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Oz: Ispat matematigin hem 6grenimi hem de 6gretimi igin 6nemli bir yere sahiptir. Lisans egitimlerinde ispat yapmayi
Ogrenen matematik 6gretmeni adaylari, dgretmenlik meslegine basladiklarinda ise matematigin 6gretiminde ispati belli
diizeyde kullanmaktadirlar. Bu yiizden 6gretmen adaylarinin ispatla ilgili goriisleri 6nemlidir. Bu calismada ortadgretim
matematik 6gretmeni adaylarinin ispatla ilgili alan ve pedagojik alan bilgilerini gelistirmek amaciyla tasarlanan bir lisans
dersinin 6gretmen adaylarinin ispatla ilgili goriislerine etkisi incelenmistir. Tasarim tabanli arastirma yontemini benimseyen
bu calismanm nicel asamasi Istanbul’daki bir devlet iiniversitesinin ortadgretim matematik 6gretmenligi boliimii ikinci
simifinda 6grenim goren 22 Ggretmen adayiyla, nitel agamasi ise li¢ dgretmen adayiyla yiiriitiilmiistiir. Arastirmanin verileri
2017-2018 Egitim-Ogretim yili bahar déneminde toplanmistir. Arastirmanin nicel verileri likert tipi 6lcekle, nitel verileri ise
yar1 yapilandirilmis miilakatlarla toplanmistir. Nicel verilerin analizinde Wilcoxon isaretli siralar testi ile Marjinal
homojenlik testi, nitel verilerin analizinde ise betimsel analiz kullanilmistir. Aragtirmanin nicel bulgulari, ders tasariminin
Ogretmen adaylarinin ispatlamaya yonelik goriisleri {izerine anlamli ve biiylik etkisinin oldugunu ortaya koymustur.
Aragtirmanin nitel bulgular1 da nicel bulgularim1 desteklemektedir. Bu bulgulara gore 6gretmen adaylarmin uygulama
oncesindeki olumlu olmayan goriisleri uygulama sonrasinda pozitif yonde degisime ugramustir. Arastirmanin sonuglart
dogrultusunda &gretmen adaylarmin ispatla ilgili farkli duyussal davramislarini gelistirecek miidahale arastirmalarinin
yapilmasi Onerilebilir.
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Abstract: Proof has an important place both for the learning and teaching of mathematics. Pre-service mathematics teachers
who learn about proof during undergraduate courses will use proofs during their teaching when they enter the profession.
This is why the pre-service teachers’ views about proof are important. In this study, the effects of an intervention study that
aims to improve pre-service mathematics teachers’ content and pedagogical content knowledge of proof on pre-service
teachers’ views about proof were examined. The quantitative phase of this design-based research study was conducted in a
teacher preparation program at a state university in Istanbul with 22 pre-service mathematics teachers, and the qualitative
phase was conducted with three pre-service teachers. Data from the study were obtained during the spring semester of the
2017-2018 academic year. The quantitative data of the study were collected by a Likert-type scale, while the qualitative data
were collected by semi-structured interviews. For the analysis of quantitative data, Two tests, Wilcoxon signed ranks test and
marginal homogeneity test, were used. For qualitative data analysis, descriptive analysis was used. The quantitative findings
of the study revealed that course intervention had a significant impact on pre-service teachers’ views about proof. The
qualitative findings of the study also support quantitative findings. According to the qualitative findings of the study, the non-
positive views of the participants before the implementation changed positively after the implementation. In line with the
findings of the research, it may be suggested to conduct intervention studies to improve the different affective behaviors of
pre-service teachers related to proof.
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1. Giris
Matematik biliminin ilerlemesi matematiksel hiyerarsi i¢inde yeni teoremlerin kesfedilmesi ve bunlarm ispat
edilmesine bagli oldugundan ispat matematigin zirvesi olarak ifade edilmektedir (Tall ve ark., 2012). Ispat

matematigin merkezinde konumlandirilmakta (Ball, Hoyles, Jahnke ve Movshovitz-Hadar, 2002; Samkoff ve
Weber, 2015) ve matematigin kalbi (Giiven, Celik ve Karatag, 2005) olarak nitelendirilmektedir.

1qut matematikte 6nemli oldugu kadar matematik egitiminde de 6nemli bir yere sahiptir (Selden ve Selden,
1987). Ispat matematik egitimine hem amag¢ hem de ara¢ olarak hizmet eder. Ispat matematikte bircok pedagojik
amaca hizmet ettiginden (Dickerson ve Doerr, 2014) matematik egitiminde 6nemli bir bilegendir (Ball ve ark.,
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2002). Agiklayici islevi sayesinde ispat, matematigin anlamlandirilarak 6grenilmesine katki saglayan bir aragtir
(Knuth, 2002a). Hatta ispat matematik 6greniminde bir esik olarak diisiiniilebilir (Duval, 2007).

Ispat, bir 6nermenin dogrulugunu ya da yanlisligini nedenleriyle ve niginleriyle ikna edici ve agik bir sekilde
gosteren mantiksal ve matematiksel arglimanlar dizisidir (Baki, 2015; Hanna, 1991, 2000; Hersh, 1993; Rossi,
2006). Ispatlama ise bir dnermenin dogrulugunu ya da yanlishgimi gostermeye ¢alisan bir bireyin zihinsel eylem
stirecidir (Harel ve Rabin, 2010; Harel ve Sowder, 1998, 2007). Matematik ve matematik egitimi literatiiriinde
“ispatlama” ve “ispat yapma” ifadeleri birbirlerinin yerine kullanilmaktadir. Ispat zihinsel bir siire¢ olan
ispatlamanin sonunda ortaya ¢ikan biligsel bir {iriindiir (Harel, 2008). Bu siire¢c ne kadar iyi yonetilirse ortaya
¢ikan iiriin de o denli iyi olur.

1.1. Kuramsal Cerceve

Matematige ait bir konunun 6greniminde Ogrencilerin o konuya yonelik goriisleri ne kadar onemliyse,
matematik Ogretiminde de &gretmenlerin o konuya yonelik goriisleri 6nemli bir faktordiir. Ozellikle
epistemolojik olarak 6grenilmesi zor olan konularda 6grenciler, pedagojik olarak dgretilmesi zor olan konularda
da 6gretmenler olumlu olmayan goriislere sahip olabilmektedirler. Cilinkii 6gretim programlarindaki zor konular
ogrencilerde (Yiiksel-Ayten ve Hayirsever, 2019) ve dgretmenlerde (Bayrakdar-Cift¢i, Akgiin ve Deniz, 2013)
olumsuz goriislere sebep olmaktadir. Bu baglamda 6gretmen adaylarmm hem matematikte hem de matematik
egitiminde olduk¢a 6nemli bir yere sahip olan ispata ve ispatlamaya yonelik goriislerinin incelendigi ¢caligmalar
onem arz etmektedir.

Ulkemizde (Doruk ve Giiler, 2014) ve uluslararas1 literatiirde (Almeida, 2000; Lee, 1999) 6gretmen
adaylarmin ispatlamaya yonelik goriislerini belirlemek amaciyla dlgekler gelistirilmistir. Uluslararasi literatiirde
gelistirilen dlceklerin Tiirkge’ye uyarlandig calismalar da (Iskenderoglu, 2010; Aydogdu- Iskenderoglu, Baki ve
Palanci, 2011; Morah, Ugurel, Tiirniiklii ve Yesildere, 2006) bulunmaktadir. Ispatlamaya yonelik goriisler
olcekteki farkl icerik veya faktdrlere gore incelenmektedir. Iskenderoglu (2010) doktora tezinde bir devlet
iiniversitesinin ilkogretim matematik 6gretmenligi boliimiiniin birinci, ikinci, tigiinci ve dordiincii snifinda
O0grenim goren &gretmen adaylarmin ispat yapmaya yonelik goriislerini incelemis ve arastirmanin bulgular
Ogretmen adaylarinin matematiksel kanit yapmaya yonelik goriislerinin olumlu diizeyde oldugunu ortaya
koymustur. Arastirmanin diger bir bulgusu da “zihinsel siire¢”, “gliven”, “6zdegerlendirme” ve “tutum-inang”
gibi dort faktorden olusan dlgekte (s. 83); zihinsel siireg faktorii disindaki diger ti¢ faktoriin simnif seviyesine gore
istatistiksel olarak anlamli bir farklilik olusturmadigidir. Morali, Ugurel, Tirnikli ve Yesildere (2006) ise
caligmalarinda Ogretmen adaylarinin ispatlamaya yonelik goriislerini; ispat yapmaya yonelik kavramsal
yeterliliklere yonelik goriisler, ispat yapma benlik algisina iliskin goriisler, ispat yapmanin 6nemine iliskin
goriisler, ispat yapmaya iliskin genel gortisler ve ispat yapma ile ilgili duygulara yonelik gortisler olmak tizere
(bu galismada da incelenen) bes temel igerikte saptamaya caligmiglardir.

Ispat yapmaya iliskin kavramsal yeterliliklere yonelik goriisler; herhangi bir matematiksel bilginin veya
matematiksel sonuglarin dogrulugu i¢in sadece orneklerin ikna edici olup olmadigi, sonuglarin dogrulugu igin
ispata gerek olup olmadifi, ispatin agiklama ve gercekleme gibi islevlerinin olup olmadigi, farkli ispatlar
gbérmenin teoremi anlamaya yardimci olup olmadigi, ispatin baska matematiksel sonuglara bagli olup olmadigi
ve ispatin agamalar1 tizerinde ¢aligmanin ispat1 anlamaya yardimc1 olup olmadig: ile ilgili goriisleri icermektedir
(Morah ve ark., 2006). Ispat yapma benlik algisina iliskin goriisler; Kisilerin kendi baslarina ispat yapabilme
becerilerine giivenip giivenmedikleri ve ispatlar1 anlayip anlamadiklar ile ilgili goriisleri icermektedir (Morali ve
ark., 2006). Ispat yapmamin énemine iliskin goriisler; ispatin teorik matematik ve matematikteki sonuglarin
anlasilmasi i¢in 6nemli olup olmadig, ispatin gerekliligi, ispat yapmanin 6nermeleri bilmek kadar énemli olup
olmadi1 ile ilgili goriisleri icermektedir (Morali ve ark., 2006). Ispat yapmaya iliskin genel gériisler; ispatlarda
kullanilan stratejilerin anlasilip anlasilmadigi, ispat yapmanin bir yoniiyle problem ¢ézme olup olmadigy, ispat
yapmanin sadece matematik¢ilere 6zgili bir is olup olmadigi, katilimcilarin sinifta 6gretim elemani yapmadan
ispatlar1 anlaylp anlamadiklar1 veya teoremi anlamalarma ragmen ispatini anlayip anlamadiklar: ile ilgili
goriisleri icermektedir (Morali ve ark., 2006). Ispat yapma ile ilgili duygulara iliskin goriisler ise kisilerin ispat
yapmay1 sevip sevmedikleri ve ispat yaparken sikilip sikilmadiklari ile ilgili goriisleri igermektedir (Morali ve
ark., 2006).

Literatiirdeki arastrrmalar matematik 6gretmeni adaylarinin ve matematik O6gretmenlerinin ispatlamaya
yonelik goriislerinin istenilen diizeyde olmadigini (Almeida, 2000; Doruk ve Giiler, 2014; Doruk, Ozdemir ve
Kaplan, 2014; Gokkurt ve Soylu, 2012; Giiler, Ozdemir ve Dikici, 2012; Kaplan, Doruk, Oztiirk ve Duran, 2016;
Kayagil, 2012; Knuth, 2002b; Morali ve ark., 2006; Turgut, Yenilmez ve Uygan, 2013) belirtmektedir. Bu
caligma literatiirde bahsedilen ¢aligmalardan farkli olarak &gretmen adaylarinin ispatla ilgili goriislerinin nasil
gelistirilebilecegine dair fikir sunan bir miidahale ¢aligmasidir. Asagida bu miidahalenin esasini olusturan alan
bilgisi ve pedagojik alan bilgisi kisaca agiklanmustir.
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Shulman (1986) calismasinda 6gretmenlerin sahip olmasi gereken bilgi formlarini alan bilgisi, pedagojik alan
bilgisi ve dgretim programi bilgisi olarak {i¢ kategoriye ayirmistir. Alan bilgisi “6gretmenin zihnindeki bilginin
miktar1 ve onun diizenlenmesi” (Shulman, 1986, s. 9) olarak tanimlanmistir. Alan bilgisi kapsaminda
diistiniildigiinde, Ogretmen adaylarinin ispat yontemlerini bilip uygulayabilmeleri gerekmektedir. Ayrica
Ogretmen adaylari, ispatlamalarint Harel ve Sowder’in (1998) smiflamasina gore analitik semada
gerceklestirmeleri gerekmektedir. Pedagojik alan bilgisi ise alan ve pedagojinin 6zel bir karigimidir (Shulman,
1986, 1987). Shulman’m (1986) makalesinde pedagojik alan bilgisi ile ilgili; 6grenci giiglikkleri ile dgretim
stratejileri bilesenleri dikkat ceken iki bilesendir (Park ve Oliver, 2008). Ogretmenler 6grenci giicliiklerinin
disinda bu giicliklerin nedenlerini (Cornu, 1991) de bilmelilerdir. Pedagojik alan bilgisi kapsaminda
diisiiniildigiinde, 6gretmen adaylarinin ispatla ilgili 6grenci giicliiklerini tespit edebilmeleri, bu giicliiklerin
nedenlerini agiklayabilmeleri ve ispatla ilgili 0gretim stratejilerini belirleyebilmeleri gerekmektedir. Ayni
zamanda Ogretmenler, 6grencilerin yaptiklar1 gerekgelendirmeleri Harel ve Sowder’in (1998) siniflamasina gore
tespit edebilmelilerdir. Ancak literatiirdeki caligmalar dgretmen adaylarinmn ispatla ilgili alan (Imamoglu ve
Yontar-Togrol, 2010, 2015; Ko6gce, 2012; Stylianides, Stylianides ve Philippou, 2007; Stylianou, Chae ve
Blanton, 2006) ve pedagojik alan bilgilerinde eksiklikler olduguna (Bieda, 2010; Lesseig, 2016; Pasigna ve
Herrera, 2014; Tabach ve ark., 2010) vurgu yapmaktadir. Ogretmen adaylarinin ispatla ilgili alan ve pedagojik
alan bilgileri gibi biligsel davranislari ile onlarin ispatlamaya yonelik goriis, tutum ve inan¢ gibi duyussal
davraniglar1 birbirlerini karsilikli olarak etkilemektedirler. Ciinkii biligsel ve duyussal davraniglar arasinda bir
bag oldugu disiiniilmektedir (Gomleksiz ve Kan, 2012). Bu nedenle 6gretmen adaylarmin ispatla ilgili alan ve
pedagojik alan bilgilerinin gelistirilmesi, onlarmn ispatla ilgili goriislerini de gelistirebilir.

1.2. Arastirma Sorular

Bu arastirma ogretmen adaylarmin ispatla ilgili alan ve pedagojik alan bilgilerini gelistirmeyi amaclayan
doktora tezinin bir pargasidir. Doktora tezi kapsaminda matematik 6gretmeni adaylarinin ispatla ilgili alan ve
pedagojik alan bilgilerini gelistirmeye yonelik kapsamli ve siirdiiriilebilir bir lisans dersi tasarlanip, uygulamasi
ve degerlendirmesi yapilmistir. Bu calisma kapsaminda ise uygulanan bu ders tasarimimnin, ortadgretim
matematik 6gretmeni adaylarmin ispatlamaya yonelik goriislerine etkisi incelenmistir. Bu baglamda ¢alismanin
aragtirma sorusu ve alt arastirma sorular1 asagidaki gibidir:

Ispatla ilgili alan ve pedagojik alan bilgisi gelistirmeye ydnelik tasarlanan ders 6gretmen adaylarmin ispatla ilgili
goriislerine nasil etki etmistir?

Tasarlanan ders 6gretmen adaylarinin ispat yapmaya iliskin kavramsal yeterliliklerine yonelik gériislerine
nasil etki etmistir?

Tasarlanan ders 6gretmen adaylarinin ispat yapma benlik algilarina iliskin goriislerine nasil etki etmistir?
Tasarlanan ders 6gretmen adaylarinin ispat yapmanin énemine iliskin gériislerine nasil etki etmistir?
Tasarlanan ders 6gretmen adaylarinin ispat yapmaya iliskin genel goriislerine nasil etki etmistir?
Tasarlanan ders 6gretmen adaylarinin ispat yapma ile ilgili duygularina iliskin goriislerine nasil etki
etmistir?

2. Yontem

Bu boliimde aragtrmanin yonteminden, modelinden, asamalarindan, ¢aligma grubundan, veri toplama
araglar1 ve veri analizinden bahsedilecektir.

2.1. Arastirmanin Yontemi

Bu arastrrmada yontem olarak tasarim tabanli arastrma ydntemi tercih edilmistir. Tasarim tabanh
aragtrmanin bir geregi olarak bu arastirma karma yontem arastirma desenlerine gore desenlenmistir. Model
olarak ise analiz, tasarim, gelistirme, uygulama ve degerlendirme asamalarindan olusan ADDIE (Analysis,
Design, Development, Implementation, Evaluation) Modeli (Branch, 2009) kullanilmigtir.

2.2. Arastirmanin Asamalar

Analiz asamasinda ihtiya¢ analizi yapilmis ve 6gretmen adaylarinm ispatla ilgili ihtiyaglar1 belirlenmistir.
Ogretmen adaylarinin ispatla ilgili ihtiyaclarmni belirlemek igin 6grenci standartlar1 (Department for education
2013a, 2013b, 2014; National Council of Teachers of Mathematics [NCTM], 2000; National Governors
Association Center for Best Practices & Council of Chief State School Officers [NGA Center & CCSSO], 2010)
ve Ogretmen yeterlikleri (Department of Education & Training of Australia [DETA], 2004; Milli Egitim
Bakanligi [MEB], 2017a, 2017b; National Board for Professional Teaching Standards [NBPTS], 2010)
incelenmistir. Ogretmen adaylarinin 6gretmenlik egitimi baglaminda ispat ve ispatlama konusunda pedagojik
alan bilgisini gelistiren miidahalelerin tasarlanmasi ve analiz edilmesi ¢agrilarin1 da degerlendirdik (Cihan ve
Akkog, 2019). Ihtiyac analizi sonucunda 6gretmen adaylarinin ispatla ilgili alan ve pedagojik alan bilgilerinin
gelistirilmesi ihtiyact ortaya ¢ikmistir. Bu ihtiyaglar dogrultusunda 6gretmen adaylarmim duyussal ve biligsel
ozellikleri de goz Oniine almarak dersin hedef ve kazanimlari olusturulmustur. Alan bilgisine yonelik iki ve
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pedagojik alan bilgisine yonelik dért kazanim olusturulmustur (Cihan, 2019). ispatla ilgili goriislere yonelik
olarak ise bes kazanmim hedeflenmistir: a) Ogretmen aday1 ispat yapmaya iliskin kavramsal yeterliliklerine
yonelik olumlu goriisler kazanir. b) Ogretmen aday ispat yapma benlik algisina iliskin olumlu goriisler kazanir.
¢) Ogretmen aday1 ispat yapmanin énemine iliskin olumlu goriisler kazanir. d) Ogretmen aday ispat yapmaya
iliskin olumlu genel gériisler kazanir. ¢) Ogretmen aday ispat yapma ile ilgili olumlu duygular kazanir (Cihan ve
Akkog, 2018).

Tasarim asamasinda ne 6gretelim, nasil 6gretelim ve nasil degerlendirelim sorularma yanit aranmistir. Bu
asamada dersin hedefleri ve kazanimlar1 géz Oniine alinarak ders igerigi ve akisi, dersin 6grenme-Ogretme
durumlar1 ve dersin degerlendirme sistemi ile degerlendirme araglari olugturulmustur (Cihan, 2019; Cihan ve
Akkog, 2018). Gelistirme agmasinda ise bunlarla ilgili uzman goriisleri alinarak ders tasarimina son hali
verilmistir. Ders tasarimmin son hali 6gretmen adaylarinin ispatla ilgili alan bilgilerini gelistirmeye yonelik
olarak ispatin modern bilesenleri, ispat yOontemleri, ispat tiirleri, ispat semalari gibi modiilleri, 6gretmen
adaylarmin ispatla ilgili pedagojik alan bilgilerini gelistirmeye ydnelik olarak ispatlamaya yonelik 6grenci
giicliikleri, ispatlamaya yonelik 6grenci giigliiklerinin nedenleri, ispatlamaya yonelik Ogretim stratejileri ve
ogrencilerin sahip olduklar1 ispat semalar1 gibi modiilleri icermektedir (Cihan, 2019; Cihan ve Akkog, 2018).

Uygulama asamasinda (Cihan, 2019) birinci yazar dersin yiiriitiiciisii, ikinci yazar ise dersin koordinatorii
olarak goérev yapmistir. Ayrica ikinci yazar da uygulama asamasinda katilimeir olmayan gozlemci gorevini
istlenmis olup uygulama esnasinda anlik notlar tutmustur. Uygulama asamasi bir egitim-6gretim donemi (15
hafta) stirmiistiir. Uygulama asamasi bir dnceki asamadaki ders igerigi ve akigina, dersin dgrenme-ogretme
durumlarma sadik kalinarak yiiriitiilmiistiir. Uygulama asamasinda geleneksel dgretmen merkezli yaklasimdan
ogrenci merkezli yaklagima dogru siralanmig anlatim, soru-cevap, tartisma, problem ¢ézme, kavram haritast,
ornek olay ve senaryo-temelli 6gretim yontemleri (Altun, 2001; Tok, 2017) kullanilmistir. Uygulama agamasina
ispatm modern bilesenleri ile baslanmustir. Ispatin modern bilesenleri 6gretmen adaylarina genis bir yelpazede
sunulmustur. Ispatm modern bilesenleri dncelikle terimler ve dnermeler basliklarina ayrilarak, terimler; tanimsiz
terimler ve tanimlar olmak iizere iki alt bashikta incelenmistir. Onermeler ise dogru dnermeler (teoremler), yanlis
onermeler, varsayimlar (kestirimler) olmak tiizere ii¢ alt baslikta incelenmistir. Yine teoremler alt basligi
aksiyomlar, postulatlar, lemmalar ve sonuglar gibi basliklarla detaylandirilmistir. Ogretmen adaylarindan tiim bu
kavramlari igeren kavram haritasi ¢izmeleri istenmistir. Daha sonra 6gretmen adaylarina gerekgelendirme, ispat,
ispatlama ve ¢iiriitme kavramlari, bu kavramlar arasindaki iliskiler ve farklar, ispatlama siireci, ispatin iglevleri
(Bell, 1976; Hanna, 2000), ispatin tiirleri ve iyi bir ispatta olmasi gereken 6zellikler sunulup, 6rneklendirilmistir.
Kotii ve iyi ispat 6rneklerine yer verilmistir. Farkli arastirmacilara ait ispat ve ispatlama siniflamalar1 (Balacheff,
1987, 1988; Harel ve Sowder, 1998; Miyazaki, 2000; Raman, 2003; Van Hiele, 1986; Vinner, 1991; Waring,
2000; Weber, 2004) anlatilip Sowder ve Harel’in (1998) dissal, deneysel ve analitik ispat semalar1 smiflamasi
yedi alt ispat semastyla (otoriter, ritiiel, sembolik, algisal, 6rnek-temelli, doniisiimcii ve analitik) birlikte detayli
olarak incelenmistir. Ortadgretim Ggrencilerinin ve dgretmen adaylarinin yaptiklar: ispatlar ilgili literatiirden
derlenerek caligma yapraklari iizerinde ispat sema belirleme etkinlikleri yapilmistir. Bunu arastirmacilarin
olusturdugu senaryo ¢alismalar1 takip etmistir. Ogretmen adaylarina bir dnerme verilip bu 6nermeyi yedi alt ispat
semasini kullanarak yedi farkli cevapla gerekgelendirmeleri istenmistir. Ogretmen adaylarma yedi ispat yontemi
yedi ayr1 haftada anlatilmustir. Ispat yontemlerine tiimevarimla ispat yontemi ile baglanmustir. Daha sonra
timdengelimle ispat yontemi dogrudan ve dolayli ispat yontemleri olmak iizere ikiye ayrilmistir. Dolayli ispat
yontemleri ise durum yoluyla ispat, tiikketerek ispat, ¢eliski yoluyla ispat, olmayana ergi ile ispat ve aksine drnek
verme yoluyla ispat yontemi olmak {izere bese ayrilmistir. Bu yontemlerin ne oldugu, ne zaman ve hangi tip
sorularda bagvurulmasi veya bagvurulmamas: gerektigi, bu yontemlerin kullanilacagi 6nermelerin yapisi,
onermeler hesabiyla bu yontemlerin mantig1 tek tek anlatilmistir. Calisma yapraklar1 yardimiyla her bir ispat
yontemi ile ilgili farkli matematik konularina ait ispatlama etkinlikleri yapilmistir. Calisma yapraklart 6gretmen
adaylarmin ispat yontemlerini 6grenmelerine katki saglayacak sekilde 6nermenin (varsa) hipotezinin, hiikmiiniin,
yontemi de i¢eren ispata baslama climlesinin, her yontem i¢in farkli olacak sekilde ispatta atilan adimlarin ve
bitis climlesinin yer aldig1 boliimlere ayrilmigtir. Derslerde yapilan tiim ispatlar analitik ispat semasi kullanilarak
yapilmistir. Analitik semalardan doniisiimeii semalara yer verilse de genellikle aksiyomatik sema kullanilmastir.
Tim bu ¢aligmalar 6nce grup sonra bireysel olarak yapilmis ve daha sonra da tartisma ortamina gecilmistir. Bu
caligmalar1 6gretmen adaylarinin pedagojik alan bilgilerini gelistirecek bigimde her bir ispat yontemine 6zgi
ispatlamaya yonelik 6grenci giligliiklerini tespit etme, bu giigliiklerin nedenlerini agiklama ve bu gii¢liiklerin
istesinden gelecek dgretim stratejilerini belirlemeye yonelik 6rnek olay ve senaryo-temelli etkinlikler izlemistir
(Cihan, 2019).

Degerlendirme asamasinda ise dgretmen adaylarinin ispatlamaya yonelik goriisleri ile ispatla ilgili alan ve
pedagojik alan bilgilerindeki gelisimler incelenmistir. Bu arastrma kapsaminda ise &gretmen adaylarmin
ispatlamaya yonelik goriislerindeki gelisim incelenmistir.
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2.3. Cahisma Grubu

Calismanm nicel asamasi i¢in Orneklem uygun &rnekleme teknigi ile belirlenmistir. Orneklemin kolay
ulasilabilir olmas1 nedeniyle bu 6rnekleme teknigi secilmistir. Arastirmanin nicel verilerinin toplandig1 ¢alisma
grubu Istanbul’da bir devlet iiniversitesinin Ortadgretim Matematik Ogretmenligi Boliimii ikinci sinifina devam
eden 22 (14 kadin, 8 erkek) matematik 6gretmeni adayidir. Calismanin nitel agamasi igin ¢alisma grubu teorik
ornekleme teknigi ile belirlenmistir. Alan ve pedagojik alan bilgileri iyi, orta ve zayif olan 3 (2 kadin, 1 erkek)
Ogretmen aday1 nitel veri ¢aligma grubu olarak belirlenmistir. Bunun nedeni teorimiz ¢ergevesinde &gretmen
adaylarinin goriislerini incelemektir. Ciinkii tasarlanan ders 6gretmen adaylarmin ispatla ilgili alan ve pedagojik
alan bilgilerini gelistirmeyi hedefleyen bir miidahaledir. Bu arastirmanin amaci da bu miidahalenin 6gretmen
adaylarinin ispatla ilgili goriislerine etkisini incelemektir. Nitel caligma grubundaki katilimcilara bu ii¢ 6gretmen
adaymi simgeleyen OA1 (iyi), OA2 (orta) ve OA3 (zayif) seklinde kodlar verilmistir.

2.4. Veri Toplama Araclan
Nicel veriler likert tipi 6lcekle, nitel veriler yar1 yapilandirilmis miilakatlar araciligiyla toplanmustir.
2.4.1. Ispat Yapmaya Yonelik Goriis Olgegi

Ogretmen adaylarmin ispatlamaya yonelik goriislerini 6lgmek amaciyla nicel veri toplama araci olarak
Morali ve arkadaslarmin (2006) Almeida’nin (2000) ¢alismasindan Tiirk¢e’ye uyarlayip gelistirdikleri likert tipi
Oleek calismanin tiim yazarlarindan gerekli izinler alinarak kullanilmistir. Bu Slgegin tercih edilme sebebi
gegerlik ve gilivenirlik ¢aligmalarinin yazarlar tarafindan yapilmis olmasidir.

20 maddelik 6lgegin on maddesi (1, 2, 3, 4, 9, 10, 11, 12, 13, 15) olumlu, on maddesi de (5, 6, 7, 8, 14, 16,
17, 18, 19, 20) olumsuz goriis icermektedir (Morali ve ark., 2006). Bu 6lgegin maddeleri ispat yapmaya iligkin
kavramsal yeterliliklere yonelik goriisler (1, 2, 3, 5, 11, 12, 13), ispat yapma benlik algisia y6nelik goriisler (10,
14), ispat yapmanin dnemine iligkin gorisler (4, 6, 8, 17), ispat yapmaya iliskin genel goriisler (7, 15, 16, 19, 20)
ve ispat yapma ile ilgili duygulara iliskin gorisler (9, 18) olmak tizere bes temel i¢erikten olusmaktadir (Moral
ve ark., 2006, s. 153-156). Ispat yapmaya iliskin kavramsal yeterliliklere yonelik goriisler (KYG), ispat yapma
benlik algisina iliskin goriisler (BAG), ispat yapmanin dnemine iliskin goriisler (OG), ispat yapmaya iliskin
genel gorisler (GG) ve ispat yapma ile ilgili duygulara iligkin goriislerin (DG) tamamu; yani tiim 6lgek maddeleri
ispat yapmaya yonelik goriisleri olugturmaktadir.

Bu 6l¢ek dersin uygulamasindan 6nce ve sonra olmak {izere 22 6gretmen adayma iki kez uygulanmistir. Bu
Olcegin iki kez uygulanmasinin amaci ders tasariminin 6gretmen adaylarmin ispatlamaya yonelik goriislerine
etkisini incelemektir.

Olgek dgretmen adaylarina uygulanmadan dnce onlara arastirmanin igerigi ve katilimer haklar1 anlatilip, soru
sormalarma firsat taninmis ve arastirmaya katilip katilmamaya karar vermeleri igin gerekli siire tanmmustur.
Arastirmaya goniillii olarak katilan 6§retmen adaylarina bilgilendirilmis goniillii riza formu imzalatilmistir.

2.4.2. Yar1 Yapulandirilmig Miilakatlar

Yar1 yapilandirilmis miilakatlarin amaci, 6gretmen adaylarmim ispatlamaya yonelik goriislerini derinlemesine
incelemektir. Miilakatlar i¢cin bes adet sorudan olusan yar1 yapilandirilmis miilakat formu hazirlanmistir. Bu
sorular yukarida bahsedilen dlgekteki bes temel igerige yonelik 6gretmen adaylarindan detayl bilgi almak igin
hazirlanmistir. Bu bes temel icerikte yer alan terminolojide kastedilmek istenen goriislerin neleri kapsadigi
dgretmen adaylarina agiklanmistir. Ogretmen adaylarinin miilakatlarda gériislerini detaylandirmalari igin sorulan
her sorunun ardina “agiklayiniz” ifadesi eklenmistir.

1) ispat yapmaya iliskin kavramsal yeterliliklerinize ne kadar giiveniyorsunuz? Ag¢iklayniz.
2) Ispat yapmaya iligkin benlik algilariniza ne kadar giiveniyorsunuz? Agiklayiniz.

3) ispat yapmanin 6nemi hakkinda ne diisiiniiyorsunuz? Agiklaymiz.

4) Ispat yapmaya iliskin genel goriisleriniz nelerdir? Aciklaymniz.

5) Ispat yaparken ne hissediyorsunuz? A¢iklaymiz.

Yar1 yapilandirilmis miilakat formunun gegerlik ¢aligmalari i¢in 10 uzmandan goériis alinmistir. Formun
giivenirlik ¢alismalari, aragtirmanin yapildigi tiniversiteden farkli bir tiniversitede 6grenim géren {i¢ matematik
Ogretmeni aday1yla pilot ¢aligmalar1 yapilarak tamamlanmigtir. Pilot ¢alismadan elde edilen veriler arastirmacilar
tarafindan kodlandiktan sonra baska bir uzman tarafindan da kodlanmistir. Bu iki kodlama arasindaki uyum
Miles ve Huberman’in (1994, s. 64) Guvenirlik = Goris Birligi/(Goris Birligi + Goris Ayriligt) formiili
ile hesaplanmis ve ~%93 bulunmustur.

Yar1 yapilandirilmis miilakatin  6zelligi olarak Ogretmen adaylarmm bes temel igerikte yer alan
terminolojideki goriislerini derinlemesine degerlendirebilmek i¢in bu ana sorulara takiben farkli sorular da
sorulmustur. Ayrica 6gretmen adaylarmim 6lgekteki goriisleri ile yar1 yapilandirilmis miilakatlarda belirttikleri
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gortisleri karsilagtirilmis akabinde onlarin gercek goriislerini ortaya c¢ikaracak ve onlarin gorislerini
derinlemesine 6lgecek nitelikte sorular yoneltilmistir.

Yar1 yapilandirilmis miilakatlar, nitel veri calisma grubu olarak belirlenen ii¢ 6gretmen adayiyla uygulama
oncesi ve sonrasi olmak iizere iki kez yapilmistir. Miilakatlarin iki kez uygulanmasinin amaci, ders tasariminin
Ogretmen adaylarmin ispatlamaya yonelik goriislerine etkisini derinlemesine incelemektir.

Miilakatlara goniillii olarak katidan ©gretmen adaylarma yar1 yapilandirilmis miilakat protokolii
imzalatilmigtir. Miilakatlar, katilimcilardan yazili ve sozIlii izin alinmak suretiyle ses kayit cihaziyla
kaydedilmistir.

2.5. Veri Analizi

Nicel analiz i¢in nicel betimsel analiz ve nicel kestirimsel analiz, nitel analiz igin ise nitel betimsel analiz
yapilmistir.

2.5.1. Ispat Yapmaya Yonelik Goriis Olceginin Analizi
Nicel veriler hem niimerik hem de kategorik olarak degerlendirilmistir.

Nicel veriler analiz edilirken 6lgegin maddelerine verilen “kesinlikle katiliyorum” yanitlar1 olumlu goris
iceren maddelerde 5 puan, olumsuz goriis iceren maddelerde 1 puan, “katiliyorum” yanitlar: olumlu goriis iceren
maddelerde 4 puan, olumsuz goriis igeren maddelerde 2 puan, “kararsizim” yanitlart olumlu ve olumsuz goriis
iceren maddelerde 3 puan, “katimriyorum” yanitlar1 olumlu goriis igeren maddelerde 2 puan, olumsuz goriis
iceren maddelerde 4 puan, “kesinlikle katilmiyorum” yanitlar1 ise olumlu goriis iceren maddelerde 1 puan,
olumsuz gériis iceren maddelerde 5 puan olarak puanlanmistir (Morali ve ark., 2006). Ogretmen adaylarmin
yukarida bahsedilen bes temel igerikteki goriislerini belirlemek i¢in dlgegin ilgili maddeleri analiz edilmistir.

100 puan iizerinden 70 puan {istii alan katilimcilarin goriisleri kategorik olarak olumlu, 60 ve alt1 puan alt1
alan katilimeilarin gorisleri kategorik olarak olumsuz, arada kalan katilimcilarin goriigleri ise kategorik olarak
kararsiz olarak degerlendirilmektedir (Morali ve ark., 2006).

Ders tasariminin 6gretmen adaylarmin ispatlamaya yonelik goriiglerine niimerik agidan istatistiksel olarak
anlamli bir etkisinin olup olmadigini belirlemek igin Wilcoxon isaretli siralar testi (Wilcoxon, 1945)
kullanilmistir. Non-paramaterik bir test olan Wilcoxon isaretli siralar testi bu ¢aligmada a) drneklem sayisinin az
olmasi ve b) verilerin normal dagilim gostermemesi nedenleriyle, bagimli 6rneklem t-testinin alternatifi (Can,
2017) olarak kullanilmustir. Bu test, ayn1 6rneklemin farkli iki zamana ait puanlarini siralara doniistiiriir ve onlar1
karsilastirip istatistiksel olarak anlamli bir fark olup olmadigini saptar (Pallant, 2007).

Ders tasarimmin 6gretmen adaylarmin ispatlamaya yonelik goriis puanlarma anlamli bir etkisinin olup
olmadigmi saptamak i¢in test istatistigi Z ve olasilik p degerleri g6z oniine alinmistir. p < 0,05 ise %95 giiven
diizeyinde istatistiksel agidan anlamli bir etkinin olduguna karar verilmistir. Anlamli bir etkinin var olduguna
karar verildiginde bu etkinin yOniinii saptamak i¢in fark puanlarinin sira ortalamasi ve sira toplami incelenmistir.
Fark puanlarmin sira ortalamasi ve sira toplami negatif siralar lehineyse bu anlamli etkinin uygulama oncesi
lehine olduguna, pozitif siralar lehineyse bu anlamli etkinin uygulama sonrasi lehine olduguna karar verilmistir.
Ders tasariminin goriisler iizerine anlaml bir etkisi varsa bu etkinin biiyiikligi r = Z/yn formiiliiyle
hesaplanmigtir (Pallant, 2007, s. 225). Etki biiyiikliigi r = 0,1 ise kiigiik etki, r = 0,3 ise orta etki, r = 0,5 ise
biiyiik etkidir (Cohen, 1988, s. 79-81). Etki biiyikliigii, belirlenen etkinin nesnel bir ol¢lisidiir ve bir
standartizasyon saglar.

Ders tasariminin 6gretmen adaylarinin ispatlamaya yonelik goriislerine kategorik agidan anlamli bir etkisinin
olup olmadigint belirlemek i¢in Marjinal Homojenlik Testi (Agresti, 1983, 1990) kullanilmistir. Marjinal
homojenlik testi, ayn1 6rneklemin farkl iki zamana ait kategorik verileri arasinda istatistiksel olarak anlamli bir
fark olup olmadigini saptar (Agresti, 1990). p < 0,05 ise %95 giiven diizeyinde istatistiksel agidan anlaml bir
etkinin olduguna karar verilmistir.

2.5.2. Yart Yapilandirilmig Miilakatlarin Analizi

Miilakatlardan elde edilen ses kayitlar1 metin haline getirilerek betimsel analiz yapilmustir. Betimsel analiz
i¢in belirlenen tematik ¢ergeve Olgekteki kategorik goriislerdir. Ogretmen adaylariyla yapilan miilakatlardan elde
edilen veriler olumsuz, kararsiz ve olumlu kategorilerine gore analiz edilmistir.

Yar1 yapilandirilmis miilakatlarda sorulan bes soruya verilen anlamli, dogru ve olmasi gereken yonde
kesinlik igeren yanitlar “olumlu”, anlamsiz, yanlis ve olmamasi gerecken yonde kesinlik igeren yanitlar
“olumsuz” ve arada kalan, kesinlik igermeyen geliskili yanitlar “kararsiz” olarak kodlanmustir. Ornegin “Ispat
yapmaya iliskin kavramsal yeterliklerinize ne kadar giiveniyorsunuz? Agiklaymniz” sorusuna “Ispat yapmaya
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iliskin kavramsal yeterliklerime bazen giiveniyorum bazen glivenmiyorum” cevabini veren dgretmen adaymin
yanit1 kararsiz olarak kodlanmistir.

3. Bulgular

Bu boliimde dncelikle 6lgekteki bes temel igerige ait uygulama oncesi ve sonrasina ait niimerik goriis puan
ortalamalar1 ve kategorik goriisler madde bazli olarak ele alinmis ve Ogretmen adaylarmdaki gelisim
incelenmistir. Ogretmen adaylarmin goriislerindeki gelisimleri derinlemesine incelemek icin yar1 yapilandirilms
miilakatlardan elde edilen verilere yer verilmistir.

Tablo 1. Ogretmen adaylarmin ispat yapmaya iliskin kavramsal yeterliliklerine yonelik goriislerine dair
uygulama Oncesi ve sonrasina ait madde bazli puan ortalamalar1 ve kategorik goriisler

U)_{gulama Uygulama VD EUTE Uygulama
Oncesi ) . Sonrasi 3
Madde Niumerik neest Niimerik onrast
. Kategorik . Kategorik
Goriis Puan Gérii Goriis Puan Gérii
Ortalamasi orus Ortalamasi orus
1.Matematiksel bir ispat olgular1 hem gergekler, hem 83,64 olumlu 91,82 olumlu
de agiklar.
2. Matematiksel bir sonug ispatlandiginda dogru 77.27 olumiu 9091 olumlu

olduguna inanirim.

3. Bir sonucun 6rnekle gosterildigini gérmek, o
sonucun neden dogru oldugunu anlamama her 69,09 Kararsiz 90,00 Olumlu
zaman yardimci olmaz.

5. Matematikte sadece 6rnekler yardimai ile bir seyin

» 8 T 74,55 Olumlu 95,45 Olumlu
dogru olup olmadigini anlayabiliriz.
11; Bir 1spavt1n asamalar1 lizerinde ¢alismak, neden 80,91 olumiu 95,45 olumlu
dogru oldugunu anlamama yardimci oluyor.
12 Bir teoremin farkli ispatlarmi gérmek onu daha 81,82 olumiu 97.27 olumlu
iyi anlamama yardimci oluyor.
13. Matematlksefl bir ispat, baska matematiksel 84,55 olumlu 92.73 olumlu
sonuglara da baghdir.
Ortalama 78,83 Olumlu 93,38 Olumlu

Tablo 1’den goriildiigii gibi ispat yapmaya iligkin kavramsal yeterliliklere yonelik goriisleri 6lgen tim
maddelerde 6gretmen adaylarmin puan ortalamalari artis gostermistir. Ancak en yiiksek artis (3. madde 20,91
puan) “Bir sonucun 6rnekle gosterildigini gérmek, o sonucun neden dogru oldugunu anlamama her zaman
yardime1 olmaz” (s. 159) maddesinde meydana gelmistir. Ogretmen adaylar1 uygulama dncesinde bir sonucun
ispatlanmadan dogrulugunun 6rnekle gosterilmesinin o sonucun neden dogru oldugunu anlamalarina yardime1
olup olmadig1 konusunda kararsiz kalmislardir. Bu soruda uygulama Oncesi kararsiz goriis bildiren 6gretmen
adaylar1 uygulama sonrasinda olumlu goriis bildirmislerdir. Bir sonucun neden dogru oldugunun anlagilmasina
her zaman 6rnekler yeterli olmaz, o sonucun ispati gerekebilir. Ciinkii ispat bir sonucun sadece dogru oldugunu
gostermekle kalmaz, onun neden dogru oldugunu da agiklar, boyle bir iglevi de vardir. Bu maddede 6gretmen
adaylarinin olumlu goriis bildirmesi 6nemlidir.

Yar1 yapilandirilmis miilakatlara katilan 6gretmen adaylari, kavramsal yeterliliklerine yonelik olgekteki
goriislerinin aksine miilakatlarda daha olumlu olmayan goriisler beyan etmiglerdir. Yarit yapilandirimig
miilakatlara katilan ii¢ 6gretmen adaymin ispat yapmaya iliskin kavramsal yeterliliklerine yonelik goriisleri
analiz edildiginde bir 6§retmen adayinin goriisii uygulama oncesinde kararsiz, uygulama sonrasinda ise olumlu,
diger iki 6gretmen adaymnin goriisleri de uygulama dncesinde olumsuz iken uygulama sonrasinda da olumludur.

Ispatlamaya iliskin kavramsal yeterliliklerine yonelik goriisleri uygulama 6ncesinde kararsiz, uygulama
sonrasinda ise olumlu olan 6gretmen adayina iliskin miilakat diyaloglarina asagida yer verilmistir. Ogretmen
adayr uygulama Oncesinde ‘“kavramsal yeterliliklerime bazen giiveniyorum bazen giivenmiyorum” diyerek
kararsiz bir goriis bildirirken, uygulama sonrasinda ise “kavramsal yeterliliklerime ¢ok giiveniyorum” diyerek
tamamen olumlu bir gériis bildirmistir.

M: Ispat yapmaya iliskin kavramsal yeterliliklerinize ne kadar giiveniyorsunuz? A¢iklayimz. (Uygulama
Oncesi)

OAl: Ispat yapmaya iliskin kavramsal yeterliliklerime bazen giiveniyorum bazen giivenmiyorum. Ciinkii
bazen bilmedigim seyler oluyor. O zaman da ispat eksik kaliyor. Kavramlari tam olarak bilmeden ispati
tamamlayamayiz. O yiizden kavramlar: bilmek énemli.
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M: Ispat yapmaya iliskin kavramsal yeterliliklerinize ne kadar giiveniyorsunuz? A¢iklayimz. (Uygulama
Sonrast)

OA1l: Bu dersten sonra ispat yapmaya iliskin kavramsal yeterliliklerime ¢ok giiveniyorum. Bu ders sayesinde
ispat yapmak icin gerekli olan kavramlari ogrendim.

Ispatlamaya iliskin kavramsal yeterliliklerine yonelik goriisleri uygulama oncesinde olumsuz, uygulama
sonrasinda ise olumlu olan bir 6gretmen adayina iliskin miilakat diyaloglarina asagida yer verilmistir. Ogretmen
aday1 uygulama Oncesinde kavramsal yeterliliklerime “higbir sekilde glivenmiyorum” diyerek tamamen olumsuz
bir goriis bildirirken, uygulama sonrasinda ise “kavramsal yeterliliklerime ¢ok giiveniyorum” diyerek tamamen
olumlu bir goriis bildirmistir.

M: Ispat yapmaya iliskin kavramsal yeterliliklerinize ne kadar giiveniyorsunuz? Aciklayimz. (Uygulama
Oncesi)

OA3: Hicbir sekilde giivenmiyorum. Ciinkii hi¢hir sey bilmiyorum.

M: Ispat nedir? Ne degildir? Onlarla ilgili kavramsal bilgin var mi?

OA3: Highir bilgim yok.

M: Ispat yapmaya iliskin kavramsal yeterliliklerinize ne kadar giiveniyorsunuz? Aciklayimz. (Uygulama
Sonrasi)

OA3: Dersten énce ispatla ilgili hichir kavrami bilmiyorken, tek bir ciimle kuramiyorken, simdi kavramsal
yeterliliklerine ¢ok giiveniyorum.

Tablo 2. Ogretmen adaylarinin ispat yapma benlik algilarina iliskin goriislerine dair uygulama 6ncesi ve
sonrasina ait madde bazli puan ortalamalar1 ve kategorik goriisler

U¥9”'a”?a Uygulama Uit Uygulama
Oncesi Oncesi Sonrast Sonrast
Madde Niimerik - Niimerik .
. Kategorik o Kategorik
Goriis Puan Gérii Goriis Puan Gérii
Ortalamasi ¥ Ortalamasi 3
10 Kgndl kendime ispat yapabilme becerime 62.73 Kararsiz 81,82 olumlu
giiveniyorum.
14. ispatlar1 anlamada genellikle zorlantyorum. 64,55 Kararsiz 83,64 Olumlu
Ortalama 63,64 Kararsiz 82,73 Olumlu

Tablo 2’den goriildiigli gibi 6gretmen adaylarinin ispat yapma benlik algilarmna iliskin goriis puanlarinda iki
maddede 19,09 puanlik bir artis meydana gelmistir. “Kendi kendime ispat yapabilme becerime giiveniyorum” ve
“Ispatlar1 anlamada genellikle zorlantyorum” maddelerinde (s. 160) uygulama dncesinde kararsiz goriis bildiren
Ogretmen adaylari, uygulama sonrasinda olumlu goriis bildirmislerdir. Uygulamanin 6gretmen adaylarinin kendi
kendilerine ispat yapabilme becerilerine giivenmelerine ve ispatlari anlamalarina kategorik etkisinin oldugu
goriilmektedir.

Yar1 yapilandirilmis miilakatlara katilan li¢ 6gretmen adayimin ispat yapmaya iliskin benlik algilarina yonelik
goriisleri analiz edildiginde iki 6gretmen adaymm uygulama 6ncesinde goriigleri kararsiz, uygulama sonrasinda
ise olumlu, diger 6gretmen adaymim da uygulama 6ncesinde goriigleri olumsuz iken uygulama sonrasinda da
kararsizdir.

Ispatlamaya iliskin benlik algilarmna yonelik goriisleri uygulama dncesinde kararsiz, uygulama sonrasinda ise
olumlu olan bir dgretmen adayma iliskin miilakat diyaloglarina asagida yer verilmistir. Ogretmen aday1
uygulama dncesinde genelde kendine giivendigini belirtse de bazen de kendine giivenmedigini belirterek kararsiz
bir goriis bildirmistir. Uygulama sonrasinda ise benlik algilarina kesinlikle giivendigini belirterek olumlu goriis
bildirmistir.

M: Ispat yapmaya iliskin benlik algilarimza ne kadar giiveniyorsunuz? (Uygulama Oncesi)
OAl: Ispat yapmak icin insanin kendine giivenmesi gerekir. Kendime giiveniyorum. Ashnda o biraz da
ogreten kisiye bagh. Nasil anlatsam matematigi seviyorum. Bugiine kadar hep bilgilerimi gelistirdim.
Bilgilerime de o yiizden giiveniyorum. Ispatin genelde iistesinden gelirim diye diisiiniiyorum. Genelde ispati
yapryorum kendime giiveniyorum. Ama bazen de yapamiyorum o zaman da giivenmiyorum.

M: Ispat yapmaya iliskin benlik algilarimiza ne kadar giiveniyorsunuz? (Uygulama Sonrast)

OAl: Dersten once ispat yapmaya iligkin benlik algilarimda kararsizdim. Ben yapamam vardi acikcast.
Dersten once bir soru beni korkuttugu zaman, gorintii olarak korkuttugu zaman, o soruyu es
gegebiliyordum. Simdi ¢ézerim diyorum ama bu ders sayesinde.

Ispatlamaya iliskin benlik algilarina ydnelik goriisleri uygulama éncesinde olumsuz, uygulama sonrasinda ise
kararsiz olan dgretmen adayimna iliskin miilakat diyaloglarina asagida yer verilmistir. Ogretmen aday1 uygulama
oncesinde kendine giivenmedigini belirterek olumsuz goriis bildirmistir. Uygulama sonrasinda ise dersten

287



F. Cihan, H. Akkog¢

oncesine gore kendine daha ¢ok giivendigini belirtse de hala eksikleri oldugunu sdyleyerek kararsiz goriis
bildirmistir.

M: Ispat yapmaya iliskin benlik algilariniza ne kadar giiveniyorsunuz? (Uygulama Oncesi)

OA3: Ben iiniversiteye gelene kadar hicbir ispat yapmanus bir kisiyim. Hatta aksiyom vesaire 9. simifta bize
veriyorlardr ama onlart bile hi¢ okumamistim. Yazilida ¢ikmasi bile umurumda degildi. Hi¢ bakmadim. Hig
hosuma gitmedi ¢iinkii. Yani matematigin hep sayisal kismiyla ilgilenmis bir kisiyim. Ama ispati yapmam
gerektigini biliyorum 6gretmen adayt olarak. Insallah yapacagima inaniyorum. Calisirsam yaparim yani.

M: Peki su an i¢in?

OA3: Su an icin kendime giivenmiyorum, pek yapamiyorum, bilgilerime de giivenmiyorum.

M: Ispat yapmaya iliskin benlik algilariniza ne kadar giiveniyorsunuz? (Uygulama Sonras)
OA3: Eskisine gore daha iyi. Ama hala kararsizliklarim var.

M: Ne zaman kararsizlik yasiyorsun?

OA3: Ilk defa gordiigiim farkl: ispat sorularinda.

Tablo 3. Ogretmen adaylarmin ispat yapmanin dnemine iliskin goriislerine dair uygulama éncesi ve sonrasina ait
madde bazli puan ortalamalar1 ve kategorik goriisler

U¥9“'ama Uygulama Lt Uygulama
Oncesi Oncesi Sonrasi1 Sonrast
Madde Niimerik . Niimerik .
o Kategorik o Kategorik
Gortis Puan Gérii Goriis Puan Gérii
Ortalamasi 3 Ortalamasi 3
4. Ispat, teorik matematik i¢in vazgegilmezdir. 87,27 Olumlu 94,55 Olumlu
6. Ispatlar1 neden yapmamiz gerektigini
anlamiyorum: derste gordiigiimiiz biitiin sonuglar 74 55 Olumlu 95 45 olumlu
daha 6nceden {inlii matematikgiler tarafindan siiphe ! '
gotiirmez bir sekilde kanitlanmas.
_8. Eger matematlkte bir sonug acikca dogruysa 75.45 Olumlu 90,91 olumlu
ispatlanmasinin bir anlami yoktur.
17. Bence teorerr}.l (ya Qa 'onermeyl) bilmek ispatini 7182 olumlu 89,09 olumlu
yapmaktan daha 6nemlidir.
Ortalama 77,27 Olumlu 92,50 Olumlu

Tablo 3’ten goriildiigii gibi 6gretmen adaylarinin ispat yapmanin 6nemine iligkin goériis puanlarinda en
yiiksek artis (6. madde 20,9 puan) “Ispatlari neden yapmanz gerektigini anlamiyorum: derste gordiigiimiiz
biitiin sonuglar daha Onceden {inli matematik¢iler tarafindan sliphe gotiirmez bir sekilde kanitlanmis”
maddesinde (s. 159) meydana gelmistir. Ispat yapmanimn 6nemine iliskin goriisleri 6lgen diger iic maddede de
Ogretmen adaylarinin puan ortalamalar1 artig gostermistir.

Yar1 yapilandirilmig miilakatlara katilan ti¢ 6gretmen adaymin ispat yapmanin 6nemine iligkin gorisleri
analiz edildiginde iki 0gretmen adaymin uygulama Oncesi ve sonrasinda goriisleri olumlu, diger 6gretmen
adaymnin da uygulama 6ncesinde goriisleri olumsuz iken uygulama sonrasinda da olumludur.

Ispat yapmanin 6nemine iliskin goriisleri uygulama dncesinde olumsuz, uygulama sonrasinda olumlu olan
dgretmen adayma iligkin miilakat diyaloglarina asagida yer verilmistir. Ogretmen aday1 uygulama 6ncesinde
“ispatin fazla 6nemli oldugunu diisiinmiiyorum” diyerek olumsuz bir goriis bildirirken, uygulama sonrasinda ise
ispatm 6nemli olduguna vurgu yaparak olumlu goriig bildirmistir.

M: Ispat yapmanin énemi hakkinda ne diisiiniiyorsunuz? Agiklaymiz. (Uygulama Oncesi)

OA2: Ispatin fazla 6nemli oldugunu diigiinmiiyorum. Yani bizim icin ortadgretim Ggretmenleri igin.

M: Kimin igin onemli?

OA2: Akademisyen igin onemli. Akademisyenlerin bu konuda ¢alisma yapmasi lazim. Ama bizim okulda da
dahil bize gésterilmesine karsyyim. Bizden de akademik kariyer yapmak isteyenlere yonelik ¢alisma zaten bu.
Ben su an hi¢ kullanmayacagim seyleri goriiyorum alan derslerinde. Ben ogretmen oldugum zaman benim
isime yaramayacak.

M: Su an isine yarryor mu 6grenirken?

OA2: Osrenirken de yaramiyor sadece pratik.

M: Matematigin 6gretilmesinde, 6grenilmesinde bir etkisi var mi?

OA2: Matematigin 6grenilmesinde de bazi seylerin dgrenilmesine yariyor ashinda ama bunu anlatamadiktan
sonra yine kendi icinde kaltyor. Bir yerden sonra yine unutulup gider. Ben ispati kullanabilecegimi bilsem
buna daha ¢ok sariirim aslinda.

M: Ispat yapmanin 6nemi hakkinda ne diisiiniiyorsunuz? Aciklayiniz. (Uygulama Sonrast)
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0A2: Ogretmen olarak bence énemli. Ogrenci her seyi sorabilir. Ogrenciye bir sey olmaz, ispat yapmadan
da ilerleyebilir belki ama 6gretmen ispatlarsa ogrencinin kafasinda daha iyi yer eder. O yiizden 6gretmen,
ogretmen adayimin daha ¢ok dikkat etmesi lazim.

M: Universitedeki égrenciler icin lazim mi?

OA2: Cogu béliim icin degil ama bizim boliim icin lazim.

M: Neden énemli bu ispat?

OA2: Ciinkii kafada soru isareti birakmiyor.

M: Kesinlestiriyor mu?

OA2: Aynen. Ispatin olayi o zaten.

Tablo 4. Ogretmen adaylarinmn ispat yapmaya iliskin genel goriislerine dair uygulama 6ncesi ve sonrasma ait
madde bazli puan ortalamalar1 ve kategorik goriisler

Uygulama Uygulama T Uygulama
Oncesi Oncesi Sonrast Sonrast
Madde Nu..merlk Kategorik Nu..merlk Kategorik
Gortis Puan Gérii Gortis Puan Gérii
Ortalamasi ¥ Ortalamasi ?
7. Isp.a}tlar.baz.en pek de acikca anlagilmayan 42,73 olumsuz 69,09 Kararsiz
stratejiler igerirler.
15. Ispat yapmak bir anlamda problem ¢dzmedir. 78,18 Olumlu 88,18 Olumlu
16. Mate.ma.tlksel 1spa.t1.ar1 yalnizca profesyonel 79,09 olumiu 94,55 olumlu
matematikgiler yapabilir.
19; Gen(?lde bir teoremin ne ifade ettigini anlamama 57,27 olumsuz 81,82 olumlu
ragmen ispatini anlamada zorlaniyorum.
20. Bir ispatt ancak sinifta hoca yapinca 67.27 Kararsiz 89,00 olumlu
anlayabiliyorum.
Ortalama 64,91 Kararsiz 84,55 Olumlu

Tablo 4’ten goriildiigii gibi 6gretmen adaylariin ispat yapmaya iliskin genel goriis puanlarinda en yiiksek
artis (7. madde 26,36 puan) “Ispatlar bazen pek de acikca anlasilmayan stratejiler icerirler” maddesinde (s. 159)
meydana gelmistir. Uygulama Oncesinde Ogretmen adaylar1 ispatlarmn anlasilmayan stratejiler icerdigini
diisiinmektedirler. Uygulama sonrasinda ise kararsiz kalmuglardir. Ispatlarda yer alan stratejilerin dgretmen
adaylar1 tarafindan anlasilmasi 6nemlidir. Kategorik goriisiin degistigi diger bir madde (19. madde 24,55 puan)
“Genelde bir teoremin ne ifade ettigini anlamama ragmen ispatin1 anlamada zorlaniyorum” maddesinde (s. 160)
uygulama Oncesinde olumsuz goriis bildiren O6gretmen adaylari, uygulama sonrasinda olumlu goriis
bildirmiglerdir. Uygulama Oncesinde Ogretmen adaylar1 teoremleri anlasalar bile ispatlarin1 anlamada
zorlandiklarini diisinmekteydiler. Uygulama sonrasinda ise ispatlar1 da anladiklar1 goriisiine hakim olmuslardir.
Ogretmen adaylar1 teoremler kadar ispatlarini da anlamalilardir. Son olarak kategorik goriisiin degistigi baska bir
madde (20. madde 21,82 puan) ispati ancak smifta 6gretim elemani yapinca anlayabiliyorum maddesidir.
Uygulama oOncesinde kararsiz goriis bildiren Ogretmen adaylari, uygulama sonrasinda olumlu goris
bildirmislerdir. Uygulama oOncesinde ogretmen adaylari Ogretim elemant yapmadan ispati anlayip
anlayamayacaklar1 konusunda kararsiz goriise hakimdiler. Ancak uygulama sonrasinda kendi baglarina da ispat1
anlayabilecekleri diisiincesindeydiler. Ogretmen adaylar1 ispatlar1 kendi ugraslari ile anlayabilmelidirler.
Kategorik degisimin olmadig1 diger iki maddede de 6gretmen adaylarinin puan ortalamalarinda yadsinamayacak
bir artigin oldugu goriilmektedir.

Yar1 yapilandirilmis miilakatlara katilan {i¢ 6gretmen adaymin ispat yapmaya iliskin genel goriisleri analiz
edildiginde iki 6gretmen adayinin uygulama oncesi ve sonrasinda goriisleri olumlu, diger 6gretmen adayinin da
uygulama oncesinde goriisleri olumsuz iken uygulama sonrasinda da olumludur. Ancak goriisleri olumlu olan
O0gretmen adaylarmin ispat yapmaya iliskin goriislerinin, uygulama sonrasinda daha da netlestigi goriillmektedir.

Ispat yapmaya iliskin genel goriisleri uygulama oncesinde olumsuz, uygulama sonrasinda olumlu olan
dgretmen adayma iliskin miilakat diyaloglarma asagida yer verilmistir. Ogretmen aday: uygulama oncesinde
teoremlerin faydasiz oldugunu ispatlardan bir sey elde edilmedigini belirterek tamamen olumsuz goris
bildirmistir. Uygulama sonrasinda ise goriislerinin olumlu oldugunu belirtmistir.

M: Ispat yapmaya iliskin genel goriislerinizi agiklayimz. (Uygulama Oncesi)

OA2: ... Bizim gordiigiimiiz ispatlar da ashnda biraz o olaya bakis acimizi degistiriyor, yani biz ¢ok farkl
teoremlerin ispatint goriiyoruz. Biraz daha faydali seyler gorsek biraz daha faydali teoremler gorsek.

M: Bir tane faydali teorem soyler misin?

OA2: Hocam bu mesela hani ne olabilir, bu sey Fibonacci falan.

M: Onlar faydal mi?

OA2: Fibonacci gibi bir drnekle akla yatan. O kadar karmagsik ispatlarla ugrasiyoruz sonra bir sey elde
etmiyoruz. Ispatlasak da bir sey elde edemiyoruz. Ispatliyoruz ama ne oldu yani! Neyi ispatladik!
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M: Ispat yapmaya iliskin genel goviislerinizi aciklayimz. (Uygulama Sonrasi)

OA2: Ispatlamaya iliskin genel goriislerim olumlu oldu dersten sonra. Ciinkii ispatin bana bir seyler
kattigim hissettim bana. Zihinsel acidan gelistirdigini hissettim. Ispatlart anlayabiliyorum, kendi kendime
yapabiliyorum.

Tablo 5. Ogretmen adaylarinin ispat yapma ile ilgili duygularma iliskin goriislerine dair uygulama 6ncesi ve
sonrasina ait madde bazli puan ortalamalar1 ve kategorik goriisler

U¥9”'a”?a Uygulama gt Uygulama
Ot Oncesi SIS Sonrasi
Madde Niimerik . Niimerik .
e Kategorik e Kategorik
Goriis Puan Gérii Goriis Puan Géri
Ortalamasi 3 Ortalamasi 3
9. Matematiksel ispat yapmay1 seviyorum. 71,82 Olumlu 89,09 Olumlu
18. Ispatlarla ugrasmak ¢ok sikicidir. 69,09 Kararsiz 90,00 Olumlu
Ortalama 70,46 Olumlu 89,55 Olumlu

Tablo 5’ten goriildiigii gibi 6gretmen adaylarinin ispat yapma ile ilgili duygularma iligskin gdriis puanlarinda
en yiiksek artis (18. madde 20,91 puan) “Ispatlarla ugrasmak ¢ok sikicidir” maddesinde (s. 160) meydana
gelmistir. Bu soruda uygulama Oncesi kararsiz goriis bildiren dgretmen adaylar1 uygulama sonrasinda olumlu
goriis bildirmislerdir. Ogretmen adaylarinin ispatlarla ugrasmaktan sikilmamasi ispat 6grenimi ve Ogretimi
acisindan oldukca &nemlidir. Ispat yapma ile ilgili duygular1 lcen diger maddede de Ogretmen adaylarinin
ortalama puanlarmm 6nemli bir artig gosterdigi goriilmektedir.

Yar1 yapilandirilmis miilakatlara katilan {i¢ 6gretmen adaymin ispat yapmaya iliskin duygular1 incelendiginde
bir 6gretmen adaymin uygulama oncesi ve sonrasinda duygulart olumlu, bir 6gretmen adaymin uygulama
oncesinde duygular1 olumsuz, uygulama sonrasinda ise olumlu, diger 6gretmen adaymin da uygulama 6ncesinde
duygular1 kararsiz iken uygulama sonrasinda da olumludur.

Uygulama o6ncesinde goriisleri kararsiz uygulama sonrasinda ise goriisleri olumlu olan §gretmen adayina
iliskin miilakat diyaloglarma asagida yer verilmistir. Ogretmen adaymin uygulama oncesindeki goriislerinde
kararsizlik goriilmistiir. Uygulama sonrasinda ise ogretmen adaymm olumlu goriislere sahip oldugu
gOrilmiistiir.

M: Ispat yaparken ne hissediyorsunuz? Agiklayimz. (Uygulama Oncesi)

OA2: Ispat yaparken hafif mutlu oluyorum.

M: Niye hafif?

OA2: Bir sey yapamadigimu hissediyorum. Yaparken heyecanlaniyorum, ispatladigim zaman mutlu oluyorum,
vapamadigim zamanlarda baska kisilere danisiyorum. Yaptigim zaman rahatlyyorum. Yapamadigim zaman
stkintiya giriyorum. Gece falan uyumadigim oldu, birkag kez internetten videolara bakiyorum, hoca var
agiyorum yapamadigim zamanlarda.

M: Ispat yaparken ne hissediyorsunuz? Aciklayimiz. (Uygulama Sonrast)

OA2: Sene basinda ben ispata dair hichir sey bilmiyordum. Ispatin ne oldugunu déhi bilmiyordum. Gereksiz
ve sagma geliyordu agik¢asi. Sonra ispat yontemlerini gordiik derste yedi tane. Cogu seyin mantikli bir
sekilde yiiriidiigiinii ve ilerledigini gordiim. Mantigint oturttuktan sonra ispati daha ¢ok sevmeye basladim.
Hem ispati yapmaya basladim hem sevmeye basladim. Ornegin kok 7 sayisimn irrasyonel oldugunun ispati
beni ¢ok etkiledi. Onu hi¢ diisiinemiyordum. Bu nasil ispatlanir hichir sey aklima gelmiyordu. Bagslarken
heyecanlaniyorum, islem yaparken zevk aliyorum.

Uygulama 6ncesinde duygulari olumsuz, uygulama sonrasinda ise duygulari olumlu olan dgretmen adayina
iliskin miilakat diyaloglarmna asagida yer verilmistir. Ogretmen aday1 uygulama dncesinde ispat yapamadigi i¢in
kendini kotii hissettigini belirterek tamamen olumsuz goriis bildirirken, uygulama sonrasinda eglendigini ve
mutlu oldugunu belirterek tamamen olumlu goriis bildirmistir.

M: Ispat yaparken ne hissediyorsunuz? Aciklayimiz. (Uygulama Oncesi)

OA3: Ispat yaparken sanki hi¢ yapamayacakmisim gibi geliyor. Ispat yaparken kendimi cok bilgisiz
hissediyorum ya da kendini hi¢hir sey iiretemeyen biri gibi goriiyorum. Herhangi bir ¢oziim yolu
bulamiyorum. Ne bileyim kafamda olan bilgiler var ama onu yaziya dokemiyorum. Kendimi ifade
edemiyorum.

M: Peki bunlar sana nasil yansiyor?

OA3: Kétii hissediyorum.

M: Ispat yaparken ne hissediyorsunuz? A¢iklayiniz. (Uygulama Sonrast)

OA3: Giizelmis ispat yapmak. Dersten dnce ispat yapamadigim igin sikiliyordum. Hoslanmiyordum. Ama
dersten sonra sevmeye bagladim eglenceliymis.

M: Nedir eglenceli yani?

OA3: Bir seyler bulmak, onu oradan ¢ekmek, bir seye ulasmak, sonuca ulasmak insant mutlu ediyor.
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M: Ders oncesi ve sonrasi arasinda fark var mi?

OA3: Simdi daha ¢ok yapabildigim igin daha ¢ok seviyorum.

M: Yapabilir misin yani?

OA3: Soruya ilk baktiginda bunu bu yontemle, sunu su yontemle yapabilirim diye aklimdan gegiyor.

Buraya kadar ifade edilenlerden ders tasariminim 6gretmen adaylarinin niimerik ve kategorik goriislerine bir
etkisinin oldugu goriilmektedir. Ancak bu etkinin istatistiksel agidan anlamli olup olmadigini incelemek igin
kestirimsel ¢oziimlemeler yapilmustir. Oncelikle ders tasariminmn dgretmen adaylarinm niimerik goriislerine
istatistiksel agidan anlamli bir etkisinin olup olmadigmi saptamak igin Wilcoxon isaretli swralar testi
uygulanmigtir.

Tablo 6. Ogretmen adaylarmm goriis puanlarma iliskin uygulama oncesi ve sonrasmna ait Wilcoxon Isaretli
Swralar Test ¢iktilari tablosu

fosati Uygulama Suonrasll- N Sira Sira 7 b Etki
Uygulama-Oncesi Ortalamasi Toplamu Biiyiikliigi
Negatif Siralar 0¢ 0,00 0,00

KYG  Ppozitif Siralar 22b 11,50 253,00  -4,113*  <0,001 -0,88
Esit 0°
Negatif Siralar 2@ 3,00 6,00

BAG  pozitif Siralar 16° 10,31 165,00  -3,488*  <0,001 -0,74
Esit 4¢

. Negatif Siralar 0% 0,00 0,00

oG Pozitif Siralar 19P 10,00 190,00  -3,841*  <0,001 -0,82
Esit 3¢
Negatif Siralar 0% 0,00 0,00

GG Pozitif Siralar 190 10,00 190,00  -3,834*  <0,001 -0,82
Esit 3¢
Negatif Siralar 2@ 4,00 8,00

DG Pozitif Siralar 17b 10,71 182,00  -3,530*  <0,001 -0,75
Esit 3¢

Tiim Negatif Siralar 0¢ 0,00 0,00

Olgek  Pozitif Siralar 21b 11,00 231,00  -4,018*  <0,001 -0,86
Esit 1€

i Negatif Siralar Temeline Dayali, * uygulama sonras1 goriis puam < uygulama 6ncesi goriis puani, buygulama sonrasi1 goriis puani >
uygulama dncesi goriis puani, “uygulama sonrasi gorils puani = uygulama dncesi goriis puant.

Tablo 6’dan goriildiigii gibi ders tasarimmin, O0gretmen adaylarmin ispat yapmaya iliskin kavramsal
yeterliliklerine yonelik goriis puanlarina, uygulama sonrasi lehine (sira ortalamasi ve sira toplami) anlamli
(Z = —4,113,p < 0,001) ve biiyiik bir etkisi (|]—0,88]>0,5) vardir. Ayrica tablodan tiim 6gretmen adaylarinin
ispat yapmaya iliskin kavramsal yeterliliklerine yonelik gorlis puanlarinin uygulama sonrasinda arttigi
gorilmektedir.

Ders tasariminin, 6gretmen adaylarinin ispat yapma benlik algilarina iligkin goriis puanlarina, uygulama
sonrast lehine (sira ortalamasi ve sira toplami) anlamh (Z = —3,488,p < 0,001) ve biyiik bir etkisi
(1-0,74]>0,5) vardir. Ayrica tablodan 16 Ogretmen adaymm ispat yapma benlik algilarma iliskin goriis
puanlarmin uygulama sonrasinda arttigi goriilmektedir. 4 6gretmen adaymin puanlari uygulama oncesi ve
sonrasinda ayni kalmis, sadece 2 6gretmen adaymin puanlarinda diigiis olmustur.

Ders tasariminin, 6gretmen adaylarinin ispat yapmanin énemine iligkin goriis puanlarina, uygulama sonrasi
lehine (sira ortalamasi ve sira toplami) anlamh (Z = —3,841,p < 0,001) ve biiyiik bir etkisi (|—0,82|>0,5)
vardir. Ayrica tablodan 6gretmen adaylarindan 19’unun ispat yapmanin 6nemine iliskin goriis puanlarmin
uygulama sonrasinda arttig1 goriilmektedir. Kalan 3 tanesinin de puani uygulama 6ncesi ve sonrasinda ayni
kalmistir. Puaninda diigiis olan 6gretmen aday1 bulunmamaktadir.

Ders tasarimimnin, 6gretmen adaylarmin ispat yapmaya iliskin genel goriis puanlarina, uygulama sonrasi
lehine (sira ortalamasi ve sira toplami) anlamh (Z = —3,834,p < 0,001) ve biiyiik bir etkisi (]—0,82|>0,5)
vardir. Ayrica tablodan 6gretmen adaylarindan 19’unun ispat yapmaya iliskin genel goriis puanlarmin uygulama
sonrasinda arttig1 goriilmektedir. Kalan 3 tanesinin de puani uygulama Oncesi ve sonrasinda ayni kalmistir.
Puaninda diisiis olan 6gretmen aday1 bulunmamaktadir.

Ders tasariminin, 6gretmen adaylarinin ispat yapma ile ilgili duygularina yonelik goriis puanlarina, uygulama
sonrasi lehine (swra ortalamasi ve sira toplami) anlamli (Z = —3,530,p < 0,001) ve bilyiik bir etkisi
(1-0,751>0,5) vardir. Ayrica tablodan 17 §gretmen adayinin ispat yapma ile ilgili duygularma iligkin goriis
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puanlarinin uygulama sonrasinda arttigi goriilmektedir. 3 6gretmen adayinin puanlari uygulama Oncesi ve
sonrasinda ayni kalmis, sadece 2 6gretmen adaymin puanlarinda diigiis olmustur.

Ders tasariminin, 6gretmen adaylarmin ispat yapma ile ilgili goriis puanlarma, uygulama sonrast lehine (sira
ortalamas1 ve sira toplami) anlamh (Z = —4,018,p < 0,001) ve biiyiik bir etkisi (|—0,86(>0,5) vardir. Ayrica
tablodan 21 Ogretmen adaymin ispat yapmaya yoOnelik goriis puanlarinin uygulama sonrasinda arttigi
goriilmektedir. Goriis puan1 uygulama sonrasi diigen hi¢cbir 6gretmen aday1 bulunmazken uygulama 6ncesi ve
sonras1 gorlis puant ayni olan 1 §gretmen adayi bulunmaktadir.

Ders tasariminin O6gretmen adaylarinin niimerik goriislerine anlamli etkisinin oldugu saptandiktan sonra
kategorik goriislerine anlamli etkisinin olup olmadigini saptamak i¢in Marjinal homojenlik testi uygulanmustir.

Tablo 7. Ogretmen adaylarinm kategorik goriislerine dair uygulama dncesi ve sonrasina ait Marjinal Homojenlik
Test ¢iktilar1 tablosu

Uygulama Sonrasi-

Icerik Uygulama-Oncesi N P
Negatif Siralar 0¢

KYG Pozitif Swralar 3P Hesaplanamadi
Esit 19¢
Negatif Siralar 14

BAG Pozitif Siralar 15b 0,001
Esit 6°¢
Negatif Swralar 0¢

0G Pozitif Siralar 6P 0,020
Esit 16°¢
Negatif Siralar 0¢

GG Pozitif Siralar 13b 0,001
Esit 9¢
Negatif Siralar 0¢

DG Pozitif Siralar 12b 0,001
Esit 10¢
Negatif Siralar 04

Tiim Olcek Pozitif Siralar 9b 0,003
Esit 13¢

# uygulama sonrasi goriis puani < uygulama dncesi goriis puani, buygulama sonras1 goriis puani > uygulama dncesi goriis puani, “uygulama
sonrasi goriis puant = uygulama 6ncesi goriis puani.

Tablo 7°den ders tasarimmin 6gretmen adaylarinin ispat yapmaya ilisgkin kavramsal yeterliliklerine yonelik
gorislerine kategorik agidan pozitif yonde etkisi oldugu goriilmektedir. Tablodan 3 G6gretmen adayinin
goriislerinin kategorik olarak yiikseldigi, diger 19 Ogretmen adaymimn goriislerinde kategorik olarak degisim
olmadig1 goriilmektedir. Ancak test istatistigi hesaplanamamistir. Bunun nedeni her seviye (olumsuz, kararsiz ve
olumlu) i¢in uygun veya onemli sonuglar toplamak icin yeterli katilimci olmamasidir. Kategorik agidan
hesaplama yapilmasi i¢in gerekli olan sayida kategorik degisim olmadig1 igin hesaplama yapilamamigtir. Ancak
ders tasarimmim Ogretmen adaylarmin, ispat yapma benlik algilarma iliskin goriiglerine (p = 0,001), ispat
yapmanin 6nemine iligkin goriislerine (p = 0,020), ispat yapmaya iligkin genel goriiglerine (p = 0,001), ispat
yapma ile ilgili duygularma (p = 0,001) kategorik agidan istatistiksel olarak anlamli bir etkisinin oldugu
goriilmektedir. Ayrica tablodan goriiglerdeki kategorik degisimlerin yoniine bakildiginda istatistiksel olarak
anlamli bulunan bu etkinin uygulama sonrasi lehine oldugu goriilmektedir.

Yine tablodan ispat yapma benlik algilarina iligkin goriisler incelendiginde 15 6gretmen adaymin, ispat
yapmanin 6nemine iligkin goriisler incelendiginde 6 6gretmen adaymin, ispat yapmaya iliskin genel goriisler
incelendiginde 13 6gretmen adaymnin, ispat yapma ile ilgili duygularina iliskin goriisler incelendiginde 12
O0gretmen adaymin kategorik olarak yiikseldigi goriilmektedir. Uygulama 6ncesi ve sonrasi 6 6gretmen adaymin
ispat yapma benlik algilarmna iliskin goriisleri, 16 6gretmen adaymin ispat yapmanin 6nemine iliskin goriisleri, 9
Ogretmen adaymin ispat yapmaya iliskin genel gorisleri, 10 6gretmen adaymin da ispat yapma ile ilgili
duygularma iligkin goriigleri ayni kalmistir. Sadece 1 6gretmen adaymnin ispat yapma benlik algilarma iligskin
goriisiinde kategorik olarak diisiis oldugu goriilmektedir. Diger higbir i¢erikte hicbir gretmen adaymnin kategorik
goriisiinde diisiis yasanmamustir.

Sonug olarak ders tasarimmin Ogretmen adaylarmm ispatlamaya yonelik goriiglerine kategorik agidan
istatistiksel olarak anlamli bir etkisinin oldugu (p = 0,003) goriilmektedir. Ayrica tablodan gériislerdeki
kategorik degisikliklere bakildiginda istatistiksel olarak anlamli bulunan bu etkinin uygulama sonrasi lehine
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oldugu goriilmektedir. Tablodan 9 Ogretmen adaymin ispatlamaya ydnelik goriislerinin kategorik olarak
yiikseldigi goriilmektedir. 13 6gretmen adaymin goriisleri kategorik olarak uygulama 6ncesi ve sonrasinda ayni
kalmistir. Bunun nedeni bu 13 6gretmen adaymin uygulama oncesinde de olumlu goriise sahip olmalaridir. O
yiizden goriis puanlarindaki artiglar bu 6gretmen adaylarinda kategorik olarak degisime sebep olmamistir.

4. Tartisma, Sonuc ve Oneriler

Uygulama 6ncesinde 6lgekten elde edilen nicel bulgular incelendiginde, 6gretmen adaylarinin ispat yapmaya
iliskin kavramsal yeterliliklerine yonelik goriislerini, ispat yapma benlik algilarina iliskin goriislerini, ispat
yapmaya iliskin genel goriislerini ve ispat yapma ile ilgili duygularma iliskin goriiglerini olusturan bazi
maddelerde olumlu olmayan gériislere sahip olduklar1 goriilmektedir.

Uygulama sonrasinda 20 maddelik 6l¢ekte dgretmen adaylarmin niimerik goriis puan ortalamalarinin 60 puan
ve altinda kaldig1, yani kategorik olarak olumsuz goriise denk diisen hicbir madde kalmamistir. Ancak kategorik
olarak kararsiz goriise denk diisen tek bir madde vardir o da “Ispatlar bazen pek de agik¢a anlasilmayan
stratejiler igerirler” maddesidir. Weber (2001) {iniversite dgrenimine devam eden Ogrencilerin ispatlamada
yasadiklart giicliigiin stratejik bilgi eksikliginden kaynaklandigini belirtmis ve bunun istesinden gelmek igin
stratejik bilgi kazandirmanin 6énemini vurgulamistir. Bu yiizden bir sonraki dongiide, ders tasarimina, dgretmen
adaylarna stratejik bilgi kazandirilmasina yonelik, her bir ispat yontemi igin ayri ¢aligmalar eklenmesine karar
verilmistir. Matematikgilere gore her ispat, farkli anahtar fikirler icermektedir (Doruk ve Kaplan, 2013). Her
ispat yontemi igin bu fikirlere uygun stratejilerin benimsendigi ve bu stratejilerden hareketle ispatlamalarin
yapildig1 galismalar, 6gretmen adaylarmin bu maddedeki kararsizliklarmin iistesinden gelebilir.

Uygulama oncesi ve sonrast Olgekten elde edilen nicel bulgular karsilastirildiginda, ders tasariminin
Ogretmen adaylarinin, ispat yapmaya iligkin kavramsal yeterliliklerine yonelik goriis puanlarma, ispat yapma
benlik algilarina iliskin goériis puanlarina ve kategorik goriislerine, ispat yapmanm Onemine iligkin goris
puanlarina ve kategorik goriislerine, ispat yapmaya iliskin genel goriis puanlarina ve kategorik goriislerine, ispat
yapma ile ilgili duygularina yonelik goriis puanlarma ve kategorik goriislerine ve ispat yapma ile ilgili goriis
puanlarina ve kategorik goriislerine uygulama sonrasi lehihe anlamli bir etkisinin oldugu goriilmektedir.

Uygulama o6ncesinde yar1 yapilandirilmis miilakatlardan elde edilen nitel bulgular incelendiginde, 6gretmen
adaylarmin, ispat yapmaya iliskin kavramsal yeterliliklerine yonelik kategorik goriislerinde, ispat yapma benlik
algilarna iligkin kategorik goriiglerinde, ispat yapmanin 6énemine iligkin kategorik goriislerinde, ispat yapmaya
iliskin genel kategorik goriislerinde ve ispat yapma ile ilgili duygularma iligkin kategorik goriislerinde bazi
olumlu olmayan goriislere sahip olduklar1 goriilmektedir.

Uygulama sonrasi yapilan yari yapilandirilmis miilakatlarda, iic 6gretmen aday1 ispat yapma benlik algisina
yonelik goriisleri digindaki tiim igeriklerde olumlu gériislere erigsmislerdir. Ispat yapma benlik algismna yonelik
goriislerde de sadece bir 6gretmen aday1 kararsiz goriis bildirmistir. Bu 6gretmen adaymin kararsiz olmasinin
sebebi ilk defa gordiigii dnermeleri ispatlamada giigliik yasamasidir. Bu ispatin karmasik yapisindan kaynakli
olarak aslinda her ispatlayicinin yasayabilecegi bir endisedir.

Uygulama 6ncesi ve sonrasi yari yapilandirilmis miilakatlardan elde edilen nitel bulgular karsilagtirildiginda,
ders tasariminin Ogretmen adaylarmm, ispat yapmaya iliskin kavramsal yeterliliklerine yonelik kategorik
goriislerine, ispat yapma benlik algilarina iliskin kategorik goriislerine, ispat yapmanin énemine iligkin kategorik
goriislerine, ispat yapmaya iligkin genel kategorik goriislerine, ispat yapma ile ilgili duygularina ydnelik
kategorik goriislerine ve ispat yapma ile ilgili kategorik goriislerine uygulama sonrast lehihe olumlu etkisinin
oldugu goriilmektedir.

Uygulama oncesi ve sonrast Olgekten ve yart yapilandirilmis miilakatlardan elde edilen veriler
karsilastirildiginda, ders tasarimimnin 6gretmen adaylarmin ispatla ilgili goriislerine pozitif etkisinin oldugu
goriilmektedir. Bu etkinin sebebi, uygulamanm &gretmen adaylarmin, ispatla ilgili alan ve pedagojik alan
bilgilerini gelistirmis olmas1 olabilir. Alan ve pedagojik alan bilgisi gelisen 6gretmen adaylarmin ispatla ilgili
goriislerinin gelismis olmas1 muhtemeldir. Ogretmen adaylarinn bir konudaki bilissel davramslarmdaki
gelisimlerin, onlarin duyussal davraniglarini da gelistirmis olmasi olasidir. Tyler’in (1973) galismasinda belirttigi
gibi bireylerde biligsel d6grenmeler saglanirken, bunun sonucu olarak duyussal gelisimlerde ortaya cikabilir
(Tyler, 1973’den akt., Yakar ve Duman, 2017, s. 44).

Ogretmen adaylarmin ispat yapmaya iliskin kavramsal yeterliliklerine yonelik eksikliklerini gidermek icin
uygulama siirecine ispatin modern bilegenleri adli bir modiille baglanmistir. Bu modiilde, 6gretmen adaylarina
aksiyomatik yapi igerisinde, terimler (tanimsiz terimler ve tanimlar), 6nermeler (varsayimlar, teoremler ve yanlig
onermeler), ayrica teoremler bagligi altinda aksiyomlar, postulatlar, lemmalar ve sonuglar ayrintili aktarilmistir.
Tiim bunlarm, onlarin ispat yapmaya iliskin kavramsal yeterliliklerine yonelik goriis puanlarina katki sagladigi
diistiniilmektedir. Ciinkii ispatn bu bilesenlerinin iyi kavranmasi, 6gretmen adaylarinin kavramsal yeterliklerine
daha ¢ok giivenmelerini saglamis olabilir. Derslerde ispatin islevlerinden bahsedilmesi, 6gretmen adaylarinin
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ispat olgular1 hem gergekler hem de agiklar maddesindeki goriislerini gelistirmis olabilir. Ogretmen adaylarina
ispat semalarimin anlatilmasi ve derslerde ispatlarin analitik semada yapilmasi onlar1 digsal ve deneysel
semalardan uzaklastirmig olabilir. Boylece Ogretmen adaylari ispat i¢in Orneklerin, sekillerin veya digsal
kaynaklarm yeterli olmadigini idrak etmis olabilirler. Derslerde bir teoremin analitik semada farkl ispatlarinin
yapilmasi 6gretmen adaylarmin o teoremleri daha iyi anlamalarina katki saglamis olabilir. Yine derslerde ispatlar
yapilirken, ihtiya¢ duyuldugunda baskaca lemma ve sonuglarin kullanilmasi da 6gretmen adaylarinin bir ispatin
baska sonuglara da bagli oldugu maddesindeki goriislerini gelistirmis olabilir.

Ogretmen adaylarmin benlik algilarina iliskin goriislerini gelistirmek icin uygulama siirecinde, galisma
yapraklariyla onlarin bireysel ispat yapmalarina ve bu yaptiklari ispatlar1 tartigarak igsellestirmelerine olanak
saglanmistir. Uygulama siirecinde iirlin odakli ispat 6gretimi yerine siire¢ odakli ispat 6gretimi benimsenmistir.
Yoo (2008) galismasinda, etkili ispat dgretiminde siire¢ odakli ispat gretiminin tercih edilmesinin gerekliligine
vurgu yapmustir. Bu yaklagim 6gretmen adaylarmnin benlik algilarmi gelistirmis olabilir.

Uygulama siirecinde farkli konulara ait farkli ispatlarin yapilmasi, 6gretmen adaylarinin ispatin dnemi ile
ilgili gdriis puanlarmi ve kategorik goriislerini etkiledigi disiiniilmektedir. Cilinkii matematigin farkli konularina
yonelik ¢ok farkli ispatlama etkinliklerinin yapilmasinin, ispatin matematik konularmni anlamada etkili bir ara¢
oldugu ve ispatlarin matematikte teoremler kadar 6nemli oldugu goriislerini gelistirdigi diisiiniilmektedir. Ciinki
matematigin igsellestirilerek 6grenilmesinde ispat etkili bir aragtir (Knuth, 2002a). Derslerde lisans diizeyindeki
teorik matematik konularma ait ispatlamalar yapilmasi, onlarin; ispatin teorik matematikte vazgegilmez bir yeri
oldugu ile ilgili goriislerini gelistirmis olabilir.

Ders tasariminin igerdigi ispat ve ispatlama ile ilgili kapsamli bilgilerin 6gretmen adaylarina &grenci
merkezli yaklasimla aktarilmasi onlarmn ispatla ilgili genel goriis puanlarma ve kategorik goriislerine katki
sagladig1 diisiiniilmektedir. Ciinkii Marlowe ve Page’ye (2005) gore dgrenci siirecte ne kadar aktif ise 6grenmede
o denli etkili ve kalic1 olur. Ayrica derslerde her bir ispat yontemine 6zgii atilacak adimlarin ayr1 ayr1 anlatilmasi
ve Orneklerinin yapilmasi, Ogretmen adaylarmnin ispatlardaki stratejileri anlamalarmi gelistirmis olabilir.
Ispatlarin calisma yapraklarinda asamalara bolinmesi, 6gretmen adaylarmin ispatin problem ¢dzme gibi
asamalarinin oldugu yoniindeki goriislerini giiglendirmis olabilir.

Ogretmen adaylarinmn ispat yapma ile ilgili duygularina yonelik gériislerini gelistirmek adma &gretmen
adaylarmnin ispatla ilgili alan bilgilerini gelistirecek ve onlarin ilgisini ¢ekecek ¢aligma yapraklariyla etkinlikler,
ispatla ilgili pedagojik alan bilgilerini gelistirecek 6rnek olay ve senaryolar iizerinden grup ve bireysel calismalar
yapilmustir. Ogretmen adaylarmin bu ¢ahsmalarda geleneksel ispat dgretiminin diginda smifta hem dgrenci hem
de dgretmen roliinii iistlenmelerinin, onlarin ispat yapma ile ilgili duygularmna iliskin goriis puanlarina ve
kategorik goriislerine katki sagladig1 diisiiniilmektedir. Ogretmen adaylarmin ispatlama yapmak disinda galisma
yapraklarindaki 6grenci gii¢liiklerini tespit etmeleri, bu gii¢likklerin nedenlerini agiklamalar: ve bu giigliikklerin
istesinden gelecek Ogretim stratejilerini belirlemeye c¢aligmalar: onlarin duygularini olumlu yonde etkilemis
olabilir. Smif senaryolar1 iizerinden ispat semalarmi tespit etme c¢aligmalari da yine Ggretmen adaylarinin
duygularii gelistirmis olabilir.

Bu miidahale ¢aligmasi, sadece bir {iniversitedeki ortadgretim matematik dgretmeni adaylaria uygulanmis
ve bu miidahalenin onlarm ispatlamaya yonelik goriislerine etkisi incelenmistir. Bu miidahale ¢aligmasi farkli
bolgelerdeki farkli iiniversitelerin ilkdgretim ve ortadgretim matematik 6gretmenligi bdliimlerinde dgrenim
goren Ogrencilere uygulanip, onlarin ispatla ilgili goériislerine etkisi incelenebilir. Yapilacak bu ¢alismalarin
farkli sinif seviyelerinde 6grenim goren daha fazla katilimeryla yiiriitiilmesi onerilebilir.

Bu miidahale caligmasinda Ogretmen adaylarinin ispatla ilgili alan ve pedagojik alan bilgilerindeki
gelisimlerinin onlarin sadece ispatla ilgili goriiglerine etkisi incelenmistir. Son olarak arastirmacilara gretmen
adaylarmin ispatla ilgili goriis, tutum ve inang gibi farkli duyussal davraniglarini gelistirmeye yonelik daha farkli
fikirler ve miidahaleler sunan ¢aligmalar yapmalar1 onerilebilir.
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1. Introduction

Since the progress of mathematics as a science discipline depends on the discovery and proof of new
theorems in the mathematical hierarchy, proof is the peak of mathematics (Tall et al., 2012). It is positioned in
the center of mathematics (Ball, Hoyles, Jahnke, & Movshovitz-Hadar, 2002; Samkoff & Weber, 2015) and is
described as the heart of mathematics (Giiven, Celik, & Karatas, 2005).

Proof has an important place in mathematics education as well as in mathematics (Selden & Selden, 1987). It
serves mathematics education both as a goal and as a tool. Since proof serves many pedagogical purposes in
mathematics teaching (Dickerson & Doerr, 2014) it is an important component of mathematics education (Ball et
al., 2002). With its explanatory function, proof is a tool that contributes to the learning and understanding of
mathematics (Knuth, 2002a). It can be considered as a threshold in mathematics learning (Duval, 2007).

Proof is a series of logical and mathematical arguments that convincingly and clearly show the truth or falsity
of a proposition with reasons (Baki, 2015; Hanna, 1991, 2000; Hersh, 1993; Rossi, 2006). Proving, on the other
hand, is the mental action processes of an individual trying to show the truth or falsity of a proposition (Harel &
Rabin, 2010; Harel & Sowder, 1998, 2007). In mathematics and mathematics education literature, the terms
“proof” and “proving” are used interchangeably. Proof is a cognitive product of proving, which is a mental
process (Harel, 2008). The better this process is managed, the better the resulting product.

1.1. Theoretical Framework

When learning certain mathematical topics, students’ views regarding these topics are important. Likewise,
teachers’ views also affect the way they teach mathematics. In particular, students can have negative views on
topics that are difficult to learn epistemologically and teachers might have negative views on topics that are
difficult to teach pedagogically. In other words, both students (Yiiksel-Ayten & Hayirsever, 2019) and teachers
(Bayrakdar-Cift¢i, Akgiin, & Deniz, 2013) might have negative opinions about certain topics in the curriculum.
In this context, studies examining views of pre-service teachers about proof and proving, which have an
important place in both mathematics and mathematics education, are of importance.

In the literature in Turkey where this study is situated (Doruk & Giiler, 2014) and in the international
literature (Almeida, 2000; Lee, 1999), scales have been developed to determine pre-service teachers’ views
about proof. In the Turkish context, the scales developed in the international literature were adapted to Turkish
language and the views about proving were measured (Iskenderoglu, 2010; Aydogdu-iskenderoglu, Baki, &
Palanci, 2011; Morali, Ugurel, Tirniiklii, & Yesildere, 2006). Views about proof have been examined according
to different content or factors in the scales. In his doctoral dissertation, iskenderoglu (2010) examined views of
pre-service teachers studying in the first, second, third and fourth grades of a mathematics teaching department
in a public university, and the findings of the research revealed that their views about mathematical proof are
positive. The scale they used had four factors “mental process”, “trust”, “self-assessment” and “attitude-belief”
(p. 83). Among them, the three factors other than the “mental process” did not make a statistically significant
difference according to the grade levels.

Morali, Ugurel, Tiirniiklii, and Yesildere (2006), on the other hand, identified five basic content (also
examined in this study): views on conceptual competencies related to proving, views on self-perception of
proving, views on the importance of proving, general views related to proving and feelings regarding proving.

Views on conceptual competencies related to proving consist of views about whether examples are
convincing for the validity of mathematical knowledge or mathematical conclusions, whether proof is required
for the accuracy of the conclusions, whether the proof has functions such as explanation and justification,
whether the proof is dependent on other mathematical conclusions, whether working on the phases of proof
promotes understanding (Morali et al., 2006). Views on self-perceptions of proving include opinions about
whether individuals trust their ability to prove on their own and whether they understand proofs (Morali et al.,
2006). Views on the importance of proving are concerned with whether proof is important for understanding pure
mathematics and mathematical corollary, the necessity of proof, and whether proving is as important as knowing
propositions (Morali et al., 2006). General views related to proving include views on whether the strategies used
in proofs are understood, whether proving is a problem-solving task in a way, whether proving is a specific task
for mathematicians, whether the students understand proof without expert guidance in the classroom or whether
they understand proofs without understanding theorems (Moral et al., 2006). Views about feelings regarding
proving are related to whether individuals like proving and whether they get bored with proofs (Moral et al.,
2006).
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When the literature of mathematics education about proof is examined, it is seen that the views of
undergraduate students (both in mathematics departments and mathematics teaching departments) about proof or
proving are examined, and it can be seen that the studies were carried out to determine the status quo. Most of
the studies reported that the views of the participants were not at the desired level (Almeida, 2000; Doruk &
Giiler, 2014; Doruk, Ozdemir, & Kaplan, 2014; Gokkurt & Soylu, 2012; Giiler, Ozdemir, & Dikici, 2012;
Kaplan, Doruk, Oztiirk, & Duran, 2016; Kayagil, 2012; Knuth, 2002b; Moral: et al., 2006; Turgut, Yenilmez, &
Uygan, 2013). This current study, unlike the studies mentioned in the existing literature, is an intervention study
that proposes to provide insight into how pre-service teachers' views on proof can be improved. Content and
pedagogical content knowledge that form the basis of this intervention are briefly explained below.

In his study, Shulman (1986) categorized the teacher knowledge forms into three categories: content
knowledge, pedagogical content knowledge, and curricular knowledge. Content knowledge is defined as “the
amount and organization of knowledge per se in the mind of the teacher” (Shulman, 1986, p. 9). When
considered within the scope of the content knowledge, pre-service teachers should be able to know and apply the
methods of proof. Besides, they should do proofs in an analytical scheme which is one of the proof schemes
defined by Harel and Sowder (1998). Pedagogical content knowledge is a special amalgam of content and
pedagogy (Shulman, 1986, 1987). Students’ difficulties and teaching strategies are two remarkable components
of pedagogical content knowledge as defined in Shulman's (1986) article (Park & Oliver, 2008). Teachers should
know not only students’ difficulties but also the reasons behind these difficulties. Within the context of
pedagogical content knowledge, pre-service teachers should be able to identify student difficulties with proofs,
explain the reasons behind these difficulties and choose the appropriate teaching strategies for proving. At the
same time, they should be able to identify the justifications made by students according to the classification of
Harel and Sowder (1998). However, the studies in the literature show that pre-service teachers do not have an
adequate content knowledge of proof (Imamoglu & Yontar-Togrol, 2010, 2015; Kogce, 2012; Stylianides,
Stylianides, & Philippou, 2007; Stylianou, Chae, & Blanton, 2006) and pedagogical content knowledge of proof
(Bieda, 2010; Lesseig, 2016; Pasigna & Herrera, 2014; Tabach et al., 2010). Pre-service teachers’ content and
pedagogical content knowledge of proof as to the cognitive dimension, and their views, attitudes, and beliefs as
to the affective dimension, mutually influence each other since there is a link between cognitive and affective
behaviors (Gomleksiz & Kan, 2012). Therefore, developing pre-service teachers' content and pedagogical
content knowledge of proof might affect their views on proof positively.

1.2. Research Questions

This study is part of a doctoral dissertation that aims to develop pre-service teachers' content knowledge and
pedagogical content knowledge of proof. Within the scope of the dissertation, a comprehensive and sustainable
undergraduate course was designed, implemented, and evaluated to improve participants' content knowledge and
pedagogical content knowledge. In this study, the effect of this course design on the views of pre-service
mathematics teachers about proving was examined. In this context, the research question and sub-questions of
the study are as follows:

How did the course designed to develop content and pedagogical content knowledge of proof affect the pre-
service teachers' views on proof?

How did the designed course affect the pre-service teachers' views on their conceptual competencies related
to proving?

How did the designed course affect the pre-service teachers' views about self-perceptions of proving?

How did the designed course affect the pre-service teachers' views on the importance of proving?

How did the designed course affect the pre-service teachers' general views related to proving?

How did the designed course affect the pre-service teachers' views about the feelings regarding proving?

2. Methodology

In this section, we will explain the research method, research model, participants, data collection tools and
data analysis.

2.1. Research Model

In this research, the design-based research method was preferred. As a requirement of design-based research,
this study is designed based on the principles of mixed-method research. ADDIE (Analysis, Design,
Development, Implementation, Evaluation) model, which consists of analysis, design, development,
implementation, and evaluation stages, was used in this study (Branch, 2009).

2.2. Phases of Research

As part of the analysis phase, needs analysis was considered. We identified pre-service teachers' needs
concerning proof through investigating standards for students (Department for Education 2013a, 2013b, 2014;
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National Council of Teachers of Mathematics [NCTM], 2000; National Governors Association Center for Best
Practices & Council of Chief State School Officers [NGA Center & CCSSQ], 2010) and teachers (Department of
Education & Training of Australia [DETA], 2004; Ministry of National Education [MoNE], 2017a, 2017b;
National Board for Professional Teaching Standards [NBPTS], 2010) regarding proof. We also considered the
calls for the design and analysis of interventions that foster pedagogical content knowledge of proof and proving
in the context of pre-service teacher education (Cihan & Akkog, 2019). As a result of the needs analysis, the
need for the improvement of content and pedagogical content knowledge of pre-service teachers emerged. In line
with these needs, considering the affective and cognitive characteristics of pre-service teachers, the course
objectives were identified. Two objectives regarding content knowledge and four objectives regarding
pedagogical content knowledge were identified (Cihan, 2019). Regarding the views on proof, five objectives are
targeted: a) Pre-service teachers will develop positive views on the conceptual competencies related to proving.
b) Pre-service teachers will develop positive views about the self-perception of proving. ¢) Pre-service teachers
will develop positive views on the importance of proving. d) Pre-service teachers develop positive views about
proving. e) Pre-service teachers develop positive feelings regarding proving (Cihan & Akkog, 2018).

In design phase, what to teach, how to teach and how to evaluate questions were sought. At this stage,
considering the objectives of the course, course content, learning-teaching situations, assessment system, and
assessment tools were determined (Cihan, 2019; Cihan & Akkog, 2018). During the development phase, the
course design was finalized by taking expert opinions. The final version of the course included various modules
to enhance the content knowledge of pre-service teachers such as modern components of proof, proof methods,
proof types, proof schemes, and modules to develop their pedagogical content knowledge such as student
difficulties with proving, the reasons behind these difficulties, instructional strategies for teaching how to prove
and students’ proof schemes (Cihan, 2019; Cihan & Akkog, 2018).

In the implementation phase (Cihan, 2019), the first author served as the course instructor and the second
author was the coordinator of the course. Also, the second author undertook the role of a non-participant
observer during the implementation phase and made instant notes during the lessons. The implementation phase
lasted for a term (15 weeks). The implementation phase was carried out by adhering to the course content and
the teaching and learning situations of the course as determined in the previous phase. Instructional techniques
such as questioning, discussion, problem-solving, using concept map, case study, and scenario-based teaching
methods (Altun, 2001; Tok, 2017), that are lined up from the traditional teacher-centered approach to the
student-centered approach, were used during the implementation phase. The implementation phase started with
the modern components of proof. The components of proof were primarily divided into two: terms and
propositions. Terms are examined under two subtitles: undefined terms and definitions. Propositions, on the
other hand, were examined under three sub-titles: correct propositions (theorems), false propositions, and
assumptions. Again, the subtitles of theorems are detailed with titles such as axioms, postulates, lemmas, and
corollaries. Pre-service teachers were asked to draw a concept map containing all these concepts. Then, the
concepts of justification, proof, proof and refutation, relations and differences between these concepts, the proof
process, functions of the proof (Bell, 1976; Hanna, 2000), the types of proof and the features that should be in a
good proof were presented and exemplified. Good and bad examples of proof were included. The proof
classifications of different researchers (Balacheff, 1987, 1988; Harel & Sowder, 1998; Miyazaki, 2000; Raman,
2003; Van Hiele, 1986; Vinner, 1991; Waring, 2000; Weber, 2004), then Sowder and Harel’s (1998) external,
empirical and analytical proof schemes together with its sub-classification of authoritarian, ritual, symbolic (for
external), perceptual, example-based (for empirical), transformational and axiomatic (for analytic) proof
schemes were discussed. A task called “identification of proof schemes” was designed and worksheets were
prepared including students’ and pre-service teachers’ written works taken from the literature. This was followed
by a scenario work designed by the authors of this paper. The pre-service teachers were given a proposition and
asked to justify this proposition using seven sub-proof schemes with seven different answers. Seven proof
methods were explained to the participants in seven weeks. The methods of proof started with induction. Then
the deductive proof method including direct and indirect proofs was explained. Indirect proof, on the other hand,
was discussed in five parts: proof by cases, proof by exhaustion, proof by contradiction, proof by contrapositive
and proof by counter- example. These methods, when and for what types of questions to use them, the structures
of the propositions to be proven using these methods were explained one by one. With the help of worksheets,
proving activities related to different mathematics topics were carried out for each proof method. The worksheets
were divided into sections that include the hypothesis of the proposition (if any), the sentence that also includes
the method, the steps taken in the proof and the finishing sentence which are all different for each proof method.
All proofs in the course were made using the analytical proof scheme. Although transformational schemes
(which is one of the analytical schemes) were included, usually the axiomatic scheme was used. All these tasks
were carried out first as a group, then individually, and then a discussion was started. These activities were
followed by case studies and scenario-based activities aimed at identifying student difficulties for each proof
method, explaining the reasons behind these difficulties, and determining the teaching strategies to overcome
these difficulties, to develop course participants’ pedagogical content knowledge (Cihan, 2019).
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At the evaluation stage, the pre-service teachers’ views about proof and improvement in their content
knowledge and pedagogical content knowledge were examined. In the scope of this research, the development of
pre-service teachers' views about proof was examined.

2.3. Participants

The study has both quantitative and qualitative phases. For the quantitative stage of the study, the sample was
determined by an appropriate sampling technique. This sampling technique was chosen because the sample was
easily accessible. The study group was 22 pre-service mathematics teachers (14 female, eight male) attending the
second year of an upper-secondary mathematics teaching program of a public university in Istanbul. For the
qualitative phase of the study, the study group was determined by a theoretical sampling technique. Three (two
female and one male) pre-service teachers were selected based on the level of their content and pedagogical
content knowledge as we determined as adequate, moderate, and weak. The reason for the selection criterion is
that the designed course is an intervention aimed at improving participants’ content and pedagogical content
knowledge of proof. This research aims to examine the effects of this intervention on pre-service teachers' views
about proof. The participants in the qualitative study group were assigned codes such as PT1 (good), PT2
(medium) and PT3 (weak).

2.4. Data Collection Tools

Quantitative data were collected by Likert-type scale and qualitative data were collected through semi-
structured interviews.

2.4.1. The Scale for Views about Proving

Likert-type scale adopted by Morali, Ugurel, Tiirniiklii, and Yesildere (2006) from Almeida's (2000) study
was used as a quantitative data collection tool to measure the views of pre-service teachers about proving. The
necessary permissions from all authors of the study were taken. The reason for choosing this scale is that the
validity and reliability studies were made by the authors of the scale.

Ten items (1, 2, 3, 4, 9, 10, 11, 12, 13, 15) of the 20-item scale contain positive views, and ten items (5, 6, 7,
8, 14, 16, 17, 18, 19, 20) contain negative views (Morali et al., 2006). The items of this scale consist of five main
categories: conceptual competencies related to proving (1, 2, 3, 5, 11, 12, 13), views about self-perception of
proving (10, 14), views about the importance of proving (4, 6, 8, 17), general views related to proving (7, 15, 16,
19, 20) and views about the feelings regarding proving (9, 18) (Moral et al., 2006, p. 153-156). Views about
proving consist of views on their conceptual competencies related to proving (VCC), views about self-
perceptions of proving (VSP), views about the importance of proving (VI), general views related to proving
(GV) and views about the feelings regarding proving (VF).

This scale was applied twice to 22 pre-service teachers before and after the course. The purpose of applying
this scale twice is to examine the effects of the course implementation on participants’ views on proofs. Before
the scale was applied to pre-service teachers, they were informed about the study and their consent was taken.
They were allowed to ask questions, and given the time required to decide whether to participate in the research
or not. Informed consent forms were signed by pre-service teachers who participated in the study voluntarily.

2.4.2. Semi-structured Interviews

The purpose of the semi-structured interviews is to examine the pre-service teachers' views on proof. A semi-
structured interview form consisting of five questions was prepared for the interviews. These questions were
prepared to get detailed information from pre-service teachers for the five basic contents of the scale mentioned
above. The terminology included in these five basic contents regarding the views and what they meant were
explained to the participants. The phrase “explain” was added after each question to elaborate on their views
during the interviews. Interview questions are presented below:

1) How much do you trust your conceptual competencies related to proving? Please explain.
2) How much do you trust your self-perception of proving? Please explain.

3) What do you think about the importance of proving? Please explain.

4) What are your general views related to proving? Please explain.

5) How do you feel when you do proofs? Please explain.

To ensure the validity of the study, expert opinion was taken for the interview questions. For the reliability of
the form, a pilot study was conducted with three pre-service teachers from a different university. Data obtained
from the pilot study were coded by the authors of this study and by an expert. The agreement between these two
codes was calculated by the formula of Reliability = Agreements / (Agreements + Disagreements) by Miles and
Huberman (1994, p. 64) and was found approximately 93%.
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During the semi-structured interviews, different questions were asked following the five main contents as
described above. Follow-up questions were asked to elaborate on pre-service teachers' views on proofs and
proving. Besides, the views of pre-service teachers as explored with the scale were compared to their views
reported in the semi-structured interviews, then further questions were raised to reveal their views in depth.

Three pre-service teachers who participated in the qualitative study were interviewed twice, before and after
the implementation. The purpose of conducting the interviews twice is to examine the impact of the course on
the pre-service teachers' views about proof. Interviews were recorded with a voice recorder. Written and verbal
permission were taken from the participants.

2.5. Data Analysis

Quantitative descriptive analysis and quantitative inferential analysis were conducted for the quantitative
part, and qualitative descriptive analysis was conducted for the qualitative part of the study.

2.5.1. The analysis of the data obtained from the scale

Quantitative data were analyzed categorically and numerically. When analyzing the quantitative data, the
responses given to the items of the scale were five points for positive views and one point for negative views in
the case of “totally agree”; four points for the items with positive views, two points for the items for negative
views in the case of “agree”; three points for both positive and negative views in the case of “neutral”; two
points for the items with positive views and four points for the items with negative views in the case of
“disagree”; and one point for the items with positive views and five points for the items with negative views in
the case of “totally disagree” (Morali et al., 2006). The relevant items of the scale were analyzed to determine
the pre-service teachers' views for the five basic contents mentioned above.

The views of the participants scoring 70 points out of 100 points are categorically positive, the views of the
participants scoring 60 points or below are categorically negative, and the views of the remaining participants are
categorically neutral (Morali et al., 2006).

Wilcoxon signed rank test (Wilcoxon, 1945) was used to determine whether the course implementation had a
statistically significant effect on pre-service teachers' views. Wilcoxon signed rank test, which is a non-
parametric test, was used as an alternative to dependent sample t-test (Can, 2017) because of a) the low number
of participants and b) the data did not show normal distribution. This test converts two different points of the
same sample at different times into rows and compares them to determine whether there is a statistically
significant difference (Pallant, 2007).

Test statistic Z and probability p values were taken into consideration to determine whether the course has a
significant effect on pre-service teachers' scores. Since p < 0.05, it was decided that there was a statistically
significant effect at the 95% confidence level. When it was decided that a significant effect exists, the mean rank
and rank sum of the difference scores were examined to determine the direction of this effect. It was decided that
if the mean rank and the sum of ranks of the difference scores were in favor of negative ranks, this significant
effect was in favor of pre-implementation, and if positive ranks, this meaningful effect was in favor of post-
implementation. If the course has a significant effect on views, the magnitude of this effect was calculated with
the formula r = Z/+/n (Pallant, 2007, p. 225). If the effect size is r = 0.1 then it is a small effect, if r = 0.3
then it is a medium effect, if » = 0.5 then it is a large effect (Cohen, 1988, p. 79-81). Effect size is an objective
measure of the impact identified and provides a standardization.

The marginal homogeneity test (Agresti, 1983, 1990) was used to determine whether the course
implementation had a categorically significant effect on the pre-service teachers' views about proof. The
marginal homogeneity test determines whether there is a statistically significant difference between the
categorical data of two different times of the same sample (Agresti, 1990). Since p < 0.05, it was decided that
there was a statistically significant effect at a 95% confidence level.

2.5.2. The analysis of data obtained from the semi-structured interviews

Recordings of interviews were verbatim transcribed and were subject to descriptive analysis. The thematic
framework for descriptive analysis is the categorical views on the scale. The data obtained from the interviews
with participants were analyzed according to their negative, neutral and positive categories.

Meaningful, correct and precise answers to the five questions asked in the semi-structured interviews were
coded as “positive”’; meaningless, false, and imprecise answers were coded as “negative”, and intermittent, non-
exact contradictory answers which are unclear were coded as "neutral”. For example, a response to the question
“How much do you trust your conceptual competencies related to proving? Please explain” which is “Sometimes
I trust and sometimes do not trust my conceptual competencies related to proving” was coded as “neutral”.
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3. Findings

In this section, the numerical mean of view points and categorical views regarding the main five contents in
the scale for pre- and post-implementation will be presented and the development of pre-service teachers will be
illustrated. Data from semi-structured interviews were included to examine the developments in the views of pre-
service teachers in depth.

Table 1. Item-based point means and categorical views in pre-and post-implementation regarding pre-service
teachers' views about their conceptual competencies related to proving

Pre- Post-

. Pre- . Post-
Implementation . Implementation .
. Implementation . Implementation
Item Numerical - Numerical .
- Categorical : Categorical
Mean of View View Mean of View View
Points Points
1. A proof in mathematics both 83.64 Positive 91.82 Positive
verifies and explains.
2. If aresult in mathematics is 7797 Positive 90.91 Positive

proved | can be certain that it is true.

3. Examples illustrating a result do
not always help me understand why 69.09 Neutral 90.00 Positive
the result is true.

5. In mathematics evidence from

: 74.55 Positive 95.45 Positive
examples tells you what is true.
11. Working on the stages of proof . -
helps me understand why it is true. 80.91 Positive 9545 Positive
12. Different proofs of a theorem o .
help me to understand it better. 8182 Positive 9727 Positive
13. Proof in mathematics depends on . -
other mathematical results. 84.55 Positive 92.73 Positive
Mean 78.83 Positive 93.38 Positive

As can be seen in Table 1, the means of the points increased for all items in the scale regarding the views
about their conceptual competencies related to proving. However, the highest increase (the 3 item, 20.91
points) occurred for the item “Examples illustrating a result do not always help me understand why the result is
true” (p. 159). Before the implementation, the pre-service teachers were unsure about whether showing the
correctness of a proposition without being proved and by examples helps them understand why that proposition
is correct. For this item, pre-service teachers who demonstrated negative views before the implementation
declared positive views after the implementation. Examples are not always sufficient to understand why a
proposition is correct. Proof of that proposition may be required since the proof does not only show that a
proposition is true but also explains why it is true.

Pre-service teachers participating in semi-structured interviews declared less positive views in the interviews,
contrary to their views about their conceptual competence in the scale. When the views of three pre-service
teachers participating in semi-structured interviews were analyzed, one of the pre-service teachers' views was
neutral before the implementation, positive after the implementation and the views of the other two were
negative before the implementation, but also positive after the implementation.

The interview dialogues with participants whose views on the conceptual competencies related to proving are
neutral before the implementation and positive after the implementation are given below. While the pre-service
teacher expressed a neutral view before the implementation saying “lI sometimes trust my conceptual
competencies, sometimes I don’t”, after the implementation, he said “I trust my conceptual competencies very
much” and declared a completely positive view.

R: How much do you trust your conceptual competencies related to proving? Please explain. (Before the
implementation)

PT1: | sometimes trust my conceptual competencies related to proving, sometimes I don’t. Because
sometimes things happen that | don't know. Then the proof is lacking in a sense. We cannot complete the
proof without knowing the concepts exactly. That's why it's important to know the concepts.

R: How much do you trust your conceptual competencies related to proving? Please explain. (After the
implementation)

PT1: After this course, | trust my conceptual competencies regarding proving. Thanks to this course, |
learned the concepts necessary for proof.
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The interview dialogue of a pre-service teacher whose views on the conceptual competencies related to
proving were negative before the implementation and positive after it is given below. While the pre-service
teacher expressed a completely negative view by saying “I don’t trust in any way to my conceptual
competences” before the implementation, he expressed a completely positive view by saying “I trust my
conceptual competencies very much”.

R: How much do you trust your conceptual competencies related to proving? Please explain. (Before the
implementation)

PT3: 1 do not trust in any way. Because | don't know anything.

R: What is a proof? What is not? Do you have any conceptual knowledge about it?

PT3: | have no idea.

R: How much do you trust your conceptual competencies related to proving? Please explain. (After the
implementation)

PT3: I didn’t know any concept of proof before the course, I couldn’t establish a single sentence, now I am
very confident in my conceptual competencies.

Table 2. Item-based point means and categorical views in pre-and post-implementation regarding pre-service
teachers' views about self-perceptions of proving

Pre- Pre- Post- Post-
Implementation . Implementation .
. Implementation . Implementation
Item Numerical Categorical Numerical o —
Mean of View 9 Mean of View 9
. View . View
Points Points
10. I am confident in my ability to 62.73 Neutral 81.82 Positive
prove results for myself.
14. 1 usually find it difficult to 64.55 Neutral 83.64 Positive
understand proof.
Mean 63.64 Neutral 82.73 Positive

As can be seen from Table 2, there was an increase of 19.09 points in the two items in the view scores of the
pre-service teachers' self-perception of proving. The pre-service teachers who expressed neutral views before the
implementations for the items “I am confident in my ability to prove results for myself” and “I usually find it
difficult to understand proof” (p. 160), expressed positive views after the implementation. It is seen that the
implementation has a categorical effect on pre-service teachers' trust in their ability to prove and understanding
proofs.

When the views of three pre-service teachers who participated in semi-structured interviews about self-
perception of proving are analyzed, it was found that the views of the two were neutral before the
implementation and became positive after it, and the views of the other were negative before the implementation
and became neutral after the implementation.

Interview dialogues of a pre-service teacher whose views on self-perception of proving were neutral before
the implementation and positive after it was given below. Although this participant stated that he generally
trusted himself before the implementation, he stated that he sometimes did not feel confident and expressed a
neutral view. After the implementation, he stated that he trusted his self-perceptions and expressed a positive
view.

R: How much do you trust your self-perception of proving? (Before the implementation)

PT1: To prove, one has to trust himself. I'm confident. It depends on a little bit on the person who teaches.
How do | explain it? | love maths. | have always improved my knowledge until today. That's why | trust my
knowledge. I think that I will usually handle proofs. | usually can do proofs. | trust myself. But sometimes |
can't, then I don't trust myself.

R: How much do you trust your self-perception of proving? (After the implementation)

PT1: | was neutral in my self-perception of proving before the course. Frankly, there was this thing that |
couldn't. When a question frightened me before the course, | used to skip that question. Now | say | will solve
it, thanks to this course.

The interview dialogues of the pre-service teacher whose views on self-perception of proving were negative
before the implementation and neutral after the implementation were given below. The pre-service teacher
expressed negative views by stating that he did not trust himself before the implementation. After the
implementation, although he stated that he trusted himself more than before, he stated that he still had
deficiencies and expressed a neutral view.

R: How much do you trust your self-perception of proving? (Before the implementation)
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PT3: 1 am a person who has not done any proof until | came to university. They gave us axioms in 9th grade,
but I never even read them. | didn't even care if it was on exams. I've never looked at it. | don't like it at all.
So | am a person who has always been interested in the numerical part of mathematics. But | know I need to
prove as a teacher candidate. | believe | will do it. I do if | study.

R: What about now?

PT3: For now, | don't trust myself, I can't do much, | don't trust my knowledge.

R: How much do you trust your self-perception of proving? (After the implementation)
PT3: Better than before. But I still have indecision.

R: When do you experience indecision?

PT3: During different proof questions | have seen for the first time.

Table 3. Item-based point means and categorical views in pre-and post-implementation regarding pre-service
teachers' views about the importance of proving

Pre- Post-
Implementation e Implementation i
. Implementation . Implementation
Item Numerical . Numerical .
i Categorical - Categorical
Mean of View : Mean of View :
. View : View
Points Points
4. Proof 1S essential in pure 87.27 Positive 94.55 Positive
mathematics.
6. I can’t see the point of doing
proofs: all the results in the course 74,55 Positive 95.45 Positive
have already been proved beyond
doubt by famous mathematicians.
8. If a result in mathematics is
obviously true then there’s no point 75.45 Positive 90.91 Positive
in proving it.
17. 1 think knowing a theorem (or a
preposition) is more important than 71.82 Positive 89.09 Positive
proving it.
Mean 77.27 Positive 92.50 Positive

As can be seen from Table 3, the highest increase in the view scores of pre-service teachers about the

importance of proving occurred for the item (the 6" item, 20.9 points) “I can’t see the point of doing proofs: all
the results in the course have already been proved beyond doubt by famous mathematicians” (p. 159). In three
other items measuring the views about the importance of proving, the average score of the participants increased.

When the views of the three pre-service teachers who participated in the semi-structured interviews about the

importance of proving were analyzed, the views of the two before and after the implementation are positive,
while the views of the third were negative before the implementation and positive after it.

The interview dialogues with the pre-service teacher whose views about the importance of proving were

negative before the implementation and positive after the implementation were given below. While the pre-
service teacher stated a negative view saying “I do not think proof is too important” before the implementation,
he stated a positive view by emphasizing that proof was important after the implementation.

R: What do you think about the importance of proving? Please explain. (Before the implementation)

PT2: 1 don't think proof is too important. So for us, secondary teachers.

R: Important for whom?

PT2: Important for the academician. Academics should work on this subject. But | am against teaching us
proofs, in the school. This is the work for those who want to have an academic career. | see things in the
mathematics courses that | will never use. It won't work for me when I'm a teacher.

R: Is it working at the moment, when you learn maths?

PT2: No it doesn 't. Just practical work.

R: Does it have an effect on teaching and learning mathematics??

PT2: It helps to learn some things when learning of mathematics but if you don’t teach it nothing left. After a
while, it goes away again. If | knew I could use proof, | would try more.

R: What do you think about the importance of proving? Please explain. (After the implementation)

PT2: 1 think it is important as a teacher. The student can ask anything. It is OK. He may proceed without
proofs, but if the teacher proves, it will have a better place in the student's mind. So the teacher, the pre-
service teachers should pay more attention.

R: Is it necessary for students at the university?

PT2: Not for most departments, but it is for our department.

R: Why proofs are important?
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PT2: Because it doesn't leave a question mark in the mind.
R: Does it make it certain?
PT2: Exactly. That is what the proof is about.

Table 4. Item-based point means and categorical views in pre-and post-implementation regarding pre-service
teachers' general views related to proving

Pre- Post-

Implementation e Implementation S
. Implementation - Implementation
Item Numerical : Numerical :
- Categorical . Categorical
Mean of View - Mean of View :
. View . View
Points Points
/. Proo_fs sometimes involve . 42.73 Negative 69.09 Neutral
strategies that are not at all obvious.
15. Proving is in a sense problem- 78.18 Positive 88.18 Positive
solving.
16. Only professional
mathematicians can make 79.09 Positive 94.55 Positive

mathematical proofs.

19. Although I generally understand
what a theorem means, | am having 57.27 Negative 81.82 Positive
difficulty understanding its proof.

20.1 can only understand a proof 67.27 Neutral 89.09 Positive
when a teacher does it in class.

Mean 64.91 Neutral 84.55 Positive

As can be seen from Table 4, the highest increase in pre-service teachers' general views related to proving
occurred for the item (the 7" item, 26.36 points) “Proofs sometimes involve strategies that are not at all obvious”
(p. 159). Before the implementation, pre-service teachers’ views were that the proofs included incomprehensible
strategies. After the intervention, they were neutral. The strategies in proofs must be understood by pre-service
teachers. Another item in which the categorical view was changed was the item (the 19" item, 24.55 points)
“Although I generally understand what a theorem means, I am having difficulty understanding its proof” (p. 160)
for which pre-service teachers declared positive views after the implementation. Before the implementation, pre-
service teachers thought that they had difficulty in understanding proofs even if they understood the theorems.
After the implementation, the dominant view was that they understood the proofs. Finally, another item (the 20"
item, 21.82 points), where the categorical view changed, is the item “I can only understand a proof when a
teacher does it in class” (p. 160). The pre-service teachers who declared neutral views before the implementation
expressed positive views afterward. Before the implementation, pre-service teachers had a neutral view about
whether they can understand the proof without the help of the instructor. However, after the implementation,
they thought that they could understand the proof on their own. It is seen that there is an undeniable increase in
the mean scores in the other two items for which there were no categorical changes.

When the general views of three pre-service teachers participating in the semi-structured interviews were
analyzed, the views of the two before and after the implementation were positive, while the views of the other
pre-service teacher were negative before and after the implementation. However, it is seen that the pre-service
teachers' views about proving have become clearer after the implementation.

Interview dialogues with the pre-service teachers whose views were negative before the implementation and
positive after the implementation are given below. The pre-service teacher stated that theorems were useless and
there was no point for proofs. However, his views were positive after the implementation.

R: Explain your general views related to proving (Before the implementation)

PT2: ... The proofs we see change our view a little bit, so we see proofs of many different theorems. I wish we
see some more useful things, some more useful theorems.

R: Can you tell me one useful theorem?

PT2: What can it be? For example, Fibonacci or something.

R: Is it useful?

PT2: Conceived with an example like Fibonacci. We are dealing with such complicated proofs, then we get
nothing. Even if we prove, we cannot get anything. We prove, but what happens!

R: Explain your general views related to proving (After the implementation)
PT2: My general views related to proving were positive after the course. Because | felt that proof meant a lot
to me. | felt that it improved me cognitively. | can understand proofs, | can do it on my own.
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Table 5. Item-based point means and categorical views in pre-and post-implementation regarding pre-service
teachers' views about the feelings regarding proving

Pre- Pre- Post- Post-
Implementation . Implementation .
. Implementation . Implementation
Item Numerical e Numerical Cateqorical
Mean of View g Mean of View g
. View . View
Points Points
9. | like doing proofs in mathematics. 71.82 Positive 89.09 Positive
18. Dealing with proofs if very 69.09 Neutral 90.00 Positive
boring.
Mean 70.46 Positive 89.55 Positive

As can be seen from Table 5, the highest increase in the view scores of pre-service teachers was the item (the
18™ item, 20.91 points) “Dealing with proofs if very boring” (p. 160). For this item, pre-service teachers who
gave neutral views before the implementation expressed positive views afterward. It is seen that the mean scores
of pre-service teachers showed an important increase in the other item that measures the feelings regarding
proving.

When the feelings of three pre-service teachers participating in the semi-structured interviews are examined,
it was found that one of the pre-service teachers' feelings before and after the implementation were positive, the
second one was negative before and positive after the implementation, the third one’s views were neutral before
and positive after the implementation. The interview dialogues with the pre-service teacher whose views were
neutral before the implementation was positive afterward:

R: How do you feel when you do proofs? Please explain. (Before the implementation)

PT2: I feel slightly happy when I do proofs.

R: Why slightly?

PT2: | feel | can't do anything. | get excited while doing it, | am happy when | prove something. When |
cannot, | consult with other people. I feel relieved when I do it. I am in trouble when I can't. I did not sleep at
night or something, | look at the videos on the internet a few times, there is a teacher there, | watch it.

R: How do you feel when you do proofs? Please explain. (After the implementation)

PT2: At the beginning of the year, | did not know anything about proof. | didn't even know what the proof
was. It seemed unnecessary and absurd, frankly. Then we saw the proof methods, seven in the course. | have
seen that most things fit logically and move forward. After | established the logic, | started to like proof more.
| started to prove and started to love it. For example, the proof that the root number 7 is irrational impressed
me a lot. I never thought of it before. I couldn't think of anything about how to prove this. | get excited to get
started, | enjoy doing the process.

The interview dialogues with the pre-service teacher whose feelings were negative before the implementation
and positive afterward were given below. While he stated that he felt bad because he could not do proof before
the implementation, he declared completely positive views stating that he had fun and was happy after the
implementation.

R: How do you feel when you do proofs? Please explain. (Before the implementation)

PT3: When proving, it feels like I could never do it. | feel very ignorant when | do proofs. | can't find any
solution. I know | have something in my head, but | can't write it down. | can not express myself.

R: How this thing effect you?

PT3: I feel bad.

R: How do you feel when you do proofs? Please explain. (After the implementation)

PT3: Proving is good. Before the course, it was boring because I couldn’t do it. I used to not like it. But after
the course, | started to have fun.

R: What is the fun bit?

PT3: Finding something new, to reach something. It makes me happy to find out something.

R: Is there any difference before and after the course?

PT3: I love it more because | can do better now.

R: So can you do it?

PT3: When | look at the question for the first time, | think that | can do this with this method.

It can be seen that the course design, which has been mentioned so far, has an impact on pre-service teachers'
numerical and categorical views. Inferential analysis has been made to examine whether this effect is statistically
significant. First, the Wilcoxon signed rank test was applied to determine whether the course had a statistically
significant effect on pre-service teachers' numerical views.
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Table 6. Wilcoxon Signed Rank Test Outputs Regarding Pre-service Teachers’ viewpoints in Pre- and Post-
Implementation

Post implementation- Sum of

Content - . N Mean Rank Z p Effect size
Pre implementation Ranks
Negative ranks 0@ 0.00 0.00

VCC  positive ranks 220 11.50 253.00  -4.113*  <0.001 -0.88
Ties 0°
Negative ranks 2@ 3.00 6.00

Vsp Positive ranks 16 10.31 165.00  -3.488*  <0.001 -0.74
Ties 4¢
Negative ranks 04 0.00 0.00

Vi Positive ranks 19 10.00 190.00  -3.841*  <0.001 -0.82
Ties 3¢
Negative ranks 04 0.00 0.00

GV Positive ranks 19 10.00 190.00  -3.834*  <0.001 -0.82
Ties 3¢
Negative ranks 2@ 4.00 8.00

VF Positive ranks 17 10.71 182.00  -3.530*  <0.001 -0.75
Ties 3¢

Whole  Negative ranks 04 0.00 0.00

Scale Positive ranks 21° 11.00 231.00 -4.018*  <0.001 -0.86
Ties 1¢

* Based on Negative Rank, 2 view point post-implementation < view point pre-implementation, ® view point post-implementation > view
point pre-implementation, ° view point post-implementation = view point pre-implementation.

As seen in Table 6, the course has a meaningful (Z = —4.113,p < 0.001)) and significant effect
(1—0,88|>0.5). Besides, it can be seen from the table that the view scores of all pre-service teachers about their
conceptual competencies related to proving increased after the implementation.

The course had a meaningful (Z = —3.488,p < 0.001) and significant effect (|—0.74[>0.5) on pre-service
teachers' views about their self-perception of proving in favor of post-implementation (rank mean and rank
total). In addition, it can be seen from the table that the view scores of sixteen pre-service teachers about self-
perception of proving increased after the implementation. The scores of the four pre-service teachers remained
the same before and after the implementation, and only the scores of the two pre-service teachers decreased.

The course had a meaningful (Z = —3.841,p < 0.001) and significant effect (|—0,82|>0.5) on pre-service
teachers’ views about the importance of proving in favor of post-implementation (rank mean and rank total).
Also, it can be seen from the table that the view scores of nineteen pre-service teachers regarding the importance
of proving increased after the implementation. The scores of the other three remained the same before and after
the implementation. There is no pre-service teacher with a decrease in score.

The course had a meaningful (Z = —3.834,p < 0.001) and significant effect (|—0.82|>0.5) on pre-service
teachers’ general views related to proving in favor of post-implementation (rank mean and rank total). Besides, it
can be seen from the table that the view scores of nineteen pre-service teachers increased after the
implementation. The score of the other three remained the same before and after the implementation. There is no
pre-service teacher with a decrease in score.

The course had a meaningful (Z = —3.530,p < 0.001) and significant effect (|—0.75[>0.5) on pre-service
teachers’ feelings regarding proving in favor of post-implementation (rank mean and rank total). Besides, it can
be seen from the table that the views scores of seventeen pre-service teachers about the feelings regarding
proving increased after the implementation. The score of the other three remained the same before and after the
implementation. Scores decreased only for two pre-service teachers.

When the data obtained from the scale is considered, it was found that the course had a meaningful (Z =
—4.018,p < 0.001) and significant effect (|—0.86/>0.5) on pre-service teachers’ views about proof in favor of
post-implementation (rank mean and rank total). Also, it can be seen from the table that the views scores of
twenty-one pre-service teachers increased after the implementation. There is no pre-service teacher with a
decrease in the score while there is only one pre-service teacher with an unchanging score.

After determining that the course implementation has a significant effect on the pre-service teachers'
numerical view points, the marginal homogeneity test was applied to determine whether there was a significant
effect on their categorical views.
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Table 7. Marginal Homogeneity Test Outputs Regarding Pre-service Teachers’ Categorical Views in Pre- and
Post-Implementation

Post implementation-

Content Pre implementation N P

Negative ranks 0¢

VCC Positive ranks 3P No statics are computed
Ties 19¢
Negative ranks 14

VSP Positive ranks 15° 0.001
Ties 6¢
Negative ranks 04

VI Positive ranks 6° 0.020
Ties 16°
Negative ranks 0°

GV Positive ranks 13° 0.001
Ties 9¢
Negative ranks 0°

VF Positive ranks 12° 0.001
Ties 10¢
Negative ranks 04

Whole Scale Positive ranks 9° 0.003
Ties 13¢

2 view point post-implementation < view point pre-implementation, ° view point post-implementation > view point pre-implementation, ©
view point post-implementation = view point pre-implementation.

It can be seen from Table 7 that the course implementation has a categorically positive effect on the pre-
service teachers' views on conceptual competencies related to proving. It can be seen from the table that the three
pre-service teachers’ views have improved categorically, and there was no categorical change in the views of the
other nineteen pre-service teachers. However, the test statistics could not be calculated. This is because there are
not enough participants for each level (negative, neutral and positive) to reach appropriate or important results.
Since there was no categorical change required for categorical calculations, the calculation could not be made.
However, the course implementation has a statistically significant effect on the pre-service teachers' views about
self-perception of proving (p = 0.001), their views on the importance of proving (p = 0.020), their general
views related to proving (p = 0.001), their feelings regarding proving (p = 0.001) categorically. Also, when
looking at the direction of categorical changes in views, it is seen that this statistically significant effect is in
favor of post-implementation.

It is again seen from the table that categorical views improved for 15 participants regarding the self-
perception of proving, six for the importance of proving, 13 for general views related to proving and 12 for
feelings regarding proving. Views remained the same pre- and post-implementation for six participants regarding
self-perception of proving, 16 participants regarding the importance of proving, nine participants regarding
general views related to proving, 10 participants regarding the feelings regarding proving. One only pre-service
teacher had a categorical decrease regarding views about self-perception of proving. None of the participants had
a categorical decrease regarding the other contents.

As a result, it is seen that the course implementation had a categorically significant effect (p = 0.003) on the
pre-service teachers' views about proof. Also, when we look at the categorical changes for the views from the
table, it is seen that this statistically significant effect is in favor of post-implementation. It can be seen from the
table that the views of nine pre-service teachers about proof have improved categorically. The views of the 13
pre-service teachers categorically remained the same before and after the implementation. The reason for this is
that these 13 pre-service teachers had a positive view before the implementation. Therefore, the improvement of
the view scores did not cause any categorical change for these pre-service teachers.

4. Discussion, Conclusion and Implications

When the quantitative findings obtained from the scale are examined before the implementation, it is seen
that pre-service teachers have positive views for some items that constitute their views on their conceptual
competencies related to proving, their views on self-perception of proving, their general views related to proving
and their feelings regarding proving.

After the implementation, there were no items in the 20-item scale, where the number of pre-service teachers'
numerical view scores remained 60 points or below, that is, categorically negative. However, there is only one
item that categorically corresponds to neutral views, which is the item “Proofs sometimes involve strategies that
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are not at all obvious”. Weber (2001) stated that the difficulty of undergraduate students in proving is due to the
lack of strategic knowledge and emphasized the importance of strategic knowledge to overcome this difficulty.
Therefore, in the next cycle, it was decided to add separate tasks for each proof method, which aims to develop
strategic knowledge of pre-service teachers. According to mathematicians, each proof contains different key
ideas (Doruk & Kaplan, 2013). Tasks that adopt strategies suitable for these ideas for each proof method and
tasks that require proving using these strategies can overcome pre-service teachers' instability in the context of
this item.

When the quantitative findings obtained from the scale before and after the implementation were compared,
it is seen that there is a significant effect on the pre-service teachers' view scores about their conceptual
competencies related to proving, their view scores regarding their self-perception of proving and their categorical
views, their view scores regarding the importance of proving and their categorical views, their view scores
regarding general views related to proving and their categorical views, their view scores regarding feelings
regarding proving and their categorical views.

When the qualitative findings obtained from the semi-structured interviews were examined before the
implementation, it is seen that pre-service teachers had some negative views regarding their categorical views on
their conceptual competencies related to proving, their categorical views on the importance of proving, their
categorical views on general views related to proving and their feelings regarding proving.

In the semi-structured interviews conducted after the intervention, three pre-service teachers had positive
views in all contents except their views on self-perception of proving. For views about self-perception, only one
pre-service teacher expressed neutral views. The reason for this pre-service teacher’s instability might be due to
his difficulty in proving the propositions he saw for the first time. Due to the complex nature of proof, it is a
concern that every student can experience in proving activities.

When the qualitative findings obtained from the semi-structured interviews before and after the
implementation were compared, it is seen that the course had a positive effect on categorical views of the pre-
service teachers regarding the conceptual competencies related to proving, their categorical views about the
importance of proving, their general categorical views related to proving, their categorical views regarding
feelings regarding proving and the categorical views about proving in favor of post-implication.

When the data obtained from the scale and semi-structured interviews before and after the implementation
are considered together, it is seen that the course had a positive effect on the pre-service teachers' views about
proof. The reason for this effect may be that the pre-service teachers developed their content knowledge and the
pedagogical content knowledge related to proof. Participants who have developed content and pedagogical
content knowledge have probably improved their views about proof. Pre-service teachers’ improvement in their
cognitive behavior on a subject may have also improved their affective behavior. As Tyler (1973) stated in his
study, while individuals’ learning occurs cognitively, it may also occur in affective developments as a result
(Tyler, 1973 as cited in Yakar & Duman, 2017).

To improve pre-service teachers’ views about their conceptual competencies, the implementation process
started with a module called modern components of proof. This module focused on terms (undefined terms and
definitions), propositions (assumptions, theorems, and false propositions), as well as axioms, postulates, lemmas,
and corollaries. When designing the course we assumed that this module would contribute to the improvement in
view scores about their conceptual competencies related to proving. Comprehending these proof components
well may have provided pre-service teachers to have more confidence in their conceptual competencies. Talking
about the functions of proof during the course may have improved participants’ views about proof. Explanation
of proof schemes and proving tasks using the analytical scheme may have distanced them from external and
experimental proof schemes. Therefore, pre-service teachers may have noticed that examples, figures or external
sources are not sufficient for proving. Dealing with different proofs of a theorem in the analytical scheme may
have contributed to pre-service teachers' understanding of these theorems. Again, the use of lemmas and
corollaries, if necessary, may have improved the views of participants.

In the implementation process, pre-service teachers were allowed to work individually using worksheets and
internalize these proofs by discussing them with their peers. Instead of product-oriented proof teaching, process-
oriented proof teaching was adopted. Likewise, in his study, Yoo (2008) emphasized the necessity of choosing a
process-oriented proof approach for effective proof teaching. This approach may have improved pre-service
teachers' self-perception of proving.

It is thought that dealing with a variety of proofs about different subjects during the course might have had
affected the pre-service teachers' view scores and categorical views about the importance of proving. Because
performing very different proving activities for different subjects of mathematics is an effective tool for
understanding mathematics subjects and proofs are as important as theorems in mathematics. Likewise proof
might be an effective tool for learning mathematics by comprehending it (Knuth, 2002a). Proving theorems in
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the context of undergraduate level subjects may have developed participants’ view that proof has an
indispensable place in theoretical mathematics.

The course had comprehensive content and a student-centered teaching approach. This might have
contributed to participants’ general view scores and categorical views about proof. According to Marlowe and
Page (2005), the more active the student is in the process, the more effective and permanent the learning is.
Besides, explaining the steps to be taken specifically for each proof method during the course and having a lot of
examples may have improved the pre-service teachers' understanding of the strategies to be used in proofs.
Dividing the stages of proofs in the worksheets may have strengthened the pre-service teachers’ views that the
proof has stages such as problem-solving.

To improve the views of pre-service teachers about their feelings regarding proving, group and individual
tasks have been conducted through worksheets and activities that would improve pre-service teachers’ content
knowledge of proof using worksheets that would catch their interest, and improve their pedagogical content
knowledge using scenarios. It is thought that the pre-service teachers' role as both students and teachers in the
classroom, apart from the traditional teaching of proof, contributed to their view scores and categorical views
regarding their feelings about proving. Apart from proving tasks, participants were required to explain the
reasons behind students’ difficulties in the scenarios, to determine the teaching strategies to overcome these
difficulties and to identify the proof schemes in the scenarios. These tasks might have a positive effect on their
feelings regarding proving.

Participants of this intervention study were limited to upper-secondary school pre-service mathematics
teachers at a university. This intervention study can be implemented with pre-service teachers studying in
mathematics teaching departments of different universities in different regions, and their effect on their views on
proof can be examined. It can be suggested that these studies be carried out with more participants studying at
different grade levels.

This study only investigated the effects of an intervention (which aimed to improve pre-service teachers’
content knowledge and pedagogical content knowledge of proof) on pre-service teachers' views about proof. We
suggest researchers carry out studies that offer different ideas and interventions aimed at developing different
affective behaviors of pre-service teachers such as views, attitudes, and beliefs about proof.

Kaynaklar/References

Agresti, A. (1983). Testing marginal homogeneity for ordinal categorical variables. Biometrics, 39(2), 505-510.

Agresti, A. (1990). Categorical data analysis. New York: John Wiley and Sons.

Almeida, D. (2000). A survey of mathematics undergraduates’ interaction with proof: Some implications for
mathematics education. International Journal of Mathematical Education in Science and Technology, 31(6),
869-890.

Altun, M. (2001). Matematik égretimi. Bursa: Alfa Kitabevi.

Aydogdu-iskenderoglu, T., Baki, A., & Palanci, M. (2011). Matematiksel kanit yapmaya yonelik goriis dlcegi:
Gegerlik ve giivenirlik ¢alismasi. Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Derdisi,
5(1), 181-203.

Baki, A. (2015). Kuramdan uygulamaya matematik egitimi (6. Baski). Ankara: Harf Egitim Yayncilig.

Balacheff, N. (1987). Processus de preuve et situations de validation. Educational Studies in Mathematics, 18(2),
147-176.

Balacheff, N. (1988). Aspects of proof in pupils’ practice of school mathematics. In D. Pimm (Ed.),
Mathematics, teachers and children (pp. 216-230). London, UK: Hodder & Stoughton.

Ball, D. L., Hoyles, C., Jahnke, H. N., & Movshovitz-Hadar, N. (2002). The teaching of proof. In L. I. Tatsien
(Ed.), Proceedings of the International Congress of Mathematicians, (\Vol 111, pp. 907-920). Beijing: Higher
Education Press.

Bayrakdar-Ciftci, Z., Akgiin, L., & Deniz, D. (2013). Dokuzuncu sinif matematik 6gretim programu ile ilgili
uygulamada karsilagilan sorunlara yonelik Ogretmen goriisleri ve ¢oziim Onerileri. Anadolu Journal of
Educational Sciences International, 3(1), 1-21.

Bell, A. W. (1976). A study of pupils’ proof-explanations in mathematical situations. Educational Studies in
Mathematics, 7(1), 23-40.

Bieda, K. N. (2010). Enacting proof-related tasks in middle school mathematics: Challenges and opportunities.
Journal for Research in Mathematics Education, 41(4), 351-382.

Branch, R. M. (2009). Instructional design: The ADDIE approach. New York: Springer International
Publishing.

Can, A. (2017). SPSS ile bilimsel arastirma siirecinde nicel veri analizi (5. Baski). Ankara: Pegem Akademi.

308



Improving Pre-Service Mathematics Teachers' Views on Proof: A Design Study

Cihan, F. (2019). Matematik ogretmen adaylarinin ispatla ilgili alan ve pedagojik alan bilgilerini gelistirmeye
yonelik bir ders tasarimi (Unpublished doctoral dissertation). Marmara University, Istanbul.

Cihan, F. & Akkog, H. (2018, May). Ispata yénelik alan ve pedagojik alan bilgisi gelistirmeye yénelik bir ders
tasarmmi. Vth International Eurasian Educational Research Congress (EJER-2018), Antalya.

Cihan, F. & Akkog, H. (2019). Developing pre-service mathematics teachers' pedagogical content knowledge of
proof schemes: An intervention study. In U. T. Jankvist, M. van den Heuvel-Panhuizen, & M. Veldhuis
(Eds.), Proceedings of the Eleventh Congress of the European Society for Research in Mathematics
Education (pp. 155-162). Utrecht, the Netherlands: Freudenthal Group & Freudenthal Institute, Utrecht
University and ERME.

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Hillsdale, NJ: Lawrence
Earlbaum Associates, Publishers.

Cornu, B. (1991). Limits. In D. Tall (Ed.), Advanced mathematical thinking (pp. 153-166). Dordrecht, The
Netherlands: Kluwer.

Department for Education. (2013a). Mathematics programmes of study: Key stages 1 and 2 - National
curriculum in England. Retrieved March 17, 2017 from
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/335158/PRIMARY _national_
curriculum_-_Mathematics_220714.pdf

Department for Education. (2013b). Mathematics programmes of study: Key stage 3 - National curriculum in
England. Retrieved March 17, 2017 from
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/239058/SECONDARY _natio
nal_curriculum_-_Mathematics.pdf

Department for Education. (2014). Statutory guidance national curriculum in England: Mathematics
programmes of study. Retrieved April 5, 2017 from https://www.gov.uk/government/publications/national-
curriculum-in-england-mathematics-programmes-of-study/national-curriculum-in-england-mathematics-
programmes-of-study

Department of Education & Training of Australia [DETA]. (2004). Competency frameworks for teachers.
Department of Education & Training WA: East Porth.

Dickerson, D. S., & Doerr, H. M. (2014). High school mathematics teachers’ perspectives on the purposes of
mathematical proof in school mathematics. Mathematics Education Research Journal, 26(4), 711-733.

Doruk, M. & Giiler, G. (2014). ilkdgretim matematik &gretmeni adaylarmin matematiksel ispata yonelik
goriisleri. Uluslararasi Tiirk Egitim Bilimleri Dergisi, 2014(3), 71-93.

Doruk, M. & Kaplan, A. (2013). Ilkogretim matematik dgretmeni adaylarinin dizilerin yakinsakligi kavrami
{izerine ispat degerlendirme becerileri. Egitim ve Ogretim Arastirmalar: Dergisi, 2(1), 231-240.

Doruk, M., Ozdemir, F., & Kaplan, A. (2014). Matematik 6gretmeni adaylarmmn matematiksel ispat yapmaya
yonelik goriisleri ile matematige kars1 6z-yeterlik algilar1 arasindaki iliski. Kastamonu Egitim Dergisi, 23(2),
861-874.

Duval, R. (2007). Cognitive functioning and the understanding of mathematical processes of proof. In P. Boero
(Ed.), Theorems in school: From history, epistemology and cognition to classroom practice (pp. 137-161).
Rotterdam, The Netherlands: Sense Publishers.

Gokkurt, B. & Soylu, Y. (2012). Universite 8grencilerinin matematiksel ispat yapmaya yonelik gériisleri. Egitim
ve Ogretim Arastirmalar Dergisi, 1(4), 56-64.

Gomleksiz, M. N. & Kan, A. U. (2012). Egitimde duyussal boyut ve duyussal 6grenme. Turkish Studies-
International Periodical For the Languages, Literature and History of Turkish or Turkic, 7(1), 1159-1177.
Giiler, G., Ozdemir, E., & Dikici. R. (2012). Ogretmen adaylarmim matematiksel tiimevarim yoluyla ispat

becerileri ve matematiksel ispat hakkindaki goriisleri. Kastamonu Egitim Dergisi, 20(1), 219-236.

Giiven, B., Celik, D., & Karatas, 1. (2005). Ortadgretimdeki gocuklarm matematiksel ispat yapabilme
durumlarinm incelenmesi. Cagdas Egitim Dergisi, 30(316), 35-45.

Hanna, G. (1991). Mathematical proof. In D. Tall (Ed.), Advanced mathematical thinking (pp. 54-61). Dordrecht,
The Netherlands: Kluwer Academic Publishers.

Hanna, G. (2000). Proof, explanation and exploration: An overview. Educational Studies in Mathematics, 44(1-
2), 5-23.

Harel, G. (2008). DNR perspective on mathematics curriculum and instruction, Part I: Focus on proving. ZDM-
International Journal of Mathematics Education, 40(3), 487-500.

Harel, G., & Rabin, J. M. (2010). Teaching practices associated with the authoritative proof scheme. Journal for
Research in Mathematics Education, 41(1), 14-19.

Harel, G., & Sowder, L. (1998). Students’ proof schemes: Results from exploratory studies. In A. H. Schoenfeld,
J. Kaput, & E. Dubinsky (Eds.), Research in collegiate mathematics education 111 (pp. 234-283). Providence,
RI: American Mathematical Society.

Harel, G., & Sowder, L. (2007). Toward comprehensive perspectives on the learning and teaching of proof. In F.
K. Lester Jr. (Ed.), Second handbook of research on mathematics teaching and learning (pp. 805-842).
Charlotte, NC: Information Age Publishing.

309


https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/335158/PRIMARY_national_curriculum_-_Mathematics_220714.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/335158/PRIMARY_national_curriculum_-_Mathematics_220714.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/239058/SECONDARY_national_curriculum_-_Mathematics.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/239058/SECONDARY_national_curriculum_-_Mathematics.pdf
https://www.gov.uk/government/publications/national-curriculum-in-england-mathematics-programmes-of-study/national-curriculum-in-england-mathematics-programmes-of-study
https://www.gov.uk/government/publications/national-curriculum-in-england-mathematics-programmes-of-study/national-curriculum-in-england-mathematics-programmes-of-study
https://www.gov.uk/government/publications/national-curriculum-in-england-mathematics-programmes-of-study/national-curriculum-in-england-mathematics-programmes-of-study

F. Cihan, H. Akkog¢

Hersh, R. (1993). Proving is convincing and explaining. Educational Studies in Mathematics, 24(4), 389-399.

Imamoglu, Y., & Yontar-Togrol, A. (2010). Freshmen and senior teaching science and mathematics students’
proving patterns and conceptualizations of the nature and role of proof in school mathematics. International
Journal for Cross-Disciplinary Subjects in Education, 1(2), 79-87.

Imamoglu, Y., & Yontar-Togrol, A. (2015). Proof construction and evaluation practices of prospective
mathematics educators. European Journal of Science and Mathematics Education, 3(2), 130-144.

Iskenderoglu, T. (2010). [lkogretim matematik Ogretmeni adaylarmn kamtlamayla ilgili goriisleri ve
kullandiklart kanit semalari (Unpublished doctoral dissertation). Karadeniz Technical University, Trabzon.

Kaplan, A., Doruk, M., Oztiirk, M., & Duran, M. (2016). Matematik ve matematik egitimi &grencilerinin
matematiksel ispata yonelik goriisleri arasinda fark var mudir? Journal of Human Sciences, 13(3), 6020-6037.

Kayagil, S. (2012). {lkdgretim matematik dgretmen adaylarmnm ispat yapmaya yonelik goriisleri ve bu goriislerin
baz1 degiskenlere goére incelenmesi. International Journal of New Trends in Arts, Sports & Science
Education, 1(2), 134-141.

Knuth, E. J. (2002a). Proof as a tool for learning mathematics. Mathematics Teacher, 95(7), 486-490.

Knuth, E. J. (2002b). Teachers’ conceptions of proof in the context of secondary school mathematics. Journal of
Mathematics Teacher Education, 5(1), 61-88.

Kogce, D. (2012, June). [lkégretim matematik 6gretmen adaylarimin ispatin 6grenmeye katkasi ile ilgili goriisleri
ve ispat diizeyleri. X. Ulusal Fen Bilimleri ve Matematik Egitimi Kongresi, 27-30 Haziran 2012, Nigde.

Lee, W. I. (1999). The relationship between students’ proof writing ability and Van Hiele levels of geometric
thought in a college geometric course (Unpublished doctoral dissertation). University of Northern Colorado,
Greeley, Colorado, USA.

Lesseig, K. (2016). Investigating mathematical knowledge for teaching proof in professional development.
International Journal of Research in Education and Science (1JRES), 2(2), 253-270.

Marlowe, B., & Page, M. (2005). Creating and sustaining the constructivist classroom (2nd ed.). Thousand
Oaks, California: Corwin Press Inc.

Ministry of National Education [MoNE]. (2017a). Ogretmenlik meslegi genel yeterlikleri. Ankara: Ogretmen
Yetistirme ve Gelistirme Genel Midiirligii. Retrieved from
https://oygm.meb.gov.tr/meb_iys dosyalar/2017_12/11115355 YYRETMENLYK_MESLEYY_GENEL_Y
ETERLYKLERY.pdf on Decermber 2019.

Ministry of National Education [MoNE]. (2017b). Ortadgretim matematik ogretmeni ozel alan yeterlikleri.
Ankara: Ogretmen Yetistirme ve Geligtirme Genel Miidiirligi.
https://oygm.meb.gov.tr/meb_iys_dosyalar/2017_12/13160643_ MATEMATYK.pdf 25.01.2019 tarihinde
erigildi.

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded sourcebook (2nd ed.).
Thousand Oaks, CA, US: Sage Publications, Inc.

Miyazaki, M. (2000). Levels of proof in lower secondary school mathematics. Educational Studies in
Mathematics, 41(1), 47-68.

Moraly, S., Ugurel, 1., Turnikli, E., & Yesildere, S. (2006). Matematik 6gretmen adaylarinin ispat yapmaya
yonelik gortigleri. Kastamonu Egitim Dergisi, 14(1), 147-160.

National Board for Professional Teaching Standards [NBPTS]. (2010). Mathematics standards for teachers of
students ages 11-18+ (3rd.ed.). Arlington, VA: National Board for Professional Teaching Standards.

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

National Governors Association Center for Best Practices & Council of Chief State School Officers [NGA
Center & CCSSO]. (2010). Common core state standards for mathematics. Washington, DC: Authors.
Retrieved January 20, 2017 from http://www.corestandards.org/assets/CCSSI_Math%?20Standards.pdf

Pallant, J. (2007). SPSS survival manual: A step by step guide to data analysis using SPSS for windows (3rd ed.).
Maidenhead: Open University Press.

Park, S., & Oliver, J. S. (2008). Revisiting the conceptualisation of pedagogical content knowledge (PCK): PCK
as a conceptual tool to understand teachers as professionals. Research in Science Education, 38(3), 261-284.

Pasigna, J. C., & Herrera, M. L. (2014). Professional profile and pedagogical content knowledge of geometry
teachers in mathematical proofs in the context of public secondary high schools. SDSSU Multidisciplinary
Research Journal, 2(1), 22-34. Retrieved March 23, 2017 from
https://www.smrj.sdssu.edu.ph/index.php/SMRJ/article/view/40/38

Raman, M. (2003). Key ideas: What are they and how can they help us understand how people view proof?
Educational Studies in Mathematics, 52(3), 319-325. doi: https://dx.doi.org/10.1023/A:1024360204239

Rossi, R. J. (2006). Theorems, corollaries, lemmas, and methods of proof. Hoboken, New Jersey: John Wiley &
Sons, Inc.

Samkoff, A., & Weber, K. (2015). Lessons learned from an instructional intervention on proof comprehension.
Journal of Mathematical Behavior, 39, 28-50.

310


https://oygm.meb.gov.tr/meb_iys_dosyalar/2017_12/11115355_YYRETMENLYK_MESLEYY_GENEL_YETERLYKLERY.pdf
https://oygm.meb.gov.tr/meb_iys_dosyalar/2017_12/11115355_YYRETMENLYK_MESLEYY_GENEL_YETERLYKLERY.pdf
https://oygm.meb.gov.tr/meb_iys_dosyalar/2017_12/13160643_MATEMATYK.pdf
http://boardcertifiedteachers.org/sites/default/files/EAYA-MATH.pdf
http://boardcertifiedteachers.org/sites/default/files/EAYA-MATH.pdf
http://www.corestandards.org/assets/CCSSI_Math%20Standards.pdf
https://www.smrj.sdssu.edu.ph/index.php/SMRJ/article/view/40/38
https://dx.doi.org/10.1023/A:1024360204239

Improving Pre-Service Mathematics Teachers' Views on Proof: A Design Study

Selden A., & Selden, J. (1987). Errors and misconceptions in college level theorem proving. In J. D. Novak
(Ed.), Proceedings of the Second International Seminar on Misconceptions and Educational Strategies in
Science and Mathematics, (Vol. I, pp. 457-470). Ithaca, NY: Cornell University.

Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching. Educational Researcher, 15(2),
4-14.

Shulman, L. S. (1987). Knowledge and teaching: Foundations of the new reform. Harvard Educational Review,
57(1), 1-22.

Sowder, L., & Harel, G. (1998). Types of students’ justifications. The Mathematics Teacher, 91(8), 670-675.

Stylianou, D., Chae, N., & Blanton, M. (2006). Students' proof schemes: A closer look at what characterizes
students' proof conceptions. In S. Alatorre, J. L. Cortina, M. Saiz, & A. Méndez (Eds.), Proceedings of the
28th annual meeting of the North American Chapter of the International Group for the Psychology of
Mathematics Education, (Vol 2, pp. 54-60). Mérida, México: Universidad Pedagogica Nacional.

Stylianides, G. J., Stylianides, A. J., & Philippou, G. N. (2007). Preservice teachers’ knowledge of proof by
mathematical induction. Journal of Mathematics Teacher Education, 10(3), 145-166.

Tabach, M., Levenson, E., Barkai, R., Tirosh, D., Tsamir, P., & Dreyfus, T. (2010). Secondary school teachers’
awareness of numerical examples as proof. Research in Mathematics Education, 12(2), 117-131.

Tall, D., Yevdokimov, O., Koichu, B., Whiteley, W., Kondratieva, M., & Cheng, Y. H. (2012). Cognitive
development of proof. In G. Hanna, & M. De Villiers, (Eds.), Proof and Proving in Mathematics Education:
The 19th ICMI Study, (pp. 13-49). New York, NY: Springer.

Tok, T. N. (2017). Etkili gretim igin yontem ve teknikler. In A. Doganay (Ed.), Ogretim ilke ve yontemleri (11.
Baski) (pp. 176-259). Ankara: Pegem Akdemi.

Turgut, M., Yenilmez, K., & Uygan, C. (2013). Ortaokul ve lise matematik 6gretmeni adaylarnin ispat yapmaya
yonelik goriisleri. Adiyaman Universitesi Sosyal Bilimler Enstitiisii Dergisi, 6(13), 227-252.

Van Hiele, P. (1986). Structure and insight: A Theory of mathematics education. Orlando, FL: Academic Press.

Vinner, S. (1991). The role of definitions in the teaching and learning of mathematics. In D. Tall (Ed.), Advanced
mathematical thinking (pp. 65-81). Dordrecht, The Netherlands: Kluwer.

Waring, S. (2000). Can you prove it? Developing concepts of proof in primary and secondary schools. Leicester,
UK: The Mathematical Association.

Weber, K. (2001). Student difficulty in constructing proof: The need for strategic knowledge. Educational
Studies in Mathematics, 48(1), 101-119.

Weber, K. (2004). A framework for describing the processes that undergraduates use to construct proofs. In M. J.
Hoines, & A. B. Fuglestad (Eds.), Proceedings of the 28th Conference of the International Group for the
Psychology of Mathematics Education (PME), (Vol 4, pp. 425-432). Bergen, Norway: Bergen University
College.

Wilcoxon, F. (1945). Individual comparisons by ranking methods. Biometrics Bulletin, 1(6), 80-83.

Yakar, A. & Duman, B. (2017). Duyussal farkindaliga dayali ogretimin akademik basari ve Ogretmenlik
meslegine yonelik tutumlar lizerine etkisi. Egitim Kuram ve Uygulama Arastirmalar: Dergisi, 3(3), 30-47.
Yoo, S. (2008). Effects of traditional and problem-based instruction on conceptions of proof and pedagogy in
undergraduates and prospective mathematics teachers. (Unpublished doctoral dissertation). The University
of Texas at Austin, Awustin, TX. Retrieved January 23, 2016 from

https://repositories.lib.utexas.edu/handle/2152/17834

Yiiksel-Ayten, M. & Hayirsever, F. (2019). Ortadgretim kademesinde uygulanan 6gretim programlarinin 6grenci

goriislerine gore degerlendirilmesi. Mersin Universitesi Egitim Fakiiltesi Dergisi, 15(2), 290-323.

311


https://repositories.lib.utexas.edu/handle/2152/17834

