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Sinif Ogretmenlerinin Dort islem ile ilgili Matematiksel
Bilgileri ve Ogretimsel Aciklamalarr®

Firat KARABAG', Génul GUNES?

Ozet

Sinif 6gretmenlerinin dogal sayilarla temel dort isleme iliskin
ogretme bilgilerinin seviyelerini belirlemeyi ve buna yodnelik
yaptiklari égretimsel agiklamalari incelemeyi amacglayan bu
arastirma karma arastirma yontemlerinden sirali agiklayici
desene godre yurdatdlmustdr. Sinif 6gretmenlerinin matematik
ogretim bilgileri; konu alan bilgisi, 6grenci ve igerik bilgisi,
ogretim ve icerik bilgisi ve mdufredat bilgisi bilesenleri
kapsaminda incelenmistir. Arastirmanin nicel kisminda sinif
ogretmenlerine dogal sayilarla dort islem alanina iliskin test
uygulanmis, nitel kisminda ise belirlenen égretmenlerle klinik
mulakatlar yapilmistir. Arastirma, mesleki deneyimleri 1 ila 30
yil arasi olan 70 sinif o6gretmeni ile gergeklestiriimistir.
Arastirma verileri katilimcilarin demografik bilgilerini iceren
bilgi formu, dogal sayilarla dért islem 6gretimine iliskin alan
bilgisi testi ve klinik mdulakatlar ile toplanmistir. Testten elde
edilen veriler arastirmacilar tarafindan gelistirilen
degerlendirme rubrigi ile analiz edilmistir. Klinik mdulakat
verileri ise betimsel icerik analizine tabi tutulmustur. Arastirma
sonucunda sinif 6gretmenleri en duslk performansi 6gretim ve
icerik bilgisi bileseninde, en basarili performansi ise mdifredat
bilgisi bileseninde gostermislerdir. Tespit edilen sonucglar
neticesinde sinif 6gretmenlerinin pedagojik alan ve konu alan
bilgilerine iliskin eksiklikleri belirlenmis, bu eksikliklerin
giderilmesi icin Universitelerle is birligi yapilarak égretmenlere,
teorik ve alan 6gretimi bilgilerini meslek icinde glincellestirip
gelistirebilecekleri 6grenme ortamlarinin saglanmasi gerektigi
onerilmistir.
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Giris

Ogrenme ve 6gretme yaklasimlarindaki gelismeler kisilerden beklenen
rolleri de dogrudan etkilemis, tum bu yenilikler Ulkeleri, nitelikli bireyler
yetistirmede egitim sistemlerini guncellemeye yonlendirmistir. Nitelikli
bireyler yetistirmenin yolu nitelikli 6gretmenlerden gectiginden (Baki,
2017), 6gretmenlerin kendilerini bircok alanda gelistirmeleri ve gelecegdi
sekillendiren bireyler olan &grencilere &grenmeyi ogretmeleri
gerekmektedir. Ogrenmeyi o6Jretme, o6Jrenciye kendi basina
calisabilme yeteneginin kazandirilmasidir (Balci, 2004). Bu da
dgretmenin, konu alan bilgisini 6gretme bilgisiyle iliskilidir. Ogretmen
adaylarina lisans egitimi suresince her ne kadar konu alan bilgisini
ogretme bilgisi kazandirilmaya calisilsa da uygulamada bu bilgiler
yetersiz kalmakta (Gokkurt, 2014; Keles, 2019; Kutlu, 2018) bu durum
dolayisiyla bircok dersin 6gretiminde eksikliklere sebep olmaktadir.
Ogrenme ve anlamlandirma sUrecinin cok zaman almasi, icerdigdi soyut
kavramlar ve Kisilerce basarilmasi zor bir ders olarak kabul gérmesi gibi
nedenlerle matematik dersi bu derslerin basinda gelmektedir (Basar ve
digerleri, 2002). GUNnUmMUuz dunyasinda matematigi anlayan ve gunluk
hayata transfer edebilen bireylere ihtiya¢c duyulmakta bu da etkili bir
ogretim surecini gerekli kilmaktadir. Yapilan bircok ¢calisma (Grossman,
1990; Shulman, 1986, 1987) ogretmenin sahip oldugu konu alan
bilgisinin etkili bir 6gretim icin tek basina yeterli olmadigini, 6gretmene
has, dnemli baska bilgi turlerinin de olabilecegini ortaya ¢ikarmistir. Bu
sebeple 6gretmenlerin konu alan bilgisinin yaninda konuyu nasil
ogretebileceklerine iliskin bilgi ve beceriler gibi yetkinliklere de sahip
olmalari gerekmektedir (Isik ve digerleri, 2010).

Shulman, 1986'da yaptigl calismasinda &gretmenin alan ogretimi
bilgisini merkeze alarak bir model gelistirmis ve bu konuda diger
arastirmalara da 6nculuk etmistir. Ogretmenlerde bulunmasi gereken
bilgiyi, Konu Alan Bilgisi (KAB), Pedagojik Alan Bilgisi (PAB) ve Mufredat
Bilgisi olarak Uc¢ baslik altinda toplayan Shulman, konu alan bilgisini
ogretme bilgisi olarak tanimladigi pedagojik alan bilgisini; konuyu daha
acik, anlasilir duruma getirme bilgisi seklinde aciklamistir (Shulman,
1986). Shulman’in ardindan bircok arastirmaci (An ve digerleri, 2004;
Ball ve digerleri, 2008; Grossman, 1990; Marks, 1990) modelde eksik
gordukleri bosluklari yeni bilesenlerle doldurarak kendi modellerini
olusturmuslardir. Ornegdin; Marks (1990), Shulman modeline “Ortam”
bilesenini ekleyerek konu ogretiminde materyallerin  dnemine
deginmistir. Ball vd., (2008) ise, Shulman modelini deneysel acidan
yetersiz bulduklarini ifade ederek &gretmenin mevcut bilgisinden
ziyade bu bilgiyi nasil ve ne sekilde dégrettigine odaklanmis ve “Ogretim
icin Matematiksel Bilgi, (OMB)” adini verdikleri Tablo Tde yer alan
modeli gelistirmislerdir.
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Tablo 1
Ogretim Icin Matematiksel Bilgi Modeli (Ball ve digerleri, 2008)
Konu Alan Bilgisi Pedagojik Alan Bilgisi
e GCenel Alan Bilgisi o Ogretim ve icerik Bilgisi
e Ozel Alan Bilgisi e Ogrenci ve icerik Bilgisi
e Yatay Alan Bilgisi e Mufredat Bilgisi

Genel alan bilgisi, bir 6gretmenin ders ortaminda matematiksel
islemleri yapabilecedi genel matematik bilgisidir. Ozel alan bilgisi ise,
dgretime 6zgl matematiksel bilgilerdir. Ornedin; bir 6gretmenin
ogrencilerce yapilan matematiksel bir hatayr dodru tespit edip
¢cdzUmlemesi bu bilgi dahilindedir. Yatay alan bilgisi, 6gretim
programinda bulunan konulara ve bu konularin birbirleriyle olan
iliskilerine yonelik 6gretmende bulunmasi gereken bilgilerdir. Ogretim
ve icerik bilgisi ise 6gretime iliskin bilgi ve matematik alan bilgisinin
birlesmis halidir. Ornegin; bir 6gretmenin derslerinde belirlenen hedefe
yonelik planlamalar yapabilmesi ve bu planlar cercevesinde dersini
isleyebilmesi bu bilgi turine yoénelik becerilerdir. Ogrenci ve icerik
bilgisi, 6grenci bilgisi ile matematik alan bilgisinin birlesmis halidir. Bir
ogretmenin ogrencilerin dikkatini ¢ceken, onlarda ilgi uyandiran ve
motive olmalarini saglayan etkinliklere derslerinde yer vermesi bu bilgi
dahilinde beklenen 6gretmen davranislarindandir. Mufredat bilgisi ise,
programa iliskin materyal kullaniminda 6gretmene yol gosteren ve
rehberlik eden bilgidir (Ball ve digerleri, 2008).

Son yillarda yapilan ¢cogu calismanin (Baki, 2013; Dogruel ve Karakus,
2022; Durak, 2021; Yurtyapan ve Karatas 2020) 6gretmen egitimi odakli
olmasi ve 6gretmende bulunmasi gereken niteliklerin arastirmacilarca
surekli olarak sorgulanmasi ulkeler acisindan da degisimi kacinilmaz
kilmis ve cok boyutlu duzenlemeleri beraberinde getirmistir. MEB
2017'de “Ogretmenlik Mesledi Genel Yeterlikleri’ni yayimlayarak nitelikli
bir ogretim icin yalnizca &grenci faktorunun yeterli olmadigini
ogretmenlerin de bazi yetkinliklere (mesleki bilgi, mesleki beceri, tutum
ve degerler) sahip olmalari gerektigini bizlere gdstermistir (MEB, 2017).

Ogrencilere matematiksel okuryazarlik becerisi kazandirmada ve
onlarin  matematige bakislarini degistirmede sinif ogretmenleri
oldukca etkilidir (Yurtbakan ve digerleri, 2016). CUnku matematiksel alt
yap! ilkokullarda olusturulmaktadir. Nitelikli bir &gretim icin
ogretmenlerin, 6grenci gereksinimlerine uygun ortam olusturmalari,
konu alanina ézgu kavram yanilgilarindan ve 6grenme gucluklerinden
haberdar olmalari, bilgi ve teknolojiden faydalanarak 6grenciyi analitik
dusunceye yonlendirmeleri ve tum bunlari gerceklestirecek alan bilgisi,
ogretme bilgisi ve ogretimsel aciklama bilgisine sahip olmalari
gerekmektedir (Akyildiz, 2019; Baki, 2020; MEB, 2017).
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Sinif 8gretmenlerinin matematigi 6gretme bilgisi kapsaminda yapilan
calismalarin buyuk bir kisminin 6gretmen adaylari ile yapildigi (Aksu,
2013; Baki, 2013; Sivaci, 2003; Tarim ve digerleri, 2017; Toluk-Ucar, 2010)
gorulmektedir. Ayrica cogunun (Arseven ve digerleri, 2015; Deringdl,
2018; Hacidmeroglu, 2013b; VYildirim, 2013) sinif ogretmenlerinin
matematiksel kaygl ve tutumlarini belirlemeye iliskin oldugu, sinif
ogretmenlerinin pedagojik alan bilgisine yonelik calismalarin ise sinirli
saylda oldugu (Aksu ve Konyalioglu, 2015; Toluk-Ucar, 2011)
gorulmektedir. Sinif d6gretmenlerinin matematigi 6gretmeye iliskin
pedagojik alan bilgilerini élcen ve &gretimsel aciklamalarini konu
edinen calismalarin ise az sayida oldugu (Durak, 2021; Keles, 2019;
Ozdemir ve digerleri, 2017; Yildizli ve Sari, 2017) ve yine 6Jretmen
adaylari agirhikh (Baki, 2013; Toluk-Ucar, 2010) oldugu gdrulmektedir.
Bununla birlikte Ulkemizde sinif 6gretmenlerinin matematigi 6gretme
bilgisi temelli yapilan calismalarin (Aksu ve Konyalioglu, 2015; Durak,
2021; Keles ve Gunes, 2022; Simsek ve Boz, 2015) cogunlukla geomettri,
olcme, kesirler, érantuler gibi temalara yogunlastigl, dogal sayilarla
islemlere yonelik yapilan calismalarin ise (Balci, 2023; Baki, 2013) sinirli
sayida oldugu ve 6gretmen adaylariyla yapildigi gorulmustur.

Oysaki sayilar ve islemler 6grenme alani icerisinde bulunan dogal
sayllarla dort islem konusu, bircok konunun égretimine temel niteligi
tasidigindan matematik 6gretiminde olduk¢ca onemlidir. Matematik
Dersi OJretim Programi’'na gére dogal sayilarla dort islem égretiminin
temel amaci; 1. sinifta toplama ve c¢ikarmanin temel &zelliklerini
aktarmak, 2. sinifta dort islem arasindaki iliskiyi belirlemek, 3. sinifta
zihinsel hesaplama gerektiren islemlere agirlik vermek, 4. sinifta ise
bélme ve diger islemler arasindaki iliskiyi belirlemek ve
detaylandirmaktir (MEB, 2018). Matematik egitiminde doért islem
ogretimi yigilmali bir dal olarak egitimin tum kademelerinde basariyi
dogrudan etkilemektedir  (Onal, 2017). lilkokullar, egitimin
temellendirildigi  kurumlar oldugundan sinif  &gretmenlerinin
matematik ogretimine iliskin pedagojik alan bilgilerinin belirlenmesi
dahilinde bu calismanin, 6gretmen alan egitimine katki saglayacagdi,
ogretmenlere 6gretimsel aciklamalara iliskin 6z degerlendirme imkani
sunacagl ve oOgretmen yetistiren kurumlara rehberlik edecegdi
dusunulmektedir.

Matematik Ogretiminde Ogretimsel Aciklamalar

Matematiksel kavramlar ve kurallar icin yapilan etkili &égretimsel
aciklamalar pedagojik bilginin énemli niteliklerindendir (Toluk-Ucar,
2010). Matematik ogretiminde ogretimsel aciklamalarin bir model
olarak kavramsallastirilmasina énculuk eden Kinach (2002a; 2002b),
PAB'In o6gretme bilgisine déonusumunu arastirmak ve &gretmen
adaylarinin  sahip olduklari  matematiksel bilginin  6gretimsel
aciklamalarina etkisini belirlemek amaciyla “Ogretimsel Aciklama
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Duzeyleri” adini verdigi bes farkli duzey (icerik, kavrama, problem
¢cdzme, epistemik, arastirma) gelistirmistir. Ona gore icerik duzeyindeki
ogretimsel aciklamalar islemsel anlama duzeyinde, digerleri ise iliskisel
anlama duzeyindedir. islemsel anlamada yUzeysel 6gretimsel
aciklamalar yapilirken, iliskisel ya da kavramsal anlamada daha ¢ok Ust
duzey bilissel beceriler 6n plandadir. icerik duzeyinde vyapilan
ogretimsel aciklamalar, kurallar dogrultusunda, detaya girmeyen,
gerekce ve nedenlere deginmeyen aciklamalardir (Kinach, 2002g;
2002b). Kavrama duzeyinde yapilan &gretimsel aciklamalar,
matematiksel ornekleri ve c¢oézumleri aciklayan; problem ¢o6zme
duzeyinde vyapilan ogretimsel aciklamalar, problem c¢dzme
tekniklerinden yararlanilan, analitik yontemleri ifade eden; epistemik
duzeyde yapilan égretimsel aciklamalar, ne ve nasili akilci bir cercevede
aktarabilen; arastirma duzeyinde yapilan 6gretimsel aciklamalar ise bir
disipline dair yeni bilgi ve teorilerin ortaya konuldugu aciklamalardir
(Kinach, 2002a; 2002b). Matematiksel kavramlarin 6grencilere dogru
kazandirilmasinda &égretimsel aciklamalar buyuk énem tasidigindan
(Zaslavsky, 2010) ve matematik ogretiminde ilkégretim birinci
kademede olusabilecek eksikliklerin sonradan cok zor telafi olacagdi
bilindiginden (Baki, 2012) sinif &gretmenlerinin  matematiksel
bilgilerinin incelenerek ortaya cikarilmasi etkili bir matematik 6gretimi
acisindan gerekli ve dnemlidir.

Arastirmanin Amaci

Bu calismanin amaci gorev yapmakta olan sinif 6gretmenlerinin dogal
sayilarla dortisleme iliskin 6gretme bilgilerinin seviyelerini tespit etmek
ve ogretimsel aciklamalarini incelemektir. Arastirma problemi “Sinif
ogretmenlerinin dogal sayilarla dort isleme iliskin 6gretme bilgilerinin
duzeyi nedir ve &gretimsel aciklamalart nasildir?” seklindedir. Alt
problemler ise:

Sinif 6gretmenlerinin;

1. Dogal sayilarla dort islem 6égretimine iliskin konu alan bilgisi
seviyeleri nedir ve 6gretimsel aciklamalari nasildir?

2. Dogal sayilarla doért islem 6gretimine iliskin pedagojik alan bilgisi
seviyeleri nedir ve 6gretimsel aciklamalari nasildir? seklindedir.

Yéntem
Arastirma Modeli

Sinif égretmenlerinin dogal sayilarla dort isleme iliskin 6gretme
bilgilerinin seviyelerini tespit etmek ve ogretimsel aciklamalarini
incelemek amaciyla karma arastirma yontemi desenlerinden aciklayici
desen seklinde tasarlanan bu arastirmada nicel ve nitel ydntemler bir
arada kullaniimistir. Aciklayici desende, nicel yontemlerle toplanan
verilerin incelenmesinin ardindan nitel veriler toplanir (Yildirrm ve
Simsek, 2018). Karma arastirmalar, arastirmacinin ayni arastirma
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bunyesinde nicel ve nitel yontemleri birlikte kullanarak veri topladigy,
topladigl verileri analiz ettigi, bulgulardan hareketle cikarimlarda
bulundugu arastirmalardir (Tashakkori ve Creswell, 2007). Arastirmanin
nicel kisminda katilimci 6gretmenlere Dért islem Alan Bilgisi Testi
(DIABT) uygulanarak dogdal sayilarla doért islem &gretimine iliskin
pedagojik alan bilgisi duzeyleri belirlenmis, nitel kisimda ise klinik
mulakatlar yapilarak &gretimsel aciklamalarina yonelik o6gretme
bilgileri detayl incelenmistir.

Nicel Veriler icin Evren ve Orneklem

Arastirmanin evrenini Ardahan ilinde 2021-2022 egitim 6gretim yilinda
goérev yapan sinif 6gretmenlerinin tumu, érneklemini ise uygun durum
orneklemesine gore secilen sinif 6gretmenleri olusturmaktadir. Ekiz'e
(2020) gore uygun durum &orneklemesinde katilimcilarin arastirmaya
katilimi daha kolay ve erisilebilirdir. Arastirma 70 égretmenle (33 erkek,
37 kadin) gerceklestiriimistir. Katilimcr sinif 6gretmenlerinin mesleki
deneyimleri1ila 30 yil arasinda degismekte olup 5 6gretmen o donem
okul yoneticiligi gorevini yurutmektedir. Katilimcr kimliklerinin sakli
kalmasi arastirma etigi acisindan onemli oldugundan katilimci
dgretmenlerin gercek isimleri gizli tutulmus ve dgretmenler Ol'den
O70’e kadar kodlanmistir.

Nitel Veriler icin Calisma Grubu

Klinik mulakat verilerinin toplanmasi amaciyla c¢alisma grubunun
olusturulmasinda aykiri durum érneklemesi kullaniimistir. Daha zengin
veri elde edilmesini saglayan bu 6rnekleme turunde amacg¢ normal
nitelikleri farklilik gosteren kisi ya da gruplarin secilerek arastirmaya
dahil edilmesidir (Ekiz, 2020; Yildirim ve Simsek, 2018). Calisma grubu,
arastirmaci tarafindan gelistirilen DIABT puanlari dlcUt alinarak
olusturulmustur. Katilimci égretmenlerin teste verdikleri cevaplardan
hareketle aldiklari puanlar neticesinde seviye gruplari (cok iyi duzey, iyi
duzey, orta duzey, alt duzey) olusturulmus ve alt duzey yeterlilige sahip
bir 6gretmen olmadigindan diger seviye gruplarindan secilen ikisi
kadin biri erkek toplamda 3 &6gretmen ile farkli zamanlarda klinik
mulakatlar gerceklestiriimistir. Klinik mulakat yapilan égretmenlerin
mesleki deneyimleri Tila 10 yil arasinda degismektedir.

Veri Toplama Araclari

Arastirma verileri, sinif 6gretmenlerinin bazi demografik ézelliklerinin
yer aldigi “Kisisel Bilgi Formu”, katilimci 6gretmenlerin dogal sayilarla
dort islem 6gretme bilgilerini 6lcmeye yonelik sorulardan olusan “Dort
islem Alan Bilgisi Testi” ve derinlemesine bilgi elde edilmesini saglayan
“Klinik Mulakat” ile toplanmistir.
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Dért islem Alan Bilgisi Testi (DiABT)

Dogal sayllarla dort islem o6gretimine iliskin bilgi sorulari ve acik uclu
sorulardan olusan bu testte, bilgi sorulari gelistirilirken ders kitaplari,
yardimci kaynak kitaplar, ilgili bilimsel calismalar (Baki, 2013; Eroglu,
2012; Kwong ve digerleri, 2007; Vural ve Cankaya, 2020) ve arastirmacilar
tarafindan gelistirilen sorulardan yararlaniimistir. OJretme bilgisine
yoénelik sorularin gelistiriimesinde ise OMB (Ball ve digerleri, 2008)
bilesenleri g6z dnune alinmis ayrica uluslararasi (TIMSS, PISA) bazi sinav
sorulari incelenmis ve arastirmacilar tarafindan gelistirilen sorular da
dahil edilerek uzman gérlstne sunulmustur. iclerinden arastirma
amacina en iyi hizmet etme, arastirilabilir olma o6zelligi tasiyanlar
secilmis, ayni kazanima ydnelik ve ¢dzum stratejisi benzer sorular
elenerek toplam soru sayisi 18'e dusUrulmustar. Ayrica uzman
goruslerinin ardindan bazi sorular gelistirilmis, soru kdklerinde yer alan
bazi ifadeler acik ve anlasilir hale getirilmistir. Tablo 2'de testte yer alan
sorularin OMB'ye gére dagilimi gdsterilmektedir.

Tablo 2
OMB'ye lliskin Soru Dagilimi

PAB

KAB O'gr(.et'lm ve Icerik OgrgQQ ve Igerik Mufredat Bilgisi

Bilgisi Bilgisi
2a 1 4 6a
5b 2b 5a 6b
11a 3 7 8b
12a 5c 11b 10b
12b 8a 11d 13a
12c 9 12c 17b
12d 10a 12d 18b
13b 11c 14a
16a 15 14b
18a 16b

17a

Tablo 2 incelendiginde, sinif 6gretmenlerine konu alan bilgisine iliskin
alt maddelerle birlikte toplam 10 soru soruldugu diger sorularin ise
pedagojik alan bilgisine iliskin sorular olup agirlikli olarak 6gretim ve
icerik bilgisini iceren sorulardan (%40,7) olustugu ayrica 12. sorunun (c)
ve (d) alt maddelerinin her iki ogretim alanini da kapsadigi
goérulmektedir. Tablo 3'te testte yer alan sorularin dért islem alani ve
sinif duzeylerine gore dagilimi gosterilmektedir.
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Tablo 3
Testte Yer Alan Sorularin Dért [slem Alani ve Sinif Dizeyine Gére Dagilimi
Toplama Cikarma Carpma Bolme %
islemi islemi islemi islemi
1. Sinif 9,13 - - - 2 10
2. Sinif 2 1 16 18 4 20
3. Sinif 5 14,10 1 12 5 25
4. Sinif 6 6 3,7 4,15 6 30
Ortaokul 17 17 8 315
Seviyesi

Tablo 3'te kapsam gecerliliginin saglanmasi adina arastirma sorularinin
dort islem alanina da esit (%20) dagitildigl, 4. sinif kazanimlarini
kapsayacak sorularin cogunlukla oldugu ve 1. sinif dUzeyine inildikce
soru sayisinin azaldigi gortlmektedir. islem 6gretimine ilkokul ders
mufredatinda tumuyle 2. sinifta gecilmesi ve Ust siniflara dogru
kazanim sayilarindaki artis bu farklligin temel sebebidir. Ayrica ortaokul
seviyesinde sorulara da testte yer verilerek sinif égretmenlerinin
ortaokul konulari ile mufredatina hakimlik durumlarinin tespiti
amaclanmistir.

Uzman goérUslerinin  ardindan duzenlenerek gelistirilen DIABT nin
gecerliligini artirmak, testte anlatimsal hata ya da eksik ifade olup
olmadigini belirlemek, soru sayisinin yeterliligini saglamak ve teste son
halini vermek icin farkli zamanlarda iki sinif 6gretmeni ile pilot ¢calisma
yapilmis, veri toplama aracina iliskin 6gretmenlerin gérusleri alinmistir.

Klinik Mulakat

Sinif égretmenlerinin dogal sayilarla dort islem ogretimine iliskin
¢cOzum stratejilerini gormek, ogretimsel aciklamalarini aciga c¢cikarmak
ve derinlemesine bilgi elde etmek amaciyla belirlenen 6gretmenlerle
DIABT'de yer alan sorulardan her bir OMB Modeli bilesenine ait en ¢ok
zorlanilan toplamda 5 soruya vermis olduklari cevaplar Uzerinden klinik
mulakatlar yapilmistir. Matematikte daha cok alternatif degerlendirme
yontemi seklinde kullanilan klinik mulakat, kisilerin dusuncelerinin
altinda yatan sebepleri aciga cikarmak ve dusunce sureclerini
belirlemek amaciyla esnek sorularin soruldugu bir arastirma yéntemidir
(Clement, 2000; Celik ve Guzel, 2020). Matematik ogretiminde klinik
mulakat yontemi etkili bir degerlendirme yontemi oldugundan ve bu
yontemde cogunlukla 6zel durumlar incelendiginden (Karatas ve
Guven, 2003), calismanin dogasina elverisli olarak katilimci
ogretmenlerin dogal sayilarla dort islem ogretimine iliskin égretimsel
aciklamalarini incelemek ve detayll bilgi elde etmek i¢cin bu yéntem
tercih edilmistir.
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Veri Toplama Sureci

DIABT, yasal izin surecinin ardindan arastirmaci tarafindan gérev
yapmakta olan sinif ogretmenlerine uygulanmis, uygulama &ncesi
alinan izinler gosterilerek arastirmanin gerekgesi ve sureci hakkinda
katilimcilar bilgilendirilmistir. Arastirma verilerinin yalnizca bilimsel
arastirmada yer alacagl hatirlatilarak katilimcilarin onayr alinmistir.
Uygulamalar, katilimcilarin yazma ve kisisel yorumlama hizlarina bagl
olarak ortalama 50 dakika surmus ardindan degerlendirme suUrecine
gecilmistir. Son olarak belirlenen 3 sinif 6gretmeni ile farkli zamanlarda
klinik mulakatlar gerceklestirilmistir. Ortalama 30 dakika suren klinik
mulakatlar katilimci 6gretmenlerin de izniyle kayit altina alinmis, dnem
arz eden aciklamalar arastirmacilar tarafindan not edilmistir. Bu
arastirma, Trabzon Universitesi Sosyal ve Beseri Bilimler Bilimsel
Arastirma ve Yayin Etik Kurulu'nun 21/10/2021 tarihli 2021-10/2.1 sayili
karari ile alinan izinle yurutdlmuastur.

Verilerin Analizi

Arastirma verileri nicel ve nitel olarak iki farkli sekilde analiz edilmistir.
DIABT ile elde edilen veriler ylzde ve frekanslarla incelenmis, acik uclu
sorularin analizinde arastirmacilarin hazirladigr degerlendirme rubrigi
kullanilmis, klinik mulakat verileri ise ¢cozUmlenerek degerlendirilmistir.

Dért islem Alan Bilgisi Testi Analizi

DIABT verileri nicel olarak analiz edilmis, verilerin analizinde
arastirmacilar tarafindan gelistirilen analitik puanlama olcedi
kullaniimistir. Degerlendirme rubrigi gelistirilirken literaturdeki ilgili
calismalardan (Dogruel, 2019; Keles, 2019) faydalaniimis, 6gretmenlerin
testte bulunan sorulara vermis olduklari cevaplar ayrintili olarak
incelenerek puanlama yapilmis ve alaninda uzman iki matematik
egitimcisinin goruslerine basvurulmustur. Bilgi sorulari; dogru cevaplar
2 puan, yanlis ve bos birakilan cevaplar O puan seklinde, 6gretim bilgisi
sorulari ise tam dogru cevaplar 2 puan, kismen dogru cevaplar 1 puan,
iliskisiz, yetersiz, yanlis ve bos cevaplar ise O puan olarak kategorize
edilip degerlendirilmistir. Sekil Tde testte yer alan 10. soru, Tablo 4 ve
Tablo 5'te ise sorunun (a) ve (b) maddelerinin analizinde kullanilan
puanlama gosterilmektedir.

Sekil 1
Dért Islem Alan Bilgisi Testinde Yer Alan 10. Soru

Soru 10: Mehmet ev ddevi olarak bir gilcanma iglemi vapsig ama daha sonra igecefinin bir miktaring
ddevinin iizerine d&kmiigtiic. Iglemin yanits 413 dogrudur fakat iglemde ver alan zayvilardan birinin

onlar basamafindald rakatnin say: deferi olunmamabtadir.

a) Bu baszamaltald clkunmayan rakamm say: deferini bulmalk igin §grenci

942
s¥7

nasil iglemler vapabilir? Yazimz.

k) Buislem kacinci simif diizeyvinde bir iglemdir? Nedenini agiblayiniz.

415
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Tablo 4
Testte Yer Alan 10. Sorunun A Maddesine Yonelik Degerlendirme Rubrigi
Okunamayan rakamin sayi degerini bulmak icin;
Fark, eksilen sayidan cikarilarak ¢ikan sayi bulunabilir,
Eksilen sayinin onlar basamagindaki 4 rakaminin 1 onluk
verdigi, cikarmanin 3 ile sUrduruldugu dusunulerek rakamin
sayi degeri bulunabilir,

seklinde 6grenci seviyesine uygun islem iceren cevaplar.
Mehmet'in, okunamayan rakamin sayl degerini bulmasi icin
1 puan yapmasi gereken islemleri eksik belirten cevaplar.
Ornegdin; Mehmet burada 942 sayisindan 415 sayisini cikarabilir.
Yetersiz cevaplar

2 Puan

O Puan Ornegin; islemi tersten yapabilir. /Onluk bozarak islemi yapabilir.
lliskisiz cevaplar

O Puan Fikrim yok /- Bilgim yok

0 puan Yanlis cevaplar

Ornegin; islemin tanimlanmasi: “Bilinmeyenli cikarma islemi.”
O Puan Bos cevap

Tablo 4'e goére testte yer alan acik uclu sorulara sinif 6gretmenlerince
verilen bilimsel gerekceli ve égrenci seviyesine uygun tum cevaplarin
tam dogru cevap seklinde 2 puan olarak degerlendirildigi, digerlerinin
ise 1 puan veya O puan olarak degerlendirildigi gorulmektedir.

Tablo 5

Testte Yer Alan 10. Sorunun B Maddesine Yonelik Degerlendirme Rubrigi
Dogru cevaplar 2 Puan
Yanlis cevaplar 0 Puan
Bos cevap O Puan

Testten alinan puanlari degerlendirmede seviye gruplari ve puan
araliklari dikkate alinmistir. Puan araliklari belirlenirken; Puan araligr =
[Testten alinabilecek en yuksek puan (70) — en dusuk puan (0) + 4]
formulu kullaniimis, seviye gruplarinin olusturulmasinda literaturdeki
ilgili calismalardan (Akyildiz ve Altun, 2018; Ekiz, 2020) yararlaniimistir.
Tablo 6'da sinif égretmenlerinin teste ait puan araliklari ve seviye
gruplari gdsterilmistir.

Tablo 6

Teste Ait Puan Araliklari ve Seviye Gruplari
Puan Araliklari Seviye Gruplari
52.6-70 Cok Iyi DUzey
351-52.5 lyi DUzey
17.6 — 35 Orta Duzey
0-175 Alt DUzey
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Tablo 6 incelendiginde seviye gruplari arasindaki puan araliginin 17,5
oldugu goérulmektedir. Alt ve orta duzey yeterlilige sahip 6gretmenler
matematik 6gretme bilgilerinde eksiklikler oldugu seklinde, iyi ve ¢cok
iyi dUzey yeterlilige sahip olanlar ise matematik 6gretme bilgileri yeterli
seklinde yorumlanmistir. Tablo 6'da yer alan puan araliklari ile seviye
gruplari ayrica klinik mulakat yapilacak ogretmenler belirlenirken de
dikkate alinmis, alt duzey yeterlilige sahip herhangi bir égretmen
olmadigindan gérusmeler diger duzeylerden secilen 3 sinif 6gretmeni
ile gerceklestirilmistir.

Klinik Mulakatlarin Analizi

Klinik mulakatlar ile katilimci o6gretmenlerin  yapmis olduklari
ogretimsel aciklamalar analiz edilmis, detayli bilgi elde etmek adina
ogretmenlere, sorulari ¢cozerken kullanmis olduklari ¢6zUm stratejilerini
tercih sebepleri ve ¢cézume nasil ulastiklarina iliskin irdeleyici sorular
yoneltilmis bodylece sesli dusunmeleri saglanarak cevaplarinin altinda
yatan nedenler acida cikarilmaya calisiimistir.  Ogretmenlerin
matematik ogretim bilgilerinin égretimsel aciklamalarina etkisini
belirlemek amaciyla klinik mulakatlardan elde edilen veriler
“Ogretimsel Aciklama Duzeyleri” (Kinach, 2002a; 2002b) kapsaminda
analiz edilmistir. Arastirma etigi acisindan klinik mulakat yapilan
dgretmenler “O17, 024, 048" seklinde kodlanmistir.

Bulgular

Sinif 6gretmenlerinin dogal sayilarla dort isleme iliskin 6gretme bilgileri
arastirmanin bu bélumunde OMB modeli (Ball ve digerleri, 2008)
bilesenlerine gdre incelenmis ve daha detayl bilgi elde etmek adina
klinik mulakatlarla bazi 6gretmenlerin belirlenen sorulara yapmis
olduklari 6gretimsel aciklamalar Kinach'in (2002a; 2002b), “Ogretimsel
Aciklama Duzeyleri” kapsaminda analiz edilerek degerlendirilmistir.
Katilimcr ogretmenlerin testten aldiklari puan araliklari ve seviye
gruplari Tablo 7'de gosterilmektedir.

Tablo 7
DIABT'den Alinan Puanlarin Seviye Gruplarina Gére Dagilimi
Puan Araliklari Seviye Gruplari f %
0-175 Alt DuUzey 0 0
17.6 - 35 Orta Duzey 15 N4
351-525 lyi DUzey 47 67.1
52.6-70 Cok lyi Duzey 8 215

Tablo 7 incelendiginde, sinif dgretmenlerinin dort islem alan bilgilerinin
cogunlukla iyi duzeyde (%67,1) oldugu, alt duzey yeterlilikte ise hicbir
ogretmen olmadigi gorulmektedir.

186


https://doi.org/10.9779/pauefd.1449468

PAUEFD, 63, 176-206 [2025] F. Karabag ve G. Gunes https://doi.org/10.9779/pauefd. 1449468

Konu Alan Bilgisine iliskin Bulgular ve Ogretimsel Aciklamalar

DIABTde, sinif 6gretmenlerinin konu alan bilgilerini élcen sorulardan
alinan puan araliklari ve seviye gruplari Tablo 8'de gdsterilmektedir.

Tablo 8
Konu Alan Bilgisi Puanlarinin Seviye Gruplarina Gére Dagilimi
Puan Araliklari Seviye Gruplari f %
0-5 Alt DUzey 0 0
51-10 Orta Duzey 14 20
10.1-15 lyi DUzey 39 557
151-20 Cok lyi DUzey 17 243

Tablo 8 incelendiginde, sinif 6gretmenlerinin konu alan bilgilerinin
cogunlukla iyi duzeyde (%55,7) oldugu ve ilgili bilesene iliskin alt duzey
yeterlilikte hicbir 6gretmen olmadigi goérulmektedir. Sekil 2'de konu
alan bilgisine yénelik DIABT'de yer alan 18. soru, sorunun (a) maddesine
iliskin O53 kodlu égretmenin cevabi ise Sekil 3'te gosterilmistir.

Sekil 2
DIABT'de Yer Alan 18. Sorunun A Maddesi

Soru 18: Serkan 6gretmen dgrencileriyle birlikte dogal sayilarla bolme iglemi konusuna girig

yapmak istiyor. Buna gore,

a) Ogrencilerin derse etkin katilabilmesi icin hangi 6én bilgilere sahip olmas: gerekir?

Sekil 3
O53 Kodlu Ogretmenin Cevabi

< b rrner = P QL [c.' +U
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Sekil 3 incelendiginde, O53 kodlu 6gretmenin soruya tam dodru cevap
vererek derse etkin katilimda égrencide bulunmasi gereken én bilgileri;
cikarma islemi, carpma islemi, ritmik sayma, paylastirma-bolusturme
seklinde acikladigr goérulmektedir.

Yapilan degerlendirme sonucu égretmenlerin buyuk cogunlugunun
(%71,4) soruyu eksik veya yetersiz cevapladigl gorulmus, bu sebeple de
alt duzey seviye grubu hari¢ diger seviye gruplarindan secilen Ter
ogretmenle soruya iliskin klinik mulakat gerceklestiriimistir. Sekil 4'te
orta duzey yeterlilige sahip 024 kodlu d63retmenle gerceklestirilen
klinik mulakatta 6gretmenin cevabi gérulmektedir.

187


https://doi.org/10.9779/pauefd.1449468

PAUEFD, 63, 176-206 [2025] F. Karabag ve G. Gunes https://doi.org/10.9779/pauefd. 1449468

Sekil 4
024 Kodlu Ogretmenin Cevabi
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Sekil 4 incelendiginde, 024 kodlu édretmenin soruya iliskin net bir
aciklamada bulunamadigi, “verilen sayi” ifadesiyle ne demek istedigini
belirtmedigi bu sebeple de Kinach'in icerik &gretimsel aciklama
duzeyine uygun aciklamalarda bulundugu goérulmektedir. Asagida 18.
sorunun a maddesine yénelik O24 kodlu 6Jretmen ile gerceklestirilen
klinik mulakat verileri yer almaktadir.

024 kodlu 6gretmen, hangi 6n bilgilerin dogal sayilarla bdlme islemi
ogretiminde etkili oldugu ve nicin yazisinda diger islemleri aciklama
geregdi duydugu sorularina su cevaplari vermistir: “Ogrenci én bilgilere
sahip ise derste daha aktif olur. Ogretmen konuyu rahat anlatir.
Ogrenci derste islenen konulari tekrar edip, aklinda tutarak én bilgilere
sahip olur.”, “Bélmeyi bilmek demek diger islemler olan ¢cikarma ve
carpmayi da bilmek demektir.”

Klinik mulakat sonrasi 6gretmenin yapmis oldugu aciklamalar
incelendiginde O24 kodlu 6gretmenin dogdal sayilarla bélme islemi
ogretiminde hangi 6n bilgilere sahip olunmasi hususunda net bir
aciklama yapmadigi, o6grenci égrenmelerini destekleyici géruslerde
bulunmadigl bu sebeple de icerik duzeyinde &gretimsel aciklama
bilgisine sahip oldugu gorulmustuar. Sekil 5te konu alan bilgisine
yonelik testte yer alan 16. sorunun (a) maddesi gdsterilmistir. Sekil 6'da
ise O27 kodlu 6gretmenin soruya iliskin cevabina yer verilmistir.

Sekil 5
DIABTde Yer Alan 16. Sorunun A Maddesi

Soru 16: Engin ogretmen ‘9x0° isleminin sonucunu ‘0° bulmugtur. Elif ise 6gretmeninin,
sonucu yanls buldugunu iddia etmis, sebebini de “Carpma isleminin sonucu her zaman

carpanlardan bityiik olur.” seklinde a¢iklamstir.

a) Elif'in cevabmnm kabul edilebilirligini/edilemezligini nedenleriyle agiklaymiz.
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Sekil 6
027 Kodlu Ogretmenin Cevabi

a) Elif'in cevabinin kabul edilebilirligini/edilemezligini nedenleriyle agiklayimz.
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Sekil 6 incelendiginde O27 kodlu égretmenin soruya tam dodru cevap
verdigi ve cevabin kabul edilemezligini gerekcelendirerek acikladigi
gorulmektedir. Soruya iliskin yapilan degerlendirme sonucu katilimci
ogretmenlerin ¢cok az bir kisminin (%8,6) soruyu tam dogru cevap
verdigi, yetersiz ve yanlis cevap verenlerin ise (%30) cogunlukta oldugu
goérulmustur. Ornegdin; O66 kodlu 6gretmen soruya: “Kabul edilemez.”
seklinde yetersiz bir cevap, O13 kodlu 6gretmen ise, “Kabul edilebilir.”
seklinde yanlis bir cevap vermistir.

OJretmenlerin mevcut soruyu cevaplamada yetersiz kalmalari Gzerine
3 seviye grubundan secilen Ter o6gretmenle soruya ydnelik klinik
mulakat gerceklestirilmistir. Sekil 7'de cok iyi duzey yeterlilige sahip
048 kodlu 6gretmenle gerceklestirilen klinik mulakatta égretmenin
ayni soruya vermis oldugu cevap gérulmektedir.

Sekil 7
048 Kodlu Ogretmenin Cevabi
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Sekil 7 incelendiginde, 048 kodlu &gdretmenin cevabin kabul
edilemezligini 6rneklendirerek Kinach'in problem c¢ézme &gretimsel
aclklama duzeyine uygun aciklamalarda bulundugu goérulmektedir.
Asadida 16. sorunun (a) maddesine yonelik 048 kodlu 6gretmen ile
gerceklestirilen klinik mulakat verileri yer almaktadir.

048 kodlu dgretmen, Elif'in nicin bdyle bir savunma yapmis olacadina
dair kendine ydneltilen soruya: “Elif, olaya genel bir bakis acisiyla
baktigindan anlamlandirmada gucliuk yasamis olabilir. Yani zihninde
islemi yaparken sonucun her zaman carpilan sayilardan bulyuk
oldugunu gérmustur.” seklinde cevap vermistir. Bu aciklamadan sonra

189


https://doi.org/10.9779/pauefd.1449468

PAUEFD, 63, 176-206 [2025] F. Karabag ve G. Gunes https://doi.org/10.9779/pauefd. 1449468

ogretmenden konu ogretimine iliskin ders surecinden bahsetmesi
istenmis, 048 kodlu é6gretmen: “Canlandirma ve gérsellerle, yasama
uyarlayarak konuyu anlamlandirmalarini saglarim.” seklinde aciklama
yapmistir.

Klinik mulakat sonrasi O48 kodlu 6gretmenin, Elifin carpma islemini
anlamlandirmada zorluk yasadigindan bdyle bir savunma yaptigini ve
konunun ogretiminde daha c¢ok yapilandirmaci é6grenme yaklasimi
temelli ders surecini tercih edecegini belirten aciklamalarda
bulundugu goérulmustur. Fakat yaptigi aciklamalar, yazdiklarina kiyasla
kavramsal anlayistan uzak oldugundan Kinach'in 6gretimsel aciklama
duzeylerinden icerik duzeyi ile sinirh kalmistir.

Ogretim ve icerik Bilgisine iliskin Bulgular ve Ogretimsel
Aciklamalar
DIABT'de sinif dgretmenlerinin 6gretim ve icerik bilgilerini dlcen

sorulardan alinan puan araliklari ve seviye gruplari Tablo 9'da
gosterilmektedir.

Tablo 9
Ogretim ve icerik Bilgisi Puanlarinin Seviye Gruplarina Gére Dagilimi

Puan Araliklari Seviye Gruplari f %
0-55 Alt DUzey 2 29
56-T1 Orta Duzey 39 55.7
1.1-16.5 lyi DUzey 25 357
16.6 — 22 Cok lyi DUzey 4 5.7

Tablo 9 incelendiginde, sinif 6gretmenlerinin dogal sayilarla dért islem
ogretimine iliskin 6gretim ve icerik bilgilerinin cogunlukla orta duzeyde
oldugu (%55,7), alt duzey yeterlilige sahip 6gretmenlerin de bulundugu
(%2,9), cok iyi duzey yeterlilik gdsterenlerin ise cok az oldugu (%5,7)
goérulmektedir. Ogretim ve icerik bilgisine iliskin DIABT'de yer alan
sorulardan 8. soru Sekil 8'de, ayni sorunun (a) maddesine iliskin 027
kodlu 6gretmenin cevabi ise Sekil 9'da gdsterilmistir

Sekil 8
DIABT de Yer Alan 8. Sorunun A Maddesi

Soru 8: Ogrencilerinizden biri 8 sayisinin 0’a (sekiz bélii sifir) boliimiiniin ne oldugunu size
soruyor?

a) Ona nasil cevap verirsiniz?
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Sekil 9
027 Kodlu Ogretmenin Cevabi
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Sekil 9 incelendiginde, O27 kodlu 6gretmenin soruya tam dodru cevap
vererek 6grenci duzeyine uygun aciklama yaptigl ve bolme isleminin,
carpma ve ¢ikarma islemi ile olan iliskisine degindigi goérulmektedir.
Soruya iliskin yapilan degerlendirme sonucu dikkat cekici bir bulgu
olarak katilimci 6gretmenlerin buyuk cogunlugunun (%91,5) ilgili soruyu
eksik veya yetersiz cevapladigi goérulmustdr. Ornegdin; O67 kodlu
ogretmen soruya: “8sayisinin O'a bélumu demek higcbir seye béimemek
demektir.” seklinde eksik bir cevap, 062 kodlu 6gretmen ise: “Cevabin
O oldugunu, ancak bunun aciklamasinin ortaokulda égrenilecegini
soylerim.” seklinde yetersiz bir cevap vermistir.

OJretmenlerin mevcut soruyu cevaplamada yetersiz kalmalari Gzerine
3 seviye grubundan secilen Ter 6gretmen ile soruya ydnelik klinik
mulakat gerceklestiriimistir. Sekil 10'da iyi dlzey yeterlilie sahip O17
kodlu 6gretmenle gerceklestirilen klinik mulakatta 6gretmenin soruya
vermis oldugu cevap gorulmektedir.

Sekil 10
O17 Kodlu Ogretmenin Cevabi
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Sekil 10'a gdre, O17 kodlu é63retmenin aciklamasinda O'In bir deger
belirtmedigini bu sebeple de “yokluk”anlamitasidigini ayrica bir sayinin
O'a bolunmesinin  tanimsizlik anlamina geldigini  belirttigi
goérulmektedir. Buradan &gretmenin Kinach'in icerik &gretimsel
aclklama duzeyine uygun aciklamalarda bulundugu goérulmektedir.
Asagida 8. sorunun (a) maddesine yonelik O17 kodlu égretmen ile
gerceklestirilen klinik mulakat verileri yer almaktadir.
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O17 kodlu &gretmen, yazisinda gecen ‘“yokluk- tanimsizlik” gibi
ifadelerin 6grenci seviyesine uygunluguna iliskin kendisine yoneltilen
soruya soyle cevap vermistir: “Yokluk demek bir seyin hic olmamasi
demektir. Bu baska sekilde 6grenciye anlatilamaz. Zaten bir seyin hig
olmamis, bélunmemis, parcalanmamis olmasi yok demek anlamina
geliyor. Tanimsizlik ise égrenciye gore daha agir bir kavram. Onu da
herhangi bir sayr O'a bélunemez bdlsek de bir sonuca ulasamayiz
seklinde aciklarim.” Bu aciklamadan sonra ogretmenden konu
dgretimine iliskin ders sUrecinden bahsetmesi istenmis, O17 kodlu
ogretmen: “Somut materyaller kullanir, gercek yasama uyarlarim.”
seklinde aciklama yapmistir. Son olarak ogretmenden ilgili soruyu
carpma islemi ile iliskilendirerek aciklamasi istenmis 6gretmen: “Bélme
parcalamak;, carpma ise birlestirmek demektir. “0” ile bir sayi
carpilinca sonugta herhangi bir artis olmayacagi gibi bélmede de “O”
ile yapilan islemlerde paylasim olmaz.” seklinde bir aciklama yapmistir.

Klinik mulakat sonrasi O17 kodlu 6gretmenin, 8 sayisinin O'a balumund
“vokluk- tanimsizlik” seklinde ifade ettigi, dgrencinin yokluk kavramini
anlamlandirabilecegini fakat tanimsizigin daha adir bir kavram
oldugunu belirttigi ve aciklamalarint  &rneklerle destekledigi
goérulmustur. Bu bulgulardan hareketle katilimci 6gretmenin égrenci
ogrenmelerini destekler nitelikte aciklamalarinin Kinach'in 6gretimsel
aciklama duzeylerinden icerik ve kavrama duzeyine uygun oldugu
goérulmektedir.

Ogrenci ve icerik Bilgisine iliskin Bulgular ve Ogretimsel
Aciklamalar

DIABT'de, sinif égretmenlerinin éJrenci ve icerik bilgilerini dlcen
sorulardan alinan puan araliklari ve seviye gruplari Tablo 10'da
gosterilmektedir.

Tablo10
Ogrenci ve Igerik Bilgisi Puanlarinin Seviye Gruplarina Gére Dagilimi

Puan Araliklari Seviye Gruplari f %
0-45 Alt DUzey 2 29
46-9 Orta Duzey 23 32.8
91-135 iyi DUzey 31 443
13.6-18 Cok lyi DUzey 14 20

Tablo 10 incelendiginde, sinif 6gretmenlerinin &égrenci ve icerik
bilgilerinin cogunlukla iyi duzeyde oldugu (%44,3), ilgili bilesene yonelik
alt duzey yeterlilige sahip &gretmenlerin de bulundugu (%2,9)
goérulmektedir. OJrenci ve icerik bilgisine iliskin DIABT'de yer alan
sorulardan 14. soru ve sorunun (a) maddesine iliskin O43 kodlu
ogretmenin cevabi Sekil 11 ve Sekil 12'de gdsterilmistir.
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Sekil 1
DIABT'de Yer Alan 8. Sorunun A Maddesi

Soru 14: Cikarma islemini farkli yollar ile tamamlayan Betiil, Emir ve Asli’nin ¢éziim yollar
asagida verilmistir:

Betiil Emir Asli
31 _ =
416 416-200=216 416
216 - 10=206
_263 263
P 206 - 50=156 -
153 156 - 3 =153 253
Betiil dedi ki “Once 6°dan 30 gkardim. 1'den
6 ¢ikmaz. Komgsudan 1 6diing aldim. 4'd Emir dedi ki “416’dan 2000 gikardim ve 216'y1 Asli dedi ki “once 6'dan 3
¢izdim ve yerine 3 yazdim. 1'in yanma da 1 buldum. Sonra, 216'dan 10°u gikardim. 206°ys buldum. ¢ikardim 3. Sonra 6'dan 1'i
vazdim. Simdi 11°den 6'v1 gkardim 5. | 206'dan 30 daha gikardigimda 156y: buldum. 3 daha | oyardim 5. 4'ten de 2'vi gikardim
3'ten 2 gikardim 1. Benim cevabim 153'tir.” gikarmam gerekiyordu, sonunda 153 buldum.” 2. Benim cevabim 253.

a) Ogrenciler ¢ikarma islemini yaparken nasil bir yontem kullanmislardir? A¢iklayiniz.

Sekil 12
043 Kodlu Ogretmenin Cevabi

a) Ogrenciler gikarma iglemini yaparken nasil bir yontem kullanmiglardir? Agiklayiniz.
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Sekil 12 incelendiginde, O43 kodlu 6gretmenin soruya tam dogdru cevap
vererek &grencilerin ¢ozum yontemlerini dogru ifade ettigi, ¢c6zUm
yéntemi yanlis olan égrenciyi ise ayrica belirttigi gértlmektedir. O14
kodlu 6gretmenin: “Ali - onluk, birlik.” seklindeki cevabl, soru kdokunde
“Ali"” isimli herhangi bir 6grenci olmadigindan iliskisiz cevap olarak
nitelendirilmistir. Soruya iliskin yapilan degerlendirme sonucu katilimci
ogretmenlerin yarisindan cogunun (%57,1) soruyu eksik veya yetersiz
cevapladigl gorulmus ve boylece 3 seviye grubundan secilen Ter
ogretmen ile soruya yonelik klinik mulakat gerceklestirilmistir. Sekil
13'te orta dUzey yeterlilige sahip O24 kodlu 63retmen ile gerceklestirilen
klinik mulakatta &gretmenin ayni soruya vermis oldugu cevap
goérulmektedir.

193


https://doi.org/10.9779/pauefd.1449468

PAUEFD, 63, 176-206 [2025] F. Karabag ve G. Gunes https://doi.org/10.9779/pauefd. 1449468

Sekil 13
024 Kodlu Ogretmenin Cevabi
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Sekil 13'e gore, O24 kodlu 6gretmenin aciklamasinda Betll'd islemi en
iyi anlayan 6grenci olarak sectigi, Emir'in konuya hakim oldugunu fakat
eldeli cikarmada sorunlar yasadigindan onluklari eksiltme yoluyla
sonuca ulastigini, Asli'nin ise ¢dzUmde hata yaptigini belirttigi
gorulmektedir. Buradan 6gretmenin Kinach'in kavrama &gretimsel
acilklama duzeyine uygun aciklamalarda bulundugu goérulmektedir.
Asadida 14. sorunun (a) maddesine ydnelik O24 kodlu éJretmen ile
gerceklestirilen klinik mulakat verileri yer almaktadir.

024 kodlu 6gretmene dJrencilerin nicin farkll ¢ézim yollari tercih
etmis olabilecekleri sorusu yoneltiimis, 6gretmen: “Sonuca daha kolay
ulasabileceklerini dusunduklerinden en iyi bildikleri ¢oézdm yolunu
tercih etmis olabilirler.” seklinde cevap vermistir. Bu aciklamanin
Uzerine &gretmene: “Cozum yollarindan hangisini kendi sinifinizda
kullanmayi tercih edersiniz? Neden?” sorusu yoneltiimis O24 kodlu
ogretmen bu soruya ise su sekilde cevap vermistir: “Kolay ve pratik bir
¢c6zum oldugu icin tabii ki de Betul derdim.”

Katilimci 6gretmenin Sekil 13'te yer alan “eldeli citkarma” ifadesi ile ne
demek istedigi Uzerine arastirmaci ile arasinda gecen diyalog su
sekildedir:

A: Eldeli cikarma ifadesi ile ne demek istediniz?
O24: Betul'dn ¢6zimu gibi komsuya giderek onluk isteme
seklindeki islem yolun

A: Elde kelimesi toplama isleminde gecer. Siz, onluk bozarak
cltkarmay! mi kastettiniz?

O24: Evet. Bu kavramlari hep karistiririm.

Klinik mulakat sonrasi O24 kodlu égretmenin, sdyledikleri ve yazdiklari
arasinda bir celiski oldugu goérulmektedir. Ornegdin yazisinda Emir'in
cikarmayl tam olarak anlayamadigini belirtmis ama kendisi ile
gerceklestirilen klinik gérusmede: “Uzun bir ¢ézum yolu se¢mis ama
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yine de dogru sonuca ulasmis.” seklinde tutarsiz bir cevap vermistir. Bu
bulgulardan hareketle katilimci 6gretmenin égrenci ogrenmelerini
destekler nitelikte yeterli bir aciklama yapamadigi gorulmektedir.

Mifredat Bilgisine iliskin Bulgular ve Ogretimsel Aciklamalar

DIABT'de bulunan ve sinif 6gretmenlerinin mufredat bilgilerini élcen
sorulardan alinan puan araliklari ve seviye gruplari Tablo 17de
gosterilmektedir.

Tablo 11
Mdufredat Bilgisi Puanlarinin Seviye Gruplarina Goére Dagilimi

Puan Araliklari Seviye Gruplari f %
0-35 Alt Duzey 0] 0
36-7 Orta Duzey 4 57
71-105 iyi Duzey 22 3.4
10.6 - 14 Cok lyi DUzey 44 62.9

Konu alan bilgisine yonelik DIABT'de yer alan sorulardan 13. soru ve
sorunun (a) maddesine iliskin O6 kodlu 6gretmenin cevabi Sekil 14 ve
Sekil 15'te gosterilmistir.

Sekil 14
DIABT de Yer Alan 13. Sorunun A Maddesi

Soru1l3:
I “8 bilvem vardi. Kardesimin verdigi bilvelerle toplam 12 bilvem oldu. Kardesim bana
kag bilve verdi?
Ir. “Bir miktar bilvem vardi. 4 bilve de kardesim verdi. Toplam bilvelerim 12 tane oldu.

Daha énce ka¢ bilvem vardi? ™

a) Murat gretmen 1.smifa giden Sgrencilerine yukaridaki gibi sorular sorarale sizce

dogal sayilarla islemlerde hangi konunun §gretimine gecmis olabilir? Aciklaymiz.

Sekil 15
O6 Kodlu Ogretmenin Cevabi
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Sekil 15 incelendiginde, O6 kodlu &édretmenin soruya yanlis cevap
verdigi gorulmektedir. O21 kodlu 6Jretmen ise mevcut soruya iliskin:
“Toplama islemi problemleri” seklinde eksik bir cevap vermistir. Soruya
iliskin yapilan degerlendirme sonucu katilimci 6gretmenlerin
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yarisindan fazlasinin (%55,7) soruya tam dogru cevap verdigi fakat eksik
cevap verenlerin de (%25,7) cogunlukta oldugu goérulmustur.

Bu soru, testte yer alan ve mufredat bilgisini dlcen tum sorular arasinda
ogretmenlerin en cok yanlis yaptigi soru oldugundan (%11,4) klinik
mulakatta kullanilmak Uzere secilmistir. Sekil 16'da cok iyi duzey
yeterlilige sahip 048 kodlu &gretmen ile gerceklestirilen klinik
mMulakatta 6gretmenin soruya vermis oldugu cevap gérulmektedir.

Sekil 16
048 Kodlu Ogretmenin Cevabi
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Sekil 16'ya gore, O48 kodlu 63retmenin cevabinda Murat 6gretmenin,
toplama isleminde verilmeyen toplanani bulma konusunu isledigini
belirterek icerik duzeyinde bir 6gretimsel aciklamada bulundugu
gorulmektedir. Asagida 13. sorunun (a) maddesine yoénelik O48 kodlu
ogretmen ile gerceklestirilen klinik mulakat verileri yer almaktadir.

048 kodlu 6gretmen, kendisine yoneltilen: “Murat égretmenin sorulari
sizce 6grenci duzeyine uygun mudur?” sorusuna: “I. sinif duzeyine agir
bir soru bence. Cunku ¢cocuklar algilamada guc¢luk ¢cekebilirler. Somut
materyaller kullanilarak gdérsellestiriimesi sézel ifadeden her zaman
daha etkilidir.” seklinde cevap vermistir. Bu aciklamadan sonra
ogretmenden konu ogretimine iliskin ders sUrecinden bahsetmesi
istenmis, 048 kodlu 6gretmen: “3 adet tabak cizerim tahtaya.
Tabaklardan ikisi toplanan sayilari biri ise toplami belirtir. Tabaklardan
birine 4 veya 8 elma koyar 6tekini bos birakirim. 3. tabakta ise 12 elma
bulundurur verilmeyen sayiya dikkat cekerim. Ayni benzetme siniftaki
ogrenciler Gzerinden de yapilabilir.” seklinde agiklama yapmistir.

Klinik mulakat sonrasi O48 kodlu &dretmen, Murat éJretmenin
yonelttigi sorularin égrenci duzeyine uygun olmadigini ve somut
materyallerin sdzel ifadelere gére daha etkili oldugunu belirten
aclklamalarda bulunmus ve bu aciklamalarini da orneklerle
desteklemistir. Bu bulgulardan hareketle katilimci 6gretmenin égrenci
ogrenmelerini destekler nitelikte aciklamalarinin Kinach'in kavrama ve
problem ¢ézme oOgretimsel aciklama duzeylerine uygun oldugu
goérulmektedir.

Tartisma

Arastirmaya katilan sinif 6gretmenlerinin konu alan bilgisi seviyelerinin
arastirma bulgularindan hareketle cogunlukla iyi duzeyde oldugu
goéralmustur. Ozellikle son yillarda 6gretmen atamalarinda Kamu
Personeli Secme Sinavi'na (KPSS) eklenen Ogretmenlik Alan Bilgisi

196


https://doi.org/10.9779/pauefd.1449468

PAUEFD, 63, 176-206 [2025] F. Karabag ve G. Gunes https://doi.org/10.9779/pauefd. 1449468

Testi'nin (OABT) atama puanina etkisinin orantisal olarak fazla olmasi,
ogretmenlere konu alanina iliskin bilginin dnemini fark ettirmis olabilir.
Ayrica her dort yilda bir sinif 6gretmenlerinin ayni sinif duzeylerini tekrar
okutmalari, ayni konulari tekrar anlatmalari, konu alan bilgilerinde
basarili olmalarinin bir diger sebebi olabilir. Cogu arastirmaci yapmis
olduklari calismalarla 6gretmende bulunmasi gereken konu alan
bilgisinin verimli bir egitim sureci icin 6nemini belirtmistir (Ball ve
digerleri, 2008; Canbazoglu ve digerleri, 2010; Reid ve Reid, 2017). Konu
alan bilgisi istenilen duzeyde olmayan ogretmenlerin ve 6gretmen
adaylarinin matematiksel kavramlari aciklamada zorluk yasadiklari bazi
arastirmacilarca tespit edilmistir (Kinach, 2002a; Reid ve Reid, 2017).
Mevcut calismada da benzer sonuclar elde edilmis olunup, alt dluzey
yeterlilige sahip ogretmenlerin ilgili alt 6grenme alanina iliskin
ogretimsel aciklamalarda yetersiz kaldiklari tespit edilmistir. Bu durum
bize sinif ogretmenlerinin  matematiksel konu alan bilgilerinin,
ogretimsel aciklamalarint etkiledigini goéstermektedir. Haciomeroglu
(2013a) sinif 6gretmeni adaylarinin toplama ve c¢ikarma islemlerine
yoénelik konu alan bilgilerini inceledigi ¢calismasinda 6gretmenlerin &zel
alan bilgilerinde eksiklikler oldugunu, genel alan bilgilerinin ise istenilen
duzeyde oldugunu tespit etmistir. Mevcut calismada da konu alan
bilgisi basligi altinda sinif 6gretmenlerinin genel alan ve 6zel alan
bilgilerini kapsayan sorular sorulmus ve her iki alan bilgilerinin de
istenilen duzeyde oldugu gdérulmustur. Buradan mesleki deneyimin
sinif &égretmenlerinin &zel alan bilgilerini olumlu yénde etkiledigi
sonucuna ulasilabilir. Konu alan bilgisine yonelik cogu calismada
ogretmenlerin yetersiz alan bilgisine sahip oldugu (Baki, 2013; Keles ve
Gunes, 2022) sonucuna ulasiimistir. Matematik ogretiminde etkili bir
ogretim sureci icin konu alan bilgisinin 6nemi bilindiginden (Cakmak
ve digerleri, 2014) mevcut calismada sinif égretmenlerinin dért islem
ogretimine iliskin konu alan bilgilerinin istenilen duzeyde cikmasi
matematik 6gretimi adina umut var eden bir sonu¢ olmustur.

Sinif 6gretmenlerinin 6gretim ve icerik bilgileri seviyesi orta duzeyde
cikmistir. Diger bilesenlerle kiyaslandiginda 6gretmenlerin daha dusuk
duzeyde performans gosterdikleri bilesen ogretim ve icerik bilgisi
bileseni olmustur. Oysaki &gretmenin matematik &gretiminde
yararlanmasi gereken yéntem ve teknikleri bilmesi, farkl
goésterimlerden yararlanmasi, 6grencide mevcut kavramsal yanilgilara
mudahale edip onu dogru bilgiye ydnlendirmesi 6gretim ve icerik
bilgisi dahilinde davranislardir (Ball ve digerleri, 2008; Shulman, 1986).
Literaturde de benzer sekilde 6gretmen ve 6gretmen adaylarinin eksik
ogretim bilgisine sahip oldugunu ortaya c¢ikaran calismalar
bulunmaktadir (Aksu ve Konyalioglu, 2014; Gokkurt ve digerleri, 2015;
Keles, 2019). Ornegdin; Gokkurt vd. (2015), égretmen adaylarinin
geometrik cisimler konusuna yonelik &gretim ve icerik bilgilerini
inceledikleri calismalarinda 6gretmen adaylarinin 6gretim bilgilerinde
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eksiklikler oldugu sonucuna ulasmislardir. Mevcut calismada da sinif
ogretmenlerinin 6gretim bilgilerinin istenilen yeterlilikte olmamasi
meslek icinde de ayni eksikliklerin devam ettigini, matematik
ogretiminde henuz istenilen seviyeye gelinemedigini bizlere
gostermektedir. Katilimci égretmenlerin testte yer alan &gretim
sorularina genel ve kisa cevap vermeleri dnceki metinde ortaya konan
dusunceyi destekler niteliktedir. Oysaki &gretmenin, &grenci
ogrenmelerini destekleyen, kolaylastirici ve etkili yaklasimlara dersinde
agirlik vermesi 6gretimin verimliligi acisindan son derece dnemlidir.

Sinif 6gretmenlerinin 6grenci ve icerik bilgileri seviyesi iyi duzeyde
cikmistir. DIABT'de d3renci ve icerik bilgisi dahilinde 6gretmenlere,
ogrencilerce yapilan hatalarin sebeplerini belirlemeye, onlarin ¢dézim
sureclerinde ne gibi stratejiler gelistireceklerini  bilmeye ve
matematiksel hatalarini tespit edip yorumlamaya yonelik sorular
yoneltilmistir. Bazi ogretmenlerin  6grenci hatalarint  belirlemede
yetersiz kalmalari, 6grenci bakis acisiyla sorulara yaklasmayip sorulari
kendi ¢o6zUm stratejileriyle cevaplamalari ve hatanin kaynagina
deginmemeleri bu bilgi dahilinde tespit edilen eksiklerdir. Oysaki
matematik &gretimini daha etkili hale getirmek icin 6gretmenin;
ogrencinin 6n bilgilerinden, 6grenme guc¢lugu veya kavram yanilgisi
yasaylp yasamadigindan haberdar olmasi (Ball ve digerleri, 2008) ve
ogrenciye bu dogrultuda yaklasmasi gerekmektedir. Literatur
incelendiginde bircok arastirmada 6grenciyi tanimada 6gretmenlerin
yetersiz olduklari gorulmektedir (Aksu ve Konyalioglu, 2015; Cikrikel,
2015; Kutlu, 2018; Tanish, 2013). Kutlu (2018), gdreve yeni baslayan
matematik ogretmenlerinin  pedagojik alan bilgilerini inceledigi
calismasinda ogretmenlerin d6grenciyi tanimada yetersiz olduklarini
tespit etmistir. Mevcut calismada sinif 6gretmenlerinin 6grenci ve icerik
bilgilerinin iyi duzeyde cikmasi bu bilgilerinde eksiklikler olsa dahi
ogrencilerce yapilan matematiksel hatalarin kaynagini belirleme,
gelistirilen stratejileri tahmin etme ve kavramsal yanilgilari giderme
konularinda diger branslara kiyasla istenilen yeterlilige sahip olduklarini
bize gostermektedir.

Sinif 6gretmenlerinin  mufredat bilgileri seviyesi cok iyi duzeyde
cikmistir. Diger bilesenlerle kiyaslandiginda égretmenlerin en basarili
performans gosterdikleri bilesen mufredat bilgisi bileseni olmustur.
Ogretmenlerin yillik planlar yapmalari, ders planlari hazirlamalari
mufredat bilgilerindeki basarilarinin en temel sebebi olabilir. Literatur
incelendiginde 6gretmenlerin ve 6gretmen adaylarinin yetersiz veya
yuzeysel mufredat bilgisine sahip olduklarini  ortaya c¢ikaran
arastirmalara rastlanmaktadir (Aksu, 2013; Keles, 2019; Kutlu, 2018).
Kesirler konusuna yonelik sinif 6gretmeni adaylarinin pedagojik alan
bilgilerini inceleyen Aksu (2013), &égretmen adaylarinin yetersiz
mufredat bilgisine sahip olduklarini belirlemistir. Benzer sonug¢ veren
diger bir arastirmada Keles (2019), mesleki tecrubesi az olan sinif
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ogretmenlerinin veri islemeye iliskin yetersiz mufredat bilgisine sahip
olduklari sonucuna ulasmistir Mevcut calismada sinif 6gretmenlerinin
dogal sayilarla dort islem o6gretimine iliskin mufredat bilgilerinin
istenilen duzeyde cikmasi, diger 6grenme alanlari ve égretmenlik
branslarina kiyasla bu bilgide daha iyi olduklarini bize gdsteren dikkat
cekici bir detaydir.

Mevcut calismada sinif &gretmenlerinin matematik bilgilerinin
cogunlukla istenilen duzeyde ¢cikmasi 6gretim bilgilerine yonelik umut
verici bir tespit olmustur. Alt duzey yeterlilige sahip hicbir 6gretmen
olmamasl da arastirmanin dikkat cekici bulgularindan olmustur. Sinif
ogretmenlerinin ozellikle bdlme islemini dlgcen sorularda istenilen
performansi gosterememeleri sorulara iliskin cogunlukla islemsel
duzeyde &6gretimsel aciklamalarda bulunmalari arastirmaya dair dikkat
ceken diger bir tespit olmustur. Literature baktigimizda sinif
ogretmenlerinin meslek 6ncesinde de benzer sorunlar yasadiklari
gorulmustur (Baki, 2013). Bolme isleminin kumulatif yapisi sebebiyle
diger temel islemlere oranla daha karmasik yapida olmasi ve
ogrencilerce daha iyi anlasilabilmesi icin égretiminde bazi on bilgileri
(ctkarma, carpma) gerekli kilmasi, konunun &gretiminde zorluklar
yasanmasina sebep olabilir. Eksikliklerin giderilip egitimde istenilen
basarinin saglanmasi hususunda Universitelere ve MEB'e buyuk
gorevler dusmekte, lisans dénemi derslerinden olan matematik
ogretimi dersinin daha ¢cok uygulama agirlikli olmasi gerekmektedir.
Ayrica sinif ogretmenlerine meslek icinde ayni branstan diger
ogretmenlerle is birligi yapma firsati verilmeli, fikir alisverisi
yapabilecekleri, deneyim ve tecrubelerini paylasabilecekleri ortamlarin
olusturulmasi saglanmalidir. Bdylece sinif 6gretmenleri kendilerini
surekli gelistirme ve guncelleme firsati bulacak, meslek icinde farkli
ogretim durumlarindan haberdar olup stratejiler gelistirebileceklerdir.

Sonuglar ve Oneriler

Calisma sonuclarina gdre dogal sayilarla dért isleme ydnelik sinif
ogretmenlerinin matematik égretme bilgilerinin iyi duzeyde oldugu
sonucuna ulasiimistir. Ama &zele inildiginde ogretim ve igerik
bilgilerinde yetersiz olduklari 6zellikle de carpma ve bdélme islemi gibi
konularin 6gretiminde zorluk yasadiklari tespit edilmistir. Calismada
sinif 6gretmenlerinin konu alan bilgileri ile 6grenci ve icerik bilgilerinin
iyi duzeyde, mufredat bilgilerinin ise ¢cok iyi duzeyde oldugu sonucuna
ulasiimistir.  Mufredat bilgisi  sinif  6gretmenlerinin - en  basarili
performans gosterdikleri bilesen, 6gretim ve icerik bilgisi ise en dusuk
performans godsterdikleri bilesen olmustur. Ayrica testten alinan
puanlar sonucunda alt duzeyde yeterlilige sahip sinif dgretmeni
olmadigl tespit edilmistir. Katilimcir égretmenlerin testte yer alan
sorulardan cogunlukla bélme islemine yonelik sorularda zorlandiklari,
bu sorulari ya bos biraktiklari ya da yanlis cevapladiklari ayrica yetersiz
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ogretimsel aciklamalarda bulunduklari tespit edilmistir. Bu eksikliklerin
giderilmesi adina sinif 6gretmenlerine meslek icinde kendilerini
gelistirebilecekleri ortamlar saglanmasi, dért temel islem ogretimine
yoénelik kurs ve egitimlerin gerek yuz yuze gerek de uzaktan egitim
seklinde alan uzmanlarinca verilmesi 6nerilebilir.

Mevcut calismada sinif 6gretmenlerinin dogal sayilarla dort islemi
ogretme bilgilerine iliskin veri toplamada alan bilgisi testi ve klinik
mulakat yontemi kullaniimis fakat ders goézlemleri yapilmamistir. Daha
detayll veri elde etmek adina baska arastirmalarda ders gézlemleri
yapilabilir ya da farkl araclar kullanilabilir. Calisma katilimcilari mesleki
deneyim sarti aranmaksizin sinif 6gretmenlerinden olusmustur. Baska
arastirmalar meslekte yeni veya mesleki deneyimi fazla (+15)
ogretmenlerle calisip mevcut arastirmada belirlenen eksikliklerin
mesleki deneyimle olan iliskisini belirleyebilir. Sinif 6gretmenlerinin
matematigi 6gretme bilgileri OMB modeli (Ball ve digerleri, 2008)
bilesenleri cercevesinde degerlendirilmistir. Baska arastirmalarda diger
modeller (Marks Modeli, Fennema ve Franke Modeli) kullanilabilir.

Etik Kurul izin Bilgisi: Bu arastirma, Trabzon Universitesi Sosyal ve
Beseri Bilimler Bilimsel Arastirma ve Yayin Etik Kurulu'nun 21/10/2021
tarihli 2021-10/2.1 sayili karari ile alinan izinle yGratidlmdastar.

Yazar Cikar Catismasi Bilgisi: Yazarlarin beyan edecegi bir c¢ikar
catismasi yoktur.

Yazar Katkisi: Arastirma, ikinci yazarin danismanliginda, birinci yazar
tarafindan ydratdlen yuksek lisans tezinden dretilmistir.
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Abstract

This study, which aims to determine the level of primary school
teachers' instructional knowledge of the four basic operations
with natural numbers and to examine their instructional
explanations, was conducted according to the sequential
explanatory design, one of the mixed research methods. The
mathematics teaching knowledge of primary school teachers
was examined within the framework of content knowledge,
student and content knowledge, instructional and content
knowledge, and curricular knowledge components. In the
quantitative part of the study, primary school teachers were
administered a test on four operations with natural numbers,
and in the qualitative part, clinical interviews were conducted
with the identified teachers. The study was conducted with 70
primary school teachers with professional experience ranging
from 1 to 30 years. The data were collected through an
information form that included demographic information of
the participants, a content knowledge test on teaching four
operations with natural numbers, and clinical interviews. Data
from the test were analyzed using the scoring rubric developed
by the researchers. Data from the clinical interviews were
subjected to descriptive content analysis. As a result of the
research, primary school teachers showed the lowest
performance in the instructional and content knowledge
component and the most successful performance in the
curriculum knowledge component. As a result of the findings,
the deficiencies of primary school teachers regarding their
pedagogical content and subject matter knowledge were
identified and it was suggested that in order to overcome these
deficiencies, learning environments should be provided for
teachers to update and improve their theoretical and content
teaching knowledge within the profession in cooperation with
universities.
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Introduction

The evolution of learning and teaching methodologies has directly
influenced the roles and responsibilities expected of individuals in the
field of education. In response to these developments, countries have
implemented reforms to their education systems with the aim of
producing a greater number of properly qualified individuals. As the
optimal method for developing qualified individuals is through
qualified teachers (Baki, 2017), it is imperative that teachers enhance
their knowledge and skills in a multitude of domains. Furthermore, they
must equip their students, who are the future leaders, with effective
learning strategies. Teaching to learn is the process of equipping
students with the capacity to engage in independent learning (Balci,
2004). This is related to the teacher's knowledge of the subject matter
being taught. Despite efforts by prospective teachers to gain
knowledge of teaching subject matter during their undergraduate
education, this knowledge is often inadequate in practice (Gdkkurt,
2014, Keles, 2019; Kutlu, 2018). This can result in shortcomings in the
teaching of numerous courses. Mathematics is among the most crucial
of these subjects, given the considerable time investment required for
learning and interpreting its abstract concepts, as well as its reputation
as a challenging course for many individuals (Basar et al., 2002). In the
contemporary era, there is a pressing need for individuals who possess
a robust understanding of mathematics and are able to effectively
apply its principles in their daily lives. This underscores the crucial
importance of an efficacious teaching process. A substantial body of
research (e.g., Grossman, 1990; Shulman, 1986, 1987) has demonstrated
that subject matter knowledge, while undoubtedly a crucial
component of effective teaching, is not the sole determining factor.
There is a growing recognition that educators require a more nuanced
understanding of their subject matter, complemented by a set of
competencies that extend beyond mere subject matter expertise.
These include, for instance, pedagogical knowledge and skills, which
are essential for effective teaching (Isik et al., 2010).

In his 1986 study, Shulman developed a model that focused on the
teacher's content teaching knowledge and subsequently initiated
further studies on this subject. Shulman classified the knowledge that
teachers should possess into three categories: Content Knowledge
(CK), Pedagogical Content Knowledge (PCK), and Curricular
Knowledge. He defined Pedagogical Content Knowledge as the ability
to make subject matter more accessible and comprehensible
(Shulman, 1986). In the wake of Shulman's seminal work, numerous
researchers (An et al, 2004; Ball et al, 2008; Grossman, 1990; Marks,
1990) have devised their own models, incorporating new components
to address the limitations of the original framework. For example, Marks
(1990) underscored the significance of instructional materials in
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teaching the subject by incorporating the "Environment" component
into the Shulman model. Ball et al. (2008) asserted that the Shulman
model was insufficiently empirically grounded and proposed an
alternative approach that focused on the processes and strategies
through which teachers acquire and apply their knowledge, rather than
on the knowledge itself. This led to the development of the
Mathematical Knowledge for Teaching (MKT) model, which is
presented in Table 1.

Tablel
Mathematical Knowledge for Teaching Model (Ball et al., 2008)
Subject Matter Knowledge Pedagogical Content Knowledge
¢ Common Content Knowledge e Knowledge of Content and Teaching
(CCK) (KCT)
e Specialized Content ¢ Knowledge of Content and Students
Knowledge (SCK) (KCS)
e Horizon Content Knowledge e Knowledge of Content and
(HCK) Curriculum (KCC)

Common Content Knowledge (CCK) refers to the mathematical
knowledge that a teacher is expected to possess to perform
mathematical operations in the classroom. Specialized Content
Knowledge (SCK) represents mathematical knowledge that is unique
to the context of teaching. For example, a teacher's capacity to
accurately identify and analyze a mathematical error made by students
is included in this category of knowledge. Horizon Content Knowledge
(HCK) refers to the understanding of the subject matter and its
interconnections within the curriculum. Knowledge of Content and
Teaching (KCT) is the combination of instructional knowledge and
mathematical content knowledge. For example, a teacher's capacity to
devise lesson plans aligned with the objectives set forth and to deliver
instruction in a manner consistent with these plans can be considered
a skill associated with this type of knowledge. Knowledge of Content
and Students (KCS) is a combination of the knowledge that students
possess and the knowledge of the mathematical content that is to be
taught. One of the expected behaviors for teachers within this
knowledge domain is the ability to incorporate activities that capture
students' attention, stimulate their interest, and motivate them. In
contrast, Knowledge of Content and Curriculum (KCC) provides
guidance for teachers in the utilization of curriculum-related materials
(Ball et al., 2008).

The fact that the majority of recent studies (Baki, 2013, Dogruel &
Karakus, 2022; Durak, 2021; Yurtyapan & Karatas, 2020) have focused on
teacher education and the qualities that should be found in teachers
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has led researchers to question the status quo and prompted countries
to implement multidimensional regulations. The publication of the
General Qualifications for the Teaching Profession in 2017 by the
Ministry of National Education (MoNE) indicated that, in addition to the
student factor, teachers must possess certain competencies, including
professional knowledge, professional skills, attitudes, and values (MoNE,
2017).

Primary school teachers are highly effective in providing students with
mathematical literacy skills and influencing their attitudes toward
mathematics (Yurtbakan et al, 2016). This is due to the fact that the
mathematical infrastructure is established in primary schools. In order
to provide effective instruction, teachers must create an environment
that is conducive to student needs, be aware of potential
misconceptions and learning difficulties specific to the subject area,
utilize information and technology to guide students towards analytical
thinking, and possess the requisite content knowledge, teaching
knowledge, and instructional explanation knowledge to achieve these
objectives (Akyildiz, 2019; Baki, 2020; MoNE, 2017).

A review of the literature reveals that the majority of studies focusing
on primary school teachers' mathematics teaching knowledge have
been conducted with pre-service teachers (Aksu, 2013; Baki, 2013; Sivaci,
2003; Tarim et al., 2017; Toluk-Ucar, 2010). Furthermore, the majority of
these studies (Arseven et al., 2015; Deringdl, 2018; Haciomeroglu, 2013b;
Yildirim, 2013) focus on the assessment of mathematical anxiety and
attitudes among primary school teachers. Yet, there is a paucity of
research exploring the pedagogical content knowledge of primary
school teachers (Aksu & Konyalioglu, 2015; Toluk-Ucar, 20T1), and a
limited number of studies have been conducted to assess the
pedagogical content knowledge and pedagogical explanations of
primary school teachers in mathematics (Durak, 2021, Keles, 2019;
Ozdemir et al,, 2017; Yildizli & Sari, 2017). Notably, these studies have
primarily focused on pre-service teachers (Baki, 2013; Toluk-Ucar, 2010).
Further, the studies conducted in Turkiye are based on primary school
teachers' knowledge of teaching mathematics (Aksu & Konyalioglu,
2015; Durak, 2021; Keles & Gunes, 2022; Simsek & Boz, 2015), mostly
focusing on themes such as geometry, measurement, fractions,
patterns, while the studies on operations with natural numbers (Balci,
2023; Baki, 2013) are limited in number and conducted with pre-service
teachers.

The subject of four operations with natural numbers in the learning
domain of numbers and operations is of great significance in
mathematics teaching, as it serves as the foundation for the instruction
of numerous subjects. As outlined in the Mathematics Curriculum, the
primary objective of instruction in the four operations with natural
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numbers is to impart an understanding of the fundamental properties
of addition and subtraction in Grade 1, to elucidate the
interrelationships between the four operations in Grade 2, to
concentrate on operations that necessitate mental calculation in Grade
3, and to elaborate on the relationships between division and other
operations in Grade 4 (MoNE, 2018). In the field of mathematics
education, the direct teaching of the four operations has been
identified as a key factor influencing success at all levels of education as
a cumulative branch (Onal, 2017). Given that primary schools are the
foundation of the education system, the current study is expected to
contribute to the growth of teacher education, provide teachers with
the opportunity to assess their instructional explanations, and inform
teacher training institutions in improving primary school teachers’
pedagogical content knowledge in mathematics.

Instructional Explanations in Mathematics Teaching

Effective instructional explanations for mathematical concepts and
rules represent a crucial aspect of pedagogical content knowledge
(Toluk-Ucar, 2010). Kinach (2002a; 2002b) was the first to conceptualize
instructional explanations as a model in mathematics teaching. He
developed five distinct levels (content, comprehension, problem
solving, epistemic, and research) to investigate the transformation of
PCKinto teaching knowledge and to determine the effect of preservice
teachers' mathematical knowledge on their instructional explanations.
He posits that instructional explanations at the content level are
situated at the procedural understanding level, while the others are
situated at the relational understanding level. In the context of
procedural comprehension, superficial instructional explanations are
the norm. Conversely, in the domain of relational or conceptual
comprehension, higher-level cognitive skills are the primary focus.
Instructional explanations at the content level adhere to the
established rules, refrain from delving into minutiae, and eschew
justifications and reasons (Kinach, 2002a; 2002b). Instructional
explanations at the comprehension level pertain to the explication of
mathematical examples and solutions. Those at the problem-solving
level employ problem-solving techniques and analytical methods.
Explanations at the epistemic level convey both the content and the
rationale behind it. Finally, those at the research level reveal new
knowledge and theories about a discipline. Instructional explanations
are of great importance in the acquisition of mathematical concepts by
students (Zaslavsky, 2010). Furthermore, it is known that deficiencies in
mathematics teaching at thefirst level of primary education are difficult
to compensate for later (Baki, 2012). Therefore, it is necessary and
important to examine the mathematical knowledge of primary school
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teachers in terms of effective mathematics teaching in order to reveal
their mathematical knowledge.

Aim

The objective of this study is to ascertain the extent of primary school
teachers' understanding of the four operations with natural numbers
and to evaluate the quality of their instructional explanations. The
research problem can be stated as follows: What is the level of primary
school teachers' teaching knowledge about four operations with

natural numbers, and what are their instructional explanations? The
sub-problems were as follows:

1. What is the level of subject matter (content) knowledge of primary
school teachers about teaching four operations with natural numbers
and how are their instructional explanations?

2. What is the level of pedagogical content knowledge of primary school
teachers about teaching four operations with natural numbers and
how are their instructional explanations?

Method
Research Design

In this study, a mixed-methods explanatory design was employed to
ascertain the extent of primary school teachers' pedagogical
knowledge regarding four operations with natural numbers and to
examine their instructional explanations. Quantitative and qualitative
methods were utilized concurrently to achieve this objective. In
explanatory designs, qualitative data are collected subsequent to the
analysis of data collected by quantitative methods (Yildirrm & Simsek,
2018). A mixed study is defined as a research study in which the
researcher employs both quantitative and qualitative methods, collects
data through these methods, analyzes the data, and draws inferences
based on the findings (Tashakkori & Creswell, 2007). In the quantitative
component of the study, the participating teachers were administered
the Four Operations Content Knowledge Test (DIABT) to ascertain their
pedagogical content knowledge regarding the teaching of four
operations with natural numbers. In the qualitative section, clinical
interviews were conducted to examine their teaching knowledge in
greater detail with regard to their instructional explanations.

Universe and Sample for the Quantitative Data

The study population comprises all primary school teachers employed
in Ardahan province during the 2021-2022 academic year. The sample
is drawn from this population using convenience sampling. As EKiz
(2020) notes, convenience sampling is a more accessible and
straightforward approach for participants. The study was conducted
with 70 teachers (33 male and 37 female). The professional experience
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of the participating primary school teachers ranged from 1to 30 years,
and 5 teachers were working as school administrators at that time. In
accordance with research ethics, the real names of the participating
teachers were kept confidential, and the teachers were coded from TI
to T70.

Study Group for the Qualitative Data

In order to obtain clinical interview data, outlier sampling was
employed to form the study group. In this sampling type, which
provides richer data, the objective is to select individuals or groups with
disparate normal qualities and incorporate them into the research
(Ekiz, 2020; Yildirnm & Simsek, 2018). The study group was constituted
based on the DIABT scores developed by the researcher. Based on the
scores obtained by the participating teachers on the test, level groups
(very good, good, medium, and low) were formed. As no teacher
demonstrated low-level competence, clinical interviews were
conducted with three teachers (two females and one male) selected
from other level groups. The teachers' professional experience ranged
from one to ten years.

Data Collection Tools

The research data were collected via a Personal Information Form,
which included some demographic characteristics of the primary
school teachers. This was followed by a Four Operations Content
Knowledge Test, which consisted of questions designed to measure the
participants' knowledge of teaching four operations with natural
numbers. Finally, a Clinical Interview was conducted to obtain in-depth
information.

Four Operations Content Knowledge Test (DIABT)

This test comprises knowledge questions and open-ended questions
about teaching four operations with natural numbers, as well as
textbooks, supplementary source books, related scientific studies (Baki,
2013; Eroglu, 2012; Kwong et al, 2007; Vural & Cankaya, 2020), and
guestions developed by the researchers. The latter were used to
develop the knowledge questions. In developing the questions for
teaching knowledge, the components of SCK (Ball et al., 2008) were
taken into consideration, and some international (TIMSS, PISA) exam
guestions were examined. Additionally, the questions developed by the
researchers were included and submitted to expert opinion. The
guestions that most effectively fulfilled the objectives of the research
and could be subjected to rigorous analysis were selected, and the total
number of questions was reduced to 18 by eliminating those that
addressed the same outcome and had similar solution strategies.
Moreover, following the expert review, some questions were refined,
and certain terms in the question stems were clarified to enhance
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comprehension. Table 2 illustrates the distribution of the questions in
the test according to the MKT.

Table 2
Question distribution regarding the MKT

PCK

Knowledge of Knowledge of Knowledge of
SMK Content and

Teaching (KCT) Content and Con’gent and

Students (KCS) Curriculum (KCCQ)

2a 1 4 6a
5b 2b 5a 6b
1a 3 7 8b
12a 5c 11b 10b
12b 8a 1d 13a
12c 9 12c 17b
12d 10a 12d 18b
13b 11c 14a
16a 15 14b
18a 16b

17a

Upon examination of Table 2, it becomes evident that primary school
teachers were posed a total of 10 questions, with sub-items pertaining
to content knowledge. The remaining questions were related to
pedagogical content knowledge and primarily comprised questions
(40.7%) encompassing teaching and content knowledge. Additionally,
sub-items (c) and (d) of the 12th question covered both teaching areas.
Table 3illustrates the distribution of the questions in the test according
to the four operational areas and grade levels.

Table 3
Distribution of Questions in the Test According to Four Operations Subject
and Grade Level

Addition Subtraction Multiplication Division f %
1%t Grade 9,13 - - - 2 10
2" Grade 2 1 16 18 4 20
39Grade 5 14,10 il 12 5 25
4" Grade 6 6 3,7 4,15 6 30
Secondary
school - 17 17 8 3 15
level

Table 3 illustrates that to guarantee content validity, the research
guestions were distributed equitably (20%) across all four operational
areas, with the majority of questions designed to assess the fourth-
grade outcomes. Additionally, the number of questions decreased as
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the grade level decreased, reaching a minimum at the first-grade level.
The primary reason for this discrepancy is that the teaching of
operations is fully introduced in the second grade of the primary school
curriculum, with the number of acquisitions increasing in subsequent
grades. Furthermore, the inclusion of questions at the middle school
level in the test was intended to ascertain the extent to which primary
school teachers demonstrated proficiency in the subject matter and
curriculum typically covered in middle school.

A pilot study was conducted with two primary school teachers at
different times to enhance the validity of the DIABT. This was done to
ascertain whether there were any narrative errors or missing
expressions in the test, to guarantee the sufficiency of the number of
questions, and to finalize the test. Additionally, the opinions of the
teachers regarding the data collection tool were obtained.

Clinical Interview

To gain insight into the solution strategies employed by primary school
teachers in teaching the four operations with natural numbers, to
elucidate their instructional explanations, and to obtain comprehensive
information, clinical interviews were conducted with the identified
teachers based on their responses to the five most challenging
questions pertaining to each SCM Model component from the
questions in the DIABT. Clinical interviewing is a research method that
employs flexible questioning to elucidate the rationale behind
individuals' thought processes and determine their thought patterns
(Clement, 2000; Celik & Guzel, 2020). Given the effectiveness of the
clinical interview method as an evaluation tool in mathematics
education and its suitability for examining specific cases (Karatas &
Guven, 2003), this method was deemed the most appropriate for
investigating the instructional explanations of the participating
teachers regarding the teaching of four operations with natural
numbers and for obtaining detailed information in line with the
objectives of the study.

Data Collection Procedures

Once the requisite legal permissions had been obtained, the researcher
proceeded to administer the DIABT to the participating primary school
teachers. The rationale and process of the research were then explained
to the participants, with the permissions obtained prior to the
commencement of the study being presented for their reference. The
research participants were informed that the data collected would be
used exclusively for scientific research purposes. The average duration
of the applications was 50 minutes, contingent upon the participants'
writing and personal interpretation speeds. Thereafter, the evaluation
process commenced. Subsequently, clinical interviews were conducted
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with three primary school teachers at varying times. The clinical
interviews, which lasted an average of 30 minutes, were recorded with
the consent of the participating teachers, and significant explanations
were documented by the researchers. This study was conducted with
the permission of Trabzon University Social and Human Sciences
Scientific Research and Publication Ethics Committee with the decision
numbered 2021-10/2.1 dated 21/10/2021.

Data Analysis

The research data were subjected to two distinct forms of analysis:
guantitative and qualitative. The data obtained with DIABT were
analyzed using percentages and frequencies. The evaluation rubric,
which was prepared by the researchers, was employed to analyze the
open-ended questions. Additionally, the clinical interview data were
subjected to analysis and evaluation.

Four Operations Content Knowledge Test Analysis

The DIABT data were subjected to quantitative analysis, employing the
analytical scoring scale developed by the researchers. In developing the
evaluation rubric, the relevant studies in the literature (Dogruel, 2019;
Keles, 2019) were consulted, the responses provided by the teachers to
the questions in the test were subjected to detailed examination and
scoring, and the opinions of two expert mathematics educators were
sought. The knowledge questions were classified and evaluated as
follows: two points were awarded for correct answers, zero points for
incorrect and blank answers, two points for fully correct answers, one
point for partially correct answers, and zero points for unrelated,
insufficient, incorrect, and blank answers. Figure 1 depicts the 10th
question from the test, while Tables 4 and 5 illustrate the scoring
methodology employed in the analysis of items (a) and (b) from the
aforementioned question.

Figure 1
10" Question in the Four Operations Content Knowledge Test

Sorun 10: Mehmet ev ddevi olarak bir gikarma iglemni vaprig ama daha sonra igecefinin bir miktaring
&ddevinin tizerine d&kmiigtiic. Izlemin vamt 413 dogrudur fakat iglemde ver alan sayilardan birinin

onlar basamafindald rakamin sayi deferi olunmamabtadir.

942 a) Bu basamaltali clunmavan raleamm say: deferind bulmals igin §grenci
nasil izlemler vapabilir? Yazimz.

SK7

b) Buiglem kacine: symif diizeyinde bir islemdir? WNedenini agikdlayimiz.

415
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Table 4
Rubric for Item A of the 10th Question in the Test
e Answers containing operations appropriate to the level of the
student to find the numeric value of the unreadable digit,
such as:
The difference can be found by subtracting the subtracted
2 points number,
The numerical value of the number can be found by
considering that the number 4 in the tens digit of the
subtracted number gives 1 tenth, and the subtraction
continues with 3¢
e Answers that omit the operations that Mehmet needs to do
1 point to find the number value of the unreadable digit.
For example, Mehmet can subtract 415 from 942 here.
e |Inadequate answers
O point For example, the student can do the operation backwards.
/Can perform the operation by breaking a decimal.
e Irrelevant answers

oint .
Op | have no idea /knowledge
e Incorrect answers
0 point For example, defining the operation: “Subtraction with

unknowns.”
O point e Answers left blank

As illustrated in Table 4, the responses provided by the primary school
teachers to the open-ended questions on the test were evaluated
according to a two-point scale, with responses deemed scientifically
justified and appropriate to the student level receiving the highest
score. The remaining responses were evaluated on a one-point or zero-
point scale.

Table 5

Rubric for Item B of the 10th Question in the Test
Correct answers 2 points
False answers 0 point
Blank 0 point

Level groups and score ranges were considered when evaluating the
scores obtained from the test. The formula [score range = [the highest
score that can be obtained from the test (70) - the lowest score (0) + 4]]
was used in determining the score ranges, and the relevant studies in
the literature (Akyildiz & Altun, 2018; Ekiz, 2020) were used in forming
the level groups. Table 6 shows the score ranges and level groups of the
primary school teachers.
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Table 6

Score Ranges and Achievement Levels
Score range Level Group
52.6-70 Very good
351-525 Good
17.6 — 35 Average
0-175 Low

An analysis of Table 6 shows that the range of scores between the
proficiency groups is 17.5. Teachers with low and medium proficiency
levels were interpreted as having deficiencies in their mathematics
teaching knowledge, while those with good and very good proficiency
levels were interpreted as having adequate mathematics teaching
knowledge. The score ranges and level groups in Table 6 were also
taken into account in determining the teachers to be clinically
interviewed, and since there were no teachers with low levels of
competence, the interviews were conducted with 3 primary school
teachers selected from other levels.

Analysis of the Clinical Interviews

The instructional explanations provided by the participating teachers
were analyzed through clinical interviews. In order to obtain detailed
information, the teachers were asked probing questions about the
reasons for their preference of the solution strategies they used in
solving the problems and how they arrived at the solution, which
allowed them to think aloud and reveal the reasons for their answers. In
order to determine the effect of teachers' mathematics teaching
knowledge on their instructional explanations, the data obtained from
the clinical interviews were analyzed within the framework of
“Instructional Explanation Levels” (Kinach, 2002a; 2002b). In terms of
research ethics, the teachers who were clinically interviewed were
coded as "T17, T24, and T48.

Results

In this part of the study, primary school teachers' instructional
knowledge of four operations with natural numbers was examined
according to the components of the SCT model (Ball et al., 2008), and
to obtain more detailed information, some teachers' instructional
explanations of the specified questions were analyzed and scored
according to Kinach's (2002a; 2002b) “Instructional Explanation Levels”
through clinical interviews. The score ranges and level groups of the
participating teachers are shown in Table 7.
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Table 7

Distribution of DIABT Scores by Level Groups
Score Range Level Group f %
0-175 Low 0 0
17.6 - 35 Average 15 M4
351-525 Good 47 67.1
526-70 Very Good 8 215

Upon examination of Table 7, it becomes evident that the majority of
primary school teachers possess a satisfactory level of content
knowledge, with 67.1% exhibiting proficiency at the desired level. It is
noteworthy that no teacher is found to be lacking in the requisite
competence.

Results on Pedagogical Content Knowledge and Instructional
Explanations

Table 8 shows the score ranges and level groups obtained from the
guestions measuring the pedagogical content knowledge of primary
school teachers in DIABT.

Table 8
Distribution of Pedagogical Content Knowledge Scores by Level Groups
Score Range Level Group f %
0-5 Low 0 0
51-10 Average 14 20
10.1-15 Good 39 55.7
151-20 Very good 17 243

Looking at Table 8, it can be seen that the pedagogical content
knowledge of the primary school teachers is mostly at a good level
(55.7%), and there is no teacher with a low level of competence in the
related component. Figure 2 shows the 18th question in the DIABT
regarding content knowledge, and the response of the teacher coded
S53 regarding item (a) of the question is shown in Figure 3.

Figure 2
Iltem A of Question 18 in the DIABT

Soru 18: Serkan 6gretmen 6grencileriyle birlikte dogal sayilarla bolme islemi konusuna giris

vapmalk istiyor. Buna gore,

a) Ogsrencilerin derse etkin katilabilmesi i¢in hangi 6n bilgilere sahip olmas1 gerekir?
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Figure 3
Response by T53
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Looking at Figure 3, we can see that the teacher coded T53, answered
the question completely correctly, and explained the prior knowledge
that students should have in order to actively participate in the lesson,

such as subtraction, multiplication, rhythmic counting, and division and
sharing.

The analysis revealed that the majority of teachers (71.4%) provided
incomplete or inadequate responses to the question. Consequently, a
clinical interview was conducted with one teacher selected from each
of the other level groups, with the exception of the lower-level group.
Figure 4 shows the teacher's response in the clinical interview with the
teacher, coded T24, who demonstrated intermediate proficiency.

Figure 4
Response by T24
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Analyzing Figure 4, it can be seen that the teacher coded T24 could not
give a clear explanation of the question and did not specify what she
meant by the expression “given number”, and therefore she made
explanations in accordance with Kinach's content instructional
explanation level. Below is the data from the clinical interview with
Teacher T24 for I[tem a of Question 18.

The teacher, who coded T24, gave the following responses when asked
what prior knowledge affected the teaching of division by natural
numbers and why he needed to explain other operations in his text:
“When the student has prior knowledge, he/she is more active in the
lesson. The teacher explains the subject easily. The student has prior
knowledge by repeating and remembering the topics covered in the
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lesson.” “Knowing division means knowing other operations like
subtraction and multiplication.”

When the explanations given by the teacher after the clinical interview
were analyzed, it was found that the teacher coded T24 did not give a
clear explanation about what prior knowledge should be possessed in
teaching division by natural numbers and did not support the students'
learning; therefore, it was found that he had instructional explanation
knowledge at the content level. Figure 5 shows item (a) of the 16th
question in the content knowledge test. Figure 6 shows the teacher's
response, coded T27, to this question.

Figure 5

Item A of Question 16 in the DIABT

Soru 16: Engin 6gretmen ‘9x0° isleminin sonucunu ‘0” bulmustur. Elif ise 6gretmeninin,
sonucu yanhs buldugunu iddia etmis, sebebini de “Carpma isleminin sonucu her zaman

arpanlardan biiyiik olur.” seklinde agiklamustir.

a) Elif'in cevabmm kabul edilebilirligini/edilemezligini nedenleriyle agiklaymiz.

Figure 6
Response by T27
a) Elif'in cevabinin kabul edilebilirligini/edilemezligini nedenleriyle agiklayiniz.
w;wmu B Snucy e 20mMm  Garppniordor  Ligl olmaz  Dpesn  br
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Analyzing Figure 6, it can be seen that the teacher coded T27, answered
the question completely correctly and explained the unacceptability of
the answer with a justification. As a result of the evaluation of the
guestion, it was seen that very few of the participating teachers (8.6%)
answered the question completely correctly, while those who gave
inadequate and incorrect answers (30%) were in the majority. For
example, teacher Te6 gave an inadequate answer as “unacceptable,”
and teacher T13 gave an incorrect answer as “acceptable”.

Since the teachers were unable to answer the question, clinical
interviews were conducted with 1 teacher selected from each of the 3
level groups. Figure 7 shows the answer given by the teacher to the
same question in the clinical interview conducted with the teacher
coded T48, who has a very high level of proficiency.
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Figure 7
Response by T48
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Analysis of Figure 7 shows that the teacher coded T48, illustrated the
unacceptability of the answer, and provided explanations in
accordance with Kinach's problem-solving instructional explanation
level. Below are the data from the clinical interview conducted with
Teacher T48 for item (a) of Question 16.

The teacher coded T48 and responded to the question of why Elif made
such a defense as follows: “Elif may have had difficulty making sense
because she looked at the event from a general point of view. In other
words, while doing the operation in her mind, she saw that the result
was always greater than the multiplied numbers”. After this
explanation, the teacher was asked to talk about the instructional
process related to teaching the subject, and the teacher coded T48 and
said, “I help them make sense of the subject by bringing it to life with
animation and visuals.”

After the clinical interview, it was observed that the teacher coded T48
and provided explanations stating that Elif made such a defense
because she had difficulty understanding multiplication and that she
would prefer an instructional process based on a constructivist learning
approach in teaching the subject. However, since her explanations
were far from conceptual understanding compared to what she wrote,
they were limited to the content level of Kinach's instructional
explanations.

Results on Knowledge of Content and Teaching and Instructional
Explanations

Table 9 shows the score ranges and level groups obtained from the
guestions measuring primary school teachers' KCT in DIABT.

Table 9
Distribution of Knowledge of Content and Teaching Scores by Level Groups

Score range Level group f %
0-55 Low 2 29
56-11 Average 39 55.7
11.1-16.5 Good 25 35.7
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6.6 -22 Very good 4 5.7

From Table 9, it can be seen that primary school teachers' PCK of
teaching four operations with natural numbers is mostly at the
medium level (55.7%); there are some teachers with a low level of
competence (2.9%) and very few teachers with a very high level of
competence (5.7%). Question 8 of the DIABT questions related to
teaching and content knowledge is shown in Figure 8, and the
response of the teacher coded O27 related to item (a) of the same
question is shown in Figure 9.

Figure 8
Item A of Question 8 in the DIABT

Soru 8: Ogrencilerinizden biri 8 sayisinin 0’a (sekiz bolii sifir) béliimiiniin ne oldugunu size
soruyor?

a) Omna nasil cevap verirsiniz?

Figure 9
Response by T27
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Upon analysis of Figure 9, it becomes evident that the teacher coded
T27 provided a comprehensive and accurate response to the posed
guestion. Additionally, the teacher's explanation was tailored to the
cognitive level of the students, elucidating the interrelationship
between division, multiplication, and subtraction. As a result of the
evaluation of the question, it was observed that the majority of the
participant teachers (91.5%) provided incomplete or inadequate
responses. For example, Teacher O67 provided an incomplete answer
to the question, "Dividing the number 8 by O means not dividing by
anything." Teacher T62 stated, "l would say that the answer is O, but the
explanation will be learned in middle school."

As the teachers were unable to answer the question, clinical interviews
were conducted with Tteacher selected from each of the 3 level groups.
Figure 10 shows the teacher's answer to the question in the clinical
interview with the teacher coded TI7, who has a good level of
proficiency.

192


https://doi.org/10.9779/pauefd.1449468

PUJE, 63,176-206 [2025] F. Karabag & G. Glnes https://doi.org/10.9779/pauefd. 1449468

Figure 10
Response by T17
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From Figure 10 it can be seen that the teacher coded T17 stated in his
explanation that O does not specify a value and therefore has the
meaning of "absence" and that dividing a number by O means
undefined. At this point, it can be seen that the teacher made
explanations in accordance with Kinach's content instructional
explanation level. Below is the data from the clinical interview with the
teacher coded T17 for item (a) of question 8.

The teacher coded T17 and responded to the question about the
appropriateness of expressions like "absence and indefiniteness” in his
article at the students' level as follows: "Absence means that something
does not exist at all. This cannot be explained to students in any other
way. The fact that something has never been, has not been divided,
has not been torn apart means that it does not exist. Indefiniteness, on
the other hand, is a more difficult concept, according to the student.”
After this explanation, the teacher was asked to talk about the
instructional process related to teaching the subject, and the teacher
coded T17 made the following explanation: "l use concrete materials
and adapt them to real life." Finally, the teacher was asked to explain
the related question by associating it with the multiplication process,
division means to divide;, multiplication means to combine. Just as
there is no increase in the result when a number is multiplied by "O",
there is no division in operations with "O".

After the clinical interview, it was observed that the teacher coded T17
expressed the division of the number 8 into O as "absence-
indefiniteness," explained that the student could understand the
concept of absence but that undefined was a harder concept, and
supported his explanations with examples. Based on these findings, it
can be concluded that the participating teachers' explanations that
support students' learning are appropriate to Kinach's instructional
explanation levels of content and comprehension.

Results on Knowledge of Content and Students and Instructional
Explanations

Table 10 shows the score ranges and level groups obtained from the
guestions measuring primary school teachers' KCS in DIABT.
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Table 10
Distribution of Knowledge of Content and Students Scores by Level Groups
Score range Level group f %
0-45 Low 2 29
46-9 Average 23 32.8
9.1-135 Good 31 443
13.6-18 Very Good 14 20

Analyzing Table 10, it can be seen that the KCS of primary school
teachers is mostly at a good level (44.3%), and there are also teachers
with a low level of competence for the related component (2.9%). The
response of the teacher coded T43 to the 14th question and item (a) of
question 14 in the DIABT regarding student and content knowledge is
shown in Figure 11 and Figure 12.

Figure 1
Iltem A of Question 8 in the DIABT

Soru 14: Cikarma islemini farkli yollar ile tamamlayan Betiil, Emir ve Asli'nm ¢éziim yollar
asagida verilmistir:

Betiil Emir Asl
31 _ -
416 416-200=216 416
216 - 10=206
_ 263 263
P 206 - S50=156 -
153 156 - 3=153 253
Betill dedi ki “once 6°dan 3'i gikardim. 1'den
6 ¢ikmaz. Komsudan 1 odiing aldim. 4'd Emir dedi ki “416°dan 200°0 grkardum ve 216°y1 Asli dedi ki “nce 6'dan 3'i
¢izdim ve yerine 3 yazdim. 1'in yanma da 1 | bwldum. Sonra, 216”dan 10°u gikardum. 206°y1 buldum. ¢ikardim 3. Sonra 6dan 1'i
yazdim. Simdi 11°den 6yt qkardim 5. | 206'dan 50 daha gikardigimda 156'ys buldum. 3 daha | cyarqim 5. 4°ten de 2'yi grkardim
3'ten 2 gikardim 1. Benim cevabm 153'tir.” glkarmam gerekiyordu, sonunda 153 buldum.” 2. Benim cevabim 253.”

a) Ogrenciler ¢ikarma islemini yaparken nasil bir yéntem kullanmislardir? Aciklaymiz.

Figure 12
Response by T43

a) Ogrenciler ¢gikarma islemini yaparken nasil bir yéntem kullanmigslardir? Agciklayiniz.
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Analyzing Figure 12, we see that the teacher coded T43, gave a
completely correct answer to the question, correctly expressed the
students' solution methods, and also indicated the student whose
solution method was incorrect. Teacher coded T14: "Ali » tens, ones.”
was characterized as an unrelated answer because there was no
student named "Ali" in the question stem. As a result of the evaluation
of the question, it was found that more than half of the participating
teachers (57.1%) answered the question incompletely or inadequately,
so a clinical interview was conducted with 1teacher selected from each
of the 3 level groups. Figure 13 shows the answer given by the teacher
to the same question in the clinical interview conducted with the
teacher coded T24, who has an intermediate level of proficiency.

Figure 13
Response by T24
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According to Figure 13, it can be seen that the teacher coded T24 and
chose Betul as the student who understood the operation best; Emir
stated that he had a good command of the subject but he reached the
result by subtracting tens because he had problems with hand
subtraction; and Asli stated that she made a mistake in the solution.
This shows that the teacher explained the concept according to
Kinach's level. Below is the data from the clinical interview conducted
with the teacher, coded T24 for item (a) of question 14.

The teacher coded T24 was asked why the students might have
preferred different solutions, and the teacher responded: "They might
have preferred the solution they knew best because they thought they
could get the result more easily." Following this explanation, the
teacher was asked, "Which of the solutions would you prefer to use in
your class? Why?" and the teacher coded T24 answered this question
as follows: "Of course, | would say Betul because it is an easy and
practical solution."

The dialog between the participant teacher and the researcher on what
she meant by the expression “subtraction with elimination” in Figure 13
is as follows:
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A: What do you mean by "subtraction with elimination"?

T24: Like Betul's solution, the way to go to the neighbor and ask
for a tenner.

A: The word handed is used in addition. Do you mean subtraction
by breaking a tenner?

T24: Yes. | always get these concepts mixed up.

After the clinical interview, it was noted that there was a contradiction
between what the teacher coded T24 said and what she wrote. For
example, in her writing she stated that Emir did not fully understand
subtraction, but in the clinical interview with her she stated: "He chose
a long solution, but he still came up with the correct result". Based on
these findings, it can be seen that the participating teacher could not
provide sufficient explanation to support the students' learning.

Results on Knowledge of Content and Curriculum and Instructional
Explanations

Table 11 shows the score ranges and level groups obtained from the
questions in the DIABT that measure primary school teachers'
knowledge of the curriculum.

Table T
Distribution of Knowledge of Content and Curriculum Scores by Level
Groups

Score range Level group f %
0-35 Low @) 0
36-7 Average 4 5.7
7.1-10.5 Good 22 3.4
10.6-14 Very good 44 629

The response of the teacher coded T6 to the 13th question and item (a)
of the question, which is one of the questions in the DIABT regarding
subject matter knowledge, is shown in Figure 14 and Figure 15.

Figure 14
Iltem A of Question 13 in the DIABT

Soru1l3:
I “8& bilvem vard:. Kardesimin verdigi bilvelerle toplam 12 bilvem oldu. Kardesim bana
kag bilve verdi?
II “Bir miktar bilvem vardi. 4 bilve de kardesim verdi. Toplam bilvelerim 12 tane oldu.

Daha dnee kag bilvemm vardi?”

a) Murat §gretmen 1.smifa giden Sgrencilerine yukandaki gibi sorular sorarak sizce

dogal sayilarla islemlerde hangi konunun §gretimine gecmis olabilir? Aciklaymniz.
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Figure 15
Response by T6
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Upon analysis of Figure 15, it was determined that the teacher in
guestion, To, provided an erroneous response to the posed question.
Furthermore, Teacher T21 provided an incomplete response to the
inquiry regarding the current question, specifically, "Addition
problems." Following the evaluation of the inquiry, it was determined
that over half of the participating teachers (55.7%) provided a correct
response, while those who offered incomplete answers (25.7%)
constituted the majority.

This question was chosen to be used in the clinical interview because it
was the question that teachers made the most mistakes (11.4%) among
all the questions in the test that measured curriculum knowledge.
Figure 16 shows the teacher's answer to the question in the clinical
interview with teacher T48, who has a very good level of proficiency.

Figure 16
Response by T48
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According to Figure 16, in the response of teacher coded T48, it can be
seen that Murat gave an instructional explanation at the content level
by stating that he taught the topic of finding the sum that is not given
in addition. Below are the data from the clinical interview conducted
with teacher T48 for item (a) of question 13.

The teacher coded T48 and said, "Do you think Murat's questions are
appropriate for the students' level?" "l think it is a difficult question for
the Ist grade level. Because children may have difficulties in
perception. Visualization with concrete materials is always more
effective than verbal expression”. After this explanation, the teacher
was asked to talk about the instructional process related to teaching
the subject, and the teacher coded T48 and said, " draw 3 plates on the
board. Two of the boards show the numbers collected and one shows
the sum. | put 4 or 8 apples on one of the plates and leave the other
one empty. On the third plate | put 12 apples and draw attention to the
number not given. The same analogy can be used with the students in
the class.”
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After the clinical interview, the teacher coded T48 made explanations
that the questions asked by teacher Murat were not appropriate for the
students' level and that concrete materials were more effective than
verbal expressions, and supported these explanations with examples.
Based on these findings, it can be seen that the participant teacher's
explanations to support students' learning are in line with Kinach's
comprehension and problem-solving instructional explanation levels.

Discussion

Based on the results of the research, it was found that the content
knowledge level of the primary school teachers participating in the
study was mostly at a good level. Especially in recent years, the relatively
high effect of the Teaching Content Knowledge Test (OABT), which was
added to the Public Personnel Selection Examination (KPSS) in teacher
appointments, on the appointment score may have made teachers
aware of the importance of subject knowledge. In addition, the fact that
primary school teachers re-teach the same grades and the same
subjects every four years may be another reason for their success in
subject matter knowledge. Many researchers have pointed out the
importance of subject area knowledge for an efficient teaching process
(Ball et al, 2008; Canbazoglu et al.,, 2010; Reid & Reid, 2017). Some
researchers have found that teachers and preservice teachers whose
subject matter knowledge is not at the desired level have difficulty
explaining mathematical concepts (Kinach, 2002a; Reid & Reid, 2017). In
the current study, similar results were obtained and it was found that
teachers with low levels of competence were inadequate in explaining
the instructional content related to the relevant sublearning area. This
situation indicates that the mathematical content knowledge of
primary school teachers affects their instructional explanations.
Haciomeroglu (2013a) investigated the content knowledge of
prospective primary school teachers regarding addition and
subtraction operations and found that there were deficiencies in
teachers' specific content knowledge, while their general content
knowledge was at the desired level. In the current study, questions
under the heading of content knowledge were asked about the general
and specific content knowledge of primary school teachers and it was
found that both content knowledge were at the desired level. It can be
concluded that professional experience has a positive effect on the
specific content knowledge of primary school teachers. Majority of the
research has concluded that teachers have insufficient subject matter
knowledge (Baki, 2013; Keles & Gunes, 2022). Since the importance of
subject matter knowledge for an effective teaching process in
mathematics education is known (Cakmak et al., 2014), the fact that the
subject matter knowledge of primary school teachers regarding the
teaching of four operations in the current study was at the desired level
was a promising result for mathematics education.
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Primary school teachers’ level of knowledge of content and teaching
(KCT) was found to be moderate. Compared to the other components,
the KCT was a domain where teachers performed at a lower level.
However, knowing the methods and techniques that teachers should
use in teaching mathematics, using different representations,
intervening in students' misconceptions, and guiding them to the
correct knowledge are behaviors that fall within the domain of KCT (Ball
et al., 2008; Shulman, 1986). Similarly, there are studies in the literature
that show that teachers and pre-service teachers have incomplete
pedagogical knowledge (Aksu & Konyalioglu, 2014; Gékkurt et al., 2015;
Keles, 2019). For example, Gokkurt et al. (2015) concluded that there
were deficiencies in the pedagogical knowledge of pre-service teachers
in their study where they investigated the pedagogical content
knowledge of pre-service teachers on the topic of geometric solids. In
the current study, the fact that the pedagogical knowledge of pre-
service teachers is not at the desired level indicates that the same
deficiencies continue within the profession and that the desired level
has not yet been reached in mathematics education. The fact that the
participating teachers gave general and short answers to the teaching
questions in the test supports the idea presented in the previous text.
However, it is extremely important for the effectiveness of teaching that
the teacher emphasizes approaches that support, facilitate, and
effectively promote student learning.

The level of knowledge of content and students (KCS) demonstrated by
the primary school teachers was found to be satisfactory. In order to
ascertain the underlying causes of errors made by students, the
strategies they employ in their solution processes, and the nature of
their mathematical errors, teachers were posed a series of questions
within the scope of their knowledge of the DIABT. Some teachers
demonstrated deficiencies in their ability to identify student errors,
approach questions from the student perspective, provide answers
based on their own solution strategies, and address the source of the
error. However, in order to enhance the efficacy of mathematics
instruction, educators must be cognizant of students' prior knowledge,
including any learning challenges or misconceptions (Ball et al., 2008),
and tailor their approach to align with these needs. A review of the
literature reveals that many studies have identified a deficiency in
teachers' ability to recognize their students' knowledge and abilities.
This finding is supported by studies conducted by Aksu and
Konyalioglu (2015), Cikriker (2015), Kutlu (2018), and Tanish (2013). Kutlu
(2018) investigated the pedagogical content knowledge of new
mathematics teachers, and found that teachers had insufficient
knowledge of students. In the current study, the good KCS level of the
primary school teachers shows that they have satisfactory competence
in identifying the source of mathematical errors made by students,
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predicting the strategies developed, and eliminating conceptual
misconceptions compared to other fields, even if there have some
deficiencies in this knowledge.

Primary school teachers’ level of knowledge of content and curriculum
(KCC) was found to be very good. Compared to other components, the
component in which the teachers were most successful was the KCC.
The fact that teachers make annual plans and prepare lesson plans may
be the main reason for their success in curricular knowledge. Some
studies show that teachers have insufficient or superficial curriculum
knowledge (Aksu, 2013; Keles, 2019; Kutlu, 2018). Aksu (2013), who
investigated the pedagogical content knowledge of pre-service
primary school teachers about fractions, found that pre-service
teachers had insufficient curricular knowledge. In another study with
similar findings, Keles (2019) concluded that primary school teachers
with little professional experience had insufficient curricular knowledge
about data processing. In the present study, the fact that primary
school teachers' curricular knowledge about teaching four operations
with natural numbers was at the desired level is a remarkable detail
that shows us that they are better in this knowledge compared to other
learning domains and subjects.

In the current study, the fact that primary school teachers
mathematics knowledge was mostly at the desired level was a
promising finding for their teaching knowledge. The fact that there
were no teachers with a lower level of competence was one of the
notable findings of the study. The fact that the primary school teachers
could not show the desired performance, especially in the questions
measuring division operation, and that they mostly gave instructional
explanations at the operational level in response to the questions was
another striking finding of the study. A review of the literature revealed
that primary school teachers had similar problems before they entered
the profession (Baki, 2013). The fact that division is more complex than
other basic operations due to its cumulative structure, and that it
requires some prior knowledge (subtraction, multiplication) to be
better understood by students, may cause difficulties in teaching the
subject. Universities and the Ministry of National Education (MoNE)
have a great responsibility in eliminating the shortcomings and
achieving the desired success in education, and the mathematics
teaching course, which is one of the undergraduate courses, should be
more practice-oriented. In addition, primary school teachers should be
given the opportunity to collaborate with other teachers, and
environments should be created where they can exchange ideas and
share their experiences and knowledge. In this way, primary school
teachers will have the opportunity to continuously improve themselves,
become aware of different teaching approaches, and develop effective
strategies.
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Conclusion and Suggestions

The findings of the study indicated that the mathematics teaching
knowledge of primary school teachers regarding four operations with
natural numbers was deemed to be at an adequate level. However, the
study revealed deficiencies in the teachers' pedagogical content
knowledge, particularly in the areas of multiplication and division. The
study concluded that primary school teachers demonstrated a
satisfactory level of subject matter knowledge, student and content
knowledge, and a commendable level of curricular knowledge. The
component in which primary school teachers demonstrated the
greatest proficiency was curricular knowledge, while they exhibited the
least proficiency in pedagogical content knowledge. Furthermore, the
results of the assessment demonstrated that none of the primary
school teachers exhibited a deficiency in competence. The participants
demonstrated difficulties primarily in the division questions, either
omitting them or providing incorrect responses and offering
inadequate explanations. To address these shortcomings, it is
recommended that educators be provided with opportunities for
professional development and training in teaching the four
fundamental operations, delivered by subject matter experts through
both face-to-face and distance learning modalities.

In the present study, the content knowledge test and clinical interview
method were employed to gather data on the pedagogical content
knowledge of primary school teachers regarding the teaching of four
operations with natural numbers. However, their lessons were not
observed. To obtain more detailed data, lesson observations can be
conducted or alternative data collection tools can be employed by
future studies. The study's participants were primary school teachers
without the requirement of professional experience. Further research
could examine the relationship between the deficiencies identified in
the current study and professional experience by working with new
teachers or teachers with more than 15 years of experience. Primary
school teachers' knowledge of teaching mathematics was evaluated
within the framework of the components of the MKT model (Ball et al.,
2008). Other models, including the Marks Model, Fennema Model, and
Franke Model, could be used in other studies.
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