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The aim of this study is to reveal how pre-service mathematics teachers' specialized field
knowledge about multiplication and division operations in fractions is reflected in their
teaching activities. The pre-service teachers' specialized field knowledge about
multiplication and division operations in fractions was examined in the theoretical
framework proposed by Ball, Thames and Phelps (2008). In this qualitatively designed
study, the participants were purposefully selected from among the fourthgrade teacher
candidates studying at the department of primary education in mathematics at a state
university. Data collection tools consist of realistic problems and lesson plans created by
prospective teachers, transcripts of audio and video recordings of during micro-teaching
activities and the interview. The findings of the research are structured according to
three headings as coding (representations, explanation and justification) of the collected
data. The results of the study show that pre-service teachers have difficulty in switching
between representation types. In addition, the findings reveal that teacher candidates
have difficulty in posing problems for the given procedure, and they are insufficient to
explain the model and the problem with the material. Another finding of the research is
the overlap of the explanations in the lesson plans and micro-teaching activities of the
pre-service teachers who did not have any problems in representing real life situations.
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Bu calismanin amaci ilkdgretim matematik &gretmen adaylarinin kesirlerde carpma ve
bolme islemleri konusundaki 6zellestirilmis alan bilgilerinin 6gretim etkinliklerine nasil
yansidigini ortaya gikarmaktir. Ogretmen adaylarinin kesirlerde carpma ve bolme iglemleri
ile ilgili 6zellestirilmis alan bilgileri Ball, Thames ve Phelps (2008) tarafindan ortaya atilan
teorik gercevede incelenmistir. Nitel olarak tasarlanan bu ¢alismada katilimcilar devlet
tiniversitesinde ilkdgretim matematik 6gretmenligi boliimiinde dordiincii sinufta 6grenim
goren Ogretmen adaylar1 arasindan amagh olarak segilmistir. Veri toplama araglar1 6gretmen
adaylarinin olusturduklar1 gercekgi problemler, ders planlari, mikro 6gretim ve goriisme
esnasinda alinan ses ve video kayitlarimin transkriptinden olugsmaktadir. Arastirmanin
bulgular1 toplarulan verilere ait kodlamalar (temsiller, agiklama ve gerekcelendirme)
seklinde {i¢ baghga gore yapilandirilmistir. Arastrmanin sonuglari gretmen adaylarinin
temsil tiirleri arasinda gecis yapmakta zorluk cektiklerini gostermektedir. Ayrica bulgular
ogretmen adaylarinin verilen islem igin problem kurmakta zorluk gektiklerini, model ve
problemi materyal ile aciklamakta yetersiz kaldiklarini ortaya koymaktadir. Arastirmadan
¢ikan diger bir bulgu gercek yasam durumlar temsillerinde sorun yasamayan 6gretmen
adaylarimn ders planlarindaki agiklamalar: ve mikro 6gretim etkinliklerinin 6rtiismesidir.
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1.Giris

Insanlarin diisiince yapilarini gelistiren en 6nemli araglardan biri matematiktir. Bu nedenle,
egitimin onemli olusumlarindan belki de en 6nemlisi matematik egitimidir (Umay, 2003). Matematiksel
kavramlarin soyut olmasi nedeniyle 6grenciler matematigi karmasik bulmakta ve matematiksel
kavramlar: anlamakta gli¢liik cekmektedirler. Bu siirecte Ogretmenlerin yapacaklar1 6gretim g¢ok
onemlidir. Ogretmenin uyguladig1 hatalar ilkdgretimden lise seviyesine kadar gidebilen bir kavram
yanilgist olusturabilmektedir. Bu nedenle 6gretmenlerin gii¢lii bir alan ve pedagoji bilgisine sahip
olmasi Onem tasimaktadir. Son yillarda 6gretmen yeterlikleri bir¢ok arastirmanin konusu olmustur.
Pedagojik alan bilgisi ilk defa Shulman (1987) tarafindan ‘Ogrencileri anlama bilgisi’ ve ‘Ogretim
stratejileri’ bilgisi olmak iizere iki boyutta incelenmistir. Ogrencileri anlama bilgisi; dgrencilerin hangi
kavramlar1 daha kolay anlayacaklarini, 6grencilerin sahip olduklar1 hata veya kavram yanilgilarim
tespit edebilmeyi ve onlarin 6grenme karakterlerini anlamay1 saglayan yontem bilgisidir. Ogretim
stratejileri bilgisi ise Ogretmenin alan bilgisini Ogrencilere aktarabilmeye, Ogrencilerin kavram
yanilgilarini giderebilmeye yonelik 6grenme ortami tasarlayabilmeye iliskin yontem bilgisidir.
Shulman (1987) alan bilgisini agiklarken iki temel yap1 kullanmistir. Bu yapilardan birincisi, alandaki
kavram ve olgularin dogrulugunu ve gecerligini saptama yontemleri, ikincisi ise alan bilgisinin

iiretilmesi i¢in kullanilan farkli yontemlerdir.

Shulman’dan (1987) sonra bir¢ok arastirmaci Ogretmen yeterliliklerini farkli sekillerde
kategorilestirmistir. Bunlardan biri de Ball, Thames ve Phelps (2008) sundugu modeldir. Bu model;
Shulman’in (1987) gelistirmis oldugu pedagojik alan bilgisi modelinin matematik 6gretimi baglaminda
genisletilmis bir halidir. Matematik 6gretim bilgisi modeli; alan bilgisi ve pedagojik alan bilgisi seklinde
iki boliime ayirmistir (Shulman, 1987). Bu modelde 6gretmenlerin 6gretecegi matematiksel kavram ile
bu kavramin ileri diizey formlar1 arasinda iligki kurmasina ve 6zel alan bilgisine vurgu yapmaktadir.
Ball ve arkadaslar1 (2008) matematik ogretimi igin gerekli olan bilgiyi, konu alani bilgisi ve pedagojik
alan bilgisi olarak iki temel kategoriye ayirmuslardir. Konu alani bilgisi 6gretmenin 6grenci veya
ogretim hakkindaki bilgisinden arindirilmis matematik bilgisidir. Konu alam bilgisi boyutlar1 genel
alan bilgisi, 6zellestirilmis alan bilgisi ve yatay alan bilgisi olmak iizere {i¢ bilesenden olusmaktadir.
Genel alan bilgisi Ogretmenin Ogretecegi matematiksel kavramlari bilmesi ve matematiksel
terminolojiyi ve simgeleri dogru bir sekilde kullanabilmesi ile ilgilidir. Dolayistyla etkili bir 6gretmen
Ogrencilerinin yanlis cevaplarini ve ders kitabindaki yanlis tanimlamalar1 fark edebilmelidir.
Ozellestirilmis alan bilgisi (OAB) ise bireylerin giindelik islerinde kullanma gereksinimi ve istegi
duymayacag: tiirden, buna karsin 6gretim ile iligkili olan matematiksel bilgi ve becerilerdir. Ball ve
arkadaslarinin (2008) sundugu 6zellestirilmis alan bilgisi Shulman’in (1987) sundugu pedagojik alan
bilgisinden su anlamda farklidir: Ogretimin matematiksel talepleri 6gretmenler tarafindan gerekli,
ancak bagkalari tarafindan gerekli olmayan 6zel matematik bilgisi gerektirir. Ozellestirilmis alan

bilgisinde 6gretmenlerin 6grencilere anlatacaklari konuda standart olmayan yontemleri, islemlerin
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farkli anlam ve yorumlarini anliyor olmasi gerekir. Ciinkii 6gretmenlerin 6grencilere yardim etmek igin,
sadece matematik yapabilmeleri degil, ayn1 zamanda matematigin unsurlarin1 6grencilere goriiniir
kilabilmeleri gerekmektedir. Matematik Ogretmenlerinin belirli matematiksel uygulamalarla ilgili
genigletilmis uzmanliga ihtiyaglar1 vardir. Ogretmenler, matematik dilinin nasil kullanilmasi gerektigi
hakkinda bilingli olmalidir. Matematiksel temsillerin etkili bir sekilde segebilmeyi, aciklamay1 ve
matematiksel fikirlerini dogrulayabilmeyi bilmelidir. Ornegin bir matematik &gretmeni, kesirler
konusunun 6gretiminde kesirlerin gesitli anlamlarim (parga-biitiin, boliim, oran, 6l¢ii ve islemci) ve bu

anlamlar arasindaki farkliliklar1 bilmesi buna 6rnek gosterilebilir.

Ball ve arkadaslari. (2008) OAB'nin &zellikle su iic matematiksel gorevden olustugunu
belirtmislerdir (Aktaran; Secir, 2017) Bunlardan ilki femsiller olarak nitelendirilen, sayilar1 ve islemleri
anlaml bir sekilde resimler veya manipiilatifler kullanarak gostermedir. Gergek yasam durumlari,
manipiilatifler (kesir gubugu, vs.), resimler veya diyagramlar (say1 dogrusu, bolge, soyut modeller, vs.),
sozlii semboller, yazili semboller (Lesh, Post ve Behr, 1987) bunlara 6rnek gosterilebilir. Ikinci
matematiksel gorev agiklama olarak nitelendirilen genel kurallar veya algoritmalarin altinda yatan
anlami agiklamadir. Bununla iliskili Back, Manilla, ve Wallin (2009) gerekcelendirme tiirlerini kendi
aciklamasi, varsayima dayali, kurala dayali, belirsiz/genel ifade, islemsel tanim olarak cesitlendirmistir. Uciincii
matematiksel gorev ise gerekcelendirme seklinde kodlanan 6gretmenlerin, 6grencilerin alternatif strateji
ve ¢ozlimlerinin matematiksel olarak uygun olup olmadigini aninda ve hizli bir sekilde analiz etmesi
ve degerlendirmesi, bunlarin neden dogru veya yanlis oldugunu gerekcelendirmesidir.
Gerekgelendirme ile ilgili smiflandirmay1 Koren (2004) matematiksel temelli agiklama, uygulama
temelli agiklama ve kural temelli agiklama seklinde kategorilestirmistir. Levenson, Tsamir ve Tirosh
(2010) ise Ogretmenlerin aciklama ve gerekcelendirme gorevlerini birlikte ele alarak, bu gorevleri
matematik temelli agciklama ve uygulama temelli aciklama olarak kategorilestirmislerdir. Uygulama temelli
agiklama matematiksel ifadeler igin gercek¢i durumlar ve somut materyal kullanimi igerirken;
matematiksel temelli agiklamalar, matematiksel tanimlama, daha onceden Ogrenilen matematiksel
ozelliklere ve matematiksel akil yiiriitmeye dayanir. Ozellikle sorgulamali matematik 6gretiminin
uygulandigi siniflarda dgrenciler yorumlari iizerinde agiklamalar beklerler. Bu agiklamalar bir seyin
nasil ve nicin yapildig1 iizerine olabilir (Perry, 2000). Raman (2002) matematik temelli ve uygulama
temelli aciklamalarin birbirlerinden tistiin olmadiklarini, ikisinin de faydali oldugunu, sadece birinin
kullaniminin zorluklar olusturabilecegini belirtmistir. Wu (1999) da Raman (2002) ile benzer sekilde
Ogretmenlerin somut materyal kullaniminin smirlarini bilmeleri gerektigini ve formal ile informal
aciklamalar arasinda koordinasyonun saglanmasi gerektigini belirtmistir. Tirosh, Even ve Robinson
(1998), ogrencilerin kavram yanilgilarinin farkinda olan deneyimli O6gretmenlerin farkli tiirdeki
acgiklamalar1 birlikte kullandiklarini, deneyimli olmayan &gretmenlerin ise 6grencilerin hatalarinda
kurali hatirlatmayz tercih ettiklerini belirtmislerdir. Putnam (1992) ise 6gretmenin roliiniin 6grencileri
hayata hazirlamak oldugunu diisiinen 6gretmenlerin derslerinde deneyimlerden 6rnekler verdiklerini

ve bir¢ok aciklama tiriinii bir arada kullandiklarini ifade etmislerdir.
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Pedagojik alan bilgisi ile ilgili yapilan ¢alismalar 6gretmen ve 6gretmen adaylarinin birgok
matematik kavrami hakkindaki alan bilgilerinin yetersiz oldugunu ortaya koymaktadir (Aksu ve
Konyalioglu, 2015; Haciomeroglu, 2005; Kutluk, 2011; Isiksal ve Cakiroglu, 2006). Oysa bir konunun
derinlemesine Ogretilebilmesi icin Ogretmenlerin alan bilgilerinin o konuda yeterli olmasi
gerekmektedir. Bir kavrami derinlemesine anlayan birinin, o kavramla iligkili olan biitiin islemleri de
rahatlikla yapmas: beklenmektedir. Byrnes ve Wasik (1991) bir konu hakkinda derin kavramsal bilgisi
olan Ogrencilerin, yaptiklar1 hatalar1 daha kolay fark ettiklerini ifade etmislerdir. Matematik
Ogretiminde islem ve kavramlarin anlamli 6grenilmesi, islem ve kurallarin altinda yatan kavramlarla
iligkilendirilmesinden gegmektedir (Schoenfeld, 2014). Ogrenme siirecinde somut deneyimlerini soyut
O0grenmelere dontistiirebilecek etkinliklerin yapilandirilmas1 ve uygulanmasi 6nemlidir. Stein ve
Bovalino (2001) bununla iligkili olarak basarili 6gretmenlerin, derslerini planlarken materyallerin
Ogrencilerin matematiksel diistinme bigimlerini nasil etkileyebildigi tizerine dikkate aldiklarini ifade
etmislerdir. Kili¢, Pekkan, ve Karatoprak (2013) altinci sinif 6grencileriyle yaptig1 calismada materyal
kullaniminin 6grencilerin matematiksel kavramlari daha iyi anlamalarina olumlu katkilarinin
oldugunu ifade etmislerdir. Bireyler materyal kullanarak iliski kurma ve akil yiiriitme becerilerini
gelistirmektedir (Yavuz, 2013). Gainsburg (2008) yaptig1 calismasinda ogretmenlerin gercek hayat

durumlariyla 6grettikleri kavramlar arasinda baglanti olusturmakta zorluk gektiklerini belirtmistir.

Ciftci, Yildiz, ve Bozkurt (2015) ortaokul matematik 6gretmenlerinin materyal ve materyal
kullanimma iliskin inaniglarinin materyal kullanimlarim etkiledigi belirtmiglerdir. Ogretmen
adaylarinin matematigin dogasi, ogretimi ve Ogrenimi hakkindaki inanislar1 pedagojik egitimleri
esnasinda aldiklar1 egitim ve okuldncesinden iiniversite egitimleri esnasindaki deneyimlerinden
etkilenmektedirler. Raymond (1997) ¢calismasinda mesleginin ilk yillarindaki 6gretmenlerin matematik
Ogretimlerinin ge¢mis okul deneyimlerinden, matematigin dogasina iliskin inanglarindan ve sinifta
olusan durumlardan (6grencilerin 6grenme motivasyonu gibi) ve kisilik 6zelliklerinden etkilendigini
belirtmistir. Ma (1999) ise matematiksel yetenegin dogustan geldigine dair inanclarin da kullanilan
agiklama tiiriinii ve materyal kullanimini etkiledigini belirtmistir. Ornegin Ma (1999) galismasinda
ogrencilerinin matematik konularini anlamak i¢in kapasitelerinin olmadigini diisiinen 6gretmenlerin
kural temelli agiklamalar kullandiklarimi ortaya koymustur. Gokmen, Budak, ve Ertekin (2015) ve
Iskenderoglu, Tiirk, ve Iskenderoglu (2016) calismalarinda &gretmenlerin materyal kullanmaya y6nelik
yeterlik 0z-inanglar1 yiiksek oldugunu belirtmisler, bununla birlikte Ogretmenlerin derslerinde
materyal kullanma diizeyleri ile yeterlik inanglar1 arasinda anlamli bir iliski bulunmadiginm
belirtmislerdir. Yetkin Ozdemir (2008) yaptig1 calismada gretmen adaylarinin derslerde materyal
kullanimi konusunda olumlu tutuma sahip oldugunu ortaya koysa da materyalleri siniflarinda etkin
bir sekilde kullanabilme konusunda sikinti yasadiklarini1 ortaya koymustur. Yetkin Ozdemir (2008)
ayrica 0gretmen adaylarinin 6grencilerin materyal ile kavram arasindaki iliskiyi kurmalarina yardimci

olabilecek yonlendirmeleri yapilandirma konusunda yetersiz olduklarini tespit edilmistir.
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Kesirler ve Kesir 6gretimi

Kesirler, sadece sayilar konusunun igerisinde degil farkli simf seviyelerinde bir¢ok konu
icerisinde 6nem arz eden Onemli kavramsal zenginlige sahip bir konudur. Bu nedenle konunun
Ogrenilmesi biiyiik onem tasimaktadir (Secir, 2017). Matematik egitiminde ge¢misten bugiine kadar
kesirler ve kesirlerle islemlerin 6grenme ve Ogretimine iliskin fazlasiyla ¢alismaya rastlanmaktadir
(Armstrong ve Bezuk, 1995; Behr, Lesh, Post ve Silver, 1983; Mack, 1990). Yapilan c¢alismalar ise
cogunlukla kesirler konusunun 6grenilmesi ve kavram yanilgilarinin tespit edilmesi iizerine oldugu
goriilmiistiir (Birgin ve Glirbiiz, 2009; Mulligan ve Mitchelmore, 1997). Yapilan calismalar kesirler
konusunda Ogrencilerde tespit edilen kavram yanilgilar1 ve hatalarinin 6gretmen adaylar1 ve
O0gretmenlerde de goriildiigiinii ortaya ¢ikarmistir (Behr, Harel, Post ve Lesh, 1994; Graeber, Tirosh ve

Glover, 1989; Isik, 2011).

[lkokulda kesirler olarak 6gretilen konu, ortaokul ve lisede rasyonel sayilar olarak 6grencilerin
karsilarina ¢ikmaktadir. Rasyonel sayi ile kesir arasindaki fark matematikgiler arasinda halen
tartisiimaktadir. Ornegin Lamon (2007) her kesrin bir rasyonel say1 oldugunu ancak her rasyonel
sayinn bir kesir olamayabilecegini soylemistir. Bunun nedenini rasyonel sayilarin kesirlere ait olarak
atfedilen a/b yapisindan farkli olarak, ondalik ve yiizde goriiniimiinde olabilecegidir. Lamon (2007)
ayrica rasyonel sayilarin negatif degerler alabilirken, kesirlerin alamayacagini belirtmistir. Kieren (1993)
ise rasyonel sayilarin kesirlerin denklik smifi oldugunu ve bu nedenle kesirlerin de rasyonel say1

oldugunu belirtmistir.

Rasyonel sayilarin analizi, a/b seklinde verilen bir rasyonel sayinin problem durumu ile farkl
anlamlarin ortaya ¢iktig1 goriilmiistiir (Behr, Wachsmuth, Post ve Lesh, 1984; Ohlsson, 1988; Toluk,

2002). Bu analizlerin sonunda elde edilen, rasyonel sayilarin beg farkli anlamlar1 sunlardir:
% kesrinin bir parga biitiin iliskisini belirledigi parca-biitiin anlama,

a .. . . . . . . R BT
+ kesrinin bir bélme igleminin sonucunu belirledigi béliim anlams,

kesrinin bir a niceliginin b niceligine kiyaslanmasini gosteren oran anlamsi,

rasyonel sayilar bir 6l¢me isleminin sonucunu gosteren dl¢me anlami,
rasyonel sayilarda carpma isleminin kuralim belirleyen islemci (operator) anlamidar.

Bu anlamlar1 bilmek, kesrin ve kesirlerde islemlerin anlamlandirilmasi agisindan oldukca
onemlidir. Kesirlerde bolme islemi ile ilgili arastirmalar incelendiginde, 6gretmen adaylarinin en az
anlamlandirabildikleri konulardan biri kesirlerde bolme islemi oldugu ortaya ¢ikmaktadir (Aytekin ve
Sahiner, 2020; Li, 2008; Li & Kulm, 2008; Yesildere, 2008). Kesirlerde bolme isleminin 6gretilebilmesi
icin dogal sayilarda bolme ve kesirler ile ilgili tiim kavramlarin bilinmesi gereklidir (Ma 1999;
Armstrong ve Bezuk, 1995). Ayni sekilde Lo ve Luo (2012) 6gretmen adaylari kesirlerde bolmeyi anlamli

bir sekilde 6gretebilmeleri i¢in tam sayilarda bolmeyi anlamli bir sekilde 6grenmis olmalar: gerektigini
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belirtmistir. Isik (2011) 6gretmen adaylarinin kesirlerde bolme islemine yonelik kurulan problemleri
arastirdig1 calismasinda, 6gretmen adaylarinin islem ve sayilara anlam vermekte zorlandigini; 6zellikle
boliinenin dogal sayr oldugu durumlarda ‘6l¢me’ anlamini gosteren problem kurabildikleri fakat
boliinenin kesir oldugu durumda problemi olusturmakta zorlandiklarini; bir dogal say: ile kesir
sayisinin ¢arpimina yonelik problem kurma siirecinde ise islem sonucuna énem verilmeksizin sadece
isleme odaklandiklarini, bundan dolayr da kurulan problemlerde parca-biitiin iliskisini
kavrayamadiklari gozlemlenmektedir. Isik ve Kar'in (2012) ilkogretim matematik 6gretmen adaylarinin
kesirlerde bolme islemine yonelik kurduklar1 problemlerin hata analizini yaptiklar: ¢alismalarinda hata
tiplerini “birim kargasasi, kesir sayilarina dogal say: anlamz yiikleme, oran-oranti yoluyla problem kurma, parca-
biitiin iliskisini kuramama, bolen kesrin paydasina bolme, bélme yerine carpma islemini kullanma ve bolen kesir
sayistmin ters cevrilerek carpilmast yoluyla problem kurma” seklinde belirlemislerdir. Benzer sekilde
literatiirde Ogretmen adaylarin kurduklari problemlerin analizinde, kesirlerde bdlme isleminin
baglamimi ¢arpma isleminin baglamiyla karistirdiklari, oranlama yaparak problem kurmaya
yoneldiklerini ve problem baglaminda birimi ifade etmede zorluklar yasadiklarini ifade edilmistir (Isik,
2011; Segir, 2017). Isik (2011) 6gretmen adaylarinin basit kesirlerde ¢carpmaya yonelik yapilan islemlerde
carpimin sonucunun daha kii¢iik olacagini kavrayamadiklarini gozlemistir. Isik (2011) bunun sebebini
adaylarin ¢gogunlukla dogal sayilarda problemlerle karsilastiklari garpma isleminde sonug ¢arpanlardan
daha biiyiiktiir’ mantigiyla hareket ettikleri ile iliskilendirmistir. Gokkurt, Sahin, Soylu, ve Soylu (2013)
ise Ogretmen adaylarinin 6grencilerin kavram hatalarin1 tespit etseler bile, kavram hatalarmi
diizeltebilmek icin uygun pedagojik yaklasimi sergileyemediklerini ifade etmislerdir. Segir (2017)
Ogretmen adaylarinin kesirlerde ¢arpma ve bolme islemlerine iliskin 6zellestirilmis alan bilgilerinin
model ¢izme, problem kurma, matematiksel ifade yazma, gerekcelendirme ve agiklama yapma

deneyimleri yoluyla gelistigi belirtmistir.

Kesirlerin kalic1 ve etkili 6gretimi icin egitimde somuttan soyuta ilkesi géz oniine alinarak
materyal kullanimi ve gercekci baglamlarla iligkilendirilmesi 6nem tagimaktadir. Ote yandan Wu (1999)
kesirlerde bolme isleminin 6gretiminde somut materyal kullaniminin olumlu ve olumsuz sonuglar
dogurabilecegini savunmustur. Ona gore kesirlerin bolme isleminde gorsel yardimcilarin kullanimi
sadece basit kesirlerin boliimiinde elverislidir ve 6grenciler gorsellestirilemeyecek problemleri de
anlamalilardir. Hiebert ve Carpenter (1992) da benzer sekilde somut materyal ile iliskilendirmeye
calistigimiz matematiksel kavramlarin uzak olmasi, materyalin yanlis yorumlanmasina neden
olabilecegini belirtmislerdir. Streefland (1991) ve Van den Heuvel-Panhuizen (2003) ise gergekci

baglamlarin kavram olusturmada etkili bir yontem oldugunu vurgulamislardir.

Bu calismada 6gretmen adaylarinin kesirlerde ¢arpma bolme islemleri ile ilgili 6zellestirilmis
alan bilgileri Ball ve digerleri (2008) tarafindan ortaya attig1 teorik cercevede incelenmistir. Calismanin

amaci ilkogretim matematik 6gretmen adaylarinin kesirlerde carpma ve bolme iglemleri konusundaki



Tural Sonmez, M. & Karacakoylii, M. A.

Ozellestirilmis alan bilgilerinin 6gretim etkinliklerine nasil yansidigim ortaya ¢ikarmaktir. Bu amaca

yonelik olarak su sorulara cevap aranmustir:

o [Ikogretim matematik 6gretmen adaylari kesirlerde carpma ve bolmeyi gercekgi problemlerle

nasil temsil etmektedirler?

. Hké’)gretim matematik 0gretmen adaylar1 kesirlerde ¢arpma ve bolmeyi hazirladiklar: ders

planlarinda nasil temsil etmektedirler?

e [Ikdgretim matematik 6gretmen adaylarimn kesirlerde carpma ve bolme iglemlerini mikro

ogretim etkinliklerinde nasil temsil etmekte, aciklamakta ve gerekcelendirmektedirler?

Bu calisma materyal kullanmanin 6nemli oldugunu diistinen 6gretmen adaylarinin kesirlerde
carpma ve bolme islemleri ile ilgili 6zellestirilmis alan bilgilerinin hazirladiklar1 ders planlarina ve
Ogretim esnasindaki temsil, actklama ve gerekgelendirme becerilerine nasil yansidigini karsilastirmali

olarak inceleyerek Oneriler sunmasiyla literatiire katki saglayacaktir.
2.Yéntem
2.1. Arastirmanin Modeli

Aragtirmanin modeli nitel bir ¢alisma olan durum calismasidir. Durum c¢alismasi tarama
modelleri evrendeki belli bir {initenin (birey, aile, okul, hastane dernek vb.), derinligine ve genisligine,
kendisini ve gevresi ile olan iliskilerini belirleyerek, o {inite hakkinda bir yargiya varmay1 amaglayan
tarama diizenlemeleridir (Karasar, 2005: 86). Bu calismada incelenen durum, ilkogretim matematik
ogretmen adaylarinin kesirlerde carpma ve bolme islemlerini ders planlarini hazirlama siirecinde ve

ders anlatim siirecinde gercekg¢i problemlerle ve somut materyallerle iliskilendirmeleridir.
2.2. Calisma Grubu

Bu calismamin katilimcilari I¢ Anadolu’da bulunan bir devlet iiniversitesinin ilkdgretim
matematik 6gretmenligi 4. Sinif 6grencilerinden olusmaktadir. Calismaya 2019-2020 egitim 6gretim yil1
ikinci donem &gretmenlik uygulamasi dersinde uygulanmistir. 35 flkogretim matematik 6gretmeni
adaylarindan 7 &grenci amagl 6rneklem yoluyla secilmistir. Ogretmen adaylarinin isimleri “Hale,
Saadet, Ziileyha, Seda, Burcu, Seyda, Necla” olarak kodlanmistir. Secim Haser, Kayan ve Bostan (2013)
tarafindan uyarlanan matematik 6gretimi ve 6grenimine iliskin inanislar 6l¢egi uygulanacak ii¢ inanig
modeline gore ikinci asamada olan 6grenciler arasindan se¢ilmistir. Katiimcilarin, inang modeline gore
ikinci asamada olan 6grenciler arasindan secilmesinin nedeni, inan¢ boyutunun ¢alismada etkisini yok
etmektir. Matematik 6gretimi ve dgrenimine iliskin inamislar dlgegine gore ikinci asamada bulunan
Ogrenciler matematigi dinamik bir disiplin olarak diisiiniirken, matematik 6grenme ortamlarin
ogrencilerin fikirlerini gelistirecek sekilde tasarlanmasi gerektigine ve matematiksel fikirlerin anlamak

i¢in 6grencilerin olusturma siirecinde yer almalar: gerektigine inanirlar.

2.3. Veri Toplama Aracglarn
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Calismada kullanilan veri toplama araglari 6gretmen adaylarinin olusturduklar: gergekgi
problemler, ders planlari, mikro 6gretim esnasinda 6gretmen adaylarindan alinan ses ve video kayitlar

ve 6gretmen adaylarindan goriisme esnasinda alinan ses kayitlarinin transkriptinden olugsmaktadir.
2.4. Veri Toplama Siireci

Arastirma 2019- 2020 egitim 6gretim yilinin ikinci doneminde sekiz hafta stirmiistiir. ilkégretim
matematik Ogretmen adaylarinin matematigin dogasina, matematigin 6gretimi ve matematigin
O0grenimine iliskin inanglar1 Kayan, Haser, Isiksal ve Boston (2013) tarafindan uyarlanan matematik
Ogretimi ve 6grenimine iliskin inanislar 6l¢egine gore ikinci asamada olan 6grencilerin bu ¢alisma igin

sec¢ilmesinin ardindan veri toplama siireci dort asamada gerceklestirilmistir.

Veri toplama isleminin ilk asamasinda 6gretmen adaylarina Gergek¢i Matematik Egitimi
yaklasimi anlatilmistir. Matematik problemlerinin dil anlatim, bilimsel yonden ve teknik agidan
bulundurmasi gereken ozellikler 6grencilerle paylasilmistir. Ardindan 6gretmen adaylarna Isik
(2011)'1n ilkogretim matematik 6gretmen adaylarinin kesirlerde ¢arpma ve bélme islemlerine yonelik
kurduklar1 problemlerin kavramsal analizini yaptig1 ¢alismasinda kullandig1 dort carpma, dort bolme
islemini iceren sekiz maddeden olusan “problem kurma testi” uygulanmistir. Ogretmen adaylarindan
problem kurma testinde verilen iglemlerle ilgili gercekgi problemler kurmalari istenmistir. Ogretmen
adaylarina sekiz problemi olusturmalari icin siire kisitlamasi yapilmamaistir. Bu siire ortalama 90 dakika
siirmiistiir. Ogretmen adaylarinin olusturduklar1 problemler incelenmis, hatali problemler hata

nedenleri ile birlikte belirlenmistir.

Veri toplama siirecinin ikinci asamasinda 6gretmen adaylarinin olusturduklar: ders planlar
incelenmisgtir. flkdgretim matematik 6gretim programi rehberliginde ‘Bir dogal say1y1 bir kesre ve bir
kesri bir dogal sayiya bdler, bu iglemi anlamlandirir.” ve ‘Iki kesrin carpma islemini yapar ve
anlamlandirir.” kazanimlar1 igin tasarlanacak bir ders igin ders plani hazirlamalari &gretmen
adaylarindan istenmistir. Bu iki kazanima yonelik ders plani hazirlamalari i¢in 6gretmen adaylarina bir
hafta siire verilmistir. Hazirlanan ders planlari toplanmistir. Ogretmen adaylarinin hazirladiklari ders
planlarinda ders i¢in kullanmay: planladiklar1 materyal ve gercek¢i baglamlar gibi temsiller

incelenmistir.

Veri toplamanun ticlincii asamasinda 6gretmen adaylarinin hazirladiklar: ders planlari 1s181nda
hazirladiklar1 etkinliklerden bazilarini mikro ogretim etkinligi ile smifta uygulamislardir. Mikro
Ogretim etkinligi akilli tahtanin, yazi tahtasinin ve matematik Ogretim materyallerinin bulundugu
dolabin oldugu bir smifta gerceklestirilmistir. Alt1 6gretmen aday: ve iki arastirmaci da mikro egitim
etkinligini gozlemlemistir. Arastirmacilar bu siiregte gozlemci roliinde bulunmuslardir. Bu siire¢ video
kayit altina alinmugtir. Ogretmen adaylarinin kullandiklari temsiller incelenmis; matematiksel kavram,
problem, materyal arasindaki iliskiyi nasil kurduklari, spesifik baglam igin iliskileri ortaya ¢ikarabilecek

yonergeleri verme ve konuyu agiklama ve gerekcelendirme becerileri incelenmistir. Bu asamada ayrica
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Ogretmen adayinin hazirladig ders planiyla mikro 6gretim esnasindaki uygulamalari arasindaki farklar

da ortaya ¢ikarilmistir.

Veri toplamanin son asamasinda ise ilkogretim matematik 6gretmeni adaylarinin materyal
kullanma ve kullandiklar1 materyali gercek¢i problemlerle destekleme becerilerinin netlestirilmesi
amactyla Ogretmen adaylari ile yari yapilandirilmis goriismeler yapilmistir. Goriismede veri
toplamanin ilk asamasinda kesirlerde islemlerine yonelik hatali problem kurgular: tizerinden sorular
sorulmus, bu islemleri modellemeleri ve agiklamalar1 istenmistir. Bu siirecte arastirmacilar ve 6gretmen
aday1 etkilesim icinde olmustur. Goriismeler yaklasik 20 dakika siirmiistiir. Bu siirecte 6gretmen aday

ve arastirmaci arasinda gecen diyaloglarla arastirma verisinin daha acgik ve anlasilir olmasi saglanmstir.
2.5. Veri Analizi

Veri toplama siirecinin birinci asamas: ile 6gretmen adaylarinin kurduklar1 problemler
incelenmis, verilen islemlerle ilgili gercek¢i problemler olusturma ile ilgili hata tiirleri i¢in kodlar
olusturulmustur. Ogretmen adaylarinin her bir islem ile ilgili gecerli bir baglam olusturabilmis ise “+”

oo

ile gecerli bir baglam olusturamamis ise ile gosterilmis, her bir islem ¢arpma islemleri ve bolme
islemleri icin ayri birer tabloda toplanmistir. Ogretmen adaylarin olusturduklari problemlerden

ornekler sunulmus, hata nedenleriyle ilgili aciklamalar yapilmistir.

Veri toplama siirecinin ikinci asamasinda toplanan 6gretmen adaylarinin olusturduklari ders
planlari dokiiman analizi yontemi ile analiz edilmistir. Ogretmen adaylarinin hazirladiklar1 ders
planlarinda olusturduklar: temsiller kategorilere ayrilmistir. Kategoriler Lesh vd. (1987) sundugu
gercek yasam durumlari, manipiilatifler (kesir cubugu, vs.), resimler veya diyagramlar (say1 dogrusu,
bolge, soyut modeller, vs.), sozlii semboller, yazili semboller kategorileri iginde, gercek yasam
durumlari, modeller ve manipiilatifler (materyaller) bashigr altinda degerlendirilmistir. Bulgular bir
tabloda sunulmustur. Ayrica kesirlerle carpma ve bdlme islemlerine iliskin ¢izilen model tiirleri

uzunluk, alan, kiime, gercek nesne modelinden hangilerini sectikleri incelenmistir.

Veri toplamanun ticlincii asamasinda 6gretmen adaylarinin ders planlari 1s181nda hazirladiklar:
mikro dgretim etkinligi esnasinda video kaydi alinip, video transkript edilmistir. Toplanan verilerde
kavramsal kodlama ve siniflandirmalar yapilmistir. Kodlar Ball ve arkadaglari (2008) OAB'nin iig
matematiksel gorev olan “temsil, aciklama ve gerekgelendirme” kavramsal cercevesi igerisinde
olusturulmustur. Ogretmen adaylarimin segtikleri temsilller ile iligkili olarak genel kurallar veya
algoritmalarin altinda yatan anlami nasil acikladiklart (Agiklama) kodu baghg: altindaki alt kodlar
Koren'in belirledigi (2004); matematiksel temelli agiklama, uygulama temelli agiklama ve kural temelli aciklama
seklindeki alt kodlara gore belirlenmistir. Matematiksel temelli agiklama sadece matematiksel
kavramlari igerirken, uygulama temelli agiklama matematiksel ifadelere anlam verecek gercek yasam
baglamima dayali ve/veya manipiilatifler kullanan aciklamalardir, kural temelli acgiklamalar ise

matematiksel diisiincelere dayanmayan aciklamalar: igerir. Ogretmen adaylarinin alternatif strateji ve
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¢ozlimlerinin matematiksel olarak uygun olup olmadigimi nasil degerlendirdikleri ve
gerekcelendirdikleri Gerekgelendirme koduyla belirlenmistir. Hunter (2008) gorsel, sézel ve sayisal olarak
belirledigi altkodlara gore degerlendirilmistir. Ayrica O0gretmen adaylarinin materyal secimleri
incelenmis; matematiksel kavram, problem, materyal arasindaki iliskiyi nasil kurduklarimin
incelenmesi i¢in igerik analizi kullanilmistir. Bireylerin goriislerini yansitmak amaciyla dogrudan
alintilara ve 6gretmen adaylarinin gosterimlerine yer verilmistir. Bu asamada ayrica 6gretmen adayimin
hazirladigr ders plamiyla mikro 6gretim esnasindaki uygulamalari1 arasindaki farklar da ortaya

cikarilmigtir.
2.6. Verilerin Gegerliligi ve Giivenirligi

Ogretmen adaylarinin olusturduklari dokiimanlar, uygulamanin hemen ardindan analiz
edilmistir. Detayli analiz yapilirken tiim veri toplama araglarindan gelen veriler goz 6niine alinarak
bulgulara ulasilmistir. Ayrica, dokiimanlarin, video ve ses kayitlarinin transkriptiyapildiktan sonra,
degerlendirme iki arastirmaci tarafindan tek oturum seklinde yapilmis; bu siireg, arastirmacilar

arasinda tam uzlasi saglanana kadar devam etmistir.
Arastirmanin Etik Izinleri

Yapilan bu ¢alismada “Yiiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesi”
kapsaminda uyulmasi belirtilen tiim kurallara uyulmustur. Yonergenin ikinci boliimii olan “Bilimsel
Arastirma ve Yaymin Etigine Aykir1 Eylemler” bashigi altinda belirtilen eylemlerden higbiri

gerceklestirilmemistir.

Etik kurul izin bilgileri: Etik degerlendirmeyi yapan kurul ad1 =Kirikkale Universitesi Sosyal ve

Begeri Bilimler Aragtirmalari Etik Kurulu
Etik degerlendirme kararinin tarihi=18.03.2021
Etik degerlendirme belgesi say1 numarasi=03
3.Bulgular
Aragtirmanin alt problemleri bulgularin alt basliklar: olarak ele alinmistir.

3.1.0lkogretim Matematik Ogretmen Adaylar1 Kesirlerde Carpma Ve Bolmeyi Gercekgi

Problemlerle Nasil Temsil Etmektedirler?

Yedi ilkogretim matematik 6gretmen adaymmin ilk satirda belirtilen kesirlerde ¢arpma iglemi ile
gercek¢i problem yaziminin temsilinin dogrulugu ya da yanhishg Tablo 1'de kategorilestirilmistir.

Tablo 1’de ad1 gegen 6gretmen adayi kesirlerde carpma islemi ile ilgili gegerli bir baglam olusturabilmis

“u

ise “+” ile gegerli bir baglam olusturamamus ise ile gosterilmistir.

Tablo 1. Ogretmen adaylarinin kesirlerde carpma islemiyle ilgili yazdiklart problemlerin analizi
2 6 1 1 2 4
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Hale - +
Saadet +
Ziileyha
Seda
Burcu
Seyda
Necla

1
+ + +
+ + + + o+ +

+ + o+

- - +

Tablo 1 incelendiginde 6gretmen adaylarinin basit kesirlerde ¢arpma islemi ile ilgili genellikle
problem baglamlar1 olusturabildikleri fakat bilesik kesirlerde ¢arpma islemlerinde uygun olmayan
gercekci problem kurduklari (bolme ile karistirma, yanhs islem, yanlis ifade kategorilerinde)
gdzlenmistir (Tablo 3). Iki basit kesrin carpimiyla iligkili problem yaziminda hata yapan iki 6gretmen
adaymin baslangicta tanimladiklar: biitiin ya da c¢oklugu iki kesir i¢in de ifade edemedikleri

gozlemlenmistir.

Tablo 2. Ogretmen adaylarimin kesirlerde carpma islemiyle ilgili olusturduklart problemlerden ornekler

No Ogrenci Islem Problem
1 Seyda EX 4 Yandaki sekilde bir evin 2 duvari verilmistir. 1 duvarin 2/3’si
3 5 boyaniyor. Daha sonra boyanan kismin 4/5’i de boyaniyor. Bu

duvarin kagta kag1 boyanmistir?

2 Seyda l % l Yarim pastanun 1/6'i ne kadardir?
2 6
3 Hale l « E Ayse yarisi su dolu bir sisenin 1/6’sin1 igerse sisenin ne kadarini i¢mis
2 6 olur?
4 Saadet 12 %= Bir tam ¢ikolata ve aym ¢ikolatanin ¢eyregi var. Bunu kendisi dahil 4
arkadasiyla dagitiyor. Bir kisiye ne kadar diiser?
5 Ziileyha 2 <6 Ayse’ye annesi her birinde 5 adet yumurta olan kolilerden 6 adet
3 olmasini istemistir. Ayse yumurta kolilerini getirirken her bir kolideki
3 yumurtay1 kirmistir. Saglam yumurta miktarin kesir ile ifade ediniz.
6 Seda 2 <6 Ali 5 ekmegi 6nce 2 parcaya ayirmis sonra ekmeklerin masadakilere
2

yetmeyecegini anlayinca boldiigii parcalar: tekrar 6’ya bolmiis ve
masadakilere dagitmustir. Bir kisiye gelen ekmek tiim ekmeklerin
kacta kagidir?

Kesirlerde ¢arpma islemiyle ilgili gercek¢i problem temsillerden 1. Temsil incelendiginde
Seyda’nin olusturdugu gergekgi problemde bir biitiiniin 2/3iiniin 4/5'ini hesaplayarak problem kurdugu
gozlemlenmektedir. Yukaridaki 2. Temsil ve 3. Temsil incelendiginde 6gretmen adaylarinn bir biitiiniin
yarisim alarak temsil etmesiyle gergekci problem kurdugu gozlenmektedir. Saadet 4. Temsil ile bolme
islemi {izerinden ¢arpma islemini anlamlandirdig: goriilmektedir. 5. Temsil incelendiginde Ziileyha'nin
basit kesri tam say1 ile ¢arpma ile ilgili olusturdugu gercek¢i problemde soru kokiinde saglam yumurta
sayisini sormasl ile birimi yanlis ifade etmesi nedeniyle islemi problem ile temsil edememistir. 6. Temsil
incelendiginde Seda’nin bir¢ok hata yaparak oncelikle parca biitiin iliskisini temsil edememe ve ¢arpma

yerine bolme islemi ile ifade etme hatasi ile gercekgi problemi olusturamadig: gozlemlenmektedir.
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Yedi ilkogretim matematik Ogretmeni adayimin kesirlerde bolme islemi ile olusturduklar:
gercekci problem temsilleri Tablo 2’de kategorilestirilmistir. Tabloda ad1 gegen 6grenci kesirlerde bolme
islemi ile ilgili gegerli bir baglam olusturabilmis ise “+” ile gegerli bir baglam olusturamamus ise “-” ile

gosterilmistir. Hi¢ problem olusturamayan 6grenciler “bos” seklinde kategorilestirilmistir.

Tablo 3. Ogretmen adaylarinin kesirlerde bolme islemiyle ilgili yazdiklar: problemlerin analizi

.3 7 1 1T 1 2210
s 8 4 28 3" 6

Saadet - Bos - Bos
Hale - - + -

Ziileyha - - - -

Seda - - - Bos
Burcu +
Seyda -
Necla +

- +

+ o+ o+
1

+ -

Tablo 3 incelendiginde, 6gretmen adaylarinin genel anlamda kesirlerde bolme islemleriyle ilgili
gercek¢i problem olusturmada giigliik yasadiklari gozlemlenmektedir. Ogretmen adaylarindan
Ziileyha ve Seda bolme ile verilen islemlerin hicbirinden problem olusturamamislardir. Burcu ve
Necla'nin 4 islemden 3'iine iliskin problem olusturabilmistir. Necla'min olusturamadig1 problem tipi
tam sayili kesrin tam sayili kesre boliindiigii durumdur. Verilen islemlerin problem yazimina
dontisiimii tek tek ele alindiginda, tam sayili kesrin tam sayili kesre boliinmesi ile ilgili gercekgi
problemin yazilmasi yedi 6gretmen adayindan biri tarafindan dogru yapilmis iken (%14), 7/8: 1/ 4
isleminin ise yedi Ogrenciden ikisi tarafindan (%42) gercek¢i probleme doniistiiriilebildigi diger
islemlerin ise yedi O6gretmen adayindan ikisi tarafindan dogru bir sekilde olusturuldugu (%28),
goriilmektedir. Ogretmen adaylarimin kesirlerde bolme islemiyle ilgili olusturduklari problemlerden

ornekler Tablo 3'de 6rnekler sunulmustur.

Tablo 4. Ogretmen adaylarinin kesirlerde bolme islemiyle ilgili olusturduklar: problemlerden 6rnekler

Temsil Ogrenci Islem Problem

No

1 Hale 3+ E 3 kova suyu 5 tane siseye ve her siseyi 3/5'1i dolacak sekilde su
5

paylastirirsak toplam olarak siselerin doluluk orani ne olur?

2 Saadet 2 arkadas bir kitap aliyorlar. Ikisi de kitapta okunacak yerleri esit

sayfa okuyacak sekilde paylasiyor. Arkadaglardan biri kendi

N| =
|
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okuyacag1 sayfalar1 5 giinde her giin ayni miktarda sayfa okuyor. 1
giinde kag sayfa olur?

3 Necla 43 - E Ayse’nin elinde 4 dolu su sisesi ve 1 tane de 2/3’si dolu su sisesi
3 6 vardir. Bu dolu sigeleri de 1 1/6 adet bardaga paylagtirtyor. Her
bardaga ne kadar su miktar1 diiser?

. 1 Bir yolun 1 1/4’ini gidip daha sonra gittigi yolun 1/5'ini giden kisi

4 Burcu 1
5  ne kadar yol gitmigtir?

NI

Tablo 4'deki 1. Temsilde verilen Hale'nin yazdig1 gercek¢i problem incelendiginde soru
kokiintin hatali olusturuldugu goriilmektedir. Ifadede siselerin 3/5 doluluk orani ile olusturulacagi soru
icinde ifade edilirken, soruda doluluk orani sorulmustur 2. Temsil incelendiginde Saadet’in problem
durumundaki boleni yanlis bir sekilde ifade ettigi ve soru kokiinii dogru bir sekilde olusturamadig:
goriilmektedir. Kitabin toplam sayfa sayisini soru i¢inde belirtmeden, bir giinde okunacak sayfa sayisin
sormaktadir. Ayni zamanda okunacak kitap sayfalarini arkadaslarin paylasmas: durumu da anlamli
degildir.  Yukaridaki 3. Temsil incelendiginde Neclanin yazdigi gercek¢i problem detayl
incelendiginde o6lgme yoluyla tam sayili kesirlerde bolme islemine uygun problem olusturmaya
calismasina ragmen adet kavramini hatali kullandig1 (birim karmagasi) goriilmektedir. Yukaridaki 4.
Temsil incelendiginde Burcu’nun yol 6rnegi verirken bir biitiinden daha fazlasini temsil etmesiyle gercekgi

problem kurmada anlamsiz bir sonuca vardig1 gozlemlenmektedir.

3.2.11kogretim Matematik Ogretmen Adaylar1 Kesirlerde Carpma Ve Bolme Islemlerini

Hazirladiklar: Ders Planlarinda Nasil Temsil Etmektedirler?

Ogretmen adaylarinin hazirladiklar1 ders planlar gergekgi problem igermesi, islemin model ile
desteklemesi ve materyal kullanimi planlama kriterleri agisindan incelenmistir. Ogretmen adaylarimn

incelenen bu kriterdeki ders planlarindan temsil 6rnekleri Tablo 5'de gosterilmektedir.

Tablo 5. Ogretmen adaylarinin kesirlerde carpma ve bolme islemleriyle ilgili hazirladiklart ders planlarinda
temsil ornekleri

Kigiler Gergek yasam durumlari Modeller Temsili Materyal ile
temsili temsili
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Saadet

Hale

Ziileyha

Seda

Burcu

Fatma hanim oglu ve
arkadaglari i¢in yarisi
cikolatali yaris: findikli olan
bir tepsi kurabiye
yapmuistir.Cocuklar findikh
kurabiyelerin % “Unii
yemislerdir. Buna gore
¢ocuklar tiim kurabiyelerin
kacta kagini yemislerdir?

Alev hanim evine gelen
misafirlere kahvenin yaninda
cikolata ikram edecektir. Her
bir misafir i¢in kahvenin
yanina kutudaki ¢ikolatalarin
22—4’1’11'11'1 koyacaktir. Cikolata

5
kutusunun 2'51 dolu

olduguna gore Alev hanimin
evine kag¢ misafir gelmistir?

Semra i¢in bir dogum giinii
partisi diizenleyen annesi, es
biiyiikliikte 5 pasta siparig
eder. Dogum giiniine
Semra’nin 16 arkadagini
davet eden annesi, her bir
arkadasinin ¢eyrek pasta
yiyebilecegini diistiniir.
Sizce verilen pasta siparisi
yeterli midir?

Kisin sokak hayvanlarinin ag
kaldigin1 ve yiyecek
bulamadigini géren Ahmet,
marketten 5 kilogramlik bir
kopek mamasi alip her
kopege 1/2 kilogram mama
veriyor. Ahmet'in aldig1
mamayla bu sekilde kag
kopegi besleyebilecegini
bulalim.

Ders planinda gergekgei
problem bulunmamaktadir.
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Ders planinda
materyal
kullanimi
icermemektedir.

4 tane farkh
renkte karton-
makas — kalem

kesir takimi

I N

Asagida rasyonel sayilarla yapilan bir islem
modellenmistir.

SN R
SNE- 7 7
- 3
=]

Buna gore, islem
den hangisi olabilir?
4 3 2 2 2 1
N se~e Baa"s
4 3 5 4 3 1
D e*e” 6 D s 6"s

seffaf kesir
kartlar1

Bilgisayar destekli
dinamik geometri
programi
(geogebra
programi)
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Seyda Emine Hanim, bir stirahideki limona- ll'm.on.ellta, bardak
gibi gorseller

tanin %— litrelik kismini, %— litre limonata
alan bardaklara bogaltmigtir.

Emine Hanim'in bu ig i¢in kag tane
bardak kullandigini nasil bulabileceginizi
sdyleyiniz.

-
-

Seffaf kesir
kartlar:

Necla Esin evden okula giderken
yolun 1/3km’lik kismini 2
dakikada yiirtimektedir.
Esin’in bir dakikada toplam .
yolun ne kadarin |
yurtidiigiinii bulalim.

| |—

o=

Gergekgi problem yaziminin ardindan ogretmen adaylarinin kesirlerde garpma ve bodlme
islemleriyle ilgili hazirladiklar1 ders planlarinda konuyu gergek¢i problem ile temsile ¢ogunlukla yer
verdikleri gozlenmektedir. Tablo 5'de yer alan 6gretmen adaylarinin konuyu modelle (diyagram) temsil
etmeleri incelendiginde ders planinda genellikle alan modeline yer verildigi, kiime modeli ya da
uzunluk modeli gibi modellere vurgu yapilmadig1 belirlenmistir. Ogretmen adaylarinin ders planlari
materyal kullanimi agisindan incelendiginde; ders planinda seffaf kesir kartlari, kesir takimlari,
bilgisayar destekli Geogebra programlarinin kullanilmasinin planlandig goriilmektedir (Bkz Tablo 5).
Ogretmen adaylarinin temsiller arasinda gegis yapmasinin planlanmasi agisindan incelendiginde;
Ogretmen adaylarindan sadece Seyda’min ayni baglam iizerinde gergekgi problem, materyal kullanimi
ve model gosterimini es zamanli planladigy, diger 6grencilerin farkli baglamlar i¢in farkli temsiller i¢in
planlama yaptiklar1 gériilmektedir. Ogrencilerden Saadet, Necla ve Seda gercekgi problem ile model
¢izimi arasinda temsil gecislerini planlarken, Hale gercek¢i problem ve materyal temsilleri arasinda
gecisi planlamistir. Necla ders planinda materyal kullanimini, baglamdan ve modelden bagimsiz bir
sekilde planlamistir. Ziileyha ve Burcu ise ayni baglam {izerinden temsiller aras: gecisleri planlamadig:

goriilmektedir. Burcu'nun ders planinda islemi temsil eden hi¢bir gercekci baglam bulunmamaktadir.

3.3.1lkogretim Matematik Ogretmen Adaylarinin Kesirlerde Carpma Ve Béolme islemlerini

Mikro Ogretim Etkinliklerinde Nasil Temsil Etmekte, Aciklamakta Ve Gerekgelendirmektedirler?

Ogretmen adaylar kesirlerde garpma ve bolme islemlerine yonelik hazirladigi ders planlarimi
uygulamuslardir. Bu boliimde 6gretmen adaylarinin kesirlerde ¢arpma ve bdlme iglemleriyle ilgili
Ogretim etkinliklerinin uygulanmasina iliskin bulgulara yer verilmistir. Bu boliimde ayrica 6gretmen

adaylarinin arastirmaci ile 0gretmen aday: arasinda yari yapilandirilmis goriismeden elde edilen
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Ogretmen adaylarinin agiklama ve gerekcelendirmelerini ortaya ¢ikarmak amaciyla bazi diyaloglar yer

almaktadir.

Yapilan incelemede veri toplamanin birinci agsamasinda gercekgi problemleri dogru olusturan
ve ders planlarinda temsiller ve agiklamalar arasinda gegisleri planlayan &grencilerin uygulama
sirasinda konuyu daha iyi acikladiklar1 ve gerekgelendirdikleri goriilmiistiir. Bununla iliskili olarak

Necla'nin 6gretim esnasinda kullandiklari etkinliklerden 6rnekler Sekil 1a ve Sekil 1b’de gosterilmistir.

“Ezgi ve arkadaslar1 origami ile tekne yapmak i¢in elindeki 3 adet elisi kagidini

M
Vg

" ’
iy

M}rﬂj;’-’.}) e
| e
‘ N
gekil 1a. Necla’'min kesirlerde Sekil 1b. Necla'min kesirlerde bolmeye iliskin olusturdugu
bolmeye iligkin modeli materyaller ve problem

) vﬂ paylasmustir. Her tekne igin el isi kagidimin %2 sini kullandigina gore Ezgi ve

.| arkadaslarimn elindeki kagitlar: kullanarak origami ile kag tane yapacagi bulalim.”

Sekil 1b’de goriildiigii gibi Necla kesirlerde bolme islemini gercek yasam durumlart ve resim ile
temsil ile yarim ekmek ve esit kagit parcalari 6rneklerini kullanarak uygulama temelli aciklamalar ve gorsel,
sozel ve sayisal gerekcelendirmeler kullanmustir. Necla kesirlerde ¢carpma islemini ise Sekil 2’de goriildiigi
kendisinin olusturdugu seffaf kesir kartlarini (resim- diyagram ile temsil) materyal olarak tercih ederek

gorsel ve sayisal gerekgelendirme olusturmustur.

AN TS

N\
NI

WANY B
RPN

4
4
%

5z

Sekil 2. Necla'nin kesirlerde ¢arpmaya iliskin modeli
Kesirlerde ¢arpma ve bolme islemleriyle ilgili gercek¢i problem yaziminda diger 6gretmen
adaylarina gore daha basarili olan Burcu da 6gretim esnasinda gercek yasam durumlar: ve manipiilatif ile

temsiller yapmus, gorsel sayisal gerekcelendirmeler ve uygulama temelli aciklamalar kullanmistir. Burcu'nun

.....
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Sekil 3a. Burcu'nun GeoGebra kullanarak kesirlerde Sekil 3b. Burcu'nun kesirlerde bdlmeye
bolmeye iliskin modeli iliskin modeli

Sekil 3a incelendiginde Burcu mikro 6gretimde Z+% kesrinin sonucuna ulagsmak i¢in hem
Geogebra uygulamasina basvurdugu hem de sayisal sonucu A4 iizerinde model olusturarak
gerekcelendirdigi goriilmektedir. Sekil 3b’de Burcu mikro 6gretim analizinde bilesik kesrin basit kesre
boliimiinde g + % kesrinin sonuca ulasilmasini ifade ederken paydalar: esitleyip modelleme yaparak “
% kesrinin igerisinde kag adet %’hk grup vardir? Ya da paydalar esit oldugu igin 10'un igerisinde kag
adet 3 vardir?” sorulari ile ¢oziimii sdzel olarak da gerekgelendirmistir. Burcu'nun matematiksel temelli

ve uygulama temelli temsiller konusunda gegislerin yapmasi agiklama ve gerekgelendirme siirecini

kolaylastirmistir.

Ogretmen adaylar1 ders planlarinda kesirlerde bdlme islemi ile ilgili gercek yasam durumlar:
temsiline ya da manipiilatiflere yer vermelerine ragmen, 6gretmen adaylarindan bazilarinin 6gretim
asamasinda bu temsilleri etkili bir sekilde kullanamadiklar1 ya da kullanmaktan kagindiklar
goriilmistiir. Bu duruma 6rnek olusturan 6gretmen adaylarindan biri Ziileyha’dir. Ziileyha, kesirlerde
bolme islemiyle ilgili gergekg¢i problem yaziminda sorun yasamig, ders planinda bir tamsayinin daha
biiyiik bir tamsayiya boliimiinii 6rneklemis ve kesir takimlarini kullanmay1 planlamis fakat 6gretimde
materyal ile konuyu temsil (manipiilatif ile temsil) etmekten ka¢inmistir. Bu durum onun, sézel
gerekcelendirmeler yapmasinu kisitlamasg, kural temelli agiklama yapmaya yoneltmistir. Ziileyha'nin mikro

Ogretim sonrasinda yapilan goriismede %+§ islemini agiklamasi ve gerekcelendirmesi istenmistir.

Arastirmaci ile Ziileyha arasinda su diyalog ge¢mistir:

Arastirmact; % + § islemini bize materyal ile anlatabilir misin?
Ziileyha: (4 6zdes materyali eline alir. %’si olarak 2 tanesini gosterir.) Bunu 8 esit parcaya ayiracagiz.
Aragtirmacy: Tahtadaki ifade peki =2 midir?

2 8

Ziileyha: Aslinda § ‘den 8 tane daha mantikl.
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Arastirmac: Bu -+~ + 2+ 4+1424242 degil midir? Bu durum bolme anlamina m1 geliyor?
22 2 2 2 2 2 2

Ziileyha: Ayni anlama gelmiyor.

Arastirmaci: Peki, problem ile ifade edebilir misin?

Ziileyha: ‘Bir elmamn yarisinin 8'de 1'ini yedim ne kadarini yedim? (Sonrasinda 6gretmen aday1

olusturdugu problemden emin olamaz ve vazgeger.)

Yukaridaki diyaloglardan yola ¢ikilarak Ziileyha'nin kesirlerde bolme isleminde boleni yanlis
ifade ettigi ve bolme islemini ¢carpma tizerinden yapilandirmaya ¢alistig1, konuya gercek hayat durumlar:

ile temsil ederek, uygulama temelli aciklamalar yapamadigy goriilmektedir.

Kesirlerde bolme islemiyle ilgili gercek¢i problem yaziminda sorun yasayan oOgretmen
adaylarindan bir digeri Seda, ders planinda bir tam sayimnn basit kesre boliimiinii gergekc¢i problem
kurarak drneklemis ve ¢oziimiinii modelleme yoluyla agiklamistir. Ders planinda seffaf kesir kartlarini
kullanmay1 hedeflemektedir. Seda yar1 yapilandirilmis goriismede ders planinda bulunan ornegi
kullanmak isteyip yeni bir gergekci yasam durumu ve manipiilatif kullanmaktan kaginmistir. Seda ders
planinda bulundurdugu gercek¢i problemde tam saymnin basit kesre boliimiinii asagidaki gibi ifade
etmistir. ‘Kisin sokak hayvanlarinin a¢ kaldigini ve yiyecek bulamadigini géren Ahmet marketten 5

kg'lik bir kopek mamasi alip her kdpege i kg’lik mama veriyor. Ahmet’in aldi1g1 mamayla bu sekilde

kag kopegin doyabilecegini bulalim.’
Aragtirmact: Peki, bu durumu nasil temsil edebilirsin?

Seda: Su sekilde (Sekil 4)

=25
<
=
=5
-
—

Sekil 4. Seda’nin kesirlerde bolme iglemine iliskin modeli
Sekil 4'de goruldigii gibi, Seda bolme islemini resim ile temsil etmeyi se¢mistir. Sedanin bir
biitiin tizerinden 5 +% islemini tahtada cizerek modelledigi goriilmektedir. 5 tam1 bir biitiin olarak
goriip oncelikle 1 kg'lik pargalara ayirip daha sonrasinda her 1 kg'1 % pargalara ayirmistir. Seda’nin bu

cizimi iglemi gercekgi problem temsilinden gorsel gerekcelendirme yapmaya galistig goriilmektedir.

Gergekgi problem yaziminda basarili performans gosteremeyen fakat ders planlamada gergekgi
problemlere ve materyal kullanimina yer veren Ogrencilerden bir digeri Saadet’tir. Saadet mikro
ogretim etkinliklerinde somut materyal kullanimini planlamasina ragmen, mikro 6gretim etkinliginde

konuyu sadece tahtada diyagram ile temsil etmis, bu ¢izim tizerinden matematik temelli agiklamalar
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olusturmustur. Mikro 6gretim etkinlikleri uygulamasimin ardindan yar1 yapilandirilmis goriismede

arastirmaci ile 6gretmen aday1 (Saadet) arasinda gecen 6rnek bir diyalog su sekildedir:
Aragtirmact: g X % =? Islemini nasil temsil ederdiniz?

Saadet: Bir sekli 3’e boliiyorum yatay olarak sonrasinda 2’sini tartyorum. 2/3 “ii buluyorum. Daha sonra

1/3 ii yani bu gekli 3 es parcaya bol diyor. Onu da su sekilde (dikey) boliiyorum.
Saadet: Olusturdugumuz sekilde kesisen kisimlar ¢arpumimizin sonucu oluyor.
Arastirmacy: Peki bunu bize materyaller ile aktarabilir misin?

(Ogretmen aday: kesir karolar: ile 1/3liik parcalar arar. % X ; =? islemini anlatmaya karar verir.)

Saadet: 1/3 ‘liik karolar1 yatay olarak soyle koydum. Daha sonra % 'liik karolari ise dikey olarak koydum.

1 biitiinii 4 es parcaya bolmiis oluyorum % oluyor.
Saadet: 1/3 “liik parca ile Y °liik parcay: kesistirdigimde cevap 1/12 oluyor.
Arastirmaci: Peki bunu net g0stermem icin nasil bir materyale ihtiyacim vardi?

Saadet: Karolarin biraz daha biiyiik boyutlulari olsa ve biraz daha seffaf olsalar iyi olabilir. Ciinkii cift
tarafli bantlarla bunu tahtaya yapistirabiliriz. Ogrencilerin gérmeleri agisindan bir sikinti olmaz.

Mikro- 6gretim etkinliginde Saadet g + % =? islemi tizerinden konuyu Sekil 5 ‘deki diyagram

ile anlatmustr.

(%

Sekil 5. Saadet’in kesirlerde bélme islemine iligkin modeli
Sekil 5 6gretmen adaymnin diyagram ile temsilin ardindan kural temelli agiklamalar yaptiginm

Ozetlemektedir. Goriismede arastirmaci ile Saadet arasinda asagidaki konusmalar ge¢cmektedir.

Saadet: Bir biitiinii 3’e béliiyor, daha sonrasinda bunun 2 parcasini boyuyoruz. Daha sonrasinda bunun
1/3’iinii istiyor. Yani bizim tarali alantmiza baktigimizda zaten 1/3 ten iki tane oldugunu goriiyoruz. Ogrenci 1/3

‘ten 2 tane oldugunu gordiigii icin cevap 2’dir diyebiliyoruz.

Saadet: Daha sonrasinda 63renciye ters cevirip carpmayi gosteriyoruz. Birinci kesri aynen yazip, ikinci

kesri ters cevirip carpryoruz.
Arastirmacy: Peki ¢izdiginiz bu sekil ters cevirip carpma algoritmasinin mantigin bize agikliyor mu?

Saadet: Mantig1 hakkinda bir sey verilmiyor.
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Arastirma: Ogrenciniz size ters gevir carp algoritmasini aciklamanizi ve gerekcelendirmenizi isteseydiniz

ne yapardimiz?
Saadet: Ben de sekiller verirdim. Am kurtarirdim, daha sonrasinda daha net aragtirip bilgi verirdim.

Arastirmaci ile 6gretmen aday1 arasinda gecen diyalog incelendiginde 6gretmen adayinin basit
kesrin basit kesre bélme iglemini modelleyebilmesine ragmen, bu islemin arkasinda yatan kavramsal
bilgiye sahip olmadiklari, gerektiginde matematiksel temelli aciklamalar yapamadigy, kural temelli

actklamalar ile durumu gegistirdigini gostermektedir.

Kesirlerde garpma ve bolmeye iliskin gercekci problem kurmakta sorun yasayan ogretmen
adaylarindan bir digeri Hale’dir. Hale’nin ders plani incelendiginde konuyu gercekgi yasam durumlar: ve
diyagramlar ile temsil etmeyi planlamasmna ragmen ders anlatimini kural temelli agiklamalar ile
yapilandirmistir. Hale'nin mikro egitim etkinligi ardindan yapilan goriismede 3 + g =? Islemini temsil

etmesi istenmistir. Aragtirmaci ile 6gretmen adayinin arasinda asagidaki konusmalar ge¢mistir.
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Sekil 6. Hale'nin kesirlerde bolme islemine iliskin modeli

Hale: 3 tane tamimiz var. Her birinin 5'de 3’iinii alacagiz. Bu ifade ile sonu¢ aym ¢ikmiyor ama bence
cok dogru bir mantik.

Ogretmen adaymnin ifadesinden verilen isleme uygun uygulama temelli aciklamalar ve sozel
gerekgelendirmeler olugturamadig ortaya ¢ikmaktadir. Oysa 6gretmen adaymin ders planinda islem
dogru bir sekilde modellenmistir (Tablo 4). Anlatimin ardindan yapilan goériismede, 6gretmen aday1

ve arastirmaci arasinda diyalog su sekilde devam etmektedir:
Arastirmact: Bu cizimde neyi gostermeye calistin bize ifade edebilir misin?
Hale: Her bir tam parcanin iginde 3/5’i g0stermeye calistim.
Aragtirmacy: Sence biitiinlerin icinde bagka 3/5°lik parcalar da bulabilir misin?
Hale: Aaa, evet..6 tane almadi§im parca var onlarn icinden de alabilirim.

Yukarida gecen diyalogdan arastirmacinin sorgulamalarinin ardindan Hale'nin kalan 6 parcay1

da fark ettigi gdzlemlenmektedir.

Gergekgi problem yaziminda Hale ile benzer performans gosteren Ziileyha'nin mikro 6gretim

sonrasinda yapilan goriisme de 1% x% islemi yoneltildiginde diyagram iizerinden temsile basvurdugu
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gozlemlenmektedir. Ziileyha kesirlerde carpma islemiyle ilgili temsili bilesik kesirdeki i ifadesini

dikkate almadan, sonucu 1 tam {izerinden degerlendirmistir.

Sekil 7. Ziileyha'nin kesirlerde ¢arpmaya iliskin modeli
Ziileyha kural temelli agtklamadan kaginmasina ragmen oncelikle islem yapip modeli ona
uygun ifade etmek istedigi dikkat ¢ekmektedir. Bu yonden 6gretmen adaylarmin bilesik kesirlerde
¢arpma islemlerinde temsil etmede zorluk ¢ektigi g6zlemlenmistir. Konu ile iligkili 6gretmen adayi ile

arastirmaci arasinda asagidaki diyalog ge¢mektedir.
Arastirmaci: Bu islemi gercekci problem ile nasil temsil edebilirsiniz?

Ziileyha: 1 tam % elmam vardi. Bu elmanin i’ini aldim. Ne kadar elma almis oldum?

Aragtirmact: Bize bunu ¢izerek gosterebilir misin?
Ziileyha: 20’de esitleyelim. Hayir. Cok sagma.

Ogretmen adayinin problemlerde sonuca ulagmak igin &nce islemi denedigi sonrasinda ise
gikarim ile modele yoneldigi gozlemlenmektedir. Bu yoniiyle daha ¢ok bilesik kesirlerde modelleme

konusunda sorun yasadig; tespit edilmistir.

Tam sayili kesirlerde ¢carpma ve bolme islemlerinin gergekgi problem yazma konusunda basarili
olamayan, basit kesirlerde kismen basarili olan Seyda’nin ders anlatimindaki gerekcelendirmeleri basit
kesirler tizerinden yapmasi dikkat ¢ekicidir. Seyda’nin ders anlatimi icin sectigi 6rnekler asagidaki Sekil

8a, Sekil 8b ve Sekil 8c’de verilmistir.

Sekil  8a. Seyda'min kesirlerde Sekil  8b.  Seyda’'min Sekil8c.  Seyda'min  kesirlerde
carpmaya iliskin modeli kesirlerde bolmeye bolmeye iliskin gergekgi problem
iliskin modeli ile modeli
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Sekil 8c’de bulunan modelleme, islem ve diyagram temsillerinin yam sira Seyma ‘6 tane %’ﬁ

toplamak 6 carp1 % ile ayn1 seydir.” seklinde ¢arpma islemini, ‘2 tamin igerisinde kag adet %’ lik kistm

vardir?’ diyerek bolme islemini matematiksel temelli agiklamistir.
4. Sonug, Tartisma ve Oneriler

Bu calismada ilkdgretim matematik Ogretmen adaylarinin kesirlerde ¢arpma ve bolme
islemlerini hazirliklar1 ders planlarindaki ve mikro Ogretim etkinliklerinde nasil temsil ettikleri,

acikladiklar1 ve gerekgelendirdikleri ve nasil baglamlar olusturduklar: aragtirilmistir.

Arastirmanin birinci bulgusu ele alindiginda, 6gretmen adaylarinin bilesik kesirlerde carpma
ve bolme islemlerini gercek yasam durumlar ile temsillerinde basit kesirlerde carpma ve bdlme
islemlerine gore daha c¢ok zorlandiklar1i gozlemlenmistir. Bu bulgular Isik'in (2011) ilkogretim
matematik Ogretmen adaylarinin kesirlerde c¢arpma ve bolme islemlerine yonelik kurduklar
problemlerin kavramsal analizini yaptigi calismasindaki bulgularla paralellik gostermektedir.
Literatiirde kesirlerde bolme islemine yonelik gercekci problem olusturmak i¢in 6l¢me anlamini, esit
paylasim anlamina gore daha uygun oldugu (Ball, 1990) buna karsin 6gretmen adaylarinin iki kesrin
birbirine bdliinmesi ile ilgili modeli esit paylasim tizerinden anlamlandirmaya calistiklar: (Ball, 1990;
Isik 2011; Tirosh & Graeber, 1991) vurgulanmaktadir. Bu ¢alismada dgretmen adaylarinin iki kesrin
birbirine boliimiinii ifade ettikleri modeli literatiire benzer sekilde esit paylasim iizerinden yapmaya
calistiklar1 gozlenmektedir. Ayrica, tam sayili iki kesrin boliimiiyle ilgili hata kaynaklarinin “biitiinii
cokluk olarak alma”, “birim kargasas1”, “parca-biitiin iliskisi kuramama” ve “bilinmeyenin olmamas1”
carpma islemi ile karistirma, biitiinden daha biiyiik olan bilesik kesre birim anlami yiikleme gibi
literatiir ile benzer alt temalarin olustugu gozlenmektedir. (Armstrong ve Bezuk, 1995; Isik ve Kar, 2012;
Secir 2017). Lee ve arkadaslar1 (2011) belirttigi gibi referans alinan biitiiniin dogru bir sekilde ifade
edilebilmesinin ve esnek bir sekilde kullanilabilmesi kesirlerde ¢arpma ve bolme islemlerinin temsil
edilmesinde onemli bir etkendir. Bu ¢alismada da litaratiire paralel olarak 6gretmen adaylar: biitiinii
gercekci bir durumla uyumlu bir sekilde temsil etmekte zorluk ¢ekmislerdir (Armstrong ve Bezuk, 1995;

Azim, 1995; Lee ve arkadaslari, 2011).

Tkégretim matematik 6gretmen adaylarinin olusturduklar: ders planlar1 degerlendirildiginde;
O0gretmen adaylarinin kesirlerde carpma seffaf kesir kartlarini, kesirlerde bolme isleminin 6gretimi igin
Geogebra gibi teknoloji kullanimini kullanmay1 planlamislardir. Ogretmen adaylarin ders planlarinda
kesirlerde carpma ve bolme islemini gercek yasam durumlari ile temsili igin basit kesirlerden drnekler
vermisglerdir. Hazirladiklar1 gercek yasam durumlarini alan modelleri ile temsil etmislerdir. Bu bulgu
Secir (2017) ve Toluk Ugar (2009) tarafindan yapilan ¢alismada belirtilen 6gretmen adaylarinin

kesirlerde islem konusunu alan modelini temsil etmeyi tercih ettikleri ile paralellik gostermektedir.

Literatiirde 6gretmen adaylarindan kesirlerle carpma ve bolmeye iliskin problem veya islem

verip model ¢izmeleri ve model verip problem kurmalar: veya islemi matematiksel olarak yazmalar
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istenen bir¢ok arastirmaya rastlanmaktadir (Li, & Kulm, 2008; Isik 2011; Segir 2017). Bu calismada,
Ogretmen adaylarina mikro 6gretim etkinlikleri i¢cin somut materyaller de saglanmis ve bu islemler igin
bu materyalleri kullanmalar1 istenmistir. Bazi 6gretmen adaylart mikro 6gretimde ders planinda
bulunan etkinlikleri gerceklestirmelerine ragmen, bazilarinin ise mikro 6gretim etkinligi esnasinda
materyal hazir verildigi halde 6gretim esnasinda verilen ve kullanmay1 planladiklar1 malzemeleri
kullanmakta gekindikleri gozlemlenmistir. Ogretmen adaylarinin ders planlarindan yola gikilarak
materyal kullanimina onem verdikleri fakat bunu mikro 6gretim etkinliklerinde yansitamadiklari
gozlemlenmistir. Ogretmen adaylarinin temsil tiirleri arasinda gegis yapmakta zorluk cektikleri
sOylenebilir. Yani verilen islem i¢in problem kurmakta, benzer sekilde model ve problemi materyal ile
acgiklamakta yetersiz kalabilmektedirler. Matematik 6gretiminde somut materyal kullaniminin gerekli
olduguna inanan yedi 6gretmen adayimin sadece birkaginin mikro 6gretim esnasinda somut materyal
kullanmalar1 dikkat ¢ekicidir. Bu bulgu 6gretmen adaylarinin materyal kullanma diizeyleri ile yeterlik
inanclar1 arasinda anlamli bir iliski bulunmadig1 bulgusuyla paralellik gostermektedir (Gokmen,
Budak, & Ertekin, 2015; Yetkin Ozdemir, 2008; Aydogdu 1skenderoglu, Turk, iskenderoglu, 2016).
Ayrica bu galismada Yetkin Ozdemir’in (2008) calismasinda vurguladigi gibi 6gretmen adaylarimin
materyal ile kavram arasindaki iliskiyi kurmalarina yardimci olabilecek yonlendirmeleri yapilandirma
konusunda eksikliklerinin oldugu tespit edilmistir. Ogretmen adaylar1 ders planlarinda materyal
kullanimini destekleseler de mikro ogretim etkinliklerinde kag¢inmalarimin nedenleri, alan bilgisi
eksikliginden veya daha oOnce materyal kullanimina iliskin deneyim sahibi olmadiklarindan
kaynaklanabilir. Buna iliskin diger bir bulgu ger¢ek yasam durumlar: temsillerinde sorun yasamayan
Ogretmen adaylarinin (Burcu, Seyda, Necla) ders planlarindaki agiklamalar1 ve mikro 6gretim etkinligi
ile Ortlismesidir. Seyda ders planinda ayni baglam {izerinde temsiller arasi gegisleri planlamasi diger
bir deyisle bu konuda 6gretime hazirlik yapmasi onun 6gretimde de farkli temsilleri bir arada
kullanabilmesi siirecini kolaylastirmistir. Burcu ise her ne kadar planlamada gercekg¢i baglamlar1 ders
planina yansitmasa da, kesirlerde ¢arpma ve bolme konusunda gergekgi problem yazma konusunda

yeterlilige sahip olmas1 onun 6gretim etkinliklerini basarili bir sekilde uygulamasini kolaylastirmistir.

Arastirmanin iiglincli basliktaki bulgular1 dikkate alindiginda, 6gretmen adaylarmmin bir
modelin veya bir islemin sonucunun neden dogru veya yanlis olduguna iliskin gerekcelendirme
bilgilerinin ¢ok zayif olmadig1 ancak islemsel diizeyde oldugu tespit edilmistir. Bu bulgu Secir’in (2017)
bulgusu ile paralellik gostermektedir. Ogretmen adaylari gerektigi yerde agiklama tiirleri arasinda gegis
yapma konusunda zorluk cektikleri goriilmektedir. Bu sonug diger c¢alismalar1 desteklemektedir
(Alenazi, 2016; Borko, Eisenhart, Brown, Underhill, Jones, ve Agard, 1992; Chen, 2010; Gregg ve Gregg,
2007; Li ve Smith, 2007). Ogretmen adaylar1 model cizerek, problem kurarak, verilen islemleri sozel
olarak aciklayarak veya gercek yasamdan ornekler vererek bu iki islemin sonuglariin ayni oldugunu
gostermeye calismis fakat basarii olamamislar, gerektigi zamanlarda matematik temelli agiklama
yapamamiglardir. Ornegin 6gretmen adaylarindan Saadetin kesirlerde bolme isleminde ters gevir carp

algoritmay1 agiklamaktansa islemi gercek hayat durumlari ile ya da model ¢izerek agiklamaya calismasi,
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ancak basarili olamamasi buna drnek olabilir. Bu sonu¢ Ho ve Lai'nin (2012) ¢alismasindan elde edilen

sonug ile benzerlik gostermektedir.

Literatiirde Ogretmenlerin kullandig1 agiklama tiirlerinin alan bilgilerine gore degistigini
gosteren bir¢ok ¢alisma bulunmaktadir (Ball, 1990b; Ma, 1999). Ma'nun (1999) calismasinda islemsel
bilgiye sahip Amerikali 6gretmenler sadece islemi somutlastirmak i¢in manipiilatifler kullanirken,
kavramsal bilgiye sahip Cinli 6gretmenler simif i¢i diyaloglar1 desteklemek igin manipiilatifleri
kullanmislardir. Bu ¢alismada da 6gretmen adaylarin ¢ogu gerek ders planlarinda gerek mikro 6gretim
etkinliklerinde Amerikali 6gretmenler gibi islemleri somutlastirmak amaciyla somut materyalleri tercih
etmisglerdir. Oysa calismanin katilimcilarin tanitildig: boliimde de ifade edildigi tizere arastirmanin
katilimcilart matematik 6gretimi ve 6grenimine iligkin inaniglar 6lgegine gore ikinci asamada bulunan
ogrencilerden secilmistir. Bu 6lgege gore, matematigi dinamik bir disiplin olarak diisiinen, matematik
O0grenme ortamlarim1 Ogrencilerin fikirlerini gelistirecek sekilde tasarlanmasina ve matematiksel
fikirlerin anlamak icin 6grencilerin olusturma siirecinde yer almalar1 gerektigine inanan 6grencilerin
inanglarini uygulamaya gegirememeleri dikkat ¢ekicidir. Bu calisma ile 6gretmen adaylarinin 6gretim
ortamlarinin tasarimi ve Ozel Ogretim yontemlerinin uygulanmasi konusunda daha donanimli
yetistirmenin gerekliligi ortaya cikmaktadir. Eger oOgretmen adaylarimiz ogretmenin roliiniin
Ogrencileri hayata hazirlamak inanci ile yetistirmek isteniyorsa Putnam (1992) arastirmasinin
bulgularina paralel olarak 6gretmen adaylarinin birgok agiklama tiiriinii bir arada kullanabilecek
yeterlilikte yetistirilmesi gerekmektedir. Ogretmen adaylarimin gergekgi durumlari ele alan problem
temelli agiklamalarla baslayan, yar1 yapilandirilmis manipiilatiflerle, modellerle ve gorsel argiimanlar
ile ilerleyen ve ardindan matematiksel temelli agiklamalarla ve formal agiklamalarla dersi
toparlayabilecek yeterlilikte olmasi son derece 6nemlidir. Bu ¢alisma Tirosh ve arkadagslar1 (1998)
yaptig1 deneyimli olmayan ogretmenlerin 6grencilerin hatalarinda kurali hatirlatmay tercih ettikleri
bulgusunu da desteklemektedir. Ogretmen adaylari konuya iligkin temsiller arasinda gecis yapma

konusunda kendilerini yeterli hissetmedikleri i¢in farkli agiklama tiirlerinden faydalanamamais olabilir.

Arastirmanin bulgular1 2008 6gretmen yetistirme programi uygulanan dordiincii smif yedi
Ogretmen adayi ile sinirlidir. Bu yedi 6gretmen adaylarinin 6gretim programi cergevesinde ya da okul
dis1 Ogretim deneyimleri kisithdir. Aytekin ve Sahiner (2020) Ogretmen adaylarimin &gretim
deneyimlerinin artmasiyla birlikte zamanla isleme dayali 6gretimlerinin azalacagini belirtmisledir.
Universitede verilen egitim; bilgi 6gretiminin yani sira, deneyim ortamlari olusturacak sekilde
tasarlanmalidir. Diger deyisle, 6gretmen adaylarina konu 6gretiminde konuya 6zgii temsil, agiklama
ve gerekcelendirme yapmak icin deneyimler yasatmali ve onlara firsat verilmelidir. Bu ¢alismanin
yapildig1 6rneklem grubu 2008 dgretmen yetistirme programina tabi olarak égrenim goérmiislerdi. Bu
programda dgretmen adaylarinin pedagojik alan bilgisine y&nelik alabilecekleri ders Ozel Ogretim
Yontemleri 1 ve 2 dersleriydi. Fakat 2018 6gretmen yetistirme programinda pedagojik alan bilgisine

yonelik say1r Ogretimi, cebir Ggretimi, istatistik olasilik Ogretimi geometri Ogretimi gibi dersler
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eklenmistir. Yeni programda yetisen 6gretmen adaylarinin bu ¢alismada kullanilan metod ile mevcut

durumu arastirilarak 6gretim programlarinin etkinlikleri iizerine karsilastirmalar yapilabilir.
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1.Introduction

Mathematics is one of the most important tools that improve the thinking structures of people.
Hence, mathematics education is perhaps among the most important components of education (Umay,
2003). Students find mathematics complex because of the abstract concepts involved and they
experience difficulties in understanding mathematical concepts. During this process, the teaching
activities of teachers are of critical importance. The mistakes of teachers may result in a misconception
dating back all the way from primary school to high school levels. For this reason, it is important that
teachers have a strong field and pedagogy knowledge. The competence of teachers has been the subject
of many studies in recent years. Pedagogical content knowledge was first examined by Shulman (1987)
in two dimensions as ‘student knowledge” and knowledge of ‘teaching strategies’. Student knowledge
is the knowledge of method that enables the understanding of which concepts the students will
understand more easilty or identify their misconceptions and understand their learning characteristics.
Whereas knowledge of teaching strategies is the knowledge of method that is related with the teacher’s
ability to transfer his/her knowledge to the students and to design a teaching environment for
eliminating the misconceptions of students. Shulman (1987) used two fundamental structures when
explaining the content knowledge. One of these is the methods used for determining the validity and
reliability of the concepts and phenomena used in the field, while the second includes methods used for

producing field knowledge.

After Shulman (1987), many researchers categorized the competencies of teachers in different
ways. One of these was the model presented by Ball, Thames and Phelps (2008). This model is the
extended version of the pedagogical content knowledge model of Shulman (1987) within the context of
mathematics teaching. Mathematics teaching knowledge model was classified into two sections as
content knowledge and pedagogical content knowledge (Shulman, 1987). This model emphasizes the
establishment of a correlation between the mathematical concept to be taught by the teachers and the
advanced forms of this concept along with special content knowledge. Ball et al. (2008) categorized the
knowledge required for mathematics teaching as subject matter knowledge and pedagogical content
knowledge. Subject matter knowledge is the mathematics knowledge of the teacher excluded from the

knowledge on student or teaching. Subject matter knowledge is made up of three components as
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common content knowledge, specialized content knowledge and horizontal content knowledge.
Common content knowledge is related with the knowledge of the teacher related with the mathematical
conceots to be taught as well as the ability to accurately utilize mathematical terminology and symbols.
Therefore, an effective teacher should be aware of the wrong responses of the students and the
misconceptions in the textbook. Whereas specialized content knowledge (SCK) includes mathematical
knowledge and skills that the individuals will not require or need during daily life but which are related
with teaching. The specialized content knowledge presented by Ball et al. (2008) is different from the
pedagogical content knowledge of Shulman (1987) as such: The mathematical demands of teaching
require specialized mathematical knowledge necessary for the teachers but which are not necessary for
others. In specialized content knowledge, the teachers should have an understanding of the
nonstandard methods, the different interpretations and meanings related with the operations that will
be taught to the students. Because teachers have to render the elements of mathematics visible to the
students in addition to making pure mathematics for helping the students. Mathematics teachers
require extended expertise related with specific mathematical applications. Teachers should be
conscious regarding the ways of using the language of mathematics. They should have a good
knowledge of effectively choosing and explaining mathematical representations and of verifying their
mathematical ideas. The knowledge of a mathematics teacher related with the different meanings of
fractions (part-whole, division, ratio, measurement and operator) and knowledge of the differences

between these can be presented as an example.

Ball et al. (2008) stated that SCK is comprised specifically of these three mathematical tasks. One
of these is known as representations which includes displaying the numbers and operations in a
meaningful manner using pictures or manipulatives. Real life situations, manipulatives (fraction bar
etc.), pictures or diagrams (numerical axis, section, abstract models etc.), verbal symbols, written
symbols (Lesh, Post and Behr, 1987) can be presented as examples. The second mathematical task is
explaining the underlying meaning of the algorithms or general rules that is indicated as explanation.
Back, Manilla, and Wallin (2009) diversified the types of justification as self-explanation, based on
assumption, based on rule, unspecific/general expression and operational definition. Whereas the third
mathematical task is the rapid analysis and assessment by teachers coded as justification whether the
alternative strategy and solutions of the students are mathematically suitable or not and the justification
of why these are right or wrong. The classification related with justification was made by Koren (2004)
as mathematics based explanation, application based explanation and rule based explanation. Whereas
Levenson, Tsamir and Tirosh (2010) took into consideration the explanation and justification tasks of
the teachers together and categorized them as mathematics based explanation and application based
explanation. Whereas application based explanation includes realistic conditions and the use of tangible
material for mathematical expressions; mathematical based explanations are based on previously
learned mathematical properties and mathematical reasoning. Students expect explanations for their

comments especially in classrooms where inquiry based mathematics teaching is applied. These
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explanations may be on how and why something is done (Perry, 2000). Raman (2002) stated that
mathematics based and application based explanations are not superior to one another, that they are
both beneficial and that using only on emay lead to difficulties. Similar to Raman (2002), Wu (1999) also
indicated that teachers should have knowledge on the limitations of tangible material use and that
coordination should be established between formal and informal explanations. Tirosh, Even and
Robinson (1998) stated that experienced teachers who are aware of the misconceptons of students use
different types of explanations together, whereas inexperienced teachers prefer to remind the students
about the rule when the students make an error. While Putnam (1992) set forth that teachers who are of
the opinion that the role of the teacher is to prepare the students for life give examples from their past

experiences during the classes and that they use many different forms of explanations together.

Studies on pedagogical content knowledge illustrate that the majority of the teachers and
teacher candidates have insufficient knowledge of many mathematical concepts (Aksu and
Konyalioglu, 2015; Hacidmeroglu, 2005; Kutluk, 2011; Isiksal and Cakiroglu, 2006). However, the
content knowledge of the teachers should be sufficient in order to be able to teach a topic in depth. It is
expected that someone who understands a concept in a comprehensive anner will be able to comfortably
perform all operations related with that concept. Byrnes and Wasik (1991) indicated that students who
have more in-depth conceptual knowledge on a subject realize their mistakes more easily. The learning
of the operations and concepts in mathematics teaching depends on associating the operations and rules
with the underlying concepts (Schoenfeld, 2014). It is important during the learning process to structure
and implement activities that will transform tangible experiences into abstract learning. For this
purpose, Stein and Bovalino (2001) indicated that during the material planning stage successful teachers
take into consideration how the materials may make an impact on the forms of mathematical thinking
of students. Kilig, Pekkan, and Karatoprak (2013) conducted a study on sixth grade students as a result
of which it was reported that material use made a positive impact on the understanding of mathematical
concepts by the students. Individiauls develop their association and reasoning skills through the use of
materials (Yavuz, 2013). Gainsburg (2008) carried out a study in which it was illustrated that teachers
experience difficulties in establishing a connection between the real life situations and the concepts they

teach.

Ciftgi, Yildiz, and Bozkurt (2015) stated that the beliefs of secondary school mathematics
teachers on materials and material use affect the way they use materials. Beliefs of teacher candidates
on the nature, teaching and learning of mathematics are affected from their experiences during their
education as well as during the period encompassing their preschool to university educations.
Raymond (1997) conducted a study in which it was reported that the mathematics teaching of teachers
is affected from their past school experiences, their beliefs on the nature of mathematics and the
circumstances in the classroom (such as the learning motivations of the students) as well as their

personal characteristics during the first years of their professional lives. Whereas Ma (1999) stated that
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beliefs in an innate mathematical ability affect the types of explanations as well as materials used while
teaching. As an example, Ma (1999) reported in a study that teachers who think that his/her students do
not have the capacity to understand the mathematical subjects taught tend to use rule based
explanations. Gokmen, Budak, and Ertekin (2015) and Iskenderoglu, Tiirk, and Iskenderoglu (2016) put
forth in their studies that teachers have high self-belief in their competency regarding the use of
materials and that there is no statistically significant correlation between the level of using materials in
the classroom and their competence beliefs. Even though it has been reported in a study by Yetkin
Ozdemir (2008) that teacher candidates have a positive attitude towards using materials during the
lessons, they experience difficulties in effectively using the materials in the classroom. Yetkin Ozdemir
(2008) also identified that teacher candidates are insufficient in providing the necessary guidance to the

students for establishing the relationship between the material and the concept.
Fractions and Fraction teaching

Fractions is a topic with important conceptual richness not only in the subject of numbers but
also among many different subjects in various class levels. That is why, it is of significant importance to
learn this subject (Secir, 2017). Many studies have been conducted in the relevant literature on the
learning and teaching of fractions and mathematical operations with fractions (Armstrong and Bezuk,
1995; Behr, Lesh, Post and Silver, 1983; Mack, 1990). It has been observed that majority of the previous
studies generally focus on the learning of fractions and the identification of misconceptions (Birgin and
Gilrbtiz, 2009; Mulligan and Mitchelmore, 1997). Previous studies have illustrated that the
misconceptions and errors identified in students related with fractions are also observed in tacher

candidates and teachers (Behr, Harel, Post and Lesh, 1994; Graeber, Tirosh and Glover, 1989; Isik, 2011).

The subject that is taught at the primary school as fractions reemerge in secondary and high
school as rational numbers. The difference between rational numbers and fractions is an ongoing debate
between mathematicians. For example, Lamon (2007) stated that each fraction is a rational number but
that every rational number may not be a fraction. The reason for this was indicated as the fact that
rational numbers may appear in decimal and percentile format different from the a/b structure
appointed to fractions. Lamon (2007) also stated that while rational numbers can take on negative
values, fractions cannot. Kieren (1993) indicated that rational numbers are equivalance class of fractions

and that is why fractions are also rational numbers.

It has been observed that different meanings emerge as a result of the analysis of rational
numbers and the problem state of a rational number indicated in the form of a/b (Behr, Wachsmuth,
Post and Lesh, 1984; Ohlsson, 1988; Toluk, 2002). The five different meanings of rational numbers

obtained as a result of these analyses were as follows:

part-whole meaning where the E fraction determines a part-whole relation

division meaning where the - fraction identifies the result of a division operation
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ratio meaning where the E fraction shows the comparison of a quantity ‘a” with a quantity ‘b’

measurement meaning where rational numbers show the result of a measurement process
operator meaning which determines the rule for multiplication with rational numbers.

Having the knowledge of these meanings is of significant importance for interpreting fractions
and the operations with fractions. It can be seen when studies related with division in fractions are
examined that division in fractions is one of the operations that teacher candidates are able to make
sense of the least (Aytekin and $Sahiner, 2020; Li, 2008; Li & Kulm, 2008; Yesildere, 2008). In order to
learn division of fractions, it is necessary to have a sufficient knowledge of division with natural
numbers as well as all fraction related concepts (Ma 1999; Armstrong and Bezuk, 1995). Similarly, Lo
and Luo (2012) indicated that teacher candidates should have learned division of whole numbers well
in order to learn division of fractions. Isik (2011) observed in a study conducted for examining the
problems set up for teaching division of fractions to teacher candidates that the teacher candidates find
it difficult to make sense of operations and numbers; that they can set up problems representing the
‘measurement’ meaning especially for cases when the dividend is a natural number but that they
experience difficulties when the dividend is a fraction; that they only focus on the operation during the
problem preparation process fort he multiplication of a natural number and a fraction regardless of the
result of the operation, hence failing to grasp the part-whole relation in the problems. Isik and Kar (2012)
carried out studies involving error analysis for the problems set up by the teacher candidates regarding
division of fractions in which they identified the error types as,

confusion of units, assign natural number meanings to fractional numbers, posing problem

using ratio-proportion, not being able to establish part-whole relationships, dividing to the

denominator of the divisor, using multiplication operation instead of division operation and
posing problem through inverting and multiplying the divisor fraction.

Similarly, it has been expressed in literatiire that teacher candidates compare the context of division
operation with fractions with the multiplication operation, that they resort to setting up problems by
proportioning and that they experience difficulties in expressing unit within the context of the problem
(Isik, 2011; Segir, 2017). Isik (2011) observed that the teacher candidates cannot grasp the fact that the
result of the multiplication operation for simple fractions will be smaller. Isik (2011) considered that the
reson fort his result is the fact that the candidates act mostly based on the logic that the result of a
multiplication operation is greater than the multipliers. Whereas Gokkurt, Sahin, Soylu, and Soylu
(2013) indicated that the teacher candidataes cannot display a proper pedagogical approach even if they
identify the misconceptions of the students. Secir (2017) put forth that the specialized content
knowledge of teacher candidates regarding multiplication and division operations with fractions is
developed through experiences related to model drawing, setting up of problems, writing down

mathematical expressions, justifications and explanations.
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It is important for a permanent and effective teaching of fractions to use materials taking into
consideration the principle of abstraction and associations with actual contexts. On the other hand, Wu
(1999) defended that the use of tangible materials for teaching division with fractions may have positive
and negative outcomes. Accordingly, the use of visual aids for the operation of division with fractions
is convenient only for the division of simple fractions and students should also understand problems
that cannot be visualized. Similarly, Hiebert and Carpenter (1992) indicated that because the
mathematical concepts we are trying to associate with tangible materials are quite distant, this may lead
to misinterpretations of the material used. Whereas Streefland (1991) and Van den Heuvel-Panhuizen

(2003) emphasized that actual contexts provide an effective method for concept generation.

In the present study, specialized content knowledge of teacher candidates regarding
multiplication and division operations with fractions was examined with regard to the theoretical
framework put forth by Ball et al. (2008). The aim of the present study was to reveal how the specialized
content knowledge of the primary school mathematics teacher candidates regarding the multiplication
and division operations with fractions is reflected on teaching activities. For this purpose, answers were

sought to the following questions:

¢ How do primary school mathematics teacher candidates represent multiplication and division

with fractions by way of realistic problems?

¢ How do primary school mathematics teacher candidates represent multiplication and division

with fractions in their teaching plans?

e How do primary school mathematics teacher candidates represent, explain and justify

operations involving multiplication and division with fractions in their micro teaching activities?

The present study will contribute to the literature by providing suggestions through a
comparative analysis of how the specialized content knowledge on the multiplication and division with
fractions of teacher candidates who think that the use of material is important is reflected on the

prepared lesson plans and the representation, explanation and justification skills while teaching.
2.Method
2.1. Study Model

The study model is case study from among qualitative research methods. Case study survey
models are survey arrangements that aim to reach a judgment on a certain unit (individual, family,
school, hospital, association etc.) by identifying its depth, width and relation with its environment
(Karasar, 2005: 86). The case examined in the present study is the association by primary school
mathematics teacher candidates of multiplication and division with fractions with actual problems and

tangible materials during the lesson plan preparation and teaching processes.

2.2. Study Group
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The study participants were comprised of primary school mathematics teaching 4% year
students at a state university in Central Anatolia. The study was conducted during the teaching
application course in the second semester of the 2019-2020 academic year. Of the 35 primary school
mathematics teacher candidates, 7 students were selected via purposeful sampling method. The names
of the teacher candidates were coded as “Hale, Saadet, Ziileyha, Seda, Burcu, Seyda, Necla”. The
selection was made from the students in the second stage based on the three beliefs model to be subject
to the preservice mathematics teachers’ beliefs about the nature of, teaching, and learning scale adapted
by Haser, Kayan and Bostan (2013). The reason for selecting the participants from among students in
the second stage based on the belief model was to eliminate the impact of the belief dimension in the
study. Students in the second stage based on the preservice mathematics teachers’ beliefs about the
nature of, teaching, and learning scale consider mathematics as a dynamic discipline, while believing
that mathematics learning environments should be designed so as to improve the ideas of students and

that students should be a part of the formation process in order to understand mathematical ideas.
2.3. Data Collection Tools

The data collection tools used in the study were comprised of realist problems set forth by
teacher candidates, course plans, voice and video recordings of teacher candidates during micro
teaching sessions and the transcripts of the sound recordings taken during the interviews with teacher

candidates.
2.4. Data Collection Process

The study lasted for eight weeks during the second semester of the 2019- 2020 academic year.
Data collection process was conducted in four stages after selecting the students with beliefs regarding
the nature of mathematics, mathematics teaching and mathematics learning in the second stage based
on the preservice mathematics teachers’ beliefs about the nature of, teaching, and learning scale adapted

by Kayan, Haser, Isiksal and Boston (2013).

Realistic Mathematics Education approach was explained to the teacher candidates during the
first stage of data collection. Attributes that mathematics problems should have regarding language,
expression, scientific and technical perspectives were shared with the students. The teacher candidataes
were then subject to the “problem set up test” consisting of eight items including four multiplication
and four division operations used by Isik (2011) during the study in which a conceptual analysis was
conducted for the problems set up by mathematics teacher candidates regarding multiplication and
division with fractions. The teacher candidates were asked to set up realistic problems related with the
operations provided in the problem set up test. A time limit was not imposed on the teacher candidates
for setting up the eight problems. The average time period was 90 minutes. The problems set up by the
teacher candidates were examined, erroneous problems were identified together with the reasons for

these errors.
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The lesson plans prepared by the teacher candidates were examined during the second stage of
the data collection process. The teacher candidates were asked to prepare a lesson plan for the ‘Divides
a natural number into a fraction and a fraction into a natural number, makes sense of the operation” and
‘Performs the multiplication of two fractions and makes sense of the operation” acquisitions under the
guidance of the primary school mathematics teaching program. The teacher candidates were given a
period of one week for preparing the lesson plan for these two acquisitions. The prepared lesson plans
were collected. The materials and realistic contexts planned to be used by the teacher candidates were

examined in the lesson plans.

During the third stage of data collection, the teacher candidates applied some of the activities
they prepared in the light of the lesson plans in the classroom by way of micro teaching activity. Micro
teaching activity was conducted in a classroom with a smart board, a black board and a cabinet with
mathematics teaching materials. Six teacher candidates and two researchers observed the micro
teaching activity. The researchers were also present as observers during this process. Video recording
was made throughout the process. The representations used by the teacher candidates were examined;
it was examined how they establish a relationship between the mathematical concept, problem and
material while their abilities to give the directions that can reveal the correlations within a specific
context along with their abilities to explain and justify a topic were also examined. During this stage,
the differences between the lesson plan prepared by the teacher candidate and the applications used

during the micro teaching stage were also revealed.

Semi-structured interviews were conducted with the teacher candidates during the final stage
of data collection in order to clarify their skills in using materials and supporting these materials with
realistic problems. During the first stage of data collection, questions were directed on erroneous
problem set ups regarding fraction operations after which they were asked to model and explain these
operations. The researchers and the teacher candidate interacted during this process. The interviews
lasted about 20 minutes. It was ensured through dialogues between the teacher candidate and the

researcher that the study data will be much clearer and more understandable.
2.5. Data Analysis

During the first stage of the data collection process, the problems set up by the teacher
candidates were examined and error codes were generated for setting up realistic problems related with
the provided operations. The teacher candidates were indicated by “+” if they were able to setup a valid
context for each operation and “-“ if not, each operation was classified under a separate table for
multiplication and division operations. Examples were presented for the problems set up by the teacher

candidates and explanations were provided regarding the error reasons.

The lesson plans prepared by the teacher candidates were analyzed via document analysis

method during the second stage od the data collection process. The representations in the lesson plans
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prepared by the teacher candidates were classified into categories. The categories were evaluated under
the daily life events, models and manipulatives (fraction line etc.), drawings or diagrams (numerical
line, region, abstract models etc.), spoken symbols, written symbols. The findings were presented in a
table. In addition, it was examined from which of the model types of length, space, set, actual object

were selected regarding the multiplication and division in fractions.

During the third stage of data collection, a video recording was made during the micro teaching
activity prepared by the teacher candidates in the light of the lesson plans which was then transcribed.
Conceptual coding and classification was mad efor the collected data. The codes were generated within
the conceptual framework of the three mathematical tasks of “representation, explanation and
justification” of SCK by Ball et al. (2008). The sub-codes put forth by Koren (2004) as mathematics based
explanation, application based explanation and rule based explanation were used determining how the teacher
candidates explain the meaning underlying the general rules or algorithms for the selected
representations. Mathematics based explanation contains only mathematical concepts, whereas
application based explanations are those that are based on real life context that will provide meaning to
mathematical expressions and/or that utilize manipulatives while rule based explanations include those
that are not based on mathematical ideas. Justification code was used to determine how teacher
candidates evaluate and justify whether the alternative strategy and solutions are mathematically
suitable or not. Hunter (2008) made an assessment based on the subcodes identified as visual, verbal and
numerical. In addition, the material choices of the teacher candidates were examined; content analysis
was used for analysing how teacher candidates establish the relationship between mathematical
concept, problem and material. Direct quotations and the presentations of the teacher candidates were
included in order to reflect the opinions of individuals. At this stage, the differences between the lesson
plan prepared by the teacher candidate and the applications during the micro teaching were also

indicated.
2.6. Validity and Reliability of the Data

The documents prepared by the teacher candidates were analyzed right after the application.
The data obtained from all data collection tools were taken into consideration to reach the findings when
conducting a detailed analysis. Moreover, assessment was made by two researchers in a single session
following the transcription of the documents, video and sound recordings and this process continued

until a full consensus was reached between the researchers.
Ethical Permits of the Study

All rules as indicated within the scope of the “Higher Education Institutions Scientific Research
and Publication Ethics Directive” were met in the present study. None of the actions indicated under
the second section of the directive entitled “Actions Contradicting with Scientific Research and

Publication Ethics” were carried out.
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Ethical council permit information: Name of the council conducting the ethical assessment =Kirikkale

University Social Sciences and Humanities Researches Ethics Council
Date of the ethical assessment decision =18.03.2021
Number of the ethical assessment document=03
3.Results
The sub-problems of the study were taken into consideration as the sub-titles of the results.

3.1. How Do Primary School Mathematics Teacher Candidates Represent Multiplication and

Division in Fractions With Realistic Problems?

The analysis of the realistic problem writing of seven primary school mathematics teacher
candidates indicated in the first line for the multiplication in fractions was categorized in Table 1 as

right or wrong. The teacher candidate indicated in Table 1 was displayed with a “+” sign if he/she was

“u o

able to establish a valid context related with the multiplication operation and wit if not.

Table 1. Analysis of the problems written down by teacher candidates for multiplication in fractions

6 7 T 1
*3 25

ot

(=N

=
+ (2]

Hale -
Saadet +
Ziileyha -
Seda -
Burcu
Seyda
Necla

+ o+ o+
+ o+ A+ o+ o+ A+ | e

+ o+ +
1
+

It was observed when Table 1 was examined that the teacher candidates were generally able to
establish the problem contexts regarding multiplication in fractions but that they set up improper
realistic problems for improper fractions (confusing with division, wrong operation, wrong expression
categories) (Table 3). It was observed that two teacher candidates who made a mistake in writing down
a problem related with the multiplication of two simple fractions were not able to express the quantity

defined at the beginning for both fractions.

Table 2. Examples of problems set up by teacher candidates related with multiplication in fractions

No Student Operation Problem

1 Seyda EX 4 Two walls of a house are shown in the figure. 2/3 of a wall is painted.
3 5 Afterwards, 4/5 of the remainder is also painted. What fraction of this

wall has been painted?

2 Seyda What is 1/6th of half a cake?

|
A
o
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3 Hale How much has Ayse drank if she drinks 1/6 of a water bottle that is

half full?

= NI

4 Saadet 1 1 There is a full chocolate and a quarter of the same chocolate. He

—w
distributes it to 4 friends including himself. How much chocolate
does each one get?

5 Ziileyha 2 <6 Ayse’s mother asked her to bring 6 boxes of eggs with 5 eggs in each.

2 Ayse broke 3 eggs in each box while carrying them over. Indicate the
undamaged number of eggs in fractions.

6 Seda E %6 Ali cut 5 breads first into 2 pieces and then when he realized that it

2

will not be enough for those at the table he divided those parts into 6
and distributed them to those around the table. What fraction of the
whole breads does everyone at the table receive?

It was observed when the first representation from among the realistic problem representations
related with multiplication in fractions was examined that the problem is set up by Seyda through
calculating 4/5% of the 2/3rds of a whole. It can be seen when the second and third representations indicated
above are examined that the teacher candidates set up a realistic problem by taking half of a whole. It is
observed that the 4th representation of Saadet interprets the multiplication operation through division.
It can be observed when the 5t representation is examined that the operation could not be represented
by the problem since the unit was expressed erroneously by asking the number of unbroken eggs in the
problem set up by Ziileyha for multiplication in the realistic problem related with multipliying a simple
fraction with a whole number. It can be seen when the 6% representation is examined that Seda failed to
set up the realistic problem because of many mistakes including the inabilility to represent the part whole

relationship and using division instead of multiplication.

Table 2 presents the classification of the realistic problem representations set up by seven
primary school mathematics teacher candidates with division in fractions. The teacher candidate
indicated in the table was displayed with a “+” sign if he/she was able to establish a valid context related
with the division operation in fractions and with “-” if not. Students who could not set up any problem

were categorized as “null”.

Table 3. Analysis of the problems set up by teacher candidates for division in fractions

3 71 1 1 Z 1
373 873 278 3718
Saadet - Null - Null
Hale - - + -
Ziileyha - - - -
Seda - - - Null
Burcu + + - +

Seyda - + - -
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Necla + + + -

It can be seen when Table 3 is examined that the teacher candidates generally experience
difficulties in setting up realistic problems related to division in fractions. Ziileyha and Seda from
among the teacher candidates were not able to setup any problem for the provided operations. Burcu
and Necla were able to setup a problem for 3 out of the 4 operations. The problem type for which Necla
could not set up a problem was the case of dividing a mixed fraction by another mixed fraction. It was
observed when the transformations of the provided operations into problems are taken into
consideration one by one that only one out of the seven teacher candidates was able to properly setup

a realistic problem related with the division of a mixed fraction with another mixed fraction (14 %), that

the calculation of ?.r’r gt l.f 4 could be transformed into a realistic problem by two out of the seven students

(42 %) and that the other operations were setup properly by two out of the seven teacher candidates (28
%). Table 3 presents examples for the problems set up by the teacher candidates related with division

in fractions.

Table 4. Examples for the problems set up by the teacher candidates related with division in fractions

Represent Student Operation Problem

ation Nr.

1 Hale 3= 3 What will be the filling ratio if we distribute 3 buckets of water
3 to 5 bottles with only 3/5 of each bottle filled up?

2 Saadet 1 - 1 2 friends buy a book. Both share the pages to be read equally.

2 8 One of the friends reads his share of pages in 5 days with the
same number of pages read each day. How many pages does he
read in 1 day?

3 Necla 4 z - 1 Ayse has 4 full water bottles and 1 that is filled up to 2/3. She
- distributes these full bottles to 1 1/6 glasses. What is the amount
of water in each glass?
4 Burcu 1 l - l If a person walks 1 1/4% of a road and then walks an additional
4 3

1/5th of the road that he walked, how far has he walked in total?

It can be seen when the realistic problem set up by Hale in the first representation in Table 4 is
examined that the root of the question is wrong. While it is indicated in the question that the bottles will
be formed with a filling ratio of 3/5, the question asks the filling ratio. It can be seen when the second
representation is examined that the divisor is expressed erroneously in the problem by Saadet and that
the question is not set up properly. The number of pages read in a day is read without indicating the
total number of pages of the book. In the meantime, the sharing of the book pages with friends is also
not meaningful. It can be seen when the third representation is examined that even though Necla has
tried to set up a problem for division in mixed fractions, the concept of quantity has been used
erroneously (unit confusion). It is also seen from the 4t representation given above that Burcu has

reached a meaningless conclusion when setting up a problem due to representing more than a whole.
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3.2. How Do Primary School Mathematics Teacher Candidates Represent Division and

Multiplication in Fractions in Their Lesson Plans?

The lesson plans prepared by the teacher candidates were examined with regard to the criteria
of including realistic problems, supporting the operation with a model and material use planning. Table
5 presents the representative examples from the lesson plans of the teacher candidates related with these
criteria.

Table 5. Representative examples from the lesson plans prepared by teacher candidates related to multiplication
and division in fractions

Reali life situation
representation

People Model Representation Representation

with material

Saadet Does not include
material use in

the lesson plan.

Ms. Fatma cooked a pan of
cookies for her son and his
friends with half of the pan
containing chocolate chip and
the other half hazelnut

cookies. The children ate E of

the hazelnut cookies.
Accordingly, what fracation
of the whole cookies have the
children eaten?

Hale 4 different
colored
cardboards —

scissors — pencil

Ms. Alev will serve
chocolates to her guests who
will visit her for a cup of
coffee. She will serve i of the
chocolates in the box to each
of the visitors. Since the
chocolate box is E full, how

many guests have come to
visit Ms. Alev?

Semra’s mother orders 5
cakes of the same size for her
daughter’s birthday parth.
She invites 16 of Semra’s
friends for the party thinking
that each of them can eat a
quarter of a cake. Do you
think the cakes will be
sufficient?

Ziileyha

Seda Upon seeing that stray
animals cannot find food in
winter months, Ahmet buys a
5 kilogram package of dog
food and gives 1/2 kg of food
to each dog. Let us calculate

the number of dogs Ahmet

fractions set

| .

Asagida rasyonel sayilarla yapilan bir islem
modellenmistir.

SN -

Buna gore,
den hangisi olabilir?

istem

transparent
fraction cards
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Burcu

Seyda

Necla

can feed with this package of

food. 5 ka
A 1
A RARAL
% | ) A

There is no realistic problem
in the lesson plan.

Emine Hanim, bir siirahideki limona-
tanin %— litrelik kismini, %— litre limonata
alan bardaklara bogaltmigtir.

Emine Hanim'in bu ig igin kag tane

bardak kullandigini nasil bulabileceginizi
sdyleyiniz.

1

While walking to school from

home, Esin walks 1/3km of

the road in 2 minutes. Let us %
calculate the fraction of the ——

total road that Esin walks in

one minute.

w{

Computer aided
dynamic
geometry
software
(geogebra
software)

visuals such as

lemonade, glass

transparent
fraction cards

It is observed that following realistic problem set up, teacher candidates mostly include

representation of the topic via realistic problems in the lesson plans prepared for multiplication and

division in fractions. It was observed when the model (diagram) representation of the subject by the

teacher candidates presented in Table 5 is examined that in general the model included in the lesson

plan is used and that models such as the set model or the length model are not emphasized. It can be

observed when the lesson plans of the teacher candidates are examined with regard to material use that

transparent fraction cards, fraction sets, computer aided Geogebra software are used (see Table 5). It

can be seen when the lesson plans are examined with regard to the teacher candidates making

transitions between the representations that only Seyda has simultaneously planned realistic problem,

material use and model display and that the other students made plans for different representations for
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different contexts. While Saadet, Necla and Seda from among the students planned representation
transitions between realistic problem and model drawing, Hale planned a transition between realistic
problem and material representations. Necla planned material use in the lesson plan independent of the
context and the model. Ziileyha and Burcu did not plan the transitions between the representations
from the same context. There was no realistic context in Burcu’s lesson plan which represents the

operation.

3.3. How Do Primary School Mathematics Teacher Candidates Represent, Explain and Justify

Multiplication and Division in Fractions As Part of the Micro Teaching Activities?

Teacher candidates applied the lesson plans they prepared for division and multiplication in
fractions. This section includes findings on the implementation of the activities by teacher candidates
on multiplication and division in fractions. This section also includes various dialogues from the semi-
structured interview between the teacher candidates and the researcher for revealing the explanations

and jusitifications of the teacher candidates.

It was observed as a result of the analysis that students who were able to set up the realistic
problems properly during the first stage of data collection and who planned the transitions between the
explanations could explain and justify the subject better. Accordingly, Figures 1a and 1 b present
examples of activities used by Necla during teaching.

— |
Vi it “ %
3tM (1) hq b ft {)CN :-,M wﬁ 2 a 2 o
s i 1T dekee

@ | A Eigam e :
ata e RS R S e

Ezgi and her friends shared 3 handcrafted papers to build a boat using
origami technique. Since 2 of the paper is used for each boat, let us
calculate how many boats Ezgi and her friends can build using the
papers they have on hand.

Figure 1a. Model of Necla for Figure 1b. Material and problem of Necla for division in
division in fractions fraction.

As can be seen in Figure 1b, Necla explained the division in fractions by way of real life events
aand representation by drawings and through application based explanations and visual, verbal and numerical
justifications using half a loaf of bread and equal sized papers. Whereas Necla set up the multiplication
in fractions operation using transparent fraction cards (representation through drawing-diagram) via visual

and numerical justification as presented in Figure 2.
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Figure 2. Necla’s model for multiplication in fractions
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Burcu who was more successful compared with other teacher candidates in writing down
realistic problems related with multiplication and division in fractions used real life events and
representations through manipulatives in addition to visual numerical justifications and application based
explanations. Figure 3a presents examples from the teaching of Burcu supported dynamically via

Geogebra software.
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Figure 3a. Burcu’s division in fractions model via Figure 3b. Burcu’s model for division in
GeoGebra fractions

It can be seen when Figure 3a is examined that Burcu resorted to the GeoGebra application in
addition to justifying the numerical result by setting up a model on an A4 in mikro teaching to reach
the result for the i = i fraction. In Figure 3b, while Burcu expresses the calculation of the E = E fraction
during the micro teaching analysis for the division of a compound fraction with a simple fraction
through a model, she also solved the problem verbally through questions of “How many groups of E
are there in the 1—: fraction? Or how many 3’s are there in 10 since their denominators are the same?”.
The fact that Burcu made transitions between mathematical based and application based

representations simplified the explanation and justification processes.

Even though teacher candidates include real life situation representations or manipulatives related
with division in fractions in their lesson plans, it has been observed that some of the teacher candidates
cannot effectively use these representations during the teaching stage or that they refrain from using

them. Ziileyha is one of the teacher candidates who posed such an example. Ziileyha experienced
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difficulties in the problem set up related with division in fractions, gave an example in the lesson plan
for the division of an integer with a greater integer and planned the use of fraction sets but refrained
from representing (representation through manipulatives) the topic during teaching. This limited her verbal

justificiations thus forcing her towards rule based explanations. Ziilleyha was asked during the interview

1

B |

after the micro teaching session to explain and justify the

ek ' i

ke ensued between the researcher and

calculation. The following dialogue

o
-

7

=
==a

B
=

Ziileyha:

1 . . .
=< calculation to us using materials?

Researcher: Can you explain the :

E

Ziileyha: (Takes 4 identical materials. Shows 2 of them as E) We will divide this into 8 equal parts.
Researcher: So is the expression on the board E + i ?

Ziileyha: Actually 8 of E is more logical.

Researcher: Isn’t this E + f + E + E + E +% + % + 57 Does this mean division?

Ziileyha: It doesn’t mean the same thing.

Researcher: So, can you express it with a problem?

Ziileyha: ‘I ate one eighth of half an apple, how much did I eat? (Afterwards, the teacher candidate

cannot be sure of the problem she set up and gives up on it.)

Based on the aforementioned dialogue, it can be observed that Ziileyha misrepresented the
divisor for division in fractions and tried to structure division by way of multiplication and that she

represented the topic through real life situations without making application based explanations.

Another teacher candidate who experienced difficulties in setting up a realistic problem related
with division in fractions was Seda who set up a realistic problem as an example of the division of a
whole number to a simple fraction and who tried to explain the solution through modelling. She is
aiming to use transparent fraction cards in the lesson plan. Seda wanted to use the example in her lesson
plan during the semi-structured interview and refrained from using a new real life situation and
manipulatives. Seda stated the division of an integer to a simple fraction in a realistic problem included
in her lesson plan as follows: ‘Upon seeing that stray animals cannot find food in winter months, Ahmet
buys a 5 kilogram package of dog food and gives 1/2 kg of food to each dog. Let us calculate the number
of dogs Ahmet can feed with this package of food.’

Researcher: So, how can you represent this situation?

Seda: Like this (Figure 4)
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Figure 4. Seda’s model for division in fractions
As can be seen in Figure 4, Seda chose to use drawing for representing division operation. It can

be seen that Seda made a drawing to model the 3 = - operation from a whole. Seeing 5 wholes as one

[N

single whole, she first divided it into pieces of 1 kg after which each 1 kg was divided into E parts. This

drawing by Seda is an indication that she is resorting to visual justification from realistic problem

representation.

Saadet was another student who could not display a successful performance in realistic problem
set up but who included realistic problems and materials in the lesson plan. Even though Saadet
planned the use of tangible materials in her micro teaching activities, she represented the subject only
through diagrams on the board during the micro teaching activity and set up mathematics based
explanations based on this drawing. Below is a sample dialogues between the researcher and the teacher

candidate (Saadet) during the semi-structured interview following the micro teaching activity:

2 1 .
Researcher: How would you represent the 7 * 7 = operation?

Saadet: 1 divide a figure in 3 parts and then color up 2 parts. I thus find 2/3. Afterwards, it asks me 1/3

that is divide this figure in 3 equal parts. I divide it as such (vertically).
Saadet: The intersecting sections in the figure make up the result of the multiplication.
Researcher: So can you explain this to us using materials?

(The teacher candidate searches for fraction tiles and 1/3 parts. She decides to explain the operation

Saadet: I placed the 1/3 tiles horizontally as such. Afterwards, I placed the % tiles vertically. I thus divide

1 whole into 4 equal parts hence it makes %.
Saadet: The answer is 1/12 when I divide up the % part with 1/3.
Researcher: So what kind of a material did I need to show this clearly?

Saadet: It could be better if the tiles were a bit larger and somewhat transparent. Because we can stsick
them onto the board then. It wouldn't be a problem for the students to see.

1

Saadet explained the subject through % =3 = operation using the drawing in Figure 5 during

the micro teaching activity.
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Figure 5. Saadet’s model for division in fractions
Figure 5 summarizes that the teacher candidate first utilized representation through diagram
followed by rule based explanations. The following dialogue ensued between the researcher and Saadet

during the interview.

Saadet: We first divide a whole into 3 and then color up 2 of its pieces. Afterwards, we are asked 1/3 of
this. That is when we look at the colored part we see that we already have two pieces of 1/3. Since the student sees

2 pieces of 1/3 we can say that the answer is 2.

Saadet: Afterwards we invert it and show the student multiplication. We write the first fraction as it is

and we invert the second fraction and multiply them.

Researcher: So, does this drawing you made explain to us the logic behind the inversion and multiplication

algorithm?
Saadet: Nothing is given on its logic.

Arastirma: What would you do if your student asked you to explain and justify the invert and multiply

algorithm?

Saadet: I would provide figures. I would save the moment and then work on it further and explain to the

student later.

It was observed when the dialogue between the researcher and the teacher candidate was
examined that even though the teacher candidate is able to model the division of a simple fraction with
another simple fraction, she does not have the conceptual knowledge underlying this operation, that
she cannot make mathematics based explanations when necessary and that she brushes over the situation

through rule based explanations.

Hale was another teacher candidate who experienced difficulties in setting up realistic
problems related with multiplication and division in fractions. It can be observed when Hale’s lesson
plan is examined that even though she has planned to teach the subject through real life situations and

representations through diagrams she has structure the lesson by way of rule based explanations. Hale was

3 . . . . . .
asked to represent the 3 = = operation during the interview conducted after the micro teaching

activity. The following dialogue ensued between the researcher and the teacher candidate.
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Figure 6. Hale’s model for division in fractions
Hale: We have 3 wholes. We will take three fifths of each. With this expression we do not get the same

result but I think the logic is correct.

It can be seen based on the expression of the teacher candidate that she is not able to make
application based explanations and verbal justifications related with the provided operation. However, the
teacher candidate had correctly modelled the operation in the lesson plan (Table 4). The dialogue
between the teacher candidate and the researcher continued as follows during the interview after the

teaching:
Researcher: Could you tell us what you tried to show in this drawing?
Hale: I tried to show 3/5ths in each of the wholes.
Researcher: Do you think you can find other 3/5ths pieces in the wholes?
Hale: Aaa, yes. There are 6 pieces I did not use, I can take from them as well.

It can be observed based on the above dialogue that Hale realized the remaining 6 pieces after

the researcher’s questions.

It can be observed that Ziileyha who displayed a similar performance with Hale in realistic
. . 1.1 . .
problem set up resorted to representation through diagrams when asked the 17 %~ operation during the
1
interview. Ziileyha evaluated the result based on 1 whole without taking into consideration the ;

expression in the representative compound fraction.

Figure 7. Ziileyha's model for multiplication in fractions
Even though Ziileyha refrained from rule based explanations, it is striking that she first wants
to perform the operation and express the related model afterwards. It has thus been observed that
teacher candidates experience difficulties in representing multiplication in compound fractions. The

following dialogue ensued between the related teacher candidate and the researcher:

Researcher: How can you represent this operation with a realistic problem?
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Ziileyha: I had 1 ;1 of an apple. I took i”‘ of this apple. How much appled did I get?

Researcher: Can you show this to us with an illustration?
Ziileyha: Let us equalize at 20. No. Very silly.

It is observed that the teacher candidate first tries out the operation to reach the result in
problems and then shifts towards the model via inference. In this regard, it was identified that the

teacher candidate experiences problems in modelling in compound fractions.

It is striking that Seyda who is not successful in setting up realistic problems for multiplication
and division in mixed fractions and partially successful for simple fractions makes justifications over
simple fractions while teaching. The examples selected by Seyda for teaching are presented in Figures

8a, 8b and 8c.

Figure 8a. Seyda’s model for Figure 8b. Seyda’s model Figure 8c. Seyda’s realistic problem
multiplication in fractions for division in fractions and model for division in fractions

In addition to the modelling, operations and diagram representations /in Figure 8c, Seyma used

matmematical based explanations to explain the multiplication operation as ‘summing up 6 ; is the same

. Z ST . 1. .
as 6 times ” and the division operation as, "how many 7 is there in 2 wholes?’.

4. Conclusion, Discussion and Suggestions

The aim of the present study was to examine how primary school mathematics teacher
candidates represent multiplication and division in fractions in their lesson plans and micro teaching
activities in addition to presenting how they justify these operations and what kinds of contects they

form.

It was observed when the first finding of the study was taken into consideration that teacher
candidates experienced more difficulties in representing the multiplication and division operations in
improper fractions via real life situations compared with the multiplication and division operations in
simple fractions. These findings are in accordance with the findings of Isik (2011) in the study during

which a conceptual analysis was conducted for the problems set up by primary school mathematics
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teacher candidates regarding multiplication and division operations in fractions. It is emphasized in
literature that measurement is more suitable than equal sharing for setting up realistic problems related
with division operation (Ball, 1990) but that teacher candidates try to make sense of the model for the
division of two fractions through equal sharing model (Ball, 1990; Isik 2011; Tirosh & Graeber, 1991). It
was observed in the present study that the teacher candidates tried to set up the model expressed for
the division of two fractions by way of equal sharing which is similar to the model in literature. In
addition, it is observed that the error sources for the division of two integer fractions are comprised of
acquisition of the whole as a multiplicity, confusion of units, not being able to establish part-whole
relationships and the non-existence of the unknown, confusion with multiplication, appointing a
meaning of unit to a fraction greater than the whole which are similar to the sub-themes in the related
literature (Armstrong ve Bezuk, 1995; Isik ve Kar, 2012; Secir 2017). As indicated by Lee et al. (2011), it
is important for the representation of multiplication and division in fractions to express the reference
whole accurately and flexibly. In accordance with the related literature, the teacher candidates in the
present study experienced difficulties in representing the whole in a compatible manner with a realistic

situation (Armstrong and Bezuk, 1995; Azim, 1995; Lee et al., 2011).

It was observed when the lesson plans prepated by primary school mathematics teacher
candidates were examined that; the teacher candidates planned on using transparent fraction cards for
multiplication in fractions and technologies such as Geogebra for teaching division in fractions. The
teacher candidates provided examples of simple fractions along with real life situations for the
multiplication and division operations in their lesson plans. They represented the real life siutiatons
through field models. This finding was in accordance with the preferences of teacher candidates

regarding the field model for fractions as indicated in the study by Segir (2017) and Toluk Ugar (2009).

There are many studies in literature in which teacher candidates are given a problem or
operation related with multiplication and division in fractions and are asked to draw a model or they
are given a model and asked to set up a problem or write down the operation mathematically (Li, &
Kulm, 2008; Isik 2011; Segir 2017). In the present study, teacher candidates were provided with tangible
materials for micro teaching activities and they were asked to use these materials. Even though some
teacher candidates completed the activities in their micro teaching plans, it was observed that some of
the teacher candidates refrained from using the materials they were given which were included in their
plans even though the materials were provided. Based on the lesson plans of the teacher candidates, it
was observed that they give importance to using materials but failed to reflect this in their micro
teaching activities. It can be indicated that the teacher candidates experienced difficulties in making
transitions between types of representation. That is, they may be insufficient in setting up problems and
similarly in explaining the model and problem using materials. It is striking that of the seven teacher
candidates who believe the necessity of using tangible materials in mathematics teaching, only a few

used materials during their micro teaching activities. This is in accordance with the finding that there is
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no statistically significant correlation between material use levels and competence beliefs (Gokmen,
Budak, & Ertekin, 2015; Yetkin Ozdemir, 2008; Aydogdu iskenderoglu, Turk, iskenderoglu, 2016).
Moreover, it was determined in the present study as emphasized by Yetkin Ozdemir (2008) that the
teacher candidates have shortcomings in structuring the directions that may help them in setting up a
correlation between the material and the concept. Even though the teacher candidates support the use
of materials in their lesson plans, the reasons why they refrain from using materials in their micro
teaching activities may be due to lack of field knowledge or lack of previous experience on material use.
Another related finding is that the explanations in the lesson plans of teacher candidates who do not
experience real life situation representation problems (Burcu, Seyda, Necla) overlap with the micro
teaching activity. The fact that Seyda planned transitions between representations along the same
context or that in other words prepared for teaching this subject helped her in using different
representations while teaching. Whereas even though Burcu did not reflect realistic contexts in her
lesson plans, her competence in setting up realistic problems for multiplication and division in fractions

enabled her to implement the teaching activities successfully.

It was observed when the findings of the study under the third heading are taken into
consideration that the justifications of teacher candidates regarding why a model or the result of an
operation is right or wrong are not weak but that they are at an operational level. This finding was in
accordance with those of Segir (2017). It is observed that the teacher candidates experience difficulties
in making transitions between types of explanations where necessary. This finding supports the
findings of other studies (Alenazi, 2016; Borko, Eisenhart, Brown, Underhill, Jones, and Agard, 1992;
Chen, 2010; Gregg and Gregg, 2007; Li and Smith, 2007). The teacher candidates tried to illustrate that
the results of these two operations are the same through drawing models, setting up problems,
explaining the given operation verbally or by giving examples from real life but they failed and also
could not provide mathematics based explanations when required. As an example, the fact that Saadet
from among the teacher candidates tried to explain division in fractions through real life situations
instead of explaining the invert and multiply algorithm or her attempts to draw a model but fail may
be presented as examples of this situation. This finding is in accordance with those set forth by Ho and

Lai (2012).

There are many studies in literature which illustrate that the types of explanations used by
teachers vary subject to their field knowledge (Ball, 1990b; Ma, 1999). While in Ma’s (1999) study,
American teachers with operational knowledge use manipulatives to objectify the operation, Chinese
teachers with conceptual knowledge used manipulatives to support in-class dialogues. In this study,
majority of the teachers also preferred tangible materials in their micro teaching activities for
objectifying the operations like the American teachers. However, as indicated in the section of the study
where the participants are introduced, the participants were selected from among students in the second

stage according to the mathematics related beliefs scale. According to this scale, it is striking to see that
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beliefs are not actualized by students who see mathematics as a dynamic discipline, who believe that
mathematics learning environments should be designed so as to flourish the ideas of students and that
students should take part in the development process in order to comprehend mathematical ideas. The
present study illustrates the necessity to educate teacher candidates in a more competent manner with
regard to the design of education environments and the implementation of special teaching methods.
We need to raise the teacher candidates with a competence to utilize many different forms of
explanations concurrently as indicated in the study by Putnam (1992) if we wish to raise our teacher
candidates with the belief that their role is to prepare students for life. It is very important to ensure that
the teacher candidates are competent in starting out with problem based explanations based on real life
situations then continue with semi-structured manipulatives, models and visual arguments as well as
mathematical based explanations and formal explanations. The findings of the present study also
support the findings of the study by Tirosh et al. (1998) reporting that inexperienced teachers prefer to
remind the students of the rules when students make an error. The teacher candidates may not have
been able to make a transition among different forms of explanations since they do not feel competent

enough to do so.

The findings of the study are limited with seven teacher candidates in the fourth year of their
education as part of the 2008 teacher education program. These seven teacher candidates have limited
experience both within the framework of the education program and outside of the school. Aytekin and
Sahiner (2020) stated that teaching based on operations will decrease over time as the teacher candidates
gain experience. University education should be designed so as to put forth experience environments
in addition to teaching knowledge. In other words, teacher candidates should be allowed to have
different experiences as well as opportunities for making representations, explanations and
justifications related to the subject. The sample group included in the study was part of the 2008 teacher
development program. In this program, Special Teaching Methods 1 and 2 courses were among the
lessons during which the teacher candidates could acquire pedagogical field knowledge. However,
lessons such as teaching numbers, teaching algebra, teaching statistical probabislity and teaching
geometry have also been included in the 2018 teacher education program. The method in the present
study may be used to examine the current state of the teacher candidates in this new program and

comparisons may be made based on the effectiveness of education programs.
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