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Abstract

It is mentioned that all types of technological supports used in the mathematics instruction
process have positive impacts on student mathematics performance without analyzing their
educational dimension of them. In this context, the purpose of this research is to analyze the
impact of technology-based mathematics instruction on the mathematics performance of
students. 22 meta-analyses about the effects of technology-based mathematics instruction on
student performance were carried out between 2017 and 2022; 27 impact sizes collected from
these researches are combined with second-order meta-analyses. It is found that technology-
based instruction’s impact on mathematics performance is medium-level. On the other hand,
in studies about technology-based instruction, it is determined that the location and quality
of the article caused important improvements in the mathematics performance of students.
On the other hand, technology-based instruction, performance type, grade level, bias status,
report type, and year range moderator variables didn’t cause statistical differences. It is
determined that technology-based instruction methods increase the mathematics
performance of students; however, Digital Tools Based Instruction and Software Based
Instruction models are more efficient when compared to the other learning methods.
Suggestions based on the research results are presented in the study.
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Mustafa Demir, Metin Kaya, Ahmet Celik, Tunahan Filiz

TEKNOLOJi DESTEKLi MATEMATIK OGRETiMININ OGRENCILERIN MATEMATIK
PERFORMANSINA ETKiSi: iKiINCi DERECEDEN BiR META-ANALIZ

0z

Matematik 6gretiminde kullanilan tim teknolojik desteklerin 6gretimsel yonine bakilmaksizin
ogrencilerin matematik performanslarini olumlu diizeyde etkileme glicline sahip oldugu ifade
edilmektedir. Bu baglamda bu arastirmada teknoloji destekli matematik 6gretiminin
O0grencinin matematik performansina etkisini incelemek amaclanmistir. 2017-2022 yillari
arasinda teknoloji destekli matematik 6gretiminin 6grencilerin matematik performansi
Uzerindeki etkisini inceleyen 22 meta analiz arastirmasi ve bu arastirmalardan gelen 27 etki
blyuklGgu second-order meta analiz yontemiyle birlestirilmistir. Teknoloji destekli 6gretimin
matematik performansina etkisinin orta diizeyde oldugu sonucuna ulasiimistir. Ayrica
teknoloji destekli 6gretim ile ilgili calismalarda lokasyon ve yayin kalitesinin 6grencilerin
matematik performansi tizerinde anlamli bir farkhlik olusturdugu tespit edilmistir. Ote yandan
teknoloji destekli 6gretim, performans ¢esidi, 6gretim kademesi, yanllik durumu, arastirma
turd ve yil araligl moderator degiskenlerine gore istatistiksel olarak bir farkhlik olusturmadigi
belirlenmistir. Teknoloji destekli tim ©6grenme modellerinin 6grencilerinin  matematik
performansini artirdigl ancak Digital Tools Based Instruction ve Software Based Instruction
modellerinin 6gretim slirecinde kullaniminin 6grencilerin matematik performansina etkisi
bakimindan diger 6grenme modellerine gére daha etkili oldugu ortaya ¢ikmistir. Ayrica
arastirma sonuglari dogrultusunda onerilere yer verilmistir.

Anahtar Kelimeler: matematik performansi; teknoloji tabanl 6gretim; 6gretim yontemleri;
meta-analiz.

Yasal izinler: Bu arastirma kapsaminda insan(lar)dan veri toplanmadigi igin etik kurul iznine
tabi degildir.

Genis Ozet

Gunlmuz 6grencileri, internet kilttriniln etkisi altinda dogmus ve dijital yerliler olarak
tanimlanan bir grup olarak, genellikle dizlisti bilgisayar, tablet bilgisayar ve cep telefonu gibi
en az bir bilgisayar tabanl teknolojik araca erisim saglamaktadir. Ayrica, internet tabanl bircok
matematik egitimi igerikli yazilimin, oyunun ve uygulamanin gelistirildigi bir ortamda,
ogrencilere zenginlestiriimis matematiksel deneyimlerin sunulmasinin ¢agdas egitim
anlayisinin  bir geregi oldugunu belirtmek mimkindir. Teknolojinin  egitim-0gretim
sireclerinde kullanilmasi, arastirmacilarin dikkatini teknolojinin matematik 06gretiminde
kullanimi Gzerine ¢cekmis ve matematik 6gretiminde teknoloji kullanimi siklikla arastirilan bir
konu haline gelmistir. Teknoloji destekli 6gretimin 6grencilerin matematik performansi
Uzerinde olumlu bir etkisi oldugu ve 6grenci basarisini artirdigi bildirilmektedir (Ran vd., 2022).
Matematik performansi, hem bilissel (zihinsel) hem de duyussal (duygusal ve motivasyonel)
boyutlardan olusan karmasik bir kavramdir (Fazh & Avci, 2022). Bilissel boyut kapsaminda
problem ¢6zme becerisi, analitik dlisinme yetenegi, matematiksel bilgi ve bilgiyi anlama yer
alirken; duyussal boyutta tutum, ilgi, motivasyon ve kaygi gibi kavramlar yer almaktadir.

Arastirmalarda, teknoloji destekli matematik 6gretiminin 6grencilerin matematik
performanslari Uzerindeki etkilerini inceleyen bir dizi meta-analiz bulunmaktadir. Bu
calismalar, bilgisayar destekli matematik 6gretimi (Akgay vd., 2021; Baki & Giirsoy, 2020;
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Higgins vd., 2017; Kaur, 2013; Ozdemir vd., 2020; Ran vd., 2022; Taspinar-Sener, 2023; Helsa
vd., 2023), akilli tahta kullanimi (Akar, 2020; Gilndiz & Kutluca, 2019), mobil teknolojiler
(Guler vd., 2021; Oztop, 2022; Sung vd., 2016), dijital egitsel oyunlar (Byun & Joung, 2018; Lei
vd., 2022; Turgut & Temur, 2017), dijital manipulatifler (Gui vd., 2023; Hillmayr vd., 2020; Kul
vd., 2018), web tabanli yaziimlar (Akin, 2022; Gizeller & Akin, 2012) ve dinamik geometri
yazilimlari (Chan & Leung, 2014; Juandi vd., 2021; Kaya & Ocal, 2018; Zhang vd., 2023) gibi
cesitli teknoloji icerikli araglarin matematik derslerindeki akademik basari lizerindeki etkilerini
arastirmaktadir. Yapilan farkli meta analiz arastirmalarindan farkh sonuglarin elde edilmesi
muhtemeldir. Bu bakimdan teknoloji destekli matematik 6gretiminin 6grenci performansi
uzerindeki etkileri ile ilgili bu bilgi birikiminin daha sistematik ve anlamli hale getirilebilmesi
adina meta analiz arastirmalarindan elde edilen bulgularinin birlestirilmesi olduk¢a 6nemli
gorilmektedir. Alanyazin taramalari sonucunda, teknoloji destekli matematik 6gretiminin
Ogrencilerin matematik performansina etkisi ile ilgili son bes yilda yapilan meta analiz
arastirmalarinin bulgularinin birlestirildigi bir ¢calismaya rastlanmamistir. Bu bakimdan bu
arastirmadan elde edilecek bulgularinilgili alanyazina katkida bulunacagi distinilmektedir. Bu
arastirmada, teknoloji destekli matematik 6gretiminin 6grencinin matematik performansina
etkisi incelenmistir. Bu amag dogrultusunda asagidaki sorulara yanit aranmistir.

1. Teknoloji destekli 6gretimin matematik performansina etkisi var midir?

2.Teknoloji destekli 6gretimin matematik performansina etkisi moderatér degiskenlere
gore farkhlasmakta midir?

Teknoloji destekli matematik 06gretimi kapsaminda, c¢esitli 6gretim araglar
kullaniimaktadir. Matematik 6gretimi siirecinde cesitli teknolojilerin siklikla kullanildigi ve bu
alandaki arastirmalarin fazlaligi g6z 6niine alindiginda, bu ¢alismada matematik 6gretiminde
teknoloji kullanimiyla ilgili bilgi birikiminin derlenmesi ve 6zetlenmesi amaciyla ikincil diizeyde
bir meta-analiz ydntemi tercih edilmistir. ikinci dereceden meta-analiz ydntemi, meta-analiz
arastirmalarinin meta-analizidir (Schmidt & Oh, 2013). Bu yontemde, birinci dereceden meta-
analiz arastirmalarinin istatistiksel bulgulari birlestirilmektedir (Oh, 2020; Schmidt & Hunter,
2015). Arastirmanin verileri Web of Science, Scopus ve ERIC veri tabanlar kullanilarak
toplanmustir. Yil araligi olarak 2017-2022 tercih edilmistir. Belirlenen elektronik veri tabanlari
Uzerinden derinlemesine bir tarama yapilmistir. Elektronik tarama icin veri tabanlarinin
gelismis arama 6zelliklerinden faydalaniimistir. Tarama yapilirken belirlenen anahtar kelimeler
kullanilmistir. ilk satirda, "mathematics”", "technology", "mathematics performance",
"mathematics achievement", "mathematics attitudes" anahtar kelimeleri; ikinci satirda
"computer assisted", "computer based", "web-based", "computer aided", "video games",
"digital games", "mobile learning", "e-learning"”, "distance education", "mobile devices",
"applications" ve "educational games"; lg¢lincl satirda ise "meta analysis" ve "systematic
review" anahtar kelimeleri yer almistir. Taramalar sonucunda, ilk arama sonuclarina gore
toplamda 934 calismaya ulasiimistir. Ulasilan calismalardan arastirma konusuyla ilgisi olmayan
ve birbirini tekrar eden ¢alismalar kapsam disinda tutulmustur (n=897). Bir sonraki asamada,
veri kapsamina dahil edilen calismalar, 6zet kisimlari dikkate alinarak incelenmis ve konuyla
ilgisi olmayan calismalar hari¢ tutulmustur (n=3). Uygunluk acisindan degerlendirilen tam
metin makaleler dahil edilme ve hari¢ tutulma kriterleri dikkate alinarak incelenmistir (n=31).
Uygun istatistiksel veri icermeyen (n=7) ve oOrtlsen calismalar (n=2) hari¢ tutulmustur.
Olcitleri karsilayan tam metin makaleler (n=22) ikinci dereceden analize dahil edilmistir.
Verilerin analizinde o6rtisme problemi, istatistiksel bagimsizlik, istatistiksel model, etki
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blylkligu secimi, yayin yanhlik analizleri, moderatér ve heterojenlik analizi kriterlerine
dikkate alinmistir.

Bu arastirma 22 meta analiz arastirmasi 953 temel arastirmayi kapsamaktadir. Bu
arastirma 22 meta analiz arastirmasindan gelen k=27 etki blyikliguni icermektedir. Etki
blyuklikleri ES=.13 ile ES=1.14 arasinda yayilmaktadir. Ortalama etki buyUkligl ve toplam
heterojenlik: Teknoloji destekli 6grenmenin matematik performansina etkisinin ortalama etki
blylkliglu ES=.60 (LL=.48 UL=.71) olarak hesaplanmistir. Baska bir ifade ile teknoloji destekli
ogrenmenin matematik performansina etkisi orta dlizeydedir. Yine veri setinin toplam
heterojenlik miktari Q (26) =439,42 olarak hesaplanmistir. Veri setinin yiiksek dizeyde
heterojen oldugu tespit edilmistir (>=94.74). Yayin yanlilig analizleri: Begg and Mazumdar
rank correlation test sonucu yayin yanhg bulgulanmamistir (tau=.21 z=1.54 p=.12). Egger’s
regression testi sonucu ise yayin yanlligi tespit edilmistir (t=4.7 p=.00). Duval & Tweedie trim
and fill analysis sonucu ise yayin yanhg tespit edilmemistir. Etki buyukliklerinin standart
hatalarina goére dagilimi igin olusturulan Funnel Plot Sekil 1’de gosterilmistir. Sekil 1
incelendiginde etki buyukliklerinin standart hatalarina gore dagilimlarinin yaklagik simetrik
oldugu gozlenmistir. Yukaridaki bulgular dikkate alindiginda 6nemsiz diizeyde (trivial) yayin
yanhligi oldugu kabul edilebilir. Meta analiz arastirmalarinin kalite diizeylerine gore ortalama
etki buyukliklerinin istatistiksel olarak farkhlastigi bulgulanmistir (Q (1) = 6.86 p=.01). Kalitesi
yuksek meta analiz arastirmalari daha dusik dizeyde etki blylkligu Gretirken (ES=.49 LL=.37
UL=.61) kalitesi orta diizeyde olan meta analiz arastirmalari daha yiliksek diizeyde (ES=.76
LL=.60 UL=.91) etki buyukligl Uretmistirler. Yine Meta analiz arastirmalarin kapsadigl
lokasyona gore ortama etki buyilkliklerinin istatistiksel olarak farklilastigl gézlenmistir (Q (3)
= 14.87 p<.01). Karma (lkeleri (farkh tlkeleri) kapsayan meta analiz arastirmalari daha diisik
dizeyde etki blyukligu Gretirken Tirkiye ve Endonezya’yl kapsayan arastirmalar ise daha
yuksek etki buyuklGgl Gretmistirler. Karma tlkeleri kapsayan meta analiz arastirmalari (ES=.51
LL=.40 UL=.62) orta dlizeyde bir etki blylkligi tretirken Turkiye (ES=.97 LL=.69 UL=1.26) ve
Endonezya’yl (ES=.98 LL=.63 UL=1.32) kapsayan arastirmalar yiiksek diizeyde etki blyuklugu
Uretmistirler. Bunun yaninda Cin’den tek bir arastirma gelmektedir ve zayif diizeyde bir etki
biyikligu raporlanmistir (ES=.38 LL=-.08 UL=.84). Ote yandan teknoloji destekli dgretim,
performans cesidi, 6gretim kademesi, yanhlik durumu, arastirma tiiri ve yil araligi moderator
degiskenlerine gore istatistiksel bir fark bulgulanmamistir. Yine de bazi dikkat cekici
durumlardan soz edilebilir. DBI ve SBI modellerinin matematik performansina etkisini yliksek
diizeyde oldugu soylenebilir (sirasiyla ES=.80 LL=.50UL=1.10; ES=.94LL=.63 UL=1,25). GBI ise
matematik performansina etkisinin zayif diizeyde oldugu gézlenmistir (ES=.38 LL=.13 UL=.63).

Teknoloji destekli matematik 6gretimi 6grencilerin matematik performanslarini daha iyi
hale getirmektedir (Cohen, 1998 p.2 akt Young, 2017). Gelisen teknolojiler ve bu teknolojilerin
matematik ogretiminde kullanimi son vyillarda artis gostermektedir. Bu bakimdan bu
arastirmada teknoloji destekli 6gretimin 6grencilerin matematik performansina etkisini
inceleyen birincil meta analizlerden elde edilen etki blyuklGkleri birlestirilmistir. Bu arastirma
sonucunda, teknoloji ile desteklenen matematik 6gretiminin, 6grencilerin matematik
performanslari Gzerinde orta diizeyde bir etkiye sahip oldugu tespit edilmistir. Young (2017),
30 yillik meta-analiz ¢alismalarini birlestirerek yaptigl arastirmada, teknoloji destekli
matematik 6gretiminin 6grencinin matematik basarisini orta diizeyde artirdigini belirlemis ve
matematik siniflarinda teknolojinin didaktik islevselligine vurgu yapmistir. Benzer sekilde
Taspinar-Sener (2023) 2019-2023 yillari arasinda yayinlanan galismalari inceledigi meta analiz
¢alismasinda teknoloji kullaniminin matematik basarisina genel etkisini orta diizey olarak
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saptamistir. Bu bakimdan teknoloji destekli matematik 6gretiminin 6grencinin matematik
performansi (izerinde etkili oldugu gortlmektedir. Matematik 6gretiminde kullanilan tim
teknolojik desteklerin  6gretimsel yonine bakilmaksizin  6grencilerin  matematik
performanslarini olumlu diizeyde etkileme giciine sahip oldugu ifade edilmektedir (Young,
2017). Bu arastirmada matematik 6gretiminde teknoloji kullanimi ile ilgili yapilan arastirmalar
teknoloji destekli 6gretim modellerine gore kategorize edilmistir. Yapilan siniflandirma
sayesinde matematik o6gretiminde kullanilan bu modellerin moderator olarak
karsilastirilmasina da olanak saglamistir. Ayrica bu arastirmada performans cesitleri, 6gretim
kademesi, yayin kalitesi, yayin yanlilik durumlari, rapor cesitleri, yil araligi ve arastirmanin
yapildigl bolge diger moderator degiskenler olarak ele alinmistir. Bu arastirma sonucunda
meta analiz galismalarinda ele alinan teknoloji destekli 6gretim modellerinin moderator
degiskenler oldugu sonucuna ulasiimistir. Elde edilen bulgular dogrultusunda bilgisayar
destekli 6gretim, oyun temelli 6gretim ve mobil teknoloji destekli 6gretim modellerinin diisiik
etki buyUkligl Urettigi ortaya cikmistir. Web temelli 6gretim ve karma olarak incelenen
arastirmalarin da orta diizey bir etki blyUklGgu Urettigi belirlenmistir. Dijital araclarla
desteklenmis 6gretim ve yazilim temelli 6gretim modellerinin ise yapilan arastirma sonucunda
yuksek etki blayuklugl Grettigi ortaya ¢ikmistir. Bu arastirmanin sonucunda teknoloji destekli
ogretimin 6grencilerin matematik performansi izerindeki etkisi meta analiz arastirmalarinin
kalitesi bakimindan moderatér bir degisken oldugu sonucuna ulasiimistir. Arastirma
sonucunda ylksek kalitedeki meta analiz arastirmalarinin daha diistk etki blyiklGgl tretirken
orta diizey kalitedeki meta analiz arastirmalarinin daha ylksek diizeyde etki biydklikleri
Urettigi ortaya ¢cikmistir. Feeley (2020), meta analiz arastirmasi yiriten arastirmacilarin dahil
ettikleri arastirmalar icin kalite degerlendirmesi yapmalarinin gerekli oldugunu belirtmektedir.
Meta analiz arastirmalarin kapsadigi lokasyonun teknoloji destekli 6gretimin 6grencilerin
matematik performansi Uzerindeki etkisi bakimindan moderatér bir degisken oldugu
sonucuna ulasilmistir. Meta analiz arastirmalarinda lokasyon yanhligi énemli bir sorundur.
Higgins & Green (2011) gore lokasyon yanhliginin (location bias) iki formundan soz
edilmektedirler. Birincisi arastirmalarin yer aldigi veri tabani; ikincisi ise arastirmalarin veri
toplandigi tlkelerdir. Vickers vd. (1998) Ulkelere gore klinik uygulamada etki byukliklerinin
istatistiksel olarak farklilastigini ortaya koymustur. Klinik uygulamalari icin tespit edilen bu
durum egitim ortami uygulamalari icinde s6z konusu olabilir.

Bu arastirma 2017-2022 yillari arasinda teknoloji destekli 6gretimin 6grencilerin
matematik performansi Uzerindeki etkilerini ortaya ¢ikaran birincil meta analizlerin
birlestirildigi ikinci dereceden bir meta-analiz calismasidir. Teknoloji destekli 6gretimin
ogrencilerin matematik performanslari tizerindeki etkisini ortaya c¢ikarmayr amaclayan bu
arastirma sonucunda dért dnemli sonug ortaya cikmistir. ilk olarak, matematik 6gretiminin
teknoloji ile desteklenmesi 6grencinin matematik performansi Uzerinde olumlu bir etki
olusturmaktadir. ikinci olarak, teknoloji destekli tim 6grenme modellerinin &grencilerinin
matematik performansini artirdigi ancak dijital araclarla desteklenmis 6gretim ve yazilim
temelli 6gretim modellerinin O6gretim slirecinde kullaniminin 6grencilerin  matematik
performansina etkisi bakimindan diger 6grenme modellerine goére daha etkili oldugu ortaya
ctkmistir. Uglincli olarak, ikinci dereceden meta-analiz arastirmalarina dahil edilen birincil
meta analiz calismalarinin kalitelerinin, arastirma sonucunda elde edilen etki buylklGga
Uzerinde etkili oldugu belirlenmistir. Son olarak, meta analiz arastirmalari acisindan
arastirmanin verilerinin dahil edildigi konumun da etki biiytuklGgu Gizerinde bir etkisinin oldugu
ortaya ¢ikmigtir. Arastirma sonucunda teknoloji destekli matematik 6gretiminin 6grencilerin
matematik performanslari tizerinde etkili oldugu gorilmektedir. Bu bakimdan 6gretmenler
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ogrencilerinin matematik performanslarina olumlu etkisi olmasi adina derslerinde bu teknoloji
destekli 6grenme modellerini kullanabilirler. Ayrica karar vericilerin bu teknolojilerin
kullanilmasi adina 6grenme ortamlarina gerekli donanimlari saglamalari da énerilmektedir.
Arastirmada Digital Tools Based Instruction ve Software Based Instruction modellerinin
Ogrencilerin matematik performansini artirmada daha etkili ydontemler oldugu gorilmektedir.
Bu bakimdan 6gretmenler 6gretim tasarimlarinda bu modellere agirlik verebilirler. Yapilan
arastirma sonucunda meta analiz arastirmalarinin kalitesinin etki blyuklugu Gzerinde etkili
oldugu belirlenmigtir. Bu bakimdan meta analiz ¢alismalarinin birlestirildigi ikinci dereceden
meta analiz ¢galismalarinda kalite degerlendirmeleri yapilmalidir.

Introduction

Social systems become more digitalized along with the developments in computer and
internet technology. This digitalization ensures presenting quality service in the health,
education, industry, and communication sectors (Demirci & Kirath, 2019). Technologies
developed according to the necessities of societies in the digital age increase the comfort of
individuals besides globalization (Kavak, 2023). On the other hand, they direct social
experiences, affect cultural structures, and change individual habits. For instance,
transportable smart tools such as cell phones and tablets, reflections of this digitalization
encompassing living spaces and directing the world, have become inseparable pieces of daily
life. These instruments change the habits of individuals, ease access to information and ensure
flexible learning.

The education system, which prepares new generations for the future, is affected by
cultural changes and technological developments (Zinchenko et al., 2023). For instance, the
development of internet technologies has eased access to information without the limitation
of time or space. This development also made it possible to have sustainable teacher-student
communication and led to the questioning of traditional methods. As a result of these
guestions distant-learning and e-learning models, which are out-of-school methods, are
developed (Hamidi & Chavoshi, 2018; Kilit & Gliner, 2021). Technology has positive effects on
teacher motivation and job satisfaction besides supporting efficient and permanent learning
(Morris, 2021). Technology-based instruction contributes to ensuring equality of opportunity
by easing access to information and presenting flexible learning environments. On the other
hand, it gives individuals the chance to learn at their speed (Hamidi & Chavoshi, 2018; Yalgin
et al., 2023). It also enables the designing of new activities and the creation of rich learning-
teaching environments.

It is observed that students have difficulties in mathematics as it is a lesson that requires
intense mental activities such as reasoning, association, and problem-solving. The abstract
conceptual structure that the lesson requires is another important problem for students (Ran
et al.,, 2022; Sokolowski & Ansari, 2017). International organizations emphasize the
importance of supporting mathematics instruction with technology; they state that enriched
learning environments are indispensable and should be used in math instruction processes
(IEA, 2019; NCTM, 2008; OECD, 2018). It is possible to decrease the hesitations and fears of
students, improve their sense of sufficiency and competencies, and support conceptual
learning and meta-cognitive skills by using technology in mathematics lessons (Lin, 2009;
Koyuncu et al., 2015). Studies in the literature indicate that mathematics instruction based on
technological instruments has an important impact on student success (Byun & Joung, 2018;
Ran et al., 2022). On the other hand, it is determined that technology-based mathematics
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instruction is highly effective in cognitive features such as self-sufficiency (Peters, 2013),
motivation, and attitude (Higgins et al., 2017). Trainers living in the modern era, using
technological tools in education can produce content in cooperation with their colleagues;
they also have the chance to present different conceptual and practical construction of
thematic presentations with multiple representations (Helsa et al., 2023; Uwineza et al., 2023;
Yorganci, 2018). Today’s students, born into the internet culture and named digital nomads
have computer-based technological instruments such as laptops, tablets, and telephones.
Internet-based content software, games, and application for mathematics education have
been constantly developed and students get the chance to witness different mathematical
experiences. It is possible to say that these experiences have become necessities of the
modern understanding of education.

The utilization of technology within educational contexts, particularly in mathematics
instruction, has garnered significant attention from researchers worldwide. Consequently,
numerous scholars have investigated this subject, resulting in a plethora of meta-analysis
studies within the literature examining the impact of technology-enhanced mathematics
instruction on students' mathematical performance, indicative of their achievements in
mathematics classes. This research theme encompasses various meta-analytic investigations,
including those focused on computer-based mathematics teaching (Akcay et al., 2021; Baki &
Giirsoy, 2020; Higgins et al., 2017; Kaur, 2013; Ozdemir et al., 2020; Ran et al., 2022; Taspinar-
Sener, 2023; Helsa et al., 2023), mobile technologies (Giiler et al., 2021; Oztop, 2022; Sung et
al., 2016), digital educational games (Byun & Joung, 2018; Lei et al., 2022; Turgut & Temur,
2017), digital manipulatives (Gui et al., 2023; Hillmayr et al., 2020; Kul et al., 2018), web-based
software (Akin, 2022; Gizeller & Akin, 2012), and dynamic geometry software (Chan & Leung,
2014; Juandi et al., 2021; Zhang et al., 2023).

In addition, Young (2017) combined meta-analysis studies on technology-based
instruction conducted between 1985 and 2015. Considering that technology has been used
more in recent years, combining the results of studies conducted after 2015 and comparing
them with previous studies is important in terms of the use of technology in education and its
integration into classrooms. In this respect, it is considered very important to combine the
findings obtained from meta-analysis studies in order to make this knowledge about the
effects of technology-supported mathematics teaching on student performance more
systematic and meaningful.

Computer-based instruction

Computer-based instruction can be defined as practicing education by benefiting from
software and application opportunities of computers in the learning-teaching process (Xie et
al., 2020). Computer’s support increasing the interest of students through voice, animation,
presentation, graphics, and simulations. Interactions and instant feedback enable students to
evaluate their performance and control the self-learning process (Baki, 2002; Ozdemir et al.,
2020). Students get the chance to learn at his/her own pace, make research, test information,
and make evaluations (Baki, 2002; Xie et al., 2020). Computer-based instruction ensures
academic improvements; it additionally eases learning and carries out the role of leading the
process (Atay, 2023). Computers ease the teaching process by presenting mathematical
concepts through graphics, systems of algebra, and simulations; they thus ease transmitting
information and learning (Ozdemir et al., 2020). According to Atay (2023), the significance of
computer-assisted instruction in mathematics education lies in its ability to enhance students'
understanding of mathematical concepts, improve problem-solving skills, and foster positive
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attitudes towards mathematics. Additionally, computer-assisted instruction enriches the
teaching process for educators and increases students' motivation for learning.

Digital tools-based instruction

Digital tools-based instruction includes the process of education based on technological
instruments such as computers, tablets, projections, smart boards, and calculators. These
processes present programs, websites, and other training platforms through which training is
carried out (Ahsan et al., 2023; Greefrath et al., 2018; Hillmayr et al., 2020).

Digital tools contribute to carrying out learning and teaching activities in cognitive,
affective, and social dimensions. They on the other hand allow students to reach information
easily, deeply understand multiple displays and improve themselves. Digital tools are grouped
under 5 categories: Drill and practice programs, tutoring systems, intelligent tutoring systems,
simulations, and hypermedia systems (Hillmayr et al., 2020; Unal & Yesilyurt, 2023). Digital
tools allow students to visualize their complex mathematical relations, learn abstract
conceptual structures in an interactive and exploratory manner, create more than one
representation, easily move from one representation to another and develop strategies to
solve real-life problems (Greefrath et al., 2018).

Digital game-based instruction

Digital games, constituting a pedagogical approach incorporating the utilization of
digital gaming within the learning framework, represent a significant method fostering both
cognitive and affective development of students through internet-based tools (Koparan, 2021;
Matic et al., 2023). Digital-based games ease interpreting mathematical concepts and support
four operations skills (Aktas et al., 2023; Benavides-Valera et al., 2023; Lee et al., 2016). They
on the other hand enable transmitting conceptual knowledge, operational sufficiency, and
affection skills, into real-life problems (Aktas et al., 2018). These games, requiring organizing
and improving strategies to find solutions to a constructed problem and reasoning that will
lead to success, also serve to develop problem-solving skills, regarded as an important
sufficiency in mathematics (Byun & Young, 2018; Fadda et al., 2021). Digital games ease
objectifying mathematical issues in digital environments by evoking visual, audible, and
tactual senses. Students who have negative attitudes towards mathematics can overcome
their prejudices and improve positive affective attitudes (Aktas et al., 2018).

Mobile technology-based instruction

Besides the increase in the use of technological devices such as telephones, tablets, and
laptops, comfortable learning environments based on the principle of uninterrupted learning
have been developed (Yalcin et al., 2023). Touch screens, and the attractive visual and
dynamic structure of mobile tools contribute to the interaction of students directly with
mathematical phenomena and participate in discussions about mathematics in a cooperative
environment. They also enable students to improve their mathematical thinking skills (Larkin
& Calder, 2015; Chen, 2019). Mobile education, supporting flexible learning give teachers the
chance to design efficient educational methods and techniques and use pedagogical
approaches and practices in the process of teaching (Taleb et al., 2015; Viberg et al., 2023).
Researches indicate that mobile learning supports internalizing mathematical concepts
(Crompton, 2015) and improving problem-solving skills (Huda et al., 2019). It, on the other
hand, positively affects effective features such as motivation, attitude, perception, and
agitation (Chen, 2019). Conversely, it is imperative to acknowledge that various factors such
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as diminished concentration during mobile device-assisted learning, heightened cognitive
burden arising from the influx of extensive information from both real-world and digital
sources, constrained utilization of touch screens, allure of social networking applications, and
inadequately designed learning materials can impede the learning process (Pogan et al., 2023).

Educational software-based instruction

Educational software that is developed for learning and teaching processes, is
technological hardware that can be used online and/or offline (Aydogmus, 2010). Besides
being used as an environment for education, they can be used as supporting materials for
exemplification, problem-solving, and repetition (Aydogmus, 2010). Software that has
multimedia content such as diagrams, graphics, and voice, develops the individual learning
experience of students through interaction; they, on the other hand, ease following their
academic development in a systematic structure (Chan & Leung, 2014; Juandi et al., 2021).
Mathematical software, generally developed as supporting hardware for teaching
mathematics, are supporting elements that ease and direct a beneficial learning environment
(Aydogmus, 2010). Computer algebra software such as Derive, Mathematica, and Matlab is
used by the experts; dynamic geometry software such as Cabri 3d, Geogebra, and Sketchpad
are also used often. Mathematical software is most effective in improving student skills such
as discovering theories and relations, reasoning, mathematical thinking, and problem-solving
skills. Students can see misconceptions, make mathematical modeling, create spatial
perception, and support permanent learning by using graphical and geometrical
demonstrations (Dogruer & Akyuz, 2020; Ozen-Unal & Filiz, 2023).

Web Based Instruction

Web-based learning is the process of online education that brings teachers and students
that are physically in different locations (Zheng, 2008). In this method, synchronized,
unsynchronized, and combined participation is possible; teachers and students can have
closer communication in the virtual environment. There are mutual interactions and instant
feedback through various multimedia text, voice, video, and graphics (Lin, 2009). This method
has the other opportunities presented by technology-based instruction; it thus supports
critical thinking and problem-solving skills by presenting environments enabling discussion
and questioning (Kilit & Gliner, 2021). Visual models and animations that are created with
interactive internet resources have important benefits in constructing mathematical concepts
(Lin, 2009). On the other hand, while preparing web-based mathematics learning
environments, the cognitive, social, and physical features of students should be taken into
consideration; diagrams, animations, and worksheets should be prepared and presented in
different formats (Gizeller & Akin, 2012; Yorganci, 2018). Preparing problems that will
support cooperation among students and using simultaneous communication tools in
teaching difficult mathematical concepts in teaching environments are important (Yorganci,
2018).

Math Performance and Technology

Technology-based instruction enables students to understand mathematics by giving
them the opportunity to actively participate and think at higher levels (Karim & Zoker, 2023;
Kim et al., 2020; Young, 2017). In addition, technology-enhanced instruction facilitates
students' understanding of mathematical concepts and mathematical modeling (Uwineza, et
al., 2023). Technology-supported mathematics instruction provides students at various
academic levels with the opportunity to access mathematical content, deepen their
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conceptual understanding, improve their problem-solving skills, and increase their
computational abilities (NCTM, 2014). The emergence of these outcomes depends on how
technology is integrated into mathematics instruction and how tasks are designed (Leung,
2017).

Technology-supported instruction is reported to have a positive impact on students'
mathematics performance and increase student achievement (Ran, Kim & Secada, 2022). In
different meta-analysis studies, different types of technology such as intelligent tutoring
systems (Steenbergen-Hu & Cooper, 2013), digital game-based learning (Byun & Joung, 2018),
dynamic geometry software (Chan & Leung, 2014), and collaborative scenarios (Radkowitsch
et al., 2020) were found to improve students' mathematics performance. On the other hand,
few studies have focused on the role of instructional technology in supporting any learning
goal (Ran, Kim & Secada, 2022). In this second-order meta-analysis, we systematically
examined the possibilities of technology-enhanced instruction in mathematics instruction and
its effects on students' mathematics performance.

Purpose

As a result of the literature reviews, it is determined that no study combines the findings
of meta-analysis research about the impact of technology-based mathematics training on
students’ math performance in the last five years. In this respect, findings obtained from this
research study will contribute to the related literature. In this research, technology-based
mathematics teachings’ effects on student performance are the primary purpose. The below-
mentioned questions are researched in the scope of this purpose.

1. Does technology-based instruction have an impact on mathematics performance?

2. Does the impact of technology-based training on mathematics performance vary
according to moderator variables?

Method

Different teaching tools have been used in the scope of technology-based mathematics
instruction. These varieties, the frequent use of these materials in instruction processes, and
the high number of research in the literature have led to the use of a specific approach in this
research study. The second-order meta-analysis method is preferred to combine the
necessary information and summarize obtained information properly. The second-order
meta-analysis method is the meta-analysis of meta-analyses (Schmidt & Oh 2013). This is why;
the second-order meta-analysis method is called meta meta-analysis. In the second-order
meta-analysis method, statistical findings of first-order meta-analysis research are carefully
combined (Oh, 2020; Schmidt & Hunter, 2015).

Data Collection Process

Research data are collected by using Web of Science, Scopus, and ERIC databases. The
years between 2017 and 2022 are preferred. A deep-survey process based on the defined
electronic database is followed. The feature of advanced search is used for the electronic
survey. Surveys are carried out with pre-determined keywords. The keywords “mathematics”,
“technology”, “mathematics performance”, “mathematics achievement”, and “mathematics
attitudes” are used in the first line; “computer-assisted”, “computer-based”, “web-based”,
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“computer-aided”, “video games”, “digital games”, “mobile learning”, “e-learning”, “distance
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education”, “mobile devices”, “applications” and “educational games” are used in the second
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line and “meta-analysis” and “systematic review” are used in the third line. As a result of the
surveys, a total of 934 studies are determined. The ones that are not related to the topic and
the ones that are the same are excluded (n=897). The obtained studies are analyzed in terms
of their abstract section and the ones that are not related are excluded (n=4). The complete
articles that are evaluated according to appropriateness, are analyzed in terms of inclusion
and exclusion criteria (n=31). Studies that do not contain proper statistical data (n=7) and the
ones that overlap (n=2) are excluded. Full-text articles that meet the criteria (n=22) are
included in the second-order meta-analysis. The review process is presented in Figure 1 with
a PRISMA diagram.

Web of Science (n=487} Scopus (n=100) ERIC (n=347)
8
g
s
Q
=
A data pool formed after repeated research was removed
(n=37)
on
£
= 4
3
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(n=33) i (n=2)
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E Research that has the potential to Excluded Research
:-u§° meet the criteria (n =31) >
5 *Does not contain appropriate statistical data
(n=7);
*Qverlapping studies (n=2)
\ 4
e Included (n =22)
-]
=
E Effect size number (k=27)

Figure 1. General Dataflow Diagram

Inclusion and Exclusion Criteria

Inclusion Criteria: The below-mentioned criteria are taken into consideration in
determining the studies to be included in the analysis.

1. Meta-analysis research that will be included in the research should focus on
technology-based mathematics instruction.

2. Meta-analysis research should focus on the mathematics performance of students.
3. Meta-analysis research should be published between the years 2017 and 2022.
4. Research should include statistical data necessary for calculating impact size.

Exclusion Criteria: Researchers are excluded according to the below-mentioned criteria.
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1. Studies that are below 23 scores from the R-AMSTAR scale, used for publication
quality, are excluded from the analysis.

2. Cooper & Koenka (2012) state that if the overlapping ratio is below 25%, meta-
analysis studies are independent. When meta-analysis studies’ overlapping ratios are over
25%, a more current and coherent study is preferred, and the other one is excluded.

Data Encoding

TBL: CBL, DBL, GBL, MBL, SBL, and WBL are encoded as technology-based learning
models. If different TBL models are used in a meta-analysis study and separate impact sizes
are not presented, they are encoded as “mixed”. On the other hand, if a meta-analysis study
includes more than one TBL model, they are encoded as “independent” (Codes: CBL, DBL, GBL,
MBL, SBL, WBL).

Student performance: Student performance is encoded as academic success and
effective features. If all variables are taken into consideration and presented as math skills,
they are encoded as “combined”.

Education level: If meta-analysis research includes many levels of education, they are
encoded as “mixed”. If they include only elementary level, they are encoded as “elementary”
(Codes: Mixed, Elementary).

Location: If meta-analysis research is made of researchers from different countries, they
are encoded as “mixed”. If they represent only one country, they are encoded accordingly
(Codes: Mixed, Turkey, Indonesia, China).

Report type: If meta-analysis research includes a minimum of two articles, notices, or
master’s thesis, they are encoded as “mixed”. If they include only one of these studies, they
are encoded accordingly (Codes: Mixed, Article).

Publication bias: If a meta-analysis study found publication bias, it is encoded as “no”.
If there is no information about publication bias, it is encoded as “Unknown” (Codes: Yes, No,
Unk.).

Quality level: Meta-analysis research is encoded according to the scores they obtained
from the quality scale (Codes: Insufficient, Low, Medium, and High).

Quality Evaluation

The revised Assessment of Multiple Systematic Reviews (R-AMSTAR) scales, revised by
Kung et.al (2010) is used while evaluating the quality of meta-analysis research. Scores
obtained from the R-AMSTAR scale are 0 to 11=Insufficient, 12 to 22=Low, 23 to 33=Medium,
and 34 to 44= High (Young, 2017). Items number 8C and 8D in the R-AMSTAR scale are
developed for research about clinical practices; because of that, they aren’t used. Items 8A
and 8B are encoded as “double scores”. Quality evaluation processes are carried out by the
second author.

Data Analysis

Overlapping problem: Different first-order meta-analysis research might include the
same basic research. This situation is called the problem of overlapping (Cooper & Koenka,
2012). The overlapping problem is taken into consideration in this research. An overlapping
analysis of research that forms the datasets of this research study is presented in Appendix 1.
According to Cooper, & Koenka, (2012) and Wilson & Lipsey (2001), if the overlapping ratio is
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below 25%, meta-analysis research is independent. If the overlapping ratio is over 25%, meta-
analysis research is preferred. More comprehensive and current research is preferred in such
cases.

Statistical independence: Meta-analysis research that is the dataset of this research is
shaped in different designs. The purpose of this research is to analyze the effects of
technological tools of education on mathematics performance. These tools can be different
from one another. These two different issues are taken into consideration and the
independent impact sizes produced by meta-analysis research are encoded as data. For
instance, Higgins et al. (2017) state that technology-based instruction focuses on three
different learning outputs: math achievement, math motivation, and math attitude. The
research study is represented with three independent impact sizes.

Statistical model: Meta-analysis research is carried out with random effects and fixed
effect models. A random effect model is suggested when research features and samplings are
different (Borenstein, et al. 2021; Tufanaru et al, 2015). Researchers that form the dataset of
this study are different from one another in terms of the instruments and other features; this
is why, mean impact size, moderator, and heterogeneity analyses of the study are carried out
under the random effect model.

Impact size choice: 1t is observed that 6 meta-analysis research that form the dataset of
this research study used the Cohen d index while 16 meta-analysis research used the hedge’s
g index. Hedge’s g index is the corrected value of the Cohen d index for small samplings
(Goulet-Pelletier & Cousineau, 2018). In other words, Hedge’s g value and Cohen's d value are
equal in samplings that are big enough (Marfo & Okyere, 2019). When this situation is taken
into consideration, it is regarded that the samplings of the basic research that meta-analysis
research include are high enough. Researchers carry out their second-order meta-analysis
research based on this assumption (Hew et. al, 2021; Tamim et. al, 2011; Young, 2017).

Publication bias analyses: Publication bias is another element that affects the credibility
of the mean impact size of meta-analysis research (Borenstein, et al. 2021). Publication bias
of the impact size distribution is checked in this research. Funnel-plot graphic inspection, Begg
and Mazumdar rank correlation test, Egger’s test, and Duval & Tweedie trim and fill analysis
techniques are used in this research to check the publication bias (Jin et al. 2015).

Moderator and heterogeneity analysis: A variety of moderators are determined
according to the characteristics of meta-analysis research (Technology based learning model,
outcomes type, and grade level). The mean impact size according to the moderators is
calculated. Q(t) statistics are used to determine the total heterogeneity of the distribution of
impact sizes. Besides, 12 statistics are used to determine the heterogeneity level. On the other
hand, intergroup Q (b) statistics is used to inspect the statistical difference among groups.

Findings

This research includes 22 meta-analysis research and 953 basic research. This research
includes k=27 impact size obtained from 22 meta-analysis research. Impact sizes are between
ES=.13 and ES=1.14.

Mean impact size and total heterogeneity: It is determined that the mean impact size
of the effect of technology-based instruction on mathematics performance is ES=.60 (LL=.48
UL=.71). In other words, the impact of technology-supported instruction on mathematics
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performance is medium-level. The total heterogeneity of the dataset is Q (26) =439.42. It is
determined that the dataset is highly heterogeneous (12=94.74).

Publication bias analyses: According to Begg and Mazumdar rank correlation test
results there is no publication bias (tau=.21 z=1.54 p=.12). However, Egger’s regression test
result indicates that there is publication bias (t=4.7 p=.00). Duval & Tweedie trim and fill
analysis results show that there is no publication bias. Funnel Plot designed for the distribution
or impact size according to standard deviations; is presented in Figure 1. When the figure is
analyzed, it can be seen that the impact sizes’ distribution according to standard deviation is
approximately symmetrical. When this information is taken into consideration, it can be said
that there is trivial publication bias.

Funnel Plot of Standard Error by Point estimate
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Figure 2. Funnel Plot

Moderator and intragroup heterogeneity analyses of the dataset are carried out and the
findings are presented in Table 1. Important findings are presented below.
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Table 1. Moderator and heterogeneity analysis of the dataset

Group *Kk in meta k ES LL UL Q(b) df (Q) p
Performance

Achievement 744 21 .59 A7 72

Emotional 119 4 A2 .14 .69

Combined 90 2 .98 .59 1.37 5.37 2 .07
Technology-Based Instruction Models**

CBI 50 3 .48 .18 .79

DBI 117 3 .80 .50 1.10

GBI 186 4 .38 A3 .63

MBI 50 3 49 .19 .79

SBI 96 3 .94 .63 1.25

WBI 122 2 77 .39 1.14

Mixed 332 9 .55 .39 72 11.65 6 .07
Grade Level

Elementary 99 5 .45 .17 73

Mixed 854 22 .63 .50 .76 1.31 1 .25
Quality

High 609 16 49 .37 .61

Medium 344 11 .76 .60 91 6.86 1 .01
Bias Status

Low 240 6 .40 17 .63

No 685 19 .67 .54 .81

Unknown 28 2 .50 .07 .92 4.17 2 12
Report

Article 295 10 .50 31 .70

Mixed 658 17 .65 .50 .81 1.39 1 .24
Year Range

2017-2019 232 7 .57 34 .79

2020-2022 721 20 .61 47 74 .10 1 .75
Location

Global (mixed) 670 21 .51 .40 .62

Turkey 156 3 .97 .69 1.26

Indonesia 90 2 .98 .63 1.32

China 37 1 .38 -.08 .84 14.87 3 <.01

*k in meta= primary research number in meta-analysis, **TBI= CBI: Computer Based Instruction; DBI: Digital Tools Based
Instruction; GBI: Digital Game Based Instruction; MBI: Mobile Technologies Based Instruction; WBI: Web Based Instruction

It is determined that meta-analysis researchers’ mean impact sizes according to the
quality level are statistically different (Q(1)=6.86 p=.01). Meta-analysis with high quality
produces lower impact size (ES=.49 LL=.37 UL=.61) while medium-level meta-analysis research
produce higher impact size (ES=.76 LL=.60 UL=.91). It is observed that the mean impact sizes
of meta-analysis researches according to the location they comprise are statistically different
(Q(3)=14.87 p<.01). Meta-analysis research that includes different countries (mixed) produce
lower impact size (ES=.51 LL=.40 UL=.62); researches including Turkey and Indonesia produce
higher impact size (ES=.98 LL=.63 UL=1.32). Besides, there is only one research from China and
according to it, the impact size is low (ES=.38 LL=-.08 UL=.84).
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On the other hand, there is no statistical difference in terms of TBI, performance type,
grade level, bias status, report type, and year range moderator variables. However, there are
some interesting cases. It can be said that the effect of DBl and SBI models on mathematics is
high-level (ES=.80 LL=.50UL=1.10; ES=.94LL=.63 UL=1,25 respectively). It is observed that the
effect of GBI on mathematics performance is low (ES=.38 LL=.13 UL=.63).

Discussion

Technology-based mathematics instruction improves the performance of students in
math lessons (Cohen, 1998 p.2; cit. Young, 2017). Developing technologies and their use in
the mathematics instruction process have increased in recent years. In this respect, impact
sizes obtained from the first-order meta-analysis research focused on the impacts of
technology-based mathematics instruction are combined in this research study. At the end of
the research process, it is determined that mathematics instruction has a medium-level
impact on the mathematics performance of students. When the literature was examined, it
was determined that the effect of technology-enriched instruction on mathematics was
consistent with the findings of the study and at a moderate level (Helsa et al. 2023; Ran et al.
2022; Tamim et al., 2011; Taspinar-Sener, 2023; Young, 2017). In his research which is a
combination of meta-analysis research of 30 years, Young (2017) determined that technology-
based mathematics instruction has cumulative effect on mathematics success. Similarly, in
both Ran at al. (2022) and Taspinar-Sener (2023) studies, the general effect of technology on
academic success in mathematics course was found to be moderate. In this respect, it can be
said that technology-based mathematics instruction is efficient in terms of increasing math
performance.

It is stated that all the technological supports used in mathematics instruction have the
potential power to positively affect mathematics performance (Young, 2017). In this research
study, research that is about the use of technology in mathematics instruction are categorized
according to technology-supported instruction models. This categorization enabled us to
compare these models, which are used for teaching mathematics, as moderators. On the
other hand, performance types, education level, publication quality, publication bias, report
types, year range, and the region of the research are analyzed as other moderator variables.

At the end of this research, it is found that the technology-based instruction models that
are analyzed in meta-analysis studies are moderator variables. According to the obtained
findings, Computer Based Instruction, Game Based Instruction and Mobile Technologies Based
Instruction education models produce low impact size. It is found that research that is
categorized as Web Based Instruction and Mixed produce medium-level impact size.
Additionally, digital Tools Based Instruction and Software Based Instruction education models
produce high-level impact size. In line with the results obtained, it was determined that all
different technology-supported teaching methods had a statistically significant average effect
on students' mathematics achievement (Young, 2016, Young, 2017).

Findings obtained from this research indicate that the quality of meta-analysis included
in the research study causes a meaningful difference in terms of the effects on mathematics
performance. The research indicates that high-quality meta-analysis research produce a
lower-level impact size while medium-quality meta-analysis research produce a higher-level
impact size. Feeley (2020) states that researchers conducting meta-analysis studies should
carry out quality evaluations for the research they include in their study. Helsa et al. (2023)
state that in order for students to acquire the highest academic levels in mathematics, they
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need improve their computer technology skills through their study of mathematics. This
suggests that by improving students' skills, computer-based learning interventions in
mathematics can help them attain the best learning outcomes. It is found that the location
included in meta-analysis research is a moderator variable in terms of the impact of
technology-based instruction on the mathematics performance of students. Location bias in
meta-analysis research is a significant problem. According to Higgins & Green (2011), location
bias has two different forms. The first is the database in which research exist and the second
is the countries from which research is collected. Vickers et al. (1998) stated that impact sizes
in clinical practices statistically vary according to country. This situation in clinical practices
might also exist in educational environment practices.

Conclusion

This research is a second-order meta-analysis study in which first-order meta-analyses
about the effects of technology-based instruction on the mathematics performance of
students are combined. The first-order meta-analyses combined in the scope of this study
were carried out between 2017 and 2022. Four important results are obtained at the end of
this research, whose purpose is to determine the effects of technology-based instruction on
the mathematics performance of students. Firstly, supporting mathematics instruction with
technology has a positive impact on the math performance of students. Secondly, all the
learning models supported with technology increase the math performance of students;
however, the uses of digital tools-based instruction and software-based instruction in the
teaching process are more efficient when compared to the other learning methods. Thirdly, it
is determined that the quality of the first-order meta-analysis research included in the second-
order meta-analysis research has effects on the impact size obtained at the end of the
research. Finally, it is determined that the location of research data included in terms of meta-
analysis research has effects on impact size.

Suggestions

The research study results indicate that technology-based instruction is efficient in
terms of the mathematics performance of students. In this respect, teachers can use
technology-based instruction models in their classes to benefit from their positive effects on
student performance. On the other hand, it is suggested that these technologies should be
used by decision-makers and necessary hardware should be prepared for this purpose.
Additionally, it is determined that Digital Tools Based Instruction and Software Based
Instruction models are more efficient methods in supporting and increasing the mathematics
performance of students. In this respect, teachers can give more importance to these models
to increase student performance. According to the results obtained at the end of the research
process, the quality of meta-analysis studies is efficient in terms of impact size. Quality
evaluations should be carried out in second-order meta-analysis studies in which meta-
analysis studies are compared. It is also found that the variable of location is a moderator in
terms of impact size. According to this finding, meta-analysis research can be carried out in a
way that includes different countries and different databases to cope with the problem of
location bias.
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Appendix 1. Study characteristic

Year k  ESType ES LL UL Culture Report Group  Outcome Technology based learning Bias Year
model range
Akar, 2020 2020 16 Cohend 0,71 0,32 1,82 Global mixed mixed Math Achievement Computer Based Learning no  2000-
2019
Talan, 2021 2021 7 Hedges g 0,43 0,19 0,68 Global mixed mixed Math Achievement Computer Based Learning no  2010-
7 3 2020
Xie vd, 2020 2020 37 Cohend 0,38 0,3 0,46 China mixed k-12 Math Achievement Computer Based Learning no  1999-
2018
Hilmayr vd, 2020 2020 33 Hedgesg 0,55 0,37 0,72 Global article grade Math Achievement Digital Tools Assisted yes 2000-
(5-13) Learning 2018
Kul, Celik & Aksu, 2018 58 Cohend 1,04 0,85 1,25 Tirkiye mixed k-12 Math Achievement Digital Tools Assisted no  2005-
2018 7 Learning 2016
Wijaya vd, 2022 2022 26 Hedgesg 0,82 0,56 1,07 Global mixed mixed Math Achievement Digital Tools Assisted low 2010-
Learning 2021
Fadda vd, 2021 2021 43 Cohend 0,27 0,24 041 Global mixed k-12 Math Motivation Game Based Learning yes 2006-
2019
Lei, 2022a 2022 39 Hedgesg 0,52 0,32 0,73 Global mixed k16 Positive emotion Game Based Learning yes 2000-
6 2021
Talan, vd. 2020 2020 65 Hedgesg 0,63 046 0,8 Global mixed mixed Math Achievement Game Based Learning no 2004-
2019
Tokac vd, 2019 2019 39 Hedgesg 0,13 0,02 0,24 us mixed preK-12 Math Achievement Game Based Learning sma 2000-
global Il 2017
Chauhan, 2017 2017 41 Hedgesg 0,46 0,35 0,59 Global article k-12 Math Achievement Mixed interventions no 2000-
9 2016
Cavus & Deniz, 2022a 52 Hedgesg 0,75 0,61 0,91 Tirkiye mixed mixed Math Achievement Mixed interventions no 2000-
2022a 8 2016
Cavus & Deniz, 2022b 46 Hedgesg 1,13 094 1,34 Turkiye mixed mixed Geometry Mixed interventions no 2000-
2022b 6 Achievement 2016
Higgins vd, 2017a 2017 52 Cohend 0,68 0,56 0,79 Global article k-12 Math Achievement Mixed interventions no 1985-
2013
Higgins vd, 2017b 2017 21 Cohend 0,3 0,14 0,47 Global article k-12 Math Motivation Mixed interventions no 1985-
2013
Higgins vd, 2017¢ 2017 16 Cohend 0,59 0,39 0,80 Global article k-12 Math Attitude Mixed interventions no 1985-
2013

Cilt:14 Say:1:2 Yil:2024
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Major vsd, 2021 2021 12 Hedgesg 0,17 0,11 0,23 Global mixed k-12 Math Achievement Mixed interventions no 2007-
2020
Ran, Kim, Secada, 2021 77 Hedgesg 0,23 0,19 0,27 Global article K-12 Math Achievement Mixed interventions sma 2000-
2021 Il 2020
Sung, Yung &lee, 2017 5 Hedges g 0,89 0,43 1,351 Global article mixed Math Achievement Mixed interventions no 2000-
2017 4 7 2015
Aspiranti & Larwin, 2021 14 Hedgesg 0,38 0,15 0,60 us & article k-12 Math Achievement Mobile Learning unk 2002-
2021a global 2018
Aspiranti & Larwin, 2021 14 Hedgesg 0,62 0,37 0,87 us & article k-12 Math Achievement Mobile Learning unk 2002-
2021b global 2018
Guler vd, 2021 2021 22 Hedgesg 0,47 0,34 0,62 Global article mixed Math Achievement Mobile Learning wea 2010-
6 k 2020
Akgay, 2021a 2021 6 Cohend 0,83 045 1,21 Global mixed k12 Math Achievement Software Based Learning no 2013-
3 7 2019
Juandivd., 2021 2021 50 Hedgesg 1,07 0,89 1,26 Endonezy articleand mixed Math Ability Software Based Learning no 2010-
a proceedin (thinking skill, ) 2020
g
Tamur, 2021 2021 40 Hedgesg 0,88 0,70 1,067 Endonezy mixed unk Math Ability Software Based Learning no 2010-
6 5 a 2020
Akgay, 2021b 2021 7 Cohen d 0,32 - 0,646 Global mixed kl12 Math Achievement Web Based Learning no 2013-
2 0,00 2019
2

Akin, 2022 2022 11 Hedgesg 1,1 0,95 1,27 Global mixed k16 Math Achievement Web Based Learning no 2000-
5 2020
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