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This study investigates the impact of knowledge and beliefs on an elementary teachers’
instructional decisions and whether one of these factors is more prominent in making
those decisions. The teacher implemented a unit about fractions, which was designed
based on a constructivist approach, yet he did not fully commit to using the ideas
promoted in the unit. In order to find out the reasons behind his instructional decisions
that caused this disparity, his mathematical knowledge for teaching, mathematical
beliefs, and self-efficacy beliefs were investigated by using a survey and a semi-
structured interview. The results showed that he had a different set of beliefs about
learning and teaching mathematics than the underlying beliefs of which the unit was
designed. Also, he held strong self-efficacy beliefs about his teaching and knowledge of
mathematics even though the results from the survey proved otherwise. In sum, his
strong self-efficacy beliefs appeared to dominate his decisions about mathematics
instruction in his classroom.
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Yapilandirmacilik

Bu ¢alisma, bilgi ve inanglarn bir sinif 6gretmeninin dgretim kararlari {izerindeki etkisini ve
bu faktorlerden hangisinin daha belirgin oldugunu aragtirmaktadir. Ogretmen,
yapilandirmaci yaklagima dayali olarak tasarlanmis kesirler ile ilgili bir {initeyi uygulamis,
ancak tinitede desteklenen fikirleri tam olarak kullanmaya bagh kalmamustir. Bu farkliiga
neden olan egitsel kararlarinin arkasindaki nedenleri bulmak igin, 6gretmenin matematik
Ogretme bilgisi, matematiksel inanglar1 ve 6z-yeterlik inanglar1 anket ve yar1 yapilandirilmig
gorlisme kullarularak arastirlmistir. Sonuglar, iinitenin tasarlandigl temel inanglarla
kargilastinldiginda, 6gretmenin matematik 6grenme ve dgretme konusunda farkli inanglara
sahip oldugunu gostermektedir. Ayrica, anket sonuglari aksini kanitlasa da 6gretmenin
Ogretim ve matematik bilgisi hakkinda giliclii Oz-yeterlik inanclarmna sahip oldugu
bulunmustur. Ozetle, giiglii 6z-yeterlik inanglarmin, &gretmenin smiftaki matematik
Ogretimiyle ilgili kararlarini yonlendirdigi diistintilm{igtiir.
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Giris

K-6 matematik egitimindeki reform cabalari, anlamli 6grenmeyi tesvik ederek ogrencilerin
matematikteki basarisini artirmay1 amaglamaktadir (NCTM, 1989, 1991). Bu baglamda, reform odakli
matematik miifredati gelistiricileri, bu materyalleri elestirel diisiinme ve akil yiiriitmeyi, problem
¢ozmeyi ve siniflarda bireysel bilgi insasin tesvik etmek icin tasarlamislardir. Ogrencilerin bilginin
yapilandiricilart olmalar: igin 6gretmenlerin yeni roller iistlenmeleri, onlar1 bilgi sahibi ve aktarici
olarak konumlandiran daha geleneksel 6gretmen rolleri yerine 6grenmenin kolaylayicilari olmalari
beklenmektedir. Bu rolii iistlenmek, 6grencilerin anlayarak 6grenmelerini saglayacak sekilde kaliteli
Ogretimi  destekleyecektir. Reform fikirleriyle uyumlu matematik oOgretme ve Ogrenme
yaklasimlarindan biri de yapilandirmaciliktir. Bu teoriye gore insanlar, dis diinyaya iliskin bilgilerini
cevreleriyle olan deneyimleri aracilifiyla yapilandirirlar (Cobb ve Steffe, 1983; Simon, 1995; Steffe ve
D'Ambrosio, 1995; Von Glasersfeld, 1995). Yeni bilgiler siirekli olarak 6nceki 6grenmelerin yer aldig1
bilgi tabanimiza eklenmektedir. Ogrenme, aslinda dis diinya ile olan etkilesimlerimiz sonucunda
edindigimiz yeni bilgileri halihazirda var olan bilgi tabanimiza baglama siirecidir. Bir¢ok arastirmaci
ve egitimci, arastirmalar1 ve Ogrenme ve Ogretme wuygulamalar1 icin temel teori olarak

yapilandirmacilig1 benimsemektedirler.

Bu alanda yapilan bir¢ok arastirma, yapilandirmaci 6grenme teorisi ile uyumlu &gretimin
cocuklara fayda saglayacagini gostermektedir (Confrey, 1990; Simon, 1995; Steffe ve D'Ambrosio, 1995).
Ogrencilere sadece formiilii anlatarak veya gostererek bir kavrami dgretmeye calismak ve bu bilgiyi
ylizlerce yilda insa edilmis mevcut bilgi tabanlarina anlaml bir sekilde entegre etmelerini beklemek
yerine yapilandirmaci temelli 6gretim, 6grencileri bilgiyi {ireten ve bilgiye sahip olan olarak kabul
etmeyi tesvik edecektir. Bu nedenle, [yapilandirmaci 6grenme teorisi] 6grencileri akil yiiriitme, problem
¢Ozme ve elestirel diisiinmeyi tesvik eden anlamli etkinliklere dahil ederek bilgi olusturma siireglerinde

onlara rehberlik etmeyi savunur.

Diger 6grenme teorilerine benzer olarak, yapilandirmacilik her yastan ve her tiirden 6grenci
i¢in gegerlidir ve bu durum 6gretmenleri de kapsamaktadir. Yapilandirmaciligin ilkeleri, bu ¢alismanin
teorik cercevesinde kullanildig: sekliyle, 6grenen merkezlidir, isbirligi de dahil olmak {izere gevre ile
etkilesimi igerir ve sadece iiriinii (bilgiyi) degil, tiim 6grenme siirecini dikkate alir. Yapilandirmaciligin
savundugu Ogrenme uygulamalart1 reform odakli matematik programlar1 tarafindan da
paylasilmaktadir (NCTM, 1991, 2014). Reform yanlilari, 6gretmenleri 6grenmeyi kolaylastirict kisi
roliine sokmay1 ve dgrencileri akil yiiriitme, problem ¢dzme ve elestirel diisiinme yoluyla bilgi insasina
dahil etmeyi amaglamaktadir. Ogretmenlerin, dgrenmeye odaklanmak igin matematik hedefleri
belirleyerek, akil yiiriitmeyi ve problem ¢6zmeyi tesvik eden gorevleri uygulayarak, matematiksel
temsilleri kullanarak ve birlestirerek, anlamli matematiksel sOylemi kolaylastirarak, amagl sorular
ortaya koyarak, kavramsal anlamadan prosediirel akicilik olusturarak 6grencilere matematiksel bilgi

temellerini olusturmalarinda rehberlik etmeleri, matematik Ogrenmede iiretken miicadeleyi
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desteklemeleri ve 6grenci diisiincesinin kanitlarini ortaya ¢ikarmalar1 ve kullanmalar: beklenir (NCTM,
2014). Ogretmenlerin bu uygulamalari veya bunlarla uyumlu diger uygulamalar1 smiflarinda ne lgiide

uygulayabildikleri 6gretimin kalitesini belirler (Hill, Ball ve Schilling, 2008).

Ogretmenlerin karar verme durumlarinin, sinif ici etkinliklerinin hemen her boliimiinde yer
alan aktif bir siire¢ oldugu disiiniildiigiinde, reform odakli uygulamalarin kullanilmas: 6gretmenlerin
kararlarindan biiyiik dlgiide etkilenmektedir. Ogretmenler planlama, bu planlar1 uygulama ve
planlarinin verimliligini giinliik rutinlerinin bir parcasi olarak degerlendirme konusunda kararlar
alirlar. Karar verirken cesitli yapilar kullanirlar. Arastirmacilar, 6gretmenlerin igerigi anlamalarinin
(Hill ve Ball, 2009), miifredat materyalleri hakkindaki anlayis ve inanglarinin (Hill ve Charalambous,
2012) ve ogrenmeye iliskin inanglarinin (Borko ve Shavelson, 1990) onlarin Ogretimi nasil
sekillendirecekleri konusundaki kararlarmi etkiledigini bulmuslardir. Matematik s6z konusu
oldugunda, 6gretmenlerin matematik 6gretme bilgisi (MKT), 6gretim kararlarini etkiledigi iddia edilen
icerik, ogrencilerin matematiksel diisiinme bilgileri ve miifredat materyalleri hakkindaki bilgilerini

icerir (Hill, Ball, ve Schiling, 2008).

Matematiksel inanglarla ilgili olarak, 6gretmenlerin bir disiplin olarak matematigin dogasina
iliskin inanglari, matematigi 6grenmeye iliskin inanglar1 ve son olarak da matematik 6gretmeye iliskin
inanglarini incelenmektedir (Ernest, 1986). Ek olarak, 0gretmenlerin matematik bilgilerinin kapsamina
iliskin 6z-yeterlik inanglar1 ve onu nasil ogrettikleri konusundaki inanglar1 da goz ardi edilemez.

Asagida, bu yapilar ayrintili olarak agiklanmaktadar.
Matematik Ogretim Bilgisi (MKT)

Ogretmenlerin matematiksel alan bilgisi 6gretim uygulamalarim etkilemektedir (Cai ve Wang,
2010; Cross, 2009; Ernest, 1989; Pajares, 1992; Philipp, 2007, Thompson, 1992). Shulman (1986),
Ogretmenlerin 6gretmek igin sahip olmasi gereken {i¢ tiir bilgiyi ortaya koymustur: alan bilgisi,
miifredat bilgisi ve pedagojik alan bilgisi. Pedagojik alan bilgisi, alan bilgisinin yan sira bir konuyu
o0grenmeyi 0grenciler icin zor veya kolay kilan seyleri iceren alan bilgisidir. Ball, Thames ve Phelps
(2008), bu tiir bilgileri matematik 6gretim bilgisi (MKT) ¢atis1 altinda toplayarak ve alan bilgisi ile
pedagojik alan bilgisini daha da alt boliimlere ayirarak Shulman'in kategorilerinde bir gelistirme
onermistir. MKT modelleri, matematigi etkili bir sekilde 6gretmek i¢in gereken alt1 tiir bilgiyi igerir. Bu
alt1 bilesen, ortak alan bilgisi (CCK), uzmanlk alan bilgisi (SCK) ve matematiksel ongorii bilgisi
(Shulman tarafindan Onerilen alan bilgisinin alt boliimleri), alan ve &grenci bilgisi (KCS), alan ve
ogretim bilgisi (KCT) ve miifredat ve alan bilgisidir (KCC) (Shulman tarafindan 6nerilen pedagojik alan
bilgisinin alt boliimleri) (bkz. Sekil 1).

Ball, Thames ve Phelps (2008), alan bilgisinin bilesenlerini agiklarken, genel alan bilgisini (CCK)
yalnizca 6gretmenler tarafindan degil, matematigi kullanan tiim bireylerin sahip oldugu matematiksel

bilgi olarak tanimlamaktadir. Ogretmenlere 0zgli matematik bilgisinin uzmanlik alan bilgisi (SCK)
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oldugunu belirtmektedirler. Bu bilgi, standart prosediirleri aciklayabilmeyi, matematiksel fikirleri agik
bir sekilde temsil edebilmeyi ve verilen problemlerin farkli ¢dziimlerini anlayabilmeyi icerdiginden
Ogretime 6zgiidiir. Bu kategorinin son bileseni, yaygin alan bilgisi (HCK) de matematiksel kavramlarin

birbirleri ile baglantisin1 anlamay1 igeren alan bilgisidir.

ALAN BILGISI PEDAGOJIK ALAN BILGISI
Alan ve
ogrenci
Genel Alan Bilgisi
Bilgisi
Uzmanhk Alan ve Mifredat
Alan Bilgisi Bilgisi
Yaygin Alan
Bilgisi Alan ve
afretme
Bilgisi

Sekil 1. Matematik Ogretim Bilgisi (MKT) (Ball, Thames ve Phelps, 2008)

Ikinci kategoride, Ball, Thames ve Phelps (2008), alan ve 6grenci bilgisinin (KCS) belirli bir igerik
icinde 6grenmenin nasil gergeklestigini anlamaya odaklandigini belirtmektedir. Bu kategorideki ikinci
bilesen olan alan ve 6gretim bilgisi (KCT), belirli bir icerigin nasil 6gretilecegini bilmeye odaklanmasi
bakimindan benzerdir. Son bilesen ise, miifredatin belirli matematiksel fikirleri ne 6lciide icerdigini

bilmek anlamina gelen alan ve miifredat (KCC) bilgisidir.

Hill, Ball ve Schilling (2008), kategorilerin ve aralarindaki iliskilerin daha detayli aciklamasinda,
KCS'nin alan bilgisinden farkli oldugunu, ¢iinkii bir 6gretmenin matematiksel fikirlerin kavramsal
olarak anlamada giiglii bir arka plana sahip olabilecegini iddia eder, ancak bu onlarin bu konu hakkinda
Ogrencinin 6grenmesi konusunda derin bilgiye sahip olacaklari anlamina gelmez. Ayrica bu iddiann,
z1t yonlii bir iligki i¢in gegerli oldugunu da eklerler; bir 6gretmen, 6grencilerin belirli bir igerigi nasil
ogrendigi konusunda giiclii bir anlayisa sahip olabilir, ancak ayni zamanda igerigin kendisi hakkinda

zayif bir anlayisa sahip olabilir.

Hill ve Charalambous (2012) 6gretmenlerin MKT seviyelerinin &gretim uygulamalarin
etkiledigini bulmuslardir. Ek olarak, Manouchehri ve Goodman (1998), 6gretmenlerin matematik
bilgisinin, standartlara dayali miifredat1 nasil kullandiklarini etkileyen kritik degiskenlerden biri
oldugunu bulmuslardir. Bu nedenle, Ogretmenlerin Ogretim kararlarimi etkileyen faktorlerin

arastirilmasinda incelenmesi gereken ilk yapilardan biri MKT"dir.
Matematiksel inanclar

Ogretmenlerin matematiksel inanglari, 6gretim kararlari iizerinde potansiyel olarak etkisi olan

bir bagka faktordiir (Ernest, 1989; Pajares, 1992; Beswick, 2012). Matematiksel inanglar ii¢ bilesenden
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olusur: i) matematik 6grenmeye iliskin inanclar, ii) matematik ogretmeye iliskin inanglar ve iii)
matematiksel bilginin dogasina iliskin inanglar (Ernest, 1989). Matematiksel inanglar ve Ogretim
uygulamalar1 arasindaki iliskinin basit oldugu diistintilmiistiir; eger bir 6gretmen Ogrencinin
O0grenmesi hakkinda reform odakli inanglara sahipse, o zaman smifinda reform odakli ogretim
yontemlerini kullanacaktir (6rnegin, Cross, 2009; Beswick, 2005). Ote yandan, diger arastirmalar,
Ogretmenlerin matematiksel uygulamalarinin inanglarim1  yansitmadigi veya inanglarinin
uygulamalariyla mutlaka eslesmedigi durumlara dair kanitlar sunmaktadir (6rn., Beswick, 2012; Cross,

2015; Leatham, 2006; Skott, 2009).

Leatham, inanglar ve uygulamalar arasindaki tutarsizlify “mantikly sistemler cercevesi” isimli
cereve ile agiklar (Leatham, 2006). Ikisi arasindaki catismanin dogrudan bir iliskinin olmamasindan
kaynaklanmadigini, ancak uygulamalar: tespit edilenlerden daha fazla etkileyen diger inanglarin
etkisinden kaynaklandigii iddia etmektedir. Ornegin, bir &gretmenin belirli bir dgretim tiiriinii
etkiledigine ve cagristirdigina inandigimiz inanci ile bu 6gretmenin 6gretim uygulamalar: arasinda bir
tutarsizlik oldugunu fark ettigimizde, bu, 6gretmenin 6gretim surecini karar verme aninda hissettigi
baska bir inanci yansitarak sekillendirmeyi sectigi anlamina gelebilir. Sonug olarak, bu ¢alisma aym
zamanda Oz-yeterlik inanclar1 ve baglamla ilgili inanglar (6rnegin 6grencileri, okullari, miifredatlar
hakkindaki inanglar) dahil olmak {izere inanglari 6gretmenlerin 6gretim kararlarini etkileyebilecek

faktorler olarak ele almistir.
Ogretmen Oz-yeterligi

Bandura, 6z-yeterlik kavramini ilk kez inlii calismasi “Self-Efficacy: Toward a Unifying Theory
of Behavioral Change” (1977) adli eserinde tamitmistir. Daha sonra bunu, “kisinin olasi durumlar
yonetmek icin gerekli eylemleri organize etme ve yiiriitme yeteneklerine olan inanglar1” olarak
tanimlamistir (Bandura, 1997, s. 2). Bandura, 6gretmenlerin 6z yeterliklerinin 6gretime uygulandiginda
Ogretim uygulamalarini ve buna bagli olarak Ogrencilerin 6grenme deneyimlerini etkileyecegini
savunmakta idi. Boylece, 6z yeterlilik diger arastirmacilar igin énemli bir arastirma alani haline geldi
(6rnegin Ashton ve Webb, 1986; Guskey, 1981; Enochs ve Riggs, 1990). C)gretim yeterliginin iki bileseni
vardir: bilgi yeterliligi ve kisisel yeterlik (Roberts ve Henson, 2000). Bilgi yeterliligi, bir kisinin
matematik icerik bilgisini anlama konusundaki giivenini ifade ederken, kisisel yeterlik, bir kisinin

ogretim yoluyla 6grencilerin 6grenmesini destekleme becerisine olan giivenini ifade eder.

Ogretmen yeterliligi, 6gretmenlerin uygulamalarini etkileyen bir faktor olarak kabul edilmistir.
Glglii bir yeterlik duygusuna sahip Ogretmenler, belirli Ogretim uygulamalarini 6grenmeye,
benimsemeye ve hayata gecirmeye daha istekli olma egilimindedir (Guskey, 1988). Yiiksek yeterlilige
sahip 6gretmenlerin, 6grencilerinin 6grenmesine daha fazla odaklanacaklari ve 6grencilerin kavramlar:
sorgulama yoluyla kesfetmelerini saglamak gibi 6grenci merkezli 6gretim uygulamalarina daha agik

olacaklar1 kabul edilmektedir (6rn. Marshall, Horton, Igo ve Switzer, 2009). Ayrica, yiiksek diizeyde
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yeterlilige sahip 6gretmenlerin miifredat degisikliklerini benimseme konusunda daha motive olacaklar1
ve yeni miifredat1 uygulamalarinin daha kolay olacag1 da bulunmustur (Charalambous ve Philippou,
2010). Ogretmenler, Ogretim yoOntemlerinin Ogrencilerinin 6grenmesinde bir fark yarattigim
gozlemlediginde yani Ogrencinin Ogrenmesine odaklanan bir 6gretim modelinin ise yaradigini
gordiiklerinde, 6gretimleri konusunda kendilerini daha etkili hissederler ve bu da onlar1 6grenci

merkezli bir yaklasim kullanmaya devam etmeye motive eder (Hull, Booker ve Naslund-Hadley, 2016).
Ogretmen Kararlar

Borko ve Shavelson (1990), “Ogretmenler karmasik, belirsiz bir ortamda makul yargilar ve
kararlar veren profesyonellerdir” ve “0gretmenlerin davrarnislarina diisiinceleri, yargilar1 ve kararlar
rehberlik eder” (s. 312) diye belirtmektedir. Onlarin iddialarina dayanarak, 6gretmenlerin inanglarini,
yargilarini, degerlerini ve kararlarini dikkate almadan planlamadan baglayarak tiim O6gretim siireci
boyunca uygulamalarini arastirmak miimkiin degildir. Ogretmenler 6gretim siirecinin herhangi bir
boliimiinde kararlar verirler ve bu kararlari bilgilerinden, inanglarindan, degerlerinden, tutumlarindan
ve hedeflerinden etkilenmektedir (Levenson, 2013; Nicol ve Crespo, 2006; Stahnke, Schueler ve
Roesken-Winter, 2016; Thompson, 1992).

Arastirmacilar, bir Ogretmenin MKT seviyesinin Ogretiminin Kkalitesini etkiledigini
bulmuslardir (Ball, Hill ve Bass, 2005; Charalambous ve Hill, 2012; Hill, Ball ve Schilling, 2008).
Ogretmenlerin neyi 6gretecekleri ve nasil 6gretecekleri konusundaki kararlari 6gretimlerinin dogasini
belirlediginden, bu iddia 6gretmenlerin MKT seviyeleri ile kararlar1 arasindaki iliski i¢in gegerlidir.
Ornegin, MKT ¢ercevesinin énemli bir bilegeni olan alan ve dgrenci bilgisi (KCS), 6gretimsel karar
verme i¢in bir katalizor olarak kabul edilir (Rhine, 2016). Ayrica, MKT cercevesinin bir bagka bileseni
olan alan ve miifredat bilgisi (KCC) (bkz. Sekil 1), matematik miifredat: hakkinda genis bir anlayisa
sahip olmay1 igerir ve 6gretmenlerin miifredat: yillar icinde etkili bir sekilde kullanmasina katkida

bulunur.

...... .

Ogretmenlerin matematigin dogasi ve matematigi 6grenme ve 6gretme konusundaki inanglari
veya yaklasimlari, neyi 6gretecekleri ve nasil 6gretecekleri konusundaki kararlarini da etkiler (Escudero
ve Sanchez, 2007; Nicol ve Crespo, 2006; Thompson, 1992). Ornegin, Nicol ve Crespo, calismalarinda
Ogretmenlerden birinin matematigin prosediirel dogasindan hoslandigini ve buna bagli olarak 6gretim
sirasinda Oncelikle prosediirel problemleri kullandigin belirttigini bildirmistir. Escudero ve Sdnchez
(2007) de calismalarinda 6grenci merkezli 6gretim yaklasimi benimseyen 6gretmenlerden birinin dersi
ogrencilerin pedagojik ihtiyaglarini géz oniinde bulundurarak tasarladigini ve onlari anlamlandirmaya
dahil etmeye odaklandigin1 bulmuslardir. Ote yandan, 0gretimi bir bilgi aktarim siireci olarak goren
diger ogretmen, dersini temeli 6grencinin 6grenmesini kolaylastirma yaklagimi olan sirali adimlara

odaklanarak tasarlamistir.
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C)grenme ve Ogretmede yapilandirmaci yaklasimi benimsemek ve ona gore hareket etmek
zordur (Manouchehri ve Goodman, 1998). Her seyden once, 6gretmenler bu inanglara heniiz sahip
degillerse, ogretme ve Ogrenmeye iliskin inanglarin1 buna gore degistirmeleri gerekir. Inanglarin
Ogretmenlerin 0gretim uygulamalari tizerinde etkili faktdrlerden biri oldugu bilinmektedir (Beswick,
2005; Ernest, 1989; Philipp, 2007; Cross, 2014). Ogrenme ve 6gretmeye yonelik yapilandirmact bir
yaklasima sahip bir 6gretmen, roliinii 6grencilere 6grenme deneyimleri yoluyla rehberlik etmek olarak
goriir yani onlara matematiksel fikirleri kesfetme sansi vermeden onlara her seyi anlatmak veya
gostermek olarak degil, bir 6grenci merkezli 6grenme ortami yaratmak icin uygun Ogretim
uygulamalarini kullanmaya c¢alismak olarak goriir. Bu noktada kaliteli 6gretimin bir diger gerekli
bileseni olan matematik dgretim bilgisi (MKT) devreye girer (Ball, Thames ve Phelps, 2008). Ogrenci
merkezli 6gretim icin ne tiir 6gretim uygulamalarinin uygun olacagi konusunda bilingli kararlar
vermek icin 0gretmenlerin alan, miifredat ve pedagojik alan hakkinda bilgi sahibi olmalar1 gerekir
(Shulman, 1986; Ball, Thames ve Phelps, 2008). Yiiksek MKT'ye sahip bir 6gretmenin smiflarinda
yapilandirmaciligy izleyen kaliteli 6gretim uygulamalarini kullanma olasiligi daha yiiksektir. Buna
bagh olarak, diisiik MKT seviyesine sahip bir 6gretmen, bu uygulamalar: siniflarinda kullanmakta

yetersiz kalacaktir. Bu nedenle, burada incelenen arastirma sorular1 asagidaki gibidir.
* [Asagida verilen ikililer] arasindaki iliskinin dogas1 nedir?
i) bir ilkokul 6gretmeninin matematik 6gretim bilgisi ve 6gretimsel kararlar1?
ii) bir ilkokul 6gretmeninin inanglar1 ve 6gretimsel kararlar1?
iii) bir sinif 6gretmeninin matematik 6gretim bilgisi ve inanclar1?
Yontem

Bu durum c¢alismasi (Merriam, 1988; Patton, 2002; Yin, 2003), bir ilkokul &gretmeninin
dordiincti smifta kesirler 6gretimi hakkinda yeni bir iinite tasarimi kullanma yolculugunu
arastirmaktadir. Ogretmen, dérdiincii sinif 6grencileri icin kesirlerle ilgili bir inite tasarlayan ve daha
sonra bunu siniflarinda uygulayan isbirlikci bir grupta bulunmakta idi (Eker, 2018). Unite tasarim
siireci, linite iginde tesvik edilen 6gretim uygulamalarini da sekillendiren yapilandirmaci bir 6grenme
yaklagimi tarafindan yonlendirilmekte idi. Ogretmenlerin ¢ogu matematik &grenmeye yonelik
geleneksel 6gretmen merkezli yaklasimi benimseyen ders kitaplar: kullandigindan, tasarlanan tinite
ogretmenler icin nispeten yeni bir yaklagimdi. Unite uygulamalarini inceledikten sonra, sonuglar bu
calismadaki 6gretmenin {inite tasarim siirecinde planladiklar iinite ile sinifinda 6grettigi iinite arasinda
diisiik diizeyde uyum oldugunu, ancak sinif uygulamasinin tasarlanan iinite ile tamamen uyumlu
oldugunu diisiindiigiinii ortaya koymustur (Eker, 2018). Bu 6zel durum, diger katilimcilarin
sonuglarindan farklilik gosterdigi icin bu 6gretmenin durumunun daha fazla arastirilmas: gerekliligi

ortaya ¢ikmis oldu. Bu ¢alisma, bu celiskinin altinda yatan nedenleri belirlemek i¢in 6gretmenin
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durumunu daha yakindan incelemek tiizere tasarlanmistir. Katilmcinin ayrintili agiklamasi asagida

verilmisgtir.

Ryan. Ryan, ilkokul siniflarinda {i¢ yillik 6gretmenlik deneyimine sahipti ve son okulunda bir
yildir calismakta idi. Matematik derslerinde “Everyday Math” ders kitabi serisini kullanmiyordu. Aldig:
en ileri matematik dersi Ilkogretim Matematik Kavramlari idi. Onceki profesyonel gelisim (PD)
deneyimi, “Everyday Math” ders kitabi serisi egitimlerine katilmaktan ibaretti. Yeni okulunda herhangi
bir liderlik rolii tistlenmemisti, ancak bir y1l 6nceki okulunda Pozitif Davranigsal Miidahaleler ve Destek

(PBIS) Egitiminde kadrolu olarak gorev yapti.

Ryan gruptaki tek erkek 6gretmendi ve calismak i¢in ¢ok arkadas canlis1 bir insandi. Essiz el
yazisiyla bir seyler yazmakta onciilitk ederek, grubun geri kalani igin isleri kolaylastirmaktaydi.
Isbirligine her zaman agikt1 ve deneyimlerini paylasmay1 cok sevdigi kadar, tartisma konusu hakkinda
bagkalarinin ne soyleyecegini de merak ediyordu. Ryan'in isbirligine olan ilgisi ve savunuculugu,
inanclariin ve uygulamasiun 6nemli bir parcasi gibi goriiniiyordu. Matematigi iliskilendirdigi
kelimelerden biri isbirlik¢i ¢alismak idi ve onu ¢alismasinda ve sinifinda nasil gordiigiinii soyle
agikliyordu: “Sinifta 6grencilerinizle isbirligi ve ayrica bir 6gretmen, bir egitimci olarak akranlarinizla
isbirligi yani tamamen birbirinizden 6grenmek ve paylasmakla ilgili biliyorsunuz, en iyi uygulamalar
bunlar, [matematik 6gretiminde] ne ise yarar, ne ise yaramaz, neleri iyilestirebilir, neleri degistirebiliriz
[gibi paylasimlar].” Ryan'in matematikle iliskilendirdigi diger kelimeler problem ¢6zme, gercek hayat
ve bilimdi ve daha sonra bunlara sorgulamay1 da ekledi. Matematik ve bilimin &zellikle cizelgeler,
tablolar ve grafikler gibi kavramlarla birbirine bagl olduguna inaniyordu. Ek olarak, her iki disiplinin
de problem ¢dzme ve sorgulamayi icerdigini ve sectigi kelimeler arasinda baglant1 kurdugunu soéyledi.
Matematik ve bilim arasinda gordiigii iliski ytlizeysel olsa da, sectigi kelimeler matematigi yalnizca
insanlarin zihinlerinde calistirdif1 soyut bir sey olarak degil, gercek hayatin bir parcgasi olarak
gordiiglinii diisiindiirmektedir. Ayrica, isbirliginin matematigin biiyiik bir parcas: oldugunu agikca

.....

gelistirmede isbirliginin savunucusu oldugunu diisiinmemize yol agabilir.

Ryan isini severdi ve genellikle bir okul giiniiniin sonunda mutlu hissederdi. Ozellikle her sey
yolunda gittiginde ve Ogrencilerinin kavramlar1 iyi anladig1 ortaya c¢iktiginda, bu onu basarili
hissettirirdi. Ancak bazen 6grenciler dersi anlamakta giicliik ¢ekerlerdi ve Ryan neyin yanhs gittigini
ve tiim Ogrencilerin kavramlar: anlamalarini nasil saglayacagini diisiinerek giinii degerlendiren bir
yapiya sahipti. Kendini olumsuz duygulara kaptirmak yerine, o giinleri 6gretme becerilerini gelistirmek
i¢in uygulamalar {izerinde diisiinmek i¢in bir firsat olarak kullanirdi. Elbette bu, asla hayal kirikligina
ugramayacagl veya olumsuz duygular yasamadigi anlamina gelmemekteydi - ara sira karamsar
hissederdi ama bunun nedeni genellikle dis etkenlerdi. Her ne kadar fark yaratmak ve 6grencilere rol
model olmak istedigi i¢in 6gretmen olmus olsa da devletin gereksinimleri ve uygun tazminat olmadan

calisma talepleri, mesleki se¢imini yeniden gozden gecirmesine neden olmakta idi.
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Ryan'in matematik bilgisine ve dgretimine olan giiveni yakindan iliskiliydi. Giivenin, birinin
bir seyi ne siklikta etkili bir sekilde yaptigina dayandigini iddia etmekte idi. Ayrica, 6zgilivenin
uygulama yoluyla gelisecegine ve kisinin deneyim yoluyla bir seyler yapmakta daha yetkin hale
gelecegine inaniyordu. Matematik 6gretme becerilerinin profesyonel gelisim (PD) programi boyunca
gelistigini belirtmekte idi. Pratik olmakla ilgili olarak, bunu Ogrenci basarist1 ve anlayisiyla
iliskilendiriyor gibi goriiniiyordu. Ryan, 6grencilerin isbirligi yaptig1 grup etkinliklerini birlestirmeyi
severdi ve grup calismalari sirasinda 6grencileri gozlemlerdi. Ogrencilerin bir dersi ne odlciide
anlayabileceklerine karar verirken, sadece c¢ikis kartlarina giivenmekle kalmaz, ayni zamanda
ogrencilerin katilimin1 ve sunulan materyalle etkilesimini de dikkate almaya calisirdi. Ayrica
degerlendirme araglarinda ¢oktan se¢meli sorulardan daha ¢ok agik uglu ve problem ¢6zme tiiriinde

sorulara yer vermeye ¢alistigin belirtmisti.

Ryan'n 6gretim metoduyla ilgili olarak, dikkat edilmesi gereken ilk sey, icerige baglh olarak
cesitli somut materyaller kullandigidir. Bu materyalleri yalnizca geometri i¢in degil -ki bunun kolay ve
kacimilmaz oldugu iddia edilebilir- aym1 zamanda farkli materyalleri birlestirmenin avantajin
kullandig1 kesirler gibi diger kavramlari kesfederken de kullanmakta idi. Ogrencileri, bir tepegoz veya
tahta {izerinde materyaller ile sadece aktiviteyi modellemek yerine aktif olarak kullanabilmeleri igin
uygulamali aktivitelere tabi tutardi. Ancak, [dersleri gosterirdi ki] sordugu sorular ve 6grencilerin
yanitlarini takip etme sekli, kavramin daha fazla arastirilmasi i¢in firsatlar saglamaya yonelik degildi.
Sorular1 6grencileri belirli bir cevaba yonlendiriyordu ya da sadece kisa cevaplar gerektiriyordu. Bu,
ogrencilerden nasil bir cevap bulduklarini agiklamalarini istemedigi anlamina gelmiyordu, ancak
bunlar nadirdi ve ayrica Ogrenciler genellikle zihinsel siireglerini degil izledikleri prosediirii

agiklamakta idiler.

Ryan'mn 6gretim yonteminin bir bagka yonii de yanlis anlamalar1 veya dil 6zensizligini 6nlemek
i¢in genellikle matematiksel terminolojiyi dogru kullanmasi ve 6grenci hatalarini hemen diizeltmeye
calismasiydi. Ancak, bazi derslerinde matematiksel dilin saglam bir sekilde kullamilmasini tegvik
etmedigi de oluyordu. Ornegin, dgrettigi bir geometri dersi sirasinda, geometri kavramlari genellikle
zengin bir matematiksel dili tesvik etmekte idi ve bu konuda iyi oldugu igin matematiksel terminoloji
ders boyunca siklikla kullanildi. Ne yazik ki, 6grettigi diger kavramlar i¢in durum boyle degildi.
Ogretim sirasinda hata yapmiyordu, ancak ilgili matematiksel terminolojinin saglam bir sekilde
kullanilmasini tesvik etmekte yetersiz kaliyordu. Genel olarak, Ryan'in matematik 6gretimi, sinirli
sayida Ogrenci girdileri ve bunlara ek olarak temelde benimsedigi hatasiz dogrudan 6gretimin bir
Ornegiydi.

Veri Toplama Araglar1 ve Analiz Yontemleri

Bu calismanin araglarindan biri yar1 yapilandirilmis goriismedir (Given, 2008). Goriismede yer

alan sorularda 6gretmenden Oz-yeterlik inanglarimin yani sira matematik Ogretimi ve matematigi
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ogrenmeye iliskin inanglarindan bahsetmesi istendi. Bu sorular, 6gretmenin inanglarini dolayli olarak
degerlendirmek i¢gin tasarlanmistir. Sorulardan bazilari, 6gretmenin iki 6z-yeterlik maddesine iliskin
varsayimsal puanlara tepkisini 6grenmek i¢in tasarlanmigtir. Goriismenin son boliimiinde matematik,
Ogretme ve O0grenme ile ilgili ifadeler yer almis ve 0gretmenden bunlara katilip katilmayacagini
agiklamasi istenmistir. Ses kaydina alinan goriismelerin dokiimleri tematik analiz yontemleri (Braun ve

Clarke, 2006) kullanilarak analiz edilmistir.

Arastirmada kullanilan bir diger arag ise, 6gretmenin kesirleri 6gretmek i¢in matematik bilgi
diizeyini belirlemek icin kesirler hakkinda bir MKT anketidir. MKT anketi maddeleri, Cross ve
arkadaslarinin MKT'nin farkli kategorileri arasindaki iliskiler hakkindaki ¢alismasindan tiiretilmistir
(Cross ve digerleri, 2015). Ankette, 6gretmenin CCK'sini degerlendiren her bir soru i¢in KCS'sini ve
KCT'sini degerlendirmek icin en az bir karsilik gelen soru bulunmakta idi. Ogretmenden sorulara
miimkiin oldugunca ayrintili yanit vermesi istenmekte idi - yani yanitlar1 en yiiksek diizeyde
muhakeme becerisini gosterecekti. Boylelikle 6gretmenin sorulara verdigi yanitlar, onun kesirleri
anlamasi ve bu kavrami smifta 6gretmesi hakkinda ¢ikarimlarda bulunmaya yardima olacak sekilde

tasarlamisti. Anketten bir soru 6rnegi ve nasil degerlendirildigi asagida agiklanmistir.
Kesirlerde Karsilagtirmaya iliskin Ortak Alan Bilgisi (CCK) Sorusu

Soru 1. Asagida verilen kesir ciftleri arasindaki iliskiyi “<, = >” sembollerini kullanarak

belirleyin.
i) 1/5ve 1/7
ii) 2/4 ve 3/6
iii) % ve 5/6
iv) 2 ve 5/9

MKT anketinden gelen ilk soru, karsilastirilacak 4 farkli kesir ciftine sahipti ve 6gretmenlerin
CCK'si hakkinda sadece kesirlerde karsilastirma degil, ayn1 zamanda genel olarak kesirler hakkinda
genel bir fikir vermekte idi (6rn. 1/5 ile 1/7'yi karsilastirma). Ogretmenlerin yanitlarini analiz ederken,
soruya dogru yanit verdiklerinde ve diisiincelerini agiklamada kavramsal muhakeme sagladiklarinda
gliclii bir kesir anlayisina sahip olduklar1 kabul edilir. Kesirleri karsilastirmada gegerli bir kavramsal
akil yiirtitme stratejisi, parcalarin boyutunu kullanmayi, kesirleri kiyaslama numaralariyla
karsilastirmay1 veya akil ytiriitmeyi gostermek igin bir ¢izim veya modeller kullanmay1 gerektirir.
Ayrica 6gretmenlerin dogru yanit verdigi ancak kavramsal muhakeme saglayamadig: ve bunun yerine
islemsel muhakeme kullandig1 durumlarda, kavrama iliskin anlayislarinin orta hatta diisiik oldugu
kabul edilmektedir. Kesirlerde karsilastirma sorular1 icin islemsel muhakeme stratejileri ornekleri
arasinda, bunlarla simirli olmamak tizere, standart algoritmalarin kullanilmasi, ondalik sayilara,

ylizdelere vb. doniistiirmenin kullanilmasi, ezberlenmis kurallarin kullanilmasi ve esdeger kesirlerin
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kullanilmas: yer almaktadir. Son olarak, eger 6gretmenler soruya yanlis cevap veriyorsa ve/veya eksik
veya yanlig muhakeme gosteriyorsa, bu kavram hakkinda genel bir yanlis anlayisa veya hatta kesirlerle
ilgili bilgilerinde bazi bosluklar olduguna isaret eder. Eksik akil yiiriitme stratejilerinin 6rnekleri,
ylizde, ondalik ve esdeger kesirlere eksik doniistim kullanmak ve biitiin kavraminin sinirh anlasilmasi
olabilirken, yanlis akil yiiriitme stratejileri yalnizca paydalara odaklanmak (iki niceligi koordine etmek
yerine) ve parca sayisindan bagimsiz olarak parcalara veya tam tersi yalmizca boyutuna odaklanmak

olabilir.
Bulgular ve Tartisma

Ryan'in Matematik Ogretim Bilgisi (MKT)

MKT Anket Sorular1

Ryan’in Sonuglar

Soru 1: Kesirlerde karsilastirmaya dair CCK sorusu

Dogru cevap

Yanlis muhakeme

i) 1/5 ve 1/7

Dogru cevap

Yanlis muhakeme

ii) 2/4 ve 3/6 Dogru cevap
Dogru muhakeme (islemsel)
iii) % ve 5/6 Dogru cevap

Dogru muhakeme (islemsel)

iv) Y2 ve 5/9 Dogru cevap

Yanlis muhakeme

Soru 2: Kesirlerde karsilastirmaya dair KCS ve KCT | Orta diizeyde KCS
sorust Orta diizeyde KCT
Soru 3: Kesirlerde parcalara ayirma ve es paylastirmaya | Orta diizeyde CCK
dair CCK sorusu

Soru 4: Kesirlerde parcalara ayirma ve es paylastirmaya | Orta diizeyde KCS
dair KCS ve KCT sorusu Orta diizeyde KCT

Sekil 2. Ryan’ in MKT anket sonuglar1
Ryan, ilk sorunun altindaki tiim maddelere dogru yanit vermisti ancak birinci ve son maddeler
i¢in gerekgesi yanlisti ve ikinci ve {iclincii maddeler igin dogru gerekgesi islemseldi. 1/5 ve 1/7'yi
karsilastirirken Ryan, "1/5 daha biiyiiktiir ¢linkii biitiinler farklidir ve her birinin 1 pargasi vardir” diye
yazmust. Akil yiirtitmesi yanlis kabul edildi ¢linkii soru, kesirlerin farkl: biitiinlerden olustugunu
gostermiyordu - Ryan, paydalarin, biitiiniin boliindiigii farkli sayida parga yerine farkl biitiinleri temsil

ettigini diisiinmiis olabilirdi. Benzer sekilde son maddeye de “5/9 daha biiyiiktiir ¢linkii daha fazla
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parca vardir ve %2 sadece %50'dir” seklinde yanit vermisti. Akil yiiriitmesi, parcalarin boyutundan
bagimsiz olarak parca sayisina dayaniyordu. Genel olarak, Ryan'in kesir karsilastirma anlayisinda bazi
bosluklar var gibi goriiniiyordu, bu nedenle onun kesir karsilastirmas: hakkindaki bilgisini diisiik bir

seviye olarak kabul edebiliriz.

Anketteki ikinci soru igin Ryan'dan bir kesir karsilastirma probleminde yanlis 0grenci
calismasina not vermesi, verdigi puanin gerekgcesini vermesi ve 6grencinin bu problemi ¢6zmesine nasil
yardimci olacagini agiklamasi istendi. Ryan, 6grenci calismasini 4 (5 en yiiksek olmak tizere) olarak
puanladi ve 6grencinin eksik olduguna dair ¢ok 6nemli bir gercege dikkat ¢ekti, “Biitiinii veya tam
anliyor. Ancak, neyin daha biiyiik oldugunu biliyor mu?” Bu ag¢iklamadan Ryan'm oOgrencilerin
matematiksel diislincesini anlayabildigi sonucuna varilabilir, ancak goriisme esnasinda bunu yeterince
acgiklayamad: ve Ogrencinin anlamasinda eksik olan seyi acik¢a ortaya koyamadi - orta diizeyde
KCS'nin bir gostergesi. Ayni sorunun son kismi igin, Ryan iki daire ¢izdi, 4 ve 6 parcaya ayirdi, yarisin
boyad1 ve dairelerin altina sirasiyla 2/4 ve 3/6 yazdi. Kullandig1 model, biitiinlerin ayni oldugunu,
parcalarin farkli boyutlarda oldugunu ve verilen kesirleri karsilastirmanin kolay oldugunu gostermeye
uygundu. Ancak, 6grencilerden bir biitiinii 2 ile baslayan say1y1 iki katina ¢ikarma modelini takip
etmeyen parcalara ayirmalar: istendiginde kesir dairelerini kullanmak bazi karisikliklara yol agabilecegi
i¢in uygun olmayabilir (de Walle, Karp ve Bay-Williams, 2013). Ryan, 6grencilerin zorluklarini ele
almak icin dogru bir yaklasim oneriyor gibi goriinse de 6grenciler icin kesirleri karsilastirirken kesir
¢emberlerini kullanmanin sorunlu olabilecegini diistinmedigi sonucuna varilabilir — bu da orta diizeyde

KCT'yi gosterir.

Anketteki son iki soru biitiinii parcalara ayirma ve esit paylagim ile ilgiliydi. Ugiincii soru CCK
diizeyini belirlemek i¢in, dordiincii soru ise bu kavramla ilgili KCS ve KCT diizeylerini belirlemek iizere
tasarlanmistir. Sorularin analizi ve puanlamasi Ryan'in parcalara ayirma ve esit paylasim konusunda
orta diizeyde bilgiye sahip oldugunu gostermistir. MKT anketinden elde edilen genel sonuglar, Ryan'in
kesirler anlayisinda, kesirler hakkinda diisiik ila orta diizeyde kavramsal bilgi diizeyine isaret eden baz1
bosluklar oldugunu gosterdi. Ryan, 6grencilerin matematiksel diisiincesini anlayabilmekte idi, ancak
ogrencilerin anlamasinda eksik olan seyleri net bir sekilde ifade edememisti ve 6grencilerin ihtiyaglarini
karsilamak icin eksiksiz ve uygun bir etkinlik onerememisti — bunlar da diisiik ila orta diizeyde
pedagojik icerik bilgisinin gostergeleri olarak kabul edilebilir. Ogretimsel kararlari, 6grenme ve
ogretme konusundaki yapilandirmaci fikirlerle tam olarak uyumlu olmadigindan, igerikle ilgili diisiik
ila orta diizeyde MKT'sinin Ogretim uygulamalari boyunca kararlarini etkilemis olabilecegi

distiniilebilir.
Ryan'in inanclari

Goriisme transkriptlerinin analizinden elde edilen sonuglar, Ryan'in matematiksel inanglarinin,
matematigin dogasi hakkindaki inanglar1 disinda, matematik 6grenme ve 6gretmeye yonelik 6gretmen

merkezli bir yaklasima daha fazla meyilli oldugunu ortaya koymakta idi. “Etkili bir 6gretmen,
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ogrencilerin hayal kirikligina ugramamas: ve kafalarinin karismamast icin onlar1 adim adim problem
cozmede yonlendirerek matematigi kolaylastirir” ve “Ogrenciler ancak temel becerilerde ustalagtiktan
sonra matematigi uygulamay1 Ogrenebilirler.” Bu ifadeler, onun Ogretim kararlarini etkilemis
olabilecek, verimsiz matematiksel inanglarinin érnekleridir. Bu aslinda onun 6gretim kararlariyla tutarl
olarak kabul edilebilir. Bu kararlar, 6grencilere bilgiyi sorgulamadan aktarmaya odaklanan ve onlara

kavramla ilgili kendi anlayislarini olusturma sans: vermeyen bir matematik 6gretimi olusturmakta idi.

Ote yandan matematikle es anlamli olarak kullanilabilecek sozciikleri se¢mesi istendiginde ise
Ryan “problem ¢6zme, gercek yasam, bilim, birlikte ¢alisma ve sorgulama” sozciiklerini se¢mistir. Bu
kelimeler, genellikle 6grenci merkezli bir sinifta gordiigiimiiz matematik tiirii olan problem ¢dzme ve
sorgulama yoluyla insanlar tarafindan gelistirilen bir matematik anlayisina yol agabilir. Ancak bunlar1
diger inang gruplan icin yaptig1 aciklamalarla birlikte ele alirsak, matematik 6grenme ve Ogretme
konusunda hala 6gretmen merkezli bir yaklasima daha cok yoneldigi acikga goriilecektir. Ornegin,
matematigin problem ¢6zme ile yakindan iligkili ve es anlamli olduguna inaniyordu, ancak onun
problem ¢6zmeyi smifta uygulama veya kullanma sekli daha ¢ok &gretmen tarafindan agiklanan

adimlari takip etmeye ve temel becerilerde uzmanlastiktan sonra pratik yapmaya benzemekte idi.

Oz-yeterlik Ogeleriyle ilgili olarak, Ryan, goriismeci tarafindan yonlendirilen varsayimsal 6z-
yeterlik puanlarina katilmadi. Ogretim etkinligi ile ilgili olarak sunlar1 sdyledi:

“Bence bunlardan bazilari, kullanabileceginiz veya cekebileceginiz bircok farkli kaynagin

farkina varmak ve yine dgretmenlerle isbirligi konusmas: yapmak yani nasil yaptigini, neyin

ise yaradigini, neyin ise yaramadigini [konusmak]. Yani su an bundan biraz daha yiiksek
diyebilirim, heniiz en iist seviyede degil ama yavas yavas gidiyorum, ayak uyduruyorum.”

Ryan'mn ifadesi, eskiye gore kendinden daha emin olduguna inandigini ve bunun temel olarak
kullanabilecegi farkl tiirde kaynaklar1 fark etmesinden ve dgretim yontemlerini iyilestirmenin yeni
yollarini bulmak icin diger Ogretmenlerle isbirligi yapmasindan kaynaklandigini ortaya koydu.
Matematik bilgisine iliskin etkinliginden bahsederken, “Giiven, bir seyi ne siklikta ve siklikla etkili bir
sekilde yaptiginiza baglidir, matematik bilgisi i¢in gecgerlidir” diye ekledi. Bu nedenle, Ryan'in
matematiksel bilgisini etkin bir sekilde kullanarak kendine giiveninin artacagina inandigi sonucuna
varilabilir. Ancak, MKT'sinin diisiik ila orta diizeyde oldugu ve 6gretim kararlarinin yapilandirmaci
O0grenme deneyimlerine ve {iretken 6gretim uygulamalarina yol a¢gmadigl géz oniine alindiginda,
yiiksek yeterlik seviyeleri neyi 6gretecegine ve nasil 6gretecegine iliskin kararlarini etkilemis olabilecegi
sonucuna varilabilir ve maalesef bu durumun 6gretiminin kalitesi {izerinde olumsuz bir etkisi vardir.
Bu bulgu, Charalambous ve Philippou'nun (2010) 6gretmenlerin 6gretimlerinden emin olduklarinda
kendi wuygulamalarini kullanmaya devam etme egiliminde olduklarina iliskin bulgularimi

desteklemektedir.
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Ortaya Cikan Sonuglar ve Ileri Aragtirma Onerileri

Ogretmenlerin MKT diizeylerinin ogretimleri tizerindeki etkisi, MKT diizeyi yiiksek olan
O0gretmenlerin 6gretimlerinde daha yiiksek kaliteye sahip olduklarini belirten Charalambous ve Hill
(2012) ve Hill ve meslektaslar1 (2008) tarafindan rapor edilmistir. Bu ¢alisma da benzer bulgular
saglamaktadir, ancak Ozellikle KCT ve KCS'nin etkisi gostermis oldu ki, kesir kavramlarini
anlayabilmek ve 6grencilerin bu kavramlar hakkinda diisiindiiklerini ve bu bilgiyi 6grencilerin
anlamalarini gelistirmeye odaklanarak bu bilgiyi nasil kullanacaklarina karar verebilmek belirli bir
MKT seviyesi gerektirir. Bu nedenle, bu bilgi alanlar1 igerik, 6gretim ve 6grencilerin kesisim noktasinda
oldugundan 6gretmenlerin KCT ve KCS'sini gelistirmenin, dgrencilerin diisiinmesi ve 6grenmesine
odaklanarak 6gretimi uygulamaya yonelik egilimlerini gelistirmeye yardimci olabilecegi onerilebilir.
Ogretmenler yapilandirmaci dgrenme deneyimlerinin ve bunlari miimkiin kilan 6gretim

uygulamalariin énemini ne kadar ¢ok anlarlarsa, onlara o kadar bagh kalacaklardir.

Bu ¢alismadaki bir diger 6nemli bulgu, Ryan'in bilgisi ve 6gretimi ile ilgili yeterlik inanglarini
iceriyordu. Bu, 6gretmenlerin MKT ile 6gretim kararlar1 arasindaki iliskinin bulgulariyla baglantilidir.
Ogretmenlerin MKT'sini gelistirmek daha énemli hale gelir giinkii MKT'si diisiik ve yeterliligi yiiksek
olan bir 6gretmen, smifinda yaptiklarinin, gergekte olanin tam tersi olsa bile, 6grencilerin diisiinmesini
ve Ogrenmesini gelistirmede gercekten degerli oldugunu diistinebilir. Bu nedenle, matematik
egitimcileri ve PD diizenleyicileri, yeterlik inanglar1 ile MKT arasindaki iliskinin, 6gretmenlerin
uygulamalarini gelistirmeye yonelik miidahalelerini dahil etmeyi planlarken dikkat edilmesi gereken

zor bir iligski oldugunun farkinda olmalidur.

Matematik Ogretim Bilgisi (MKT) anketinde kullamlan maddeler sadece kesirlerde
karsilastirma, boliimleme ve esit paylasim ile ilgiliydi. Bu nedenle, bulgular bize 6gretmenin genel
olarak kesirlerle ilgili MKT seviyeleri hakkinda bilgi verirken, odak noktas1 kesir karsilastirmasi ve
boliimleme idi. Ogretmenin MKT'si ile 6gretim kararlar1 arasindaki iliski hakkinda daha iyi bir yargiya
sahip olmak icin, 6gretmenin siralama gibi kesirler ile ilgili diger kavramlar: anlayip anlamadig1 da
arastirilmalidir. Bu, bir 6gretmenin MKT'sinin kararlarini nasil etkiledigine dair saglam bir anlayis

saglayacaktir.

Bu ¢alismada 6grenci kazanimlari degerlendirilmemistir. Bu nedenle, 6gretimden dnce ve sonra
ogrencilerin kesirler hakkindaki bilgilerini degerlendirmek, tiim siirecin 6grencilerin 6grenmesini
gergekten nasil etkiledigine dair degerli bulgulara yol agabilir. Ogrencilerin matematiksel kazanimlarini
ve karsilagtiklart zorluklarla nasil basa giktiklarini belirlemek, 6gretim yontemlerinin 6grencilerin
ogrenmelerini nasil etkiledigi, ne zaman daha fazla destege ihtiya¢ duyduklar: ve gelecekte bu sorunlari
nasil daha verimli bir sekilde ele almalar1 gerektigi konusunda 6gretmenleri bilgilendirecektir. Bu bilgi
ayni zamanda profesyonel gelisim programlar1 diizenleyicilerinin ¢abalarmin Jgrencilerin

ogrenmelerini nasil etkiledigini gérmelerine yardimc olacak ve bagarili matematik 6gretmenleri olarak
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gelismelerine yardimci olmak igin Ogretmenlerle calisma konusundaki kararlarini nasil gozden

gecirecekleri hakkinda faydali bilgiler saglayacaktir.
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Introduction

The reform efforts in K-6 mathematics education aim to increase student success in mathematics
by promoting learning with understanding (NCTM, 1989, 1991). In this regard, the developers of
reform-oriented mathematics curricula have designed these materials to foster critical thinking and
reasoning, problem-solving, and individual knowledge construction in classrooms. For students to be
constructors of knowledge, teachers are expected to take on new roles, becoming facilitators of learning
instead of more traditional teacher roles that position them as knowledge holders and transmitters.
Taking on this role supports quality teaching in ways that enable students to learn with understanding.
One of the approaches to teaching and learning mathematics in alignment with reform ideas is
constructivism. According to this theory, people construct their knowledge of the outside world
through their experiences with their environment (Cobb and Steffe, 1983; Simon, 1995, Steffe and
D’Ambrosio, 1995; Von Glasersfeld, 1995). New information is constantly being connected to our prior
knowledge base. Learning is actually the process of connecting the new information, which we gain
through our interactions with the outside world, to our already existing knowledge base. Many
researchers and educators adopt constructivism as the grounding theory for their investigations and

practices of learning and teaching.

A significant amount of research shows teaching in alignment with constructivist learning
theory would benefit children (Confrey, 1990; Simon, 1995; Steffe and D’ Ambrosio, 1995). Instead of
trying to teach a concept by just telling or showing the formula to students and expecting them to
integrate this knowledge meaningfully into their existing knowledge base, which has been built in
hundreds of years, constructivist-based teaching would promote acknowledging students as the
producers and owners of knowledge. Thus, it advocates guiding students in their knowledge
construction process by engaging them in meaningful activities that promote reasoning, problem-

solving, and critical thinking.

Similar to other learning theories, constructivism applies to all kinds of ages and types of
learners—in this case, teachers. The tenets of constructivism, as they utilized in this study's theoretical
framework, are learner-centered, incorporating interaction with the environment, including

collaboration, and taking the whole process of learning into account - not simply the product
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(knowledge). The practices of learning advocated by constructivism are also shared by the reform-
oriented mathematics programs (NCTM, 1991, 2014). The reform initiators intend to put teachers in a
facilitator role and engage students in knowledge construction by reasoning, problem-solving, and
critical thinking. Teachers are expected to guide students in constructing their mathematical knowledge
base by establishing mathematics goals to focus learning, implementing tasks that promote reasoning and problem
solving, using and connecting mathematical representations, facilitating meaningful mathematical discourse,
posing purposeful questions, building procedural fluency from conceptual understanding, supporting productive
struggle in learning mathematics and eliciting and using evidence of student thinking (NCTM, 2014). The
quality of teaching is determined by the extent to which teachers can implement these practices or other

practices that align with them in their classrooms (Hill, Ball, and Schilling, 2008).

Considering the fact that teachers’ decision-making is an active process that takes place in
almost every part of their classroom-related activities, the implementation of reform-oriented practices
is highly influenced by teachers’ decisions. Teachers make decisions about planning, implementing
those plans, and evaluating the efficiency of their plans as part of their daily routine. They employ a
variety of constructs while making decisions. Researchers found that teachers’” understanding of the
content (Hill and Ball, 2009), understanding and beliefs about curriculum materials (Hill and
Charalambous, 2012), and their beliefs about learning (Borko and Shavelson, 1990) influence their
decisions of how to shape their instruction. In the case of mathematics, teachers’ mathematical
knowledge for teaching (MKT) includes their understanding of the content, knowledge of students’
mathematical thinking, and knowledge of the curriculum materials, which are all claimed to influence

their instructional decisions (Hill, Ball, and Schiling, 2008).

Regarding mathematical beliefs, we examine teachers’ beliefs about the nature of mathematics
as a discipline, their beliefs about learning mathematics, and lastly, their beliefs about teaching
mathematics (Ernest, 1986). Additionally, one cannot disregard teachers’” self-efficacy beliefs about the
extent of their knowledge of mathematics and their beliefs about how they teach it. Below, these

constructs are described in detail.
Mathematical Knowledge for Teaching (MKT)

Teachers’ mathematical content knowledge affects their teaching practices (Cai and Wang, 2010;
Cross, 2009; Ernest, 1989; Pajares, 1992; Philipp, 2007; Thompson, 1992). Shulman (1986) introduced
three types of knowledge teachers should have for teaching—content knowledge, curricular
knowledge, and pedagogical content knowledge. The last one, pedagogical content knowledge, is the
unique nature of content knowledge, which includes content ideas as well as what makes learning a
topic difficult or easy for students. Ball, Thames, and Phelps (2008) proposed a refinement to Shulman'’s
categories by encapsulating these types of knowledge under the umbrella of mathematical knowledge
for teaching (MKT) and further subdividing content knowledge and pedagogical content knowledge.

Their MKT model includes six types of knowledge needed to teach mathematics effectively. These six
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components are common content knowledge (CCK), specialized content knowledge (SCK), and
knowledge on the mathematical horizon (subdivisions of the content knowledge proposed by
Shulman), knowledge of content and students (KCS), knowledge of content and teaching (KCT), and
knowledge of curriculum (subdivisions of the pedagogical content knowledge proposed by Shulman)

(see Figure 1).

In explaining the components of subject matter knowledge, Ball, Thames, and Phelps (2008)
describe common content knowledge as the mathematical knowledge not only held by teachers but all
consumers of mathematics. They state that the mathematical knowledge specific to teachers is specialized
content knowledge. This knowledge is specific to teaching as it involves being able to explain the standard
procedures, represent mathematical ideas clearly, and understand different solutions to given
problems. The last component of this category is horizon content knowledge, which involves

understanding how mathematical concepts are connected over the course of mathematics curricula.

Subject Matter Knowledge Pedagogical Content

EKnowledge
Enowledge of
content and
Common Specialized students
/ comtent content (KCS) Enowledge
| kmowledge knowledge of content i
II_EEEI'_ (SCK) . and |
I"»,_ Horizon Knowledge of curriculum ;.'
weontemt content and
Enowledge teaching (KCT)

Figure 1. Mathematical knowledge for teaching (Ball, Thames, and Phelps, 2008)

In the second category, Ball, Thames, and Phelps (2008) state that knowledge of content and
students focuses on understanding how learning occurs within a specific content. The second component
in this category, knowledge of content and teaching, is also similar in that it focuses on knowing how to
teach a particular content. The last component is content and curriculum knowledge, which means knowing

how curriculum incorporates particular mathematical ideas.

In further explanation of the categories and the relations between them, Hill, Ball, and Schilling
(2008) claim that KCS is different from subject matter knowledge because a teacher might have a strong
background in conceptual understanding of mathematical ideas, but that does not mean they would
have profound knowledge of student learning about that specific subject. They also add that the claim
holds true for an inverse relationship; a teacher can have a strong understanding of how students learn

a specific content but at the same time have a weak understanding of the content itself.
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Hill and Charalambous (2012) found that teachers” MKT levels influence their instructional
practices. In addition, Manouchehri and Goodman (1998) found that teachers’ mathematical knowledge
was one of the critical variables that impacted how they used standards-based curricula. Therefore, in
investigating what factors impact teachers’ instructional decisions, MKT becomes one of the first

constructs that need to be examined.
Mathematical Beliefs

Teachers’ mathematical beliefs constitute another factor that potentially have an impact on their
instructional decisions (Ernest, 1989; Pajares, 1992; Beswick, 2012). A person’s mathematical beliefs
constitute three types of beliefs, i) beliefs about learning mathematics, ii) beliefs about teaching
mathematics, and iii) beliefs about the nature of mathematical knowledge (Ernest, 1989). The
relationship between mathematical beliefs and teaching practices has been thought to be
straightforward; if a teacher held reform-oriented beliefs about student learning, then she would use
reform-oriented teaching methods in her classroom (e.g. Cross, 2009; Beswick, 2005). On the other hand,
other studies provide evidence of cases where teachers’ mathematical practices do not necessarily reflect
their beliefs, or their beliefs do not necessarily match with their practices (e.g., Beswick, 2012; Cross,

2015; Leatham, 2006; Skott, 2009).

Leatham explains the inconsistency between beliefs and practices in his sensible systems
framework (Leatham, 2006). He claims that the conflict between the two is not due to a lack of a direct
relationship, but it is due to the effect of other beliefs that happen to affect practices more than the
identified ones. For example, when we realize, there is an inconsistency between a teacher’s belief,
which we believe to affect or bring about a particular type of instruction, and her practice, that might
mean the teacher chooses to shape her instruction reflecting another belief that makes more sense at the
time of her decision. As a result, this study also considered beliefs including self-efficacy beliefs and
context-related beliefs (e.g. beliefs about their students, school, curricula) as factors that might impact

teachers’ instructional decisions.
Teacher Self-efficacy

Bandura first introduced the concept of self-efficacy in his famed work Self-Efficacy: Toward a
Unifying Theory of Behavioral Change (1977). He later defined it as, “beliefs in one's capabilities to organize
and execute the courses of action required to manage prospective situations” (Bandura, 1997, p. 2).
Bandura argued that when applied to teaching, teachers’ self-efficacy would affect their practices and
relatedly the students' learning experiences. Thus, it became an important area of research to many
others (e.g. Ashton and Webb, 1986; Guskey, 1981; Enochs and Riggs, 1990). Teaching efficacy has two
components - knowledge and personal efficacy (Roberts and Henson, 2000). Knowledge efficacy refers
to a person’s confidence in her understanding of mathematics content, while personal efficacy describes

a person’s confidence in her ability to support students’” learning through teaching.
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Teacher efficacy has been recognized as one factor that influences teachers’ practices. Teachers
with a strong sense of efficacy tend to be more eager to learn, adopt and enact particular instructional
practices (Guskey, 1988). It was suggested that highly efficacious teachers would focus more on student
learning and be more open to employ student-centered teaching practices such as having students
explore the concepts through inquiry (e.g. Marshall, Horton, Igo, and Switzer, 2009). It has also been
argued that highly efficacious teachers would be more motivated to adopt to curricular changes and it
would be easier for them to implement the new curricula (Charalambous and Philippou, 2010).
Moreover, when teachers realize that their instruction makes a difference in their students’ learning —
in this case, an instruction model that focuses on student learning — they feel more efficacious in their
teaching and that motivates them to continue using a student-centered approach (Hull, Booker, and

Naslund-Hadley, 2016).
Teacher Decisions

Borko and Shavelson (1990) state, “teachers are professionals who make reasonable judgments
and decisions in a complex, uncertain environment” and “teachers’ behaviour is guided by their
thoughts, judgments and decisions” (p. 312). Based on their claims, investigating teachers’ practices
starting from planning through the whole instruction process cannot be accomplished without taking
their beliefs, judgments, values, and decisions into account. Teachers make decisions during any part
of the teaching process, and their decisions are influenced by their knowledge, beliefs, values, attitudes,
and goals (Levenson, 2013; Nicol and Crespo, 2006; Stahnke, Schueler and Roesken-Winter, 2016;
Thompson, 1992).

Researchers have found that a teacher’s MKT level impacts the quality of her instruction (Ball,
Hill, and Bass, 2005; Charalambous and Hill, 2012; Hill, Ball and Schilling, 2008). Since teachers’
decisions about what to teach and how to teach determine the nature of their instruction, the claim holds
true for the relationship between teachers” MKT levels and their decisions. For example, knowledge of
content and students (KCS), a major component of the MKT framework, is considered a catalyst for
instructional decision-making (Rhine, 2016). Also, another component of the MKT framework,
knowledge of content and curriculum (KCC) (see Figure 1), involves having a broad understanding of

the mathematics curricula, and it contributes to teachers’ effective use of curricula over the years.

Teachers’ beliefs about or approaches to the nature of mathematics and learning and teaching
mathematics also affect their decisions about what to teach and how to teach it (Escudero and Sanchez,
2007; Nicol and Crespo, 2006; Thompson, 1992). For example, Nicol and Crespo report that one of the
teachers in their study stated that he enjoyed the procedural nature of mathematics, and relatedly he
primarily used procedural problems during instruction. Escudero and Sanchez (2007) also found that
one of the teachers in their study, who held a student-centred teaching approach, designed the lesson

with students’ pedagogical needs in mind and focused on engaging them in meaning making. On the
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other hand, the other teacher who viewed teaching as a knowledge transmission process designed the

lesson mainly focusing on sequential steps, which was his approach to facilitating student learning.

Embracing and acting on the constructivist approach to learning and teaching is complex
(Manouchehri and Goodman, 1998). First of all, it requires teachers to change their beliefs about
teaching and learning accordingly if they had not already carried those beliefs. We know that beliefs
are one of the influential factors on teachers’ instructional practices (Beswick, 2005; Ernest, 1989; Philipp,
2007; Cross, 2014). A teacher who has a constructivist approach to learning and teaching would consider
their role as guiding students through learning experiences — not telling or showing them everything
without giving them a chance to explore mathematical ideas and would try to employ appropriate
teaching practices to create a student-centered learning environment. At this point, another necessary
component of quality teaching comes into play, that is mathematical knowledge for teaching (MKT)
(Ball, Thames, and Phelps, 2008). Making informed decisions about what kind of teaching practices
would be suitable for student-centered instruction, teachers need to have the knowledge of the content,
the curriculum, and the pedagogical content (Shulman, 1986; Ball, Thames, and Phelps, 2008). A teacher
with strong MKT would be more likely to employ quality teaching practices that are following
constructivism in their classrooms. Relatedly, a teacher with low levels of MKT would fall short of using

those practices in their classrooms. Therefore, the research questions that are investigated here are,
* What is the nature of the relationship between
i) an elementary teacher’s mathematical knowledge for teaching and his instructional decisions?
ii) an elementary teacher’s beliefs and his instructional decisions?
iii) an elementary teacher’s mathematical knowledge for teaching and his beliefs?
Methods

This single case study (Merriam, 1988; Patton, 2002; Yin, 2003) explores an elementary teacher’s
journey in using a new unit design about teaching fractions in fourth grade. The teacher was part of a
collaborative group that designed a unit about fractions for fourth-grade students and then
implemented it in their classrooms (Eker, 2018). The unit design process was guided by a constructivist
learning approach that also shaped the teaching practices promoted within the unit. It was a relatively
new approach for the teachers as most of them used textbooks that embraced a traditional teacher-
centered approach to learning mathematics. After examining their unit implementations, the results
revealed that the teacher in this study had low alignment between what was planned during the unit
design process and what was taught in his classroom, but he thought his implementation was in
complete alignment with the designed unit (Eker, 2018). This particular situation was different from
other participants’ results and thus called for further investigation of his case. This study is designed to
examine his case more closely to determine the underlying reasons behind this disparity. A detailed

description of the participant is provided below.
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Ryan. Ryan had three years of teaching experience in elementary grades, and he had been
working at his last school for one year. He used the textbook series Everyday Math in his math
classrooms. The most advanced mathematics course he had taken was Elementary Math Concepts. His
prior PD experience was to participate in Everyday Math textbook series pieces of training. He did not
hold any leadership roles at his new school, but he had served as a staff member at Positive Behavioral

Interventions and Support (PBIS) Training at his previous school for one year.

Ryan was the only male teacher in the group and he was a very friendly person to work with.
By taking the lead in writing things down with his unique handwriting, he made things easier for the
rest of the group. He was always open to collaboration and as much as he loved sharing his experiences,
he was curious to hear what others had to say about the topic of discussion. Ryan’s interest and
advocacy in collaboration appeared to be an essential part of his beliefs and practice. One of the words
he associated math with was working together and he explained how he saw it in his work and class by
saying, “It’s collaboration in the classroom with your students and also a collaboration with your peers
as a teacher, an educator so it's all about sharing and learning from one another you know, that's best
practices, what works, what doesn't work, what could you refine, what could you change.” The other
words Ryan associated with math were problem solving, real life, and science and later on he added inquiry
to them. He strongly believed math and science were interconnected, especially with concepts like
charts, tables, and graphs. Additionally, he said both disciplines incorporated problem solving and
inquiry —making a connection among the words he chose. Although the relation he saw between math
and science was superficial, the words he chose might suggest that he saw math as part of real life, not
only something abstract that people work out in their minds. Also, he made it clear that collaboration
was a big part of math---that might indicate he was an advocate for collaboration in learning math as a

student and developing necessary skills as a teacher himself.

Ryan enjoyed his job and he would usually feel happy at the end of a school day. Especially
when everything went smoothly and his students appeared to understand the concepts well, that would
make him feel accomplished. But sometimes, the students would have some troubles in understanding
and he would reflect on the day by thinking about what went wrong and how he could make sure all
students were able to understand the concepts. Instead of getting himself caught up with negative
feelings, he would use those days as an opportunity to reflect on his practice to improve his teaching
skills. Of course that does not mean he would never get frustrated or have negative feelings —he would
occasionally feel pessimistic but it was usually because of outside factors. Even though he became a
teacher because he wanted to make a difference and be a male role model for students, the state
requirements and work demands without appropriate compensation would make him reconsider his

professional choice.

Ryan’s confidence in his mathematical knowledge and teaching were closely related. He

claimed that confidence was based on how often someone did something effectively. Furthermore, he
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believed confidence would improve through practice and one would become more proficient at doing
something by experience. He said his skills in teaching mathematics had improved over the course of
PD. Related to being practical, he appeared to associate it with student success and understanding. Ryan
liked incorporating group activities where students would collaborate, and he would be able to observe
students during their group work. In deciding to what extent students were able to understand a lesson,
he would not only rely on exit slips but also take students’ participation and interaction with the
presented material. He also stated that he tried to include more open ended and problem-solving type

questions than multiple choice questions in his assessment tools.

Regarding Ryan’s instruction, the first thing to point out is that he used a variety of
manipulatives depending on the content. He would not only use manipulatives for geometry —which
one could argue would be easy and inevitable —but also in exploring other concepts such as fractions,
where he took advantage of incorporating different manipulatives. He engaged students in hands on
activities so that they would be able to actively use them instead of only modelling the activity with the
manipulative on an overhead projector or board. But, the questions he posed and the way he followed
up students’ responses were not geared towards providing opportunities for further exploration of the
concept. His questions were pointing students towards a specific answer, or they only required brief
answers. That does not mean he did not ask students to explain how they came up with an answer, but
those were rare and also, students usually explained the procedure they followed, not their mental

process.

Another aspect of Ryan’s instruction was that he generally used mathematical terminology
correctly and tried to remediate student errors immediately in order to prevent misunderstandings or
language sloppiness. But, he did not encourage a robust use of mathematical language in all of his
lessons. For example, during a geometry lesson he taught, the mathematical terminology was often used
since geometry concepts usually work well to promote and encourage a rich mathematical language.
Unfortunately, that was not the case for other concepts he taught. He did not make an error during
instruction, but he did not encourage a robust use of related mathematical terminology. Overall, Ryan’s

instruction was an example of error free direct instruction with some student input.
Instruments

One of the instruments of this study was a semi-structured interview (Given, 2008). The
questions in the interview asked the teacher to talk about his beliefs about mathematics and teaching
and to learn mathematics in addition to his self-efficacy beliefs. These questions were designed to assess
the teacher’s beliefs indirectly. Some of the questions were designed to learn about the teacher’s reaction
to hypothetical scores on two self-efficacy items. The last part of the interview included statements
about mathematics, teaching and learning and the teacher was asked to explain whether he would agree
or disagree with them. The transcripts of audio-recorded interviews were analyzed by using thematic

analysis methods (Braun and Clarke, 2006).
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Another instrument used in the study is an MKT survey about fractions to determine the
teacher’s level of mathematical knowledge for teaching fractions. The MKT survey items were derived
from Cross et al.’s study about the relations between different categories of MKT (Cross et. al., 2015).
The items are used to explore the teacher’s fraction knowledge by focusing on different aspects of MKT.
The survey has at least one corresponding item to evaluate the teacher's KCS and KCT for each item
assessing his CCK. The teacher was asked to respond to the items in as much detail as possible —
meaning his responses would show the highest level of reasoning. As such, the teacher’s responses to
the items would make inferences about his understanding of fractions and teaching this concept in his

classroom. An example of an item from the survey and how it was evaluated is described below.
Item for Common Content Knowledge (CCK) Regarding Fraction Comparison

Question 1. Can you determine the relationship between the fraction pairs given below using

the symbols “<, =, >"?
i) 1/5vs 1/7
ii) 2/4 vs 3/6
iii) % vs 5/6
iv) Y2 vs 5/9

The first question from the MKT survey has 4 different pairs of fractions to be compared and it
provides a general insight into teachers’ CCK regarding not only fraction comparison but also fractions
in general (e.g. comparing 1/5 vs 1/7). In analyzing teachers’ responses, they are accepted to have a
strong understanding of fractions when they respond to the item correctly and provide conceptual
reasoning in explaining their thinking. A valid conceptual reasoning strategy in comparing fractions
would entail using the size of the pieces, comparing fractions to the benchmark numbers or using a
drawing or models to illustrate the reasoning. Additionally, in cases where teachers respond correctly
but fail to provide conceptual reasoning, and use a procedural reasoning instead, their understanding
of the concept is considered to be moderate or even low. Examples of procedural reasoning strategies
for fraction comparison items include but not limited to using standard algorithms, using conversion to
decimals, percentages, etc., using memorized rules and using equivalent fractions. Finally, if the
teachers respond to the item incorrectly and/or show incomplete or incorrect reasoning, that indicates
a common misunderstanding of the concept or even some gaps in their knowledge regarding fractions.
Examples of incomplete reasoning strategies would be using incomplete conversion to percent, decimal,
and equivalent fractions and limited understanding of the concept of the whole while incorrect
reasoning strategies would be focusing only on denominators (not coordinating two quantities) and

focusing only on the size of the parts irrespective of the number of parts or vice versa.
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Findings and Discussion

Ryan’s Mathematical Knowledge for Teaching (MKT)

MKT Survey Items Ryan’s results

Question 1: CCK item about fraction comparison

i) 1/5vs 1/7 Correct answer

Incorrect reasoning

ii) 2/4 vs 3/6 Correct answer

Correct reasoning (procedural)

iii) % vs 5/6 Correct answer

Correct reasoning (procedural)

iv) %2 vs 5/9 Correct answer

Incorrect reasoning

Question 2: KCS and KCT item regarding fraction | Moderate level of KCS

comparison Moderate level of KCT

Question 3: CCK item regarding partitioning and equal | Moderate level of CCK
sharing

Question 4: KCS and KCT item regarding partitioning | Moderate level of KCS

and equal sharing Moderate level of KCT

Figure 2. Ryan’s results from the MKT survey

Ryan responded correctly to all items under the first question, but his reasoning for the first and
last items was incorrect, and his correct reasoning for the second and third items were procedural. In
comparing 1/5 and 1/7, Ryan wrote, “1/5 is larger because the wholes are different and each one has 1
piece.” His reasoning was considered incorrect because the question did not indicate the fractions were
from different wholes —Ryan might have thought that their denominators represented different wholes
instead of the different number of pieces the whole was divided into. Similarly, he responded to the last
item by writing, “5/9 is larger because there are more pieces, and ' is only 50%.” His reasoning was
based on the number of pieces irrespective of the size of the pieces. Overall, Ryan’s understanding of
fraction comparison appeared to have some gaps so that we might consider his knowledge about

fraction comparison as a low level.

For the second question on the survey, Ryan was asked to grade incorrect student work on a
fraction comparison problem, provide reasoning to his score and explain how he would help the student
solve the same problem. Ryan scored the student work as 4 (5 being highest) and pointed out an

essentialessential fact that the student was missing, “He understands the whole or complete. However,
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does he know what is larger?” It might be inferred that Ryan was able to understand student
mathematical thinking, but he was unable to unpack it and communicate clearly what was missing in
student’s understanding — an indicator of a moderate level of KCS. For the last part of the same question,
Ryan drew two circles, partitioned into 4ths and 6ths, shaded half of them, and wrote 2/4 and 3/6
respectively underneath the circles. The model he used was appropriate to show that the wholes were
the same, the pieces were in different sizes, and easy to compare the given fractions. But, using fraction
circles could be problematic when students are asked to partition a whole into pieces that do not follow
the pattern of doubling the number starting with 2. So, using length models tend to help students better
compare fractions of all kinds (see van de Walle, Karp, and Bay-Williams, 2013). It might be inferred
that although Ryan appeared to suggest a correct approach to address students” difficulty, he did not
consider that using fraction circles might be problematic for students in comparing fractions —indicating

a moderate level of KCT.

The last two questions in the survey were about partitioning and equal sharing. The third
question was designed to determine the level of CCK, while the fourth question was designed to
determine the levels of KCS and KCT regarding this specific concept. The analysis and scoring of the
questions showed that Ryan had a moderate level of knowledge on partitioning and equal sharing. The
overall results from the MKT survey showed that Ryan’s understanding of fractions had some gaps
indicating a low to moderate level of conceptual knowledge on fractions. He was able to understand
student mathematical thinking, but he was unable to unpack it and communicate clearly what was
missing in students’ understanding and to provide a complete and appropriate activity to address
students’ needs — indicators of a low to moderate level pedagogical content knowledge. Because his
instructional decisions did not fully align with constructivist ideas about learning and teaching, it
appears that his low to moderate level of MKT about the content might have affected his decisions

throughout his instruction.
Ryan'’s Beliefs

The results from the analysis of the interview transcripts revealed that Ryan’s mathematical
beliefs leaned more towards a teacher-centered approach to learning and teaching mathematics except
his beliefs about the nature of mathematics. He agreed with the following statements in his interview,
“An effective teacher makes the mathematics easy for students by guiding them step by step through
problem solving to ensure that they are not frustrated or confused” and “Students can learn to apply
mathematics only after they have mastered the basic skills.” These statements are examples of
unproductive mathematical beliefs, which might have impacted his instructional decisions. This might
actually be considered consistent with his instructional decisions. Those decisions constituted a
mathematics instruction that focused on transmitting knowledge to students without questioning and

providing them a chance to build their own understanding of the concept.
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On the other hand, he chose the words “problem-solving, real life, science, working together
and inquiry” when he was asked to select words that could be used as synonyms of math. These words
might lead to an understanding of mathematics that is developed by people through problem solving
and inquiry — the type of mathematics that we usually see in a student-centered classroom. But, if we
take them together with his statements for other set of beliefs, it will be clear that he still is inclined
towards a teacher-centered approach to learning and teaching of mathematics. For example, he does
believe math is closely related to and synonymous with problem solving but the way this problem
solving implemented or used in the classroom is more like following the steps explained by the teacher

and practicing after mastering basic skills.

Regarding self-efficacy items, Ryan disagreed with the hypothetical efficacy scores prompted

by the interviewer. Regarding his teaching efficacy, he said,

“I think some of that is kind of realizing a lot of the different resources that you can use or pull
in as well as again, you know collaboration talk with teachers as were doing it, what works, what doesn't
work. So, I'd say it's a little higher than that now, not quite to the highest level yet, but I'm slowly, I'm

keeping up.”

Ryan’s statement revealed that he believed he was more confident than before, and that was
mainly due to realizing different kinds of sources he could use and collaborating with other teachers to
figure out new ways to improve their teaching. He also added, “Confidence is based on how frequently
and often you do something effectively, applies to math knowledge” when talking about his efficacy
regarding his mathematical knowledge. So, it might be inferred that Ryan believed his confidence
would improve by effectively using his mathematical knowledge. But given that his MKT was on a low
to moderate level and his instructional decisions did not lead to constructivist learning experiences and
productive teaching practices, his high efficacy levels might have impacted his decisions in what to
teach and how to teach it and they appeared to have a negative impact on the quality of his teaching.
This finding supported Charalambous and Philippou’s (2010) findings that teachers are inclined to

continue using their own practices when confident about their teaching.
Implications and Future Research

The impact of teachers’” MKT levels on their instruction has been reported by Charalambous
and Hill (2012) and Hill and colleagues (2008), who stated that teachers with high levels of MKT had
higher levels of quality in their instruction. This study also provided similar findings, but specifically,
the impact of KCT and KCS showed that being able to understand fraction concepts and students’
thinking about those concepts and being able to decide how to use that knowledge with a focus on
improving students” understanding of the concept requires a certain level of MKT. So, it might be
suggested that improving teachers’ KCT and KCS, as these domains of knowledge are at the intersection

of content, teaching and students could help improve their inclination towards implementing
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instruction with a focus on student thinking and learning. The more teachers understand the importance
of constructivist learning experiences and the teaching practices that enable them, the more they will

adhere to them.

Another important finding in this study involved Ryan’s efficacy beliefs concerning his
knowledge and teaching. This ties back to the findings of the relation between teachers’ MKT and their
instructional decisions. Improving teachers” MKT becomes more important because a teacher with low
MKT and high efficacy might think what they are doing in their classroom is actually valuable in
enhancing student thinking and learning even though that is the opposite of what happens. So,
mathematics educators and PD organizers should be aware that the relationship between efficacy beliefs
and MKT is a tricky one that needs attention while planning to engage teachers’ interventions about

improving their practice.

The items used in the MKT questionnaire were only about fraction comparison and partitioning
and equal sharing. So, while the findings informed us about the teacher’s MKT levels regarding
fractions in general, the focus was on fraction comparison and partitioning. In order to have better
judgment about the relationship between the teacher’s MKT and instructional decisions, teacher’s
understanding of other concepts regarding fractions, such as ordering should also be investigated. That

would provide a robust understanding of how a teacher’s MKT might have impacted their decisions.

This study did not assess student gains. Thus, assessing students” knowledge about fractions
before and after the instruction could lead to valuable findings about how the whole process actually
affected their students’ learning. Identifying students’ gains and struggles will inform teachers about
how their instruction impacts their students’ learning, when they need more support, and how they
should address these issues more productively in the future. This information will also help PD
organizers to see how their efforts impact students’ learning, which is the ultimate goal of their studies,
and provide usable knowledge about how to revise their decisions about working with teachers in order

to help them grow as successful mathematics teachers.
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