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Ozet

Bu ¢alismanin amact matematik 6gretmen adaylarma yonelik gegerlik ve giivenirlik ¢alismalar1 yapilmis olan
kullanilabilir bir matematiksel muhakeme o6z-yeterlik dlgegi (MMOO) gelistirerek ve gelistirilen 6lgegin
kullanishgmi sinamaktir. Bu amagla g¢alisma Olgek gelistirme ve uygulama olmak iizere iki asamada
gerceklestirilmistir. Tarama modelinin kullanildigi ¢alismanin 6lgek gelistirme asamasinda 373, uygulama
asamasinda ise 221 olmak iizere toplamda 594 matematik 6gretmen aday1 yer almistir. Taslak formunda 49
madde olan MMOO igin gerceklestirilen agimlayici faktdr analizi sonucunda toplam varyansin %52.502'sini
agiklayan dort boyutlu bir yap1 elde edilmistir. Bundan sonra gerceklestirilen dogrulayici faktor analizi ile
olusturulan yapmin gegerligi test edilmistir. Buna gore toplamda 21 maddeden olusan ve sirasiyla
Genelleme/Soyutlama/Modelleme, Akil yiiriitme/iliskilendirme, Gelistirme ve Yaratici diisiinme boyutlarindan
olusan dort faktorlii bir yap1 elde edilmistir. Gelistirilen 6lgegin giivenirlik katsayis1 .883 olarak hesaplanmustir.
Calismanin uygulama asamasinda ise bir devlet iiniversitesinin ilkégretim matematik 6gretmenligi programinda
Ogrenim gormekte olan 6gretmen adaylari ile calisilmis ve bu 6gretmen adaylarinin matematiksel muhakeme 6z-
yeterlik diizeyleri belirlenmistir. Ayrica bu asamada smif seviyesi degiskeninin MMOO ve alt boyut puanlart
tizerinde anlaml bir etkiye sahip olup olmadig: arastirilmistir. Uygulama asamasinin sonuglarina gore 6gretmen
adaylarmin matematiksel muhakeme 6z-yeterlik diizeylerinin 6lgek ortalamasinin altinda oldugu belirlenmistir.
Ayrica smif seviyesi degiskenine gore 1 ve 3. smif 6gretmen adaylar ile 1 ve 4. smif 6gretmen adaylarinin
matematiksel muhakeme 6z-yeterlik inanglarmin anlamli derecede farklilastig: tespit edilmistir.
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Giris

Matematiksel muhakeme, alan yazinda farkli arastirmacilar tarafindan farkli bigimlerde
tanimlanmis olan matematiksel bir beceridir. Altiparmak ve Ozis (2005) muhakemeyi sonuglardan,
yargilardan, gerekcelerden ya da onermelerden bir sonug¢ ¢ikarma islemi; nermeleri, yargilar1 bir
kaliba baglamak ve bunlardan emin olmak olarak tanimlamaktadir. Bagc1 (2015) muhakemeyi, insanin
goriis ve diislincelerini mantiksal gerekgelere dayandirdig bilissel bir siireq, Erdem (2011) ise, bir
problem ya da durumu “Neden” ve “Nasil” sorular1 etrafinda detaylandirip anlamlandirarak yapilan
iist diizey bir diisiinme siireci olarak tanimlamaktadir. Buradaki tanumlarin, muhakemenin farkh
yonlerini 6n plana ¢ikardig: goriilmekle birlikte, kavramla ilgili ortak anlayis, muhakemenin birden
fazla diisiinme bi¢imini icerdigi ve {ist diizey bir diisiinme siireci oldugudur (Peresini ve Webb, 1999).
Matematiksel bilginin yapilandirilmasinda (Toulmin, Rieke ve Janik, 1984) ve gercek yasamda
karsilagilan sorunlarin ¢éziilmesinde (Yavuz Mumcu, 2011; Yavuz Mumcu ve Aktiirk, 2017) oldukc¢a
Oonemli bir role sahip olan muhakeme becerisi (Alkan ve Tasdan, 2011; Dreyfus, 1990; Liu ve Niess,
2006), ulusal ve uluslararas1 6gretim programlarinda da Ggretilmesi gerekli olan temel bir beceri
olarak vurgulanmaktadir. NCTM (2000) 6grencilere kazandirilmasi hedeflenen temel matematiksel
becerilerden birini muhakeme ve kanit olarak gostermekte ve okul dncesinden 12. sinif sonuna kadar
ogrencilerin muhakeme ve kaniti matematigin temel bilesenlerinden biri olarak kabul etmesini,
matematiksel iligkileri kurmasini ve kesfetmesini, matematiksel argiimanlar ve kanitlar gelistirmesini
ve bunlar1 degerlendirebilmesini, cesitli muhakeme ve kamit yontemlerini bilmesini ve ilgili
durumlarda uygun olanimi segerek kullanabilmesini hedeflemektedir. Bununla birlikte, matematik
Ogretim programinin gelistirmeyi hedefledigi matematiksel siire¢ becerilerinden birisi matematiksel
akil yliriitme ve ispat yapma olarak ifade edilmekte ve bu baglamda 6grencilerden matematikte ve
glinliik yasantisinda mantiga dayalr genellemeler ve ¢ikarimlarda bulunabilmesi, matematikteki ve matematik
disindaki gikarimlarimin, duygu ve diisiincelerinin dogrulugunu/gecerliligini savunabilmesi, diisiincelerini
aciklarken matematiksel modeller, kurallar ve iliskileri kullanabilmesi, bir (matematiksel) durumu analiz ederken
matematiksel iliskileri kullanabilmesi, farkli stratejiler kullanarak kestirimlerde bulunabilmesi ve bunu mantiksal
gerekgelerle savunabilmesi, genel iliskileri ozel durumlara uygulayabilmesi, matematiksel dogrulama siirecinde
tiimevarimi ve tiimdengelimi etkin olarak kullanabilmesi ve matematiksel bir Onermeyi ispatlama siirecinde en
uygun ispat yontemini secebilmesi beklenmektedir (MEB, 2013, s.8). Aym dokiimanda Ogrencilere,
matematik Ogrenme siirecinde akil yiiriitme (muhakeme) becerilerinin gelistirilmesi igin ortamlar
hazirlanmasi gerektigi, matematiksel akil yiiriitme becerisinin 6grencilerin okul hayatini ve okul
disindaki hayatin1 kolaylastirmadaki degeri vurgulanmakta ve bu konuda farkindalik yaratmanin
gerekliligi ifade edilmektedir (MEB, 2013, s.13). Tiim bunlarin yaninda uluslararast 6grenci

degerlendirme projelerinde de matematiksel muhakeme becerisinin 6n plana ¢iktig1 goriilmektedir.
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Bu projelerden birisi olan ve Organization for Economic Co-Operation and Development-OECD
tarafindan {iger yillik donemler halinde diizenlenmekte olan PISA (Programme for the International
Student Assesment) arastirmasi, 15 yas grubu Ogrencilerin okullarda Ogrendikleri matematigi
yasamlarinda ne derece kullanabildikleri iizerine odaklanmakta bu ¢ercevede 6grencilerin matematik
okuryazarlik diizeylerini belirlemektedir. PISA projesinde matematiksel muhakeme becerisi,
matematigi kullanma becerilerinden birisi olarak kabul edilmekte ve gercek yasamda karsilasilan
problemleri ¢6zme siirecinin her basamaginin muhakeme becerisinin kullanimini gerektirdigi ortaya
konulmaktadir (OECD, 2004, s.158). Bunun disinda en az PISA kadar kapsamli olan bir diger
uluslararas1 proje olan TIMSS (Trends in International Mathematics and Science Study), 4 ve 8inci
siif diizeyindeki 6grencilerin matematik ve fen bilimleri derslerine yonelik bilgi ve becerilerinin
degerlendirilmesini amaglamaktadir. TIMSS sinavlarinin odaklandig: temel beceriler bilme (%35),
uygulama (%40) ve muhakeme (%25) olarak ifade edilmekte, sdz konusu becerilerin gézlenebilmesine
yonelik olarak gercek yasam senaryolari iceren problem durumlari kullanilmaktadir (MEB, 2016).
Dolayisiyla matematiksel muhakeme becerisinin TIMSS sinavlarinin da odaginda yer aldig:

sOylenebilir.

Giiniimiizde bu denli 6nemli olan ve 21. yiizyil becerilerinden birisi olarak kabul edilen
muhakeme Dbecerisi farkli arastirmacilar tarafindan farkli bigimde tanimlanmakta ve
degerlendirilmektedir. Umay (2003) muhakemeyi, diisiinmenin ancak ileri basamaklarinda ortaya
¢ikan bir yetenek ve beceri olarak tanimlamaktadir ve her matematiksel diisiinme siirecinin
“muhakeme” 06zelligi tasimadigini ifade etmektedir. Yazar ¢alismasinda matematiksel diistinme ile
muhakeme becerilerinin sinirin1 Eger ileri diizeylerde de olsa bir diisiince bilgi temeline dayanmuiyorsa,
gerekcelendirilemiyorsa, mantikli yaklasimlar icermiyorsa muhakeme olarak kabul edilemez (s.235) diyerek
cizmektedir. Bu goriise paralel olarak matematiksel muhakemeyi diisiinme siiregleri ile iligkili olarak
ele alan bazi arastirmacilar (Alkan ve Bukova-Giizel, 2005; Edwards, Dubinsky ve McDonald, 2005;
Harel ve Sowder, 2005; Tall, 1995) diistinme siireglerinin asamali oldugunu 6ne siirmekte ve bireylerin
on bilgi, deneyim ve yasantilarina bagh olarak farkli diizeylerde matematiksel diisiinceye sahip
olabileceklerini kabul etmektedirler. Bu arastirmacilardan Alkan ve Tasdan (2011) matematiksel
diisiinmeyi yol-yontem bilmeyi ve muhakeme etmeyi gerektiren alt1 asamadan olusan bir siireg olarak
tanimlamaktadir. Bu asamalar sirasiyla Olaylari, olgulari, problemi dogru anlama-anlamlandirma,
Yol-yéntem uygulama, Genelleme/Soyutlama/Modelleme, Akl yiiriitme/iligkilendirme, Geligtirme ve
Yaratic1 diistinme olarak ifade edilmektedir. Buradaki asamalarin son dordii matematiksel muhakeme
sureclerini temsil etmektedir. Hgili calismada matematiksel muhakeme becerisinin her alt bileseni i¢in

gostergeler olusturulmustur. Bu gostergelerden bazilar1 Tablo 1'de verilmektedir.
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Tablo 1. Matematiksel muhakeme becerisinin bilesenleri ve gostergeler

Matematiksel Muhakemenin Gostergeler
Bilegsenleri

Mevcut durumun 6tesine gitme
Yaratici Diistinme Bagimsiz diisiinme

Olay1 farkli bigimde tanimlama

Kullanilabilir diigiince {iretme

Olay1 farkli kosullar icin degerlendirme
Gelistirme Sorgulama

“Eger...olsayd1” gibi sorulara cevap verme

Nedenini, ni¢inini arastirmaya yonelme

Cikarimlar elde etme
Akal Yiirtitme/iliskilendirme Elestirel diigsiinme
Asamalarin, pargalarin biitiin i¢indeki anlamlarini, katkilarim
ortaya ¢ikarma/ Analiz etme
Iliskilendirme

Olasi durumlar1 tahmin etme
Genelleme/Soyutlama/Modelleme  Varsayimlarda bulunma

Diistinceleri gerekgelendirme

Sonuglara ulasma, ulastig1 sonucu agiklayabilme, savunma

Matematiksel muhakeme becerisi gliniimiizde her bireyin giinliik yasantisinda kullandig:
temel becerilerden biridir zira matematigi kullanma iizerine yapilan ¢alismalar bu durumu destekler
niteliktedir (OECD, 2013; Yavuz Mumcu, 2011). Paralel bir diisiince ile Burton (1984) ile Alkan ve
Bukova-Giizel (2005) matematiksel muhakeme becerisinin uygulama alaninin sadece matematik
diinyasi olmadigini, tiim bireylerin yasamlarinda karsilastiklar1 sorunlara ¢oziim bulmak amaciyla
matematiksel diisiincelerini kullandiklarini, bu baglamda giiniimiizde her meslek sahibinin
matematiksel diisiinme becerisini kullanmak durumunda oldugunu belirtmektedirler. Dolayisiyla
gliniimiizde, her birey i¢in gerekli temel becerilerden birisi olan muhakeme becerisinin 6gretimi ile
ilgili olarak yapilan calismalar 6nem kazanmis durumdadir. Brodie (2010) bireylerin matematiksel
akil yiirtitme becerisinin gelistirilmesinde 6gretmen gibi bir rehbere ihtiya¢ duyuldugunu, Ciftci
(2015) ise ancak matematiksel akil yiiriitmeyi etkili bir sekilde kullanabilen 6gretmenlerin, bu
yetenegin gelismesini saglayacak Ogrenme ortamlarmi olusturabilecegini ifade etmektedir. Bu
baglamda Albayrak Bahtiyari (2010) ise matematik 6gretmenlerinin ispat, muhakeme, akil yiiriitme
kavramlarimin anlamindan, gerekliliginden ve Oneminden emin olarak yetistirilmeleri gerektigini

soylemektedir.

Oz-yeterlik; bireyin belli bir performansi ortaya koymak igin gerekli etkinlikleri basaril

olarak yapma kapasitesine iliskin kendi yargisi olarak tanimlanmaktadir (Bandura, 1986). Pajares ve
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Miller (1994), 6z-yeterlik algisinin matematik basarisini olumlu yonde etkiledigini, bununla birlikte
soz konusu etkinin diger degiskenlerin etkilerinden daha fazla oldugunu tespit etmislerdir.
Dolayisiyla Ogrencilerin matematiksel muhakeme 0z-yeterliklerinin belirlenmesinin s6z konusu
beceriyi farklhi bir acidan ele alarak yordamak anlaminda onemli oldugu diisliniilmektedir. Zira
muhakeme siireclerinde genelde basarisiz olan Ogrencilerin muhakemeye yonelik 06z-yeterlik

inanglarinin da ¢ok yiiksek olmayacag: dngoriilmektedir.

Matematiksel muhakeme vyetenegi ile ilgili olarak alan yazin incelendiginde yapilan
calismalarda genellikle 6grenci (Cetinkaya ve Soybas, 2018; Giirbiiz, Erdem ve Giilburnu, 2018; Lynn-
Junk, 2005) ve ogretmen adaylarmnin (ﬂhan ve Aslaner, 2018; Oz ve Isik, 2018; Yavuz-Mumcu ve
Aktiirk, 2017) s6z konusu becerilerinin incelendigi goriilmektedir. Bununla birlikte matematiksel
muhakeme becerisine yonelik 6z-yeterlik algisini ele alan g¢alismalara rastlanmamaktadir. Alan
yazindaki bu bosluktan hareketle bu ¢alismanin iki temel amaci bulunmaktadir. Bunlardan birincisi
Ogretmen adaylarina yonelik gegerlik ve giivenirlik calismalar1 yapilmis olan kullanilabilir bir
matematiksel muhakeme 6z-yeterlik olgegi gelistirmek ikincisi ise matematik 6gretmen adaylarimin
matematiksel muhakeme 6z-yeterlik diizeylerini belirlemektir. Calisma sonuglari ile matematiksel akil
yliriitme becerisinin gelistirilmesi i¢in firsatlar sunmasi beklenen ve gelecegin 6gretmenleri olarak
diisiiniilen 6gretmen adaylarinin, muhakeme becerisi ile ilgili olarak kendilerine iliskin 6z-yeterlikleri
ortaya ¢ikarilmis olacak ve bdylece mevcut duruma iligskin arastirma Onerileri gelistirilebilecektir. Bu

baglamda ¢alismanin alt problemleri asagidaki sekildedir.

. [Ikogretim matematik 6gretmen adaylarmin matematiksel muhakeme ve alt

boyutlarina iligkin 6z-yeterlikleri hangi diizeydedir?

. Ogretmen adaylarinin matematiksel muhakeme ve alt boyutlarina iliskin 6z-

yeterlikleri, sinuf seviyesi degiskenine gore farklilik gostermekte midir?
Yontem

Bu arastirmada tarama yontemi kullanilmistir. Tarama arastirmalari, bir evrenin kendine has
ozelliklerini anlayabilmek igin yiiriitillen bilimsel arastirma yontemidir (Johnson ve Christensen,
2000). Tarama arastirmalar1 betimleyicidir ve bu arastirmalarda veriler anket, basar: testi ve tutum
olgegi gibi veri toplama araglarindan elde edilmektedir (Ozdemir, 2014). Bu arastirmada da matematik
Ogretmen adaylarinin matematiksel muhakeme 6z-yeterliklerinin belirlenmesi amaglandigindan bu
yontemin kullanimi uygun goriilmiistiir. Calisma siireci iki asamali olarak gerceklestirilmistir.
Calismanin birinci asamast 6lgek gelistirme, ikinci asamasi ise gelistirilen 6l¢egin uygulamas: olarak
ifade edilebilir. Calisma stiiresince gergeklestirilen analizler sonucu elde edilen bulgular, s6z konusu

asamalarla iligkili olarak verilmistir.
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Katilimcilar

Olcek gelistirme asamasinda farkli devlet {iniversitelerinin matematik Ogretmenligi
programina kayith olan ve calismada yer alma konusunda goniillii olan 373 Ogretmen aday1 ile
uygulama asamasinda ise 2018-2019 egitim-Ogretim yilinda bir devlet iiniversitesinin ilkogretim
matematik 6gretmenligi programinda kayitli olan 221 6gretmen adayi ile calisilmistir. Calismada yer

alan 6grencilerin genel 6zellikleri Tablo 2’de verilmistir.

Tablo 2. Calismada yer alan 6gretmen adaylarimin 6zellikleri

Sinif Seviyesi

1 2 3 4
Calismanin N % N % N % N % Toplam
Asamalar
Olcek Gelistirme 92 24.66 102 27.34 93 24.93 86 23.05 373
Uygulama 57 25.8 57 25.8 54 24.4 53 24 221
Toplam 594

Veri Toplama Arac1

Matematiksel muhakeme o6z-yeterlik 6lcegi (MMOO) nin gelistirilmesi. MMOO taslak formu
hazirlanirken Olgek gelistirme asamalar1 olan; 6lcek maddelerinin olusturulmasi, uzman goriisiine
basvurulmasi, 6n deneme, gecerlik ve giivenirlik asamalar1 izlenmistir (Tavsancil, 2005). Olcegin yap1
gecerligini saglayabilmek icin agimlayici ve dogrulayic faktor analizleri, giivenirligi igin ise Cronbach
Alpha analizi yapilmistir. Madde analizi islemlerinde korelasyona dayali madde analizi ile alt-iist

grup ortalamalar: farkina dayali madde analizi islemleri gerceklestirilmistir.

Taslak formda yer alacak maddelerin belirlenmesi asamasinda, alan yazinda yer alan
matematiksel muhakeme becerisi ve gostergelerini iceren calismalar (Alkan ve Tasdan, 2011; Coban,
2010; Gok ve Erdogan, 2011; Incebacak ve Ersoy, 2016; Mullis ve Martin, 2013; OECD, 2013)
incelenmistir. Buna gore matematiksel muhakeme becerisi i¢in ilgili ¢alismalarda yer alan kuramsal
semalarin ortak bicimde vurgu yaptiklar1 temalar belirlenmeye ¢alisilmis ve bu dogrultuda Alkan ve
Tasdan (2011)'1n calismalarinda yer alan gostergeler biiyiik dl¢iide kullanilmistir. Buna gore olumlu

ve olumsuz madde sayisinin esit oldugu toplam 52 maddeden olusan taslak form hazirlanmaistir.

Taslak maddelerin yazilmasindan sonra matematik egitimi alaninda 4 uzman 6gretim iiyesi
ve yliksek lisans Ogrenimine devam etmekte olan 6 matematik Ogretmeninin goriislerine
basvurulmustur. Uzman goriislerinin alinabilmesi icin taslak maddeler ikili derecelendirmeye uygun

bir formda diizenlenmistir. Buna gore uzmanlarin, taslak maddelerle ilgili olarak, “uygun” ve “uygun
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degil” big¢iminde goriis bildirmeleri ve agiklama kismina da olumsuz goriislerinin gerekgelerini
yazmalar1 istenmistir. Bu siire¢ sonunda maddelerin kapsam gegerligi “[Olumlu yanit veren uzman
sayis1 + (Toplam uzman sayis1/2)]-1” (Veneziano ve Hooper, 1997) formiilii ile hesaplanmis ve gegerlik
orani 0.80’in altinda olan 3 maddenin ¢alismadan ¢ikarilmasina karar verilmistir. Buna gore 24 tanesi
olumsuz toplam 49 madde haline gelen taslak Olcek bes dereceli likert yapida diizenlenmistir.
Yanitlama bicimi “hi¢bir zaman (1), nadiren (2), bazen (3), ¢ogu zaman (4) ve her zaman (5)”

seklindedir. Olgekten alinabilecek en diisiik puan 49 iken en yiiksek puan 245'tir.

Hazirlanan taslak form ©6n deneme yapilabilmesi amaciyla bir devlet tiniversitesinin
matematik 6gretmenligi 1. sinifina devam etmekte olan ve 20 kisiden olusan 6gretmen adaylarma
uygulanmistir. Bu uygulama esnasinda 6gretmen adaylar1 tarafindan anlasilmasi gii¢ olan 1
maddenin daha acik bicimde ifade edilmesi saglanmistir. Bunun disinda taslak 6lcek maddeler
{izerinde farkli bir degisiklige ihtiyag duyulmamistir. Ogretmen adaylarinin taslak 6lgegi ortalama
olarak 20 dakikada doldurduklar1 gozlenmistir. Buna 6lcegin yaklasik doldurulma siiresi 20 dakika

olarak belirlenmistir.

Acgimlayia faktor analizi (AFA). Matematiksel muhakeme 6z-yeterlik Olgeginin agimlayict faktor
analizinin gerceklestirilebilmesi i¢in Oncelikle 6rneklem biyiikliigiiniin yeterliligi, Kaiser-Meyer-
Olkin (KMO) ol¢iim teknigi ile test edilmis ve KMO degeri 0.932 olarak hesaplanmistir. Bu deger
faktor analizi i¢in uygun bulunmustur (Hutcheson ve Sofroniou, 1999). Bunun disinda verilerin ¢ok
degiskenli normal dagilimdan gelip gelmedigini belirlemeye yonelik Barlett’s Test of Sphericity
degerinin anlamli olup olmadigma bakilmis ve Barlett testi Khi-kare degerinin istatistiksel olarak

anlamli (X2=8033.308; p<0.01) oldugu belirlenmistir.

AFA’ya uygun hale gelen Olgegin faktdr desenini ortaya koymak amaciyla temel bilesenler
analizi, bunun yaninda dik déndiirme yontemlerinden varimax teknigi se¢ilmistir. Yapilan ilk AFA’da
maddelerin 6zdegeri 1’den biiyiik ve agikladigr varyans degeri %5'in {izerinde olan 10 faktdre
dagildigr goriilmiistiir. Faktorlerin 6z degerlerine bagh olarak cizilen ¢izgi grafigi incelendiginde,
dordiincti faktore kadar hizli bir diisiisiin oldugu ve bu noktadan sonra grafigin yatay bir seyir
izledigi goriilmiistiir. Bununla birlikte calismada kullanilan kuramsal semanin da doért boyutlu
olmasindan hareketle dort faktorlii bir yapi igin AFA tekrar edilmistir. Zira Thompson (2004) faktor
sayisin1 belirlemede ¢izgi grafiginin 6z degerlerden daha etkili bir yontem oldugunu ifade etmektedir.
Benzer bicimde Erkus (2012), faktor sayisim belirlemede 6z degerlerin yarni sira mevcut kavramsal
yapiyl da g6z Oniine almak gerektigini ifade etmektedir. Tiim bunlara dayanarak dort boyutlu yap:
igin dondiirme islemi sonucunda elde edilen sonuglar yiik degeri ve binisiklik agisindan

degerlendirilmis ve toplam 28 madde Olcekten ¢ikarilmistir. Elde edilen maddelerin agikladiklar:
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toplam varyans miktarinin %52.502 oldugu 4 faktorlii bir yapi elde edilmistir. Olgekte yer alan

maddelerinin faktor yiikleri ve alt faktorlerin agikladiklar1 varyans oranlari Tablo 3’te verilmistir.

Tablo 3. MMOO nin AFA sonuclar:

Madde Alt Olgek Faktor Yiikleri
f1 2 £3 f4

M5- Matematiksel problemlerin ¢oziimiine yonelik sezgilerimi .570

kullanabilirim.

M6- Matematiksel bir durumun smmirhiliklarint (mevcut durumun  .652

hangi kosullarda gecerli oldugunu) belirleyebilirim.

M?7- Matematiksel bir durumda var olanlar ile varilmak istenenler .674

arasindaki iliskileri dogru bigcimde olusturabilirim.

M11- Matematiksel bir duruma 6rnek tegkil edecek farkli durumlar .660

gosterebilirim.

M12- Gergcek yasamda karsilastigim problemlere matematiksel .710

¢oziimler bulabilir, ulastigim ¢oziimleri agiklayabilirim/savunabilirim.

M15-Matematiksel diisiincelerimin dogrulugu ile ilgili olarak .650

karsimdaki insanlar1 inandirabilirim.

M27- Matematiksel durumlara iliskin diistincelerimi 539

gerekcelendirebilirim (diistincelerimin nedenlerini ortaya

koyabilirim).

M23- Matematiksel siireclerde yer alan asamalarin, pargalarin biitiin 499

icindeki anlamlarini, katkilarimi ortaya ¢ikarmakta (durumu analiz

etmede) zorlanirim.

M31- Matematiksel durumlarin altinda yatan nedenleri sorgulamakta 478

glicliik cekerim.

M35- Matematiksel kavramlari kendi arasinda iligskilendirmekte .556

glicliik cekerim.

M39- Matematiksel bir ifadenin dogruluguna veya yanlisligina karar 723

vermekte zorlanirim.

M42-Gercek yasamda karsilastigim  problemlerin = ¢dziimiinde .648

kullandigim yontemlerin dogruluguna karar vermekte zorlanirim.

M44-Kar/zarar hesab1 yapmakta zorlanirim. 721

M49-Matematiksel durumlar1 anlamakta ve kendi igerisinde .606

degerlendirmekte zorlanirim.

M3- Matematiksel durumlar ile ilgili, mevcut bilgilerimi kullanarak .731

yeni bilgiler insa etmekte (olusturmakta) giiclitk yasarim.

MS8- Matematiksel bir durumu farkhi kosullar i¢in degerlendirmekte .615

glicliik cekerim.

M13- Matematiksel durumlari degerlendirmeye yonelik sezgilerimi .655

kullanmakta giigliik cekerim.

M32- Matematiksel durumlarda mevcut durumun bir adim ilerisini 496

distinebilirim.

M36- Matematiksel durumlarda kendime 6zgii (6zgiin) diistinebilirim. .695

M38- Matematiksel durumlarla ilgili uzamsal hayaller kurabilirim 740

(uzamsal diistinebilirim).

M46- Matematiksel nesnelerin islevlerini alisilagelmisin disinda .675

kullanabilirim.

Aciklanan Varyans %17.  %15.  %9.3 %10
04 25 6 .84

Aciklanan Toplam Varyans: %52.502
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Tablo 3’te toplam varyansin %52.502’sini aciklayan dort boyutlu bir yap: elde edildigi ve s6z
konusu yapiy1 olusturan maddelerin faktor yiiklerinin .478 ile .740 arasinda degistigi goriilmektedir.
Scherer, Wiebe, Luther ve Adams (1988, aktaran Tavsancil 2005, s.48), %40-%60 arasinda degerler alan
varyans oranmnin, giiglii bir faktdr yapisina isaret ettigini belirtmektedir. Dolayisiyla olusturulan
faktor yapisi i¢in agiklanan varyans miktarimin yeterli oldugu soylenebilir. Ayrica elde edilen faktor
yiik degerlerinin de kabul edilebilir sinirlar igerisinde oldugu goriilmektedir zira Tabachnick ve Fidel
(2001) faktor yiik degerleri 0.40 ve {izerinde olan maddelerin ¢ok iyi, 0.70 ve {izerinde olan maddelerin
ise miikemmel olarak degerlendirilebilecegini sdylemektedir. MMOO igin olusan alt faktdrler caligma
kapsaminda ongoriilen kuramsal sema ile iligkilendirilerek isimlendirilmistir. Buna gore 7 maddeden
olusan birinci faktor Genelleme/Soyutlama/Modelleme (GSM), 7 maddeden olusan ikinci faktor Akil
yiiriitme/Iliskilendirme (AY/I), 3 maddeden olusan iiclincii faktdr Gelistirme (G) ve 4 maddeden olusan
dordiincii faktor ise Yaratici diisiimme (YD) olarak isimlendirilmistir. Acimlayici faktor analizi
sonrasinda 10'u olumsuz toplam 21 maddeden olusan 4 faktérlii bir yapi elde edilmistir. Olgegin

olumsuz maddeleri M3, M8, M13, M23, M31, M35, M39, M42, M44 ve M49’dur.

Madde analizleri. Madde analizi islemleri Glgekteki maddelerin, 6lgegin Ol¢gmeyi amacladigr bir
ozelligi baska ozelliklerle karistirmadan Olciip 6lgmedigini belirleyerek kendi icinde tutarl bir dlgek
gelistirmek maksadiyla yapilmaktadir. Madde analizinin likert tipi Olgeklerde kullanilma nedeni,
likert Olgekleme tekniginin en ©nemli konusu olan ve biitiin maddelerin ayni tutumu O6l¢gmesi
anlamina gelen tek boyutluluk o6zelligini saglamak i¢indir (Tavsancil, 2005). Bu amagla ¢alisma
kapsaminda alt-tist grup ortalamalar1 farkina ve korelasyona dayanan madde analizleri

gerceklestirilmistir.

Tablo 4. MMOO icin madde analizi sonuclar:

Madde no Madde-toplam korelasyonu t*

M5 538 -10.593
M6 569 -10.598
M7 550 -11.238
Mi1 .600 -11.277
M12 621 -12.585
M15 .565 -10.484
M27 .635 -11.936
M23 632 -13.795
M31 504 -9.493

M35 564 -11.036
M39 447 -8.353

M42 530 -10.423
M44 493 -11.209
M49 628 -14.211
M3 523 -9.003

M8 .508 -9.167
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M13 .564 -11.992
M32 .607 -12.816
M36 .612 -12.481
M38 .501 -8.353
M46 402 -6.742

Tablo 4 incelendiginde alt ve {ist gruplar arasinda anlamli bir farklilasmanin oldugu (p <.01)
madde-toplam korelasyon degerlerinin .30'un {izerinde oldugu (Biiyiikoztiirk, 2007) goriilmektedir.
Dolayisiyla, Olgekte yer alan maddelerin istenilen diizeyde ayirt edicilik 6zelligine sahip oldugu

sOylenebilir.

Korelasyon katsayisinin 0.70’in tizerinde olmasi yiiksek diizeyde, 0.30 ile 0.70 arasinda olmasi
orta diizeyde, 0.30'un altinda olmasi ise diisiik diizeyde bir iliskinin varligina isaret etmektedir
(Biiytlikoztiirk, 2007). Dolayisiyla Tablo 5 incelendiginde calisma kapsaminda gelistirilen Olcegin
faktorleri ile 6lgek toplami arasindaki korelasyon degerlerinin GSM, AY/I, ve YD icin yiiksek, G icinse
orta diizeyde oldugu goriilmektedir. Faktorlerin kendi aralarindaki korelasyon degerleri
incelendiginde ise bunlarin genel olarak 0.60'in altinda degerler aldig1 goriilmektedir. Dolayisiyla
calisma kapsaminda gelistirilen MMOO igin faktorlerin birbirinden bagimsiz oldugu (Engs, 1996) ve
olgegin hem bir biitiin olarak kullanilabilecegi hem de alt faktorlerinin ayri olarak kullanilabilecegi

sOylenebilir.

Tablo 5. MMOO faktér puanlar: arasindaki korelasyonlar

Korelasyonlar
Faktorler GSM AY/L G YD
GSM 1
AY/i 447 1
G 420% 590* 1
YD 615* 340* 250* 1
MMOQO/Toplam .835* .809* .682* .708*

Dogrulayiai faktér analizi (DFA). MMOO icin AFA sonucu ortaya konulan yapmin dogrulanmasi
amactyla DFA yapilmistir. DFA sonuglarina gore elde edilen (X?)/sd indeksinin miikemmel bir uyuma
karsilik geldigi goriilmiistiir (X?=546.64; sd=227; p=,000; X?/sd=2,40). X?/sd oraninin 3’iin altinda olmasi
miikemmel, 5'in altinda olmasi ise orta diizeyde bir uyumun varligini gostermektedir (Kline, 2013).

Buna gore, eldeki verilerin gelistirilen yapi ile yiiksek derecede uyumlu oldugu sdylenebilir.

Tablo 6. DFA sonucunda elde edilen uyum indeks degerleri

Uyum DFA Sonucu Uyum

Olgiisii

RMSEA 0.05 Miikemmel uyum (Brown, 2006; Joreskog ve Sérbom, 1993)
RMR 0.03 Miikemmel uyum (Byrne, 1994)

SRMR 0.05 Miikemmel uyum (Brown, 2006; Hu ve Bentler, 1999)
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CFI 0.92 iyi uyum (Hu ve Bentler, 1999; Stimer, 2000)
GFI 0.92 Iyi uyum (Siimer, 2000)

IFI 0.94 Iyi uyum (Schumacker ve Lomax, 2004)
NFI 0.86 Kabul edilebilir (Tabachnick ve Fidel, 2001)
NNFI 091 fyi uyum (Kelloway, 1989)

AGFI 0.89 Iyi uyum (Schumacker ve Lomax, 2004)
PGFI 0.71 Iyi uyum (Siimer, 2000)

Tablo 6’daki verilere gore olusturulan kuramsal yapi i¢cin RMSEA, RMR VE SRMR
degerlerinin mitkemmel, CFI, GFI, IFI, NNFI, AGFI ve PGFI degerlerinin iyi, NFI degerinin ise kabul
edilebilir diizeyde uyum gosterdigi goriilmiistir. MMOQ'den i¢ tutarhgi, madde analizine bagh
olarak hesaplanan Cronbach Alpha katsayisi ile incelenmistir. Alt 6lceklerin i¢ tutarlik katsayilari,
GSM icin .825, AY/I igin .792, G icin .679, YD iginse .720 olarak hesaplanmistir. Olcegin toplam
glivenirlik katsayisi ise .883 olarak hesaplanmistir. Buna 6lgegin faktorlerinden elde edilen verilerin
oldukga giivenilir, GSM’den ve 6lcegin genelinden elde edilen verilerin ise yiiksek derecede giivenilir

oldugu soylenebilir (Kalayci, 2014).
Verilerin Analizi

Calisma kapsaminda gelistirilen MMOQ'den elde edilebilecek en diisiik puan 21 (21x1), en
yiiksek puan ise 105 (21x5)'tir. MMOO'niin GSM ve AY/I faktorleri 7’ser maddeden, G faktorii 3
maddeden, YD faktorii ise 4 maddeden olusmaktadir. Dolayisiyla GSM ve AY/I faktorlerinden elde
edilebilecek en diisiik puan 7, en yiiksek puan ise 35’tir. G faktoriinden elde edilebilecek en diisiik
puan 3, en yiiksek puan 15, YD faktoriinden elde edilebilecek en diisiik puan 4, en yiiksel puan ise
20’dir. Buna gére MMOO ve alt faktérlerinden elde edilebilecek puanlar bir gizelge {izerinde
gosterilecek olunursa Olgek toplam puan ortalamasinin 63, alt boyutlarin puan ortalamalarinin ise
sirastyla 21, 21, 9 ve 12 oldugu goriilmektedir (Sekil 1). Buna gore 6gretmen adaylarinin matematiksel

muhakeme 6z-yeterlik diizeylerini belirlemede Sekil 1’deki yap1 kullanilmustir.

1 2 3 4 35
I
21 42 63 84 105 (Olgegin geneliicin toplam puan dagihmi)
7 14 21 28 35 (GSMigin toplam puan dagilim)
7 14 21 28 35 (AY/Digin toplam puan dagiimm)
3 6 9 12 15 (G icintoplam puan dagihm)
4 8 12 16 20 (YD igin toplam puan dagihmi)

Sekil 1. MMOO ve alt boyutlarmn toplam puan dagilim

Ayrica farkli sinif seviyelerindeki 6gretmen adaylarinin matematiksel muhakeme 6z-yeterlik
puanlarmin degisimini incelemek amaciyla, normal dagilim gostermedigi belirlenen veriler igin

Kruskall Wallis-H (KWH) testi kullanilmistir. KWH testi sonucunda anlamli bir farklilik bulunmas:



Mumcu, H. Y.

halinde ise gruplarin ikili kombinasyonlar1 {izerinden Mann Whitney-U testi uygulanarak

(Biyiikoztiirk, 2007), farkin kaynag1 incelenmistir.

Bulgular

Calismanin birinci alt problemine yonelik olarak Ogretmen adaylarmmin matematiksel
muhakeme ve alt boyutlarina iliskin ortalama puanlari ile ilgili degiskenler i¢in hesaplanan giivenirlik

katsayilar1 Tablo 7’de verilmektedir.

Tablo 7. Ogretmen adaylarinin MMOO wve alt faktorlerine iliskin puan ortalamalar:

N X ss Cronbach-Alpha
GSM 16.09 3.86 847
AY/i 25.04 3.78 783
G 221 10.48 1.84 721
YD 10.29 2.51 682
MMOOQO/Toplam 61.92 5.32 670

Tablo 7’deki veriler incelendiginde 6gretmen adaylarinin matematiksel muhakemeye yonelik
Oz-yeterlik puan ortalamalarmin 61.92 oldugu goriilmektedir. Bu deger 6lgek ortalamasindan (63)
diisiik olmakla birlikte séz konusu degere yakin oldugu soOylenebilir. Dolayisiyla Ogretmen
adaylarinin matematiksel muhakemeye yonelik 6z-yeterliklerinin ortalamaya yakin bir diizeyde fakat
ortalamanin altinda oldugu goriilmektedir. GSM alt boyutu icin hesaplanan puan ortalamasi (16.09)
faktér ortalamasindan (21) oldukga kiigiiktiir. ~ Ogretmen adaylarmin GSM’ye yonelik 6z-
yeterliklerinin ortalamanin oldukga altinda oldugu goriilmektedir. AY/I ve G faktorlerine ait puan
ortalamalarmin sirastyla 24.04 ve 10.48 oldugu, bu degerlerin de faktor ortalamalarindan (sirasiyla 21
ve 9) yliksek oldugu goriilmistiir. YD faktoriine iliskin puan ortalamasi (10.29) ise faktor
ortalamasindan (12) disiiktiir. Tiim bu veriler birlikte ele alindiginda ogretmen adaylarinin
matematiksel muhakeme 6z-yeterliklerinin ortalama diizeyde oldugu, bununla birlikte faktér puan
ortalamalarinin sirasiyla G-AY/I[, YD ve GSM’de daha yiiksek oldugu belirlenmistir. Dolayisiyla
Ogretmen adaylarinin genelleme/soyutlama/modelleme ve yaratici diisiinme stireglerine iliskin 6z-
yeterliklerin diger faktorlerden daha diisiik, gelistirme ve akil yiiriitme/iliskilendirmeye yonelik 6z-

yeterliklerinin ise diger faktorlerden daha yiiksek oldugu sdylenebilir.

Calismanin ikinci alt problemine yoOnelik yapilan analizler neticesinde Tablo 8'deki veriler

elde edilmistir.

Tablo 8. Farkl: sinif seviyesindeki 6¢retmen adaylarina yonelik Kruskal Wallis testi sonuglar

Faktorle N Sira Ort. sd b P Anlamli Fark
r

1 57 135.96 1-2
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GSM 2 57 112.15 3 14.61 .000** 1-3
3 54 91.94 1-4
4 53 102.34
1 57 101.73
AY 2 57 108.40 3 3.14 .370 1-3
3 54 122.74
4 53 111.80
1 57 100.44
G 2 57 119.48 3 2.69 441
3 54 111.19
4 53 113.04
1 57 138.79 1-2
YD 2 57 103.59 3 16.28 .001** 1-3
3 54 92.92 1-4
4 53 107.51
1 57 131.77
MMOO/ 2 57 109.93 3 9.55 .023* 1-3
Toplam 3 54 95.76 1-4
4 53 105.34

P*<.01, p*<.05

Tablo 8de yer alan verilere gore farkli smif seviyesindeki dgretmen adaylarmin MMOO

toplam puanlarinin anlamli derecede farklilastig ( X (sd=3, n=221) = 9.55, p<.05) goriilmektedir. S6z
konusu farklilik 1 ve 3. smif 6gretmen adaylar ile 1 ve 4. siif 6gretmen adaylar1 arasinda ve her iki
durumda da birinci smiflar lehinedir. MMOO'niin alt boyutlar1 géz 6niine alindiginda ise sinif
seviyesi degiskenine gore GSM (X (sd=3, n=221) = 14.61, p<.05) ve YD (7(2 (sd=3, n=221) =16.28, p<.05)
boyutlarina iliskin 6z-yeterlik puanlar1 arasinda anlamli farkliliklar oldugu gozlenmistir. GSM ve YD
alt boyutlarindaki anlamli farklhiliklarin 1ve 2, 1 ve 3, 1 ve 4. sinif 6gretmen adaylar1 arasindadir. GSM
ve YD alt boyutlari i¢in s6z konusu tiim farkliliklar 1. siniflar lehinedir. AY boyutunda simif seviyesi
degiskenine gore anlamli farkliliklar gozlenmezken ((sd=3, n=221) = 3.14, p>.05), 1 ve 3. sinif 5gretmen
adaylarmin MMOO puanlarinin anlamli derecede farklilastign (U= 1203.500, p<.05) gdzlenmistir. S6z

konusu farklilik 3. siniflar lehinedir.

Tiim bunlarin disinda Tablo 8’daki veriler incelendiginde 6gretmen adaylarmin MMOO
puanlarmin simif seviyesi yiikseldikce anlamli derecede olmasa da diistiigli soylenebilir. S6z konusu
durum GSM ve YD alt boyutlar1 icin de gegerlidir. Bununla birlikte AY ve G puanlarinin ise smuf

seviyesi yiikseldikge yiikseldigi goze carpmaktadir.
Tartisma, Sonug ve Oneriler

Bu calismanin temel amaci 6gretmen adaylarin matematiksel muhakeme 6z-yeterliklerini
Olgmek icin kullanilabilecek bir Olgme araci gelistirmektir. Bu siirecte Oncelikle matematiksel

muhakeme becerisinin kuramsal yapisi ve alt boyutlari belirlenmeye caligilmistir. Muhakeme
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becerisinin alt boyutlar1 ve gostergeleri i¢in Alkan ve Tasdan’in (2011) ¢alismalar1 kullarlarak toplam
52 maddeden olusan Olgek taslak maddeleri olusturulmustur. Uzman goriisleri neticesinde 49
maddeye diisen taslak oOlgekten, gerceklestirilen madde analizleri ve ac¢imlayici faktdr analizi
neticesinde 28 madde daha ¢ikarilmistir. Bu siire¢ sonunda dort boyut ve toplam 21 maddeden olusan
Matematiksel Muhakeme Oz-yeterlik Olgegi (MMOO) elde edilmistir. Olgegin alt boyutlari i¢in Alkan
ve Tasdan  (2011)in  kullandigt  yapi  bozulmamis ve s6z konusu  boyutlar
Genelleme/Soyutlama/Modelleme (GSM), Akil vyiiriitme/iliskilendirme (AY/I), Gelistirme (G) ve
Yaratict Diisiinme (YD) olarak adlandirilmistir. Agimlayic faktér analizi sonucunda olusturulan
yapinin dlgmeye calistigi 6zellikteki toplam varyansin %52.502'sini acikladig: belirlenmis, s6z konusu
yapmin dogrulanmasina yonelik olarak gerceklestirilen dogrulayici faktor analizi sonucunda ise
biitiin uyum degerlerinin kabul edilebilir sirlar igerisinde olduklar1 goriilmiistiir. MMOO'niin
gecerliligini saglamaya yonelik yapilan tiim bu islemlerin ardindan 6lgegin giivenirligini belirlemek
amaciyla alt faktorler ve 6lgegin geneli igin Cronbach-Alfa giivenirlik katsayilar1 hesaplanmis ve GSM,
AY/1, G ve YD alt faktérleri ve 6lgegin geneli iin s6z konusu degerler sirasiyla .825, .792, .679, .720 ve
.883 olarak belirlenmistir. Tiim bunlarin yaninda olgegin alt boyutlar1 arasindaki iliskilerin
manidarlig: test edilmis ve elde edilen verilere dayanarak gecerli ve giivenilir bir 6lgme aracinin

gelistirildigi kabul edilmistir.

Calismanin ikinci asamasinda gelistirilen Olgegin farkli bir calisma grubu {izerinde
uygulanmasityla hem calismanin alt problemlerine yanit aranmaya c¢alisilmis, hem de Olgegin
kullanighlig1 test edilmistir. Uygulama asamasinda bir devlet tiniversitesinin ilkogretim matematik
ogretmenligi programina kayith 221 6gretmen aday1 yer almistir. Ogretmen adaylarinin matematiksel
muhakeme 6z-yeterlik diizeyleri belirlenerek, farkli sinif seviyesinde yer alan 6gretmen adaylarinin
matematiksel muhakeme 06z-yeterlik diizeylerinin anlamli derecede farklilasip farklilasmadig: tespit
edilmeye calisilmistir. Uygulama asamasinin sonuglarina gore dgretmen adaylarinin matematiksel
muhakeme beceri diizeylerinin Slgek ortalamasimn altinda oldugu gériilmiistiir. MMOO'niin alt
boyutlar1 goz Oniine alindiginda ise Ogretmen adaylarmmin oOz-yeterliklerinin GSM ve YD alt
boyutlarinda ortalamanin altinda, AY ve G boyutlarinda ise ortalamanin {istiinde oldugu

gorilmiistiir.

Alan yazinda matematiksel muhakeme 6z-yeterligine iliskin calismaya rastlanmamaktadir. Bu
nedenle ¢alismanin bu boliimiinde Ogretmen adaylarinin matematiksel diisiinme ve muhakeme
becerilerine yoOnelik olarak yiiriitiilen calismalarin sonuglarmna yer verilmistir. Bunun yaninda
matematiksel muhakeme becerisi, matematik okuryazarligmin temel bir bilesenidir ve gergek
yasamda matematigin kullanildig1 ¢cogu durum, matematiksel muhakeme becerisinin kullanilmasin

gerektirmektedir. Bu baglamda calismanin tartisma boliimiinde ayrica Ogretmen adaylarinin
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matematiksel okuryazarlik 6z-yeterlikleri ile ilgili ytiiriitiilmiis olan ¢alismalarin sonuglarina da yer
verilmistir. Calismanin alt problemlerine gore s6z konusu ¢alismalarin sonuglari mevcut ¢alisma

sonuglari ile iligkilendirilerek yorumlanmuistir.

Alan yazinda 6gretmen adaylarinin matematiksel okuryazarlik 6z-yeterliklerini belirleyerek
farkli degiskenlere gore ele alan farkli bir¢ok ¢calisma mevcuttur. Bu ¢alismalardan ¢ogunda 6gretmen
adaylarinin okuryazarlik 6z-yeterlik algi/inanglarinin ortalamanin iistiinde oldugu ifade edilmektedir.
Bununla birlikte yiiriitiilmiis olan ¢alismalarda elde edilen diger sonuglar dikkat ¢ekicidir. S6z konusu
caligmalardan biri Dinger, Akarsu ve Yilmaz'in (2016) galismasidir. Ilkdgretim matematik dgretmen
adaylarinin matematiksel okuryazarlik 0Oz-yeterliklerinin belirlendigi ¢alismanin sonucunda,
O0gretmen adaylarinin 6z-yeterlik algilarmin ortalamanin iistlinde oldugunu belirlenmistir. Bununla
birlikte, s6z konusu ¢alismada bu ¢alisma sonuglar: ile uyumlu olan alt sonuglara ulasilmistir. Dinger,
Akarsu ve Yilmaz (2016) calismalarinda kullanmis olduklari olgekteki en yiiksek puana sahip
maddenin Bilgiye dayalr kararlar verirken verileri analiz edebiliyorum, en diisiik puana sahip maddenin ise
Ispat yapmada matematiksel dili etkili bicimde kullanabilirim oldugunu ifade etmislerdir. Buradaki en
diisiik puana sahip maddenin ispat yapma siirecleri ile ilgili oldugu goriilmektedir. Dolayisiyla
Ogretmen adaylarinin matematiksel okuryazarlik 6z-yeterlikleri ortalamanin {istiinde olmakla birlikte,
muhakeme stirecleriyle ilgili 6z-yeterlik algilarmmin daha zayif oldugu, bu anlamda ¢alisma
sonuglarinin Ortiistiigii sdylenebilir. Ayrica ayni calismada en yiiksek puana sahip maddenin analiz
siiregleriyle ilgili oldugu ve s6z konusu maddenin, matematiksel muhakeme becerisinin akil yiiriitme
alt boyutu ile iligkilendirilebilecegi diisiiniilmektedir (Alkan ve Tasdan, 2011). Matematik
okuryazarligina yonelik en yiiksek 6z-yeterlik algisinin akil yiiriitme siiregleri ile ilgili olmasi, bu
calismadan elde edilen sonuglarla uyumludur. Zira bu ¢alismada da Ogretmen adaylarmin
MMOO'niin alt boyutlarinda en yiiksek 6z-yeterlik puanma akil yiiriitme boyutunda ulastiklart
gozlenmistir. Dinger, Akarsu ve Yilmaz (2016) ¢alismalarinin sonucunda oOgretmen adaylariin
matematiksel okuryazarlik 0z-yeterlik puanlarinin ortalamanin iizerinde olmas1 ile birlikte
gelistirilebilir bir yapiya sahip oldugunu ifade etmislerdir. Yapilan benzer ¢alismalarda da (Akkaya ve
Memnun, 2012; Giines ve Gokeek, 2013; Tekin ve Tekin, 2004; Topbas Tat, 2018; Yenilmez ve Turgut,
2012) matematik 6gretmen adaylarinin matematik okuryazarligina yonelik 6z-yeterlik inanglarinin
ortalamanin {izerinde olmakla birlikte gelistirilebilecegi ifade edilmektedir. Giines ve Gokgek (2013)
calismalarinda matematik okuryazarligimin matematiksel diisiinme alt boyutunda Ogretmen
adaylarinin eksiklikleri oldugunu ortaya koymuslardir. Yenilmez ve Turgut (2012) ise matematik
Ogretmen adaylarmin lisans egitimleri stiresince edindikleri alan bilgisi a¢isindan kendilerini yeteri
kadar donanimli gormediklerini ve bu nedenle iyi bir matematik okuryazari olamayacaklar

endisesini tasidiklarini ifade etmektedirler. Dolayisiyla bu g¢alismalardan Ogretmen adaylarinin
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okuryazarlikla ilgili 6z-yeterliklerinin ortalamanin {izerinde degerler alabildigi lakin s6z konusu
durumlara iliskin beceri ve 6z-yeterliklerinin gelistirilebilir diizeyde oldugu ifade edilebilir. Sozii
edilen calismalar 6gretmen adaylarinin matematiksel diisiinme ve ispat siireglerinde genel olarak
zorlandiklarini ortaya koymaktadir. Bu baglamda alan yazindaki sonuglarm bu ¢alisma sonuglarim

destekler nitelikte oldugu soylenebilir.

Matematiksel diigiinmenin bir iist boyutu olan matematiksel muhakeme becerisi ile ilgili
olarak bu calismadan elde edilen sonuglar, Alkan ve Giizel (2005)'in ¢alismalarindan elde edilen
sonuglarla iligkili olarak ta yorumlanabilir. Zira s6z konusu c¢alismada matematik Ogretmeni
adaylarinin matematiksel diisiinme becerilerinin diisiik seviyelerde oldugu ifade edilmektedir. 1lgili
calismada 6gretmen adaylarmin, genelleme, hayal etme, tahminde bulunma, ispat etme ve gelistirme
yetilerini kullanma stireclerinde zorlandiklari, ayn1 zamanda matematiksel durumlara iliskin farkh
yaklasimlar gelistirme ve yorumlamadan kag¢inma yaklasimlarinin, 6gretmen adaylarinin bilgilerine
ve kendilerine giivenmemelerinin bir gostergesi olabilecegi ifade edilmistir. Ogretmen adaylarmin
genelleme siireclerinde sikinti cektikleri ve soyutlamada da basarisiz kaldiklar1 s6z konusu
calismadan elde edilen bir baska sonugtur. Bu calismada da Ogretmen adaylarinin genel olarak
matematiksel muhakeme Oz-yeterliklerinin ortalamanin altinda oldugu, bununla birlikte
genelleme/soyutlama/modelleme alt boyutunda en diisiik 6z-yeterlige sahip olduklar1 gézlenmistir.
Benzer sekilde Ogrencilerle yiiriitiilen bazi ¢alismalarda da (Arslan ve Yildiz, 2010; Moraly, Ugurel,
Turntkli ve Yegildere, 2006; Ozer ve Arnkan, 2002; Tall, 2008; Yesildere ve Tiirniikli, 2007)
ogrencilerinin matematiksel diisiinme stireclerinde 6zellikle genelleme ve ispat siireclerinde zorluklar
yasadiklar1 ifade edilmektedir. Bu baglamda ilgili ¢alismalarin sonuglarinin mevcut calisma ile
ortiistiigii goriilmektedir. Matematiksel muhakemenin alt boyutlar ile ilgili olarak bu ¢alismadan
elde edilen bir diger sonug, Ogretmen adaylarmin yaratici diisiinme o0z-yeterlik puanlarinin
ortalamanin altinda olmasidir. Bu durumla ilgili olarak Yavuz Mumcu ve Aktiirk (2017) 6gretmen
adaylarinin, yaratici diisiinme gerektiren problem durumlarinda genel olarak basarisiz olduklarini
ifade etmislerdir. Yapilan farkli ¢calismalarda da (Bergqvist, Lithner ve Sumpter, 2006; Boesen, Lithner
ve Palm, 2010; Cift¢i, 2015) benzer sonuglara ulasildigi goriilmiistiir. Dolayisiyla matematiksel
diisiinme ile ilgili olarak sozii edilen ¢alisma sonuglarinin da, mevcut ¢alisma sonuglari ile ortiistiigii

sOylenebilir.

Bu calismadan elde edilen ve tartigilmas: gereken bir diger sonug¢ 6gretmen adaylarmin
matematiksel muhakeme 6z-yeterliklerinin sinif seviyesi degiskenine gore anlamli dlgiide degisiklik
gostermesidir. Buna gore sinuf seviyesi arttik¢a 6gretmen adaylarinin 6z-yeterlik puanlarmin diistiigi
gozlenmistir. Elde edilen bu sonug 6gretmen adaylarmin lisans egitimleri boyunca almis olduklar:

derslerin igerigi ve yer aldiklar1 diisiinme siireclerinin giderek artan zorlugu ve karmasiklig ile iligkili
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olarak yorumlanabilir. Konu ile ilgili olarak yapilan calismalarda ise farkli sonuglarin elde edildigi
goriilmektedir. Bazi1 arastirmalar (Jain ve Dowson, 2009; Lee, 2009; OECD, 2004; Ozyﬁrek, 2010;
Schnulz, 2005) smif seviyesi arttikca matematiksel okuryazarlik 6z-yeterlik inancinin da arttigini veya
degismedigini ortaya koyarken, bazilar1 (Ozgen ve Bindak, 2011) ise bunun aksini ifade etmektedirler.
Muhakeme becerisinin gelisiminde yas disinda gec¢mis Ogrenim yasantilarin1 da icine alan farkh
unsurlarin da etkisinin olabilecegi (Steen, 1999; Tourniaire ve Pulos, 1985) g6z oniine alindiginda
farkli calismalardan elde edilen farkli sonuglarin bu duruma bagh olarak yorumlanabilecegi

sOylenebilir.

Buraya kadar yapilan tartismaya bagli olarak 6gretmen adaylarinin matematiksel muhakeme
beceri ve 6z-yeterlik algilarina iliskin ¢ok olumlu bir tablonun mevcut olmadigi, tilkemizin egitim
hedefleri ve vizyonu go6z oniine alindiginda s6z konusu becerinin gelistirilmesine yonelik yapilacak
yeni ve farkli akademik calismalara ve 0gretim uygulamalarina ihtiya¢ duyuldugu goriilmektedir.
Matematiksel muhakeme giiniimiiz toplumunda sadece matematiksel uygulamalarda degil, sosyal
durumlarda da bireylerin farkinda olarak veya olmayarak kullandiklar1 bir beceridir ve giinden giine
onem kazanmaktadir. Dolayisiyla matematiksel muhakeme becerisinin gelisimini ele alan kuramsal
veya uygulamali c¢alismalar planlanarak yiriitiilmelidir. Bu ¢alismalarda, farkli ogretim
uygulamalarmin s6z konusu becerinin gelisimine olan etkileri arastirilabilir. Boylece s6z konusu
calismalarin sonuglarindan, matematik 6grenme ortamlarinda dgretmenler ve 6grenciler tarafindan
dogrudan yararlanilabilir. Bunun disinda muhakeme becerisinin gelistirilmesinde etkili olabilecek

duyussal faktorler arastirilabilir.
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Summary
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Introduction

Mathematical reasoning is a mathematical skill which has been defined in different ways by
different researchers in the literature. Altiparmak and Ozis (2005) define reasoning as a process of
drawing conclusions from results, judgments, reasons, or propositions and of placing suggestions and
judgments into a form and determining their validity. Bagci (2015) defines reasoning as a cognitive
process in which one's views and thoughts are based on logical reasons, and Erdem (2011) defines it as
a high-level thinking process that elaborates and makes sense of a problem situation around the
questions of “Why” and “How.” Although these definitions highlight different aspects of reasoning,
the common understanding of the concept is that reasoning is a high-level thinking process that
involves more than one way of thinking (Peresini and Webb, 1999). Reasoning skill, which plays a
very important role in structuring mathematical knowledge (Toulmin, Rieke and Janik, 1984) and
solving real-life problems (Alkan and Tasdan, 2011; Dreyfus, 1990; Liu and Niess, 2006, Yavuz
Mumcu, 2011; Yavuz Mumcu and Aktiirk, 2017) is emphasized as a basic skill which should be taught
in schools in national and international curriculums. NCITM (2000) shows one of the basic
mathematical aims for students is to gain reasoning/evidence and to accept subject skill as one of the
basic components of mathematics from pre-school to 12th grade. Furthermore, NCTM (2000) seeks to
enable these students to establish and explore mathematical relationships, develop and evaluate
mathematical arguments and evidence, to identify the various methods of reasoning and proof, and to
selectively use the appropriate one when relevant. However, one of the mathematical process skills
that the curriculum aims to develop is expressed as mathematical reasoning and proof, and in this
context, the students are expected to make generalizations and inferences based on logic in
mathematics and daily life; to defend the accuracy and validity of their inferences, feelings, and
thoughts in mathematics and non-mathematics; to be able to use mathematical models, rules, and
relationships in explaining their thoughts; to be able to use mathematical relationships while
analyzing a (mathematical) situation; to be able to make predictions by using different strategies and
to defend it for logical reasons; to apply general relations to special situations; to use induction and
deduction effectively in the process of mathematical verification; and to choose the most appropriate
method of proof in the process of proving a mathematical proposition (MEB, 2013, p.8). The same
document states that environments should be prepared for the development of reasoning (reasoning)
skills of students in math learning process (MEB, 2013, p.13). In the same document, the value of
mathematical reasoning skills in facilitating school life and out-of-school life is emphasized, and the
necessity of raising awareness on this issue is stated (MEB, 2013, p.13). In addition, mathematical
reasoning skills come to the forefront in international student assessment projects. One of these

projects, the Program for International Student Assesment (PISA) survey, organized on a three-year
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basis by the Organization for Economic Co-operation and Development (OECD), focuses on the extent
to which 15-year-old students can use the mathematics they learn at school in their lives and
determines students' mathematics literacy levels in this content. Under the PISA project, mathematical
reasoning is considered one of the skills of using mathematics, and it is revealed that every step of the
process of solving real-life problems requires the use of reasoning skills (OECD, 2004, p.158). Another
international project as comprehensive as PISA is the Trends in International Mathematics and Science
Study (TIMSS); it aims to evaluate the knowledge and skills of 4th- and 8th-grade students in
mathematics and science courses. The basic skills the TIMSS exams focus on are knowledge (35%),
practice (40%) and reasoning (25%), and problem situations involving real-life scenarios are used to
monitor these skills (MEB, 2016). Therefore, it can be said that mathematical reasoning skill is at the

center of TIMSS exams too.

Today, the reasoning skill, which is considered an important skill for the 21st century, is
defined and evaluated differently by different researchers. Umay (2003) defines reasoning as an ability
that emerges only in the advanced stages of thinking and states that not every mathematical thinking
process has reasoning characteristics. In her study, she draws the boundary of mathematical thinking
and reasoning skills by saying that if an idea is not based on knowledge, it cannot be justified, it does
not include logical approaches, and it cannot be considered as reasoning (p.235). In line with this
view, some researchers who deal with mathematical reasoning in relation to thinking processes
(Alkan and Bukova-Giizel, 2005; Edwards, Dubinsky and McDonald, 2005; Harel and Sowder, 2005;
Tall, 1995) suggest that thinking processes are gradual and individuals may have different levels of
mathematical thinking depending on their prior knowledge and life experience. Alkan and Tasdan
(2011), one such researcher, defines mathematical thinking as a process consisting of six stages that
require knowledge of mathematical methods and reasoning. These stages are 1) Understanding
events, facts, and problems correctly or sense-making, 2) Application of methods and paths, 3)
Generalization/Abstraction/Modeling, 4) Reasoning/Connecting, 5) Improving, and 6) Creative
Thinking. The last four of these stages represent mathematical reasoning processes. In this study,
indicators were created for each subcomponent of mathematical reasoning skill. Some of these

indicators are given in Table 1.

Table 1. Components and indicators of mathematical reasoning

Components of mathematical reasoning Indicators

Going beyond the current situation
Creative Thinking Independent thinking

Defining cases differently

Creating usable ideas

Evaluating the cases for different conditions
Improving Questioning
Answer questions such as “if...there was”
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Tend to investigate the reasons

Making inferences

Reasoning/Connecting Critical thinking
Detecting the meaning/contributions of stages and parts in the whole/Analysis
Connecting

Forecasting possible situations
Generalization / Abstraction / Modeling Making assumptions
Justification of thoughts
Reaching results, explaining-defending the results

Mathematical reasoning is one of the basic skills used by every individual in his/her daily life,
because the studies on using mathematics support this situation (OECD, 2013; Yavuz Mumcu, 2011).
Similarly, Burton (1984) and Alkan and Bukova-Giizel (2005) state that the application field of
mathematical reasoning is not only the world of mathematics, and every professional must use
mathematical thinking skills to find solutions to the problems they face. Therefore, studies about
teaching reasoning skills, which are among the basic skills required for each individual, have gained
importance today. Brodie (2010) states that guides such as teachers are needed to develop individuals'
mathematical reasoning skills, while Ciftci (2015) states that only teachers who can use mathematical
reasoning effectively can create learning environments that will support the development of this
ability. In this context, Albayrak Bahtiyari (2010) states that mathematics teachers should be educated

in terms of the meaning, necessity, and importance regarding the concepts of proof and reasoning.

Self-efficacy is defined as an individual's own judgment on his/her capacity to successfully
perform the activities necessary to demonstrate certain performance (Bandura, 1986). Pajares and
Miller (1994) found that self-efficacy perception positively affects mathematics achievement; however,
this effect is greater than the effects of other variables. Therefore, researchers determine that the
mathematical reasoning self-efficacy of students is important in terms of dealing and predicting this
skill in different ways, because the self-efficacy beliefs of students who are generally unsuccessful in

reasoning processes are not expected to be high.

The literature on mathematical reasoning skills generally examines the reasoning skills of
students (Cetinkaya and Soybas, 2018; Giirbiiz, Erdem and Giilburnu, 2018; Lynn-Junk, 2005) and
teacher candidates (ilhan and Aslaner, 2018; Oz and Isik, 2018; Yavuz-Mumcu and Aktiirk, 2017).
However, no studies have approached the perception of self-efficacy towards mathematical reasoning
skills. Based on this gap in the literature, this study has two main objectives. The first is to develop a
usable mathematical reasoning self-efficacy scale, which is valid and reliable for prospective teachers,
and the second is to determine the mathematics reasoning self-efficacy levels of prospective
mathematics teachers. The results of the study will reveal the self-efficacy beliefs of prospective
teachers who are expected to provide opportunities for the development of mathematical reasoning
skills and who are considered as future teachers, and thus the research proposals related to the current

situation can be developed. In this context, the sub-questions for the study are as follows.
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e What is the level of pre-service mathematics teachers' self-efficacy beliefs of mathematical

reasoning and its sub-dimensions?

® Do pre-service teachers' self-efficacy beliefs regarding mathematical reasoning and sub-

dimensions differ according to grade level?
Method

In this research, the survey method was used. Survey research is a scientific research method
which is conducted to help illuminate the unique characteristics of a universe (Johnson and
Christensen, 2000). These studies are descriptive, and the data are obtained from data collection tools
such as questionnaire, achievement test, and attitude scale (Ozdemir, 2014). For this study, the
researchers decided to use mathematical reasoning self-efficacy of pre-service mathematics teachers.
The study was carried out in two stages. The first stage of the study is scale development and the
second stage is the implementation of the developed scale. The findings obtained from the analysis

carried out during the study are given in relation to these stages.
Participants

For the scale development and implementation stages of the study, 373 and 221 pre-service
teachers, respectively, volunteered to take part in the study. These participants are attending
mathematics teaching programs at different state universities in the 2018-2019 academic year. The

general characteristics of the participants are given in Table 2.

Table 2. Characteristics of the participants of the study

Grade Level

1 2 3 4
Stages of the study N % N % N % N % Total
Scale development 92 2466 102  27.34 93 24.93 86 23.05 373
Implementation 57 25.8 57 25.8 54 24.4 53 24 221
Total 594

Data Collection Tool
Developing mathematical reasoning self-efficacy scale (MRSS). In the preparation of the MRSS draft
form, the scale development stages proceeded with preparing scale items, taking expert opinions, pre-
testing, validity, and reliability (Tavsancil, 2005). In order to ensure the construct validity of the scale,
exploratory and confirmatory factor analyses were performed, and Cronbach’s Alpha analysis was
performed for reliability. Correlation analysis and item analysis were conducted based on the

difference between the upper and lower group averages.

Studies on mathematical reasoning skills and indicators in the literature (Alkan and Tasdan,

2011; Coban, 2010; Gok and Erdogan, 2011; Incebacak and Ersoy, 2016; Mullis and Martin, 2013;
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OECD, 2013) were examined for the determination of the draft form items. Accordingly, the
researchers tried to determine the themes which the theoretical schemes in the related studies
emphasize jointly for mathematical reasoning skills, and the indicators included in the study of Alkan
and Tasdan (2011) were used to a large extent. Accordingly, a draft form consisting of 52 items was

prepared in which the numbers of positive and negative items were equal.

After writing the draft items, the opinions of 4 expert lecturers and 6 mathematics teachers
who are continuing their graduate education were consulted. Draft items were prepared in a form
suitable for dual rating in order to gather expert opinions. Accordingly, the experts were asked to
provide their opinions as appropriate or not appropriate regarding the draft items and to write the
reasons for their negative opinions in the explanation section. At the end of this process, the content
validity of the items was calculated with the formula “[Number of experts responding positively +
(Total number of experts / 2)] - 1” (Veneziano and Hooper, 1997), and it was decided that 3 items with
a validity of less than 0.80 would be excluded. Accordingly, the draft scale, which has become a total
of 49 items, 24 of which are negative, is arranged in a five-degree Likert structure. The response
options of the scale items are never (1), rarely (2), sometimes (3), most of the time (4) and always (5).

The lowest score that can be obtained from the scale is 49, and the highest score is 245.

The draft form was applied to prospective teachers of 20 students attending the first year of
the mathematics teaching program at a state university. During this exercise, it was provided that 1
item, which is difficult to understand by the teacher candidates, was expressed more clearly. Apart
from this, there was no need for a different change on the draft scale items. It was observed that
teacher candidates completed the draft scale in 20 minutes on average. Accordingly, the approximate

filling time of the scale was determined as 20 minutes.

Exploratory factor analysis (EFA). In order to perform the exploratory factor analysis of the
mathematical reasoning self-efficacy scale, the adequacy of the sample size was tested with the Kaiser-
Meyer-Olkin (KMO) measurement technique, and the KMO value was calculated as 0.932. This value
was found suitable for factor analysis (Hutcheson and Sofroniou, 1999). In addition, it was determined
whether the Barlett Bars Test of Sphericity value was significant to determine whether the data came
from the multivariate normal distribution, and the Chi-square value of the Barlett test was determined

to be statistically significant (X2 = 8033.308; p <0.01).

In order to reveal the factor pattern of the scale which is suitable for AFA, the varimax
technique, which is a vertical rotation method, and the principal components analysis were selected.
In the first EFA, the items were distributed to 10 factors with an eigenvalue greater than 1 and a

variance value greater than 5%. When the line graph which is drawn depending on the eigen values of
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the factors is examined, it was seen that there was a rapid decrease until the fourth factor and after
this point the graph follows a horizontal course. However, since the theoretical scheme used in the
study is four dimensional, EFA was repeated for a four-factor structure. Thompson (2004) states that a
line graph is more effective than eigenvalues in determining the number of factors. Similarly, Erkus
(2012) states that, in determining the number of factors, it is necessary to consider the current
conceptual structure as well as the eigenvalues. Based on all of these elements, the researchers
examined the results obtained from the rotation process for the four-dimensional structure in terms of
loading value and overlapping, and a total of 28 items were excluded from the scale. A four-factor
structure was obtained in which the total variance explained by the obtained items was 52.502%.
Factor loadings of the items in the scale and the variance ratios explained by sub-factors are given in

Table 3.

Table 3. EFA results of MRSS

Item Sub-scale Factor Loadings
f1 2 {3 f4

15- I can use my intuition to solve mathematical problems. .570

16- I can determine the limitations of a mathematical situation. .652

17-1 can correctly establish the relationships between existing ones and those that 674

are to be achieved in a mathematical situation.

I11- I can show different situations that serve as an example of a mathematical .660

situation.

I12-1 can find mathematical solutions to the problems I encounter in real life, and 710

explain / defend the solutions I have reached.

I115- I can convince people about the accuracy of my mathematical thinking. .650

127- 1 can justify my thoughts on mathematical situations (I can give reasons for .539

my thoughts).

123- I have difficulty in revealing the meaning and contributions of the stages and 499

parts of the mathematical processes in the whole.

131-1 have difficulty questioning the underlying causes of mathematical situations. 478

135-1 have difficulty connecting mathematical concepts among themselves. .556

139-1 have difficulty deciding on the accuracy or inaccuracy of a mathematical 723

expression.

142-1 have difficulty deciding the correctness of the methods I use to solve real-life 648

problems.

144- T have difficulty in calculating profit / loss. 721

149- T have difficulty in understanding and evaluating mathematical situations. .606

13- 1 have difficulty in constructing new information about mathematical 731

situations using my existing knowledge.

18-I have difficulty in evaluating a mathematical situation for different conditions. 615

113-T have difficulty in using my intuition to evaluate mathematical situations. .655

132- I can think one step ahead of the current situation in mathematical situations. 496
136- I can think in my own way in mathematical situations. .695
138- I can think spatially in mathematical situations. .740
146- I can use the functions of mathematical objects out of the ordinary. .675

Described Variance 17.04% 15.25% 9.36% 10.84%
Described Total Variance: 52.502%

Table 3 shows a four-dimensional structure explaining that 52.502% of the total variance and
the factor loadings of the items constituting this structure vary between .478 and .740. Scherer, Wiebe,

Luther, and Adams (1988, as cited in Tavsancil 2005, p.48) produce the values of 40% to 60% of the
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variance ratio, indicating that a strong factor structure indicates. Therefore, it can be said that the
amount of variance explained is sufficient for the factor structure. In addition, it is seen that the factor
loading values obtained are within acceptable limits, because Tabachnick and Fidel (2001) state that
items with factor loading values of 0.40 and above can be considered very good, and those with 0.70
and above can be evaluated as excellent. The sub-factors for MRSS were named in relation to the
theoretical schema envisaged in the study. Accordingly, the first factor consisting of 7 items was
named as Generalization/Abstraction/Modeling (GAM), the second factor consisting of 7 items is
Reasoning/Connecting (R/C), the third factor consisting of 3 items is Improving (I), and the fourth
factor consisting of 4 items was referred to as Creative Thinking (CT). After the exploratory factor
analysis, a 4-factor structure was obtained consisting of 21 items, 10 of which were negative. The

negative items of the scale are 13, I8, 113, 123, 131, 135, 139, 142, 144, and 149.

Item analysis. Item analysis is carried out to develop a coherent scale by determining whether the
items in the scale measure a property that the scale aims to measure without mixing it with other

features.

Table 4. Item analysis results for MRSS

Item no Item-total correlation t*
I5 .538 -10.593
16 .569 -10.598
17 .550 -11.238
111 .600 -11.277
112 .621 -12.585
I15 .565 -10.484
127 .635 -11.936
123 .632 -13.795
131 .504 -9.493
135 564 -11.036
139 447 -8.353
142 .530 -10.423
144 493 -11.209
149 .628 -14.211
I3 523 -9.003
I8 .508 -9.167
113 .564 -11.992
132 .607 -12.816
136 .612 -12.481
138 501 -8.353
146 402 -6.742

The reason for using item analysis in Likert-type scales is to provide a one-dimensional
feature, which is the most important subject of the Likert scaling technique, and this means that all
items measure the same attitude (Tavsancil, 2005). For this purpose, item analysis based on the

difference between the upper and lower group means and correlation were performed. Examination
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of Table 4 reveals a significant difference between the lower and upper groups (p <.01), and the item-
total correlation values are above .30 (Biiyiikoztiirk, 2007). Therefore, it can be said that the items in

the scale have the desired level of discrimination.

A correlation coefficient higher than 0.70 indicates a high-level relationship, between 0.30 and
0.70 indicates a medium-level relationship, and below 0.30 indicates a low-level relationship
(Biiyiikoztiirk, 2007). Therefore, Table 5 indicates that the correlation values between the factors of the

scale and for the total of the scale are high for GAM, R/C, and CT, and medium for I.

Table 5. Correlations between MRSS factor scores

Correlations
Factors GAM R/C I CT
GAM 1
R/C 447 1
I 422% .590* 1
CT .615* .340* .250* 1
MRSS/Total .835*% .809* .682* .708*

When the correlation values of the factors are examined, it is seen that they generally take
values below 0.60. Therefore, the factors are independent from each other for the developed MRSS

(Engs, 1996), and the scale could be used as a whole, and sub-factors could be used separately.

Confirmatory factor analysis (CFA). CFA was performed to confirm the structure revealed by EFA
for MRSS. According to CFA results, the X?/sd index was found to correspond to a perfect fit (X2 =
546.64; sd = 227; p =, 000; X?/sd = 2.40). An X?/sd of less than 3 indicates a perfect fit, while an X?/sd of
less than 5 refers to a moderate fit (Kline, 2013). Accordingly, it can be said that the available data are

highly compatible with the developed structure.

Table 6. Fit index values obtained as a result of CFA

i/lltel;:lsre CFA Result Quality of Fitness

RMSEA 0.05 Perfect (Brown, 2006; Joreskog ve Sorbom, 1993)
RMR 0.03 Perfect (Byrne, 1994)

SRMR 0.05 Perfect (Brown, 2006; Hu ve Bentler, 1999)
CFI 0.92 Good (Hu ve Bentler, 1999; Stimer, 2000)
GFI 0.92 Good (Stimer, 2000)

IFI 0.94 Good (Schumacker ve Lomax, 2004)

NFI 0.86 Acceptable (Tabachnick ve Fidel, 2001)
NNFI 0.91 Good (Kelloway, 1989)

AGFI 0.89 Good (Schumacker ve Lomax, 2004)

PGFI 0.71 Good (Stimer, 2000)

RMSEA, RMR, and SRMR values were perfect; CFL, GFI, IFI, NNFI, AGFI, and PGFI values

were good; and NFI values were found to be acceptable for the theoretical structure of MRSS,
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according to the data in Table 6. The internal consistency of the scale was examined by the Cronbach's
alpha coefficient, calculated based on item analysis. The internal consistency coefficients of the
subscales were .825 for GAM, .792 for R/C, .679 for I, and .720 for CT. The total reliability coefficient of
the scale was calculated as .883. The data obtained from the sub-factors of the scale are quite reliable,

and the data obtained from GAM and the general scale are highly reliable (Kalayci, 2014).
Data Analysis

The lowest score that can be obtained from MRSS developed within the scope of the study is
21 (21x1), and the highest score is 105 (21x5). The GAM and R/C factors of MRSS consist of 7 items, the
I factor consists of 3 items, and the CT factor consists of 4 items. Therefore, the lowest score that can be
obtained from GAM and R/C factors is 7, and the highest score is 35. The lowest score that can be
obtained from the I factor is 3, the highest score is 15, the lowest score can be obtained from the CT
factor is 4, and the highest score is 20. Accordingly, if the scores that can be obtained from MRSS and
its sub-factors are shown on a table, it is seen that the mean total score of the scale is 63 and the mean
scores of the sub-dimensions are 21, 21, 9, and 12, respectively (Figure 1). Accordingly, the structure in

Figure 1 was used to determine the mathematical reasoning self-efficacy levels of prospective teachers.

21 42 63 84 105 Total score distribution for the scale
5 Score distribution for GAM
7 14 21 28 35 Score distribution for R/C
3 6 15 Score distribution for I
4 8 12 16 20 Score distribution for CT

Figure 1. Total score distribution of MRSS and its sub-dimensions

In addition, the Kruskall Wallis-H (KWH) test was used to examine the change in the
mathematics reasoning self-efficacy scores of prospective teachers attending different grade levels. In
case there is a significant difference in the results of the KWH test, the Mann Whitney-U test was
applied over the paired combinations of the groups (Biiyiikoztiirk, 2007), and the source of the

difference was examined.
Findings

For the first sub-problem of the study, the mean scores of the preservice teachers on
mathematical reasoning and sub-dimensions with reliability coefficients calculated for the related

variables are given in Table 7.

Table 7. The mean scores of the prospective teachers about the MRSS and its sub-factors

N X ss Cronbach-Alpha

GAM 16.09 3.86 .847
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R/C 25.04 3.78 783
I 221 10.48 1.84 721
CT 10.29 2.51 .682
MRSS/Total 61.92 5.32 .670

When the data in Table 7 is examined, it is seen that the pre-service teachers' self-efficacy
mean scores for mathematical reasoning are 61.92. Although this value is lower than the scale average
(63), it is close to the said value. Therefore, it is seen that pre-service teachers' self-efficacy towards
mathematical reasoning is close to the average but below it. The average score calculated for the GAM
sub-dimension (16.09) is considerably smaller than the factor average (21). The pre-service teachers'
self-efficacy towards GAM is well below the average. The mean scores of the R/C and I factors were
25.04 and 10.48, respectively, and these values were higher than the factor means (21 and 9,
respectively). The mean score for the CT factor (10.29) is lower than the factor mean (12). When all
these data are taken together, it is determined that pre-service teachers' mathematical reasoning self-
efficacy is at the average level; however, the mean factor score is higher in I-R/C, CT, and GAM,
respectively. Therefore, it can be said that pre-service teachers' self-efficacy related to
generalization/abstraction/modeling and creative thinking processes are lower than other factors and

self-efficacy towards improving, and reasoning/connecting are higher than other factors.

As a result of the analyses conducted for the second sub-problem of the study, the data in
Table 8 was obtained. The total scores of the pre-service teachers at different grade levels differed
significantly ((sd = 3, n = 221) = 9.55, p <.05). The difference is between the 1st and 3rd grade
prospective teachers and the 1st and 4th grade prospective teachers, and in both cases, it is in favor of
the first graders. When the sub-dimensions of the MRSS were taken into consideration, GAM ((sd = 3,
n =221) =14.61, p <.05) and CT ((sd = 3, n =221) = 16.28, p <. 05) demonstrated significant self-efficacy
scores. Significant differences in the GAM and CT sub-dimensions are between 1st and 2nd, 1st and
3rd, and 1st and 4th grade teacher candidates. For GAM and CT sub-dimensions, all of these
differences are in favor of 1st graders. No significant differences were observed in the R/C dimension
according to the grade level variable ((sd = 3, n = 221) = 3.14, p> .05), and the difference was observed

in favor of 3rd graders.

Table 8. Kruskal Wallis test results for prospective teachers at different grade levels

Factors N Mean Rank sd x? P Significant
difference
1 57 135.96 1-2
GAM 2 57 112.15 3 14.61 .000** 1-3
3 54 91.94 1-4
4 53 102.34
1 57 101.73
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R/C 2 57 108.40 3 3.14 370 1-3
3 54 122.74
4 53 111.80
1 57 100.44
I 2 57 119.48 3 2.69 441
3 54 111.19
4 53 113.04
1 57 138.79 1-2
CT 2 57 103.59 3 16.28 .001** 1-3
3 54 92.92 1-4
4 53 107.51
1 57 131.77
MRSS/ 2 57 109.93 3 9.55 .023* 1-3
Total 3 54 95.76 1-4
4 53 105.34

The data in Table 8 indicates that the scores of the teacher candidates decreased as the grade
level increased. This situation is also valid for GAM and CT sub-dimensions. However, it is observed

that the R/C and I scores increase as the grade level increases.

Discussion, Conclusion, and Suggestions

The main purpose of this study is to develop a measurement tool that can be used to measure
the mathematical reasoning self-efficacy beliefs of prospective teachers. In this process, firstly the
theoretical structure and sub-dimensions of mathematical reasoning skills have been determined. For
the sub-dimensions and indicators of reasoning skills, Alkan and Tasdan's (2011) study was used, and
52 draft items were created. As a result of item analysis and exploratory factor analysis, 28 additional
items were removed from the draft scale, which had fallen to 49 items after expert opinions. At the
end of this process, the Mathematical Reasoning Self-Efficacy Scale (MRSS), which consists of four
dimensions and a total of 21 items, was obtained. The structure used by Alkan and Tasdan (2011) for
the sub-dimensions of the scale was wused, and these dimensions were called
Generalization/Abstraction/Modeling (GAM), Reasoning/Connecting (R/C), Improving (I), and
Creative Thinking (CT). As a result of exploratory factor analysis, 52.502% of the total variance of the
structure was determined to be measured, and as a result of the confirmatory factor analysis
conducted for the verification of the structure, all of the compliance values were within acceptable
limits. In order to determine the reliability of the scale, the Cronbach-Alpha reliability coefficients
were calculated for the overall scale of the scale and the values for GAM, R/C, I, and CT sub-factors.
These values were calculated as .825 for general of the scale and as .792, .679, .720, and .883 for the

sub-dimensions, respectively. Moreover, the significance of the relationships between the sub-
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dimensions of the scale was tested, and it was accepted that a valid and reliable measurement tool was

developed based on the data obtained.

By applying the developed scale in the second stage of the study on a different study group,
both the sub-problems of the study were sought, and the usefulness of the scale was tested. In the
implementation phase, 221 pre-service teachers who were enrolled in the primary mathematics
teaching program at a state university participated. The mathematical reasoning self-efficacy levels of
the pre-service teachers were determined, and the researchers attempted to determine whether the
mathematical reasoning self-efficacy levels of the pre-service teachers in different grade levels differed
significantly. According to the results of the implementation phase, it was seen that the mathematical
reasoning skill levels of the prospective teachers were below the average of the scale. When the sub-
dimensions of MRSS were taken into consideration, it was seen that pre-service teachers' self-efficacy
levels were below average in the GAM and CT sub-dimensions and above average in the R/C and I

dimensions.

In the literature, there are no studies on mathematical reasoning self-efficacy beliefs.
Therefore, in this part of the study, the results of the studies conducted on the mathematical thinking
and reasoning skills of prospective teachers are given. In addition, mathematical reasoning is an
essential component of mathematics literacy, and most situations in which mathematics is used in real
life require the use of mathematical reasoning. In this context, in the discussion section of the study,
the results of the studies carried out on the mathematical literacy self-efficacy of the prospective
teachers were also included. According to the sub-problems of the study, the results of these studies

were interpreted in relation to the current study results.

The literature includes many different studies that determine the mathematical literacy self-
efficacy of teacher candidates according to different variables. In most of these studies, it is stated that
the self-efficacy perceptions/beliefs of teacher candidates are above average. However, the other
results obtained in the studies conducted are remarkable. One of these studies is the work of Dinger,
Akarsu, and Yilmaz (2016). The study examined the mathematics literacy self-efficacy of pre-service
mathematics teachers and determined that pre-service teachers' self-efficacy perceptions were above
average. However, in this study, sub-conclusions consistent with the results of this study were
reached. Dinger, Akarsu, and Yilmaz (2016) stated that the item with the highest score in the scale they
used in their study was the ability to analyze the data while making informed decisions, and the item with
the lowest score was that I can use mathematical language effectively in proof. The item with the lowest
score appears to be related to proof-making processes. Therefore, although mathematical literacy self-
efficacy of pre-service teachers is above average, it can be said that self-efficacy perceptions about

reasoning processes are weaker, and the results of the studies overlap in this sense. In the same study,
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the item with the highest score is related to the analysis processes, so this item might be associated
with the reasoning/connecting sub-dimension of mathematical reasoning skill (Alkan & Tagdan, 2011).
The fact that the highest self-efficacy perception towards mathematics literacy is related to reasoning
processes is consistent with the results obtained from this study. In this study, it was observed that the
pre-service teachers reached the highest self-efficacy score in the sub-dimensions of MRSS in the
reasoning/connecting dimension. Dinger, Akarsu, and Yilmaz (2016) stated that the pre-service
teachers' mathematics literacy self-efficacy scores are above average but can also be improved. Similar
studies (Akkaya and Memnun, 2012; Giines and Gokgek, 2013; Tekin and Tekin, 2004; Topbas Tat,
2018; Yenilmez and Turgut, 2012) stated that pre-service mathematics teachers' self-efficacy beliefs
towards mathematics literacy could be improved, although they are above average. Giines and
Gokeek (2013) found that pre-service teachers had shortcomings in the mathematical thinking sub-
dimension of mathematics literacy. Yenilmez and Turgut (2012) stated that pre-service mathematics
teachers do not consider themselves well equipped in terms of the field knowledge they have
acquired during their undergraduate education, and therefore they are concerned that they will not be
effectively mathematics literate. Therefore, it can be stated from these studies that pre-service teachers'
literacy self-efficacy are at above-average values, but their skills and self-efficiencies related to these
situations can be improved. These studies reveal that pre-service teachers have difficulty with
mathematical thinking and proof processes in general. In this context, it can be said that the results in

the literature support the results obtained from this study.

The results obtained from this study regarding mathematical reasoning skills, which is a
higher dimension of mathematical thinking, can also be interpreted in relation to the results obtained
from the studies of Alkan and Giizel (2005). This study stated that mathematics teacher candidates'
mathematical thinking skills are at low levels. It was stated that pre-service teachers had difficulty
with the processes of generalization, imagination, estimation, proving, and improving. Also, pre-
service teachers’ avoided developing different approaches and interpreting mathematical situations,
which could be an indicator of pre-service teachers' lack of confidence in their knowledge and self-
beliefs. Another result of the Alkan and Giizel’s study is that prospective teachers have difficulty with
generalization processes and failed in abstraction. In this study, it was observed that pre-service
teachers' mathematical reasoning self-efficacy was generally below average, but they had the lowest
self-efficacy in the GAM sub-dimension. Similarly, some studies conducted among students (Arslan
and Yildiz, 2010; Moraly, Ugurel, Tiirniiklii and Yesildere, 2006; Ozer and Arikan, 2002; Tall, 2008;
Yesildere and Tiirniiklii, 2007) stated that students have difficulty especially with the generalization
and proof processes of mathematical thinking. In this context, the results of the related studies

coincide with the present study. Another result obtained from this study regarding the sub-
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dimensions of mathematical reasoning is that the pre-service teachers' creative thinking self-efficacy
scores are below average. Regarding this situation, Yavuz Mumcu and Aktiirk (2017) stated that pre-
service teachers generally failed in problem-solving situations requiring creative thinking. Similar
results have been obtained in different studies (Bergqvist, Lithner and Sumpter, 2006; Boesen, Lithner
and Palm, 2010; Ciftci, 2015). Therefore, it can be said that the results of the aforementioned studies

overlap with the results of the present study.

Another result obtained from this study that should be discussed are that the mathematical
reasoning self-efficacy of the prospective teachers varies significantly according to the grade level
variable. Accordingly, it was observed that, as the grade level increased, the pre-service teachers' self-
efficacy scores decreased. This result can be interpreted in relation to the increasing difficulty and
complexity of the thinking process and the content of the courses that the teacher trainees took during
their undergraduate education. In the studies conducted on the subject, it is seen that different results
were obtained. Some studies (Jain and Dowson, 2009; Lee, 2009; OECD, 2004; Ozyﬁrek, 2010; Schnulz,
2005) showed that mathematics literacy self-efficacy belief also increased or did not change as grade
level increased (Ozgen and Bindak, 2011). However, some studies state otherwise. It can be said that
the different results obtained from different studies can be interpreted depending on this situation
considering that factors such as past learning experiences might also have an effect on the

development of reasoning skills (Steen, 1999; Tourniaire and Pulos, 1985).

Based on the preceding discussion, a less-positive picture regarding the pre-service teachers'
mathematical reasoning skills and self-efficacy beliefs. In today's society, mathematical reasoning is a
skill that individuals use with or without awareness, not only in mathematical applications, but also in
social situations, and this skill increases in importance day by day. Therefore, theoretical or practical
studies dealing with the development of mathematical reasoning skills should be planned and
conducted. In these studies, the effects of different teaching practices on the development of this skill
can be investigated. Thus, the results of these studies can be directly utilized by teachers and students
in mathematics learning environments. In addition, affective factors that might be effective in the

development of reasoning skills could be investigated.

References

Akkaya, R. and Memnun, D. (2012). Ogretmen adaylarinin matematiksel okuryazarliga iliskin 6z-
yeterlik inanglarmin gesitli degiskenler agisindan incelenmesi. Dicle Universitesi Ziya Gokalp

Egitim Fakiiltesi Dergisi, 19, 96-111.



Mumcu, H. Y.

Albayrak Bahtiyari, O. (2010). 8. suuf matematik Ogretiminde ispat ve muhakeme kavramlarinin ve

dnemlerinin farkindaligr. Yayimlanmamus yiiksek lisans tezi, Atatiirk Universitesi, Erzurum.

Alkan, H. and Giizel, E. B. (2005). Ogretmen adaylarinda matematiksel diisiinmenin gelisimi. Gazi
Universitesi Gazi Egitim Fakiiltesi Dergisi, 25(3), 221-236.

Alkan, H. and Tasdan, B. T. (2011). Mathematical thinking through the eyes of prospective
mathematics teachers at different grade levels. [ndnii Universitesi E§itim Fakiiltesi Dergisi, 12(2),

107-137.

Altiparmak, K. and Ozis, T. (2005). An investigation upon mathematical proof and development of

mathematical reasoning. Ege Egitim Dergisi, 6(1), 25-37.

Arslan, S. and Yildiz, C. (2010). 11. sinf 6grencilerinin matematiksel diistinmenin asamalarindaki

yasantilarindan yansimalar. Egitim ve Bilim, 35(156), 17-31.

Bagci, V. (2015). Matematiksel muhakeme becerisinin dlgiilmesinde klasik test kuramu ile genellenebilirlik
kuramindaki  farkli desenlerin  karsilastirilmasi. Yaymlanmamis yiiksek lisans tezi, Gazi

Universitesi, Ankara.

Bandura, A. (1986). The explanatory and predictive scope of self-efficacy theory. Journal of Social and
Clinical Psychology, 4(3), 359-373.

Bergqvist, T., Lithner, J. and Sumpter, L. (2006). Upper middle students’ task reasoning. International
Journal of Mathematical Education in Science and Technology, 31, 1495-1509.

Boesen, J., Lithner, J. and Palm, T. (2010). The relation between types of assessment tasks and the

mathematical reasoning students use. Educational Studies in Mathematics, 75(1), 89-105.

Brodie, K. (2010). Teaching mathematical reasoning in secondary school classrooms. New York:
Springer.

Brown, T. A. (2006). Confirmatory factor analysis for applied research. NY: Guilford Publications.

Burton, L. (1984). Mathematical thinking: The struggle for meaning. Journal for Research in Mathematics
Education, 35-49.

Biiytikoztiirk, S. (2007). Sosyal Bilimler igin veri analizi el kitabi. Ankara: Pegem Yayincilik.

Byrne, B. M. (1994). Structural equation modeling with EQS and EQS/Windows: Basic concepts, applications,

and programming. California: Sage Publications, Inc.

Cetinkaya, A. and Soybas, D. (2018). Ilkdgretim 8. sinuf dgrencilerinin problem kurma becerilerinin

incelenmesi. Kuramsal Egitimbilim Dergisi, 11(1), 169-200.

Ciftci, Z. (2015). Ortadgretim matematik Ogretmeni adaylarmmn matematiksel akil yiiriitme becerilerinin

incelenmesi. Unpublished Doctoral Dissertation, Atatiirk University, Erzurum.

1276



KEFAD Volume 20, Issue 3, December, 2019

Coban, H. (2010). Ogretmen adaylariin matematiksel muhakeme becerileri ile bilisitesi 6renme stratejilerini
kullanma  diizeyleri arasindaki iliski. Unpublished Doctoral Dissertation, Gaziosmanpasa

University, Tokat.

Dinger, B., Akarsu, E. and Yilmaz, S. (2016). Hkégretim matematik 6gretmeni adaylariin matematik
okuryazarligr oOzyeterlik algilar1 ile matematik Ogretimi yeterlik inang¢ diizeylerinin
incelenmesi. Tiirk Bilgisayar ve Matematik Egitimi Dergisi, 7(1), 207-228.

Dreyfus, T. (1990). Advanced mathematical thinking. In Nesher, P. ve Kilpatrick, J. (Ed.), Mathematics
and cognition (pp. 113-134). Cambridge UK: Cambridge University Press.

Edwards, B. S., Dubinsky, E. and McDonald, M. A. (2005). Advanced mathematical thinking.
Mathematical Thinking and Learning, 7(1), 15-25.

Engs, R. C. (1996). Construct validity and re-assessment of the reliability of the health concern
questionnaire. In H. L. Robert, Feldman ve ]J. H. Humphrey (Ed.), Advances in health
education/current research (s. 303-313). New York: AMS Press Inc.

Erdem, E. (2011). [lkogretim 7. simf O3rencilerinin matematiksel ve olasiliksal muhakeme becerilerinin

incelenmesi. Unpublished Master’s Thesis, Adiyaman University, Adiyaman.

Erkus, A. (2012). Psikolojide 6l¢me ve dlgek gelistirme. Ankara: Pegem Akademi Yayinlari.

G0k, B. and Erdogan, T. (2011). Sinif 6gretmeni adaylarinin yaratict diisiinme diizeyleri ve elestirel
diisiinme egilimlerinin incelenmesi. Journal of Faculty of Educational Sciences, 44(2), 29-51.

Giines, G. and Gokgek, T. (2013). Ogretmen adaylarinin matematik okuryazarhk diizeylerinin
belirlenmesi. Dicle Universitesi Ziya Gokalp Egitim Fakiiltesi Dergisi, 20, 70-79.

Girbiiz, R, Erdem, E. and Giilburnu, M. (2018). Sekizinci smif 6grencilerinin matematiksel

muhakemeleri ile uzamsal yetenekleri arasindaki iliski. Kastamonu Egitim Dergisi, 26(1), 1-6.

Harel, G. and Sowder, L. (2005). Advanced mathematical thinking at any age: Its nature and its

development. Mathematical Thinking and Learning, 7(1), 27-50.

Hu, L. T. and Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure analysis:
Conventional criteria versus new alternatives. Structural equation modeling: a multidisciplinary
journal, 6(1), 1-55.

Hutcheson, G. D. and Sofroniou, N. (1999). The multivariate social scientist: Introductory statistics using

generalized linear models. Thousand Oaks, CA: Sage.

flhan, A. and Aslaner, R. (2018). Matematik &gretmeni adaylarinin geometrik sekiller {izerine akil
yliriitme becerilerinin {iniversite ve siuf diizeyi degiskenleri agisindan incelenmesi. [ninii

Universitesi Egitim Fakiiltesi Dergisi, 19(2), 82-97.



Mumcu, H. Y.

Incebacak, B. B. and Ersoy, E. (2016). Problem solving skills of secondary school students. China-USA
Business Review, 15(6), 275-285.

Jain, S. and Dowson, M. (2009). Mathematics anxiety as a function of multidimensional self-regulation
and self-efficacy. Contemporary Educational Psychology, 34(3), 240-249.

Johnson, B. and Christensen, L. (2000). Educational research: Quantitative and qualitative approaches.
Needham Heights, MA, US: Allyn & Bacon.

Joreskog, K. G. and Sorbom, D. (1993). LISREL 8: Structural equation modeling with the SIMPLIS
command language. Lincolnwood: Scientific Software International, Inc.

Kalayci, S. (2014). Faktor analizi. Icinde S. Kalayc1 (Ed.), SPSS uygulamali cok degiskenli istatistik
teknikleri (s. 321-331). Ankara: Asil Yayin Dagitim.

Kelloway, E. K. (1989). Using LISREL for structural equation modeling: A researcher’s guide. London: Sage.

Kline, P. (2013). Handbook of psychological testing. London: Routledge.

Lee, J. (2009). Universals and specifics of math concept, math self-efficacy and math anxiety 41 PISA
2003 participating countries. Learning and Individual Differences, 19, 355-365.

Liu, P. H. and Niess, M. L. (2006). An exploratory study of college students’ views of mathematical
thinking in a historical approach calculus course, Mathematical Thinking and Learning, 8(4), 373-

406.

Lynn Junk, D. (2005). Teaching mathematics and the problems of practice: Understanding situations and
teacher reasoning through teacher perspectives. Doctoral dissertation, University of Texas at
Austin.

Milli Egitim Bakanligi [MEB] (2013). likogretim matematik dersi 6-8. sumiflar 6gretim programi. Ankara:
Talim ve Terbiye Kurulu Bagkanlig.

Milli Egitim Bakanligr [MEB] (2016). TIMSS 2015 ulusal matematik ve fen on raporu (4 ve 8. Swniflar).
Ankara: Olgme, Degerlendirme ve Sinav Hizmetleri Genel Miidiirliigii.

Morali, S., Ugurel, I, Tiirniiklii, E. and Yesildere, S. (2006). Matematik 6gretmen adaylarinin ispat
yapmaya yonelik goriisleri. Kastamonu Egitim Dergisi, 14(1), 147-160.

Mullis, I.V.S and Martin, M.O. (ed) (2013). TIMSS 2015 Assesment Frameworks. Boston: TIMSS and
PIRLS International Study Center and IEA.

National Council of Teachers of Mathematics [NCTM](2000). Principles and standards for school
mathematics. Reston: VA.

OECD (2004). The PISA 2003 Assessment framework: mathematics, reading, science and problem solving
knowledge and skills. Paris: OECD Publishing.

1278



KEFAD Volume 20, Issue 3, December, 2019

OECD (2013). PISA 2012 Assessment and analytical framework: mathematics, reading, science, problem
solving and financial literacy. Paris: OECD Publishing.

Oz, T. and Isik, A. Matematik Ogretmenligi Ogrencilerinin matematiksel muhakeme beceri
diizeylerinin arastirilmasi. International Journal of Educational Studies in Mathematics, 5(3), 109-
122.

Ozdemir, E. (2014). Tarama yéntemi. In Metin, M. (Ed.), Egitimde bilimsel aragtirma yéntemleri (ss.77-97).
Ankara: Pegem Akademi.

Ozer, O. and Arikan, A. (2002, Eyliil). Lise matematik derslerinde 6grencilerin ispat yapma diizeyleri. V.
Ulusal Fen Bilimleri ve Matematik Egitimi Kongresi, Orta Dogu Teknik Universitesi, Ankara.

Ozgen, K. and Bindak, R. (2011). Lise 6grencilerinin matematik okuryazarligma yonelik 6z-yeterlik
inanglarinin belirlenmesi. Kuram ve Uygulamada Egitim Bilimleri, 11(2), 1073-1089.

Ozyiirek, R. (2010). The reliability and validity of the mathematics self-efficacy informative sources
scale. Kuram ve Uygulamada Egitim Bilimleri, 10, 439-447.

Pajares, F. and Miller, M. D. (1994). Role of self-efficacy and self-concept beliefs in mathematical
problem solving: A path analysis. Journal of Educational Psychology, 86(2), 193-203.

Peresini, D. and Webb, N. (1999). Analyzing mathematical reasoning in students’ responses across multiple
performance assessment tasks. Developing mathematical reasoning in grades K-12. (Lee V. Stiff, 1999
yearbook editor). National Council of Teachers of Mathematics, Reston: Virginia.

Schnulz, W. (2005, April). Mathematics self-efficacy and student expectations. Result from PISA 2003.
Annual Meeting of the American Educational Research Association in Montreal.

Schumacker, R. E. and Lomax, R. G. (2004). A beginner’s guide to structural equation modeling. NJ:
Lawrence Erlbaum Associates, Inc.

Steen, L. A. (1999). Twenty questions about mathematical reasoning. In L. V. Stiff (Ed.), Developing
mathematical reasoning in grades K-12: 1999 Yearbook (pp. 270-285). Reston, VA: National Council

of Teachers of Mathematics.

Stimer, N. (2000). Yapisal esitlik modelleri: Temel kavramlar ve 0rnek uygulamalar. Tiirk Psikoloji

Yazilari, 3(6), 49-74.

Tabachnick, B. G. and Fidell, L. S. (2001). Using multivariate statistics (4. bs.). Boston, MA: Allyn and

Bacon.

Tall, D. (1995, July). Cognitive growth in elementary and advanced mathematical thinking. In PME

conference (Vol. 1, pp. 1-61). Program Committee of the 19th PME Conference, Brazil.



Mumcu, H. Y.

Tall, D. (2008). The historical and individual development of mathematical thinking: Ideas that are setbefore and
met-before. Plenary presented at Coloquio de Historio e Tecnologia no Ensino Da Mathematica,
UFR]J, Brazil.

Tavsancil, E. (2005). Tutumlarin dlgiilmesi ve SPSS ile veri analizi. Ankara: Nobel Yaymn Dagitim.

Tekin, B. and Tekin, S. (2004). Matematik 6gretmen adaylarinin matematiksel okuryazarlik diizeyleri
tizerine bir aragtirma, MATDER. Retrieved from http://www.matder.org.tr/matematik-

ogretmen-adaylarinin-matematiksel-okuryazarlik duzeyleri-uzerine-bir-arastirma/.

Thompson, B. (2004). Exploratory and confirmatory factor analysis: Understanding concepts and applications.

Washington: American Psychological Association.

Topbas-Tat, E. (2018). Matematik Ogretmen adaylarinin matematik okuryazarhigr o6z-yeterlik
algilart. [Ikggretim Online, 17(2), 489-499.

Toulmin, S. E., Rieke, R. D. and Janik, A. (1984). An introduction to reasoning (2nd ed.). New York

London: Macmillan; Collier Macmillan Publishers.

Tourniaire, F. and Pulos, S. (1985). Proportional reasoning: A review of the literature. Educational

Studies in Mathematics, 16(2), 181-204.

Umay, A. (2003). Matematiksel muhakeme yetenegi. Hacettepe Universitesi Egitim Fakiiltesi Dergisi,
24(1), 234-243.

Veneziano, L. and Hooper, J. (1997). A method for quantifying content validity of health-related

questionnaires. American Journal of Health Behavior, 21(1), 67-70.

Yavuz Mumcu, H. (2011). 12. smnif 6grencilerinin matematigi kullanma becerilerinin yorumlanmasi. Doktora

tezi, Karadeniz Teknik Universitesi, Trabzon.

Yavuz Mumcu, H. and Aktiirk, T. (2017). An analysis of the reasoning skills of pre-service teachers in

the context of mathematical thinking. European Journal of Education Studies, 3(5), 225-254.

Yenilmez, K. and Turgut, M. (2012). Pre-service mathematics teachers’ self-efficacy levels of

mathematical literacy. Journal of Research in Education and Teaching, 1(2), 253-258.

Yesildere, S. and Tiirniiklii, E. B. (2007). Examination of students’” mathematical thinking and

reasoning processes. Ankara University. Journal of Faculty of Educational Sciences, 40(1), 181-213.

1280


http://www.matder.org.tr/matematik-ogretmen-adaylarinin-matematiksel-okuryazarlik%20duzeyleri-uzerine-bir-arastirma/
http://www.matder.org.tr/matematik-ogretmen-adaylarinin-matematiksel-okuryazarlik%20duzeyleri-uzerine-bir-arastirma/

