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The aim of this study is to determine whether eighth- grade mathematics items in TIMSS
international assessment (f=483), 224 in the TIMSS 2015, and 259 in the TIMSS 2019, have
item bias between male and female students in Turkey and if any, to carry out detailed
investigations based on TIMSS conceptual framework. The sample of the study consists
of a total of 5,080 students, including 3,058 8th graders (ngiris= 1,577, nvoys= 1,481) in TIMSS
2015, and 2,022 8th graders (ngiis= 1,027, nboys== 995) in TIMSS 2019. After the
Confirmatory Factor Analysis was performed for the mathematics booklets used in two
assessments as a prerequisite for the analysis of the data, items indicating bias were
determined using the SIBTEST procedure, which is a special analysis method for the
Differential Item Functioning (DIF) statistical technique. As a result of the analysis, it
was concluded that 25 out of 224 mathematics items in TIMSS 2015 and 15 out of 259
mathematics items in TIMSS 2019 exam had item bias based on genders. The distribution
of these biased items by gender and finally by content and cognitive domains within the
TIMSS conceptual framework is presented. The findings were discussed in line with the
literature and relevant suggestions were also provided.
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Bu ¢aligmanin amact TIMSS 2015 uluslararas: sinavinda 224 adet, TIMSS 2019’da ise 259 adet
olmak iizere toplam 483 adet 8. sinuif matematik sorusunun Tiirkiye’de kiz ve erkek 6grenciler
arasinda madde yanliligina sahip olup olmadiklarin tespit etmek, varsa madde yanlilig
iceren sorularin TIMSS kavramsal cergevesi agisndan ayrintili  incelemelerini
gerceklestirmektir. Calismanin 6rneklemini TIMSS 2015’de 3,058 (111:=1,577, nerkek=1,481) ve
TIMSS 2019'da 2,022 (11,027, nerkek=995) olmak {iizere toplam 5,080 Ogrenci
olusturmaktadir. Verilerin analizi i¢in dncelikle iki sinavda kullanilan matematik kitapgiklar:
i¢in Dogrulayict Faktor Analizi gerceklestirildikten sonra, Degisen Madde Fonksiyonu
(DMF) igin 6zel bir yontem olan SIBTEST prosediirii kullanilmistir. Sonug olarak, TIMSS
2015'de toplam 224 matematik sorusunun 25inin, TIMSS 2019’da ise, 259 matematik
sorusunun 15’inin madde yanhihigina sahip oldugu sonucuna ulasilmistir. Bu sorularin
cinsiyetlere gore ve nihayetinde de TIMSS kavramsal gercevesinde yer alan igerik ve biligsel
alanlara gore dagihimlari sunulmustur. Bulgular alan yazin dogrultusunda tartisilmig ve
buna bagh éneriler de sunulmustur.
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Uluslararast Egitim Basarisim1 Degerlendirme Birligi (International Association for the
Evaluation of Educational Achievement [IEA]) tarafindan olusturulan Uluslararast Matematik ve Fen
Egilimleri Calismas: (Trends in International Mathematics and Science Study [TIMSS]) ve Ekonomik
Isbirligi ve Kalkinma Orgiitii (Organization for Economic Co-operation and Development [OECD])
tarafindan olusturulan Uluslararasi Ogrenci Degerlendirme Programi (Programme for International
Student Assessment [PISA]) gibi uluslararas: degerlendirme sinavlar: iilkelere matematik ve fen
alanindaki performanslarin1 diger katilimar {ilkeler arasinda kiyaslama firsati sunmaktadir (Akyiiz,
2014; Akyiiz ve Berberoglu, 2010; Dogan ve Baris, 2010; Incikab, 2012). Bu degerlendirmeler 1960'lardan
beri kullamilmaktadir (Yildirim, Yildirim, Ceylan, Yetisir ve Ajans, 2013). Uluslararasi egitim
degerlendirmelerinden elde edilen sonuglar iilkelere, sonuglarin nasil yorumlandigina bagh olarak
ogrencilerin performanslarini iyilestirmek icin egitim politikalarini sekillendirmek amaciyla bir bakis
acist kazandirmaktadir (Akytiz, 2006; Akytiz, 2014; Akytiiz ve Berberoglu, 2010; Bilican, Demirtasli ve
Kilmen, 2011; Dogan ve Baris, 2010; Incikab, 2012). Bu nedenle iilkeler, 6grencilerinin uluslararasi
ortamdaki basarilarinin ilerlemesini izlemek ve basarilarini etkileyen faktorleri arastirmak icin bu
uluslararas1 degerlendirmelere katilirlar (Akytiz, 2014; Dogan ve Baris, 2010; Incikab, 2012). Bu
faktorleri anlayarak ve egitim sistemlerini diger egitim sistemleriyle karsilastirarak, egitim politika
yapicilar: kararlarini degerlendirebilir, sorunlar belirleyebilir ve daha etkili politikalar gelistirebilirler

(Akytiz ve Berberoglu, 2010; Bilican ve digerleri, 2011).

TIMSS, diinyanin dort bir yanindaki katilimer tilkelerdeki 4. ve 8. siruf 6grencilerinin matematik
ve fen bilgisi alanlarindaki performanslarini degerlendirmek icin her dort yilda bir tekrarlanan
uluslararasi bir degerlendirmedir (Dogan ve Baris, 2010; Incikabi, 2012). Tiirkiye bu degerlendirmeye
ilk olarak 1999 yilinda katilmustir. 1999 yilindaki degerlendirmeye sadece sekizinci sinif diizeyinde
katilirken, 2003 yilinda katilim gostermemis, 2007 yilinda ise yine sekizinci sinif diizeyinde katilmigtir.
2011 yilina gelindiginde, Tiirkiye artik hem dordiincii hem de sekizinci simif diizeyinde katihm
gostermeye baslamis (Bilican ve digerleri, 2011; Erkan, 2013; Giiner, Sezer ve 1spir, 2013) ve bu durum
2015 (Mullis, Martin, Foy ve Hooper, 2016) ve 2019 yillarinda da (Mullis, Martin, Foy, Kelly ve Fishbein,
2020) devam etmistir. 2019 yilinda uygulanan sinavda digerlerinden farkli olarak Tiirkiye elektronik
olarak da bu sinava katilmistir. Katildig: yillar igerisinde diger katiimcilara gore Tiirkiye'nin konumu

Tablo 1’de verilmistir.
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Tablo 1. Tiirkiye'nin katildig1 TIMSS sinavlari ve katilimcilar arasindaki konumu

4. sinif 8. sinuf

Tiirkiye Toplam Tiirkiye Toplam

Siralama Katilimer Siralama Katilimar
TIMSS 1999 (Akyiiz, 2006) - - 31 38
TIMSS 2007 (Martin, Mullis ve Foy, 2008) - - 37 67 (8)
TIMSS 2011 (Mullis, Martin, Foy ve Arora, 2012) 40 60 (8) 37 59 (14)
TIMSS 2015 (Mullis ve digerleri, 2016) 41 57 (7) 29 46 (7)
TIMSS 2019 (Mullis ve digerleri, 2020) 26 64 (6) 24 46 (7)

Not: Parantez igerisinde verilen sayilar toplam katilimcilar arasinda baz: {ilkelerden 6zel olarak katihim gosteren
bolgeleri belirtmektedir (benchmarking participants).

Tablo 1'de goriildiigli tizere, Tiirkiye yillar icerisinde nispeten konumunu gelistirmistir.
Ozellikle 2015 ve 2019 yillarindaki performansi ile Tiirkiye diger yillara nazaran bir gelisim egilimine
girmistir. Ozellikle bu iki yildaki degisimleri anlamli olarak okuyabilmek sonraki yillarda da artist
devam ettirmek adina 6nemlidir. Bu anlamda, 6grencilerin diger tilkeler nezdindeki basarilarini ve bu
basar1 veya basarisizligin arkasinda yatan sebepleri ortaya koymak adina diizenlenen TIMSS
uluslararas1 smavinin matematik boliimiinde, 6grencilerin hem icerik hem de bilissel anlamda
gelisimleri gozlemlenebilmektedir. Bu sinavda sorular belli igerik ve biligsel alanlar etrafinda
hedeflenen dogrultuda olusturulmustur. 8. smif sorularinin igerdikleri igerik alanlar1 TIMSS 2015
sinavinda sayilar, cebir, geometri ve veri ve sans iken TIMSS 2019 sinavinda ise veri ve sans alt igerik alar
veri ve olasilik olarak degismistir. Diger yandan bilissel alanlar ise her iki yilda da bilme, uygulama ve akil
yiirtitme olarak belirtilmistir (Gronmo, Linquist, Arora ve Mullis, 2013; Martin, Mullis ve Foy, 2017). Bu
icerik ve bilissel alanlarin hedeflenen yiizdelik dagilimlari ile TIMSS 2015 ve TIMSS 2019 sinavlarindaki
gercek soru sayilari (parantez igerisinde) asagida verilmistir (Sekil 1). TIMSS 2015 sinavinda toplam 224
adet, TIMSS 2019 smnavinda ise 259 adet 8. simif matematik sorusu bulunmaktadir. TIMSS 2019

sinavindaki sorular yeni olusturulan elektronik sinavda kullanilan sorulardir.

Veri ve y /veﬁ ve

Sans (49) /Olaslik (55), Al i Al A
20% | sayilar (68) L. 2% | saylar(sn Yaritme G4) | 5 Yasiitme 51)| | (g
30% Ll 2 35% 2% 35%
Geometri (43) Geometri (54) »
20% 20% Uiiddins U 1
lama
Cebir (64) Cebi (69 s o
30% 30% o o
TIMSS 2015 TIMSS 2019 TIMSS 2015 TIMSS 2019
Icerik Alanlar Icerik Alanlar Biligsel Alanlar Biligsel Alanlar

Sekil 1. TIMSS 2015 ve TIMSS 2019 siavlarinda 8. sinuf diizeyinde kullanilan matematik sorularinin
igerik ve biligsel alanlar yoniinden hedeflenen (%) ve gercek (parantez iginde) dagilimlar: (Gronmo ve
digerleri, 2013 ve Martin ve digerleri, 2017’den derlenmistir)

Cinsiyet ve Matematik Basaris1

Ogrencilerin basarisim etkileyen faktorler aragtirmacilarin yogun ilgi gosterdigi konulardan
biridir. Ozellikle Ogrenci ve aile ile ilgili faktorler (bkz. Akyiiz, 2014; Atar, 2011; Demir, Kilig ve Unal,
2010), okulla ilgili faktorler (bkz. Demir ve digerleri, 2010; Engin-Demir, 2009; Kili¢, Cene ve Demir,
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2012), ve ogretmenlerle ile ilgili faktorler (bkz. Aaronson, Barrow ve Sander, 2007; Clotfelter, Ladd ve
Vigdor, 2007; Clotfelter, Ladd ve Vigdor, 2010; Hill, Rowan ve Ball, 2005; Nye, Konstantopoulos ve
Hedges, 2004; Stronge, Ward ve Grant, 2011) arastirmacilarin ilgisini ¢ekmistir. Bu faktorler arasinda
Ogrencilerin cinsiyetleri de basariya etki eden 6nemli bir faktor olarak alan yazinda yerini almistir.
Ozellikle &grenci basarisini modellemek adina yiiriitiilen galismalarda, cinsiyet faktorii kontrol
degiskeni olarak ele alinmis ve 6grenci basarisina etki eden faktorleri incelerken basariya olan etkisi
kontrol altina alinmak suretiyle ¢alismalara dahil edilmistir (bkz. Aaronson ve digerleri, 2007; Boyd,
Grossman, Lankford, Loeb ve Wyckoff, 2005; Clotfelter ve digerleri, 2010; Goldhaber ve Anthony, 2007;
Hill ve digerleri, 2005; Jacob ve Lefgren, 2002; Rowan, Chiang ve Miller, 1997; Stronge ve digerleri, 2011).
Tirkiye'de vyiriitiilen c¢alismalarda ise cinsiyet, matematik basaris1 agisindan bir ikilem
olusturmaktadir. Baz1 arastirmacilar O6grencilerin cinsiyetinin matematik basarisinda 6nemli rol
oynayan bir faktor oldugunu tespit ederken (Alacaci ve Erbas, 2010; Demir ve digerleri, 2010; Dinger ve
Kolasin, 2009; Giirsakal, 2012; Kili¢ ve digerleri, 2012), baz1 arastirmacilar cinsiyet ile matematik basarisi
arasinda bir baglanti olmadigin gosteren zit sonuglar: belirtmislerdir (Aksu, 2001; Atar, 2011; Isiksal ve
Asgkar, 2005). Calismalar genel itibariyle cinsiyeti 0grenci basarisina etki eden bir faktdr olarak
degerlendirmis ve diger degiskenlerle birlikte cinsiyet acgisindan da 6grenci basarisi agiklanmaya

caligilmgtir.

Yukarida belirtilen icerik ve bilissel alanlara gore cinsiyetler arasinda matematik performansi
agisindan farkliliklar1 goérebilmek adina, TIMSS 2015 ve TIMSS 2019 verileri tizerinden cinsiyetlere gore
katilan biitiin iilkelerin ortalama basar1 puanlari hem igerik hem de biligsel alanlar yoniinden asagida
belirtilmistir (Tablo 2). Tablo 2’de ayni zamanda Tiirkiye i¢in de bu yillardaki ortalama puanlar
verilmigtir.

Tablo 2. TIMSS 2015 ve TIMSS 2019 sinavlarinda 8. sumf diizeyinde cinsiyet acisindan igerik ve bilissel
alanlarda Tiirkiye ve TIMSS genel ortalama bagar: puanlar

Tiirkiye 2015 TIMSS 2015 Tiirkiye 2019 TIMSS 2019
Kiz Erkek Kiz Erkek Kiz Erkek Kiz Erkek
Sayilar 461 455 484 491* 496 490 493 497*
Icerik Cebir 443 452* 492* 481 503* 482 503* 493
Alanlar1  Geometri 469* 450 487* 480 496* 483 499* 495
Veri ve Olasilik 472* 454 481* 479 506 498 490 489
Bilissel Bilme 470 464 488* 485 503* 485 499* 494
Alanlar Uygulama 450 444 486 486 494 488 497 496
Akal Yiriitme 461 458 487* 482 511* 497 501* 497
Genel Ortalama 461 455 488* 485 501 490 491 488

*Anlamli dlciide diger cinsiyet degerinden yiiksek (.05 seviyesinde)
(National Center for Education Statistics, 2021 ve Mullis ve digerleri, 2020’den faydalanilarak derlenmistir)

Tablo 2’de goriildiigii iizere, sinav genel ortalama puanlarina baktigimizda kiz ve erkek
Ogrenciler arasinda ne TIMSS ortalamas: bakimindan ne de Tiirkiye bakimindan istatistiksel olarak
anlaml 6l¢tide bir fark gozlemlenmemistir (TIMSS 2015 genel ortalama harig). Igerik ve bilissel alanlar

agisindan baktigimizda ise, TIMSS smavina katilan tiim {ilkelerin ortalamalar1 {izerinden kiz
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Ogrencilerin igerik alanlar1 ve bilissel alanlarda erkek 6grencilere gore nispeten daha yiiksek ortalama
puana sahip olduklar1 gézlemlenmistir. Katilimai tiim iilkelerin ortalamalarina bakildiginda, 2015 ve
2019 yillarinda erkek 6grenciler dort igerik alanindan sadece sayilar igerik alaninda kiz 6grencilerden
ortalama olarak anlamli 6l¢iide daha basarili olmuslardir. Biligsel alanlar agisindan ise kiz 6grencilerin
bilme ve akil yiiriitme biligsel alanlarinda erkek 6grencilerden istatistiksel olarak anlaml 6lciide daha
basarili oldugu, erkek 6grencilerin ise uygulama igerik alaninda nispeten kiz grencilere gore daha

basarili olduklar: gozlemlenmistir.

Tiirkiye agisindan Tablo 2 incelendiginde ise, 2015 yilinda igerik alanlar1 agisindan kiz
Ogrenciler geometri ve veri ve olasilik icerik alanlarinda erkek 6grencilerden ortalama olarak anlaml
Olciide daha yiiksek puana sahip olmakla birlikte, erkek 6grenciler ise cebir alt icerik alaninda kiz
Ogrencilerden daha yiiksek ortalama puana sahiptirler. 2015 yilinda bilissel alanlarda Tiirkiye’deki kiz
ve erkek Ogrenciler arasinda anlamli bir farkliik gézlemlenmemistir. 2019 yilina geldigimizde ise,
Tiirkiye’de TIMSS’e katilim gosteren iilkelerin ortalamalarina benzer sekilde kiz 6grencilerin icerik ve
biligsel alanlarda erkek 6grencilere gore daha yiiksek ortalama puana sahip olduklar1 goriilmektedir.
Erkek ogrenciler hicbir igerik ve biligsel alanda kiz 6grencilerden anlamli 6l¢lide yiiksek puana sahip
olamamuisglardir. Genel ortalamalar agisindan bu iki cinsiyet arasinda ne Tiirkiye ne de iilkeler genel
ortalamalar1 agisindan anlamli 6l¢iide fark gozlemlenmezken, igerik ve biligsel alanlarda 6zellikle kiz
ogrenciler tarafina olumlu yonde bir egilim bulunmaktadir. Bu anlamda cinsiyetler arasinda basar1

farkliliklarini igerik ve bilissel alanlar yoniinden okumak 6nem arz etmektedir.

Onceki aragtirmalara bakildiginda, TIMSS ve PISA smnavlarina katilan 69 iilke iizerinden
yapilan bir calismaya gore her ne kadar basar1 anlaminda aralarinda ¢ok farklar olmasa da erkek
ogrencilerin matematige karsi kiz 6grencilere nispeten daha olumlu tutumlar sergiledigi goriilmektedir
(Else-Quest, Hyde ve Linn, 2010). Peki bu tutum basarilarina da yansimis midir? Bu agidan, matematik
icerik ve biligsel alanlarinda yapilan calismalara da deginmek gerekir. Icerik alanlar acisindan
bakildiginda, erkek 6grencilerin geometri alaninda kiz 6grencilere nispeten daha basarili olduklarini,
kiz 6grencilerin ise cebir alaninda erkek Ogrencilere nazaran daha basarili olduklarini belirten
arastirmalar bulunmaktadir (Lane, Wang ve Magone, 1996; McGraw, Lubienski ve Strutchens, 2006).
Biligsel alanlar agisindan ise, akil yiiriitme problemlerinde kiz 6grencilerin erkek 6grencilere nispeten
daha basarili olduklar1 6nceki arastirmacilar tarafindan ortaya konulmustur (Friedman, 1996; Ryan ve

Chiu, 1996).

Tirkiye Orneklemi kullanilarak yapilan calismalara da deginmek gerekir. Cinsiyet ve
matematik basaris1 arasindaki iliskiyi inceleyen ¢alismalardan 6zellikle uluslararasi sinavlarin verilerini
kullananlara bakacak olursak, Alacact ve Erbag'in (2010) PISA 2006 sonuglar: iizerinde Hiyerarsik
Lineer Modelleme (HLM) kullanarak yaptiklar1 arastirmaya gore cinsiyetin basari tizerinde dnemli bir

gosterge oldugu bulunmustur. Elde ettikleri sonugclar erkek 6grencilerin kiz 6grencilere gore daha
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basarili oldugunu gostermektedir. Demir ve digerlerinin (2010) yine HLM kullanarak PISA 2006
sonuglari tizerine yaptig1 calismada, erkek 6grencilerin matematikte daha iyi puanlara sahip olduklar:
bulgusu desteklenmektedir. Dinger ve Kolasin (2009) PISA 2006'daki matematik testinde kiz
ogrencilerin erkek Ogrencilere gore 14 puan daha diisiik ortalama puana sahip olduklarini; ancak
okuma testinde erkek Ogrencilere gore 32 puan daha yiiksek bir ortalamaya sahip olduklarim
belirtmislerdir. PISA 2009'da, 6grencilerin cinsiyetiyle ilgili sonuglar Tiirkiye i¢in yine benzerlik
gostermistir. Ogrencilerin cinsiyeti, 6grencilerin matematik basarisi iizerinde anlamli bir etkiye sahiptir
(Kili¢ ve digerleri, 2012). Basar1 durumlarina ek olarak, PISA 2009 sinavinda beklenti yoniinden de
erkek 0grencilerin kiz 6grencilere gére daha yiiksek performans gosterme beklentisi icinde olduklar

belirtilmistir (Glirsakal, 2012).

Ancak, TIMSS 2007'de Madde Tepki Kurami (Item Response Theory — IRT) temelinde
olusturulan modellemeye gore cinsiyet degiskeninin Tiirkiye’de 6grencilerin matematik basarisinin
notr bir gostergesi oldugu bulunmustur (Atar, 2011). Yine Aksu'nun (2001) Ankara’da 6zel bir okulda
Ogrenim goren Ogrenciler iizerine gergeklestirdigi calismaya gore, Ogrencilerin cinsiyetleri ile
performanslar1 arasinda anlamli bir iliski bulunamamistir. Ek olarak, Isiksal ve Askar'in (2005)
Tiirkiye’de yedinci smifta bulunan 64 6grenci iizerinden yaptiklar1 calismada, cinsiyetler arasinda ne
matematik performanslari ne de matematiksel 6zgiiven anlaminda ortalama puan yoniinden anlamh

bir farklilik olmadigin belirtmislerdir.

Ozetle, Tiirkiye’de 6zellikle PISA sinavinda erkek dgrencilerin daha basarili oldugu sonuglara
nispeten (Alacaci ve Erbas, 2010; Demir ve digerleri, 2010; Dinger ve Kolasin, 2009; Kili¢ ve digerleri,
2012; Giirsakal, 2012), baz1 ¢alismalarda ise cinsiyet ve basar1 arasinda anlamli bir baglantinin tespit
edilmedigi goriilmektedir (Aksu, 2001; Atar, 2011; Isiksal ve Askar, 2005). Diger bir yandan, TIMSS 2015
ve TIMSS 2019 sonuglarina genel ortalama puan yoniinden bakildiginda kiz ve erkek o6grenciler
arasinda anlamli bir farklilik gozlemlenmemistir. Ancak katilimc iilkeler genelinde veya Tiirkiye
ozelinde kiz 6grencilerin igerik ve bilissel alanlar igin hesaplanan ortalama puanlar agisindan erkek
dgrencilere gore nispeten anlamli Slgiide daha yiiksek puanlara sahip olduklari gériilmektedir. Onceki
arastirmalara gore ise erkek 6grencilerin geometri, kiz 6grencilerin ise cebir igerik alaninda daha basarili
olduklar1 gozlemlenmistir (Lane ve digerleri, 1996; McGraw ve digerleri, 2006). Ek olarak, kiz
ogrencilerin akil yiiriitme biligsel alaninda erkek &grencilere gore daha basarili olduklar1 da onceki

arastirmacilar tarafindan belirtilmistir (Friedman, 1996; Ryan ve Chiu, 1996).
Sinavlarda Cinsiyet Yanlhliklar1

Kiz ve erkek 6grencilerin matematik basarilar1 arasindaki farki anlamanin yollarindan biri de
sinavlarda kullanilan sorularin yapisini incelemek ve olas1 yanliliklar: belirleyebilmektir. Yukarida da
deginildigi tizere, bu iki grup 6grencinin farkli dlgme araglariyla Olgiilen matematik performanslari

farklibk gostermektedir. Bu iki cinsiyet arasinda olusan performans farkliliklarimin smavlarda
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kullanilan sorularin yapisindan kaynaklanma ihtimali gz ardi edilmemelidir. Bakan-Kalaycioglu ve
Kelecioglunun (2011), Tiirkiye’de 2005 yilinda uygulanan Ogrenci Se¢cme Sinavi (OSS) {izerinde
cinsiyetler arasinda yanlilik gosteren sorular: belirlemek adina yaptiklari Degisen Madde Fonksiyonu
(DMF) analizine gore, 45 sorudan olusan matematik alt testinde biri cebir ikisi de geometri alt
alanlarinda olmak {izere ii¢ adet soruda DMF tespit etmiglerdir. DMF tespit edilmesi, sorularin
gruplardan birine yanlilik gosterebilmesi ihtimalini isaret etmektedir. Burada cebir sorusu kiz
ogrenciler lehine DMF belirtirken, iki geometri sorusu ise erkek 6grenciler lehine DMF gostermistir.
DMF analizi bu ¢alismada da kullanilan bir yontem olup, 6nyarg: (veya yanlilik) belirtebilecek sorular:
tespit etmek icin kullanilan 6zel bir istatistiksel yontemdir. Calismanin yontem bdéliimiinde bu analiz

teknigi ile ilgili ayrintil bilgi saglanmistir.

Ek olarak, Karakaya (2012), 2009 yilinda uygulanan ve Tiirkiye’de 8. sinif 6grencilerinin liselere
girebilmek adina katildiklar1 Seviye Belirleme Sinavindaki (5BS) matematik sorular: {izerine yaptiklar:
DMF analizine gore iki soruda DMF tespit etmisler, ancak uzman goriisii neticesinde bu sorularin
cinsiyetler lehine yanlilik belirtmedigini ortaya koymuslardir. Belirtilen c¢alismada, Klasik Test
Kuramma (KTK - Classical Test Theory) gore olusturulmus olan Mantel-Haenszel metodu tercih
edilmistir. Yine 2009 yilindaki SBS smawv1 i¢in uygulanan baska bir DMF c¢alismasinda, {i¢ farkli DMF
analiz metodu ile cinsiyet ve okul tiirleri agcisindan matematik sorularinin yanlilik belirtip belirtmedigi
incelenmistir (Kelecioglu, Karabay ve Karabay, 2014). Belirtilen ¢calismada ise 20 matematik sorusundan
14’tinde DMF belirtildigi sonucuna varilmis, ancak bunlarin 3’tiniin uzman gortisti neticesinde yanlilik
teskil etmedigi sonucuna ulasilmistir. Buradan hareketle, ayni sinavin sorular {izerinde yapilan ayni
analiz igerisinde kullanilan yéntemin 6nemi ortaya ¢ikmaktadir. Kan, Siinbiil ve Omiir’iin (2013) yine
SBS sinavi tizerine ama 2011 yilinda uygulanan formatiyla yaptiklar: ve KTK’den ziyade Madde Tepki
Kurami (MTK - Item Response Theory) tabanli DMF analizlerinde, Lord yontemine gore 20 adet
matematik sorusunun 20’sinin de ve Raju yontemine gore ise 15'inde kiz veya erkek 6grenciler lehine
yanlilik tespit ettiklerini belirtmislerdir. KTK, 6grencilerin bir testteki skorlar1 veya tahmin edilen
skorlari {izerinde bir raporlama sistemi tizerine kurulu iken, MTK aksine 6grencilerin beceri seviyeleri
ve testteki her bir sorunun karakteristik degerleri {izerinden baglantilar kurma mantig1 {izerine
dayalidir (Hambleton ve Jones, 1993). Hambleton ve Jones (1993) yine bu iki kuram i¢in, KTK icin
gerekli varsayimlarin zayif oldugunu yani bu kurama yonelik analizler yapabilmek icin gerekli olan
varsayimlarin saglanmasinin daha kolay oldugunu, ancak MTK i¢in gerekli varsayimlarin ¢ok daha
giiclii oldugunu da belirtmislerdir. Bu sebeple, MTK tabanli bir DMF analizinin sorularda olabilecek

yanliliklar tespit ederken daha hassas davrandig goriilmektedir.

Sonug olarak, Tiirkiye’de bir 6rneklem olusturmak suretiyle yapilan deneysel calismalarda
cinsiyetler arasinda matematik performansi yoniinden anlamli bir farklilik gézlemlenmezken, 6zellikle
ulusal ve uluslararasi smnavlarda (6zellikle TIMSS ve PISA) bu iki cinsiyet arasinda matematik

performans1 yoniinden farkliliklar ortaya konulmustur. Bu anlamda, deneysel c¢alismalarda
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gozlemlenmeyen bu farkliliklarin ulusal veya uluslararasi diizeydeki calismalarda gozlemlenmesi,
sinavlarda kullanilan sorularin yapisi ile de ilgili olabilir. Diger bir yandan, Tiirkiye’deki TIMSS ve PISA
sonugclarina gore erkek veya kiz 6grencilerin daha basarili olma durumlar1 degisiklik gostermektedir.
Bu anlamda, yukarida ayrintili olarak sonuglarina yer verilen ve soru yapilan itibariyle farkl
cinsiyetlerde yanlilik olma durumlarini inceleyen ¢alismalara gore, 6zellikle Tiirkiye’'de yerlestirme
amacli kullanilan sinavlarda matematik sorularinin yanlilik gosterdigi goriilmektedir. Haliyle, ulusal
sinavlar {izerine yapilan yanlilik c¢alismalarinda Tiirkiye’de cinsiyetler arasindaki performans
farkliliklarinin soru yapilarindan kaynakl olabilecek kisimlar: arastirmacilar tarafindan incelenmistir.
Ancak, Tiirkiye’deki 6grenciler {izerinden uluslararasi sinav verileri kullanilarak bu yanliliklar1 ortaya
koyan calismalara yeterince rastlanilmamaktadir. Ozellikle de, sinavlarda kullanilan sorularin yine
sinavlarda belirtilen igerik ve bilissel alanlar yoniinden yanliliklarini ortaya koyan bir ¢alismaya ihtiyag
duyuldugu 6grenciler arasinda bu alanlardaki basar1 farkliliklar1 da g6z 6niinde bulunduruldugunda
(Friedman, 1996; Lane ve digerleri, 1996; McGraw ve digerleri, 2006; Ryan ve Chiu, 1996) daha net olarak

ortaya ¢citkmaktadir.

Bu calismada Tiirkiye’de TIMSS 2015 ve TIMSS 2019 uluslararas: sinavlarinda kullanilmis olan
8. siif matematik sorularinin kiz ve erkek ogrenciler agisindan madde yanhiliklarin tespit etmek
amaclanmistir. Diger bir ifadeyle, kullanilan sorularin yapi itibariyle farkli cinsiyetlerdeki 6grenciler
agisindan avantaj veya dezavantaj olusturma durumlari ortaya konulmak istenmistir. Her ne kadar bu
iki grup 6grencinin teorik olarak simav sorularinin 6l¢mek istedigi yapilar tizerinde esit diizeyde bilgi
diizeyine sahip olduklar1 kabul edilse de sorularin yapisi itibariyle cevaplarda farkliliklar
gozlenebilmektedir. Ozellikle kiz ve erkek &grencilerin matematik dersi konusundaki yaklagimlari ve
sorularda kullanilan ifadelerin bu farkli yaklasimlara yakinliginin farkli olabilmesinden kaynakl
farkliliklar bu iki cinsiyet arasinda sorularin farkli sekilde davranmasinda rol oynayabilmektedir. Bu
nedenle, bu calisma, Tiirkiye'deki kiz ve erkek ogrenci gruplari iizerinde farkh sekilde calisan TIMSS
2015 ve TIMSS 2019 8. smuf matematik sorularini 6zel bir analiz yontemi olan Degisen Madde
Fonksiyonu (DMF) (Differential Item Functioning — DIF) ile ortaya koymay1 amaglamaktadir. Bu analiz
sonucunda, kiz ve erkek Ogrenciler acisindan yanli olarak islev goren matematik sorulari tespit
edilmeye ve bu sorularin TIMSS sinavinda belirlenmis olan igerik ve biligsel alanlar acisindan fark
edilebilir bir 6zellik gosterip gostermedikleri ortaya konulmak istenmistir. Yanlilik belirten sorularin
sadece cinsiyet farkliligindan dolay: yanli islev gordiiklerini sdylemek miimkiin olmasa da bu sorularin
olusturduklar igerik ve biligsel alanlari cinsiyet agisindan daha detayli incelemek adina yardimci

olacaklardir. Calisma, asagidaki arastirma sorular1 6zelinde sekillenmistir:

— TIMSS 2015 ve TIMSS 2019 uluslararasi sinavlarinda cevaplanan 8. sinif matematik sorular:

Tiirkiye’deki kiz ve erkek 6grenciler arasinda yanlilik olusturmakta midir?

218



KEFAD Cilt 23, (Ozel Say), 2022

— Yanlilik gosterdigi tespit edilen sorular varsa, bu sorular yine TIMSS 2015 ve TIMSS 2019
kavramsal gergevelerinde belirtilen icerik alanlar1 ve biligsel alanlar agisindan nasil bir 6zellik

gostermektedir?
Yoéntem
Veri Toplama

Calismanin 6rneklemini Tiirkiye'de 8. sinif diizeyinde TIMSS 2015 (nk= 1,577, nerkek= 1,481,
Ttoplam= 3,058) ve TIMSS 2019 (nxz = 1,027, #erkek = 995, fitoplam = 2,022) sinavlarinin matematik boliimiine
katilan ve tek sayili soru kitapgiklarini cevaplayan toplam 5,080 o6grenci olusturmaktadir. Bu
ogrencilerin TIMSS 2015 icin 224, TIMSS 2019 icin de 259 olmak uzere toplam 438 farkli matematik
sorusuna verdikleri cevaplar iizerinden kiz veya erkek 6grenci gruplar icin yanlilik gosteren sorular

tespit edilmeye calisilmistir.

TIMSS 2015 ve TIMSS 2019 smavina katilan o6grenciler 14 farkli kitapgiktan birini
yanitlamislardir. Her bir kitapgikta yine 14 farkli matematik soru bloklarindan ikisi bulunmaktadir.
Ogrencilerin almis olduklari kitapgiklara gére her iki sinavda da cevapladiklari matematik soru bloklari

ve bu bloklardaki soru sayilar1 asagida gosterilmistir (Tablo 3).

Tablo 3. Matematik bloklar: ve soru sayilar: agistndan TIMSS 2015 ve TIMSS 2019 8. sinif soru kitapgiklart

Soru Bloklar: TIMSS 2015 TIMSS 2019

Blok-1  Blok-2 Blok-1 Blok-2 Toplam Blok-1 Blok-2 Toplam
Kitapgik 1 MoO1 MO02 17 18 35 16 24 40
Kitapgik 2 MO02 MO03 18 15 33 24 16 40
Kitapgik 3 MO03 MO04 15 18 33 16 27 43
Kitapcik 4 MO04 MO05 18 19 37 27 18 45
Kitapgik 5 MO05 Mo6 19 15 34 18 14 32
Kitapgik 6 Mo6 MoO7 15 17 32 14 16 30
Kitapgik 7 MO07 M08 17 15 32 16 21 37
Kitapgik 8 MO8 M09 15 15 30 21 18 39
Kitapgik 9 M09 M10 15 14 29 18 18 36
Kitapgik 10 M10 M11 14 15 29 18 15 33
Kitapgik 11 M11 M12 15 14 29 15 16 31
Kitapgik 12 M12 M13 14 16 30 16 16 32
Kitapgik 13 M13 M14 16 16 32 16 25 41
Kitapcik 14 M14 MO1 16 17 33 25 16 41

(Martin, Mullis ve Foy, 2013 ve Martin ve digerleri, 2017’den derlenmistir)

Tablo 3'te gosterildigi {izere, tek sayida kitapgiklar: alan 6grenciler incelendiginde olasi biitiin
matematik soru bloklarinin incelenebilmesi miimkiindiir. M01’den baglamak {izere M14’e kadar toplam
14 farkli blok halinde matematik sorular1 bulunmaktadir. Hem TIMSS 2015 hem de TIMSS 2019
siavlari igin tek veya cift sayili kitapciklar kullanilirsa olasi biitiin sorulart madde yanlilig a¢isindan
incelemek miimkiin olacaktir. Bu yiizden, fark olmamakla birlikte tek sayili kitapgiklarin kullanilmasi
tercih edilmistir. Tablo 4 tek sayili olan her bir kitap¢ig1 alan 6grenci sayilarin ve cinsiyet dagilimlarin

gostermektedir.
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Tablo 4. Tiirkiye’deki belirlenen TIMSS 2015 ve TIMSS 2019 matematik soru kitapgiklar: ve cevaplayan 8. sinif
ogrencilerinin cinsiyet olarak dagilimi (¢alismanin Grneklemi)

Soru Sayist Ogrenci Sayist
TIMSS  TIMSS TIMSS 2015 TIMSS 2019
Kitapgik ve Soru Bloklar: 2015 2019 Kiz Erkek Toplam Kiz Erkek Toplam
Kitapgik 1 M01-M02 35 40 228 207 435 157 129 286
Kitapgik 3 M03-M04 33 43 229 211 440 144 143 287
Kitapgik 5 M05-M06 34 32 229 211 440 139 149 288
Kitapgik 7 M07-M08 32 37 221 211 432 152 135 287
Kitapgik 9 M09-M10 29 36 218 217 435 140 148 288
Kitapgik 11 ~ M11-M12 29 32 218 223 441 147 142 289
Kitapak 13 M13-M14 32 39 234 201 435 148 149 297
Toplam 224 259 1,577 1,481 3,058 1,027 995 2,022

Veri Analizi

Calisma dogas: itibariyle nicel bir ¢alisma olup, maddelerin cinsiyetlere gore yanliliklarinm
belirlemek iizere Degisen Madde Fonksiyonu (DMF) (Differential Item Functioning — DIF) tekniginden
faydalanilmistir. DMF gerceklestirilmeden 6nce her bir gruptaki matematik sorularinin tek boyutlu
yapida olmasi gereklidir (Joreskog ve Sorbom, 1996). Bu nedenle ilk olarak, R Studio agik kaynak
istatistik programi (R Core Team, 2018) {izerinden lavaan (Rosseel, 2012) paketi kullanilarak Dogrulayici
Faktor Analizi (Confirmatory Factor Analysis — CFA) gerceklestirilmistir. Sorularin tek boyutlu olmasi
sartin1 her bir kitapgik icin inceledikten sonra da yine R Studio programu {izerinden difR paketi (Magis,
Beland, Tuerlinckx ve De Boeck, 2010) icerisindeki difSIBTEST (Shealy ve Stout, 1993) modiilii

kullanularak SIBTEST prosediiriine uygun olacak sekilde DMF analizi gergeklestirilmistir.

Madde yanliligy, farkli gruplarda yer alan 6grenciler sorularin 6l¢mek istedigi ortiik degisken
iizerinde teorik olarak esit beceriye sahip olsalar bile farkli basar1 performanslar1 gostermeleri
olasiigidir (Zumbo, 1999). Diger bir ifadeyle, her ne kadar Tiirkiye'deki kiz ve erkek Ogrenciler
sinavlarda esit diizeyde basar1 beklentisine sahip olsalar da bazi sorularin bu cinsiyetlerden birine yanh
davranmasi sorunun yapist itibariyle miimkiin olabilir. DMF analizi teknigi sayesinde kiz ve erkek
ogrenciler {izerinde yanli davranan matematik sorularimi tespit etmek miimkiindiir. Tespit edilen

sorularin da igerik ve biligsel alanlar yoniinden incelenmesi 6nemlidir.

Degisen Madde Fonksiyonu (DMF) (Differential Item Functioning — DIF) Analizi: Madde Tepki
Kurami (Item Response Theory —IRT) diinyasinda DMF, madde veya test sapmasi kavramlarinin yerini
alan bir analiz yontemidir (bkz. Embretson ve Reise, 2013; Zumbo, 1999). DMF, yanlilik aday1 olan bir
maddenin, o maddenin 6l¢mek istedigi ortitk degiskenle ayni iliskiye sahip olma agisindan gruplar
arasinda farklilik olustugunda ortaya ¢ikar (bkz. Embretson ve Reise, 2013). Ayrica, Embretson ve Reise
(2013) DMF analizindeki énemli bir gelisme olarak Shealy ve Stout'un (1993) DMF i¢in olusturduklar:
¢ok boyutlu SIBTEST (Simultaneous Item Bias Test) modelini belirtmislerdir. Shealy ve Stout (1993),
DMF analizinde karsilastirilan gruplari referans ve odak gruplari olarak tanimlamistir. Diger DMF

belirleme yontemlerine gore SIBTEST prosediirii daha yeni bir yontem olarak ortaya ¢ikmakta ve ¢ok
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sik olarak kullanilan Mantel-Haenszel yontemiyle elde edilen ortalama puan degerlerinin bireylerin
testten genel olarak aldiklar1 toplam puan dogrultusunda dogrusal regresyon ile diizenlenmesi
sistemine dayanmaktadir (Osterlind ve Everson, 2009). Shealy ve Stout (1993) olusturduklar1 yontem
olan SIBTEST'in prosediiriinii, SIBTEST'in birka¢ maddeli bir testte DMF'yi inceleyebilecegi ve
maddelerdeki yanliligi/DMF'yi bilissel olarak inceleme firsati saglayabilecegini
belirtmektedirler. Ayrica Awuor (2008), SIBTEST'in Shealy ve Stout'un (1993) ¢alismasina bir uzanti
olarak gelistirilen parametrik olmayan bir prosediir oldugunu ve tahmin edilen parametreler yerine
gercek madde yanit verilerini kullandigini belirtmektedir. Shealy ve Stout (1993), SIBTEST'in birden
fazla maddeye sahip bir test boyunca veya sadece bir madde icin DMF'yi algilayabildigini
belirtmistir. Embretson ve Reise (2013), SIBTEST prosediiriinii ¢ok kulaga hos bulmus ve modelin
arkasindaki teorinin gercek diinya testlerine ¢ok iyi uydugunu ve yakin gelecekte arastirmacilardan
daha fazla ilgi gorecegini belirtmistir. Shealy ve Stout’un (1993) ¢alismasinin bir uzantisi olarak, Stout
ve Roussos (1996) tarafindan SIBTEST bilgisayar programi gelistirilmistir. Bu bilgisayar programi, daha
sonra R Studio istatistik programindaki DMF analizleri icin gelistirilmis kapsamli bir paket olan difR
paketi igerisinde difSIBTEST isimli bir modiil olarak yerini almistir. Bu ¢alisma i¢in de bu modiil

kullanilmistir.

Bu calismada referans grubu Tiirkiye’de TIMSS 2015 ve TIMSS 2019 uluslararasi sinavlarina 8.
sinif matematik alaminda katilan kiz 6grenciler olmakla birlikte, odak grubu da yine aymi sinavlara
katilan erkek 6grenciler olarak belirlenmistir. Embretson ve Reise (2013) bu gruplarin (referans ve odak)
farkli ortalamaya ve Ortiikk degisken fiizerinden standart sapmaya sahip olabileceklerini
belirtmistir. Ancak, bu farkliliklarin DMF belirtileri olmadigini, arastirma ortamina bagli olarak DMF
analiz prosediiriinii karmasiklastirabileceklerini belirtmislerdir. Ama Zumbo (1999), maddeye dogru
cevap verme olasiliklarinin belirlenmesi agisindan DMF analizinin uygulanabilmesi igin bu iki grubun
ilgili 6zellik degiskeni {izerinde eglestirilmesi gerektigine isaret etmistir. Bir ortiik 6zellik degiskeni
tizerinde DMF analizini uygularken bir diger ©6nemli husus, DMF'yi belirlemekle ilgilenen
arastirmacilarin referans ve odak gruplar: i¢in ayni 6geleri kullanmasidir (bkz. Embretson ve Reise,

2013).
DMF analizi igin kabul edilen bos hipotez (null hypothesis — Ho) ve alternatif hipotez
(alternative hypothesis — Hi) asagida verilmistir (Esitlik 1).
Ho: B = | BO)F(@)d0 =0,
6

Hy: By = fg B(0)f,(0)d0 > 0 1)

B(0) = Tsg(6) — Tsr(6)

Burada f; DMF miktarini belirleyen bir parametredir. Haliyle, bos hipotez DMF miktarinin 0

olmasini, alternatif hipotez ise sifirdan biiyiik olmasini belirtmektedir. B(8) burada 6 becerisi iizerinde
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sirasiyla referans ve odak gruplarindaki 6grenciler arasindaki dogru cevap verme olasiliklari arasindaki
farki temsil ederken, fr(8) ise 8 {izerine odak grubu icin olasilik yogunluk fonksiyonunu, d8 ise 6'nin
diferansiyelini temsil etmektedir (Shealy ve Stout, 1993). Yani burada 6grenci gruplar1 arasinda 6
becerisi anlamindaki fark integral yardimiyla taranmakta ve sonug olarak her bir soru i¢cin DMF miktari
belirlenmektedir. Belirlenen DMF miktarinin sifirdan anlamli dlgiide biiyiik olma durumunda ise s6z

konusu madde DMF belirten madde olarak kodlanmaktadir.
Arastirmanin Etik izinleri

Yapilan bu ¢alismada “Yiiksekogretim Kurumlar: Bilimsel Arastirma ve Yayin Etigi Yonergesi”
kapsaminda uyulmasi belirtilen tiim kurallara uyulmustur. Yénergenin ikinci boliimii olan “Bilimsel
Aragtirma ve Yaymn Etigine Aykir1 Eylemler” bashgl altinda belirtilen eylemlerden higbiri

gerceklestirilmemistir.
Etik kurul izin bilgileri:

Etik degerlendirmeyi yapan kurul adi = Kastamonu Universitesi Sosyal ve Beseri Bilimler Arastirma ve

Yayin Etik Kurulu,
Etik degerlendirme kararinin tarihi = 25 Mart 2021,
Etik degerlendirme belgesi say1 numarasi = E-16498365-050.01.04-2100025611.
Bulgular
Analiz Oncesi — Dogrulayic1 Faktor Analizi (DFA) (Confirmatory Factor Analysis — CFA)

DMF analizi gerceklestiriimeden once her bir kitapgiktaki sorularin tek boyutlulugun
incelenmesi gerekli oldugu yukarida belirtilmisti (Joreskog ve S6rbom, 1996). O ytizden, ilk olarak bu
calismada kullanilan TIMSS 2015 ve TIMSS 2019 smavlarinin kitapgiklar: (her bir smav igin 7 ayrn
kitapgik) i¢in Dogrulayic1 Faktor Analizi (DFA) gergeklestirilmistir. Tablo 5 bu analizlerin sonuglarin
gostermektedir.

Tablo 5. TIMSS 2015 ve 2019 8. sinif matematik sorularimin kitapgiklar halinde Tiirk 6grenciler agisindan DFA
sonuclari

Sinav Grup N X2 df CFI TLI RMSEA
TIMSS 2015 Kitapgik 1 435 917.060* 527 0.891 0.884 0.041
TIMSS 2015 Kitapgik 3 440 504.440%* 350 0.943 0.939 0.032
TIMSS 2015 Kitapgik 5 440 819.410* 495 0.923 0.918 0.039
TIMSS 2015 Kitapgik 7 432 1,072.458* 464 0.834 0.823 0.055
TIMSS 2015 Kitapgik 9 435 505.506* 350 0.931 0.926 0.032
TIMSS 2015 Kitapgik 11 441 704.428* 377 0.889 0.880 0.044
TIMSS 2015 Kitapaik 13 435 652.800% 377 0.910 0.903 0.041
TIMSS 2019 Kitapgik 1 286  1,638.199* 740 0.765 0.753 0.065
TIMSS 2019 Kitapgik 3 287  1,780.549* 860 0.685 0.669 0.061
TIMSS 2019 Kitapgik 5 288  1,218.643* 464 0.747 0.729 0.075
TIMSS 2019 Kitapgik 7 287  1,723.573% 630 0.736 0.721 0.078
TIMSS 2019 Kitapgik 9 288  1,409.658% 594 0.739 0.723 0.069
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TIMSS 2019 Kitapgik 11~ 289 1,185.374* 434 0.791 0.776 0.077
TIMSS 2019 Kitapaik 13 297 1,407.508% 741 0.788 0.776 0.058

*p<.001, CFI: Comparative Fit Index, TLI: Tucker-Lewis Index, RMSEA: Root Mean Square Error of Approximation

DFA analizinde tek boyutluluk adina bakilan ilk deger Ki-kare (y?) degeridir, ve bu deger i¢in
hesaplanan p-degerinin .05 degerinden biiyiik olmasi gerekir (Hooper, Coughlan ve Mullen, 2008).
Ancak Ki-kare (y?) testinin varsayim olarak ¢ok-degiskenli normalligi (multivariate normality) sart
kosmasi ve ¢ok degiskenli normallikten sapmalarin esasinda uygun olarak tanimlanmis bir modelin
bile reddedilmesi gibi bir sonu¢ doguracagini da belirtmislerdir. Tablo 4'de goriildiigii {izere, iki
sinavda da kullanilan her bir kitapgik i¢cin DFA modelleri icin Ki-kare (x?) degerleri i¢in hesaplanan p-
degerleri 6rneklem biiyiikliiklerinin de etkisiyle anlamli 6lctide .05 degerinden hatta .001 degerinden
kiigtiktiir (6rn. TIMSS 2015 Kitapgik 1 igin, ¥%(527) = 917.060, p<.001). Bu durumda diger model uyum
indekslerine (goodness-of-fit) bakilmalidir , 6rnegin CFI, TLI ve RMSEA (Hooper ve digerleri, 2008).
Hair, Black, Babin ve Anderson (2010) CFI gibi indekslerin &zellikle biiyiik O6rneklemlerde .90
degerinden biiyiik olmas gerektigini belirtmektedir. Tablo 4’e bakildiginda, TIMSS 2015’de kullanilan
Kitapgik 1, 7 ve 11 icin CFI ve TLI degerlerinin bu kesme degerinden kiigiik oldugunu digerleri icin ise
sorun olmadigini gorebiliriz. TIMSS 2019 igin ise biitiin kitapgiklarda CFI degerlerinin bu kesme
degerinden biiyiik oldugu goriilmektedir. Burada CFI indeksi aslinda TLI indeksinin revize edilmis
halidir (Hooper ve digerleri, 2008). Hair ve digerleri (2010) diger bir yandan bu kesme degerinin ¢ok
karmasik modeller icin Ozellikle gegerli oldugunu belirtmislerdir. Buradaki modellerde ise sadece
sorularin tek bir boyut altinda olup olmadiklar: s6z konusudur. Bu yiizden, son olarak da RMSEA
degerine goz atacak olursak, Hooper ve digerleri (2008) bu deger icin kesme degerini .08 olarak
belirtmislerdir. Ayn1 zamanda RMSEA degerinin modellemedeki tahmin edilen parametrelere olan
hassasiyeti sebebiyle en ¢ok bilgilendirici uyum endekslerinden biri oldugunu belirtmislerdir. Haliyle,
hem TIMSS 2015 simnavindaki biitiin kitapgciklar (6zellikle diger indekslere gore tek boyutlu olamayacak
Kitapgik 1, 7 ve 11) i¢in hem de TIMSS 2019 sinavindaki tiim kitapgiklar igin RMSEA degerleri bu
degerden kiicliktiir. Sonug olarak, TIMSS 2015 ve TIMSS 2019 sinavlarinda kullanilan toplam 14 adet
kitap¢igin hepsinde kullanilmis olan sorularin her bir kitapcik 6zelinde tek boyutluluklarmin kabul

edilebilir diizeyde oldugunu séyleyebiliriz.
Degisen Madde Fonksiyonu (DMF) Analizi Sonuglar

DMF analizi igin gerekli olan tek boyutluluk sarti incelendikten sonra esas analiz olan DMF
analizine gegebiliriz. Bir maddenin yanlilik belirtip belirtmedigini belirlemek i¢in DMF prosediiriinde
kullanulan iki parametre, beta tahmini ve standartlastirilmis p-fark indeksidir. Embretson ve Reise
(2013), her iki grup i¢in de madde zorluk parametresinin 6ncelikle her bir madde icin hesaplandig: ve
odak gruptaki her birinden ortalama fark cikarilarak ayarlandigi beta tahmininin hesaplanma
prosediiriinii aciklamistir. Daha sonra, her bir 6ge icin beta tahminine sahip olmak igin referans ve

ayarlanmis odak grubu 6ge zorluk parametreleri arasindaki fark hesaplanir. Bu nedenle SIBTEST teki
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bu beta tahminleri, maddelerin referans grubu mu yoksa odak grubunu mu tercih ettigini gosterir.
Pozitif beta tahmini degerleri referans grubu (kiz 6grenciler) lehine madde yanlilig: (DMF) oldugunu
belirtirken, negatif degerler ise odak grubu (erkek 6grenciler) lehine yanlilik gostermektedir. Diger bir
yandan, standartlastirilmis p-degerleri, her bir madde i¢in referans ve odak gruplar: arasindaki toplam
puan farkina bakilarak ve bu farkhiliklar, toplam puanlarin her birindeki odak oranlarina gore
agirliklandirilarak hesaplanir. Sonrasinda bu p-degerleri, DMF isaretli 6ge olup olmadigini belirtmek
icin .05 alfa seviyesi ile karsilastirilir. Eger elde edilen p-degeri .05'den kiigiikse, bu madde yanlilik
(DMF) belirtiyor denilir ve bos hipotez (null hypothesis) reddedilir, yani referans ve odak gruplarinin
bu maddeye esit sekilde dogru cevap verme olasiliklar: yoktur. Ama, p-degeri .05'den biiyiikse, bos
hipotez kabul edilir ve bu maddenin yanlilik belirtmedigi sonucuna varilir (Shealy ve Stout, 1993). Tablo
6, TIMSS 2015 sinavinda Tablo 7 ise TIMSS 2019 sinavinda DMF belirten maddeleri ve bu maddeler i¢in
yukarida belirtilen parametreleri gostermektedir.

Tablo 6. Tiirkiye'de 8. sinif diizeyinde cinsiyet tizerinden madde yanlili§1 (DMF) belirten TIMSS 2015 matematik
sorular.

TIMSS Yer aldig1

Sorular1 kitapgik Beta Tahmini Standart Hata 12 p-degeri
MO042182 1 -0.1575 0.0643 5.9984 0.0143*
MO042240 1 0.1226 0.0586 4.3721 0.0365*
MO042164 1 0.1948 0.0674 8.3536 0.0038**
MO062202 1 0.1753 0.0668 6.8925 0.0087**
MO062115 3 -0.1172 0.0515 5.1740 0.0229%
M042023 5 0.2418 0.0893 7.3332 0.0068**
MO042015 7 0.2041 0.0642 10.1057 0.0015**
MO042114B 7 -0.1339 0.0619 4.6817 0.0305*
MO042074A 7 0.1471 0.0701 4.4011 0.0359*
MO042261 7 0.1764 0.0672 6.8916 0.0087**
M062244 7 0.2273 0.0741 9.4015 0.0022**
M062300 7 0.1605 0.0677 5.6195 0.0178*
M052413 9 0.1086 0.0539 4.0590 0.0439*
M052134 9 -0.1430 0.0586 5.9676 0.0146*
M062150 9 -0.1532 0.0538 8.1121 0.0044**
M062335 9 0.1377 0.0656 4.4022 0.0359*
M062133 9 0.1094 0.0557 3.8635 0.0493*
MO052215 11 0.2160 0.0542 15.8642 0.0001***
MO052067 11 0.1171 0.0596 3.8623 0.0494*
M062320 11 0.1565 0.0498 9.8833 0.0017**
M052125 13 0.1922 0.0529 13.1747 0.0003***
MO052229 13 0.1552 0.0712 4.7576 0.0292*
M052063 13 0.1508 0.0557 7.3187 0.0068**
M052161 13 0.1489 0.0639 5.4381 0.0197*
M062192 13 0.1576 0.0489 10.3780 0.0013**

*p<.05, *p<.01, **p<.001
Tablo 6’da goriildiigii tizere TIMSS 2015 sinavinda yer alan sekizinci sinif matematik sorulari
tizerinde yapilan Degisen Madde Fonksiyonu (DMF) analizine gore, toplam 224 sorudan 25'inin

yanlilik gosterdigi (DMF igerdigi) tespit edilmistir. Bunlardan sadece 5 tanesi odak grubu (erkek
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ogrenciler) lehine, kalan 20 tanesi ise referans grubu (kiz 6grenciler) lehine yanlilik ifade etmektedir. Bu
da demek oluyor ki, TIMSS 2015 sinavinda yer alan 8. sinif matematik sorularinin sadece %2,2’si erkek
ogrenciler lehine, %8,9'u ise kiz 6grenciler lehine yanhlik belirtmektedir. Dogal olarak, toplamda tiim
sorularin %11,1'i madde yanlilig1 (DMF) ifade etmektedir. Asagida benzer sekilde TIMSS 2019 sinav1

iizerinde yapilan DMF analizinin sonuglar1 da verilmistir.

Tablo 7’de goriildiigii tizere TIMSS 2019 sinavinda yer alan sekizinci sinif matematik sorulari
tizerinde yapilan Degisen Madde Fonksiyonu (DMF) analizine gore, toplam 259 sorudan 15'inin
yanlilik gosterdigi (DMF igerdigi) tespit edilmistir. Bunlardan 6 tanesi odak grubu (erkek 6grenciler)
lehine, kalan 9 tanesi ise referans grubu (kiz 6grenciler) lehine yanlilik ifade etmektedir. Bu da demek
oluyor ki, TIMSS 2019 simavinda yer alan 8. sinif matematik sorulariin %2,3'ii erkek 6grenciler lehine,
%3,5'1 ise kiz 6grenciler lehine yanlilik belirtmektedir. Bu da, toplamda tiim sorularin %5,8 inin madde
yanliligi (DMF) ifade ettigini belirtmektedir.

Tablo 7. Tiirkiye'de 8. sinif diizeyinde cinsiyet iizerinden madde yanlili§1 (DMF) belirten TIMSS 2019 matematik
sorular.

TIMSS 2019 Yer aldig:

Sorulari kitapcik Beta Tahmini Standart Hata %2 (ki-kare) p-degeri
ME52125 1 0.3172 0.1577 4.0458 0.0443*
ME52229 1 0.4575 0.2318 3.8951 0.0484*
ME52146A 1 0.3286 0.1458 5.0783 0.0242*
ME72178C 3 0.3293 0.1212 7.3884 0.0066**
ME72027 3 -0.3409 0.1198 8.1005 0.0044**
ME52502B 5 0.2924 0.1249 5.4755 0.0193*
ME62345AB 9 0.2600 0.1250 4.3286 0.0375*
ME62171 11 0.2931 0.0988 8.8074 0.0030**
ME72221 11 -0.2315 0.0814 8.0892 0.0045**
ME62341 13 -0.2324 0.1068 4.7369 0.0295*
ME62242 13 -0.2468 0.1007 6.0088 0.0142*
ME72140D 13 0.2907 0.1287 5.1064 0.0238*
ME72154 13 -0.2860 0.1198 5.6974 0.0170*
ME72192 13 0.3018 0.1296 5.4232 0.0199*
ME72161 13 -0.3707 0.1415 6.8633 0.0088**

*p<.05, p<.01

Boylece, bu ¢alismanin ilk arastirma sorusunun yaniti ortaya ¢ikmustir. Ikinci arastirma sorusu
igin cevap bulmak iizere, asagida iki smavda da madde yanlilig1 tespit edilen sorularin TIMSS
kavramsal gergevesinde tanimlanan igerik ve biligsel alanlara gore dagilimlar: verilmistir. Sekil 2 igerik
alanlarina gore, Sekil 3 ise biligsel alanlara gore TIMSS 2015 ve TIMSS 2019 sinavlarinda yanlilik belirten
sorularin dagilimlarini gostermektedir. Iki sekilde de dairesel bolgeler, belirtilen igerik veya biligsel
alanindaki soru sayisina orantili olacak sekilde olusturulmustur. Bu sayede igerik alanlarina gore
yanlilik belirten soru sayilart hem 6grencilerin cinsiyeti hem de sinav yili anlaminda eszamanli olarak

karsilastirilabilmektedir. Her bir bolgede bulunan soru sayilar1 da en distaki dairelerde belirtilmistir.
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Sekil 2. TIMSS 2015 ve 2019 sinavlarinda Tiirkiye’de kiz ve erkek 6grencilerin lehine yanlilik gdsteren
8. sinif matematik sorularinin igerik alanlarina gore dagilimlari.

Sekil 2'de goriildiigii tizere, TIMSS 2019 sinavinda cinsiyete gore madde yanlilig1 belirten soru
sayis1 TIMSS 2015 sinavindakine gore onemli 6lciide bir azalma gostermistir. Igerik alanlarina ayrintili
bakacak olursak, sekilde goriildiigii tizere 2015 yilinda ne cebir ne de geometri igerik alanlarinda erkek
ogrenciler lehine yanlilik belirten soru bulunmamaktadir. Ayni yilda, sayilar ve veri ve sans alanlarinda
ise kiz 6grenciler lehine yanhlik belirten soru sayisi erkek 6grencilere nispeten fazladir. 2019 yilia
gelindiginde ise kiz ve erkek Ogrenciler lehine yanlilik belirten soru sayilarinda bir dengelenme
goriilmektedir. Buradaki dengenin kiz 6grenciler lehine yanlilik belirten soru sayisindaki gozle goriiliir
azalmadan kaynaklandigini sdylemek miimkiin olabilir. Yukarida da belirtildigi {izere geometri igerik
alaninda yine erkek 6grenciler lehine yanlilik belirten soru bulunmamaktadir. Cebir igerik alaninda
2015 yilinda 4 soru kiz 6grenciler lehine yanlilik belirtirken 2019 yilinda sadece bir soru bulunmaktadir.
Diger bir yandan, 2015 yilinda bu igerik alaninda erkek ogrenciler lehine yanhilik belirten soru
bulunmazken, 2019 yilinda 3 soru erkek ogrenciler lehine yanlilik belirtmistir. 2019 yilinda erkek
ogrenciler lehine sadece 6 sorunun yanllik belirttigi diisiiniiliirse, bu énemli bir degisimdir. Ozetle,
geometri icerik alam iki sinavda da erkek 6grenciler lehine yanlilik belirtmemesi ile 6n plana ¢ikarken;
cebir igerik alani ise 2015 yilinda erkek 6grenciler lehine yanlilik belirtmezken, 2019 yilina gelindiginde
erkek Ogrenciler lehine kiz ogrencilere nispeten daha ¢ok yanlilik belirten bir alan olarak

gozlemlenmektedir. Sekil 3 ise belirtildigi iizere yine ayni sorularin bu kez biligsel alanlar yoniinden

dagilimin gostermektedir.
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Sekil 3. TIMSS 2015 ve 2019 sinavlarinda Tiirkiye’de kiz ve erkek 6grencilerin lehine yanlilik gdsteren
8. sinif matematik sorularinin bilissel alanlara gore dagilimlari.

Sekil 3'de goriildiigii tizere, TIMSS 2015 sinavinda madde yanlilig: belirten sorularin bilissel
alanlara gore dagilimi incelendiginde, yine kiz &grenciler lehine yanlilik belirten sorularin erkek
ogrencilere nispeten bir agirhgindan sz etmek miimkiindiir. Ozellikle akil yiiriitme biligsel alaninda
erkek ogrenciler lehine yanlilik belirten herhangi bir soru bulunmamaktadir. 2019 yilina gelindiginde
ise igerik alanlarina benzer sekilde, bilissel alanlarda da yanlilik ifade eden sorularin cinsiyetler arasinda
dengeli bir dagilim gosterdigi goriilmektedir. Burada erkek dgrenciler lehine yanlilik belirten sorularda
onemli dl¢iide bir degisiklik bulunmamaktadir. 2019 yilina gelindiginde olusan bu dengeli durum, kiz
ogrenciler lehine yanlilik belirten soru sayisindaki énemli 6l¢iide gozlemlenen diisiistiir. Bu sekillere ek
olarak, Ek 1 ve Ek 2’de iki sinavda da yanlilik belirten sorularin igerik ve biligsel alanlara gore
dagilimlarina ek olarak, igerik konular1 ve soru basliklar: da verilmistir. Bu konuda ¢alismalar yapmak

isteyecek arastirmacilar i¢cin 6nemli bir kaynak olusturabilir.
Tartisma, Sonug ve Oneriler

Matematik basaris1 anlaminda Tiirkiye genel olarak 2015 yilindan 2019 yilina gelindiginde 8.
siif matematik alaninda TIMSS smavinda 46 katilimc arasindaki 29. siradaki yerini (Mullis ve
digerleri, 2016) yine 46 katilimci arasinda 24. siraya (Mullis ve digerleri, 2020) yiikseltmistir. Basar1 artist
gozlemlenirken kiz ve erkek 6grenciler arasinda genel ortalama puan anlaminda iki sinavda da anlaml
Olctide bir fark goriilmemektedir (Tablo 2). Bu durum PISA 2006 sonuglar1 (Alacact ve Erbas, 2010;
Demir ve digerleri, 2010; Dinger ve Kolasin, 2009) ve PISA 2009 sonuglar1 (Giirsakal, 2012) tizerine
Tiirkiye hakkinda yapilan calismalarin bulgulariyla ortiismemektedir. Bahsedilen ¢alismalarda kiz
ogrencilerin erkek 6grencilere nispeten anlamli dl¢iide daha basarili olduklar1 goézlemlenmistir. Diger
bir yandan, TIMSS 2007 Tiirkiye sonuglar1 iizerine yapilan bir calismaya gore ise cinsiyet 6grenci

basaris1 agisindan notr bir gosterge olarak belirtilmistir (Atar, 2011). Uluslararast veriler yerine
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okullarda kendi 6rneklemlerini olusturmak suretiyle yapilan ¢alismalarda da yine benzer sekilde kiz ve
erkek 6grenciler arasinda anlamli bir basar1 farki gézlemlenmemistir (Aksu, 2001; Isiksal ve Askar,
2005). Sonug olarak, PISA Tiirkiye sonuglarindan farkli olarak TIMSS 2015 ve 2019 sinavlarinda kiz ve
erkek Ogrenciler arasinda matematik performansi yoniinden anlamli bir farklilik yoktur. Ancak yine
Tablo 2’de belirtildigi gibi, TIMSS 2015 ve 2019 sonuglarina igerik ve bilissel alanlar agisindan bakacak
olursak, hem katilima {ilkeler genelinde hem de Tiirkiye 6zelinde kiz ve erkek 6grenciler arasinda
anlamli 6l¢iide farklar oldugunu goézlemleyebiliriz. Genel anlamda fark bulunmadig: halde igerik ve
biligsel alanlar yoniinden ortaya ¢ikan bu farkliliklar, sorularin yapisindan kaynakli yanlilik olma

durumunu destekleyebilir.

Yiiriitiilen bu ¢alismanin bir sonucu olarak, TIMSS 2015 sinavinda yer alan sekizinci simf
matematik sorulari tizerinde yapilan Degisen Madde Fonksiyonu (DMF) analizine gore, toplam 224
sorudan 25’inin yanlilik gosterdigi (DMF icerdigi) tespit edilmistir. Bunlardan sadece 5 tanesi odak
grubu (erkek 6grenciler) lehine, kalan 20 tanesi ise referans grubu (kiz 6grenciler) lehine yanlilik ifade
etmektedir. Ek olarak, TIMSS 2019 sinavinda yer alan sekizinci sinif matematik sorularinda ise, toplam
259 sorudan 15’inin yanlilik gosterdigi (DMF icerdigi) tespit edilmistir. Bunlardan 6 tanesi odak grubu
(erkek Ogrenciler) lehine, kalan 9 tanesi ise referans grubu (kiz ogrenciler) lehine yanlilik ifade
etmektedir. Bu ¢calismada DMF analizi yapilirken Klasik Test Teorisine gore olusturulan yontemlerden
ziyade Madde Tepki Kuramina gore olusturulmus olan SIBTEST prosediirii kullanilmistir. Onceki
arastirmalarda da belirtildigi {izere (Hambleton ve Jones, 1993; Kan ve digerleri, 2013; Karakaya, 2012;
Kelecioglu ve digerleri, 2014) bu sekilde daha hassas DMF olctimleri yapildigr da unutulmamalidir.
Sonug olarak, TIMSS 2015 sinavindaki sorularin %11,1'i (%2,2’si erkek, %8,9u kiz 6grenciler lehine),
TIMSS 2019 sinavindaki sorularin ise %5,8'i (%2,3'ii erkek, %3,5'i kiz &grenciler lehine) farkli
cinsiyetlerde yanlilik belirtmistir. Erkek oOgrenciler agisindan baktigimizda yanhilik belirten soru
ylizdelerinde onemli bir degisiklik gozlemlenmezken, kiz 6grenciler agisindan durum énemli dlgiide
bir azalma olarak karsimiza ¢ikmaktadir. Ancak 2019 yilinda halen kiz 6grenciler lehine yanlilik belirten
soru sayist erkek Ogrencilerden fazladir. Boylece, igerik ve bilissel alanlar yoniinden bu sorularin

incelenmesi gerekliligi bir kez daha ortaya ¢ikmustir.

Bu ¢alismada yapilan DMF analizinin bir sonucu olarak TIMSS 2015 ve TIMSS 2019 sinavlarinda
kullanilan matematik sorularinin Tiirkiye’deki 8. sinif kiz veya erkek 6grenciler lehine yanlilik belirtip
belirtmedigine ek olarak yanlilik belirten sorularin yine TIMSS kavramsal ¢ercevesinde belirtilen igerik
ve biligsel alanlar yoniinden dagilimi da incelenmistir (Sekil 2). Igerik alanlari yoniinden yapilan

incelemeye gore,

— Geometri igerik alan1 iki snavda da erkek 6grenciler lehine yanlilik belirtmemesi ile 6n plana

cikarken,
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— Cebir igerik alari ise 2015 yi1linda erkek 6grenciler lehine yanlhilik belirtmezken, 2019 yilina
gelindiginde erkek 6grenciler lehine kiz 6grencilere nispeten daha ¢ok yanlilik belirten bir alan olarak

gozlemlenmektedir.

Burada ilk olarak Bakan-Kalaycioglu ve Kelecioglu'nun (2011) OSS sinavi {izerine yaptiklari
DMF analizi galismasi akla gelmektedir. Caligmalarinda, 2005 yilinda uygulanan OSS sinavinda
kullanilan 45 matematik sorusundan iig tanesinde yanlilik belirlemislerdir. Iki adet geometri sorusunun
erkek Ogrenciler lehine, bir adet cebir sorusunun ise kiz Ogrenciler lehine yanlilik belirttigini
bulmuslardir. Ek olarak, Tiirkiye disinda bu alanda yapilan ¢alismalarda da yine erkek 6grencilerin
geometri, kiz 6grencilerin de cebir alaninda kars: cinslere gore daha basarili olduklar: belirtilmektedir
(Lane ve digerleri, 1996; McGraw ve digerleri, 2006). TIMSS 2015 sinavinda kullanilan 224 sorunun 43’1,
TIMSS 2019 sinavinda ise 259 sorunun 54'ii geometri igerik alamina aittir (Sekil 1). Tlging bir sekilde bu
iki smnavda da kullanilan hicbir geometri sorusu erkek 6grenciler lehine yanlilik belirtmemektedir.
Benzer sekilde, TIMSS 2015'de 64, TIMSS 2019°da da 69 soru cebir igerik alanina aittir. 2015 yilinda da
yine erkek 6grenciler lehine hicbir cebir sorusu bulunmazken, 2019 yilinda bu durum tersine donmiis
ve DMF belirten dort cebir sorusundan iigii erkek dgrenciler lehine yanlilik belirtmektedir. Bu anlamda,
hem Bakan-Kalaycioglu ve Kelecioglu'nun (2011) ulusal yerlestirme sinavi tizerindeki bulgular1 hem de
Tiirkiye disinda yapilmis olan ¢alismalarin bulgulariyla (Lane ve digerleri, 1996; McGraw ve digerleri,
2006) bu ¢alismanin TIMSS {iizerine bulgularinin ortiismedigi goriilmektedir. Hem Tiirkiye hem de
Tiirkiye disindaki 6rneklemlerle yapilan ¢alismalarla bu ¢alismanin bulgularinin 6rtiismemesi TIMSS
sinavinda kullanilan sorularin Tiirkiye’deki 8. siuf kiz ve erkek ogrenciler tizerinde farkl sekillerde

etki edebilecegini ortaya koymaktadir.

Diger bir yandan, TIMSS 2015 ve TIMSS 2019 sinavlarinda kullanilan sorular ayni zamanda

biligsel alanlar agisindan da incelenmistir (Sekil 3). Sonug olarak,

— TIMSS 2015 sinavinda, kiz 6grenciler lehine yanlilik belirten sorularin erkek 6grencilere
nispeten bir agirhgindan s6z etmek miimkiindiir. Ozellikle akil yiiriitme biligsel alaninda erkek

ogrenciler lehine yanlilik belirten herhangi bir soru bulunmamaktadir.

— 2019 yilina gelindiginde ise igerik alanlarina benzer sekilde, biligsel alanlarda da yanlilik

ifade eden sorularin cinsiyetler arasinda dengeli bir dagilim gosterdigi goriilmektedir.

Burada akil yiiriitme alani erkek 6grenciler lehine 2015 yilinda hicbir soru igermemesi ile 6n
plana ¢ikmistir. Bu durum igerik alanlardaki durumun aksine Onceki g¢alismalarin bulgulariyla
ortiismektedir. Zira kiz 6grencilerin akil yiiriitme problemlerinde erkek Ogrencilere nispeten daha
basarili olduklar1 6nceki arastirmacilar tarafindan ortaya konulmustur (Friedman, 1996; Ryan ve Chiu,
1996). Ek olarak, 2015 yilinda ortalama puan olarak {i¢ biligsel alanda da Tiirkiye'de kiz ve erkek
Ogrenciler arasinda TIMSS smavinda anlamli bir puan fark: gézlemlenmemistir (Tablo 2). Ancak 2019

yilina gelindiginde bilme ve akil yiiriitme bilissel alanlarinda istatistiksel olarak kiz 6grencilerin anlaml



Sadak, M.

Olciide erkek 6grencilere nispeten daha yiiksek ortalama puana sahip olduklar goriilmektedir. Diger
bir yandan ise TIMSS 2015’de biligsel alanlar yoniinden kiz 6grenciler lehine daha ¢ok yanlilik belirten

soru bulunmaktayken, 2019’da bu durum dengelenmistir.

Ister TIMSS 2015 isterse de TIMSS 2019 smavlari olsun, bu smavlarda kullanilan sorularin
icerikleri maalesef tamamaiyla agik veri olarak paylasilmamaktadir. Bu agidan, 6zellikle bu ¢alismanin
bulgular1 dogrultusunda geometri ve cebir igerik alanlari ile akil yiiriitme bilissel alani Tiirkiye’de kiz
ve erkek 6grenciler arasinda yanlilik belirtme durumu agisindan daha detayh sekilde ele alinmalidir.
Bu alanlarin 6zellikle ders kitaplarinda kullanilan sorular itibariyle cinsiyet agisindan incelenecegi ve
bu alanlara yonelik kiz ve erkek 6grencilerin tutumlarina yonelik yapilacak arastirmalar alan yazina
katki saglayacaktir. Ozellikle de Tiirkiye hem de Tiirkiye disinda drneklemler iizerinde yapilan
calismalar neticesinde geometri igerik alani erkek 6grencilerin cebir igerik alani ise kiz 6grencilerin daha
bagarili olduklar1 veya yanlilik belirten sorularin bu minvalde yanliliga sahip olduklar1 alanlar olarak
gozlemlenmekte iken TIMSS 2015 ve TIMSS 2019 sonuglar1 bu durumun tam olarak aksini ortaya
koymustur. Bu anlamda 6zellikle de bu iki icerik alaninin ders kitaplarinda, derslerin islenisi sirasinda,
vs. farkli cinsiyetler agisindan nasil ele alindiginin ayrintili incelenecegi calismalar bu calismanin
devaminda faydali olacaktir. Ek 1 ve Ek 2'de bu ¢alismada yanlilik belirttigi sonucuna varilan sorularin
igerik ve bilissel alanlar yoniinden dagilimina ek olarak, yine bu sorularin igerik konular1 ve soru
basliklar1 da saglanmistir. Bu konuda yapilacak olan calismalara katki saglamasi bakimindan dileyen

arastirmacilar ¢cekinmeden kullanabilirler.
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Introduction

International assessments such as the Trends in International Mathematics and Science Study
(TIMSS) created by the International Association for the Evaluation of Educational Achievement (IEA)
and the Programme for International Student Assessment (PISA) created by the Organization for
Economic Co-operation and Development (OECD) show countries their performance in mathematics
and science among other participating countries (Akytiz, 2014; Akyiiz and Berberoglu, 2010; Dogan and
Baris, 2010; Incikabs, 2012). These assessments have been used since the 1960s (Yildirim, Yildirim,
Ceylan, Yetisir and Ajans, 2013). The results obtained from international educational assessments
provide countries a perspective in order to shape their education policies to improve the performance
of students depending on how the results are interpreted (Akyiiz, 2006; Akytiz, 2014; Akyiiz and
Berberoglu, 2010; Bilican, Demirtash and Kilmen, 2011; Dogan and Baris, 2010; Incikabr, 2012). For this
reason, countries participate in these international assessments to monitor the progress of their students'
achievement in the international environment and to investigate the factors affecting their achievement
(Akyiiz, 2014; Dogan and Baris, 2010; Incikabi, 2012). By understanding these factors and comparing
education systems with others, education policymakers can evaluate their decisions, identify problems

and develop more effective policies (Akyiiz and Berberoglu, 2010; Bilican et al., 2011).

TIMSS is an international assessment repeated every four years to evaluate the performance of
4t and 8 grade students in participating countries around the world in the fields of mathematics and
science (Dogan and Baris, 2010; Incikabs, 2012). Turkey participated in this assessment for the first time
in 1999. While Turkey participated in the evaluation in 1999 only at the eighth-grade level, Turkey did
not participate in 2003 and participated in 2007 at the eighth-grade level again. By 2011, Turkey has
started to participate in both the fourth- and eighth-grade levels (Bilican et al., 2011; Erkan, 2013; Giiner,
Sezer and ispir, 2013) and has continued to participate in 2015 (Mullis, Martin, Foy and Hooper, 2016)
and 2019 (Mullis, Martin, Foy, Kelly and Fishbein, 2020). Unlike the other years, in 2019, Turkey also
participated in this assessment electronically. Turkey’s position relative to other participants during the

years of participation is given in Table 1.
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Table 1. Turkey’s position in TIMSS assessments among other participants across years

4t grade 8t grade
Ranking  Number of  Ranking  Number of
of Turkey Participants of Turkey Participants

TIMSS 1999 (Akyiiz, 2006) - - 31 38

TIMSS 2007 (Martin, Mullis and Foy, 2008) - - 37 67 (8)
TIMSS 2011 (Mullis, Martin, Foy and Arora, 2012) 40 60 (8) 37 59 (14)
TIMSS 2015 (Mullis et al., 2016) 41 57 (7) 29 46 (7)
TIMSS 2019 (Mullis et al., 2020) 26 64 (6) 24 46 (7)

Note: The numbers given in parentheses indicate the regions that specifically participated from some countries
among the total participants (benchmarking participants).

As can be seen in Table 1, Turkey has relatively improved its position over the years. Especially
with its performance in 2015 and 2019, Turkey has entered a development trend compared to other
years. It is especially important to be able to meaningfully read the changes in these two years in order
to maintain the increase in the following years. In this sense, in the mathematics section of the TIMSS
international assessment, which is organized to reveal the achievement of the students among other
countries and the reasons behind the success or failure, the development of student success in both
content and cognitive domains can be observed. In this assessment, the items are formed in terms of
certain content and cognitive domains. While the content domains of the eighth-grade items
were numbers, algebra, geometry, and data and chance in the TIMSS 2015, the data and chance sub-content
domain was changed to data and probability in the TIMSS 2019. On the other hand, cognitive domains
are stated as knowing, applying, and reasoning in both years (Gronmo, Linquist, Arora and Mullis, 2013;
Martin, Mullis and Foy, 2017). The targeted percentage distributions of these content and cognitive
domains in terms of the items and the actual number of items (in parentheses) in the TIMSS 2015 and
TIMSS 2019 are given below (Figure 1). There are 224 eighth-grade mathematics items in TIMSS 2015
and 259 eighth-grade mathematics items in TIMSS 2019. The items in TIMSS 2019 are the ones used in

the newly created electronic assessment.

p

/sam o / y ﬁa/!a and

/ Chance (49) / Prpbabilityi Reasoning oo Reasoning Koowine
£ 20% | Number(68) &% | Number@) (54) o4 61) o
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Geometry (43) ~ Geometry (54)
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Algebra (64) Algebra (69) Applying (96) Applying (121)
30% 30% 40% o

TIMSS 2015 TIMSS 2019 TIMSS 2015 TIMSS 2019

Content Domains Content Domains Cognitive Domains Cognitive Domains

Sekil 1. The targeted (%) and actual (in parentheses) distributions of the 8th grade mathematics items
used in TIMSS 2015 and TIMSS 2019 in terms of content and cognitive domains (derived from
Gronmo et al., 2013 and Martin et al., 2017)
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Gender and Mathematics Achievement

The factors affecting student achievement is one of the subjects that researchers are interested
in. In particular, factors related to students and families (e.g., Akyiiz, 2014; Atar, 2011; Demir, Kili¢ and
Unal, 2010), factors related to school (e.g., Demir et al., 2010; Engin-Demir, 2009; Kili¢, Cene and Demir)
, 2012), and the ones related to teachers (e.g., Aaronson, Barrow and Sander, 2007; Clotfelter, Ladd and
Vigdor, 2007; Clotfelter, Ladd and Vigdor, 2010; Hill, Rowan and Ball, 2005; Nye, Konstantopoulos and
Hedges, 2004; Stronge, Ward and Grant, 2011) have attracted the attention of researchers. Among these
factors, the student gender has also taken its place in the literature as an important factor affecting
achievement. Especially in studies carried out to model student achievement, the gender factor was
considered as a control variable and was included in the analyses by controlling its effect on student
achievement while examining the effect of other factors in terms of student achievement (e.g., Aaronson
etal., 2007; Boyd, Grossman, Lankford, Loeb, and Wyckoff)., 2005; Clotfelter et al., 2010; Goldhaber and
Anthony, 2007; Hill et al., 2005; Jacob and Lefgren, 2002; Rowan, Chiang and Miller, 1997; Stronge et al.,
2011). In studies conducted in Turkey, on the other hand, gender creates a dilemma in terms of
mathematics achievement. While some researchers have determined that student gender is a factor that
plays an important role in mathematics achievement (Alacact and Erbas, 2010; Demir et al., 2010; Dinger
and Kolasin, 2009; Giirsakal, 2012; Kilig et al., 2012), some researchers stated opposite results indicating
that there is no connection between gender and mathematics achievement (Aksu, 2001; Atar, 2011;
Isiksal and Asgkar, 2005). Studies generally considered gender as a factor affecting student achievement

and tried to explain student success in terms of gender along with other variables.

In order to see the differences in mathematics performance between the genders, the average
achievement scores of all participant countries by gender are given below in terms of both content and
cognitive domains, based on TIMSS 2015 and TIMSS 2019 data (Table 2). Table 2 also gives the mean

scores for Turkey in these years.

Table 2. Turkey and TIMSS overall mean achievement scores in content and cognitive domains in terms of gender
at eighth-grade in TIMSS 2015 and TIMSS 2019

Turkey 2015 TIMSS 2015 Turkey 2019 TIMSS 2019

Female Male Female Male Female Male Female Male

Numbers 461 455 484 491* 496 490 493 497*
Content Algebra 443 452* 492* 481 503* 482 503* 493
Domains Geometry 469* 450 487* 480 496* 483 499* 495
Data and Chance 472* 454 481* 479 506 498 490 489
... Knowing 470 464 488* 485 503* 485 499* 494

Cognitive .

Domains Applying 450 444 486 486 494 488 497 496
Reasoning 461 458 487 482 511* 497 501* 497
Overall Mean 461 455 488* 485 501 490 491 488

*Significantly higher than the other gender (at .05 level)
(Derived from the National Center for Education Statistics, 2021 and Mullis et al., 2020)

As seenin Table 2, when looking at the overall mean scores, no statistically significant difference

was observed between the mean scores of male and female students neither in terms of all TIMSS
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participants nor in terms of Turkey (except for TIMSS 2015). In terms of content and cognitive domains,
it has been observed that female students generally have relatively higher mean scores in content and
cognitive domains than male students, in terms of the mean score of all countries participated in the
TIMSS. Looking at the mean scores of all participating countries, both in 2015 and 2019, male students
only outperformed female students significantly on average in the number content domain in 2015. In
terms of cognitive domains, it was observed that female students were statistically significantly more
successful than male students in cognitive domains of knowing and reasoning, while male students

were relatively more successful than female students in the field of applying sub-domain.

When Table 2 is analyzed for Turkey in terms of content domains, female students have
significantly higher mean scores than male students in geometry and data and chance content domains
while male students have higher mean scores than female students in the algebra sub-content
domain. In 2015, no significant difference was observed between male and female students in Turkey
in the cognitive domains. When it comes to 2019, it is seen that female students have higher mean scores
in content and cognitive domains than male students in Turkey, similar to the other participant
countries. However, male students did not have significantly higher scores than female students in any
of the content and cognitive domains. In addition, there is no significant difference between these two
genders in terms of overall mean scores of either in Turkey or other countries, but there is a positive
trend especially for female students in the content and cognitive domains. In this sense, it is important

to read the achievement differences between the genders in terms of content and cognitive domains.

When looking at the previous studies in this sense, according to a study conducted on 69
countries that participated in the TIMSS and PISA, it was seen that male students exhibited relatively
more positive attitudes towards mathematics than female students although there was not much
difference indicated between them in terms of achievement (Else-Quest, Hyde and Linn, 2010). The
important question is whether this attitude was reflected in their achievement? In this respect, it is
necessary to mention the other studies carried out in the content and cognitive domains of
mathematics. In terms of content domains, studies were stating that male students were more successful
than female students in geometry, and female students were more successful in algebra than male
students (Lane, Wang and Magone, 1996; McGraw, Lubienski and Strutchens, 2006). In terms of
cognitive domains, previous researchers have shown that female students were more successful than

male students in reasoning problems (Friedman, 1996; Ryan and Chiu, 1996).

It is also necessary to mention the studies conducted using the Turkish sample. When looking
at the studies examining the relationship between gender and mathematics achievement, especially
those who use the data of international exams, Alacaci and Erbas (2010) using Hierarchical Linear
Modeling (HLM) on PISA 2006 results found that gender was an important indicator of success. The

results they obtained showed that male students were more successful than female students. Demir et
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al.'s (2010) study on PISA 2006 results, again using HLM, supported this finding that male students had
better scores in mathematics. Dinger and Kolasin (2009), in addition, found that female students had an
average score of 14 points lower than male students in the mathematics test in PISA 2006; however, they
stated that they had an average of 32 points higher than male students in the reading test. In PISA 2009,
the results regarding the gender of students were again similar for Turkey. The gender of the students
has a significant effect on the mathematics achievement of the students (Kilig et al., 2012). In addition to
their success, it was stated that male students were expected to perform higher than female students in

terms of self-expectations in the PISA 2009 (Giirsakal, 2012).

On the other hand, according to the model created based on Item Response Theory (IRT) in
TIMSS 2007, the gender variable was found to be a neutral indicator of students' mathematics
achievement in Turkey (Atar, 2011). Again, according to Aksu's (2001) study on students studying at a
private school in Ankara, no significant relationship was found between the gender of the students and
their performance. In addition, Isiksal and Askar's (2005) study conducted on 64 seventh-grade students
in Turkey stated that there was no significant difference between the genders in terms of average scores

neither in terms of their mathematics performance nor of their mathematical self-confidence.

In summary, results of some studies indicated that male students were more successful
especially in the PISA in Turkey than female students (Alagaci and Erbas, 2010; Demir et al., 2010; Dinger
and Kolasin, 2009; Kili¢ et al., 2012; Giirsakal, 2012) while some other studies stated that there was no
significant connection between student gender and their achievement (Aksu, 2001; Atar, 2011; Isiksal
and Askar, 2005). On the other hand, when the results of TIMSS 2015 and TIMSS 2019 were examined
in terms of overall mean scores, no significant difference was observed between female and male
students. However, it was seen that female students had relatively significantly higher scores than male
students in terms of the mean scores calculated for content and cognitive domains across the participant
countries or in Turkey in particular. According to previous studies, it has been observed that male
students are more successful in geometry and female students in algebra content (Lane et al., 1996;
McGraw et al., 2006). In addition, it was stated by previous researchers that female students are more

successful than male students in the reasoning cognitive domain (Friedman, 1996; Ryan and Chiu, 1996).
Gender Bias in Exams

One of the ways to understand the difference between the mathematics achievement of female
and male students is to examine the structure of the items used in the exams and to identify possible
biases. As mentioned above, the mathematics performances of these two groups of students, measured
with different measurement tools, differ. The possibility that the performance differences between these
two genders stem from the structure of the items used in the assessments should not be
ignored. According to the Differential Item Functioning (DIF) analysis conducted by Bakan-Kalaycioglu

and Kelecioglu (2011) to determine the items showing bias between genders on the Student Selection
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Examination (OSS) administered in Turkey in 2005, three mathematics items showed potential bias in
the mathematics subtest consisting of 45 items, while one of them was an algebra item, two of them
were geometry. Detection of DIF indicates the possibility that the items may show bias towards one of
the groups. As a result, an algebra item showed DIF in favor of female students, while two geometry
items showed DIF in favor of male students. DIF analysis is a method used in this study as well, and it
is a special statistical method used to detect items that may indicate bias. In the method section of the

study, detailed information about this analysis technique is provided.

In addition, Karakaya (2012) determined DIF in two items according to the DIF analysis they
conducted on the mathematics items in the Placement Exam (SBS), which was applied in 2009 and which
eighth-grade students attend in order to enter high schools in Turkey. However, as a result of expert
opinion, these items were not in favor of any gender in terms of item bias. In the mentioned study, the
Mantel-Haenszel method, which was created according to the Classical Test Theory (CTT), was
preferred. Again, in another DIF study applied for the SBS exam in 2009, three different DIF analysis
methods were used to examine whether the mathematics items indicate bias in terms of gender and
school types (Kelecioglu, Karabay and Karabay, 2014). In the aforementioned study, it was concluded
that DIF was stated in 14 out of 20 mathematics items, but it was concluded that 3 of them did not
constitute a bias as a result of expert opinion. From this point of view, the importance of the method
used in the same analysis on the items of the same exam emerges. In the analysis of Kan, Siinbiil and
Omiir (2013) based on Item Response Theory (IRT) rather than CTT, again on the SBS exam but with
the format applied in 2011, 20 of the 20 math items according to the Lord's method were also analyzed.
According to the Raju method, they found a bias in favor of male or female students in 15 of them. While
CTT is based on a reporting system on students' scores or predicted scores in a test, on the contrary, IRT
is based on the logic of making connections over students' skill levels and the characteristic values of
each item in the test (Hambleton and Jones, 1993). Hambleton and Jones (1993) also stated that for these
two theories, the assumptions required for CTT were weak, that is, it is easier to provide the
assumptions necessary to make analyzes for this theory, but the assumptions required for IRT were
much stronger. For this reason, an IRT-based DIF analysis seems to be more sensitive when detecting

possible biases in items.

As a result, while no significant difference was observed between genders in terms of
mathematics performance in experimental studies conducted by creating a sample in Turkey,
differences were revealed between these two genders in terms of mathematics performance, especially
in national and international exams (especially TIMSS and PISA). In this sense, the observation of these
differences, which are not observed in experimental studies, in studies at the national or international
level may also be related to the structure of the items used in the exams. On the other hand, according
to TIMSS and PISA results in Turkey, the success of male or female students varies. In this sense,

according to the studies, the results of which are given in detail above, and which examine the biases of
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different genders in terms of item structures, it was seen that mathematics items showed bias in exams
used for placement purposes, especially in Turkey. As a matter of fact, in the studies indicating bias on
the national exams, the performance differences between the genders in Turkey that may be caused by
the item structures have been examined by the researchers. However, there were not enough studies
that reveal these biases by using international exam data on students in Turkey. Considering the
differences in achievement among students in different genders in these areas (Friedman, 1996; Lane et
al., 1996, McGraw et al., 2006; Ryan et al. Chiu, 1996), the need for a study that reveals the biases of the
items used in the assessments in terms of the content and cognitive domains specified in the assessments

emerges more clearly.

For this purpose, in this study, it was aimed to determine the item biases of the eighth-grade
mathematics items used in the TIMSS 2015 and TIMSS 2019 international assessments in Turkey in terms
of male and female students. In other words, it was aimed to reveal the situations where the items used
in the assessments yield advantages or disadvantages for students of different genders. Although it is
accepted that these two groups of students theoretically have an equal level of knowledge on the
structures that the assessment items aim to measure, differences can be observed in the answers due to
the structure of the items. Especially the differences in the approaches of male and female students to
the mathematics lesson and the closeness of the expressions used in the items to these different
approaches may play a role in the different behavior of the items between these two genders. Therefore,
this study aimed to reveal the eighth-grade mathematics items of TIMSS 2015 and TIMSS 2019, which
work differently on groups of female and male students in Turkey, with a special analysis
method, Differential Item Functioning (DIF). As a result of this analysis, it was aimed to determine the
mathematics items that functioned biasedly for male and female students and to reveal whether these
items have a distinguishable feature in terms of the content and cognitive domains determined in the
TIMSS assessment. Although it is not possible to say that the biases in the items may only be caused by
gender, it would be helpful to examine the content and cognitive domains of these items in more detail

in terms of gender. Thus, the study is shaped around the following research questions:

— Do eighth-grade mathematics items used in TIMSS 2015 and TIMSS 2019 international

assessments create a bias between male and female students in Turkey?

— If there are items found to be biased, what are the characteristics of these items in terms of

content and cognitive domain specified in the TIMSS 2015 and TIMSS 2019 conceptual frameworks?
Method
Data Collection

The sample of the study consisted of the participants in the mathematics section of the eighth-
grade TIMSS 2015 (Tlfemale = 1,577, Nmale = 1,481, Mtotal = 3,058) and TIMSS 2019 (Tlfemale = 1,027, Nmale = 995,

nwtal = 2,022) assessments in Turkey, total of 5,080 students who answered the odd-numbered item
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booklets. Based on the answers given by these students to a total of 438 different mathematics items,
224 for TIMSS 2015 and 259 for TIMSS 2019, it was tried to identify biased items for female or male

student groups.

Students who took the TIMSS 2015 and TIMSS 2019 assessments answered one of the 14
different booklets. There are two of the 14 different math item blocks in each booklet. The math item
blocks that students answered in both assessments, according to the booklets they received, and the

number of items in these blocks are shown below (Table 3).

Table 3. TIMSS 2015 and TIMSS 2019 eighth-grade booklets in terms of math blocks and number of items

Item Blocks TIMSS 2015 TIMSS 2019
Block-1 Block-2 Block-1 Block-2  Total Block-1 Block-2 Total
Booklet 1 MO01 MO02 17 18 35 16 24 40
Booklet 2 MO02 MO03 18 15 33 24 16 40
Booklet 3 MO03 Mo04 15 18 33 16 27 43
Booklet 4 MO04 MO05 18 19 37 27 18 45
Booklet 5 MO05 Mo06 19 15 34 18 14 32
Booklet 6 Mo06 Mo07 15 17 32 14 16 30
Booklet 7 MO07 MO8 17 15 32 16 21 37
Booklet 8 MO8 M09 15 15 30 21 18 39
Booklet 9 M09 M10 15 14 29 18 18 36
Booklet 10 M10 Mi11 14 15 29 18 15 33
Booklet 11 M11 M12 15 14 29 15 16 31
Booklet 12 M12 M13 14 16 30 16 16 32
Booklet 13 M13 M14 16 16 32 16 25 41
Booklet 14 M14 MoO1 16 17 33 25 16 41

(Derived from Martin, Mullis and Foy, 2013 and Martin et al., 2017)

As shown in Table 3, it is possible to examine all possible math item blocks when either odd- or
even-numbered booklets are examined. Starting from M01 to M14, there are a total of 14 different math
item blocks. If odd- or even-numbered booklets are used for both TIMSS 2015 and TIMSS 2019, it would
be possible to examine all possible items in terms of item bias. Therefore, it is preferred to use odd-
numbered booklets, although there is no difference. Table 4 shows the number of students who
answered each odd-numbered booklet and their gender distribution.

Table 4. TIMSS 2015 and TIMSS 2019 mathematics booklets and the gender distribution of eighth-grade students
who answered in Turkey (sample of the study)

Number of Items Number of Students
Booklet and Item TIMSS TIMSS TIMSS 2015 TIMSS 2019

Blocks 2015 2019 Female Male Total Female Male Total

Booklet 1 MO01-M02 35 40 228 207 435 157 129 286

Booklet3  MO03-M04 33 43 229 211 440 144 143 287

Booklet5  MO05-M06 34 32 229 211 440 139 149 288

Booklet7  MO07-MO08 32 37 221 211 432 152 135 287

Booklet9  M09-M10 29 36 218 217 435 140 148 288

Booklet 11  M11-M12 29 32 218 223 441 147 142 289

Booklet 13 M13-M14 32 39 234 201 435 148 149 297
Total 224 259 1,577 1,481 3,058 1,027 995 2,022
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Data Analysis

The study is quantitative in nature, and the Differential Item Functioning (DIF) technique was
used to determine the gender bias of the items. Before performing DIF, the math items in each group
should be in a unidimensional structure, as an assumption (Joreskog and Sérbom, 1996). For this reason,
firstly, Confirmatory Factor Analysis (CFA) was performed using the lavaan package (Rosseel, 2012)
over the R Studio open-source statistical program (R Core Team, 2018). After examining the uni-
dimensionality of the items in each booklet, it was used difSIBTEST module (Shealy and Stout, 1993) in

difR package (Magis, Beland, Tuerlinckx and De Boeck, 2010) to conduct DIF analysis in R environment.

Item bias is the probability that students in different groups may show different performances
on the items even if they theoretically have equal skills on the latent variable that the items want to
measure (Zumbo, 1999). In other words, although male and female students in Turkey have equal
expectations of success in assessments, it may be possible due to the nature of the problem that some
items are biased towards one of these genders. Thanks to the DIF analysis technique, it is possible to
identify the mathematics items that are biased towards either male or female students. It is also

important to examine the identified items in terms of their content and cognitive domains.

In the world of Item Response Theory (IRT), Differential Item Functioning (DIF) analysis is a
statistical method that replaces the concepts of the item or test deviation (see Embretson and Reise, 2013;
Zumbo, 1999). DIF occurs when a candidate item differs between groups in terms of having the same
relationship with the latent variable that the item wants to measure (see Embretson and Reise, 2013). In
addition, Embretson and Reise (2013) stated the multidimensional SIBTEST (Simultaneous Item Bias
Test) model created by Shealy and Stout (1993) for DIF as an important development in DIF analysis.
Shealy and Stout (1993) defined the groups compared in the DIF analysis as reference and focal groups.
Compared to other DIF determination methods, the SIBTEST procedure emerges as a newer method
and is based on the system of arranging the mean score values obtained by the Mantel-Haenszel
method, which is widely used, by linear regression in line with the total score that individuals generally
obtain from the test (Osterlind and Everson, 2009). Shealy and Stout (1993) stated that the method they
created, the procedure of SIBTEST, can examine DIF in a test with several items and provides an
opportunity to cognitively examine bias/DIF in items. In addition, Awuor (2008) states that SIBTEST is
a non-parametric procedure developed as an extension of Shealy and Stout’s (1993) study and uses
actual item response data instead of estimated parameters. Shealy and Stout (1993) stated that SIBTEST
can detect DIF throughout a test with more than one item or for only one item. Embretson and Reise
(2013) found the SIBTEST procedure very pleasing to the ear and stated that the theory behind the model
fitted real-world tests very well and would attract more attention from researchers in the near future.
As an extension of the work of Shealy and Stout (1993), the computer program SIBTEST was developed

by Stout and Roussos (1996). This computer program later took its place as a module named difSIBTEST
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in the difR package, which is a comprehensive package developed for DIF analysis in the R Studio

statistical program. This module was also used for this study.

In this study, while the reference group was female students, the focal group was male students
who participated in the TIMSS 2015 and TIMSS 2019 international assessments at the eighth-grade level
in Turkey. Embretson and Reise (2013) stated that these groups (reference and focal) may have different
mean and standard deviation values over the latent variable. However, they stated that these differences
were not signs of DIF and might complicate the DIF analysis procedure depending on the research
setting. However, Zumbo (1999) pointed out that these two groups should be matched on the relevant
trait variable in order to apply the DIF analysis in terms of determining the probability of answering
the item correctly. Another important consideration when applying DIF analysis on a latent trait
variable is that researchers interested in identifying DIF use the same items for reference and focal
groups (see Embretson and Reise, 2013). The null hypothesis (Ho) and alternative hypothesis (Hx)

accepted for the DIF analysis are given below (Equation 1).

Ho: By = fe B(6)(8)d6 = 0,

Hy: By = fe B(0)f.(8)d6 > 0 1)

B(8) = Tsr(8) — Tsp(0)

In Equation 1, B, parameter determines the amount of DIF. Thus, the null hypothesis states that
the amount of DIF should be 0 while the alternative hypothesis states it should be greater than 0. B(8)
represents the difference between the probability of giving correct answers between the students in the
reference and focal groups in terms of the 0 skill. In addition, fz(8) represents the probability density
function for the focal group and df represents the differential of 8 (Shealy and Stout, 1993). In other
words, here, the difference between the student groups in terms of the skill 8 is scanned with the help
of integral and as a result, the amount of DIF for each item is determined. If the determined DIF amount

is significantly greater than zero, the item is coded as indicating DIF.
Ethical Permissions of Research

In this study, all the rules specified to be followed within the scope of the "Higher Education
Institutions Scientific Research and Publication Ethics Directive" were complied with. None of the
actions specified under the title of "Actions Contrary to Scientific Research and Publication Ethics",

which is the second part of the directive, were carried out.
Ethics committee permission information:

Name of the committee that made the ethical evaluation = Kastamonu University Social and Human

Sciences Research and Publication Ethics Committee,

Date of ethical review decision = 25 March 2021,
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Ethical document issue number = E-16498365-050.01.04-2100025611.
Results
Pre-Analysis — Confirmatory Factor Analysis

It was stated above that it was necessary to examine the unidimensionality of the items in each
booklet before performing the DIF analysis (Joreskog and Sorbom, 1996). Therefore, firstly,
Confirmatory Factor Analysis (CFA) was performed for the booklets of the TIMSS 2015 and TIMSS 2019
assessments (7 separate booklets for each exam) used in this study. Table 5 shows the results of these

analyzes.

Table 5. CFA results of TIMSS 2015 and 2019 eighth-grade mathematics items for Turkish students

Assessment Booklet N x? df CFI TLI RMSEA
TIMSS 2015 Booklet 1 435 917.060* 527 0.891 0.884 0.041
TIMSS 2015 Booklet 3 440 504.440* 350 0.943 0.939 0.032
TIMSS 2015 Booklet 5 440 819.410* 495 0.923 0.918 0.039
TIMSS 2015 Booklet 7 432 1,072.458% 464 0.834 0.823 0.055
TIMSS 2015 Booklet 9 435 505.506* 350 0.931 0.926 0.032
TIMSS 2015 Booklet 11 441 704.428* 377 0.889 0.880 0.044
TIMSS 2015 Booklet 13 435 652.800* 377 0.910 0.903 0.041
TIMSS 2019 Booklet 1 286 1,638.199% 740 0.765 0.753 0.065
TIMSS 2019 Booklet 3 287 1,780.549% 860 0.685 0.669 0.061
TIMSS 2019 Booklet 5 288 1,218.643% 464 0.747 0.729 0.075
TIMSS 2019 Booklet 7 287 1,723.573% 630 0.736 0.721 0.078
TIMSS 2019 Booklet 9 288 1,409.658* 594 0.739 0.723 0.069
TIMSS 2019 Booklet 11 289 1,185.374* 434 0.791 0.776 0.077
TIMSS 2019 Booklet 13 297 1,407.508% 741 0.788 0.776 0.058

*p<.001, CFI: Comparative Fit Index, TLIL: Tucker-Lewis Index, RMSEA: Root Mean Square Error of Approximation

The first value to look for unidimensionality in CFA analysis is the Chi-square (y?) value, and
the p-value calculated for this value should be greater than .05 (Hooper, Coughlan and Mullen,
2008). However, they also stated that the Chi-square (x?) test stipulates multivariate normality as a
hypothesis, and deviations from multivariate normality would result in the rejection of even a properly
defined model. As can be seen in Table 4, the p-values calculated for the Chi-square (}?) values for the
CFA models for each booklet used in both exams are significantly less than .05 or even .001, due to the
sample size (e.g., TIMSS 2015 Booklet 1, ¥2(527) = 917.060, p<.001). In this case, other model fit indices
(goodness-of-fit) should be examined, for instance CFI, TLI and RMSEA (Hooper et al., 2008). Hair,
Black, Babin and Anderson (2010) stated that indices such as CFI should be greater than .90, especially
in large samples. Looking at Table 4, it can be seen that the CFI and TLI values for Booklets 1, 7, and 11
used in TIMSS 2015 are less than this cut-off value, while for the others, it is reasonable. For TIMSS 2019,
on the other hand, it is seen that CFI values are greater than this cut-off value in all booklets. CFI index
is actually a revised version of the TLI index (Hooper et al., 2008). On the other hand, Hair et al. (2010)
stated that this cutoff value is especially valid for very complex models. In the models of this study, it

is only concerned whether the items are under a single dimension. Therefore, if we take a last look at
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the RMSEA value, Hooper et al. (2008) stated the cut-off value as .08. At the same time, they stated that
the RMSEA value is one of the most informative fit indices due to its sensitivity to the estimated
parameters in the modeling. As a matter of fact, the RMSEA values for all the booklets in the TIMSS
2015 (especially Booklets 1, 7, and 11, which cannot be unidimensional according to other indices) and
the ones in the TIMSS 2019 are less than this value. As a result, we can say that the unidimensionality
of the items used in all 14 booklets used in the TIMSS 2015 and TIMSS 2019 exams is at an acceptable

level for each booklet.
Results of the Differential Item Functioning (DIF) Analysis

After examining the unidimensionality assumption required for DIF analysis, it can be moved
on to the main analysis, DIF. The two parameters used in the DIF procedure to determine whether an
item indicates bias are the beta estimate and the standardized p-difference index. Embretson and Reise
(2013) explained the procedure for calculating the beta estimation, in which theitem difficulty
parameter for both groups is first calculated for each item and adjusted by subtracting the mean
difference from each in the focal group. Next, the difference between the reference and adjusted focal
group item difficulty parameters are calculated to have an estimate of beta for each item. Therefore,
these beta estimates in SIBTEST procedure indicate whether items prefer the reference group or the
focal group. Positive beta predictive values indicate item bias (DIF) in favor of the reference group
(female students) while negative values indicate bias in favor of the focal group (male students). On the
other hand, standardized p-values are calculated by looking at the difference in total scores between the
reference and focal groups for each item and weighting these differences according to the focus ratios
in each of the total scores. These p-values are then compared with an alpha level of .05 to indicate
whether there is a DIF-flagged item. If the p-value obtained is less than .05, this item is said to indicate
bias (DIF) and the null hypothesis is rejected, that is, the reference and focal groups are not equally
likely to answer this item correctly. However, if the p-value is greater than .05, the null hypothesis is
accepted and it is concluded that this item does not indicate bias (Shealy and Stout, 1993). Table 6 shows
the items indicating DIF in the TIMSS 2015 and Table 7 shows the above-mentioned parameters for
these items in the TIMSS 2019.
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Table 6. TIMSS 2015 mathematics items indicating gender-based item bias (DIF) at the eighth-grade level in
Turkey.

TIMSS Items ~ Booklet Beta Estimate Standard Error 12 p-value
M042182 1 -0.1575 0.0643 5.9984 0.0143*
MO042240 1 0.1226 0.0586 4.3721 0.0365*
MO042164 1 0.1948 0.0674 8.3536 0.0038**
M062202 1 0.1753 0.0668 6.8925 0.0087**
M062115 3 -0.1172 0.0515 5.1740 0.0229*
M042023 5 0.2418 0.0893 7.3332 0.0068**
MO042015 7 0.2041 0.0642 10.1057 0.0015**
MO042114B 7 -0.1339 0.0619 4.6817 0.0305*
MO042074A 7 0.1471 0.0701 4.4011 0.0359*
M042261 7 0.1764 0.0672 6.8916 0.0087**
MO062244 7 0.2273 0.0741 9.4015 0.0022**
M062300 7 0.1605 0.0677 5.6195 0.0178*
M052413 9 0.1086 0.0539 4.0590 0.0439*
MO052134 9 -0.1430 0.0586 5.9676 0.0146*
M062150 9 -0.1532 0.0538 8.1121 0.0044**
M062335 9 0.1377 0.0656 4.4022 0.0359*
M062133 9 0.1094 0.0557 3.8635 0.0493*
MO052215 11 0.2160 0.0542 15.8642 0.00017***
MO052067 11 0.1171 0.0596 3.8623 0.0494*
M062320 11 0.1565 0.0498 9.8833 0.0017**
MO052125 13 0.1922 0.0529 13.1747 0.0003***
MO052229 13 0.1552 0.0712 4.7576 0.0292*
MO052063 13 0.1508 0.0557 7.3187 0.0068**
MO052161 13 0.1489 0.0639 5.4381 0.0197*
M062192 13 0.1576 0.0489 10.3780 0.0013**

*p<.05, **p<.01, **p<.001

As seen in Table 6, according to the Differential Item Functioning (DIF) analysis performed on
the eighth-grade mathematics items in TIMSS 2015, 25 out of 224 items were found to be biased
(containing DIF). Only five of them express bias in favor of the focal group (male students) while the
remaining 20 in favor of the reference group (female students). This means that only 2.2% of the eighth-
grade mathematics items in TIMSS 2015 are biased in favor of male students, and 8.9% are biased in
favor of female students. Thus, 11.1% of all items in total express item bias (DIF). Similarly, the results

of the DIF analysis on the TIMSS 2019 exam are given below.
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Table 7. TIMSS 2019 mathematics items indicating gender-based item bias (DIF) at the eighth-grade level in
Turkey.

TIMSS Items ~ Booklet Beta Estimate Standard Error x? p-value
ME52125 1 0.3172 0.1577 4.0458 0.0443*
ME52229 1 0.4575 0.2318 3.8951 0.0484*
ME52146A 1 0.3286 0.1458 5.0783 0.0242*
ME72178C 3 0.3293 0.1212 7.3884 0.0066**
ME72027 3 -0.3409 0.1198 8.1005 0.0044**
ME52502B 5 0.2924 0.1249 5.4755 0.0193*
ME62345AB 9 0.2600 0.1250 4.3286 0.0375*
ME62171 11 0.2931 0.0988 8.8074 0.0030**
ME72221 11 -0.2315 0.0814 8.0892 0.0045**
ME62341 13 -0.2324 0.1068 4.7369 0.0295*
ME62242 13 -0.2468 0.1007 6.0088 0.0142*
ME72140D 13 0.2907 0.1287 5.1064 0.0238*
ME72154 13 -0.2860 0.1198 5.6974 0.0170*
ME72192 13 0.3018 0.1296 5.4232 0.0199*
ME72161 13 -0.3707 0.1415 6.8633 0.0088**
*p<.05, p<.01

As seen in Table 7, according to the Differential Item Functioning (DIF) analysis performed on
the eighth-grade mathematics items in TIMSS 2019, it was determined that 15 out of 259 items were
biased (containing DIF). While six of them express bias in favor of the focal group (male students), the
remaining nine in favor of the reference group (female students). This means that 2.3% of the eighth-
grade mathematics items in TIMSS 2019 are biased in favor of male students while 3.5% in favor of

female students. This indicates that, in total, 5.8% of all items express item bias (DIF).

Thus, the answer to the first research question of this study has emerged. In order to find an
answer for the second research question, the distribution of the items with item bias in both exams
according to the content and cognitive domains defined in the TIMSS conceptual framework is given
below. Figure 2 shows the distribution of biased items in TIMSS 2015 and TIMSS 2019 according to
content domains while Figure 3 represents according to the cognitive domains. In both figures, circular
regions are created in proportion to the number of items in the specified content or cognitive domain.
In this way, the number of items that indicate bias according to content domains can be compared
simultaneously in terms of both the gender of the students and the year of the assessment. The number

of items in each region is also indicated in the outermost circles.
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Figure 2. Distribution of eighth-grade mathematics items in favor of male and female students in
TIMSS 2015 and 2019 in Turkey according to the content domains.

As seen in Figure 2, the number of items indicating item bias by gender in the TIMSS 2019
decreased remarkably when comparing with the ones in TIMSS 2015. When looking at the content
domains in detail, as can be seen in the figure, there are no items indicating bias in favor of male students
in either algebra or geometry content domains in TIMSS 2015. In the same year, the number of items
indicating bias in favor of female students in the content domains of numbers and data and chance were
relatively higher for male students. When it comes to 2019, a balance was observed in the number of
items indicating bias in favor of male and female students. It may be possible to say that the balance
here is due to the noticeable decrease in the number of items indicating bias in favor of female
students. As stated above, there is no item indicating bias in favor of male students in the geometry
content domain. In the algebra content domain, four items indicated bias in favor of female students in
2015, while there was only one item in 2019. On the other hand, while there were no items indicating
bias in favor of male students in this content domain in 2015, three items indicated bias in favor of male
students in 2019. Considering that only six items indicated bias in favor of male students in 2019, this is
an important change. In summary, while the geometry content domain stands out with not stating bias
in favor of male students in both exams; the algebra content domain, on the other hand, did not indicate
a bias in favor of male students in 2015, but in 2019, it is observed as a domain that indicates more bias
in favor of male students than female students. Figure 3 shows the distribution of the same items, this

time in terms of cognitive domains.
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Figure 3. Distribution of eighth-grade mathematics items in favor of girls and boys in TIMSS 2015 and
2019 in Turkey according to cognitive domains.

As can be seen in Figure 3, when the distribution of items indicating item bias in the TIMSS 2015
exam is examined according to cognitive domains, it is possible to talk about a relative weight of the
items indicating bias in favor of female students than male students. There is no item indicating bias in
favor of male students, especially in the reasoning cognitive domain. When it comes to 2019, it is seen
that items expressing bias in cognitive domains, similar to content domains, show a balanced
distribution between genders. Here, there is no significant change in the items indicating bias in favor
of male students. This balanced situation that emerged in 2019 is the significant decrease in the number
of items indicating bias in favor of female students. In addition to these figures, Appendix 1 and
Appendix 2, in addition to the distribution of biased items in both assessments according to content and
cognitive domains, illustrate the content topics and item labels of the DIF-flagged items. It can be an

important resource for researchers who want to work on this subject.
Discussion, Conclusion and Recommendations

In terms of mathematics achievement, from 2015 to 2019, Turkey increased its place from 29t
place among 46 participants (Mullis et al., 2016) to 24" place among 46 participants (Mullis et al., 2020)
in the TIMSS in the field of mathematics at the eighth-grade level. While an increase in success is
observed, there is no significant difference between male and female students in terms of overall mean
achievement scores in both assessments (Table 2). This situation does not coincide with the findings of
studies on Turkey in terms of PISA 2006 (Alacaci and Erbas, 2010; Demir et al., 2010; Dinger and Kolasin,
2009) and PISA 2009 results (Giirsakal, 2012). In the mentioned studies, it was observed that female
students were significantly more successful than male students. On the other hand, according to a study
on TIMSS 2007 results for Turkey, gender was stated as a neutral indicator in terms of student

achievement (Atar, 2011). Similarly, no significant difference in achievement was observed between
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male and female students in studies conducted by creating their own samples in schools instead of using
international data (Aksu, 2001; Isiksal and Askar, 2005). As a result, unlike the PISA results for Turkey,
there is no significant difference in mathematics performance between male and female students in the
TIMSS 2015 and 2019 assessments. However, as stated in Table 2, when looking at the TIMSS 2015 and
2019 results in terms of content and cognitive domains, it can be observed that there are significant
differences between male and female students both in the overall participant countries and in Turkey.
Although there is no difference in general terms, these differences in terms of content and cognitive

domains may support the bias due to the structure of the items.

As a result of this study carried out from this point of view, according to the Item Functioning
Analysis (DIF) conducted on the eighth-grade mathematics items in the TIMSS 2015, 25 out of 224 items
were found to be biased (containing DIF). Only five of them express bias in favor of the focal group
(male students) while the remaining 20 in favor of the reference group (female students). In addition, in
the eighth-grade mathematics items in TIMSS 2019, 15 out of 259 items were found to be biased
(containing DIF). Six of them express bias in favor of the focal group (male students) while the remaining
nine in favor of the reference group (female students). In this study, the SIBTEST procedure, which was
created according to the Item Response Theory, was used rather than the methods created according to
the Classical Test Theory while performing the DIF analysis. As stated in previous studies (Hambleton
and Jones, 1993; Kan et al., 2013; Karakaya, 2012; Kelecioglu et al., 2014), it should be noted that more
sensitive DIF measurements could be made in this way. As a result, 11.1% of the items in the TIMSS
2015 (2.2% in favor of male students, 8.9% in favor of female students) and 5.8% of the items in the
TIMSS 2019 (2.3% in favor of male students, 3.5% in favor of female students) stated bias in genders.
From the point of view of male students, there is no significant change in the percentage of items that
indicate bias, while the situation appears as a significant decrease in terms of female students. However,
in 2019, the number of items indicating bias in favor of female students is still higher than that of male
students. Thus, the necessity of examining these items in terms of content and cognitive domains has

emerged once again.

As a result of the DIF analysis conducted in this study, in addition to whether the mathematics
items used in the TIMSS 2015 and TIMSS 2019 indicate a bias in favor of eighth-grade female or male
students in Turkey, the distribution of the biased items in terms of content and cognitive domains
specified in the TIMSS conceptual framework was also examined (Figure 2). According to the analysis

made in terms of content domains,

—the geometry content domain stands out with the fact that it does not indicate bias in favor of

male students in both exams,
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— While the content domain of algebra did not indicate a bias in favor of male students in 2015,
it is observed as a domain that indicates more bias in favor of male students than female students in

2019.

The first thing that comes to mind here is the DIF analysis study conducted by Bakan-
Kalaycioglu and Kelecioglu (2011) on the OSS exam (college placement test). In their study, they
identified bias in three of the 45 mathematics items used in the 2005 OSS exam. They found that two
geometry items indicated a bias in favor of male students and one algebra item in favor of female
students. In addition, studies conducted outside of Turkey in this field also indicate that male students
are more successful in geometry and female students in algebra than the opposite sex (Lane et al., 1996;
McGraw et al., 2006). 43 of the 224 items used in the TIMSS 2015 exam and 54 of the 259 items in the
TIMSS 2019 belong to the geometry content domain (Figure 1). Interestingly, none of the geometry items
used in these two assessments indicate bias in favor of male students. Similarly, 64 items in TIMSS 2015
and 69 items in TIMSS 2019 belong to the algebra content domain. While there were no algebra items in
favor of male students in 2015, this situation was reversed in 2019, and three of the four algebra items
indicating DIF indicate a bias in favor of male students. In this sense, it is seen that the findings of the
current study on TIMSS do not match with the findings of the study conducted on the college placement
test of Bakan-Kalaycioglu and Kelecioglu (2011) and the findings of studies conducted outside of Turkey
(Lane et al., 1996; McGraw et al., 2006). The fact that the findings of this study do not overlap with the
studies conducted with samples from both Turkey and abroad reveals that the items used in the TIMSS

assessment can affect eighth-grade female and male students in different ways in Turkey.

On the other hand, the items used in the TIMSS 2015 and TIMSS 2019 were also examined in

terms of cognitive domains (Figure 3). As a result,

—It is possible to talk about a relative weight of the items indicating bias in favor of female
students for male students in TIMSS 2015. There is no item indicating bias in favor of male students,

especially in the reasoning cognitive domain.

—When it comes to 2019, it is seen that items expressing bias in cognitive domains, similar to

content domains, show a balanced distribution between genders.

Here, the reasoning domain came to the forefront with no items in favor of male students in
2015. This situation is in line with the findings of previous studies, unlike the situation in the content
domains. Because it has been revealed by previous researchers that female students are relatively more
successful than male students in reasoning problems (Friedman, 1996; Ryan and Chiu, 1996). In
addition, in 2015, no significant difference was observed between male and female students in the
TIMSS in all three cognitive domains (Table 2). However, in 2019, it is statistically seen that female

students have significantly higher mean scores than male students in the cognitive domains of knowing
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and reasoning. On the other hand, while there were more biased items in favor of female students in

terms of cognitive domains in TIMSS 2015, this situation was balanced in 2019.

Whether it is TIMSS 2015 or TIMSS 2019, unfortunately, the contents of the items used in these
assessments are not completely shared as open data. In this respect, especially in line with the findings
of this study, the content domains of geometry and algebra and the cognitive domain of reasoning
should be discussed in more detail in terms of the bias between male and female students in Turkey.
Further studies that may examine these domains in terms of the inclusion in the textbooks concerning
gender as well as the ones that may focus on the attitudes of male and female students towards these
domains would contribute to the literature. As a result of the studies carried out on samples, especially
in Turkey and abroad, it is observed that the geometry content domain is known for the success of male
students and the algebra content domain for female students. Similarly, these domains were also
highlighted in regard to the findings of the previous studies as favoring the indicated gender groups in
this study, while the results of TIMSS 2015 and TIMSS 2019 show exactly the opposite of this situation.
In this sense, further studies that examine how these domains are handled in the textbooks, in the
classroom instruction, etc. in terms of the genders in detail would be helpful in the continuation of this
current study. Appendix 1 and Appendix 2, in addition to the distribution of the items that were
concluded to be biased in this study in terms of content and cognitive domains, illustrate the content
topics and item labels of these items. Researchers can use it without hesitation in terms of contributing

to the studies to be done on this subject.
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Ek 1. TIMSS 2015 Sinavinda Tiirkiye’de Kiz ve Erkek Ogrencilerin Lehine Yanlilik Gosteren 8. Sinif Matematik Sorularinin Dagilimlar:

Odak Grubu (Erkek Ogrenciler) Lehine Yanlilik Belirten Sorular

Soru Icerik Alan Bilissel Alan Icerik Konusu Soru Baslig:

M052134 Sayilar Bilme Kesirler, Ondalikli ve Tam Sayilar A sehri B sehrinden ne kadar sicak

M062150 Sayilar Bilme Kesirler, Ondalikli ve Tam Sayilar X ve Y sehirleri arasindaki diisiik sicaklik farki

M042182 Sayilar Uygulama Kesirler, Ondalikli ve Tam Sayilar ~ John ne kadar yiiksege sigradi?

MO042114B Sayilar Uygulama Oran, Orant1 ve Yiizde 28 mm’lik bir yigindaki kagit sayisi

M062115 Veri & Sans Uygulama Sans Mermer labirentte kesisimler

Referans Grubu (Kiz Ogrenciler) Lehine Yanlilik Belirten Sorular

Soru Icerik Alam Bilissel Alan Icerik Konusu Soru Baglig

M052413 Sayilar Bilme Kesirler, Ondalikli ve Tam Sayilar ~ Verilen sayisal ifadeyi ¢c6zmek

M052229 Sayilar Bilme Kesirler, Ondalikli ve Tam Sayilar =~ Ondalikli say1y1 kesre dontistiirme

M052215 Sayilar Bilme Kesirler, Ondalikli ve Tam Sayilar ~ Tarali bolgenin kesir olarak ifadesi

M062335 Sayilar Bilme Oran, Orant1 ve Yiizde 3:2'ye esdeger olan orani segmek

M042015 Sayilar Bilme Dogal Sayilar 3 sayisinun kiipiiniin degeri

M042023 Sayilar Uygulama Kesirler, Ondalikli ve Tam Sayilar ~ 7/12 mi 2/3'mii daha biiy{iktiir?

MO052125 Sayilar Akl Yiriitme Dogal Sayilar 3’tin katlar1

M052067 Cebir Bilme Cebirsel Ifadeler ve Islem Verilen cebirsel ifadenin degeri

M042240 Cebir Uygulama Cebirsel ifadeler ve Islem X ve Y'nin degeri

MO052063 Cebir Uygulama Cebirsel ifadeler ve Islem Dikdortgenin alan igin cebirsel ifade

MO042074A Cebir Alal Yiriitme Fonksiyonlar 4 ve 30 desenleri i¢in daireler

M062244 Geometri Uygulama Geometrik Dontistimler AB dogrusunun orta noktasinin koordinatlari

M062300 Geometri Akal Yiiriitme Geometride Olgme Alan ve gevresi verilen bir dikdortgen ¢izmek

M062202 Geometri Akl Yiiriitme Geometrik Sekiller Liza'nin kiipiin acilimi gosterimi — Q yiiziiniin karsit yiizii
M062192 Geometri Akl Yartitme Geometrik Sekiller Merdiven tabanindan bina tabanina olan mesafe

M042261 Veri & Sans Bilme Sans Yagmur yagma ihtimali

M062133 Veri & Sans Uygulama Sans Siyah ve beyaz mermerler olan torbadan degistirerek gekilis
MO052161 Veri & Sans Uygulama Sans Bir torbadaki toplarin sayisi

M062320 Veri & Sans Uygulama Veri Yorumlama Balik tutma histogrami — Serbest birakilan baliklarin oran
MO042164 Veri & Sans Akl Yiiriitme Veri Yorumlama Tezgahtarla ayni/farkli goriigte olmak
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Ek 2. TIMSS 2019 Sinavinda Tiirkiye’de Kiz ve Erkek Ogrencilerin Lehine Yanlilik Gosteren 8. Sinif Matematik Sorularinin Dagilimlar:

Odak Grubu (Erkek Ogrenciler) Lehine Yanlilik Belirten Sorular

Soru Icerik Alan Bilissel Alan Icerik Konusu Soru Baslig:

ME72027 Sayilar Uygulama Kesirler ve Ondalikl1 Sayilar Dolu kaptaki su oran

ME72221 Cebir Bilme Cebirsel ifadeler ve Islem Bilinen x degeri igin y = 2x2 - 2x + 5 ifadesinin degeri
ME62341 Cebir Bilme Fonksiyonlar y=3x-1 dogrusunun egimi

ME62242 Cebir Alal Yiiriitme Fonksiyonlar Dogrusal iliski

ME72154 Veri & Olasilik  Uygulama Veri Diinyadaki internet kullanicilarinin siitun grafigi
ME72161 Veri & Olasilik  Akil Yiiriitme Veri Basketbol takiminin ortalama boyu

Referans Grubu (Kiz Ogrenciler) Lehine Yanlilik Belirten Sorular

Soru Icerik Alam Bilissel Alan Icerik Konusu Soru Baglig

ME52229 Sayilar Bilme Kesirler ve Ondalikli Sayilar Ondalikli say1y1 kesre doniistiirme

ME72178C Sayilar Bilme Tam Sayilar Tam kare (81) ile etiketlenmis raflar

MES52125 Sayilar Alal Yiriitme Tam Sayilar 3'tin katlar1

MES52146A Cebir Akl Yariitme Fonksiyonlar Bir sekil i¢in gerekli kibrit say1s1

ME62171 Geometri Bilme Geometrik Sekiller ve Olgme Taral1 alanin XY dogrusu lizerinde yansimasi
ME72140D Geometri Bilme Geometrik Sekiller ve Olgme Seklin dogru tizerinden yansimasi

ME52502B Veri & Olasilik  Uygulama Veri Bir iiriin i¢in en diisiik fiyat veren magaza
ME62345AB  Veri & Olasilik  Uygulama Veri Ortalama ve medyan degerleri ile balik tutma noktasi belirleme
ME72192 Veri & Olasilik  Uygulama Veri En sevilen meyveyi en iyi gosteren grafik
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Appendix 1. Distribution of eighth-grade mathematics items favoring genders in Turkey in TIMSS 2015

Items Favoring Focal Group (Male Students)

Item Content Domain ~ Cognitive Domain ~ Topic Area Item Label

M052134 Number Knowing Fractions, Decimals, and Integers How much hotter is city A than B

M062150 Number Knowing Fractions, Decimals, and Integers Difference between low temperature in City X and Y
M042182 Number Applying Fractions, Decimals, and Integers How far did john jump

MO042114B  Number Applying Ratio, Proportion, and Percent Number of papers in a 28mm stack

MO062115 Data & Chance  Applying Chance Marble maze with intersections

Items Favoring Reference Group (Female Students)

Item Content Domain ~ Cognitive Domain
M052413 Number Knowing
M052229 Number Knowing
MO052215 Number Knowing
M062335 Number Knowing
MO042015 Number Knowing
M042023 Number Applying
MO052125 Number Reasoning
MO052067 Algebra Knowing
M042240 Algebra Applying
M052063 Algebra Applying
MO042074A  Algebra Reasoning
M062244 Geometry Applying
MO062300 Geometry Reasoning
M062202 Geometry Reasoning
M062192 Geometry Reasoning
M042261 Data & Chance ~ Knowing
M062133 Data & Chance  Applying
MO052161 Data & Chance  Applying
M062320 Data & Chance  Applying
M042164 Data & Chance = Reasoning

Topic Area

Fractions, Decimals, and Integers
Fractions, Decimals, and Integers
Fractions, Decimals, and Integers
Ratio, Proportion, and Percent
Whole Numbers

Fractions, Decimals, and Integers
Whole Numbers

Expressions and Operations
Expressions and Operations
Expressions and Operations
Relationships and Functions
Location and Movement
Geometric Measurement
Geometric Shapes

Geometric Shapes

Chance

Chance

Chance

Data Interpretation

Data Interpretation

Item Label

Solve given numeric expression

Convert decimal to a fraction.

Fraction of diagram shaded

Select equivalent ratio to 3:2

What is the value of cube of 3

Which is larger 7/12 or 2/3

Multiples of 3

Value of given expression

Value of x and y

Expression for area of rectangle

Circles for patterns 4 & 30

Find coordinates of midpoint of line AB

Draw a rectangle given area and perimeter
Liza's net of cube - face opposite face Q
Distance from base of ladder to base of building
How likely it will rain

Black and white marbles in a bag with replacement
Number of balls in a bag

Fishing histogram - proportion of fish released
Agree/disagree with the salesman
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Appendix 2. Distribution of eighth-grade mathematics items favoring genders in Turkey in TIMSS 2019

Items Favoring Focal Group (Male Students)

Item Content Domain ~ Cognitive Domain  Topic Area Item Label

ME72027 Number Applying Fractions and Decimals Fraction of water in full container
ME72221 Algebra Knowing Expressions and Operations Value of y =2x2-2x + 5 given x

ME62341 Algebra Knowing Relationships and Functions Slope of liney =3x - 1

ME62242 Algebra Reasoning Relationships and Functions Relationship for a linear graph in words
ME72154 Data & Chance  Applying Data Bar graph of Internet users in world
ME72161 Data & Chance  Reasoning Data Mean heights of basketball team

Items Favoring Reference Group (Female Students)

Item Content Domain ~ Cognitive Domain ~ Topic Area Item Label

ME52229 Number Knowing Fractions and Decimals Convert decimal to a fraction

ME72178C Number Knowing Integers Shelves labeled with perfect square - 81
ME52125 Number Reasoning Integers Multiples of 3

MES52146A Algebra Reasoning Relationships and Functions Number of matches for figure 10
ME62171 Geometry Knowing Geometric Shapes and Measurement  Shaded square reflected over the line XY
ME72140D Geometry Knowing Geometric Shapes and Measurement  Shape reflected over dotted line - D
ME52502B Data & Chance  Applying Data Store with lowest price per pair - S
ME62345AB  Data & Chance  Applying Data Fishing spots - calculate mean and median - LB Median
ME72192 Data & Chance  Applying Data Graph that best shows favorite fruit

258



