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Ozet: Problem ¢ozme ve problem kurma matematik égretiminin onemli bilesenleri
arasinda yer almaktadir. Problem ¢6zme ve problem kurma becerilerinin bazi
psikolojik degiskenlerle (6z yeterlik, tutumu, inang, motivasyon, kaygi vb.) iliskili
oldugu yapilan bir¢cok ¢alismada ortaya ¢rkarimistir. Mevcut ¢alismada ise problem
kurma becerisi, problem ¢ozme becerisi, problem ¢6zme inanct ve problem kurma oz
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veterligi arasindaki iliski nicel yontemle incelenmistir. Ayrica problem ¢6zme 08/08/2024
becerisinin problem kurma becerisi iizerindeki etkisinde problem ¢ozme inanci ve Kabul Tarihi
problem kurma oz yeterliginin araculik etkisi analiz edilmistir. Arastirma matematik 29/01/2025

egitimi alaninda 6grenim géren 6gretmen adaylariyla gergeklestirilmis olup arastirma
sonucunda problem ¢ozme becerisi ile problem kurma becerisi arasinda istatistiksel
olarak anlamh diizeyde iliski olmadigr bulunmustur. Korelasyon analizinde problem
¢ozme inanct ile problem kurma ézyeterligi arasinda pozitif yonlii ve istatistiksel
olarak anlamli diisiik diizeyde iliski tespit edilmistir. Aracilik analizi sonucunda
problem kurma ézyeterligi ile problem ¢ézme inancimin aracilik etkisi bulunmamustir.
Elde edilen bulgular c¢alismanin sonug¢ boliimiinde ilgili literatiir dogrultusunda
tartistlmistir.
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1. Giris

Problem kurma, belirli bir veri setine dayali olarak yeni bir problemin iiretilmesini veya yeni
bilgilerin kesfedilmesini icerir (Singer ve Voica, 2015). Cai ve Rott (2023) problem kurmanin,
ogrencilerin verilen senaryolardan yeni problemler olusturma veya mevcut zorluklart
degistirme siirecini icerdigini agiklamistir. Problem kurma konusunda matematik egitimi
alaninda yapilan arastirmalar son yillarda artis gdstermektedir. Dahasi, problem kurmanin
Oonemi de son yillarda artmistir (Cai vd., 2024; Jung ve Magiera, 2021; Kar vd., 2024; Koichu,
2020; Kontorovich, 2024; Yang ve Xin, 2022). Ayrica, Tiirkiye ve Italya gibi iilkeler egitim ve
Ogretim programlarini gozden gecirerek problem kurmayr matematik dersi 6gretim
programlarina entegre etmislerdir (Bonotto ve Dal Santo, 2015; Giindogdu Alayli, 2023).
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Son yillarda problem kurma konusunda farkli temalar {izerine bir¢ok calisma yapilmigtir
(Baumanns ve Rott, 2021). Cai ve Leikin (2020) problem kurma iizerine matematik egitiminde
yapilan ¢aligmalart dort kategoriye ayirmustir. Ik kategori problem kurmanin matematik
Ogretiminde ara¢ olarak kullanildigi ¢alismalar (Chen ve Cai, 2020, Cifarelli ve Sevim, 2015;
Koichu, 2020; Matsko ve Thomas, 2015), ikinci kategori problem kurmayir matematik
Ogretiminin bir amaci olarak ele alan ¢alismalardir (Leikin, 2015; Leikin ve Elgrably, 2020).
Uciincii kategori, baska degiskenleri incelemek icin problem kurmay: arag olarak kullanan
calismalardir (Aydogdu ve Tiirniiklii, 2023; Ergin ve Tiirniiklii, 2019). Bu kategoride yer alan
calismalarda problem kurma ortaya ¢ikarilmak istenen kavrami Ol¢mek amaciyla
kullanilmaktadir. Dérdiincii ve son kategori ise problem kurmay1 asil hedef olarak ele alan
calismalardir (Cai ve Rott, 2023; Kwek, 2015). Problem kurma konusunda yapilan ¢alismalarin
onemli bir kism1 da problem kurma ve problem ¢dzme arasindaki iliskileri ortaya ¢ikarmaya
yonelik yapilan ¢aligmalardir (Cai vd., 2013; Ergene ve Caylan Ergene, 2024; Kar vd., 2024;
Koichu, 2020; Xie ve Masingila, 2017).

1.1. Problem Cézme ve Kurma Arasidaki liski

Problem ¢dzme ve kurma birbiriyle yakindan iligkili kavramlardir. Yapilan bir¢ok calisma,
problem kurmayla problem ¢dzmenin birbiriyle baglantili kavramlar olup problem kurmanin
problem ¢dzme siirecinin 6nemli bir bileseni oldugunu gostermektedir (Baumanns ve Rott,
2021). Bu baglamda bu konuyla ilgili literatiirde ¢ok sayida ¢alisma yapilmistir. Bu ¢aligmalar
en genel anlamda dort ana bagliga ayrilabilir (Ergene, 2023).

1.1.1. Diisitk ve Yiiksek Problem Cozme Performansh Ogrencilerin Problem Kurma
Becerilerinin (PKB) Karsilastirilmast

Problem ¢ozme performanslart diisilk ve yiiksek olan 6grencilerin PKB’lerini inceleyen
caligmalarda, 6grenciler problem ¢ézme becerilerine (PCB) gore gruplara ayrilmistir. Daha
sonra bu gruplarin PKB’leri karsilastirilmistir. Calisma sonuclari, PCB’leri yiliksek diizeyde
olan dgrencilerin, diisiik diizeyde olan 6grencilere kiyasla problem kurma testinde matematiksel
olarak daha karmasik ve gegerli problemler yazabildiklerini gostermektedir (Ellerton, 1986;
Silver ve Cai, 1996).

1.1.2. Problem Cozme ve Problem Kurma Arasindaki Iliskinin Deneysel Calismalarla
Aragtirilmasi

Deneysel c¢alismalarda, problem kurma etkinlikleri 6gretim siirecinde kullanilmakta ve
ogrencilerin PKB’leri {lizerindeki etkileri analiz edilmektedir. Bu calismalar genellikle
tasarlanan Ogretim igeriklerinin Ogrencilerin  PCB ya da PKB’lerini gelistirdigini
gostermektedir (Kopparla vd., 2019; Terzi ve Kar, 2022).

1.1.3. Paralel Testler Kullanarak Problem Cozme ve Problem Kurma Arasindaki Iliski

Bu tiirdeki caligmalarda, problem ¢6zme ve problem kurma arasindaki iligki arastirilirken,
stirece herhangi bir miidahalede bulunmadan ayn1 bireyler iizerinde benzer araliklarla paralel
testler uygulanmaktadir. Yapilan bir ¢calismada Cai ve Hwang (2002), Cin ve Amerika Birlesik
Devletleri'nden altinci siif ¢ocuklarinin PCB ile PKB’leri arasindaki iligkiyi aragtirmistir.
Yapilan ¢alismanin sonuglar1 6grencilerin PCB ve PKB arasinda bir korelasyon oldugunu
gostermektedir. Baska bir ¢alismada ise Cai vd. (2013), on birinci sinif 6grencilerinin PKB ve
PCB’leri arasinda gii¢lii bir pozitif korelasyon oldugunu ortaya ¢ikarmistir. Benzer sekilde
Zhang vd. (2022) de Cinli altinc1 sinif 6grencileriyle yaptiklari ¢aligmada, 6grencilerin PCB’leri
ile problem kurma yontemleri arasinda bir iligki oldugu kesfedilmistir. Ergin (2019) tarafindan
Tiirkiye’deki yedinci siif 6grencileriyle yiiriitiilen bir calismada ise 6grencilerin PCB ve
PKB’leri arasinda gii¢lii ve istatistiksel olarak anlamli bir korelasyon ortaya konulmustur.
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1.1.4. Ardisik Testler Uygulayarak Problem Cozme ve Problem Kurma Arasindaki Iliski

Bu tiirdeki ¢alismalarda problem ¢6zme ve kurma arasindaki iliskinin sirali testler uygulanarak
incelendigi ¢caligmalardir. Bu ¢alismalarda 6grenciler iki gruba ayrilir. Gruplardan birine 6nce
problem ¢ozme testi, ardindan da problem kurma testi uygulanirken diger gruba ise testlerin
siras1 degistirilerek uygulanir. Bu baglamda yapilan bir ¢alismada Rosli vd. (2015) ortaokul
matematik Ogretmeni adaylarma etkinliklerin sirasini degistirerek PKB ve PCB etkinligi
uygulamistir. Calismanin sonucu problem kurma etkinligini ilk tamamlayan grupta PCB’nin
daha yiiksek, problem ¢dzme testini ilk tamamlayan grupta ise PKB’nin daha yiiksek oldugunu
gostermektedir. Yapilan bu ¢aligma 6gretmen adaylarinin PCB ve PKB arasinda bir iliski
oldugunu agik bir sekilde ortaya koysa bile iki becerinin birbirlerine nasil katkida bulunduguna
dair ayrintili bir bilgi sunmamaktadir (Ergene, 2023). Yapilan aragtirmalar (Erkan ve Kar, 2022;
Xie ve Masingila, 2017) problem ¢6zmenin problem kurmaya, problem kurmanin da problem
¢ozmeye katkida bulundugunu gostermektedir. Buna dayanarak problem ¢6zme ve problem
kurmanin birbirine olan katkisinin iki yonlii oldugunu sdylemek dogru olacaktir. Bu nedenle de
bu iki kavrami kesin kurallarla birbirinden ayirmak pek miimkiin degildir. Problem ¢6zme ve
problem kurmanin bazi psikolojik degiskenlerle de iligkili oldugunu ortaya ¢ikan arastirmalar
bulunmaktadir.

1.2. Problem Co6zme ve Problem Kurmanin Psikolojik Degiskenlerle Tliskisi

Son yillarda matematik egitiminde problem ¢dzme ve problem kurmaya verilen onemin
artmasiyla birlikte 6grencilerin, 6gretmen adaylarinin ve 6gretmenlerin bu konularla ilgili
kavramlarinin (tutum, inang, 6z yeterlik, kaygi vb.) incelenmesi onemli hale gelmistir. Bu
dogrultuda yapilan ¢alismalarda problem ¢6zme inanci ile PCB, 6z yeterlik ile PCB, 6z-yeterlik
ile PKB, problem ¢6zme inanci ve problem kurma 6z yeterligi arasindaki iliskiler incelenmistir
(bkz. Tablo 1).

Tablo 1. Problem Kurma, Problem Cézme ve Psikolojik Degiskenlerle Ilgili Calismalar

Yazar(lar) (Y1l) n Calisma Grubu Olgiilen Degisken Bulgular
Pajares ve Miller (1994) 350 Lisans 6grencileri OY - PCB r=0.625%
Pajares ve Graham (1999) 273 6. Sinif OY - PCB r=0.57*

Eta-kare=0.093

IIkokul dgretmen (problemi anlamak)

Bal (2015) 138 adaylar1 PCT-PCB Eta-kare=0.059
(matematigin dnemi)
. . o . =0.90*
Sangcap (2010) 336 Lisans Ogrencileri PCI- PCB —0.88*
Giiven ve Cabakgor (2013) 115 7. Smuf PCi - PCB r=0.294%*
Ozgen ve Bayram (2020) 346 5.,6.,7., 8. Smf PKO - PKB =0.267*
Nicolau ve Philippou (2007) 176 5., 6. Smif PKO - PKB r=0.480*
7=0.58% (gorev 1)
Philippou vd. (2001) 115 Ogretmen adaylar PKO - PKB r=0.55* (gdrev 2)
7=0.52%* (gorev 3)
Deringél (2018) 171 llkokul ogretmen PCi - PKO r=0.417*
adaylari
Ortaokul
Baran Bulut (2023) 64 matematik PCI - PKO r=0.442%*
Ogretmen adaylari
— Ortaokul
Unlii ve Sarpkaya-Aktas 202 matematik PCi - PKO r=0.325*
(2016) .
Ogretmen adaylari
*p <.05

Not. PCB = Problem ¢izme becerisi, PKB = Problem kurma becerisi, PCI = Problem ¢ézme inanci, PKO = Problem kurma
oz yeterligi, OY: Oz yeterlik
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Tablo 1'e bakildiginda, psikolojik degiskenlerin istatistiksel olarak anlamli bir sekilde iliskili
oldugu goriilmektedir. Calismalarin 6rneklem biiytikliikleri 64-350 kisi arasinda degismektedir.
Elde edilen korelasyon katsayilari ise 0.267-0.90 arasinda degismektedir. Buna gore, bu
psikolojik degiskenler arasinda bir iliski olmasi beklenebilir. Bu calismada, bu psikolojik
degiskenlerin PCB ve PKB arasindaki iligkiye aracilik edip etmedigi incelenmistir.

1.3. Mevcut Calisma

Yapilan literatiir taramasinda farkli sinif seviyesindeki katilimcilarin PCB ve PKB’leri arasinda
iliskiyi inceleyen ¢alismalarin oldugu goriilmiistiir. Bu ¢alismalarin ortak 6zelligi ortaokul ve
lise 6grencileriyle gerceklestirilmis olmasidir. Fakat literatiirde matematik 6gretmen adaylarina
herhangi bir miidahalede bulunmadan PCB ve PKB’leri arasindaki iliskiyi inceleyen bir
calismaya rastlanilmamigtir.

Probleme dayali 6gretim siirecinin ana 6gelerinden biri de dgretmendir (Torp ve Sage, 2002).
Ogretmenin problem ¢dzme ve problem kurma konulardaki yeterliligi 6grencilerin
o6grenmelerinde 6nemli rol oynayabilir. Cilinkii yagamlarinda var olan problemleri ¢dzebilme
becerisine sahip bireylerin, bu beceriye sahip Ogretmenler tarafindan yetistirilebilecegi
diisiiniilmektedir (Duman vd., 2013). Ogretmenlerin bu konulardaki yeterliliklerinin
gelisiminde lisans egitimleri dnemli bir zemin olusturabilmektedir. Bu nedenle, 6gretmen
adaylarinin PCB ve PKB’leri arasindaki iliskinin incelenmesi 6nem arz etmektedir. Ciinkii
O0gretmen adaylar1 Ornekleminde bu degiskenler arasindaki iligkilerin ortaya ¢ikarilmasi
gelecekte 6gretmen olacak bu bireylere verilecek egitimin seklini de etkileyebilir.

Ogretmen adaylarmin PCB ile PKB’leri arasindaki iliskinin incelenmesi, bu ¢alismadan elde
edilen bulgularla gelecekte 6gretmen olacak bu bireylere verilecek egitimin tiirlinii, kullanilan
Ogretim yontemlerini ya da hangi degiskene daha fazla zaman ayrilmasi gerektigi gibi durumlari
etkileyebilir. Bu agidan bakildiginda mevcut ¢alismanin literatiire asagidaki {i¢ agidan katki
saglayacagi diisiiniilmektedir: 1) 6gretmen adaylarinin PKB ve PCB’leri arasindaki iliski ortaya
konularak bir degiskene miidahale edilmesi durumunda diger degiskenin etkilenip
etkilenmeyecegi Ogrenilebilir, i1) aracilik analizi sonucunda aracilik iligkisi bulunursa
psikolojik degiskenlerdeki degisimler PKB’yi etkileyebilir, iii) 6gretmen yetistirmek i¢in
gelistirilen matematik egitimi programlarinda alan bilgisi dersleri icerisinde arastirma
kapsaminda incelenen degiskenlere ne kadar agirlik verilecegine karar verilebilir.

Literatiirde ayr1 ayr gercgeklestirilen ¢aligmalarin bircogunda bu degiskenler arasinda iligki
bulunmustur (bkz. Tablo 1). Bu nedenle mevcut ¢alismada PKB’nin PCB iizerindeki etkisinde
problem ¢dzme inancinin ve problem kurma 6z yeterliginin etkili olabilecegi diistiniilmektedir.
Bu nedenle bu ¢alismada ortaokul matematik 6gretmen adaylarinin PCB ve PKB’leri arasindaki
iliskide problem ¢dzme inanci ve problem kurma 6z yeterliginin aract roliiniin bulunup
bulunmadig1 incelenmesi amag¢lanmistir. Bu amag dogrultusunda asagidaki alt amaglara yanit
aranmistir:

1) PCB, PKB, problem kurma 6z yeterlik ve problem ¢6zme inanci arasindaki iliskiler nasildir?

2) PKB ile PCB arasindaki iliskide problem ¢6zme inanct ve problem kurma 6z yeterliliginin
aract rolii bulunmakta midir?

2. Yontem

Bu calismada PCB, PKB, problem kurma 6z yeterlik ve problem ¢6zme inanci arasindaki
iligkiler incelenmistir. Bu nedenle nicel arastirma yontemlerinden korelasyonel desen
kullanilmistir.  Bu desen kullanilan arastirmalarda degiskenler arasindaki iligkiler
incelenmektedir (Fraenkel vd., 2012).
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2.1. Calisma Grubu

Aragtirmanin ¢alisma grubunu, ilkdgretim matematik egitimi programinda okuyan 204 lisans
ogrencisi olusturmugtur. Katilimcilar Tirkiye'nin Marmara bolgesindeki iki {niversitede
ogrenim gormektedir. Katilimcilarin %26.60'1 (n=54) erkek, %73.40'1 kadindir (n=149).
Katilimcilarin yas ortalamast 20.46 (SS=1.48) ve ortancasit 20'dir. Katilimcilarin %20.69'u
(n=42) birinci smif, %30.05'1 (n=61) ikinci smif, %29.06's1 (n=59) iiclincl smif ve %20.20'si
(n=41) son sinif dgrencisidir. Caligmaya katilimda goniilliiliikk esas1 dikkate alinmistir. Bu
arastirma, Trakya Universitesi Sosyal ve Beseri Bilimler Arastirmalari Etik Kurulu’nun
27.03.2024 tarihli 2024/03 sayil1 karari ile alinan izinle yliritiilmiistiir.

2.2. Veri Toplama Aracglan

Arastirmada dort farkli veri toplama araci kullanilmistir. Bunlardan ikisi basari testleridir.
Problem ¢6zme inancini 6l¢gmek i¢in Kayan (2007) tarafindan gelistiren 6l¢ek, problem kurma
o6z yeterliligini 8l¢gmek i¢in Ozgen ve Bayram (2019) tarafindan gelistirilen 6lgek kullanilmistir.
Arastirmada kullanilan 6l¢me araglar1 asagida detayli olarak aciklanmustir.

2.2.1. PKB’yi Ol¢meye Yonelik Test

Bu test arastirmacilar tarafindan gelistirilmistir. Testte 4 yar1 yapilandirilmis ve 1 serbest olmak
tizere toplam 5 problem kurma etkinligi yer almaktadir (Bkz. Ek A). Test gelistirilirken kapsam
gecerligi ve goriiniis gecerligi icin uzmanlardan (6l¢me ve degerlendirme ile matematik egitimi
alaninda doktora derecesine sahip uzmanlar) goriis alinmistir. Test kagit-kalem formatinda yiiz
ylize uygulanmuistir.

Testte yer alan 5 maddenin puanlanmasinda Ozgen vd. (2017) tarafindan gelistirilen rubrik
kullanilmistir. Buna gére her bir madde Ozgen vd. (2017) tarafindan &nerilen kriterler
(matematiksel dil, dil bilgisi, kazanima uygunluk, mantiksal uygunluk, ¢oziilebilirlik, 6zgiinliik
ve ¢0ziim) dogrultusunda 0-1-2-3 seklinde puanlanmistir. Puanlamada gruptan rassal olarak
secilen 12 kisi matematik egitimi alaninda doktora derecesine sahip iki ayr1 uzman tarafindan
degerlendirilmistir. ki uzmanin normal dagilim gosteren puanlari arasindaki Pearson
korelasyon katsayist 0.99 olarak elde edilmistir. Buna gore puanlayicilar arasi glivenirligin
yiiksek oldugu sdylenebilir. Iki puanlayici degerlendirmelerindeki farkliliklar iizerine tartigip
fikir birligine vararak bireylerin puanlarina son halini vermistir.

Bu ¢aligmada kullanilan bes madde icin ortalama, standart sapma, madde gii¢liigli ve madde-
toplam korelasyonu rapor edilmistir. Ayrica, %27 alt-iist grup teknigi ile maddelerin alt ve {ist
gruplar arasindaki farkliliklar1 ayirt edip etmedigi incelenmistir. Bunun i¢in oncelikle verilerin
dagilimi analiz edilmistir. Kolmogorov-Smirnov testi degiskenlerin normal dagilmadigini
gosterdiginden ve maddelerin ¢arpiklik katsayilari alt grup i¢in -1.84 ile -0.78 arasinda, iist grup
icin -1.56 ile 0.63 arasinda degistiginden, madde ortalamalarinin farkliligini incelemek igin
Mann-Whitney U testi kullanilmistir. Sonuglar Tablo 2'de sunulmustur.

Tablo 2. PKB Testine Iliskin Madde Istatistikleri

Madde  Ortalama  Std. Sapma  Madde Giigliigii =~ Madde-Toplam Korelasyonu z
1 15.17 3.59 0.72 0.54 -5.24%*
2 16.09 2.81 0.77 0.52 5.47*
3 14.24 4.20 0.68 0.51 -6.49%*
4 14.37 4.62 0.68 0.60 -6.69*
5 15.43 342 0.73 0.56 -7.01*
*p <.05
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Tablo 2 incelendiginde testteki maddelerin gruba kolay geldigi sdylenebilir. Madde giigliik
indeksleri 0.68 ile 0.77 arasinda degismektedir. Madde-toplam korelasyonlar1 agisindan
incelendiginde maddelerin toplam puan ile korelasyonlarinin 0.51 ve {izerinde oldugu
goriilmektedir. Madde ortalamalarinin alt ve {ist grupta istatistiksel olarak anlamli diizeyde
farklilagip farklilagsmadigimin incelenmesi sonucunda elde edilen z-istatistiklerinin hepsinin
istatistiksel olarak anlamli oldugu gézlendiginden maddelerin Slgiilen 6zellik agisindan 6zellige
sahip olan ve olmayan bireyleri birbirinden ayirdig1 sdylenebilir. Tablo 2’deki degerlere gore
PKB testinden elde verilerinin yeterli gegerlige ve giivenirlige sahip oldugu sdylenebilir.

2.2.2. PCB’yi Ol¢meye Yonelik Test

PCB’yi degerlendirmek i¢in Altun ve digerleri (2007) tarafindan gelistirilen PCB testinin bir
bolimi kullanilmistir. Bu testte 20 acik u¢lu madde bulunmaktadir (Altun vd., 2007). Bu
calisma kapsaminda genis bir kitleye uygulama yapilacagt i¢in agik uclu maddelerin
puanlanmasi da goz Oniine alinarak 5 ac¢ik uglu madde secilmistir. Maddeler segilirken 2
matematik egitimi alaninda doktora derecesine sahip uzmandan kapsam gecerligi konusunda
goriis alimmistir. Uygulamanin genis bir drnekleme yapilmasi hem uygulama siiresi hem de
puanlama agisindan ele alindiginda kullanishig1 diistirecektir. 5 madde ile kapsam gegerliginin
yeterli oldugu belirtildiginden bu 5 madde (elma sepeti, bilye, pasta, otobiis yolculari, koprii)
ile uygulama yapilmistir. Her bir madde 20 puan {izerinden degerlendirilmistir. Maddelerin
degerlendirilmesinde analitik puanlama anahtar1 kullanilmistir. Puanlayicilar arasi giivenirligi
incelemek i¢in 204 katilimcidan rassal olarak secilen 12 katilimcinin kagitlari iki arastirmaci
tarafindan ayr1 ayr1 degerlendirilmistir. ki puanlayicinin normal dagilim gosteren puanlari
arasindaki Pearson korelasyonu 0.98 olarak elde edilmistir. Buna gore puanlayicilar arasi
giivenirligin ¢ok yiiksek oldugu sdylenebilir. Iki puanlayic1 degerlendirmelerindeki farkliliklar
tizerine tartigip fikir birligine vararak bireylerin puanlarina son halini vermistir.

Giincel calismada kullanilan 5 maddeye ait madde istatistiklerinden ortalama, standart sapma,
madde giicliigii, madde-toplam korelasyonu raporlanmistir. Madde giigliigii hesaplanirken
Brookhard ve Nitko (2015) tarafindan 6nerilen madde gii¢ligii formilii kullamlmustir. Buna

gore ¢ok kategorili puanlanan maddelerde madde gigcligii p = % esitligiyle elde

edilmistir. Burada X madde ortalamasin1 gosterirken min, maddeden alinabilecek en kiigiik
puani, max ise maddeden alinabilecek en biiyiik puani ifade etmektedir. Madde ayiricilig ise
maddenin toplam puanla korelasyonu Pearson momentler ¢arpimi ile hesaplanmistir.  Ayrica
27% alt-iist grup teknigine gore maddelerin alt ve iist grup arasindaki farklar1 ayirt edip
etmedigi incelenmistir. Bunun i¢in Oncelikle verinin dagilimi incelenmistir. Kolmogorov-
Smirnov testi degiskenlerin normal dagilmadigini belirttiginden ayrica maddelerin c¢arpiklik
katsayilar1 alt grup i¢in -0.80 ile 3.53 araliginda iist grup icin -7.55 ile -0.06 aralifinda
degistiinden Mann-Whitney U testi ile madde ortalamalarinin farkliligi incelenmistir.
Sonuglar Tablo 3’te sunulmustur.

Tablo 3. PCB Testine Iliskin Madde Istatistikleri

Madde  Ortalama Std. Sapma Madde Giigligli Madde-Toplam Korelasyonu z

M1 7.00 6.57 0.35 0.38 -3.58*

M2 17.94 5.63 0.90 0.48 -4.48%*

M3 7.71 4.90 0.39 0.38 -5.46%*

M4 17.64 5.96 0.88 0.50 -4.99*

M5 5.02 8.52 0.25 0.59 -6.52*
*p <.05
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Tablo 3'e gore, hem zor (M5), hem orta zorlukta (M1 ve M3), hem de kolay (M2 ve M4)
maddelerden olustugu sdylenebilir. Maddelerin ortalamalari da benzer bilgiyi sunmaktadir.
Madde-toplam  korelasyonlar1 agisindan incelendiginde maddelerin toplam puanla
korelasyonlarinin 0.38 ve iizerinde oldugu goriilmektedir. Madde ortalamalarinin alt ve st
grupta istatistiksel olarak anlamli diizeyde farklilasip farklilagmadiginin incelenmesi
sonucunda elde edilen z-istatistiklerinin hepsinin istatistiksel olarak anlamli oldugu
gozlendiginden maddelerin dlgiilen 6zellik acisindan 6zellige sahip olan ve olmayan bireyleri
birbirinden ayirdig1 sdylenebilir. Bu degerlere gore PCB testinden elde edilen verilerin gegerli
ve giivenilir oldugu sdylenebilir.

2.2.3. Problem Cozme Inanci Olgegi

Problem Cozme Inanc1 6lgegi (Kayan, 2007) farkli dlgeklerdeki maddelerin birlestirilmesiyle
olusturulmustur. Gelistirilen 6lgme araci iizerinde herhangi bir istatistiksel analiz yapilmadigi
icin Olcegin faktdr yapist bilinmemektedir. Ancak lgegin 6gretmen adaylarina uygulandigi
bilinmektedir (Kayan, 2007). Uygulanan 6lgegin 5'li Likert tipinde puanlanan 39 maddesi
vardir.

Mevcut 6lcegin yapisi bilinmedigi icin 39 maddelik 6l¢ekten elde edilen verilerle A¢imlayici
Faktor Analizi (AFA) yapilmistir. Bdylece dlgegin yapist ortaya ¢ikarilmistir. Oncelikle analiz
varsayimlari agisindan veri seti kontrol edilmistir. Buna gore kayip veri bulunmayan veri setinin
cok degiskenli u¢ degerler acgisindan incelenmesi i¢cin Mahalanobis uzakligi kullanilmistir.
Buna gore uc deger olan 9 kisi veri setinden ¢ikarilmis ve 195 kisilik veri seti elde edilmistir.
VIF, TV ve CI degerleriyle ¢oklu dogrusallik ve tekillik varsayimi kontrol edilmistir. Veri
setinden elde edilen VIF degerleri 1.25 ile 2.58 arasinda, TV degeri 0.39 ile 0.80 arasinda ve
CI degeri 1.00 ile 128.83 arasinda degismektedir. CI hari¢ diger istatistikler ¢oklu dogrusal
baglant1 olmadigin1 gostermektedir (Kline, 2016; Tabachnick ve Fidell, 2019). Degiskenler
arasindaki korelasyonlarin 0.90'dan biiylik olmasi ¢oklu baglanti1 sorununa isaret etmektedir
(Tabachnick ve Fidell, 2019). Bu nedenle degiskenler arasindaki korelasyonlar analiz
edilmistir. Degiskenler arasindaki korelasyonlarin 0.51 ile 0.59 arasinda oldugu goriilmiistiir.
Buna gore ¢oklu baglanti sorunu olmadigi sdylenebilir. Veri seti Mardia'nin (1970) ¢ok
degiskenli carpiklik katsayis1 kullanilarak (Uysal ve Kilig, 2022) ¢ok degiskenli normallik
acisindan incelenmistir. Veri setinin ¢ok degiskenli normallik varsayimimi saglamadigi
belirlenmistir (Carpiklik katsay1s1=14706.96, p<0.01). Bu nedenle bu varsayimin ihlalinde
giiclii sonuglar veren agirliklandirilmamis en kiiciik kareler (unweighted least squares - ULS)
faktor ¢cikarma yontemi kullanilmistir. AFA i¢in elde edilen KMO (Kaiser-Meyer-Olkin) degeri
0.78 (orta) olarak elde edilmistir. Bartlett'in Kiiresellik Testi de istatistiksel olarak anlamlidir
(x2(666) = 2029.1, p<0.01). Elde edilen bulgulara gore veri setinin AFA’ya uygun oldugu
sOylenebilir. AFA, polikorik korelasyon matrisi kullanilarak Factor yaziliminda (Lorenzo-Seva
vd., 2023) gerceklestirilmistir.

AFA igin paralel analiz (Horn, 1965), MAP analizi (Velicer, 1976), Hull yontemi (Lorenzo-
Seva vd., 2011), ve agiklanan varyans orani1 boyut sayisina karar vermek icin kullanilmistir.
Paralel analiz 3 boyutlu bir yapi, MAP analizi 2 boyutlu bir yap1 ve Hull yontemi 2 boyutlu bir
yap1 onermistir. Aciklanan varyans oranlari incelendiginde, tek boyutlu yap1 %24.10 varyans
aciklarken, ikinci boyut %7.69, iiclincli boyut ise %5.87 varyans agiklamaktadir. Bu nedenle
ilk olarak 3 boyutlu yap1 incelenmistir. Boyutlar arasinda beklenen bir korelasyon oldugu i¢in
egik dondiirme yontemlerinden biri olan Promin kullanilmaistir.

Ik 3 boyutlu analiz sonucunda bazi maddelerin birden fazla faktdre yiiklendigi ve bazilarinin
faktor ytiklerinin 0.30'un altinda oldugu gézlemlenmistir (Costello ve Osborne, 2005; Howard,
2016), bu nedenle maddeler Olgekten teker teker cikarilmistir. AFA, maddeler ayr1 ayri
cikarilarak ve daha sonra ikili veya l¢lii gruplar halinde ¢ikarilarak tekrarlanmistir. Tiim
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analizler sonucunda dl¢ekten 25 maddenin ¢ikarilmasina ve 14 madde ile 2 boyutlu bir yap1
olusturulmasina karar verilmistir. Olgekten 25 maddenin ¢ikarilmas ile ilgili olarak matematik
egitimi alaninda doktora derecesine sahip 2 uzmanin goriisleri dogrultusunda kapsam
gecerliliginin yeterli oldugu belirtilmistir. 14 maddelik yeni 6lcek PA, MAP, HULL ve BIC
yontemleri ile boyutluluk agisindan degerlendirilmistir. Ayrica agiklanan varyans oranlar1 da
incelenmis ve analiz sonucunda PA, MAP ve BIC yontemleri tek boyutlu bir yap1 6nerirken,
HULL yo6ntemi 2 boyutlu bir yap1 6nermistir. Maddeler analiz edildiginde iki boyut olabilecegi
diistiniilmiistiir. Bu nedenle agiklanan varyans oranlara bakilmistir. Tek boyutlu yap1 icin
aciklanan varyans %41.44 iken, iki boyut igin aciklanan varyans %52.37'dir. ikinci boyut
toplam varyansin %10,93"linii agikladigindan, bu oranin anlamli oldugu sdylenebilir (Kilig,
2022). Sonug olarak, polikorik korelasyon matrisi ile AFA'dan elde edilen faktor yiikleri Tablo
4'te verilmistir.

Tablo 4. Problem Cozme Inanci Olgegine Iliskin AFA Sonuglar

Maddeler F1 F2 Ortak varyans
1 0.01 0.55 0.31
2 0.44 0.16 0.31
3 -0.16 0.64 0.30
4 0.07 0.54 0.34
5 -0.04 0.75 0.52
6 0.90 -0.15 0.66
7 -0.01 0.48 0.23
8 0.69 0.21 0.71
9 0.10 0.48 0.30
10 0.12 0.67 0.58
11 0.81 0.01 0.67
12 0.10 0.72 0.63
13 -0.19 0.58 0.23
14 0.76 -0.03 0.55
Aciklanan varyans 41.44% 10.93%
Toplam agiklanan varyans 52.37%
Faktorler arasi korelasyon 0.66

Tablo 4 incelendiginde birinci boyutta yer alan maddelerin faktor ytiklerinin 0.44 ile 0.90
araliginda degistigi ve bu boyutun toplam varyansin %41.44’iinii agikladig1 sdylenebilir. Ikinci
boyuttaki maddelerin faktor yiikleri ise 0.48 ile 0.75 aralifinda degistigi gozlenmistir. Bu
boyutun agikladig1 varyans oran1 %10.93 olup iki boyut birlikte toplam varyansin %52.37’sini
aciklamaktadir. Boyutlar arasi korelasyon ise 0.66’dir. Buna gore dlgekten toplam puan elde
edilebilecegi c¢iinkii boyutlar arasinda pozitif yonli ve yiiksek diizeyde korelasyon oldugu
sOylenebilir. Boyutlarda yer alan maddeler incelendiginde birinci boyuta “teknolojiye yonelik
inang” ikinci boyuta ise “problem ¢dzme stratejilerine yonelik inang™ isimleri verilmistir.

Olgekten elde edilen verilerin i¢ tutarlik anlamindaki giivenirligi incelendiginde hem
Cronbach’s Alpha hem de McDonald’s Omega katsayis1 0.88 olarak elde edilmistir. Bu
sonuglara gore problem ¢6zme inanci dlgeginden elde edilen verilerin bu aragtirma kapsaminda
yeterli diizeyde gegerlik ve giivenirlige sahip oldugu sdylenebilir (Hair vd., 2019).

2.2.4. Problem Kurma Oz Yeterlik Olgegi

Bu 6lgcek Ozgen ve Bayram (2019) tarafindan ortaokul &grencilerinin problem kurma 6z
yeterliliklerini 6lgmek amaciyla gelistirilmistir. Olgekte 5'li Likert tipinde 24 madde yer
almaktadir. Cronbach's Alpha giivenirlik katsayis1 0.85 olarak rapor edilmistir (Ozgen ve
Bayram, 2019).
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Bu 6l¢egin lisans grubuna uygulanmasinin iki nedeni vardir: i) bu grupta problem kurma 6z
yeterliligini Olgecek bir O0lgme aracinin bulunmamasi ve ii) 6z yeterlilik genel olarak
degerlendirildiginde daha kapsamli bir yas araligin1 kapsayacagi diisiincesidir. Bunun yaninda
elde edilen verilerin gecgerlik ve giivenirlik analizi de yapilacagindan Olgegin lisans
Ogrencilerine uygulanmasina karar verilmistir. Lisans grubundan elde edilen veri setinde
Olcegin yapisinin dogrulanip dogrulanmadigini incelemek icin Dogrulayict Faktor Analizi
(DFA) kullanilmistir.

DFA i¢in oncelikle veri setinin analiz varsayimlarini karsilayip karsilamadigi kontrol edilmistir.
Veri seti ilk olarak kayip degerler agisindan incelenmis ve kayip veri olmadigi goriilmiistiir.
Veri setinin ¢ok degiskenli u¢ degerler agisindan incelenmesi i¢cin Mahalanobis Uzakligi
kullanilmistir. Buna gore 9 kisi veri setinden ¢ikarilmis ve 195 kisilik bir veri seti elde
edilmistir. Coklu dogrusallik ve tekillik i¢in VIF, TV ve CI degerleri kullanilmistir. Veri
setinden elde edilen VIF degerleri 1.43 ile 2.63 arasinda, TV degeri 0.38 ile 0.70 arasinda ve
CI degeri 1.00 ile 66.58 arasinda degismektedir. CI hari¢ diger istatistikler ¢coklu dogrusal
baglant1 olmadigin1 gostermektedir (Kline, 2016; Tabachnick ve Fidell, 2019). Bu nedenle
degiskenler arasindaki korelasyonlar analiz edilmistir. Degiskenler arasindaki korelasyonlarin
-0.48 ile 0.65 arasinda oldugu goriilmiistiir. Buna gore ¢oklu dogrusal baglant1 sorunu olmadigi
sOylenebilir. Bir diger varsayim olarak cok degiskenli normallik incelenmistir. Bu amag
dogrultusunda Mardia'nin (1970) ¢ok degiskenli ¢arpiklik katsayist kullanilmistir (Uysal ve
Kilig, 2022). Veriler ¢ok degiskenli normallik varsayimini karsilamamaktadir (Carpiklik
katsayis1 = 4356.60, p<0.01). Bu nedenle, ¢cok degiskenli normallik ihlallerine kars1 giiclii
tahminler saglayan agirliklandirilmamis en kiigiik kareler ortalama ve varyans diizeltmeli
(unweighted least squares and mean-variance [ULSMV]) kestirim yontemi kullanilmistir
(Brown, 2015; Kilig¢ ve Dogan, 2021; Savalei ve Rhemtulla, 2013). DFA Mplus yaziliminda
gergeklestirilmis olup degiskenler 5 kategorili oldugu i¢in kategorik olarak tanimlanmustir.

DFA sonucunda bir maddenin faktor yiikiinlin negatif oldugu goriilmiistiir (m9, A=-0.60). Bu
maddenin katilimc1 grup tarafindan tam anlasilmadigr diistintilmiistiir. Bu durum maddenin
ifade edilis bi¢imden kaynakli olabilir [m9 = Bir matematik problemi kurarken matematiksel
problem c¢ozme asamalarimi zihnimde canlandirabilirim]. Bu nedenle de madde lisans
ornekleminde calismadigr i¢in Olcekten cikarilmis ve kalan maddelerle ikinci diizey DFA
tekrarlanmistir. Analiz sonucunda model-veri uyumunun yeterli oldugu goriilmiistiir [x?
(225)=457.74, p<0.01, x* /df = 2.03, RMSEA = 0.07 %90 C.I (0.06-0.08), CFI = 0.93, TLI =
0.92, SRMR = 0.07). Bu sonuglara gére model-veri uyumunun yeterli oldugu soylenebilir
(Browne ve Cudeck, 1992; Hu ve Bentler, 1999). Model Sekil 1'de sunulmustur. Faktor ytikleri
0.34 ile 0.82 arasinda degistiginden (bkz. Sekil 1), bu degerlerin yeterli oldugu sdylenebilir
(Howard, 2016).
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Sekil 1. Problem Kurma Oz Yeterlik Olgegi’ne iliskin DFA yol diyagrama.
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Not. “s_effc” = problem kurma oz yeterlik, “rel” = problem ¢ézme ile iliski, “diff” = problem kurma siirecinde karsilagilan
zorluklar, “ben” = problem kurmanin faydalar, “lea” = 6grenme siirecinde problem kurma, “sit” = problem kurma
durumlari

Olgekten elde edilen verilerin giivenilirlik analizi sonucunda i¢ tutarlilik agisindan Cronbach's
Alpha giivenilirlik katsay1s1 0.88 olarak elde edilmistir. Olgek ¢cok boyutlu oldugu i¢in tabakali
alfa katsayis1 da hesaplanmistir. Buna gore elde edilen tabakali alfa katsayis1 0.93'tiir.
McDonald's Omega katsayis1 da hesaplanmis ve 0.89 olarak elde edilmistir. Buna gére problem
kurma 6z yeterlik 6lgeginden elde edilen verilerin i¢ tutarlilik acisindan giivenilirliginin yeterli
oldugu soylenebilir.

2.3. islem Adimlar:

Grup 1'e ilk olarak PKB testi, bir hafta sonra PCB testi ve ardindan bir hafta sonra da psikolojik
Olcekler (problem ¢dzme inanci ve problem kurma 6z yeterlik) uygulanmistir. Sira etkisini en
aza indirmek i¢in Grup 2'ye dnce PCB testi, bir hafta sonra PKB testi ve bir hafta sonra da
psikolojik olcekler uygulanmistir. Psikolojik oOl¢ekler uygulanirken Tablo 5'teki uygulama
strast uygulanmustir.

Aragtirmanin ¢alisma grubunun kimlerden olustugu bu boliimde belirtilebilir. Arastirmanin
calisma grubunun kimlerden olustugu bu boliimde belirtilebilir. Aragtirmanin ¢aligma grubunun
kimlerden olustugu bu boliimde belirtilebilir.
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Tablo 5. Veri Toplama Siireci

Orne kl?rvr{ 1.Hafta 2.Hafta 3.Hafta
Biiyiikliigi
Grup-1 (n=154) Problem Kurma Problem C6zme Problem Kurma Oz Yeterlik"(ﬁlgegi ve
Beceri Testi Beceri Testi Problem C6zme Inanci Olgegi
Grup-2 (n=50) Problem Cozme Problem Kurma Problem Kurma Oz Yeterlik"(ﬁlgegi ve
Beceri Testi Beceri Testi Problem C6zme Inanci Olgegi

Veriler toplanmadan 6nce katilimcilara herhangi bir konuda egitim verilmemistir. PCB ve PKB
testleri katilimcilara kagit-kalem testi olarak sinif ortaminda bireysel olarak uygulanmis
herhangi bir zaman siirlamasi getirilmemistir. Lisans 6grencilerinin PKB ve PCB testlerini
tamamlamalar1 50-70 dakika strmistiir. Katilimcilara 3 uygulama yapildigi icin bu
uygulamalardan elde edilen formlarin eslestirilmesi amaciyla her katilimciya rastgele 4 haneli
sayisal kodlar atanmistir.

2.4. Verilerin Analizi

Veri analizi i¢in oncelikle degiskenlerin dagilimlar1 incelenmistir. Bu amagla, degiskenlerin
tanimlayici istatistikleri Tablo 6'da sunulmustur.

Tablo 6. Betimsel Istatistikler

Degisken Minimum  Maksimum Ortalama Std. Sapma Carpiklik Basiklik

PCB 8 91 55.49 15.24 -0.24 0.38
PKB 21 99 75.34 10.30 -0.78 3.14
PKO 2.35 5 391 0.48 0.03 -0.03
PCI 2.93 5 4.37 0.42 -1.16 1.65

Not. PCB = Problem ¢ézme becerisi, PKB = Problem kurma becerisi, PCI = Problem ¢ézme inanci, PKO = Problem kurma
oz yeterlik

Tablo 6 incelendiginde degiskenlerin normal dagilimdan cok fazla sapma gdstermedigi
sOylenebilir. Hair ve digerleri (2019), carpiklik katsayisinin +1 araliginda olmasi1 durumunda
degiskenlerin normal dagildig1i yorumunun yapilabilecegini belirtmistir. Buna gore
degiskenlerin normal dagildig1 soylenebilir. Bu nedenle, degiskenler arasindaki iligkileri
incelemek i¢in Pearson korelasyonu kullanilmistir.

Aracilik analizi, SPSS’te bulunan Process Macro (Model-4) ile gergeklestirilmistir (Hayes,
2018). Process makrosunda bootstrap yontemi ile giiven araliklart olusturulmus ve buna gore
analiz sonuglar1 yorumlanmistir. Bootstrap yonteminde 5000 o6rneklem kullanilmistir. Bu
yontemde elde edilen tahminlerin istatistiksel anlamlilig1 incelenirken giiven araliginin sifir
degerini igerip icermedigi incelenmektedir. Eger aralik sifir i¢eriyorsa elde edilen katsayisinin
sifirdan istatistiksel olarak anlamli diizeyde farklilasmadigi seklinde yorumlanmaktadir
(MacKinnon, 2008). Sekil 2, analiz edilen aracilik modelini géstermektedir.

Sekil 2. Arastirma Kapsaminda Test Edilen Model
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3. Bulgular
3.1. Degiskenler Arasindaki Iliskilerin incelenmesi

Degiskenler arasindaki iligkileri incelemek i¢in yapilan korelasyon analizi sonuglart Tablo 7°de
sunulmaktadir.

Tablo 7. Korelasyon Analizi

Degisken PCB PKB PKO PCI
PCB -
PKB 0.01 -
PKO 0.11 0.05 -
PCi 0.13 0.10 0.28%* -

N = 204, **p<0.01, PCB = Problem ¢6zme becerisi, PKB = Problem kurma becerisi, PCI = Problem ¢ozme inancit, PKO =
Problem kurma 6z yeterligi

Tablo 7'ye gére, PCI ile PKO arasinda istatistiksel olarak anlamli, pozitif ve diisiik diizeyde bir
iliski oldugu sdylenebilir (Schober vd., 2018). Diger degiskenler arasinda istatistiksel olarak
anlaml bir iligki olmadig1 belirlenmistir.

3.2. Problem Kurma Oz Yeterlik ve Problem Cézme Inanci Degiskenlerinin Aracilik
Roliiniin Incelenmesi

PCB ve PKB arasindaki iligkide problem kurma 6z yeterlik ve problem ¢6zme inancinin aracilik
roliinii inceleyen aracilik analizi sonuglar1 Tablo 8'de sunulmustur.

Tablo 8. Aracilik Analizinin Sonuclart

M M, PKB(Y)
B sh t B sh t B sh t

PCB(X) 0.00 0.00 1.58 0.00 0.00 1.88 -0.00 0.05 -0.01
PKOM)) - - - - - - 0.65 1.57 0.41
PCI(M,) - - - - - - 2.13 1.79 1.18
Sabit 3.72 0.13 29.31%% 417 0.11 37.43%%  63.51 8.62 7.36%*

R?=0.01. F=2.48. p=0.11 R?=0.02. F=3.53, p=0.06 R?=0.01, F=3.00, p=0.57
Dolayh _PCB = M1 = PKB fCB = M2 = PKB
etkiler B=0.00[(-0.01) — (0.02)] B=0.01[(-0.01) — (0.05)]

Bse =0.01 Bse =0.01

*%y<().01, PCB = Problem ¢6zme becerisi, PKB = Problem kurma becerisi, PCI = Problem ¢6zme inanci

Tablo 8 incelendiginde, PCB degiskeninin PKB'yi yordamadig1 sdylenebilir (p>0.05). Benzer
sekilde, PCB de araci degiskenlerin her ikisini de yordamamaktadir. Araci degiskenler de
PCB’yi yordamamaktadir. Dolayistyla, PCB’nin PKB {izerinde toplam etkisinin olmadig: (B =
0.01, =0.20, p=0.84) ve dolayl etkilerin istatistiksel olarak anlaml1 olmadig1 (B=-0.00, =-0.00,
p=0.99) gortilmiistiir.
4. Sonuc, Tartisma ve Oneriler

Bu ¢alismada PCB’nin PKB iizerindeki etkisinde problem kurma 6z yeterligi ve problem ¢6zme
inancinin aracilik etkisi incelenmistir. Calisma sonucunda PCB ve PKB degiskenlerinin baska
herhangi bir degiskenle iliskili olmadig1 goriilmiistiir (bkz. Tablo 7). Yapilan aracilik analizi

sonucunda, diger psikolojik degiskenlerin problem ¢6zme ve problem kurma arasindaki iligkiye
aracilik etmedigi gorilmiistiir. Ancak literatiirde ortaokul ve lise Ogrencileriyle yapilan
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calismalarda PCB ile PKB arasinda pozitif ve istatistiksel olarak anlamli iliskiler rapor
edilmistir (Cai vd., 2013; Cai ve Hwang, 2002; Ergin, 2019; Zhang vd., 2022). Mevcut
calismanin s6z konusu ¢alismalardan farkli sonuglar elde etmesinin nedeni matematik 6gretmen
adaylari ile gerceklestirilmis olmasi olabilir. Ayrica bu ¢calismalarda 6l¢me araglarinin gecerlik
ve giivenirligine iligskin kanitlarin yeterli olmadigi diisiiniildiigiinde, bulunan iliskilerin gecerlik
diizeyi de sorgulanabilir. Problem kurma 06z yeterligi ile problem ¢6zme inanci arasinda
istatistiksel olarak anlamli ve diislik bir iliski bulunmustur. Bu bulgu, literatiirde 6gretmen
adaylariyla yapilan ¢alismalarla benzerlik gostermektedir (Baran Bulut, 2023; Deringdl, 2018;
Unlii ve Sarpkaya-Aktas, 2016).

PCB ile problem ¢dzme inanci arasinda bir iligki bulunmamistir. Calismamizin bulgulariyla
ortiisecek bir calismada Giiven (2017), miizik 6gretmen adaylarinin problem ¢6zme becerileri
ile problem ¢6zme algilari arasinda anlamli bir iliski bulamamuistir. Mevcut ¢alismalarin aksine,
farkli 6rneklemlerde PCB ve problem ¢dzme inanci arasinda anlamli iliskiyi ortaya koyan
cesitli calismalar da bulunmaktadir. Bal (2015) siif 6gretmeni adaylarinin PCB diizeylerini ve
problem ¢dzme inanglarini incelemistir. Yiiksek ve diisik PCB’ye sahip 6gretmen adaylari
arasmda "Problemi Anlama" ve "Matematigin Onemi" alt boyutlar1 agisindan anlamli bir fark
bulmustur. Giiven ve Cabakgor (2013) ise ilkogretim 7. siif Ogrencilerinin PCB’lerini
etkileyen faktorleri arastirmiglardir. Ogrencilerin PCB’lerinin problem ¢dzme inanglariyla orta
diizeyde ve anlamli bir sekilde iliskili oldugunu belirtmislerdir. Onceki ¢alismalarda oldugu
gibi Sangcap (2010) farkli boliimlerde okuyan iiniversite 6grencilerinin PCB’leri ile problem
¢Ozme inanglarinin ¢esitli boyutlar1 arasinda anlamli bir iligski oldugunu belirtmistir. "Caba"
boyutunun farkli problem tiirlerindeki (6rnegin kelime problemleri) basariyr olumlu yonde
etkiledigini vurgulamistir.

Yapilan bu calismada ayrica PKB ile problem kurma 6z yeterligi arasinda da bir iliski
bulunmamaistir. Bu sonug literatiirdeki diger calismalardan farklidir (Hackett ve Betz, 1989;
Ozgen ve Bayram, 2020; Pajares, 1996; Philippou vd., 2001). Bu calismalar matematik
ogretmenligi lisans 6grencileri ile degil, tiim liniversite 6grencileri veya ortaokul 6grencileri ile
gerceklestirilmistir. Ozgen ve Bayram (2020), calismalarinda ortaokul dgrencilerinin problem
kurma becerileri ile problem kurmaya yonelik 6z yeterlik inanglar1 arasinda diistik diizeyde
pozitif bir iligski bulmustur. Bu dogrultuda katilimcilarin problem kurmaya yonelik 6z yeterlik
inang¢larinin problem kurma becerilerinin anlamli bir yordayicis1 oldugunu ifade edilmistir.
Mevcut ¢alismamizin sonuglarinin bu ¢alismadan farkli olmasinin nedeni ¢alisma grubumuzun
Olciilen ozellikler agisindan ortaokul 6grencilerine gore farklilik gostermesi olabilir. Bununla
birlikte, ayni egitim seviyesindeki lisans Ogrencilerinden farki, matematik o6gretmenligi
ogrencilerinin 0gretim programinda problem kurma becerilerini gelistirmeye yonelik ders
igceriklerinin bulunmasi da olabilir. Bunun yani sira literatiirdeki diger caligmalarda kullanilan
Olcme araclarinin gecerlik ve giivenirlik sonuglar1 rapor edilmedigi i¢in 6lgme araglarindaki
hatalarin bu sonuglara neden olmus olabilecegi ihtimali de bulunmaktadir. Bu bakis agisiyla
mevcut calismanin literatlirdeki diger calismalara da kilavuzluk edecegi sdylenebilir. Clinkii
kullanilan her bir 6l¢ekten (ya da testten, 6lgme aracindan) elde edilen verilerin gecerlik ve
giivenirlik kanitlarinin da ¢alismada raporlanmasi onerilmektedir (AERA vd., 2014). Ancak
genellikle bu durum g6z ardi edilmekte ve kullanilan 6lgme araglarindan elde edilen sonuglarin
gecerlik ve gilivenirlik kanitlar1 raporlanmamaktadir. Bunun sonucunda arastirmadan elde
edilen bulgulara temkinli yaklagilmasi diistiniilebilir. Mevcut ¢alisma bu agidan da literatiire
katkida bulunmaktadir. Bundan sonraki ¢alismalarda kullanilan 6lgme araglarinin psikometrik
ozellikleri bu calismadaki perspektifle ele alinabilir.

Mevcut ¢alisma genel olarak sonuglar agisindan diger ¢alismalardan (Da Ponte ve Henriques,
2013; Erkan ve Kar, 2022; Koichu ve Kontorovich, 2013; Xie ve Masingila, 2017) farklilik
gostermektedir. Yaptigimiz bu ¢alismanin aksine Xie ve Masingila (2017), arastirmalarinda
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problem ¢d6zmenin problem kurmaya baslamak i¢in 6gretmen adaylarina fikirler sundugunu,
problem kurarken dogru yolda olduklarindan emin olmalarin1 sagladigimi ve matematiksel
problemlerin yapisini derinlemesine anlamalarina olanak tanigini ortaya koymustur. Erkan ve
Kar (2022) ise yaptiklar1 calismada matematik Ogretmen adaylarinin verilen problemin
¢Oziimiini bularak problem kurma egiliminde olduklari sonucuna ulagsmistir. Calismamizin
sonuglariin bu g¢alismalarin sonuglarindan ayrilmasinin nedeni ¢alisma gruplart ve 6lgme
araglarmin farklilik gostermesi olabilir. Diger calismalardaki PKB ve PCB testleri simif
diizeylerine gore kapsam olarak farklilik gosterebilir. Ancak bu calismanin Tiirkiye'nin
Marmara bolgesindeki iki tiniversiteden elde edilen verilerle sinirli oldugu unutulmamalidir.
Calisma daha genis 6rneklemli bir grupla tekrarlanabilir. Calismanin bulgulari, bu konuda daha
fazla ¢aligmaya ihtiya¢ oldugunu vurgulamaktadir. Alanyazinda PKB ile PCB arasinda iligki
oldugu bildirilmekle birlikte (Bonotto ve Dal Santo, 2015; Ergene, 2023; Ergene ve Caylan
Ergene, 2024; Kar vd., 2024; Krawitz vd., 2024; Silber ve Cai, 2017) gecerli ve giivenilir
sonuclar veren daha kapsamli basar1 testleri ile benzer ¢alismalar daha biiylik 6rneklemlerle
tekrarlanabilir. Alanyazinda PCB ve PKB’nin iligkili olduguna dair kabul géren ¢alismalarin
daha genis nicel uygulamalarla gézden gecirilmesi gerektigi ifade edilebilir.
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Abstract: Problem-solving and problem-posing are among the important components Article Details
of mathematics teaching. Many studies have revealed that problem-solving and

problem-posing abilities are related to some psychological variables (self-efficacy, Research Article

attitude, belief, motivation, anxiety, etc.). In the current study, the relationship between Received
problem-posing abilities, problem-solving abilities, problem-solving beliefs, and 08/08/2024
problem-posing self-efficacy was examined quantitatively. In addition, the mediating

effect of problem-solving beliefs and problem-posing self-efficacy on the effect of Accepted
problem-solving ability on problem-posing ability was analyzed. The research was 29/01/2025
conducted with pre-service teachers studying in the field of mathematics education,

and as a result of the research, it was found that there was no statistically significant Keywords

relationship between problem-solving abilities and problem-posing abilities. In the
correlation analysis, a positive and statistically significant low-level relationship was
found between problem-solving beliefs and problem-posing self-efficacy. As a result of Problem-posing,
mediation analysis, no mediation effect was found between problem-posing self-
efficacy and problem-solving beliefs. The findings were discussed in the conclusion
section of the study in line with the relevant literature. beliefs,

Problem-solving,
Problem-solving

Problem-posing
self-efficacy

Mediation analysis.

1. Introduction

Problem-posing involves generating a new problem or discovering new information based on
a given data set (Singer & Voica, 2015). Cai and Rott (2023) explained that problem-posing
involves the process of students creating new problems from given scenarios or changing
existing challenges. Research on problem-posing in mathematics education has been increasing
in recent years. Moreover, the importance of problem-posing has also increased in recent years
(Cai et al., 2024; Jung & Magiera, 2021; Kar et al., 2024; Koichu, 2020; Kontorovich, 2024;
Yang & Xin, 2022). Moreover, countries such as Tiirkiye and Italy have revised their education
and training programs and integrated problem-posing into their mathematics curricula (Bonotto
& Dal Santo, 2015; Giindogdu Alayli, 2023).
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In recent years, many studies have been conducted on different themes in problem-posing
(Baumanns & Rott, 2021). Cai and Leikin (2020) divided the studies on problem-posing in
mathematics education into four categories. The first category includes studies in which
problem-posing is used as a tool in mathematics teaching (Chen & Cai, 2020; Cifarelli & Sevim,
2015; Koichu, 2020; Matsko & Thomas, 2015), while the second category includes studies that
consider problem-posing as a goal of mathematics teaching (Leikin, 2015; Leikin & Elgrably,
2020). The third category includes studies that use problem-posing as a tool to examine other
variables (Aydogdu & Tiirniiklii, 2023; Ergin & Tiirniiklii, 2019). In the studies in this category,
problem-posing is used to measure the concept to be revealed. The fourth and final category is
the studies that consider problem-posing as the main goal (Cai & Rott, 2023; Kwek, 2015). An
important part of the studies on problem-posing are the studies conducted to reveal the
relationships between problem-posing and problem-solving (Cai et al., 2013; Ergene & Caylan
Ergene, 2024; Kar et al., 2024; Koichu, 2020; Xie & Masingila, 2017).

1.1. The Relationship Between Problem-Solving and Posing

Problem-solving and problem-posing are closely related concepts. Many studies show that
problem-posing and problem-solving are interrelated concepts and that problem-posing is an
important component of the problem-solving process (Baumanns & Rott, 2021). In this context,
many studies have been conducted in the literature on this subject. These studies can be broadly
categorized under four main headings (Ergene, 2023).

1.1.1. Comparison of Problem-Posing Ability (PPA) of Students with Low and High Problem-
Solving Performance

In studies examining the problem-posing ability (PPA) of students with low and high problem-
solving performances, students were divided into groups according to their problem-solving
abilities (PSA). Then, the PPAs of these groups were compared. The results of the studies
showed that students with high levels of PSA were able to write more mathematically complex
and valid problems in the problem-posing test than students with low levels (Ellerton, 1986;
Silver & Cai, 1996).

1.1.2. Investigating the Relationship between Problem-Solving and Problem-Posing through
Experimental Studies

In experimental studies, problem-posing activities are used in the teaching process and their
effects on students' PPA are analyzed. These studies generally show that the designed
instructional contents improve students' PSA or PPA (Kopparla et al., 2019; Terzi & Kar, 2022).

1.1.3. The Relationship between Problem-Solving and Problem-Posing Using Parallel Tests

In this type of study while investigating the relationship between problem-solving and problem-
posing, parallel tests are administered at similar intervals on the same individuals without any
intervention in the process. In one study, Cai and Hwang (2002) investigated the relationship
between PSA and PPA in sixth-grade children from China and the United States. The results of
the study show that there is a correlation between students' PSA and PPA. In another study, Cai
et al. (2013) found a strong positive correlation between PSA and PPA of eleventh-grade
students. Similarly, Zhang et al. (2022), in their study of Chinese sixth-grade students,
discovered a relationship between students' PSA and problem-posing methods. In a study
conducted by Ergin (2019) with seventh-grade students in Turkey, a strong and statistically
significant correlation was found between students' PSA and PPA.

249



Aydogdu et al. PUJE, 65, 248-267 [2025]

1.1.4. The Relationship between Problem-Solving and Problem-Posing by Applying
Sequential Tests

In this type of study, the relationship between problem-solving and construction is examined
by applying sequential tests. In these studies, students are divided into two groups. One group
is first administered a problem-solving test and then a problem-posing test, while the other
group is administered by changing the order of the tests. In a study conducted in this context,
Rosli et al. (2015) applied PSA and PPA activities with prospective secondary school
mathematics teachers by changing the order of the activities. The results of the study showed
that PSA was higher in the group that completed the problem-posing activity first and PPA was
higher in the group that completed the problem-solving test first. Even though this study clearly
shows that there is a relationship between PSA and PPA, it does not provide detailed
information about how these two skills contribute to each other (Ergene, 2023). The studies
(Erkan & Kar, 2022; Xie & Masingila, 2017) in the literature show that problem-solving
contributes to problem-posing and problem-posing contributes to problem-solving. Based on
this, it would be correct to say that the contribution of problem-solving and problem-posing to
each other is bidirectional. Therefore, it is not possible to separate these two concepts with strict
rules. There are studies that show that problem-solving and problem-posing are also related to
some psychological variables.

1.2. The Relationship of Problem-Solving and Problem-Posing with Psychological
Variables

With the increasing importance given to problem-solving and problem-posing in mathematics
education in recent years, it has become important to examine the concepts (attitudes, beliefs,
self-efficacy, anxiety, etc.) of students, pre-service teachers and teachers related to these
subjects. In studies conducted in this direction, the relationships between problem-solving
beliefs and PSA, self-efficacy and PSA, self- efficacy and PPA, problem-solving beliefs and
problem-posing self- efficacy were examined (see Table 1).

Table 1. Studies on Problem-Solving, Problem-posing, and Psychological Variables

Author(s) (Year) n Participants Measured Variable Findings
Pajares and Miller (1994) 350  Undergraduate students SE - PSA r=10.625*
Pajares and Graham (1999) 273 6th Grade SE - PSA r=0.57*%
Bal (2015) 138 Prospective primary PSB - PSA Eta-square = 0.093
teachers (understanding the
problem)

Eta-kare = 0.059
(importance of

mathematics)
Sangcap (2010) 336  Undergraduate students PSB - PSA r=0.90*
r=0.88%
Giiven and Cabakcor (2013) 115 7th Grade PSB - PSA r=10.294*
Ozgen and Bayram (2020) 346 Sth, 6th, 7th, 8th Grade PPSE - PPA r=0.267*
Nicolau and Philippou 176 5th, 6th Grade PPSE - PPA _
r=0.480*
(2007)
Philippou et al. (2001) 115 Prospective teachers PPSE - PPA 7=0.58% (task 1)
r=0.55% (task 2)
r=0.52%* (task 3)
Deringol (2018) 171 Prospective primary PSB - PPSE _
r=0.417*
teachers
Baran Bulut (2023) 64  Prospective middle school PSB - PPSE _
r=0.442%
math teachers
Unlii and Sarpkaya-Aktas 202  Prospective middle school PSB - PPSE = 0.305%

(2016) math teachers

*p < .05 (Note. PSA=Problem-solving ability, PPA=Problem-posing ability, PSB=Problem-solving beliefs, PPSE=Problem-
posing self-efficacy, SE=Self-efficacy)
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Table 1 shows that psychological variables are statistically significantly related. The sample
sizes of the studies vary between 64-350 people. The correlation coefficients obtained range
between 0.267-0.90. Accordingly, a relationship between these psychological variables can be
expected. In this study, it was examined whether these psychological variables mediate the
relationship between PSA and PPA.

1.3. Current Study

In the literature review, it was seen that there were studies examining the relationship between
PSA and PPA of participants at different grade levels. The common feature of these studies is
that they were conducted with middle and high school students. However, there is no study in
the literature that examines the relationship between PSA and PPA without any intervention
with pre-service mathematics teachers. One of the main elements of the problem-based teaching
process is the teacher (Torp & Sage, 2002). The teacher's competence in problem-solving and
problem-posing can play an important role in students' learning. Because it is thought that
individuals who have the ability to solve the problems in their lives can be trained by teachers
who have these skills (Duman et al., 2013). Undergraduate education can form an important
basis for the development of teachers' competencies in these subjects. Therefore, it is important
to examine the relationship between pre-service teachers' PSA and PPA because revealing the
relationships between these variables in the sample of pre-service teachers may also affect the
type of education to be given to these individuals who will be teachers in the future. Examining
the relationship between pre-service teachers' PSA and PPA may affect the type of education
to be given to these future teachers, the teaching methods used, or which variable should be
allocated more time. From this perspective, it is thought that the current study will contribute
to the literature in the following three aspects: 1) by revealing the relationship between pre-
service teachers' PPA and PCOS, it can be learned whether the other variable will be affected
if one variable is intervened, i1) if a mediation relationship is found as a result of mediation
analysis, changes in psychological variables can affect PPA, iii) in mathematics education
programs developed to train teachers, it can be decided how much weight to give to the variables
examined within the scope of the research within the content knowledge courses.

In many of the studies conducted separately in the literature, a relationship was found between
these variables (see Table 1). Therefore, it is thought that problem-solving belief and problem-
posing self-efficacy may be effective in the effect of PPA on PSA in the current study.
Therefore, this study aimed to examine whether problem-solving beliefs and problem-posing
self-efficacy have a mediating role in the relationship between PSA and PPA of prospective
secondary school mathematics teachers. In line with this purpose, answers to the following sub-
objectives were sought:

1) What are the relationships between problem-solving ability, problem-posing ability,
problem-posing self-efficacy and problem-solving beliefs?

2) Do problem-solving beliefs and problem-posing self-efficacy have a mediating role in the
relationship between problem-solving ability and problem-posing ability?

2. Method

In this study, the relationships between problem-solving ability (PSA), problem-posing ability
(PPA), problem-posing self- efficacy and problem-solving beliefs were examined. For this
reason, correlational design, one of the quantitative research methods was used. In studies using
this design, relationships between variables are examined (Fraenkel ef al., 2012). This research
was conducted with the permission of Trakya University Social and Human Sciences Research
Ethics Committee with the decision numbered 2024/03 and dated 27.03.2024.
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2.1. Participants

The participants consisted of 204 undergraduate students studying in an elementary
mathematics education program. The participants were studying at two universities in the
Marmara region of Turkey. 26.60% (n=54) of the participants were male and 73.40% were
female (n=149). The mean age of the participants was 20.46 years (SD = 1.48) and the median
was 20 years. Of the participants, 20.69% (n=42) were first-year students, 30.05% (n=61) were
second-year students, 29.06% (n=59) were third-year students and 20.20% (n=41) were fourth-
year students. Participation in the study was voluntary.

2.2. Data Collection Tools

Four different data collection tools were used in the study. Two of them were achievement tests.
The scale developed by Kayan (2007) was used to measure problem-solving belief and the scale
developed by Ozgen and Bayram (2019) was used to measure problem-posing self-efficacy.
The measurement tools used in the study were explained in detail below.

2.2.1. Problem Posing Ability Test (PPAA)

This test was developed by the researchers. The test included a total of 5 problem-posing
activities, 4 semi-structured and 1 free problem-posing activity (See Appendix A). While
developing the test, experts (experts with PhD degrees in measurement and evaluation and
mathematics education) were consulted for content validity and face validity. The test was
administered face-to-face in paper-and-pencil format. The rubric developed by Ozgen et al.
(2017) was used to score the 5 items in the test. Accordingly, each item was scored as 0-1-2-3
in line with the criteria suggested by Ozgen et al. (2017) (mathematical language, grammar,
relevance to the outcome, logical relevance, solvability, originality and solution). In the scoring
process, 12 individuals randomly selected among the participants were evaluated by two
separate experts with PhD degrees in mathematics education. The Pearson correlation
coefficient between the normally distributed scores of the two experts was 0.99. Accordingly,
it can be said that inter-rater reliability was high. The two raters finalized the scores of the
individuals by discussing the differences in their evaluations and reaching a consensus. Mean,
standard deviation, item difficulty and item-total correlation were reported for the five items
used in this study. In addition, the 27% lower-upper group technique was used to examine
whether the items discriminated the differences between the lower and upper groups. For this
purpose, the distribution of the data was first analyzed. Since the Kolmogorov-Smirnov test
showed that the variables were not normally distributed and the skewness coefficients of the
items ranged between -1.84 and -0.78 for the lower group and -1.56 and 0.63 for the upper
group, the Mann-Whitney U test was used to examine the differences in item means. The results
are presented in Table 2.

Table 2. [tem Statistics for the Problem-posing Ability Test

Items Mean Std. Item Difficulty Item-Total Correlation z
Deviation
1 15.17 3.59 0.72 0.54 -5.24*
2 16.09 2.81 0.77 0.52 5.47*
3 14.24 4.20 0.68 0.51 -6.49*
4 14.37 4.62 0.68 0.60 -6.69*
5 15.43 3.42 0.73 0.56 -7.01*
*p <.05

When Table 2 is analyzed, it can be stated that the items in the test were easy for the group.
Item difficulty indices ranged between 0.68 and 0.77. In terms of item-total correlations, and it
is seen that the correlations of the items with the total score were 0.51 and above. Since all of
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the z-statistics obtained as a result of examining whether the item averages differed statistically
significantly in the lower and upper groups were statistically significant, it can be stated that
the items differentiated individuals with and without the trait in terms of the measured trait.
According to the values in Table 2, it can be reported that the data obtained from the PPA test
have sufficient validity and reliability.

2.2.2. Problem-Solving Ability Test (PSA)

In order to assess PSA, a part of the PSA test developed by Altun ef al. (2007) was used. There
are 20 open-ended items in this test (Altun ef al., 2007). Within the scope of this study, 5 open-
ended items were selected considering the scoring of open-ended items since the application
would be carried out with a large population. While selecting the items, the opinions of 2 experts
with a doctorate degree in mathematics education were taken about content validity.
Conducting the application to a large sample would reduce the usefulness in terms of both
application time and scoring. Since 5 items were deemed to have sufficient content validity, the
application was conducted with these 5 items (apple basket, marble, cake, bus passengers,
bridge). Each item was evaluated over 20 points. An analytical scoring key was used in the
evaluation of the items. To examine inter-rater reliability, the papers of 12 participants
randomly selected from 204 participants were evaluated separately by two researchers. The
Pearson correlation between the normally distributed scores of the two raters was 0.98.
Accordingly, it can be reported that inter-rater reliability was very high. The two raters finalized
the scores of the individuals by discussing the differences in their evaluations and reaching a
consensus. Mean, standard deviation, item difficulty, and item-total correlation were reported
for the 5 items used in the current study. The item difficulty formula proposed by Brookhard
and Nitko (2015) was used to calculate item difficulty. Accordingly, item difficulty for items
—~ " _ Herex represents
max —min

mean, min indicates the minimum score that can be obtained from the item and max indicates
the maximum score that can be obtained from the item. Item discrimination was calculated by
Pearson's product of moments correlation of the item with the total score. In addition, according
to the 27% lower-upper group technique, it was examined whether the items discriminated the
differences between the lower and upper groups. For this purpose, the distribution of the data
was first analyzed. Since the Kolmogorov-Smirnov test indicated that the variables were not
normally distributed and the skewness coefficients of the items ranged between -0.80 and 3.53
for the lower group and between -7.55 and -0.06 for the upper group, the Mann-Whitney U test
was used to examine the difference in item means. The results are presented in Table 3.

scored with multiple categories was obtained with the equation p =

Table 3. [tem Statistics for the Problem-Solving Ability Test

Items Mean Std. Item Difficulty Item-Total Correlation z
Deviation
11 7.00 6.57 0.35 0.38 -3.58%*
12 17.94 5.63 0.90 0.48 -4.48*
I3 7.71 4.90 0.39 0.38 -5.46*
14 17.64 5.96 0.88 0.50 -4.99%
15 5.02 8.52 0.25 0.59 -6.52%
*p <.05

According to Table 3, it can be said that it consists of both difficult (I5), medium (I1 and 13)
and easy (I2 and 14) items. The averages of the items also provide similar information. When
analyzed in terms of item- total correlations, it is seen that the correlations of the items with the
total score are 0.38 and above. Since all of the z-statistics obtained as a result of the examination
of whether the item averages differed statistically significantly in the lower and upper groups
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were statistically significant, it can be said that the items distinguish individuals with and
without the trait in terms of the measured trait. According to these values, it can be said that the
data obtained from the PSA test are valid and reliable.

2.2.3. Problem-Solving Belief Scale

The Problem-Solving Belief scale (Kayan, 2007) was created by combining items from
different scales. Since no statistical analysis was performed on the developed measurement tool,
the factor structure of the scale was not known. However, it was known that the scale had been
applied to prospective teachers (Kayan, 2007). The applied scale had 39 items scored on a 5-
point Likert scale. Since the structure of the existing scale was unknown, Exploratory Factor
Analysis (EFA) was conducted with the data obtained from the 39-item scale. Thus, the
structure of the scale was revealed. Firstly, the data set was checked in terms of analysis
assumptions. Accordingly, Mahalanobis distance was used to examine the data set without
missing data in terms of multivariate outliers. Accordingly, 9 people with outliers were removed
from the data set and a data set of 195 people was obtained. Multicollinearity and singularity
assumptions were checked with VIF, TV and CI values. The VIF values obtained from the data
set varied between 1.25 and 2.58, the TV value between 0.39 and 0.80 and the CI value between
1.00 and 128.83. Except for CI, other statistics indicated that there was no multicollinearity
(Kline, 2016; Tabachnick & Fidell, 2019). Correlations between variables greater than 0.90
indicated multicollinearity (Tabachnick & Fidell, 2019). Therefore, correlations between
variables were analyzed. It was observed that the correlations between the variables were
between 0.51 and 0.59. Accordingly, it can be stated that there was no multicollinearity
problem. The data set was analyzed for multivariate normality using Mardia's (1970)
multivariate skewness coefficient (Uysal & Kilig, 2022). It was determined that the data set did
not meet the assumption of multivariate normality (Skewness coefficient = 14706.96, p <0.01).
Therefore, the unweighted least squares (ULS) factor extraction method, which yielded strong
results in violation of this assumption, was used. The KMO (Kaiser- Meyer-Olkin) value
obtained for EFA was 0.78 (medium). Bartlett's Test of Sphericity was also statistically
significant (x2 (666) = 2029.1, p<0.01). According to the findings, it can be said that the data
set 1s suitable for EFA. EFA was conducted in Factor software (Lorenzo-Seva et al., 2023)
using polychoric correlation matrix.

For EFA, parallel analysis (Horn, 1965), MAP analysis (Velicer, 1976), Hull method (Lorenzo-
Seva et al., 2011), and explained variance ratio were used to decide the number of dimensions.
Parallel analysis suggested a 3-dimensional structure, MAP analysis suggested a 2-dimensional
structure and Hull method suggested a 2-dimensional structure. When the explained variance
ratios were analyzed, the one-dimensional structure explained 24.10% variance, while the
second dimension explained 7.69% variance and the third dimension explained 5.87% variance.
Therefore, the 3-dimensional structure was analyzed first. Since there was an expected
correlation between the dimensions, Promin, one of the oblique rotation methods, was used. As
aresult of the first 3-dimensional analysis, it was observed that some items loaded on more than
one factor and some of them had factor loadings below 0.30 (Costello & Osborne, 2005;
Howard, 2016), so the items were removed from the scale one by one. EFA was repeated by
removing the items separately, and then, removing them in pairs or groups of three. As a result
of all analyses, it was decided to remove 25 items from the scale and to create a 2-dimensional
structure with 14 items. Regarding the removal of 25 items from the scale, it was stated that the
content validity was sufficient in line with the opinions of 2 experts with PhD degrees in
mathematics education. The new 14- item scale was evaluated in terms of dimensionality with
PA, MAP, HULL and BIC methods. In addition, the explained variance ratios were also
examined and as a result of the analysis, the PA, MAP and BIC methods suggested a
unidimensional structure, while the HULL method suggested a 2-dimensional structure. When
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the items were analyzed, it was thought that there could be two dimensions. Therefore, the
explained variance ratios were analyzed. While the variance explained for the unidimensional
structure was 41.44%, the variance explained for the two dimensions was 52.37%. Since the
second dimension explained 10.93% of the total variance, it can be said that this ratio is
significant (Kilig, 2022). As a result, the factor loadings obtained from the polychoric
correlation matrix and EFA are given in Table 4.

Table 4. EFA Results for the Problem-Solving Belief Scale

Items F1 F2 Common Variance
1 0.01 0.55 0.31
2 0.44 0.16 0.31
3 -0.16 0.64 0.30
4 0.07 0.54 0.34
5 -0.04 0.75 0.52
6 0.90 -0.15 0.66
7 -0.01 0.48 0.23
8 0.69 0.21 0.71
9 0.10 0.48 0.30
10 0.12 0.67 0.58
11 0.81 0.01 0.67
12 0.10 0.72 0.63
13 -0.19 0.58 0.23
14 0.76 -0.03 0.55
Explained Variance 41.44% 10.93%
Total Explained Variance 52.37%
Correlation Between Factors 0.66

When Table 4 is analyzed, it can be stated that the factor loadings of the items in the first
dimension vary between 0.44 and 0.90 and this dimension explains 41.44% of the total variance.
The factor loadings of the items in the second dimension ranged between 0.48 and 0.75. The
variance explained by this dimension is 10.93% and the two dimensions together explain
52.37% of the total variance. The correlation between the dimensions is 0.66. Accordingly, it
can be said that a total score can be obtained from the scale because there is a positive and high
level of correlation between the dimensions. When the items in the dimensions were examined,
the first dimension was named "belief in technology" and the second dimension was named
"belief in problem-solving strategies." When the reliability of the data obtained from the scale
in terms of internal consistency was examined, both Cronbach's Alpha and McDonald's Omega
coefficient were obtained as 0.88. According to these results, it can be said that the data obtained
from the problem-solving belief scale have sufficient validity and reliability within the scope
of this research (Hair et al., 2019).

2.2.4. Problem-Posing Self-Efficacy Scale

This scale was developed by Ozgen and Bayram (2019) to measure middle school students'
problem-posing self-efficacy. The scale includes 24 items in 5-point Likert type. Cronbach's
Alpha reliability coefficient was reported as 0.85 (Ozgen & Bayram, 2019).

There were two reasons for applying this scale to the undergraduate group: 1) the lack of a
measurement tool to measure problem-posing self-efficacy in this group and ii) the idea that it
would cover a more comprehensive age range when self-efficacy was evaluated in general. In
addition, it was decided to apply the scale to undergraduate students since the validity and
reliability analysis of the data obtained would also be conducted. Confirmatory Factor Analysis
(CFA) was used to examine whether the structure of the scale was confirmed in the data set
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obtained from the undergraduate group. For CFA, it was first checked whether the data set met
the assumptions of the analysis. The data set was first examined for missing values and it was
seen that there was no missing data. Next, Mahalanobis Distance was used to examine the data
set in terms of multivariate outliers. Accordingly, 9 people were removed from the data set and
a data set of 195 people was obtained. VIF, TV and CI values were used for multicollinearity
and singularity. The VIF values obtained from the data set vary between 1.43 and 2.63, the TV
value between 0.38 and 0.70 and the CI value between 1.00 and 66.58. Except for CI, other
statistics indicate that there is no multicollinearity (Kline, 2016; Tabachnick & Fidell, 2019).
Therefore, the correlations between the variables were analyzed. The correlations between the
variables were found between -0.48 and 0.65. Accordingly, it can be stated that there is no
multicollinearity problem.

Multivariate normality was examined as another assumption. For this purpose, Mardia's (1970)
multivariate skewness coefficient was used (Uysal & Kilig, 2022). The data did not meet the
assumption of multivariate normality (Skewness coefficient=4356.60, p<0.01). Therefore,
unweighted least squares mean and variance corrected (ULSMV) estimation method was used,
which provides robust estimates against multivariate normality violations (Brown, 2015; Kili¢
& Dogan, 2021; Savalei & Rhemtulla, 2013). CFA was conducted in Mplus software and the
variables were defined as categorical since they had 5 categories. As a result of CFA, it was
observed that the factor loading of one item was negative (m9, A=-0.60). It was thought that
this item was not fully understood by the participant group. This may be due to the way the
item was expressed [m9=I can visualize the stages of mathematical problem-solving in my mind
while posing a mathematical problem]. For this reason, the item was removed from the scale
because it did not work in the undergraduate sample and the second level CFA was repeated
with the remaining items. As a result of the analysis, model-data fit was found to be
adequate [x2(225)=457.74, p<0.01, x2/df=2.03, RMSEA=0.07, 90% C.I (0.06-0.08), CFI=0.9
3, TLI=0.92, SRMR = 0.07]. According to these results, it can be stated that the model-data fit
is adequate (Browne & Cudeck, 1992; Hu & Bentler, 1999). The model is presented in Figure
1. Since the factor loadings ranged between 0.34 and 0.82 (see Figure 1), it can be said that
these values are sufficient (Howard, 2016).
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Figure 1. CFA Path Diagram for the Problem-Posing Self-Efficacy Scale
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As a result of the reliability analysis of the data obtained from the scale, Cronbach's Alpha
reliability coefficient was obtained as 0.88 in terms of internal consistency. Since the scale was
multidimensional, the stratified alpha coefficient was also calculated. Accordingly, the
stratified alpha coefficient obtained was 0.93. McDonald's Omega coefficient was also
calculated and obtained as 0.89. Accordingly, it can be stated that the reliability of the data
obtained from the problem-posing self-efficacy scale is sufficient in terms of internal
consistency.

2.3. Process

Group 1 was administered the PPA test first, followed by the PSA test one week later, and then,
the psychological scales (problem-solving beliefs and problem-posing self-efficacy) one week
later. In order to minimize the order effect, Group 2 was administered the PSA test first, then
the PPA test one week later, and then the psychological scales one week later. While
administering the psychological scales, the order of administration in Table 5 was applied.
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Table 5. Data Collection Process

Sample Size Week 1 Week 2 Week 3

Group-1 (n=154) Problem-posing Problem-solving Problem-posing Self-Efficacy Scale and
ability test ability Test Problem-solving beliefs Scale

Group-2 (n=50) Problem-solving Problem-posing Problem-posing Self-Efficacy Scale and
ability test ability Test Problem-solving beliefs Scale

Participants were not given any training on any subject before data collection. The PSA and
PPA tests were administered individually to the participants as paper-and-pencil tests in the
classroom environment and no time limit was imposed. It took 50-70 minutes for undergraduate
students to complete the PSA and PPA tests. Since the participants were administered 3
applications, each participant was randomly assigned 4-digit numerical codes in order to match
the forms obtained from these applications.

2.4. Data Analysis

For data analysis, the distribution of the variables was first analyzed. For this purpose,
descriptive statistics of the variables are presented in Table 6.

Table 6. Descriptive Statistics

Variable Minimum Maximum Mean Std. Dev. Skewness Kurtosis
PSA 8 91 55.49 15.24 -0.24 0.38
PPA 21 99 75.34 10.30 -0.78 3.14
PPSE 2.35 5 3.91 0.48 0.03 -0.03
PSB 2.93 5 437 0.42 -1.16 1.65

Note. PSA = Problem-solving ability, PPA = Problem-posing ability, PSB = Problem-solving beliefs, PPSE = Problem-posing
self-efficacy

When Table 6 is examined, it can be seen that the variables do not deviate too much from the
normal distribution. Hair et al. (2019) stated that if the skewness coefficient was in the range
of 1, it could be interpreted that the variables were normally distributed. Accordingly, it can
be stated that the variables are normally distributed. Therefore, the Pearson correlation was used
to examine the relationships between variables.

Mediation analysis was conducted with Process Macro (Model-4) in SPSA (Hayes, 2018).
Confidence intervals were created with the bootstrap method in the Process macro and the
analysis results were interpreted accordingly. In the bootstrap method, 5000 samples were used.
While examining the statistical significance of the estimates obtained in this method, it was
examined whether the confidence interval contained a zero value. If the interval contained zero,
it was interpreted that the coefficient obtained did not differ from zero at a statistically
significant level (MacKinnon, 2008). Figure 2 shows the mediation model analyzed.

Figure 2. The Model Tested in the Research

PSA — — —> PPA
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3. Findings

The results of the correlation analysis conducted to examine the relationships between the
variables are presented in Table 7.

Table 7. Correlation Analysis

Variable PSA PPA PPSE PSB
PCB -
PKB 0.01 -
PKO 0.11 0.05 -
PCI 0.13 0.10 0.28%* -

Note. N = 204, **p<0.01, PSA = Problem-solving ability, PPA = Problem-posing ability, PPSE = Problem-posing self-
efficacy, PSB = Problem-solving belief

In Table 7, it can be observed that there was a statistically significant, positive and low-level
relationship between PSA and PCO (Schober ef al., 2018). It was determined that there was no
statistically significant relationship between the other variables.

3.1. Investigation of the Mediating Role of Problem-Posing Self-Efficacy and Problem-
Solving Beliefs Variables

The results of the mediation analysis examining the mediating role of problem-posing self-
efficacy and problem-solving beliefs in the relationship between PSA and PPA are presented
in Table 8.

Table 8. Mediation Analysis Results

M M, PPA(Y)
§ sh t B sh t B sh t

PSA(X) 0.00 0.00 1.58 0.00 0.00 1.88 -0.00 0.05 -0.01
PPA(M)) - - - - - - 0.65 1.57 0.41
PSB(M>) - - - - - - 2.13 1.79 1.18
Constant 3.72 0.13 29.31*%* 417 0.11 37.43*%%  63.51 8.62 7.36%**

R2=0.01. F=2.48. p=0.11 R?=0.02. F=3.53, p=0.06 R?=0.01, F=3.00, p=0.57
indirect PSA = M1 = PPA PSA = M2 = PPA
effects B=0.00[(-0.01) — (0.02)] B=0.01[(-0.01) — (0.05)]

Bse =0.01 Bse =0.01

**p<0.01, PSA = Problem-solving Ability, PPA = Problem-posing Ability, PSB=Problem-solving Belief

When Table 8 is analyzed, it can be seen that the problem-solving ability variable does not
predict PPA (p>0.05). Similarly, problem-solving ability does not predict either of the mediator
variables. Mediator variables also do not predict PSA. Therefore, it is seen that PSA has no
total effect on PPA (B = 0.01, £ = 0.20, p = 0.84) and indirect effects are not statistically
significant (§ =-0.00, = -0.00, p = 0.99).

4. Discussion, Conclusion, And Suggestions

In this study, the mediating effect of problem-posing self-efficacy and problem-solving beliefs
on the effect of PSA on PPA was examined. The result of the study revealed that PSA and PPA
variables were not related to any other variable (see Table 7). The mediation analysis revealed
that other psychological variables did not mediate the relationship between problem-solving
and problem-posing. However, positive and statistically significant relationships between PSA
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and PPA were reported in studies conducted with middle and high school students in the
literature (Cai et al., 2013; Cai & Hwang, 2002; Ergin, 2019; Zhang et al., 2022). The reason
why the current study obtained different results from these studies may be that it was conducted
with pre-service mathematics teachers. In addition, considering that the evidence regarding the
validity and reliability of the measurement tools in these studies is not sufficient, the validity
level of the relationships found can also be questioned. A statistically significant and low
relationship was found between problem-posing self-efficacy and problem-solving beliefs. This
finding is similar to the studies conducted with pre-service teachers in the literature (Baran
Bulut, 2023; Deringél, 2018; Unlii & Sarpkaya-Aktas, 2016).

No relationship was found between PSA and problem-solving beliefs. In a study that overlaps
with the findings of our study, Giiven (2017) did not find a significant relationship between
music teacher candidates' problem-solving abilities and problem-solving perceptions. Contrary
to the current studies, there are various studies that reveal a significant relationship between
PSA and problem-solving beliefs in different samples. Bal (2015) examined the PSA levels and
problem-solving beliefs of prospective primary school teachers. He found a significant
difference between pre-service teachers with high and low PSA in terms of "Understanding the
Problem" and "Importance of Mathematics" sub-dimensions. Giiven and Cabakgor (2013)
investigated the factors affecting the PSA of 7th grade primary school students. They found that
students' PSA was moderately and significantly related to their problem-solving beliefs. As in
the previous studies, Sangcap (2010) stated that there was a significant relationship between
the PSA of university students studying in different departments and various dimensions of
problem-solving beliefs. He emphasized that the "effort" dimension positively affected success
in different problem types (e.g. word problems).

In this study, no relationship was found between PPA and problem-posing self-efficacy. This
result is different from other studies in the literature (Hackett & Betz, 1989; Ozgen & Bayram,
2020; Pajares, 1996; Philippou et al., 2001) These studies were not conducted with mathematics
teaching undergraduate students but with all university students or secondary school students.
Ozgen and Bayram (2020) found a low-level positive relationship between the problem-posing
abilities of middle school students and their self-efficacy beliefs towards problem-posing. In
this direction, it was reported that the participants' self-efficacy beliefs towards problem-posing
were a significant predictor of their problem-posing abilities. The reason why the results of our
current study differ from this study may be the fact that our participants differed from secondary
school students in terms of the measured characteristics. In addition, the difference from
undergraduate students at the same education level may also be that there is course content in
the curriculum of mathematics teaching students to develop problem-posing abilities. In
addition, since the validity and reliability results of the measurement tools used in other studies
in the literature were not reported, there is a possibility that errors in the measurement tools
may have caused these results. From this point of view, it can be stated that the current study
may guide other studies in the literature because it is recommended to report the validity and
reliability evidence of the data obtained from each scale (or test, measurement tool) used in the
study (AERA et al., 2014). However, this is often ignored and the validity and reliability
evidence of the results obtained from the measurement tools used is not reported. As a result, it
may be considered to approach the findings of the research cautiously. The current study
contributes to the literature in this respect. In future studies, the psychometric properties of the
measurement tools used can be addressed with the perspective of this study. In general, the
current study differs from other studies (Da Ponte & Henriques, 2013; Erkan & Kar, 2022;
Koichu & Kontorovich, 2013; Xie & Masingila, 2017) in terms of results. In contrast to this
study, Xie and Masingila (2017) found that problem-solving provides pre-service teachers with
ideas to start problem-posing, ensures that they are on the right track when posing problems,
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and allows them to understand the structure of mathematical problems in depth. Erkan and Kar
(2022) concluded in their study that pre-service mathematics teachers tend to construct
problems by finding the solution of the given problem. The reason why the results of our study
differ from the results of these studies may be the difference in study groups and measurement
tools. The PSA and PPA tests in other studies may differ in scope according to grade levels.
However, it should be kept in mind that this study was limited to the data obtained from two
universities in the Marmara region of Tiirkiye. The study can be repeated with a larger sample
group. The findings of the study emphasize the need for more studies on this subject. Although
it has been reported in the literature that there is a relationship between PSA and PPA (Bonotto
& Dal Santo, 2015; Ergene, 2023; Ergene & Caylan Ergene, 2024; Kar et al., 2024; Krawitz et
al., 2024; Silber & Cai, 2017), similar studies with more comprehensive achievement tests that
provide valid and reliable results can be repeated with larger samples. It can be stated that the
studies that are accepted in the literature that relate problem-solving ability and problem-posing
ability should be verified with larger quantitative applications.
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Appendix A. Problem Posing Test

1-

2-

3-

5-

64000, 4 ve % sayilarin1 kullanarak giinliik hayattan bir matematik problemi yaziniz.

Beyaz Esya Mobilya Kiiciik Ev Aletleri
Camagsir Mak. 16529 TL TV Unitesi 6789 TL Mutfak Robotu 2799 TL
Buzdolabr 25822 TL Koltuk Takimi 45000 TL Kahve Mak. 2119 TL
Bulasik Mak. 20304 TL ~ Yemek Masas1 13500 TL Su Isiticist 869 TL

Yukaridaki bilgilerden yararlanarak bir matematik problemi yazimz.

Bir kutuda ... kirmizi, ... mavi ve . beyaz top
bulunmaktadir. ..o

ifadesini tamamlayarak bir matematik problemi yaziniz.

Grafik Adr: mmmeen =
15 11
10 7
5 6 5
- = I B
0
Kategori 1 Kategori 2

W Seri 1 Seri2 mSeri3

Yukaridaki grafigi kullanarak bir matematik problemi yaziniz.

En az ii¢ islem basamagiyla ¢oziilebilen giinliik hayattan bir matematik problemi yaziniz.
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