panel design. Similar studies can be conducted with different designs such as “1-3”, “1-4”, “1-2-4”, etc. (3) In
this study, the EAP method was preferred as the ability estimation method. Different studies can be designed
by using MLE, MLEF, MAP methods as ability estimation methods. (4) In this study, only test assembly
procedures were performed by adding constraints according to four different content areas. Using real item
pools, similar studies can be conducted under different test features and constraints such as common-root items,
enemy items, number of words, average time. In addition, the effectiveness of CAT and O-MST approaches
can be compared by increasing the number of constraints. (5) In F-MST, MFI method was used as a routing
method. Different studies can be designed by using AMI, number of correct and other methods as routing
methods. (6) In this study, O-MST and F-MST were compared. Research can be designed comparing different
F-MST designs with the hybrid CAT approach. (7) In this study, test lengths of 20, 30 and 40 are considered
as test lengths. Similar studies can be conducted under different test lengths. Different studies can be conducted
to determine the optimal test length for CAT approaches. (8) In this study, L-S-S, M-M-M and S-S-L
module/test length ratios were considered. Different studies can be conducted under different module/test
length ratios. (9) In this study, the item pool size was set as 400. Similar studies can be designed by varying
the item pool size. (10) In this study, measurement accuracy and item security were investigated. In future
studies, the classification accuracy of O-MST and F-MST can be compared.
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