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Arastirma Makalesi

Okul Oncesi Ogretmenlerinin Toplama ve Cikarma Kavramlarima Ait Pedagojik Alan
Bilgilerinin Incelenmesi
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GIRIS

Erken ¢ocukluk dénemi, gelisim ve 6grenme hizinin zirve yaptigi bir donemdir. Bu dénemde, 6zellikle
temel matematiksel bilgi ve becerilerin ¢ocuklar tarafindan kesfedilerek 6grenilmesi biiyliik 6nem tasir.
Matematik becerilerinin ¢ocuklarin okul basarisinda etkili faktérlerden birisidir. Bu nedenle erken dénemde
¢ocuklarin matematik becerilerinin egitim ortami igerisinde etkili bir sekilde desteklenmesi kritik bir 6neme
sahiptir (Lee, 2017). Temel matematik becerilerini erken yasta kazanamayan cocuklar, ileriki donemlerde
matematik konusunda sikint1 yasayabilirler (Mononen vd., 2014). Geist (2010), matematikle ilgili olumsuz
tutum gelistiren yetigkinlerin, bu tutumlarinin erken ¢ocukluk yillarinda verilen yetersiz matematik egitiminin
sonucu olarak ortaya ¢iktigini belirtmektedir. Bu durum, ¢ocuklarin erken yaslardan itibaren matematik egitimi
almasinin ve erken cocukluk egitim programlarinda etkili matematik egitimine 6nem verilmesinin temel
nedeninin ortaya ¢ikarmaktadir (Clements ve Sarama, 2014; Erdogan, 2006).

Erken ¢ocukluk doneminde etkili matematik egitiminin ii¢ onemli bileseni bulunmaktadir. Bunlar; iyi
diizenlenmis egitim ortami, ¢ocuklarin gelisimlerine uygun, etkili bir matematik programi ve 6gretmenlerin
matematige iligkin iyi derecede pedagojik alan bilgi diizeyine sahip olmalaridir (Aktas Arnas, 2016; Argin,
2019).

Etkili programlar, ¢ocuklarin zaman iginde anlayislarini gelistiren, amach olarak diizenlenmis 6grenme
deneyimlerini icermektedir (NAECY ve NCTM, 2002). Arastirmacilarin ve uzmanlarin gergeklestirdigi
uygulamalar, belirli kavramlarin ve becerilerin kii¢iik gocuklar i¢in hem zorlayic1 hem de erisilebilir oldugunu
gostermektedir. Erken donemde matematik egitiminin icerigine iliskin ¢ergeveyi Amerikan Ulusal Mesleki
Standartlart (NCTM) ¢izmistir. Amerikan Ulusal Mesleki Standartlar1 (NCTM, 2000), erken ¢ocukluk dénemi
matematik egitiminde bes temel matematik egitimi igerik alanina vurgu yapmistir. Bunlar; say1 ve islemler,
geometri, 6lgme, cebir (Oriintiiler dahil) ve veri analizidir. Bu arastirma, temel matematik egitimi igerik
alanlarindan islem becerisi (yalnizca toplama ve ¢ikarma) ile sinirlandirilmagtir.
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Erken Cocukluk Déneminde Islem Becerisi

Yapilan aragtirmalar (Berg, 2008; Clarke ve Shinn, 2004; Geary vd., 2013; Jordan vd., 2006; Koponen
vd., 2007; Koponen vd., 2013; Krajewski ve Schneider, 2009; Leppanen vd., 2006; Locuniak ve Jordan, 2008;
Olkun vd., 2013; Olkun vd., 2014; Uyanik, 2013) erken ¢cocukluk dénemindeki sayma dénemindeki sayma ve
islem becerilerinin, ¢ocuklarin formal egitim dénemindeki matematik ve okuma basarilariyla dogrudan iliskili
oldugunu ortaya koymustur. Bu nedenle erken ¢ocukluk déneminde sayma ve islem becerisinin gelisimi kritik
bir 6neme sahiptir.

Erken ¢ocukluk doneminde ¢ocuklarin kazanmasi gereken becerilerden biri sayma becerisidir ve bu
beceri ¢ok kiiciik yaslardan itibaren gelismeye baglamaktadir. Sayma becerisi; say1 kelimelerini dogru sirada
O0grenmeyi, sayilacak nesne grubundaki her bir nesneyle say1 kelimelerini koordine etmeyi, kiimedeki her
nesnenin sadece bir kez sayilmasini, nesne grubunda saylan son nesnenin gruptaki toplam nesne sayisini ifade
ettiginin anlasilmasini i¢eren karmasik bir beceridir (Butterworth, 2005; Clements ve Sarama, 2014; Nguyen,
vd., 2016). Sayma becerisinin gelisim siireci, “sayr kavraminin anlagilmasi, sayir hissinin ve sayisini
gorme/ezberden sayma becerisinin gelismesi, nesne gruplarinda kag tane? nesne oldugunun cevaplanabilmesi,
sayma ilkelerinin kazanilmasi, ordinal ve kardinal sayilarin anlasilmasi” seklinde siralanabilir. Bdylece
cocuklar say1 sozciiklerini farkli baglamlarda, farkli islevler igin kullanabilirler. Giinliik hayatta duyduklar
“bir, iki, 1i¢” gibi bir dizi; “iki kedi” de oldugu gibi kardinal deger; “soldaki {i¢iincii ev”’ de oldugu gibi sira;
“sekiz dakikalik mesafe” veya “sekiz kilometre” de oldugu gibi dl¢tim ifadelerini kendileri de kullanmaya
baglar (Syrett vd., 2012). Bu becerileri kazandiginda ¢ocuklar sayilarla; toplama, ¢ikarma, ¢arpma ve bdlme
islemlerini yapmaya baslar.

Islem kavrami, daha az ya da daha ¢ok gibi iliskiler iizerine calisma ve bu durumlarla ilgili problem
¢Ozme siireci olarak tanimlanmaktadir (Bredekamp, 2015). Toplama, ¢ikarma, ¢arpma ve bdlmeyi yani dort
islemi yapabilmek i¢in say1 temellerinin atilmig olmasi gerektiginden say1 kavraminin kazanilmig olmasi Kritik
bir 6oneme sahiptir (Stock vd., 2013). Cocuklar yaklasik ii¢ yasindan itibaren kiigiik sayilarla toplama ve
cikarma konusunda ilerleme kaydederler. ilk olarak toplamlari besi gegcmeyecek nesne gruplariyla toplama
yapabilirler. 4-5 yasindan itibaren basit toplama islemlerini parmaklarini ya da somut nesneleri kullanarak
yapmaya kendi stratejilerini iiretmeye baslarlar. Toplam1 5-10 arasindaki somut nesnelerle toplama islemi
yapabilirler. ki nesne grubunun toplam sayisin1 bulurken “Senin 2 tane araban var. Ben de sana 3 tane verdim.
Toplam kag tane araban oldu?” gibi sozel problemleri 6nce oyuncak arabalarini kullanarak c¢ozebilirler.
Cocuklarin farkli nesne gruplartyla toplama islemi yapmasi bir sonraki adimdir ve zamanla toplama islemini
igeren sOzel problemleri de ¢6zmeye baslarlar (Bredekamp, 2015; Butterworth, 2005; Clements ve Sarama,
2014; Huttenlocher vd., 1994).

Toplama isleminin asamalarinin kazanilmasi, ¢ikarma isleminin temelini olusturmaktadir. Cikarma,
matematiksel olarak toplama isleminin tersi olarak tanimlanir ve bir grup i¢indeki eksilmeyi ifade eder. Erken
¢ocukluk doneminde azlik ¢okluk kavramlar1 ve karsilagtirma becerisi ¢ikarma isleminin temelini olusturur ve
sayma becerisinin de gelismesiyle, ¢ikarma islemine dair sezgisel bir fikir gelismeye baslar. Somut nesnelerle
sayma etkinlikleri yapilirken gruptan belli bir sayida nesne alindiginda, geriye ka¢ nesne kaldigimnin
hesaplanmasi ya da nesne gruplarmin karsilagtirilmast gibi etkinliklerle ¢ocuklarin ¢ikarma islemine dair
gelistirdikleri bu sezgisel fikir desteklenmis olacaktir (Charlesworth ve Lind, 2009; Clements ve Sarama,
2014).

Toplama isleminde ¢ocuklar iki farkli kiimeyi birlestirerek yeni bir kiime elde ederler. Cikarma
isleminde ise bir kiimedeki elemanlar1 istenen sayilarda iki farkli kiimeye ayirmalari beklenmektedir. Bu
nedenle bir biitiiniin pargalarinin oldugunu kavrayabilmelidirler. Bu parcalardan birinin ¢ikmasi durumunda
da, saymin eksileceginin kavrayabilmelidirler. Bu siire¢ ilk olarak somut nesnelerle, daha sonra da sozel
problemlerle desteklenmelidir. Ornegin; “4 tane oyuncagm vardi. Birini bana verirsen, oyuncagin artar mu,
yoksa azalir m1?”, “Peki, senin kag¢ tane oyuncagin olur?”, “Benim kag tane oyuncagim olur?” gibi sorular,
¢ocuklarin pargalara ayirma ve eksiltme kavramlarini anlamasini saglayacaktir. (Clements ve Sarama, 2014).
Cocuklar ¢ikarma islemi yaparken geriye sayma becerisine de ihtiya¢c duyarlar ve somut nesnelerle
kazandiklar1 deneyimlerini, geriye sayma islemi ile gelistirebilirler. Ornegin “5-3” isleminin sonucunu
bulmaya calisirken, 5’ten geriye dogru 3 say1 sayilir. “5, 4, 3” islemi sonrasinda cevabin ‘“2” oldugunu
bulabilir. Ancak ¢ocuklarin bu becerilerinin gelismesinde bol bol deneyime ihtiyaglar1 vardir (Clements ve
Sarama, 2014).
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Erken Cocukluk Egitiminde islem Becerisine Yonelik Pedagojik Alan Bilgisi

Erken ¢ocukluk doneminde islem becerilerinin kazanilmasinda sézel problemleri kullanmak oldukca
onemlidir. Cocuklar toplama ve ¢gikarma konusunda rakamlarla sembolik gdsterimle tanismadan once, ¢esitli
modelleme ve sayma stratejilerini kullanarak bir dizi farkli toplama ve ¢ikarma sdzel problemlerini ¢ozebilirler
(Carpenter vd., 1981; Carpenter ve Moser, 1982). Cocuklar “2+1 ka¢ eder?” sorular1 yerine “Senin iki tane
elman olsun. Bir tane de ben sana verdim. Toplam kag tane elman oldu?” gibi sorularla toplama islemini daha
kolay anlayabilirler. S6zel problemleri yaklagik dort yastan itibaren zihinlerinde canlandirabilir ve dogru
cevabi verebilirler. Burada unutulmamasi gereken ilk husus, oncelikle besi gegcmeyecek eleman sayilarryla
baslanmasi, ¢ocuklarin gelisim diizeyleri gbz oniinde bulunarak eleman sayilar arttirilmasidir (Ginsburg ve
Baroody, 2003). ikinci husus ise toplama ve ¢ikarma siirecinde kullanilan problem tiirlerinin ¢esitlendirilmesi
gerekliligidir. Dort farkli toplama ve cikarma sozel problem tiiriinden bahsetmek miimkiindiir. Bunlar:
Birlestirme tiirii problemler, Ayirma tiirii Problemler, Parga-Parga-Biitiin tiirii problemler ve Karsilastirma tiirii
problemlerdir (Van De Walle vd., 2014).

Toplama ve ¢ikarma siirecinde kullanilan problem tiirlerinin ¢esitlendirilmesi agisindan kritik degere
sahip faktorlerin basinda 6gretmenlerin sahip oldugu pedagojik alan bilgileri bir degisken olarak karsimiza
cikmaktadir. Pedagojik alan bilgisi, alan bilgisini ve pedagojik bilgisini birlestiren ve tamamlayan genis bir
kavramdir. Etkili bir 6grenme siireci olusturmak i¢in sadece alan bilgisi ya da sadece pedagoji bilgisi yeterli
degildir (Shulman, 1986). Erken ¢cocukluk doneminde matematige iliskin pedagojik alan bilgisi, iceriklerin,
(yukarida bahsi gegen toplama ve ¢ikarma gibi iceriklerin) ¢ocuklara daha etkili hangi yontem ve araglarla
kazandirilacag: ile ilgilidir (Lee, 2017). Alanyazinda matematige iliskin pedagojik alan bilgisi iizerine
tanimlanmig ¢esitli modeller mevcuttur. Bu modellerden biri Ball’un modelidir. Ancak Ball’un ¢erceveledigi
pedagojik alan bilgisi erken ¢ocukluk dénemi matematiginin etkili 6greniminin anlasilmasi igin sinirlt bilgi
sunmaktadir. Ball’un ¢aligmasi temel matematik {izerine pedagojik alan bilgisiyle ilgilidir ve erken ¢ocukluk
donemi matematiginden biraz farklidir (Lee, 2010; McCray, 2008; Anders ve Rossbach, 2015). Matematige
iligkin pedagojik alan bilgisi modellerinden bir digeri ise Lee (2017)’ye aittir. Lee’nin goriisleri detayli bir
sekilde paylasilmistir.

Lee’nin Pedagojik Alan Bilgisi Yapisi

Lee (2017) pedagojik alan bilgisinin yapisini ii¢ baslhik altinda incelemistir. Bunlar; Fark Etme,
Yorumlama ve Gelistirme basamaklaridir. Lee’ye gore dgretmenin ilk etapta oyun esnasinda ya da giinliik
etkinliklerde ¢ocuklarin matematiksel diisiinme durumlarini fark etmesi, yorumlamasi ve daha sonra gelistirme
asamasina gecmesi birbirini takip eden, hiyerarsik basamaklardir. ilk basamak Fark Etme basamagidir. Fark
Etme, 6gretmenin c¢ocuklarin oyunlar sirasinda kullandiklar1 matematiksel durumlar1 fark etmesini ifade
etmektedir. Yorumlama basamag:, pedagojik alan bilgisinin ikinci basamagidir. Yorumlama, 6gretmenin
cocuklarin oyunlar ya da giinliik etkinlikler sirasinda kullandiklar matematiksel durumlari fark ettikten sonra
yorumlamasi Ve ilgili durumu betimlemesi ile ilgilidir. Dogru bir yorum yapma becerisine sahip olan 6gretmen,
diizenleyecegi O0grenme ortamiyla ¢ocuklarin matematiksel diisiinme siireclerine katki saglayabilecektir.
Gelistirme basamag: ise pedagojik alan bilgisinin {igiincli ve son basamagidir (Lee, 2017). Gelistirme
basamagi, 6gretmenlerin ¢ocuklarin sahip olduklart matematiksel diisiinme stratejilerini ilerletmeye destek
olacak yonlendirmeler, diizenlemeler, konusmalar ya da uygulamalar yaptig1 basamagi ifade etmektedir.
Ornegin oyun zamani sirasinda bir cocugun simiftaki materyalleri kullanarak sembolik bir mangal tasarladig1
diistinebilir. Cocuk tasarladigi mangalin tizerine sembolik olarak bir kofte — bir biber — bir kofte — bir biber
dizebilir. Bu senaryoda, 6gretmenin ¢ocugun bir matematik becerisi olan oriintiiyii kullandigim fark etmesi,
Lee (2017)’ye gore Ogretmenin ilk basamak olan Fark Etme basamaginda oldugunu gostermektedir.
Ogretmenin, ¢ocugun olusturdugu ilgili ériintiiniin iki degiskenli tekrarlayan oriintii (AB; kofte — biber)
olduguna iliskin yorumu ise Yorumlama basamaginda oldugunu gostermektedir. Ogretmenin (oyunun igine
dahil olarak ya da olmayarak) “Ben kofteye bayilirim, Kofte-kofte-biber-kofte-kofte-biber seklinde dizebilir
miyiz?” diyerek AB oOriintlisiinii daha karmasik tekrarlayan Orlintii olan AAB Oriintiisii ile gelistirmeyi
amagclamasi ise Oriintii becerisi i¢in Gelistirme basamaginda oldugunu kanitlamaktadir. Bu arastirmada okul
Oncesi 0gretmenlerin toplama ve ¢ikarmaya yonelik pedagojik alan bilgileri, Lee’nin pedagojik alan bilgisi
yapisinin ii¢lincii ve son basamagi olan Gelistirme basamag temel alinarak incelenmistir.

140



Rukiye Gokdemir, Mustafa Akinci, Sadiye Keles
Arastirmanin Amaci ve Onemi

Okul Oncesi Ogretmenlerinin matematige iliskin pedagojik alan bilgisi, 6gretmenlerin ¢ocuklarin
matematige iliskin temel kavramlar1 gelistirmelerinde ve becerileri kazanmalarinda etkili yontem ve teknikleri
kullanmalarini ifade etmektedir. Matematige iliskin pedagojik alan bilgisi ¢ocuklarin matematiksel gelisimi
icin uygun stratejiler gelistirme (Clements ve Sarama, 2014), matematigi giinliik hayatla iligkilendirme
(Ginsburg ve Amit, 2008), soyut kavramlarin somutlastiriimasi (Ball vd., 2008) bu anlamda ¢ocuklarin gelisim
seviyesine uygun hale getirilmesi, farkli 6grenme stillerine uygun 6gretim yontemlerinin gelistirilmesi
(Shulman, 1986), matematiksel kavramlarin derinlemesine anlasilmas: (Ma, 1999) gibi basliklar1 igermektedir.
Bu bilgiler gz 6niinde bulunduruldugunda, 6gretmenlerin sahip olduklari matematige iliskin pedagojik alan
bilgi diizeyilerinin, gocuklarin matematiksel kavramlari anlamalarini ve kullanmalarini saglamada Kilit bir role
sahip oldugunu sdylemek miimkiindiir. Okul Oncesi 0gretmenlerinin matematik pedagojik alan bilgisini
arastirmak, egitimde erken yaslardan itibaren matematige iliskin kavram ve becerilerin etkili bir sekilde
destenmesinin temelini olugturmaktadir. Bu alandaki bilgi eksikliklerinin, 6gretim siireglerinde karsilasilan
zorluklar1 ve ¢ocuklarin matematiksel gelisiminde ortaya ¢ikan problemleri anlasilmasina yardimei olabilecegi
gibi, Ogretmenlerin mesleki gelisimine yonelik stratejiler gelistirilmesinde de bir kilavuz niteligi
tastyabilecektir.

Bu aragtirmanin amaci, okul 6ncesi 6gretmenlerinin toplama ve ¢gikarma kavramlarina ait pedagojik alan
bilgilerinin incelenmesidir. Ogretmenlerin toplama ve ¢ikarma konusundaki matematiksel pedagojik alan
bilgileri incelenerek toplama ve ¢ikarma kavramlari nasil tanimladiklari, ¢ocuklara sezdirilirken hangi yéntem
ve teknigi kullandiklari, diizenledikleri 6grenme ortamlari, 6gretim siirecini yonetme bigimlerini ve 6lgme
degerlendirme siireclerini incelemek amaglanmaistir.

YONTEM
Arastirmanin Modeli

Nitel arastirma yontemi ¢calismanin amacini en iyi sekilde karsilayabilecegi diigliniilmiis ve bu aragtirma
i¢in uygun goriilmiistiir. Nitel aragtirma yontemi, olgularin ve olaylarin dogal ortaminda biitiinciil ve gercekei
bir sekilde tiimevarimsal bir yaklagimla incelenmesine olanak saglayan bir yontemdir (Yildirim ve Simsek,
2008). Nitel arastirma, incelenen problemin sayisi, sikligi, niceliginden ziyade problemin anlami ve siireciyle
ilgilidir (Denzin ve Lincoln, 1998). Okul 6ncesi 0gretmenlerinin toplama ve ¢ikarma kavramlarina ait
pedagojik alan bilgilerini incelemek igin nitel arastirma desenlerinden biri olarak “fenomenoloji” yontemi
kullanilmistir. Fenomenoloji, insanlarin i¢inde bulunduklari ortamdaki deneyimlerini, ne anladiklarini, ne
algiladiklarini inceleyen bir arastirma yontemidir (Yildirim ve Simsek, 2008).

Calisma Grubu

Aragtirmanin c¢alisma grubunu, 2022-2023 Jgretim yilinda Bolu ili Mengen ilgesinde 2 farkh
anaokulunda gorev yapan 3 okul oncesi 0gretmeni olusturmaktadir. Arastirma grubu amach Ornekleme
yontemlerinden kolay ulasilabilir 6rnekleme teknigi ile secilmistir. Amagh Ornekleme yontemi, cesitli
durumlarin yer aldig1 gruplarda derinlemesine ¢alismaya elverigli bir 6rnekleme yontemidir ayrica kolay
ulasilabilir 6rnekleme teknigi, 6rneklemin segilmesinde arastirmaciya kolay ulasabilecegi bir arastirma grubu
se¢mesine olanak saglamaktadir (Y1ldirim ve Simsek, 2008). Katilimeilar O1, 02 ve O3 seklinde kodlanmistir.
Katilimeilarin hepsi kadindir. Katilimeilarin hepsi lisans mezunudur. O1, 12 yillik 6gretmen, 02, 10 yillik
ogretmen ve O3, 8 yillik 6gretmendirler.

Veri Toplama Araci ve Siireci

Arastirmacilar tarafindan gelistirilen anket formu, veri toplama araci olarak kullanilmigtir. Goriisme
formunun hazirlanmas1 esnasinda oncelikle pedagojik alan bilgisi ¢aligmalarindaki goriisme formlar1 ve okul
oncesi 0gretmenlerinin drneklem olarak secildigi aragtirmalar incelenmistir. Okul 6ncesi egitimde matematik
egitimine yonelik yapilan calismalar, MEB (2013) Okul Oncesi Egitim Programi’ndaki kazanimlar ve
gostergeler dikkate alinarak goriisme formu diizenlenmistir. Okul 6ncesi ve ilkogretim matematik 6gretmenligi
olmak iizere iki farkli disiplinden &gretim iyelerinden gelen uzman gorisleri dikkate alinarak goriisme
formuna son hal verilmistir. Goriisme formunun son hali iki boliimden olusmustur (Ek—1). ilk boliim
demografik bilgilerin bulundugu boéliim, ikinci boliim ise toplama ve ¢ikarma kavramlarina ait sorularin
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bulundugu boliimdir. Veriler aragtirmaya katilmaya goniillii olan 6gretmenlerle yiiz yilize yapilan gériismelerle
toplanmustir. Ogretmenlerle gergeklestirilen goriismeler, goriisme formunda yer alan sorularin sayist
nedeniyle, ii¢ farkli zaman diliminde gergeklestirilmistir. Ek 2’de &gretmenlerle yapilan goriismelerin
stirelerine yer verilmistir.

Verilerin Analizi

Verilerin analizinde igerik analizi kullanilmistir. Icerik analizi, arastirmadan elde edilen bulgularin
ayrintili incelenerek analiz edilmesini gerektirir ve temalarin ortaya ¢ikarilmasini saglar (Yildirim ve Simsek,
2008). Goriigmeler sonucunda elde edilen verilerin kaydedilmesinde, ses kaydi ve not alma ydntemleri
kullanilmistir. Kayit altina alinan goriismeler daha sonra dikte edilmis ve veri analizine gegilmistir.
Katilimcilarin verdigi yanitlar igerik analizi kullanilarak yorumlanmistir. Bunun i¢in verilerin kodlanmasi,
kategorilerin (temalari) bulunmasi, kodlarin ve temalarin organize edilmesi, bulgularin tanimlanmasi ve
yorumlanmasi olmak iizere dort asamaya ihtiya¢ duyulmaktadir (Yildirim ve Simsek, 2008). Ug okul 6ncesi
Ogretmeninin arastirmadaki sorularalara verdikleri yanitlar, aragtirmanin amacina gore ve Lee’nin pedagojik
alan bilgisi ¢ercevesinde analiz edilmistir. Lee’nin pedagojik alan bilgisinin kavramsal ¢ergevesi okul dncesi
matematigini kapsayacak sekilde olmasi sebebiyle Lee (2017)’nin kavramsal ger¢evesinde bulgular analiz
edilmistir.

Arastirmanin Etik izinleri

Veri toplama siireci oncesinde c¢alismanin etik kurallar agisindan degerlendirilmesi i¢in Zonguldak
Biilent Ecevit Universitesi Sosyal ve Beseri Bilimler Bilimsel Arastirma ve Yaym Etigi Kurulu’na
basvurulmustur. Etik kurul 29.05.2014 tarihinde gergeklestirdigi 08 numarali toplantisinin 13 numaral
karartyla calismanin etik kurallara uygun oldugu degerlendirmesini yapmistir. Yine veri toplama siireci
Oncesinde arastirmaya katilacak 6gretmenler bilgilendirilmis ve onlara goniillii katilim formu sunulmustur.
Daha sonra 6gretmenlerin calismaya katilimlarinin goniilliiliik esasina dayandigi, calismaya katilsalar bile
istedikleri anda ayrilabilecekleri, hicbir kisisel bilgilerinin bagka kisi veya kurumlarla paylasilmayacag1 ve
elde edilen s6zel ifadelerin bilimsel amaglarla kullanilacagina dair agiklamalar yapilarak izinleri alinmistir.
Calismanin raporlastirilmasi sirasinda kisisel verilerin gizliligi nedeniyle her bir katilimc 6gretmen igin O1,
02 ve O3 kodlar1 kullamlmistir.

BULGULAR

Okul 6ncesi 6gretmenlerinin toplama ve ¢ikarma kavramlarina ait goriisleri Lee’nin gelistirme basamagi
gercevesinde incelendiginde; saymin kardinalitesi, problemin tiirii, somut nesneler ve semboller, ¢izimler,
etkili sayma stratejisi ve saymanin otomatiklestirilmesi, manipiilatifler, toplama ve ¢ikarma stratejileri,
biitiinlestirilmis etkinlik, gelisimsellik, motivasyon ve oyun olmak iizere on bir béliimde analiz edilmistir.

Tablo 1
Gelistirme Kapsamindaki Bulgular

Gelistirme 01 02 03

Hazirbulunusluk, yas, ilgi ve Hazirbulunusluk, yas, ilgive  Hazirbulunusluk,

Gelisimsellik istekler istekler yas, ilgi ve istekler

Cinsiyet farklilig

Etkili Sayma Stratejisi
ve Saymanin
Otomatiklestirilmesi

Etkili sayma nesnelerle
eslestirerek

Ritmik ileriye

Ritmik ileriye geriye sayma geriye sayma

Saymin Kardinalitesi 5’1 gegmeyecek 5’1 gecmeyecek 5’1 gegmeyecek
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Tablo 1 (Devam)

Manipiilatifler Saymada parmaklar1 kullanir

Somut Nesneler ve Bloklar, Legolar, oyun halisi, Matematik kosesi, Elma, balon,
Semboller oyuncaklar. .. gorseller... oyuncaklar. ..
Cizimler Sekil ¢izimi Say1 dogrusu

Toplama ve Cikarma

Stratejileri

Atma stratejisi

Atma stratejisi ve
ilave/birlestirme stratejisi

Atma stratejisi

Problemin Tiirii

Sonug bilinmeyenli problem

Sonug bilinmeyenli problem

Degisim bilinmeyenli

Sonug bilinmeyenli
problem

problem
Sozel pekistiregler,
. R . . Olumlu pekistiregler, ilgive  giinliik hayat

Motivasyon Sozel pekistiregler, aile istekler durumlar: ile

iligkilendirme
Oyun Kullaniltyor Kullaniliyor Kullaniltyor
Biitiinlestirilmis Disiplinlerarasi etkilesimli Smifici ve sinif
Etkinlik olan etkinlikler dis1 etkinlikler

Gelisimsellik: Ogretmenlerin ii¢ii de gelisimsellik kavramina deginecek ifadelerde bulunmuslardir.
Gelisimsellik kavraminin ¢ocugun hazirbulunuslugu, bulundugu yasin, gelisim 6zellikleri, ilgi ve istekleri gibi
etkenler sayesinde olusturulmus oldugu gériilmiistiir. Ornegin 6gretmenlerden birinin goriisii su sekildedir:

“... Etkinligin ¢ocuklara uygun olmasi gerekir. Hazirbulunusluk kavrami burada énemli bence. Bazen

bir sene uyguladigim etkinligi diger sene uygulayamayabiliyorum. Cocuklarin seviyeleri, kapasiteleri

hangi etkinligi yapacagimi belirliyor.” (02)

Bunun yaninda 6gretmenlerden biri cinsiyet kavramina deginerek cocuklarin ilgilerini ¢eken nesneleri
farkli oldugunu séylemistir. Bu goriisiinii su sekilde ifade etmistir:

“... Kuzlar oyuncak bebek, toka, c¢icek gibi nesnelere daha istekli bakarken, erkekler arabalara ilgi

gosterebiliyorlar. Bu ylizden cocuklar1 ¢ok iyi tanimak gerekiyor ve ilgilerine gore onlar1 motive

edebileyim.” (02)

Etkili Sayma Stratejileri ve Saymamn Otomatiklestirilmesi: Ogretmenlerin cevaplari incelendiginde
ogretmenlerden biri (O1) toplama ve c¢ikarma islem becerilerini ¢ocuklarin kazanmalari igin etkili sayma
stratejilerinin gelismis olmasi gerektigini ve bunun beraberinde saymanin otomatiklestirilmesi gerektigini
ifade etmistir. Etkili sayma stratejisinin gelismesini nesneler kullanarak yapmayi tercih etmektedir. Bunu
goriisiinii su sekilde sunmustur:

“... Say1 kavrami ¢ok iyi kazanilmamissa her iki islemde de zorlaniyorlar. Sayilar ileri geri ritmik

sayabilmeleri ¢ok &nemli. ilk etapta somut nesnelerle islemi kavratiyoruz yani eksilip artirmay1

nesnelerle gosteriyoruz.” (O1)

Diger taraftan 6gretmenlerin ikisi (O2 ve O3) saymanin otomatiklestirilmesinin iizerinde durmuslardar.
Bu goriislerden biri su sekildedir:

“Sayilar1 ve sayilarin sirasini bilmiyorsa zorluk c¢ekiyor. Geriye dogru sayamiyorsa ¢ikarmada ok

zorlantyor. Toplama da ikinci sayinm ilk sayinin iizerine eklenmesi konusunda zorluk cekiyorlar.” (O3)

Sayimin Kardinalitesi: Ogretmenlerin iicii de saymnin kardinalitesine deginmislerdir. Kiigiik ¢ocuklarin
islem becerilerinde ilk olarak, sonucu en 5’den biiyiik olmayacak sekilde problem durumlari ile tanismalari
gerektigini sdylemislerdir. Ornegin bir 6gretmen toplama ve ¢ikarma islemi i¢in say1 boyutunu géz oniinde
bulundurarak toplama ve ¢ikarma kavramlarin su sekilde ifade etmistir:

“... Mesela senin ii¢ kalemin var, ablan sana iki kalem veriyor, senin simdi ka¢ kalemin oldu?

Kalemlerinin say1s1 artt: m1 azaldi mi?” (02)

“... Annen senin i¢in kek yapacak. Evde bes tane yumurta var, bu yumurtalarin ti¢ tanesini kek yapmak

i¢in kulland1. Geriye ka¢ yumurta kald1? Yumurtalarin sayis1 artti m1, azaldi m?” (02)
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“... Her iki islemde de ilk etapta 5’1 gegmeyecek sayilarla ¢alisiyorum sonraki sayilarda zorlananlar

oluyor.” (02)

Diger bir 6gretmen ¢ikarma isleminde say1 boyutuna dikkat ederek drnek vermistir ve verdigi drnekle
cocuklara kiiciik sayidan biiylik say1 eksiltemeyeceklerini de fark ettirmeye ¢aligmistir.

“... Elime ti¢ tane kalem alirrm. Elimden bir tanesini yere diisiiriirim ve elimde kag¢ tane kaldigini

sorarim. Bir, iki. Yerden diisen kalemi alirnm ve elimden bu kez iki tane diigiiriirim. Elimde ka¢ tane

kaldigin1 sorarim. Bir. Yere diisen kalemleri alirim ve hepsini diisiiriirim. Elimde ka¢ tane kalem
kaldigin1 sorarim ve hi¢ kalmadi, hepsi diistii cevaplarini alirim. Bu kez hepsini tekrar elime alirim
simdide dort tanesini yere diisiirelim diye sdylerim. Birini atarim, ikincisini atarim, ii¢linciislinii atarim
ve elimdeki kalemler biter, dordiinciisii diye sordugumda yetmedigini elimdeki kalemlerin bittigini

goriirler.” (O3)

Somut Nesneler ve Semboller: Ogretmenlerin verdigi yamtlar incelendiginde ii¢ dgretmen de toplama
ve cikarma iglemleri i¢in somut nesne kullandiklarini sdylemislerdir. Cocuklarin giinliik hayatta kullandigi
nesneleri kullanmalar1 onlarin problem c¢ozmelerine fayda saglamaktadir goriisii iic 6gretmenin de ortak
anlayigidir. Ornegin bir 6gretmenin toplama ve ¢ikarma islemlerine ait somut nesneler kullanimina ait goriisii
su sekildedir:

“... Cocuklarin 6grenme yasantilarin1 zenginlestirmek i¢in ¢esitli materyaller kullantyorum. Bloklar,

Legolar, oyun halist... Mesela oyun halimizin iizerinde geometrik sekiller bulunuyor ve geometrik

sekilleri daha kolay dgreniyorlar. Toplama ve ¢ikarma iglemlerinde ise elle tutulan nesneler olmasi

onemli. Cocuk sadece gormek yerine dokunarak dgrenirse daha iyi kavrar. Siiftaki oyuncaklari sadece

oyunlarda degil bu islemlerde kullanryorum.” (O1)

Benzer sekilde katilimcilardan O2 somut nesnelerin yaninda semboller ve matematik kdsesinden
bahsetmistir. Bu goriisiinii su sekilde ifade etmistir:

“... Siralama, gruplama, siniflama, geometrik sekiller, zaman, agrilik, uzunluk gibi bilissel beceriler i¢in

zaten sinifta olusturulan koseler etkili oluyor. Mesela Legolar1 renklerine gore siniflandirir. Arabalart

biiyiikliik ve kiigiikliiklerine gore dolaplara dizme ve kutulara gruplayarak koyma. Matematik kdsesi
diye hazirlanan boliime geometrik sekiller ve sayilar asilmasi. Duvarlardaki mevsim panolari, saat gibi
zamani, tarihi, mevsimleri belirtecek gorsellerin kullanilmasi ¢ocuklar i¢in biiyiikk bir uyaricidir.

Ogrenmelerini destekler.” (02)

Diger taraftan farkli bir katilimcinin ¢ikarma islemine ait somut nesneler kullanimina ait goriisii su
sekildedir:

“... Nesnelerin herhangi bir sebeple dagildig1 durumlardir. Ciirliyen elmalar, patlayan balonlar, kirilan

bardaklar... Elma, oyuncak vb. kullanip bunlardan sahip olduklarinin kirilip, ¢liriiyiip, azaldiginin fark

ettiriyorum. Kalanlar1 saydirtyorum.” (03)

Manipiilatifler: Ogretmenlerin goriisleri incelendiginde sadece O1 toplama ve c¢ikarma islem
becerilerini ¢ocuklara kazandirmak isterken somut nesnelerden soyut say1 sistemine gegiste parmak kullanarak
saymaya yer verdigini ifade etmistir. Ogretmenin gériisleri parmaklarin anlamlandirmaya yardimei oldugu ve
sayilarla parmaklar arasinda dokunsal bir etkilesimin oldugu yoniindedir ve bu ylizden parmaklari
kullandiklarini ifade etmistir. Ornegin dgretmenin goriisii su sekildedir:

“... Somut nesnelerden soyut sayilara gectigimizde zorlanabiliyorlar. Bu durumda parmaklarini

kullanmalarini sagliyorum. Somut nesnelerin yerini parmaklar aliyor bir nevi. Somuttan soyuta gecerken

parmaklar islem becerisini kazanmasini kolaylastirryor bence.” (O1)

Cizimler: Ogretmenlerin verdigi yamtlar incelendiginde oOgretmenlerin iki tanesi ¢izimleri
kullandigindan bahsetmislerdir. “Toplama ve ¢ikarma islemlerinde hissettirilen problem durumunu gocuklarin
¢dzmesi gizimler yardimiyla saglanmaktadir” goriisii her iki 6gretmen igin gegerlidir. Ornegin bir 6gretmen
somut nesnelerden sonra sekillere ve ¢izimlere yer verdigini su sekilde aciklamistir:

“... Cocuklarin esyalarimi kullanirim (boya kalemlerini vs...) sonra sekiller ¢izerek devam ederim en

sonunda da sayilar1 kullamrim. Anlatim bittikten sonra soru cevap yéntemini kullanirim.” (O1)

Diger taraftan 6gretmenlerden biri (O3) diger 6gretmenlerden farkli olarak say1 dogrusu kullanimimdan
bahsetmistir. Toplama ve ¢ikarma islemlerinden 6nce kazanilmasi gereken say1 kavrami, ardisiklik kavrami
gibi kavramlarin &gretiminde say1 dogrusunun kullanilabilecegini ifade etmistir. Goriislini su sekilde
aciklamustir:

“... Bir de bir kitapta okumustum say1 dogrusundan faydalanabiliyorlar sayilar1 6gretirken. Bir sayinin

onilindeki ve arkasindaki sayilari aynm1 anda gérmesi sayilar1 kolay Ogrenmesini saglayabilir. Say1

dogrusu soyut oldugu i¢in kavramakta zorlanabilirler bence ¢iinkii giinlilk hayatta say1 dogrusuyla

karsilasmazlar.” (O3)
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Toplama ve Cikarma Stratejileri: Ogretmenlerden sadece biri (O1) toplama stratejilerinden hepsini
sayma stratejisini dile getirmistir. Toplama, bir araya getirme islemleri yaparken nesnelerden bir grubun
tizerine diger grubu eklemekten 6nce yani iizerine saymadan stratejisinden 6nce birlegen tiim nesneleri bagtan
saydirttigii sdylemistir. Ogretmen bu gériisiinii su sekilde ifade etmistir:

“... Benim bes tane sekerim var, arkadasim bana li¢ tane daha seker verdi, simdi ka¢ sekerim oldu? —

Bir, iki, ii¢, dort, bes, alt, yedi, sekiz. Peki, benim ii¢ sekerim var, arkadagim bes seker daha verdi kag

sekerim oldu? —Bir, iki, ii¢, dort, bes, alt1, yedi, sekiz. Yine sekiz seker oldu yani bes seker ii¢ seker daha

sekiz seker oldu.” (O1)

Ogretmenlerden sadece biri ¢ikarma islemi icin ii¢ birimden geri saymanin ¢ogu ¢ocuk icin zor
olacaginin farkinda oldugu i¢in ¢ocuga sundugu problem durumu buna gore vermistir. Ogretmenin gériisiinii
su sekilde ifade etmistir:

«... Elime birden fazla nesne alirim. lk énce bir tanesini siniftaki bir cocuga veririm ve elimde ne kadar

kaldigmi sorarim. 1k dnce bir azaltmadan baslarim. Daha sonra iki, ii¢ seklinde eksiltmeler yaparim.

Burada dort, bes azaltmayi sormuyorum bir iki geri gitmesi yeterli ve Onemli olan g¢ikarmayla

bagdastirmas1.” (O1)

Cikarma islemi stratejilerden “atma” stratejisinin yaygin olarak ¢ocuklara sunuldugu tespit edilmistir.
Uc ogretmende cikarma kavramina ait bir durum betimlerken cikarma islemi stratejilerinden “atma”,
“ilave/birlestirme”, “karsilagtirma” ve “ayirma” gesitlerinin dordiine de deginmektense “’atma’’ stratejisi
iizerinde durduklari tespit edilmistir. Ornegin bir 6gretmenin goriisii su sekildedir:

“... Oncelikle simifta daire oluyoruz hadi bakalim herkes gdzlerini kapatsin hemen bir gocugu dairenin

disina ¢ikariyorum ve kim yok diye soruyorum. Sandalye kapmaca da énce 10 tane sandalye varsa sonra

birer birer eksiltiyorum.” (O1)

Sozel Problemin Tiirii: Ogretmenlerin verdigi yanitlar incelendiginde ii¢ 6gretmenin de verdigi drnekler
problem tiirlerinden olan “sonug bilinmeyenli problem” seklindedir. Katilimcilardan sadece biri (O2) bunun
yaninda “degisim bilinmeyenli problem” tiiriine ait &rnek vermistir. O1 toplama ve ¢ikarma islemlerine ait
ornekler verdiginde hem toplama hem de c¢ikarma islemine ait iki 6rnek vermeyi tercih etmistir fakat
6gretmenin verdigi 6rneklerin tek problem tiirtine ait oldugu gortilmistiir. Bir 6gretmenin toplama islemine ait
Ornegi birlestirme problemlerinden sonug bilinmeyenli problem tiiriine aittir ve su sekildedir:

“... Mesela sinifimizda ii¢ tane peliis oyuncak vardi bir tane de hediye geldi kag tane oldu? Ya da sabah

sinifa 5 gocuk gelmisti 1 arkadasiniz geg kaldi o da gelince kag kisi olduk?” (O1).

Cikarma islemine ait 6rnegi ayirma problemlerinden sonug¢ bilinmeyenli problem tiiriine aittir ve su
sekildedir:

“... Sozel durum olarak da boya kalemlerinden ikisinin ucu kilinca bes tane kaleminin kag tanesi saglam

kalir? Ya da dort zeytinim vard1 bir tanesi yere diisiince kag tane zeytinin kald1?” (O1)

Diger taraftan O2 katilimcisinin verdigi ornegin farkli bir problem tiiriine ait oldugu goriilmiistiir.
Ogretmenin verdigi 6rnek ayirma problemlerinden degisim bilinmeyenli problem tiiriine aittir ve su sekildedir:

“... Bizim dort kalemimiz var bizden bes kalem istiyorlar kalem sayim yetiyor mu? Diye soru
yonelttigimden O6gretmenim ben size kalem vereyim yetmiyor diyen cocuklar oluyor. O yiizden

climleleri de diizgiin kurgulamaliyiz. Kek yapmak i¢in 3 yumurtaya ihtiyacim var ama benim 1

yumurtam var sizce kek yapmam i¢in yeter mi? diye sordugumda hayir cevabini aliyorum. Cocuk o

sirada yumurta bulup getiremiyor ¢linkii. Yumurta sayimiz yetmedigin i¢in kek yapamiyoruz. Kek igin

¢ok yumurta gerekiyor bizde az yumurta var sonucuna ulastyoruz.” (02)

Motivasyon: Ogretmenlerin her birinin motivasyon kavramina farkli agilardan yaklastiklari tespit
edilmistir. Cocugu motive ederken Ogretmenlerin aile kavramina degindigi, olumlu pekistireclerden
yararlanildig1, giinliik hayatta karsilagabilecekleri problem durumlar1 kurguladiklart ve ¢ocuklarin ilgi ve
isteklerine yonelik tercihler yapildig1 tespit edilmistir. Ogretmenlerin goriisleri su sekildedir:

“... Harikasin, aferin gibi sdyledigim s6zler motive edebiliyor. Cocuklarin motivasyonunda ailenin

onemi oldugunu diigiiniiyorum. Motive sorununu da ¢ocuklarin aileleriyle iletisime gecerek evde

bagarabilecekleri hedefler koymalarim ve yaptiklarinda da aferin, siiper gibi kelimeler sdylemelerini
istiyorum ki okulda da motive olmakta zorluk ¢ekmesinler. Islem becerisinde zorlanan ¢ocuklarda 6nce

yapabildikleri sorular soruyorum ki yapabildigini gérsiin ve kopmasin.” (O1)

““... Motivasyonlarm artirmak igin yapabildiklerine odaklanip onlar1 heveslendiririm.” (02)

“... Somut nesneler, ddiiller cocugu aktif hale getiriyor ve motivasyonunu artirtyor. Ya da gilinliik

hayatta karsilastig1 giinlilk durumlarla ilgili 6rnekler verdigimde kendini daha iyi odakliyor ve ilgiyle

dinliyor.” (03)

Oyun: Ogretmenlerin iicii de toplama ve ¢ikarma islem becerilerini gelistirirken oyunu kullandiklarin,
oyunu c¢ocugun farkinda olmadan eglenerek 6grendigi bir diizenek seklinde ifade ettikleri tespit edilmistir.
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Bunun yaninda oyunun g¢ocuklarin motivasyonunu da etkiledigini diisiinen 6gretmen vardir. Ornegin iki
Ogretmenin goriisii asagidaki gibidir:

“... Erken ¢ocukluk doneminde bizim siniflarimizda en temel etkinlik oyundur. Bu oyun siirecinde

karsilastiklar1 matematik etkinliklerini oyunla birlestirerek, eglenerek dgrenirler.” (O3)

“... Oyun genellikle tiim g¢ocuklar1 aktif hale getirir motive eder. Oyunlar sayesinde matematigi

eglenceli gorebiliyorlar. Oyun esnasinda farkinda olmadan matematiksel diisiinme olur.” (02)

Biitiinlestirilmis Etkinlik: Ogretmenlerin ikisinin toplama ve cikarma islem becerilerini cocuklara
kazandirirken tasarladiklari etkinliklerin biitiinlestirilmis etkinlik kavramina yer agtig1 gériilmiistiir. Hem O2
hem O3 cocuklara farkli etkinlikler diizenleyerek, yaparak yasayarak Ogrenme ortami saglayarak,
dgrenmelerin kalic1 olmasini saglanmislardir. Ornegin O2’nin goriisii su sekildedir:

“... Hazirladigim etkinligin fen, miizik gibi alanlarda iliskisi olmasina énem veriyorum. Matematik

becerisinin yaninda kazandig1 psikomotor beceriye, tutumuna, ilgisine, dil gelisimine, biligsel gelisimine

dikkat ederim degerlendiririm. Etkili bir matematik etkinligi i¢inse gocugun aktif olmasi gok ¢ok dnemli.

Birden fazla duyuya hitap etmesiyle kalic1 6grenmeler gergeklesir. Genellikle biiylik grup yani tiim

cocuklar1 kapsayacak sekilde planlamalar yapryorum. Etkinligin igerigine gore kiicliik grup ya da

bireysel etkinlige doniistiirebiliyorum.” (02)

Diger tarafta O3 diger ogretmenlerden farkli olarak sinif icinin yaninda sinif disi etkinlikler
diizenledigini sdylemistir. Smifin disina ¢ikan matematigi goéren c¢ocugun giinliikk hayatta kullanacagi
matematik oldugunu fark ettirdigi diisiincesindedir. Bunu su goriisiiyle aciklamistir:

“... Sadece smif i¢i degil sinmif disinda da etkinlikler planliyorum. En kolay1 okul bahgesinde kum

havuzuna farkli kategorilerde nesneler atip gruplandirmasini istiyorum. Cocuk aslinda sinif disinda da

matematikle ilgili bir seyler 6grenmis oldugunu gériiyor.” (O3)

TARTISMA, SONUC VE ONERILER

Bu arastirmada okul dncesi Ogretmenlerinin toplama islemi ve g¢ikarma islemi kavramlarina ait
pedagojik alan bilgileri Lee’nin goriisleri temelinde incelenmistir. Arastirmada okul 6ncesi toplama islemi ve
¢ikarma islemi 6gretimine ait pedagojik alan bilgilerini incelemek igin ti¢ 6gretmenle goriismeler yapilmistir.
Bir onceki bolimde ele alinan ve yorumlanan goriismelere iliskin bulgular dogrultusunda 6gretmenlerin
verdigi cevaplar Lee (2017)’nin pedagojik alan bilgisi kavramina odaklanilarak gelistirme asamasinda
kategorize edilmistir. Ogretmenlerin verdigi yanitlar saymin kardinalitesi, sdzel problemin tiirii, somut
nesneler ve semboller, cizimler, etkili sayma stratejisi ve saymanin otomatiklestirilmesi, manipiilatifler,
toplama ve ¢ikarma stratejileri, biitiinlestirilmis etkinlik, gelisimsellik, motivasyon ve oyun olmak tizere on bir
boliimde analiz edilmistir.

Katilimc1 6gretmenlerin hepsinin toplama ve c¢ikarma kavramlarinin kazandirilmasinda saymin

kardinalitesi kavramina degindikleri tespit edilmistir. Kii¢ciik g¢ocuklarin toplama ve ¢ikarma islem
becerilerinde ilk olarak, sonucu 5’den biiyiik olmayacak sekilde problem durumlari ile karsilagmalari
gerektiginin lizerinde durduklari tespit edilmistir.
Ogretmenlerden toplama ve ¢ikarma kavramlarina ait sézel problem durumlar1 olusturmalari istendiginde, tigii
de toplama icin birlestirme problem tiirlerinde sonu¢ bilinmeyenli problem tiiriinii, ¢ikarma i¢in ayirma
problem tiirlerinden sonug bilinmeyenli problem tiirlerini kullandiklar1 tespit edilmistir. Bu ¢ocuklarin basari
motivasyonu agisindan kritik degere sahip bir tercihtir. Ciinkii Artut (2015) gergeklestirdigi arastirmada
cocuklarin, baslangici bilinmeyen problemlerde, sonucu bilinmeyen problemlere goére daha fazla hata
yaptiklarin1  saptanmustir. Bu  arastirmaya dahil olan &gretmenlerden sadece 02, c¢ocuklara ayirma
problemlerinden degisim bilinmeyenli problem tiiriine ait 6rnekler sundugunu ifade etmistir. Cikarma
stratejileri incelendiginde 6gretmenlerin {igliniin de “atma” stratejisini kullanarak ¢ocuklara ¢ikarma kavramini
hissettirdikleri tespit edilmistir. Atma stratejisi ¢ocuklarin en kolay 6grenme yontemi olmasi sebebiyle nesne
grubundan istenen sayidaki nesneyi atma ve kalan nesneleri sayma stratejisidir. Ogretmenlerden sadece 02
atma stratejisinin yaninda “ilave/birlestirme” stratejine Ornek olusturacak sozel ifade sunmustur.
[lave/birlestirme stratejisiyle sunulan problem durumlari ¢ocuklara toplama isleminin tersinin ¢ikarma islemi
olduguna dair sezgisel bir anlay1s sunmaktadir.

Yapilan goriismeler, okul oncesi dgretmenlerinin toplama ve ¢ikarma kavramlarina yonelik somut
nesneler ve ¢izim kullaniminin etkili bir strateji olarak siklikla benimsendigini ve bu yontemlerin 6grencilerin
kavramsal anlamalarini destekledigini ifade etmislerdir. Figueiredo ve arkadaslari (2020) 6gretmen adaylariin
matematiksel kavramlar1 Ogretirken somut materyaller ve gorsel destekler kullandiklarimi ancak bu
materyallerin ¢ocuklarin yaslarina uygunlugu konusunda eksikliklerin oldugu tespit edilmistir. Bu ek olarak
yapilan goriismeler sayesinde okul dncesi 6gretmenlerinin toplama ve ¢ikarma kavramlarina ait etkili olan
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stratejilerden biri olan manipiilatiflerin Gtesine ge¢cme stratejisine deginmedigi tespit edilmistir. Bu bulgu,
Gasteiger ve arkadaslarinin (2022) calismasiyla da ortiismektedir. Ilgili calismada 6gretmenlerin bu stratejiyi
yeterince kullanmadiklari tespit edilmistir, bu durum 6gretmenlerin ¢ocuklarin soyut diisiinme becerilerini
gelistirmede daha fazla destege ihtiyac duyduklarini gostermektedir. Kalchman ve Kozoll (2017) de
ogretmenlerin pedagojik alan bilgisini etkili bir sekilde kullanmalarinin ¢ocuklarin matematiksel kavramlari
anlamalarin1 nasil destekledigini vurgulamaktadir. Manipiilatiflerin Otesine geg¢me stratejisi, ¢ocuklarin
nesneleri manipiilatif olarak kullanarak basarili stratejiler olusturduktan sonra, genellikle basit aritmetik
gorevleri onlarsiz ¢ozebilir hale gelmeleridir. Bunu tesvik etmek i¢in, ¢ocuklardan bes oyuncagi sayip opak
bir kaba koymalarini, dért oyuncak daha sayip kaba koymalarint ve sonra onlara bakmadan toplam kag
oyuncak oldugunu bulmalarini istenmelidir.

Ayrica islem becerilerinde ¢ocuklarin kendilerine 6zgii stratejiler gelistirmelerine 6ncelik vermek
gerekmektedir. Ornegin dokunmaya dayali ve ¢oklu duyu kullanim igeren dgretim siirecinin temel toplama
becerilerinin dgretiminde etkili oldugu bilinmektedir (Calik & Kargin, 2010). Matematiksel kavramlarin ve
becerilerin desteklenmesine ¢ocuklarin tirettikleri ¢6ziim yontemleriyle baglamak kritik bir 6neme sahiptir.
Aragtirmaya dahil olan 6gretmenlerden higbirinin cocuklarin kendilerine 6zgii stratejiler gelistirmelerine
oncelik verecek goriisler sunmadigl saptanmistir. Oysaki pedagojik alan bilgisi, 6gretmenlerin 6gretim
stireclerini planlarken, ¢ocuklarin kavramsal yanlis anlamalarini tahmin edebilme ve bunlar1 giderme
stratejilerini  gelistirmelerine yardimci olmaktadir (Zhang, 2015). Bu bilgi 1s18inda okul Oncesi
ogretmenleriyle, ¢ocuklarin kendilerine 6zgii stratejiler gelistirmeleri yoniinde, yapilandirmaci yaklagimin
temel perspektif olarak alindig egitsel uygulama 6rneklerinin paylasildigi kapsamli projeler gergeklestirilmesi
kritik bir 6neme sahiptir. Gelecek arastirmalarda, bu amagla gelistirilmis egitsel etkinliklerin 6gretmenler ve
egitim ortam iizerindeki etkilerinin sinanmasi, bu alandaki boslugu doldurmada temel basamaklardan biri
olacaktir.

Elde edilen bulgulara gére 6gretmenlerin toplama ve ¢ikarma kavramlarina iliskin motivasyon saglarken
genellikle cocuklara digsal pekistire¢ sunduklar tespit edilmistir. Bu pekistireclerin igsel motivasyon yerine
dissal motivasyon sagladigi bilinmektedir. Gelecek arastirmalarda 6zellikle matematik etkinliklerinde igsel
motivasyon ve digsal motivasyon kullanan 6gretmenlerin siniflarina devam eden g¢ocuklarin matematik
becerilerinin karsilastiritlmasinin 6nemli katkilar sunacag diisliniilebilir.

Bu calisma, okul oncesi O6gretmenlerinin matematige iliskin pedagojik alan bilgilerini inceleyerek,
mevcut literatiire dnemli katkilar sunmaktadir. Elde edilen bulgular, 6gretmenlerin toplama ve g¢ikarma
kavramlarimin 6gretiminde gelistirdikleri stratejileri detaylandirarak, bu kavramlarin dgretiminde uygulanan
yontemlere dair yeni i¢goriiler saglamaktadir. Calisma ayrica, d6gretmenlerin sdzel problem durumlarinin
cesitliligi ve bu cesitliligin ¢ocuklarin matematik ilgisi {lizerindeki etkileri, 0gretmenlerin matematik
etkinlikleri i¢in kullandiklari motivasyon kaynaklari ve bunlarin etkililigi ile ¢ocuklarin kendilerine 6zgii
stratejiler gelistirmeleri oniindeki engellerin tespit edilmesi gibi konulara odaklanildiginda, daha agik ve
kapsaml1 bir ¢erceve sunulabilecegini ortaya koymaktadir. Bu baglamda, ¢alisma hem cocuklarin matematik
becerilerini gelistirme stratejilerine hem de 0gretmenlerin uygulamalarma dair 6nemli bulgular sunmustur.
Caligmanin bulgulari, 6zellikle bu yas grubundaki matematik egitimi ¢aligsmalarini derinlestirerek, ileride
yapilacak aragtirmalara temel veriler sunmakta ve ogretmen egitimi programlarina yonelik somut oneriler
saglamaktadir. Bu ¢ikarimlar, 6gretmenlerin mesleki gelisim siireclerine dair 6nemli ipuglar1 verirken, hem
teorik hem de pratik diizeyde literatiire katki saglamaktadir.
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EKLER

Ek 1: Goriisme Sorulari

Katilimeyr Tanima Sorulari

Adiniz soyadimz:

Dogum Tarihiniz:

Nerelisiniz:

Nasil bir aileden geliyorsunuz?

Hangi iiniversiteden mezunsunuz?

Universitede aldiginiz matematik egitimi derslerini hatirlryor musunuz?
Simifinizda kag ¢cocuk var ve sinifiniz yapisi nasil?

Toplama ve Cikarma Kavramlarina Ait Sorular

Okul 6ncesi egitim ortamim diisiindiigiiniizde sizce bir etkinligi etkili matematik etkinligi yapan nedir?

Smifiniza devam eden ¢ocuklarin iglem becerilerini (6rn.toplama ¢ikarma gibi) gelistirmeye yonelik
etkili uygulamalarin neler oldugunu diisiiniiyorsunuz? Bu siliregte smif ortaminizi nasil
diizenliyorsunuz? Hangi materyalleri, arag-geregleri kullaniyorsunuz?

Toplama, c¢ikarma gibi islem becerilerine yonelik etkinliklere ilgi duymayan cocuklarin
motivasyonlarini artirmak i¢in ne tiir uygulamalar yapiyorsunuz? Birkag¢ 6rnek paylasabilir misiniz?

Toplama ve ¢ikarma islemlerinde ¢ocuklar hangi noktalarda zorluk ¢ekebilirler?

Toplama ve ¢ikarma konusunu anlatirken cocuklarin 6grenmelerini kolaylastirmak igin neler
yaparsiniz?

Siifiniza devam eden ¢ocuklara toplama islem becerisini nasil kazandirtyorsunuz? Bu siirecte hangi
sozel ifadeleri kullantyorsunuz?

Smifiniza devam eden ¢ocuklara ¢ikarma islem becerisini nasil kazandirtyorsunuz? Bu siirecte hangi
sozel ifadeleri kullantyorsunuz?

Toplama, ¢ikarma gibi islem becerilerini kazandirirken gelisimsel bir sira oldugunu diisiintiyor
musunuz? Varsa nasil bir sira izliyorsunuz?

Toplama/gikarma igslemlerini 6gretirken hangi yontem ve tekniklerden yararlanirsiniz?

Toplama isleminde degisme 6zelligini ¢ocuklara sezdiriyor musunuz? Evet ise nasil?

Cikarma isleminde biiyiik sayidan kiigiik sayinin ¢ikarilmasini ¢ocuklara nasil sezdiriyorsunuz?

Ek 2: Ogretmenlerle Yapilan Goriisme Siireleri

O1 02 03

1. Goriigme 33 dakika 38 dakika 41 dakika

2. Gorligme 50 dakika 45 dakika 40 dakika

3. Gorilisme 53 dakika 50 dakika 49 dakika
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INTRODUCTION

The early childhood period is a critical stage marked by rapid development and learning. During this
time, it is of great importance for children to discover and acquire basic mathematical knowledge and skills.
Mathematical competencies are among the influential factors in children's academic success. Therefore,
effectively supporting children's mathematical skills within the educational environment during early
childhood is critical (Lee, 2017). Children who fail to acquire fundamental mathematical skills at an early age
may face difficulties in mathematics in later periods (Mononen et al., 2014). Geist (2010) suggests that adults
with negative attitudes toward mathematics often develop these attitudes as a result of inadequate mathematics
education in early childhood. This underscores the significance of incorporating effective mathematics
education into early childhood education programs from the very beginning (Clements & Sarama, 2014;
Erdogan, 2006).

Three essential components define effective mathematics education in early childhood. These include a
well-organized learning environment, an effective mathematics curriculum tailored to children's
developmental needs, and educators possessing strong pedagogical content knowledge in mathematics (Aktas
Arnas, 2016; Argin, 2019).

Effective programs provide purposefully designed learning experiences that foster children's
understanding over time (NAEYC & NCTM, 2002). Research and expert-led practices indicate that certain
concepts and skills can be both challenging and attainable for young children. The framework for the content
of early mathematics education has been outlined by the National Council of Teachers of Mathematics
(NCTM). The NCTM (2000) emphasizes five key content areas in early childhood mathematics education:
numbers and operations, geometry, measurement, algebra (including patterns), and data analysis. This study
focuses on the mathematical content area of operational skills, specifically limited to addition and subtraction.
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Studies (Berg, 2008; Clarke & Shinn, 2004; Geary et al., 2013; Jordan et al., 2006; Koponen et al., 2007;
Koponen et al., 2013; Krajewski & Schneider, 2009; Leppanen et al., 2006; Locuniak & Jordan, 2008; Olkun
et al., 2013; Olkun et al., 2014; Uyanik, 2013) have shown a direct relationship between counting and
operational skills in early childhood and children's success in mathematics and reading during formal
education. Therefore, the development of counting and operational skills in early childhood is critically
important.

One of the skills children need to acquire in early childhood is counting, which begins to develop at a
very young age. Counting is a complex skill that includes learning number words in the correct sequence,
coordinating each object in a group with a number word, ensuring that each object is counted only once, and
understanding that the last number in the count represents the total number of objects in the group (Butterworth,
2005; Clements & Sarama, 2014; Nguyen et al., 2016). The developmental stages of counting can be
summarized as understanding the concept of numbers, developing number sense and rote counting ability,
answering “How many?” questions about groups of objects, acquiring counting principles, and understanding
ordinal and cardinal numbers. As children develop these skills, they begin to use number words in various
contexts and for different functions. For instance, they might recognize sequences like “one, two, three,” use
cardinal values as in “two cats,” understand ordinal references such as “the third house on the left,” or apply
measurement expressions like “an eight-minute walk™ or “eight kilometers” (Syrett et al., 2012). Once children
acquire these skills, they can begin performing arithmetic operations such as addition, subtraction,
multiplication, and division.

The concept of operations is defined as the process of solving problems related to relationships such as
“more or less” (Bredekamp, 2015). Performing the four basic operations—addition, subtraction,
multiplication, and division—requires a strong foundation in number concepts, making the acquisition of these
concepts critically important (Stock et al., 2013).

Children as young as three years old begin to progress in simple addition and subtraction with small
numbers. Initially, they can perform addition involving groups of objects with totals not exceeding five. By
the age of 4-5, children start to develop their own strategies for performing simple addition, using their fingers
or tangible objects. They can solve addition problems involving objects with totals between 5 and 10. For
example, when solving a verbal problem such as “You have two toy cars, and I give you three more. How
many cars do you have now?” children initially use toy cars to find the answer. Gradually, they begin solving
word problems that involve addition without tangible aids (Bredekamp, 2015; Butterworth, 2005; Clements &
Sarama, 2014; Huttenlocher et al., 1994).

Mastering the stages of addition forms the foundation for subtraction, which is mathematically defined

as the inverse of addition and represents a decrease in quantity within a group. The concepts of “more or less”
and comparison skills are fundamental to subtraction in early childhood. As counting skills develop, children
begin to form intuitive ideas about subtraction. Activities involving tangible objects—such as removing a
certain number of objects from a group and calculating the remainder—help reinforce children’s intuitive
understanding of subtraction. Similarly, comparing groups of objects helps children strengthen their
subtraction skills (Charlesworth & Lind, 2009; Clements & Sarama, 2014).
In addition, children combine two sets to form a new set, while in subtraction, they are expected to divide a
set into two parts as needed. Understanding that a whole can be divided into parts—and that removing a part
decreases the whole—is essential. This process should initially be taught using tangible objects and later
supported with verbal problems. Questions such as “You had four toys. If you give me one, will your toys
increase or decrease? How many toys will you have? How many will | have?” help children grasp the concepts
of division and reduction (Clements & Sarama, 2014).

When performing subtraction, children also rely on their ability to count backward. Experiences gained
through tangible activities are extended to backward counting. For example, to solve “5-3,” a child counts
backward from 5 by three steps: “5, 4, 3.” This process leads them to the answer of 2. However, children need
plenty of experience and practice to develop these skills effectively (Clements & Sarama, 2014).

Pedagogical Content Knowledge for Operational Skills in Early Childhood Education
Using verbal problems plays a crucial role in the acquisition of operational skills during early childhood.
Before children are introduced to symbolic representation with numbers in addition and subtraction, they can

solve a variety of verbal problems using modeling and counting strategies (Carpenter et al., 1981; Carpenter
& Moser, 1982). For example, instead of asking, “Whatis 2+1?”, children can more easily understand addition
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through questions like, “Imagine you have two apples. | give you one more. How many apples do you have in
total?”” From around the age of four, children can visualize such problems in their minds and provide correct
answers.

It is essential to start with a limited number of elements—preferably not exceeding five—and gradually

increase the number of elements based on children’s developmental levels (Ginsburg & Baroody, 2003).
Another important aspect is the need to diversify the types of problems used in addition and subtraction
processes. Four main types of verbal problems can be identified: join problems, separate problems, part-part-
whole problems, and compare problems (Van De Walle et al., 2014).
One of the critical factors in diversifying the types of problems used in addition and subtraction is the
pedagogical content knowledge possessed by teachers. Pedagogical content knowledge is a comprehensive
concept that combines and complements content knowledge with pedagogical knowledge. Neither content
knowledge alone nor pedagogical knowledge alone is sufficient to create an effective learning process
(Shulman, 1986).

In early childhood, pedagogical content knowledge related to mathematics involves understanding the
most effective methods and tools for teaching specific content (such as addition and subtraction) to children
(Lee, 2017). Several models have been defined in the literature regarding pedagogical content knowledge in
mathematics. One such model is Ball’s framework. However, Ball’s conceptualization of pedagogical content
knowledge provides limited insight into effective mathematics learning in early childhood. Ball’s work focuses
on pedagogical content knowledge for fundamental mathematics, which differs somewhat from early
childhood mathematics (Lee, 2010; McCray, 2008; Anders & Rossbach, 2015). Another model of pedagogical
content knowledge in mathematics is proposed by Lee (2017). Lee’s perspectives are detailed and provide
further insight into the effective teaching of mathematics in early childhood education.

Lee's Structure of Pedagogical Content Knowledge

Lee (2017) examined the structure of pedagogical content knowledge under three headings: Noticing,
interpreting, and advancing. According to Lee, the teacher’s process of initially noticing children’s
mathematical thinking during play or daily activities, interpreting it, and then moving on to the advancing stage
are hierarchical steps that follow one another. The first step, noticing, involves the teacher identifying the
mathematical concepts or actions children demonstrate during play. The second step, interpreting, refers to the
teacher analyzing and describing the mathematical situations observed during children’s play or daily
activities. A teacher with strong interpretive skills can design learning environments that enhance children’s
mathematical thinking processes. The third and final step, advancing, involves teachers providing guidance,
adjustments, discussions, or practices to further develop children’s existing mathematical thinking strategies
(Lee, 2017). For example, during playtime, a child might symbolically design a barbecue using classroom
materials and arrange objects such as a meatball, a pepper, a meatball, and another pepper in a repeating pattern.
In this scenario, a teacher who recognizes that the child is demonstrating a mathematical skill—pattern
recognition—is at the noticing stage, as per Lee (2017). If the teacher identifies the pattern as a two-variable
repeating pattern (AB; meatball-pepper), this places them at the Interpreting stage. If the teacher engages with
the child by saying, “I love meatballs! Can we arrange them as meatball-meatball-pepper-meatball-meatball-
pepper?” thereby introducing a more complex AAB repeating pattern, the teacher is operating at the

Advancing stage by fostering the child’s patterning skills.

This study examines preschool teachers’ pedagogical content knowledge regarding addition and subtraction,
focusing specifically on the advancing stage, which is the third and final step of Lee’s framework for
pedagogical content knowledge.

Purpose and Significance of the Study

Preschool teachers' pedagogical content knowledge (PCK) in mathematics refers to their ability to use
effective methods and techniques to help children develop fundamental mathematical concepts and skills. PCK
in mathematics encompasses aspects such as developing appropriate strategies for children’s mathematical
growth (Clements & Sarama, 2014), connecting mathematics to daily life (Ginsburg & Amit, 2008),
concretizing abstract concepts (Ball et al., 2008), adapting content to children’s developmental levels,
designing teaching methods suited to diverse learning styles (Shulman, 1986), and fostering a deeper
understanding of mathematical concepts (Ma, 1999). Given these factors, the level of pedagogical content
knowledge teachers possess plays a key role in enabling children to comprehend and utilize mathematical
concepts effectively. Researching preschool teachers’ mathematical PCK forms the foundation for effectively
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supporting mathematical concepts and skills from an early age. Identifying gaps in this knowledge can shed
light on challenges encountered during the teaching process and problems observed in children’s mathematical
development. Furthermore, it can serve as a guide for developing strategies aimed at the professional growth
of teachers.

The aim of this study is to examine preschool teachers’ pedagogical content knowledge regarding the
concepts of addition and subtraction. By analyzing their PCK in these areas, the study seeks to explore how
teachers define the concepts of addition and subtraction, the methods and techniques they use to convey these
concepts to children, the learning environments they design, how they manage the teaching process, and their
approaches to assessment and evaluation.

METHODOLOGY
Research Model

The qualitative research method was chosen for this study as it was considered the most suitable
approach to achieve the research objectives. Qualitative research allows phenomena and events to be examined
in their natural environments through a holistic and realistic lens using an inductive approach (Yildirm &
Simsek, 2008). This method focuses on the meaning and process of a problem rather than its quantity,
frequency, or numerical data (Denzin & Lincoln, 1998). The phenomenology approach, a qualitative research
design, was employed to explore preschool teachers’ pedagogical content knowledge of the concepts of
addition and subtraction. Phenomenology examines individuals' experiences, interpretations, and perceptions
within their environments (Yildirim & Simsek, 2008).

Participants

The study group consisted of three preschool teachers working in two different kindergartens in Mengen,
Bolu, during the 2022-2023 academic year. The participants were selected using the convenience sampling
technique, a purposive sampling method that allows researchers to conduct in-depth studies on diverse cases
and choose participants that are easily accessible (Yildirirm & Simsek, 2008). The participants were coded as
T1, T2, and T3 for confidentiality. All participants were female and held undergraduate degrees. T1 had 12
years of teaching experience, T2 had 10 years, and T3 had 8 years of experience.

Data Collection Tools and Process

A survey form developed by the researchers was used as the data collection tool. During the preparation
of the interview form, previous studies on pedagogical content knowledge and research involving preschool
teachers as the sample were reviewed. Studies on mathematics education in early childhood, as well as the
objectives and indicators of the Ministry of National Education (MEB) 2013 Preschool Education Program,
were also considered in designing the form. Feedback from experts in early childhood and elementary
mathematics education disciplines was incorporated to finalize the form, which consisted of two sections
(Appendix 1). The first section included demographic information, while the second focused on questions
about the concepts of addition and subtraction. Data were collected through face-to-face interviews with
teachers who voluntarily participated in the study. Due to the number of questions in the interview form, the
interviews were conducted over three different sessions. Appendix 2 provides information on the duration of
these interviews.

Data Analysis

Content analysis was employed to analyze the data. This method involves a detailed examination of the
findings to identify themes (Yildirnm & Simsek, 2008). During the data recording process, audio recordings
and note-taking methods were used. The recorded interviews were transcribed, and data analysis was carried
out. The participants’ responses were analyzed using content analysis, which involves four steps: coding the
data, identifying categories (themes), organizing codes and themes, and describing and interpreting the
findings (Yildirim & Simsek, 2008). The responses from the three preschool teachers were analyzed based on
the research objectives and within the framework of Lee’s pedagogical content knowledge. Since Lee’s
conceptual framework encompasses early childhood mathematics, the findings were analyzed using this model
(Lee, 2017).
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Ethical Considerations

Before the data collection process, ethical approval was sought from the Zonguldak Biilent Ecevit
University Social and Human Sciences Scientific Research and Publication Ethics Committee. The committee
evaluated the study in its 8th meeting on May 29, 2014, and deemed it ethically appropriate in its 13th
resolution. Additionally, teachers participating in the study were informed about the research and provided
with a consent form. They were assured that participation was voluntary, that they could withdraw from the
study at any time, that their personal information would not be shared with any third party, and that the verbal
data collected would only be used for scientific purposes. During the reporting phase, pseudonyms (T1, T2,
and T3) were used to maintain the confidentiality of personal information.

FINDINGS

When preschool teachers' perspectives on the concepts of addition and subtraction were analyzed within
the framework of Lee’s Advancing stage, their views were categorized into eleven sections: cardinality of
numbers, problem types, use of concrete objects and symbols, drawings, effective counting strategies and
automatization of counting, manipulatives, addition and subtraction strategies, integrated activities,

developmental appropriateness, motivation, and play.

Table 1

Findings Within the Scope of Advancing

Advancement

T1

T2

T3

Developmental
Appropriateness

Readiness, age, interests, and
desires

Readiness, age, interests, and
desires

Gender differences

Readiness, age,
interests, and
desires

Effective Counting
Strategies and
Automatization

Effective counting with object

Rhythmic forward and
backward counting

Rhythmic forward
and backward
counting

Cardinality of Numbers

Does not exceed 5

Does not exceed 5

Does not exceed 5

Manipiilatifler Uses fingers for counting

Concrete Objects and Blocks, Legos, play mats, Math corner, visual aids... Apples, balloons,
Symbols toys... toys ...
Drawings Drawing shapes Number line
Addition and Subtraction . Taking away and adding- Taking away
Strategies Taking away strategy in/combining strategies strategy

1 yPES Ul FIUIETNIS

KESUIL-UTIKIIUWIT PIODIETTTS

Result-unknown problems

Change-unknown problems

Result-unknown
problems

NMativatinn

Verbal reinforcement, family
support

Positive reinforcement,
interests and desires

Verbal
reinforcement,
linking with daily
life situations

Play Used Used Used
Integrated Activities Int(_erq!suplmary interactive Ind_ogr_ and outdoor
activities activities
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Developmental Appropriateness: All three teachers mentioned the importance of developmental
appropriateness, which they defined as being influenced by children's readiness, age, developmental
characteristics, interests, and needs. For example, one teacher explained:

“The activity must be suitable for children. Readiness is crucial here, I think. Sometimes I cannot use

an activity from one year in the next because the children’s levels and capacities determine which

activities I choose.” (T2)

Another teacher highlighted gender differences in children’s interests, explaining:

“Girls tend to be more interested in objects like dolls, hairpins, and flowers, while boys show more

interest in cars. Therefore, it’s essential to know the children well and motivate them based on their

interests.” (T2)

Effective Counting Strategies and Automatization: One teacher (T1) emphasized the need for effective
counting strategies and the automatization of counting to help children develop addition and subtraction skills.
She preferred using objects to help children internalize counting strategies:

“If the concept of humbers isn’t well-established, they struggle with both operations. Counting forward

and backward rhythmically is very important. At first, we help them understand addition and subtraction

using tangible objects, showing increases and decreases with those objects.” (T1)

Two teachers (T2 and T3) focused specifically on the importance of automatizing counting. For instance,
one teacher said:

“If children don’t know the numbers and their sequence, they struggle. If they can’t count backward,

subtraction is very difficult. For addition, they find it challenging to add the second number to the first.”

(T3)

Cardinality of Numbers: All three teachers discussed the concept of cardinality, emphasizing that young
children should first encounter problems where the result does not exceed five. For example, one teacher
explained addition and subtraction while considering the size of the numbers involved:

“For instance, you have three pencils, and your sister gives you two more. How many pencils do you

have now? Did the number of pencils increase or decrease?” (T2)

“Your mother is baking a cake. There are five eggs at home, and she uses three for the cake. How many

eggs are left? Did the number of eggs increase or decrease?” (T2)

“For both operations, | start with numbers that don’t exceed five. Children struggle with larger

numbers.” (T2)

Another teacher provided a subtraction example that also demonstrated the impossibility of subtracting
a larger number from a smaller one:

"I take three pencils in my hand and drop one. | ask how many are left—one, two. Then, I drop two

more and ask again—one. Finally, I drop all three and ask how many are left—none. Then, | pick them

all up and say, ‘Now let’s drop four.” I drop one, then two, then three, and when I ask about the fourth,
they see that [ don’t have enough pencils left.” (T3)

Concrete Objects and Symbols: All three teachers emphasized the use of concrete objects for teaching
addition and subtraction. They agreed that utilizing objects familiar from daily life helps children solve
problems more effectively. For instance, one teacher shared her perspective on the use of tangible materials:

“I use various materials to enrich children’s learning experiences—blocks, Legos, play mats. For

example, our play mat has geometric shapes on it, making it easier for children to learn shapes. For

addition and subtraction, it’s important to use objects they can physically touch. Children learn better
through touch rather than just by seeing. | use classroom toys not only during play but also in these
activities.” (T1)

Similarly, another teacher (T2) highlighted the role of symbols and the math corner in addition to
concrete objects:

“Corners set up in the classroom for cognitive skills like sorting, grouping, classifying, geometric

shapes, time, weight, and length are very effective. For example, children can group Legos by color or

arrange cars in cabinets based on size. In the math corner, geometric shapes and numbers are displayed.

Visuals like season boards, clocks, and calendars on the walls also act as strong stimuli, supporting

children’s learning.” (T2)

Another teacher (T3) shared her approach to subtraction using real-life scenarios with concrete objects:

“These involve situations where objects are lost or diminished—rotten apples, popped balloons, broken

glasses. I use items like apples or toys and make children realize that some of them are broken, spoiled,

or gone. Then, I have them count what’s left.” (T3)
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Manipulatives: Only one teacher (T1) emphasized the use of fingers as manipulatives during the
transition from concrete objects to abstract numbers in teaching addition and subtraction. She noted that fingers
help children create tactile connections with numbers, facilitating understanding:

“When transitioning from concrete objects to abstract numbers, children can struggle. At this point, I

encourage them to use their fingers. Fingers essentially replace the tangible objects. I think using fingers

makes it easier for children to develop operational skills during the shift from concrete to abstract.” (T1)

Drawings: Two teachers mentioned using drawings to help children solve problems involving addition
and subtraction. They agreed that drawings provide an effective way for children to visualize and work through
the problem scenarios. One teacher explained her approach:

“I use children’s belongings (like crayons), then move on to shapes and drawings. Finally, I introduce

numbers. After explaining, I use the question-and-answer method to reinforce the learning.” (T1)

Another teacher (T3) differed by emphasizing the use of a number line for teaching concepts like order
and sequence before introducing addition and subtraction. She noted:

“I read in a book that number lines can be helpful in teaching numbers. By seeing the numbers before

and after a given number simultaneously, children find it easier to learn. However, | think number lines

are abstract and might be hard to grasp because they don’t encounter them in everyday life.” (T3)

Addition and Subtraction Strategies: One teacher (T1) explicitly mentioned using the count-all strategy
for addition. Instead of having children count on from a given number, she instructed them to count all the
objects from the beginning to solve problems. She explained this approach as follows:

“T have five candies, and my friend gives me three more. How many candies do | have now? One, two,

three, four, five, six, seven, eight. Or, | have three candies, and my friend gives me five more. How

many do | have? One, two, three, four, five, six, seven, eight. Again, it’s eight candies. So, five candies
plus three candies makes eight.” (T1)

For subtraction, the same teacher recognized that counting backward from numbers larger than three
can be difficult for most children. She tailored problem scenarios accordingly:

“T take several objects in my hand. First, | give one to a child in the class and ask how many are left in

my hand. | start with subtracting one. Then, | proceed to subtract two, three, and so on. | don’t ask about

subtracting four or five; going back one or two is sufficient and helps them connect it with subtraction.”

(T1)

The “taking away” strategy was commonly used for subtraction among all three teachers. When
describing subtraction scenarios, they primarily emphasized this approach rather than addressing other
strategies like adding to find the difference, comparing, or partitioning. For instance, one teacher explained:

“First, we form a circle in the classroom. I ask everyone to close their eyes and quietly take one child

out of the circle. Then I ask, “Who is missing?’ Similarly, during musical chairs, if there are initially ten

chairs, I gradually remove one chair at a time.” (T1)

Types of Verbal Problems: An analysis of the teachers’ responses revealed that all three provided
examples of result-unknown problems. Only one teacher (T2) additionally gave an example of a change-
unknown problem. Teacher T1 offered examples of both addition and subtraction, but all her examples fell
into the result-unknown problem category. For addition, T1 provided the following example, classified as a
result-unknown problem from the join category:

“For instance, we had three stuffed toys in the classroom, and we received one more as a gift. How many

toys do we have now? Or, five children came to class in the morning, and one friend arrived late. How

many children are we now?” (T1)

For subtraction, T1 shared this example, which is a result-unknown problem from the separate category:

“For instance, two of your colored pencils broke their tips. Out of your five pencils, how many remain

unbroken? Or, I had four olives, and one fell to the ground. How many olives do I have left?” (T1)

In contrast, T2 provided an example of a change-unknown problem from the separate category:

“We have four pencils, but someone asks for five. Do we have enough pencils? | ask this question, and

children respond with ‘No, we don’t have enough.” It’s important to phrase the problem clearly. For

example, | need three eggs to bake a cake, but I only have one. Is that enough to bake the cake? They
answer no because they understand we don’t have enough eggs to make the cake. They conclude, “We
need more eggs, but we have fewer.”” (T2)

Motivation: Each teacher approached the concept of motivation from different perspectives. Their
strategies included emphasizing the role of family, using positive reinforcement, creating real-life problem
scenarios, and tailoring activities to children’s interests and preferences. The teachers shared the following
insights:
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“Words like ‘Great job!” or “Well done!” can be very motivating. | believe the family plays an important

role in motivation. | contact parents to set achievable goals at home, and | encourage them to praise their

children with words like ‘Great!” or ‘Super!” so that the child doesn’t struggle with motivation at school.

For children who find operations challenging, | start with questions they can answer to show them what

they are capable of, so they don’t lose interest.” (T1)

“T focus on what they can do to encourage and inspire them.” (T2)

“Using tangible objects and rewards makes the child more active and increases their motivation. When

I present examples from everyday situations they encounter, they concentrate better and listen with

interest.” (T3)

Play: All three teachers mentioned incorporating play into the development of addition and subtraction
skills, describing it as a structured yet enjoyable way for children to learn without realizing it. One teacher also
highlighted the motivational impact of play. For example, two teachers shared their perspectives:

“In early childhood, the primary activity in our classrooms is play. During this process, children

encounter mathematical activities combined with play, learning while having fun.” (T3)

“Play usually activates all children and motivates them. Through games, they perceive mathematics as

fun. During play, mathematical thinking happens naturally and unconsciously.” (T2)

Integrated Activities: Two teachers (T2 and T3) incorporated the concept of integrated activities into
their teaching strategies for developing children’s addition and subtraction skills. By organizing diverse
activities and providing hands-on learning environments, they ensured lasting learning experiences for the
children. For instance, T2 stated:

“I prioritize designing activities that connect with fields like science and music. Alongside mathematical

skills, T assess and focus on children’s psychomotor development, attitudes, interests, language, and

cognitive development. For an effective math activity, it is crucial that the child remains active.

Engaging multiple senses facilitates lasting learning. | usually plan activities for large groups that

include all children, but depending on the content, | adapt them for small groups or individual activities."

(T2)

In contrast, T3 highlighted the importance of outdoor activities, aiming to demonstrate that mathematics
extends beyond the classroom and is applicable in daily life. She explained:

“I plan activities not only inside the classroom but also outside. The simplest example is scattering

objects in the sandbox in the schoolyard and asking children to categorize them by different criteria.

This way, the child realizes that they are learning something about mathematics even outside the

classroom." (T3)

DISCUSSION, CONCLUSION AND RECOMMENDATIONS

This study examined preschool teachers’ pedagogical content knowledge of the concepts of
addition and subtraction based on Lee’s framework. Interviews were conducted with three teachers
to explore their pedagogical approaches to teaching addition and subtraction in preschool settings.
The findings, as detailed and interpreted in the previous section, were categorized into 11 themes
during the advancing stage of Lee’s framework: cardinality of numbers, types of verbal problems,
use of concrete objects and symbols, drawings, effective counting strategies and automatization,
manipulatives, addition and subtraction strategies, integrated activities, developmental
appropriateness, motivation, and play.

The analysis revealed that all participating teachers emphasized the importance of cardinality
in teaching addition and subtraction, noting that young children should first encounter problem
scenarios where the result does not exceed five.

When asked to create verbal problem scenarios for addition and subtraction, all three teachers
used result-unknown problems from the join category for addition and the separate category for
subtraction. This preference is critical for fostering motivation and reducing errors, as Artut (2015)
found that children made fewer mistakes with result-unknown problems compared to start-unknown
problems. Only one teacher (T2) introduced examples from change-unknown problems in the
separate category. Regarding subtraction strategies, all three teachers primarily used the “taking
away’’ strategy, in which children remove a specific number of items from a group and count what
remains. This approach is effective because it is intuitive and easy for children to grasp. However,
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only one teacher (T2) also provided examples illustrating the “adding up” strategy, which intuitively
introduces subtraction as the inverse of addition.

The interviews highlighted that using concrete objects and drawings was a frequently adopted
and effective strategy for teaching addition and subtraction. Teachers noted that these methods
supported children’s conceptual understanding. However, Figueiredo et al. (2020) observed that
while teachers and candidates frequently used concrete materials and visual aids, they often failed to
align these materials with children’s developmental levels. Additionally, none of the teachers
mentioned strategies for advancing beyond manipulatives. This finding aligns with Gasteiger et al.
(2022), who identified a lack of emphasis on helping children transition from manipulatives to
abstract problem-solving. Teachers require additional support to foster children’s abstract thinking
skills. Kalchman and Kozoll (2017) emphasized that teachers’ effective use of pedagogical content
knowledge significantly supports children’s understanding of mathematical concepts. Moving
beyond manipulatives involves encouraging children to solve arithmetic tasks without relying on
physical aids after developing successful strategies with them. For instance, children could be asked
to place five toys in an opaque container, add four more, and determine the total number without
looking inside.

Another critical finding was the lack of focus on fostering child-initiated strategies for problem-
solving. Research shows that hands-on, multi-sensory teaching methods effectively develop
foundational addition skills (Calik & Kargin, 2010). Starting with children’s own problem-solving
methods is essential for supporting mathematical concepts and skills. However, none of the
participating teachers discussed prioritizing children’s self-developed strategies. Zhang (2015)
highlighted the importance of pedagogical content knowledge in anticipating and addressing
children’s conceptual misunderstandings. Educational projects emphasizing constructivist
approaches and encouraging children to develop unique strategies could play a crucial role in bridging
this gap. Future research should evaluate the impact of such initiatives on teachers and learning
environments.

The findings also revealed that teachers primarily relied on external reinforcements to motivate
children during addition and subtraction activities. While effective, such reinforcements are known
to foster extrinsic rather than intrinsic motivation. Future research could compare the mathematical
abilities of children taught by teachers emphasizing intrinsic motivation versus extrinsic motivation
during math activities to provide valuable insights.

This study contributes significantly to the existing literature by analyzing preschool teachers’
pedagogical content knowledge in mathematics. The findings offer detailed insights into the strategies
teachers employ for teaching addition and subtraction, shedding light on the effectiveness of various
methods. Additionally, this study highlights gaps such as the limited variety of verbal problem
scenarios, over-reliance on external motivators, and insufficient focus on fostering child-initiated
strategies. The findings suggest that future research could provide a clearer and more comprehensive
framework by focusing on diversifying verbal problems, assessing the impact of motivational
strategies, and addressing barriers to self-directed learning strategies in children. This study also
offers foundational data for future research in early childhood mathematics education and practical
recommendations for teacher training programs. These insights contribute both theoretically and
practically to the literature while offering valuable guidance for teachers' professional development.
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APPENDICES

Appendix 1: Interview Questions

Questions for Getting to Know the Participant

Your full name:

Your date of birth:

Where are you from?

What type of family background do you come from?

Which university did you graduate from?

Do you recall the mathematics courses you took during your university studies?
How many children are in your class, and what is your classroom setup like?

Questions Related to Addition and Subtraction Concepts

In your opinion, what makes an activity an effective mathematics activity in a preschool environment?

What effective practices do you think help develop the operational skills (e.g., addition, subtraction)
of children in your class? How do you organize your classroom for this process? What materials and
tools do you use?

What methods do you use to increase the motivation of children who are not interested in activities
focused on operational skills like addition and subtraction? Can you share a few examples?

What challenges do children face when learning addition and subtraction?
What do you do to make learning easier for children when teaching addition and subtraction?

How do you teach addition skills to children in your class? What verbal expressions do you use during
this process?

How do you teach subtraction skills to children in your class? What verbal expressions do you use
during this process?

Do you believe there is a developmental sequence in teaching operational skills like addition and
subtraction? If so, what sequence do you follow?

What methods and techniques do you use when teaching addition and subtraction operations?
Do you help children intuitively understand the commutative property of addition? If yes, how?

How do you help children intuitively understand the concept of subtracting a smaller number from a
larger one?

Appendix 2: Duration of Interviews with Teachers

Teacher First Interview Second Interview Third Interview

T1 33 minutes 38 minutes 41 minutes
T2 50 minutes 45 minutes 40 minutes
T3 53 minutes 50 minutes 49 minutes
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