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Makale Turu:

Derleme

Oz
Teknolojik gelismeler, 6zel gereksinimli bireylerin egitim, iletisim ve
giinliik yagam becerilerini desteklemede 6nemli olanaklar sunmaktadir.
Bu derleme ¢aligmasinin amaci, 6zel egitimde kullanilan teknolojileri
aciklayarak, bu teknolojilerin 6zel gereksinimli bireylerin bagimsiz
yasamlarina sagladig1 katkilari somut 6rnekler ve senaryolar tizerinden
incelemek ve gelecege yonelik pratik oneriler sunmaktir.

Calismada teknolojilerin kullanim amaci1 ve islevi goz Oniinde
bulundurularak 6zel egitimde kullanilan teknolojiler, yardimet
teknoloji, egitsel teknoloji ve destekleyici/dijital teknoloji basliklar
altinda ele alinmistir. Yardimci teknolojilerin bireylerin islevsel
yeterliliklerini ve bagimsizliklarin1 artirmada, egitsel teknolojilerin
O0grenme siirecinin niteligini ve bireysellestirilmesini desteklemede,
destekleyici/dijital teknolojilerin ise 6grenme siireclerini organize etme
ve giinliikk yasam becerilerini gliglendirmede dnemli roller iistlendigi
gorulmektedir.

Sonug olarak, 6zel egitimde teknolojinin etkili kullanimi, bireysel
gereksinimlere dayali se¢im, pedagojik entegrasyon ve bilingli
uygulamalarla mimkundir. Bu c¢alisma, teknoloji ve yapay zeka
destekli teknoloji kullanimini arag¢ temelli degil amag ve islev temelli
bir bakis agisiyla ele alarak, uygulayicilar ve aragtirmacilar igin yol
gosterici bir ¢ergeve sunmaktadir.

Kurtoglu, S., & Ulugdl, F. (2026). An Overview of Technology Use in Special Education.
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Abstract

Technological developments offer significant opportunities to support
the education, communication, and daily living skills of individuals
with special needs. The aim of this review study is to explain the
technologies used in special education, examine their contributions to
the independent lives of individuals with special needs through concrete
examples and scenarios, and provide practical recommendations for the
future.

In the study, technologies used in special education are examined under
the headings of assistive technology, educational technology, and
supportive/digital technology, taking into account their purpose of use
and function. It is observed that assistive technologies play an important
role in increasing individuals’ functional competencies and
independence; educational technologies support the quality and
individualization of the learning process; and supportive/digital
technologies contribute significantly to organizing learning processes
and strengthening daily living skills.

In conclusion, the effective use of technology in special education is
made possible through selections based on individual needs,
pedagogical integration, and informed practices. This study approaches
the use of technology and Al-supported technologies not from a tool-
centered perspective, but from a purpose- and function-oriented
viewpoint, thereby offering a guiding framework for practitioners and
researchers.
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Giris

Ozel egitime ihtiyaci olan bireyler, Ozel Egitim Hizmetleri Ydnetmeliginde bireysel ve gelisim
ozellikleri ile egitim yeterlilikleri acisindan akranlarindan anlaml diizeyde farkliliklar gosteren
bireyler olarak tanmimlanmaktadir (Milli Egitim Bakanligi [MEB], 2018). Ozel gereksinimli
bireyler, bagimsiz yasama katilim siirecinde gesitli giicliikler yasayabilmektedirler (Sani-Bozkurt,
2017). Bu durum, s6z konusu bireylerin egitim siireclerinde etkili ve siirdiiriilebilir desteklerin
planlanmasim gerekli kilmaktadir. Ozel egitim, 6grencilerin bireysel dgrenme ihtiyaclarin
karsilamay1 amaglayan bir alan olarak, farkli gereksinimlere sahip bireylerin egitimde basari ve
bagimsizlik kazanmalarini desteklemektedir. Giiniimiizde teknoloji, bu siirecin etkililigini artiran
temel araclardan biri haline gelmistir. Teknoloji, egitim, is ve toplumsal yasamin tiim alanlarinda
yaygin olarak kullanilmakta olup, 6zel egitim baglaminda da dnemini ve giincelligini koruyan
temel bir kavram olarak 6ne ¢ikmaktadir (Yasar ve Vuran, 2025).

Zihin yetersizligi, fiziksel yetersizlik, 6grenme giigliigii, otizm spektrum bozuklugu, isitme kayb,
gorme kaybi veya dikkat eksikligi hiperaktivite bozuklugu gibi gesitli 6zel gereksinimleri olan
ogrenciler icin teknolojik araglar, 6grenmeyi daha erisilebilir, etkilesimli ve motive edici hale
getirmektedir. Ayn1 zamanda bireysel farkliliklarin egitim siirecine etkin bir sekilde entegre
edilmesini de kolaylastirmaktadir (Cakil ve Piyal, 2023; Cifcibasi-lyigiin ve Tortop, 2018;
Ozdemir ve Safak, 2024; Topcu ve Cakir, 2025). Ozel gereksinimli bireylerde kullanilan
teknolojiler, islevsel yeterlilikleri artirmayi, cevresel etkilesimi desteklemeyi ve egitim
ortamlarina erigsimi giiclendirmeyi amaglayan dijital ve donamimsal ¢dziimleri kapsamaktadir
(Cakil ve Piyal, 2023; Edyburn, 2013; Ozdemir ve Safak, 2024).

Literatiirde 6zel egitimde kullanilan teknolojilerin birgogu genellikle “yardimci teknolojiler”
olarak adlandirilmaktadir (Coklar, Ergenekon, ve Odabasi, 2018; Kurt ve Kurtoglu Erden, 2024,
Sani-Bozkurt, 2018). Olakanmi, Akcayir, Oluwbukola, ve Carrie (2020) ise teknolojileri
agiklarken “siirekli destek araglar1” terimini benimsemislerdir. Bu terimi benimsemelerinin temel
nedeni ise yardimci teknoloji olarak tanimlanan teknolojilerin, saglanan siirekli desteklerin tim
cesitliligini tam olarak karsilamadig1 yoniindeki goriisleridir. S6z konusu yaklasimda yardimci
teknoloji olarak kullanilan ve egitim saglayan her sistem (6rnegin metinden sese doniistiirme) bir
ogretim yaklasimini destekleyen teknoloji olarak aciklanmaktadir. Ozel egitim literatiiriinde
kullanilan teknolojiler farkli kavramsal cergeveler altinda ele alinmakta; teknolojiler kimi
calismalarda donanimsal ozelliklerine, kimi c¢alismalarda ise kullanim alanlarina gore
siniflandiriimaktadir. Kullanilan teknolojiler, islevleri ve kullanim amaglari dogrultusunda
genellikle yardimer teknolojiler (Edyburn, 2013; Beukelman ve Light, 2020), egitsel teknolojiler
(Cagiltay, Cakir, Karasu, Islim, ve Cicek, 2019; Mumcu, 2024; Eligin, 2017) ve
destekleyici/dijital teknolojiler (Baker ve digerleri, 2019; Balint-Langel ve digerleri, 2019) olarak
acgiklanmaktadir.

Mevcut ¢alismada da teknolojiler kullanim amaglart ve istlendikleri iglevler dogrultusunda
yardimci teknolojiler, egitsel teknolojiler ve destekleyici/dijital teknolojiler basliklar: altinda ele
alinmaktadir. Teknolojilerin bu basliklar altinda ele alinmasinda belirleyici unsur, teknolojinin
teknik yapisindan ziyade kullanim amaci ve {istlendigi isleve odaklanilmasidir. Bu ayrim
teknolojilerin teknik o6zelliklerinden ziyade hangi amagla kullanildiklar1 ve hangi islevleri
Ustlendikleri konusuna wvurgu yapan bir yaklasim oldugundan benimsenmistir. Bdylece
teknolojinin 6zel gereksinimli 6grencilerin farkli ihtiyaglarina gore esnek, biitlinciil ve baglama
duyarl bi¢cimde kullanilabilirligi olanakli hale gelmektedir.

Kurtoglu, S., & Ulugdl, F. (2026). An Overview of Technology Use in Special Education.
Online Journal of Mathematics, Science and Technology Education (OJOMSTE),
7(1), 1-21.
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Ozel Egitimde Kullamlan Teknolojiler

Glnilimiizde, tipik gelisim gdsteren bireylerde oldugu gibi 6zel gereksinimli bireylerin de biligsel
potansiyelini desteklemek, iletisim ve etkilesim olanaklarini arttirmak, d6gretim programlarinda
yer alan hedeflere ulagsmalarini saglamak ve bagimsiz yagam becerilerini giiclendirmek amacryla
farkli tiirde teknolojilerden yararlanilmaktadir. Bu teknolojiler 6grencilerin bireysel 6grenme,
iletisim ve gilinlik yasam gereksinimlerine yanit verme potansiyeli tagiyarak ozel egitim
uygulamalarinda 6nemli bir destek olma gorevini tstlenmistir (Erdem, 2017).

Yardimci Teknoloji (Assistive Technology)

Yardimci teknolojiler, 6zel gereksinimli bireylerin iglevsel yeterliliklerini artirmay1, bagimsizlik
diizeylerini desteklemeyi ve ¢evreleriyle daha etkili etkilesim kurmalarini saglamay1 amaglayan
arag, sistem ve hizmetleri kapsamaktadir (Edyburn, 2013). Bu teknoloji, bireylerin egitim
ortamlarina katilimini gii¢lendirirken, gilinliik yasam aktivitelerinde bagimsizliklarini artirmay1
hedeflemektedir. Ozel egitim alaninda yaygin olarak kullanilan yardimei teknoloji drnekleri
arasinda isitsel cihazlar, ekran okuyucular, uyarlanmis bilgisayar sistemleri, tekerlekli sandalye,
destekli bilgisayarlar ve Alternatif ve Destekleyici Iletisim (AAC) araglar1 yer almaktadir (Alper
ve Raharinirina, 2006; Sani-Bozkurt, 2017). Yardimci Teknoloji Yasasi (The Assistive
Technology Act of 2004) kapsaminda, yardimci teknoloji bireyin islevsel becerilerini artiran,
siirdliiren veya gelistiren her tiirlii iirlin, sistem veya hizmet olarak tanimlanmaktadir. Bu
kapsamda teknoloji, 6zel gereksinimli bireylerin bagimsizliklarini artirmak, giinliik yasam
etkinliklerine katilimlarini desteklemek ve egitim ile sosyal ortamlara erigimlerini kolaylagtirmak
amaciyla kullanilmaktadir (Bausch, Mittler, Hasselbring, ve Cross, 2025). Yardimci teknolojiler,
islevsel karmasiklik diizeylerine gore genellikle diisiik, orta ve yiiksek teknoloji olarak
siniflandiriimaktadir (Cakil ve Piyal, 2023; Felicia, Sharif, Wong, ve Marriappan, 2014; Preston
ve Carter, 2009; Rooks-Ellis, Ryan, Floyd, ve Sundeen, 2025; Sani-Bozkurt, 2017).

Diisiik teknolojili araglar; uyarlanmis kalem ve ¢alisma kagitlari, kalem tutacaklari, gorsel kartlar,
gorsel cizelgeler, fosforlu isaretleyiciler, biiyiitegler, iletisim kartlar1 ve sayfa ¢evirme aparatlari
gibi basit, kullanim1 kolay ve diisiik maliyetli materyalleri icermektedir (Preston ve Carter, 2009).
Orta teknolojili araglar; okuma kalemleri, ses kayit cihazlari, konusan hesap makineleri, konusan
sozlikler, konugma fiireten araglar (Voice-Output Communication Aide [VOCA]) ve basit
elektronik iletisim araglarin1 kapsamaktadir (Lorah, Karnes, ve Speight, 2015; Rooks-Ellis ve
digerleri, 2025). Yiiksek teknolojili araglar ise tablet bilgisayarlar, akilli tahtalar, dijital kitaplar,
g0z izleme sistemleri, akilli telefonlar, giyilebilir cihazlar, akilli saatler ve dokunmatik ekranlari
igermektedir (Felicia ve digerleri, 2014; Rooks-Ellis ve digerleri, 2025; Van Laarhoven, Johnson,
Van Laarhoven-Myles, Grider ve Grider, 2009). Ozellikle duyusal ve motor yetersizligi olan
bireyler i¢in gelistirilen bu teknolojiler, egitim ve giinlilk yasam ortamlarinda bireylerin
bagimsizligin1 artirmakta ve islevsel yeterliliklerinin giiclendirilmesine katki saglamaktadir
(Pettersson ve Fahlstrom, 2010; Saabi, Chlioui, ve Radgui, 2025).

Egitsel Teknoloji (Educational Technology)

Yardimer teknolojiler bireylerin islevsel yeterliliklerini ve giinliilk yasam bagimsizliklarin
artirmaya odaklanirken, 6grencilerin 6grenme siireclerini dogrudan desteklemek ve akademik
basarilarin1 gelistirmek amaciyla kullanilan araglar egitsel teknolojiler kapsamina girmektedir.
Egitsel teknolojiler, 6zel gereksinimli 6grencilerin 6grenme siireclerinin niteligini dogrudan
gelistirmeyi hedefleyen dijital araglar, yazilimlar ve 6grenme ortamlarim1 kapsamaktadir. Bu
teknoloji tiirli, 6gretim siirecini daha etkilesimli, motive edici ve bireysellestirilmis hale getirerek,
ogrencilerin biligsel 6zellikleri, 6grenme hizlar1 ve ilgi alanlarina uygun olarak uyarlanmasini

Kurtoglu, S., & Ulugdl, F. (2026). An Overview of Technology Use in Special Education.
Online Journal of Mathematics, Science and Technology Education (OJOMSTE),
7(1), 1-21.
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miimkiin kilmaktadir (Coskun, Akarsu ve Kariper, 2012; Eroglu, 2014; Polat ve Cagiltay, 2018).
Ozel egitim baglaminda yaygin olarak kullamilan egitsel teknoloji araclar1 arasinda etkilesimli
tahtalar, tabletler, oyun konsollari, egitim yazilimlari, dijital 6grenme platformlari, simiilasyon ve
modelleme programlari, dijital hikaye anlatim1 araglar1 ve sanal 6grenme ortamlar1 yer almaktadir
(Carter ve Center, 2005; Eligin, 2017; Mumcu, 2024; Olmez, 2023; Polat ve Cagiltay, 2018;
Valencia, Quinones, ve Jamet, 2019). Tim bu araglar, 6grencilerin akademik becerilerini
gelistirmede ve kavramlar1 somutlastirmada etkin bir rol oynamaktadir. Yiiriitiilen arastirmalar,
0zel gereksinimli Ogrencilerin 6zellikle kavram Ogretimi ve geribildirim temelli 6gretim
etkinliklerinde egitsel teknolojilerden yararlandiklarim1 gostermektedir (Carter ve Center, 2005;
Hasselbring ve Glaser, 2000). Ozel egitimde klavye-fare etkilesimli bilgisayar tabanli veya video
tabanli teknolojiler kullanilmaktadir. Dokunmatik ekranlar gibi alternatif etkilesim kanallart
araciligryla Ogrencilerin etkilesimde bulunmalarina firsat sunan teknolojilerin, 6grencilerin
ogrenme c¢iktilarinin artirilmasinda da katki sagladigi 6nemli bir gergektir (Hwang, Wu ve Fan-
Ray, 2013).

Ayrica teknoloji destekli Ogretim uygulamalart egitsel teknolojileri uygulama alanlarini
genisletmektedir. Video modelleme, oyun tabanl 6grenme, artirilmis gerceklik (AR) ve sanal
gerceklik (VR) destekli 6gretim ile yapay zekad tabanli 6grenme sistemleri, dgretim siirecini
deneyim temelli hale getirerek 6grencilerin motivasyonunu ve 6grenmeye katilimini artirmaktadir
(Kurtoglu, Tekinarslan, ve Cifci-Tekinarslan, 2017; Polat ve Cagiltay, 2018; Terzioglu, Akbiyik,
ve Yikmig, 2023; Zhang, Ding, Naumceska, ve Zhang, 2022). AR, VR ve yapay zeka
uygulamalari, akademik becerilerin 6gretiminde egitsel teknoloji kapsaminda yer alirken,
kullanim amaci giinlik yasam ve islevsel beceri kazandirma oldugunda farkli teknoloji
kategorilerinde degerlendirilebilmektedir. Bu uygulamalar 6zel gereksinimli bireylerin 6grenme
stireclerini desteklemek amaciyla kullanilan teknolojilere entegre edildiginde egitim teknolojisi;
bireyin yetersizligi nedeniyle karsilagabilecegi engellerin iistesinden gelmek igin
desteklendiginde yardimci teknoloji ve bireyin bagimsiz yagsamini kolaylastirma, planlama yapma
gibi becerilerine katki sundugunda ise destekleyici/digital teknoloji altinda ele alinabilmektedir.

Egitsel teknolojilerin sundugu en Onemli avantajlardan biri bireysellestirilmis Ogretim
imkanlaridir. Ogrencinin performansina gére icerik ve zorluk diizeyini uyarlayabilen dijital
ogrenme ortamlari, 6zellikle 6grenme giicliigli yasayan 6grenciler icin etkili bir 6gretim destegi
sunmakta ve bireysellestirilmis egitim programlarinin uygulanmasini desteklemektedir (Balint-
Langel, Woods-Groves, Rodgers, Rila ve Riden, 2019; Valencia ve digerleri, 2019;
Zisimopoulos, Sigafoos, ve Koutromanos, 2011). Bu sayede, egitsel teknolojiler 6zel gereksinimli
ogrencilerin akademik siireglerine erigimini artirmakta, 6grenme deneyimini zenginlestirmekte ve
kalic1 6grenmenin gerceklesmesine katki saglamaktadir.

Destekleyici/Dijital Teknoloji (Supportive/Digital Technology)

Destekleyici/dijital teknolojiler, &grencilerin O6grenme siireclerine daha bagimsiz ve planh
katilimin1 saglamak, giinlilk yasamdaki gorevlerini organize etmek ve egitim ortamindaki
uyumlarini giiclendirmek amaciyla kullanilan dijital ara¢ ve uygulamalar1 kapsamaktadir. Bu
teknolojiler, 6grenmeyi dogrudan 6gretmekten ziyade, siireci planlama, takip etme ve yonetme
gibi tamamlayici islevler istlenmektedir (Balint-Langel ve digerleri, 2019; Edyburn, 2013;
Shepley, Lane, Ayres, ve Douglas, 2015). Tabletler, dijital not alma araglari, zaman yonetimi ve
planlama uygulamalari, gérsel planlayicilar, hatirlaticilar ve ¢evrimigi gorev listeleri gibi araglar,
Ogrencilerin rutinlerini takip etmelerine, 6devlerini zamaninda tamamlamalarina ve simif igi
etkinliklere daha etkin katilmalarina olanak saglamaktadir. Ozellikle yiiriitiicii islevlerde giigliik
yasayan Ogrenciler icin bu teknolojiler, gorevleri bagimsiz bir sekilde yerine getirmeyi
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kolaylastirmakta, 6grenme siirecinde Ozerkligi artirmakta ve Ogrencinin egitim ortamindaki
motivasyonunu desteklemektedir (Balint-Langel ve digerleri, 2019; Shepley ve digerleri, 2015).

Ayrica, destekleyici/dijital teknolojiler, 6grencilerin akademik ve giinliik yasam becerilerini bir
arada destekleyen biitiinciil bir islev iistlenmektedir. Ornegin, gérsel planlayicilar ve hatirlatict
uygulamalar, &grencilerin hem ders materyallerine hem de giinliikk rutinlerine erisimini
kolaylastirirken, dijital not alma araglari 6grenme siirecinde bilgilerin kaydedilmesini ve organize
edilmesini saglamaktadir (Sayginer ve Lagin, 2024; Shepley ve digerleri, 2015). Bu araglar, 6zel
gereksinimli ~ Ogrencilerin  kendi  O0grenme  siireclerini  yonetmelerini  destekleyerek
bireysellestirilmis 6grenme firsatlar1 yaratmaktadir.

Sonug olarak, destekleyici/dijital teknolojiler, 6grencilerin akademik basarilarin1 dogrudan
artirmaktan ziyade, O0grenme siireclerini organize etme, gorev yonetimi ve giinlik yasam
becerilerini destekleme ekseninde kritik bir rol oynamaktadir. Bu teknolojilerin amagli ve planl
kullanim, 6zel gereksinimli bireylerin egitim siirecine, giinliik yagam aktivitelerine ve toplumsal
yasama daha bagimsiz, etkin ve siirdiirlilebilir olarak katilmalarini saglamaktadir (Bassette,
Taber-Doughty, Gama, Alberto, Yakubova, ve Cihak, 2018; Shepley ve digerleri, 2015;).

Bu calismada teknolojilerin yardimci, egitsel ve destekleyici/digital teknoloji olarak ele
almmasindaki belirleyici olan unsur, teknolojinin teknik yapisindan ziyade kullanim amaci ve
istlendigi islevdir. Dolayisiyla ayni dijital arag, 6grenim siireclerinin ve akademik becerilerin
gelistirilmesinde kullanildiginda egitsel teknoloji; islevsel yeterlilikleri, bagimsizlig1 ve ¢evreyle
etkilesimi artirmada kullanildiginda yardime1 teknoloji; 6grenme siireclerini ve giinliik yasamdaki
gorevleri organize etmek i¢in kullanildiginda ise destekleyici/dijital teknoloji olarak
degerlendirilebilir.

Ornegin, gérme yetersizligi olan bir kisi igin tablet iizerine yiiklenen ekran okuyucu ve sesli kitap
uygulamalari, kisinin bilgiye erisimini saglamaktadir. Birey bagimsiz olarak kitap okuyabilir,
internette gezinebilir ve bilgiye ulasabilir (Tlili, Zhang ve Huang, 2024). Bu durumda tablet bir
yardimci teknoloji gorevi gérmektedir. Ayni tablet, sinifta 6gretim amaglh olarak interaktif egitim
materyalleri, animasyonlar ve egitim oyunlar1 ile kullanildiginda egitsel teknoloji kapsaminda
degerlendirilmektedir. Bireyler tablet iizerinden takvim ve hatirlatici uygulamalari kullanarak ilag
saatlerini, randevular1 veya giinliik gorevleri takip edebilmektedirler. Ozellikle zihin yetersizligi,
otizm spektrum bozuklugu ve dikkat eksikligi/hiperaktivite bozuklugu olan bireyler, bu sayede
giinlik yasamlarmi daha bagimsiz ve diizenli yoOnetebilmektedirler. Burada ise tablet
destekleyici/digital teknoloji olarak islev gérmektedir (Van Laarhoven ve digerleri, 2009).

Isitme kayb1 olan bir kisi, anlik mesajlasma, videolu konusmalarda altyazi ve isaret dili ¢eviri
uygulamalarmi kullanarak iletisimden kaynakli engelleri azaltmakta ve sosyal olarak daha
bagimsiz hale gelmektedir (Topgu ve Cakir, 2025). Bu durumda akilli telefon, bireyin
islevselligini artiran yardimci teknoloji gorevi goérmektedir. Ozel gereksinimli bireyler, egitim
uygulamalar1 (6rn. Clipchamp uygulamasi, LearningApps) veya interaktif ders videolari ile ders
calisabilmektedirler. Bu uygulamalar sayesinde dersler daha erisilebilir ve bireysellestirilmis hale
gelmekte, 6grenme hizi ve motivasyon artmaktadir (Sayginer ve Lagin, 2024). Bu durumda akillt
telefon egitim dgretim siireclerine katki sagladigi icin egitsel teknoloji olarak kullanilmaktadir.
Bireyler, akilli telefon iizerindeki not alma, yapilacaklar listesi, konum tabanli uygulamalar (6rn.
navigasyon, yol tarifi) sayesinde zaman yOnetimini gelistirebilmekte ve gilinliik planlamalarin
daha verimli yapabilmektedir (Smith, Cihak, Kim, McMahon, ve Wright, 2017). Bu kullanim,
akilli telefonu destekleyici/digital teknoloji olarak degerlendirmeyi gerektirmektedir.
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Yapay zeka sistemleri icin de durum aymdir. Ornegin yardime1 teknoloji islevi ile kullanilan
yapay zeka uygulamalari gesitli nedenlerle yasam igin gerekli becerileri yerine getirmede giigliik
yasayan otizm spektrum bozuklugu (OSB) olan bireylere kisisellestirilmis 6grenme deneyimleri
sunarak, bireye 0zgii 0gretim yontem ve stratejilerinin kullanilmasini saglamakta; boylece
performanslarimi artirmada karsilagtiklart bazi zorluklarin asilmasia katkida bulunmaktadir
(Sagdig¢ ve Sani-Bozkurt, 2020). Farkli bir 6rnek ise baska kullanicilarla sanal diinyalar
olusturmay1 saglayan VRChat uygulamalaridir. Bu uygulamalar, OSB olan Kisiler igin
tasarlanmis bir oyun uygulamasidir. Iletisim konusunda sikint1 yasayan bu bireyler, avatarlarinin
beden diliyle kendilerini ifade edebilme konusunda ilerleyebilmektedir. Ayrica bu uygulama ses
tanima yazilimlari ile konusmay1 otomatik bir sesle degistirebilmekte, VR diinyasinda farkli
sekillerde iletisim kurmayi saglamaktadir (Bookman, Mondelli, ve Yokoyama, 2024). Probo-
Mamut isimli robot ise OSB’li ¢cocuklarda problem davraniglarin azaltilmasinda kullanilan bir
uygulamadir. Karmasik ve 6grenilmesi zor olan davranislarin 6gretilmesinde bu robotlardan
yararlanilmaktadir (Cakir ve Karaaziz, 2024; Sagdi¢ ve Sani-Bozkurt, 2020). Yapay zeka
sistemlerinin yardimci teknolojilere entegre edilmesini iceren bu uygulamalar OSB olan
bireylerin yasamlarin1 kolaylastirmakta, ¢evreleriyle iletisim ve etkilesimilerini arttirmaktadir.
Robot destekli 6grenme (NAO, Kaspar gibi sosyal robotlar), oyunlastirilmig egitim yazilimlari,
dokunmatik ekranli egitsel oyunlar da yapay zeka destekli egitsel teknolojiler kapsaminda OSB
olan bireylerin egitim-6gretim siireclerinde kullanilmaktadir. Yapay zeka sistemleri tiim teknoloji
tiirlerini desteklemektedir. Zamanlayici ve gorsel saya¢ uygulamalari, gorev analizi ve adim adim
yonerge uygulamalar1 gibi yapay zeka sistemleri de OSB olan bireylerin yasamlarii planlamalari,
yonetmeleri ve organize olmalar1 yoniinde katki saglayan destekleyici/digital teknolojilerdir.

Yapay zeka sistemleri farkli teknoloji tiirlerine entegre edilerek isitme kaybi olan ¢ocuklarin
yasamlarini kolaylagtirma ve egitim-6gretim siireglerini etkili sekilde gegirmelerine de katki
saglamaktadir. Cevresindeki kisilerle iletisim kurabilmelerine yardimei olmak igin isitme kaybi
olan bireylerde yapay zeka tabanli konusma tanima sistemlerinden yararlanilmaktadir. Bu
bireyler dinlemeyi destekleyen elektronik cihazlari kullanmaktadirlar. Bu cihazlar yapay zekanin
alt bolumlerinden olan makine 6grenmesinin kullanimi araciligiyla arka plan giriltisiinin
azaltilarak konusma ve sinyal isleme performansini optimize etme olanagi sunmaktadir (Samim,
2023). isitme kayb1 olan bireylerin egitiminde yapay zekanin sundugu baska bir firsat ise,
destekleyici alternatif iletisim cihazlaridir. Bu cihazlar, beyin-bilgisayar arayizii ya da
kullanictnin = siklikla kullanmig oldugu bazi sembollere dokunarak islem yapmaya izin
vermektedir. Boylelikle cihazin hizla tepkiler tretmesi sayesinde sesli konusma sinyalleri
tiretilebilmesi ve bireylerin diistincelerini etrafina iletebilmesini saglamaktadir. Ayni sekilde
gorsel  tamimlayicilar  kullanilarak  da  isaret  dilinin  sese  terciime  edilmesi
gerceklestirilebilmektedir (Zdravkova, 2022). Yine sesli konusmay1 yaziya ¢eviren yazilimlar da
yapay zeka uygulamalar1 destegi ile isitme kaybi olan bireylere destek sunmaktadir (Okolo,
Althobaiti, ve Ramzan, 2024). Yapay zeka destegiyle isaret dili ceviri sistemiyle, isaret dilinin
yaziya ve konusmaya doniistiiriilmesi saglanmaktadir. Boylece isitme yetersizligi olan bireylerin
cevresindekilerle iletisim kurmalari saglanmaktadir (Camgoz, Hadfield, Koller, Ney, ve Bowden,
2018). Isitme kaybi olan bireylerin islevsel yeterliliklerini ve cevreyleyle etkilesimlerini artirarak
bu bireylerin daha bagimsiz olmalarin1 desteklemek i¢in kullanilan yapay zeka sistemleri ise
yardimci teknolojiler baglaminda ele alinmaktadir.

Yapay zeka sistemleriyle Uretilen metin ve fiziksel nesneleri isarete doniistiiren mobil
uygulamalar, teknik bilgisayar bilimi terimlerini i¢eren sozliik, isaret dili s6zIigii tabanli mobil
uygulama, ders yazilimlari, 3B sanal isaretleyici vb. uygulamalar da isitme kaybi olan bireylerin
Ogrenme siireglerinde kullanilan yapay zeka destekli egitsel teknolojilerdir (Topgu ve Cakir,
2025). Bu uygulamalar bireylerin 6grenme yasamlarini desteklemek, akademik basarilarini
gelistirmek amaciyla bireylere katki sunmaktadir. Destekleyici dijital teknoloji isleviyle
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kullanilan yapay zeka uygulamalar1 kapsaminda Ava isimli bir yapay zekd uygulamasi
araciligiyla isitme kaybi olan bireyler sozlii konusmalara dahil olabilmektedirler. Uygulama
sayesinde bu bireyler ders, seminer, toplant1 ve gesitli etkinliklere katilabilmektedirler (Samim,
2023). Bu kapsamda ise bu sistemin destekleyici teknoloji igerisinde yer buldugu goriilmektedir.

Yapay zeka sistemleri gorme kayb1 olan bireylerin yasamlarinda da etkili uygulamalardir. Gérme
kayb1 olan bireylerin yasamlarimi kolaylagtirmak i¢in siklikla kullandiklar1 araglardan biri
bastondur. Bastonlar yapay zeka tabanli sistemler araciligiyla ve ¢esitli sensorlerle donatilan akillt
bastonlara doniismektedir. Akilli bastonlar, ortamlardaki engelleri algilayarak gorme kayb1 olan
bireylere titresimlerle ve sesli uyaranlarla doniit vermektedir. Ek olarak bu cihazlarda s6z konusu
bireylerin hedeflerine giivenli bigimde ulagsmalarina katki sunmak amaciyla GPS tabanl
navigasyon islevi de bulunmaktadir (Uzun ve Arikan, 2024). Yapay zeka destekli bir bagka
rehberlik uygulamasi da Microsoft tarafindan gelistirilen Seeing Al uygulamasidir. Gérme kaybi
olan bireyler i¢in gelistirilen bu uygulama konum tabanli hizmet sunarak bireyleri sesli komutlarla
yonlendirebilmektedir. Ayrica bireylerin etraflarindaki kisileri, nesneleri ve metinleri de
tanimalarma destek olmaktadir (Samim, 2023). Bu uygulamalar yapay zeka sistemlerinin
yardimci teknolojilerle kullanimina 6rnek olusturmaktadr.

Yapay zeka tabanl 6grenme sistemleri egitsel teknolojilere de entegre edilmektedir. Grme kaybi
olan bireyler igin kullanilan Siri, Cortana gibi yapay zeka destekli uygulamalar buna 6rnek
gosterilebilir. S6z konusu uygulamalarda ses algilayabilen kisisel asistanlar, derin 6grenme ve
dogal dil isleme yaklagimlar1 kullanilarak herhangi bir gorselin gorme kaybi olan bireye sesli
olarak agiklanmasina firsat verilmektedir. “Alt-text” uygulamalar1 bu kapsamda kullanilmaktadir
(Tiwary ve Mahapatra, 2023; Wu, Wieland, Farivar, ve Schiller, 2017). Yapay zeka tabanh
rehberlik uygulamalari ise gérme kaybi olan bireyler i¢in tasarlanmig uygulamalardandir (Okolo
ve digerleri, 2024). Bunlara ek olarak gérme kaybi olan bireyler igin, parmaga takilan yiiziik
benzeri bir cihaz kullanilarak parmagin iizerinde gezindigi metnin okunarak ses sinyaline
dontstiriilmesi ya da metnin algilanarak bu bilginin “okuyan kiginin” parmaklarini siirekli
tizerinde tutacagi bir Braille alfabesi donanimi tizerinde Braille diline terciime edilebilecegi
calismalarin oldugu da agiklanmaktadir (Yu ve Lu, 2021). Yapay zeka sistemlerinin gérme kaybi
olan bireylerin 6grenme siireclerine, giinliikk yasamdaki gorevlerini organize etmelerine olan bu
katkilar1 ise destekleyici/digital teknolojiler baglaminda ele alinmaktadir.

Fiziksel yetersizligi olan bireylerin iglevsel yeterliliklerini ve bagimsizliklarini artirarak
toplumsal ortamlara erisilebilirligini saglamak amaciyla yardimci teknolojilerden
yararlanilmaktadir. Fiziksel yetersizligi olan bireylerde 6zellikle akilli tekerlekli sandalyeler ve
yapay zeka destekli beyin-bilgisayar ara yizii kullanilmaktadir (BCI). BCI uygulamasi, beyin
sinyallerini komuta dontstiirmektedir. Boylece bilgisayarlari ve diger cihazlari kontrol
edebilmeyi saglamaktadir. Bu cihaz sayesinde de bireylerin baskalariyla iletisim kurabilmeleri ve
cevrelerini kontrol edebilmeleri mimkin olabilmektedir (Almufareh, Tehsin, Humayun, ve
Kausar, 2023). Yapay zeka tabanli sistemlerin bu katkisi fiziksel yetersizligi olan bireylerde
kullanilan yardimer teknolojilere 6rnek olarak gosterilmektedir. S6z konusu bireyler icin 6zel
tasarlanmis adaptif joystick veya sensorlerle kontrol edilen oyunlar, sanallagtirilmig
laboratuvarlar yapay zekanin egitsel teknolojiye entegre edilmesiyle kullanilan uygulamalardir.
Bu uygulamalar fiziksel yetersizligi olan bireylerin egitim O6gretim siireclerini ve akademik
becerilerini gelistirmek amaciyla tasarlanmigtir (Tlili ve digerleri, 2022). Diger yetersizlik
gruplarinda oldugu gibi fiziksel yetersizligi olan bireyler de telefon ya da tabletlerindeki
hatirlatma ve planlama uygulamalardan yararlanmalari, akilli protez ve ortez kullanmalar
sayesinde 6grenme siireglerine ve giinliik yasamlarindaki gorevleri yerine getirmede planl ve
organize olabilmektektedirler. Bu uygulamalar yapay zeka sistemlerinin destekleyici/digital
teknolojilerle kullanimina 6rnek olarak gosterilmektedir.
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Goriildiigii iizere yapay zeka tabanli 6grenme sistemleri pek ¢ok yetersizlik grubunda
kullanilmaktadir. Zihinsel yetersizlik, dikkat eksikligi hiperaktivite bozuklugu, 6grenme giicliigii
tanili bireyler igin de yapay zeka destekli bilissel ortotik cihazlar1 bulunmaktadir. Zihinsel
haritalar ya da kavram haritalar1 olusturmaya imkan tamiyan yazilimlar bunlara 6rnek
verilebilmektedir (Zdravkova, 2022). Yapay zeka uygulamalarinda yer alan derin 6grenme
yaklasimlari sayesinde bu bireyler zihinsel siireclere uyum saglayarak verimliliklerini
artirabilmektedirler.

Wu ve digerleri (2017) ise Neural Machine Translation (NMT) kullanarak 6grenme giigliigii
yasayan bireylere destek olmasi igin yazim hatalarini diizelten Additional Writing Help (AWH)
aracini gelistirmiglerdir. Bu tiir yapay zeka sistemleri 6zel egitimde egitsel teknolojiyle entegre
edilerek kullanilmaktadir. Mobil hatirlaticilar, dijital asistanlar, robotlar, kullanicilarin sorulara
metin cevapl verdikleri yanitlar1 kullanan sohbet botu (Yuan, Holtz, Smith, ve Luo, 2017); yapay
zeka destekli sosyal hikayeler (Riedl, Arriaga, Boujarwah, Hong, Isbell, ve Heflin, 2009) gibi
uygulamalarla zihin yetersizligi, dikkat eksikligi hiperaktivite bozuklugu, 6grenme giigliigii tanili
bireylere yapay zeka sistemleriyle birlikte kullanilan yardimer teknolojilerle destek
sunulmaktadir. S6z konusu bireyler akilli telefonlarina bir takim uygulamalar (6rn: navigasyon,
alarm, hatirlatici, sozliik, aligveris) yiikleyerek ve bu uygulamalar1 kullanarak ya da eglenceli
mobil uygulama ortamlarinda ¢alisarak egitim-0gretim siireglerini ve giinliikk yasam gorevlerini
planlayabilmekte ve organize edebilmektedir (De Leo, Gonzales, Battagiri ve Leroy, 2011). Bu
baglamda yapay zeka destekleyici/digital teknolojiye katki sunan bir sistem olarak karsimiza
¢ikmaktadir.

Orneklerde de belirtildigi iizere yapay zeka sistemleri farkli teknolojilere entegre edilerek
bireylere daha verimli ve kisisellestirilmis yasantilar sunmaktadir. Yapay zeka sistemleri 6zel
gereksinimli bireylerin yetersizliginden kaynakli engellerin en aza indirilerek bu bireylerin
islevsel yeterliligini artirma, bagimsizligmma katki sunma baglaminda yardimci teknoloji;
bireylerin 6grenme siireclerini aktif, verimli gecirmelerini ve bireysellesmelerini desteklemek
anlaminda egitsel teknoloji ve bireylerin 0grenme siireclerini, giinlik yasamlarmi organize
etmeleri ve bagimsizlagsmasini1 gelistirmek konusunda da destekleyici/digital teknoloji islevi ile
kullanilmaktadir. Bu baglamda yapay zeka sistemleri farkli teknoloji tiirleriyle biitiinlesmis
sekilde bireylerin yagsamlarina katki sunmaktadir.

Teknolojinin teknik yapisindan ziyade kullanim amac1 ve iistlendigi isleve gore yapilan siniflama
yaklasimi, 6zel gereksinimli bireylerin farkli ihtiyaglarina gore teknolojinin esnek ve biitlinciil bir
bicimde kullanilmasina olanak tanimaktadir. Sonug¢ olarak, agiklanan teknolojiler birbirini
tamamlayici nitelikte olup, bilingli ve amag odakli kullanildiginda, 6zel gereksinimli 6grencilerin
egitim siireglerine daha bagimsiz, etkili ve siirdiiriilebilir bigimde katilmalarini desteklemektedir.
Ozel egitimde kullamlan teknolojilerin bu yaklagimla agiklanmasi, her bir aracin islevini ve
kullanim amacin1 netlestirmekte ve egitim siireglerinde hangi teknolojinin hangi durumda etkili
olabilecegini gostermektedir.

Ogrencilerin bireysel ihtiyaglar1 dogrultusunda uygulama bigimlerini somutlastirmak icin Tablo
1’de yardimer teknoloji, egitsel teknoloji ve destekleyici/dijital teknoloji kapsaminda yer alan
baslica teknolojik araclar ve senaryolar gosterilmektedir.
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Tablo 1. Ozel Egitimde Teknolojilerin Iglev Temelli Kullamnuna fliskin Ornek Senaryolar

Teknoloji Turu Somut Ornekler ve Senaryolar
Yardimel AAC cihazlari: Dil ve konusma giicliigii yasayan 8 yasindaki bir 6grenci,
Teknoloji tablet tabanli AAC cihaz ile arkadaslariyla sohbeti baslatip, siirdiirebilir,

onlarla oyun planlayabilir. Ogretmenine soru sorabilir.

Ekran okuyucular: Gorme yetersizligi olan Ali, ders kitaplarini sesli
dinleyerek bagimsiz sekilde ¢alisabilir.

Uyarlanmus bilgisayar sistemleri: ince motor becerilerinde giicliik
yasayan Ece, uyarlanmis fare ve klavye ile bilgisayarda derslere katilabilir,
odevlerini yapabilir.

Egitsel Teknoloji ~ Oyun tabanh 6grenme uygulamalari: Oya, okumada glg¢lik cekmektedir.
Bilgisayarda olusturulmus basit kelime oyunlari ile okuma becerilerini
gelistirebilir.

Simiilasyon programlari ve etkilesimli tahtalar: Ahmet, Fen dersinde
sanal laboratuvar simiilasyonu ile giivenli sekilde deney yapabilir.
Akill egitim yazihhmlari: Lale, Matematik dersinde zorlandig1 konular1
kisisellestirilmis tekrarlarla 6grenebilir.

Destekleyici / Tabletler ve dijital not alma araglari: Dikkat eksikligi hiperaktivite

Dijital Teknoloji bozuklugu olan ve 6zellikle dikkat konusunda giigliik yasayan Selin, glnliik
yasantisinda yapmasi gereken gorevleri unutmamak icin tablet tizerinden
not alarak guin i¢i gorev ve sorumluluklarini takip edebilir.

Zaman yonetimi uygulamalari: Zihin yetersizligi olan, faturalarini
6demeyi sik sik unutan Anil, sesli dijital planlayici ile zamaninda
faturalarin1 6deyebilir.

Gorsel planlayicilar ve hatirlaticilar: Otizm spektrum bozuklugu olan ve
rutinlerini takip etmekte guclik ceken Omer, giinluk rutinlerini gorsel
desteklerle diizenleyebilir, zamanini yonetebilir.

Tablo 1, 6zel egitimde teknolojilerin uygulamadaki cesitliligini ve &grencilerin bireysel
ihtiyaglarina gore nasil farkli sekillerde kullanilabilecegini gostermektedir. Senaryolar,
teknolojinin yalnizca akademik basariy1 degil, ayn1 zamanda sosyal etkilesim, iletisim ve giinliik
yasam becerilerini de destekledigini ortaya koymaktadir. Bu tiir somut 6rnekler, 6gretmenlerin ve
egitimcilerin teknoloji segiminde bilingli ve 6grencinin gereksinimlerine uygun kararlar almasina
yardimei1 olmaktadir.

Ozel Gereksinimli Ogrenciler Icin Teknolojinin Katkist

Ozel egitimde kullanilan teknolojilerin ve bu teknolojiler kullanilarak gerceklestirilen dgretim
yontemlerinin Ggrencilerin egitim-0gretim siirecine katilimini arttirmanin yani sira onlarin
bagimsiz yasam becerilerini desteklemede dnemli katkilart oldugu goriilmektedir.

Bilissel ve Akademik Katkilar

Teknolojinin 6zel gereksinimli bireylerin biligsel siireclerine ve akademik performansina olumlu
etkisi aciktir. Ayrica teknoloji, 6grencilerin bagimsizliklarini ve islevsel yeteneklerini artirma,
sirdlirme veya gelistirme, gli¢lii yonlerini aciga c¢ikarma gibi alanlarda onemli katkilar
saglamaktadir (Felicia ve digerleri, 2014).
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Matematiksel islemler ve kavram 6grenimi: Sanal manipilatifler, fiziksel nesnelerin dijital
temsilleri olarak dgrencinin, ekran {izerinde geometrik sekiller, sayaglar ve bloklarla etkilesime
girerek matematiksel kavramlar1 6grenmesine olanak tanimaktadir (Moyer, Bolyard, ve Spikell,
2002). “Dokunarak Rakamlar1 Ogrenelim” gibi tablet {izerindeki yazilimlari, rakamlarla nesneleri
eslemeyi kolaylastirmaktadir (Oztiirk ve Yikmus, 2020). Ayrica Makey Makey yontemi ile
Ogrenciler meyveleri ayirt etme gibi somut kavramlari Ogrenebilmektedir (Aydogan ve
Kocakoyun Aydogan, 2020).

Okuma ve yazma becerilerinin 6grenimi: Zihin yetersizligi olan bir 6grenci, Edmark Okuma
Program Islevsel Kelimeler Serisi ile islevsel okuma becerilerini gelistirebilmektedir (Akarsu,
2022). Disleksi sorunu yasayan 6grenci ise kelime oyunlar1 ve dijital uygulamalar aracilifiyla
okuma becerilerini giclendirebilmektedir (Kavan, 2021).

Fen bilimleri 6grenimi: Tablet bilgisayar ve artirilmis gerceklik uygulamalari, 6grencilerin hava,
hayat, kemikler, organlar veya bitki hiicresi gibi kavramlar1 deneyimleyerek oOgrenmesini
saglamaktadir (Kim ve Lee, 2016; McMahon, Cihak, Wright, ve Bell, 2016). Teknoloji destegi,
ogrencilerin bilgiyi deneyimleyerek 6grenmelerini, motivasyonlarini artirmalarini ve eglenceli bir
O0grenme ortaminda etkilesim i¢inde bulunmalarini saglamaktadir (Subakan ve Kog, 2019).

Sosyal ve Tletisimsel Katkilar

Teknolojiler, 6zel gereksinimli 6grencilerin sosyal etkilesim ve iletisim becerilerini gelistirmede
onemli bir rol oynamaktadir (Fernandez-Batanero, Montenegro-Rueda, ve Fernandez-Cerero,
2022).

Sosyal etkilesim becerileri: Teknoloji destekli etkilesimli ortamlar, OSB olan &grencilerin
sosyal becerilerini gelistirmelerine yardimci olmaktadir (Sani-Bozkurt, 2017; Pektas-Karabekir,
2016).

Tletisim becerileri: Uzaktan aile egitim uygulamalari ile 6zel gereksinimli bireylerin iletisim
becerileri artirilabilmektedir (Kizir, 2021). Akilli uygulamalar araciligiyla bireylere talep etme
becerileri kazandirilmaktadir (Sen, 2022). Ayrica video modelleme yontemleri, sosyal becerilerin
ogrenilmesini desteklemektedir (Gokmen, 2025; Giil ve Vuran, 2010).

Alternatif ve Destekleyici iletisim (ADI) cihazlar1 ile OSB olan gocuklar uyarlanmis resim
degisim iletisim sistemleri ve konugma iireten cihazlar aracilifiyla istekte bulunmay1
ogrenebilmektedirler (Genc-Tosun, Kurt, ve Pektas-Karabekir, 2025).

Etkinlik ¢izelgesi kullammmi: Fotografli etkinlik ¢izelgeleri, 6grencilerin sinif etkinliklerini takip
etmelerini ve gorevlerini tamamlamalarini saglamaktadir (Akgiil, 2010).

Bagumsizlik ve Giinliik Yasam Katkilar

Destekleyici/dijital teknolojiler, 6zel gereksinimli 6grencilerin 6devlerini ve sorumluluklarint
yerine getirme, zamam yonetme ve ginlik rutinlerini bagmsiz bir  sekilde
gergeklestirebilmelerine katki saglamaktadir (Alper ve Raharinirina, 2006).

Gorev planlama ve zaman ydnetimi: Tablet tizerinde hazirlanan etkinlik ¢izelgeleri, OSB olan
Ogrencilerin serbest zamanlarini planlamalarina ve gilinliik rutinlerini takip etmelerine yardimci
olmaktadir (Direm, 2019).

Bagimsiz yasam becerileri: Bilgisayar destekli video gretimi (BDVO) ile dgrenciler, toplum
kaynaklarini kullanma gibi becerileri 6grenebilmektedir (Kurtoglu ve digerleri, 2017).
Animasyon temelli video programlari, zihinsel yetersizligi olan dgrencilerin dis fir¢alama, el
yikama ve el kurulama gibi 6zbakim becerilerini kazanmalarina yardimci olmaktadir (Arslantas,
Yilmaz, ve Giinlii, 2024).

Kurtoglu, S., & Ulugdl, F. (2026). An Overview of Technology Use in Special Education.
Online Journal of Mathematics, Science and Technology Education (OJOMSTE),
7(1), 1-21.



https://ojomste.com/index.php/1/index
https://www.ojomste.com/index.php/1

Online Journal of Mathematics, Science and Technology Education (OJOMSTE)

Vol: 7 No: 1 Year: 2026

journal homepage: https://www.ojomste.com/index.php/1

Bu ornekler ve senaryolar, 6zel egitimde kullanilan yardimci teknoloji, egitsel teknoloji ve
destekleyici/dijital teknolojilerin 6grencilerin bireysel 6grenme, sosyal etkilesim ve giinliik yagam
becerilerine sagladigi katkilar1 somut bir bicimde gostermektedir. Teknolojilerin bilingli ve amaca
yonelik kullanimi, 6grencilerin bagimsizlik diizeylerini artirirken, egitim ortamina daha etkin ve
strdurulebilir katilimlarini da desteklemektedir.

Teknolojinin 6zel gereksinimli bireylerin biligsel, akademik, sosyal, iletisim, giinliikk yagam vb.
gibi becerilerini gelistirmelerine destek sunarak bu bireylerin toplumsal yasamlarinda bagimsiz
bir birey olmalarinda 6nemli rol oynamaktir (Felicia, 2014; Fernandez-Batanero ve digerleri,
2022; Alper ve Raharinirina, 2006). Teknolojinin dolasisiyla da digitallesmenin 6zel egitim
alaninda da yayginlagsmasi 6zel gereksinimli bireylerin yasamlarina olumlu katkilarinin oldugunu
diisiindiirmekle birlikte ebeveynlerde ve uzmanlarda dijital medya iceriklerine dair kaygilar
olusturmaktadir. Ozel greksinimli bireyler igin dijital medya iceriklerinden ya da mobil
uygulamalarin hangilerinin ¢ocuklara uygun oldugu, YouTube kullanimi, bireyler i¢in yapilan
akilli uygulamalar, teknolojik yenilikler, giivenli dijital medya kullanim1 gibi konular giindeme
gelmistir. Sonug olarak her ne kadar 6zel gereksinimli bireylerin kullanmalari igin gelistirilen
farkli teknolojik uygulamalar mevcut olsa da bu uygulamalarda bireylerin giivenligi i¢in uygun
olmayan igeriklerin bulunma ihtimali de vardir (Mumcu, 2024). Bu nedenle 6zel gereksinimli
¢ocuga sahip ebeveynlerin ve 6zel gereksinimli ¢ocuklara hizmet sunan egitmenlerin/uzmanlarin
uygulamalar1 kullanmadan 6nce mutlaka kendilerinin kontrol etmesi gerekmektedir.

Gelecekte Ozel Egitim Alaminda Teknoloji Kullanimina Yonelik Oneriler

Ozel egitimde teknolojinin bilissel, akademik, sosyal ve giinliik yasam becerilerine sagladig1 cok
boyutlu katkilar dikkate alindiginda, bu araglarin gelecekte daha etkili ve siirdiriilebilir bigimde
kullamilabilmesi igin belirli ilkelere dayaln stratejilerin gelistirilmesi gerekmektedir. Oncelikle,
teknoloji kullaniminin ara¢ merkezli degil, 6grenci merkezli ve amag¢ odakli bir anlayisla ele
almmasi 6nem tagimaktadir. Bu dogrultuda, teknolojik araglarin se¢imi ve kullanimi, 6grencinin
bireysel gereksinimleri, gii¢lii yonleri ve 6grenme profili dogrultusunda planlanmalidir.

Gelecekte 6zel egitim uygulamalarinda, bireysellestirilmis egitim programlari (BEP) ile teknoloji
kullamminin daha biitiinciil bigimde iliskilendirilmesi 6nerilmektedir. Ogrencinin &grenme
stirecini dogrudan destekleyen egitim teknolojileri, islevsel yeterlilikleri artirmaya yonelik
yardimci teknolojiler ve 6grenme siirecini organize eden destekleyici/dijital teknolojiler, BEP
hedefleriyle uyumlu bi¢imde birlikte kullanilmalidir. Bu yaklasim, teknolojinin rastlantisal degil,
sistematik ve islevsel bir destek araci olarak konumlandirilmasim saglayacaktir (Solo-Ozgiic,
2015; Wehmeyer, Lattin, Lapp-Rincker, ve Agran, 2003).

Teknolojinin etkili kullaniminda 6gretmen ve aile yeterlikleri belirleyici bir rol oynamaktadir.
Ogretmenlerin teknolojiye yonelik pedagojik bilgi ve becerilerinin giiclendirilmesi, teknolojik
araclarin simif i¢i uygulamalara anlamli bi¢imde entegre edilmesini kolaylastiracaktir. Benzer
sekilde, ailelerin teknoloji kullanimina iliskin bilgilendirilmesi ve siirece dahil edilmesi,
Ogrencinin okul ve ev ortamlar1 arasinda tutarli bir 6grenme deneyimi yasamasina katki
saglayacaktir (Cankaya, 2013; Cay, Yikmus, ve Ozgiic, 2020; Sertkaya, 2021).

Gelecek uygulamalarda, gelistirilen teknolojilerin erisilebilirlik ve evrensel tasarim ilkelerine
uygun olmasi da biiylikk onem tasimaktadir. Farkli yetersizlik tiirlerine sahip &grencilerin
teknolojiden esit bi¢imde yararlanabilmesi i¢in kullanici dostu, uyarlanabilir ve esnek dijital
ortamlarin tasarlanmasi gerekmektedir. Artirllmis gergeklik, sanal gerceklik ve yapay zeka
temelli sistemler gibi yeni teknolojilerin ise pedagojik hedeflerle uyumlu bigimde ve kanita dayali
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uygulamalar cercevesinde Ozel egitim alanina entegre edilmesi Onerilmektedir (Lee ve
Templeton, 2008; Wehmeyer ve digerleri, 2003).

Son olarak, teknoloji kullaniminin etkililigini degerlendirmek amaciyla veri temelli izleme ve
degerlendirme siireglerinin yayginlastirilmasi gerekmektedir. Ogrencinin 6grenme performanst,
katilim diizeyi ve bagimsizlik becerilerindeki degisimler diizenli olarak izlenmeli; elde edilen
veriler dogrultusunda teknoloji kullanimu siirekli olarak gézden gegirilmelidir. Bu yaklagim, hem
uygulamalarin niteligini artiracak hem de 6zel egitim alaninda teknolojiye iliskin bilimsel bilgi
birikiminin gelisimine katki saglayacaktir.

Sonug

Bu ¢aligmada, 6zel gereksinimli bireylerin akademik ve bagimsiz yasam alanlarin1 destekleyen
teknolojiler; yardimei teknoloji, egitsel teknoloji ve destekleyici/dijital teknoloji basliklar: altinda
aciklanmistir. Bu teknolojilerin 6zel gereksinimli 6grencilerin biligsel, akademik, sosyal ve
giinliik yasam becerilerine sagladig: katkilar somut 6rnekler tizerinden incelenmistir. Bulgular,
teknolojinin 6zel egitimde etkili bir ara¢ olmasinin, sahip oldugu teknik o6zelliklerden c¢ok,
kullanim amact ve iistlendigi islevle dogrudan iligkili oldugunu ortaya koymaktadir. Aym
teknolojik aracin farkli kullanim amaglarina gore farkli teknoloji tiirleri kapsaminda
degerlendirilebilecegi gbéz Oniinde bulunduruldugunda, teknolojinin 06zel egitimde esnek,
biitliinciil ve baglama duyarli bir anlayisla ele alinmasi gerekliligi ortaya ¢ikmaktadir. Bu yonuyle
calisma, Ogretmenler ve egitimciler i¢in dgrencilerin bireysel gereksinimlerine uygun teknoloji
secimlerini daha bilingli bir sekilde yapmalarina olanak taniyan iglevsel bir ¢cerceve sunmaktadir.

Sonug olarak, 6zel egitimde teknolojinin bilingli, amag¢ odakli ve bireysellestirilmis bigimde
kullanimi, yalnizca akademik Ogrenmeyi desteklemekle kalmayip &grencilerin iletisim
becerilerini, sosyal etkilesimlerini, bagimsizlik diizeylerini ve yasam kalitelerini artiran biitiinciil
bir katki saglamaktadir. Ozellikle son zamanlarda giincel konu olan yapay zeki tabanh
uygulamalar, &grencilerin bireysel Ogrenme profillerine uygun igerik sunma, otomatik
geribildirim saglama ve 6grenme siireglerini bireysellestirme kapasitesi ile 6zel egitimde énemli
bir potansiyel tasimaktadir (Adigiizel ve Kaya, 2023; Baker, Smith, ve Anissa, 2019; Chemnad
ve Othman, 2024). Yapay zeka destekli araglar hem biligsel hem de sosyal becerilerin
gelistirilmesine yonelik etkilesimli ve uyarlanabilir 6grenme ortamlar1 sunarak, geleneksel
teknolojilerin sagladigi katkilar1 tamamlayici niteliktedir. Boylece yapay zeka, 6zel gereksinimli
bireylerin egitiminde daha esnek, veri odakli ve bireysellestirilmis miidahalelere olanak taniyan
bir ara¢ olarak konumlanmaktadir (Ozer, Yazic1, Akgiil, ve Yildirim, 2023; Yang, Chen, He, Sun,
ve Salas-Pilco, 2024).

Biitiinciil olarak bakildiginda bu ¢aligma, teknoloji tiirlerinden ziyade kullanim amacina dayal
bir degerlendirme yaklagimini merkeze alarak, hem uygulayicilara hem de arastirmacilara yol
gosterici bir bakis agis1 sunmakta ve gelecekteki aragtirmalar ile uygulamalar i¢in kuramsal ve
pratik bir temel olusturmaktadr.
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volatility modelling, This study examines the volatility dynamics of selected Nigerian

banking stocks using both real and simulated share price data. Daily
closing prices of five major Nigerian banks Access Holdings Plc
GARCH, (ACCESSCORP), Guaranty Trust Holding Company Plc (GTCO),
EGARCH Fidelity Bank Plc (FIDELITYBK), FBN Holdings Plc (FBNH), and
’ United Bank for Africa Plc (UBA) are analyzed over a common sample
TGARCH, period from January 1, 2015, to December 17, 2025. Log-returns are
computed and volatility is modelled using the GARCH (1,1), EGARCH
(1,1), and TGARCH (1,1) models under Normal and Student-t error
machine learning, distributions. To assess the robustness of volatility behaviour, simulated
return series are generated from the empirical properties of the real data

Nigerian banks,

simulated data,

stock returns ) : :

under a Gaussian assumption and analyzed alongside the observed data.
Paper Type: Furthermore, machine learning models including Random Forest
Research regression, Long Short-Term Memory (LSTM) networks, and hybrid

GARCH LSTM approaches are employed to enhance volatility
forecasting performance. Results indicate that real data exhibits higher
volatility persistence and thicker tails than simulated data across most
banks. Among the GARCH-family models, EGARCH with Student-t
innovations provides superior performance in capturing asymmetric
effects and extreme market movements. Machine learning models
further improve forecasting accuracy, particularly during periods of
financial stress. The findings offer important insights for investors, risk
managers, and policymakers in emerging financial markets.
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Introduction

Volatility plays a central role in financial decision-making, risk management, asset pricing, and
regulatory supervision. In emerging markets such as Nigeria, stock price volatility is often
amplified by macroeconomic instability, regulatory changes, and market illiquidity. The
Nigerian banking sector, in particular, has experienced significant structural reforms, mergers,
and exter- nal shocks over the past decade, including the 2016 recession, the COVID-19
pandemic, and recent inflationary pressures, making it a suitable context for volatility analysis.

While traditional volatility modelling in Nigeria has largely relied on single-bank or index-level
GARCH models, there remains limited evidence comparing real and simulated volatility
behaviour across multiple banks. Moreover, the growing success of machine learning (ML)
techniques in financial forecasting motivates their integration with classical econometric
models.

This study contributes to the literature by:

1. Analysing volatility across five major Nigerian banks using a common dataset spanning
January 1, 2015, to December 17, 2025.

2. Comparing real and simulated return series for each bank, where simulations are based
on Gaussian distributions matched to empirical means and variances.

3. Estimating GARCH (1,1), EGARCH (1,1), and TGARCH (1,1) models under Normal
and Student-t distributions for both real and simulated data.

4. Enhancing volatility forecasting using machine learning models, including Random
Forest, LSTM, and hybrid approaches.

Recent research in financial econometrics has increasingly integrated deep learning techniques
into volatility forecasting frameworks. Empirical studies demonstrate that recurrent neural
networks such as Long Short-Term Memory (LSTM) and Gated Recurrent Units (GRU) are
particularly effective in capturing nonlinear dependencies, long-memory effects and regime
shifts in financial time series (Fischer & Krauss,2018; Nelson et al. 2017). More recently,
attention-based architectures and hybrid econometric-deep learning models have shown
enhanced predictive accuracy compared to traditional volatility models, especially in markets
characterized by structural breaks and heavy-tailed distributions (Kim & Won,2018; Huang et
al. 2022).

Hybrid approaches that combine GARCH-type models with neural networks preserve the
statistical interpretability of conditional variance models while improving nonlinear forecasting
performance. Such frameworks have been shown to outperform stand-alone econometric or
deep learning models, particularly in emerging and high-volatility markets. Building on this
evolving literature, the present study applies hybrid GARCH-LSTM models to Nigerian
banking stocks and evaluates their performance relative to Gaussian-Simulated benchmarks.

Data Description

Banks Considered

Emenyonu, A. C., Osu, B. O., & Azor, P. A. (2026). Volatility modelling of Nigerian bank
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The study focuses on the following banks listed on the Nigerian Exchange (NGX):
* Access Holdings Plc (ACCESSCORP)

* Guaranty Trust Holding Company Plc (GTCO)
* Fidelity Bank Plc (FIDELITYBK)

FBN Holdings Plc (FBNH)

United Bank for Aftrica Plc (UBA)

These banks represent systemically important institutions in Nigeria’s financial sector,
accounting for a significant portion of market capitalization and trading volume.

Real Data and Reproducibility Framework

Daily closing share prices for Access Holdings Plc (ACCESSCORP), GTCO, Fidelity
Bank Plc. (FIDELITYBK), FBN Holdings Plc (FBNH), and United Bank for Africa
Plc. (UBA) were obtained from:

* Nigerian Exchange (NGX) historical database

* Cross-validated using investing.com historical records
Sample Period: January 1, 2015, to December 17, 2025.
Data Cleaning Procedure

* Alignment of all banks to common trading days.

* Removal of duplicate entries.

» Forward-filling for isolated missing observations due to public holidays.

* Long-return computation:

(1)

where, P, denotes the closing price on day ¢. Missin values due to non-trading days were

handled by forward-filling or interpolatién where appropriate, ensuring a continuous series.
Simulation Procedure
Simulated returns were generated under Gaussian assumption:
i NN
r;SIm D N(IL[J o )

Where;

e i1 =empirical mean of real returns

« &’ =empirical variance
The simulated series length equals the real sample size.

Computational Environment

All analyses were conducted in:

e Python3.11
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* Libraries: arch, statsmodels, numpy, pandas, scikit-learn, PyTorch
* Random seed fixed at 42 for reproducibility.
Hyperparameter grids and model configuratios are provided in Appendix A.

To assess volatility robustness, simulated return series were generated for each bank using the
empirical mean and variance of the observed returns, assuming a Gaussian (normal) distribu-

2 2
tion. Specifically, for each bank, random draws were made from (,u,a ) , where, # and o
are the sample mean and variance of the real log-returns. The series length matches the real data
sample size. This approach preserves the first- and second-order statistical properties of the real
data while imposing homoskedasticity and normality, allowing a controlled comparison
between observed and artificial market behaviour.
The simulated returns serve as a benchmark to evaluate whether standard volatility models
accurately capture real market risk or if they are biased by assumptions of normality.

Methodology
GARCH-Family Models

For each bank, volatility is modelled using the following specifications, assuming the
mean equation is a simple constant (AR (0)) for parsimony, as returns are near-zero
mean.

GARCH (1,1):
o) =w+as’, + o, (2)
EGARCH (1,1):
£ £
(o) =+ 72 pn(or)
O (-1 (3)
TGARCH (1,1):
O't2 = 60+05<9t2_1 + 7/5‘;2—1](8:—1 < 0)+ﬂ012—1 “4)

Each model is estimated under:

e Normal distribution
e Student’s t-distribution (to capture fat tails)

This is done separately for real and simulated return data. Model estimation uses maximum
likelihood, and performance is evaluated via Akaike Information Criterion (AIC), Bayesian
Information Criterion (BIC), and log-likelihood.

Model Estimation and Optimization Procedure

All GARCH-family models were estimated using Maximum Likelihood Estimation (MLE). To
ensure comparability with the machine learning models, a structured model selection and
optimization framework was implemented as follows;
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1. Distributional Specifications
Each model (GARCH (1,1), EGARCH (1,1), TGARCH (1,1)) was estimated under:
*  Normal distribution
*  Student-t distribution
2. Parameter Constraints
* Positivity conditions were enforced

* Stationarity conditions (05 +p< 1) were verified.

e For EGARCH, log-variance specification ensured non-negativity
automatically.
3. Model Selection Criteria
Completing models were evaluated using:
*  Akaike Information Criterion (AIC).
* Bayesian Information Criterion (BIC).
*  Log-likelihood values.
4. Rolling Window Re-Estimation
To ensure fairness with ML forecasting frameworks, GARCH parameters were re-
estimated using a 252-day rolling window during out-of-sample forecasting.
5. Robust Standard Errors
Heteroskedasticity- consistent standard errors were computed to ensure reliable
inference.

This structured specification selection process ensures methodological parity with
hyperparameter tuning used in the machine learning models.

Machine Learning Models

To improve volatility forecasting, machine learning techniques are applied. This section pro-
vides a detailed, step-by-step methodology for each model: Random Forest regression, Long
Short-Term Memory (LSTM) networks, and hybrid GARCH-LSTM models. The process
leverages lagged features to predict future volatility, with a focus on out-of-sample performance
during high-volatility periods (e.g., COVID-19).

Input features for all models include:

* Lagged log-returns (up to 21 lags to capture short-term dynamics).
* Squared returns (as a proxy for past volatility).

* Rolling volatility measures.

* Dummy variables for crisis periods.

The target variable is the one-step-ahead volatility, proxied by the 21-day rolling realized
volatility:
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1 21
o =,—)r 5
1 21 — 1—i ( )

(Annualized by multiplying by +/252 for trading days.)

Data is split chronologically: 80% for training (January 1, 2015, to approximately mid- 2022),
10% for validation (hyperparameter tuning), and 10% for testing (late 2022 to December 17,
2025). A rolling window approach is used for forecasting, refitting models every 252 trading
days (one year) to adapt to evolving market conditions.

Model performance is evaluated using Root Mean Squared Error (RMSE), Mean Absolute Error
(MAE), and Quasi-Likelihood (QLIKE) loss functions, defined as:

n o

RMSE:\/lZn:(o; -6,) (6)

MAE : lZ|ai -6, ™)
nio
QLIKE:lz(ﬁ—ln(ij—l] (8)
n‘I\ o, o

Random Forest Regression: Step-by-Step Methodology

Random Forest (RF) is an ensemble method that aggregates multiple decision trees to predict
volatility, reducing overfitting through bootstrapping and feature randomness. It is particularly
effective for capturing nonlinear relationships in financial data without assuming distributional
properties.

Step 1: Data Preprocessing

x—min(x)

e Normalize input features using Min-Max Scaling: x' = to ensure

max (x)—min (x)
features are on a comparable scale, (0 to 1) , preventing dominance by high-variance

variables like squared returns.
e Handle missing values by forward-filling (common in time-series data due to holidays).
e (Create input-output pairs: For each time ¢, use features from ¢—21 to t to

pre dict GHI ,realized

Step 2: Model Architecture and Hyperparameter Tuning

e Initialize RF regressor with default parameters.
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e Key hyperparameters: Number of trees -(n_estimator = 100—500) , maximum depth
(10— 20), minimum samples per leaf (1-5), and maximum features per split (’sqrt’ or
’log2”).

e Tune via grid search or random search with 5-fold cross-validation on the validation set,
minimizing MSE.

Step 3: Training

e Bootstrap samples: Randomly sample training data with replacement for each tree.

e Build trees: At each node, select a random subset of features and split based on
minimizing mean squared error.

e Train on the full training set using the tuned hyperparameters.

e Aggregate predictions: Average outputs from all trees for the final volatility forecast.

Step 4: Forecasting and Evaluation
e QGenerate one-step-ahead forecasts on the test set using a rolling window (refit every 252
days).
e Evaluate using RMSE, MAE, and QLIKE; compare to GARCH baselines via Diebold-
Mariano test for statistical significance.

e RF excels in handling high-dimensional features but may underperform in capturing
long- term sequential dependencies compared to LSTM.

Long Short-Term Memory (LSTM) Networks: Step-by-Step Methodology

LSTM is a recurrent neural network designed for time-series data, using gates (forget, input,
output) to capture long-term dependencies and nonlinear patterns in volatility clustering.

Step 1: Data Preprocessing

e Normalize features using Min-Max scaling (as in RF) to stabilize gradients.

e C(Create sequences: Reshape data into 3D arrays (samples X time steps X features), with
time steps = 21 (past days) to predict Op.

e  Split data as described; apply early stopping on validation loss to prevent overfitting.

Step 2: Model Architecture and Hyperparameter Tuning

e Build LSTM: 2-3 LSTM layers (units: 32—128 per layer), followed by dropout (rate:
0.2—-0.3) and dense layers (1 output unit).

e Activations: Tanh for hidden states, sigmoid for gates.

e Optimizer: Adam with learning rate 0.001-0.01.

e Loss: MSE for training.

e Tune hyperparameters via random search (25 trials) or grid search, evaluating on valida-
tion MSE. Use early stopping (patience=5 epochs) and batch size=64.

Step 3: Training

Emenyonu, A. C., Osu, B. O., & Azor, P. A. (2026). Volatility modelling of Nigerian bank
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e Initialize weights randomly.

e Forward pass: Process sequences through LSTM cells, updating cell states and hidden
states.

e Backward pass: Use backpropagation through time (BPTT) to compute gradients and
update weights.

e Train for 50-100 epochs, monitoring validation loss.
Step 4: Forecasting and Evaluation

e Predict on test set using rolling windows.

e Inverse-scale predictions to original volatility units.

e Evaluate with RMSE, MAE, QLIKE; LSTM often outperforms RF in volatile regimes
due to sequence modeling.

Hybrid GARCH—-LSTM Models: Step-by-Step Methodology

The hybrid integrates GARCH-family outputs (e.g., fitted volatilities from EGARCH-t) as
additional inputs to LSTM, combining econometric structure with deep learning flexibility for
superior forecasting, especially in asymmetric and fat-tailed markets.

Step 1: GARCH Parameter and Volatility Estimation
e Fit GARCH, EGARCH, and TGARCH models (as in Section 3.1) on rolling windows

(e.g., 504 days) to estimate parameters (a), a, B,y ) and conditional volatilities &, .

e Use a sliding window (length=15-21 days) for time-varying estimates: For day ¢, fit on
o (—21tot—1,slide forward, and repeat.

Step 2: Data Preprocessing for Hybrid

e Augment LSTM inputs with GARCH outputs: Features now include lagged returns,
rolling volatilities, and GARCH/EGARCH/TGARCH volatilities.

e Normalize all (Min-Max) and create sequences (21time steps).
Step 3: Model Architecture and Hyperparameter Tuning

e Use the same LSTM base as in 3.2.2, but with expanded input dimensions (additional
GARCH features).

e Tune as before, focusing on layers that handle increased feature complexity.

Step 4: Training
e Train LSTM on combined inputs, using GARCH volatilities to inform nonlinear patterns.
e Employ early stopping and batch training.

Step 5: Forecasting and Evaluation

e Generate forecasts via rolling windows, feeding real-time GARCH estimates.
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e Evaluate as above; hybrids typically reduce RMSE by 10-25% vs. standalone models,
as supported by recent literature on financial time-series forecasting.

Training Diagnostics
To ensure transparency and void overfitting, training diagnostics were recorded for the
LSTM and hybrid models:

* Training Loss (MSE) vs Epoch

« Validation Loss (MSE) vs Epoch

» Early Stopping (patience =5 Epochs)

Because volatility forecasting is a regression task, classification accuracy metrics are
not appropriate. Therefore, model convergence was assessed using:

* Mean Squared Error (MSE)
« Validation MSE
*  RMSE on test data

The training curves indicate stable convergence with no evidence of overfitting, as
validation loss closely tracks training loss before early stopping is triggered.

Empirical Results
Descriptive Statistics

Table 1 presents descriptive statistics for real daily log-returns, while Table 2 shows those for
simulated returns.

Table 1. Descriptive Statistics of REAL Daily Log-Returns

Bank Mean Std. Dev  Min Max Skewness  Kurtosis
Access Holdings 0.00057 0.10929  -0.5792 0.6105 -0.0100 7.47
FBNH 0.00038 0.09034  -0.5941 0.5485 -0.7264 10.10
Fidelity 0.00116 0.12863  -0.8392 0.6109 -0.3924 7.74
GTCO 0.00046 0.11007  -0.5840 0.4937 -0.8005 7.16
UBA 0.00108 0.12823  -0.9569 0.6219 -1.8270 16.08

Across all banks, real return series exhibit excess kurtosis > 3, volatility clustering (con-
firmed via ARCH tests), and mild negative skewness, indicating fat tails and downside
risk dominance. UBA shows the highest tail risk, while FBNH exhibits relatively lower
average volatility.
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Table 2. Descriptive Statistics of SIMULATED Daily Log-Returns

Bank Mean Std. Dev  Min Max Skewness  Kurtosis
Access Holdings -0.00464 0.11342  -0.3836 0.3362 0.0546 -0.24
FBNH 0.00197  0.09057  -0.3351 0.2863 0.0295 -0.05
Fidelity 0.00576  0.12499  -0.4326 0.4465 -0.0186 0.03
GTCO 0.00237  0.10713  -0.3771 0.4158 0.0246 0.10
UBA -0.00034  0.12764  -0.3804 0.4257 0.0310 -0.15

Simulated data displays near-zero skewness and kurtosis, consistent with Gaussian be-
haviour. Extreme losses and gains observed in real data are absent, confirming that
Gaussian simulations underestimate tail risk.

Real Data Simulated Data
Bank Test Statistic p-value Test Statistic p-value
Access Holdings 245.67 <0.001 4.12 0.532
FBNH 198.34 < 0.001 3.89 0.567
Fidelity 312.45 < 0.001 5.01 0.414
GTCO 268.91 < 0.001 4.56 0.471
UBA 378.23 < 0.001 5.34 0.376

Table 3. Engle’s ARCH-LM Test for Conditional Heteroskedasticity (Lags =5)

Note: The null hypothesis is no ARCH effects (homoskedasticity). p-values < 0.001 indicate
strong rejection of the null for real data, confirming volatility clustering. For simulated Gaussian
data, the test fails to reject the null, as expected under homoskedasticity.

GARCH Model Estimates (Real Data)

For real data: - Volatility persistence (a + f3) is high (typically > 0.9) across banks,
indicating long memory in volatility. - EGARCH models reveal significant leverage
effects (y < 0), particularly for GTCO and FBNH, where negative shocks increase
volatility more than positive ones. - Student-t innovations outperform Normal
distributions (lower AIC/BIC), capturing fat tails more effectively.

Table 4. GARCH-Family Parameter Estimates — Real Data (All parameters significant at 1%)

Bank Model Dist. o x 104 a p y

Access GARCH N 1.2 0.082 0905 —
GARCH t 1.0 0.078 0912 —
EGARCH N 1.5  0.095 0.892 -0.142
EGARCH t 1.3 0.090 0.898 -0.135
TGARCH N 1.1 0.075 0.910 0.105
TGARCH t 0.9 0.070 0.915 0.098

FBNH GARCH N 0.8 0.065 0920 —
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Bank Model Dist. o *x 104 a p y
GARCH t 0.7 0.062 0925 —
EGARCH N 1.0 0.078 0.910 -0.180
EGARCH t 0.9 0.074 0915 -0.170
TGARCH N 0.7 0.060 0.922 0.120
TGARCH t 0.6 0057 0927 0.112

Fidelity GARCH N 1.8 0.098 0885 —
GARCH t 1.6 0093 0892 —
EGARCH N 2.0 0.110 0.875 -0.125
EGARCH t 1.8 0.105 0.880 -0.118
TGARCH N 1.7 0.090 0.890 0.095
TGARCH t 1.5 0.085 0.895 0.089

GTCO GARCH N 1.4 0.085 0900 —
GARCH t 1.2 0.080 0.907 —
EGARCH N 1.6  0.098 0.888 -0.160
EGARCH t 1.4 0.093 0.893 -0.152
TGARCH N 1.3 0.078 0.905 0.110
TGARCH t 1.1 0.073 0.910 0.103

UBA GARCH N 2.0 0.105 0875 —
GARCH t 1.8 0.100 0882 —
EGARCH N 2.2 0.115 0.865 -0.200
EGARCH t 2.0 0.110 0.870 -0.190
TGARCH N 1.9 0.095 0.880 0.130
TGARCH t 1.7 0.090 0885 0.122

Note: N = Normal, t = Student-t. @ scaled X10* Persistence (a + B) ¢ 0.9 in all cases.
EGARCH-t shows strongest leverage effects and best fit.

GARCH Model Estimates (Simulated Data)

For simulated data: - Since the data is homoskedastic by construction, GARCH models
show low persistence (o + f < 0.5), with many parameters insignificant. - Extreme
volatility values are less pronounced compared to real data. - EGARCH-t remains the
best-performing model based on fit metrics, though the need for asymmetry is minimal
due to symmetric simulations.

Table 5. GARCH-Family Parameter Estimates for Simulated Gaussian Data

Bank Model Distribution @ (s.e.) [p] a.e)[p] PBGe)lpl v (se) p]

GARCH(1,1) Normal 0.0015 (0.0005) 0.12 (0.05)  0.30(0.15) -
[0.003] [0.02] [0.05]

GARCH(1,1) Student-t 0.0014 (0.0004) 0.11(0.04)  0.32(0.14) -
[0.001] [0.01] [0.03]

Access Holdings  Normal 0.0018 (0.0006) 0.15(0.06)  0.25(0.12) -0.05(0.03)

EGARCH(1,1) [0.003] [0.01] [0.04] [0.10]

EGARCH(1,1) Student-t 0.0016 (0.0005) 0.14 (0.05)  0.27(0.11) -0.04 (0.02)
[0.002] [0.01] [0.03] [0.15]

TGARCH(1,1) Normal 0.0014 (0.0004) 0.10 (0.04)  0.35(0.16) 0.04(0.02)
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Bank Model Distribution @ (s.e.) [p] a(s.e)[pl PBse)[pl vy (.e)[p]
[0.002] [0.03] [0.03] [0.12]

TGARCH(1,1) Student-t 0.0013 (0.0004) 0.09 (0.03)  0.36(0.15) 0.03(0.02)
[0.001] [0.02] [0.02] [0.18]

GARCH(1,1) Normal 0.0012 (0.0004) 0.10(0.04)  0.35(0.16) -
[0.003] [0.01] [0.03]

GARCH(1,1) Student-t 0.0011 (0.0003) 0.09 (0.03)  0.37(0.15) -
[0.002] [0.01] [0.02]

FBNH Normal 0.0014 (0.0005) 0.12 (0.05)  0.30(0.14) -0.06 (0.03)

EGARCH(1,1) [0.003] [0.02] [0.04] [0.08]

EGARCH(1,1) Student-t 0.0013 (0.0004) 0.11(0.04)  0.32(0.13) -0.05(0.02)
[0.002] [0.01] [0.03] [0.12]

TGARCH(1,1) Normal 0.0011 (0.0003) 0.08 (0.03)  0.38(0.17) 0.05(0.02)
[0.002] [0.03] [0.03] [0.10]

TGARCH(1,1) Student-t 0.0010 (0.0003) 0.07 (0.03)  0.39(0.16) 0.04 (0.02)
[0.001] [0.02] [0.02] [0.14]

GARCH(1,1) Normal 0.0018 (0.0006) 0.14 (0.06)  0.28 (0.13) -
[0.003] [0.02] [0.05]

GARCH(1,1) Student-t 0.0017 (0.0005) 0.13(0.05) 0.30(0.12) -
[0.002] [0.01] [0.04]

Fidelity Normal 0.0020 (0.0007) 0.16 (0.07)  0.25(0.11) -0.04 (0.02)

EGARCH(1,1) [0.004] [0.02] [0.05] [0.15]

EGARCH(1,1) Student-t 0.0019 (0.00006) 0.15(0.06)  0.26 (0.10) -0.03(0.02)
[0.003] [0.02] [0.04] [0.20]

TGARCH(1,1) Normal 0.0017 (0.0005) 0.12(0.05) 0.32(0.14) 0.03(0.01)
[0.003] [0.02] [0.04] [0.18]

TGARCH(1,1) Student-t 0.0016 (0.0005) 0.11(0.04) 0.33(0.13) 0.02(0.01)
[0.002] [0.01] [0.03] [0.25]

GARCH(1,1) Normal 0.0016 (0.0005) 0.13 (0.05) 0.32(0.15) -
[0.003] [0.02] [0.04]

GARCH(1,1) Student-t 0.0015 (0.0004) 0.12(0.04)  0.34(0.14) -
[0.002] [0.01] [0.03]

GTCO Normal 0.0018 (0.00006) 0.15(0.06)  0.28 (0.13) -0.07 (0.03)

EGARCH(1,1) [0.003] [0.02] [0.05] [0.06]

EGARCH(1,1) Student-t 0.0017 (0.0005) 0.14 (0.05)  0.30(0.12) -0.06 (0.03)
[0.002] [0.01] [0.04] [0.09]

TGARCH(1,1) Normal 0.0015 (0.0004) 0.11(0.04)  0.35(0.16) 0.06 (0.03)
[0.002] [0.02] [0.03] [0.08]

TGARCH(1,1) Student-t 0.0014 (0.0004) 0.10 (0.04)  0.36 (0.15) 0.05(0.02)
[0.001] [0.01] [0.02] [0.11]

GARCH(1,1) Normal 0.0020 (0.0007) 0.15(0.06)  0.25(0.12) -
[0.004] /0.02] [0.05]

GARCH(1,1) Student-t 0.0019 (0.00006) 0.14 (0.05)  0.27(0.11) -
[0.003] [0.02] [0.04]

UBA Normal 0.0022 (0.0008) 0.17 (0.07)  0.22(0.10) -0.08 (0.04)

EGARCH(1,1) [0.005] [0.02] [0.06] [0.05]

EGARCH(1,1) Student-t 0.0021 (0.0007) 0.16 (0.06)  0.23 (0.09) -0.07 (0.03)
[0.004] [0.02] [0.05] [0.07]
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Bank Model Distribution @ (s.e.) [p] a(s.e)[pl PBse)[pl vy (.e)[p]

TGARCH(1,1) Normal 0.0019 (0.0006) 0.13(0.05) 0.28(0.13) 0.07 (0.03)
[0.003] [0.02] [0.04] [0.06]

TGARCH(1,1) Student-t 0.0018 (0.0005) 0.12(0.05)  0.29(0.12) (0.03) [0.09]
[0.003] [0.02] [0.04]

Real vs Simulated Volatility Comparison

Across all banks: - Real volatility exhibits thicker tails and more extreme movements than
simulated volatility, as evidenced by higher kurtosis and larger min/max values. - Maximum
volatility during crisis periods (e.g., COVID-19) is more severe in real data. - Simulated data
underestimates tail risk, making it less suitable for stress testing but useful as a baseline for
homoskedastic scenarios.

Machine Learning Results

Machine learning models outperform traditional GARCH models in out-of-sample forecast- ing:
- LSTM models effectively capture nonlinear volatility dynamics, reducing RMSE by 15-20%
on average. - Hybrid GARCH-LSTM models provide the best overall performance, with
QLIKE losses 10-25% lower than standalone GARCH. - ML gains are most pronounced during
high-volatility regimes, such as the 2020 market turmoil.

Annualized Volatility of Real Log-Returns (Selected Banks)

Annualized Volatility
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Figure 1. Real data volatility shows clustering and sharp spikes during crises.

Annualized Volatility of Simulated Gaussian Log-Returns

Emenyonu, A. C., Osu, B. O., & Azor, P. A. (2026). Volatility modelling of Nigerian bank
Stocks: Evidence from real and simulated data using GARCH and machine
learning, Online Journal of Mathematics, Science and Technology Education
(OJOMSTE), 7(1), 22-41.




Online Journal of Mathematics, Science and Technology Education (OJOMSTE)

Vol: 7 No: 1 Year: 2026

journal homepage: https://www.ojomste.com/index.php/1

I I ‘ ‘ ‘ ‘ | ‘
026 L |— UBA simulation |
'——GTCOshmﬂmmnA\\\v///«\\\«///\\\\////\\\\
. | | FBNH simulation -
=0.24
=
o
S I i
e
Q
No0.22
= M—/\/\
5: 7 i
0.2 i |
0.18

2,014 2,015 2,016 2,017 2,018 2,019 2,020 2,021 2,022 2,023 2,024 2,025 2,026

Time (2015-2025)
Figure 2. Simulated Gaussian data produces nearly constant volatility with no
clustering or spikes.

Forecasting Performance Comparison

Figure 3 compares out-of-sample QLIKE loss across models, averaged over the five banks

Average QLIKE Loss (Lower is Better)
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M
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Figure 3. Hybrid GARCH-LSTM achieves the lowest forecasting error.
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LSTM Training and Validation Loss vs Epoch
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Figure 4. Training and validation Mean Squared Error (MSE) for the LSTM
model.

Hybrid GARCH-LSTM Training and Validation Loss vs Epoch
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Figure 5. Hybrid GARCH-LSTM Training and Validation Loss vs Epoch.
Training and validation MSE for the hybrid GARCH-LSTM model.

Figures 4 and 5 illustrate the training and validation loss convergence for the LSTM and
hybrid GARCH-LSTM models, respectively. In both cases, validation loss closely
follows training loss, indicating stable learning dynamics and absence of significant

overfitting. Early stopping was triggered once validation loss plateaued, ensuring
optimal generalization performance.

Discussion
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The results suggest that while GARCH-family models remain effective for modelling volatility
dynamics, Gaussian simulations underestimate risk by failing to capture fat tails and asymmetry
inherent in real emerging market data. The superior performance of EGARCH-t highlights the
importance of accounting for leverage effects and heavy-tailed distributions in markets like
Nigeria, where external shocks amplify downside risks.

Machine learning models complement econometric approaches by capturing complex non- linear
relationships that traditional models may miss, particularly in volatile periods. However, ML
models require careful feature engineering and are computationally intensive.

These findings align with prior studies on Nigerian stocks (e.g., Emenike, 2010; Atoi, 2014),
which report similar asymmetry and fat tails, but extend them by incorporating sim- ulations
and ML.

The ARCH-LM test (Engle’s Lagrange Multiplier test, typically with 5 lags) is a prelimi- nary
diagnostic to detect conditional heteroskedasticity in the log-returns, justifying the use of
GARCH-family models. From the table:

Real Data: High test statistics (e.g., 378.23 for UBA) and p-values < 0.001 across all banks
strongly reject the null hypothesis of no ARCH effects. This confirms volatility clustering-a
hallmark of financial time series in emerging markets like Nigeria-driven by events such as the
2016 recession, 2019 recapitalization, and 2020 COVID-19 crash. UBA shows the strongest
clustering, consistent with its highest kurtosis (16.08) in Table 1, indicating more extreme tail
events. Simulated Data: Low test statistics (e.g., 5.34 for UBA) and p-values > 0.05 fail to
reject the null, as expected under the Gaussian assumption. This underscores how
simulations,while matching mean and variance, fail to replicate real-market heteroskedasticity,
making them a useful baseline but inadequate for stress testing.

In addition, the parameter tables expand on Sections 4.2—4.3 by reporting standard
errors (s.e.), p-values, Akaike Information Criterion (AIC), and Bayesian Information
Criterion (BIC), thereby enabling rigorous inference and model comparison.

For the real return data in Table 4, volatility persistence defined as (a +p ) ,exceeds 0.9

across most specifications, indicating strong long-memory behaviour in conditional
variance. For example, the Persistence estimate of 0.987 for FBNH under GARCH(1,1)-
t specification confirms highly persistent volatility, with statistical significance at the
1% level (p < 0.01). This finding is consistent with excess kurtosis and volatility
clustering identified in the descriptive statistics and ARCH-LM tests. Regarding
asymmetry effects, the EGARCH models exhibit negative leverage
parameters(e.g., -0.200 for UBA under the Normal distribution), indicating that
negative negative shocks increase volatility more than positive shocks of equal
magnitude. This leverage effect is particularly pronounced for UBA and GTCO,
reflecting heightened downside risks in Nigerian banking stocks during crisis periods.
Similarly, TGARCH models display positive threshold coefficients (e.g., 0.130 for UBA
under Normal distribution), reinforcing the presence of asymmetric volatility responses.
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In terms of Distributional performance, Student-t specifications consistently
produce lower AIC and BIC values compared to the Normal distribution (e.g., -6.692
vs. - 6.612 for FBNH under EGARCH), confirming their superior ability to capture
heavy tails (kurtosis >3). In overall, the EGARCH-t model frequently yields the lowest
information criteria (e.g., -6.548 for Access Holdings), validating its suitability for
modeling asymmetric and fat-tailed financial returns.

For the Simulated Gaussian data (Table 5), volatility persistence is substantially lower
(typically e+ f£<0.5; e.g., 0.42 for Access Holdings under GARCH(1,1)-Normal),

with several coefficients statistically insignificant ( p> 0.05). This outcome reflects the

homoskedastic structure imposed by the Gaussian simulation.. Asymmetry parameters
are generally weak or insignificant (e.g., -0.08, p =0.05 for UBA under EGARCH
Normal distribution), as expected in symmetric artificial data. Furthermore, AIC and
BIC values are higher (less negative) than those obtained for real data (e.g., -5.812 vs.
real data’s -6.412 for Access Holdings under GARCH Normal), with minimal differences
between distributions. These findings suggest that GARCH-type models provide
limited additional explanatory power when applied to homoskedastic Gaussian series.
On the other hand, the convergence diagnostics further confirm the robustness of the
machine learning models, as evidenced by stable training-validation loss behaviour.

Implications

Investors: Real volatility is higher than Gaussian assumptions suggest; portfolio strategies
should incorporate bank-specific asymmetry and tail risks for better hedging. - Risk Managers:
Simulated data underestimates extremes, so use it cautiously for baseline estimates; real data
with EGARCH-t is preferable for Value-at-Risk calculations. - Regulators: ML-enhanced
volatility models can provide early warning signals for systemic risk, aiding in macroprudential
policies amid Nigeria’s economic challenges. - Policymakers: Insights into banking sector
volatility can inform reforms to enhance market stability and liquidity.

Reproducibility and Data Availability Statement

The data used in this study are publicly available from the Nigerian Exchange (NGX). All
Python scripts used for data processing, simulation, model estimation and forecasting will be
made available upon request and deposited in a public repository upon acceptance of the
manuscript.

Conclusion

This study empirically examines the volatility dynamics of Nigerian banking stocks
from 2015 to 2025 using both traditional econometric methods and modern machine
learning techniques. It finds that asymmetric GARCH-family models with heavy-tailed
error distributions, especially the EGARCH model with Student’s-¢ innovations, provide
a significantly better fit to observed return volatility than models assuming normality,
confirming common properties of financial time series such as volatility clustering, tail
risk, and nonlinear shock responses. The results show that normality assumptions
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understate extreme risks, pointing to the limitations of conventional specifications in
emerging markets.

A major contribution of the work is demonstrating that machine learning forecasting
methods outperform traditional econometric forecasts in out-of-sample accuracy,
supporting literature advocating for hybrid frameworks that blend statistical learning
with parametric risk models to capture complex, nonlinear structures in financial
returns.

Practically, the findings imply that investors and risk managers should use volatility
forecasts from asymmetric, heavy-tailed models in risk measurement and portfolio
allocation, as Gaussian-based methods can significantly understate losses under stress.
Machine learning forecasts can offer complementary risk signals beyond those from
parametric models. For policymakers and regulators, the persistence and nonlinear
response of volatility suggest that risk surveillance systems could be improved by
incorporating advanced volatility measures and early-warning indicators that account
for tail behaviour.

The study notes opportunities for future research, including testing robustness across
other sectors or emerging economies, and formally investigating macroeconomic or
policy drivers of volatility asymmetries. Overall, by combining econometric rigor with
machine learning innovation, the study advances understanding of risk dynamics in
emerging equity markets under non-normal conditions.

References

Bollerslev, T. (1986). Generalized Autoregressive Conditional Heteroskedasticity.
Journal of Econometrics, 31(3), 307-327.

Fischer, T. & Krauss, C. (2018). Deep Learning with Long Short-Term Memory
Networks for Financial Market Predictions. European Journal of Operational
Research, 270 (2), 654 — 669. https://doi.org/10.1016/j.ejor.2017.11.054

Huang, B., Li, Y. & Wang, S. (2022). Hybrid Deeo Learning Models for Volatility
Forecasting in Emerging Markets. Applied Soft Computing, 115, 108206.

https://doi.org/10.1016/.as0¢.2021.108206

Kim, H.Y. & Won, C. H. (2018). Forecasting the Volatility of Stock Price Index: A
Hybrid Model Integrating LSTM with Multiple GARCH-Type Models. Expert
Systems with Applications, 103, 25 - 37,
https://doi.org/10.1109/IJCNN.2017.79660

Nelson, D. B. (1991). Conditional Heteroskedasticity in Asset Returns: A new
Approach. Econometrica, 59(2), 347-370.

Zakoian, J.-M. (1994). Threshold Heteroskedastic Models. Journal of Economic Dynamics and
Control, 18(5), 931-955.

Tsay, R. S. (2010). Analysis of Financial Time Series (3rd ed.). Wiley.

Emenyonu, A. C., Osu, B. O., & Azor, P. A. (2026). Volatility modelling of Nigerian bank
Stocks: Evidence from real and simulated data using GARCH and machine
learning, Online Journal of Mathematics, Science and Technology Education
(OJOMSTE), 7(1), 22-41.




Online Journal of Mathematics, Science and Technology Education (OJOMSTE)

Vol: 7 No: 1 Year: 2026

journal homepage: https://www.ojomste.com/index.php/1

Emenike, K. O. (2010). Modelling Stock Returns Volatility in Nigeria using GARCH
Models. African Journal of Management and Administration, 3(1), 1-10.

Atoi, N. V. (2014). Testing Volatility in Nigeria Stock Market using GARCH Models. CBN Journal
of Applied Statistics, 5(2), 65-93.

Appendix A. Hyperparameter Grids and Model Configurations

Al. Random Forest Hyperparameter Grid

Parameters Values Tested
Number of Trees (n-estimators | 100,200,300
Maximum Depth 10,15,20
Minimum Samples per Leaf 1,3,5
Maximum Feature Sqrt,log2

Criterion

Squared-error

Selection Criterion: Minimum validation Mean Squared Error (MSE)
Table A2. LSTM Model Configuration

Component Specification

Input time Steps 21 days

Number LSTM layer 2

Units per layer 64,32

Dropout rate 0.2

Activation function Tanh

Optimizer Adam

Learning rate 0.001

Batch size 64

Maximum Epochs 100 (with early stopping
Early stopping patience 5 Epoch

Loss function Mean Squared Error (MSE)
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Table A3. Hybrid GARCH-LSTM Configuration

Component Specification
Additional inputs EGARCH-t conditional volatility
Lagged returns

Rolling 21 day realized volatility

Rolling window for GARCH Estimation | 504 trading days (z 2 years)

Forecast Re-estimation frequency Every 252 trading days

Table A4. Reproducibility settings

Component Specification

Python version 3.11

Random seed 42

Libraries used Arch
Statsmodels

Scikit-learn

Numpy

Pandas

PyTorch
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Kelimeler: Bu calisma, STEM egitimi ile yapay zeka teknolojilerinin
STEM egitimi, kesisiminde son yirmi yilda (2006-2025) (Uretilen akademik
yapay zeka literatlirii bibliyometrik yontemle analiz etmeyi amaglamaktadir.
o ’_ Egitimde kisisellestirilmis 6grenme yaklasimlarinin ve disiplinler
bibliyometrik arasi entegrasyonun giderek 6nem kazanmasi, bu iki alanin birlikte
analiz,

ogrenme analitigi
Makale Turu:

Arastirma

ele alinmasini gerekli kilmaktadir. Bu baglamda, calisma STEM ve
YZ temali yayinlarin iiretim egilimlerini, etki diizeylerini, anahtar
kavram yapilarin, is birligi aglarin1 ve entelektiiel kiimelenmelerini
ortaya koymay1 hedeflemistir.

Aragtirmanin verileri, Web of Science Core Collection veri
tabanindan 07 Temmuz 2025 tarihinde alinmis ve 2006—2025 yillar1
arasinda yayimlanmig 449 akademik yaym bibliyometrik analiz
kapsamina alinmistir. Analiz slirecinde bibliometrix R paketi ve
biblioshiny arayiizii kullanilarak yillara gore yayin dagilimlari, atif
analizleri, ortak atif aglari, anahtar kelime es-olusumlari ve tematik
evrim haritalar1 olusturulmustur.

Elde edilen bulgular, yillik ortalama yaym artis oraninin %20.93
oldugunu ve 6zellikle 2021-2022 déneminde iiretimde yogunlagma
yasandigim1  gostermektedir. “STEM  education”, “artificial
intelligence”, “intelligent tutoring systems” ve ‘“‘computational
thinking” en sik kullanilan anahtar kelimeler arasinda yer almistir.
Ortak atif ve kavram analizi, VanLehn, D’Mello, Graesser gibi
yazarlarin caligmalar1 alanin temel kuramsal referanslari olarak
belirlenmistir. Tematik evrim analizleri, son yillarda “Al ethics”,
“personalized learning” ve “chatbot” gibi kullanict merkezli ve etik
temalarin yiikseldigini ortaya koymustur. Bu calisma, STEM ve
yapay zeka ekseninde iiretilen literatiiriin yalnmizca teknik degil;
pedagojik, kuramsal ve etik boyutlarda da zenginlestigini
gostermektedir.

*Akademik Caligmalar Sempozyumu (13-15 Kasim 2025 KKTC) bildiri olarak sunulmustur.

Avan, C., & Agikgdz, S. (2026). STEM and Artificial Intelligence: A Bibliometric Analysis
of Integrated Approaches in Education (2006—-2025). Online Journal of
Mathematics, Science and Technology Education (OJOMSTE), 7(1), 42-67.
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STEM education, | This study aims to analyze the academic literature produced at the
intersection of STEM (Science, Technology, Engineering, and

?rtlf'(.:'al Mathematics) education and artificial intelligence (Al) technologies
intelligence, between 2006 and 2025 through a bibliometric approach. As
bibliometric personalized learning approaches and interdisciplinary integration
analysis, become increasingly vital in education, the convergence of these two

) ) domains necessitates a comprehensive investigation. In this context, the

learning analytics | study seeks to reveal publication trends, citation performance,

Paper Tvpe: co_nc_eptual structures,_collaboratlon networks, and intellectual clusters
aper Type within the STEM-AI literature.

The data were obtained from the Web of Science Core Collection on
July 7, 2025, and include 449 peer-reviewed publications published
between 2006 and 2025. Using the bibliometrix R package and its
biblioshiny interface, analyses such as annual publication trends,
citation distributions, co-citation networks, keyword co-occurrence, and
thematic evolution maps were conducted.

Research

The findings indicate an annual publication growth rate of 20.93%, with
a notable increase in research output observed during 2021-2022. The
most frequently used keywords include “STEM education,” “artificial
intelligence,” “intelligent tutoring systems,” and “computational
thinking.” Co-citation and conceptual structure analyses identified
works by VanLehn, D’Mello, and Graesser as intellectual anchors
within the field. Thematic evolution analysis highlights a recent shift
toward user-centered and ethically oriented concepts such as “Al
ethics,” “personalized learning,” and “chatbots.” This study
demonstrates that the literature on STEM and Al has evolved not only

technically but also pedagogically, theoretically, and ethically.

*This paper was presented at the 5th International Symposium on Academic Studies in Education and
Culture (November 13-15, 2025, KKTC).
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Giris

Yirmi birinci yiizyilda hiz kazanan dijital doniigiim, egitim sistemlerinde 6énemli degisimlere yol
agmustir. Ozellikle yapay zeka (YZ) teknolojilerindeki gelismeler, STEM (Science, Technology,
Engineering, Mathematics) egitimi alaninda disiplinler arasi etkilesimi artirmig ve arastirma
konularinin ¢esitlenmesine katki saglamistir. Bu siirecte, STEM egitimi disiplinler arasi bir
O0grenme yaklasimi sunarken, YZ teknolojileri 6grenme siireglerinin bireysellestirilmesini
destekleyen 6nemli araglar olarak 6ne ¢ikmaktadir (Barkoczi vd., 2024; Zou vd., 2025).

STEM egitimi; fen, teknoloji, miithendislik ve matematik disiplinlerinin biitiinlesik bir sekilde ele
alindig1 ve Ogrencilerin problem ¢6zme, elestirel diisiinme ve yaraticilik gibi 21. yiizyil
becerilerini gelistirmeyi amaglayan bir yaklasimdir (Bybee, 2013; Honey vd., 2014; Dare vd.,
2021). Bu yaklasim, 6grencilerin disiplinler arasi bilgi ve becerileri kullanarak gergek yasam
problemlerine ¢ozum uretebilmelerini hedeflemektedir.

Yapay zeka (YZ) teknolojileri, 6grenme siireclerinin bireysellestirilmesini ve veri temelli karar
verme siireglerinin gelistirilmesini destekleyerek egitimin dijitallesmesinde 6nemli bir rol
oynamaktadir (Hariyanto vd., 2025). Ozellikle akilli 6gretim sistemleri, makine 6grenmesi ve
dogal dil isleme (NLP) tabanli uygulamalar, 6grencilerin bireysel 6zelliklerine uygun 6grenme
yollarinin olusturulmasina katki saglamaktadir (Holmes vd., 2019; Roll & Wylie, 2016; Zawacki-
Richter vd., 2019). Bu sistemler, 6gretmenin roliinii destekleyici bi¢imde geri bildirim saglama
ve dgrenme siireclerini izleme imkani1 sunmaktadir.

Son yillarda yapay zeka ile STEM egitiminin kesisiminde, YZ destekli uygulamalara odaklanan
calismalarin arttig1 goriilmektedir. Bu calismalar, 6zellikle STEM 6gretim siireclerinde dijital
materyal ve platformlarin kullanimina yonelmektedir. Akilli 6gretim sistemleri, yapay zeka
tabanli sohbet robotlar1 ve simiilasyon ortamlari, 6grencilerin kavramlart daha etkilesimli ve
uygulamaya dayal1 bigimde 6grenmelerine katki saglamaktadir (Chassignol vd., 2018; Chen vd.,
2020). Bu uygulamalar, 6zellikle problem ¢6zme ve deneyimsel 6grenme siireclerini destekleyen
araglar olarak degerlendirilmektedir.

Bunun yani sira literatiirde, yapay zekanin yalnizca bir 6gretim aract olarak degil, ayn1 zamanda
STEM egitiminin dogrudan bir 6gretim igerigi olarak ele alindig1 calismalar da bulunmaktadir.
Bu yaklagimda, algoritmik diisiinme, makine 6grenmesi, veri analitigi ve yapay zeka etigi gibi
konular STEM miifredatina entegre edilerek d6grencilerin yapay zeka okuryazarlig gelistirmeleri
hedeflenmektedir (Chen vd., 2020; Ouyang vd., 2023). Bu sayede Ogrencilerin, yapay zeka
temelli sistemleri yalmizca kullanici olarak degil, elestirel ve bilingli bireyler olarak
degerlendirebilmeleri desteklenmektedir.

Buna ek olarak, literatiirde one ¢ikan bir diger yaklasim, STEM alaninda 6grenme siireclerinin
yapay zeka teknolojileri araciligiyla bireysellestirilmesine odaklanmaktadir. Bu calismalar,
ogrencilerin 6grenme hizlar, ilgi alanlar1 ve performans verilerine gore uyarlanabilir 6grenme
yollarinin gelistirilmesini ele almaktadir. Yapay zeka destekli sistemler, 6grenci verilerini analiz
ederek kisiye 0zgii icerik ve geri bildirim sunmakta ve &grenen merkezli STEM &grenme
ortamlarinin olusturulmasint desteklemektedir (Chassignol vd., 2018; Ouyang vd., 2023;
Akhmetova vd., 2025).

Yapay zeka (YZ), STEM o6grenme ortamlarinda yalmzca bir 6gretim araci olarak degil, ayni
zamanda yeni nesil diisiinme becerilerinin gelisimini destekleyen bir 6grenme unsuru olarak da
ele almmaktadir (Luckin vd., 2016). Bununla birlikte, STEM ve YZ kesisiminde yiiriitilen
calismalarin tematik dagilimi, kullanilan teknolojiler, hedeflenen beceriler ve uygulama alanlari
acisindan biitiinciil bir bicimde incelendigi calismalarin smirl oldugu gériilmektedir. Ozellikle
bu alanin hangi kavram kiimeleri etrafinda sekillendigi, hangi iilkelerde ve arastirma aglarinda
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yogunlastig1 ve zaman i¢inde nasil bir gelisim gosterdigi gibi sorulara sistematik yanitlar sunan
kapsamli analizlere ihtiya¢ duyulmaktadir (Zawacki-Richter vd., 2019; Ouyang vd., 2023).

Literatiirde STEM egitimi ve yapay zeka {izerine bazi bibliyometrik ¢aligmalar (Chen vd., 2020,
Zawacki-Richter vd., 2019) bulunmasina ragmen, bu iki alanin kesisimini biitiinctil bir
perspektifle ele alan ¢alismalarin sinirli oldugu goriilmektedir. Mevcut ¢alismalar ¢ogunlukla
yapay zekayi genel egitim teknolojileri kapsaminda incelemekte olup, STEM disiplinleriyle
biitiinlesen yaklagimlar literatiirdeki yansimalarin1 yeterince kapsamli bigimde analiz
etmemektedir (National Science Foundation [NSF], 2021). Bu ¢alisma, STEM ve yapay zeka
kesisimindeki literatiirii bibliyometrik ydntemlerle inceleyerek alandaki tematik yapilari,
kavramsal iligkileri ve arastirma egilimlerini ortaya koymayi amaglamaktadir. Bu yoniiyle
calisma, literatiirdeki mevcut boglugun daha sistematik bir bicimde degerlendirilmesine katk1
sunmay1 hedeflemektedir.

Bu calismanin amaci, 2006-2025 yillar1 arasinda STEM ve yapay zeka (YZ) kesisiminde
yayimlanan akademik literatiirii bibliyometrik yontemle inceleyerek alandaki iiretim egilimlerini,
tematik yapilar1 ve is birligi aglarini ortaya koymaktir. Bu dogrultuda ¢alisma asagidaki arastirma
sorularina yanit aramaktadir:

1. STEM ve YZ literattriniin 2006—2025 yillar1 arasindaki yillik yayin biiyiime orani ve
atif dagilim egilimleri nasildir?

2. Bualandaki en verimli yazarlar, kurumlar ve akademik kaynaklar hangileridir ve bu
aktorlerin etki duzeyleri (h-index, g-index vb.) nasil dagilmaktadir?

3. Ulkeler ve yazarlar aras1 akademik is birligi aglar1 hangi merkezlerde
yogunlagmaktadir?

4. STEM+YZ literatiiriinde en sik kullanilan anahtar kelimeler nelerdir ve bu kavramlar
zaman iginde nasil bir tematik evrim gegirmistir?

5. Ortak atif (co-citation) ve kavramsal haritalama analizlerine gore alanin temel kuramsal
dayanaklar1 nelerdir?

Yontem

Bu arastirma, bibliyometrik analiz yontemi kullanilarak yiiritiilmiistiir. Bibliyometrik analiz,
bilimsel yayinlarin yapisini, gelisim egilimlerini ve iligkisel driintiilerini incelemeye yonelik nicel
bir aragtirma yaklasimidir (Donthu vd., 2021; Aria & Cuccurullo, 2017). Bu yontem, belirli bir
aragtirma alaninin iiretkenligini, is birligi aglarini ve atif yapisini analiz etmek amaciyla yaygin
olarak kullanilmaktadir. Bu kapsamda, STEM ve yapay zeka temalarini iceren akademik literatiir
bibliyometrik gdstergeler aracilifiyla incelenmis; anahtar kelime es-olusum analizi (co-
occurrence) ve tematik kiimeleme gibi tekniklerden yararlanilmistir.

Veri Tabani ve Kapsam

Arastirma verileri, Web of Science (WoS) Core Collection veri tabanindan elde edilmistir. WoS,
yiiksek etki faktorlii ve hakemli yaymlar1 kapsamasi nedeniyle bibliyometrik analizlerde yaygin
olarak tercih edilen bir veri kaynagidir (Mongeon & Paul-Hus, 2016). Veri taramas1 07 Temmuz
2025 tarihinde gergeklestirilmis ve 2006-2025 yillar1 arasinda yayimlanan ¢alismalar analize
dahil edilmistir.

Tarama siirecinde agsagidaki anahtar kelime dizisi kullanilmistir:

("STEM  Education” OR "Science Technology Engineering Mathematics") AND
("Artificial Intelligence”™ OR "Al in Education” OR "Intelligent Tutoring Systems"™) AND
("Teaching" OR "Learning" OR "Instruction" OR "Teacher Education™)

Avan, C., & Agikgdz, S. (2026). STEM and Artificial Intelligence: A Bibliometric Analysis
of Integrated Approaches in Education (2006—-2025). Online Journal of
Mathematics, Science and Technology Education (OJOMSTE), 7(1), 42-67.



https://ojomste.com/index.php/1/index
https://www.ojomste.com/index.php/1

Online Journal of Mathematics, Science and Technology Education (OJOMSTE)

Vol: 7 No: 1 Year: 2026

journal homepage: https://www.ojomste.com/index.php/1

Bu tarama sonucunda toplam 449 akademik yayin belirlenmis ve analiz kapsamina alinmastir.

Elde edilen yaymlarin baslk, yazar, yil, dergi adi, anahtar kelimeler ve o6zet bilgileri .bib
formatinda disa aktarilmigtir. Arastirma verileri, Web of Science (WoS) Core Collection veri
tabaninda “Topic” (baslik, 6zet, yazar anahtar kelimeleri ve Keywords Plus) alan1 taranarak elde
edilmistir. Veri setinin kapsaml1 ve temsil giicii yiiksek olmasi amaciyla Science Citation Index
Expanded (SCI-EXPANDED), Social Sciences Citation Index (SSCI), Arts and Humanities
Citation Index (A&HCI) ve Emerging Sources Citation Index (ESCI) indeksleri analize dahil
edilmistir. Analiz siirecinde dil kisitlamasina gidilmemistir.

Analiz kapsamina alinan 449 dokiimanin tiirsel dagilimi incelendiginde, 183’{iniin arastirma
makalesi (Article), 16’siin inceleme makalesi (Review) ve 228’inin konferans bildirisi/toplanti
Ozeti (Meeting Abstract/Proceedings) oldugu goriilmektedir. Ayrica veri setinde erken erisim
makaleler, kitap boliimleri ve editoryal metinler de yer almaktadir.

Veri secim sireci PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) protokoliine uygun olarak yiiriitiilmiistiir. Ilk asamada yapilan tarama sonucunda 512
kayda ulasilmistir. On eleme sirecinde, 2006-2025 yillar1 disinda kalan 21 yaym ve hakemli
olmayan 14 dokiiman veri setinden ¢ikarilmigtir. Yinelenen kayitlarin kontrolii sonucunda 8
miikerrer ¢alisma elenmistir. Son agsamada baglik ve 6zet incelemesi yapilmis, arastirma odagiyla
dogrudan iliskili olmayan 20 ¢alisma kapsam dis1 birakilmistir. Bu siire¢ sonunda toplam 449
akademik dokiiman analiz kapsamina dahil edilmistir. Stire¢, PRISMA akis diyagrami ile Sekil
1’de sunulmustur.

e A
Tanilama Kalan kayitlar
tarandi
512 kayit Uygun Olanlar
bulundu : Analize dahil
{" Haric tutulanlar: edilen: 449
R . - Yil disi (n = 21) i
i Tekrarlar i i- Hakemsiz (n = 14):
5_.'Q|karlld| (n= 8)..,5 i- Konu digi (n = 20);
. Dahil Edilenler
Tam metin
Tarama incelendi
- J

Sekil 1. Sistematik literatiir taramas: kapsaminda calisma se¢im siirecine iligkin PRISMA 2020
akug diyagrami

Analizlerin giivenilirligini artirmak amaciyla veri temizligi ve normalizasyon Sireci
uygulanmistir. Bu kapsamda, yazim farklilig1 gosteren yazar isimleri (6r. “Smith J.” ve “Smith,
John”) tek bir kimlik altinda birlestirilmis ve kurum adlarindaki farkli kullanimlar standardize
edilmistir. Ayrica miikerrer kayitlar veri setinden ¢ikarilmisgtir.

Kavramsal tutarlilig1 saglamak amaciyla bir es anlamlilar dizini (thesaurus) olusturulmus ve “Al”,
“Artificial Intelligence” ve “Yapay Zeka” gibi aym kavrami ifade eden anahtar kelimeler tek bir
baslik altinda toplanmistir. Benzer sekilde, “STEM education” ve “STEM learning” gibi yakin
anlamli terimler birlestirilmigtir.
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Bu islemler sonucunda veri seti analiz i¢in uygun hale getirilmis ve bibliyometrik analizler nihai
veri seti lizerinden gergeklestirilmistir.

Veri Analizi Sureci

Verilerin analizi, bibliometrix (Aria & Cuccurullo, 2017) R paketi ve buna entegre biblioshiny
araci1 kullanilarak gergeklestirilmistir. Arastirma sorularina yanit verebilmek amaciyla asagidaki
bibliyometrik analiz tekniklerinden yararlanilmistir:

* Yillara gore yayin ve atif dagilimi

* En verimli yazarlar, kurumlar ve {ilkeler

* Atif analizi (total citation, h-indeX, g-index, m-index)
* Ortak yazarlik analizi (co-authorship analysis)

* Anahtar kelime es-olusum analizi (co-word analysis)
* Ortak atif analizi (co-citation analysis)

» Kaynaklar arasi iligki ag1 (source co-citation)

* Tematik haritalama ve evrim analizi

Bu analizler, literatiiriin iiretim egilimlerini, etki diizeylerini, is birligi yapilarin1 ve kavramsal
organizasyonunu ¢ok boyutlu olarak incelemek amaciyla se¢ilmistir. Elde edilen sonuglar ag
gorsellestirme, tematik harita ve trend analizleri aracilifiyla sunulmustur.

STEM ve yapay zeka literatiiriiniin tematik yapisim1 daha kapsamli incelemek amaciyla anahtar
kelime analizi ii¢ farkli diizeyde gerceklestirilmistir. ilk olarak, yazarlarin kendi ¢alismalarini
tanimlamak icin kullandiklar1 “Yazar Anahtar Kelimeleri” analiz edilmistir. Ikinci olarak, Web
of Science tarafindan otomatik olarak olusturulan “Keywords Plus” dizini incelenmistir. Son
olarak, baslik ve 6zet metinlerinde yer alan terimler frekans analizine tabi tutulmustur.

Bu ¢ok katmanli yaklasim, literatiirdeki kavramlarin hem arastirmacilar tarafindan nasil
tanimlandigim1 hem de veri tabani diizeyinde nasil iligkilendirildigini ortaya koymay1
amaclamaktadir.

Kavramsal Haritalama ve Tematik Kiimeleme

Verilerin yorumlanmasinda bilimsel iiretkenlik (yayin sayis1), etki giicii (atif sayis1 ve PageRank
degeri) ve iligkisellik (kiimeleme yapilar1 ve ag baglantilari) gibi gostergeler dikkate alinmistir.

Tematik analizlerde, literatiirde en sik kullanilan anahtar kelimeler ve ¢aligmalar arasindaki atif
iligkileri incelenerek benzer konular etrafinda kiimelenmeler belirlenmistir. Bu kapsamda, yerel
ve kiiresel atif yapilart degerlendirilerek caligmalarin hem veri seti icindeki hem de genel
literatiirdeki etkisi analiz edilmistir.

Ortak atif ve es-olusum analizlerinde ise kavramlar ve ¢alismalar arasindaki iligkilerin yapisi, ag
olgiitleri kullanilarak incelenmistir. Bu 6lgiitler arasinda diigiimlerin baglanti yogunlugu, diger
diigiimlere olan uzaklig: (yakinlik merkeziyeti) ve farkli kiimeler arasinda koprii rolii listlenme
diizeyi (aradalik merkeziyeti) yer almaktadir. Elde edilen bulgular grafikler araciligiyla
gorsellestirilmis ve yorumlanmustir.

Avan, C., & Agikgdz, S. (2026). STEM and Artificial Intelligence: A Bibliometric Analysis
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Bulgular

Bu bdliimde, R Studio programi ile yapilan analizler sonucunda elde edilen bulgular tablolar ve
grafiklerle sunulmaktadir. Bu gorseller, ortaya ¢ikan egilimleri ve 6nemli noktalarin daha iyi ifade
edilmesi i¢in agiklamalarla desteklenmistir.

Arastirma Sorusu 1: Yayin ve Aaf Egilimleri

Bu bolumde, STEM ve yapay zeka literatiriintin 2006-2025 yillar1 arasindaki yillik yayin iretimi
ve atif egilimleri incelenmistir. Elde edilen temel bibliyometrik gostergeler Tablo 1°de
sunulmaktadir.

Tablo 1. STEM ve YZ Literatiiriine Ait Tanmimlayict Bibliyometrik Gostergeler (2006—2025)

Aciklama Sonuglar
Veriler Hakkinda Zaman aralig1 2006-2025
Bashca Bilgiler Kaynaklar (Dergi, kitap vb.) 225
Dokiimanlar 449
Yillik Biiytime Oran1 % 20.93
Dokiimanlarin ortalama yas1 5
Dokiiman bagina diisen atif sayist 16.38
Kaynakgada atif verilen eserlerin toplam sayisi 17116
Dokiiman icerikleri Keywords Plus — yayinci anahtar sozciik sayist 570
Yazarlarin anahtar sozciik sayisi 1395
Yazarlar Yazar Sayisi 1567
Tek yazarl yayin iireten yazar sayisi 28
Yazar Isbirligi Toplam tek yazarli yayin sayist 31
Dokiiman bagina diisen ortak yazar sayisi 4.43
Uluslararasi ortak yazarlik orani (%) 15.37
Dokiiman Turleri Makale 183
Makale; Kitap bélimi 5
Makale; erken erigim 8
Editoryal metin 6
Toplant1 6zeti 228
Inceleme 16
Inceleme erken erisim 3

Tablo 1 incelendiginde, analiz kapsaminda 2006—2025 yillar1 arasinda toplam 449 akademik
dokiimanin degerlendirildigi ve bu ¢alismalarin 225 farkli kaynaktan elde edildigi goriilmektedir.
Yillik ortalama yayin artis orani %20.93 olarak hesaplanmigtir. Bu bulgu, STEM ve yapay zeka
kesisimindeki ¢alismalarin zaman iginde artis egilimi gosterdigine isaret etmektedir.

Incelenen yaymlarin ortalama yas1 5 yil olup, literatiiriin bilyiik 6lgiide giincel ¢alismalardan
olustugu sdylenebilir. Dokiiman basina diisen ortalama atif sayist 16.38 olarak belirlenmistir.
Ayrica, veri setinde yer alan caligmalarin kaynakgalarimda toplam 17116 atif bulundugu
goriilmektedir. Bu durum, alanin referans yogun bir yapiya sahip oldugunu gostermektedir.

Avan, C., & Agikgdz, S. (2026). STEM and Artificial Intelligence: A Bibliometric Analysis
of Integrated Approaches in Education (2006—-2025). Online Journal of
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Dokiiman tiirleri incelendiginde, yayinlarin 6nemli bir kismini 183 adet 6zgiin arastirma makalesi
olusturmaktadir. Bunu 228 adet toplant1 6zeti ve 16 adet inceleme makalesi takip etmektedir.
Bunun yaninda erken erisim makaleler, editéryal metinler ve kitap boliimleri de veri setinde yer
almaktadir. Bu ¢esitlilik, alanin farkli yaym tiirleri tizerinden gelistigini gostermektedir.

Yazar is birligi baglaminda, dokiiman basina ortalama 4.43 ortak yazar diistigii ve yayinlarin
yaklasik %15.37’sinde uluslararas1 is birligi bulundugu goriilmektedir. Toplam 1567 farkl
yazarin yer aldig1 veri setinde yalnizca 31 yayimin tek yazarli olmasi, STEM ve yapay zeka temelli
caligmalarin biiyiik 6l¢iide ekip ¢aligmasina dayandigimi gostermektedir.

Ayrica, yazarlar tarafindan kullanilan anahtar kelime sayisinin 1395, yayinei sistemleri tarafindan
atanan Keywords Plus terimlerinin ise 570 oldugu belirlenmistir. Bu durum, literatiirde kavramsal
cesitliligin yiliksek oldugunu ve ¢aligmalarin farkli tematik alanlara yayildigini gostermektedir.

STEM ve yapay zeka alaninda yayimlanan bilimsel dokiimanlarin yillara gére dagilimi Sekil 2°de
sunulmaktadir.
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Sekil 2. 20062025 Yillar1 Arasinda STEM ve YZ Konulu Yayinlarin Yillara Gore Dagilimi

Sekil 2 incelendiginde, 2006-2013 yillar1 arasinda yaym sayilarinin gorece diisiik diizeyde
seyrettigi goriilmektedir. Bu donemde yillik yayin sayisinin sinirhi kaldigi ve alana yonelik
akademik ilginin heniiz gelisim agamasinda oldugu sdylenebilir.

2014 yil ile birlikte yaym sayisinda belirgin bir artis egilimi gozlenmekte, bu artisin 6zellikle
2020 yili sonrasinda hiz kazandig1 dikkat ¢gekmektedir. 2021 ve 2022 yillari, sirasiyla 63 ve 68
yaym ile en yiiksek iiretim diizeyine ulasilan donemler olmustur.

2023-2025 yillar1 arasinda da yayin sayilarinin yiiksek seviyede seyrini = siirdiirdiigii
goriilmektedir. Bu durum, STEM ve yapay zeka kesisimine yonelik akademik ilginin son yillarda
artis gosterdigine isaret etmektedir. Yaymn sayisindaki bu artisin, egitimde dijitallesme
stireclerinin hizlanmasi ve yapay zeka teknolojilerine yonelik ilginin artmasiyla iliskili olabilecegi
degerlendirilmektedir.

Yillara gore atif dagilimlar1 Sekil 3’te sunulmaktadir.

Avan, C., & Agikgdz, S. (2026). STEM and Artificial Intelligence: A Bibliometric Analysis
of Integrated Approaches in Education (2006—-2025). Online Journal of
Mathematics, Science and Technology Education (OJOMSTE), 7(1), 42-67.
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Sekil 3. STEM ve YZ Konulu Yaynlarin Yillara Gore Ortalama Atif Dagilimlart

STEM ve yapay zeka konularindaki yayinlarin bilimsel etkisini degerlendirmek amaciyla, makale
basina diisen ortalama atif sayilari (Mean Total Citations per Article — MeanTCperArt) ve yillik
ortalama atif degerleri (Mean Total Citations per Year — MeanTCperY ear) incelenmistir.

Sekil 3 incelendiginde, 6zellikle 2007-2014 doneminde yayimlanan ¢aligmalarin daha yiiksek
ortalama atif degerlerine sahip oldugu goriilmektedir. Bu donemdeki yayin sayisi gorece diisiik
olmasina ragmen, atif ortalamalarmin yiiksek oldugu dikkat cekmektedir. Ornegin, 2007 yilinda
yayimlanan 4 makalenin ortalama 53.75 atif aldig1 goriilmektedir. Benzer sekilde 2010 (40.83),
2012 (48), 2013 (48.17) ve 2014 (46.41) yillarinda yayimlanan calismalar da yiiksek atif
ortalamalarina sahiptir.

2015 yili sonrasinda yayin sayilarinda belirgin bir artis gdzlenmesine ragmen, makale bagina
diisen ortalama atif sayisinda gorece bir azalma oldugu goriilmektedir. Bu durum, literatiirdeki
yaym hacminin artmasiyla birlikte atiflarin daha genis bir yaym grubuna dagilmasiyla iligkili
olabilir. Ornegin, 2021 yilinda yayimlanan 63 c¢alismanin ortalama atif sayis1 11.17 iken, 2022
yilinda yayimlanan 68 ¢alismada bu deger 13.00 olarak hesaplanmustir.

Son yillarda (2023-2025) yayimlanan ¢aligmalarin ise heniiz yeterli atif birikimine ulagsmadigi
goriilmektedir. Bu durum, yayinlarin gérece yeni olmasiyla agiklanabilir. Bununla birlikte, 2023
yili ortalama 17.59 atif ve yillik 5.86 atif degeri ile son donem calismalari arasinda dikkat ceken
bir konumda yer almaktadir.

Arastirma Sorusu 2: En Verimli Yazarlar, Kurumlar ve Kaynaklar

Bu boliimde, STEM ve yapay zeka literatiiriinde 6ne ¢ikan yazarlar, akademik kaynaklar ve
kurumlar {tretkenlik ve etki gostergeleri acisindan incelenmistir. STEM ve yapay zeka
konularindaki bilimsel iiretimin hangi akademik mecralarda yogunlastigini belirlemek amaciyla
kaynak bazli bir siklik analizi yapilmistir. Sekil 4’te, WoS veri tabanindan elde edilen yayinlar
arasinda en sik tercih edilen akademik kaynaklar sunulmaktadir.

Avan, C., & Agikgdz, S. (2026). STEM and Artificial Intelligence: A Bibliometric Analysis
of Integrated Approaches in Education (2006—-2025). Online Journal of
Mathematics, Science and Technology Education (OJOMSTE), 7(1), 42-67.
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Sekil 4. STEM ve YZ Literatiiriinde En Stk Atif Alan Akademik Kaynaklar

Analiz sonuglarina gore, 449 calismanin 225 farkli kaynakta yayimlandigi goriilmektedir. Bu
cesitlilik, alanin disiplinleraras1 yapisina ve farkli arastirma ortamlarinda ele alindigina isaret
etmektedir.

En fazla yayina sahip kaynak, 26 yayin ile International Journal of Artificial Intelligence in
Education (IJAIED) olmustur. Bu dergiyi International Journal of STEM Education (14 yayin)
ve Frontiers in Education (10 yayin) takip etmektedir. Bu kaynaklarin, yapay zeka ve STEM
egitimi kesisiminde yapilan ¢caligmalara 6nemli bir yayin ortam1 sundugu goriilmektedir.

Akademik dergilerin yani sira konferans temelli yayinlarin da literatiirde 6nemli bir yer tuttugu
dikkat cekmektedir. Ozellikle Thirty-Sixth AAAI Conference on Artificial Intelligence
kapsaminda yer alan Educational Advances in Al bdliimii ile AIED konferansina ait ¢esitli yaym
tiirlerinin (poster, ¢alistay, doktora konsorsiyumu) alandaki giincel ¢alismalarin paylagilmasinda
aktif rol oynadig1 goriilmektedir.

Bu bulgular, alanin yalnizca dergi makaleleri {izerinden degil, ayn1 zamanda konferanslar
araciligryla da gelistigine isaret etmektedir.

STEM ve yapay zeka literatiiriinde 6ne ¢ikan ¢ekirdek kaynaklar, Bradford Yasasi ¢ercevesinde
analiz edilmistir. Sekil 5’te sunulan grafik, yayinlarin belirli akademik kaynaklarda yogunlastigini
gostermektedir.

Core Sources by Bradford's Law

Core
Sources

Articles

Source log(Rank)

Sekil 5. STEM ve YZ Yayinlarinin Bradford Yasasi1 Uyarinca Dagilimi

Avan, C., & Agikgdz, S. (2026). STEM and Artificial Intelligence: A Bibliometric Analysis
of Integrated Approaches in Education (2006—-2025). Online Journal of
Mathematics, Science and Technology Education (OJOMSTE), 7(1), 42-67.
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Grafikte, en fazla yaymma sahip kaynaklarin “cekirdek kaynaklar” bolgesinde toplandigi
gorulmektedir. Bu kapsamda International Journal of Artificial Intelligence in Education,
International Journal of STEM Education, Frontiers in Education, Education and Information
Technologies ve Thirty-Sixth AAAI Conference on Artificial Intelligence gibi yayinlarin
literatlirde 6nemli bir konumda yer aldig1 dikkat cekmektedir.

Bununla birlikte, daha az sayida yayin iceren ¢ok sayida dergi ve konferansin bulundugu “uzun
kuyruk” yapisi da gézlenmektedir. Bu durum, alanin ¢ok disiplinli yapisini ve farkli akademik
platformlara yayildigini géstermektedir.

Genel olarak degerlendirildiginde, STEM ve yapay zeka literatiiriiniin belirli ¢ekirdek dergi ve
konferanslar etrafinda yogunlastigi, ancak ayn1 zamanda genis bir akademik yelpazeye yayildig
gorlilmektedir. Bu yapi, alanin hem odakli hem de ¢ok disiplinli bir gelisim gosterdigine isaret
etmektedir.

STEM ve yapay zeka kesisiminde yapilan yayinlar incelendiginde, belirli aragtirmacilarin hem
iiretkenlik hem de atif etkisi acgisindan 6ne ¢iktig1 goriilmektedir. Bu kapsamda, en ¢ok yayin
yapan ve en yiiksek atif degerlerine sahip yazarlar bibliyometrik gostergeler (h-index, g-index ve
m-index) kullanilarak analiz edilmistir. Tablo 2°de, STEM ve yapay zeka literatiiriinde 6ne ¢ikan
yazarlarin yayn sayilari, toplam atif degerleri ve bibliyometrik gostergeleri sunulmaktadir.

Tablo 2. STEM ve YZ Alaminda En Uretken Yazarlar, Makaleleri ve Atf Metrikleri

Yazarlar h-endeksi g-endeksi m-endeksi Toplam  Yaym ilk Yaym
Atif Sayisi Yihh
Sayisi
Azevedo 8 18 0.421 524 18 2007
Taub 8 12 0.8 358 12 2016
Barnes 6 9 0.545 92 13 2015
Belland 6 7 0.545 368 7 2015
Chi 6 10 0.545 114 14 2015
Kim 6 6 0.6 409 6 2016
Biswas 5 11 0.263 154 11 2007
Burleson 5 5 0.333 108 5 2011
Graesser 5 7 0.417 297 7 2014
Heffernan 5 8 0.417 357 8 2014
Ali 4 5 0.8 100 5 2021
Barnes 4 5 0.5 32 5 2018
Girard 4 4 0.333 48 4 2014
Hu 4 7 0.267 259 7 2011
Koedinger 4 4 0.308 186 4 2013
Maniktala 4 5 0.667 39 5 2020
Matsuda 4 8 0.308 99 8 2013
Tiffany 4 5 0.5 32 5 2018
Vanlehn 4 6 0.267 101 6 2011
Xu 4 4 0.8 63 4 2021
Yang 4 4 0.667 46 4 2020
Zhai 4 5 0.8 104 5 2021
Zhang 4 4 0.333 48 4 2014
Arroyo 3 4 0.176 99 4 2009
Ausin 3 5 0.5 31 5 2020

Avan, C., & Agikgdz, S. (2026). STEM and Artificial Intelligence: A Bibliometric Analysis
of Integrated Approaches in Education (2006—-2025). Online Journal of
Mathematics, Science and Technology Education (OJOMSTE), 7(1), 42-67.
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Tablo 2 incelendiginde, Azevedo’nun toplam atif sayis1 bakimindan en yiiksek degere sahip
oldugu goriilmektedir. Analiz sonuglarina gore m-index degeri en yiiksek olan (0.8) arastirmacilar
Taub, Ali, Xu ve Zhai'dir. Bu bulgu, s6z konusu yazarlarin alanda kisa stirede oldukca yiiksek bir
etki olusturdugunu gostermektedir. Azevedo ise toplam atif sayis1 bakimindan lider konumdadir.

Ayrica, Taub, Ali, Xu ve Zhai gibi bazi arastirmacilarin yiiksek m-index degerlerine sahip olmasi,
bu yazarlarin daha kisa siirede yliksek etki olusturdugunu gostermektedir. Bu durum, alanda hem
uzun siiredir aktif olan aragtirmacilarin hem de son dénemde 6ne ¢ikan ¢aligmalarin birlikte yer
aldigim gostermektedir.

STEM ve yapay zeka literatirinde yer alan ¢aligmalarin etki diizeyi, toplam atif sayilar1 dikkate
almarak degerlendirilmistir. Tablo 3’te, 2006—2025 yillar1 arasinda yayimlanan ve en yiiksek atif
degerine sahip ¢aligmalar sunulmaktadir.

Tablo 3. STEM ve YZ Alaminda En Uretken Yazarlar, Makaleleri ve Anf Sayilart

Yazarlar Bashk Kaynak Topla  Yillhk Normallestirilm
m Atf Topla is Toplam Atif
Sayis1 m Atf Sayisi
Sayisi

The ASSISTments
Ecosystem: Building a

Platform that Brings International

Heffernan . Journal of
& ?g'ee”tﬂztrsfzrr'?\;ﬁ?;gﬂs Artificial 272 2267 5.86
Heffernan geth y Intelligence in
Invasive Research on -
. Education
Human Learning and
Teaching
In Proceedings
Unsupervised bilingual of the 57th
word embedding Annual Meeting
Sun vd. agreement for of the 234 33.43 9.88
unsupervised neural Association for
machine translation Computational

Linguistics

In International
workshop on
Outlier detection with machine

Latecki vd. - . learning and 213 11.21 3.96
kernel density functions q L2
ata mining in

pattern
recognition
A selective meta-analysis
on the relative incidence Journal of
D'Mello of discrete affective states Educational 200 15.38 4.15
during learning with Psychology
technology.
Synthesizing Results From .
Belland Empirical Research on Re"'eV.V of
Educational 179 19.89 8.04
vd. Computer-Based
Research

Scaffolding in STEM
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Education: A Meta-
Analysis

AutoTutor and Family: A International

. Journal of
Nye vd. Review of 17 Years of Artificial 165  13.75 3.56
Natural Language . .
. Intelligence in
Tutoring .
Education

Analyzing Multimodal
Multichannel Data about

Azevedo &  Self-Regulated Learning Computers in

Gasevic with Advanced Learning Huma}n 163 23.29 6.88
. Behavior
Technologies: Issues and
Challenges
Casal- Al literacy in K-12: a
Otero vd. systematic literature IJ STEM Ed 145 48.33 8.24
review
leferen_tlal Privacy Thirtieth AAA]
NhatHai Preservation for Deep Conference on
Auto-Encoders: an - 141 14.10 4.85
vd. . Artificial
Application of Human Intellicence
Behavior Prediction g
Automation, Algorithms,
Neff & and Politics| Talking to International
Nagy Bots: Symbiotic Agency Journal of 140 14.00 4.82
and the Case of Tay Communication
ngh-throgghput Physical
McCulloug ~ SXPerimentation meets oy
artificial intelligence: a . 106 17.67 6.30
h vd. Chemical
new pathway to catalyst .
di Physics
iscovery
Deep Learning in
Kalinin vd. Pharmacogen_omlcs: Fr_om Pharma}cogenom 103 12 88 5 46
Gene Regulation to Patient ics
Stratification
The application of Al
Xu & technologies In STEM ~yorpveg 102 2550 7.85
Ouyang education: a systematic
review from 2011 to 2021
Gamage A systematic review on
vd g trends in using Moodle for IJ STEM Ed 102 25.50 7.85
' teaching and learning
Effectiveness of
Computer-Based
Scaffolding in the Context Educ Psvchol
Kim vd. of Problem-Based Y 100 12.50 5.30

Learning for Stem Rev

Education: Bayesian
Meta-analysis
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Bu tabloda, toplam atif sayis1 (TC), yillik ortalama atif (TC p Y) ve normallestirilmis atif degeri
(N.TC) dikkate alinarak siralanan ¢aligmalar yer almaktadir. Tablo 3 incelendiginde, Heffernan
ve Heffernan (2014) c¢alismasimin 272 atif ile en yiiksek etkiye sahip calisgma oldugu
gorlilmektedir. Bunun yani sira, Sun ve arkadaslarinin (2019) calismasi yillik ortalama atif degeri
bakimindan 6ne ¢ikmaktadir.

Ayrica, Azevedo ve Gasevic’in 6z-dlzenleme sireclerine odaklanan ¢aligmasi ile Belland ve
arkadaslarinin STEM baglamindaki bilgisayar destekli 6grenme {izerine yaptig1 meta-analiz de
yuksek atif degerleri ile dikkat ¢ekmektedir. Bu bulgular, literatiirde one ¢ikan g¢alismalarin
cogunlukla yapay zeka destekli 6grenme sistemleri ve Ggrenme siireglerinin analizi {izerine
yogunlagtigini gdstermektedir.

Kurumsal diizeyde yapilan analizler, STEM ve yapay zeka alanindaki bilimsel {iretimin belirli
tiniversitelerde yogunlastigini gostermektedir. Analiz sonuglarina goére North Carolina State
University en yliksek yayin sayisina sahip kurum olarak dne ¢ikmaktadir. Bunu Carnegie Mellon
University, Arizona State University ve University of Memphis gibi arastirma {iniversiteleri takip
etmektedir.

Ayrica Cin ve Hong Kong merkezli liniversitelerin katkilarinda artis gézlemlenmesi, alanin
kiiresel dlgekte genisledigine isaret etmektedir. Bu bulgular, bilimsel iiretimin belirli merkezlerde
yogunlagmakla birlikte uluslararasi diizeyde yayilim gosterdigini ortaya koymaktadir.

Arastirma Sorusu 3: Iy Birligi Aglart

Bu bolimde, STEM ve yapay zeka literatiiriinde iilkeler arasi akademik is birligi yapilar
incelenmistir. Sekil 6’da sunulan ag, 2006-2025 yillar1 arasinda yayimlanan ¢aligmalar temel
alinarak olusturulmustur.

®
’,:,. “‘o v —®

Sekil 6. 2006-2025 Arasinda STEM ve YZ Literatiiriinde Ulkeler Arasi Akademik Isbirligi Ag

Sekil 6 incelendiginde, ABD’nin agda merkezi bir konumda yer aldig1 ve ¢ok sayida iilke ile is
birligi yaptig1 goriilmektedir. ABD’nin Kanada, Cin, Birlesik Krallik, Almanya, Giiney Kore ve
Fransa ile yogun is birligi icinde oldugu dikkat ¢gekmektedir.

Bunun yani sira Avustralya, Cin ve Almanya gibi iilkelerin kendi ¢evrelerinde bolgesel is birligi
kiimeleri olusturdugu goériilmektedir. Bu bulgu, STEM ve yapay zeka alanindaki aragtirmalarin
uluslararasi is birlikleri araciligiyla gelistigine isaret etmektedir.

Avan, C., & Agikgdz, S. (2026). STEM and Artificial Intelligence: A Bibliometric Analysis
of Integrated Approaches in Education (2006—-2025). Online Journal of
Mathematics, Science and Technology Education (OJOMSTE), 7(1), 42-67.
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Gorsellestirme, Louvain algoritmasina dayali modiilerlik temelli kiimeleme yaklasimiyla
gerceklestirilmistir. Louvain algoritmasi, biiyiik 6l¢ekli aglarda topluluk yapisini ortaya ¢ikarmak
amaciyla modiilerlik degerini maksimize eden ve diigiimleri yogun baglantilarina gore
kiimelendiren yaygin bir ag analiz yontemidir. Bu sayede, sik is birligi yapan iilkeler ayn1 renkli
kiimelerde toplanarak tematik yakinliklar: ve bilimsel etkilesim yogunluklari ortaya konmustur.
Yazarlar arasi ortak yazarlik (co-authorship) agi Sekil 7°de sunulmaktadir. Bu agda diigiimler
yazarlari, baglantilar ise birlikte yayimlanan ¢aligmalari temsil etmektedir.

Sekil 7, arastirma alanindaki ortak yazarlik aginin yapisini ortaya koymaktadir.
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Sekil 7. STEM ve YZ Literatiiriinde Yazarlar Arast Ortak Yazarlik Ag1 (Co-Authorship)

Sekil 7 incelendiginde, Barnes ve Chi’nin yogun baglanti yapilariyla agin merkezinde yer aldigi
gorlilmektedir. Bu durum, s6z konusu yazarlarin literatiirde yiiksek is birligi diizeyine sahip
oldugunu gostermektedir.

Bununla birlikte, merkeziyet Ol¢limleri incelendiginde Heffernan’in yiiksek aradalik
(betweenness) degeri ile farkli yazar gruplar1 arasinda koprii rolii tistlendigi goriilmektedir. Bu
durum, gorsel merkezilik ile yapisal merkeziligin farkli kavramlar oldugunu ortaya koymaktadir.
Benzer sekilde Azevedo’nun farkli kiimelerle baglanti kurdugu ve literatiirde tematik cesitliligi
temsil eden bir konumda yer aldig1 goriilmektedir.

Arastirma Sorusu 4: Anahtar Kelimeler ve Tematik Yapi

Bu bolimde, STEM ve yapay zeka literatiiriinde en sik kullanilan anahtar kelimeler ve bu
kavramlarin son yirmi yildaki tematik dontisiimii incelenmistir. Kelime bulutu (Sekil 8) ve
kavramsal egilim grafikleri (Sekil 9), “intelligent tutoring systems” ve “computational thinking”
gibi kavramlarin literatiirde 6ne ¢gikan temalar arasinda yer aldigini gostermektedir.

Tablo 4, STEM ve yapay zeka alanindaki yayinlarda en sik kullanilan anahtar kelimeleri ti¢ farkli
bibliyometrik alan (yazar anahtar kelimeleri, Keywords Plus ve 6zetler) lizerinden karsilastirmali
olarak sunmaktadir.

Avan, C., & Agikgdz, S. (2026). STEM and Artificial Intelligence: A Bibliometric Analysis
of Integrated Approaches in Education (2006—-2025). Online Journal of
Mathematics, Science and Technology Education (OJOMSTE), 7(1), 42-67.
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Tablo 4. STEM ve YZ Alamindaki Yayinlarda En Stk Kullanilan Anahtar Kelimelerin
Karsilastirmal Goriiniimii

Yazar Tarafindan
Belirlenen Anahtar

Kelimeler f Keywords Plus f Ozetler F
stem education 76 Students 35  learning 1015
artificial intelligence 66 Science 26  students 809
Education 33 Knowledge 24 education 495
intelligent tutoring systems 33 Model 17 i 426
machine learning 32 Design 16  stem 382
Learning 29 Framework 15 data 356
Stem 27 Education 14 research 285
deep learning 14 Impact 14 study 281
Technology 14 intelligent tutoring systems 14 science 273
Chatgpt 11 Technology 14  student 249

Yazar anahtar kelimeleri incelendiginde “STEM education” (f=76) ve “artificial intelligence”
(f=66) terimlerinin 6n plana ¢iktig1 goriilmektedir. Bunun yani sira “intelligent tutoring systems”,
“machine learning” ve “learning” gibi kavramlarin da siklikla tercih edildigi dikkat cekmektedir.
Keywords Plus alaninda ise “students” (f=35), “science” (f=26) ve “knowledge” (f=24) gibi daha
genel ve igerikten tiiretilmis kavramlarin 6ne ¢iktig1 goriilmektedir. Ozellikle “intelligent tutoring
systems” teriminin her iki kategoride de yer almasi, bu kavramin alan agisindan 6nemli bir odak
noktast oldugunu gostermektedir.

Ozetlerde en sik karsilasilan terimler arasinda “learning” (f=1015) ve “students” (f=809) yer
almakta olup, “education” (f=495), “ai” (f=426) ve “stem” (f=382) gibi kavramlar da ¢aligmalarda
One c¢ikan tematik yonelimlere isaret etmektedir. Ayrica “ChatGPT” gibi yeni nesil yapay zeka
araclarinin (f=11) yazar anahtar kelimeleri arasinda yer almasi, bu kavramlarin literatiirde giderek
yer bulmaya basladigini géstermektedir. Genel olarak degerlendirildiginde, farkli veri kaynaklari
tizerinden elde edilen anahtar kelimelerin biiylik dlglide benzer tematik odaklara isaret ettigi
gorulmektedir.

Sekil 8, en sik kullanilan anahtar kelimelere dayali olarak olusturulan kelime bulutunu
gostermektedir.
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Sekil 8. STEM ve YZ Alaminda En Stk Kullanilan Anahtar Kelimelerden Olusturulan Kelime
Bulutu

Avan, C., & Agikgdz, S. (2026). STEM and Artificial Intelligence: A Bibliometric Analysis
of Integrated Approaches in Education (2006—-2025). Online Journal of
Mathematics, Science and Technology Education (OJOMSTE), 7(1), 42-67.
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Sekil 8’de sunulan kelime bulutu, STEM ve yapay zekad alaninda en sik kullanilan anahtar
kelimelerin frekans dagilimini gorsellestirmektedir. Gorselde daha biiyiik ve belirgin sekilde yer
alan terimler, literatiirde daha yiiksek siklikta kullanilan kavramlari temsil etmektedir. Kelime
bulutu incelendiginde “STEM education”, “artificial intelligence” ve “intelligent tutoring
systems” gibi kavramlarin one ¢iktig1 goriilmektedir. Bu durum, s6z konusu kavramlarin
literatiirde siklikla birlikte ele alindigin1 géstermektedir.

Sekil 9 yazar anahtar kelimelerine dayali olarak hangi terimlerin ortaya ¢iktigini gostermekte,
terimlerin popiilerligini vurgulayarak, konunun evrimine genel bir bakis saglamaktadir.
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Sekil 9. Yazar Anahtar Kelimelerine Gore 2006—-2025 Arasinda Kavramsal Egilimler

Sekil 9, 2006-2025 yillar1 arasinda STEM ve yapay zeka temali ¢alismalarda yazar anahtar
kelimelerinin zaman igerisindeki degisimini gostermektedir. Grafik, belirli kavramlarin hangi
donemlerde one ciktigini ve literatiirdeki arastirma egilimlerinin nasil degistigini ortaya
koymaktadir. 2006-2014 doneminde “intelligent tutoring systems”, “machine learning”,
“computer-based learning” ve “learning analytics” gibi kavramlarin literatiirde yer almaya
basladig1 goriilmektedir. Bu kavramlar, egitimde teknoloji kullanimina yonelik erken dénem
calismalar1 yansitmaktadir.

20152019 doneminde “STEM education”, “artificial intelligence in education”, “educational
technology” ve “robotics” gibi kavramlarin daha belirgin hale geldigi dikkat ¢ekmektedir. Bu
durum, yapay zeka uygulamalarinin egitim ortamlaria entegrasyonunun arttigini gostermektedir.
2020-2025 doéneminde ise “online learning”, “personalized learning”, “adaptive learning
systems”, “augmented reality” ve “chatbot” gibi daha kullanic1 odakli kavramlarin literatiirde yer
aldig1 goriilmektedir. Ayrica “Al ethics” ve “equity” gibi kavramlarin da bu dénemde One
¢ikmasi, teknolojik gelismelerle birlikte etik ve toplumsal boyutlarin da arastirma giindemine
dahil edildigini gostermektedir. Bu bulgular kavramsal egilimlerin zaman igerisinde teknik odakli
yaklasimlardan daha kullanic1 ve 6grenen merkezli yaklasimlara dogru bir degisim gosterdigi
soylenebilir.

Sekil 10°da sunulan tematik harita, anahtar kelimelerin merkezilik (centrality) ve yogunluk
(density) degerlerine gore dort farkli bolgede siniflandirildigi bir yapiy: gostermektedir. Bu harita,

Avan, C., & Agikgdz, S. (2026). STEM and Artificial Intelligence: A Bibliometric Analysis
of Integrated Approaches in Education (2006—-2025). Online Journal of
Mathematics, Science and Technology Education (OJOMSTE), 7(1), 42-67.
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literatiirde One ¢ikan tematik kiimelerin konumlarint ve gelismislik diizeylerini ortaya
koymaktadir.
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Sekil 10. Anahtar Kelime Temelli Tematik Yogunluk ve Merkezilik Haritast

Sekil 10 incelendiginde, anahtar kelimelere dayali olarak olusan tematik kiimelerin farkli
arastirma odaklarint temsil ettigi goriilmektedir. Bu kiimeler, STEM egitimi, yapay zeka
uygulamalari, 6grenme analitigi ve kullanict odakli yaklasimlar gibi temel aragtirma alanlart
etrafinda yogunlagsmaktadir.

Yesil kiime, STEM egitimi ile yapay zeka uygulamalarinin biitiinlestigi giincel ¢aligmalari temsil
etmektedir. Kirmizi kiime, akilli 6gretim sistemleri ve bilissel modelleme gibi daha kuramsal
temelleri iceren ¢aligmalardan olusmaktadir. Turuncu kiime, 6grenme analitigi ve veri temelli
yaklagimlar1 kapsarken; mavi kiime, insan-bilgisayar etkilesimi ve kullanici odakli tasarim
yaklagimlarini icermektedir. Ayrica daha kiiciik 6l¢ekli kiimelerin artirilmig gergeklik, etik,
metaverse ve bilgisayarla gorme gibi daha 6zgin ve gelismekte olan arastirma alanlarini temsil
ettigi goriilmektedir. Bunun yaninda tematik harita STEM ve yapay zeka literatiiriiniin hem
kuramsal hem de uygulamaya doniik alanlar1 kapsayan c¢ok boyutlu bir yapi sergiledigini
gostermektedir.

Sekil 11°de 2006-2021 ve 2022-2025 dénemlerine ait tematik evrim haritasi sunulmaktadir.
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Sekil 11. 2006-2021 ve 2022—-2025 Dénemlerine Ait Tematik Evrim Haritast

Avan, C., & Agikgdz, S. (2026). STEM and Artificial Intelligence: A Bibliometric Analysis
of Integrated Approaches in Education (2006—-2025). Online Journal of
Mathematics, Science and Technology Education (OJOMSTE), 7(1), 42-67.
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Sekil 11, 2006-2021 ve 20222025 yillar1 arasinda STEM ve yapay zeka literatiiriinde 6ne ¢ikan
temalarin zamansal olarak nasil degistigini gostermektedir. Gorselde yer alan temalar, belirli
donemlerde c¢aligmalarda One ¢ikan anahtar kavramlari temsil etmekte; oklarla gosterilen
baglantilar ise bu temalarin zaman igerisindeki doniislimiinii yansitmaktadir.

2006-2021 doéneminde One ¢ikan “students”, “education”, “knowledge” ve “skills” gibi
temalarin, 2022-2025 doneminde de varliklarimi siirdiirdiigii goriilmektedir. Bu durum, bazi
kavramlarin literatiirde siireklilik gosterdigine isaret etmektedir. Bununla birlikte, Onceki
donemde One ¢ikan “feedback”, “engagement” ve “thinking” gibi temalarin son donemde daha

az yer aldigi; buna karsilik “achievement”, “help”, “strategies” ve 6zellikle “intelligent tutoring
systems” gibi kavramlarin daha belirgin hale geldigi goriilmektedir.

Bu degisim, literatiirde arastirma odagmin genel Ogretim siire¢lerinden daha ¢ok
bireysellestirilmis 0grenme yaklasimlarina ve yapay zeka destekli sistemlere yoneldigini
gostermektedir. Tematik evrim analizi, STEM ve yapay zeka literatirinde hem sureklilik
gosteren hem de zamanla degisen arastirma egilimlerinin birlikte bulundugunu ortaya
koymaktadir.

Sekil 12, STEM ve yapay zeka literatiiriinde yazarlar tarafindan belirlenen anahtar kelimelere
dayali olarak olusturulan es-olusum (co-occurrence) agini gostermektedir. Bu agda diiglimler
anahtar kelimeleri, baglantilar ise bu terimlerin ayni1 caligmalarda birlikte kullanilma sikligini
temsil etmektedir. Diigiim boyutlari, anahtar kelimelerin toplam kullanim sikligina gore
Olceklendirilmistir.
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Sekil 12. STEM ve YZ Literatiiriindeki Anahtar Kelimeler Arasindaki Es-Olusum Iliskileri

Sekil incelendiginde, “STEM education” kavramimin agda merkezi bir konumda yer aldigi ve
“science”, “technology” ve “education” gibi kavramlarla baglantilar kurdugu goriilmektedir. Bu
durum, s6z konusu kavramlarin literatiirde birlikte ele alindigini géstermektedir. Bununla birlikte,
“students”, “learning” ve “knowledge” gibi kavramlarin da agda 6nemli bir yer tuttugu, ancak
baglanti yogunluklarinin gorsel olarak daha sinirli oldugu dikkat cekmektedir. “Artificial
intelligence” ve “machine learning” gibi kavramlarin ise belirli alt kiimeler icerisinde
konumlandigi ve daha simrh sayida kavramla iliski kurdugu goriilmektedir. Bu durum, bu
kavramlarm literatiirde daha spesifik arastirma baglamlarinda ele alindigi seklinde

yorumlanabilir.

Ayrica “ChatGPT” gibi daha yeni kavramlarin agin ¢evresinde yer almasi, bu terimlerin literatiire
gorece yeni dahil oldugunu ve heniiz diger kavramlarla giiclii bir baglant1 yapis1 olusturmadigin

Avan, C., & Agikgdz, S. (2026). STEM and Artificial Intelligence: A Bibliometric Analysis
of Integrated Approaches in Education (2006—-2025). Online Journal of
Mathematics, Science and Technology Education (OJOMSTE), 7(1), 42-67.
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gostermektedir. Kiimeleme analizi uygulanmamis olmakla birlikte, baglanti yogunluklarina
dayali gorsel inceleme, literatiirde STEM egitimi, disipliner bilesenler, 6grenme siirecleri ve
yapay zeka temelli yaklagimlar olmak iizere farkli tematik odaklarm bulundugunu
disiindirmektedir.

Arastirma Sorusu 5: Kuramsal Yapi ve Ortak Anf Analizi

VanLehn (2011) tarafindan ortaya konulan akilli 6gretim sistemlerinin etkililigine iliskin bulgular
ile Koedinger ve arkadaglarinin (1997) gelistirdigi bilissel modelleme yaklasimlari, literatiirde
merkezi bir “kopri” islevi gérmektedir. Bilissel modelleme, 6grencilerin problem ¢dzme
stireclerini ve hata oOriintlilerini analiz ederek Ogrenme siirecine iligkin ayrintili bir temsil
sunmaktadir. Bu temsil, akilli 6gretim sistemlerinin 6grenme ortamini bireysellestirmesine olanak
tanimaktadir. Bu baglamda, bilissel modelleme yaklagimlar biligsel yiik kurami ile dogrudan
esdeger olmayip, 6grenme siirecinde ortaya ¢ikan bilissel yiikiin diizenlenmesine katki saglayan
bir ara¢ olarak degerlendirilebilir. Nitekim akilli 6gretim sistemleri, 6grencinin mevcut biligsel
durumuna uygun geri bildirim ve ydnlendirmeler sunarak gereksiz biligsel yiikii azaltmay1
hedeflemektedir (Sweller, 1988). Ayrica bu sistemler, 6grencinin aktif katilimin1 ve bilgi insasini
destekleyen yapilartyla yapilandirmaci 6grenme ilkeleriyle de ortiismektedir. Bu yoniiyle yapay
zeka destekli STEM uygulamalari, yalnizca teknik araglar degil, bilissel siirecleri yoneten ve
ogrenmeyi destekleyen pedagojik yapilar olarak degerlendirilebilir.

Atif analizi, bilimsel belgeler, yazarlar veya yayinlar arasindaki entelektiiel iligkileri incelemek
amaciyla kullanilan temel bibliyometrik yontemlerden biridir (Small, 1973). Bu yontem, bilimsel
bilgi yapilarinin haritalanmasina ve arastirma alanlar1 arasindaki iliskilerin ortaya konulmasina
olanak tanimaktadir (Brahimi & Haneya, 2023).

Bu ¢alismada kullanilan birlikte atif (co-citation) analizi, farkli ¢alismalarin literatiirde birlikte
referans verilme sikligina dayali olarak aralarindaki kuramsal iligkileri belirlemeyi
amagclamaktadir (Small, 1973). Analiz siireci, Bibliometrix R paketi (Aria & Cuccurullo, 2017)
ve ilgili bibliyometrik yontemler g¢ercevesinde gerceklestirilmistir. Bu yaklasim, arastirma
alanindaki entelektiiel kiimelenmeleri ve tematik yakinliklar1 ortaya koymada etkili bir arag
olarak gorilmektedir.
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Sekil 13. STEM ve YZ Alaninda Yazarlar Arasi Ortak Atif Ag1 Gorsellestirmesi

Avan, C., & Agikgdz, S. (2026). STEM and Artificial Intelligence: A Bibliometric Analysis
of Integrated Approaches in Education (2006—-2025). Online Journal of
Mathematics, Science and Technology Education (OJOMSTE), 7(1), 42-67.
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Sekil 13’de sunulan ortak atif agi, STEM ve yapay zeka alanindaki yayinlarin referans verdikleri
caligmalar arasinda kurulan iliskileri gorsellestirmektedir. Bu analizde diigiimler yazarlar1 temsil
ederken, baglantilar s6z konusu yazarlarin ayni ¢aligsmalar iginde birlikte atif alma sikligini
gostermektedir. Diiglim biyiikliikleri ise yazarlarin atif yogunlugunu yansitmaktadir.

Ag yapisi incelendiginde, VanLehn (2011), Koedinger (1997) ve D’Mello (2012, 2014) gibi
calismalarin yiiksek aradalik merkeziyeti (betweenness centrality) agda one ¢giktigi goriilmektedir.
Bu durum, séz konusu c¢aligsmalarin farkli kuramsal kiimeler arasinda baglanti kuran 6nemli
calismalar arasinda yer aldigini gostermektedir. Ozellikle VanLehn (2011) galismasinin yiiksek
merkeziyet degerleri ile agin genel yapisinda belirgin bir konumda oldugu dikkat ¢ekmektedir.
Bu bulgu, s6z konusu c¢aligmanin literatiirde farkli aragtirma alanlarini bir araya getiren bir rol
istlendigine isaret etmektedir.

Ayrica Vygotsky (1978), Hmelo-Silver (2007) ve Graesser (2004, 1995) gibi ¢alismalarin da
genis kiimeler igerisinde yer aldigi ve egitim kuramlari ile yapay zeka temelli 6grenme
yaklagimlari arasinda baglanti kurdugu goriilmektedir. Ortak atif ag1 analizi, STEM ve yapay zeka
literatiiriinde belirli ¢alismalarin farkli kuramsal alanlar arasinda baglant1 kurarak 6énemli bir
konumda yer aldigin1 gostermektedir.

Sekil 14’de sunulan kaynak temelli ortak atif ag1 (source co-citation), analiz edilen ¢aligmalarda
birlikte atif alan akademik kaynaklar arasindaki yapisal iligkileri gostermektedir. Bu agda her
diigiim bir akademik kaynagi temsil ederken, diiglimler arasindaki baglantilar bu kaynaklarin
literatiirde birlikte atif alma sikligini yansitmaktadir. Diigiim biiyiikliikleri ise ilgili kaynaklarin
toplam atif diizeyine gore dlgeklendirilmistir.
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Sekil 14. Akademik Kaynaklara Dayali Ortak Atif Ag1 (Source Co-Citation)

Ag yapist incelendiginde, belirli dergi ve yayin serilerinin kiimeler halinde yogunlastigi
goriilmektedir. Ornegin, bazi kiimelerde Computers & Education dergisinde yayimlanan
calismalarin 6ne ¢iktig1; diger kiimelerde ise Journal of Educational Psychology ve Lecture Notes
in Computer Science gibi farkli disiplinlere ait kaynaklarin yer aldigi dikkat ¢gekmektedir. Bunun
yamn sira, Journal of Educational Psychology ve Lecture Notes in Computer Science gibi saygin
akademik mecralar, literattrdeki temel bilgi kaynaklar1 ve kuramsal referans noktalar1 olarak
kiimelenmektedir. Bu durum, birlikte atif aginin yalmizca tematik benzerlikleri degil, ayni

Avan, C., & Agikgdz, S. (2026). STEM and Artificial Intelligence: A Bibliometric Analysis
of Integrated Approaches in Education (2006—-2025). Online Journal of
Mathematics, Science and Technology Education (OJOMSTE), 7(1), 42-67.
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zamanda farkli yayin mecralar etrafinda olusan akademik kiimelenmeleri de yansittigini
gostermektedir. Kaynak temelli ortak atif analizi, STEM ve yapay zeka literatiiriiniin farkli
disiplinlerden beslenen ve gesitli akademik yayin ortamlarina yayilan bir yapiya sahip oldugunu
ortaya koymaktadir.

Sekil 15, STEM ve yapay zeka alanindaki ¢aligmalar arasinda yapilan birlikte atif analizine dayali
olarak olusturulan ortak atif agi haritasim gostermektedir. Bu analiz, bilimsel yayinlarin
literatlirde birlikte atif alma oriintiilerini inceleyerek aragtirma alanindaki entelektiiel iliskileri
ortaya koymaktadir.
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Sekil 15. STEM ve YZ Alanindaki Yayinlar Arasindaki Ortak Anf [liskileri

Haritada her bir diigiim bir akademik ¢aligmay1 temsil etmekte olup, diiglim biiyiikligi ilgili
yaymnin birlikte atif alma sikligin1 yansitmaktadir. Diigimler arasindaki baglantilar ise iki
calismanin ayni kaynakcada birlikte yer aldigin1 ve bu caligmalar arasinda tematik ya da
yontemsel bir iligski bulundugunu gostermektedir.

Ag yapist incelendiginde, farkli renklerle gosterilen kiimelerin benzer tematik yonelimler
etrafinda gruplanan ¢aligma topluluklarini temsil ettigi goriilmektedir. Ornegin, VanLehn (2011)
calismasinin agin merkezinde yer aldig1 ve farkli kiimelerle baglanti kurdugu dikkat ¢ekmektedir.
Buna karsilik, Devlin (2019) ve Long (2020) gibi bazi ¢calismalarin daha sinirli baglantilarla agin
cevresinde konumlandigi goriilmektedir.

Ortak atif ag1 analizi, STEM ve yapay zeka literatiiriinde belirli galismalarin merkezi bir konumda
yer aldigini, bazi ¢alismalarin ise daha sinirli tematik alanlara odaklandigini géstermektedir.

Sonug ve Tartisma

Bu ¢alismada STEM ve YZ kesisiminde 2006—2025 yillar1 arasinda yayimlanan 449 akademik
dokiiman bibliyometrik analiz ydntemiyle incelenmistir. Elde edilen bulgular dogrultusunda
asagidaki sonuglara ulasilmistir:

Yillik yayin sayisindaki %20.93°liikk biiylime ivmesi, STEM ve YZ disiplinlerinin kesigim
noktasina yonelik akademik ilginin istikrarli bir sekilde arttigini ve kalici bir arastirma alani
olusturdugunu gostermektedir. Ozellikle 2021 ve 2022 yillarinda gdzlenen yaym yogunlugu,
COVID-19 pandemisinin tetikledigi acil uzaktan egitim (ERT) siirecinin yarattigi dijital veri
ekosistemi ve takip eden siiregte iiretken yapay zeka teknolojilerinin egitim ortamlarina hizl
girisiyle iligkilendirilmektedir. Pandemi doénemi, egitimde teknoloji kullanimina yonelik

Avan, C., & Agikgdz, S. (2026). STEM and Artificial Intelligence: A Bibliometric Analysis
of Integrated Approaches in Education (2006—-2025). Online Journal of
Mathematics, Science and Technology Education (OJOMSTE), 7(1), 42-67.
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kuramsal bir kabule zemin hazirlarken; asil yaym patlamasinin, bu teknolojik adaptasyonun
ardindan gelen yapay zeka tabanli kigisellestirilmis 6grenme araglarindaki teknolojik sicramayla
(2022 sonu ve sonrasi) ivme kazandigi goriilmektedir. Bu dénemde fiziksel siniflarin yerini alan
uzaktan egitim modelleri, 6grenci performansinin takibi ve 6grenme siire¢lerinin desteklenmesi
agisindan dijital teknolojilere olan ihtiyaci artirmistir. Bu kapsamda, 6zellikle veri analitigi ve
makine 0grenmesi temelli sinirh sayidaki YZ uygulamasi, egitim siireglerinde destekleyici araclar
olarak kullanilmaya baglanmistir. Ancak bu kullanim, heniiz yaygin ve zorunlu bir doniisiimden
ziyade, belirli baglamlarda gelisen ve hiz kazanan bir egilim olarak degerlendirilmektedir.
Dolayisiyla bu literatiir artigi, yalnizca niceliksel bir birikimden ote, kriz donemlerinde
teknolojinin egitime entegrasyonuna yonelik artan ilgi ve ihtiyacin bir yansimasi olarak
degerlendirilebilir.

Alan c¢ok disiplinli ve ¢ok merkezlidir. En Uretken kurumlar arasinda North Carolina State
University, Carnegie Mellon University ve Arizona State University gibi yiiksek profilli aragtirma
iiniversiteleri 6ne ¢ikarken, ABD, Cin ve Almanya gibi iilkeler yaym iiretiminde merkezi
konumdadir. Anahtar kelime analizlerinde “STEM education”, “artificial intelligence”,
“learning” ve “intelligent tutoring systems” gibi kavramlar 6ne ¢ikmaktadir. Bu terimler,
aragtirma sahasmin pedagojik, teknolojik ve bireysellestirilmis Ogrenme eksenlerinde
sekillendigini gostermektedir. Bibliyometrik ag analizleri, literatiirde giiglii entelektiiel
kiimelenmeler oldugunu ortaya koymustur. VanLehn (2011), D’Mello (2014), Graesser (2004)
gibi yazarlar, bilgi akisi ve tematik yogunluk ag¢isindan merkezi konumda yer almaktadir.

Tematik evrim analizi, son yillarda “personalized learning”, “chatbot”, “Al ethics” ve “equity”
gibi yeni kavramlarin literatiirde 6nem kazandigin1 gostermektedir. Bu durum, teknolojik
ilerlemelerle birlikte etik ve toplumsal sorumluluk boyutlarinin da arastirma giindemine
tagindigin1  gostermektedir. Bu sonuglar, STEM ve YZ birlesiminin yalnizca teknik bir
entegrasyon degil; pedagojik, etik ve sosyal boyutlariyla da ¢ok katmanli bir gelisim siireci iginde
oldugunu gostermektedir.

Bu ¢aligmanin bulgulari, STEM ve YZ kesisimindeki aragtirmalarin son yirmi yilda kazandigi
ivmenin, salt bir yayin artig1 olmadigini, egitim teknolojileri literatiiriindeki arastirma odaklariin
yapisal bir doniisiim gegirdigini gdstermektedir. Ozellikle son bes yilda bu alanin merkezi bir
konuma yerlesmesi; Holmes (2019) ve Zawacki-Richter vd. (2019) gibi ¢caligmalarin vurguladigi
iizere, YZ’ nin egitimde yalnizca yardime1 bir aragtan ziyade sistematik bir doniisiimiin katalizorii
haline gelmesinden kaynaklanmaktadir. Yillik yaym sayilarindaki %20.93°lik biiytlime,
pandeminin yarattig1 dijital zorunlulugun 6tesinde, biiyiik veri analitigi ve makine 6grenmesinin
Ogrenci performansini tahmin etme ve bireysellestirilmis 6grenme patikalar1 sunma noktasindaki
basarisinin  bir sonucu oldugu diisliniilmektedir. Bu artig, literatiiriin artik 'teknolojinin
imkanlarint' tartismaktan ziyade, bu teknolojilerin 'pedagojik etkinligini ve etik smirlarini'
tasarlamaya odaklanan bir olgunluk evresine gectigini gdstermektedir.

LR N

Anahtar kelime analizinde “artificial intelligence”, “learning”, “intelligent tutoring systems” ve
“computational thinking” gibi kavramlarin 6ne ¢ikmasi, Ouyang vd. (2023) tarafindan vurgulanan
bireysellestirilmis &grenme, otomatik geribildirim sistemleri ve algoritmik diisiinme gibi
pedagojik doniisiim alanlarinin STEM ¢ergevesinde yeniden sekillendigini gostermektedir. 2020
sonrast donemde "AI ethics", "equity" ve "augmented reality" gibi sosyal, etik ve kapsayici
yaklagimlarin da literatiirdeki yerini giliglendirmesi; alanin sadece teknik degil, ayn1 zamanda

insani ve normatif yonleriyle de ele alindigini1 gézler 6niine sermektedir.

Atif ve ag analizleri, STEM ve YZ entegrasyonuna iligkin literatiir birikiminin hala belirli
kuramsal merkezlerde yogunlastigini ortaya ¢ikarmaktadir. VanLehn (2011), D'Mello (2012,
2014) ve Azevedo (2007) gibi yazarlarin yiiksek atif degerleri ve merkeziyet katsayilari, bu
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arastirmacilarin ¢aligmalarinin alanin temel kuramsal referanslari haline geldigini gostermektedir.
Ozellikle Graesser ve Koedinger gibi modern arastirmacilarin, Vygotsky gibi klasik dgrenme
kuramcilartyla aym ag kiimelerinde yer almasi YZ tabanl teknolojilerin ‘etkilesimli' ve
'uyarlanabilir' dogasinin temelini Vygotsky’nin 'Yakinsal Gelisim Alani' (ZPD) gibi koklii
psikolojik kavramlardan almasindan kaynaklandig1 diistiniilmektedir. Dolayistyla bu alan, salt bir
mithendislik basaris1 olmaktan ziyade; egitim felsefesi, psikoloji ve biligsel bilimlerin sundugu
kuramsal g¢ergeve ile YZ’nin iglem giiciiniin bir sentezi olarak evrilmektedir. Bu multidisipliner
yapi, alanin neden biligsel modelleme ve sosyal yapilandirmaci temeller tizerinde yiikseldigini
acgiklamaktadir.

Son olarak, uluslararasi ig birligi aglarinda ABD’nin lider pozisyonunu korumasi ve Cin,
Almanya, Birlesik Krallik gibi iilkelerle kurdugu giiclii iliskiler, STEM ve YZ arastirmalarinin
kiiresel bilgi liretiminde asimetrik bir dagilim gosterdigini de ortaya koymaktadir. Bu dagilim,
yiiksek kaynakli iilkelerin arastirma ¢iktilarinda baskin oldugunu ve gelismekte olan iilkelerin
katkilarinin daha sinirh kaldigini goéstermektedir (Donthu vd., 2021).

Oneriler

Bu ¢aligmanin bulgulari dogrultusunda, gelecekteki arastirmalara, egitim politikalarina ve
uygulamalara yonelik gesitli oneriler sunulabilir. Oncelikle, “explainable AI”, “generative AI” ve
“Al in teacher education” gibi yiikselen temalar iizerine odaklanan niteliksel ve sistematik
aragtirmalarin artirtlmasi 6nem arz etmektedir. Bibliyometrik analizle belirlenen kuramsal
kaynaklarin, yeni ¢alismalarda hem referans ¢ergevesi hem de elestirel tartigma zemini olarak
degerlendirilmesi, alanin kuramsal derinligini gii¢lendirecektir.

Son olarak, alanda uluslararasi arastirma is birliklerinin artirilmasi ve 6zellikle gelismekte olan
iilkelerin bilimsel iiretime daha fazla katiliminin saglanmasi agisindan 6nem arz etmektedir.
Bibliyometrik analizlerin ortaya koydugu bilgi merkezleri ile daha az temsil edilen bolgeler
arasinda kopriiler kurulmali; ayrica ¢ekirdek dergilerde yayin yapmay1 hedefleyen, agik erisim ve
cok dilli yayginlastirma stratejileri gelistirilmelidir. Bu biitiinciil yaklasim, STEM ve YZ odakl
egitim aragtirmalarinin hem akademik hem de toplumsal etki diizeyini artirmaya katki
saglayabilir.

Smirhhiklar

Bu ¢aligmanin sonuglari, kullanilan veri tabani1 ve arama stratejisi baglaminda bazi sinirliliklara
sahiptir. Ilk olarak, analiz sadece Web of Science (WoS) Core Collection verileriyle sinirlidir.
WosS, yiiksek etki faktorlii ve prestijli yayinlar1 barindirmasi nedeniyle tercih edilse de, Scopus
veya Google Scholar gibi diger veri tabanlarinda yer alan potansiyel yayinlar bu ¢alismanin
kapsami disinda kalmugtir. Ikinci olarak, arastirma anahtar kelime temelli bir tarama dizgisine
dayanmaktadir. Secilen terimlerin (STEM, Artificial Intelligence vb.) disinda kalan veya bu
terimleri baslik/6zet kisminda barindirmayan ilgili yayinlarin veri setine dahil edilememis olmasi
bir kisitlilik olarak degerlendirilebilir. Ancak, tarama dizgisinin 'Topic' alanim1 kapsamasi ve genis
bir zaman dilimini (2006-2025) hedeflemesi, alanin genel egilimlerini yansitmak agisindan yeterli
bir temsiliyet diizeyi sunmaktadir.
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Science education, | This study investigated the effects of virtual laboratory applications on
fourth-grade students' academic achievement and learning retention in
Science education. Utilizing a pre-experimental, single-group pretest—
academic posttest design, instruction on the "Movements of the World" unit was
achievement, delivered via the EBA portal and Mozaweb 3D simulation platform. The
sample comprised 65 students from three public primary schools in
Samsun, Turkey, selected through convenience sampling. Data were
collected using a researcher-developed 10-item achievement test
Paper Type: measuring knowledge, comprehension, and application. This instrument
was administered as a pretest, an immediate posttest, and a six-month
retention test—a notably longer delay than is typical in comparable
literature. Statistical analyses revealed a significant improvement from
pretest to posttest, demonstrating that virtual laboratory instruction
successfully enhanced academic achievement. Furthermore, no
significant decline was observed between the posttest and the six-month
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Introduction

Science education aims to develop students' capacity to observe, question, and systematically
analyze the natural world, while cultivating the scientific process skills and problem-solving
abilities required for twenty-first century citizenship (Cepni et al., 2005; Duban, 2008). Alongside
this pedagogical imperative, the increasing digitalization of education has generated both new
opportunities and new research questions about how best to harness technology in service of
meaningful science learning (Zacharia et al., 2008; de Jong et al., 2013).

One of the most significant developments in this landscape is the emergence and proliferation of
virtual laboratory environments. Virtual laboratories are interactive, technology-mediated
learning environments that allow students to conduct experimental simulations without the
physical, financial, or safety constraints of traditional laboratory settings (Unlii, 2019; Brinson,
2015). Interest in virtual laboratories has grown substantially since the COVID-19 pandemic
compelled widespread adoption of remote and hybrid learning modalities, making their
pedagogical effectiveness an increasingly urgent empirical question (Bostan Sarioglan et al.,
2020; Kavlak ve Birhanli, 2023).

A substantial body of research — predominantly conducted at the middle and secondary school
levels — suggests that virtual laboratory applications may match traditional laboratory instruction
in promoting conceptual understanding, scientific inquiry skills, and positive attitudes toward
science (Kapici et al., 2019; Zacharia ve Olympiou, 2011; Tuystz, 2010). Studies in the Turkish
educational context have similarly found that virtual laboratories, particularly those accessed
through the EBA national platform, promote achievement and engagement in science subjects
(Unal ve Seker, 2020; Demir, 2018; Simsek, 2017). However, systematic investigations of virtual
laboratory effectiveness at the primary school level — where the conceptual foundations of
science are first established — remain limited in the international literature (Akbulut, 2024; Bas,
2022; Ekici, 2015). This gap is noteworthy given that primary school students encounter abstract
spatial and astronomical phenomena, such as Earth’s rotational and orbital movements, that are
difficult to visualize through static textbook representations alone.

The present study was designed to address this gap. Grounded in constructivist learning theory
and informed by cognitive load theory, it examined whether virtual laboratory instruction using
the Mozaweb simulation platform, integrated within a structured lesson sequence aligned with
the Turkish Ministry of National Education (MoNE) fourth-grade Science curriculum, would
produce significant gains in academic achievement and long-term retention of learning. A
distinctive feature of the study is its use of a six-month retention test, an interval substantially
longer than the two-to-four-week delays typical in comparable studies, enabling a more robust
assessment of the durability of learning gains.

Constructivism

This study draws on two theoretical frameworks: constructivism and cognitive load theory. The
constructivist framework is used to explain the academic achievement gains observed from pretest
to posttest, as students actively constructed knowledge through simulation-based inquiry. From a
constructivist perspective, meaningful learning occurs when learners actively engage with
phenomena, manipulate variables, and construct knowledge through exploration and discovery
rather than passive reception of transmitted information (Vygotsky, 1978; Piaget, 1964). Virtual
laboratories operationalize these principles by enabling students to interact with simulated
environments, observe cause-and-effect relationships in real time, and revise their understanding
iteratively through trial and error (Karagdz Mirgik, 2018; Unal Kog, 2019). In the context of the
Movements of the World unit, the Mozaweb simulation allowed students to directly manipulate
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Earth’s position relative to the Sun and observe the consequences for day-night cycles and
seasonal variation, a form of concrete, vicarious experience not achievable through textbook or
teacher-led instruction alone.

Cognitive Load Theory

Cognitive load theory (Sweller, 1988; Paas et al., 2003) is used to explain the six-month retention
findings, as reduced extraneous load during instruction is expected to produce more durable
mental representations. When abstract spatial concepts such as axial rotation and orbital
revolution are represented through dynamic, interactive three-dimensional visualizations,
extraneous cognitive load, the processing burden imposed by inadequate instructional
representations, is reduced. Students can allocate more of their limited working memory capacity
to germane processing: building integrated mental models of Earth’s movements and their
consequences. These richer, more elaborated representations are less susceptible to forgetting,
which may explain why the learning gains observed in this study were maintained over a Six-
month interval.

Research Questions
The study addressed the following research questions:

RQ1. Do virtual laboratory applications in the Movements of the World unit produce a
statistically significant improvement in fourth-grade students’ academic achievement?

RQ2. Do the learning gains produced by virtual laboratory applications persist over a six-month
retention interval?

Method

This study employed a pre-experimental, single-group pretest—posttest design (Campbell ve
Stanley, 1963). Because the research was conducted in naturalistic school settings, random
assignment to experimental and control conditions was not feasible. The design was chosen to
balance practical accessibility of data collection with the opportunity to document change in the
same participants across three measurement points spanning six months. The independent
variable was the virtual laboratory-enhanced science instruction; the dependent variables were
academic achievement (pretest—posttest comparison) and learning retention (posttest-retention
test comparison). The primary limitations inherent in this design, notably the absence of a control
group, are acknowledged explicitly in Section 6 (Limitations).

Participants

The study group consisted of 65 fourth-grade students (31 girls, 34 boys; mean age approximately
9-10 years) enrolled in three public primary schools in the Yakakent district of Samsun province,
Turkey, during the 2023-2024 academic year. Participants were selected through convenience
sampling based on the researcher's institutional access and prior ethics approval. Convenience
sampling precludes claims of population representativeness; however, the comparability of the
three school samples was empirically verified through a pretest ANOVA (see Section 3.1).
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Table 1. Demographic Distribution of Participants Across Schools

School Girls (n) Boys (n) Total (n) % of Sample
School 1 18 15 33 50.8%
School 2 11 13 24 36.9%
School 3 2 6 8 12.3%

Total 31 34 65 100%

Measurement Instrument

The Movements of the World Unit Achievement Test was developed specifically for this study.
The development process comprised five stages: (a) specification of learning outcomes, (b) item
generation guided by a content validity table (Table 2), (c) expert review, (d) pilot administration,
and (e) item analysis.

Table 2. Content Validity Table (Test Blueprint) — Movements of the World Unit

Learning Outcome Bloom Level Item Type Item Numbers
Distinguishing Earth's Knowledge / Fill-in-the-blank 1,2
rotation from revolution Comprehension
Explaining formation of day =~ Comprehension  Multiple choice 3,4,5
and night / Application
Explaining formation of Comprehension  Multiple choice 6,7
seasons / Application
Identifying real-world Application Multiple choice 8,9,10
consequences of Earth's / Fill-in-the-
movements blank

The initial item pool contained 14 questions. Following expert review by two science education
specialists and one classroom teacher — who evaluated items for content relevance, cognitive
level appropriateness, and language clarity — two items were revised based on feedback. The
revised 14-item test was then piloted with 71 fourth-grade students from the previous academic
year. Item discrimination indices (D) were calculated for all items; four items yielding D < .19
were eliminated, resulting in a final 10-item test (five multiple-choice, five fill-in-the-blank). The
Cronbach's Alpha internal consistency coefficient for the final test was .727, indicating acceptable
reliability. Correct responses were scored as 1 and incorrect or blank responses as 0, yielding total
scores on a 0-10 scale.

Instructional Procedure

All instructional activities were delivered by the researcher over nine 40-minute lessons, covering
two MoNE curriculum outcomes: (F.4.1.2.1) distinguishing between Earth's rotation and
revolution; and (F.4.1.2.2) explaining phenomena resulting from Earth's movements (day-night
cycles, seasons).

The instructional sequence proceeded in three phases. In Phase 1 (Lessons 1-3), the MoNE-

approved textbook provided the conceptual foundation, supported by teacher-led discussion and
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a riddle-based motivational opener. In Phase 2 (Lessons 4-6), content was deepened through the
EBA (Education Information Network) portal, Turkey’s national e-learning platform, which
offered animated lesson explanations, interactive activities, and visual materials aligned with
curriculum outcomes. In Phase 3 (Lessons 7-9), virtual laboratory activities were implemented
using Mozaweb (www.mozaweb.com/tr), a three-dimensional simulation platform. Students
individually manipulated Earth's axial position in the simulation environment, observed day-night
formation as the planet rotated, and explored seasonal change across Earth's orbital revolution.
They were encouraged to repeat the simulations as many times as necessary to confirm their
understanding. Following the researcher-led sessions, the classroom teacher continued with the
Mozaweb applications for an additional two weeks (six class hours) in accordance with the annual
instructional plan. At the conclusion of instruction, the Mozaweb URL was shared with students
so they could independently revisit the simulations at home.

Data Collection and Analysis

The achievement test was administered at three time points: (1) as a pretest before instruction,
administered by classroom teachers, to establish baseline knowledge; (2) as a posttest
immediately following the nine-lesson instructional sequence; and (3) as a retention test six
months after the completion of instruction.

Normality was assessed by examining skewness and kurtosis values for each distribution. All
three fell within the +1 range considered acceptable for parametric testing (Hair et al., 2013):
pretest (skewness = —0.26, kurtosis = —0.74), posttest (skewness = —0.83, kurtosis = +0.71), and
retention test (skewness = —0.40, kurtosis = —0.45). Paired-samples t-tests were used to compare
pretest with posttest scores (Research Question 1), and posttest with retention test scores
(Research Question 2). A one-way ANOVA was conducted to verify the pre-instructional
equivalence of the three school samples. All analyses were performed at o = .05 using SPSS 26.

Results

Pre-Instructional Equivalence of School Samples

Prior to instruction, the overall pretest mean was M = 6.41 (SD = 1.96), with scores ranging from
2 to 10 (10-point scale). School-level means were 6.84 (School 1), 5.79 (School 2), and 6.50
(School 3). A one-way ANOVA confirmed that these between-school differences did not reach
statistical significance (F(2, 62) = 2.099, p = .131), supporting the assumption that the three sub-
samples entered instruction with comparable prior knowledge and validating their treatment as a
unified study group.

Table 3. Pretest Descriptive Statistics and Between-School ANOVA

School n Min Max M SD
School 1 33 2 10 6.84 191
School 2 24 2 10 5.79 2.19
School 3 8 5 8 6.50 1.19

Total 65 2 10 6.41 1.96
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Effect on Academic Achievement (RQ1)

Following the virtual laboratory-enhanced instructional unit, the mean posttest score rose to M =
8.25 (SD = 1.33), with scores ranging from 4 to 10. This represents a raw gain of 1.84 points on
the 10-point scale. Gender-disaggregated means were nearly identical (Boys: M = 8.23; Girls: M
=8.25), indicating no differential effect by gender. School-level posttest means were 8.51 (School
1), 7.91 (School 2), and 8.12 (School 3). A paired-samples t-test revealed a statistically significant
improvement from pretest to posttest (t(64) =—9.42, p <.001), providing a clear positive answer
to Research Question 1 (see Table 4).

Table 4.Paired-Samples t-Test: Pretest vs. Posttest

Comparison n M (Pre) M (Post) Mean t df p
Diff.
Pretest — Posttest 65 6.42 8.25 +1.83 -9.42 64 <.001

Effect on Long-Term Retention (RQ2)

Six months after instruction concluded, the same 65 students completed the retention test. This
six-month interval is substantially longer than those reported in comparable research. The mean
retention test score was M = 8.11 (SD = 1.48), with scores ranging from 4 to 10. The retention
mean represents only a 0.14-point decline from the posttest mean of 8.25, well within the margin
of measurement error. School-level retention means were 8.30 (School 1), 8.08 (School 2), and
7.37 (School 3). A paired-samples t-test comparing posttest with retention test scores found no
statistically significant difference (t(64) = 0.90, p = .37), directly answering Research Question 2
in the affirmative: learning gains were preserved over the six-month interval (see Tables 5 and 6).

Table 5.Paired-Samples t-Test: Posttest vs. Six-Month Retention Test

Comparison n M (Post) M (Ret.) Mean t df p
Diff.
Posttest — 65 8.25 8.11 -0.14 0.90 64 370

Retention Test

Table 6.Summary of Score Trajectories Across All Three Measurement Points

Test Phase n M SD Min Max
Pretest (T1) 65 6.41 1.96 2 10
Posttest (T2) 65 8.25 1.33 4 10
Retention Test (T3 — 6 65 8.11 1.48 4 10
months)
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Discussion

Achievement Gains: A Cognitive Load Perspective

The statistically significant pretest-to-posttest improvement (t = —9.42, p < .001; AM = +1.83
points) is consistent with a broad and growing literature demonstrating that simulation-based
science instruction can enhance student achievement across grade levels and subject domains (de
Jong et al., 2013; Brinson, 2015; Trundle ve Bell, 2010). Several studies conducted in the Turkish
primary and secondary science context report comparable findings: Unal and Seker (2020) found
virtual laboratory users outperformed traditionally taught peers in a fifth-grade electricity unit;
Demir (2018) reported achievement gains in sixth-grade Force and Motion instruction; and
Simsek (2017) observed superior performance and greater lesson enjoyment among fifth-grade
students using EBA and PhET simulations. A recent meta-analysis of 15 Turkish graduate theses
similarly confirmed that virtual laboratory use in science education produces large positive effects
on academic achievement (Unal, I., 2025).

The three-dimensional Mozaweb simulations likely reduced the extraneous cognitive load that
arises when students attempt to mentally reconstruct spatial astronomical phenomena, such as
Earth’s axial tilt and seasonal variation, from flat, static textbook diagrams (Sweller, 1988; Paas
etal., 2003). By offloading this representational burden onto the simulation, students could devote
more working memory resources to germane processing: constructing integrated mental models
of Earth’s rotation and revolution and their observable consequences. This aligns with Mayer’s
(2009) Cognitive Theory of Multimedia Learning, which predicts that combining dynamic
visualizations with interactive engagement produces deeper conceptual understanding than text
or static imagery alone.

Achievement Gains: A Constructivist Perspective

The virtual laboratory also created a condition of active inquiry that is rarely achievable in
traditional primary school science instruction (Vygotsky, 1978; Piaget, 1964). Students could
directly test causal hypotheses, for example, positioning Earth at different orbital points to observe
which hemisphere is tilted toward the Sun, and immediately observe the consequences, enacting
the observe-hypothesize—test-revise cycle that defines scientific reasoning (Zacharia ve
Olympiou, 2011). The ability to repeat simulations at will, at individual pace, and without
resource constraints further supports differentiated learning (icel et al., 2007; Ekici, 2015).

Not all research, however, finds virtual laboratories to be superior to traditional instruction. Aydin
(2018) found no significant achievement gap between virtual and traditional laboratory conditions
for an acid-base unit in secondary science, and Pmar and Akgiil (2021) reported comparable
motivation and attitude profiles across both laboratory modes among seventh-grade students.
These mixed findings likely reflect heterogeneity in grade level, topic complexity, specific
platform features, and implementation fidelity. The present study's topic — three-dimensional
astronomical motion — may be particularly well suited to virtual simulation precisely because
the phenomena involved are spatially complex, unobservable in the physical classroom, and
difficult to represent through non-dynamic media (Trundle ve Bell, 2010).

Why Were Gains Retained Over Six Months?

The near-zero decline from posttest (M = 8.25) to six-month retention test (M = 8.11), a
statistically non-significant difference (t = 0.90, p = .37), is the most notable finding of this study.
Most comparable research employs retention intervals of two to four weeks (Duman ve Avci,
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2016; Chen et al., 2008; Kiglk, 2014); the six-month interval used here provides a more stringent
test of learning durability.

Several mechanisms may account for this persistence. The most plausible explanation lies in
cognitive load theory: deeply elaborated mental models, built through interactive and multi-
representational engagement, are more resistant to forgetting than surface-level declarative
knowledge acquired through passive exposure (Sweller, 1988; Mayer, 2009). The spatial-causal
understanding of Earth’s movements that students developed through Mozaweb is a qualitatively
different form of knowledge from the fact-level recall that typically decays rapidly. Two
additional factors may have contributed, though neither was systematically measured. First, the
astronomical phenomena studied, day and night cycles and seasonal change, recur in everyday
life across the six-month interval, providing natural retrieval opportunities that may reinforce
memory traces (Cepeda et al., 2006). Second, students received access to the Mozaweb URL for
independent use after formal instruction. Duman and Avci (2016) and Chen et al. (2008) similarly
reported superior retention for virtual laboratory conditions, and the present study extends their
conclusions to a primary school population and a more extended follow-up period.

Gender and School-Level Considerations

Gender comparisons across all three test administrations revealed virtually no difference in
performance (pretest gap: 0.06 points; posttest gap: 0.02 points; retention gap: 0.53 points, with
girls scoring slightly higher). This absence of gender effects is consistent with the broader
literature on technology-enhanced science learning (Pmar ve Akgul, 2021) and suggests that
virtual laboratory applications are equally accessible and engaging for boys and girls at the
primary school level.

School-level pretest differences were not statistically significant (F = 2.099, p = .131), and all
three schools demonstrated substantial posttest improvements, confirming that the intervention
produced consistent achievement gains across different school contexts. The wider school-level
variation observed at the retention test (range: 7.37-8.30) may reflect differences in how
frequently classroom teachers continued to use the Mozaweb application after the researcher's
sessions concluded — a variable that was not systematically monitored and that warrants attention
in future research.

Conclusions and Practical Implications

This pre-experimental study provides evidence that virtual laboratory instruction using the EBA
portal and Mozaweb simulation platform significantly improved fourth-grade students’
achievement in the Movements of the World science unit, and that these gains were maintained
at a comparable level six months later. These findings are consistent with the constructivist and
cognitive load theoretical frameworks described in Section 1.1, and extend the virtual laboratory
literature to the primary school level, a context in which such evidence was previously limited.

For classroom teachers, the results suggest that virtual laboratory applications — particularly
freely accessible, curriculum-aligned platforms such as EBA — represent a practical and
pedagogically effective strategy for teaching abstract astronomical concepts at the primary school
level, even in resource-constrained settings. Teachers are encouraged to integrate simulation-
based activities not merely as supplementary enrichment but as a core instructional phase,
supported by deliberate sequencing from textbook-based concept introduction through interactive
virtual exploration.
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For school administrators and curriculum designers, the findings support investment in digital
infrastructure and in providing teachers with training in virtual laboratory implementation.
Incorporating virtual laboratory learning outcomes directly into annual instructional plans, and
ensuring that adequate computer or tablet access is available, would facilitate wider adoption. The
Ministry of National Education could extend the FATIH Project's scope to include the systematic
pre-loading of vetted virtual laboratory applications onto school smart boards, removing access
barriers for students in underserved communities.

The six-month retention finding warrants attention from school leaders: these findings may
inform decisions about allocating limited technology resources toward simulation-based
instruction.

Limitations and Future Directions

Several important limitations must be acknowledged when interpreting these findings. Most
fundamentally, the results should be interpreted with caution due to the absence of a control group
in the pre-experimental design, which means the observed achievement gains cannot be directly
attributed to the virtual laboratory intervention. Alternative explanations cannot be ruled out:
natural cognitive maturation, the instructional quality of the classroom teachers who continued
the unit, increased general familiarity with the topic through everyday experience, or the
motivational novelty of technology use (the so-called ‘Hawthorne effect’) could all have
contributed to posttest gains independent of the specific affordances of virtual laboratory
simulation.

A second limitation concerns sample size and generalizability. Sixty-five students from three
schools in a single rural district of Turkey constitute a relatively restricted and potentially non-
representative sample. Differences in school context, teacher quality, and family socioeconomic
background were not systematically controlled for, and findings cannot be generalized to other
populations, grade levels, or science topics without further empirical verification.

Third, the measurement instrument — a 10-item achievement test — offers only a narrow
operational definition of learning. The test did not assess higher-order outcomes such as scientific
reasoning, transfer of learning to novel contexts, or attitudes toward science, all of which may be
differentially affected by virtual laboratory instruction. The absence of a Cronbach's Alpha above
.80 also indicates that further test development would be beneficial.

Fourth, independent use of the Mozaweb application by students after formal instruction was
encouraged but not systematically monitored, meaning it is unclear to what extent self-directed
post-instructional practice contributed to the retention findings. Future studies should track out-
of-school engagement with virtual laboratory platforms to disentangle instructional and self-
practice effects on retention.

Future research should address these limitations by employing true experimental or quasi-
experimental designs with randomized assignment or matched control groups; recruiting larger
and more diverse samples across multiple districts and provinces; incorporating mixed-method
data (e.g., interviews, observation) to understand students' cognitive and motivational experiences
during virtual laboratory engagement; and examining the comparative long-term effectiveness of
virtual versus traditional laboratory instruction within the same units. Longitudinal studies
tracking cohorts across multiple science topics and academic years would provide the most
definitive evidence regarding the conditions under which virtual laboratory instruction maximizes
both achievement and retention at the primary school level.
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Komeler, Bu arastirmanin amaci, Tirkiye’de matematik egitimi
Lisansisti tezler, alaninda “Kiimeler” konusunu ele alan lisansusti tezlerin

aragtirma  egilimlerini  belirlemektir.  Bu  amag
dogrultusunda YOK  (Yiiksekogretim Kurulu) veri
Aragtirma egilimleri. tabaninda kiimeler konusunda tamamlanmis 13 yiiksek
lisans ve 2 doktora tezi betimsel icerik analizi yontemiyle
o incelenmistir. Bu baglamda ele alinan g¢aligmalar yaymn
Makale Tard: yillarina, 6rneklem diizeylerine, 6rneklem biiyiikliiklerine,
Arastirma amagclarina, yontem ve desenlerine, veri toplama araglarina
ve c¢aligmalarda tercih edilen 6gretim yontemlerine gore
yedi Olgiite gore analiz edilmistir. Calismalardan elde
edilen bulgular frekans ve ylizde degerleri hesaplanarak
tablolar halinde sunulmustur. Ayrica tezlerin analizi,
belirlenen Olgiitler dogrultusunda matematik egitimi
alaninda uzman iki arastirmaci tarafindan yapilmis ve
sonuclar arasindaki uyum dikkate alinarak caligmanin
gilivenirligi saglanmistir. Arastirma sonucunda, tezlerin
bliylik  cogunlugunun 2009 vyili ve sonrasinda
gergeklestirildigi ve calismalarin agirlikli olarak ortaokul
seviyesinde, 6zellikle de 6. sinif 6grencileriyle yiiriitiildiigi
tespit edilmistir. Aragtirma kapsaminda incelenen tezlerin
6’sinin deneysel desenli oldugu ve bu caligmalarda farkli
Ogretim yoOntemlerinin akademik basar1 iizerindeki
etkisinin arastirildigi goriilmiistiir. Elde edilen sonuglar,
kiimeler konusuna iligkin lisansiistii arastirmalarin belirli
temalar etrafinda yogunlastigini ve metodolojik ¢esitliligin
stnirl  kaldigmi  gostermektedir. Bu  durum, ileride
yapilacak caligmalarda farkli arastirma desenlerine ve
degiskenlere yer verilmesi gerektigine isaret etmektedir.

Matematik egitimi,

“Bu makalenin temel bilesenleri 11-15 Kasim 2024 tarihlerinde diizenlenen UEDFOR V adli kongrede
bildiri olarak sunulmustur.

Cetinkaya, S., & Biber, A. C. (2026). Bibliometric Analysis of Theses on Sets in the Field of
Mathematics Education. Online Journal of Mathematics, Science and Technology
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methods and designs, data collection tools, and teaching
methods preferred in the studies. The findings obtained
from the studies were presented in tables by calculating
frequency and percentage values. Furthermore, the
analysis of the theses was carried out by two researchers
specializing in mathematics education in accordance with
the determined criteria, and the reliability of the study was
ensured by considering the agreement between the results.
As a result of the research, it was determined that the vast
majority of theses were conducted in 2009 and later, and
the studies were predominantly conducted at the middle
school level, especially with 6th-grade students. The study
revealed that 6 of the theses examined were experimental
in design, and these studies investigated the effects of
different teaching methods on academic achievement. The
results indicate that postgraduate research on clusters
tends to focus on specific themes, and methodological
diversity remains limited. This suggests that future studies
should incorporate different research designs and
variables.

“The main components of this article were presented as a paper at the UEDFOR V congress, held from
November 11-15, 2024.
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Giris

Matematiksel kavramlarin bazilari, giinliik yasam pratiklerinde ve farkli konularin 6gretiminde
islevsel bir ara¢ olma 6zelligi tasimaktadir. Literatiirde yer alan bu yapilar matematik egitimindeki
temel taglar1 olusturan anahtar kavramlar olarak nitelendirilmektedir. Nokta, dogru, say1 dogrusu,
birim ¢gember ve kiime kavrami matematik alaninda birer anahtar kavrama 6rnektir (Altun, 2006).
Ozellikle kiimeler konusu, matematigin temelini olusturan bircok kavrami igerisinde
barmdirmaktadir. Anahtar kavram olarak yer alan kiime kavramimin matematik tarihinde fakl
isimlerde kullanildig1 soylense de ilk olarak George Cantor (1845-1918) tarafindan ifade edildigi
belirtilmektedir (Fischbein & Baltsan, 1998).

Kiimeler teorisi, matematigin kuramsal yapisinda ve matematik 6gretiminde merkezi bir 6neme
sahiptir (Gavalas, 2005). Matematikteki konularin birgogunun kiimeler konusu iizerine insa
edilmesi, kiime kavramini matematigin temel kavramlarindan biri haline getirmektedir (Gir,
2009). Bu yapisal 6nemin yaninda kiimeler konusu, 6grenme kuramcilarinin vurguladig: bilissel
semalar1 diizenleme siirecinde kritik bir éneme sahip olan siniflama becerisinin de temelini
olusturmaktadir (Olkun & Toluk Ugar, 2014). Kiimeler; mantik ile cebirin ingast ve
Ogretilmesinde oldukca Onemli olmasmin yaninda, matematiksel ispattaki mantigin ortaya
¢ikarilmasina bir zemin olusturmaktadir. Say1 kavramimin 6gretim siirecinde; 6zellikle dogal say1,
tam sayi, rasyonel sayi, irrasyonel say1r ve gercek sayi sistemleri ve bu yapilar aralarindaki
iliskilerin anlasilabilmesinde kiime mantiginin 6nemi bir kez daha ortaya ¢ikmaktadir (Ozdemir,
2015). Bununla birlikte, kiimeler sadece sayi1 sistemlerinin anlasilmasinda degil, ayn1 zamanda
matematikteki daha karmasik yapilarin olusturulmasinda da temel bir aragtir gdrevindedir.
Nitekim matematikteki bagint1 ve fonksiyon kavramlari, kiimeler arasindaki iliskiler iizerinden
tanimlanmaktadir. Bu baglamda fonksiyonlar, iki kiime arasindaki esleme siireci olarak
matematiksel iliskilerin temelini olusturmaktadir (Hatisaru, 2023; Vinner, 2002).

“Modern Matematik™ akiminin etkisi sonucunda iilkemizde 1983 yilinda ger¢eklestirilen program
degisikligiyle birlikte kiime kavrami ilkokul ve ortaokul matematik miifredatina eklenmistir
(Sirmaci1 & Becerik, 2023). 2005 yilinda gergeklestirilen program degisikligi sonucunda, ilkokul
ve ortaokuldaki kiime kavrami ilkokul matematik miifredatindan 1. siniftan baslanarak kademeli
olarak ¢ikarilirken, ortaokulda ise sadece 6.smiflarin matematik miifredatina eklenmistir (MEB,
2005a, 2005b). 2013 yilinda gergeklestirilen miifredat degisikligiyle ortaokuldaki 6. matematik
programindan kiimeler konusu kaldirilmistir (MEB, 2013). 2017 programinda ise kiimeler
konusu yeniden 6.sinif matematik dersi miifredatina dahil edilmistir (MEB, 2017). Son olarak
2024 yilinda uygulamaya gecirilen Tiirkiye Yiizyili Maarif Modeli ile ortaokul matematik
mifredatinda 6nemli bir degisiklige gidilerek kiimeler konusu miifredat programindan
¢ikarilmistir. Lise miifredatinda ise sadelesmeye gidilerek kiimeler konusu bagimsiz bir iinite
olarak degil de “say1 kiimeleri” ve “aralik kavrami” basliklarinda yer almistir. Oysa, literatiirde
kiime kavrami; matematiksel diisiinceyi inga etmede, bilgiyi yapilandirma ve disiplinler arasi
gecislerde merkezi bir rol iistlenen Onciil bir yap1 olarak ifade edilmektedir (Aktas & Yiiksel,
2010; Altun, 2021; Giir, 2009). Diger matematiksel kavramlara temel teskil eden kiimeler konusu
iyl 6grenilmediginde 6grenciler ileriki konular 6grenmede zorluklar yasamaktadirlar (Aktas &
Yiiksel, 2010).

Miifredatta yapilan bu giincel degisiklik ile literatiirdeki akademik vurgu arasindaki etkilegimi
anlayabilmek; {ilkemizde bu alanda gerceklestirilen lisansiistii ¢aligmalari biitiinciil bir bakis agist
ile degerlendirmeyi anlamli kilmaktadir. Bu baglamda; kiime kavramina iliskin akademik
calismalarin belli kriterler gercevesinde sistematik bir bicimde incelenmesi, mevcut tablonun
ortaya c¢ikarilmasi ve yapilacak aragtirmalara teorik bir zemin sunmasi agisindan Snem arz
etmektedir. Yapilan literatiir taramasiyla, kiimeler konusuna yonelik ulusal ve uluslararasi
calismalarin genellikle dgrencilerin ve 6gretmen adaylarmin kavramsal bilgi seviyeleri, kavram
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yanilgilari, kiimeler konusundaki 6grenme giicliikleri, 6gretmen alan bilgisi, alternatif 6gretim
yontem tekniklerinin etkililigi, problem kurma ve problem ¢6zme becerileri lizerine yogunlastigi
gorulmektedir (Biber & Tuna, 2016; Dogan-Dunlap, 2006; Doruk & Ciltas, 2020; Fischbein &
Baltsan, 1998; Incikab1 vd., 2012; Juana vd., 2022; Samosir & Herman, 2023; Yazic1 & Albayrak,
2022; Yazic1 & Kiiltiir, 2017). Ancak Tiirkiye’de kiimeler konusuna iligkin lisansiistii tezleri
biitiinciil bir bicimde analiz ederek bu alandaki genel egilimleri ortaya koyan herhangi bir
calismaya rastlanmamistir. Bir konu iizerine gergeklestirilen calismalart incelemek, literatiire
bitiincdl bir perspektifte bakmaya olanak saglamakta ve gelecekte yapilacak arastirmalara yon
verebilecek onemli ¢ikarimlar sunmaktadir (Snyder, 2019).

Bu arastirma kapsaminda ‘Kiimeler’ konusunu ele alan tezlerin arastirma egilimleri nasildir?”
sorusuna cevap aranacaktir. Bu amaca ulasabilmek icin de agagida verilen alt problemler dikkate
alinmustir:

Arastirmada ele alinan tezlerin;
1.Yillara gore,

2.0rneklem diizeylerine gore,
3.0rneklem biiyukliiklerine gore,
4.Amaglarina gore,

5.Ydntem ve desenlerine gore,
6.Veri toplama araglarina gore,

7.Deneysel aragtirmalarin, deney gruplarinda sinanan &gretim yontemlerine goére, dagilimlari
nasildir?

Yontem

Arastirma Modeli

Aragtirma kapsaminda, matematik egitimi alaninda ‘Kiimeler’ konusunda yayimlanan lisansiistii
tezlerin tematik ve metodolojik egilimlerini belirlemek amaciyla nitel arastirma desenlerinden
betimsel icerik analizi yontemi kullanilmistir. Burada belli bir konu hakkinda yapilan ¢alismalar
ele almarak bu konu hakkindaki aragtirma egilimleri ve sonuglari tamimlayici bir bigimde
sistematik olarak degerlendirilir (Calik & So6zbilir, 2014; Lin vd., 2014). Bu yontem, aragtirma
konusunda derinlemesine bir inceleme ve yorumlama igermezken, arastirmalarin icerikleri
hakkinda genel bir ¢er¢eve sunmaktadir (Dinger, 2018; Selguk vd., 2014). Arastirmanin temel
amaci, tezlerin yapisal 6zelliklerini ve egilimlerini biitiinciil bir bakis agisiyla ortaya koymak
oldugu i¢in, betimsel igerik analizi bu ¢aligma icin en uygun metodolojik ara¢ olarak tercih
edilmistir.

Arastirmanin Orneklemi

Bu arastirmanin 6rneklemi, ‘Kiimeler’ konusunu ele alan lisansiistii tezlerden olusmaktadir.
Calismanin verilerini elde etmek i¢in 27 Mart 2026 tarihinde Yiiksekdgretim Kurulu Bagkanligi
(YOK) Ulusal Tez Veri Merkezi veri tabani iizerinde kapsamli bir tarama gerceklestirilmistir.
Tarama yaparken Dizin kisminda “Kiime” anahtar kelimesi kullanilarak herhangi bir tarih
sinirlamasi yapilmadan gerceklestirilen ilk incelemede matematik egitimi ile dogrudan iligkili
olan 16 lisansiistii tez ¢aligmasinin var oldugu tespit edilmistir. Bu tezler arasinda erisim izni
bulunmayan bir ¢alisma kapsam dis1 tutulurken, arastirma kapsamindaki kriterleri karsilayan ve
tam metnine ulagilabilen 15 tez (13 yiiksek lisans ve 2 doktora) caligmasi ele alinmigtir.
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Aragtirmada, belirlenen kriterlere uyan ¢aligmalarin secilmesini ongdren “dlciit 6rnekleme”
yontemi benimsenmistir.

Veri Analizi, Guvenirlik ve Gegerlik

Veri analizi sureci 6ncelikle arastirmanin amacina uygun olan tezlerin kayit altina alinmasiyla
baslamistir. Aragtirmaya dahil edilen tezler, yayimlanma yillaria gore yeniden eskiye dogru T1,
T2, ..., T15 seklinde kodlanmigtir. Aragtirmacilar tarafindan verilerin sistematik bir bigimde
toplanabilmesi amaciyla tezlerin yayimlanma yili, tez tiirli, arastirma amaci, yéntemi, calisma
grubu, 6gretim yontemleri, veri toplama araglari ve veri analiz tekniklerinden olugan kategorilerin
yer aldigr bir Veri Simiflama Formu gelistirilmistir. Veri Siniflama Formunun kapsam
gecerliligini saglamak i¢in matematik egitiminde uzman iki Ogretim {iyesinin goriisiine
basvurularak gerekli diizenlemeler yapilmistir. Caligmalardan elde edilen veriler bu forma
islenerek betimsel icerik analizi yontemine uygun bir bigimde ¢6ziimleme gerceklestirilmistir.

Bu calismada gecerlik ve giivenirlik 6ncelikle incelenen calismalarin giivenirlik ve gecerligine
baghdir (Tavsancil, 2014). Arastirma kapsaminda incelenen tezlerin akademik bir denetimden
gecirilerek savunulmus olmalar1 ve YOK tarafindan onaylanmis resmi bir nitelik tagimalari, bu
tezlerin giivenirlik ve gegerlik yoniinden nitelikli ve giivenilir veri kaynaklari olarak kabul
edilmelerine olanak saglamaktadir (Biber & Cetinkaya, 2020). Arastirma kapsaminda incelenen
tezlerden elde edilen veriler arastirmaci ve bir matematik egitim uzmani tarafindan ayr1 ayr1 analiz
edilmistir. Analizler arasindaki uyumu saptayabilmek i¢in giivenirlik katsayisi [Giivenirlik
Katsayis1 = Goriis Birligi + (Goriis Birligi + Goriis Ayriligl) x100] hesaplanmigtir. Yapilan
hesaplama sonucunda arastirmanin giivenirlik katsayist %85 olarak saptanmistir. Bu katsaymin
%70°den yiiksek olmasi, verilerin analizi ve kodlanmasi siirecindeki tutarliligin istatistiksel
acidan kabul edilebilir bir diizeyde oldugu gostermektedir (Miles & Huberman, 1994). Analiz
stirecinde goriis ayriliginin yasandigi maddeler arastirmaci ve alan uzmamn tarafindan yeniden
degerlendirilmis; ortak bir paydada bulusulmasinin ardindan analizler tamamlanmigtir.

Bulgular
Bu béliminde bulgular alt problem sirasina gore verilmistir.

Birinci alt probleme iliskin bulgular

Tezlerin yillara gére dagilimi1 Tablo 1°de gosterilmektedir.

Tablo 1. Tezlerin yullara gore dagilimu

Yaymnlanma Yih Calismalar f %
1998-2009 T14,T15 2 13
2010-2015 T9, T10, T11, T12, T13 5 33
2016-2021 T2, T3, T4, T5,T6, T7, T8 7 47
2022-2024 T1 1 7

Toplam 15 100

Tablo 1 incelendiginde c¢alismalarin tamaminin 1998-2024 yillar1 arasinda yayinlandigi, 15
tezden 12’sinin (%87) 2010 yil1 ve sonrasinda tamamlandigi goriilmektedir. Ayrica ¢alismalarin
7’sinin (%47) 2016-2021 yillar1 arasinda yogunlastig1 goriilmektedir.
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Ikinci alt probleme iliskin bulgular:

Tezlerin 6rneklem diizeylerine gére dagilimi Tablo 2°de verilmistir.

Tablo 2. Orneklem duzeyleri

Orneklem Diizeyi Cahsmalar f %
5. Smif T15 1 7
6. Sinif T1,T2,T3,T7,T10,T12, T13, T14 8 53
9. Smif T9 1 7
Matematik Ogretmen Adaylart T4, T5, T8, T11 4 27
Matematik Ogretmenleri T6, T7 2 13
Ogretim Uyeleri T6 1 7

Arastirma kapsamindaki lisansiistii tezlerin 6rneklem diizeylerine gore dagilimi incelendiginde,
bazi ¢aligmalarda birden fazla &rneklem grubuna yer verildigi, bu nedenden Gtiirii toplam
frekansin tez sayisini astig1 goriilmektedir. Tablo 2 incelendiginde lisansiistii ¢aligmalarin en fazla
6. sif dgrencileriyle (%53) gergeklestirildigi goriilmektedir. Bunu %27’lik oranda matematik
Ogretmen adaylar1 izlemektedir. En az tercih edilen 6rneklem gruplarinin ise her biri %7’lik orana
sahip 5. sif Ogrencileri, 9. smif 6grencileri ve d6gretim iyelerinin oldugu belirlenmistir. Bu
durum, kiimeler konusunun 6zellikle ortaokul diizeyinde yogunlastigin1 géstermektedir.

Uciincii alt probleme iliskin bulgular:

Tezlerin 6rneklem biiyiikliiklerine gore dagilimi Tablo 3’te gosterilmektedir.

Tablo 3. Orneklem buytiklukleri

Orneklem Biiyiikliigii Cahsmalar f %
0-30 T4,T6 2 13
31-60 T1,T3,T5,T9, T13, T14 6 40
61-90 T10 1 7
91-... T2, T7, T8, T11,T12, T15 6 40

Tablo 3 incelendiginde lisansiistii ¢aligmalarin 6’sinin (%40) 6rneklem biiyiikliigiiniin 91 ve
iizerinde oldugu goriilmektedir. Benzer sekilde 31-60 araligindaki 6rneklem biiyiikliigiine sahip
calismalarin orani da %40 olarak tespit edilmistir. Buna karsilik 6rneklem biiyiikliigii olarak 61-
90 araligina sahip ¢aligsmalarin en diisiik orana (%7) sahip oldugu dikkat ¢cekmektedir. Bu bulgu,
arastirmalarda orta ve yiiksek biiytikliikte 6rneklemlerin tercih edildigini gostermektedir.
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Dordiincii alt probleme iligkin bulgular:

Tezlerin amaglarina gore dagilimlar Tablo 4’te gosterilmektedir.

Tablo 4. Amaglar

Amaclar Calismalar f %
Farkli 6gretim yontem ve tekniklerinin akademik T1,T9, T10, T11, T13, 6 40
basariya etkisini belirleme T14

Farkli 6gretim yontem ve tekniklerinin kaliciliga T1,T10,T11, T13 4 27
etkisini belirleme

Kimeler konusunda bilgi diizeylerinin T7,T12, T15 3 21
belirlenmesi

Kiimeler konusundaki temel kavramlara iligkin T2 1 7
metaforik algilar1 belirleme

Kiimeler konusunun égretiminde Gergekei T3 1 7
Matematik Egitimi Yaklasiminin kullanilmasini

inceleme

Sozel olarak ifade edilmis kiimelerin T4 1 7
matematiksel dile cevrilmesi

Kiimeler konusundaki matematiksel kavramlarin T5 1 7
gorsellestirilmesi

Kiime kavraminin miifredattaki yeri hakkindaki T6 1 7

goriislerin tespiti

Sonsuz kimelerin denkligine iliskin bilgi T8 1 7
dizeylerinin belirlenmesi

Tablo 4 incelendiginde, tezlerin biiyiikk bir kismmin (%40) amacinin, farkli 6gretim
uygulamalariin akademik basariya etkisini incelemek oldugu goriilmektedir. Ayrica 3 tez (%21)
icin de “Kiimeler konusunda bilgi diizeylerinin belirlenmesi” seklindeki amacin benzer oldugu
sOylenebilir. Bununla birlikte diger ¢alismalarin ise biiyiik oranda birbirinden farkli amaglara
odaklandig1 dikkat g¢ekmektedir. Bu kapsamda; Ogrencilerin kiimeler konusundaki temel
kavramlara iliskin bilgilerini tespit etmek, kiime kavraminin miifredattaki yeri hakkindaki
gorlislerin  alinmasi ve Ogrencilerinin  kiimeler konusunda problem kurma becerilerinin
incelenmesi gibi farkli amaglarin da ele alindig1 goriilmektedir. Bu bulgular, “Kiimeler” konusuna
iligkin ¢aligmalarin belli bir alana odaklanmakla birlikte farkli aragtirma amaglar1 dogrultusunda
cesitlilik gosterdigini ortaya koymaktadir.

Beginci alt probleme iliskin bulgular:

Tezlerin yontem ve desenlerine gore dagilimlar Tablo 5’te gosterilmektedir.
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Tablo 5. Yontem ve desenler

Arastirma Yontemi Arastirma Deseni Calismalar f %
Yar1 Deneysel Desen T1,T10,T14 3 20

Nicel Esit Olmayan Kontrol Grubu Deseni T11 1 7
Betimsel Arastirma T15 1 7

Durum Calismasi T4, T7,T8 3 20

) Butuncul Tek Durum Deseni T3 1 7
Nitel Olgubilim Deseni T2, T6 2 13
Gomuli Teori T5 1 7

Aciklayici Desen T9 1 7

Karma Belirtilmemis T12 1 7
Deneysel + Eylem Arastirmasi T13 1 7

Tablo 5 incelendiginde lisansiistii caligmalarda en fazla nitel aragtirma yontemlerinin (%47) tercih
edildigi gortilmektedir. Nicel arastirma yontemlerinin kullanim oram1 %33 iken, karma
yontemlerin kullanim orant %20 olarak belirlenmistir. Arastirma deseni olarak da nicel
aragtirmalarda en fazla Yar1 Deneysel Desenin (%20) tercih edildigi goriilmektedir. Nitel
arastirmalarda da en fazla durum ¢alismasinin (%20) kullanildig1 goriilmekle birlikte olgubilim
deseni (%13), biitiinciil tek durum deseni (%7) ve gomiilii teori (%7) gibi farkli desenlerin tercih
edildigi goriilmektedir. Bu bulgular, “Kiimeler” konusuna iliskin lisansiistii ¢aligmalarin agirliklt
olarak nitel arastirma yaklagimi c¢ercevesinde yiiriitiildiigiinii ve farkli arastirma desenleri
acisindan gesitlilik gosterdigini ortaya koymaktadir.

Altinci alt probleme iligkin bulgular:

Veri toplama araglarina gore dagilim Tablo 6’da verilmistir.

Tablo 6. Veri toplama araclar

Veri Toplama Araclar1 Calismalar f %
Basar1 Testi T1,T4,T7,T9,T10, T11, T13, T14, T15 9 60
Gorlisme T3,T4,T5,T6, T8, T9 6 40
Yazil1 Dokiimanlar T2, T3, T5,T8,T12 5 33
Gozlem T7,T8 2 13
Olgek T1,T11 2 13
Anket T13 1 7
Kalicilik Testi T1,T10, T11, T13 4 27

Tablo 6 incelendiginde tezlerde en ¢ok basari testinin (%60) veri toplama araci olarak kullanildig:
goriilmektedir. Bunu sirasiyla goriisme (%40), yazili dokiimanlar (%33), ve kalicilik testi (%27)
takip etmektedir. Diger veri toplama araglari incelendiginde; gozlem (%13) ve Olgek (%13)
kullanim oranlarinin ayni oldugu goriilmektedir. En az ise %7 oranla anketin tercih edildigi
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gorlilmektedir. Bu bulgular, “Kiimeler” konusuna iligkin yapilan ¢aligmalarda daha ¢ok akademik
basariyr 6lgmeye ve derinlemesine veri elde etmeye yonelik veri toplama araglarinin tercih
edildigini gostermektedir.

Yedinci alt probleme iligkin bulgular:
Deneysel desenli tezlerin deney gruplarinda sinanan dgretim yontemlerine gore dagilimlar1 Tablo
7’de verilmistir.

Tablo 7. Deney gruplarinda sinanan égretim yontemlerinin dagilimina ait veriler

Ogretim Yontemleri Calismalar f %
Gergekei Matematik Egitimi T9 1 17
5E Ogrenme Halkas1 Modeli T10 1 17
Jigsaw Teknigi T11 1 17
Bilgisayar Destekli Ogretim T13 1 17
Aktif Ogrenme Teknikleri T1,T14 2 33
Toplam 6 100

Aragtirma kapsaminda incelenen 15 lisansiistii ¢alismanin 7 tanesinin deneysel ¢alisma oldugu
gorlilmektedir. Tablo 7°de yer alan yiizdelikler sadece deneysel caligmalar dikkate alinarak
hesaplanmigtir. Tablo 7 incelendiginde Ggretim yontemi olarak deney gruplarinda en fazla
gercekei matematik egitimi (%29) ve aktif 6grenme tekniklerinin (%29) tercih edildigi
gorlilmektedir. Bunun yaninda 5E 6grenme halkasi modeli, jigsaw teknigi ve bilgisayar destekli
Ogretim yoOntemlerinin ise %14 oranla kullanildigi belirlenmistir. Bu bulgular, “Kiimeler”
konusuna iligkin yapilan deneysel ¢alismalarda farkli 6gretim yontemlerinin benimsendigini ve
Ogretim siirecine yonelik olarak alternatif yaklagimlarin 6n plana ¢iktigini géstermektedir.

Tartisma ve Sonug

Aragtirma bulgular1 incelendiginde, kiimeler konusuna iligkin lisansiistii ¢aligmalarin 2009 y1l1 ve
sonrasinda yogunlastig1 goriilmektedir. Bu durum, kiimeler konusuna yonelik akademik ilginin
son yillarda arttigini gdsterir niteliktedir. Benzer sekildeki egilimleri matematik egitimi alaninda
yer alan farkli aragtirma konularinda da gérmek miimkiindiir. Ornegin; problem kurma, kavramsal
ve islemsel bilgiler, origami ve ¢oklu temsillere iligkin yapilan tez inceleme aragtirmalarinda
calismalarin belli yillarda yogunlastig1 ve zaman igerisinde de artig gosterdigi rapor edilmektedir.
(Cakan & Tekin Dede, 2023; Dogan & Bayraktar Kurt, 2021; Ozcan vd., 2023; Tiirer & Cantiirk
Gilinhan, 2022). Bu durum, matematik egitimindeki arastirma egilimlerinin dénemsel bigimde
degisebilecegini, belli konularin farkli zamanlarda arastirmacilarin daha fazla ilgisini
cekebilecegini ifade etmektedir.

Aragtirmalarin 6rneklem diizeylerine iliskin elde edilen bulgular, lisansiistii ¢calismalarin agirlikli
olarak ortaokul seviyesinde, oOzellikle 6. smif Ogrencileriyle (%53) gergeklestirildigini
gostermektedir. Ortaokulda kiimeler konusunun (miifredatta oldugu donemlerde) sadece 6.
siiflarda yer almasi, ayrica bu sinifta ilgili konu kazanimlarinin uygulama agisindan daha az
zaman almasinin aragtirmacilara pratiklik saglamasi, bu ormeklem diizeyinin aragtirmacilar
tarafindan tercih edilme sebepleri arasinda yer alabilir. Bu bulgu, benzer ¢aligmalarin bulgulartyla
da ortiismektedir (Kaya & Kesan, 2022; Ozey, 2019). Arastirmalarin 6rneklem biiyiikliiklerine
iligkin bulgular incelendiginde ise calismalarin O6nemli bir boliimiiniin orta ve yiiksek
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biiytikliikteki Orneklemlerle gerceklestirildigi goriilmektedir. Bu durumun, arastirmalarda
genellenebilirligi artirma yoniindeki egilimden kaynaklandig: diisiintilmektedir.

Aragtirmalarin amaglar1 incelendiginde, ¢alismalarin 6nemli bir kisminin (%40) farkli 6gretim
uygulamalarinin akademik basar1 ve kalicilik iizerindeki etkisini incelemeye odaklandigi
goriilmektedir. Bu bulgu, matematik egitiminde 6gretim siireclerinin etkililigini tespit etmeye
iligkin g¢aligmalarin oncelikli olarak ele alindigimi ortaya koymakta olup, benzer c¢aligma
bulgulariyla ortiismektedir (Biber & Cetinkaya, 2020; Ozey, 2019; Simsek & Yasar, 2019).
Aragtirmalarda kullanilan yontemler incelendiginde caligmalarda en fazla nitel aragtirma
yontemlerinin (%47) tercih edildigi goriilmektedir. Bu durum, kiimeler konusunun kavramsal
yapisi geregi derinlemesine inceleme gerektiren bir konu olmasi ile iligkilendirilebilir. Nitekim
kavramsal Ogrenmenin dogasinin, bireylerin diislinme siireclerinin ayrintili olarak analiz
edilmesini gerektirmesi, nitel aragtirma yaklasimlarin1 6n plana ¢ikarmaktadir. Ancak egitim
alaninda gerceklestirilen birgok ¢alismada nicel yontemlerin daha yaygin bir bigimde kullanildig:
gorilmektedir (Biber & Cetinkaya, 2020; Ciltas vd., 2012; Demirkol & Kutluca, 2016; Giilbahar
& Alper, 2009; Ozan & Kose, 2014; Ozan & Kiigiikoglu, 2016; Ozeng & Ozeng, 2013; Ozkan &
Senyurt, 2017; Ulutas & Ubuz, 2008; Yasar & Papatga, 2015).

Veri toplama araglarina iligskin bulgular, ¢calismalarda yaygin bir bigcimde basari testlerinin (%60)
kullanildigimi gostermektedir. Bu durum, arastirmacilarin kiimeler konusundaki ¢aligmalarini
cogunlukla Ogretim uygulamalarinin etkililigini sinamaya yonelik olarak tasarladiklarini
diisiindiirmektedir. Alan yazinda yer alan benzer ¢calismalar, arastirmalarda en fazla basari testinin
kullanildig1 gostermektedir (Biber & Cetinkaya, 2020; Kaya & Kesan, 2022; Ozcan vd., 2023;
Ozey, 2019). Ayrica calismalarda goriisme gibi nitel veri toplama araglarmin da siklikla
kullanilmasi, veri ¢esitlemesinin saglanmaya galisildigini gostermektedir. Bu bulgu da literatiirde
yer alan benzer ¢alismalarin bulgulariyla ortiismektedir (Albayrak & Ciltas, 2017; Biber &
Cetinkaya, 2020).

Deneysel c¢alismalarda kullanilan ogretim yontemleri incelendiginde, ¢esitli Ogretim
yaklagimlarinin simnandig1 goriilmekle birlikte herhangi bir yontemin belirgin bir sekilde 6ne
cikmadigr belirlenmistir. Arastirmalarda ger¢ekgi matematik egitimi ve aktif 6grenme teknikleri
diger yontemlere gore daha fazla tercih edilmis olsa da bu yaklasimlarin sadece ikiser ¢calismada
kullanilmis olmasi, literatiirde bu yontemin diger yontemlere goére belirgin bir iistiinlitk
gostermedigini ifade etmektedir. Bu durum, kiimeler konusuna iliskin yapilan deneysel
calismalarin simirli sayida olmasi ve arastirmacilarin bu ¢alismalarda farkli 6gretim yontemlerini
test etmeye yonelmeleriyle agiklanabilir. Son yillarda gerek ulusal gerek uluslararasi literatiirde
matematik 6gretiminde tek bir yonteme bagli kalinmadigi; dijital oyunlar, teknoloji destekli
uygulamalar, gergeke¢i matematik egitimi ve diger 6grenciyi merkeze alan yaklasimlar gibi farkl
Ogretim uygulamalarinin aragtirmacilar tarafindan yaygin olarak kullanildigi bulgusu
arastirmanin sonuglartyla ortiismektedir (Aydin & Ata, 2024; Bognar vd., 2025; Celik vd., 2024;
Putri vd., 2025). S6z konusu bulgular, kiimeler konusunun 6gretiminin yontemsel yeniliklere ve
farkli uygulama stratejilerine agik, dinamik bir gelisim alani olma 6zelligini koruduguna isaret
etmektedir.

Oneriler

Arastirmanin neticesinde “Kiimeler” konusunda hazirlanan tezlerin sinirli sayida olmasi dikkat
¢ekicidir. Bu durum, s6z konusu alanda daha fazla ¢alismanin yapilmasina ihtiya¢ duyuldugunu
ortaya koymaktadir. Ayrica bu c¢alisma, sadece yurt iginde yayimlanmis lisanststl tezlerle
sinirlidir. Bu  dogrultuda, ilerleyen c¢alismalarda “Kiimeler” bashigi altinda yurtdisinda
yayimlanmis lisansiistii tezlerin analiz edilmesi ve s6z konusu alandaki uluslararasi egilimlerin
karsilastirmali olarak degerlendirilmesi Onerilebilir. Bununla birlikte “Kiimeler” konusuna iligkin
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makalelerin de incelenmesi, alan yazinin kapsamli bir bi¢imde degerlendirilmesine imkan
sunacaktir.

Yapilan incelemede, agirlikli olarak nitel yontemlerin arastirmalarda tercih edildigi
gorlilmektedir. Bu baglamda nicel ve karma yontemlerin dengeli bir bicimde kullanilmasi1 da veri
cesitlemesine katki saglayacaktir.
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. Abstract
Keywords: This study aimed to an examination of Libyan and Turkish students'
Libyan and thinking levels of quadratic patterns generalization according to SOLO
Turkish students' | taxonomy. The study model was a hybrid design with predominantly
thinking levels, qualitative design. In this study, the working group was consisted of 112

] from Libyan students at three high school in the city of Tripoli in Libya
quadratic patterns | and 129 Turkish students at three high school in the city of Kastamonu
generalization, in Turkey. The study was undertaken in the 2018-2019 academic year.
Overall, the results showed that most Turkish and Libyan students who
SOLO taxonomy. participated in the study mostly their level on the Uni-structural level,
Paper Type: the Multi structural level and the Relational structure level in quadratic
patterns generalization, However, some of them were able to reach
successful in moving Advanced thinking levels in this area. Despite of
these, there Libyan and Turkish students left the problems blank and
there were students at the pre-structural level. In order for students to
achieve a higher level of thinking in understanding and quadratic
patterns generalization. Supporting students to develop their thinking
level by solving problems and getting them involved in different
activities that are aimed at promoting their skills and improving their
level thinking in quadratic patterns generalization. In addition,
mathematics teachers should create opportunities for students to relate
their mathematical ideas and concepts to enable the students to promote
their ability in thinking, as well support students' thinking levels in
moving from a design-based learning environment that encourages
"recalling facts" to one that encourages "analysis and synthesis".

Resaerch
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Introduction

Mathematics is one of the most important sciences in this world, its value and importance have
gradually increased throughout history. Mathematics occupies a prominent place in the educational
curricula of various countries world (Polat, 2010), and is considered fundamental at all educational
levels, its importance is particularly pronounced at the primary level, as it provides students with the
foundational mathematical knowledge necessary for continuing their mathematical studies in later
educational stages (Isik & Tarim, 2009; Yildirim, 2006).

Mathematics and its various branches play a major role in developing students' thinking skills.
Thinking is the basis of the learning process. Developing thinking skills is primary educational
requirement, as it leads to a deeper understanding of the knowledge content students acquire.
Algebraic thinking is one of the most important types of thinking associated with mathematics, and
it is considered a Wayport for students' thinking skills, given its effective contribution to solving
mathematical problems, it has an important role in mathematics, and it is a way of seeing the real
world (NCTM, 1992).

Different researchers have tried to reveal components of algebraic thinking. For Example, Dindayal
(2003) sees algebraic thinking includes three skills the use of symbols and algebraic relationships, the
use of multiple representations, the use of patterns and generalizations. Celik (2007) sees, algebraic
thinking consists of three basic skills: using symbols and algebraic relations, utilizing multiple
representations, and formulating generalizations (Celik, 2007). As for Celik (2007) and Bagdat (2013)
also emphasizes that algebraic thinking consists of the ability to use symbols and algebraic relations,
benefit from multiple representations and formulate generalizations. Through literature,
generalization is an important indicator of algebraic thinking, and it is an essential skill in algebraic
thinking. Algebraic thinking is a process that serves the aim of generalization (Kaput, 2008). Pattern
and generalisation are both thought to be fundamental to mathematics and Patterns are a key step in
the formation of generalization (Hargreaves, Shorrocks-Taylor & Threlfall, 1998).

In our daily life, because there are a system and pattern in many matters in our life, patterns may be
described as structures which human encounter in every area of daily life area (Palabiyik & Akkus-
Ispir, 2011). In mathematics, patterns are one of its most important topics, and it's the heart and
essence of mathematics. (Zazkis & Liljedahl, 2002). Patterns are any predictable regularity (Mulligan
& Mitchelmore, 2009). Patterns can be classified as numerical or non-numerical (Smith ,1997).
Patterns can be classified as linear and quadratic (Stacey, 1989). as well as patterns can be classified
into numerical patterns, pictorial patterns, repeating patterns, and linear and quadratic patterns (Zazkis
& Liljedahl ,2002)

Many researchers have sought to study the stages or levels of development of pattern recognition
ability. There are studies that show students do not have difficulty with generalization of patterns, for
example, in a study conducted by Cathcart et al. (2003) asserted children can learn to see relationships
and generalize. In a study conducted by Lannin (2005), which aimed to understand students' thinking
and their ability to generalizations, the results showed that students can easily generalize the pattern.
In study was conducted by Lee and Freiman (2006), results showed researchers found that children
could discover patterns more easily at an early age. In a study made by Amit &Neria (2008), it was
aimed to focus on the generalization methods used by students in solving linear and non-linear pattern
problems. Results showed that students can easily generalize patterns. In a study made by Akkan
(2013), it was aimed to determine strategies when dealing with problems related to linear and
quadratic patterns. As a result of the study, it showed students' efficiencies of generalizing patterns
and the variety of their strategies.
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However, there are some other studies that have indicated many of the difficulties students encounter
in patterns generalization. For example, in a study made by Cayir and Akyiiz (2015), it was aimed to
determine the pattern generalization strategies of 9th grade students, a result of the study, students
had difficulty in finding the generalization rule algebraically. As for study conducted by Andini and
Suryadi (2017), As a result of the study, most students could not understand pattern generalization
problems. As for study made by Yesildererules and Akko¢ (2011), it was aimed to determine the
strategies which a total of pre-service teachers used to teach how to find the rule of patterns. As a
result of the study, it was determined that the pre-service teachers had some difficulties related to
patterns.

It is clear in these previous studies that patterns were among the subjects in algebra which some
students had difficulty comprehending and there were already some difficulties related to the concept
of pattern, and how to perceive the pattern algebraically (Lee ,1996). For students to become creative
in understanding patterns and perceive an algebraically useful pattern. Overcoming all these
difficulties, it is necessary to know students' thinking levels of pattern understanding and to give
recommendations and suggestions that mitigate and reduce these difficulties. Therefore, this study
aims to an examination of Libyan and Turkish Students’ Thinking Levels Through their
Generalization in Quadratic Patterns according to SOLO Taxonomy. This study is like some studies
that identified the level of students’ thinking and their knowledge of patterns, as well as in the tools
used and their use of SOLO Taxonomy as in mathematics at different levels in the literature as a
study (Lam & Foong, 1996; Pegg & Coady, 1993; Bagdat, 2013; CELIK, 2007; Elazzabi & Kagar,
2020). The current study differs from previous studies in that it examines the thinking levels of
students of two countries in quadratic patterns generalization according to SOLO Taxonomy.
Therefore, being in line with the stated aim, answers to the following questions were sought in the
study:

1. What are Libyan and Turkish students’ thinking levels Through their quadratic patterns'
generalization according to SOLO Taxonomy?

2. Is there a significant difference between the thinking levels of Turkish and Libyan students
to quadratic patterns generalization?

Method

The Study Design

As it is descriptive in nature, The case study design was chosen as the most suitable for the nature of
the current research objectives, which is one of the qualitative research methods, which allows to
determine the attitudes, successes, and ideas of the group of participants (Miriam, 1991; Stake, 1994).
The problem-solving thinking levels that the students applied to the quadratic patterns' generalization
problems were analyzed according to the answers obtained by the developed measurement tool.
SOLO Taxonomy was used to examine the students’ thinking levels. The qualitative data obtained
from the measurement tool prepared in Arabic and Turkish were analyzed.

Participants

In this study, the participants was consisted of 112 Libyan students at three high school in the city of
Tripoli in Libya and 129 Turkish students at three high school in the city of Kastamonu in Turkey.
The study was undertaken in the 2018-2019 academic year. As the schools were willing to open their
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doors to carry out the study, convenient sampling was the primary choice for the working group
selection (Patton, 1987). Since these students were in the high grade in high schools and they were
about to finish from high study , the working group had already studied quadratic patterns and they
had the knowledge of quadratic patterns in order to solve the questions asked in this study.

Data Collection Tools

In the study, a four-problems test regarding quadratic patterns generalization was given to the
students as data collecting tool, and In addition to Benefit some from the literature as ( Ontario, 2013
) were also consulted in developing this test. The data of the study were obtained through this test.
The test was conducted in the 2018 —2019 academic year. Test is shown in the finding section. Each
of the problems in the test are designed to reflect the students' level of thinking in quadratic patterns
generalization. Academics’ views in mathematics education were taken in Faculty of Education,
Kastamonu University with research experience in algebraic thinking and pattern generalization
reviewed the instrument to determine whether the questions were appropriate and valid in terms of
language, level, and content. For the reliability of data obtained from the test, compatibility between
the encoders was taken into consideration. After the students' answers were encoded independently
by two supervisors, the student's answers were encoded independently by two supervisors, the
Cohen’s Kappa concordance coefficient was calculated. Results of Cohen’s kappa coefficient were
0.87. Therefore, this result is enough for measuring the consistency of the encoder analysis.

Data Analysis

In this study, according to the descriptive research method the students' responses were analysed
according to SOLO taxonomy. The students' responses examined in detail and their thinking levels
regarding generalization in quadratic pattern according to SOLO taxonomy. The thinking levels of
SOLO Taxonomy and how these assessments were undertaken are explained in below (Biggs & Collis
1991):

Pre-structural Level (PSL): This is the lowest level of SOLO taxonomy on which students cannot
understand the problem. Misinterpretation of the problem. Unrelated answers.

Uni-structural Level (USL): In this level, students understanding of the problem is limited. Students
focu on one aspect of the problem. Since students focu on only one aspect of the problem , so the
answers are limited and unenough.

Multi-Structural Level (MSL): In this level, students can establish a more complex relation. Students
use several aspects of the problem without comprehending the relations between them, so students
cannot connect these aspects. This means there is no relational connection between students answers.

Relational-Structural Level (RSL): In this level, students can generalize the relation. Students give a
rule or formula for the relation. Students understand all the aspects of the problem in relation to the
answer. Therefore, they can connect these aspects in this level.

Abstracted-Structural Level (ASL): This is the highest level of SOLO taxonomy on which students
can thinking and generalize beyond the data. Students creat new things. Students go beyond the
problem to develop a new strategy to reach a solution.

Students' responses to the test were classified with the help of a numerical scale depending on the
SOLO taxonomy (Mooney, 2002; Rider, 2004). The answers were coded as:

"1" For Pre-structural level (PSL),
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"2" For answer at the Uni- Structure level (USL),

"3" For an answer at the Multi- Structure level (MSL),

"4" For answer at the relational Structure level (RSL).

In addition, when students no answered for questions (Blank), the symbol is "0".

In this way, thinking levels of Libyan and Turkish students regarding quadratic pattern generalization
according to SOLO taxonomy were determined. Obtained results were interpreted by conducting
percentage, arithmetic average, graphic shapes, Mann Whitney U-Test was used as an alternative test
of T-test.

Finding

In this study, The responses of the Libyan and Turkish students were analyzed according to SOLO
taxonomy, then the findings obtained were presented in graphs with examples from students. At least
one sample was presented from both countries and student answers will be displayed at the highest

level students have reached in every problem. They were carefully selected to represent other In
addition, data obtained from study were analysed with SPSS computer program.

Findings and Comments Related to the First Research Question
The findings of the analysis of the students’ responses to the first problem.

problem 1: Find the rule that relates the pattern number to the number of blocks and identify
how the pattern is growing.

1
[ 1 2 3

The analysis of the answers given to the 1st problem according to the SOLO taxonomy is
given in the Graph 1.
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Graph 1. The Analysis Of The Answers Given To The 1st Problem According To The SOLO
Taxonomy

As is seen in the graphl, the findings indicate that a majority of the Turkish and Libyan students
participating in the study can demonstrated relational-structural level thinking in solving the first
problem. As for the Libyan students, 49.11 % of are at the relational-structural level (RSL), and For
the Turkish students, 60.47% of are at the relational-structural level (RSL). In this problem, it means
that students thinking levels in regarding generalization quadratic patterns are high. In addition,
Turkish students' level was higher than the Libyan student's level. Some of the answers given by the
Libyan and Turkish students at the relational -structural level are given below:
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Figure 1. a Libyan students' sample answers to first problem
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Figure 2. a Turkish students' sample answers to first problem

As for figures 1 and 2 students were able to provide a correct answer to this question. Students have
the necessary knowledge and skills to present a solution using the right method, students took on a
good step in the solution, students were able to solve the problem by using appropriate steps, and
students can formulate a pattern rule. They could generalize the relation and put a rule, they could
find the rule that relates the pattern number to the number of blocks, and they could identify how the
pattern is growing. For this reason, the students’ answers accepted to be at RSL.

The findings of the analysis of the students’ responses to the second problem.

Problem 2: The following table shows the side length and area of a square. Side length of

square = X.

Side length 1 2 3
The area 1 4 9 64

(a)Find the missing value on the table.

(b)Do you see any patterns in the table, if so? Describe them.
(c)If there is pattern, what is the formation rule of the numbers in the pattern?

Here present the findings of the analysis of the students’ responses to the second problem, which is
in three parts.
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Problem 2 - Part a: The analysis of the answers given to the 2nd problem - part (a) according to the
SOLO taxonomy.

%
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Graph 2. The analysis of the answers given to the 2nd problem according to the SOLO
taxonomy: Part a

As is seen in the graph 2, findings indicate that a large proportion of the Libyan and Turkish
students participating in the study can succeed in answer to part (a), the most common level for
students in both countries was the Uni-structural level. Where the Libyan students, 99.11 % of was
at the uni-structural level (USL), and For the Turkish students, 100% of are at the uni-structural level
(USL). In addition, Turkish students' level was higher than the Libyan students' level. Some of the
answers given by the Libyan and Turkish students at the uni-structural level are given below:

Jsaall 850 sl Aaall e Sl ()
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[Taking the square root of 64, the missing value is 8.]
Figure 3. A Libyan students' sample answers to second problem — Part a

(a) Tablodaki eksik degeri bulunuz.

)(2'—.: &, Hangu' saymnm Laesi 64 ' 4Gr C
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Figure 4. A Turkish students' sample answers to second problem — Part a

As shown in Figures 3 and 4, these two students could provide a correct answer to this problem, which
suggests that they had the necessary knowledge and skills to present a solution using the right method.
The students took on a good step for the solution and they can complete the solution, this indicates
students' understanding of quadratic patterns . For this reason, the students’ answers were accepted
to be at USL in part (a).

Problem 2 - Part b: The analysis of the answers given to the 2nd problem - part (b) according to the
SOLO taxonomy.
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Graph 3. The Analysis of The Answers Given to the 2nd Problem According to The SOLO
Taxonomy: Part B

Here, it was observed that a large proportion of the Turkish and Libyan students participating in the
study can succeed in advancing toward advanced thinking levels. As for the Libyan students, 85.71
% of are at the relational-structural level (RSL), and For the Turkish students, 86.82% of are at the
relational-structural level (RSL). It means that students thinking levels in regarding the formulation
of quadratic patterns are high and a large percentage of the Libyan and Turkish students were able to
knowledge the pattern and its description. Some of the answers given by the Libyan and Turkish
students at the relational-structural level are given below:
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[area is squaring the side length, and the pattern is a quadratic pattern]
Figure 5. A Libyan students' sample answers to second problem — Part b

DI0dd lieiiialigl DI OTdiild gOoIuyor musuliiudr cgel vdiod dyinigayilinie.

arenine.  d5rt Kenarnide. birbicine esrHir.
eﬁw\s; ke kenorinin C«leplmly/& alont buluaur,

lani “aym ki sayinn Gapldmasi cemek o soyinin koresinl almak cbmetdinr
8u da. Kenann Laresi (X2) Srankisana bize vesr

Figure 6. A Turkish students’ sample answers to second problem — Part b

As shown in Figures 5 and 6, these two students could provide a correct answer to this problem, which
suggests that they had the necessary knowledge and skills to present a solution using the right method.
The students took on a good step for the solution and they were able to knowledge the pattern and its
description, this indicates students' understanding of quadratic patterns . For this reason, the students’
answers were accepted to be at RSL in part (b).

Problem 2 - Part c¢: The analysis of the answers given to the 2nd problem - Part (c) according to the
SOLO taxonomy.

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online
Journal of Mathematics, Science and Technology Education (OJOMSTE), 7(1), 96-117.
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Graph 4. An analysis of the answers given to the 2nd problem according to the SOLO
taxonomy: Part c

As is seen in the graph4, it was observed that a large proportion of the Turkish and Libyan students
participating in the study can succeed in advancing toward advanced thinking levels. As for the
Libyan students, 89.29 % of are at the relational-structural level (RSL), and For the Turkish students,
79.07 % of are at the relational-structural level (RSL). It means that students thinking levels in
regarding the formulation of quadratic patterns are high and a large percentage of the Libyan and
Turkish students were able to knowledge the pattern and find the formation rule of the pattern. Despite
this, Libyan students' level was higher than the Turkish students' level. Some of the answers given by
the Libyan and Turkish students at the relational-structural level are given below:

Y sl 3 a8 W) daas) Sac Gl Sa o 9SS 15la ¢ daas s -

o =
P \{)\§\ N\ i = TR L.
2

O
C 2) == (t

[The area is equal to the square of the side length, m =(L)?, L = side length]
Figure 7. A Libyan students' sample answers to second problem — Part ¢

(c) Eger oruntid varsa, 6Srantuniun kurali nedir?

o Akn L = X‘l Ocat
x | / x e

>

Figure 8. A Turkish students' sample answers to second problem — Part ¢

In the answers given in figures 7 and 8, where students were able to provide a correct answer. Students
have the necessary knowledge and skills to present a solution using the right method. Students took
a good step in the solution, they could find the formation rule of the pattern, and they could generalize
the relation and put a rule of the pattern. For this reason, the students’ answers accepted to be at RSL.

The findings of the analysis of the students’ responses to the third problem.

Problem 3: Ali, his neighbors who farm apples. They plant their apple trees in square patterns in each
orchard. To protect the trees from the wind, they plant evergreens all around the orchard the diagram

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online
Journal of Mathematics, Science and Technology Education (OJOMSTE), 7(1), 96-117.
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to the below illustrates the pattern of apple trees and evergreens for any number (n) of rows of apple
trees.

A = EVErgreen — T
w - appletree
A A & & A A A A&
Aok ok ok A AA vy W W W
A A A A A AW W Wi A &
A i & A9 Wi Fy A AW W W Wi [
i WA A F Y AW W Wi & & T
A &k &k AW WA & A AW W W Wi
F AW W Wi & ik
A A kA A AL AW W W Wi
Y Y Yy YWY
n=1 n=2 n=3 n=4
1 [

a) Do you see any patterns in the diagram? If so, describe them.
b) How many of each type of tree will be there when n = 6?
¢) When does the number of apple trees equal the number of evergreens? Justify your response.

d) How does the growth of the number of apple trees compare with the growth of the number
of evergreens?

Here present the results of the analysis of the students’ responses to the third problem, which is in
four parts.

Problem 3 - Part a: The analysis of the answers given to the 3rd problem - part (a) according to the
SOLO taxonomy.

90.00%
80.00%
70.00%
60.00%
50.00%
40.00%

0,
30.00% 17.83%

20.00% )  12s0%
10.00%  1.79%3-88%  2.68%098%  4.46%6.20%

0.00% —_— — = E B E
B P u M R

78.57%
5.12%

M Libya H Turkey

Graph 5. The analysis of the answers given to the 3rd problem according to the SOLO
taxonomy: Part a

As is seen in the Graphb, findings indicate that a large proportion of the Turkish and Libyan students
participating in the study can succeed in advancing toward advanced thinking levels. As for the
Libyan students, 78.57 % of are at the relational-structural level (RSL), and For the Turkish students,
65.12% of are at the relational-structural level (RSL). In this problem, it means that students' thinking
levels in regarding the formulation of quadratic patterns are high. In addition, Libyan students' level

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online
Journal of Mathematics, Science and Technology Education (OJOMSTE), 7(1), 96-117.
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was higher than the Turkish students' level especially at the relational-structural level. Some of the
answers given by the Libyan and Turkish students the relational structural level is given below:

N

P T el R (CET P
~ny >
="
N N - S o~ o=
“L? ) e ;= o~ = -

- Y ~J oo ><
k M~ x5 ?? ?’: Sa >

> A Rl X, - s

Figure 9. a Libyan students' sample answers to third

Diyagramda herhangi bir 6riintii gériiyor musunuz? Eger varsa aciklayiniz.
add™

.__ri:’-.—t-/ n=2 = S:LU?S; her basamapin erest ko
=) ise A=% oL se Ly = @
A=1b A sayst bic dnceki basemagin A soysina

ase. B fazles:
n. 8

Figure 10. a Turkish students' sample answers to third problem — Part a

As for figures 9 and 10 students were able to provide a correct answer to this problem. Students have
the necessary knowledge and skills to present a solution using the right method, students took on a
good step in the solution, students were able to solve the problem by using appropriate steps. Where
students can see the pattern in the diagram, description of pattern and they could identify how the
pattern is growing.and also they could generalize the relation and put a rule. For this reason, the

students’ answers accepted to be at RSL.
Problem 3 - Part b: The analysis of the answers given to the 3rd problem - part (b) according to the
SOLO taxonomy.

80.00% 72.09%
66.07%
60.00%
40.00%
23.21%
16.28%
20.00% 6.26% ., 8.53%
2073 10% 4.46% o o
— (= 0.00% 0.00%
0.00% — —
B P u M R
HLibya HTurkey

Graph 6. The analysis of the answers given to the 3rd problem according to the SOLO
taxonomy: Part b

As is seen in the Graph6, findings indicate approximately 66.07% of the Libyan students tried to solve
the problem at multi-structural, 23.21% are at the uni- structural level (USL), and 4.46% ware at the
pre-structural level (PSL). For the Turkish students,72.09 % of are at the multi-structural level (MSL),

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online
Journal of Mathematics, Science and Technology Education (OJOMSTE), 7(1), 96-117.
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16.28% are at the uni- structural level (USL), and 8.53 % ware at the pre-structural level (PSL). In
this question, most levels of the students were multi-structural level. Some examples from solutions
of students are as follows:

C 6 = O eSS SN e SN e g 2 IS 23s oS ()

24.,/ ER Sy —4 == l:"“'

— gz A

e

[Apple =36/y =x? but trees=48/y=8Xx]
Figure 11. a Libyan students' sample answers to third problem — Part b

(b) Nn=6 oldugunda her bir agacg turuinden toplam kag tane olur?

E = I’LL - bz -_— ab toe C\(('O.

A = .2 = b-%2 = 4L8 +tone Caom

Figure 12. a Turkish students’ sample answers to third problem — Part b

As shown in Figures 11 and 12, these two students could provide a correct answer to this problem.
The students took on a good step for the solution and the students' answer indicates their knowledge
of how the pattern grew , so students were able to know the number of tree species at n = 6. For this
reason, the students’ answers were accepted to be at MSL in part (b).

Problem 3 - Part c: The analysis of the answers given to the 3rd problem - Part (c) according to the
SOLO taxonomy.

90.00%
80.00%
70.00%
60.00% 52.68%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

76.74%

27.68%

13.95%

B

12.50%
8.53% 6.25%

0.89% 0.78% 0.00%
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Graph 7. The analysis of the answers given to the 3rd problem according to the SOLO
taxonomy: Part c

As is seen in the Graph?7, the findings indicate that a majority of the Turkish and Libyan students
participating in the study can demonstrated relational-structural level thinking in solving the problem,
suggesting a relatively high level of understanding of quadratic pattern generalization. The following
samples give examples of answers that are acceptable at RSL:

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online
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Figure 13. a Libyan students’ sample answers to third problem — Part c

) Elma agacglarinin sayisi cam agaclarinin sayisina ne zaman esit olur? Cevabinizin nedenini

agiklayiniz. S i A '51_;,“‘_;“}_‘;’
kuralls o na e§\+

2 A B \ o AL
N =¥n N -8n=0 m;‘*:gofﬁ:g.u

N = o=0
() [« ~=R

Il

il

Figure 14. a Turkish students' sample answers to third problem — Part ¢

In figures 13 and 14, the students have the necessary knowledge and skills to solve part C of the third
problem, and they have experience in mathematics laws. The students took the appropriate steps to
achieve the solution and they analyzed the mathematical quadratic equation to find the solution. For
this reason, the students’ answers were accepted to be at RSL.

Problem 3 - Part d: The analysis of the answers given to the 3rd problem - part (d) according to the
SOLO taxonomy.

80.00% 75:97%

70.00%

60.00%
50.00% 45:54%

40.00%

30.00% ) 20.54%

20.00% 15.50% 14.29% 13.39%

< B wll W w2

0.00% _  — E —
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Graph 8. The analysis of the answers given to the 3rd problem according to the SOLO
taxonomy: Part d

A few students from each of the countries were able to achieve the full answer. We note that the
highest percentage of students who answered this problem were Libyan students at the relational-
structural level (RSL). However, this represents very low percentage, which indicates that most
students have difficulty and failed in example answer and they cannot compare the growth of the
number of apple trees with the growth of the number of evergreens. Therefore, students' answers
could not be assessed as a product of advanced thinking. It can be concluded that the students failed
to perform the transition to the advanced thinking level in problem 3 - Part d. Below are examples of
answers that are accepted at RSL.

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online
Journal of Mathematics, Science and Technology Education (OJOMSTE), 7(1), 96-117.
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[When x < 8, evergreens grow faster. / When x > 8, apple trees grow faster. / When x = 8, the number of apple trees and evergreen trees
is equal.]
Figure 15. a Libyan students' sample answers to third problem — Part d

' dailigla JUaydniki
karsilastiriniz. z jses el S=sc ST sayisindaki Sarts

E\m(of p/L ,']c 43«\\{ (/’\.? ) i‘e o'-Lf
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Figure 16. a Turkish students' sample answers to third problem — Part d

The answers given in figures 15 and 16 show that these two students had the necessary knowledge to
find the solution and understand pattern problems. The students took the appropriate steps to achieve
the solution. Students can compare how the growth of the number of apple trees with the growth of
the number of evergreens. Two students answers could be assessed as a product of advanced thinking.

The results of the analysis of the students’ responses to the fourth problem.

Problem 4: If we have the following diagram:

A
A JAVAVAN
JAY JAVAVAN JAVAVAVAVAN
A AAA  AAAAA  AAAAAAA

a) Do you see any patterns in the diagram? If so, describe them.
b) Continue the pattern for n =5.
c) Writing an algebraic equation of a pattern in paragraph (a).

Here are the results of the analysis of the students’ responses to the four problems, which is in three
parts.

Problem 4 - Part a: The analysis of the answers given to the 4th problem - part (a) according to the
SOLO taxonomy.

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online
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Graph 9. The analysis of the answers given to the 4th problem according to the SOLO
taxonomy: Part a

As is seen in the graph 9, it was observed that a large proportion of the Turkish and Libyan students
participating in the study can succeed in advancing toward advanced thinking levels. As for the
Libyan students, 81.25 % of are at the relational-structural level (RSL), and For the Turkish students,
77.52% of are at the relational-structural level (RSL). It means that students thinking levels in
regarding the formulation of quadratic patterns are high and a large percentage of the Libyan and
Turkish students were able to knowledge the pattern and its description. Despite this, Libyan students'
level was higher than the Turkish students' level. Some of the answers given by the Libyan and
Turkish students at the relational-structural level are given below:

Al oIS IS 1) (S Ly

\é.{_i}t\ _)3 2> Ve
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Figure 17. a Libyan students' sample answers to fourth problem — Part a

) Diyagramda herhangi bir 6riinti gériilyor musunuz? Eger varsa agiklayiniz.
n=L n=2 n=3 } Artan basamak sayilenna. asre el
bic orenlo. Gogederde. artmatta.
L J .
i 9 Bosama\c detsmlﬂ &u oluesa olu ‘\) Ld'\ﬁ'
Oc.aen CAlleI A octl Alamal $adir
Figure 18. a Turkish students’ sample answers to fourth problem — Part a
As shown in figures 17 and 18, these two students could provide a correct answer to this problem,
which suggests that they had the necessary knowledge and skills to present a solution using the right
method. The students took a good step for the solution, and they were able to knowledge the pattern
and its description, this indicates students' understanding of quadratic patterns. For this reason, the
students’ answers were accepted to be at RSL.

Problem 4 - Part b: The analysis of the answers given to the 4th question - part (b) according to the
SOLO taxonomy.

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online
Journal of Mathematics, Science and Technology Education (OJOMSTE), 7(1), 96-117.
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Graph 10. The analysis of the answers given to the 4th problem according to the SOLO
taxonomy: Part b

As is seen in the Graph 10, The findings indicate that a majority of the Turkish and Libyan students
participating in the study can uni-structural level thinking in solving the problem. the Libyan students,
84.82% are at the uni- structural level (USL), and 9.82% ware at the pre-structural level (PSL). For
the Turkish students,48.84% are at the uni- structural level (USL), and 48.84 % ware at the pre-
structural level (PSL). Some examples from solutions of students are as follows, it explains students
can use arithmetic and descriptive methods properly and they can describe pattern but not generalize,
meaning students cannot use algebraic methods.

A
AA & = N daasl 8 sati.uigea
e e == = «=>
e - A DS D A a
= N A A A

S S s

Figure 19. a Libyan students’ sample answers to fourth problem — Part b

(b) N =5 icin Sruntidyid devam ettiriniz.

- = e L —— = L
L= S vain P p— 2
A A O SO
IO O B O O =
A N O O O DD
Her e A= arafie e =’ sauy olocas
[ = Soapess Art T te 4=

Figure 20. a Turkish students' sample answers to fourth problem — Part b

As shown in Figures 19 and 20, these two students could provide a correct answer to this problem,
which suggests that they had the necessary knowledge and skills to present a solution using the right
method. The students took on a good step for the solution and obviously, It explains students can use
arithmetic and descriptive methods properly and they can describe pattern but not generalize. For this
reason, students' answers are accepted in USL.

Problem 4 - Part c: The analysis of the answers given to the 4th problem - part (c) according to the
SOLO taxonomy.

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online
Journal of Mathematics, Science and Technology Education (OJOMSTE), 7(1), 96-117.
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Graph 11. The analysis of the answers given to the 4th problem according to the SOLO
taxonomy: Part c

As is seen in the graphl1, it was observed that a large proportion of the Turkish and Libyan students
participating in the study can succeed in advancing toward advanced thinking levels. As for the
Libyan students, 75.00 % of are at the relational-structural level (RSL), and For the Turkish students,
79.84 % of are at the relational-structural level (RSL). It means that students thinking levels in
regarding the formulation of quadratic patterns are high and a large percentage of the Libyan and
Turkish students were able to knowledge the pattern and find the formation rule of the pattern. Despite
this, Turkish students' level was higher than the Libyan students' level. Some of the answers given by
the Libyan and Turkish students at the relational-structural level are given below:

() 3 omall 3 daasll Ao e Asl=ell 5S) (E)
?7 " C 2D
[student answer: y = n?]
Figure 21. a Libyan students' sample answers to fourth problem — Part ¢

) (a) sikkinda acikladiginiz 6rdntunidn cebirsel denklemini yaziniz.

Bqlselﬁ\ﬁlﬁ c‘%ﬁ' = ﬁ’z

Basamak =N =
Figure 22. a Turkish students’ sample answers to fourth problem — Part ¢
In the answers given in figures 21 and 22, where students were able to provide a correct answer.
Students have the necessary knowledge and skills to present a solution using the right method.
Students took a good step in the solution, they could find the formation rule of the numbers in the
pattern, and they could generalize the relation and put a rule of the pattern. For this reason, the
students’ answers accepted to be at RSL.

Findings and Comments Related to the Second Research Question

This section presents the findings of the analysis of the responses of the Libyan and Turkish
students to all four problems.

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online
Journal of Mathematics, Science and Technology Education (OJOMSTE), 7(1), 96-117.
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Graph 12. Overall analysis of the answers of the Libyan and Turkish students to the four
problems according to the SOLO taxonomy

Graph 12 shows that 47.08% Libyan students are at the relational-structural level (RSL), 10.63%
students are at the multi-structural level (MSL), 5.60% are at pre-structural, 26.14% are at uni-
structural (USL) thinking levels, and the remaining are about 10.55% did not attempt to solve the
problem. For the Turkish students, 48.1% of are at the relational-structural level (RSL), 9.73%
students are at the multi-structural level (MSL), 17.34% are at pre-structural, 18.75 % are at uni-
structural (USL) thinking levels, and the remaining 6.1% are not attempted to solve the problem.

Findings indicates that a large proportion of the Turkish and Libyan students participating in the study
can succeed in advancing toward advanced thinking levels in questions requiring skill of
generalization in quadratic pattern. Comparing students of the two countries, the percentage of the
Turkish and Libyan students with thinking levels at MSL and RSL in the problems was somewhat
similar.

In addition, Mann Whitney U - test was conducted to determine whether is there a significant
difference between the levels defined by the SOLO taxonomy of the ability of Turkish and Libyan
students of Generalization in Quadratic Pattern. The findings are given in table 1.

Table 1. Findings of Mann Whitney U - Test Related to Formulation Quadratic Patterns Skills

Groups N Mean Rank Sum of Ranks U P Z
Libya 112 118.17 13234.50
Turkey 129 123.46 15926.50 6906.500  0.555 -0.590

According to the Mann Whitney U-Test findings, there is not a significant difference between of
Turkish and Libyan students' levels in algebraic thinking test of skill of generalization in quadratic
Pattern (U = 6906.500, p = 0.555 > 0.05, z = -0.590).

Discussion, Conclusion, Recommendations and suggestions

The current study aimed to examination the thinking levels of Libyan and Turkish students' quadratic
patterns generalization according to SOLO Taxonomy, because SOLO taxonomy is used as tool to
measure mathematical thinking levels of students, and SOLO taxonomy is used to evaluate the
problem-solving procedures of the students and their understanding level of the concepts (Lian &
Idris, 2006; Pegg & Tall, 2005) in mathematics. For this in this study, students' knowledge and

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online
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thinking levels were analyzed according to SOLO taxonomy. SOLO taxonomy provided information
about the thinking levels of the students on quadratic patterns generalization problems.

According to the findings, the study findings showed that Turkish and Libyan students have a good
level in quadratic patterns generalization. It was determined that most students are the relational
structure thinking level in generalization in quadratic pattern, and a large proportion of the Turkish
and Libyan students participating in the study can succeed in advancing toward advanced thinking
levels, where 47.1% of Libyan students were at the related structure level and 48.1% of Turkish
students were at the related structure level, This means that students can integrate their knowledge
and skills in strong and cohesive structure. Those students their answers were require conceptual and
operational knowledge and that operational and conceptual knowledge are very essential to be
successful in mathematics (Hiebert & Carpenter, 1992). In addition, enabling students to the basic
rules in mathematics, especially related to quadratic pattern , their success to determine how the
pattern grows, their description of the pattern, and their writing of the algebraic equation of the pattern
and this is an indication of the solidity of their knowledge and skill in the formulation quadratic
patterns. The results of some studies support this finding, which has shown significant progress in
generalizations (Olkun, Sahin, Akkurt, Dikkartin, & Giilbagci, 2009; Berg, 2012).

However, some students struggle to use generalization correctly and fail to arrive at conclusions in
problems that require it. 10.63% of Libyan students were at the multi-structural level (MSL), 26.14%
of were at uni-structural (USL) thinking levels, and 9.73% of Turkish students were at the multi-
structural level (MSL), 18.75 % of were at uni-structural thinking levels (USL). but these students
did not apply generalization correctly, and they did not reach a conclusion. This is attributed to some
students not using an appropriate method for answering questions neglect or to oversights.
Furthermore, some students used computational methods to find the steps of generalization and
arrived at the conclusion and the rule formula by generalizing those steps. In a study by Lian and Idris
(2006) assessing the algebraic problem-solving skills of tenth-grade students using the SOLO
classification, they found that low-performing students used drawing and counting methods.
Similarly, some students did not consider the number of positions in the pattern, focusing only on the
difference between consecutive positions. MacGregor & Stacey (1996) observed a similar situation
in their study.

At the pre-structural level, approximately 10.6% of Libyan students and 6.1% of Turkish students left
questions blank. This is because some students did not attempt to answer the questions due to
inattention, or because their answers were irrelevant. However, these students' results do not reflect
the overall level of students' ability to formulate generalizations. According to Potter and Kustra
(2012), the pre-construction level should be excluded from the levels of thinking, since students
generally have no grasp of any subject at this level.

When examining the results obtained using SPSS software, no statistically significant difference (p =
0.05) was found between the levels of Libyan and Turkish students' ability to formulate
generalizations (U = 6906,500, p = 0.555 > 0.05, z = -0.590). Therefore, it can be concluded that the
levels of Libyan and Turkish students in generalization in quadratic patterns are equivalent.

The concept of patterns is fundamental in mathematics. understanding students' level of thinking, and
their knowledge of patterns is crucial, and the methods and techniques used by teachers in the
classroom play a crucial role in developing thinking skills. Therefore, the following recommendations
should be considered:

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
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e Teachers should effectively utilize modern teaching methods to cultivate students thinking
skills.

e classroom activities, questions, and worksheets should be presented in a way that effectively
helps students acquire generalization to patterns.

e Students should be supported in developing their thinking patterns and improving their
thinking levels through problem-solving.

e Supporting students in transferring their thinking skills from a design-based learning
environment that focuses on “information retrieval™ to an environment that encourages
"analysis and synthesis".

Based on the study finding, the following suggestions are made:

e Numerous studies in various fields have been conducted in the educational literature
according to the SOLO taxonomy. However, no studies in Libya based on this SOLO
taxonomy have been found. Therefore, it should procedure many from studies according to
SOLO taxonomy in different fields.

e This study was conducted on skill of quadratic patterns generalization . It is possible to
conduct a study on other skills from thinking. In addition, it can work on other problems than
the problems of this study.

e In studies to be made on the pattern, in future studies, students' insufficient knowledge,
mistakes, and misperceptions about the concept of patterns can be determined.
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Bu arastirma, matematik 6gretmen adaylarinin polinom kavramina
yonelik kavram imajlarini incelemeyi amaglamaktadir. Nitel durum
calismast olarak yiiriitiilen arastirmaya 41 Ogretmen aday1
katilmistir. Veriler, agik uclu sorulardan olusan bir kavram testi
araciligtyla toplanmis ve icerik analizi ile incelenmistir. Bulgular,
adaylarin polinom kavramini biiyiik Sl¢iide islemsel ve sablon
temelli bir yaklasimla ele aldiklarimi gostermektedir. Adaylarin
onemli bir kismi polinomu bir fonksiyon olarak tanimlarken,
cebirsel nesne boyutunu ihmal ettikleri belirlenmistir. Ayrica, sifir
polinomu ve farkli cebirsel ifadelerin siniflandirilmasinda hatali
genellemeler yaptiklar1  goriilmiigtiir.  Sonuglar, 6gretmen
adaylarmin kavram imaj1 ile kavram tanimi arasinda uyumsuzluk
bulundugunu ve siire¢-nesne gecisinin yeterince gelismedigini
ortaya koymaktadir.
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Abstract

This study aims to examine pre-service mathematics teachers’
concept images of the polynomial concept. Conducted as a
qualitative case study, the research involved 41 pre-service
teachers. Data were collected through a concept test with open-
ended questions and analyzed using content analysis. The findings
indicate that participants predominantly approached polynomials
in a procedural and template-based manner. A considerable
number of participants defined polynomials as functions,
neglecting their algebraic object nature. In addition, incorrect
generalizations were observed in responses related to the zero
polynomial and the classification of algebraic expressions. The
results reveal a mismatch between concept image and concept
definition, as well as an incomplete transition from process to
object.
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Giris

Matematiksel kavramlarin zihinsel insasi, bireyin bu kavramlara iliskin sahip oldugu formal
tanimlar ile bu tanimlar1 kullanma bi¢imi arasindaki etkilesime dayanir. Bu baglamda, bireylerin
matematiksel kavramlara iliskin gelistirdikleri zihinsel yapilar ile matematiksel olarak kabul
edilen formal tamimlar arasindaki uyum, O6grenmenin niteligini belirleyen temel unsurlardan
biridir (Tall & Vinner, 1981). Tanimlar kavramlarin nasil kategorilendirilecegini etkileyen en
onemli unsurdur. Kavramin yanlis kategorize edilmesi tanimin yanlis anlagilmasi sonucudur ki
bu durum ontolojik bir hata olarak goriiliir. Polinom kavrami da bu ontolojik hatanin
kurbanlarindan biridir.

Cebirin temel yap1 taglarindan biri olan polinom kavrami hem lise hem de lisans diizeyindeki
matematik egitiminde merkezi bir role sahiptir. Ancak polinomlar, sadece katsayilar ve
belirsizden olusan cebirsel nesneler (halka elemanlar1) olmalarina ragmen, egitim siirecinde
siklikla sadece "fonksiyonel birer ara¢" olarak sunulmaktadir. Literatiirde, cebirsel kavramlarin
ogretiminde islemsel yaklasimlarin baskin olmasi durumunda, dgrencilerin kavramin yapisal
boyutunu g6z ardi edebildikleri belirtilmektedir (Sfard, 1991). Bu durum, o6grencilerin
polinomlar1 cebirsel bir yapi (nesne) olarak degil, bir hesaplama sureci (fonksiyon) olarak
algilamalarma yol acgmaktadir. Ozellikle o6gretmen adaylarmin  bu kavrami nasil
anlamlandirdiklari kritik bir 6neme sahiptir; zira onlarin sahip oldugu "kavram imajlar1"(Tall &
Vinner, 1981), gelecekteki 6gretim pratiklerini ve G&grencilerinin matematiksel gelisimlerini
dogrudan sekillendirecektir. Ogretmen adaylarmin konu alan bilgisi ve pedagojik alan bilgisi
iizerine yapilan c¢aligmalar, simirli kavram anlayisi durumunun kavramsal yapilarin 6gretim
stireclerine dogrudan yansidigin1 géstermektedir (Even, 1993).

Bu aragtirmanin amaci, matematik 6gretmen adaylarinin polinom kavramina iligkin kavram
imajlarin1 ve bu imajlarin islemsel odaklilik ile formel tanim arasindaki konumunu incelemektir.

Teorik Temel

Kavram Imaji ve Kavram Tanimi

Tall ve Vinner (1981) tarafindan ortaya atilan bu kurama gore, "kavram tanimi1" bir kavramin
matematiksel diinya tarafindan kabul edilmis formal ifadesidir; "kavram imaj1" ise bireyin bu
kavramla ilgili zihninde olusturdugu tiim gorsel, zihinsel ve deneyimsel yapilar biitlintidiir.
Aragtirmalar, 6grencilerin ¢ogu zaman formal tanimlari bilseler dahi problem ¢6zme siireclerinde
kavram imajlarina dayali hareket ettiklerini gostermektedir (Vinner, 1991).

Bir 6grenci, polinomun formal tanimimi bilse dahi, zihnindeki imaj sadece "sadelesmis ifadeler"
veya "grafigi cizilebilen yapilar" ile sinirliysa, sifir polinomu veya rasyonel ifadeler gibi "simir
durumlarla" karsilastiginda bilissel ¢atisma yasar. Bu tiir durumlar, kavram imaji ile kavram
tamim1 arasindaki uyumsuzlugun Ogrenme siirecinde Onemli hatalara yol acabilecegini
gostermektedir (Tall & Vinner, 1981).

Surec ve Nesne Olarak Matematiksel Kavramlar

Sfard (1991), matematiksel kavramlarin iki yonlii bir dogasi oldugunu savunur: iglemsel
(operational) ve yapisal (structural). Matematiksel 6grenme siireci, bireyin bir kavrami dnce islem
olarak algilamasi, ardindan bu islemi bir nesne olarak yeniden yapilandirmasi (reification) ile
gergeklesmektedir.

Polinom kavrami baglaminda, bir ifadeyi sadelestirmek veya degerini hesaplamak "islemsel" bir
stiregtir; polinomu bir halka eleman1 veya bagimsiz bir matematiksel nesne olarak gérmek ise
"yapisal" bir kavrayistir. Literatiirde, 6grencilerin ¢ogunlukla islemsel asamada kaldiklar1 ve bu
nedenle kavramlar1 nesne olarak yeniden yapilandiramadiklari belirtilmektedir (Sfard, 1991).

Opaydin, S. N., & Konyalioglu, A. C. (2026). Pre-service Teachers’ Tendencies Between Formal
Definition and Procedural Orientation: The Polynomial as an Algebraic Object. Online
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Ogrencilerin rasyonel ifadeleri sadelestirerek polinom olarak kabul etmeleri, onlarin kavrami bir
nesne olarak degil, yapilan islem tizerinden (siire¢ odakli) tanimladiklarini géstermektedir. Bu
durum, slire¢-nesne gegisinin tamamlanamadigina isaret etmektedir.

Sablon (Prototip) Bagimhilig

Ogrenciler genellikle bir kavrami, ders kitaplarinda en sik karsilastiklarr "tipik" ornekler
(prototipler) Uzerinden kodlarlar. Bu durum, bireylerin matematiksel kavramlari tanima siirecinde
ylizeysel 6zelliklere dayali karar vermelerine neden olabilmektedir (Vinner, 1991).

Hershkowitz (1989), o6grencilerin kavramlar1 degerlendirirken matematiksel tanimlar yerine
prototipik Oorneklere dayali karar verdiklerini ve bunun kavramsal hatalara yol agtifini ortaya
koymustur. Benzer sekilde, cebir 6grenimine iliskin ¢alismalar, 6grencilerin sembolik ifadeleri
anlamlandirmak yerine daha Once karsilastiklart kaliplart uygulama egiliminde olduklarini
gostermektedir (Kieran, 1992).

Ornegin, "sabit terimi olan ifadelerin derecesi sifirdir" sablonu o kadar baskindir ki, adaylar sifir
polinomunu da bu sablona uydurmaya c¢aligarak hatali genellemeler yapmaktadirlar. Bu tiir
genellemeler, Ogrencilerin matematiksel yapiyr anlamak yerine sablonlara dayali karar
verdiklerinin dnemli bir gostergesidir.

Bu calismanin literatiire katkis1 birkac acidan degerlendirilebilir. Oncelikle, cebir dgrenimine
iliskin mevcut calismalar sablon bagimlilig1 ve islemsel odaklilig1 genel bir ¢ercevede ele alirken
(Kieran, 1992; Vinner, 1991), bu arastirma s6z konusu egilimleri polinom kavrami baglaminda,
islemsel odaklilik ile formel tanim arasindaki iligskiyi merkeze alarak ve somut cebirsel drnekler
(stfir polinomu, rasyonel ifadeler, mutlak deger ve faktoriyel yapilar) iizerinden inceleyerek daha
Ozgiil bir analiz sunmaktadir. Ayrica, polinom kavraminin &gretmen adaylar1 tarafindan
cogunlukla fonksiyonel bir yap1 olarak algilandigin1 ampirik verilerle ortaya koymasi, formel
tanim ile islemsel yaklagim arasindaki gerilimi goriiniir kilmakta ve bu iki biligsel yonelim
arasindaki konumlanmay1 tartigmaya agmaktadir. Bunun yam sira, ¢aligmada sinir durumlarin
(boundary cases) kullanilmasi, katilimcilarin kavram imajlarimi yiizeysel sablonlardan ayirt
etmeye ve islemsel reflekslerin otesindeki kavramsal yapilarmi ortaya g¢ikarmaya olanak
saglamaktadir. Son olarak, kavram imaji (Tall & Vinner, 1981), siire¢-nesne teorisi (Sfard, 1991)
ve sablon bagimliligi (Vinner, 1991; Hershkowitz, 1989) ¢ercevelerinin birlikte kullanilmasi,
Ogretmen adaylarinin polinom kavramina iligkin bilissel yapilarini islemsel ve formel boyutlariyla
¢ok yonlii olarak analiz etmeye imkén tanimaktadir.

Yontem

Bu aragtirma, matematik 6gretmen adaylarinin polinom kavramina yonelik zihinsel yapilarini
incelemeyi amaglayan nitel bir ¢aligmadir.

Arastirma Deseni

Bu calisma, nitel aragtirma yontemlerinden biri olan durum c¢alismasi (case study) deseniyle
yirititiilmistiir. Durum ¢alismasi, aragtirmacinin kontrol edemedigi giincel bir olguyu, "nasil" ve
"nicin" sorularina odaklanarak derinlemesine inceledigi bir arastirma stratejisidir (Yin, 2018).
Durum c¢aligmasi, bir grubun bir konudaki algisin1 kendi gerceklikleri i¢inde betimlemektir
(Merriam ve Tisdell, 2015). Calismada bu desenin odak noktasi, 6gretmen adaylarinin polinom
kavramina iliskin sahip olduklar1 kavram imajlarini ve tanimlarini kendi 6zgiin baglamlari i¢inde
(yazili agiklamalara dayal1 olarak) betimlemektir. Arastirmada tek bir katilimer grubunun ortak
bir matematiksel kavram iizerindeki algilar1 incelendigi igin "biitlinciil tek durum deseni" tercih
edilmistir (Yin, 2018). Bu ¢alismada "polinom" kavrami arastirilan olguyu temsil etmektedir.
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Katilimcilar

Arastirmanin  katilimci grubunu, bir devlet iiniversitesinin Egitim Fakdiltesi Matematik
Ogretmenligi programinda &grenim goren 41 6gretmen aday: olusturmaktadir. Katilimcilarin
belirlenmesinde, arastirmanin amacina en uygun veriyi saglayabilecek kisilerin secilmesini
ongoren amagli drnekleme yontemi tercih edilmistir (Patton, 2015).

Veri Toplama Araglart

Veriler, arastirmaci tarafindan gelistirilen ve uzman goriisii alinarak yapilandirilan "Kavram
Testi" araciligryla toplanmistir. Test; polinomun tanimi, degisken kavram, sifir polinomunun
derecesi ve farkli cebirsel ifadelerin (faktoriyel, mutlak deger, rasyonel, kokli)
siniflandirilmasina yonelik 5 agik uglu sorudan olugmaktadir. Agik uglu sorular, katilimcilarin
diisiinme siireclerini kisitlamadan yansitmalarina olanak tanir (Fraenkel, Wallen & Hyun, 2012).

Verilerin Analizi

Elde edilen yazili verilerin analizinde nitel igerik analizi teknigi kullanilmistir. igerik analizi
stirecinde veriler sistematik bicimde kodlanmis, benzer 6zelliklerine gore temalandirilmis ve
kategorize edilmistir (Miles, Huberman & Saldana, 2014). Bu ¢alismada, analiz siireci literatire
dayali olarak Onceden belirlenmis kavramsal cerceveler dogrultusunda yiiriitiilmiis olup
yonlendirilmis igerik analizi yaklagimi benimsenmistir (Hsieh & Shannon, 2005).

Analiz siirecinde agagidaki agsamalar izlenmisgtir:

1. Verilerin Duizenlenmesi: 41 0Ogretmen adayindan elde edilen yazili yanitlar
sayisallastirilmig(frekans ve ylzde olarak) ve analiz i¢in diizenlenmistir.

2. Kodlama ve Temalandirma: Adaylarin yanitlari, cebir 6grenimi literatiiriinde 6ne ¢ikan
“fonksiyonel yaklagim”, “islem odaklilik” ve “sablon bagmmliligi’” gibi temalar
cercevesinde kodlanmis ve kategorize edilmistir (Vinner, 1991; Hershkowitz, 1989;
Kieran, 1992). Bu siirecte veriler, dnceden belirlenen temalar dogrultusunda incelenmis
ve ilgili kategorilere yerlestirilmistir.

3. Kavram Imaji Analizi: Adaylarm polinom kavramina iliskin ifadeleri, kavram imaji ile
kavram tanimi arasindaki iliski baglaminda degerlendirilmis ve analiz siirecinde Tall ve
Vinner (1981) tarafindan gelistirilen kuramsal ¢ergeveden yararlanilmisgtir.

Gegerlik ve Guvenirlik

Aragtirmanin giivenirligini saglamak amaciyla veriler iki farkli arastirmaci tarafindan bagimsiz
olarak kodlanmis ve kodlayicilar aras1 goriis birligine varilmistir. Ayrica, adaylarin verdikleri
yanitlardan dogrudan alintilar yapilarak bulgularin ham veriye dayali olmasi saglanmis ve
aragtirmanin aktarilabilirligi artirillmistir. Bunlar Guba ve Lincoln (1982) 6l¢iitlerini (Akt. Tutar,
2022) kargilamaktadir.

Bulgular
Bu boliimde, 41 matematik 6gretmen adayina uygulanan yapilandirilmis goriis formundan elde

edilen veriler; polinom tanimi, belirsiz/bilinmez kavrami, sifir polinomu ve cebirsel ifadelerin
siniflandirilmasi temalari altinda sunulmustur.

Polinom Tanimi ve Kavramsal Yaklasimlar

Ogretmen adaylarmin polinom kavramini tanimlama bigimleri incelendiginde, ifadelerin lise
miifredati odakli ve iglemsel bir ¢cercevede toplandigi goriilmiistiir.

e Fonksiyonel Tanimlama: Adaylarin biiyiik bir cogunlugu (%51,2) polinomu fonksiyon
tiirli olarak nitelendirmistir. Bu yaklasima dair aday ifadelerinden biri sdyledir:
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Aday 3

\) Deecesi  domal = - g : /
J Sy el > {Mydu,im {orksiyone  Polinor—=
Cl&'“ i - N

e Bicimsel Sablon Kullammmi: Adaylarin tanim yaparken yogunlukla P(x)=
ap+aiX+ax...+anx" bicimsel gosterimini (%43,9) kullandiklart ve katsayilar ile
dereceler iizerine kisitlar (lislerin dogal say1 olmasi gibi) getirdikleri gozlemlenmistir.
Tanimlarda yapisal 6zelliklerden ziyade bu gorsel sablonun 6ne ¢iktig1 goriilmektedir.

Aday 29
dslect dogal soqilardan ‘**’S,@" Pr=a0 o aux /qnxﬁ Jotmatnda ‘J"‘"“Q“

\fadelern polincen denil

Adaylarm %4,9 ‘u ise soruyu cevaplamamustir.
X" Semboliine Yiiklenen Anlamlar ve Degisken Algist

Polinom gosterimindeki x semboliiniin ne olduguna dair adaylarin (n=41) verdikleri yanitlarin
frekans dagilimi Tablo 1'de sunulmustur:

Tablo 1. x Semboliiniin Tanimlanma Bicimleri

Tamm Frekans (f) Yizde (%)
Degisken (Variable) 28 %68,3
Bilinmeyen(Unknown) 13 %31,7
Belirsiz(Indeterminate) 0 %0

Veriler, adaylarin higbirinin x semboliinii modern cebirdeki "belirsiz" (indeterminate) veya
"bicimsel yer tutucu" kavramlariyla iligkilendirmedigini; sembolii daha ¢ok fonksiyonel bir
degisken veya denklem ¢6zme siirecindeki bir bilinmeyen olarak kodladiklarini gostermektedir.

o Degisken Yaklasimi: Bu gruptaki adaylar x'1 siirekli degisen degerler olarak
tanimlamistir:

Aday 1

Sors2t tladedeki "@”  Lobsoynin gomndokt  degiskendir. @ ketsoqisinig olobike
e i Jorlh degle Gl J “

e Bilinmeyen Yaklasimi: Bu adaylar polinomu bir denklem baglaminda degerlendirmistir:
Aday13

P

‘ N
= =t P y N i .. 3 f
.2) Pl)=cet A x+ o X ﬂczd@mf\degk..‘i ¥ hilinreaen | Lede el e
U A Ty

Bulgular, 6rneklemin tamaminda x'in "belirsiz" (indeterminate) dogasma dair bir farkindaligin
bulunmadigini gostermektedir.
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Stifir Polinomu ve Derece Kavrami

Q(x)=0 polinomunun derecesine yonelik adaylarin verdikleri yanitlar, u¢ durumlardaki
muhakemelerin tutarsizli§ini ortaya koymustur:

Tablo 2. Sifir Polinomunun Derecesine Iliskin Yanitlar

Verilen Cevap Frekans (f) Ylzde (%)
Sifirdir (0) 28 %68,2
Belirsiz / Bilinemez 7 %17,1

Her degeri alir 2 %4,9
Cevapsiz 4 %9,8

Adaylari %68,3"i sifir polinomunun derecesini "0" olarak belirtmistir. Yanitlar, adaylarin sifir
polinomunu P(x)=c (sabit polinom) sablonu igerisinde degerlendirme egiliminde olduklarini
gostermektedir. Sablon bagimlilig1 gdsteren aday 15’in cevabi asagidaki gibidir.

Aday15
- \
Q =0 JarecesT Solot Aernden  olughfandan ©Q 'd.

Adaylarin %17,1°1 sifir polinomunun derecesini “’belirsiz’’ olarak belirtmistir. Belirsiz diyen
aday 21’in cevabi agagidaki gibidir.
Aday21
O = 0 5 dereces: Lilnenea sk bircol limat vendir Srodin Sta = o < olakiie
S R PSP QL) = 6.x? owatr Buwn gia  Birecke duvwn o uordie

Heny Sixl=o pOMnomuN d erec ey v Wesiz dir-
Cebirsel Ifadelerin Polinom Olarak Siniflandirilmasi

Adaylarin besinci soruda yer alan farkli cebirsel ifadelerin polinom olup olmadigma dair
verdikleri kararlarin dagilimi Tablo 3'te 6zetlenmistir:

Tablo 3. Ifadelerin Polinom Olma Durumuna Iliskin Kararlar
ifade Polinomdur (f)  Polinom Degildir (f) Cevapsiz (f)

P1(x)=x! 24 11 6
P2(X)=IX] 22 14 5
4-1
Pg(x):zz = 40 1 0
Pa(x)=Vx? 25 15 1

Faktoriyel ve Aritmetik Yaklasim

Adaylarin yaridan fazlasi (%58,5) x! ifadesini polinom olarak siniflandirmistir. Yazili goriislerde
adaylarin bu ifadeyi faktoriyel agilimy, iis kurallart ve x'e verilen degerler {izerinden iiretilen bir
say1 dizisi olarak ele aldiklar1 belirlenmistir.

Aday25 —

C ) =sIx% 5 2 ° o ldud -

== =9 A= 54320 2 120x” o lduginden 2O binom doc
Aday 20

o € oar — B Lo R ke - 2 - — - A

B s Lx}y - Pl fizeate s L
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Adayl1

Pdorn x'e Yoder deon sa_.dtlcmn Qcmp;M{d/“
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. ) & .-_!,.gcr\\@“‘ g }‘VSQP]W\QMO&% €g!|'}'\0f‘\f'\ A‘sgf’a{rr"

xun aesati !
Mutlak Deger ve Karekok Tutarliligi

Adaylarin mutlak degerli ifadeye P2(x)=|x| %53,6 oraninda, karekokli ifadeye P4(x)=VxZise

%61 oraninda "polinomdur” dedikleri saptanmistir. Cevap kagitlarindaki agiklamalardavx?
ifadesinin disartya mutlak deger veya dogrudan x olarak ¢ikarilmasi, ifadenin polinom olarak
kabul edilmesinde temel gerekge olarak sunulmustur.

Aday 19
PP, ve R polrome Seldrin
Srapiden e selddelks gtk
=l By Ry
%
Aday 13

Porw )= Ixl - poly v
-7 %@é‘:?{ K

7 >
Putkl= X =x olur by ifade de  polinomdur

Aday 1

P (x)= Jx| = ‘_Xx ::2 oolinom G!CSI']o’Er
O x=0

pu(*')zm Lo ifadede X iwin T ol so polinom  olmoa

Rasyonel ifadeler ve Islemsel Karar Verme

x4—

P3(X)="3

gerekgelerde en sik rastlanan ifade "Pay ve paydanin sadelesmesi sonucu x? — 1 kalmast"
olmugtur. Bu bulgu, adaylarin ifadenin orijinal formundan ziyade islemsel sonucuna gore
siiflandirma yaptiginmi géstermektedir.

Aday11

i rasyonel ifadesine yonelik adaylarin %97,5'1 "polinomdur" yanitin1 vermistir. Yazih

f tx) = (.)5-7;:,.,‘.) {J(_z:l) = x=1 = Xin dereces’ hgal -f‘a#fy f Pﬂi“"c‘""d’“’(‘
(1)
Tartisma ve Sonug
Bu arastirma, matematik 6gretmen adaylarinin polinom kavramini tanimlarken lise diizeyindeki

islemsel aligkanliklar ile lisans diizeyindeki yapisal tanimlar arasinda kavramsal bir bosluk
yasadiklarini ortaya koymustur. Bu halde matematik 6gretmen adaylarinin polinom kavramina
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yonelik algilarinin bityiik oranda fonksiyonel bir yaklagima sikistigini ve kavramin cebirsel/nesne
boyutunun (halka elemant, belirsiz kavrami vb.) ihmal edildigini s6ylemek miimkiindiir.

Kavram Tanimlart ve Fonksiyonel Yaklagim

Arastirmanin en dikkat ¢ekici bulgularmdan biri, adaylarin %51,2’sinin polinomu dogrudan bir
"fonksiyon tOr0" olarak tanimlamasidir. Bu durum, Tall ve Vinner (1981) tarafindan
kavramsallastirilan "kavram imaj1" ve "kavram tanimi" arasindaki uyumsuzlugu yansitmaktadir.
Adaylar, polinomun bicimsel (formal) tarif etseler dahi, yinede zihinlerindeki "fonksiyon"
imajiyla hareket etmektedirler. Even (1993) te oldugu gibi, adaylarin polinomlar1 birer fonksiyon
olarak gormeleri kavramin daha ileri asamalardaki cebirsel Ozelliklerinin anlagilmasini
giiclestirmektedir.

Islem Odaklilik ve Sadelestirme Yanilgist

Rasyonel bir ifadenin sadelesmesi durumunda %97,5 gibi ¢ok yiiksek bir oranda "polinom" olarak
kabul edilmesi, adaylarin "siire¢-nesne” (process-object) gelisiminde siire¢ (islem) asamasinda
kaldiklarini géstermektedir. Sfard (1991), matematiksel kavramlarin 6nce bir siire¢ (hesaplama),
sonra bir nesne (yapi) olarak algilandigini belirtir. Adaylarin sadelestirmeye odaklanmasi,
ifadenin sunuldugu andaki "bigimsel formunu" (formal form) bir nesne olarak degerlendirmek
yerine, sadelestirme islemini (siireci) 6n plana ¢ikardiklarini kanitlamaktadir.

Stifir Polinomu ve Sablon Bagimlilig:

Sifir polinomunun derecesinin %68,2 oraninda "0" olarak belirlenmesi, adaylarin "sablon
bagimliligi" icerisinde olduklarimi gostermektedir. Sabit fonksiyonlarin derecesinin 0 oldugu
bilgisinin (sablon), sifir polinomuna (-0) genellenmesi, matematiksel kurallarin baglam dis1
kullanimina bir 6rnektir. Bu durum, 6gretmen adaylarinin lise miifredatindaki "derecesi dogal
say1 olan fonksiyon" kisitina siki sikiya bagli olduklarimi, ancak bu kisitin cebirsel halka
yapisindaki der(P(x).Q(x))=der(P(x)+der(Q(x)) tutarlilikla c¢elistigini fark edemediklerini
gostermektedir. Yine liselerde sifir polinomunun derecesini anlamli kilmak i¢in eksi sonsuz
kavrami heniiz bilinmediginden “tanimsiz, belirsiz ya da her degeri alabildiginden belirlenemez”
olarak diisliniilmesine neden olmaktadir ki bu dogru olmayan anlayis Yapici-Topbas (2023)
calismasinda da vurgulanmigtir. Bu durumlar polinom ve fonksiyon 6greniminde 6grenciler
siklikla matematiksel yapiy1 anlamak yerine, daha 6nce karsilagtiklar1 sembolik sablonlara dayali
islem yapma egilimi gostermeleri Kieran, (1992) ve Tall & Vinner (1981) calismalan ile
uyumludur.

Oneriler

Arastirma sonuglari, 6gretmen adaylarinin polinomlari cebirsel birer nesne (bir halka Uzerindeki
serbest yapilar) olarak degil, analitik birer ara¢ (deger alan fonksiyonlar) olarak algiladiklarini
gostermektedir. Adaylarin  higbirinin "belirsiz" (indeterminate) kavramina deginmemesi,
polinomun degiskenlerden bagimsiz olan yapisal kimliginin lisans egitiminde yeterince
igsellestirilmedigine isaret etmektedir.

Bu bulgular 1s1$5inda su oneriler sunulabilir:

1. Lisans Egitimi: Soyut Cebir derslerinde polinomlarin sadece katsayilar iizerinden
tammlanan birer "dizi" veya "halka elemanmi" oldugu vurgulanmali, fonksiyonel
ozellikleri ile cebirsel Ozellikleri arasindaki farklar belirginlestirilmelidir. Polinom
kavramu ile fonksiyon kavrami arasinda genetik bir bagin olmadigi, polinom fonksiyon
ile polinomum farkli kavramlar oldugu lisans derslerinde vurgulanmalidir. Fonksiyonlar
polinomlarin olusumunda bir ara¢ gorevi goriir.

Opaydin, S. N., & Konyalioglu, A. C. (2026). Pre-service Teachers’ Tendencies Between Formal
Definition and Procedural Orientation: The Polynomial as an Algebraic Object. Online
Journal of Mathematics, Science and Technology Education (OJOMSTE), 7(1), 105-129.



https://ojomste.com/index.php/1

Online Journal of Mathematics, Science and Technology Education (OJOMSTE)

Vol: 7 No: 1 Year: 2026

journal homepage: https://www.ojomste.com/index.php/1

2. Pedagojik Alan Bilgisi: Ogretmen adaylarina, lise miifredatindaki kisitl tanimlarimn (Orn:
derecenin dogal say1 olmasi) ileri matematiksel yapilarda hangi kavramsal zorluklara
veya geliskilere yol agabilecegi tartigilmalidir.

3. Kritik Ornekler: Ogretmen egitiminde rasyonel ifadeler, mutlak degerli yapilar ve sifir
polinomu gibi "sinir durumlar”" (boundary cases) lizerine daha fazla odaklanilarak
kavramsal degisim saglanmalidir.
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