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Emine CAN YURT, Asuman Seda SARACALOGLU SVASE

MATEMATIK OGRENEN OZERKLIGI OLCEGI
GELISTIRME CALISMASI

0z:

Bu arastirmanin amaci, lise 6grencilerinin matematik 6grenen 6zerkliklerini
olgmek i¢in gecerli ve giivenilir bir 6l¢me araci gelistirmektir. Yapilan alanyazi
taramasit sonunda 144 maddeden olusan bir madde havuzu olusturulmustur. 10
uzmandan goriis alinarak madde havuzunun kapsam gegerligine bakilmistir. Kap-
sam gegerligi sonucunda 92 madde elenerek kalan 52 madde ile pilot ¢alisma ya-
pilmustir. Covid-19 salgini sebebiyle egitim 6gretim uzaktan egitim yoluyla devam
ettigi i¢in online form seklinde hazirlanan 6lgek, Aydin ili Efeler il¢esindeki farkli
tiirdeki ortadgretim kurumlarinda 6grenim goéren 6grencilere sinif 6gretmenleri
tarafindan Whatsapp gruplari araciligs ile ulastirilmistir. Arastirmaya goniillii ola-
rak 1078 lise 6grencisi katilmistir. 1078 veriden oriintli olusturan toplam 55 veri
setten ¢ikarilmistir. Kalan 1023 veride ¢ift numarali 512 veri ile 6l¢egin yapisini
ortaya koymak i¢in yapilan agimlayici faktor analizi ve Monte Carlo simiilasyonu
yardimiyla dlgegin 6 faktorlii (Oz Diizenleme, Ogrenme Sorumlulugu, i¢ Moti-
vasyon, Oz Denetim, Dis Motivasyon ve Kayg1) oldugu tespit edilmistir. Agimla-
yict faktor analizi sonucunda 6 faktorli ve 41 maddelik bir 6lgek elde edilmistir. 6
faktoriin toplam varyansin % 47,50’ini agiklamaktadir. Geriye kalan tek numarali
511 adet veri ile yapilan dogrulayici faktor analizi sonucunda da elde edilen uyum
indekslerinin yeterli diizeyde oldugu goriilmiistiir. Ol¢egin Cronbach-Alfa yonte-
mi ile giivenirligi a=0,82 olarak hesaplanmuistir. Gelistirilen 6l¢egin iki yar1 giive-
nirlik diizeyini belirlemek i¢in Spearman-Brown korelasyonu degerine bakilmis ve
r=0,83 bulunmustur. Yapilan bagimsiz 6érneklem t-testi ile 6lgek toplam puanlari
ile iist %27’lik ve alt %27’lik gruplar arasinda anlaml bir farklilik oldugu tespit
edilmigstir. Elde edilen bu bulgularla lise 6grencilerine yonelik matematik 6grenen
ozerkligini 6lcebilecek gegerli ve giivenilir 41 maddelik 6 boyutlu bir 6l¢ek elde
edilmistir.

Anahtar Sozciikler: Ozerklik, Matematik, Matematik Ogrenen Ozerkligi, Olcek
Gelistirme, Lise Ogrencileri.
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THE DEVELOPMENT OF A MATHEMATICS LEARNER
AUTONOMY SCALE

ABSTRACT

The aim of this research is to develop a valid and reliable measurement tool to
measure the mathematics learning autonomy of high school students. At the end of
the research, an item pool consisting of 144 items was created. The content validity
of the item pool was examined by taking the opinions of 10 experts. As a result of
the validity of the content, 92 items were eliminated and a pilot study was conduct-
ed with the remaining 52 items. Due to the Covid-19 epidemic, the scale, which
was prepared in the form of an online form, was delivered to students studying in
different types of secondary education institutions in Aydin province Efeler dis-
trict, by classroom teachers, via Whatsapp class groups, since education continued
through distance education. 1078 high school students voluntarily participated in
the research. A total of 55 data that form a pattern from 1078 data were removed
from the set. In the remaining 1023 data, it was determined that the scale has 6 fac-
tors (Self-Regulation, Learning Responsibility, Internal Motivation, Self-Control,
External Motivation and Anxiety) with the help of exploratory factor analysis and
Monte Carlo simulation to reveal the structure of the scale with 512 even num-
bered data. As a result of the exploratory factor analysis, a scale with 6 factors and
41 items was obtained. 6 factors explain 47.50% of the total variance. As a result of
the confirmatory factor analysis performed with the remaining odd numbered 511
data, it was seen that the fit indices obtained were at a sufficient level. Its reliability
was calculated as a=0.82 using the Cronbach-Alpha method. In order to determine
the two-half reliability levels of the developed scale, the Spearman-Brown correla-
tion value was checked and r=0.83. With the independent sample t-test, it was
determined that there was a significant difference between the scale total scores
and the upper 27% and lower 27% groups. With these findings, a valid and reliable
41-item 6-dimensional scale was obtained that can measure mathematics learner
autonomy for high school students.

Keywords: Autonomy, Mathematics, Mathematics Learner Autonomy, Scale
Development, High School Students.

e
GIRIS
Yaradilisindan itibaren insanoglu stirekli kendini gelistirmek zorundadir. Bu

gelisimin amaci Onceleri hayatta kalmak iken, 21. yiizyilda hizla gelisen bilim ve
teknoloji diinyasina ayak uydurmak, bulundugu ¢ag1 yakalamaktir. insan hangi
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yuzyilda yasarsa yasasin, siirekli gelismeye agik, aktif bir canlidir. Gelisim stireci,
bireyin fiziksel yeterliklerine, biligsel gelisimine, istekli oluguna, ihtiyac1 dogrul-
tusunda bilgiyi ne sekilde ve nasil 6grenebildiginin farkinda olmast ile iliskilidir.
Ogrenmede farkindalik, bireyin bilgi edinim siirecini 6zerk bir sekilde kontrol
edebilmesidir.

Ozerklik 1980’1i yillardan itibaren ilgilenilen bir kavram olmustur. Kisinin 6g-
renme sorumlulugunu alma yetenegi olarak tanimlanmistir (Little, 1991). Bu ta-
nimdaki yetenek ifadesi sorumlugunu iistelenme kapasitesi olarak degistirilmistir
(Benson, 2011; akt. Shi ve Hang, 2019). Cotteral (1995) tarafindan 6zerklik, kisinin
belirledigi hedeflere uygun faaliyet planlayabilmesi ve faaliyetleri degerlendirip so-
nuglarmin sorumlulugunu alabilmesi olarak tanimlanmaktadir. Ozerklik 1970’li
yillarda Edward Deci ve Richard Ryan tarafindan ele alinan 6z-belirleme kurami-
nin temel kavramlarindan biridir (Deci ve Ryan, 2000). Bu kurama gore bireyin
biligsel gelisim diizeyinin artmasi ve ruh sagliginin korunmasi, kisaca “6znel iyi
olma” durumu igin iligkili olma, 6zerklik ve yeterlik olmak iizere ii¢ temel psiko-
lojik ihtiyacin doyurulmas: gerekmektedir (Ryan, 2009). Bu ii¢ temel psikolojik
ihtiyacin karsilanma diizeyi, bireyin ilgili davranis1 igsellestirmesini ve davranis
tizerinde 6zdiizenleme yapabilmesini gostermektedir (Pomerantz, Grolnick ve
Price, 2005). Zimmerman (1990) tarafindan 6zdtzenleme, kisinin hedef belirle-
me ve bu hedeflere ulasmasi i¢in gelistirdigi stratejileri uygulama ve denetlemesi
olarak tanimlanmaktadir. Burada motivasyon kaynaklar: etkin rol oynamaktadir.
Ozbelirleme kuramu ile ilgili gelistirilen bes mini teoride de (biligsel degerlendir-
me, organizmik biitiinlesme, nedensellik yonelimi, temel ihtiyaclar ve hedef icerigi
teorisi kuramlar1) motivasyona dikkat ¢ekilmektedir. Bireyi harekete gegiren igsel
motivasyon dogustan var olsa da, digsal motivasyon kaynaklarimin da 6nemi vur-
gulanmaktadir (Ryan, 2009). Bireyin sahip oldugu i¢sel ve digsal motivasyon ile
6grenme sorumlulugunu tstlenmesi, 6grenme etkinlikleri tizerinde 6zdiizenleme
yapabilmesinde énemli bir etkendir. Ozdiizenleme yapabilen bir birey, belirledigi
hedef dogrultusunda 6zerk olarak ¢aligmalarini planlayabilmektedir ve eksiklikle-
rini tamamlayabilmek i¢in onu harekete geciren optimum diizeyde kaygiya sahip-
tir (Can Yurt, 2021).

Ozerk birey, bagimsiz birey demek degildir (Deci ve Ryan, 2000). Ozerk bi-
rey, ilgi ve becerileri dogrultusunda ¢evresinden aldig1 geri bildirimleri igselles-
tirip yasam felsefesi haline getiren, kararlarini kendi verebilen ve davraniglarinin
sorumlulugunu alabilen i¢sel denetim odagina sahip bireydir. Julian Rotter tara-
findan alanyazina kazandirilan denetim odagy, i¢sel denetim ve digsal denetim
olmak iizere ikiye ayrilmaktadir (Saracaloglu, Varol, Certel ve Bahadir, 2016). Ye-
silyaprakin (2006) ¢alismasinda igsel denetim odagina sahip bireyler, basarisiz-
liklarinin sebebini kendinde arayan, bireysel gelisimlerinin kendi ¢abalariyla elde
edeceklerinin farkinda olan, planl hareket eden, problem ¢ozebilen ve gelisime
acik bireyler olarak ifade edilmektedir. Digsal denetim odagina sahip bireyler ise
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olaylarin sonuglarinin sans, kader, tanri, bagka insanlar ve benzeri gibi digsal gii¢-
lerce yonlendirildigine inanan bireyler olarak ifade edilmektedir (Cliceloglu, 1993;
Yesilyaprak, 2006).

Oz belirleme kuramina gore birey dogustan gelisime meyillidir (Deci ve Ryan,
2000). Egitimin de temel amaci 6grenciye dogrudan bilgi aktarilmas: degil, yete-
nekleri dogrultusunda 6grenmeyi 6grenen ve bu dogrultuda kendini stirekli ge-
listiren bireyler yetistirmektir (Giines, 2012). Bireyin siirekli gelisime agik olma
durumu geleneksel, 6gretmen merkezli egitim anlayisi ile tam bagdagmamak-
tadir. Gliniimiizde 6grenciyi merkeze alip bedensel, duyussal ve biligsel gelisim
ozelliklerine gore yapilanan ¢agdas egitim sistemleri 6n plana ¢ikmaktadir (Sen-
giil, 2005).

Tiirkiyede 2005 yilindan itibaren “Bilgimi kendim 6greniyorum” slogan: (Milli
Egitim Bakanligi, 2009) ile yapilandirmaci yaklasimi temel alan 6gretim programi
uygulanmaya baglanmistir. Yeni 6gretim programlarinda 6grenme kavrami mer-
keze alinmistir. Ogrencinin nasil grendigi, motivasyonu, 6z diizenleme becerileri
ve sinif ici iletisim esas alinarak hazirlanan 6gretim programlarinda 6grencilerin
6grenen Ozerkligine sahip olmasini hedeflendigi distiniilebilir. Yabanci literatiire
bakildiginda da 6grenen 6zerkligi tizerinde ¢alismalarin yogunlastig1 goriilmekte-
dir. Ozerklik ve 6zerklik 6lcegi gelistirme ile ilgili (Bei, Mavroidis ve Giossos, 2019;
Black ve Deci, 2000; Lin ve Reinders, 2017; Sereti ve Giossos, 2018; Wang ve Ryan,
2020), matematik egitiminde 6zerklik ile ilgili (Collins ve Usher, 2010; Merona,
2016; Northdurft, 2000; Rolls, 2014; Warfield, Wood ve Lehman, 2005) ¢aligmalar
bulunmaktadir.

1960’1 yillarindan itibaren tizerinde ¢alisilan 6zerklik kavrami (Tarhan ve Bir-
yan Sarag, 2006) egitim diinyasinda dikkat ¢ekici bir noktaya ulagmistir. Egitimin
temel amaci1 6grenmeyi 6grenen bireyler yetistirmektir (Feiman-Nemser, 2001).
Matematik egitimi icinde 6nemini koruyan 6zerklik kavramai ile 6grencilerden ma-
tematiksel akil yiiriitme becerileri, yaratici ve esnek diigsitnmeleri, problem ¢oziicii
olmalari, kendilerine giivenmeleri, iletisim kurabilmeleri beklenmektedir.

Tiirkiyede de ortaggretim matematik 6gretim programinin 6grencilerin prob-
lem ¢6zebilme becerilerini gelistirme ve giinlitk hayata uygulayabilme, analitik dii-
stinebilme, kendini ifade edebilme, problem ¢6zme basamaklarini aktif olarak kul-
lanabilme gibi baslica amaglar1 bulunmaktadir (MEB, 2018). Matematik 6grenen
ozerkligine sahip 6grencilerden ilgi ve becerilerine uygun hedefler belirleyebilme,
hedefe uygun galisma strateji ve yontemlerini secebilme, ¢aligma plani hazirlaya-
bilme, calisma siirecini degerlendirebilme, anlayamadigi konu/sorulari rahatca
sorabilme, geribildirimleri degerlendirebilme, fikirlerini savunabilme gibi davra-
niglar sergilemesi beklenmektedir.
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PISAnin (Programme for International Student Assessment)’nin 2018 arastir-
masinda Tirkiye'nin katilan 79 tilke arasinda matematik okuryazarligi alaninda
42. sirada yer aldig goriilmistiir (Organisation for Economic Co-operation and
Development, 2019). TIMSS’in (Trends in International Mathematics and Science
Study)’in 2019 aragtirmasinin agiklanan 2020 raporuna gore Tiirkiye, katilan 39
iilke arasinda 8. siniflarda matematikte 20. sirada, katilan 58 iilke arasinda ise 4.
siniflarda matematikte 23. sirada yer almaktadir (TIMSS, 2020). 2018 yilinda MEB
tarafindan hazirlanan ve 4. ile 8. siniflara uygulanan ABIDE (Akademik Becerile-
rinin Izlenmesi ve Degerlendirilmesi) arastirmasinda da 2018 yilinda 8. sinif 6§-
rencilerinin yiizde 53’niin matematik testinde temel alt1 ve temel diizeyde oldugu,
4. smuf 6grencilerinin de ylizde 39,9nun matematik testinde temel alt1 ve temel
diizeyde oldugu arastirmaci tarafindan hesaplanmustir (Sezer, 2019).

Tablo 1. 2018, 2019, 2020 ve 2021 Yillarina Ait YKS ve LGS Matematik Testi
Ortalamalar1

YKS (Yiiksekogretim Kurumlar: Sinavi)

TYT (Temel yeterlilik testi) | AYT (Alan Yeterlilik Testi) LGS (Liselere Giris Smav)
2018 5,6 3,9 6,9
2019 5,7 4,8 5,1
2020 6,1 8,0 4,9
2021 51 52 4,2

Kaynak: Emin (2021) ve OSYM (2018, 2019, 2020, 2021)

Tablo 1'e bakildiginda LGS matematik testinin toplam 20 sorudaki ortalamalar1
ile YKSdeki TYT ve AYT matematik testinin toplam 40 sorudaki ortalamalarini
diisiik oldugu goriilmektedir.

Ulkemizde Ogretim programlarinin iceriginin oldukga sik (2013, 2016, 2017,
2018) giincellenmesine ragmen, yapilan ulusal/uluslararasi sinavlarda matematik
ortalamalarinin disiik oldugu goriilmektedir. Matematik bagarisini sadece 6gretim
programlarina baglamanin eksik kaldig1 ortadadir. Egitim sisteminin yapz tast olan
ogrenciye odaklanmak gerekmektedir. Ogrencilerin matematigi korkulan ders
olarak ifade etmesi (Senol, Diindar, Kaya, Giindiiz ve Temel, 2015; Yiiksel-Sahin,
2004), matematige olan basarma inanglarinin zayif olmasi (Katranci, 2019; Yayla
ve Bangir- Alpan, 2019; Yildiz ve Cift¢i, 2020), matematik ¢aliyma motivasyonu
(Kesici, 2018), 6grenme sorumluluklar (Yesil, 2013a) ve 6z diizenleme becerileri-
nin (Oziidogru ve Biimen, 2016) yetersiz kalmasi, matematik ders ¢aligma planinin
verimli kullanilamamas: (Kaplan ve Duran, 2015), basarisizliklarin sebebini dis
etmenlere baglanmasi (Kizgin ve Dalgin, 2012) gibi durumlarin ortak noktasi olan
matematik 6grenen 6zerkliginin incelenmesi gerekmektedir.
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2005 yilindan itibaren ozerklik ile ilgili calismalarin arttign gorilmektedir.
Alanyazin tarandiginda yabanc dil egitiminde 6grencilerin 6grenen 6zerkligi ko-
nusundaki farkindalik ve gorisleri (Biger, 2015; Bozkurt, 2017; Han, 2015; Sof-
raci, 2016; Unal, 2015; Yigit, 2017), yabanci dil egitiminde égretmenlerin 6gre-
nen ozerkligi konusundaki farkindalik ve goriisleri (Biger, 2015; Cetinkaya, 2019;
Dogan, 2015; Eren, 2015; Ozdemir, 2013; Sofraci, 2016; Unal, 2015; Yasar, 2020;
Zorkaya, 2019), yabanci dil egitiminde 6grenen 6zerkligi etkinliginin incelenmesi
(Biger, 2015; Birsoz Ozkose, 2017; Coskun, 2013; Dag Akbas, 2011; Eker, 2010;
Kaya, 2016; Mete, 2010; Orakg1, 2017; Oztiirk Yurtseven, 2016; Sagin, 2019; Sey-
ma Cift¢i, 2011), uzaktan egitim 6grencilerinin 6zerk 6grenmeye olan hazirbulu-
nusluklar: (Gé¢mez, 2014) ile ilgili ¢caliymalar bulunmaktadir. Ayrica yabanc dil
egitiminde kullanilan kinetik tabanli oyunlarin (Aksoy, 2015), yabanci dil egiti-
minde tersyiiz edilmis 6grenim modelinin (Dinger, 2020), tersine yapilandirilmis
ogrenme modelinin (Edis, 2017), asenkron uzaktan 6grenme ve harmanlanmis
ogrenmenin (Giines, 2018), sinif digt dil 6grenme etkinliklerinin (Han, 2015),
bilgisayar destekli dil egitiminin (Kizmaz, 2019), yabanci dil egitiminde strateji
egitiminin (Kulusakli, 2019), isbirlikli 6grenme uygulamalarmnm (Turan-Oztiirk,
2016), farkli branslardaki dgretmenlerin ters yiiz 6grenmeye iliskin 6z-yeterlik
algilar ile 6grencilerin 6grenen 6zerkligini destekleme davranislari arasimndaki
iliskinin (Kozikoglu, Erbenzer ve Ates, 2021), 6grenen ozerkligine olan etkisini
inceleyen calismalar ve liniversite hazirlik programlarini 6grenen 6zerkligi agisin-
dan degerlendirilmesini (Dogan Firat, 2016), ortaggretimde kullanilan dil 6gretim
kitaplarinin 6grenen 6zerkligi agisindan degerlendirilmesini (Kissacik, 2016), akti-
viteler yoluyla iiniversite 6grencilerinin 6zerkligini arttirmaya yonelik (Balgikanl,
2006), fen ve teknoloji 6gretmenlerinin 6grenen 6zerkligini destekleme diizeyini
(Tas, 2016), ortaokul 6gretmenlerinin epistemolojik inanglar1 ve grencilerin 6g-
renen dzerkligini destekleme davranislar arasindaki iliskisini (Uztemur, Ding ve
Inel, 2020), 6gretim elemanlarinin liderlik stilleri ile 6grenen 6zerkligi arasindaki
iliskiyi belirleyen (Erdel, 2018) ve 6gretmen 6zerkligi ile 6grenen 6zerkligi arasin-
daki iligkiyi (Atagbas, 2017) inceleyen g¢aligmalar da bulunmaktadir. Goraldugi
gibi, matematik 6grenen 6zerkligine iliskin yapilan herhangi bir caligmaya rastlan-
mamis olup yapilan aragtirma bu konudaki ilk ¢calismadir (Can Yurt, 2021).

Ogrencilerin matematik basarilarini arttirmaya yonelik, matematige olan 6n
yargilar1 kirma, igsel motivasyonu arttirma, 6z diizenleme becerinin ve 6z ye-
terliliklerinin farkinda olma, kendi 6grenme sorumluluklarini alma gibi konula-
ra 6nem verilmesi gerekmektedir. Bir 6grencinin 6grenim hayatinda 6zerkligin
onemi disiintldiginde, matematik 6grenen o6zerkligi ile ilgili ¢alismalar kritik
bir 6nem tagimaktadir. Literatiir arastirmasinin sonucunda matematik 6grenen
ozerkligi ile ilgili calismalara ihtiyag oldugu goriilmektedir. Bu ¢alisma ile matema-
tik 6grenen ozerkligini 6lcen bir arag gelistirilmesi ve alanyazina katk: saglamasi
amaglanmaktadir.
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YONTEM

Aragtirma Modeli

Bu ¢alismada lise grencilerine yonelik matematik 6grenen 6zerkligi dlcegi
gelistirilmesi amaglanmaktadir. Karasar’a (2016) gore dl¢ek gelistirme asamalars;
madde havuzunun olusturulmasi, kapsam gegerliliginin sinanmasi, pilot uygula-
mani yapilmasi, yap1 gecerligi ve giivenirliginin belirlenmesinden olusmaktadir.
Matematik 6grenen ozerkligine yonelik dl¢egin gelistirilmesinde belirtilen 6lgek
gelistirme asamalari sirasiyla uygulanmistir.

Evren ve Orneklem

Covid-19 salgini sebebiyle uzaktan egitim yoluyla egitim 6gretim devam ettigi
icin online form olarak diizenlenen Matematik Ogrenen Ozerkligi Olgegi, 2020-
2021 egitim 6gretim yilinin ilk doneminde MEB®e baglh Efeler ilgesinde yer alan
fen lisesi, Anadolu lisesi, mesleki ve teknik anadolu lisesi, imam hatip anadolu li-
sesi, Ozel lise, gok programli anadolu lisesi 6grencileri ¢aligmanin evrenini olus-
turmaktadir. S6z konusu alt1 farkls tiirde okulda 6grenim goren 6grencilere sinif
ogretmenleri tarafindan Whatsapp gruplari araciligy ile ulastirilmis olup, goniilli
olan 6grenciler aragtirmanin 6rnekleminde yer almustir. Gerekli izleme caligmala-
r1 yapilmis olmasina ragmen bazi okullardan az sayida goniillii 6grenci ¢alismaya
katilmistir. Bununla birlikte toplam 1078 6grenciden yanit alinmustir. 1078 6gren-
cinin 687’si (%63,7) kiz, 391’1 (%36,3) erkek 6grencidir. Ogrencilerin 301’ (%27,9)
9. sinif, 266’1 (%24,7), 10. sinif, 229’u (%21,2), 11. sif ve 282si (%26,2) ise 12.
siniftir. Ayni sekilde 6grencilerin 49'u (%4,6) Fen Lisesinde, 546’s1 (%50,6) Ana-
dolu Lisesinde, 299u (%27,7) Mesleki ve Teknik Anadolu Lisesinde, 156’s1 (%14,5)
Imam Hatip Anadolu Lisesinde, 11’i (%1) Ozel Lisede ve 17’si (%1,6) ise Cok Prog-
ramli Anadolu Lisesinde 6grenim gérmektedir.

Madde Havuzu Olusturma

Amaglanan matematik 6grenen 6zerkligi 6l¢eginin ilgili alanyazindaki bilesen-
leri dikkate alinarak dort faktor planlanmistir: 6z diizenleme, matematik kaygi-
s1, 6grenme sorumlulugu ve motivasyon. Tiim boyutlar: iceren alanyazi taramasi
yapilmistir. Matematik kaygis1 (Akgakin, Cebesoy ve Inel, 2015; Durmaz, 2012;
Erktin, Dénmez ve Ozel, 2006), 6z diizenleme (Arslan ve Gelisli, 2015; Aydin,
Ozer Keskin ve Yel, 2013; Durmaz, 2012), i¢ ve dis motivasyon (Ozerbas, 2003;
Semerci, 2010; Yurt ve Bozer, 2015) ve 6grenme sorumlulugu (Eristi, 2017, Yakar
ve Saracaloglu, 2017; Yesil, 2013a ve Yesil 2013b) ile ilgili calismalar tek tek okun-
mugtur. Dort faktor ile ilgili maddeler siralanarak 152 maddelik bir madde havuzu
olusturuldugunda benzer 6zelligi 6lcen 8 madde havuzdan ¢ikarilmis, geriye 144
maddeden olusan bir madde havuzu elde edilmistir.
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BULGULAR

Bu béliimde “Matematik Ogrenen Ozerkligi Olgegi’nin gelistirilmesi amaciyla
kapsam gegerligi, yap1 gegerligi, giivenirlik calismalarina yer verilmistir.

OLCEGIN GECERLIK CALISMASI
Kapsam Gegerligi

Ayre ve Scally (2014)e gore kapsam gegerliginin objektif olarak tespiti i¢in ge-
rekli olan uzman sayisi 5 ile 40 arasinda degismektedir. Calismada bu bilgiyi dik-
kate alarak, 10 adet uzman, Tiirkiye’nin ¢esitli tiniversitelerinde 6l¢ek gelistirme
ve matematik alanlarinda gorev yapan akademisyenlerden olusmaktadir. Uzman-
lar her maddeyi degerlendirerek maddelerin yaninda yer alan ‘kalmalr’, ‘gikaril-
malr’ ve ‘diizeltilmeli’ ifadelerinden birisini segerek X isareti koymuslardir. Ayrica
diizeltme onerisi olan uzmanlar 6nerilerini bos birakilan alana yazmiglardir.

Olgekte yer almasi planlanan maddelerin kapsam gegerliligine bakmak igin uz-
man goriisleri olan nitel verileri, nicel verilere doniistiirmek adina kapsam gecerli-
lik oranlar1 (KGO) ile kapsam gegerlilik indeksleri (KGI) hesaplanmistur.

Maddelere iliskin Kapsam Gegerlik Oranlarinin Hesaplanmasi

Her madde ile ilgili uzman goriislerine iliskin isaretlemeler tek tek toplanmig-
tir. Her maddeye iliskin kapsam gecerlik oranlar1 (KGO), Lawshe (1975) formii-
line gore hesaplanmistir. Bu formiil ile KGO degerleri hesaplanmasinin ardindan
KGO degeri sinif ve negatif ¢ikanlar kapsam gecerligi olmadigr igin direkt elen-
mektedir (Ayre ve Scally, 2014). Boylelikle 144 maddeden 53 madde elenip geriye
91 madde kalmistir. Kalan maddelerin istatistiksel olarak anlamliliklarini, 6lgek-
te sans eseri kalip kalmadigini test etmek icin kapsam gegerlik dlgiitiine (KGO)
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bakilmasi gerekmektedir. Veneziano ve Hooper (1997)a gore a= 0,05 anlamlilik
diizeyinde 10 uzman igin en diigitk KGO degeri 0,62dir (Yurdugiil, 2005). Doly1-
styla kalan 91 maddeden KGO degeri 0,62'den kii¢iik olan 38 madde ¢ikarilmig ve
boylece dlgekte 53 madde kalmistir. Ardindan iki 6lgme ve degerlendirme uzmani
ile gorigiilerek tiim maddeler kuramsal agidan planlanan faktorlere gore tek tek
incelenmis ve bir maddenin ¢ikarilmasina karar verilmistir. Son duruma 6lgekte
52 madde kalmustir.

Maddelere Iliskin Kapsam Gegerlik indeksinin Hesaplanmasi

KGO maddelerin 6lgege dahil edilmesine iliskin istatistiksel hesaplamadir.
KGO’larin hesaplanmasinin ardindan geriye kalan maddelerin olusturdugu olasi
olgegin tamamu icin kapsam gegerlik indeksi (KGI) hesaplanmaktadir. Planlanan
olgekte kag boyut varsa her boyutun KGI'nin hesaplanmasi gerekmektedir (Yur-
dugiil, 2005). Kapsam gegerlik indeksi (KGI) igin dlgegin her bir boyutundaki
KGO’larin ortalamast alimarak bulunmaktadir. Gelistirilen 6lcekteki 52 madde
planlanan dort faktorlere gore diizenlenmistir. Microsoft Excel ile her faktoriinn
KGI degeri o boyuttaki KGO’larin ortalamasi alinarak hesaplanmugtir. Bir faktor-
den elde edilen KGI degeri KGO degerinden biiyiikse, o faktordeki maddelerin
kapsam gecerligi istatistiksel olarak anlamli oldugu ya da KGI degeri KGO de-
gerinden kiigiikse, maddelerin kapsam gegerligi bulunmadigini géstermektedir
(Lawshe, 1975). Calismada da KGO = 0,62 ve her faktorde KGI > KGO oldugu i¢in
her faktérdeki maddelerin kapsam gecerligi istatistiksel olarak anlamlidir. En son
elde edilen 52 madde kuramsal gerceve ve uzman goriisleri dogrultusunda tekrar
incelenerek kapsam gecerligine sahip bir dl¢cek elde edilmistir.

Yap1 Gegerligi

Taslak dlcegin yapr gegerligini incelemek icin egitim 6gretim pandemi dola-
yisiyla uzaktan egitim yoluyla devam ettigi icin online form ile toplam 1078 lise
ogrencisine ulasilmis olup yap: gegerligine bakmak icin 1078 veri kullanilmustir.

Ag¢imlayic Faktor Analizi

Yap1 gecerligi icin ilk olarak agimlayici faktor analizi uygulanmistir. Analiz i¢in
ilk olarak veriler incelenmis 6riintii olusturan 55 veri setten ¢ikarilmistir. Kalan
1023 verinin normallk kontrollii i¢in basiklik ve ¢arpiklik katsayilarinin -1 ile +1
arasinda oldugu, betimsel istatistik degerlerinin de esit ¢iktig1 gorillmustiir. Ayrica
histogram egrisi, Q-Q grafigi, u¢ noktalardan armdirilmis kutu grafigine bakila-
rak verilerin normal dagildig: tespit edilmistir. Normallik testlerine bakilmamasi-
nin sebebi, biiyiik 6rneklem gruplarinda kii¢iik sapmalarin olmas: sonucunda ve-
rilerin normalliklerinin tespitinde kesin net kararlarin verilmesini engellemesidir
(Field, 2013).
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Kalan 1023 verinin analize uygunlugunu incelemek i¢in Kaiser-Meyer-Olkin
(KMO) analizi ve Barlett Testi uygulanmis olup, KMO degeri 0,912 ve Barlett’s test
sig= 0,00 ¢tkmistir. Hutcheson ve Sofroniou (1999)’ya gére KMO degerinin 0,9dan
biylik ¢itkmasi mitkemmel diizeyde oldugunu gostermektedir. Elde edilen 0,912
degeri de 0,9dan biiyiik oldugu i¢in 6rneklem biiytikligiiniin mitkemmel diizeyde
oldugunu gostermektedir. Ayrica Barlett’s test sig= 0,00<0,05 oldugu i¢in istatiksel
olarak anlamlidir. Elde edilen KMO ve Barlett testi sonuglarina gore verilerin fak-
tor analizi i¢in yeterli oldugunu goriilmektedir.

1023 verideki ¢ift numarali 512 madde a¢imlayici madde analizi i¢in kullanil-
mustir. 52 maddelik dlcege ait faktor sayisini tespit etmek icin 6zdegerleri incelen-
mistir. Ozdegeri 1'den biiyiik olan ve toplam varyansin %58,30'unu agiklayan 11
faktor bulunmugtur. Sekil 1'deki yamag birikinti grafigine bakildiginda da 6l¢egin
6 faktorlii oldugu goriilmektedir.

Sekil 1. Ogrenen Ozerkligi Olgegine Iliskin Yamag Birikinti Grafigi

Scree Plot

s
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1 3 6§ 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51

Sekil 1:de yamag birikinti grafigi incelendiginde 6 faktorlii oldugu goriilmek-
tedir. Elde edilen bulgularin yap: gegerligini tayin etmek ve faktor sayisina kesin
karar verebilmek i¢in paralel analiz tekniginden yararlanilmistir. Faktor analizinde
(Humpbhreys ve Ilgen, 1969) veya temel bilesenler analizinde bilesenlerin “dogru”
say1sint belirlemek i¢in bir yontem olarak Horn (1965)’un paralel analizi kullanimi
yayginlasmaktadir (Crawford and Koopman, 1973; akt. Stewart Longman, Cota,
Holden ve Cynthia Fekken, 1989). Paralel analiz 6zdeger biiyiikliiklerinin, Mon-
teCarlo simulasyonu ile ayni1 sayida rastgele olugturulmus verilerin 6zdegeri kar-
silagtirilmasi ile gergeklestirilmektedir (Franklin, Gibson, Robertson, Pholmann
ve Fralish, 1995). A¢imlayici faktor analizinde belirlenen 6z degerlerin, rastgele
olusturulan verilerden biiyiik olmasi beklenmektedir.
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Tablo 2. Monte-Carlo Simiilasyon Verileri ile Ozdegerlerin Karsilastirilmast

Faktor Sayis1 | Monte Carlo Random Degerler SPSS Ozdegerler
1 1,6764 < 11,711
2 1,6137 < 4,635
3 1,5581 < 2,519
4 1,5191 < 1,991
5 1,4825 < 1,914
6 1,449 < 1,645
7 1,4155 > 1,357
8 1,3833 > 1,242
9 1,3533 > 1,149

Tablo 2de goriildigl iizere elde edilen 6zdegerin paralel analizle iiretilen
rastgele 6zdegerden yiiksek oldugu 6 faktor oldugu tespit edilmigtir. Bir sonraki
asamada 6 faktorli oldugu diistiniilen yapinin yorumlanmasi igin promax egik
dondiirme teknigi kullanilmistir. Olgme aracinin faktorler arasinda iliski olmast
durumunda egik dondiirme teknikleri kullanilmas1 gerekmektedir. Faktor yiik de-
geri 0,33 ve tizeri olmasina dikkat edilmistir. Ayrica birden fazla faktorde goriilen
faktor yiik degerleri arasinda 0,10’un altinda bir fark olmasi durumunda yani bini-
siklik 6zelligi tasiyan maddeler analiz disinda birakilarak analize devam edilmigtir
(Aksu, Eser ve Giizeller, 2017). Binisiklik 6zelligi tastyan 8 madde veri setinde atil-
mustir. Tablo 3 bakildiginda 1. faktorde 13 madde, 2. faktorde 8 madde, 3. faktor-
de 6 madde, 4. faktorde 6 madde, 5. faktérde 6 madde ve 6. faktorde ise 5 madde
yer aldig1 goriilmektedir.

Tablo 3. Agimlayic1 Faktér Analizi Sonucunda Maddelere Iliskin Elde Edilen
Bulgular

1.Faktor | 2.Faktor | 3.Faktor | 4.Faktor | 5.Faktor | 6.Faktor
Madde 23 0,523
Madde 27 0,654
Madde 29 0,774
Madde 44 0,578
Madde 45 0,791
Madde 46 0,591
Madde 34 0,351
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Madde 4 0,429

Madde 6 0,442

Madde 16 0,527

Madde 50 0,748

Madde 10 0,582

Madde 41 0,537

Madde 12 0,526

Madde 18 0,690

Madde 48 0,623

Madde 17 0,698

Madde 32 0,612

Madde 37 0,543

Madde 43 0,367

Madde 52 0,594

Madde 21 0,703

Madde 13 0,603

Madde 24 0,668

Madde 26 0,589

Madde 30 0,597

Madde 19 0,494

Madde 9 0,487

Madde 31 0,673

Madde 33 0,711

Madde 36 0,601

Madde 38 0,485

Madde 51 0,444

Madde 20 0,756

Madde 40 0,572

Madde 3 0,385

Madde 42 0,814

Madde 47 0,409

Madde 35 0,534

Madde 11 0,709

Madde 1 0,724

Madde 15 0,501

Madde 2 0,671

Madde 5 0,583
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Gelistirilen alt1 boyutlu 6l¢ekte agiklanan toplam varyans % 47,50 oldugu go-
riulmistir. Buytkoztirke (2020) gore ¢ok faktorlii olgeklerde agiklanan toplam
varyansin %40 ile %60 arasinda olmast yeterli bir degerdir.

Elde edilen 44 maddelik Matematik Ogrenen Ozerkligi Ol¢eginde dogrulayict
faktor analizinde madde 11 ve madde 24’tin standardize yiik degerlerinin 0,30dan
ditsiik olmasi ve olgegin giivenirligine bakildiginda ise madde 21’in bulundugu
faktoriin giivenirlik katsayini oldukga distirdiigii tespit edilmistir. Bu sebeple 61-
gekten ¢ikarilmistir. Dogrulayici faktor analizi ve Cronbach Alpha yontemi ile gii-
venirlik tekrar hesaplanmustir.

Dogrulayic1 Faktor Analizi

Geriye kalan tek numarali 511 veri ise dogrulayici faktér analizinde (DFA) kul-
lanilmistir. Gelistirilen Matematik Ogrenen Ozerkligi Olgeginin agimlayici faktor
analizi ile elde edilen yapisini test etmek i¢in (Seger, 2018) LISREL 8.80 programi
yardimiyla DFA yapilmistir. Elde edilen bulgular Tablo 4de verilmektedir.

Tablo 4. DFAdan Elde Edilen Uyum Indeks Degerleri ile Uyum Olgiitlerinin
Karsilastirilmasi (Cokluk, Sekercioglu ve Buiytikoztiirk, 2012; Kline, 2011)

_ Uyum . Miikg_mr.r.lel qu Kabul E(_i_ile.l.)ilin.ir _ Uyum ) Sonug
Indeksleri Olgiitleri Uyum Olgiitleri Indeksleri

X?/sd 0<y2/sd<2 2<y2/sd<5 3,4 Kabul edilebilir
RMSEA 0,00 < RMSEA < 0,05 0,05 < RMSEA < 0,08 0,07 Kabul edilebilir
CFI 0,95 < CFI < 1,00 0,90 < CF1 < 0,95 0,93 Kabul edilebilir
IFI 0,95 <IFI < 1,00 0,90 < IFI <0,95 0,93 Kabul edilebilir
NNFI 0,95 < NNFI < 1,00 0,90 < NNFI < 0,95 0,93 Kabul edilebilir
NFI 0,95 < NFI < 1,00 0,90 < NFI < 0,95 0,91 Kabul edilebilir
RFI 0,95 <RFI < 1,00 0,90 < RFI < 0,95 0,90 Kabul edilebilir
RMR 0,00<sRMR< 0,05 0,05<RMR< 0,08 0,08 Kabul edilebilir
PGFI 0,95 <PGFI < 1,00 0,50 < PGFI < 0,95 0,71 Kabul edilebilir
SRMR 0,00 <SRMR < 0,05 0,05 < SRMR < 0,10 0,087 Kabul edilebilir

Olgegin X?=2.659,02 ve X?/sd degeri 3,4 oldugu goriilmektedir. Munro (2005)
ve Hooper, Coughlan ve Mullene (2008) gore bu degerin 5den kiigiik olmas: kabul
edilebilir bir deger oldugunu gostermektedir. Tablo 4 incelendiginde RMSEA, IFI,
CFI, NNFI, PGFI, NFI, RMR, RFI VE SRMR degerlerinin kabul edilebilir degerler
oldugu goriilmektedir. Dogrulayici faktér analizi sonucunda AGFI degeri 0,77 ve
GFI degeri 0,80 oldugu gorilmistiir. Cok ¢esitli uyum indeks degerleri oldugu
i¢in alanyazinda bir standartlagma bulunmamaktadir (Munro, 2005). Dokuz de-
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gerin kabul edilebilir degerler icerisinde olmasindan dolay: alt1 boyutlu yapinin
uyum diizeyinin yeterli oldugu soylenebilir. LISREL, modeli iyilestirme adina bazi
diizeltmeler 6nermektedir (Schreiber, Nora, Stage, Barlow and King 2006). Uyum
indeks degerlerini iyilestirmek adina programin o6nerisi tizerine ikinci altboyuttaki
S15 ile S21 ve S17 ile S20 maddelerinin hata varyanslar: birlestirilmistir. Hesapla-
nan DFA sonuglarina gore 6lgegin t-testi degerlerinin 7,58 ile 18,46 arasinda ol-
dugu gortlmistiir. Aksu, Eser ve Giizellere (2017) gore degerlerin 2,56'den biiytik
olmas1 0,01 diizeyinde anlamli oldugu i¢cin modelden ¢ikarilmasi gereken herhangi
bir madde olmadig1 séylenebilir. Modeldeki maddelerin t degerleri incelenip prob-
lemli bir madde olmadig: tespit edilmistir. Madde standardize yitk degerlerinin
0,30dan buyiik olmasina dikkat edilmistir (Seger, 2018). Sekil 2’ye bakildiginda
her bir maddenin standardize yiik degerleri 0,37 ile 0,76 aras1 degistigi goriilmek-
tedir. Bu da modelin uygun oldugu gostermektedir.

Sekil 2. Matematik Ogrenen Ozerkligi Olgegi Modeli

Chi-Square=2655.02, df=762, P-value=0.00000, RMSEA=0.070
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Giivenirlik

Cronbach’s Alpha yontemi ile 41 maddelik Matematik Ogrenen Ozerkligi Ol-
¢eginin tamaminin giivenirligi a=0,82 olarak belirlenmistir. Birinci faktoriin (6z
diizenleme) 0,88, ikinci faktoriin (6grenme sorumlulugu) 0,65, tictinci faktoriiniin
(i¢ motivasyon) 0,73, dérdincii faktoriiniin (6z denetim) 0,66, besinci faktoriin
(dis motivasyon) 0,64 ve altinci faktoriin (kaygi) giivenirligi 0,64 olarak hesaplan-
mustir. Ozdamar (2002)’a gore caligmanin Cronbach’s Alpha katsayis1 0,60 ile 0,79
arasinda giivenilir, 0,80 ile 1,00 arasinda ise yiiksek derece giivenilir oldugunu
gostermektedir. Elde edilen giivenirlik sonuglarina gore dlgegin tamaminin yiiksek
derecede giivenilir ve alt faktorleri ise giivenilir diizeyde oldugu goriilmektedir.

Olgegin iki yar1 giivenirlik diizeyini tespit etmek igin Spearman-Brown kore-
lasyon degerine bakilmis ve bu deger r=0,83 olarak hesaplanmistir. Olgek gelistir-
me ve uyarlama siirecinde giivenirlik degerinin 0,70 ve tizeri olmas1 6lgegin yeterli
giivenirlige sahip oldugunu gostermektedir. Boylece 6lcegin iki yar1 giivenirlik kri-
terini sagladig1 goriilmektedir.

Olgegin faktédrlerinin ayirt ediciligini belirlemek igin alt ve iist %27’lik gruplar
arasindaki puanlarin anlamliligini test etmek amaciyla bagimsiz 6rneklem t-testi
yapilmigtir. Alti faktoriiniin ayirt ediciligini tespit edebilmek i¢in alt ve iist %27°lik
gruplar arasinda yapilan bagimsiz 6rneklem t-testi sonucunda anlamli farklilik bu-
lunmasi gerekmektedir.

Tablo 5. Olgegi Faktorlerinin Alt-Ust %27’lik Gruplar Arasindaki Farkin Ince-
lenmesi i¢in T-Testi Sonuglari

Faktor Grup N Ortalama SS t P
Oz Diizenleme [AJitt (CE}EI;) ;;2 g;:ié g:;? -74,12 0,00*
Ogrenme Sorumlulugu Sitt g?;g ;;g iz:;; ?:(Z)Z -56,98 | 0,00*
ic Motivasyon éitt gﬁfl‘; ;;2 185;)3721 ﬁ*g 65,18 | 0,00
oot | e [z | w2 | or
Dis Motivasyon éitt gi‘;‘; 2;2 iég; gzii -40,32 | 0,00*
IR

Tablo 5 bakildiginda da tiim alt faktorlerde p=0,00<0,05 oldugu gérilmistiir.
Elde edilen bu sonug da 6l¢egin tiim faktorleri 6l¢tilmesi amaglanan 6zelligi 6l¢-
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mede ayirt edici oldugunu gostermektedir. Ayni sekilde her maddenin ayirt edi-
cilik giictinii tespit etmek amaciyla alt ve iist %27’lik grup ortalamalarina farkina
dayali madde analizi yapilmistir. Madde-toplam korelasyon katsayilarinin 0,20'den
bitylik olmasi beklenmektedir (Biiyiikoztiirk, 2020). Tablo 6da goriildigi gibi ko-
relasyon katsayilarinin 0,29 ile 0,68 arasi degistigi goriilmektedir. Elde edilen bu
sonug her bir maddenin 6lgmesi amaglanan 6zelligi 6l¢cmede ayirt edici oldugunu
ve maddelere ait 6l¢ek puanlari ile alt ve iist %27’lik gruplar arasinda anlamli fark-

lilik bulundugunu gostermektedir (*p<0,05).

Tablo 6. Madde-Toplam Korelasyonu ile Alt-Ust Grup Ortalamalar1 igin

T-Testi Sonuglar1

M;((l)de (Alt f% 27. Mle(l:)llie;;:oplam M;Idde (Alt f%) 27. Mlgdde;—Toplam

st %27) yonu o Ust %27) orelasyonu
Madde 1 -20,21* 0,56 Madde 22 -31,81* 0,34
Madde 2 -20,49* 0,68 Madde 23 -39,83* 0,56
Madde 3 -30,75* 0,59 Madde 24 -37,28* 0,62
Madde 4 -25,21* 0,42 Madde 25 2,99* 0,61
Madde 5 -22,08* 0,49 Madde 26 -19,32* 0,56
Madde 6 -29,37* 0,60 Madde 27 -28,58* 0,29
Madde 7 -32,21* 0,64 Madde 28 -31,34* 0,29
Madde 8 -18,05* 0,46 Madde 29 -21,84* 0,52
Madde 9 -29,51* 0,65 Madde 30 -19,07* 0,49
Madde 10 -20,32* 0,53 Madde 31 -20,53* 0,34
Madde 11 -23,87* 0,54 Madde 32 -17,46* 0,32
Madde 12 -21,50* 0,59 Madde 33 -9,77* 0,40
Madde 13 -18,89* 0,48 Madde 34 -20,00* 0,34
Madde 14 -26,62* 0,50 Madde 35 -23,56* 0,44
Madde 15 -16,19* 0,42 Madde 36 -12,69* 0,46
Madde 16 -28,72* 0,58 Madde 37 -26,66* 0,31
Madde 17 -23,88* 0,56 Madde 38 -25,28* 0,53
Madde 18 -22,16* 0,58 Madde 39 -33,77* 0,42
Madde 19 -28,66* 0,30 Madde 40 -33,07* 0,52
Madde 20 -17,38* 0,52 Madde 41 -26,65* 0,37
Madde 21 7,30% 0,47
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TARTISMA, SONUC VE ONERILER

Ozerklik kavrami “kisinin kendi 6grenmesini iistlenebilme kapasitesi” olarak
tanimlanmaktadir. Ozerk olan birey, hedefini belirleyip o hedefe ulagmak adina
planli programl ¢alismalar yapabilen, ¢alismalarini elestirel bir bakis acisiyla de-
gerlendirerek ¢ikarimlar elde edebilen ve davranislarinin sorumlulugunu alabilen
birey olarak alanyazinda ifade edilmektedir. Egitim sistemimizde bu 6zelliklere sa-
hip 6zerk 6grenen 6grencilerin yetigtirilmesini amaglamaktadir. Ogrencilerimizin
ulusal/uluslararasi yapilan sinavlarda matematik basarilari géz oniine alindiginda
matematik 6grenen 6zekligi tizerinde 6nemle durulmasi kritik bir 6nem tagimak-
tadir. Bu galismanin amaci lise 6grencilerinin matematik 6grenen ézerkligini dlce-
bilen bir 6l¢me araci gelistirmektir.

Yurtici alanyazin incelendiginde, Ingilizce dersine yonelik 6grenen 6zerkligi
olgegi (Orake1 ve Gelisli, 2017), Tiirk¢eyi yabanci dil olarak 6grenen yabanci uy-
ruklu 6grencilerin 6grenen ozerkligi dlcegi (Biger, 2015) ve Ogrenen 6zerkligini
destekleme o6lcegi (Oguz, 2013) gelistirildigi goriilmektedir. Yurtdis1 alanyazina
bakildiginda ise, uzaktan egitim 6grencilerinin 6grenen 6zerkligini 6lgmeye yo-
nelik dl¢ek gelistirme (Bei, Mavroidis ve Giossos, 2019), 6grenci 6zerkligi alg1 an-
ketinin tasarlanmasi (Van Nguyen ve Habok, 2021), yabanci dil 6grenen &ézerklik
oOlgegi gelistirme (Huang ve Wang, 2015), iniversite 6grencilerine yonelik 6grenen
Ozerkligi olcegi gelistirme (Macaskill ve Taylor, 2010) ile ilgili ¢alismalar bulun-
maktadir. Matematik dersine y6nelik 6grenen 6zerkligi 6lcegi ile ilgili herhangi bir
caligmaya rastlanmamis olup yapilan ¢alismanin egitim programlari ve 6gretim,
matematik egitimi, ilgili alanlara ve bu konuda ¢aligan akademisyenlere katk: sag-
layacag diisiiniilmektedir.

Olgme araci gelistirme siirecinde 144 maddeden olusan madde havuzu uzman
gorislerine sunulmustur. Elde edilen gorislere uygulanan kapsam gegerligi analizi
sonucunda taslak 6l¢ekte 52 madde kalmistir. Aksu, Eser ve Guzeller (2017) or-
neklem sayisinin 1000 veya daha fazlasinin mitkemmel oldugunu belirtmektedir.
Buna gore, 1078 katilimcinin yeterli oldugu soylenebilir. Acimlayici faktor analizi
sonucunda 6 faktérden olusan 44 madde elde edilmistir. Geriye kalan 44 maddelik
Matematik Ogrenen Ozerkligi Olceginde dogrulayici faktor analizinde madde 11
ve madde 24’tin standardize yiik degerlerinin 0,30'dan diisiik olmast, dl¢egin giive-
nirlik hesaplamasi sonrasinda madde 21’in de i¢inde bulundugu faktériin giivenir-
lik katsayini diistirdiigti goriilmiistiir. Bu sebeple 6l¢ekten ¢ikarilmis olup dogrula-
yici faktor analizi ve Cronbach Alpha yontemi ile glivenirlik tekrar hesaplanmustir.

Dogrulayici faktor analizi sonucunda elde edilen uyum indekslerinden X2/sd,
RMSEA, TFI, CFI, NNFI, PGFI, NFI, RMR, RFI ve SRMR degerleri kabul edilebilir
degerler igerisinde oldugu goriilmistiir. Olcek maddelerinin t-testi degerlerinin

2,56den biiyiik olup 7,58 ile 18,46 arasinda degistigi goriilmiistiir. Bu da model-
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den ¢ikarilmasi gereken bir madde olmadigini gostermektedir. Gegerlik ¢alismasi
sonucunda elde edilen 41 maddeden ve 6 faktorden olusan Matematik Ogrenen
Ozerkligi Olgegine ulagilmistir. Olgegin tamaminin giivenirligi Cronbach Alfa
yontemi ile a=0,82 olarak hesaplanmustir. Olgegin Spearman-Brown korelasyon
degerine bakilip iki yar1 giivenirlik dizeyi r=0,83 olarak hesaplanmustir. Elde edi-
len 6 faktorlii 41 maddelik dlgekte 13 madde Oz Diizenleme boyutunda (1. faktor),
8 madde Ogrenme Sorumlulugu boyutunda (2. faktdr), 4 madde ¢ Motivasyon
boyutunda (3. faktor), 6 madde Oz Denetim boyutunda (4. faktér), 6 madde Dis
Motivasyon boyutunda (5. faktor), 4 madde ise Kayg:1 boyutunda (6. faktor) yer
almaktadur. Elde edilen 6l¢egin agiklanan toplam varyansi da % 47,50dir. Olgekte
13 adet olumsuz madde (1, 2, 3, 4, 5, 6, 8, 9, 10, 12, 13, 40, 41) bulunmaktadir. 5’li
Likert tipinde hazirlanan 6l¢ekten alinan 205 puan en ytiksek, 41 puan ise en diisiik
puandir.

Bu calismada; gelistirilen Matematik Ogrenen Ozerkligi Ol¢eginin lise 6grenci-
lerinin matematik 6grenen 6zerkligini belirlemek i¢in etkin bir 6l¢me araci oldugu
belirlenmis ve bu alanda ¢aligan akademisyenlerin, 6grencilerinin 6grenen 6zerk-
ligini tespit etmek isteyen 6gretmenlerin kullanimina sunulmustur. Bu ¢alisma sa-
dece bir olgek gelistirme galismasidir. Gegerlik ve giivenirligine ait bulgulara yer
verilmistir. Farkli caligmalarda veri toplama araci olarak kullanilip ortadgretim 6g-
rencilerinin matematik dersine iliskin ne diizeyde 6zerk 6grenen 6grenci oldugu-
nu belirlemeye yonelik ¢aligmalar yapilabilir. ilkdgretim ve ortadgretim matematik
6gretmen adaylarinin kendilerine yonelik 6grenen 6zerklik belirleme ve gelistirme
amaciyla calismalar yapilmasi énerilir. flkokul ve ortaokul égrencilerinin matema-
tik 6grenen 6zerkliklerini tespit etmek i¢in yeni 6l¢me araglar: gelistirilebilir.

Tesekkiir ve A¢iklamalar
Calismamiza katki saglayan ADU Egitim Fakiiltesi Olgme ve Degerlendirme

ABD &gretim iiyeleri Dr. Ogr. Uyesi Ozge BIKMAZ BILGEN ve Dog. Dr. Gokhan
AKSU ile tiim 6grencilere tesekkiir ederiz.

Cikar Catismasi

Makalenin yazarlar arasinda, ¢aliyma kapsaminda herhangi bir kisisel ve finansal
¢ikar catismasi bulunmamaktadir.

Yazar Katki Oranlar::
Katki1 Diizeyi: Yazar 1: %50- Yazar 2: %50

Makalenin Hazirlanmasi: aligma birinci yazar ile ikinci yazarin danigmanliginda
yuritilmis olan yiiksek lisans tezin bir kismindan gelistirilerek 6zetlenmistir.
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THE DEVELOPMENT OF A MATHEMATICS LEARNER
AUTONOMY SCALE

ABSTRACT

The aim of this research is to develop a valid and reliable measurement tool to
measure the mathematics learning autonomy of high school students. At the end of
the research, an item pool consisting of 144 items was created. The content validity
of the item pool was examined by taking the opinions of 10 experts. As a result of
the validity of the content, 92 items were eliminated and a pilot study was conduct-
ed with the remaining 52 items. Due to the Covid-19 epidemic, the scale, which
was prepared in the form of an online form, was delivered to students studying in
different types of secondary education institutions in Aydin province Efeler dis-
trict, by classroom teachers, via Whatsapp class groups, since education continued
through distance education. 1078 high school students voluntarily participated in
the research. A total of 55 data that form a pattern from 1078 data were removed
from the set. In the remaining 1023 data, it was determined that the scale has 6 fac-
tors (Self-Regulation, Learning Responsibility, Internal Motivation, Self-Control,
External Motivation and Anxiety) with the help of exploratory factor analysis and
Monte Carlo simulation to reveal the structure of the scale with 512 even num-
bered data. As a result of the exploratory factor analysis, a scale with 6 factors and
41 items was obtained. 6 factors explain 47.50% of the total variance. As a result of
the confirmatory factor analysis performed with the remaining odd numbered 511
data, it was seen that the fit indices obtained were at a sufficient level. Its reliability
was calculated as a=0.82 using the Cronbach-Alpha method. In order to determine
the two-half reliability levels of the developed scale, the Spearman-Brown correla-
tion value was checked and r=0.83. With the independent sample t-test, it was
determined that there was a significant difference between the scale total scores
and the upper 27% and lower 27% groups. With these findings, a valid and reliable
41-item 6-dimensional scale was obtained that can measure mathematics learner
autonomy for high school students.

Keywords: Autonomy, Mathematics, Mathematics Learner Autonomy, Scale
Development, High School Students
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MATEMATIK OGRENEN OZERKLIGI OLCEGI
GELISTIRME CALISMASI

0z

Bu arastirmanin amaci, lise 6grencilerinin matematik 6grenen 6zerkliklerini
olgmek i¢in gecerli ve giivenilir bir 6l¢me araci gelistirmektir. Yapilan alanyazi
taramasit sonunda 144 maddeden olusan bir madde havuzu olusturulmustur. 10
uzmandan goriis alinarak madde havuzunun kapsam gegerligine bakilmistir. Kap-
sam gegerligi sonucunda 92 madde elenerek kalan 52 madde ile pilot ¢alisma ya-
pilmustir. Covid-19 salgini sebebiyle egitim 6gretim uzaktan egitim yoluyla devam
ettigi i¢in online form seklinde hazirlanan 6lgek, Aydin ili Efeler il¢esindeki farkli
tiirdeki ortadgretim kurumlarinda 6grenim goéren 6grencilere sinif 6gretmenleri
tarafindan Whatsapp gruplari araciligs ile ulastirilmistir. Arastirmaya goniillii ola-
rak 1078 lise 6grencisi katilmistir. 1078 veriden oriintli olusturan toplam 55 veri
setten ¢ikarilmistir. Kalan 1023 veride ¢ift numarali 512 veri ile 6l¢egin yapisini
ortaya koymak i¢in yapilan agimlayici faktor analizi ve Monte Carlo simiilasyonu
yardimiyla dlgegin 6 faktorlii (Oz Diizenleme, Ogrenme Sorumlulugu, i¢ Moti-
vasyon, Oz Denetim, Dis Motivasyon ve Kayg1) oldugu tespit edilmistir. Agimla-
yict faktor analizi sonucunda 6 faktorli ve 41 maddelik bir 6lgek elde edilmistir. 6
faktoriin toplam varyansin % 47,50’ini agiklamaktadir. Geriye kalan tek numarali
511 adet veri ile yapilan dogrulayici faktor analizi sonucunda da elde edilen uyum
indekslerinin yeterli diizeyde oldugu goriilmiistiir. Ol¢egin Cronbach-Alfa yonte-
mi ile giivenirligi a=0,82 olarak hesaplanmuistir. Gelistirilen 6l¢egin iki yar1 giive-
nirlik diizeyini belirlemek i¢in Spearman-Brown korelasyonu degerine bakilmis ve
r=0,83 bulunmustur. Yapilan bagimsiz 6érneklem t-testi ile 6lgek toplam puanlari
ile iist %27’lik ve alt %27’lik gruplar arasinda anlaml bir farklilik oldugu tespit
edilmigstir. Elde edilen bu bulgularla lise 6grencilerine yonelik matematik 6grenen
ozerkligini 6lcebilecek gegerli ve giivenilir 41 maddelik 6 boyutlu bir 6l¢ek elde
edilmistir.

Anahtar Sozciikler: Ozerklik, Matematik, Matematik Ogrenen Ozerkligi, Olcek
Gelistirme, Lise Ogrencileri

ek

INTRODUCTION

Since their creation humankind has had to constantly develop themselves. Be-
fore the reason for development was to survive, however in the 21st century it’s to
keep up with the rapidly developing world of science and technology and catch up
with the current age. No matter what century a person lives in, humans are active
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creatures, open to constant development. The development process is related to
the awareness of the individual physical abilities, cognitive development, willing-
ness and how and in what way they learn information according to their needs.
Awareness in learning is the ability to control the process of knowledge acquisition
autonomously.

Autonomy became a concept of interest after the 1980%. It is defined as the
ability to take the responsibility of learning by oneself (Little, 1991). In this defi-
nition the term ability was changed to the capacity of taking responsibility Ben-
son, 2011; Shi and Hang, 2019). Autonomy was defined by Cotteral (1995) as the
ability of an individual to set goals and plan activities accordingly and to evaluate
their work and take responsibility for it. Autonomy was one of the basic concepts
of the self-determination theory dealt with by Edward Deci and Richard Ryan in
the 1970s (Deci and Ryan, 2000). According to this theory; the increase in the
level of cognitive development and protection of mental health, to sum up relat-
edness, autonomy and competence for “subjective well-being” are the three basic
psychological needs that need to be fulfilled (Ryan, 2009). The level of fulfilment
of these three basic psychological needs show the interiorization of the individu-
als behavior and their self-regulation over the behavior (Pomerantz, Grolnick and
Price, 2005). Self-regulation has been defined by Zimmerman (1990) as an indi-
vidual setting goals and implementing and regulating strategies to pursue these
goals. Here the source of motivation has an active role. In the five mini theories
(cognitive evaluation theory, organismic integration, causality orientations, basic
psychological needs, and goal contents theory) developed in association with the
self-determination theory, attention is brought to motivation. Even though there
are internal sources of motivation from birth, the importance of external sources
of motivation have been emphasized (Ryan, 2009). The individual taking on the
responsibility to learn with the internal and external motivation they possess, is an
important factor in them being able to self-regulate learning activities. An individ-
ual that can self-regulate can plan their work autonomously in relation to their goal
and will have the optimum level of anxiety that can prompt them to fulfill their
deficiencies (Can Yurt, 2021).

An autonomous individual, does not mean an independent individual (Deci
and Ryan, 2000). An autonomous individual is people who internalize the feed-
back they receive from their environment in terms of interests and skills and by
this can make their own decisions, take responsibility for their actions with an
internal self-regulatory focus. The internal locus of control which was brought to
the field by Julian Rotter; separates them into two as internal and external locus
(Saracaloglu, Varol, Certel and Bahadir, 2016). In Yesilyaprak’s study (2006) indi-
viduals with internal locus of control are defined as individuals searching for the
reason of their failures, who are aware of the fact that they can achieve this individ-
ual development with their own effort, who act planned, can solve problems and
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who are open to development. Individuals with external locus of control, on the
other hand, are defined as individuals who believe that the outcome of events are
determined by external powers like luck, fate, God, other people etc. (Ciiceloglu,
1993; Yesilyaprak, 2006).

According to the self-determination theory, the individual is prone to develop
(Deci and Ryan, 2000). The main aim of education is not directly transferring in-
formation to the student but raising individuals who learn to learn in accordance
with their talents and by this constantly improve themselves (Giines, 2012). The
individual being continuously open to learning does not completely accord with
the traditional, teacher-centered education approach. Nowadays, modern educati-
on systems take the student-centered approach; modern education systems which
are constructed according to their physical, affective and cognitive development
features, come into prominence (Sengiil, 2005).

In Tiirkiye, after 2005 with the slogan “I learn my information by myself” (Re-
public of Tiirkiye Ministry of Education, 2009) a curriculum based on the const-
ructivist approach was put into effect. In the new programmes of instruction, the
concept of learning was centralized. It could be understood that the programmes
of instruction prepared, on the basis of communication within classroom, self-re-
gulation skills, the students motivation and how they learn, target the students to
have learner autonomy. When we look at foreign literature, it can be understood
that there are many studies concentrating on learner autonomy. There are studies
on autonomy and autonomy scale (Bei, Mavroidis and Giossos, 2019; Black and
Deci, 2000; Lin and Reinders, 2017; Sereti and Giossos, 2018; Wang and Ryan,
2020), on autonomy in mathematics education (Collins and Usher, 2010; Merona,
2016; Northdurft, 2000; Rolls, 2014; Warfield, Wood and Lehman, 2005).

Following the 1960s research of the term autonomy reached an interesting po-
int in the world of education (Tarhan and BiryanSarac, 2006). The main aim of
education is to raise individuals who learn to learn (Feiman-Nemser, 2001). With
the concept of autonomy maintaining its importance in mathematics education,
the students are expected to think flexible and creative with their reasoning skills,
be problem solvers, have confidence in themselves and communicate.

In the programme of instruction for middle school mathematics education in
Tiirkiye; there are primary aims such as students developing their problem-solving
skills and utilize them in everyday life, thinking analytically, expressing themselves,
being able to actively use the problem-solving steps (Republic of Tiirkiye Ministry
of Education, 2018). Students with mathematics learner autonomy are expected to
exhibit behavior such as setting goals in accordance with their interests and skills,
to choose the working strategy and methods suitable for the goal; to prepare a
study plan, to evaluate the study process, to comfortably ask the subjects/questions
they don’t understand, to defend their own ideas.
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In PISA (Programme for International Student Assessment) ‘s research held in
2018, Tiirkiye ranked the 42nd out of 79 participating countries in mathematical li-
teracy (Organization for Economic Co-operation and Development, 2019). TIMSS
(According to the report Trends in International Mathematics and Science Study)
in 2019 released in 2020, out of 39 participating countries Tiirkiye was the 20th in
the 8th grade students in mathematics and out of the participating 58 countries,
in the 4th grade students in mathematics Tiirkiye was the 23rd (TIMSS, 2020). In
the research ABIDE (Assessment and Monitoring of Student’s Academic Skills)
prepared by the Republic of Tiirkiye Ministry of National Education in 2018 it was
calculated by the researcher that 53% of the 8th grade students were fundamental
level or below it and that 39,9% of the 4th grade students were fundamental level
or below (Sezer, 2019).

Table 1. YKS and LGS Exams Mathematic Test Averages Belonging to 2018,
2019, 2020 and 2021

YKS (Higher Education Institutions Selection Examination) LGS (High School

TYT (Basic Proficiency Test) | AYT (Field Qualification Test) | Entrance Examination)
2018 5,6 3,9 6,9
2019 5,7 4,8 5,1
2020 6,1 8,0 4,9
2021 5,1 5,2 4,2

Source: Emin (2021) ve OSYM (Center of Assessment, Selection and Placement in Tiirkiye)
(2018, 2019, 2020, 2021)

In Table 1 it can be seen that the average of 20 questions in LGS-High school
entrance exam is lower than the average of the total 40 questions of the YKS exam’s
Basic Proficiency Test (TYT) and Field Qualification Test (AYT).

Despite updating the curriculum’s content regularly (2013, 2016, 2017, 2018),
the average of mathematics in national/international exams is low. It is obvious that
correlating the success of mathematics only on the curriculum insufficient. The
focus should be on the student which is the building block of the education system.
Students regarding Mathematics as a feared lesson ($enol, Diindar, Kaya, Giindiiz
and Temel, 2015; Yiiksel-Sahin, 2004), having a weak belief in succeeding mat-
hematics (Katranci, 2019; Yayla and Bangir-Alpan, 2019; Yildiz and Cift¢i, 2020),
their motivation for studying mathematics (Kesici, 2018), their responsibility for
learning (Yesil, 2013a) and insufficiency of self-regulation skills (Oziidogru and
Biimen, 2016), the inability to use a mathematics study plan efficiently (Kaplan
and Duran, 2015), failures being attributed to external factors (Kizgin and Dalgin,
2012) which are situations that have a common ground with mathematics learner
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autonomy need to be examined.

Since 2005 there has been an increase in studies on autonomy. When literature
is reviewed, there are many studies on the awareness and views of students regar-
ding learner autonomy in foreign language education (Biger, 2015; Bozkurt, 2017;
Han, 2015; Sofraci, 2016; Unal, 2015; Yigit, 2017), the awareness and views of tea-
chers regarding learner autonomy in foreign language education (Biger, 2015, Ce-
tinkaya, 2019; Dogan, 2015; Eren, 2015; Ozdemir, 2013; Sofraci, 2016; Unal, 2015;
Yasar, 2020; Zorkaya, 2019), Monitoring learner autonomy effectiveness in foreign
language education (Biger, 2015; Birs6z Ozkése, 2017; Coskun, 2013; Dag Akbas,
2011; Eker, 2010; Kaya, 2016; Mete, 2010; Orakgi, 2017; Oztiirk Yurtseven, 2016;
Sagin, 2019; Seyma Ciftci, 2011), distance education student’s readiness for lear-
ning autonomy (Go¢mez, 2014). Furthermore, there are also many studies analy-
zing the kinetic-based games used in foreign language teaching (Aksoy, 2015), the
inverted teaching methods in foreign language teaching (Dinger, 2020), flipped
teaching methods (Edis, 2017), asynchronous distance learning and blended lear-
ning (Gtines, 2018), Out of class language learning activities (Han, 2015), Compu-
ter-assisted language learning (Kizmaz, 2019), strategy training in foreign language
learning (Kulusakli, 2019), collaborative learning practices (Turan-Oztiirk, 2016),
the relationship between teacher’s flipped learning self-efficacy perceptions and
behaviors of supporting learner autonomy (Kozikoglu, Erbenzer and Ates, 2021),
research on the effect of learner autonomy and the evaluation of university pre-
paratory class programmes in terms of learner autonomy (DoganFirat, 2016), the
evaluation of the language teaching books used in middle schools in terms of lear-
ner autonomy (Kissacik, 2016), activities to increase university student’s autonomy
(Balcikanly, 2006), science and technology teacher’s level of support for learner
autonomy (Tas, 2016), the Relationships between Middle School Teachers’ Episte-
mological Beliefs and Learner Autonomy Support Behaviors (Uztemur, Ding¢ and
Inel, 2020), the relationship between the leadership style of teaching instructors
and learner autonomy (Erdel, 2018), the relationship between teacher autonomy
and learner autonomy (Atasbas, 2017). As is seen from the research above, there
has not been found a study on mathematics learner autonomy and this is study is
the first (Can Yurt, 2021).

Importance must be given to matters towards increasing the student’s mat-
hematics success, breaking down prejudices in mathematics, increasing internal
motivation, recognizing self-regulation skills and self-efficacy, and taking respon-
sibility for their own learning. When one thinks of the significance of autonomy in
a student’s education life, studies on mathematics learner autonomy have critical
importance. As a result of the literature research, it has been concluded that there
is a need for studies related to mathematics learner autonomy. With this study, the
aim is to develop a tool that measures the autonomy of mathematics learners and
to contribute to the field’s literature.
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METHOD

Research Model

In this study, it is aimed to develop a mathematics learner autonomy scale for
high school students. According to Karasar (2016), scale development steps consist
of item pool, testing content validity, pilot implementation, structure validity and
reliability stage. The scale development stages specified in the development of the
scale for mathematics learner autonomy were applied respectively.

Population and Sampling

Due to Covid-19 pandemic because education continues through distance edu-
cation, the Mathematics Learner Autonomy Scale, which was prepared as an online
form and in the first term of the 2020-2021 academic year, the students of the Min-
istry of National Education’s Science High Schools, Anatolian High schools, Voca-
tional and Technical Anatolian High Schools, Imam Hatip High Schools, private
high schools, and multi-program high schools in Efeler district are the population
of the study. The scale was sent to the students of the above mentioned six different
types of high schools via WhatsApp classroom groups and the students who vol-
unteered consist the sample. Despite carrying out the necessary monitoring, from
some schools a small number of volunteering students participated in the study. A
response from a total of 1078 students was received.678 of them were girls (63,7%),
391 (36,3%) were boys. 301 students (27,9%) were in the 9th grade, 266 (24,7%) in
the 10th grade, 229 (21,2%) in the 11th grade, 282 (26,2%) in the 12th grade. Out
of these students 49 (4,6%) are educated at the Science High School, 546 (50,6%) at
Anatolian High School, 299 (27,7%) at Vocational and Technical Anatolian High
School, 156 (14,5%) at Imam Hatip High School, 11 (1%) at private high school
and 17 (1,6%) at multi-program high school.

Item Pool

In the targeted Mathematics Learner Autonomy Scale, the components of the
field literature were taken noticed, and four factors were planned: self-regulation,
mathematics anxiety, learning responsibility and motivation. A literature review
was completed in all dimensions. Studies related to Mathematics anxiety (Akgakin,
Cebesoy and Inel, 2015; Durmaz, 2012; Erktin, Dénmez and Ozel, 2006), self-regu-
lation (Arslan and Gelisli, 2015; Aydin, OzerKeskin and Yel, 2013; Durmaz, 2012),
internal and external motivation (Ozerbas, 2003; Semerci, 2010; Yurt and Bozer,
2015) and learning responsibility (Eristi, 2017, Yakar and Saracaloglu, 2017; Yesil,
2013a and Yesil 2013b) were read on an individual basis. The items related to the
four factors were put in order, when an item pool of 152 items was obtained, 8
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items that determined similar features were extracted from the pool, and an item
pool was formed out of the remaining 144 items.
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FINDINGS

In this section, the studies of content validity, structure validity and reliability
studies are included to develop the “Mathematics Learner Autonomy Scale”

VALIDITY STUDY OF THE SCALE

Content Validity

According to Ayre and Scally (2014), the number of experts required for the
objective determination of content validity varies between 5 and 40. Paying atten-
tion to this information, the 10 experts consist of academics working in the fields
of scale development and mathematics at various universities in Tiirkiye in the
study. The experts evaluated each item and put an X mark by choosing one of the
expressions next to the items which are “it should be kept’, “it should be removed”
or “it should be corrected”. Moreover, the experts who had suggestions for correc-

tions wrote their suggestions in the left blank space.

In order to examine the content validity of the items planned to be included in
the scale, the content validity ratios (CVR) and content validity indexes (CGI) were
calculated to convert the qualitative data with expert opinions into quantitative
data.
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Calculation of Coverage Content Validity Ratios for Items

The markings related to expert opinions on each item are collected on an in-
dividual basis. The content validity ratios (CVR) for each item were calculated ac-
cording to the Lawshe (1975) formula. After calculating the CVR values with this
formula, those whose CVR values are zero and negative are eliminated directly
because they do not have content validity (Ayre & Scally, 2014). Thus, the 53 items
were eliminated from the 144 items and the 91 items remained. In order to test the
statistical significance of the remaining items and whether they remained in the
scale by chance, the content validity criterion (CVC) need to be checked. Accord-
ing to Veneziano and Hooper (1997), at significance level a= 0.05, the lowest CVR
value for 10 experts is 0.62 (Yurdugiil, 2005). Subsequently, by interviewing two
measurement and evaluation experts, all the items were examined on an individual
basis according to the theoretically planned factors, and it was decided to remove
an item. In the final situation, there are the 52 items kept in the scale.

Calculation of the Content Validity Index for Items

CVR is the statistical calculation of the inclusion of items in the scale. After the
calculation of the CVRs, the content validity index (CVI) is calculated for the en-
tire possible scale consisting of the remaining items. No matter how many dimen-
sions there are in the planned scale, the CVI of each dimension needs to be calcu-
lated (Yurdugiil, 2005). The content validity index (CVI) is calculated by averaging
the CVRs in each dimension of the scale. The 52 items in the developed scale were
arranged according to the four planned factors. The CVI value of each factor was
calculated with Microsoft Excel by averaging of the CVRs of that dimension. If the
CVI value obtained from a factor is greater than CVC value, the content validity
of the items in that factor is statistically significant, or if the CVI value is less than
the CVC value, the items do not have content validity (Lawshe, 1975). In the study,
the content validity of the items in each factor was statistically significant because
of CVC = 0.62 and CVI > CVC in each factor. A scale with content validity was
obtained by re-examining the last 52 items in line with the theoretical framework
and the expert opinions.

Structure Validity

In order to examine the structure validity of the draft scale, a total of 1078
high school students were reached with the online form, since education contin-
ued through distance education due to the pandemic, and 1078 data were used to
examine the structure validity.
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Exploratory Factor Analysis

For the structure validity, firstly, the exploratory factor analysis was conducted.
For the analysis, firstly, the data was examined, and the 55 data was extracted from
the data set that formed a pattern. It was observed that the kurtosis and skewness
coeflicients of the remaining 1023 data for normality control were between -1 and
+1, and the descriptive statistics values were equal. Moreover, it has been detected
that the data are normally distributed by looking at the histogram curve, Q-Q plot,
boxplot with no outliers. The reason for not looking at the normality tests is that
small deviations in large sample groups prevent making clear decisions in deter-
mining the normality of the data (Field, 2013).

Kaiser-Meyer-Olkin (KMO) analysis and Barlett Test were applied to examine
the suitability of the remaining 1023 data for analysis, and the KMO value was
0.912 and Barlett’s test sig= 0.00. According to Hutcheson and Sofroniou (1999),
a KMO value greater than 0.9 indicates an excellent level. The value of 0.912 ob-
tained is also greater than 0.9, indicating that the sample size is at an excellent level.
Moreover, because of the Barlett’s test sig= 0.00<0.05, it is statistically significant.
According to the obtained KMO and Barlett test results, it shows that the data is
sufficient for factor analysis.

The even numbered 512 items in 1023 data were used for exploratory item
analysis. The eigen values were examined to determine the number of factors be-
longing to the 52-item scale. There were 11 factors with an eigen value greater than
1 and explaining 58.30% of the total variance. Looking at the scree plot in Figure 1,
it is seen that the scale has 6 factors.

Figure 1. Scree Plot Related to the Learner Autonomy Scale
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When the scree plot in Figure 1 is examined, it is seen that it has 6 factors. The
parallel analysis technique was used to constitute the structure validity of the find-
ings and to make a definite decision on the number of factors. The use of Horn’s
parallel analysis (1965) as a method for determining the “correct” number of com-
ponents in factor analysis (Humphreys and Ilgen, 1969) or principal component
analysis is becoming widespread (Crawford and Koopman, 1973; cited Stewart
Longman, Cota, Holdenand Cynthia Fekken, 1989). Parallel analysis is performed
by comparing the eigen values of the eigen values of the randomly generated data
with the same number of Monte-Carlo simulations (Franklin, Gibson, Robertson,
Pholmann, & Fralish, 1995). The eigen values determined in the exploratory factor
analysis are expected to be larger than the randomly generated data.

Table 2.Comparison of Monte-Carlo Simulation Data with Eigen Values

Number of Monte Carlo SPSS
Factor Random Values Eigen Values
1 1,6764 < 11,711
2 1,6137 < 4,635
3 1,5581 < 2,519
4 1,5191 < 1,991
5 1,4825 < 1,914
6 1,449 < 1,645
7 1,4155 > 1,357
8 1,3833 > 1,242
9 1,3533 > 1,149

As can be seen in Table 2, it was determined that there were 6 factors where the
eigen value obtained was higher than the random eigen value produced by paralel
analysis. In the next step, the oblique promax rotation technique was used to in-
terpret the structure, which is thought to have 6 factors. When there is a relations-
hip between the factors of the measurement tool, the oblique rotation techniques
need to be used. Attention was brought to the fact that the factor loading is 0.33
and above. Moreover, if there is a difference of less than 0.10 between the factor
loading seen in more than one factor, the items with over lapping feature were
excluded from the analysis and the analysis was continued (Aksu, Eser, & Gtizeller,
2017). The 8 items with over lapping feature were excluded from the data set. Loo-
king at Table 3, it is seen that there are 13 items in the 1st factor, 8 items in the 2nd
factor, 6 items in the 3rd factor, 6 items in the 4th factor, 6 items in the 5th factor
and 5 items in the 6th factor.
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Table 3. Findings Regarding the Items As a Result of Exploratory Factor Analysis

1.Factor 2. Factor 3. Factor 4.Factor 5. Factor 6.Factor

Item 23 0,523
Item 27 0,654
Item 29 0,774
Item 44 0,578
Item 45 0,791
Item 46 0,591
Item 34 0,351
Item 4 0,429
Item 6 0,442
Item 16 0,527
Item 50 0,748
Item 10 0,582

Item 41 0,537
Item 12 0,526

Item 18 0,690
Item 48 0,623
Item 17 0,698
Item 32 0,612
Item 37 0,543
Item 43 0,367
Item 52 0,594

Item 21 0,703
Item 13 0,603
Item 24 0,668
Item 26 0,589
Item 30 0,597
Item 19 0,494
Item 9 0,487
Item 31 0,673
Item 33 0,711
Item 36 0,601
Item 38 0,485
Item 51 0,444
Item 20 0,756
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Item 40 0,572
Item 3 0,385
Item 42 0,814
Item 47 0,409
Item 35 0,534
Item 11 0,709
Item 1 0,724
Item 15 0,501
Item 2 0,671
Item 5 0,583

The total variance explained in the developed six-dimensional scale was found
to be 47.50%. According to Biiyiikoztiirk (2020), it is sufficient for the total vari-
ance explained in multi-factorial scales to be between 40% and 60%.

In the confirmatory factor analysis of the 44-item Mathematics Learner Auton-
omy Scale, it was found that the value of standardized factor loads of item 11 and
item 24 were lower than 0.30, and when the reliability of the scale was examined,
the reliability coefficient of the factor with item 21 was found to decrease consider-
ably. Therefore, it was excluded from the scale. The reliability was recalculated with
confirmatory factor analysis and Cronbach Alpha method.

Confirmatory Factor Analysis

The remaining odd numbered 511 data were used in confirmatory factor analy-
sis (CFA). In order to test the structure of the developed Mathematics Learner
Autonomy Scale obtained by exploratory factor analysis (Seger, 2018), CFA was
conducted with the help of the program of LISREL 8.80. The obtained results are
given in Table 4.

Table 4. Comparison of Fit Index Values Obtained from CFA and Fit Criteria
(Cokluk, Sekercioglu, & Biiytikoztiirk, 2012; Kline, 2011)

Iniizes Excellent Fit Criterion Accep ttl;rlii;?(:p liance Egii: Result

X?/sd 0<x2/sd<2 2<x2/sd<5 3,4 Acceptable
RMSEA 0,00 < RMSEA < 0,05 0,05 < RMSEA < 0,08 0,07 Acceptable
CF1 0,95 < CFI < 1,00 0,90 < CFI1 < 0,95 0,93 Acceptable
IFI 0,95 < IFI < 1,00 0,90 < IFI <0,95 0,93 Acceptable
NNFI 0,95 < NNFI < 1,00 0,90 < NNFI < 0,95 0,93 Acceptable
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NFI 0,95 < NFI < 1,00 0,90 < NFI < 0,95 0,91 Acceptable
RFI 0,95 <RFI < 1,00 0,90 < RFI < 0,95 0,90 Acceptable
RMR 0,00<RMR< 0,05 0,05<RMR< 0,08 0,08 Acceptable
PGFI 0,95 <PGFI < 1,00 0,50 < PGFI < 0,95 0,71 Acceptable
SRMR 0,00 <SRMR < 0,05 0,05 < SRMR <0,10 0,087 Acceptable

It is seen that the scale has X2=2.659,02 and X2/sd value is 3.4. According to
Munro (2005) and Hooper, Coughlan, and Mullen (2008), this value being less
than 5 indicates that it is an acceptable values. When Table 4 is observed, it is seen
that the values of RMSEA, IFI, CFI, NNFI, PGFI, NFI, RMR, RFI and SRMR are
acceptable values. As a result of the confirmatory factor analysis, it was seen that
the AGFI value was 0.77 and the GFI value was 0.80. There is no standardization
in the literature since there are many different fit index values (Munro, 2005). Be-
cause of the fact that the nine values are within the acceptable values, it can be said
that the fit level of the six-dimensional structure is sufficient. LISREL proposes
some corrections to improve the model (Schreiber, Nora, Stage, Barlow and King
2006). In order to improve the fit index values, the error variances of items S15 and
S21, and the items S17 and S20 in these condsub-dimension were combined upon
there commendation of the program. With regard to the calculated CFA results,
the t-test values of the scale were seen to be between 7.58 and 18.46. According to
Aksu, Eser and Giizeller (2017), it can be said that there is no item that should be
removed from the model, since the values greater than 2.56 are significant at the
0.01 level. The t values of the items in the model were examined and it was deter-
mined that there was no problematic item. Attention was brought to ensure that
the item standardized load values were greater than 0.30 (Seger, 2018). Looking at
Figure 2, it is seen that the standardized load values of each item vary between 0.37
and 0.76. This shows that the model is suitable.
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Figure 2. Mathematics Learner Autonomy Scale Model
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Reliability

With the Cronbach’s Alpha method, the reliability of the 41-item Mathematics Learner
Autonomy Scale was determined as a=0.82. The reliability of the first factor (self-regula-
tion) was calculated as 0.88, the reliability of the second factor (learning responsibility) was
calculated as 0.65; the reliability of the third factor (intrinsic motivation) was calculated as
0.73; the reliability of the fourth factor (self-control) was calculated as 0.66; the reliability of
the fifth factor (external motivation) was calculated as 0.64; the reliability of the sixth factor
(anxiety) was calculated as 0.64. According to Ozdamar (2002), the Cronbach’s Alpha
coefficient of the study shows that it is reliable between 0.60 and 0.79, and highly
reliable between 0.80 and 1.00. In compliance with the reliability results obtained,
it is seen that the whole scale is highly reliable and its factors are at a reliable level.

OMU EFD, 2022, Cilt 41, Sayi 2, Sayfa 493-540



Emine CAN YURT, Asuman Seda SARACALOGLU SGEj|

The Spearman-Brown correlation value was used to determine the split-half
reliability levels of the scale and this value was calculated as r=0.83. A reliability
value of 0.70 and above in the scale development and adaptation process indicates
that the scale has sufficient reliability, and it is seen that the scale meets the split-
half reliability criteria.

In order to detect the distinctiveness of the factors of the scale, an independent
sample t-test was conducted to test the significance of the scores between the top
and bottom 27% of the groups. In order to determine the distinctiveness of the
six factors, a significant difference need to be found as a result of the independent
sample t-test conducted between the top and bottom 27% of the groups.

Table 5. T-test Results for Examining the Difference between the Top and Bot-
tom 27% Group and the Scale Factors

Factor Group N Average SS t P
Self-Regulation Eg;t‘(’}“:ofgoup ;ZZ Zé}xé ng 74,12 | 0,00%
Learning Responsibility ?g;‘g?of;oup 2;2 igz ié: -56,98 | 0,00*
Internal Motivation ?g}t}t(érilofl};oup ;;g ?’53;1 1:4112 -65,18 | 0,00*
Self-Control gg;tcg?of;oup ;;2 ;g:ig f?f -61,77 | 0,00
External Motivation ?s;t(ériloigoup ;;g ;;:g; S:Zi -40,32 | 0,00*
i roanconn | 3¢ [0 [

Looking at Table 5, it was observed that p=0.00<0.05 in all sub-factors. This
result shows that the scale is distinctive in measuring all the factors that are in-
tended to measure. Likewise, item analysis was performed based on the difference
between the top and bottom 27% of group averages in order to detect the discrim-
inative power of each item. Item-total correlation coefficients are expected to be
greater than 0.20 (Biyiikoztiirk, 2020). As seen in Table 6, the correlation coeffi-
cients vary between 0.29 and 0.68. This result shows that each item is distinctive
in measuring the feature it is intended to measure and that there is a significant
difference between the scale scores of the items and the bottom and top 27% of
groups (*p<0.05).
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Table6. T-Test Results for Item-Total Correlation and Bottom-Top Group Averages

t t
Item No | (Bottom27%- Item—To.tal Item No (Bottom27%- Item—To.tal
Top 27%) Correlation Top 27%) Correlation
Item 1 -20,21%* 0,56 Item 22 -31,81* 0,34
Item 2 -20,49* 0,68 Item 23 -39,83* 0,56
Item 3 -30,75* 0,59 Item 24 -37,28* 0,62
Item 4 -25,21* 0,42 Item 25 2,99* 0,61
Item 5 -22,08* 0,49 Item 26 -19,32* 0,56
Item 6 -29,37* 0,60 Item 27 -28,58* 0,29
Item 7 -32,21* 0,64 Item 28 -31,34* 0,29
Item 8 -18,05* 0,46 Item 29 -21,84* 0,52
Item 9 -29,51* 0,65 Item 30 -19,07* 0,49
Item 10 -20,32* 0,53 Item 31 -20,53* 0,34
Item 11 -23,87* 0,54 Item 32 -17,46* 0,32
Item 12 -21,50* 0,59 Item 33 -9,77* 0,40
Item 13 -18,89* 0,48 Item 34 -20,00* 0,34
Item 14 -26,62* 0,50 Item 35 -23,56* 0,44
Item 15 -16,19* 0,42 Item 36 -12,69* 0,46
Item 16 -28,72* 0,58 Item 37 -26,66* 0,31
Item 17 -23,88* 0,56 Item 38 -25,28* 0,53
Item 18 -22,16* 0,58 Item 39 -33,77* 0,42
Item 19 -28,66* 0,30 Item 40 -33,07* 0,52
Item 20 -17,38* 0,52 Item 41 -26,65* 0,37
Item 21 7,30* 0,47

DISCUSSION, CONCLUSION AND RECOMMENDATIONS

The concept of autonomy is defined as “the ability to take charge of one’s own
learning”. An autonomous individual is expressed in the literature as an individual
who can determine her/his goal and carry out planned and programmed studies
in order to reach that goal, who can make inferences by evaluating her/ his work
with a critical perspective, and who can take responsibility of her/ his behavior. In
our education system, it is aimed to train autonomous learning students with these
characteristics. Considering the mathematics success of our students in national/
international exams, it is critical to focus on mathematics learner autonomy. The
aim of this study is to develop a measurement tool that can measure the mathemat-
ics learner autonomy of high school students.
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When the domestic literature is examined, it is seen that the learner autonomy
scale for the English lesson (Orak¢1 & Gelisli, 2017), the learner autonomy scale
of foreign students learning Turkish as a foreign language (Biger, 2015) and the
learner autonomy support scale (Oguz, 2013) have been developed. Looking at the
international literature, it is seen that there are studies on the scale for measuring
learner autonomy of distance education students (Bei, Mavroidis, & Giossos, 2019),
student autonomy perception questionnaire design (Van Nguyen & Habok, 2021),
foreign language learner autonomy scale development (Huang & Wang, 2015). ),
a learner autonomy scale for university students (Macaskill & Taylor, 2010). No
study has been found on the learner autonomy scale for the mathematics lesson,
and it is thought that this present study will contribute to the education programs
and teaching, mathematics education, related fields and academicians working on
this subject.

During the measurement tool development process, the item pool consisting of
144 items was presented to expert opinions. As a result of the content validity anal-
ysis applied to the opinions obtained, 52 items remained in the draft scale. Aksu,
Eser and Giizeller (2017) state that the sample number of 1000 or more is excellent.
Accordingly, it can be said that 1078 participants were sufficient. As a result of the
exploratory factor analysis, 44 items consisting of 6 factors were obtained. In the
confirmatory factor analysis of there maining 44 items of the Mathematics Learner
Autonomy Scale, it was observed that the standardized load values of item 11 and
item 24 were lower than 0.30 and the factor including item 21 decreased the reli-
ability coefficient after the scale’s reliability calculation. Therefore, it was extracted
from the scale and reliability was recalculated with confirmatory factor analysis
and Cronbach Alpha method.

The values of X*/sd, RMSEA, IFI, CFI, NNFI, PGFI, NFI, RMR, RFI and SRMR
obtained from the confirmatory factor analysis were found to be within accept-
able values. It was observed that the t-test values of the scale items were greater
than 2.56 and varied between 7.58 and 18.46. This shows that there is no item that
should be extracted from the model. The Mathematics Learner Autonomy Scale,
consisting of 41 items and 6 factors obtained as a result of the validity study, was
obtained. The reliability of the entire scale was calculated as a=0.82 using the Cron-
bach Alpha method. By looking at the Spearman-Brown correlation value of the
scale, the split-half reliability levels were calculated as r=0.83. In the 41-item scale
with 6 factors, 13 items in the Self-Regulation dimension (1st factor), 8 items in
the Learning Responsibility dimension (2nd factor), 4 items in the Internal Moti-
vation dimension (3rd factor), 6 items in the Self-Control dimension (4th factor), 6
items are in the External Motivation dimension (5th factor), and 4 items are in the
Anxiety dimension (6th factor). The total explained variance of the obtained scale
is 47.50%. There are 13 negative items in the scale (1, 2, 3,4, 5, 6, 8, 9, 10, 12, 13,
40, 41). 205 points from the 5-point Likert-type scale is the highest and 41 points
are the lowest.
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In this study; The developed Mathematics Learner Autonomy Scale was deter-
mined to be an effective measurement tool to determine the mathematics learner
autonomy of high school students and was presented to the use of academicians
working in this field and teachers who want to determine their students” learn-
er autonomy. This study is only a scale development study. Findings regarding its
validity and reliability are included. It can be used as a data collection tool in dif-
ferent studies and studies can be carried out to determine the level of autonomous
learners of secondary school students regarding the mathematics lesson. It is rec-
ommended that primary and secondary school mathematics teacher candidates
conduct studies to determine and develop learner autonomy by themselves. New
measurement tools can be developed to determine the mathematics learner auton-
omy of primary and secondary school students.
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