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This study aimed to determine mediator variables related to mathematical literacy using single and
multiple mediation models employing the Barron and Kerry (BK), Sobel and bootstrapping
mediation tests. The data were obtained from 4848 student constituting the Turkish participants of
PISA 2012, with the classroom climate, mathematical literacy, mathematics anxiety, and
mathematical self-concept included as variables. The samples of the countries were determined
according to the two-stage stratified sampling method. Since the aim of this study was to determine
the mediator variables related to mathematical literacy, it was based on a relational survey model.
The results of the single and multiple mediation model analyses revealed that the variables of
mathematics anxiety and mathematical self-concept mediated the relationship between classroom
climate and mathematical literacy. In the single mediation model, the effect size value of the math
anxiety mediator was determined as 0.23 and the effect size value of the math self-concept mediator
was determined as 0.12. In the multiple mediation model, the math anxiety variable's specific
indirect effect was determined as 0.18, the math self-concept variable's specific indirect effect was
determined as 0.05, and the total indirect effect was determined as 0.23. The perceived positive
classroom environment and the teacher’s maintenance of classroom discipline were found to reduce
the students” anxiety in the mathematics course and increase their mathematical self-concept, which
in turn positively affected their mathematical literacy. In addition, it was found that the effect size of
the mathematics anxiety variable was higher than that of mathematical self-concept, indicating that
the anxiety variable played more important role in increased student achievement.
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Bu arastirmanin amaci, matematik okuryazarligiyla ilgili araci degiskenleri tekli ve ¢oklu aracilik
modellerinde, aracilik etkisi belirleme yontemlerinden BK yontemi, Sobel testi, Bootstrap yontemini
kullanarak belirlemektir. Bu ama¢ dogrultusunda PISA 2012 Tiirkiye verileri kullanilmis ve siuf
iklimi, matematik okuryazarligi, matematik kaygisi, matematik benlik kavrami degiskenleri ele
alinmistir. Matematik okuryazarhigiyla iligkili araci degiskenlerin belirlenmesi amaglandigmdan
aragtirma iligkisel tarama modelindedir. Arastirma, PISA 2012 Tiirkiye 6rnekleminde yer alan 4848
dgrenci tiizerinden yiiriitiilmistiir. Ulkelere ait 6rneklemler, iki asamali tabakali ornekleme
yontemine gore belirlenmistir. Tekli ve ¢oklu aracilik modellerinde yapilan analizler sonucunda,
matematik kaygist1 ve matematik benlik kavrami degiskenlerinin simf iklimi ile matematik
okuryazarlig1 arasindaki iliskiye aracilik ettikleri belirlenmistir. Tekli aracilik modelinde matematik
kaygisi arac1 degiskeninin etki biiyiikliigii 0.23, matematik benlik kavrami araci degiskeninin etki
biiyiikligii 0.12 olarak belirlenmistir. Coklu aracilik modelinde ise matematik kaygis1 degiskenin
ozgiil dolayl etkisi 0.18, matematik benlik kavrami degiskenin 6zgiil dolayl etkisi 0.05, toplam
dolayli etki ise 0.23 olarak belirlenmistir. Algilanan olumlu siuf ortami ve dgretmenlerin sinuf
disiplinini saglamasi 6grencilerin matematik dersindeki kaygilarin1 azaltmakta ve matematik benlik
kavramini arttirmakta, bu durum da Ogrencilerin matematik okuryazarlhklarmi olumlu
etkilemektedir. Ayrica matematik kaygisi degiskeninin etki biiyiikliigliniin matematik benlik
kavramimn etki biiyiikliigiinden daha yiiksek oldugu, dolayisiyla kaygi degiskeninin basaridaki
artista daha 6nemli rol oynadig1 bulunmustur.
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Giris

Egitim arastirmalarinin en 6nemli konularindan biri akademik basariy1 etkileyen faktorleri
ortaya koymaktir. Yapilan bazi arastirmalarda ve Ekonomik Kalkinma ve igbirligi Orgiitii (OECD,
2013a)'nin yayimladig1 raporda, 6grencilerin akademik basaris1 {izerindeki tiim etkilerin dogrudan
oldugunu varsaymanin dogru olmadigi, Ogrencilerin akademik basarilarin1 dogrudan etkileyen
degiskenlerin yam sira dolayli etkileyen degiskenlerin de s6z konusu oldugu ifade edilmektedir.
Egitim psikolojisinde, Eccles ve digerleri (1983) tarafindan gelistirilen “basari motivasyonunun
beklenti-deger modeli” 6gretmen davranislar1 ve dgrenci performans: degiskenlerini, dgrencilerin
motivasyonel inanglar1 tarafindan araci oldugu varsayimi ile birbirine baglamaktadir (Eccles ve
Wigfield, 2002). Yani basarinin, dgrencilerin motivasyonel inanglarindan; motivasyonel inanglarin da
Ogrencilerin, siuf ortammi ve O&gretmen davramglarini algilamalarindan, onlara yonelik
tutumlarindan etkilendigi varsayilmaktadir. Ornegin, olumlu bir smif ortami ya da smuf ortamindaki
destekleyici iliskiler 6grencilerin kaygi, benlik kavrami, 6z yeterlik gibi motivasyonel inanglarini
dolayisiyla Ogrenmelerini  etkileyebilmektedir. Arastirmalar, smif ortaminin ve Ogretmen
davranislarinin - motivasyonel yapilarda ©nemli rol oynadigini gostermektedir. Ogrenciler
Ogretmenlerini destekleyici olarak algiladiklarinda, sinif etkinlikleriyle ilgili kaygi duyma olasiliklar

azalmakta ve etkinliklerle ilgilenme egilimi gostermektedirler (Eccles, 2007; Wentzel, 1998; aktaran

Yildirim, 2012).

Bulgulara gore, matematik kaygisi ve matematik benlik kavrami gibi 6grenciye 6zgii olan
degiskenlerin matematik okuryazarligini dogrudan, smif iklimi gibi degiskenlerin 6grenciye ozgii
degiskenler aracilifiyla dolayli etkileyebilecegi diistiniilmektedir. Ogrenci basarilarini etkileyen
degiskenlerin arastirildig1 calismalar incelendiginde genellikle matematik okuryazarligini dogrudan
etkileyen degiskenlerin ortaya koyulmaya calisildigl, az sayidaki ¢alismada araci degiskenlerin
incelendigi dikkat ¢ekmektedir (Ahmed, Minnaert, van der Werf, Kuyper, 2010; Kogar, 2015 ve
Yildirim, 2012).

Arac1 degiskenler, bir degiskenin etkisini bagka bir degiskene aktaran davranigsal, biyolojik,
psikolojik veya sosyal yapilardir. Aracilik, bir arastirmacinin, bir degiskenin baska bir degiskeni
etkiledigi siireci veya sistemi aciklayabilmesinin bir yoludur (MacKinnon, Fairchild ve Fritz, 2007).
Aracilik testlerinde temel amag, iki degisken arasindaki iliskinin aslinda baska bir degiskenin
varligiyla baglantisini ortaya koymaktir. Aracilik kavrami, bir ya da daha fazla bagimsiz degisken
etkisinin ti¢lincii degisken(ler) vasitasiyla bir bagiml degiskene aktarildig1 kabul edilen nedensel bir
zincire isaret etmektedir. En basit durumda aracilik, bagimsiz bir degisken (X) etkisinin bir tiglincii
aract degisken (M) vasitasiyla bir bagimli degiskene (Y) iletildigini belirtmek i¢in kullanilmaktadir
(MacKinnon ve digerleri, 2007). Ornegin psikolojide, cevrenin insan davranislar iizerindeki etkisine,

insanlarin kisilik Ozellikleri ya da diisiincelerinin aracilik ettiginin ortaya g¢ikarilmasi psikoloji
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calismalarinda 6nemli ilerlemelere yol agmistir. Dolayisiyla, ¢ok net gibi goriinen iligki oriintiilerinin
gerisinde baska degiskenlerin etkisinin arastirilmasi, genel olarak bilimsel ilerlemenin en Snemli
kosullarindan birisidir. Sonug olarak aracilik testi, degiskenler arasindaki iligkilerin nasil ortaya

ciktigini kanitlamada etkili bir yontemdir (Simsek, 2007).

Aract  degiskenlerin incelenmesinde alanyazinda farkli yontemlerin  kullanildig:
goriilmektedir (Hayes, 2013; Jose, 2013; MacKinnon, 2008; MacKinnon, Lockwood, Hoffman, West ve
Sheets, 2002; Preacher ve Hayes, 2008; Shrout ve Bolger, 2002) ve bu konudaki en kapsamli arastirma
MacKinnon ve digerleri (2002) tarafindan yapilmistir. MacKinnon ve digerleri (2002), aracilik
modellerini test etmek igin gesitli disiplinlerde kullanilan 14 farkli yontemi incelemislerdir. Bu yontem
cesitliligi ayn1 zamanda, araci degisken etkisinin belirlenmesinde disiplinler arasinda kesin bir goriis
birligi bulunmadigini da gostermektedir. Yapilan arastirmada araciigin belirlenmesinde, Baron
Kenny (BK) yontemi, Sobel testi ve Bootstrap yontemi kullanilmistir. Aracilik modellerinde aracilik
etkisinin belirlenmesinde son yillarda farkli yontemler gelistiriimesine ve benzetim c¢aligmalariyla
incelenmesine ragmen, alanyazinda hangi kosullarda hangi yontemlerin/testlerin kullanilabilecegine,
yontemlerin smirhiliklarina ve istiinliiklerine dair kesin bir uzlasinin saglanmadig goriilmektedir.
Ayrica aracilik etkilerinin belirlenmesi i¢in kullanilan yontemlerin karsilastirilmas: genellikle yapay
veriler {izerinden ve tek araci degiskenin yer aldig1 tekli aracilik modeli {izerinde gerceklestirildigi
dikkat cekmektedir. Tiirkiye’de ise aracilik etkilerinin farkli yontemlerle ¢oziimlenmesi konusunda bir
calismaya rastlanmamistir. Bununla birlikte matematik okuryazarlig: ile ilgili aract degiskenlerin
incelendigi oldukca az sayida c¢alismaya rastlanmis (Kogar, 2015; Usta ve Simsek, 2014; Yildirim,
2012); ancak farkli motivasyonel inanglari, sinif ortamini, akademik basar: gibi degiskenler arasindaki
iligskileri aracilik modelleri ile inceleyen bir arastirmaya rastlanmamistir. Bu nedenle, 6grencilerin
basarilar tizerinde dolayli rol oynayan aract degiskenlerin etkisinin kurulan modellerle belirlenmesi;
bu belirlemede kullanulan BK yo6ntemi, Sobel testi ve Bootstrap yonteminin yapilacak olan bir

arastirma kapsaminda ele alinmasi 6nemli goriilmektedir.

Ogrenci basarisii etkileyen dogrudan ve dolayli degiskenlerin bilimsel arastirmalarla
belirlenmesi, basariyr arttirmak icin yapilacak egitim diizenlemelerinde uygun ¢6ziim onerilerinin
olusturulmasi igin bir 6n kosuldur. Bu nedenle o6grenci ve okul Ozellikleriyle ilgili yapilacak
aragtirmalar, 6grencinin akademik gelisiminin saglanmasi ve dogru ¢oziim Onerilerinin ortaya
konulmasi agisindan 6nemlidir. Bu baglamda bu arastirma, 6grenciye ait degiskenlerle sinif ya da
okulla ilgili degiskenlerin birlikte ele alinmasi acisindan Onemlidir. Arastirmanin, egitim
politikalarinda belirli dénemlerde yeni uygulamalar yapan Milli Egitim Bakanlig1 (MEB)’e ve okul
yOneticilerine sinif i¢i uygulamalarda yapilacak degisiklikler hakkinda fikir verebilecegi, sonug olarak
da egitimde niteligin arttirilabilecegi diisliniilmektedir. Ayrica Ogretmenlerin, 6grenci basarisinu
etkileyen 6grenci, smif ve 0gretmen oOzellikleri hakkinda bilgi sahibi olarak 6gretim etkinliklerini

diizenleyebilecegi diisliniilmektedir. Alanyazinda matematik basarisiyla iligkili oldugu diisiiniilen
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pek cok degiskenle ilgili yapilan ¢alismalarda farkli sonuglar elde edildigi goriilmektedir. Bu durum
degiskenler arasindaki iliskilerin belirlenmesinin basit olmadigimi diistindiirmektedir. Matematik
basarisi ve bu basari ile iliskili oldugu diisiiniilen bir degiskenin arasinda basit korelasyona bakarak
yorumda bulunmak yeterli olmayabilir. Matematik basaris: ile iligkili olan faktorlerin de kendi
aralarinda iliskili oldugu g6z oniinde bulundurulmalidir. Bu nedenle matematik basarisi ile iliskili
degiskenler arasinda nedensel bir model olusturmak ve bu degiskenlerin basar {izerindeki dogrudan
ve dolayl etkilerini incelemek ©nemli goriilmektedir. Ayrica elde edilen sonuglarin, matematik
basarisini arttirmaya yonelik c¢alisma yapmay:r diisiinen arastirmacilara ve Tiirkiye'de egitim

politikalarmin diizenlenmesinde gorevli yetkililere bir takim bulgular saglayacag diisiilmektedir.

Bu aragtirmanin amaci, smnif iklimi ile matematik okuryazarligi arasindaki iliskide matematik
kaygisi ve matematik benlik kavrami degiskenlerinin aracilik etkilerini, tekli ve ¢oklu aracilik
modellerinde BK yontemi, Sobel testi, Bootstrap yontemi kullanilarak belirlemektir. Belirlenen amag

dogrultusunda asagidaki sorulara yanit aranmistir:

1) Smuf iklimi, matematik kaygisi, matematik okuryazarlig: ile ilgili kurulan tekli aracilik
modelinde, BK yontemine, Sobel testine ve Bootstrap yontemine gére matematik kaygisi

degiskeni aracilik etkisi gostermekte midir?

Smuf Tklimi ¢ Matematik
Okuryazarligi
Matematik
Kaygist
a b
c' .
Sumif Tklimi Matematik
Olkurvazarlig

Sekil 1. Matematik kaygis1 degiskeninin aracilik modeli

1066



KEFAD Cilt 21, Say1 2, Agustos, 2020

2) Smif iklimi, matematik benlik kavrami, matematik okuryazarlig: ile ilgili kurulan tekli
aracilik modelinde, BK yontemine, Sobel testine ve Bootstrap yontemine gore matematik

benlik kavrami degiskeni aracilik etkisi gostermekte midir?

Smif Tklimi Matematik
Okuryazarligi

Matematik
Benlik Kavrami

Simf Iklimi Matematik
Okuryazarligy

Sekil 2. Matematik benlik kavrami degiskeninin aracilik modeli

3) Swmnif iklimi, matematik kaygisi, matematik benlik kavrami ve matematik okuryazarhig: ile
ilgili kurulan ¢oklu araciik modelinde, BK yontemine, Sobel testine ve Bootstrap
yontemine gore matematik kaygis1 ve matematik benlik kavrami degiskeni aracilik etkisi

gostermekte midir?

Simf Tklimi ¢ Matematik
Oluryazarligs
Matematik
Kaygis1
al b
' .
Simf Tklimi Matematik
Okurvazarligi

a b2

Matematik

Benlik Kavrami

Sekil 3. Matematik kaygisi ve matematik benlik kavraminin ¢oklu aracilik modeli
Yoéntem
Aragtirmanin Modeli

Arastirmada, matematik okuryazarhigiyla iligkili olan araci degiskenlerin belirlenmesi
amagclandigindan arastirma bu yoniiyle iligkisel tarama modelindedir. Tarama yoluyla bulunan
iligkiler, gercek bir neden-sonug iliskisi olarak yorumlanamaz ancak, o yonde bazi ipuglar1 vererek bir

degiskendeki durumun bilinmesi halinde 6tekinin kestirilmesinde yararli sonuglar verebilir.
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Degiskenler arasi iligki, karsilikli bagimlilik ya da kismi bagimlilik seklinde olabilecegi gibi, her ikisini
de etkileyen tigiincii bir degiskenden dolay1 da olabilir (Karasar, 2008).

Evren ve Orneklem

Bu arastirmanin genel amaci dogrultusunda, arastirmanin evrenini PISA 2012 uygulamasina
katilan Tiirk 6grenciler olusturmaktadir. Arastirma 6rneklemini ise, Tiirkiye’den 15 yas grubundaki 7.
smif ve daha st simif diizeyinde Ogrenim goren 965736 Ogrenciden secilen 4848 Ogrenci
olusturmaktadir (MEB, 2013). Ulkelere ait 6rneklemler, iki asamali tabakali 6rnekleme yontemine gore

belirlenmistir.
Veri Toplama Araglan

Bu arastirmada, PISA 2012 verileri ele almdigindan herhangi bir veri toplama araci
hazirlanmamistir. Arastirma, PISA 2012 uygulamasinda Tiirkiye o6rnekleminde yer alan 6grencilerin
matematik okuryazarlik testine ve Ogrenci anketine verdikleri yamitlar {izerinden yiiriitiilmiistiir.
Arastirmada kullanilan PISA 2012 verileri OECD'nin resmi web sitesinden elde edilmistir. Veriler,

SPSS programina aktarilarak Tiirkiye’ye ait olanlar belirlenmistir.

PISA 2012 uygulamasinda, matematik okuryazarlig: testinin asil formunda 109, fen bilimleri
okuryazarlig: testinde 44, okuma becerileri testinde 53 madde olmak iizere toplam 206 madde yer
almaktadir. Bu maddeler, sistematik bir Oriintiiye bagh olarak 13 test kitapgigina yerlestirilmistir.
Farkli 6grenciler farkh soru kitapgiklarini aldiklari icin 6grenciler, her alandaki maddelerin tamamini
yanitlamamaktadir. Ogrencilerin testlerden alacaklari puanlar, tiim maddelere verebilecegi olast
yanitlarin Madde Tepki Kurami (MTK)'nin 1 Parametreli Lojistik Modeli'ne gore kestirimi yapilarak
bes farkli olasi deger (plausible values) olarak belirlenmektedir (OECD, 2013b). Bu arastirma
kapsaminda, Ogrencilerin olast bes matematik okuryazarlik puanlarinin (PVIMATH-PV5MATH)

ortalamasi dikkate alinmistir.

PISA uygulamasinda, bilissel testlerin yam sira yaklastk 30 dakika siiren anket
uygulanmaktadir. C)grenciler tarafindan yanitlanan bu anket ile 6grencilerin bireysel ozellikleri,
sosyoekonomik altyapisi, egitim ge¢misi, tutumlari, 6grenme stratejileri, 6§renmeye yonelik giidiileri,
Ogretimin etkililigi, smif ve okul iklimi gibi bir¢ok boyuta iliskin veriler toplanmaktadir. C)grend
anketinden elde edilen veriler indekslenerek degerlendirilmektedir. Bu amagla, basit ve Olgek
indeksleri gelistirilmistir. Basit indeksler, tek bir maddeye verilen yamnitlardan, dlgek indeksleri ise
birden fazla maddenin bir parametreli lojistik model kullanilarak o6lgeklenmesinden olusmaktadir
(OECD, 2013b). Bu indeks degerlerinin ortalamas: 0, standart sapmasi 1’dir (OECD, 2014). Bu
arastirmada analizler, 6grencilerin matematikle ilgili kaygilari, akademik benlik kavramlar: ve sinif

iklimi degiskenlerine iliskin 6lgek indeksleri tizerinden yiiriitiilmiistiir.
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Verilerin Analizi

Arastirmanin sorularina yanit bulabilmek i¢in aracilik analizlerinden yararlanilmistir. Aracilik
analizlerinde temel amag, iki degisken arasindaki iliskinin aslinda baska bir degiskenin varligiyla
baglantisim1 ortaya koymaktir. Arastirma kapsaminda ele alinan aracilik analiz yontemlerinden, BK
yontemiyle araciligin incelenmesinde regresyon analizlerinden; Sobel testi ve Bootstrap yontemiyle
araciliklarin test edilmesinde Preacher ve Hayes (2004) tarafindan gelistirilen, Andrew F. Hayes'in

web sitesinde yer alan SPSS makrolarindan (http://processmacro.org/index.html) yararlanilmistir.

BK yontemi olarak da bilinen nedensel adim yaklagimi aracilik hipotezinin test edilmesinde
kabul goren ve en sik kullanilan yontemlerden biridir. Bu yaklasimda aracilik modelinde s6z konusu
aracilik iliskilerinin kurulabilmesi dért adimda (li¢ regresyon denklemiyle) gerceklesmektedir. Baron

ve Kenny (1986) bu adimlar1 soyle agiklamiglardir:
1. Bagimsiz degisken bagiml degiskeni manidar bir sekilde yordar (Ho: ¢=0).

2. Bagimsiz degisken araci degisken oldugu iddia edilen degiskeni manidar bir sekilde yordar
(Ho: a=0).

3. Bagimsiz degiskenin etkisi kontrol edildiginde, araci degisken(ler) bagimli degiskeni
manidar bir sekilde yordar (Ho: b=0).

4. Aracl degiskenin etkisi kontrol edildiginde, bagimsiz degiskenler ile bagimli degisken
arasindaki iliskinin miktarinda manidar bir azalma olur ya da iligki arttk manidar olmaz (Ho:

c'=0).

Bu adimlardaki c katsayisi, X'in Y iizerindeki toplam etkisini, ¢’ katsayis1 ise, X'in Y
tizerindeki araci degiskenin kontroliindeki dolayl etkisini gostermektedir. Aract degisken varhig, c'
katsayisinin, X’'in Y tizerinde c ile gosterilen etkisinden farklilasmasi ve bu etkinin bir boliimiiniin
araci degisken tarafindan paylasilmasi olarak yorumlanmaktadir (Hayes, 2013; MacKinnon vd., 2007;
Preacher ve Hayes, 2008). Baron ve Kenny (1986) c katsayisi ile ¢’ katsayis1 arasindaki fark ne kadar
biiyiik olursa, aracilik derecesinin o kadar biiyiik olacagini ifade etmislerdir. Aracilik modellerinde
bireysel yollar yerine iiriin terimi ab degerine (mantiksal olarak bu deger toplam etki ile dogrudan
etki arasindaki farka esittir) odaklanmaktadir. a ve b katsayilarinin ¢arpimina dayanan ve katsayilarin
carpimi yaklasimi olarak bilinen Sobel testi (Sobel, 1982) alanyazinda en sik kullanilan bir diger
yontemdir (MacKinnon ve digerleri, 2002). Sobel testi, a ve b katsay1 tahminlerinin ¢arpiminin, o
carpimin standart hatasina oranmi icermektedir. Hesaplama sonucunda aracilik etkisinin Z degeri
elde edilmektedir. Bu deger, standart normal dagilima karsilik gelen olasiliklar kullanilarak, aracilik
etkisinin istatistiksel olarak manidar olup olmadiginin degerlendirilmesinde kullamilmaktadir. Z
degeri 1.96’dan biiyiikse, aracilik etkisinin .05 diizeyinde manidar oldugu yorumu yapilmaktadir

(MacKinnon ve digerleri, 2002; Mallinckrodt, Abraham, Rucker, Preacher, Tormala ve Petty, 2006).
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Ozellikle kiigiik 6rneklemlerde yapilan aracilik analizlerinde yukarida agiklanan klasik yontemlerin
aracilik etkilerini belirleyemedigi ifade edilmektedir. Parametrik olmayan yeniden 6rnekleme yontemi
olan Bootstrap, aracilig1 test etmek igin 6rnekleme dagiliminin normallik varsayimini gerektirmeyen
farkli bir yontemdir. Bootstrap, veri kiimesinden tekrar tekrar drneklemeyi ve yeniden drneklenmis
her veri kiimesindeki dolayli etkiyi tahmin etmeyi iceren, hesaplama kismi yogun bir yontemdir.
Shrout ve Bolger (2002), aracilik etkilerinin 6rneklem dagilimi sifirdan farkli ya da carpik oldugunda
Bootstrap yonteminin giiclii oldugunu belirlemislerdir. Yapilan analizler sonucunda, anlamli bulunan
aracilik etkilerinin giiciinii belirlemek icin etki biiyiikliigii 6l¢tileri kullamilmaktadir. Etki biiytikliigii
Ol¢tileri, bir etkinin biiyiikliigiiniin ve 6neminin, 6rneklem biiyiikliigiine bagl olmayan bir gostergesi
olarak tanimlanmaktadir. Yapilan arastirmada, alanyazinda en yaygin kullanilan etki biiytikliigii
Ol¢iisii olan dolayl: etkinin toplam etkiye boliinmesi (1-c')/c ya da ab/(c'+ab) sonucu elde edilen deger
kullanilmistir. Hesaplanan bu oran 0 ile 1 arasinda yer almaktadir ve toplam etkinin ne kadarlik bir

kisminin dolayli etki tarafindan agiklandigini gostermektedir (Jose, 2013; MacKinnon, 2008).

Verilerin ¢oziimlenmesine ge¢meden once veri seti kayip degerler ve ug degerler bakimindan
incelenmis, ardindan aracilik analiz yontemlerinin varsayimlar1 test edilmistir. Matematik
okuryazarlig1 degiskeninde kayip veri bulunmadigi, diger degiskenlerde ise kayip veri oranlarmin
%30"un tizerinde oldugu goriilmiistiir. Van Buuren (2011) kayip veri oranu %30’dan diisiik ise atama
yapilabilecegini, %30 ve {izerinde ise kayiplar1 silmek gerektigini belirtmektedir. Orneklem
biiytikliigiiniin yeterli olmas1 nedeniyle degiskenlere ait kayip veriler ¢ikarilarak 3167 kisilik veri seti
elde edilmistir. Standart puan olarak kestirilen indeks degerlerinin tek degiskenli u¢ deger incelemesi
sonucunda #+4 araligmin disinda bir deger gozlenmemistir. Cok degiskenli ug¢ degerlerin
belirlenebilmesi i¢in Mahalanobis Uzaklig1 istatistiinden yararlanilmistir. Yapilan analiz sonucunda
.001 diizeyinde manidar olan 34 Mahalanobis uzaklik degeri analiz dis1 birakilmistir. Kayip veri ve ug

deger incelemelerinden sonra veri setinde kalan 3133 6grenci {izerinden analizler yiiriitiilmiigtiir.
Arastirmanin Etik izinleri

Yapilan bu calismada “Yiiksekogretim Kurumlar:i Bilimsel Arastirma ve Yaymn Etigi
Yonergesi” kapsaminda uyulmas: belirtilen tiim kurallara uyulmustur. Yonergenin ikinci boliimii
olan “Bilimsel Arastirma ve Yayimn Etigine Aykir1 Eylemler” bashg: altinda belirtilen eylemlerden

higbiri gerceklestirilmemistir.
Bulgular ve Yorum

Tekli araciik modelinde, smif iklimi ile matematik okuryazarligi arasindaki iliskiye
matematik kaygisi degiskeninin aracilik edip etmediginin BK yontemi, Sobel testi, Bootstrap
yontemine gore incelenmesi sonucunda elde edilen bulgular ve aracilik etkisinin etki biiyiikliigi

degeri Tablo 1'de yer almaktadur.
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Tablo 1. Tekli aracilik modelinde matematik kaygisi degiskeninin aracilik etkisi

Etki
BK Yontemi Sobel Testi Bootstrap Yontemi . _.t l,w,,
Biiyiikligi
z M Bootstrap
Katsay! b SHe P Degeri SHz P Degeri SHu Gliven Aralig1 (ab/e)

N o o N

25,641 1,708 ,000 9,926 0,590 ,000 5958 0,62 4,767 7,218 0,232
-0,247 0,019 ,000
-24,119 1,507 ,000
19,683 1,684 ,000

Tablo 1’deki arastirma bulgular: incelendiginde, BK yonteminin birinci adimda smif iklimi
degiskeninin matematik okuryazarligini (c katsayisi), ikinci adimda, smuf iklimi degiskeninin
matematik kaygisimi (a katsayisi), tiglincii adimda matematik kaygisi degiskeninin matematik
okuryazarligini (b katsayist) manidar diizeyde yordadigi goriilmektedir (p<.05). Ik ii¢ adimdaki
katsay1 degerlerinin istatistiksel olarak manidar olmasi BK yonteminin kosullarinin saglandigini
gostermektedir. Kurulan path diyagraminda ve aracilik analizlerinde standardize edilmemis
regresyon katsayisi beta katsayisina tercih edilmektedir. Cilinkii aracilik analizlerinde dolayh etkinin
hesaplanmasinda ve Sobel z degerinin hesaplanmasinda standart hata kestiriminden dolay:r B
katsayis1 kullanilmaktadir (Jose, 2013; MacKinnon, 2008). Smif iklimi degiskeni ile matematik
okuryazarlig1 degiskeni arasindaki toplam etkiyi gosteren c katsayis1 (B=25.64) ile dogrudan etkiyi
gosteren ¢’ katsayisi (B=19.68) karsilastirildiginda, sinif ikliminin matematik okuryazarligini yordama
giiciinde azalma oldugu goriilmektedir. Baron ve Kenny (1986)'nin en yaygm kullarulan aracilik
tanimina gore, bir degiskenin araci olabilmesi i¢in, araci degisken eklendigi durumda elde edilen
regresyon esitligindeki c' katsayisi araci degisken eklenmeden 6nceki c katsayisindan diisiik olmalidir.
Arac1 degisken kontrol edildiginde, bagimsiz degisken bagimli degiskenin arttk manidar bir
yordayicist degilse bu durum tam aracilifi, hem bagimsiz degisken hem araci degisken bagiml
degiskenin manidar birer yordayicisiysa bu durum kismi aracilifi desteklemektedir. BK yontemine
gore matematik kaygisi degiskeninin simif iklimi ile matematik okuryazarligi arasinda kismi araci
degisken oldugunu gostermektedir. Sobel testine gore aracilik sonuglar1 incelendiginde, Sobel z
degerinin istatistiksel olarak manidar oldugu goriilmektedir (p<.05). Sobel test sonuglar1 matematik
kaygis1 degiskeninin, smif iklimi ile matematik okuryazarligi arasindaki iliskiye aracilik ettigini
gostermektedir. Bootstrap yonteminden elde edilen sonuglar incelendiginde de %95 olasilikla giiven
araligi degerlerinin sifir degerini icermedigi goriilmektedir. Bu yontemle elde edilen degerler de
matematik kaygisi degiskenin manidar aracilik etkisini desteklemektedir. Elde edilen sonuglar,
ogrencilerin bulundugu matematik dersindeki smnif ortaminin olumlu olmasinin onlarin ders
kaygisini azalttigini, kayginin azalmasi ile de matematik basarilarinin arttigini gostermektedir. Ayrica

smif ikliminin matematik okuryazarlig: {izerinde dogrudan bir etki yarattig1 da belirlenmistir.

Tablo 1'de goriildiigii gibi, standardize edilmis regresyon katsayilarina dayali dolayh

etki/toplam etki orani 0.232 olarak elde edilmistir. Bu oran, sinif ikliminin matematik okuryazarligi
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iizerindeki toplam etkisinin %23'tiniin matematik kaygis1 araci degiskeni tarafindan olusturulan
dolayli etki ile agiklandigini ifade etmektedir. Sonug olarak, 6grencilerin bulundugu olumlu bir sinif
ortami, 0grencilerin matematik okuryazarhigini arttirmakta ve bu artisin %23’litkk bir kismi olumlu

sinif ortaminin dgrencilerin matematik kaygisini azaltmasiyla agiklanmaktadir.

Tekli araciik modelinde, smif iklimi ile matematik okuryazarligi arasindaki iliskiye
matematik benlik kavrami degiskeninin aracilik edip etmediginin BK y6ntemi, Sobel testi, Bootstrap
yontemine gore incelenmesi sonucunda elde edilen bulgular ve aracilik etkisinin etki biiyiikliigi

degeri Tablo 2’de yer almaktadir.

Tablo 2. Tekli aracilik modelinde matematik benlik kavram: degiskeninin aracilik etkisi

Etki
BK Yontemi Sobel Testi Bootstrap Yontemi .. _.t 1,_ o
Buyiikligi
z M Bootstrap
Katsay: B SHe P Degeri P Degeri " Giiven Aralig: (ab/c)

25,641 1,708 ,000 6,705 0459 ,000 3,074 048 2,148 4,041 0,121
0,147 0,019 ,000
20,890 1,572,000
22,567 1,678 ,000

N oo N

Tablo 2’deki arastirma bulgular incelendiginde, BK yonteminin birinci adiminda smuf iklimi
degiskeninin matematik okuryazarligini (c katsayisi) manidar yordadig1 (p<.05) goriilmektedir. Tkinci
adimda, sinif iklimi degiskeni matematik benlik kavramin (a katsayisi), {iglincii adimda matematik
benlik kavrami matematik okuryazarligini (b katsayisi)) manidar yordamaktadir (p<.05). Ilk iig
adimdaki katsayr degerlerinin istatistiksel olarak manidar olmasi BK yonteminin kosullarmin
saglandigini gostermektedir. Sinif iklimi degiskeni ile matematik okuryazarligi degiskeni arasindaki c
katsayis1 (B=25.64) ile ¢ katsayist (B=19.68) karsilastirildiginda, sinf ikliminin matematik
okuryazarlifini yordama giiciinde azalma oldugu goriilmektedir. ¢' katsayismin c katsayisindan
kiiglik olmasi ve dogrudan etki olarak tanimlanan c' katsayisinin araci degisken eklendiginde de
manidar olmasi, matematik benlik kavrami degiskeninin smnif iklimi ile matematik okuryazarligi
arasinda kismi aract degisken oldugunu gostermektedir. Tablodaki Sobel z degerinin istatistiksel
olarak manidar oldugu goriilmektedir (p<.05). Sobel test sonuglar1 da matematik benlik kavrami
degiskeninin, siuf iklimi ile matematik okuryazarligi arasindaki iliskide aracilik ettigini
gostermektedir. Bootstrap yonteminden elde edilen sonuglar incelendiginde de %95 olasilikla giiven
araligir degerlerinin sifir degerini icermedigi goriilmektedir. Bu yontemle elde edilen degerler de
matematik kaygisi degiskenin manidar aracilik etkisini desteklemektedir. Elde edilen sonuglar,
ogrencilerin algiladiklar1 matematik dersindeki smnif ortammin olumlu olmasmin o6grencilerin
matematik dersinde kendilerine olan yeterlik inanglarimi artirdigini, bu durumun da matematik
okuryazarligini artirdigini gostermektedir. Ayrica smif ikliminin matematik okuryazarligini iizerinde

dogrudan bir etki yarattig1 da belirlenmistir.
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Tablo 2’'de goriildiigii gibi, dolayl etki/toplam etki orarnui 0.121 olarak elde edilmistir. Bu oran,
smif ikliminin matematik okuryazarligi tizerindeki toplam etkisinin %12’sinin matematik benlik
kavrami araci degiskeni tarafindan olusan dolayl etki ile a¢iklandigini ifade etmektedir. Sonug olarak,
ogrencilerin bulundugu olumlu bir siif ortami, dgrencilerin matematik okuryazarligini arttirmakta
ve bu artisin bir kismi olumlu sif ortaminin matematik benlik kavramimi arttirmasiyla

aciklanmaktadir.

Coklu aracilik modelinde, simif iklimi ile matematik okuryazarligi arasindaki iligkiye
matematik kaygis1 ve matematik benlik kavrami degiskeninin aracilik edip etmediginin BK yontemi,
Sobel testi, Bootstrap yontemine gore incelenmesi sonucunda elde edilen bulgular ve aracilik
etkilerinin etki biiyiikliigli degeri Tablo 3, Tablo 4, Tablo 5 ve Tablo 6’da verilmistir.

Tablo 3. Coklu aracilik modelinde matematik kaygisi: ve matematik benlik kavrami degiskeninin BK yontemine
gore aracilik etkisi

Katsay1 B SHs B t p

c 25,641 1,708 0,259 15,009 ,000
a1 -0,247 0,019 -0,221 -12,677 ,000
az 0,147 0,019 0,138 7,788 ,000
b1 -18,905 1,960 -0,214 -9,648 ,000
b2 8,376 2,021 0,090 4,145 ,000
¢ 19,738 1,680 0,199 11,748 ,000

Tablo 3’teki arastirma bulgular1 incelendiginde, BK yonteminin birinci adimdaki bagimsiz
degiskenin bagimli degiskeni manidar yordamas: gerektigi kosulu saglanmaktadir. Ikinci adimda
smif iklimi degiskeninin matematik kaygisini (ai1), tiglincii adimda da matematik benlik kavramini (az)
manidar yordadig: goriilmektedir. BK yodnteminin, bagimsiz degisken, araci degiskenlerin manidar
yordayicist olmasi kosulu da saglanmaktadir. Siuf iklimi degiskeni kontrol edildiginde, matematik
kaygist (b1) ve matematik benlik kavrami (b2) degiskenlerinin matematik okuryazarligini manidar
yordadig1 goriilmektedir. Boylece, bagimsiz degisken etkisi kontrol edildiginde araci degiskenler
bagimli degiskeni manidar sekilde yordar kosulu da saglanmaktadir. Siuf iklimi degiskeni ile
matematik okuryazarlig1 degiskeni arasindaki toplam etki olan c katsayis1 (B=25.64) ile dogrudan etki
olan c¢' katsayisi (B=19.74) karsilastirildiginda, simif ikliminin matematik okuryazarligini yordama
giiclinde azalma oldugu goriilmektedir. ¢' katsayisinin ¢ katsayisindan kiiciik olmasi ve dogrudan etki
olarak tanimlanan c' katsayisinin aract degiskenler eklendiginde de manidar olmasi, matematik
kaygis1 ve matematik benlik kavrami degiskenlerinin sinif iklimi ile matematik okuryazarlig1 arasinda

kismi aracilik sagladigini gostermektedir.
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Tablo 4. Coklu aracilik modelinde matematik kaygisi ve matematik benlik kavrami degiskeninin Sobel Testine
gore aracilik etkisi

Katsay1 2 Degeri SH b Simetrik ?uven Asimetrik vGuven
Aralig1 Aralig1

aib1 4,67 7,662 0,610 ,000 3,474 5,866 3,682 6,043

azb2 1,233 3,636 0,339 ,000 0,569 1,897 0,684 1,996

Sobel test sonuglar1 incelendiginde, ¢oklu aracilik modelinde hem matematik kaygis
degiskeninin hem de matematik benlik kavrami degiskeninin dolayl etkisinin istatistiksel olarak
manidar oldugu goriilmektedir (p<.05). Siuf ikliminin matematik okuryazarlig:1 tizerindeki toplam
dolayli etkisi 4.670+1.233=5.903'tiir. Bu deger, smf iklimindeki 1 birimlik degisimin iki araci
degiskenin araciligiyla matematik okuryazarlig tizerinde 5.903 kadar etkili oldugunu gostermektedir.
Degiskenlerin 6znel dolayh etkileri incelendiginde ise, matematik kaygis1 degiskeninin dolayh etkisi
matematik benlik kavrami degiskeninin dolayli etkisinden daha biiyiitk oldugu soylenebilir. Bu
durumda, 6grencilerin matematik kaygisindaki azalma matematik basarilarini daha fazla arttiracaktir.

Tablo 5. Coklu aracilik modelinde matematik kaygisi ve matematik benlik kavrami degiskeninin Bootstrap
yontemine gore aracilik etkisi

Bootstrap M SH Bootstrap Giliven Aralif1
aib1 4,67 0,601 3,545 5,912
azbz 1,233 0,337 0,621 1,946
Y.ab 5,903 0,633 4,706 7,2

Bootstrap yonteminden elde edilen %95 olasilikla giiven araligi degerlerinin sifir degerini
icermedigi goriilmektedir. Bu yontemle matematik kaygis1 ve matematik benlik kavrami
degiskenlerinin dolayl etkileri i¢in elde edilen katsayilarin da manidar oldugu goriilmiistiir.

Tablo 6. Coklu aracilik modelinde matematik kaygis: ve matematik benlik kavram: degiskeninin aracilik
etkisinin biiyiikliigii

Katsay1 Standardize Edilmis Katsayilar ve etki biiytikliigii
C 0,259
aib1 0,047
axb2 0,013
Yab 0,06
aibi/c 0,182
azbz/c 0,048
Y.ab/c 0,23

Tablo 6’daki aibi/c orani matematik kaygisi degiskeninin, azbz/c orani matematik benlik
kavrami degiskeninin 6zgiil dolayli etkisini, Yab/c orani da toplam dolayli etkiyi gostermektedir.
Matematik kaygisi degiskeninin dolayl etkisinin toplam etkiye orani 0.18, matematik benlik kavrami
degiskeninin dolayli etkisinin toplam etkiye orani 0.05 olarak elde edilmistir. Bu durum, simuf
ikliminin matematik okuryazarligina etkisinin yaklasik %1871ik bir kismunin matematik kaygisi

tarafindan, yaklasik %5’lik bir kisminin da matematik benlik kavrami tarafindan aciklandigim
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gostermektedir. Genel olarak basar1 {izerindeki etkilerin %23’litk bir kismi araci degiskenler
tarafindan aciklanmistir. Tekli aracilik modellerinde, matematik kaygisinin etki biiytikltigii 0.23 iken,
¢oklu aracilik modelinde bu oran 0.18, matematik benlik kavrami degiskeninin etki biiytikligii 0.12

iken ¢oklu aracilik modelinde 0.05 olarak elde edilmistir.
Sonug ve Oneriler

Sinif iklimi ile matematik okuryazarlig1 arasinda matematik kaygis1 degiskeninin araciliginin
incelenmesi i¢in yapilan tekli aracilik modeli analizinde, BK yontemine, Sobel testine ve Bootstrap
yontemine gore matematik kaygisi degiskenin aracilik etkisi bulunmustur. Matematik kaygist araci
degiskeninin etki biiyiikliigii degeri 0.23 olarak belirlenmistir. Yani, siif ikliminin matematik
okuryazarlig1 {izerindeki toplam etkisinin %23'ti matematik kaygis1 araci degiskeni tarafindan
olusturulan dolayl etki ile agiklanmaktadir. Sonug olarak, 6grencilerin bulundugu olumlu bir sinif
ortami, Ogrencilerin matematik okuryazarhigmi arttirmakta ve bu artisin bir kismi olumlu sinif
ortaminin matematik kaygisini azaltmasiyla agiklanmaktadir. Elde edilen bulgular, Eccles ve digerleri
(1983)'nin basar: giidiisiiniin beklenti-deger modeli ile tutarli olarak, dgrencilerin sinif ortamini ve
Ogretmen davranislarini algillamalarinin  6grencilerin  duyussal ve gilidiiye dayali inanglarim
etkiledigini ve bu nedenle de matematik basarisi {izerinde potansiyel bir role sahip oldugu goriisiinii
desteklemektedir. Daha onceki arastirmalarin biiyiik kismi bireysel olarak matematik kaygis1 ile
matematik performansi arasindaki iliskiye odaklanmasina ragmen, bu arastirmadan ve son yillarda
yapilan bazi arastirmalardan elde edilen bulgular (Chang ve Beilock, 2016; Yildirim, 2012) matematik
kaygisinin smif ortami, Ogretmenler, veliler gibi daha genis baglamda ele alinmasinin yararh
oldugunu gostermektedir. Manidar aracilik etkisinin bulunmasi, OECD (2013)’iin raporunda yer alan
ogrencilerin akademik bagarisi {izerindeki tiim etkilerin dogrudan oldugunu varsaymanin dogru
olmadigi, 6grencilerin akademik basarilarim1i dogrudan etkileyen degiskenlerin yani sira dolayh

etkileyen degiskenlerin de s6z konusu oldugu ifadelerini desteklemektedir.

Simif iklimi ile matematik okuryazarligi arasinda matematik benlik kavrami degiskeninin
araciiginin incelenmesi igin yapilan tekli aracilik modeli analizinde her ii¢ yonteme gore matematik
benlik kavrami degiskeninin aracilik etkisi belirlenmistir. Matematik benlik kavrami arac
degiskeninin etki biiyiikliigii degeri 0.12 olarak belirlenmistir. Yani, siif ikliminin matematik
okuryazarlig tizerindeki toplam etkisinin %12’si matematik benlik kavrami araci degiskeni tarafindan
olusan dolayli etki ile aciklanmaktadir. Sonu¢ olarak, 6grencilerin bulundugu olumlu bir simnif
ortaminin, dgrencilerin matematik okuryazarligini arttirdigi ve bu artisin bir kisminin olumlu sinif
ortaminin matematik benlik kavramini arttirmasiyla agiklandig: belirlenmistir. Bu sonuglar, Marsh ve
Parker (1984)'in “Big Fish Little Pond Effect” ilkesiyle de benzerlikler gostermektedir. Bu ilke,
ogrencilerin akademik benlik algilarmin biiyiik oranda c¢evresel karsilastirma siireciyle sekillendigini,

ogrencilerin kendi basarilarini arkadaslarmin basarilariyla (dissal) ve bir alandaki basarisini diger
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alandaki basarisiyla (igsel) karsilastirdiklarini ifade etmektedir. Matematik alaninda kendi basarisini
akranlarindan daha yiiksek goren bir 6grencinin matematik benlik kavrami bu algidan olumlu
etkilenmektedir. Boylece yetenekli 6grenciler, karisik yetenek grubundaki 6grenciler arasinda, tim
ogrencilerin parlak oldugu segici bir ortamdan daha yiiksek akademik benlik kavramina sahip
olacaktir. PISA sonuglari, matematik kayg diizeyinde oldugu gibi Tiirk 6grencilerin matematik benlik
kavrami diizeylerinin de uygulamaya katilan diger tilkelerin ¢ogundaki 6grencilerden daha diisiik
oldugunu ortaya koymaktadir. Bu nedenle yalnizca smifta olumlu bir disiplin ortaminin saglanmasi

matematik benlik algisini artirmak i¢in yeterli olmayabilir.

Iki degiskenin birlikte ele alindigi coklu aracilik modelinde, her ii¢ yonteme gore yapilan
analizlerde her iki degiskenin, sinif iklimi ile matematik okuryazarlig1 arasinda manidar aracilik etkisi
gosterdigi belirlenmistir. Hem tekli hem de c¢oklu aracilik modellerinde, matematik kaygisi
degiskeninin etki biiyiikliigliniin matematik benlik kavramimin etki biiyiikliigiinden daha yiiksek
oldugu bulunmustur. Matematik dersinde olumlu bir sinif ortami 6grencilerin kaygilarin diisiirmekte
ve bu diislis matematik basarisindaki artista matematik benlik kavramina gore daha onemli rol
oynamaktadir. Ayrica, her iki degiskenin etki biiytikliigii degerlerinin ¢oklu aracilik modelinde tekli
araciik modelinden daha diisiik oldugu belirlenmistir. Bu durum degiskenleri birbirini

etkilemesinden kaynaklaniyor olabilir.

Smifta olumlu bir disiplin ortaminin saglanmasi 6grencilerin kaygilarinin azalmasina ve
kendilerini matematik alaninda daha yeterli gormelerine neden oldugu icin, gretmenlerin sinifa
hakim olmalar1 ve smif yonetim becerilerinin yiiksek olmas: gerekmektedir. Bu nedenle 6gretmenlere,
Ogretmen yetistirme programinda verilen “Smif Yonetimi” vb. derslerin daha etkili, verimli olmasi
saglanabilir. Bunun yan sira, etkili bir sinif yonetimi ile ilgili 6gretmenlere seminerler verilebilir ya da
hizmet i¢i egitim calismalar: yapilabilir. Olumlu bir siuif ortami ya da sinuf ortamindaki destekleyici
iligkiler Ogrencilerin kaygi, benlik kavrami gibi giidiiye dayali inanglarmi dolayisiyla da
ogrenmelerini etkiledigi icin 0gretmen ve &grencilerin yer aldig1 sosyal etkinliklerin planlanarak
Ogrenci-Ogretmen arasindaki iliskilerin giiclendirilmesi, 6grencilerin basarilarini arttirmak agisindan

yararl olabilir.

Matematik okuryazarligi ile kurulan modellerde simif iklimi, matematik kaygisi, benlik
kavrami degiskenleri ele alinmistir. PISA anketlerinde 6grenciler, veliler ve okullarla ilgili bir¢ok bilgi
toplanmaktadir. Matematik okuryazarhigimni etkileyen farkli degiskenlerin de aracilik etkileri
incelenebilir. Matematik okuryazarligi acisindan farkh tiilkelerin verileri ile Tiirkiye verileri ele
almarak iilkeler arasinda karsilastirmali ¢alismalar yapilabilir. Arastirmada PISA matematik
okuryazarligini etkileyen araci degiskenler incelenmistir. Ogrencilerin fen okuryazarligini ve okuma

becerilerini etkileyen araci degiskenlerle de arastirmalar yapilabilir.
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Yapilan bu ¢alismada, ele alian BK yontemi, Sobel testi ve Bootstrap yontemine gore manidar
aracilik etkileri belirlenmistir. Ayrica, Sobel testiyle Bootstrap yonteminin standart hatalar1 birbirine
yakin degerler almakla birlikte BK yontemiyle elde edilen katsayilarin standart hata degerlerinden
daha diisiik oldugu goriilmiistiir. BK yontemi ayri ayr1 katsayilarin degerlendirilmesine
odaklandiginda, dogrudan ab ¢arpimini dikkate almadigindan Sobel testi ve Bootstrap yontemi tercih
edilmelidir. Aracilik analiz yontemleriyle ilgili karsilastirmali en kapsamli ¢calisma olan MacKinnon ve
digerleri (2002)'nin ¢alismasinda, BK yonteminin tiim kosullarda yiiksek standart hata iirettigi, Sobel
testinin biiyiik 6rneklemlerde giivenilir sonuglar verdigi ancak kii¢iik 6rneklemlerde yiiksek standart
hata iirettigine dikkat edilmesi gerektigi vurgulanmistir. Cheung ve Lau (2008) yaptiklar ¢alismada
Bootstrap yonteminin Sobel testine gore daha iyi sonuglar iiretebilecegine isaret etmislerdir. Hayes
(2009) ise, kiiciik 6rneklemlerde Bootstrap yonteminin en yiiksek giice sahip oldugunu ve en iyi L tip
hata kontroliiniin sagladigini ifade etmistir. Alanyazindaki arastirma bulgular1 dikkate alinarak bu tig
yontemin gliclit ve zayif yonleri farkli drneklem biiyiikliiklerinde ve farkli simiilatif kosullarda

incelenebilir.
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Introduction

One of the most important subjects of educational research is the factors affecting academic
achievement. In some literature studies (Chang and Beilock, 2016; Eccles and Wigfield, 2002; Yildirim,
2012) and a report published by the Organization of Economic Development and Co-operation
(OECD, 2013a), it is stated that it is not correct to assume that all the effects on students’ academic
achievement are direct, and in addition to direct variables, there are also indirect variables that affect
the achievement level of students. In educational psychology, the “expectancy-value theory of
motivation” developed by Eccles et al. (1983) link the variables of teacher behavior and student
performance with the assumption that it is mediated by students’” motivational beliefs (Eccles and
Wigfield, 2002). In other words, it is presumed that the success of students is influenced by their
motivational beliefs, which are affected by students’ perception of and attitude toward classroom
environment and teacher behaviors. For example, a positive classroom environment or supportive
relationships in the classroom can improve students’ motivational beliefs, such as anxiety, self-
concept, and self-efficacy, thus it has a positive impact on their learning. Research shows that
classroom environment and teacher behaviors play an important role in motivational structures.
When students perceive their teachers as supportive, they are less likely to feel anxiety about
classroom activities and tend to be more interested in them (Eccles, 2007; Wentzel, 1998; as cited in

Yildirim, 2012).

According to the findings of the studies in the literature, it is concluded that the variables of
mathematics anxiety and mathematical self-concept directly influence mathematical literacy while
other variables, such as classroom climate have an indirect effect on mathematical literacy through the
mediation of student-specific variables. A review of the studies investigating the variables affecting
student achievement shows that they mostly aim to determine variables that directly affect
mathematical literacy, and only a few researchers have attempted to examine mediator variables (e.g.,

Ahmed, Minnaert, van der Werf, and Kuyper, 2010; Kogar, 2015; Yildirim, 2012).
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Mediator variables are behavioral, biological, psychological or social structures that transfer
the effect of one variable to another. Mediation is a way for a researcher to explain the process or
system in which a variable affects another variable (MacKinnon, Fairchild, and Fritz, 2007). The main
purpose of mediation tests is to reveal the connection between the relationship of two variables with
the presence of another variable. The concept of mediation refers to a causal chain, through which the
effect of one or more independent variables is transferred to a dependent variable through a third
variable or variables. In the simplest case, mediation is used to indicate that the effect of an
independent variable (X) is conveyed to a dependent variable (Y) via a third mediator variable (M)
(MacKinnon et al., 2007). For example, in psychology, revealing the impact of environment on human
behavior, personality traits or opinions of people have led to significant advances in psychology
studies. Therefore, investigation of the effects of other variables beyond the relationship patterns that
appear to be very clear is one of the most important conditions of scientific progress. As a result, a
mediation test appears to be an effective method in proving how the relationships between variables

occur (Simsek, 2007).

In the literature, different methods have been utilized forthe analysis of mediator variables
(Hayes, 2013; Jose, 2013; MacKinnon, Lockwood, Hoffman, West, and Sheets, 2002; MacKinnon, 2008;
Preacher and Hayes, 2008; Shrout and Bolger, 2002), and the most comprehensive study belongs to
MacKinnon et al. (2002), who examined 14 different methods used in various disciplines to test
mediation models. This method diversity also shows that there is no common approach among
different disciplines concerning how to determine the effect of a mediator variable. Although,
different methods have been developed for the determination of mediator effects in mediation models
and have been tested in simulation studies in recent years, there is still no consensus in the literature
regarding the methods/tests to be used for specific conditions, as well as the limitations and
advantages of these methods. It is also noteworthy that comparison of methods used to determine
mediator effects is generally undertaken based on artificial data and a single mediation model
involving a sole mediator variable. Furthermore, in Turkey, no study has been conducted to examine
mediator effects using a different method. Apart from the limited number of researchers that
investigated mediator variables related to mathematics literacy (Kogar, 2015; Usta and Simsek, 2014;
Yildirim, 2012), there is no study in the literature that attempted to analyze the relationships between
motivational beliefs, classroom environment and academic achievement using mediation models.
Therefore, it is considered to be important to conduct research to determine the effect of mediator
variables that have an indirect effect on student achievement, and the effect of the mediating variables
that play an indirect role on the students' achievements based on established models using the BK

method, the Sobel test, and bootstrapping technique.

Determining the direct and indirect variables affecting student achievement through scientific

research is a prerequisite for identifying appropriate training solutions to increase success. Therefore,
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research about student and school characteristics is important in ensuring the academic development
of students and proposing solutions. In this regard, the current research is significant in terms of
addressing variables related to students and those concerning classroom or school together. It is
considered that this research will serve as a guide for the Ministry of National Education (MEB) that
introduce new practices to the education policy at certain intervals and school administrators by
providing an insight into the necessary changes that need to be made to classroom applications, thus
increasing the quality of education. In addition, it is thought that teachers, having a deeper
understanding of the effects of student, classroom and teacher characteristics on student achievement,
will be able to better organize teaching activities. In the literature, different results have been obtained
regarding many variables that are considered to be related to mathematics achievement, which proves
that it is not that simple to determine the relationships between these variables. A basic correlation
between mathematics achievement and a variable thought to be related to achievementmay not be
sufficient to make a valid interpretation. It should be noted that the factors associated with
mathematics achievement are also interrelated. Therefore, it is important to establish a causal model
for the variables related to mathematics achievement and examine the direct and indirect effects of
these variables on student achievement. In addition, it is expected that the results of this study will
help future researchers explore the ways to increase students’ mathematics achievement, as well as

assisting the appropriate authorities in regulation of educational policies.

This study aimed to determine the mediating effects of mathematics anxiety and mathematical
self-concept variables on the relationship between classroom climate and mathematical literacy using
the BK, Sobel, and bootstrapping methods based on single and multiple mediation models. In

accordance with this purpose, this research sought answers to the following questions:

1) In a single mediation model for classroom climate, mathematics anxiety, and
mathematical literacy, does the mathematics anxiety variable have a mediator effect

according to the BK method, the Sobel test, and the bootstrapping technique?

c
Clasjsrn om Mathematical
Climate Literacy
Mathematical
a Arvdety b
'
Clasl-srocum Mathematical
Climate Literacy

Figure 1. Single mediation model of the mathematics anxiety variable
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2) In a single mediation model for classroom climate, mathematical self-concept, and
mathematical literacy, does the mathematical self-concept variable have a mediator effect

according to the BK method, the Sobel test, and the bootstrapping technique?

c

Cl assroom Mathematical

Climate Literacy

Mathematical
a Self Concept b
o
Classroom Mathematical
Climate Literacy

Figure 2. Single mediation model of the mathematical self-concept variable

3) In a multiple mediation model for classroom climate, mathematics anxiety, mathematical
self-concept, and mathematical literacy, do the variables of mathematics anxiety and
mathematical self-concept have a mediator effect according to the BK method, the Sobel

test, and the bootstrapping technique?

c
Classroom Mathematical
Climate Literacy
a Mathematical
' Arpdety b
Classroom ¢’ Mathematical
Climats Literacy
X Mathematical B
Self Concept

Figure 3. Multiple mediation model of the mathematics anxiety and mathematical self-concept
variables

Method
Research Model

Since the aim of this study was to determine the mediator variables related to mathematical

literacy, it was based on a relational survey model. Relationships determined through screening
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cannot be interpreted as a true cause-effect relationship, but may provide useful clues for predicting
the situation of a variable based on the knowledge of another variable. The relationship between two
variables can be interdependence or partial dependence, or it may emerge as a result of a third

variable that affects both variables (Karasar, 2008).
Population and Sample

In line with the general purpose of this study, the population of the study was composed of
965,736 Turkish students that participated in the PISA 2012 application, and the study sample was
selected as 4,848 students in the 15-year-old age group attending grades seven or higher in Turkey
(Ministry of National Education [MEB], 2013). The samples of the countries were determined

according to the two-stage stratified sampling method.
Data Collection Tools

Since this research aimed to evaluate PISA 2012 data, no additional data collection instrument
was developed. The research was conducted on the data obtained from the responses of the
participant students to the mathematical literacy test and student questionnaire included in PISA
2012. The PISA 2012 data used in the study were obtained from the official website of OECD. The data

were transferred to SPSS and the section belonging to Turkey was identified.

In the PISA 2012 application, there are a total of 206 items, of which 109 are in the main form
of the mathematical literacy test, 44 in the science literacy test, and 53 in the reading literacy test.
These itemsare placed in 13 test booklets based on a systematic pattern. Since students receive
different booklets, they do not respond to all the items in each area. The scores of the students in the
tests are determined as five different plausible values based on a prediction according to the one-
parameter logistic model of the item response theory (IRT) (OECD, 2013b). Within the scope of this
research, the average of the five plausible mathematical literacy scores (PVIMATH-PVSMATH) was

taken into consideration.

In addition to cognitive tests, PISA includes a student questionnaire that takes about 30
minutes to complete. This questionnaire collects data on many dimensions, such as individual
characteristics, socio-economic background, educational background, attitudes, learning strategies,
learning motivation, teaching efficacy, and classroom and school climate. The data obtained from the
student questionnaire are indexed and evaluated. For this purpose, simple and scale indexes have
been developed with consisting of responses to a single item for the former and scaling multiple items
using a parameterized logistic model for the latter (OECD, 2013b). The average of these index values is
0 and standard deviation is 1 (OECD, 2014). In this research, analyses were performed based on the
scale indexes of the variables of students’ mathematics anxiety, mathematics self-concept and

classroom climate.
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Data Analysis

To find answers to the research questions, mediation analyses was used. The main purpose of
mediation analysis is to reveal the connection between the relationship of two variables with the
presence of another variable. In this study, regression analyses were employed for the analysis of
mediators through the BK method, and SPSS macros developed by Preacher and Hayes (2004) and
obtained from the website of Andrew F. Hayes (http://processmacro.org/index.html) were utilized to

test mediation through the Sobel test and bootstrapping method.

The BK method, also known as the causal step approach, is one of the most commonly
accepted and used methods for testing a mediating hypothesis. In this approach, a mediation model
can be established in four steps (with three regression equations). Baron and Kenny (1986) explained

these steps as follows:
1. The independent variable significantly predicts the dependent variable (Ho: c=0).

2. The independent variable significantly predicts the variable that is hypothesized to be a

mediator (Ho: a=0).

3. When the effect of the independent variable is controlled, the mediator variable(s)

significantly predicts the dependent variable (Ho: b=0).

4. When the effect of the mediator variable is controlled, the relationship between the
independent variable and dependent variable is significantly reduced or the effect of the

former on the latter is no longer significant (Ho: ¢'=0).

The coefficient c in these steps shows the total effect of X on Y, and the coefficient c “indicates
the indirect effect of X on the control of the mediating variable on Y. The presence of a mediator
variable is the difference between the coefficient c 'and the effect of X on Y indicated by ¢, and a part of
this effect is interpreted as sharing by the mediating variable (Hayes, 2013; MacKinnon vd., 2007;
Preacher and Hayes, 2008). Baron and Kenny (1986) stated that the greater the difference between c

coefficient and c 'coefficient, the greater the degree of mediation.

In mediation models, the term product instead of individual paths focuses on the value of ab
(logically this value is equal to the difference between the total effect and the direct effect). The Sobel
test (Sobel, 1982), which is based on the multiplication of coefficient a and b, is the most commonly
used method in the literature (MacKinnon et al., 2002). The Sobel test involves the calculation of the
ratio of the multiplication of a and b coefficient estimates to the standard error of multiplication. The
resulting ratio is the z-score of the mediating effect. This value is used to evaluate whether the
mediating effect is statistically significant based on the assumptions corresponding to the standard

normal distribution. If the z-score is greater than 1.96, the mediating effect is interpreted as being
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significant at the .05 level (MacKinnon et al., 2002; Mallinckrodt, Abraham, Rucker, Preacher, Tormala,
and Petty, 2006).

It is stated that the classical mediation analysis methods described above do not sufficiently
determine mediating effects, especially in small samples. Bootstrapping, a nonparametric resampling
method, is different in terms of not requiring the normality assumption of sample distribution to test
mediation. Bootstrapping is a computationally intensive method, which involves repeating sampling
from the dataset and estimating the indirect effect in each resampled data set. Shrout and Bolger
(2002) reported that the bootstrapping method was particularly powerful when the sample
distribution of the mediation effects was not zero or was skewed. In order to determine the power of
the mediation of significant variables, effect size measurements are undertaken. Effect size measures
are defined as an indication of the magnitude and importance of an effect, independentof sample size.
The current study utilized the effect size measure that is most commonly adopted in the literature, in
which the indirect effect is divided by the total effect as follows: (1-c ') / c or ab / (¢’ + ab). Calculated
this ratio is between 0 and 1 and shows how much of the total effect is explained by the indirect effect

(Jose, 2013; MacKinnon, 2008).

Before the analysis of data, the data set was examined for missing values and extreme values,
and then the assumptions of the mediation analysis methods were tested. There was no missing data
in the mathematical literacy variable, but the rate of missing data was greater than 30% for the
remaining variables. Van Buuren (2011) stated that if the missing data rate is less than 30%, value
assignment can be made, but if it is 30% or more, the missing values should be removed. Since the
sample size was sufficient, the students with missing data related to the variables were removed from
the data set, which reduced the sample to 3,167 students. As a result of univariate extreme value
analysis of index values estimated as standard points, no value other than + 4 was observed. In order
to determine the multivariate extreme values, Mahalanobis distance statistics were used. In line with
the results of the analysis, 34 Mahalanobis distance values significant at the .001 level were also
excluded. After the removal of missing data and extreme values, further analyses were performed on

the data set comprising data from a total of 3,133 students.
Ethical Permits of the Research

In this study, all the rules stated in the "Higher Education Institutions Scientific Research and
Publication Ethics Directive" were followed. None of the actions specified under the second section of

the Directive, "Scientific Research and Publication Ethics Actions" have been carried out.
Results and Comments

Table 1 presents the effect of the mathematics anxiety variable on the relationship between
classroom climate and mathematical literacy and the effect size of the mediation effect in the single

mediation model according to the BK method, the Sobel test, and the bootstrapping method.
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Table 1. The mediation effect of the mathematics anxiety variable in the single mediation model

BK Method Sobel Test Bootstrap Method Effect Size
g5 B SH z SH Moy CB Tftiiltrilz (ab/c)
g ° ’ P Value g P Value M onfiaence a

Interval
25,641 1,708 ,000 9926 0,590 ,000 5958 0,62 4,767 7,218 0,232

-0,247 0,019 ,000
-24,119 1,507 ,000
19,683 1,684 ,000

0T o N

The results of the BK method (Table 1) revealed that the classroom climate variable
significantly predicted mathematical literacy (coefficientc) in the first step and mathematics anxiety
(coefficient a) in the second step, and the mathematics anxiety variable significantly predicted
mathematical literacy (coefficient b) in the third step (p <.05). The statistical significance of the
coefficient values in the first three steps shows that the conditions of the BK method were satisfied.
The unstructured regression coefficient was preferred over beta coefficient in the established path
diagram and mediation analyses since coefficient B is used to determine the indirect effect in
mediation analyses and calculate the Sobel z-score (z-score=ab/SHab) due to standard error estimation
(Jose, 2013; MacKinnon, 2008). When coefficient ¢ (B=25.64) referring to the total effect on the
relationship between the classroom climate and mathematical literacy variables is compared to
coefficient ¢' (B=19.68) representing the direct effect, it is observed that there is a decrease in the
predictive power of classroom climate for mathematical literacy. According to the most widely used
mediation definition of Baron and Kenny (1986), in order for a variable to be a mediator, coefficient c'
calculated in the regression equation when the mediator variable is added should be lower than
coefficient ¢ before adding the mediator variable. If the independent variable is no longer a significant
predictor of the dependent variable when the mediator variable is controlled, this situation is referred
to as full mediation, and if both the dependent variable and the mediator variable are significant
predictors of the dependent variable, then this indicates partial mediation. According to the BK
method, mathematics anxiety is a partial mediator variable between classroom climate and
mathematical literacy. When the mediation analysis was undertaken using the Sobel test, it was
determined that the Sobel z-score was statistically significant (p<.05), indicating that the mathematics
anxiety variable mediated the relationship between classroom climate and mathematical literacy. The
results of the bootstrapping method revealed that the 95% confidence interval values did not contain a
zero value. This method also supported the significant mediator effect of the mathematics anxiety
variable. All the results obtained from the three methods show that a positive classroom environment
in the mathematics course decrease students’ course anxiety, and reduced anxiety increases students’
mathematics achievement. It was also determined that classroom climate had a direct effect on

mathematical literacy.
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As shown in Table 1, the indirect effect / total effect ratio based on standardized regression
coefficients was calculated as 0.232. This ratio indicates that 23% of the total effect of classroom climate
on mathematical literacy is explained by the indirect effect generated by the mediator variable of
mathematics anxiety. As a result, a positive classroom environment increases students” mathematical
literacy, and 23% of this increase is explained by this environment reducing students” mathematics

anxiety.

Table 2 presents the results of the BK, Sobel and bootstrapping methods concerning whether
mathematical self-concept mediated the relationship between classroom climate and mathematical
literacy in the single mediation model and the effect size of the mediation effect.

Table 2. The mediation effect of the mathematical self-concept variable in the single mediation model

N o o N

BK Method Sobel Test Bootstrap Method Effect Size
o 4 M Bootstrap
é ,§ B SHs P Value SHz p Value SHm  Confidence (ab/c)
Y Interval
25,641 1,708 ,000 6,705 0459 ,000 3,074 048 2,148 4,041 0,121

0,147 0,019 ,000
20,890 1,572,000
22,567 1,678 ,000

According to the results of the BK method (Table 2), the classroom climate variable
significantly predicted mathematical literacy (coefficient c) (p <.05) in the first step and mathematical
self-concept (coefficient a) in the second step. In the third step, mathematical self-concept was a
significant predictor of mathematical literacy (coefficient b) (p <.05). The statistical significance of the
coefficient values in the first three steps confirms that the conditions of the BK method were met.
Comparing coefficient ¢ (B=25.64) and c¢' (B=19.68) respectively referring to the total and direct effects
on the relationship between classroom climate and mathematical literacy (B = 25.64), the predictive
power of classroom climate for mathematical literacy was reduced in the latter. The fact that
coefficient ¢' was smaller than coefficient ¢ but remained significant when the mediator variable was
added indicates that the mathematical self-concept variable was a partial mediator between classroom
climate and mathematical literacy. The second mediation analysis method, the Sobel test, also
produced a statistically significant z-score (p <.05), confirming the mediator effect of mathematical
self-concept on the relationship between classroom climate and mathematical literacy. Lastly, the
results obtained from the bootstrapping method revealed that 95% confidence interval values did not
contain a zero value, supporting the significant mediator effect of mathematical self-concept. All these
results show that students’ perception of a positive classroom environment in the mathematics course
increases their self-efficacy beliefs in this course, which, in turn, improves their mathematical literacy.

It was also determined that classroom climate had a direct effect on mathematical literacy.
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The indirect effect / total effect ratio was 0.121 (Table 2). This ratio indicates that 12% of the
total effect of classroom climate on mathematics literacy was explained by the indirect effect of the
mediator variable of mathematical self-concept. As a result, a positive classroom environment
increases students” mathematical literacy, and part of this increase was explained by this environment

improving students’ mathematical self-concept.

Table 3, Table 4, Table 5 and Table 6 shows the results of the BK, Sobel and bootstrapping
methods regarding whether the mathematics anxiety and mathematical self-concept variables
mediated the relationship between classroom climate and mathematical literacy in the multiple
mediation model, as well as the effect size of such mediation.

Table 3. The mediation effect of math anxiety and math self-concept variable according to BK method in
multiple mediation model

Coefficient B SHs B t p

C 25,641 1,708 0,259 15,009 ,000
a1 -0,247 0,019 -0,221 -12,677 ,000
az 0,147 0,019 0,138 7,788 ,000
b1 -18,905 1,960 -0,214 -9,648 ,000
b2 8,376 2,021 0,090 4,145 ,000
c 19,738 1,680 0,199 11,748 ,000

When the research findings in Table 3 are examined, it is seen that the condition of the first
step; i.e., the independent variable must significantly predict the dependent variable, is satisfied. In
the second and third steps, the classroom climate variable significantly predicted mathematics anxiety
(a1) and mathematical self-concept (az), respectively. Similarly, the assumption that the independent
variable must be a significant predictor of the mediator variable is also met. When the classroom
climate variable was controlled, mathematics anxiety (b1) and mathematical self-concept (b2)
significantly predicted mathematical literacy. Thus, when the effect of the independent variable was
controlled, the mediator variables significantly predicted the dependent variable. When coefficient c
(B =25.64) and coefficient ¢' (B = 19.74), respectively corresponding to the total and direct effect on the
relationship between classroom climate and mathematical literacy are compared, it was observed that
the predictive power of classroom climate for mathematical literacy was lower for the latter. The fact
that coefficient ¢’ was smaller than coefficient ¢ but remained significant when the effect of the
mediator variables was added shows that the variables of mathematics anxiety and mathematical self-
concept provided a partial mediation for the relationship between classroom climate and

mathematical literacy.
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Table 4. The mediation effect of math anxiety and math self-concept variable according to Sobel Test in multiple
mediation model

Symmetric Asymmetric
Coeftficient z Value SH P Confidence Interval  Confidence Interval
aib1 4,67 7,662 0,610 ,000 3,474 5,866 3,682 6,043
azb2 1,233 3,636 0,339 ,000 0,569 1,897 0,684 1,996

Examination of the Sobel test results revealed that the indirect effect of both mathematics
anxiety and mathematical self-concept in the multiple mediation model was statistically significant (p
<.05). The total indirect effect of classroom climate on mathematical literacy was calculated as 4.670 +
1.233 = 5.903. This value shows that a one-unit change in classroom climate had an effect equal to 5.903
on mathematical literacy through the two mediator variables. When the specific indirect effect of each
variable was analyzed, it was found that the indirect effect of mathematics anxiety was greater than
that of mathematical self-concept; i.e.,, a decrease in students’ mathematics anxiety would increase
their mathematical achievement to a greater extent.

Table 5. The mediation effect of math anxiety and math self-concept variable according to Bootstrap Metod in
multiple mediation model

Bootstrap M SH Bootstrap Confidence Interval
aib: 4,67 0,601 3,545 5,912
azbz 1,233 0,337 0,621 1,946
Y.ab 5,903 0,633 4,706 7,2

The last method, bootstrapping, also provided similar results. The 95% confidence interval
values obtained did not contain zero values, supporting the significant mediator effect of both

mathematics anxiety and mathematical self-concept.

Table 6. The mediation effect size of math anxiety and math self-concept variable in multiple mediation model

Coefficient Standardized Coefficients and effect size (ab/c)
C 0,259
aib1 0,047
azb2 0,013
Yab 0,06
aibi/c 0,182
azbz/c 0,048
Y ab/c 0,23

In Table 6, the ratios of aibi/c and azxb2/c refer to the specific indirect effects of mathematics
anxiety and mathematical self-concept, respectively, and } ab/c represents the total indirect effect. The
ratio of the indirect effect of mathematics anxiety to the total effect was 0.18, and the indirect effect of
mathematical self-concept to the total effect was 0.05. This shows that approximately 18% of the effect
of classroom climate on mathematical literacy is explained by mathematics anxiety and about 5% by
mathematical self-concept. In general, 23% of the effects on mathematical achievementis explained by

the mediator variables. The effect size of mathematics anxiety was 0.23 for the single mediation model
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and 0.18 for the multiple mediation model whereas that of mathematical self-concept was 0.12 and

0.05 for the single and multiple mediation models, respectively.
Conclusion and Recommendations

In the single mediation model analysis performed to investigate mathematics anxiety as the
mediator variable for the relationship between classroom climate and mathematical literacy, the BK,
Sobel and bootstrapping models all revealed that mathematics anxiety had a mediating effect. The
effect size value of the mathematics anxiety mediator was determined as 0.23; i.e., 23% of the total
effect of classroom climate on mathematical literacy was explained by the indirect effect generated by
the mathematics anxiety variable. As a result, a positive classroom environment increased students’
mathematical literacy, and part of this increase was explained by the effect of this environment on
reducing mathematics anxiety. These findings are consistent with the expectancy—value theory of
motivation proposed by Eccles et al. (1983), supporting the view that students’ perceptions of
classroom environment and teacher behaviors affect their affective and motivational beliefs, and thus
have a potential role in their mathematical achievement. The students' mathematics anxiety was found
to mediate the relationship between students’ perceived classroom environment and mathematical
literacy in PISA, albeit not to a very great extent. In contrast to much of the previous research that
generally focused on the relationship between mathematics anxiety and mathematical performance on
an individual basis, the findings from the current research, as well as some recent studies (Chang and
Beilock, 2016; Yildirim, 2012) suggest that it is more beneficial to address students’ mathematics
anxiety in a broader context comprising classroom environment, teachers, and parents. The presence
of significant mediation effects supports the statement included in the report of OECD (2013) that it is
not right to assume that all the effects on students” academic achievement are direct, and in addition

to variables with direct effects, there are also variables that indirectly affect students” achievement.

The second single mediation model analysis undertaken in the study aimed to investigate the
mediator role of mathematical self-concept in the relationship between classroom climate and
mathematical literacy using three different mediation methods. The effect size value of the
mathematical self-concept mediator was calculated as 0.12. That is to say, 12% of the total impact of
classroom climate on mathematical literacy was explained by the indirect effect of the mathematical
self-concept mediator. As a result, it was determined that a positive classroom environment increased
students” mathematical literacy, and some of this increase was explained through the role of such an
environment in increasing their mathematical self-concept. These results are similar to the big-fish-
little-pond effect principle of Marsh and Parker (1984), which states that students’ academic self-
perceptions are shaped largely by an environmental comparison process, and students compare their
achievements with the achievements of their peers (external) as well as their own success in other

fields (internal). The mathematical self-concept of a student that considers her/his mathematics
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achievement to be higher than that of another student is positively affected by this perception. Thus,
gifted students will have a higher academic self-concept in an environment with students having
different levels of abilities compared to a selective environment in which all students are successful.
The results of PISA show that as in the case of mathematics anxiety level, the Turkish students’ levels
of mathematical self-concept are lower than the students in most other countries participating in this
application. Therefore, achieving a positive disciplinary environment in the classroom may not be

sufficient to increase mathematical self-perception.

In the multiple mediation model where two variables were considered together, analyses
performed using three methods all showed that both variables had a significant mediation effect on
the relationship between classroom climate and mathematical literacy. In both single and multiple
mediation models, the effect size of mathematics anxiety was found to be higher than that of
mathematical self-concept. Creating a positive classroom environment in mathematics course reduces
students’ anxiety levels, and this reduced anxiety has a more significant role in the increase of
students’ mathematics achievement compared to mathematical self-concept. In addition, the effect size
values of both variables were determined to be lower in the multiple mediation model than in the

single mediation model, probably due to the effects of these variables on each other.

Since providing a positive disciplinary environment in the classroom leads to a decrease in
students’ anxiety and improvement in their perception of their mathematics achievement, it is
necessary for teachers to have a good control over the class and possess a high level of classroom
management skills. For this reason, courses, such as “Classroom Management” that are offered in
teacher education programs can be revised to be more effective and efficient. In addition, seminars or
in-service training activities can be organizedin relation toeffective class management. Considering
that a positive classroom environment or supportive relationships in this environment can help
students to improve their motivational beliefs, such as anxiety and self-concepts, thus influencing
teacher behaviors, it may be beneficial to undertake social activities with teachers and students to

strengthen the relationship between them and further increase student achievement.

In the mathematical literacy models established in this study, classroom climate, mathematics
anxiety, and mathematical self-concept variables were discussed. PISA surveys collect a large amount
of information about students, parents and schools. In future studies, the mediating effects of different
variables affecting mathematical literacy can be examined. The data obtained from different countries
in relation to mathematical literacy can be compared to the Turkish sample. The focus of thecurrent
study was on mediator variables affecting PISA mathematical literacy. Other researchers can

investigate other variables that have a mediator effect on science and / or reading literacy.

In this study, the BK, Sobel and bootstrapping methods revealed significant mediation effects

for the investigated variables. In addition, standard errors calculated by the Sobel test and
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bootstrapping method were close to each other, but the coefficients obtained by the BK method were
lower than the standard error values. Since the BK method focuses on the evaluation of each
coefficient separately and does not take into consideration the direct multiplication of ab, it is better to
conduct similar analyses using the Sobel test or bootstrapping method. The most comprehensive
comparative study on mediation analysis methods was undertaken by MacKinnon et al. (2002), who
emphasized that the BK method resulted in high standard errors under all conditions whereas the
Sobel test produced reliable values in large samples but high standard errors in small samples. In
another study, Cheung and Lau (2008) reported that the bootstrapping method produced better
results than the Sobel test. Hayes (2009) suggested that the bootstrapping method had the highest
power and provided the best type I error control in small samples. Considering the research findings
in the literature, the strengths and weaknesses of these three methods can be examined in different

sample sizes and different simulative conditions.



Ors Ozdil, S.
Kaynakca

Ahmed, W., Minnaert, A., van der Werf, G. & Kuyper, H. (2010). Perceived social support and early
adolescents’ achievement: The mediational roles of motivational beliefs and emotions. Journal
of Youth Adolescence, (39), 36-46. doi: 10.1007/510964-008-9367-7

Baron, R. M. & Kenny, D. A. (1986). The moderator-mediator variable distinction in social
psychological research: Conceptual, strategic and statistical considerations. Journal of
Personality and Social Psychology, (51), 1173-1182.

Chang, H. & Beilock, S. L. (2016). The math anxiety-math performance link and its relation to
individual and environmental factors: A review of current behavioral and
psychophysiological research. Current Opinion in Behavioral Sciences, (10), 33-38. doi:
10.1177/1094428107300343

Cheung, G. W. & Lau, R. S. (2008). Testing mediation and suppression effects of latent variables:
Bootstrapping with structural equation models. Organizational Research Methods, 11(2), 296-325.
doi: 10.1177/1094428107300343

Eccles, ]. S. & Wigfield, A. (2002). Motivational beliefs, values, and goals. Annual Review of Psychology,
(53), 109-132. doi: 0084-6570/02/0201-0109

Hayes, A. F. (2009). Beyond Baron and Kenny: Statistical mediation analysis in the new millenium.

Communication Monographs, 7(6), 408-420. doi: 10.1080/03637750903310360

Hayes, A. F. (2013). An introduction to mediation, moderation, and conditional process analysis. New York:

The Guilford Press.
Jose, P. E. (2013). Doing statistical mediation and moderation. Newyork: The Guilford Press.
Karasar, N. (2008). Bilimsel arastirma yontemi. Ankara: Nobel Yayin Dagitim.

Kogar, H. (2015). PISA 2012 matematik okuryazarligini etkileyen faktorlerin aracilik modeli ile
incelenmesi. Egitim ve Bilim Dergisi, 40(179), 45-55. doi: 0.15390/EB.2015.4445

MacKinnon, D. P. (2008). Introduction to statistical mediation analysis. Mahwah, NJ: Erlbaum.

MacKinnon, D. P., Fairchild, A. J. & Fritz, M. S. (2007). Mediation analysis. Annual Review of
Psychology, 58, 593-614. doi: 10.1146/annurev.psych.58.110405.085542

MacKinnon, D. P., Lockwood, C. M., Hoffman, J. M., West, S. G. & Sheets, V. (2002). A comparison of
methods to test mediation and other intervening variable effects. Psychological Methods, (7), 83-

104. doi: 10.1037//1082-989X.7.1.83

Mallinckrodt, B., Abraham, W. T., Wei, M. & Russell, D. W. (2006). Advances in testing the statistical
significance of mediation effects. Journal of Counseling Psychology, (53), 372-378. doi:
10.1037/0022-0167.53.3.372

1092



KEFAD Cilt 21, Say1 2, Agustos, 2020

Marsh, H. W. & Parker, J. (1984). Determinants of student self-concept: Is it better to be a relatively
large fish in a small pond even if you don’t learn to swim as well? Journal of Personality and

Social Psychology, (47), 213-231.
Milli Egitim Bakanlig1. (2013). PISA 2012 ulusal 6n raporu. Ankara: YEGITEK.

Organisation for Economic Co-operation and Development. (2013a). PISA 2012 Assessment and
analytical framework: Mathematics, reading, science, problem solving and financial literacy. OECD

Publishing. http://dx.doi.org/10.1787/9789264190511-en

Organisation for Economic Co-operation and Development. (2013b). PISA 2012 Results: Ready to Learn:
Students’ engagement, drive and self-beliefs (3). OECD Publishing.
http://dx.doi.org/10.1787/9789264201170-en

Organisation for Economic Co-operation and Development. (2014). PISA 2012 technical report. OECD
Publishing.

Preacher, K. J. & Hayes, A. F. (2004). SPSS and SAS procedures for estimating indirect effects in simple
mediation models. Behavior Research Methods, Instruments, and Computers, (36), 717-731. doi:

10.3758/BRM.40.3.879

Preacher, K. J. & Hayes, A. F. (2008). Asymptotic and resampling strategies for assessing and
comparing indirect effects in multiple mediator models. Behavior Research Methods, (40), 879-

891.

Shrout, P. E. & Bolger, N. (2002). Mediation in experimental and nonexperimental studies: New
procedures and recommendations. Psychological Methods, (7), 422-445. doi: 10.1037//1082-
989X.7.4.422

Sobel, M. E. (1982). Asymptotic confidence intervals for indirect effects in structural equation models.
In S. Leinhardt (Ed.), Sociological methodology, (pp. 290-312). Washington, DC: American
Sociological Association.

Simsek, O. F. (2007). Yapisal esitlik modellemesine giris: Temel ilkeler ve LISREL uygulamalari. Ankara:
Ekinoks Yayinlari.

Usta, H. G. & Simsek, S. (2014). Okul biiyiikliigli ile 6grenci basarisi arasindaki iliskide araci
degiskenlerin etkisi: PISA 2012 Tiirkiye. IV. Ulusal Egitimde ve Psikolojide Olg¢me wve
Degerlendirme Kongresi (ss. 34-36). Ankara: Pegem Akademi Yayincilik.

Van Buuren, S. (2011). Multiple imputation of multilevel data. In J. J. Hox and J. K. Roberts (Ed.). The
handbook of advanced multilevel analysis (pp. 173-196). New York: Routledge.

Yildirim, S. (2012). Teacher support, motivation, learning strategy use, and achievement: A multilevel

mediation model.  Journal of  Experimental  Education, 80(2), 150-172.  doi:
10.1080/00220973.2011.596855



