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Bu aragtirmanin amaci, sinif 6gretmenlerinin matematiksel problemler baglaminda kullandiklar1 | Diizeltme: 27/04/2026

esnek islem yapma stratejilerini ve bu stratejilere yonelik gerekcelendirme bigimlerini incelemektir. | Kabul: 20/05/2026
Arastirma, nitel arastirma yaklasimlarindan 6zel durum galismasi deseniyle yiiriitiilmiistiir.
Calisma grubunu 16 sinif 6gretmeni olusturmaktadir. Veriler, arastirmaci tarafindan gelistirilen yar1
yapilandirilmis goriisme formu araciligiyla toplanmis ve igerik analizi yontemiyle analiz edilmistir.
Bulgular, katiimc smif 6gretmenlerinin matematiksel problemlerde farkli esnek islem stratejileri
kullandiklarini; ancak bu stratejilerin ¢ogunlukla islemsel temelli oldugunu gostermektedir.
Kavramsal stratejiler ile iist bilissel farkindalik stratejilerinin ise simurli diizeyde kullanildig:
belirlenmistir. Ayrica katilimcr 6gretmenlerin, esnek islem yapma stratejilerini gerekgelendirirken
agirlikl olarak islemsel-pragmatik Olgiitleri benimsedikleri, kavramsal temelli gerekcelendirmeye
daha az yer verdikleri ortaya koyulmustur. Bu dogrultuda, 6gretmen yetistirme ve hizmet ici egitim
stireclerinde zihinden islem, tahmin ve esnek diigsiinme becerilerinin kavramsal ve {iist biligsel
temelleriyle ele alinmasi 6nerilmektedir.
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Giris

Matematiksel problem ¢6zme siireglerinde bireylerin tek bir algoritmaya baglh kalmaksizin, duruma
uygun farkli ¢6zitim yollar1 iiretebilmeleri ve bu yollar arasinda bilingli tercihler yapabilmeleri
matematiksel yeterligin énemli gostergeleri arasinda yer almaktadir (Harg, 2010; Jordan, Glutting &
Ramineni, 2010; McIntosh vd., 1992; Reys vd., 1999; Sar1 & Olkun, 2020, Yang & Wu, 2010) Bu baglamda
esnek islem yapma, bireyin sayilar arasindaki iligkileri dikkate alarak islemleri yeniden
yapilandirabilmesini, zihinden islem yapabilmesini ve sonuglarin akla yatkinhigm
degerlendirebilmesini ifade etmektedir (Reys & Yang, 1998; Sowder, 1992). Esnek islem yapma,
matematiksel problemlerde stratejik karar verme, anlam temelli muhakeme ve esnek diisiinme
siiregleriyle yakindan iliskilidir (Hope & Sherill, 1987; Reys vd., 1995).

Esnek islem yapma stratejileri, yalnizca dogru sonuca ulasmay degil, ¢6ziim siirecinde kullanilan
yollarin matematiksel olarak anlamli olmasini da gerektirmektedir. Bir islemi sayilar1 parcalayarak,
yeniden gruplayarak ya da yaklasik degerlerden yararlanarak ¢ozmek, islemsel bir algoritmanin
uygulanmasinin otesinde sayilar arasindaki iliskilerin kavranmasin gerektirir (Hope & Sherrill, 1987;
Reys vd., 1995). Zihinden islem yapma, tahmin etme ve islemleri yeniden yapilandirmaya dayali bu tiir
stratejiler, esnek islem yapmanin temel gostergeleri arasinda yer almakta ve problem ¢6zme siirecinde
bireyin matematiksel muhakeme diizeyine iliskin 6nemli ipuglar1 sunmaktadir (Heirdsfield & Cooper,
2004; Louange & Bana, 2010; Mutmainnah vd., 2021; Nyunt vd., 2020). Esnek islem yapma stratejilerinin
etkili bicimde kullanilabilmesi, yalnizca uygun stratejiyi se¢meyi degil, ayni zamanda segilen stratejinin
neden tercih edildigini matematiksel olarak gerekgcelendirebilmeyi de gerektirmektedir. Matematiksel
gerekcelendirme, bireyin kullandig1 ¢6ziim yolunun uygunlugunu aciklayabilmesi ve bu agiklamay
matematiksel iliskilerle destekleyebilmesi olarak tanimlanmaktadir (Balacheff, 1988). Matematik
ogrenme literatiiriinde bu siireg, ¢ogunlukla kavramsal ve islemsel bilgi ayrimi cercevesinde ele
alinmaktadir (Hiebert & Lefevre, 1986). Islemsel bilgi, belirli iglem adimlarinin dogru bicimde
uygulanmasina odaklanirken; kavramsal bilgi, matematiksel kavramlarin ve bu kavramlar arasindaki
iliskilerin anlaml bigimde yapilandirilmasini kapsamaktadir (Rittle-Johnson, Siegler & Alibali, 2001).
Bu ayrim cergevesinde matematiksel gerekcelendirme, bireyin kullandig1 ¢6ziim yolunu yalnizca
uygulamasi degil, ayn1 zamanda bu ¢6ziim yolunun neden gegerli oldugunu matematiksel iligkiler
tizerinden aciklayabilmesiyle iliskilendirilmektedir. Bu dogrultuda Balacheff (1988), gerekcelendirmeyi
ornekler ve cesitli gosterimlere dayali pragmatik gerekgelendirme ile matematiksel ifadelerin 6zellikleri
arasindaki iligkilere dayali kavramsal gerekcelendirme olmak {izere iki temel kategori altinda ele
almistir. Esnek islem yapma stratejilerinin uygulanmasi ve bu stratejilerin gerekcelendirilmesi ise,
biiyiik 6lciide kavramsal bilgiye dayali siirecler olarak degerlendirilmektedir (Bekdemir & Bas, 2017;
Hiebert & Lefevre, 1986; Star, 2000).

Esnek islem yapma ve gerekcelendirme stiregleri, say1 hissi kavrami i¢inde énemli bir yere sahiptir.
Say1 hissi, bireyin sayilar1 ve islemleri anlam temelli bigimde degerlendirebilmesini, sonuglarin akla
yatkinligini sorgulayabilmesini ve farkli stratejiler arasinda uygun secimler yapabilmesini saglayan
bilissel bir gerceve olarak ele alinmaktadir (Reys & Yang, 1998; Giilbagci-Dede & Sengiil, 2016).
Giilbagci-Dede ve Sengiil (2016), say1 hissinin temel bilesenlerinden birinin esnek islem yapma ve
sonucun akla yatkinligini yargilama oldugunu belirtmektedir. Bu yoniiyle say1 hissi, esnek islem yapma

stratejilerinin kuramsal arka planini olusturmaktadir.

Ogrencilerin esnek diisiinme ve problem ¢6zme becerilerinin gelisimi, biiyiik lciide 6gretmenlerin

matematiksel ~problemleri ¢Ozerken benimsedikleri stratejiler ve bu stratejileri nasil
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gerekgelendirdikleriyle iliskilidir. Ogretmenler, yalnizca matematiksel igerigi aktaran degil; aymi
zamanda hangi ¢6ziim yollarinin degerli goriildiigiinii, hangi stratejilerin tercih edildigini ve bu
tercihlerin hangi gerekgelere dayandirildigini sinif ortaminda agik ya da ortiik bicimde modelleyen
temel aktorlerdir (Carpenter, Fennema & Franke, 1996). Bu nedenle 6gretmenlerin problem ¢ézme
siireclerinde kullandiklar stratejiler ve gerekcelendirme bicimleri, 6grencilerin matematiksel diistinme
yaklasimlarimi dogrudan etkilemektedir (Sowder, 1992; Tsao & Lin, 2011; Varol & Farran, 2006, Yang,
Reys & Reys, 2009)

Ozellikle esnek islem yapma gibi birden fazla ¢dziim yolunun miimkiin oldugu problem
durumlarinda, 6gretmenlerin hangi stratejileri benimsedikleri ve bu stratejileri hangi gerekgelerle
acikladiklari, 6grencilerin matematiksel muhakeme anlayislarinin gelisimi agisindan kritik 6neme
sahiptir. Ogretmenlerin islemsel dogrulugu merkeze alan agiklamalari, 6grencileri tek bir algoritmaya
yonlendirebilirken; kavramsal temelli gerekcelendirmeler, 6grencilerin sayilar arasindaki iliskileri fark
etmelerini ve alternatif ¢6ziim yollarini degerlendirmelerini destekleyebilmektedir (Sowder, 1992). Bu
baglamda Ogretmenlerin esnek islem yapma stratejileri ve gerekcelendirme bicimleri, siuf igi
matematiksel sdylemin niteliginin de Onemli bir gostergesi olarak degerlendirilmektedir. Ancak
alanyazin incelendiginde, siif 6gretmenlerinin matematiksel problemler baglaminda kullandiklar:
esnek islem yapma stratejileri ile bu stratejilere yonelik gerekcelendirme bicimlerinin birlikte ele
alinmasinin sinirl kaldigr soylenebilir. Mevcut arastirmalarin 6nemli bir boliimiiniin 6grenci (Can,
2025; Kabaran & Tertemiz, 2019, Tastepe & Yamik, 2021; Yilmaz, 2019) ya da 6gretmen adaylarinin
(Uztiindag & Ozgakir Siimen, 2023) performansina odaklandigi; gretmenlerin problem ¢dzme
siireclerinde kullandiklar1 stratejileri ve bu stratejilere iliskin gerekcelendirmeleri ayrintili bi¢imde
inceleyen galismalarin ise gorece az oldugu dikkat ¢ekmektedir. Bu durum, 6gretmenlerin mevcut
uygulamalarinin derinlemesine incelenmesini gerekli kilmaktadir. Bu baglamda bu arastirmanin amac,
smif Ogretmenlerinin matematiksel problemler baglaminda esnek islem yapma stratejilerini ve bu
stratejilere yonelik gerekgelendirme bicimlerini incelemektir. Bu amag¢ dogrultusunda arastirmada

asagidaki alt problemlere cevap aranacaktir:

Siif O6gretmenleri matematiksel problemleri ¢ozerken hangi esnek islem yapma stratejilerini
kullanmaktadir?

Sinif Ogretmenleri kullandiklar1 esnek islem yapma stratejilerini hangi gerekgelere

dayandirmaktadir?

Yontem

Bu boliimde arastirmanin modeli, ¢alisma grubu, veri toplama araglari, verilerin toplanmasi siireci ve

verilerin analizi ile ilgili bilgiler sunulmustur.
Arastirmanin Modeli

Bu arastirmada nitel arastirma yaklagimlarindan biri olan 6zel durum ¢alismasi deseni benimsenmistir.
Ozel durum calismasi, birey, ortam, siire¢ ve olay gibi unsurlarin belirli bir durumu nasil etkiledigini
ve bu durumdan nasil etkilendigini derinlemesine inceleyerek biitiinciil bir bakis agisiyla analiz etmeyi
amagclayan bir yontemdir (Yildirim & Simsek, 2013). Bu yaklasimda tekil bir olay ya da durum ayrintilh
bicimde ele alinmakta; veriler sistematik olarak toplanarak gercek baglamda ortaya ¢ikan durumlarin
nedenleri anlagilmaya calisilmaktadir. Ayrica elde edilen bulgular dogrultusunda, gelecekte yapilacak

calismalara yonelik ¢ikarimlar sunulmasina olanak tanimaktadir (Davey, 1990). Sinif 6gretmenlerinin

OJCES, 2026, 4(1), 30-Son Sayfa



Esnek Islem Stratejileri ve Gerekgelendirme 33

esnek islem yapma stratejilerinin ve bu stratejilere yonelik gerekgelendirme bigimlerinin incelenmesi
amaglayan bu arastirmada mevcut durumu ortaya koymak hedeflendiginden, 6zel durum calismasi

deseninin kullanilmasi arastirmanin amacina uygun goriilmiistiir.
Calisma Grubu

Aragtirmanin katilimailarini Glimiishane il merkezinde devlet okullarinda gorev yapan ve matematik
derslerini aktif olarak yiiriiten toplam 16 simif Ogretmeni olusturmaktadir. Calisma grubunun
belirlenmesinde, farkli durum ve olgularin hem betimlenmesine hem de derinlemesine incelenmesine
olanak tanidig: belirtilen (Yildirim & Simsek, 2013) amagli 6rnekleme yaklasimlarindan biri olan 6lgiit
ornekleme yontemi tercih edilmistir. Olgiit 6rnekleme yonteminin secilmesinde, esnek islem yapma
stratejileri ve bu stratejilere iliskin gerekgelendirme bigimleri gibi tist diizey biligsel siireglerin
incelendigi arastirmalarda, katilimcilarin ilgili 6zellikleri tasimasimin veri zenginligi ve arastirmanin
derinligi agisindan 6nem tagimast etkili olmustur. Bu dogrultuda, Milli Egitim Bakanligina bagh devlet
okullarinda gorev yapan, sinif dgretmenligi lisans mezunu olan ve on goriismelerde matematik
ogretiminde birden fazla ¢oziim yoluna yer verdigini ifade eden sinif 6gretmenleri arastirmaya dahil
edilmistir. Katihmailar, farkli okullarda goérev yapan ve farkli mesleki kidem yillarina sahip kadin ve
erkek Ogretmenlerden olusmaktadir. Aragtirma siirecinde etik ilkelere uygun hareket edilmis,
katihmeilarin kimlik bilgileri gizli tutulmus ve dgretmenler O1, O2, ..., O16 bigiminde kodlanarak

tanimlanmugtir.
Veri Toplama Araclarn

Aragtirmada veri toplama araci olarak, arastirmaci tarafindan gelistirilen “On Goriisme Formu” ve
“Sinif Ogretmenlerinin Esnek Islem Yapma Stratejileri ve Gerekgelendirme Bicimleri Gériisme Formu”
kullanilmistir. Goriisme formunda yer alan altt soru, Ogretmenlerin matematiksel problemler
baglaminda kullandiklar: esnek islem yapma stratejileri ve bu stratejileri kullanma gerekgelerini
belirlemeye yoneliktir. Ornegin; “Bir d§rencinin giinliik ortalama calisma siiresi 45 dakikadir. Ogrenci bu
calisma diizenini 12 giin boyunca siirdiiriirse toplam calisma siiresi kac saat olur? Bu problemi ¢ozerken hangi
stratejileri kullanirsimiz? Her stratejiyi kullanma nedeninizi ve hangi durumlarda daha mantikly oldugunu
aciklaym. Sonucun akla yatkinli§ini nasil kontrol edersiniz?” “Aydin Bey aracina 34,8 litre benzin almigtir.
Benzinin litre fiyatr 27,5 TL'dir. Aydmn, ddenecek tutar: hesaplarken su sonucu bulmustur:
276 x 348 = 9570 TL.  Aydm  Bey'in = buldugu  sonu¢  gercekci  midir?
Eger hata varsa, hatanin ne oldugunu aciklayiniz ve dogru sonucun yaklagik kag TL olmas: gerektigini tahmin
ediniz.” seklinde sorulara yer verilmistir. Goriisme formlarinin kapsam ve goriiniis gecerligi, alaninda
uzman iki akademisyenin goriisleri dogrultusunda saglanmis; elde edilen geri bildirimler

dogrultusunda dil ve anlatim yoniinden gerekli ifade diizenlemeleri yapilmistir.
Verilerin Toplanmasi

Goriisme formlarinin islevselligini ve uygulanabilirligini degerlendirmek amaciyla ti¢ smif 6gretmeni
ile pilot uygulama gerceklestirilmistir. Pilot uygulama siirecinde goriisme sorularmin anlagilirhigs,
uygulama siiresi ve veri toplama siirecine iligkin herhangi bir sorunla kargilagilmadig: belirlenmis; bu
dogrultuda goriisme formlarinin arastirma amaci i¢in uygun oldugu sonucuna varilmistir. Pilot
uygulamanin ardindan arastirmanin asil uygulamasi 16 sinif 6gretmeni ile yiiriitiilmiistiir. Gortismeler
oncesinde 6gretmenlere arastirmanin konusu ve amaci hakkinda bilgilendirme yapilmis, goriismeler
i¢in ders saatleri disinda uygun bir zaman dilimi belirlenerek randevu alinmistir. Goriismeler, okul

ortaminda sessiz ve dikkat dagitict unsurlardan arindirilmis bir ortamda gerceklestirilmistir. Veri
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kaybini 6nlemek amaciyla, 6gretmenlerin izni alinarak goriismeler sirasinda ses kayd1 yapilmistir. Veri
toplama siirecinde oncelikle 6n goriisme formu kullanilarak 6gretmenlerin matematik 6gretiminde
birden fazla ¢6ziim yoluna yer verip vermedikleri belirlenmistir. Matematik 6gretiminde birden fazla
¢6zim yolunu kullandigini ifade eden 6gretmenlere, arastirmac: tarafindan gelistirilen asil goriisme
formu uygulanmistir. Bu asamali veri toplama siireci ile goriismelerin arastirmanin amacina uygun

katiimcilarla yiiriitiilmesi saglanmistir.
Veri Analizi

Goriigmelerden elde edilen nitel veriler, igerik analizi yoéntemi kullanilarak ¢oziimlenmistir. Icerik
analizi, goriisme verilerinin sistematik ve derinlemesine incelenmesine olanak saglamas: ve énceden
belirlenmemis anlam oOriintiilerinin ortaya ¢ikarilmasina uygun olmasi nedeniyle tercih edilmistir.
Analiz siirecinin ilk asamasinda, goriisme kayitlar: arastirmacilar tarafindan birebir ¢éziimlenerek ham
veri halinde dijital ortama aktarilmistir. Verilerin analizinde, benzer anlam igeren ifadeler belirlenmis
ve bu ifadeler kodlanmistir. Kodlama siireci birinci ve ikinci arastirmaci tarafindan bagimsiz olarak
yuriitiilmiis; elde edilen kodlar anlamsal yakinliklar: dikkate alinarak alt temalar altinda birlestirilmis,
alt temalarin biitiinlestirilmesiyle arastirmanin ana temalar1 olusturulmustur. Arastirmacilar tarafindan
ayr1 ayr1 gerceklestirilen kodlamalar tablolastirilmis ve belirli bir siire sonra yeniden gozden gegirilerek
karsilastirilmistir. Kodlayicilar aras1 uyum oramni yiizde doksan bes olarak hesaplanmis olup, bu oran
analiz siirecinin tutarliligini ve giivenirligini desteklemektedir. Arastirmanin inandiriciligini artirmak
amactyla 0gretmen goriisleri dogrudan alintilarla sunulmus ve elde edilen bulgular katiimcilarla
paylasilarak katiima teyidi saglanmistir. Aktarilabilirligi desteklemek icin veri toplama ve analiz
stireci ayrintili bicimde raporlanmistir. Tutarliligl saglamak amaciyla analiz siirecinin tiim asamalar1
sistematik olarak ytiriitiilmiis ve arastirmacinin yaptig1 kodlamalar bagimsiz bir arastirmaci tarafindan
yeniden yapilarak kodlama karsilastirmalar1 yapilmistir. Dogrulanabilirligi artirmak amaciyla ise elde
edilen kodlar, temalar ve analiz tablolar1 alan uzmanlarinin goriisiine sunulmus; uzman geri
bildirimleri dogrultusunda gerekli diizenlemeler yapilarak analiz siirecine son sekli verilmistir. Igerik
analizi sonucunda ulasilan bulgular, Ogretmenlerin goriislerini yansitan dogrudan alintilarla

desteklenerek sunulmustur.
Bulgular

Bu boliimde, simif ogretmenlerinin matematiksel problemler baglaminda kullandiklar1 esnek islem
yapma stratejilerine iliskin elde edilen bulgular sunulmaktadir. Ilk olarak siuf 6gretmenlerinin
matematiksel problemleri ¢ozerken basvurduklari esnek islem yapma stratejileri ayrintili bicimde
analiz edilmis ve bu stratejiler tema, alt tema, kategori ve kodlar altinda siniflandirilmistir. Ikinci olarak,
sinif Ogretmenlerinin kullandiklar1 stratejileri hangi gerekcelere dayandirdiklari, yani strateji
secimlerine yonelik aciklamalar: incelenerek, bu gerekgelerin boyutlar1 ortaya konmustur. Bu
dogrultuda bulgular, icerik analizinden elde edilen kodlama semas: ve dogrudan katilimci ifadeleriyle

desteklenerek sunulmustur.

Tablo 1. Siuf Ogretmenlerinin Matematiksel Problemler Baglaminda Kullandiklar1 Esnek Islem Yapma

Stratejileri
Tema  Alt Kategori Kod Stratejinin Kullanildig: Ornek ifadeler
Tema Sorular
Ej 4 Say1y1 Carpanlardan Sorul O1: “12'yi 10 ve 2 olarak ayirip, 45i
AL —‘ 'a‘u_), o ayirarak birini ayirma (01,02, 03, 05, 08,010,  dnce 10 ile, sonra 2 ile carparim,
T:é g : g TE.» F§ yeniden 013, 014, 015) buldugum iki sonucu yani 450 ile 90 ‘1
SRR B yapilandirma
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Kavramsal zihinden muhakeme stratejileri

Ustbilissel

Farkindalik

Cluntad

) P

Sinirh
esneklik
iceren
zihinden iglem

Denk
kurma /

islem

Islem
kavramsal
etkisine
yonelik
muhakeme
yapma
Referans
noktasi
kullanma

Yaklagik deger

tahmini

Yuvarlama

Akla yatkinlik

Kavramsal ve
islemsel
hatalar1 fark
etme

Toplananlar1
ayirma

Gruplama-
yeniden
diizenleme
Prosediirel
zihinden iglem

Niceligin
temsil
dontisimii
Islem etkisini
anlama

Y yi referans
alma

1 saati referans
alma

Sayilarin
yaklagik
bliytkligini
kiyaslama
Sayilar1 en
yakin tam
sayilara

yuvarlama

Mantiksal
tutarhilik

Ardisik
ylizdeleri
toplanabilir
olarak
diistinme
Islem sirasini
takip etmeme

Soru 3 (01, O2, 03, O,
08, 09, 011, 012, O14,
015, O16)

Soru 6 (01, 03, 05, 07,
09, 011, 012, O14, O15,
0O16)

Soru 1 (09, 011, 012)

Soru 1 (016)

Soru 2 (01,02, 05, 07,
08)

Soru 4 (01, 02, 06, 07,
09, 011, 014, 015, O16)
Soru 5 (011, 012, 014,
0O16)

Soru 1 (06, 07)

Soru 2 (03, 09, 010, O12,
013)

Soru 2 (04, 011, O14)

Soru 1 (O4)

Soru 2 (06, 015, O16)

Soru 3 (O4, 05, 07, O10,
013)

Soru 5 (01, 02, 03, 04,
05, 06, 07, 08, 09, 010,
013, 015)

Soru 6 (02, 04,06, 08,
010, 013)

Soru 4 (03, 04, 05, 08,
010, 012)

Soru 5 (03, O4, 05,
08, 011, 012, O16)

Oe,

Soru 4 (01, 02, O3,
08, 010, 013, O16)

05,

Soru 4 (04, 06, 07,
011, 012, 014, O15)

09,

toplarim, 540 dakika bulurum o da 9 saat
eder.”

09: “2801 200+80 diye ayirarak, 2,9 ile
garpimini yaparim.”

O14: “13.450yi 13.000 + 450 diye, 78901
7000+890, 2375’1 2000+375 olarak
ay1ririm, 6nce tamlar1 sonra kiisiiratlar:
zihinden toplarim.”

O12: “Once iki giinii hesaplarim. 2
giinde 90 dakika calisirsa, 12 giinde 540
dakika yani 9 saat ¢aligir.”

Soru 4- 016: “Once %40 indirimi
uygularim 360 TL bulup, 900 TL den
¢ikaririm, sonra 540’a %10 indirim
uygulayip bu paradan 54 ¢ikarir, 486
bulurum.”

06: “45 dakikay1 % saat olarak diisiiniir,
12 ile carparim bu da 9 saat, yani 540
dakika yapar.”

013: “ 0,55 + 9,8 en biiyiik olur, giinkii
ikisi de pozitif.”

O4: “0,55 zaten yarimdan, 1/2 den biraz
fazla, 9,8 ise biiyiik bir sayi, ¢ikarma
negatif olur, toplama islemi en biiyiik
olur.”

O4: “45 dakikay yaklagik bir saat olarak
distintirim.”

06: “9,8 yaklasik 10, 0,55 kiigiik bir sayz;
¢ikarma kesin negatif olur.”

O7: “280ri 300, 2,9u da 3 olarak kabul
edip, islem yaparim.”

O13: “27,5'1 30'a, 34,8'i 35’e yuvarlarsam
yaklasik sonucun 1050 olur, 9570 cok
biiytiik bir say1 ondalik hatas1 yapilmis.”

0O10: “7890'1 7900, 2375'i 2400, 13450yi
13500 alirim.

Soru 4- O3: “% 40 indirim zaten biiyiik bir
indirim, fiyat 900’den 540’a iner, Bir de
%10 daha indirim olursa 540'1n %10"u 54
TL daha diiger, 540 dan da 54 ¢iktiginda
500’e yakin bir deger olmali, sonug
hatal.”

O16: “2751 25, 348 ise 40 olarak
diisiinsek bile sonug¢ 1000 olur, sonug
mantikl degil.”

010: “... ardigik yiizdeleri toplanabilir
gibi diistindiigiimden %40 + %10 = %50
seklinde dogrudan toplama yapilmis ve
yanlis sonu¢ bulunmustur.”

O11 “... problemdeki verilen bilgilere
gore islemi sirayla yapmadig igin ...”
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Ondalik sayiy1  Soru 5 (Ol, 02, 07, 09, O1: “27,5 ile 34,81 ondalik say1 olarak
goz ardi etme 010, 013, O14, (515) degil de direkt tam say1 olarak carpmis
hatasi ama virgiil koymay1 unutmus.”

Tablo 1'de sinif 6gretmenlerinin matematiksel problemler baglaminda kullandiklar1 esnek islem yapma
stratejileri incelenmistir. Arastirmanin katilimcisi olan simf Ogretmenlerine birinci soruda bir
0grencinin giinliik ortalama ¢alisma siiresinin 45 dakika oldugu, 6grencinin bu ¢alisma diizenini 12 giin
boyunca siirdiiriirse toplam calisma siiresinin kag saat olacag1 sorularak, 6gretmenlere bu problemi
¢ozerken hangi stratejileri kullanacag1 sorulmustur. Sinif 6gretmenlerinin bu soruya vermis olduklar:
cevaplar dogrultusunda cogunlukla islemsel temelli zihinden islem stratejileri arasinda yer alan
carpanlardan birini ayirmay1 kullandiklari, kavramsal zihinden muhakeme stratejileri arasinda yer alan
niceligin temsil doniisiimii, referans noktas: kullanma stratejilerine ¢ok az bagvurduklari belirlenmistir.
Ogretmenlerin biiyiik kismi, 45 x 12 iglemini daha kolay yonetebilmek amaciyla 12 sayisin1 10 ve 2
bi¢ciminde ayirarak dagilim 6zelliginden yararlanmis; bazi katilimcilar ise tekrar eden birimleri dikkate
alarak giinleri ikili gruplar halinde ele almistir. Bunun yaninda bazi 6gretmenlerin, 45 dakikay1 % saat
olarak yeniden ifade ederek islem yapmasi, niceligi farkli bir temsil bigimine doéniistiirmeye dayal
kavramsal bir yaklasim sergilediklerini gostermektedir. Bu bulgular, 6gretmenlerin matematiksel
problemler baglaminda daha ¢ok islemsel temelli zihinden islem stratejileri kullandigi, islemi

kolaylastirmaya yonelik esnek ve anlam temelli stratejileri daha az kullandiklarin ortaya koymaktadir.

Arastirmanin katilimcisi olan sinif 6gretmenlerine ikinci soruda, 0,55 ve 9,8 ondalik sayilar {izerinde
gerceklestirilen toplama, ¢itkarma, carpma ve bolme islemlerinin sonuglarinin kiigiikten biiytiige
siralanmasinu gerektiren bir problem yoneltilmistir. Bu soru araciligiyla 6gretmenlerin problem ¢6zme
slirecinde basvurduklar esnek islem yapma stratejileri analiz edilmistir.
Bulgular, bazi siif 6gretmenlerinin karsilastirma gerektiren bu tiir problemlerde islemlerin nicel
etkisine iliskin kavramsal muhakeme gelistirmek yerine, her bir islemi ayr1 ayr1 prosediirel zihinden
islem yoluyla hesapladiklarini ve siralamay: elde ettikleri sayisal sonuglara dayal olarak yaptiklarin
gostermektedir. Buna karsilik katilimcilarin biiytik ¢ogunlugunun, islemlerin biiyiitme—kiigiiltme
etkisine iliskin kavramsal farkindalik sergiledigi; bu kapsamda islem etkisini kullanma, referans noktasi
olusturma ve yaklasik deger tahmini gibi kavramsal zihinden muhakeme stratejilerine basvurdugu

belirlenmistir.

Arastirmanin katilimcisi olan sinif 6gretmenlerine tiglincii soruda, aylik ortalama 280 kWh elektrik
tiiketimi ve birim fiyatin yaklasik 2,9 TL oldugu bilgileri verilerek, bu kosullarda olusacak elektrik
faturasinin 800 TL smirini asip asmayacagini tahmin etmeleri istenmistir. Ayrica katilimcilardan bu
problemi ¢ozerken basvurduklar: stratejileri agiklamalari talep edilmistir.
Elde edilen verilerin analizi, katihmailarin biiyiik ¢ogunlugunun tahmin siirecinde sayilar1 parcalara
aywrarak yeniden yapilandirma stratejisini kullandigini gostermektedir. Buna karsilik bazi
Ogretmenlerin problemi ¢ozerken en yakin tam sayiya yuvarlama stratejisine basvurdugu
belirlenmistir. Ayrica, bu problem baglaminda etkili bicimde kullanilabilecek olan referans noktasi
kullanma ve yaklasik deger tahmini stratejilerinin katiimcilar tarafindan tercih edilmedigi tespit

edilmistir.

Arastirmanin katilimcisi olan smif 6gretmenlerine, etiket fiyat: 900 TL olan bir ayakkabiya ardisik
olarak %40 ve ardindan %10 indirim uygulanmasi durumunu igeren bir problem sunulmus;
Ogretmenlerden, verilen ¢dziimiin dogrulugunu degerlendirmeleri, varsa hatay1 aciklamalar: ve dogru

sonucu zihinden hesaplamalar1 istenmistir. Ogretmenlerin verdikleri cevaplar incelendiginde, bir
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kismimin ardisik indirimlerde yiizdelerin dogrudan toplanamayacagimi dikkate alarak prosediirel
zihinden islem yaptig1 ve mantiksal tutarlilik ¢ercevesinde dogru sonuca ulastiklar: goriilmiistiir. Bu
Ogretmenler, indirimin sirali uygulanmasi gerektigini gozeterek kavramsal olarak tutarli bir muhakeme
sergilemislerdir. Buna karsilik sinif 6gretmenlerinin yarisi, %40 ve %10 indirimin dogrudan toplanarak
%50 olarak alinmasinin islemsel bir hata oldugunu fark etmis ve bu durumun, ¢6ziimii yapan kisinin
ardisik yiizdeleri toplanabilir olarak diisiinmesinden kaynaklandigini belirtmis, diger yarisi ise yapilan
hatanin islem sirasina uyulmamasindan kaynaklandigini ifade etmistir. Bu durum smif 6gretmenlerinin
kavramsal ve islemsel hatalar1 fark ettigini, tist bilissel farkindalik stratejilerini kullanabildigini
gostermektedir. Ayrica katiimc1 6gretmenlerin yarisinin islemsel hatay: ifade ederek, iist biligsel

farkindalik stratejilerini kullandig1 goriilmiistiir.

Arastirmanin katilimcisi olan sinuf 6gretmenlerine besinci soruda, arag yakit tiiketimi baglaminda
olusturulmus bir problem sunulmustur. Bu problemde, 34,8 litre benzin alan bir aracin litre fiyat1 27,5
TL oldugunda elde edilen 9570 TL’lik sonucun gergekgiligini degerlendirmeleri; varsa hatay1
agiklamalar1 ve dogru sonucun yaklasik degerini zihinden tahmin etmeleri istenmistir.
Bu soruya verilen cevaplar incelendiginde, bazi 6gretmenlerin prosediirel zihinden islem stratejisini
kullanarak adim adim zihinsel hesaplama yaptiklar1 goriilmiistiir. Ogretmenlerin gogunlugunun ise
kavramsal zihinden muhakeme stratejileri kapsaminda yer alan yuvarlama stratejisinden yararlanarak

sonucun gercekgiligini degerlendirdigi belirlenmistir.

Arastirmanin katilimcisi olan smif 6gretmenlerine altinci soruda, bir giyim magazasinda farkl etiket
fiyatlaria sahip {i¢ {iriiniin (7890 TL, 2375 TL ve 13.450 TL) toplam maliyetinin belirlenmesine yonelik
bir problem sunulmustur. Ogretmenlerden, problemi cozerken kullanabilecekleri stratejileri, bu
stratejileri tercih etme gerekgelerini ve sonucun akla yatkinligini nasil degerlendireceklerini
agiklamalari istenmistir. Verilen yanitlar incelendiginde, 6gretmenlerin cogunlugunun islemsel temelli
zihinden islem stratejilerinden biri olan toplananlari ayirma stratejisini kullandigi goriilmiistiir.
Ogretmenlerin bir kismimin ise kavramsal zihinden muhakeme stratejileri kapsaminda yer alan

yuvarlama stratejisinden yararlandigi belirlenmistir.

Katilimar sinuf 6gretmenlerinin alt1 farkli problem baglamina verdikleri yanitlar biitiinciil olarak
degerlendirildiginde, 6gretmenlerin ¢oziim siireclerinde hem islemsel temelli hem de kavramsal temelli
zihinsel stratejilere basvurduklar: goriilmiistiir. Bununla birlikte genel egilimin, sayilar1 parcalama,
carpanlardan birini ayirma ve toplananlari ayirma gibi islemsel temelli zihinden islem stratejileri
yoniinde oldugu belirlenmistir. Bazi problem tiirlerinde 6gretmenlerin islem etkisini kullanma, referans
noktasi olusturma, yaklasik deger tahmini, niceligin temsil doniisiimii ve yuvarlama gibi kavramsal
zihinden muhakeme stratejilerine de basvurduklar1 goriilmiistiir. Ancak 6zellikle tahmin gerektiren
baglamlarda, referans noktas1 kullanma ve yaklasik deger tahmini gibi iist diizey stratejilerin simrl
diizeyde tercih edildigi dikkat g¢ekmistir. Genel olarak bulgular, smif 6gretmenlerinin esnek islem
yapma strateji gesitliligine sahip olduklarini; ancak islemsel stratejilerin kullaniminin kavramsal ve iist

bilissel stratejilere kiyasla daha baskin oldugunu gostermektedir.

Tablo 2. Siuf Ogretmenlerinin Matematiksel Problemler Baglaminda Kullandiklar1 Esnek Islem Yapma

Stratejilerini Gerekgelendirme Bigimleri

Tema Kategori Kod Katilimcinin Gerekgesini Ornek ifade
Belirttigi Soru

g Biligsel kolaylik ~ Soru 1 (C)l, 02, 03, 05, 08, 010, Soru 1- O2: “Sayilar1 ayirmak islemi zihinden
'g .38 013, 014, O15) yapmami kolaylastiriyor.”

?é gl £ ?é Soru 2 (04, 011, O14) Soru 2- O11: “1/2 yi referans noktas
6 jé p‘ % 6 belirlemek, islemi kolaylastirtyor.”
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Soru 3 (04, 05, 07, 010, O13) Soru 3- O13: “Kesir sayilari ile zihinden iglem
yapma zor, yuvarlama kolaylik sagliyor.”

Soru6 (02,04, 06,08, 010,013) Soru 6- O6: “Kiisiiratlar1 toplamaktansa
yuvarlama yapinca islem kolay oluyor.”

Soru 1 (C)9, 011, 012) Soru 1- O12: “Tekrarh yapiyr gruplamak,
bence iglemin yiikiinii azaltryor.”

Pratik olmasi Soru 1 (06, O7) Soru 1- O6: “... sayisal degerleri uygun
temsile doniistiirmek, islemi hizli yapmami
sagliyor.”

Hata riskini  Soru 6 (C)l, 03, 05, 07, 09, O11, Soru 6- O14: “Sayilar1 parcalayarak yapmak

azaltma 012, O14, O15, 016) daha giivenilir ve dogru sonug verir.”

Temsili Soru 1 (06, 07) Soru 1- O7: “Ciinkii 45 dakikay1, 1 saatin %@

kolaylastirma olarak diisiinmek sayiyr daha anlagilir
kiliyor.”

Islemin Soru 1 Soru 1 - 02 “Sayiyr pargalara ayirarak

anlamini bilme ((")1, 02, 03, 05, 08, 010, 013, dagiim ozelliginden yararlanabilecegimi

014, O15) biliyorum.”

Soru 2 (03, 09, 010, 012, O13) Soru 2- (9: “Bolmenin kiigiilttigiinii,
c¢arpmanin biiylittiigiinii, kiigiik sayidan
biiyiik say1 ¢ktginda sonucun negatif
oldugunu biliyorum.”

= Referans Soru 1 (04) Soru 1- O4 : “45 dakika, 1 saatten biraz az 12
E biiytiklik glin boyunca her giin yaklasik 1 saat caligsa,
§ kullanarak 12 saat olur, 12 saatten az olmali sonug.”

Vi anlamlandirma

Tablo 2’de arastirmanin katilimcisi olan sinif 6gretmenlerinin matematiksel problemler baglaminda
kullanmais olduklar1 esnek islem yapma stratejilerini gerekgelendirme bicimleri incelenmistir. Kodlama
stirecinde katilimcr ifadelerinde vurgulanan gerekge tiirii esas alinmis, ayni ifade hem islemsel hem
kavramsal igerik tasiyorsa baglam oOncelikli olarak degerlendirilmistir. Elde edilen veriler
incelendiginde Ogretmenlerin strateji tercihlerinin biiyiik Olciide islemsel gerekgelere dayandig:
goriilmektedir. Katilimcilar strateji secimlerini agirlikli olarak biligsel yiikii azaltma, islemsel verimlilik
ve hata kontrolii gibi pragmatik ol¢iitlerle temellendirirken; temsili doniisiim, islemsel anlamlandirma
ve referans biiyiikliitk kullanimi gibi kavramsal gerekgelere sinirli diizeyde bagvurmuslardir. Bu bulgu,
Ogretmenlerin gerekcelendirme siireglerinde prosediirel odakli biligsel yonelimin baskin, kavramsal

temelli muhakemenin ise gorece zayif oldugunu ortaya koymaktadir.

Tartisma, Sonug ve Oneriler

Arastirmanin bulgulari, arastirmada katilimci olan smnif 6gretmenlerinin matematiksel problemler
baglaminda farkli esnek islem stratejileri kullandiklarini ortaya koymaktadir. Bununla birlikte,
ogretmenlerin agirlikli olarak islemsel temelli stratejilere (sayilar1 ayirarak yeniden yapilandirma ve
sinirl esneklik iceren zihinden islem) bagvurduklari; kavramsal stratejileri (denk islem kurma, islemin
kavramsal etkisini degerlendirme, referans noktas: kullanma, yaklasik tahmin, yuvarlama ve akla
yatkinlik degerlendirmesi) ile iist biligsel farkindalik stratejilerini (kavramsal ve islemsel hatalar1 fark
etme) ise daha sinurl diizeyde kullandiklari goriilmektedir. Ozellikle tahmin gerektiren problem
baglamlarinda, referans noktasi kullanma ve yaklasik deger tahmini gibi iist diizey bilissel stratejilerin
sinirl diizeyde tercih edilmesi dikkat ¢ekici bir bulgu olarak 6ne ¢itkmaktadir. Bu durum, 6gretmenlerin
problem ¢6zme siireglerinde ¢ogunlukla islemsel dogrulugu oncelediklerini, kavramsal muhakeme
gerektiren stratejileri ise daha az kullandiklarmi gostermektedir. Elde edilen bulgular literatiirle de

biiyiik olglide ortiismektedir. Nitekim Sengiil (2013), siif d6gretmeni adaylarnin yalnizca kiigiik bir
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boliimiiniin problem ¢dzme siirecinde referans noktasi kullanma, tahmin etme ve sonucun tutarliligini
degerlendirme gibi stratejilere basvurdugunu belirtmektedir. Benzer bigimde Tsao (2005), tahmin
becerisinin kullanimini gerektiren sorularda gretmen adaylarinin zorlandigini ortaya koymustur.
Bayak (2016) smuf Ogretmenlerinin matematiksel islem siireclerinde esnekligi yeterince
kullanmadiklarini; 6zellikle sayilar: ayirarak yeniden yapilandirma ve referans noktas: kullanma gibi
stratejilere sinirl diizeyde yer verdiklerini ortaya koymustur. Ustiindag & Ozgcakir-Siimen (2023) ise
smif 6gretmeni adaylarmin zihinden toplama stratejilerini kullanma diizeylerinin diisiik oldugunu;
¢ogunlugunun bir, iki veya {i¢ tiir zihinden toplama stratejisi kullandiklarin ve hig strateji kullanmayan
Ogretmen adaylarinin da oldugunu tespit etmistir. Benzer bigimde literatiirde, simf Ogretmeni
adaylarmin zihinden islem yapma becerilerinin yeterince gelismedigi (Celikkol, 2022) ve matematiksel
problemlerin ¢6ziimiinde esnek stratejilere sinirli 6lciide bagvurduklari rapor edilmektedir (Dayi, 2018;
Yarimkas, 2019). Ayrica gorevdeki simf Ogretmenlerinin de matematiksel problemlerde esnek
diistinmeye dayali alternatif ¢6ziim stratejileri iiretmede yetersiz kaldiklari belirtilmektedir (Giirbiiz &
Gider, 2016).

Bu bulgularin ortak vurguladig: énemli nokta, 6gretmenlerin esnek islem yapma stratejilerini igeren
say1 hissine dayali biligsel siiregleri yeterince kullanmamalaridir. Nitekim Ogretmenlerin sayilar
arasindaki iligkileri gogu zaman goz ardi ettikleri ve say1 hissine dayali stratejileri 6gretim siireglerine
etkili bicimde entegre edemedikleri ifade edilmektedir (Tsao & Lin, 2012). Cesitli ¢alismalar, bu
durumun ogretmenlerin sayr hissine yonelik kavramsal bilgi diizeylerinin smirli olmasindan
kaynaklandigini vurgulamaktadir (Dayi, 2018; Kilig, 2024; Kili¢ & Giines, 2025; Tsao & Lin, 2012; Yang,
Reys & Reys, 2009). Bu sonuglar, sinf 6gretmenlerinin esnek islem becerilerinin gelistirilmesi amaciyla
O0gretmen egitim programlarinda say1 hissi, tahmin ve kavramsal muhakemeyi merkeze alan 6gretim
yaklasimlarma daha fazla yer verilmesi gerektigine isaret etmektedir. Nitekim literatiirde, gesitli
egitimsel miidahalelerin sinif 6gretmeni adaylarmin kesirlerin biiyiikliigiine iliskin akil yiiriitmelerinde
esnekligi artirdigr (Whitacre & Nickerson, 2016); sayilar arasindaki goklu iligkileri daha kolay
kurmalarini sagladigi, zihinden hesaplama ve tahmin becerilerinin kullanimini gii¢clendirdigi ve ¢6ziim
siireclerine yonelik daha tutarli gerekcelendirmeler yapmalarina katki sundugu belirtilmektedir
(Kaminski, 2002).

Aragtirmanin bir diger bulgusu, smuf Ogretmenlerinin esnek islem yapma stratejilerini
gerekcelendirirken agirlikli olarak islemsel-pragmatik olgiitleri benimsediklerini, kavramsal temelli
gerekcelendirmeye ise sinirli diizeyde yer verdiklerini ortaya koymaktadir. Bu durum, 6gretmenlerin
problem ¢6zme siireglerinde ¢ogunlukla prosediirel giivenligi Oncelediklerini ve matematiksel
diisiinmenin kavramsal boyutunu ikincil planda ele aldiklarini gostermektedir. Benzer bicimde, 6nceki
arastirmalarda 0gretmen adaylarinin (Aksu vd., 2018; Aksu vd., 2022; Baki, 2013; Karaaslan & Ay, 2017;
Kinach, 2002a; Soylu & Aydin, 2006; Toluk-Ucgar, 2011) ve 6gretmenlerin (Karabag & Giines, 2025; Soylu
vd., 2024) matematiksel problem baglaminda islemsel dogruluga oncelik verdikleri, kavramsal

gerekcelendirmeye ise sinirh 6l¢iide bagsvurduklar: rapor edilmistir.

Alanyazinda, “neden” sorusunu merkeze almaksizin hangi durumda hangi algoritmanin
kullanilacagini bilmeye dayanan islemsel bilginin; neden ve nasil sorularina yanit verme gerekliligi
nedeniyle daha derin bir biligsel yap1 gerektiren kavramsal bilgiye kiyasla daha ytiizeysel bir yapiya
sahip oldugu vurgulanmaktadir (Rittle-Johnson & Schneider, 2012). Ogretmen adaylarinin ve
Ogretmenlerin kavramsal diizeyde 6gretimsel aciklamalar yapabilmeleri icin, 6ncelikle matematiksel
icerigi kendilerinin kavramsal diizeyde anlamlandirmalari gerektigi belirtiimektedir (Ma, 1999).

Mevcut arastirmada 6zellikle temsili doniisiim, referans biiyiikliik kullanimi ve islemin anlamina dayal
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gerekcelendirme gibi stratejilerin smrli diizeyde kullanilmasi, Ogretmenlerin nicel iligkileri
yapilandirma ve anlamlandirma siireglerinde kavramsal derinligin yeterince desteklenmedigine isaret

etmektedir.

Arastirma bulgular1 dogrultusunda, 6gretmen yetistirme programlarinda zihinden islem, tahmin ve
esnek diisiinme becerilerinin yalnizca islemsel dogruluk temelinde degil, bu becerilerin dayandig:
kavramsal ve iist bilissel boyutlar gercevesinde ele alinmas: onerilmektedir. Bu kapsamda, referans
noktas1 kullanma, yaklasik deger tahmini ve temsili doniisiim gibi stratejilerin 6gretmen adaylarina
acik, gerekceli ve uygulamaya dayali Ogrenme yasantilariyla kazandirilmasi, matematiksel
diistinmenin kavramsal boyutunun yapilandirilmasmi destekleyebilir. Ayrica, hizmet i¢i egitim
siireglerinde 6gretmenlerin kullandiklar1 ¢6ziim yollarini sorgulamalarina, farkl: stratejileri kavramsal
tutarlilik agisindan karsilastirmalarina olanak taniyan yansitict problem ¢6zme etkinliklerine yer
verilmesi Onem tasimaktadir. Gelecek arastirmalarda ise Ogretmenlerin bu stratejileri smif ici
uygulamalara nasil yansittiklariin ve bu yaklagsimlarin 6gretimsel aciklamalar ile 6grenci 6grenmeleri

tizerindeki etkilerinin incelenmesi alanyazina katki saglayacaktir.

Catisma Beyani ve Etik Bildirim

Arastirmacilarin aragtirma ile ilgili diger kisi ve kurumlarla yasanabilecek herhangi bir ¢ikar ¢atismasi
bulunmamaktadir. Bu ¢alisma Bayburt Universitesi Etik Kurulu'nun 21.01.2026. tarih ve 592 sayili onay1

dogrultusunda gergeklestirilmistir.
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Introduction

In the context of mathematical problem-solving processes, the ability of individuals to generate a variety
of solution strategies that are suitable for the given situation without relying on a single algorithm, and
to make informed decisions among these strategies, is considered a critical indicator of mathematical
proficiency (Harg, 2010; Jordan, Glutting & Ramineni, 2010; McIntosh et al., 1992; Reys et al., 1999; Sar1
& Olkun, 2020; Yang & Wu, 2010). In this regard, flexible computation signifies an individual's capacity
to reorganize operations by considering the interrelationships among numbers, performing mental
calculations, and assessing the validity of results (Reys & Yang, 1998; Sowder, 1992). Flexible
computation has been demonstrated to be closely related to strategic decision-making, meaning-based
reasoning, and flexible thinking processes in mathematical problems (Hope & Sherill, 1987; Reys et al.,
1995).

The utilization of flexible problem-solving strategies entails not only the attainment of the correct
solution but also the assurance that the methodologies employed during the problem-solving process
are mathematically sound. The process of problem-solving through numerical analysis, whether
through the decomposition of numbers, the reorganization of data, or the utilization of approximate
values, necessitates an advanced comprehension of numerical relationships that extends beyond the
mere implementation of a computational algorithm (Hope & Sherrill, 1987; Reys et al.,, 1995). Such
strategies, which rely on mental computation, estimation, and restructuring of operations, are among
the key indicators of flexible computation and provide important insights into an individual's level of
mathematical reasoning during the problem-solving process (Heirdsfield & Cooper, 2004; Louange &
Bana, 2010; Mutmainnah et al., 2021; Nyunt et al., 2020). The effective implementation of flexible
problem-solving strategies necessitates not only the selection of an appropriate strategy but also the
ability to mathematically substantiate the rationale behind the chosen strategy. Mathematical
justification is defined as the ability to explain the appropriateness of the solution method used and to
support this explanation with mathematical relationships (Balacheff, 1988). In the field of mathematics
education research, this process is generally addressed within the framework of the distinction between
conceptual and procedural knowledge (Hiebert & Lefevre, 1986). Procedural knowledge, as defined by
Rittle-Johnson, Siegler, & Alibali (2001), focuses on the correct execution of specific procedural steps. In
contrast, conceptual knowledge involves the meaningful structuring of mathematical concepts and the
relationships among them. Within this framework, mathematical justification is associated not only with
an individual's application of a solution method but also with their ability to explain why that method
is valid through mathematical relationships. In this regard, Balacheff (1988) proposed a two-category
classification of justification: pragmatic justification, based on examples and various representations,
and conceptual justification, based on the relationships between the properties of mathematical
expressions. The application of flexible problem-solving strategies and the justification of these
strategies are largely considered processes based on conceptual knowledge (Bekdemir & Bas, 2017;
Hiebert & Lefevre, 1986; Star, 2000).

Flexible problem-solving and reasoning processes play a significant role in the concept of number
sense. The cognitive framework of number sense is defined as the ability to evaluate numbers and
operations based on meaning, question the plausibility of results, and select appropriate strategies (Reys
& Yang, 1998; Giilbagci-Dede & Sengiil, 2016). Giilbagci-Dede and Sengiil (2016) posit that a critical
component of number sense is the capacity to execute flexible operations and assess the plausibility of
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results. In this regard, number sense constitutes the theoretical foundation for flexible operation

strategies.

The development of students' flexible thinking and problem-solving skills is largely related to the
strategies teachers adopt when solving mathematical problems and how they justify these strategies.
Teachers function as pivotal figures, not only in the transmission of mathematical content but also in
the implicit or explicit modeling of the solution paths that are held in high esteem, the strategies that
are given preference, and the rationales underpinning these preferences (Carpenter, Fennema, &
Franke, 1996). Consequently, the strategies and forms of justification that teachers employ in problem-
solving processes directly influence students' approaches to mathematical thinking (Sowder, 1992; Tsao
& Lin, 2011; Varol & Farran, 2006; Yang, Reys & Reys, 2009).

In situations where multiple solutions are possible—such as those involving flexible problem-
solving —the strategies adopted by teachers and the rationales provided for these strategies are of
critical importance for the development of students' mathematical reasoning. Teachers' explanations
that emphasize procedural accuracy may direct students toward a single algorithm. However, concept-
based justifications can support students in recognizing relationships between numbers and evaluating
alternative solution paths (Sowder, 1992). In this context, teachers' flexible problem-solving strategies
and the forms of justification they employ are considered an important indicator of the quality of
mathematical discourse in the classroom. However, a review of the extant literature suggests that there
is a paucity of research examining both the flexible problem-solving strategies employed by primary
school teachers in the context of mathematical problems and the forms of justification associated with
these strategies. A substantial proportion of extant research concentrates on student performance (Can,
2025; Kabaran & Tertemiz, 2019; Tastepe & Yanik, 2021; Yilmaz, 2019) or teacher candidates (Uzti'mdag
& Ozgakar Siimen, 2023). It is noteworthy that studies that examine in detail the strategies teachers use
in problem-solving processes and their justifications for these strategies are relatively scarce. This state
of affairs necessitates an in-depth examination of teachers' current practices. In this context, the objective
of this study is to examine primary school teachers' flexible problem-solving strategies in the context of
mathematical problems and the rationales provided to justify these strategies. In accordance with this

objective, the study will endeavor to address the following sub-questions:

What flexible problem-solving strategies do primary school teachers use when solving mathematical

problems?

What justifications do primary school teachers provide for the flexible problem-solving strategies

they use?

Method

This section provides information on the research model, the study group, data collection tools, the data

collection process, and data analysis.
Research Model

The present study employs a case study design, a qualitative research approach. A case study is a
methodological approach that aims to analyze a given situation from a holistic perspective. This is
accomplished by thoroughly examining how elements such as individuals, environments, processes,
and events influence a specific situation and are influenced by it (Yildirirm & Simsek, 2013). This

approach entails the meticulous examination of a solitary event or situation, encompassing the
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systematic collection of data to elucidate the underlying causes of events that emerge within their
authentic, real-world contexts. Additionally, it facilitates the exposition of implications for future
studies based on the findings (Davey, 1990). Since the objective of this study is to examine primary
school teachers' flexible processing strategies and the ways they justify these strategies, a case study
design was deemed appropriate for the research objective. This design was selected to elucidate the

current situation.
Working Group

The study participants consisted of a total of 16 primary school teachers working in public schools in
the central district of Gumushane who actively teach mathematics. The criterion sampling method was
selected to determine the study group. This method is one of the purposeful sampling approaches that
have been noted for enabling both the description and in-depth examination of various situations and
phenomena (Yildirim & Simsek, 2013). The selection of the criterion sampling method was influenced
by the fact that, in studies examining higher-order cognitive processes such as flexible problem-solving
strategies and the ways in which these strategies are justified, the participants' possession of relevant
characteristics is crucial for data richness and the depth of the research. Consequently, the study's
participants were classroom teachers employed in public schools affiliated with the Ministry of National
Education. These teachers held a bachelor's degree in elementary education and indicated during
preliminary interviews that they incorporate multiple solution paths in mathematics instruction. The
participants consist of both male and female teachers working in different schools and possessing
varying years of professional experience. During the research process, ethical principles were adhered
to; participants' personal information was kept confidential, and teachers were identified using codes
such as T1, T2, ..., T16.

Data Collection Tools

The study utilized the “Preliminary Interview Form” and the “Interview Form on Primary School
Teachers’” Flexible Computation Strategies and Justification Methods,” both developed by the
researcher, as data collection tools. The six questions in the interview form are designed to identify the
flexible problem-solving strategies teachers use in the context of mathematical problems and the reasons
for using these strategies. For example: “A student’s average daily study time is 45 minutes. If the student
maintains this study routine for 12 days, what is the total study time in hours? What strategies would you use to
solve this problem? Explain the reason for using each strategy and in which situations it makes more sense. How
do you verify the plausibility of the result?” “Mr. Aydmn filled his car with 34.8 liters of gasoline. The price per
liter of gasoline is 27.5 TL. While calculating the amount to be paid, Mr. Aydin arrived at the following result:
27.5 x 34.8=9,5670 TL. Is the result Mr. Aydin found realistic? If there is an error, explain what the error is and
estimate approximately how much the correct amount should be in TL.” Such questions are included. The
content and face validity of the interview forms were ensured based on the opinions of two experts in

the field; necessary revisions to the language and wording were made based on the feedback received.
Data Collection

A preliminary study was conducted with three primary school teachers to evaluate the functionality
and feasibility of the interview forms. During the pilot study, it was determined that no issues were
encountered regarding the clarity of the interview questions, the duration of the interviews, or the data
collection process. Accordingly, it was concluded that the interview forms were suitable for the research

objectives. Subsequent to the initial pilot study, the primary phase of the research was conducted with
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a group of 16 primary school teachers. Prior to the interviews, teachers were informed about the subject
and purpose of the study, and appointments were scheduled during a suitable time outside of class
hours. The interviews were conducted in a tranquil academic environment, devoid of any external
distractions. In order to mitigate the risk of data loss, audio recordings were systematically collected
during the course of the interviews, with explicit consent from the participating teachers. During the
data collection process, a preliminary interview form was first used to determine whether teachers
incorporated multiple solution paths into their mathematics instruction. Teachers who indicated that
they used multiple solution paths in mathematics instruction were then administered the main
interview form developed by the researcher. This phased data collection process ensured that the

interviews were conducted with participants appropriate to the study's objectives.
Data Analysis

The qualitative data obtained from the interviews were analyzed using content analysis. The decision
to employ content analysis was predicated on its capacity to facilitate a systematic and exhaustive
examination of interview data, thereby enabling the discernment of hitherto unidentified patterns of
meaning. In the initial phase of the analysis process, the interview recordings were transcribed verbatim
by the researchers and converted into a digital format as raw data. During the data analysis, statements
containing similar meanings were identified and coded. The coding process was conducted
independently by the first and second researchers; the resulting codes were grouped under subthemes
based on their semantic proximity, and the main themes of the study were established by integrating
these subthemes. The researchers' coding activities were executed in a sequential manner. Subsequent
to a designated interval, the tabulated data were subjected to a review process, during which a
comparative analysis was conducted. The inter-coder agreement rate was calculated at 95%, which
supports the consistency and reliability of the analysis process. In order to enhance the study's
credibility, the views of the teachers were presented through direct quotations, and the findings were
shared with the participants to ensure participant validation. To ensure the generalizability of the
findings, the data collection and analysis process was meticulously documented. To ensure consistency,
all stages of the analysis process were conducted systematically, and the researcher's coding was
replicated by an independent researcher to facilitate coding comparisons. In order to enhance the
verifiability of the results, the resulting codes, themes, and analysis tables were submitted to field
experts for review. Based on the feedback received from these experts, necessary revisions were made
to finalize the analysis process. The findings obtained through content analysis were presented,

supported by direct quotes reflecting the teachers' views.

Findings

This section presents the findings regarding the flexible problem-solving strategies employed by
primary school teachers in the context of mathematical problems. First, the flexible problem-solving
strategies employed by primary school teachers when solving mathematical problems were analyzed
in detail and classified under themes, subthemes, categories, and codes. Secondly, the rationales
underlying the strategies employed by primary school teachers—that is to say, their justifications for
strategy selection—were examined to identify the dimensions of these rationales. Consequently, the
findings are presented in support of the coding scheme derived from content analysis and direct

participant statements.
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Table 1. Flexible Computation Strategies Used by Primary School Teachers in the Context of

Mathematical Problems

Theme Subtheme Category Code Questions in Which Sample Statements
the Strategy Is Used
Restructuring Factoring out Question 1 T1: “I break 12 down into 10 and 2,
by splitting the  one of the (T1, T2, T3, 15, T8, then multiply 45 first by 10 and then
number factors T10, T13, T14, T15) by 2.1 add the two results —450 and
90—and get 540 minutes, which is 9
hours.”
Question 3 (T1, T2, T9: “I'll break down 280 into 200 and
T3, T6, T8, T9, T11, 80, then multiply that by 2.9.”
T12, T14, T15, T16)
Sorting the Question 6 (T1, T3, T14: “I break down 13,450 into
collected items T5,T7, 19, T11, T12, 13,000 and 450, 7,890 into 7,000 and
T14, T15, T16) 890, and 2,375 into 2,000 and 375;
then I add the whole numbers and
the fractions together in my head.”
Grouping and Question 1 (T9, T11, T12: “First, I'll calculate the two days.
rearranging T12) If he works 90 minutes over two
days, that’s 540 minutes—or 9
" hours—over 12 days.”
'%)o Mental Processing in Question 1 (T16) Question 4- T16: “First, I apply a 40%
% processing the procedural Question 2 (T1,T2, T5,  discount to 360 TL, bringing the total
& with limited mind T7, T8) down to 900 TL. Then, I apply a 10%
—qg flexibility Question 4 (T1, T2, discount to 540 TL, subtracting 54 TL
£ Té, T7, T9, T11, T14, from that amount, which leaves me
5 T15, T16) with 486 TL.”
g Question 5 (T11, T12,
g T14, T16)
=
Setting up a The Question 1 (T6, T7) T6: “I think of 45 minutes as three-
transaction representational quarters of an hour, multiply that by
transformation 12, which comes to 9 hours—that is,
of quantity 540 minutes.”
Reasoning Understanding ~ Question 2 (T3, T9, T13: “0.55 plus 9.8 is the larger
about the the impact of T10, T12, T13) number, because both are positive.”
conceptual the transaction
impact of an
operation
Using a Use Y2 asa Question 2 (T4, T11, T4: “0.55 is already a little more than
reference point  reference T14) half, or 1/2, while 9.8 is a large

[Flexible Trading Strategy

Conceptual-mind reasoning strategies

Approximate
estimate

Rounding

Reasonableness

Use 1 hour as a
reference

Comparing the
approximate
sizes of
numbers
Rounding
numbers to the
nearest whole
number

Logical
consistency

Question 1 (T4)

Question 2 (T6, T15,
T16)

Question 3 (T4, T5, T7,
T10, T13)

Question 5 (T1, T2, T3,
T4, T5, T6, T7, T8, T9,
T10, T13, T15)

Question 6 (T2, T4,T6,
T8, T10, T13)
Question 4 (T3, T4, T5,
T8, T10, T12)

number; subtraction results in a
negative number, and addition yields
the largest result.”

T4: “I consider 45 minutes to be about

an hour.”

Té6: “9.8 is about 10; 0.55 is a small
number; the result of the subtraction
will definitely be negative.”

T7: “I'll round 280 up to 300 and 2.9
up to 3, and then do the calculation.”
T13: “If I round 27.5 to 30 and 34.8 to
35, the approximate result is 1,050;
9,570 is a much larger number, so
there must be a decimal error.”

T10: “I'll accept 7890 for 7900, 2375 for
2400, and 13450 for 13500.”

Question 4- T3: “A 40% discount is
already a significant discount; the
price drops from 900 to 540. If there’s
an additional 10% discount, 10% of
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540 is another 54 TL off. When you
subtract 54 from 540, the result should
be close to 500, so the calculation is
incorrect.”
Question 5 (T3, T4, T5, T16: “27.5 i 25, 34.8 ise 40 olarak
T6, T8, T11, T12, T16) distinsek bile sonug 1000 olur, sonug
mantikli degil.”

Identifying Think of Question 4 (T1, T2, T3, T10: “... since I assumed that
conceptual and  consecutive T5, T8, T10, T13, T16) consecutive percentages could be
procedural percentages as added together, I directly added them
errors being additive as 40% + 10% = 50%, resulting in an

incorrect answer.”

Metacognitive Awareness Strategies

Failure to Question 4 (T4, T6, T7, T11 “... because he did not perform

follow the T9,T11, T12, T14, T15) the steps in order, based on the

procedure information ~ provided in the
problem...”

The error of Question 5 (T1, T2, T7, T1: “He multiplied 27.5 by 34.8 as

ignoring the T9, T10, T13, T14, T15) whole numbers instead of decimals,

decimal part but forgot to include the decimal
point.”

The following investigation will examine the flexible problem-solving strategies employed by primary
school teachers in the context of mathematical problems. In the initial inquiry directed towards the
primary school teachers involved in the study, they were asked to estimate the total study time for a
student if the student maintained an average daily study time of 45 minutes for 12 days. Additionally,
they were asked to identify the strategies they would employ to address this issue. The analysis of the
teachers' responses to this question indicated that they predominantly employed the "separating a
factor" computational mental calculation strategy, while rarely utilizing the "representational
transformation of quantity" or "using a reference point" conceptual mental reasoning strategies. The
majority of teachers employed the distributive property by breaking down the number 12 into 10 and 2
to facilitate the management of the 45 x 12 operation. However, some participants considered the
repeating units and approached the days in pairs. Furthermore, the observation that certain educators
employed a conceptual approach, characterized by the transformation of 45 minutes into an equivalent
of % of an hour, suggests a shift in their pedagogical strategy. This shift involves the adoption of a
representational form that diverges from the conventional quantitative approach. The findings indicate
that teachers predominantly employ computational mental calculation strategies in the context of
mathematical problems, while they utilize flexible and meaning-based strategies aimed at simplifying

the operation to a lesser extent.

In the second question, the primary school teachers participating in the study were presented with
a problem requiring them to arrange the results of addition, subtraction, multiplication, and division
operations performed on the decimal numbers 0.55 and 9.8 in ascending order. This inquiry was utilized
to examine the flexible computational strategies employed by teachers during the problem-solving
process. The findings indicate that some primary school teachers, rather than developing conceptual
reasoning regarding the quantitative effects of operations in such comparison-based problems,
calculated each operation separately using procedural mental computation and based their ordering on
the numerical results obtained. In contrast, it was determined that the vast majority of participants
demonstrated conceptual awareness of the scaling effects of operations. In this context, they employed
conceptual mental reasoning strategies such as utilizing the effect of operations, establishing a reference

point, and estimating approximate values.
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In the third question, the primary school teachers participating in the study were provided with
information indicating an average monthly electricity consumption of 280 kWh and a unit price of
approximately 2.9 TL. They were then asked to estimate whether the resulting electricity bill would
exceed the 800 TL threshold under these conditions. The participants were also tasked with articulating

the strategies they employed to solve the problem at hand.

A thorough examination of the data reveals that the overwhelming majority of participants
employed a strategy of decomposing numbers into constituent elements and subsequently restructuring
them during the estimation process. Conversely, it was ascertained that a number of teachers employed
the strategy of rounding to the nearest whole number when solving the problem. Additionally, the
investigation revealed that the utilization of strategies such as the employment of a reference point and
the estimation of approximate values—which were deemed effective in this particular problem

context—was not favored by the participants.

The participants of the study were primary school teachers who were presented with a problem
involving a pair of shoes with a retail price of 900 TL, to which a 40% discount was applied followed by
a 10% discount. The participants were then asked to evaluate the accuracy of the given solution, explain
any errors if present, and calculate the correct result mentally. An analysis of the teachers' responses
indicated that some of them performed the calculation mentally in a procedural manner, taking into
account the principle that percentages cannot be added directly in sequential discounts, and arrived at
the correct result within a logical framework. These teachers demonstrated conceptually consistent
reasoning by considering that the discounts must be applied sequentially. In contrast, half of the
classroom teachers identified a procedural error in the calculation process. Specifically, they noted that
the solver assumed the addition of sequential percentages, which led to the erroneous result of 50%.
The other half of the teachers attributed the error to a failure to adhere to the proper sequence of
operations. This finding suggests that primary school teachers possess the capacity to discern both
conceptual and procedural errors and employ metacognitive awareness strategies. Furthermore, it was
observed that half of the participating teachers employed metacognitive awareness strategies by

explicitly identifying the procedural error.

In the fifth question, primary school teachers participating in the study were presented with a
problem related to vehicle fuel consumption. In this problem, the students were tasked with evaluating
the plausibility of the result of 9570 TL obtained when a vehicle that consumes 34.8 liters of gasoline is
priced at 27.5 TL per liter. They were also instructed to explain any errors, if present, and to estimate
the approximate correct answer mentally. An analysis of the responses to this question indicated that
some teachers employed a procedural mental calculation strategy to perform step-by-step mental
calculations. It was determined that the majority of teachers evaluated the plausibility of the result by

utilizing the rounding strategy, which falls under conceptual mental reasoning strategies.

In the sixth question, the primary school teachers participating in the study were presented with a
problem involving determining the total cost of three products (7890 TL, 2375 TL, and 13450 TL) with
different price tags at a clothing store. In this study, teachers were tasked with elucidating the strategies
they could employ to solve the problem, the rationales behind their selection of these strategies, and the
methods they would utilize to assess the plausibility of the result. A subsequent review of the responses
indicated that the predominant strategy employed by the majority of teachers was the "separating the

sums" approach, which is one of the computational mental processing strategies. It was also determined
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that a portion of the teachers utilized the "rounding" strategy, which falls under conceptual mental

reasoning strategies.

A comprehensive evaluation of the responses of the participating primary school teachers to six
different problem contexts revealed that they employed both procedural and conceptual mental
strategies in their problem-solving processes. However, subsequent analysis indicated a predominance
of procedural mental strategies, including the decomposition of numbers, the isolation of a factor, and
the separation of addends. In certain problem types, it was observed that teachers also employed
conceptual mental reasoning strategies, such as utilizing the effect of operations, establishing a reference
point, estimating approximate values, transforming the representation of quantity, and rounding.
However, it was notable that higher-order strategies, such as using a reference point and estimating
approximate values, were employed only to a limited extent, particularly in contexts requiring
estimation. The findings indicate that primary school teachers possess a diverse range of flexible
operational strategies; however, the use of operational strategies is more dominant compared to

conceptual and metacognitive strategies.

Table 2. The Ways in Which Primary School Teachers Justify the Flexible Computation Strategies They
Use in the Context of Mathematical Problems

Theme Category  Code Katilimcinin Gerekgesini Sample Statements
Belirttigi Soru
Cognitive ease Question 1 (T1, T2, T3, T5, T8, T10, Question 1- T2: “Breaking numbers down
T13, T14, T15) makes it easier for me to do the math in my
head.”
Question 2 (T4, T11, T14) Question 2- T11: “Setting the 1/2 mark as a
reference point makes the process easier.”
Question 3 (T4, T5, T7, T10, T13) Question 3- T13: “Doing mental math with
fractions is difficult; rounding makes it
easier.”
Question 6 (T2, T4, T6, T8, T10, Question 6- T6: "It's easier to round the
T13) numbers rather than add up the decimals."
Question 1 (T9, T11, T12) Question 1- T12: “Grouping repetitive code,
in my opinion, reduces the computational
load.”
% Its practicality Question 1 (T6, T7) Question 1- T6: “... converting numerical
.g values into appropriate representations
g allows me to perform the operation quickly.”
Tg Reducing the Question 6 (T1, T3, T5, T7, T9, T11, Question 6- T14: “Breaking the numbers
g risk of errors T12, T14, T15, T16) down yields more reliable and accurate
% results.”
o8
®)
Simplifying Question 1 (T6, T7) Question 1- T7: “Because thinking of 45
representation minutes as three-quarters of an hour makes
the number easier to understand.”
Understanding Question 1 Question 1 - T2: “I know that by breaking the
the meaning of (T1, T2, T3, T5, T8, T10, T13, T14, number into parts, I can take advantage of its
the process T15) distributive property.”
Question 2 (T3, T9, T10, T12, T13)  Question 2- T9: “I know that division reduces
a number, multiplication increases it, and
5 = when a larger number is subtracted from a
b= S smaller one, the result is negative.”
{4(5) -'5 Interpretation Question 1 (T4) Question 1- T4 : “45 minutes is a little less
3 Tg using a than an hour. If you work about an hour
5 % reference value every day for 12 days, that comes to 12 hours,
% % so the result should be less than 12 hours.”
=3 Q

Table 2 analyzes the rationales provided by participating primary school teachers in the study for

the flexible computational strategies they employed in the context of mathematical problems. The type
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of justification emphasized in the participants' statements was taken as the basis during the coding
process. If a single statement contained both procedural and conceptual content, the context was given
priority in the evaluation. A thorough examination of the available data indicates that teachers' strategy
preferences are predominantly informed by procedural justifications. While the participants primarily
grounded their strategy choices in pragmatic criteria, such as reducing cognitive load, procedural
efficiency, and error control, they made limited use of conceptual justifications. These conceptual
justifications include representational transformation, procedural meaning-making, and the use of
reference quantities. This finding suggests that, in teachers' reasoning processes, a procedural-oriented
cognitive orientation is predominant, while conceptual-based reasoning is comparatively

underdeveloped.

Discussion, Conclusions, and Recommendations

The findings of the study reveal that the primary school teachers who participated in the research
employed various flexible computational strategies in the context of mathematical problems. However,
the teachers primarily relied on computationally based strategies, such as restructuring numbers by
separating them and mental computation with limited flexibility. They used conceptual strategies,
including establishing equivalent operations, evaluating the conceptual impact of an operation, using a
reference point, approximate estimation, rounding, and assessing plausibility. They also used
metacognitive awareness strategies, such as recognizing conceptual and procedural errors, but to a
more limited extent. In problem contexts requiring estimation, the limited preference for higher-order
cognitive strategies, such as using a reference point and making approximate estimates, stands out as a
notable finding. This finding suggests that teachers primarily prioritize procedural accuracy in problem-
solving processes and utilize strategies requiring conceptual reasoning to a lesser extent. The findings
are largely consistent with the extant literature on the subject. As Sengiil (2013) observes, only a limited
number of primary school teacher candidates utilize strategies such as the use of reference points,
estimation, and the evaluation of the consistency of results during the problem-solving process. In a
similar vein, Tsao's (2005) findings indicated that teacher candidates encountered challenges with
questions that demanded the application of estimation skills. Bayak (2016) found that primary school
teachers did not make sufficient use of flexibility in mathematical operation processes. Specifically, they
employed strategies such as separating and restructuring numbers and using reference points only to a
limited extent. In contrast, Ustiindag & Ozcakir-Siimen (2023) found that pre-service primary school
teachers exhibited a low level of proficiency in using mental addition strategies. The majority of these
teachers used one, two, or three types of mental addition strategies, and some did not use any strategies
at all. In addition, the extant literature indicates that the mental computation skills of pre-service
primary school teachers are not adequately developed (Celikkol, 2022) and that they rely on flexible
strategies to a limited extent when solving mathematical problems (Day1, 2018; Yarimkas, 2019).
Additionally, it has been observed that practicing primary school teachers demonstrate deficiencies in
the formulation of alternative solution strategies based on flexible thinking when addressing
mathematical problems (Giirbiiz & Giider, 2016).

A salient finding of the present study is that teachers do not adequately employ cognitive processes
grounded in number sense, which entail flexible computational strategies. Indeed, it has been observed
that educators frequently neglect the correlation between numerical concepts, and as a consequence,
they are incapable of incorporating effective number-sense-based strategies into their pedagogical

practices (Tsao & Lin, 2012). A multitude of studies underscore the notion that this predicament
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emanates from teachers' deficient conceptual grasp of number sense (Dayi, 2018; Kilig, 2024; Kili¢ &
Glines, 2025; Tsao & Lin, 2012; Yang, Reys & Reys, 2009). These findings suggest that teacher education
programs should place greater emphasis on instructional approaches centered on number sense,
estimation, and conceptual reasoning to develop primary school teachers' flexible computational skills.
Indeed, an examination of the extant literature reveals that various educational interventions have
increased the flexibility of pre-service primary school teachers' reasoning regarding the magnitude of
fractions (Whitacre & Nickerson, 2016); enabled them to establish multiple relationships between
numbers more easily; strengthened the use of mental calculation and estimation skills; and contributed

to their ability to provide more consistent justifications for their solution processes (Kaminski, 2002).

The study's findings indicate that primary school teachers predominantly employ procedural-
pragmatic criteria when justifying flexible problem-solving strategies, while offering minimal
consideration to concept-based justifications. This finding suggests that teachers prioritize procedural
safety in their problem-solving processes and consider the conceptual dimension of mathematical
thinking as secondary. Concurrently, prior studies have demonstrated that pre-service teachers (Aksu
et al.,, 2018; Aksu et al.,, 2022; Baki, 2013; Karaaslan & Ay, 2017; Kinach, 2002a; Soylu & Aydin, 2006;
Toluk-Ugar, 2011) and teachers (Karabag & Giines, 2025; Soylu et al.,, 2024) prioritize procedural

accuracy in mathematical problem contexts and rely on conceptual justification only to a limited extent.

The extant literature emphasizes that procedural knowledge —which relies on knowing which
algorithm to use in which situation without focusing on the "why" question —has a more superficial
structure compared to conceptual knowledge, which requires a deeper cognitive structure due to the
need to answer the "why" and "how" questions (Rittle-Johnson & Schneider, 2012). It has been observed
that in order for pre-service teachers and practicing educators to offer instructional explanations at the
conceptual level, they must first conceptualize the mathematical content themselves (Ma, 1999). In the
present study, the restricted implementation of strategies such as representational transformation, the
utilization of reference quantities, and justification based on the meaning of the operation signifies that
conceptual depth is inadequately supported in teachers' processes of structuring and interpreting

quantitative relationships.

In accordance with the findings of the research, it is recommended that mental computation,
estimation, and flexible thinking skills be incorporated into teacher education programs. These skills
should be addressed not only on the basis of computational accuracy but also within the framework of
the conceptual and metacognitive dimensions upon which these skills are founded. In this context, the
provision of prospective teachers with strategies such as the utilization of reference points, estimation
of approximate values, and the execution of representational transformations through clear, well-
reasoned, and practice-based learning experiences can foster the development of the conceptual
dimension of mathematical thinking. Furthermore, it is imperative to incorporate reflective problem-
solving activities into in-service training processes. These activities should enable teachers to question
the solution paths they utilize and to compare different strategies in terms of conceptual consistency.
Subsequent research endeavors that explore how teachers implement these strategies in their classroom
practices and the impact of these approaches on instructional explanations and student learning will

contribute to the existing body of knowledge.
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