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Oz

Say1 hissi, ¢ocuklarin erken matematiksel diisiinme becerilerinin temelini olusturmakta ve ileriki akademik
basarilarint 6nemli Olglide etkilemektedir. Bu calisma, okul dncesi donemde say1 hissi (number sense) alaninda
yapilan bilimsel yaynlart bibliyometrik yontemle inceleyerek, alanin gelisimsel egilimlerini ortaya koymayi
amaclamaktadir. Web of Science (WoS) veri tabaninda “number sense” ile birlikte okul 6ncesine iligkin terimlerin
(“preschool”, “pre-k”, “early childhood”, “pre-school”, “kindergarten”, “pre-kindergarten” ve “nursery school”)
baslik, 6zet ve anahtar kelime alanlarinda taranmasiyla elde edilen 345 ¢aligma analiz kapsamina alinmigtir. 1999-
2025 yillar1 arasindaki yaymnlar1 kapsayan calisma, VOSviewer yazilimi araciligiyla anahtar kelime eslesmeleri,
ortak atif ve yazar ig birligi gibi parametreler iizerinden degerlendirilmistir. Elde edilen bulgular, say1 hissi
aragtirmalarinin erken donemlerde daha ¢ok ¢evresel ve gelisimsel faktorlere odaklandigini; zamanla biligsel ve
dilsel siireglere yoneldigini gostermektedir. Tiirkiye'de 6zellikle 2020 sonrasi bu alandaki bilimsel iiretimin arttigi ve
okul 6ncesi doneme yonelik calismalarin daha goriiniir hale geldigi saptanmistir. Sonug olarak, say1 hissi ¢ok
boyutlu bir beceri olarak degerlendirilmekte ve bu alandaki gelecek aragtirmalarin hem kuramsal hem de uygulamali
baglamda daha etkili tasarimlar igermesi 6nerilmektedir.

Anahtar Kelimeler: Bibliyometrik Analiz, Okul Oncesi, Say1 Hissi.

Abstract

Number sense constitutes the foundation of children's early mathematical thinking skills and plays a crucial role in
their subsequent academic achievement. This study aims to identify developmental trends in the field by analyzing
scientific publications on number sense during the preschool period using bibliometric methods. A total of 345
studies were included in the analysis by searching the Web of Science (WoS) database using the keyword “number
sense” in combination with preschool-related terms (“preschool,” “pre-k,” “early childhood,” “pre-school,”
“kindergarten,” “pre-kindergarten,” and “nursery school”) in the title, abstract, and keyword fields. The dataset
spans publications from 1999 to 2025 and was analyzed using VOSviewer software based on parameters such as
keyword co-occurrence, co-citation, and author collaboration. The findings reveal that earlier studies on number
sense predominantly emphasized environmental and developmental factors, whereas more recent research has
increasingly focused on cognitive and linguistic aspects. The results also highlight a marked rise in scholarly output
from Turkey, particularly after 2020, with a growing emphasis on preschool-centered investigations. Therefore,
number sense is conceptualized as a multidimensional construct, and it is suggested that future research adopt more
robust designs in both theoretical and applied contexts.
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Okul Oncesi Dénemde Say1 Hissi Arastirmalarina Yénelik Bibliyometrik Bir Analiz (1999-2025)
Giris

Say1 hissi, bireyin sayilar ve iglemlerle ilgili kavramlar1 anlamlandirarak bu kavramlar
arasinda esnek, anlamli ve etkili bir bigimde iligki kurabilme yetenegi olarak tanimlanmaktadir
(Howden, 1989; Mclntosh vd., 1992). Say1 hissi, sadece akademik basariyla sinirli olmayan,
bireyin gilinliikk yasamda karsilastig1 sayisal durumlar1 degerlendirme, mantikli kararlar alma ve
etkili stratejiler gelistirme gibi temel yasam becerileriyle dogrudan iligkilidir (Sengiil, 2013;
Whitehead ve Hawes, 2023).

Sayilar, bilimden sanata, ekonomiden iletisime kadar insan yasaminin bir¢cok alaninda
temel bir role sahiptir (Babacan, 2018). Bu nedenle, say1 kavraminin anlagilmasi ve say1 hissinin
erken yaslardan itibaren gelistirilmesi, bireyin hem akademik hem de yasam basarisini etkileyen
onemli bir strectir. Literatiirde say1 hissi; tahminde bulunma, zihinsel islemler yapma, sayisal
biiytikliikleri degerlendirme, farkli temsiller arasinda gegis yapabilme, esnek stratejiler gelistirme
ve hesaplamalarin dogrulugunu yargilama gibi ¢ok boyutlu becerilerle iligkilendirilmistir
(Gersten ve Chard, 1999; Van de Walle vd., 2013; Kayhan Altay, 2010; Parrish, 2010). Say1
hissine sahip bireyler, rutin ve kuralci iglemler yapmak yerine, problem ¢ézmede yaratici ve
esnek ¢Ozim yollarmi tercih eder, alternatif stratejiler gelistirir ve ¢ozlimlerini mantik
stizgecinden gecirerek degerlendirirler (Reys ve Yang, 1998; Sahin, 2018). Bu baglamda, say1
hissi yalnizca matematiksel bir yetkinlik degil; ayn1 zamanda elestirel diistiinme, karar verme,
yeni ¢ozim yollar: kesfetme gibi bilissel siiregleri destekleyen bir beceridir (Giilbagci-Dede,
2015; Harg, 2010; Peker, 2019). Kayhan Altay (2010), say1 hissini; ezberci yaklasimdan uzak,
sayilar1 anlamaya ve anlamli sekilde kullanmaya dayali bir diisiinme bi¢imi olarak tanimlarken;
Dolma (2002) say1 hissini, sezgisel temelli zihinsel eylemler butlini olarak gérmektedir.

Say1 hissine sahip bireyler, hesaplamalarda en etkili stratejiyi segebilir, aritmetik hatalar
fark edebilir ve sayilar arasindaki iliskileri kavrayarak hizli ve mantikli ¢ikarimlarda bulunabilir
(Howden, 1989; NCTM, 2020). Bu ozellikler, bireylerin hem matematiksel basarilarini
artirmakta hem de matematige karsi tutumlarini olumlu yonde etkilemektedir (Dyson vd., 2013;
Yang ve Wu, 2010). Uluslararas: literatiirde ise McIntosh, Reys ve Reys (1992) tarafindan
gelistirilen teorik ¢erceveye gore sayi hissi; say1 bilgisi ve becerisi, islem bilgisi ve becerisi, bu
bilgi ve becerilerin hesaplamalarda etkili sekilde kullanilabilmesi olmak iizere ii¢ temel bilesene
ayrilmaktadir. Benzer sekilde, Greeno (1991) say1 hissini sayisal tahmin, zihinsel esnek
hesaplama ve niceliksel yargilarda bulunma becerilerinden olusan bir yap1 olarak tanimlar. Yang
ve Wu (2010) ise say1 hissini; yaratici diislince, glinliilk yasamdaki sayisal iliskileri anlayabilme,
mantiklt ¢ikarimlar yapabilme ve kurallara asir1 bagimli olmadan ¢oziim yollar1 gelistirebilme
becerilerinin birlesimi olarak tanimlamaktadir.

Matematiksel becerilerin temelleri, erken ¢ocukluk doneminde atilmaktadir. Bu donemde
cocuklarin matematikle tanigsmasi ve matematiksel diisiinme becerilerinin gelismesi, onlarin
ileriki 6grenme siireclerini dogrudan etkilemektedir. Ulusal Matematik Ogretim Konseyi
(National Council of Teachers of Mathematics [NCTM], 2020), erken ¢ocukluk ve okul dncesi
donem i¢in matematik Ogretiminde temel alinmasi gereken bes Ogrenme alanini su sekilde
tamimlamaktadir: sayilar ve islemler, cebir, geometri, 6lgme ve veri analizi. Bu alanlar,
cocuklarin matematiksel diislinme, akil yiiriitme ve problem ¢dzme becerilerinin gelisimini
destekleyecek sekilde yapilandirilmistir.

Bu alanlardan ilki olan “sayilar ve islemler”, ¢ocuklarin sayr kavramini anlamalarini,
sayilarla iligki kurmalarini, sayma, karsilastirma, siralama ve islem yapma gibi temel becerileri
kazanmalarin1 hedefler. Bu baglamda, “say1 hissi”, sayilarin temel anlamlarinin anlagilmasi,
sayilarla ilgili esnek diisiinme becerileri gelistirme ve sayilar1 giinliikk yasamda anlamli bigimde
kullanabilme yetisini iceren ¢ok boyutlu bir yap1 olarak bu alanla dogrudan iligkilidir (NCTM,
2020).
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Cocuklar, say1 hissine yonelik ilk deneyimlerini genellikle oyunlar, nesnelerle etkilesim ve
cevresel gozlemler araciligiyla edinirler (Griffin, 2004). Bu deneyimler onlarin sezgisel diistinme
kapasitelerini  desteklerken, sayilarin  biiylkligini kavrama, sayilarin  siralanmasi,
gruplandirilmas: ve farkli yollarla temsili gibi beceriler agisindan da bir temel olusturur (Giileg
ve Ivrendi, 2017). Say:1 hissinin erken yaslarda desteklenmesi, ¢ocuklarin daha sonraki
matematiksel 6grenmelerinde ezberden uzak, anlam temelli ve esnek diistinme aliskanliklar
gelistirmelerine olanak tanir (Gersten ve Chard, 1999; Starkey vd., 2004). Ayrica, say1 hissi
becerisi sadece islem yapma yetenegini degil, ayn1 zamanda ¢ocuklarin matematiksel yargilar
gelistirme, tahminde bulunma ve strateji iiretme gibi daha iist diizey biligsel becerilerini de
kapsayan onemli bir 6grenme hedefidir. Dolayisiyla NCTM’nin belirledigi sayilar ve islemler
alan1 i¢inde, say1 hissi; erken ¢ocukluk matematik egitiminin merkezinde yer almali ve bu
donemde sistemli bicimde desteklenmelidir.

Tiirkiye’de say1 hissi kavrami, egitim literatiiriinde gorece yer bulmaya baslamis olup
konuya dair siirli sayida calisma bulunmaktadir. Yapilan aragtirmalarin bir kismi say1 hissi
bilesenlerini tanimlamaya, bazilar1 ise Ogretimsel miidahalelerin bu beceriler iizerindeki
etkilerini incelemeye yoneliktir (Can, 2022; Canoglu, 2007; Cekirdekgi, 2015; Harg, 2010;
Ozbilen, 2023; Sengiil ve Giilbagc1 Dede, 2014; Yakut, 2020; Yasar Yusumut, 2023; Y oriir,
2022). Ancak 6zellikle okul oncesi doneme odaklanan, disiplinler arasi1 kapsamli ve sistematik
analizlerin sayis1 olduk¢a azdir (Kugikay, 2022). Palabiyik (2022), okul oncesi ve ilkokul
diizeyindeki 6grencilerle yiiriittiigli calismasinda, say1 hissi profillerini incelemis ve say1 hissi
diizeyi yliksek olan Ogrencilerin matematikte daha basarili olduklarini ortaya koymustur.
Arastirma bulgulari, Ogrencilerin problem c¢ozme siirecinde agirlikli olarak kural temelli
stratejilere yoneldiklerini; ancak simif diizeyi ilerledikce sayr hissine dayali ¢6ziim yollarinin
kullaniminda da artis oldugunu gostermektedir.

Okul oncesinde say1 hissinin gelisimini desteklemek amaciyla uygulanan miidahaleler
arasinda etkilesimli oyun etkinlikleri ile bilgisayar ve tablet destekli matematik oyunlarinin etkili
araclar olarak kullanildig1 dikkat ¢ekmektedir (Ivrendi, 2016; Kilimlioglu, 2018). Ayrica drama
temelli yaklagimlar ve hareket temelli egitim programlarinin da say1 hissi ve erken matematik
becerilerini olumlu etkiledigi belirlenmistir (Aslan, 2022; Cihan, 2022; Ozbilen, 2023).
Matematik temali Oykii okuma uygulamalarinin da hem matematik hem dil becerilerini
destekledigi aragtirmalarla ortaya konmustur (Ergenekon, 2023).

Biligsel beceriler agisindan ise 6z diizenleme ve biligsel esnekligin say1 hissi tizerinde etkili
oldugu gosterilmistir (Yasar Yusumut, 2023; Gokdag, 2020). Ayrica ebeveyn egitim diizeyinin
cocuklarin say1 hissi gelisiminde etkisi oldugu (Arslan vd., 2022), ¢ocuklarin sayma konusunda
daha basarili ancak say1 tanimada zorlandiklar1 da vurgulanmaktadir. Ozetle, Tiirkiye’de erken
cocuklukta matematik ve say1 hissi alaninda yapilan ¢alismalar sinirlt ve genellikle alt alanlara
daginik durumdadir. Oysa bu kavramin ¢ok boyutlu dogasi ve erken yaslardaki 6grenmelerle
olan giiclii iliskisi, say1 hissi lizerine yapilan c¢aligmalara daha derinlemesine yaklasilmasini
gerektirmektedir (Chen vd., 2013; Palabiyik, 2022; Yenilmez ve Yildiz, 2018).

Bu baglamda, Web of Science (WoS) veri tabani aracilifiyla ulasilabilen ve okul 6ncesi
donemde say1 hissi konusuna odaklanan ulusal ve uluslararasi yayinlarin bibliyometrik acidan
incelenmesi, say1 hissi alaninda bugiine kadar yapilan aragtirmalarin yoniinii, yogunlugunu ve
zaman igindeki gelisimini anlamaya katki saglayacaktir. Boylece, alandaki ¢aligmalara sistematik
bir bakis sunularak hem arastirmacilar hem de uygulayicilar i¢in yol gdsterici bir kaynak
olusturulmasi hedeflenmektedir.
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Okul Oncesi Dénemde Say1 Hissi Arastirmalarina Yénelik Bibliyometrik Bir Analiz (1999-2025)
Yontem

Bu calismada, okul Oncesi donemde sayr hissi konusuna yonelik bilimsel yayinlari
sistematik olarak incelemek amaciyla bibliyometrik analiz yontemi kullanilmistir. Bibliyometri,
yayinlanmis bilimsel literatiirii nicel bir perspektiften degerlendirme ve analiz etme amaci
tastyan bir arastirma yontemidir (Ding, 2011). Bu yontem sayesinde, belirli bir arastirma
alanindaki yayin egilimleri, disiplinler arasi igbirligi aglari, en etkili yazarlar, iilkeler ve anahtar
kelimeler gibi ¢esitli yapilar sayisal verilerle ortaya konulabilmektedir (Donthu vd., 2021). Son
yillarda bilgisayar teknolojilerindeki gelismeler ve yiiksek hizli internet erisimi sayesinde bu tiir
analizler daha yaygin ve kapsamli hale gelmistir (Atabay vd., 2019; Verma vd., 2020).

Bu kapsamda, ¢alismaya dahil edilecek yayinlar1 belirlemek i¢in 6l¢iit 6rnekleme yontemi
kullanilmugtir.  Olgiit Srnekleme, belirli &n kosullart ya da standartlar1 karsilayan bilgi
kaynaklarinin seg¢ilmesini igeren bir amacl ornekleme tiirtidiir (Patton, 2021). Bu calismada
olciit olarak ele alinacak kaynaklarin; (1) Web of Science veri tabaninda yer almasi, (2) “number
sense” kavramiyla birlikte “preschool”, “pre-k”, “early childhood”, “pre-kindergarten”,
“kindergarten”, “nursery school” gibi okul 6ncesi terimlerinden en az biriyle eslesmesi, (3) bu
anahtar kelimelerinin baslik, 6zet ya da anahtar kelime alanlarinda gegmesi, (4) makale tlriinde
caligmalar olmasi, (5) egitim alaninda yapilmis calismalar olmas1 dikkate alinmistir.

Arastirmanin Orneklemi

Bu ¢alismada, Web of Science (WoS) veri taban1 23.07.2025 tarihinde “number sense” ve
“preschool”, “pre-k”, “early childhood”, “pre-school”, “kindergarten”, “pre-kindergarten” ve
“nursery school” anahtar kelimeleri “or” baglantisiyla baslik, 6zet ve anahtar kelime alanlarinda
taranmistir. Tarama sonucunda ilk asamada elde edilen yaklasik 400 yayin, calismanin analiz
evrenini olugturmustur. Verilere ulagsma siirecini gosterir prizma akis diyagrami Sekil 1’de
sunulmustur.

Anahtar kelime "number sense" ile ulasilan veri: 115464

AND (preschool OR pre-school OR pre-k OR kindergarten OR early childhood OR pre-
kindergarten OR nursery school) ile sinirlandirildiginda;

Belge tiirii: "makale" se¢ildiginde;

Konu tiirii: "Egitim" ve "Noro-tarama" secildiginde;

Sekil 1
Veri se¢imi akis diyagrami

WoS veri tabaninda yapilan filtrelemelerle say1 hissi ile ilgili okul dncesi doneme ait
makale tiirii caligmalar ele alindiginda 1999-2025 yillarina ait toplam 345 caligsmaya ulasilmistir.
Bu ¢aligmalarin yillara gore dagilimini gosterir grafik Sekil 2’de sunulmustur.

265



Nuran TUTKUN

(]
o
@
N
o © ©
NN ~ <
~ o~
o N
) o )
- : i
i
< < —
HHN
i
o
~
mn un
INI

L B R B |
| I R . | I
O O < 1 W N W O O o+ N ;M < 1 ©W N W O O —+ N o < W
O O O O 0O 0O 0O 0O = A A = o A = A4 =4 4 & & & & &
o O O O O O O O O O 0O O 0o Oo oo o o o o o o o
A N N NN NNCQNQQSQQQSQQSQQSS

Sekil 2
Yillara gore yayin sayist (WoS, Temmuz 2025)

Sekil 2’de yillara gore yayin sayilari genel olarak degerlendirildiginde, 2006 yilindan
itibaren okul Oncesi donemde sayi hissine yoOnelik akademik g¢aligmalarin artis gosterdigi
sOylenebilir. 2021 yilindaki diisiis ise, 2020 yilinda yasanan Covid-19 siirecinde ¢alismalarin
yapilamamasindan kaynaklanmis olabilir. Sonraki yillarda ise yayin sayilarinda yeniden bir artis
egilimi goriilmektedir. Ayrica, 2025 yilinda bir diisiis varmis gibi gériinmesinin nedeni, verilerin
2025 yili Temmuz ayinda WoS’tan ¢ekilmis olmasidir.

Verilerin Analizi

Bu ¢alismada, Web of Science (Wo0S)’tan elde edilen 345 akademik yaym, VOSviewer
(Stirtim  1.6.20) yazilimi kullanilarak bibliyometrik analiz yontemiyle incelenmistir. Veriler
analiz 6ncesinde temizlenerek uygun hale getirilmis ve alt arastirma basliklarina gore kategorize
edilmistir. Analiz slirecinde, yayin yili, yazarlar, anahtar kelimeler, yayimlandiklar1 dergiler, atif
sayilar1 ve kaynaklar gibi temel bibliyometrik 6zellikler detayli bigimde degerlendirilmistir.
VOSviewer araciligiyla, bibliyografik veriler arasindaki iligkiler gorsellestirilmis; kiimelenme
analizi, is birligi aglar1 ve tematik yogunluklar ortaya konmustur. Bu yazilim, bilimsel veriler
arasindaki iligkileri anlamlandirmak ve arastirma alanlarinin gelisim Oriintiilerini belirlemek i¢in
giiclii bir aractir (Van Eck ve Waltman, 2013).

Elde edilen veriler, basta bibliyografik eslestirme, ortak atif analizi ve anahtar kelime
eslesmeleri olmak iizere cesitli Ol¢iitlerle analiz edilmistir. Bibliyografik eslestirme, iki farkl
yaymin ayni ti¢lincii kaynak tarafindan alintilanmasiyla; ortak atif ise iki yaymin ayni kaynakta
birlikte referans gosterilmesiyle olusan iliskisel yapilar1 ifade eder (Garfield, 1988). Bu
yontemler, caligmalar arasindaki etkilesim diizeyini anlamada 6nemli bilgiler sunar.

Analizler sonucunda, okul 6ncesi donemde say1 hissine yonelik arastirma egilimleri, 6ne
cikan kavramsal temalar ve atif agisindan etkili yaymlar sistematik bicimde belirlenmistir.
Boylece, alandaki mevcut bilgi birikimi haritalanmis ve gelecekte yapilacak arastirmalara 1s1k
tutabilecek yapisal Oriintiiler ortaya konmustur.

Bulgular

Calismanin bu boliminde, WoS’ta ulasilan okul oncesi donemde gergeklestirilen say1
hissine yonelik ¢alismalarinin VOSviewer yazilim programinda analizlerine iligkin bulgular, alt
basliklarda ayr1 ayr1 sunulmustur.
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Anahtar Kelimeler

Calismanin amaci kapsaminda WoS verileri filtrelendiginde, en sik kullanilan anahtar
kelimelerin Sekil 3’te “number sense”, “mathematics” ve “pre-k” olarak goze carpmasi dogaldir.
Veri temizligi siirecinde, ayn1 anlama gelen anahtar kelimeler birlestirilmis ve toplamda 662
anahtar kelimeye ulasilmigtir. Bu anahtar kelimeler, bes ve iizeri kez kullanilmis olma sartiyla
sinirlandirildiginda, 44 anahtar kelime analiz kapsamina almmistir. Ornegin; pre-k, preschool,
pre-school, kindergarten ve pre-kindergarten gibi okul 6ncesi dénemi temsil eden ifadeler tek
bir anahtar kelime altinda (pre-k) birlestirilmistir. Anahtar kelimelerin kullanilma sikligina
iliskin yogunluk goérseli VOSviewer yazilimi aracilifiyla olusturulmus ve Sekil 3°te sunulmustur.

Sekil 3
Anahtar kelime yogunluk gorseli (WoS, Temmuz 2025)
*Sekil, 1999-2025 yillar1 arasinda okul oncesi donemde sayi hissi konulu yayinlarda en sik kullanilan ve besten

fazla tekrar eden 44 anahtar kelimenin yogunluk dagilimi géstermektedir. Yogunlugu yiiksek olan anahtar kelimeler
daha parlak renktedir.

Sekil 3’te elde edilen 44 anahtar kelime, dort kiime altinda gruplanmistir. Bu kiimelerde
baglant1 giicii en yiiksek olan anahtar kelimeler sirasiyla: pre-k (f=57, bg=104), mathematics
(f=63, bg=115), arithmetic (f=15, bg=39) ve early numeracy (f=34, bg=65) olarak belirlenmistir.
Anahtar kelimelerin yillara gore dagilimini gosteren ag gorseli ise Sekil 4’te sunulmustur.

.....

Sekil 4
Anahtar kelime ag gorseli (WoS, Temmuz 2025)
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*Sekil, 1999-2025 yillart arasinda yayimlanan ¢aligmalarin anahtar kelime iliskilerini zaman ekseninde gosteren ag
gorselidir. Renkler, anahtar kelimenin kullanim yilina gére degismekte; koyu renkler daha eski, agik renkler ise daha
yeni ¢aligmalari temsil etmektedir.

Sekil 4’te, 2020 yilindan sonraki caligmalarda 6ne ¢ikan anahtar kelimeler arasinda
“intellectual disabilities”, “home numeracy environment”, “socioeconomic status” ve
“elementary school” dikkat ¢ekmektedir. Bu bulgular, ilkokul oncesi donemde say1 hissi
egitiminin yalmizca okul ortaminda degil, ev ortaminda da desteklenmesi gerektigini
gostermektedir. Arastirmalar, evdeki sayisal ¢evrenin (home numeracy environment) ¢ocuklarin
say1 hissi gelisiminde dnemli bir rol oynadigini ve bu ¢evrenin sosyoekonomik diizeyle yakindan
iligkili oldugunu ortaya koymaktadir (Anders vd., 2012; LeFevre vd., 2009; Susperreguy vd.,
2020). Sosyoekonomik diizeyi yiiksek ailelerin ¢ocuklari, daha zengin sayisal deneyimlere
erisim saglamakta, bu da sayr hissi becerilerinin gelisimini olumlu yonde etkilemektedir
(Andrews ve Sayers, 2015; Karakog, 2022; Ozer vd., 2024).

Ogrencilerin matematik ve say1 hissi becerilerinin gelisimi, yalnizca 6gretmenlerin siif igi
egitimiyle sinirli kalmamalidir. Ailelerin matematik temali giinlik konugmalar yapmasi ve
hikaye kitaplar1 araciligiyla diyalog ortamlar1 olusturmasi, ¢ocuklarin matematik dilini dogru
kullanmalarini desteklemede etkili yollar arasinda yer almaktadir (Cheung, 2012; Ergenekon,
2023; Flick ve Kuchey, 2015; Gersten ve Chard, 1999). Ayrica say1 hissi kavrami, kapsayici
egitim baglaminda 6zel gereksinimli gocuklarin da egitimine dahil edilmektedir. Ogrenme
giicliigii yasayan ¢ocuklara yonelik yapilan ¢alismalar, bu ¢ocuklarin say1 hissi gelisiminde farkl
ihtiyaclara sahip olduklarmi gdstermekte ve bu gruplar i¢in 6zel 6gretim yaklagimlarinin
gerekliligini vurgulamaktadir (Traff vd., 2020; Yilmaz-Yenioglu ve Sonmez-Kartal, 2023). Bu
baglamda, say1 hissi egitimi bireysel farkliliklar dikkate alinarak planlanmalidir.

Kaynaklar

VOSviewer yazilim programinda kaynaklarin atiflanma sikligina iliskin analiz sonucunda
toplam 137 kaynaga ulasilmis; yiiz ve tizeri atif alma durumu ile sinirlandirildiginda ise 28
kaynak belirlenmistir. Bu kaynaklardan en ¢ok atif alan ilk bes tanesi Tablo 1’de sunulmustur.

Tablo 1
En ¢ok atif alan kaynaklar (WoS, Temmuz 2025)

Sira Dergiler Atif Sayisi
1 Child Development 1168
2 Nature 1067
3 Early Childhood Research Quarterly 751
4 Journal of Experimental Child Psychology 747
5 Journal of Learning Disabilities 733

Tablo 1’de, WoS veri tabaninda Temmuz 2025 itibariyle say1 hissi konusuyla ilgili
literatiirde en fazla atif alan bes akademik dergi yer almaktadir. Listenin basinda Child
Development dergisi 1168 atif ile 6ne ¢ikmakta ve bu alanda yapilan ¢alismalarin cocuk gelisimi
baglaminda ele alindigin1 gdstermektedir. Nature gibi ¢ok disiplinli ve yliksek etki degerine
sahip bir derginin ikinci sirada yer almasi, say1 hissi konusunun sadece egitim bilimleriyle sinirl
kalmayip daha genis akademik alanlarda da ilgi gordiigiine isaret etmektedir. Uciincii sirada yer
alan Early Childhood Research Quarterly (751 atif) dergisi, okul Oncesi donemle ilgili
caligmalarin bu alandaki 6nemini ortaya koymaktadir. Journal of Experimental Child Psychology
(747 atif) ve Journal of Learning Disabilities (733 atif) ise say1 hissi ile bilissel siirecler, 6grenme
giicliikleri ve ¢ocuk psikolojisi arasindaki iliskinin siklikla incelendigini goéstermektedir. Bu
tablo, say1 hissi alanindaki arastirmalarin biliyiik 6lciide gelisimsel psikoloji, erken c¢ocukluk
egitimi ve 6zel egitim disiplinlerinin kesisiminde yiiriitiildiglinti ortaya koymaktadir.
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Ulkeler

Ulkeler aras1 is birligi incelendiginde, en az iki yayma sahip olma kriteriyle
sinirlandirildiginda 29 iilke 6ne ¢ikmaktadir. Bu iilkeler, dort kiime altinda gruplanmis olup
toplamda 63 baglantiya sahiptir. En fazla yayina sahip iilkeler sirasiyla Amerika Birlesik
Devletleri (n=159), Belgika (n=27) ve Hollanda’dir (n=26). Ulkeler arasindaki yayn is birligini
gosteren ag gorseli Sekil 5’te sunulmustur.
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belgium
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Sekil 5
Ulkeler yayin isbirligi ag gorseli (Wos, Temmuz 2025)

*1999-2025 yillart arasinda okul oncesi donemde sayi hissi konusundaki c¢alismalarda en az iki yayina sahip
tilkelerin is birligini gosteren ag gorselidir. Gorselde tilkeler dort kiimeye ayrilmistir. Diigiimler tilkeleri, ¢izgiler ise
iilkeler arasi ortak yaymn baglantilarini temsil etmektedir. Renkler kiimeleri, diigiim boyutlar1 ise yaymn sayisim
gostermektedir.

Sekil 5 incelendiginde, Tiirkiye kaynakli 12 ¢aligmanin bibliyometrik veri kiimesine dahil
oldugu goriilmektedir. Bu yaymlarin biiyiik cogunlugu 2020 yili1 ve sonrasinda yayimlanmaistir.
Bu tarih Tirkiye’nin okul 6ncesi donemde say1 hissi konusundaki bilimsel katkilarinin goriiniir
hale gelmeye basladig1 doneme isaret etmektedir. Bu durum, Tiirkiye'de konuyla ilgili akademik
ilginin nispeten yeni oldugunu ve uluslararasi literatiirde yer edinme siirecinin son yillarda ivme
kazandigin1 géstermektedir. Ayrica ag gorselinde Tiirkiye’nin Amerika Birlesik Devletleri ve
Ingiltere ile ag baglantist kurdugu goriilmektedir. Bu da Tiirkiye nin, sayr hissi konulu
arastirmalarda uluslararas1 diizeyde bilimsel is birlikleri gelistirdigini ortaya koymaktadir.

Tiirkiye’de sayi hissi lizerine yapilan akademik yayinlarin 2020 sonrasinda belirgin sekilde
artmasi, bazi1 yapisal ve toplumsal gelismelerle iliskilendirilebilir. Bu dénemde okul 6ncesi
egitime yonelik program ve politikalarin giincellenmesi, dijital teknolojilerin egitimde daha sik
kullanilmaya baglanmast ve oyun temelli &grenmenin yayginlagsmasi ile COVID-19
pandemisinden sonra erken c¢ocukluk egitiminin 6nemi konusunda toplumda farkindaligin
artmasi, aragtirma ilgisinin okul Oncesi doneme kaymasma neden olmus olabilir. Bununla
birlikte, Tiirkiye'deki akademik tesvik sistemleri ve uluslararast yayin odakli akademik
performans Ol¢iitleri, say1 hissi gibi daha once gorece ihmal edilmis alanlara yonelik calisma
egilimlerini de hizlandirmis olabilir. Ancak bu artisin kalic1 olmasi i¢in, say1 hissi alaninda hem
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kaliteli bilgi iiretimine hem de bu bilginin egitim ortamlarma etkili bicimde aktarilmasina
yonelik ¢aligmalara ihtiyag vardir.

Yazarlar

VOSviewer yazilim programinda 345 ¢alismaya ait yazar analizi yapilmadan once, veri
temizligi gerceklestirilmis ve ayni kisiye ait farkli adlandirmalar tek bir isim altinda
birlestirilmistir. Ornegin, “Jordan, Nancy”, “Jordan, n.”, “Jordan, nancy c.” ve “Jordan, nc” gibi
farkli yazimlarla ifade edilen yazarlar, “Jordan, N.” bi¢iminde standartlastirilmistir. Bu igslem
sonucunda toplam 811 yazara ulasilmis; ii¢ ve {izeri yayma sahip olanlarla sinirlandirildiginda
ise 77 yazar analize dahil edilmistir. En ¢ok yayin yapan ilk on yazara ait yayin sayisi, atif sayis1
ve toplam baglant1 giicii bilgileri Tablo 2’de sunulmustur.

Tablo 2
En ¢ok yayin yapan yazarlar (WoS, Temmuz 2025)

Sira Yazar Yayin Sayisi Atif Sayisi Toplam Baglanti
Gucu
1 Clarke, B. 25 494 25
2 Smolkowski, K. 19 418 19
3 Baker, S. 17 494 17
4 Doabler, C. 17 392 17
5 Fien, H. 16 390 16
6 Van Luit, J. 15 705 15
7 Kosty, D. 13 193 13
8 Jordan, N. 13 1335 8
9 Verschaffel, L. 12 179 12
10 De Smedt, B. 12 245 9

Bu yazarlarin 35’1 bes kiime altinda gruplanmistir. Bu kiimelerde baglant1 giicii en yliksek
olan yazarlar sirasiyla Clarke, B. (bg=25), Verschaffel, L. (bg=12), Purpura, D. (bg=8), Jordan,
N. (bg=8) ve Nelson, G. (bg=2) seklindedir. Tablo 3’te en ¢ok atif alan ilk bes ¢alismaya yer
verilmistir.

Tablo 3
En ¢ok atif alan ¢aligmalar (WoS, July 2025)

Yazar Yaymn Adi Atiflanma
Sayisi

Halberda vd., 2008 Individual differences in non-verbal number acuity correlate with 1067
maths achievement

Lefevre vd., 2010 Pathways to mathematics: longitudinal predictors of performance 569

Jordan vd., 2006 Number sense growth in kindergarten: a longitudinal investigation 445
of children at risk for mathematics difficulties

Mazzocco vd., 2011 Preschoolers' precision of the approximate number system predicts 313
later school mathematics performance

Jordan vd., 2010b The importance of number sense to mathematics achievement in 265

first and third grades

Tablo 3’te en ¢ok atif alan ¢alismada Halberda vd. (2008), say1 hissinin evrimsel olarak
kokeni olan yaklasik say1 sistemiyle iligskisini ortaya koymakta, bireyler arasi bu sistemdeki
farkliliklarin okul matematik basarisiyla iliskili oldugunu gdstermektedir. Bu bulgular, okul
oncesi donemde sayr hissi becerilerinin gelisiminin izlenmesi ve desteklenmesinin, ileriki
matematiksel 6grenmeleri dogrudan etkileyebilecegini gostermesi agisindan literatiirde dnemli
bir yere sahiptir. LeFevre vd. nin (2010) boylamsal ¢aligsmasi ise erken ¢ocukluk doneminde say1
hissi, dil becerileri ve evdeki sayisal deneyimlerin ileriki matematiksel basar1 iizerindeki
belirleyici rollini gostermektedir. Bu caligma, say1 hissi gelisiminin yalnizca bireysel degil, ayni
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zamanda cevresel faktorlerle de etkilesim i¢cinde oldugunu ortaya koyarak alandaki arastirmalara
yon vermistir.

VOSviewer yazilim programinda 345 kaynaga iliskin yapilan bibliyografik eslesme
analizinde -yani iki eserin, ti¢lincii bir esere birlikte atifta bulunmasi durumuna gore- ylz ve
tizeri atif almis kaynaklar dikkate alindiginda toplam 29 kaynak belirlenmistir. Bu kaynaklar alt1
kiime altinda gruplanmis olup toplamda 319 baglanti ve 1532 baglant1 giicline sahiptir. Bu
kaynaklara ait ag gorseli Sekil 6’da verilmistir.
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Sekil 6
Kaynaklara ait bibliyografik eslesme ag gorseli (WoS, Temmuz 2025)

*Sekil, 1999-2025 yillari arasinda yayimlanmis ve WoS veri tabaninda taranmis 345 ¢aligmadan, bibliyometrik
analiz kriterlerine uyan yaymlarin ortak referanslarina goére olusan baglantilarini géstermektedir. VOSviewer
yazilimi (v1.6.20) kullanilarak olusturulan gorsel agda her bir digiim bir akademik yayim temsil etmektedir.
Digiimler aras1 baglantilar, yayinlarin ortak referanslara dayali benzerligini ifade etmektedir. Kiime renkleri,
tematik yakilhigr yiiksek olan yaymn gruplarini gostermektedir. Baglanti giicii yiiksek yayinlar, alanin kavramsal
¢ekirdegini olusturmaktadir.

Bibliyografik eslesme analizine gore, literatiirde en yliksek baglanti giiciine sahip
kaynaklar arasinda Purpura (2016-2017) (bg: 39) ve Geary (2009-2012) (bg: 33) 06ne
cikmaktadir. Bu durum, her iki c¢aligmanin say:1 hissi alanindaki aragtirmalar i¢in ortak bir
referans zeminine dayandigini ve kavramsal ¢ekirdegi temsil ettigini gostermektedir. Ozellikle
Purpura’nin ¢aligmalari, erken ¢ocukluk doneminde sayr hissi gelisimini agiklamada
matematiksel dilin belirleyici roliine sik¢a vurgu yapmaktadir. Purpura (2016), matematiksel
dilin genel dil becerilerinden bagimsiz olarak ¢ocuklarin sayisal performansini giiglii bir sekilde
yordadigim1 ortaya koyarken; Purpura (2017) ise matematiksel dile yo6nelik miidahale
programlarinin ¢ocuklarin genel matematik bilgisi diizeyini artirabilecegine dair nedensel
kanitlar sunmaktadir. Bu bulgular, okul 6ncesi donemde say1 hissi gelisiminde alan-0zgu dil
becerilerinin  kritik bir rol oynadigini ve erken miidahale yaklagimlarinin etkililigini
desteklemektedir.
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Sekil 7
Yillara gore kaynaklarin bibliyografik eslesme ag gorseli (WoS, Temmuz 2025)

*Bu ag gorseli, say1 hissi alaninda yapilan ¢aligmalarm yillara gore bibliyografik eslesme iligkilerini gostermektedir.

Sekil 7'de kaynaklarin yillara gore bibliyografik eslesme durumu incelendiginde, hem
erken donem hem de yakin déonem ¢alismalarda odak noktasi say1 hissinin gelisimi olmakla
birlikte, ele alinan temalarin farklilastigi goriilmektedir. Jordan (2006) genel gelisim, biiylime
modelleri ve sosyoekonomik etkenler tzerinde dururken; Purpura (2016), ¢zellikle dilin -daha
Ozel olarak da matematiksel dilin- say1 hissi gelisimindeki kritik roliine odaklanmaktadir.
Dolayisiyla her iki ¢alisma da say1 hissi konusuna katki sunmaktadir; ancak odaklandiklari
degiskenler ve yaklasimlar1 bakimindan, birbirini tamamlayan fakat farkli perspektiflere sahip
arastirmalar olarak degerlendirilebilir.

Ortak Atiflanma

VOSviewer yazilimi ile yapilan ortak atif analizinde 345 galismanin referans gosterdigi
11.030 kaynak tespit edilmistir. Atif sayis1 en az yirmi olan kaynaklarla sinirlandirildiginda, 109
kaynak belirlenmistir. Bu kaynaklar {i¢ kiime altinda gruplanmistir. Ayni zamanda bu kaynaklar,
5.340 baglant1 ve 28.363 baglant1 giicii iiretmistir. Ortak atif analizine ait ag gorseli Sekil 8’de
verilmistir.
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Sekil 8
Ortak atif analizi ag gorseli (WoS, Temmuz 2025)
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*Bu ag gorseli, 345 calismadan elde edilen ve 20°den fazla atif alan 109 kaynagin ortak atif iliskilerini
gostermektedir. Diiglimler kaynaklari, biiyiikliikleri ise her kaynagin aldigi toplam atif sayisini temsil eder.
Diigiimler arasindaki ¢izgilerin kalinlig1 ise kaynak ciftleri arasindaki ortak atif baglantisinin toplam baglanti
giiclinii yansitmaktadir.

Sekil 8 incelendiginde, ortak atif analizinde en yiiksek baglanti giicline sahip kaynaklar
arasinda, Jordan’in dort farkli caligmasinin ilk on kaynak igerisinde yer almasi dikkat ¢ekicidir.
Bu durum, Jordan’in erken donem sayi hissi gelisimi {izerine yaptigi calismalarin yalnizca
yiiksek diizeyde atif aldigini degil, ayn1 zamanda diger temel ¢alismalarla birlikte anildigini ve
dolayistyla literatiirde giiclii bir kavramsal bag kurdugunu gostermektedir. Jordan’in ¢aligmalari,
say1 hissi, matematiksel problem ¢6zme ve erken doneme 6zgii bireysel farkliliklar gibi temalar1
bir arada ele alarak bu alandaki literatiiriin yapitaglar1 arasinda yer almaktadir.

Tartisma

Bu ¢alismada, okul oncesi donemde say1 hissi alaninda yapilan 345 akademik calisma
bibliyometrik yontemlerle analiz edilerek, say1 hissi kavraminin bilimsel alandaki gelisim seyri
ortaya konmustur. Elde edilen bulgular, alanin yillar igerisinde hem konu kapsami hem de
yontemsel yaklagimlar agisindan evrimsel bir siireg izledigini gostermektedir. Ulkemizde yapilan
caligmalarin da benzer bir gelisim seyri izledigi gbz oniinde bulunduruldugunda, literatirde ilk
donemlerde say1 hissi, cocuklarin genel gelisim 6zellikleriyle birlikte degerlendirilmis; 6zellikle
sosyoekonomik durum (lvrendi, 2016; Ramani ve Siegler, 2011; Siegler ve Ramani, 2008;
Wilson vd., 2009), cinsiyet farkliliklar1 (Onkol, 2012; Schacter vd., 2016) ve dil becerileri
(thmhoglu 2018) gibi demografik ve bilissel degiskenlerle iliskili olarak ele alinmustir.
Ornegin Purpura vd. (2011), okul éncesi donemde ¢ocuklarin matematiksel gelisiminde dil
becerilerinin gii¢lii bir yordayict oldugunu ortaya koymus; Yilmaz (2017) ise sayi hissi ile dil
gelisimi arasindaki etkilesimin, erken donemde miidahale programlar1 agisindan kritik rol
oynadigim belirtmistir. Bu yoniiyle Jordan vd. (2006) ¢aligmasi, say1 hissi gelisimini genis bir
cercevede inceleyerek bireysel farkliliklarin belirlenmesine ve erken donem matematiksel
gelisimin anlasilmasina dnemli katkilar saglamistir.

Izleyen yillarda yapilan calismalar ise say1 hissi gelisimini belirleyen bilissel ve dilsel
slireglere yonelmistir. Purpura ve Reid (2016), matematiksel dil becerilerinin ¢ocuklarin sayisal
performanslarin1 giiglii bir sekilde yordadigini; Purpura vd. (2017) ise bu becerilere yonelik
miidahale programlarinin erken matematik basarisini artirabilecegine dair nedensel veriler
sundugunu belirtmistir. Bu bulgular, say1 hissi alaninda biligsel gelisimin 6tesinde, alan-6zgu dil
becerilerinin de dikkate alinmasi gerektigine isaret etmektedir. Boylece sayr hissi
arastirmalarinin, genelden 6zele dogru evrildigi; ilk olarak genel biiylime egilimleri ve ¢evresel
faktorler tizerinde odaklanirken zamanla daha derinlikli ve hedefe yonelik bilissel mekanizmalari
aciklamaya yoneldigi goriilmektedir. Bu baglamda, Cigek (2024) de say1 hissinin erken dénem
biligsel bilesenlerinden biri olan subitizasyon becerisini ele aldig1 bibliyometrik ¢alismasinda, bu
alandaki arastirmalarin giderek arttigina dikkat cekmektedir.

Bibliyografik eslesme ve ortak atif analizleri, okul 6ncesi donemde sayi hissi literatiiriiniin
kavramsal ¢ekirdegini belirleyen caligmalar hakkinda 6nemli ipuclari sunmaktadir. Jordan ve
Purpura’nin ¢ok sayida c¢alismasinin hem yiiksek atif almasi hem de diger yayinlarla ortak
referanslarda bulusmasi, bu yazarlarin alanin gelisiminde belirleyici bir role sahip oldugunu
ortaya koymaktadir. Ozellikle Jordan’a ait dort ¢alismanin ortak atif analizinde ilk on calisma
igerisinde yer almasi, say1 hissi konusundaki temel kuramsal cercevenin bu arastirmalara
dayandigin1 gostermektedir. Celik’in (2022) bibliyometrik ¢alismasinda en ¢ok atif alan ilk on
yazarla, bu calismanin analizleri karsilastirildiginda Clarke, B. ve Verschaffel, L.’nin erken
cocukluk matematik egitiminde one ¢iktig1 goriilmektedir.
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Caligmada kullanilan anahtar kelime analizi, say1 hissi konusunun farkli temalarla
iliskilendirilerek zenginlestigini de ortaya koymustur. “Pre-k”, “early numeracy” ve
“mathematics” gibi temel terimlerin yani sira, son yillarda “home numeracy environment”,
“intellectual disabilities” ve “socioeconomic status” gibi daha 6zgiil kavramlarin 6ne ¢ikmasi,
sayl hissi arastirmalarinda ¢evresel ve bireysel degiskenlerin birlikte ele alindigini
gostermektedir. Ozellikle ev ortamindaki matematiksel uyariciligin ¢ocuklarm say1 hissi
gelisimine etkisini inceleyen calismalar (6rn. LeFevre vd., 2010), alanda g¢evresel faktorlerin ne
denli 6nemli oldugunu vurgulamaktadir. Ayrica, 6zel gereksinimli bireylerin arastirmalara dahil
edilmesi, say1 hissi kavramma iligkin farkli gelisim yollarmin ve bireysel farkliliklarin daha
goriiniir hale gelmesine katki saglamaktadir (Schnepel vd., 2020; Traff vd., 2020).

Ulkeler aras1 is birligi analizinde Amerika Birlesik Devletleri (ABD), en ¢ok yayma sahip
iilke olarak one g¢ikmaktadir; Belgika ve Hollanda gibi Avrupa iilkeleri de literatiire onemli
katkilar sunmaktadir. Matematik alaninda yapilan farkli bibliyometrik ¢aligmalarda da ABD 0n
plana ¢ikmaktadir (Celik, 2022; Cicek, 2024; Coban ve Tezci, 2021; Julius vd., 2021; Karaca ve
Koksal, 2024; Pocan, 2023). Tiirkiye’nin ise ozellikle 2020 yilindan sonra say1 hissi konusundaki
bilimsel iiretkenliginde gozle goriiliir bir artis yasandigi; ABD ve Ingiltere ile ortak yayinlar ve
aragtirma projeleri yoluyla kurdugu akademik is birlikleri sayesinde uluslararasi literatiirde
goriintirliigiiniin arttig1 goriilmektedir. Benzer durum, matematik egitiminde dijital oyunlarla
ilgili yaymlarin bibliyometrik analizinde de Tiirkiye’nin ABD ile ortak ¢aligmalara dayanan is
birligine paralel bir durumdur (Pogan, 2023). Ote yandan, matematik egitiminde farkli temalara
odaklanan bibliyometrik analizlerde farkli iilkelerin 6n plana ¢iktig1 da gozlemlenmektedir.
Ornegin, matematik egitiminde istbilis konulu galismalarda Almanya’nin yaymn sayisi ve is
birligi ag1 agisindan dikkat cekici bir konumda oldugu belirtilmistir (Filiz, 2025). Bu durum,
tematik farkliliklarin iilkelerin bilimsel katki diizeyini etkileyebilecegini gostermektedir.

Tirkiye’de yapilan ¢alismalar da bu uluslararasi yonelime paralel olarak gelismektedir.
Goziim vd. (2024), okul oncesi egitimi almis 0grencilerin daha yliksek say1 hissi profillerine
sahip oldugunu belirterek, bu donemdeki egitimin kalitesinin ilkokul matematik basarisi
tizerindeki etkisini vurgulamistir. Gokdag (2020), say1 algisi ile biligsel esneklik arasinda pozitif
iliski oldugunu; Yasar Yusumut (2023) ise 6z diizenleme becerilerinin say1 hissi lizerinde
dogrudan etkili oldugunu ortaya koymustur. Bu ¢alismalar, say1 hissi gelisiminin yalnizca
dogrudan Ogretimle degil, ayn1 zamanda biligsel mekanizmalar ve bireysel farkliliklarla da
yakindan iligkili oldugunu gostermektedir.

Say1 hissinin gelistirilmesine yonelik Tiirkiye’de yiiriitiilen miidahale temelli arastirmalar,
say1 hissi alaninda pedagojik yaklasimlarin etkili oldugunu gostermektedir. Cihan (2022),
toplama ve ¢ikarma kavramlarinin drama yoluyla 6gretiminin etkili oldugunu ortaya koyarken;
Ozbilen (2023) ve Can (2022) ise harekete dayali ve proje tabanli 6gretim yaklagimlarinin
cocuklarin matematik ve gorsel algi becerileri iizerinde olumlu etkiler yarattigini belirtmistir. Bu
sonuglar, say1 hissinin yalnizca sayisal iglemlerle degil, ayn1 zamanda ¢ocuk merkezli ve ¢oklu
duyusal 6grenme ortamlariyla desteklenebilecegini gdstermektedir. Ayrica Aslan (2022) ve
Ergenekon (2023) gibi aragtirmalar, dykil temelli 6gretim ve kavramsal 6gretim modellerinin
say1 hissi ve dil gelisimini birlikte destekledigini ortaya koymustur.

Ik ¢alismalardan LeFevre vd. (2010) ev ortamindaki matematiksel girdilerin ¢ocuklarmn
say1 hissi gelisiminde dnemli bir rol oynadigini ortaya koymustur. Bu bulgular, sonraki yillarda
Tirkiye'de yiirlitiilen aragtirmalarla da desteklenmistir. Tiirkiye 6zelinde yapilan g¢alismalar
(Giileg ve Ivrendi, 2017; Ozer vd., 2024; Karakog, 2022), aile katilimmin ve evde sunulan
O0grenme ortaminin ¢ocuklarin say1 kavrami becerilerinde belirleyici oldugunu goéstermektedir.
Ayrica, ebeveyn egitim diizeyinin yiiksek oldugu ailelerde ¢ocuklarin say1 hissi performansinin
daha yiiksek oldugu (Gokdag, 2020); ancak ¢ocuklarin sayma konusunda basarili olmalarina
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ragmen, sayl tammma ve karsilasgtirma gibi daha karmasik becerilerde zorlandiklari
gbzlemlenmistir (Palabiyik, 2022; G6ziim vd., 2024).

Tiirkiye'deki aragtirmalar1 destekleyen bir diger onemli unsur ise, erken ¢ocukluk
matematik egitiminin uluslararasi standartlarla uyumlu hale getirilmesine yonelik egitim
politikalar1 iizerine raporlardir. Ozellikle NCTM’nin (2000) yaymmladigi Principles and
Standards for School Mathematics raporu, matematiksel diisiinmenin temellerinin okul 6ncesi
donemde atilmasi gerektigini vurgulayarak, sayr hissi gibi kavramlarin erken yaslarda
yapilandirilmasinin 6nemine dikkat ¢ekmistir. Tiirkiye Ozelinde ise, 2012 yilindan itibaren
yapilan diizenlemeler ve yatirimlarla birlikte okul dncesi egitimde okullagma oraninin artirilmasi
hedeflenmis, bu durum erken c¢ocukluk matematik egitimiyle ilgili ¢alismalarin sayisini da
etkilemistir. Bu baglamda, say1 hissi alanindaki bilimsel ilginin yalnizca kuramsal gelismelerle
degil, ayn1 zamanda yapisal ve politik reformlarla da desteklendigi goriilmektedir.

Sonug olarak, elde edilen bulgular okul dncesi donemde say1 hissi arastirmalarinin zaman
icinde gelisen bir bilimsel giindemle sekillendigini, bu siirecin basta biligsel gelisim olmak iizere
cevresel, dilsel ve sosyal etmenlerin daha biitiinclil bicimde ele almmasiyla ilerledigini
gostermektedir. Say1 hissi yalnizca matematiksel bir yetenek degil; cok boyutlu bir beceri olarak
degerlendirilmekte ve bu becerinin gelistirilmesi i¢in erken cocukluk doneminde bireysel
farkliliklar1 ve ¢evresel baglamlar dikkate alan egitim programlari 6nerilmektedir.

Sonug ve Oneriler

Bu calismada, okul 6ncesi donemde say1 hissi (number sense) konusundaki akademik
literatiir bibliyometrik yontemlerle analiz edilmistir. Web of Science (WoS) veri tabanindan elde
edilen ¢alismalar, VOSviewer yazilimi1 araciligiyla kavramsal, bibliyografik ve tematik
yonleriyle degerlendirilmistir. Elde edilen bulgular, say1 hissi kavraminin zaman i¢inde yalnizca
matematiksel becerilerle sinirli olmayan, bilissel, dilsel ve ¢evresel faktorlerle iliskilendirilmis
cok boyutlu bir yapiya doniistiigiinii ortaya koymaktadir.

Tirkiye baglaminda ise say1 hissi konusunda g¢alismalar daha c¢ok ilkokul ve ortaokul
diizeyinde gerceklestirilirken (Karakog, 2022; Kiicukay, 2022); 2020 sonrasinda okul dncesine
yonelik calismalarin sayisinda belirgin bir artis gozlenmektedir. Yapilan calismalarda okul
Oncesi egitimle say1 hissi becerileri arasinda pozitif iligkiler bulunmus; drama, oyun, hareket ve
proje temelli 6gretim yaklasimlarinin erken matematiksel diisiinme becerileri iizerindeki olumlu
etkileri vurgulanmistir (Akuysal Aydogan ve Sen, 2011; Ergenekon, 2023; Kermani, 2017;
Liang vd., 2020; Mildenhall, 2014; Nurhayati ve Rasyid, 2019; Schacter vd., 2016; Yakut,
2020). Ancak, okul oncesi donemde cocuklarin sayr hissi performansini 6lgmeye yonelik
caligmalar halen siirlidir. Bu durum, Tirkiye’de say1 hissi kavraminin heniiz erken gelisim
asamasinda oldugunu ve alana 06zgli daha derinlemesine ampirik arastirmalara ihtiyag
duyuldugunu goéstermektedir.

Arastirma bulgulart dogrultusunda gelistirilen Oneriler, politika ve uygulamaya yonelik
oneriler ile arastirma temelli Oneriler olmak {izere iki ana ¢ergevede ele almabilir. Politika ve
uygulama baglaminda, okul Oncesi Ogretmenlerinin sayr hissi gelisimi konusundaki bilgi
diizeylerini ve pedagojik yeterliliklerini artirmaya yonelik hizmet i¢i egitim programlarinin
gelistirilmesi 6nem arz etmektedir. Bu egitim programlarinin, say1 hissi becerilerini destekleyen
uygulamali igeriklerle yapilandirilmasi, 6gretmenlerin simif i¢i uygulamalarinda daha etkili
olmalarimi saglayacaktir. Ayrica, okul oncesi egitim programinda say1 hissi becerilerine yonelik
kazanimlara daha fazla yer verilmesi ve 6gretim siirecinde oyun temelli, drama ve hareket odakli
yontemlerin kullaniminin tesvik edilmesi, ¢ocuklarin bu beceriyi daha erken ve etkili bir sekilde
gelistirmelerine katki sunacaktir. Ote yandan, sayr hissi gelisiminde ailelerin rolii gdz ardi
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edilmemeli; ev ortaminda sayisal farkindaligi artiracak aile destekli miidahale programlari
tasarlanarak uygulanmalidir.

Arastirma Onerileri agisindan degerlendirildiginde, say1 hissine yonelik yiiriitiilecek
caligmalarin sayica artirilmasi ve bu calismalarin dogrudan performansa dayali veri toplama
yontemleriyle desteklenmesi gerekmektedir. Say1 hissi, yalnizca matematiksel bilgiyle sinirlt
olmayan, biligsel esneklik, dikkat, 6z diizenleme ve dil becerileri gibi ¢esitli zihinsel siireclerle
iliskili c¢ok boyutlu bir yapr oldugundan, gelecekte yapilacak arastirmalarin bu iliskili
degiskenleri de kapsayacak bigimde biitiinciil yaklagimlarla tasarlanmasi 6nemlidir. Ayrica,
Tiirkiye 0zelinde say1 hissi performansini 6lgmeye yonelik gecerli ve giivenilir degerlendirme
araglariin gelistirilmesine ihtiyag¢ duyulmaktadir. Bu kapsamda, nitel, nicel ve karma
yontemlere dayali ampirik ¢aligmalar, say1 hissinin gelisimsel seyrine, etkileyen faktorlerine ve
Ogretim stratejilerine iliskin daha derinlemesine veri saglayacaktir.

Ancak, bu ¢alismanin da bazi sinirliliklar bulunmaktadir. Bibliyometrik analiz ¢aligmalari
bir alanin tiim yonleriyle eksiksiz bir resmini sunamaz. Bu baglamda, ¢alismanin yalnizca Web
of Science (WoS) veri tabanina dayali olarak gergeklestirilmis olmasi, diger veri tabanlarinda yer
alan baz1 6nemli calismalarin kapsam dis1 kalmasina neden olmus olabilir. Ayrica, sadece
makale tlirlindeki yayinlarin incelenmis olmasi, kitap boliimleri, tezler ya da bildiriler gibi farkl
yayin tlrlerini disarda birakmaktadir. Bibliyometrik analizler kullanilan yazilima gore farkli
sonuclar dogurabileceginden, yalnizca VOSviewer ile yapilan analizlerin belirli bir teknik
cergeveye bagli oldugu da gz oOnilinde bulundurulmalidir. Bu smirliliklara ragmen, calisma
1999-2025 yillar1 arasinda okul 6ncesi donemde say1 hissi konusundaki akademik egilimleri
betimleyerek, alandaki mevcut durumu ortaya koymasi agisindan 6nemli bir katki sundugu
diistiniilmektedir.

Bildirim
Tesekkiir: Uygulanmaz.
Cikar ¢atigmast: Y azar ¢atigan ¢ikarlari olmadigini beyan ederler.

Finansman: Arastirma i¢in finansman fonu kullanilmamustir.

Etik onay ve katilim onayt: Bu ¢alisma yalnizca Web of Science veri tabaninda daha 6nce yayimlanmis makalelerin
bibliyometrik olarak analizine dayanmaktadir. Dolayisiyla, insan katilimcilarindan dogrudan veri alinmamis olup,
analiz yalnizca kamuya agik literatiire dayalidir. Bu nedenle ¢alisma, insan denek arastirmalari kapsaminda
degerlendirilmeyip etik kurul izni gerektirmemektedir.
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Abstract

Number sense constitutes the foundation of children's early mathematical thinking skills and plays a crucial role in
their subsequent academic achievement. This study aims to identify developmental trends in the field by analyzing
scientific publications on number sense during the preschool period using bibliometric methods. A total of 345
studies were included in the analysis by searching the Web of Science (WoS) database using the keyword “number
sense” in combination with preschool-related terms (“preschool,” “pre-k,” “early childhood,” “pre-school,”
“kindergarten,” “pre-kindergarten,” and “nursery school™) in the title, abstract, and keyword fields. The dataset
spans publications from 1999 to 2025 and was analyzed using VOSviewer software based on parameters such as
keyword co-occurrence, co-citation, and author collaboration. The findings reveal that earlier studies on number
sense predominantly emphasized environmental and developmental factors, whereas more recent research has
increasingly focused on cognitive and linguistic aspects. The results also highlight a marked rise in scholarly output
from Turkey, particularly after 2020, with a growing emphasis on preschool-centered investigations. Therefore,
number sense is conceptualized as a multidimensional construct, and it is suggested that future research adopt more
robust designs in both theoretical and applied contexts.

Keywords: Bibliometric Analysis, Number Sense, Preschool.

Introduction

Number sense refers to an individual’s ability to make sense of concepts related to
numbers and operations and to establish relationships between these concepts in a flexible,
meaningful, and effective manner (Howden, 1989; Mclintosh et al., 1992). Number sense is not
limited to academic success; it is directly related to basic life skills such as evaluating numerical
situations encountered in daily life, making logical decisions, and developing effective strategies
(Sengtil, 2013; Whitehead & Hawes, 2023).

Numbers play a fundamental role in many areas of human life, from science and art to
economics and communication (Babacan, 2018). Understanding the concept of numbers and
developing a sense of numbers froman early age is a crucial process that affects an
individual’s academic and life success. In the literature, number sense has been associated with
multidimensional skills such as estimating, performing mental operations, evaluating numerical
guantities, switching between different representations, developing flexible strategies,
and judging the accuracy of calculations (Gersten and Chard, 1999; Van de Walle et al., 2013;
Kayhan Altay, 2010; Parrish, 2010). Individuals with number sense prefer creative and
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flexible problem-solving methods instead of routine and prescriptive operations, develop
alternative strategies, and evaluate their solutions through a logical filter (Reys & Yang, 1998;
Sahin, 2018). In this context, number sense is not only a mathematical competence but also a
skill that supports cognitive processes such as critical thinking, decision making, and discovering
new ways (Giilbagci-Dede, 2015; Harg, 2010; Peker, 2019). Kayhan Altay (2010) stated that
number sense is defined as a way of thinking based on understanding and using numbers
meaningfully, rather than rote learning. Dolma (2002) viewed number sense as a set of
intuitively based mental actions.

Individuals with number sense can choose the most effective strategy in calculations,
detect arithmetic errors, and grasp the relationships between numbers to make quick and logical
inferences (Howden, 1989; NCTM, 2020). These characteristics increase
individuals” mathematical achievement and positively influence their attitudes toward
mathematics (Dyson et al., 2013; Yang & Wu, 2010). According to the theoretical framework
developed by Mcintosh, Reys, and Reys (1992), number sense is divided into three basic
components in the international literature: number knowledge and skills, procedural knowledge
and skills, and the effective use of these knowledge and skills in calculations. Similarly, Greeno
(1991) defined number sense as a construct consisting of numerical estimation, flexible mental
calculation, and the ability to make quantitative judgments. Yang and Wu (2010) defined number
sense as a combination of creative thinking, understanding numerical relationships in daily life,
making logical inferences, and developing solutions without over-reliance on rules.

The foundations of mathematical skills are laid in early childhood. Children’s exposure to
mathematics and the development of their mathematical thinking skills during this period
directly impact their future learning processes. The National Council of Teachers of Mathematics
(NCTM) (2020), defines five learning domains: numbers and operations, algebra, geometry,
measurement, and data analysis. These areas are structured to support the development
of mathematical thinking, reasoning, and problem-solving skills in children.

The first of these areas, “numbers and operations,” aims to help children understand the
concept of numbers, establish relationships with numbers, and acquire fundamental counting,
comparing, ordering, and performing operations. In this context, “number sense,” a
multidimensional construct encompassing understanding the basic meanings of numbers,
developing flexible number-related thinking skills, and the ability to use numbers meaningfully
in daily life, is directly related to this area (NCTM, 2020).

Children typically acquire their first experiences with number sense through play,
interaction with objects, and environmental observations (Griffin, 2004). These experiences
support intuitive thinking and lay the foundation for skills such as understanding the magnitude
of numbers, ordering, grouping, and representing numbers in different ways (Giile¢ & Ivrendi,
2017). Supporting number sense at an early age allows children to develop meaning-based and
flexible thinking habits, rather than rote memorization, in their later mathematical learning
(Gersten & Chard, 1999; Starkey et al., 2004). Furthermore, number sense is an important
learning objective that encompasses not only the ability to perform operations but also higher-
level cognitive skills, such as developing mathematical judgments, making predictions, and
generating strategies. Therefore, within the scope of numbers and operations identified by the
NCTM, number sense should be central to early childhood mathematics education and should be
systematically supported during this period.

In Turkey, the concept of number sense has only recently begun to gain traction in the
educational literature, but there are limited studies on the subject. Some of these studies aim to
define the components of number sense, while others examine the effects of instructional
interventions on these skills (Can, 2022; Canoglu, 2007; Cekirdekei, 2015; Harg, 2010; Ozbilen,
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2023; Sengiil & Giilbage1 Dede, 2014; Yakut, 2020; Yasar Yusumut, 2023; Yoriir, 2022).
However, the number of comprehensive and systematic interdisciplinary analyses focusing
specifically on the preschool period is quite limited (Kiglkay, 2022). Palabiyik (2022) examined
number sense profiles in a study involving preschool and elementary school students and found
that those with higher levels of number sense tended to perform better in mathematics. The
findings indicate that while students predominantly rely on rule-based strategies when solving
problems, the use of number sense-based approaches increases with grade level.

Among the interventions implemented to support the development of number sense in
preschool, interactive play activities and computer- and tablet-supported math games are notably
used as effective tools (Ivrendi, 2016; Kilimlioglu, 2018). Drama-based approaches and
movement-based educational programs positively impact number sense and early math skills
(Aslan, 2022; Cihan, 2022; Ozbilen, 2023). Math-themed story-reading apps support both math
and language skills (Ergenekon, 2023).

Self-regulation and cognitive flexibility have an impact on number sense in terms of
cognitive skills (Yasar Yusumut, 2023; Gokdag, 2020). It has also been emphasized that the
level of parental education influences children’s number sense development (Arslan et al.,
2022) and that children are more successful in counting but struggle with number recognition. In
summary, studies on mathematics and number sense in early childhood in Turkey are limited and
often fragmented into subfields. However, the multidimensional nature of this concept and its
strong relationship with early learning necessitate a more in-depth approach to studying number
sense (Chen et al., 2013; Palabiyik, 2022; Yenilmez & Yildiz, 2018).

In this context, a bibliometric examination of national and international publications
focused on number sense in the preschool period, accessible through the Web of Science (WoS)
database, will contribute to understanding the direction, intensity, and evolution of research
conducted in the field over time. This study will provide a systematic overview of studies in the
field and serve as a guide for both researchers and practitioners.

Method

This study used bibliometric analysis to systematically examine scientific publications on
number sense in preschool. Bibliometrics is a research method that aims to evaluate and analyze
published scientific literature from a quantitative perspective (Ding, 2011). This method allows
us to reveal various structures, such as publication trends in a specific research field,
interdisciplinary collaboration networks, the most influential authors, countries, and keywords,
through numerical data (Donthu et al., 2021). In recent years, thanks to advances in computer
technology and high-speed internet access, such analyses have become more widespread and
comprehensive (Atabay et al., 2019; Verma et al., 2020).

In this context, criterion sampling was used to determine the publications to be included in
the study. Criterion sampling is a type of purposive sampling that involves selecting information
sources that meet certain prerequisites or standards (Patton, 2021). In this study, the inclusion
criteria for sources were as follows: (1) being indexed in the Web of Science database; (2)
containing both the term “number sense” and at least one preschool-related term such as
“preschool,” “pre-k,” “early childhood,” “pre-kindergarten,” “kindergarten,” or ‘“nursery
school”; (3) featuring these keywords in the title, abstract, or keyword fields; (4) being an article;
and (5) being categorized within the field of education.

Study Sample
In this study, the Web of Science (WoS) database was searched on July 23, 2025, using the
“or” operator in the title, abstract, and keyword fields for the keywords “number sense” and
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“preschool,” “pre-k,” “early childhood,” “pre-school,” “kindergarten,” “pre-kindergarten,” and
“nursery school.” Approximately 400 publications obtained in the first stage of the search
constituted the analysis universe of the study. A prisma flow diagram illustrating the data
acquisition process is presented in Figure 1.

Data accessed with the keyword "number sense": 115464

When limited to AND (preschool OR pre-school OR pre-k OR kindergarten OR early
childhood OR pre-kindergarten OR nursery school);

Document type: when "article" is selected;

Subject type: When selecting "Education" and “Neuroscanning";

Figure 1
Data selection flowchart

When the WoS database was filtered to identify articles on number sense for preschool
children, a total of 345 studies were obtained between 1999 and 2025. A graph showing the
distribution of these studies by year is presented in Figure 2.

1999 = 1
2000 = 1
2004 = 1
2005 = 1
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Figure 2
Number of publications by year (WoS, July 2025)

When the number of publications by year is generally evaluated in Figure 2, it can be said
that academic studies on number sense in the preschool period have increased since 2006. The
decrease in 2021 may have been due to difficulties in conducting studies during the COVID-19
pandemic in 2020. In subsequent years, a renewed upward trend in the number of publications is
observed. Furthermore, the apparent decrease in 2025 is due to the data being retrieved from
WoS in July 2025.
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Data Analysis

In this study, 345 academic publications obtained from the Web of Science were analyzed
using bibliometric analysis with VOSviewer (Version 1.6.20) software. The data were cleaned
and categorized according to sub-research topics before analysis. During the analysis, basic
bibliometric characteristics such as publication year, authors, keywords, journals, citation counts,
and sources were evaluated in detail. Using VOSviewer, relationships between bibliographic
data were visualized, revealing cluster analysis, collaboration networks, and thematic densities.
This software is a powerful tool for interpreting relationships between scientific data and
identifying developmental patterns in research fields (Van Eck & Waltman, 2013).

The resulting data were analyzed using various metrics, including bibliographic coupling,
co-citation analysis, and keyword co-occurrence. Bibliographic coupling refers to relational
structures formed when two different publications cite the same third source, while co-citation
refers to relational structures formed when two publications are cited together in the same source
(Garfield, 1988). These methods provide important information for understanding the level of
interaction between studies. As a result of the analyses, research trends on number sense in
preschool, prominent conceptual themes, and influential publications in terms of citation were
systematically identified. This mapped the existing body of knowledge in the field and revealed
structural patterns that could inform future research.

Findings

In this section of the study, the findings related to the analysis of the number sense
activities conducted in the preschool period, accessed through WoS, are presented separately
under subheadings using the VOSviewer software program.

Keywords

When the WoS data were filtered for the purpose of the study, it is unsurprising that the most
frequently used keywords in Figure 3 were “number sense,” “mathematics,” and “pre-k.” During
the data cleaning process, keywords with similar meanings were combined, resulting in a total of
662 keywords. When these keywords were limited to being used five or more times, 44
keywords were included in the analysis. For example, expressions representing the preschool
period, such as pre-k, preschool, pre-school, kindergarten, and pre-kindergarten, were combined
under a single keyword “pre-k”. A density visualization of keyword frequency was created using
VOSviewer software and is presented in Figure 3.

Figure 3
Keyword density visualization (WoS, July 2025)
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*The figure illustrates the density distribution of the 44 most frequently used keywords -each appearing more than
five times- in publications on number sense in preschool between 1999 and 2025. Keywords with higher density are
represented in brighter colors.

The 44 keywords shown in Figure 3 are grouped into four clusters. The keywords with the
highest link strength in these clusters are, respectively: pre-k (f=57, bg=104), mathematics (f=63,
bg=115), arithmetic (f=15, bg=39), and early numeracy (f=34, bg=65). A network visualization
showing the distribution of keywords by year is presented in Figure 4.
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math difficulties

Figure 4
Keyword network visualization (WoS, July 2025)

*This figure presents a network visualization of keyword associations across timelines for studies published between
1999 and 2025. Colors vary according to the year of keyword usage; darker colors represent older studies, while
lighter colors indicate more recent ones.

Figure 4 highlights the prominent keywords in studies from 2020 onward: intellectual
disabilities, home numeracy environment, socioeconomic status, and elementary school. These
findings suggest that number sense education in preschool should be supported not only in the
school environment but also at home. Research reveals that the home numeracy environment
plays a significant role in children's number sense development and is closely linked to
socioeconomic status (Anders et al., 2012; LeFevre et al., 2009; Susperreguy et al., 2020).
Children from families with higher socioeconomic status have access to richer numerical
experiences, which positively impacts the development of number sense skills (Andrews &
Sayers, 2015; Karakog, 2022; Ozer et al., 2024).

The development of students' mathematics and number sense skills should not be limited to
teachers’ in-class training. Families engaging in daily math-themed conversations and creating
dialogue environments through storybooks are effective ways to support children’s accurate use
of mathematical language (Cheung, 2012; Ergenekon, 2023; Flick & Kuchey, 2015; Gersten &
Chard, 1999). Furthermore, the concept of number sense is also being incorporated into the
education of children with special needs within the context of inclusive education. Studies
conducted on children with learning disabilities demonstrate that these children have different
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needs in developing number sense and emphasize the necessity of specialized teaching
approaches for these groups (Traff et al., 2020; Yilmaz-Yenioglu & Sonmez-Kartal, 2023). In
this context, number sense education should be planned with consideration of individual
differences.

References

A total of 137 sources were identified as a result of the analysis of source citation
frequency using VOSviewer software. When limited to sources with 100 or more citations, 28
sources were identified. The top five most cited journals among these are presented in Table 1.

Table 1
Most cited journals (WoS, July 2025)

Order Journal Name Number of Citations
1 Child Development 1168
2 Nature 1067
3 Early Childhood Research Quarterly 751
4 Journal of Experimental Child Psychology 747
5 Journal of Learning Disabilities 733

Table 1 lists the five most cited academic journals in the WoS database as of July 2025 on
the topic of number sense. Child Development tops the list with 1,168 citations, indicating that
studies in this field are often addressed within the context of child development. The fact that a
multidisciplinary, high-impact journal like Nature ranks second suggests that number sense
research extends beyond educational sciences and attracts interest from broader academic fields.
Early Childhood Research Quarterly (751 citations), ranking third, highlights the importance of
preschool-related studies within this area.

The Journal of Experimental Child Psychology (747 citations) and the Journal of Learning
Disabilities (733 citations) demonstrate that the relationship between number sense and cognitive
processes, learning disabilities, and child psychology is frequently explored. This table reveals
that research on number sense is largely conducted at the intersection of developmental
psychology, early childhood education, and special education.

Countries

When examining collaboration between countries, limited by the criterion of having at
least two publications, 29 countries stand out. These countries are grouped into four clusters with
a total of 63 links. The countries with the most publications are the United States (n=159),
Belgium (n=27), and the Netherlands (n=26), respectively. A network visualization of
publication collaborations between countries is presented in Figure 5.
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england

........

Figure 5
Network visualization of publication collaborations between countries (WoS, July 2025)

*This network visualization illustrates collaborations among countries with at least two publications on number
sense in preschool education between 1999 and 2025. Countries are divided into four clusters. Nodes represent
countries, lines represent shared publication connections, colors indicate clusters, and node sizes reflect the number
of publications.

Figure 5 shows that 12 studies originating from Turkey are included in the bibliometric
dataset. The majority of these publications were published in 2020 or later, marking the period
when Turkey's scientific contributions to number sense in preschool education began to emerge.
This demonstrates that academic interest in the subject is relatively recent in Turkey, and that its
involvement in the international literature has gained momentum in recent years. Furthermore,
the network visualization reveals Turkey’s connections with the United States and the United
Kingdom, indicating developing international scientific collaborations in number sense research.

The significant increase in academic publications on number sense in Turkey after 2020
can be attributed to several structural and societal developments. During this period, the updating
of preschool education programs and policies, the increased use of digital technologies in
education, the widespread adoption of play-based learning, and the growing public awareness of
the importance of early childhood education after the COVID-19 pandemic may have
contributed to shifting research interest toward the preschool period. Additionally, academic
incentive systems in Turkey and international publication-focused performance criteria may have
accelerated research trends in previously underexplored areas such as number sense. However,
for this growth to be sustained, further studies are needed to both produce high-quality
knowledge in the field and to effectively transfer this knowledge into educational practice.

Authors

Before conducting the author analysis of 345 studies using VOSviewer software, data
cleaning was performed to combine different name variants belonging to the same author under a
single standardized name. For example, “Jordan, Nancy,” “Jordan, N.,” and “Jordan, Nancy C.”
were standardized to “Jordan, N.” This process resulted in a total of 811 unique authors. When
limited to those with three or more publications, 77 authors were included in the analysis. The
number of publications, citation counts, and total link strength of the top ten authors are
presented in Table 2.
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Table 2

Authors with the most publications (WoS, July 2025)

Order Author Publication Count Citation Count Total Link
Strength

1 Clarke, B. 25 494 25

2 Smolkowski, K. 19 418 19

3 Baker, S. 17 494 17

4 Doabler, C. 17 392 17

5 Fien, H. 16 390 16

6 Van Luit, J. 15 705 15

7 Kosty, D. 13 193 13

8 Jordan, N. 13 1335 8

9 Verschaffel, L. 12 179 12

10 De Smedt, B. 12 245 9

A total of 35 of these authors were grouped into five clusters. The authors with the highest
link strength in these clusters are, respectively, Clarke, B. (LS=25), Verschaffel, L. (LS=12),
Purpura, D. (LS=8), Jordan, N. (LS=8), and Nelson, G. (LS=2). Table 3 presents the top five
most cited studies.

Table 3
Most cited studies (WoS, July 2025)

Author Name of the Study Number of
Citations

Halberda vd., 2008 Individual differences in non-verbal number acuity correlate with 1067
maths achievement

Lefevre vd., 2010 Pathways to mathematics: longitudinal predictors of performance 569

Jordan vd., 2006 Number sense growth in kindergarten: a longitudinal mvestigation 445
of children at risk for mathematics difficulties

Mazzocco vd., 2011 Preschoolers' precision of the approximate number system predicts 313
later school mathematics performance

Jordan vd., 2010b The importance of number sense to mathematics achievement in 265

first and third grades

In the most cited study listed in Table 3, Halberda et al. (2008) demonstrates the
relationship between number sense and the approximate number system, which has evolutionary
roots, and shows that interindividual differences in this system are related to academic
mathematics achievement. These findings hold a significant place in the literature because they
indicate that monitoring and supporting the development of number sense skills during the
preschool period can directly impact later mathematical learning. LeFevre et al.’s (2010)
longitudinal study highlights the decisive role of number sense, language skills, and early
numerical experiences at home in predicting later mathematical achievement. This study has
guided research in the field by demonstrating that number sense development interacts not only
with individual but also with environmental factors.

In the bibliographic coupling analysis of 345 sources conducted using the VOSviewer
software -that is, based on the principle that two documents are bibliographically coupled when
they cite a third document together- a total of 29 sources were identified when limited to those
with 100 or more citations. These sources were grouped into six clusters and have a total of 319
links and a total link strength of 1532. The network visualization of these sources is presented in
Figure 6.
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Bibliographic coupling network visualization of the sources (WoS, July 2025)

*This figure illustrates the connections formed based on shared references among publications meeting the
bibliometric analysis criteria from 345 studies published between 1999 and 2025 in the WoS database. In the
network created using VOSviewer software (v1.6.20), each node represents a scholarly publication, while edges

between nodes indicate similarity based on shared references. Cluster colors represent groups of publications with
high thematic closeness. Publications with high link strength form the conceptual core of the field.

According to the bibliographic coupling analysis, Purpura (2016-2017) (LS: 39) and Geary
(2009-2012) (LS: 33) stand out as sources with the highest link strength in the literature. This
suggests that these studies share a common reference base and represent the conceptual core of
number sense research. Purpura’s work, in particular, frequently emphasizes the crucial role of
mathematical language in explaining the development of number sense in early childhood.
Purpura (2016) demonstrates that mathematical language strongly predicts children’s numerical
performance, independently of general language skills, while Purpura (2017) provides causal
evidence that mathematical language intervention programs can enhance children’s overall
mathematical knowledge. These findings underscore the critical importance of domain-specific
language skills in the development of number sense during the preschool period and highlight
the effectiveness of early intervention programs.
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*The network visualization displays the bibliographic coupling patterns of number sense studies over the years.

Examining Figure 7 reveals that although both earlier and more recent studies focus on the
development of number sense, the themes they address differ. For example, Jordan (2006)
emphasizes general development, growth patterns, and socioeconomic factors, whereas Purpura
(2016) concentrates specifically on the critical role of language -more precisely, mathematical
language- in number sense development. Thus, while both studies contribute to the field of
number sense, they can be seen as complementary, offering different perspectives based on their
focus variables and approaches.

Co-Citation Analysis

In the co-citation analysis conducted using the VOSviewer software, a total of 11.030
sources cited by 345 studies were identified. When limited to sources with at least twenty
citations, 109 sources were selected. These sources were grouped into three clusters.
Additionally, they generated 5.340 links and a total link strength of 28.363. The network
visualization of the co-citation analysis is presented in Figure 8.
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Co-citation analysis network visualization (WaoS, July 2025)

*This network visualization displays the co-citation relationships among 109 sources that received more than 20
citations, derived from the analysis of 345 studies. The nodes represent the sources, and their sizes indicate the total

number of citations each source has received. The thickness of the lines between the nodes reflects the total link
strength of the co-citation connections between pairs of sources.

When examining Figure 8, it is notable that four different works by Jordan rank among the
top ten sources with the highest link strength in the co-citation analysis. This underscores that
Jordan’s research on the development of early number sense is not only highly cited but also
frequently cited alongside other foundational works, establishing a strong conceptual link within
the literature. By addressing themes such as number sense, mathematical problem solving, and
early individual differences, Jordan’s contributions stand as a cornerstone in the field.
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Discussion

This study analyzed 345 academic publications on number sense in the preschool period
through bibliometric methods, revealing the developmental trajectory of this field within the
scientific literature. The findings indicate that research on number sense has undergone an
evolutionary progression over time, both in terms of thematic focus and methodological
approaches. Considering that the studies conducted in our country follow a similar
developmental course, in the early stages, number sense was evaluated together with the general
developmental characteristics of children; it was especially discussed in relation to demographic
and cognitive variables such as socioeconomic status (lvrendi, 2016; Ramani & Siegler, 2011,
Siegler & Ramani, 2008; Wilson et al., 2009), gender differences (Onkol, 2012; Schacter et al.,
2016) and language skills (Kilimlioglu, 2018). For instance, Purpura et al. (2011) demonstrated
that language skills are strong predictors of mathematical development in preschool children,
while Yilmaz (2017) emphasized the critical interaction between number sense and language
development in early intervention programs. Jordan et al.’s (2006) study, with its broad
framework, made significant contributions to understanding individual differences and early
mathematical development.

Subsequent research shifted focus to the cognitive and linguistic processes underpinning
number sense development. Purpura and Reid (2016) found that mathematical language skills
robustly predict children’s numerical performance, and Purpura et al. (2017) provided causal
evidence that intervention programs targeting these skills enhance early mathematics
achievement. These findings underscore the importance of domain-specific language skills
alongside cognitive development in number sense research. Accordingly, the field appears to
have evolved from broad examinations of growth trends and environmental factors to more
focused investigations of specific cognitive mechanisms. Supporting this trend, Cicek (2024), in
her bibliometric study on subitization -a fundamental cognitive component of number sense-
highlighted the increasing volume of research in this area.

Bibliographic matching and co-citation analyses illuminate the foundational studies
shaping the conceptual core of preschool number sense literature. The high citation counts of
works by Jordan and Purpura, along with their shared references with other publications,
demonstrate their pivotal roles in the field’s development. Notably, four of Jordan’s studies
ranked among the top ten in co-citation analysis, underscoring their influence on the theoretical
framework of number sense research. Comparing these findings with Celik’s (2022) bibliometric
study on early childhood mathematics education reveals Clarke, B., and Verschaffel, L. as other
prominent contributors.

Keyword analysis further revealed that number sense research is enriched by associations
with diverse themes. Alongside core terms like “pre-k,” “early numeracy,” and “mathematics,”
the recent emergence of concepts such as “home numeracy environment,” “intellectual
disabilities,” and ‘“socioeconomic status” reflects an integrated approach considering both
environmental and individual factors. For example, studies investigating the role of mathematical
stimulation in the home environment (LeFevre et al., 2010) highlight the importance of
environmental influences. Additionally, increased inclusion of individuals with special needs in
research emphasizes varied developmental trajectories and individual differences related to
number sense (Schnepel et al., 2020; Traff et al., 2020).

In cross-country collaboration analyses, the United States emerges as the leading
contributor, with European countries such as Belgium and the Netherlands also playing
significant roles. This dominance aligns with findings from other bibliometric studies in
mathematics education (Celik, 2022; Cicek, 2024; Coban & Tezci, 2021; Julius et al., 2021;
Karaca & Koksal, 2024; Pocan, 2023). Turkey has demonstrated notable growth in scientific
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output on number sense, particularly post-2020, with increased visibility fostered by
international collaborations, especially with the United States and the United Kingdom. Similar
patterns of collaboration are observed in Turkey’s research on digital games in mathematics
education (Pocan, 2023). Conversely, other countries emerge in bibliometric studies focusing on
different themes; for instance, Germany holds a prominent position in research on metacognition
in mathematics education (Filiz, 2025). These thematic differences appear to influence the
scientific contributions of countries.

Research in Turkey aligns with these international trends. Goziim et al. (2024) reported
that preschool education positively impacts number sense profiles, highlighting the importance
of educational quality during this period for later mathematics achievement. Gokdag (2020)
found a positive correlation between number sense and cognitive flexibility, while Yasar
Yusumut (2023) demonstrated that self-regulation skills directly influence number sense
development. These findings indicate that number sense growth is closely related not only to
direct instruction but also to cognitive processes and individual differences.

Intervention studies in Turkey further support the effectiveness of pedagogical approaches.
For example, Cihan (2022) showed that drama-based teaching improves understanding of
addition and subtraction concepts; Ozbilen (2023) and Can (2022) found that action-based and
project-based methods positively affect mathematics and visual perception skills. These results
suggest that number sense development benefits from child-centered, multisensory learning
environments, beyond traditional numerical instruction. Additionally, story-based and conceptual
teaching models have been shown to simultaneously enhance number sense and language
development (Aslan, 2022; Ergenekon, 2023).

In an early study, LeFevre et al. (2010) demonstrated that mathematical input in the home
environment plays a significant role in the development of children's number sense. These
findings have been supported by subsequent research conducted in Turkiye. Studies specific to
the Turkish context (Giileg¢ & Ivrendi, 2017; Ozer et al., 2024; Karakog, 2022) indicate that
family involvement and the learning environment provided at home are key determinants of
children’s number concept skills. Furthermore, children from families with higher levels of
parental education tend to exhibit stronger number sense performance (Gokdag, 2020). However,
although many of these children are successful in basic counting, they often struggle with more
complex skills such as number recognition and comparison (Palabiyik, 2022; Goziim et al.,
2024).

An important contextual factor supporting number sense research in Turkey is the
alignment of educational policies with international standards. The NCTM’s (2000) Principles
and Standards for School Mathematics report emphasized the necessity of laying mathematical
foundations in the preschool period, highlighting early number sense development. Since 2012,
Turkey’s policy initiatives and investments have focused on increasing preschool enrollment,
which in turn has influenced the volume of research on early childhood mathematics education.
Thus, scientific interest in number sense is driven not only by theoretical advances but also by
structural and policy reforms.

In conclusion, the findings demonstrate that research on number sense during the preschool
period is shaped by an evolving scientific agenda, progressively adopting a more holistic
perspective that integrates environmental, linguistic, social, and cognitive factors. Number sense
is recognized not merely as a mathematical skill but as a multidimensional competence.
Therefore, educational programs aiming to develop number sense should consider individual
differences and environmental contexts from early childhood onward.
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Conclusion and Recommendations

This study employed bibliometric methods to analyze the academic literature on number
sense in the preschool period. Publications retrieved from the Web of Science (WoS) database
were examined through conceptual, bibliographic, and thematic lenses using VOSviewer
software. The findings indicate that the concept of number sense has evolved over time into a
multidimensional construct that extends beyond purely mathematical skills to encompass
cognitive, linguistic, and environmental factors.

Within the Turkish context, although research on number sense has predominantly focused
on primary and secondary education levels (Karakog, 2022; Kigukay, 2022), a notable increase
in studies targeting preschool education has been observed since 2020. These studies have
identified positive correlations between preschool education and number sense development.
Additionally, the beneficial effects of drama, play, movement, and project-based teaching
approaches on early mathematical thinking have been emphasized (Akuysal Aydogan & Sen,
2011; Ergenekon, 2023; Kermani, 2017; Liang et al., 2020; Mildenhall, 2014; Nurhayati &
Rasyid, 2019; Schacter et al., 2016; Yakut, 2020). Nevertheless, empirical research assessing
number sense performance in preschool children remains limited. This suggests that number
sense research in Turkey is still in its early developmental phase and warrants more extensive,
in-depth empirical investigations.

Based on the findings, recommendations can be grouped into two main categories: policy
and practice-oriented suggestions, and research-focused proposals.

From a policy and practice perspective, it is imperative to develop in-service training
programs aimed at enhancing preschool teachers’ knowledge and pedagogical skills related to
number sense development. Designing these programs with practical, hands-on content to
support number sense skills will empower teachers to implement more effective instructional
strategies. Moreover, incorporating a stronger emphasis on number sense development within
preschool curricula, alongside promoting play-based, drama-based, and movement-centered
teaching methods, will facilitate earlier and more effective skill acquisition among children.
Additionally, recognizing the vital role of families in number sense development, family-
centered intervention programs that foster numerical awareness in home environments should be
designed and implemented.

Regarding research recommendations, there is a need to increase the volume of studies on
number sense and to incorporate direct, performance-based data collection methods. Given that
number sense is a multidimensional construct linked not only to mathematical knowledge but
also to cognitive flexibility, attention, self-regulation, and language skills, future research should
adopt holistic designs that integrate these related variables. Furthermore, there is a pressing need
to develop valid and reliable assessment tools specifically tailored to measure number sense
performance within the Turkish context. Empirical studies employing qualitative, quantitative,
and mixed-method approaches will provide richer insights into the developmental trajectory of
number sense, its influencing factors, and effective instructional strategies.

This study, however, is subject to certain limitations. Bibliometric analyses cannot capture
the full complexity of a research field in all its facets. In this context, the fact that the study was
conducted solely on the Web of Science (WoS) database may have excluded some important
studies from other databases. Additionally, the focus on article publications excludes other
scholarly outputs such as book chapters, theses, and conference proceedings. Since bibliometric
outcomes may vary depending on the software used, the reliance solely on VOSviewer
introduces a specific technical constraint. Despite these limitations, this study contributes
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significantly by mapping academic trends in preschool number sense research from 1999 to 2025
and by delineating the current state of the field.
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