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Matematik basarisi, ¢esitli nedenlerle 6grencilerin akademik bagarisinin 6nemli gostergelerinden biri
olarak gorilmektedir. Matematik basarisina verilen Onem, Ogrencilerin matematik basarisini
etkileyen faktorlerin neler olabilecegi sorusunu da akillara getirmektedir. Ogrencilerin matematik
basarisin1 etkileyen pek ¢ok faktér oldugu bilinmekle birlikte Covid-19 pandemisi nedeniyle
Ogrencilerin bilgi ve iletigim teknolojilerine olan asinaliklari ile ilgili faktorler 6n plana ¢ikmaktadir.
Bu ¢aligmada, BIT asinalik faktorlerinin 6grencilerin matematik basarisi iizerindeki yordayiciligin
arastirmak amacglanmaktadir. Iliskisel tarama tiiriinde nicel bir arastirma olan bu ¢alismanin verileri
PISA-2018’den elden edilen ikincil verilerdir. Calismanin 6rneklemini Tiirkiye'den 15 yasindaki
6890 Ogrenci olusturmaktadir. Verilerin analizinde ¢oklu dogrusal regresyon analizi kullanilmistir.
Analizler i¢cin IDB Analyzer programindan yararlanilmistir. Aragtirmanin sonuglari, Tiirkiye’de
matematik derslerinde BIT kullanma siiresinin, grencilerde BIT e yonelik ilgi ve yetkinligin, BiT e
evde erisebilirligin ve bos zamanlarda eglence amagh olarak BIT kullanimmin artmasinin 15 yas
grubu oOgrencilerin matematik basarilarini artirabilecegini gostermektedir. Bu sonugla birlikte,
Tiirkiye’de okul disinda okul ¢alismalar1 icin ve okulda genel olarak BIT kullanimimn, sosyal
ortamlarda BIT’le ilgili yapilan paylasimlarin ve dersler disinda (evde veya okulda) BIT kullanma
siiresinin artmasinin 15 yas grubu Ogrencilerin matematik basarilarin1  olumsuz ydnde

etkileyebilecegi bu ¢alismada gdsterilmektedir.
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Giris

Diinyay1 etkisi altina alan Covid-19 pandemisi, egitimde gelenekselin disina ¢ikip alternatif
cozlimlerin hizli bir sekilde 6grenilmesini ve uygulamasini gerektirmektedir. Bu cabalarin
agirhk kazandigi platformlarm basinda ise bilgi ve iletisim teknolojileri (BIT) destekli
Ogretme-6grenme ortamlarinin oldugu acikca goriilebilmektedir. Dijital diinya ile egitimin
biitiinlesme hizinin artmasi1 BIT ile egitim arasindaki iliskiyi daha énemli hale getirmekle
birlikte (Oliver, 2002), 6grencilerin de bu yeni doniisiime ayak uydurmak ic¢in ¢aba sarf
etmelerine yol agmaktadir. Albiser ve digerlerine (2020) gore, 6grencilerin bu doniisiim
siirecindeki cabalarinda etkili olabilmeleri icin BIT’e ve kullanimlarina asina olmalar1

gerekmektedir.

BIT kavrami genel bir tanimla, kablolu ve kablosuz internet aglari, akilli telefonlar,
yayin teknolojileri (radyo ve televizyon) gibi iletisim teknolojileri temelinde, her c¢esit
bilginin optik ya da diger elektromanyetik sistemlerle iletilmesi, yayimi ve alinmas1 yoluyla
bilgiye erisim saglayan teknolojilerdir (Thamarana, 2015). BIT asinalig1 ise, 6grencilerin
bilgi ve iletisim teknolojilerindeki deneyimini veya yeterliligini belirleyen degerler, bilgiler
ve becerilerle ilgili bir kavramdir (Byungura ve digerleri, 2018). Okullarin ve ailelerin
ogrencilere saglayabildigi imkanlarin ve bu imkanlarin 6grenciler tarafindan kullanimindaki
cesitlilik, ogrencilerin BIT’e olan asinaliklarmin farkli olmasma neden olabilmektedir
(Kubiatko ve Vickova, 2010). Volman ve digerlerine (2005) gore bu farkliliklar 6grencilerin

akademik basaris1 gibi baz1 6grenme iiriinlerini de etkileyebilmektedir.

Ogrencilerin akademik basarismin, ders bazinda aldiklar notlar ya da tiim derslerde
aldiklar1 notlarin ortalamasi gibi akademik c¢aligmalarinin niteligini ifade eden bir iirlin
oldugu soylenebilir (York ve digerleri, 2015). Artan toplumsal taleplerin etkisiyle
matematigin 6onemsenmesi (Altun, 2006), daha iyi yasam sartlarina ve basarili bir kariyere
sahip olmada matematigin 6nemli oldugu diisiincesinin toplumun genelinde hakim olmasi
(Dursun ve Dede, 2004) ve hem giindelik hayatta hem de tiim bilim dallarinda kullanilan
etkili akil yiiriitme, elestirel diistinme ve problem ¢6zme becerilerinin gelistirilmesinde
matematigin 6nemli rol oynamasi (Ozsoy, 2005) gibi nedenler matematik basarisini
ogrencilerin akademik basarisinin Snemli gostergelerinden biri haline getirmektedir.
Matematik basarisina verilen Onem ayni zamanda Ogrencilerin matematik bagarisini

etkileyen faktorlerin neler olabilecegi sorusunun yanitin1 bulmaya yoneltmektedir.

Ogrencilerin matematik basarisim etkileyen pek ¢ok faktdr oldugu bilinmekle birlikte

(Savas ve digerleri, 2010), giiniimiizde 6grencilerin BIT e olan asinaliklar1 ile matematik
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basarilar1 arasindaki iliskiye odaklanan arastirmalar yapildigi, bu arastirmalarin aralarinda

Tiirkiye’nin de oldugu farkli iilke &grencilerini mercek altina aldigi ve genellikle PISA
verilerinden yararlanildigi goéze c¢arpmaktadir (Aypay, 2010; Bulut ve Cutumisu, 2018;
Delen ve Bulut, 2011; Hu ve digerleri, 2018; Park ve Weng, 2020; Srijamdee ve Pholphirul,
2020). Ornegin, Aypay’n (2010) PISA-2006’ya Tiirkiye’den katilan dgrencilerin matematik
basarisin1 bagimli degisken olarak, 6grencilerin bilgisayarlari ne kadar iyi kullandiklari,
eglence ve internet i¢in bilgisayar kullanimi gibi degiskenleri bagimsiz degiskenler olarak
kullandig1 ¢alismada, matematik basarisi ile diger degiskenler arasinda anlamli bir iligki

bulunamamustir.

Bulut ve Cutumisu’nun (2018) PISA-2012 verilerini temel alarak gerceklestirdigi
caligmada, Tiirkiye’deki ve Finlandiya’daki ogrencilerin BIT asinaligi ile matematik
puanlar1 arasindaki iliski arastirilmistir. Calismanin sonucunda, BIT asinahig: ile ilgili
faktorlerden bazilarinin Tiirkiye’deki ve Finlandiya’daki dgrencilerin matematik basarisi ile
iliskisinin negatif yonde oldugu, bazi faktorlerin ise istatistiksel olarak iliskili olmadigi
bulunmustur. Bununla birlikte, BIT asinalig1 ile ilgili faktorlerden bazilarmin Tiirkiye'deki
Ogrencilerin matematik basaris1 ile pozitif yonde iliskili iken Finlandiya'daki dgrencilerin
matematik basarisi lizerinde 6nemli bir etkisi olmadigi, bazilarinin ise Tiirkiye'deki basari ile

pozitif iligkili iken Finlandiya'daki basari ile negatif iligkili oldugu gosterilmistir.

Bagka bir calismada Delen ve Bulut (2011) PISA-2009 verilerini kullanarak
Tiirkiye'deki 6grencilerin BIT asinaligi ile matematik bagar1 puanlari arasindaki iliskiyi
incelemistir. Arastirmanin sonuglari, &grencilerin evde ve okulda BIT kullanimlarinin
ogrencilerin matematik basarilarinin gii¢lii bir yordayicist oldugunu gdostermistir. Ayni
zamanda, dgrencilerin okulda BIT kullanimlarindan ziyade okul disinda gecirdikleri zaman

zarfinda BIT kullanimlari, matematik basarilar1 {izerinde daha biiyiik bir etki gostermektedir.

Hu ve digerlerinin (2018) &grencilerin matematik basarisiyla BIT faktorleri
arasindaki iliskiyi inceledigi ¢alismada, PISA-2015’¢ katilan 44 tlkenin verileri analiz
edilmistir. Ogrencilerin BiT'e olan asinaliklariyla ilgili faktorlerinin 6grencilerin matematik
basaris1 iizerinde farkli etkiler gosterdigi bulunmustur. Ogrencinin evindeki BIT
mevcudiyeti, okulda BIT kullanimi ve sosyal ortamlarda BIT ile ilgili paylasim yapmasi
arttiginda Ogrencilerin matematik puanlari diigmektedir. Arastirmanin sonuglarina gore
okuldaki BIT mevcudiyetinin, evde BIT kullaniminin ve bos zamanlarda BIT kullanimimin

ise Ogrencilerin matematik basarisi tizerinde herhangi bir etkisi yoktur. Bununla birlikte,



U. B. Ozkan/ Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 54, 272-296, 2022 275
BiT'e ilgi, algilanan BIT yetkinligi ve BIT kullanimiyla ilgili algilanan 6zerklik diizeyi

arttik¢a 6grencilerin matematik puanlari da ylikselmektedir.

Park ve Weng (2020) tarafindan PISA-2015’e¢ katilan 39 iilkenin verilerini
kullanilarak gergeklestirilen bir baska c¢alismada, Hu ve digerlerinin (2018) ¢alismasina
yakin sonuglar elde edildigi sdylenebilir. Okulda ve evde BIT kullanimi ile matematik
basaris1 arasinda negatif yonde iliski oldugu bulunmustur. Ayni1 zamanda, dgrencilerin BIT'e
olan ilgisi, algilanan yetkinlik, BiT'deki 6zerklik ve BIT'in okul disinda kullanimimn

matematik basarisi ile anlamli diizeyde pozitif korelasyonlar gosterdigi belirlenmistir.

Srijamdee ve Pholphirul (2020), PISA-2015 Tayland verilerini kullandig
arastirmasinin bulgular, BIT’in egitimsel olmayan amaglar (cevrimici sohbet etmek, icerik
paylasimi yapmak gibi) i¢in kullanan Ogrencilerin matematik basarisinin daha diisiik
oldugunu isaret etmektedir. Ayn1 zamanda, dersle ilgili konularda iletisim kurmak i¢in BIT
imkanlarindan yararlanan 6grencilerin matematik basarisinin daha yiiksek oldugu sonucuna
ulasilmigtir. Her giin bilgisayar oyunu oynayan, haftada birka¢ kez video paylasim
sitelerinden video izlemek gibi eglence amagli internette gezinen O&grencilerin de
matematikte daha iyi puanlar aldig1 bulgusuna ulasilmistir. Ayrica, cocukluktan itibaren BIT
ile ilgili deneyim ve asinalik kazanan &grencilerin, BIT kullanmaya yeni baslayan veya hig

kullanmayan 6grencilere gére matematikte daha yiiksek puanlar aldig1 bulunmustur.

Farkl1 iilkelerdeki 6grencilerin verilerine dayali olarak yapilan ve yukarida sunulan
arastirmalarin sonuglar1, BIT asinalig1 ve matematik basaris1 arasindaki iliski konusunda tam
bir fikir birligine varilamadigim gostermektedir. BIT aginalik faktorleri ile matematik
basaris1 arasinda pozitif, negatif veya istatistiksel olarak anlamli olmayan sonugclar iilkeden
iilkeye degisiklik gostermektedir. Ek olarak, cok az sayidaki caligmada matematik basarisi
baglaminda BIT asinalik degiskenlerinin tiimii ayn1 anda incelenmistir. Arastirmalarin
sonuglardaki tutarsizliklar, BIT profilleri farklilik gosteren iilkelerin &grencilerinin
matematik basar1 puanlar1 ile BIT asinalik faktorleri arasindaki iliskilerin tam olarak
aciklanamamasina sebebiyet vermektedir. Bu nedenle, Tiirkiye’deki 6grenciler 6zelinde ve
BIT asinalik faktdrlerinin tamami goz dniinde bulundurularak, grencilerin matematik basari
puanlan iizerinde BIT asinalik faktorlerinin etkisini belirlemek 6nemlidir. 2015 ve daha
onceki yillarin PISA verilerini kullanan calismalarin aksine son olarak 2018’de yapilan
PISA verilerinin kullanildigi bu ¢alisma, BIT ve matematik basaris1 arasindaki iliskiye
yonelik birbirinden farkli sonuclar yerine, Tiirkiye baglaminda kullanilabilecek bilimsel

kamitlar saglayabilir. Nihayetinde bu ¢alismanin amaci, BIT agisindan diger iilkelerden farkli
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ozelliklere sahip olan Tiirkiye’deki Ogrenciler i¢in genis Olgekli bir degerlendirmenin

verilerine dayali olarak, BIT asinalik faktdrlerinin &grencilerin matematik basarisi
tizerindeki yordayiciligini arastirmaktir. Bu ¢aligmada ortaya ¢ikan ana aragtirma sorusu
sudur: BIT asinalik faktdrleri, ogrencilerin matematik performansini ne dlgiide

etkilemektedir?

Bu caligmanin, alan yazina saglayacagi bazi katkilar oldugu diistiniilmektedir.
Oncelikle, Tiirkiye’deki dgrencilerin matematik basar1 puanlar1 iizerindeki her BIT asinalik
faktorliniin  katkisin1 incelemek i¢in ¢oklu dogrusal regresyon analizi kullanilarak bir
yordayict model ortaya koyulmaktadir. Bununla birlikte, bu calismada PISAmin BIT
Asinalik Anketi ile 6l¢tiigii on bir BIT degiskeninin tamami kullanilmaktadir. Gegmis
arastirmalarda bu kadar fazla sayida degiskenin BIT asinaliginin matematik basaris
iizerindeki etkisini incelemek i¢in kullanilmadigi goriilebilmektedir. Son olarak bu c¢alisma,
Ogrencilerin matematik basarisin1 artirabilecek miidahalelere bir baslangi¢ noktas1 saglamak
icin Tiirkiye’deki BIT asinaligi ve matematik basarisi arasindaki hem olumlu hem de

olumsuz iliskilere odaklanmaktadir.
Y ontem

Bu caligma, iligkisel tarama tiiriinde nicel bir arastirmadir. Bu calismada, Tirkiye’deki 15
yas grubu ogrencilerin BIT asinaliginin matematik basarilar1 iizerindeki yordayiciligini
incelenmek icin PISA-2018’den elde edilen ikincil veriler analiz edilmektedir. ikincil veri
analizleri, birincil verilerin kullanildig1 ¢alismalarla benzer temel arastirma ilkelerine bagh
kalinmas1 gerekli asamalarin izlendigi bir aragtirma yontemi seklinde tanimlanabilir
(Johnston, 2017). ikincil veri analizleriyle, 6zgiin arastirma sorularma farkli arastirma
yontemleriyle yanit bulmak veya eski verilerle yeni sorular1 yanitlanmak i¢in mevcut bir veri
tabanminn analizi yapilir (Turner, 1997). Ikincil verilerin kullamldig1 galismalarin, orijinal
aragtirmada yer verilmeyen yeni ve/veya ilave bulgulara ulasmaya olanak vermesi (Sherif,
2018) ve farkli baglamlarla, farkli zaman dilimlerinde ve farkli sosyal gruplar ve kiiltiirlerde
arastirmalar yapmak icin kullanilabilmesi (Corti, 2008) s6z konusu yontemin bu arastirmada

tercih edilme sebebi olmustur.
Evren/Orneklem

Bu calismanin Orneklemi, PISA-2018 degerlendirmesine katilan Tiirkiye’deki 15 yas
cagindaki dgrencileri iceren hedef niifustan elde edilmistir. Ogrenci drneklemi, Tiirkiye’deki

15 yasindaki 6grencilerin tam hedef niifusunun temsilini saglayacak sekilde ve PISA ile
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ilgili kalite standartlar1 korunarak ulusal proje yoneticileri tarafindan kararlastirilmaktadir

(6rneklem yontemi hakkinda daha fazla bilgi icin, bkz.
https://www.oecd.org/pisa/data/pisa2018technicalreport/). PISA-2018 o6rneklem tasarimi,
her iilke igin iki asamali bir tabakali érneklem tasarimudir. ilk asamada, okulun yeri ve
egitim diizeyi (ortaokul veya lise) gibi faktorler dikkate alinarak en az 150 okul 6rnegi
secilmekte, ikinci asamada ise bu okullardan 15 yasindaki yaklagik 42 6grenci segilmektedir
(OECD, 2019). Tiirkiye’yi temsil eden ve bu ¢alismada kullanilan 6rneklem kiimesi 6890
ogrencidir.

Calismada Kullanilan Ol¢me (Veri Toplama) Araclar

Bu c¢aligmanin verileri PISA-2018 ¢alismasina Tiirkiye’den katilan &grencilerin 6grenci
anketi sorulart ile matematik testine verdikleri cevaplardan elde edilmistir. Calismanin 11
bagimsiz degiskeni i¢in dgrencilere, masaiistii bilgisayarlar, tasinabilir diziistii bilgisayarlar,
akilli telefonlar, tablet bilgisayarlar, internet erisimi olmayan cep telefonlar1, oyun konsollar
ve internet baglantis1 olan televizyonlar iceren dijital medya ve dijital cihazlarin farkli
yonlerine iliskin sorular yéneltildigi BIT Asinalik Anketi (BITAA) uygulanmustir.
BITAA’nin uygulanmas: iilkelerin tercihlerine birakilmaktadir ve Tiirkiye bu anketi
uygulamayi tercih eden iilkelerden birisidir. BITAA kullanilarak ikisi basit anket indeksi,
dokuzu ise madde tepki kurami (MTK) modeli kullanilarak olgeklenen 11 tiiretilmis
degisken elde edilebilmektedir. Tim degiskenleri kapsayan genel bilgiler Tablo 1°de

verilmektedir.

Tablo 1 incelendiginde Ol¢ek gilivenirliginde kullanilan Cronbach’s o degerlerinin
tim degiskenlerde .87’den biiyiik oldugu goériilmektedir. Bu degerin i¢ tutarlilik igin iyi bir
deger oldugu soylenebilir (Hajjar, 2018; Streiner, 2003). Bununla birlikte Tablo 1’de, 9
kategorik degiskenin MTK modellemesi kullanilarak 6lgeklendigi bilgisi verilmektedir.
MTK modellemesi ile ortik ozellikler igin agirlikli olabilirlik tahminleri ortalama 0 ve
standart sapma 1 olan Olgeklere doniistiirebilmektedir (OECD, 2005). Diger bir ifadeyle
herhangi bir OECD iilkesinde bir 6grenci i¢in ortalama 0 puan beklenmektedir. Buna bagl
olarak indeksteki negatif degerlerin, ilgili degisken baglaminda 6grencilerin OECD iilke
ortalamasindan daha az olumlu yanit verdigini, pozitif indeks degerlerinin ise daha olumlu

yanit verdiklerini igaret ettigi sOylenebilir.
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Tablo 1. PISA-2018 Tiirkive Orneklemine Uygulanan BIT Asinalik Anketinden Elde Edilen

Degiskenler
Olcek
MTK

giivenirlikleri
Degisken adi Aciklama Olgeklendirmesine

(Cronbach’s

dayal tiiretilmis
o)
ICTHOME Evde mevcut olan BIT Hayir -
ICTSCH Okulda mevcut olan BIT Hayir -
BIT'in okul disinda kullanmi (bos

ENTUSE Evet 0.905

zaman)

BiT'in okul disinda kullanimi (okul
HOMESCH Evet 0.931
caligmalari igin)

USESCH Okulda genel olarak BIT kullanimi Evet 0.932

INTICT BiT'e ilgi Evet 0.870

COMPICT Algilanan BIT yetkinligi Evet 0.880
BIT kullanimiyla ilgili algilanan

AUTICT Evet 0.883
ozerklik

SOIAICT Sosyal ortamlarda BIT paylagimi Evet 0.880

Derslerde ders ile ilgili BIT kullanim
ICTCLASS Evet 0.883
siiresi

Dersler disinda ders ile ilgili BIiT
ICTOUTSIDE Evet 0.908
kullanim stiresi

Kaynak: OECD PISA 2018 genel veri tabanu.

BiT'in evdeki mevcudiyetini belirleyen ICTHOME degiskeni, anket formunda yer

alan masaiistii bilgisayar, tasmabilir diziistii bilgisayar, tablet bilgisayar, internet baglantisi,
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yazicl, cep telefonu, USB bellek gibi 11 6genin tamaminin sayisi olarak hesaplanan ve

dolayistyla 0-11 arasinda degisen bir indekstir. BIT'in okulda mevcudiyeti hakkinda tiiretilen
ICTSCH degiskeni, anket formunda yer alan masaiistii bilgisayar, tasmnabilir diziisti
bilgisayar, tablet bilgisayar, internet baglantis1 olan okul bilgisayarlari, kablosuz ag ile
internet baglantisi, projeksiyon, etkilesimli tahta gibi 10 68enin tamaminin sayisi olarak

hesaplanan, dolayistyla 0-10 arasinda degisen bir indekstir.

BIT Asinalik Anketindeki ii¢ degisken, dijital cihazlarin okul disinda bos zaman
etkinlikleri i¢in, okul disinda okul ¢alismalar1 i¢in ve okuldaki etkinlikler i¢in ne siklikla
kullanildig: ile ilgilidir. Her {i¢ degiskene yonelik sorular igin yanit kategorileri "Hi¢ ya da
hemen hemen hi¢”, “Ayda bir ya da iki kez”, “Haftada bir ya da iki kez”, “Hemen hemen
her giin”, “Her giin” arasindadir. Ilgili indeksler ENTUSE (bos zaman etkinlikleri),
HOMESCH (okul disinda okul calismalar i¢in) ve USESCH (okulda BIT kullanimi)

degiskenleri i¢in hesaplanan degerlerdir.

Ogrencilerin BIT ilgisi (INTICT), BIT kullannminda algilanan yetkinligi
(COMPICT), BIT kullanimryla ilgili algilanan ézerkligi (AUTICT) ve BiT'in giinliik sosyal
yasamlarinin bir parcasi olma derecesi (SOIAICT) BIT Asinalik Anketinde ele alinan diger
dort degiskendir. Bu degiskenler icin sorulan sorularda "Kesinlikle katilmiyorum",
"Katilmiyorum", "Katiliyorum" ve "Kesinlikle katiliyorum" arasinda degisen dortlii Likert

yanit 6l¢egi kullanilmaktadir.

BIT Asinalik Anketi yoluyla elde edilen son iki degisken dijital cihazlarin
kullanimina iligkin degiskenlerdir. Derslerde (ICTCLASS) ve ders disinda (ICTOUTSIDE)
derslerle ilgili olarak 6grencilerin dijital cihazlar1 kullanarak ne kadar zaman gegirdiklerini
belirlemek tiizere "Haftada 1-30 dakika", "Haftada 31-60 dakika" gibi farkli siireleri

kapsayan bes yanittan birisini segmeleri i¢in 6grencilere sunulmaktadir.

Calismanin bagiml degiskeni olan matematik basarisinin bir gostergesi olarak PISA-
2018’de her katilimci1 6grenci igin belirlenen on adet olas1 deger kullanilmaktadir. Olasi
deger metodolojisinde yeterlik dagilimlart kullanilir ve belirsizligin  sifir oldugunu
varsaymak yerine, birden ¢ok emsalli yeterlik degerleri kullanilarak bireysel diizeyde hatalar
hesaba katilir (OECD, 2017). Dolayisiyla her 6grenci i¢in birbirinden bagimsiz on olasi
deger kestirimi yapilmaktadir (Tablo 2).
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Tablo 2. PISA-2018 Tiirkive Orneklemi Matematik Degerlendirmesine Iliskin Olasi

Degerlerin Tammlayict Istatistikleri

Std.  Minimum Maksimum
Degisken Aciklama Ortalama
Sapma

PVIMATH  Matematik i¢in Olasi Deger 1  452.701 1.053  151.884 778.445

PV2MATH  Matematik i¢in Olas1 Deger 2 451.235 1.054  103.253 765.014

PV3SMATH  Matematik i¢in Olas1 Deger 3  452.560 1.060 174.941 784.323

PVAMATH  Matematik i¢in Olas1 Deger 4  452.215 1.055  149.597 735.754

PVSMATH  Matematik i¢in Olas1 Deger 5  454.294 1.053  141.192 741.870

PVEMATH  Matematik i¢in Olas1t Deger 6 452.816 1.042  162.548 749.119

PV7MATH  Matematik i¢in Olas1 Deger 7 452.047 1.041  147.160 752.361

PVBMATH  Matematik i¢in Olas1 Deger 8 452.060 1.035 162.801 750.520

PVOMATH  Matematik i¢in Olas1 Deger 9  453.162 1.057  122.854 749.161

Matematik icin Olast Deger
PV10MATH 10 453.008 1.076  118.290 752.100

Kaynak: OECD PISA 2018 genel veri tabani. N = 6890. Bagimli degisken, 6grencilerin
matematik basarisidir ve ogrencilerin PISA matematik testindeki puanlari ile temsil

edilmektedir.

Tablo 2’de sunulan 10 olasi degerden herhangi birinin kullanilmasi ya da bu 10
puanin ortalamasinin kullanilmasi standart hatanin normalden daha kii¢lik ¢ikmasina neden
olabilir (Rutkowski ve digerleri, 2010). OECD (2009), PISA verileri kullanilan ¢alismalarda
her 6grenci i¢in bu olas1 degerlerin hepsinin kullanilmasini 6nermektedir. Bu ¢alismada,
tarafsiz ve kararli tahminler elde etmek amaciyla 10 olasi degerin tiimii ayn1 anda bagimli
degisken olarak hesaba katilarak, uluslararasi biiyiikk Olcekli degerlendirmelerde olasi
degerleri kullanma konusunda yapilan 6neriler (OECD, 2009; Rutkowski ve digerleri, 2010)

dikkate alinmistir.
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Veri Analizi

Verilerin analizinde c¢oklu dogrusal regresyon analizi kullanilmistir. Coklu dogrusal
regresyon, sosyal bilimler arastirmalarinda veriler arasindaki temelde yatan karmasik
iligkileri belirlemek igin giiclii bir tekniktir (Nimon, 2010). Coklu dogrusal regresyon, birden
fazla siirekli veya kategorik bagimsiz degisken ile bir siirekli bagimli degisken arasindaki
iligkilerin incelenebilmesini miimkiin kilmaktadir (Coxe ve digerleri, 2013). Bagimsiz ya da
aciklayict degigkenlerin bagimli degisken iizerindeki etkilerini dlgmek icin genel olarak
coklu dogrusal regresyon kullanilmaktadir (Farina ve digerleri, 2015). Bu ¢alismada, BIT
asinalig1 ile ilgili birden ¢ok faktoriin Ogrencilerin matematik basaris1 {izerindeki
yordayiciligl, ¢oklu dogrusal regresyon modeli ile ortaya koyulmaya c¢alisilmistir. Standart

cebirsel gosterimle, ¢coklu dogrusal regresyon modelinin genel ifadesi su sekildedir:

y=Po+P1X1+P2Xo+PaX3+PaX4+PsXs+PeXe+P7X7+PsXe+PoXo+Pr0X10+P11X11

Bu modelde;
y : Matematik basar1 puanlari (1-10 olast deger),
Bn : Kismi regresyon katsayist,

X1 : Evde mevcut olan BIT (ICTHOME),

X2 : Okulda mevcut olan BiT (ICTSCH),

X3 : BIT'in okul disinda bos zamanlarda kullanim1 (ENTUSE),

Xa : BIT'in okul disinda okul ¢alismalari i¢in kullanimi (HOMESCH),
Xs : Okulda genel olarak BIT kullanimi1 (USESCH),

Xe  :BiT'eilgi (INTICT),

X7 : Algilanan BIT yetkinligi (COMPICT),

Xs : BIT kullanimiyla ilgili algilanan dzerklik (AUTICT),

Xo  :Sosyal ortamlarda BIT paylasimi (SOIAICT),

Xi10  : Derslerde dijital cihazlar1 kullanma siiresi (ICTCLASS),

X1 : Dersler disinda (evde veya okulda) dijital cihazlar1 kullanma stiresi
(ICTOUTSIDE).

Analizleri yapmak i¢in IEA International Database Analyzer Version 4.0.36 (IDB

Analyzer) yazilimi kullanilmistir. IDB  Analyzer, orneklem tasarimi ve oOrneklem
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agirliklarin dikkate alarak istatistiksel analizleri gergeklestirebilmektedir. IDB Analyzer

orneklem tasarimini yansitan katsayilart ve drneklem hatalarimi tahmin etmek i¢in uygun
araglar saglamakta olup c¢oklu dogrusal regresyon hakkindaki varsayimlarin (normal

dagilim, ¢oklu baglantililik) dogrulanmasi gerektigi sdylenebilir (Mirazchiyski, 2014).

Bu ¢alismada 6890 katilimcinin verileri analiz edildiginden dagilimin normal oldugu
kabul edilebilir. Lumley ve digerlerinin (2002) ¢alismasi, yeterince biiyiik 6rneklemlerde
normal dagilim varsayimimin gerekmedigini gostermektedir. Bununla birlikte, biiytlik
orneklemler i¢in “Biiyiik Sayilar Yasas1” ve “Merkezi Limit Teoremi” kuramlarinin her ikisi
de gegerlidir. Ciinkii ¢ok sayida gozlemin 6rnek ortalamasi, ortalamaya yakin olacak veya
gozlemlerin kendileri normal dagilima sahip olmasa bile, normale yakin bir dagilim
gosterecektir (Shatskikh ve Melkumova, 2016). Yordayici degiskenler arasinda ¢oklu
baglantililik sorunu olup olmadigin1 kontrol etmek amaciyla yapilan korelasyon matrisi ise

Tablo 3’te verilmektedir.

Tablo 3. Bagimsiz Degiskenler Arasindaki Korelasyon Matrisi

Degiskenler @ @ G @ ©®& 6 @O @ © @0 1y
ICTHOME (1) 1
ICTSCH (2) 32 1
ENTUSE (3) 29 10 1
HOMESCH (4) 23 18 45 1
USESCH (5) 19 24 24 43 1
INTICT (6) 16 .04 41 25 14 1
COMPICT (7) 20 .05 38 24 14 58 1
AUTICT (8) 22 06 36 .25 .14 .47 62 1
SOIAICT (9) 18 .08 37 31 .19 .49 58 62 1
ICTCLASS (10) 11 19 10 .15 16 .07 .09 .08 .06 1

ICTOUTSIDE (11) 16 15 14 27 24 06 .08 .09 11 39 1

Tablo 3’te sunulan degerler kriter sinir olan 0.80 degerini (Kim, 2019; Midi ve
digerleri, 2010) asmadigindan ¢oklu baglantilik sorunu olmadig: ifade edilebilir.
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Bulgular

Tiirkiye’deki dgrencilerin matematik basarisinda BIT asinalig: ile ilgili faktorlerin roliinii

belirlemek amaciyla ¢coklu dogrusal regresyon analizi yapilmistir. Tablo 4'te coklu dogrusal

regresyon analizinin model 6zetleri ve regresyon katsayilarinin sonuglar1 verilmektedir.

Tablo 4. PISA-2018 Tiirkive Orneklemi Matematik Basarist icin Yapilan Regresyon Analizi

Model Ozeti ve Regresyon Katsayilar

Model

Matematik Basarist: R?=.11, Diizeltilmis R?>= .11, Tahminin Std. Hatasi=.01

F(10,6879) = 85.02, p < .01

Standartlastiriimamis Katsayilar Standartlastirilmis
Katsayilar t
B Std. Hata Beta (B)

(Sabit Terim) 445.85 5.96 74.82*
ICTHOME 2.25 e .07 3.03*
ICTSCH -.18 .62 -01 -.30
ENTUSE 7.45 1.40 11 5.32*
HOMESCH -7.69 1.57 -.09 -4.89*
USESCH -13.43 1.78 -17 -7.53*
INTICT 4.37 1.13 .06 3.86*
COMPICT 10.63 1.58 13 6.72*
AUTICT 3.24 1.78 .04 1.81
SOIAICT -7.97 1.80 -.10 -4.43*
ICTCLASS 17.39 1.69 21 10.29*
ICTOUTSIDE -4.24 1.76 -.05 -2.40%*

*p < .01, **p < .05

Tablo 4'te sunulan coklu dogrusal regresyon analizi sonuglari, 6grencilerin BIT

asinaliklarina iligkin faktorlerin 6grencilerin matematik basarisindaki degiskenligin %]11'ini

acikladiginmi ortaya koymaktadir (Diizeltilmis R?=.11, Fqo, es79) = 102.79, p < .01). Coklu
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dogrusal regresyon analizinin Tablo 4’te verilen sonuglarina gére okulda kullanilan BiT’in

sayist ve BIT kullanimiyla ilgili algilanan o6zerklik digindaki faktdrlerin tamamimin
yordayicilig1 istatistiksel olarak anlamlidir. Analiz sonucunda olusan c¢oklu dogrusal

regresyon modeli su sekildedir:
y=445.85+2.25X1+7.45X3-7.69X4-13.43X5+4.37X6+10.63X7-7.97X9+17.39X10-4.24X 11

Calismanin bulgulart iki grup altinda toplanabilir. Birinci gruptaki bulgular,
istatistiksel olarak anlamli yordayicilarin bazilarinda meydana gelen artiglarin matematik
basarisini da artirabilecegi yoniindedir. Derslerde ders ile ilgili BIT kullaniminda meydana
gelen 1 birimlik artisin 6grencilerin matematik basarisinda 17.39 puanlik artisa sebep
olacag1 sdylenebilir. Benzer sekilde, dgrencilerin algiladigi BIT yetkinlikleri, BiT'in okul
disinda bos zamanlarda kullanimi ve BiT'e olan ilgideki 1 birimlik artisin &grencilerin
matematik basarisinda sirastyla 10.63, 7.45 ve 4.37 puanlik artiglara yol agabilecegi
bulgulanmistir. Bu bulgularin yaninda, evde kullanilan BIT sayisimin (ICTHOME=2.25)

artmasinin matematik basar1 puanlarinin yiikselmesine katkida bulunabilecegi sOylenebilir.

Caligmanin ikinci grup bulgulari, istatistiksel olarak anlamli yordayicilarin
bazilarinda meydana gelen artislarin matematik basarisin1 azaltabilecegi yoniindedir.
Ormnegin, okulda BIT kullanim sikhigindaki artisin dgrencilerin matematik basarisini
disiirebilecegi (USESCH=-13.43) gorilmektedir. Benzer sekilde, arkadas gruplari gibi
sosyal ortamlarda dijital cihazlarla ilgili bilgi alis verisi, fikir paylasma, etkinlikte bulunma
gibi paylagimlarin artmasinin matematik basarisini olumsuz etkileyebilecegi (SOIAICT=-
7.97) bulunmustur. Bununla birlikte, BIT'in okul disinda okul ¢alismalari i¢in kullanim
sikhiginin (HOMESCH=-7.69) ve dersler disinda ders ile ilgili BIT kullanim siiresinin
artmasinin (ICTOUTSIDE=-4.24) da matematik basarisim1 diisiiren bir faktor oldugu ifade

edilebilir.

Standardize edilmis beta katsayilar1 ve t degerleri birlikte incelendiginde goéreli 6nem
diizeyi olarak ilk siralarda yer alan degiskenlerin derslerde ders ile ilgili BIT kullanimu,
okulda BIT kullanim sikligi, dgrencilerin algiladign BIT yetkinlikleri, BIT'in okul disinda
bos zamanlarda eglence amagh kullanilmasi ve sosyal ortamlarda BIT paylasimi oldugu
soylenebilir. Bu degiskenler regresyon modeline sagladigi katkilar bakimindan
degerlendirildiginde, dgrencilerin matematik basarisina etki eden en énemli BIT asinalig

degiskenleri olarak 6n plana ¢ikmaktadir.
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Tartisma
Bu calismada, Tiirkiye’de 15 yasindaki ogrencilerin matematik basaris1 iizerinde BIT
asinalik faktorlerinin yordayiciligi arastirilmistir. Calismanin bulgulari, Tiirkiye’deki 15 yas
grubu dgrencilerin BIT asinaliklarina iliskin faktorlerin dgrencilerin matematik basarisini ne
Olclide yordayabileceklerini ampirik olarak ortaya koymaktadir. Calismada sunulan
istatistiksel bulgular dikkate alinarak ulasilan sonuglar, BIT'in 6grencilerin matematik

basarisinda 6nemli etkileri oldugunu gostermektedir.

Matematik basaris iizerindeki yordayiciligi arastirilan BIT asinalik faktdrlerden ikisi
BIT’in evdeki ve okuldaki mevcudiyeti ile ilgilidir. Bu c¢alismada, BiT’in evdeki
mevcudiyetinin Tiirkiye’deki 6grencilerin matematik basarisini artirdigi bulunmustur. Bu
sonug, Bulut ve Cutumisu (2018) ile Delen ve Bulut’un (2011) arastirmalartyla tutarli iken
Hu ve digerlerinin (2018) ve Srijamdee ve Pholphirul’un (2020) arastirmalarinda tam tersi
bir sonu¢ elde edilmistir. BiT’in okuldaki mevcudiyetinin Tiirkiye’deki 6grencilerin
matematik basarisinda anlamli bir etkisinin olmadigi sonucu, Hu ve digerlerinin (2018)
caligmasinin sonucuyla benzerdir. Bulut ve Cutumisu’nun (2018) ¢aligmasinin Finlandiya ile
ilgili sonuclar1 da benzerlik gosterirken Tiirkiye ile ilgili elde edilen sonuglar bu sonug ile
tutarli degildir. Bilgisayar, yazici, internet baglantisi, usb bellek, elektronik kitap okuyucu
gibi BIT cihazlarinin  &grencilerin  evlerinde bulunmasinin ~ kisisellestirilmis  ve
bireysellestirilmis 6grenmelerini kolaylastirabilmesi (Ranguelov ve digerleri, 2011), BIT’in
evdeki mevcudiyetinin Tirkiye’deki 6grencilerin matematik basarisini artirmasinin nedeni
olabilir. Ayn1 zamanda, evde BIT cihazlarina erisebilir olmanim 6grencilerin sahip olduklari
bilgisayar kullanma becerisini artirabildigi (Kuhlemeier ve Hemker, 2007) ve 2015 yilindan
itibaren Tirkiye’de PISA uygulamalarinin bilgisayar destekli yapildigir (Suna ve digerleri,
2019) diisiiniildiigiinde, evde BIT mevcudiyeti fazla olan &grencilerin, bu konuda kisith
imkanlara sahip ogrencilerden daha avantajli oldugu soylenebilir. Ayrica, BIT
mevcudiyetinin fazla olmasinin ekonomik giiciin de bir gostergesi oldugu (Eurydice, 2004)
ve ekonomik giiciin Tiirkiye’deki 6grencilerin matematik basarilarinda 6nemli bir yordayict
oldugu (Ozkan, 2020) gdz oniine alindiginda, evde bulunan BIT’in matematik basarisini

pozitif yonde yordamasi beklenebilir.

BIT'in bos zamanlarda eglence amach kullanimmin matematik basarisi ile pozitif
korelasyon gosterdigi bulunmustur ki bu, ge¢mis caligmalarin bazilarmin bulgulariyla
ortiismekte bazilariyla celismektedir. Ornegin, Bulut ve Cutumisu (2018) ile Petko ve

digerlerinin (2017) calismalar1, Tiirkiye'deki 6grenciler i¢in, bos zamanlarda eglence i¢in
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BIT kullaniminin matematik basarisini artirdigin1 gostermistir. Petko ve digerlerinin (2017)

calismasinda, Tiirkiye gibi nispeten diisiik PISA basarisina sahip iilkelerde BIT'in bos
zamanlarda eglence amacl kullanimi1 matematik basarisinin pozitif bir yordayicisiyken, Cin,
Singapur, Giiney Kore, Finlandiya, Almanya, Hollanda gibi iilkelerde tam tersi bir sonug
elde edilmistir. Benzer sekilde, Biagi ve Loi (2013) de eglence amacli BIT kullaniminin
matematik basarisin1 olumsuz etkiledigini bulmustur. BIT'in bos zamanlarda eglence amach
kullanimmin Tiirkiye’deki dgrencilerin matematik basarisini artirmasina yol acan nedenler
ogrencilerin giidiilenmesi ve ekonomik durumlariyla ilgili olabilir. Giidiilenme agisindan
bakildiginda, BIT'in okul disinda eglence amacgl kullanilmasmin &grencilerin dikkatini
dagitarak ders basarisini diisiirebilecegi diistincesi (Papanastasiou ve digerleri, 2005) akla
daha yatkin gelmektedir ve Petko ve digerlerinin (2017) ¢alismas1 PISA’da basarili olan
iilkeler i¢in bu durumun gecerli oldugunu ortaya koymaktadir. Ancak, Tiirkiye 6zelinde
bakildiginda BiT'in okul disinda eglence amagh kullanilmasinin 8grencilerin stres diizeyini
diisiirmesi, motivasyonlarini artirmasi ve daha verimli ¢alismalarini saglamasi (Giimiis ve
Atalmis, 2011) 0&grencilerin basarisint artirmis olabilir. Ekonomik durum agisindan
bakildiginda, BIT'in okul disinda eglence amagcli kullanilabilmesi igin ailelerin dgrencilere
bu imkan1 saglayabilecek ekonomik giicte olmasi gerektigi sdylenebilir. Bu konuda yapilan
arastirma sonuglarinin Tirkiye’de ailelerin gelir diizeyi yilikseldikce egitimle ilgili konulara
daha fazla yatirim yapabildiklerini ve bu ailelerin ¢ocuklarinin akademik ag¢idan daha
basarili olduklarini gdstermesine (Bozkurt ve Sarioglu, 2016; Durgun, 2011; Sarier, 2010;
Tomul, 2007) dayali olarak, BIT'i okul disinda eglence amacli kullanabilecek ekonomik
imkana sahip Ogrencilere ayni zamanda daha ¢esitli ve nitelikli egitim destegi

saglanabilecegi ve bunun da matematik basarilarini artirmis olabilecegi ifade edilebilir.

BiT'in okul disinda okul ¢alismalar1 icin kullammi ve okulda genel olarak BIT
kullanimi, 6grencilerin matematik basarisinin negatif bir yordayicist olarak bulunmustur.
Okulda genel olarak BIT kullanimmnin &grencilerin matematik puanlar ile negatif yonde
iliskili olmas1 Bulut ve Cutumisu’nun (2018), Petko ve digerlerinin (2017) ve Skryabin ve
digerlerinin (2015) calismasinin bulgulariyla tutarhdir. BIT'in okul disinda okul ¢alismalari
icin kullaniminin Tiirkiye'de matematik basarisiyla istatistiksel olarak iligkili olmadigini
ortaya koyan Bulut ve Cutumisu’nun (2018) ve matematik basarisini artirabilecegini ileri
stiren Skryabin ve digerlerinin (2015) ¢aligmasinin bulgusuyla bu ¢alismanin bulgusu tutarh
degildir. Bununla birlikte, Petko ve digerlerinin (2017) ¢alismasinda Cin, Singapur, Giiney
Kore, Finlandiya, Hollanda gibi iilkelerde okul disinda okul calismalar1 igin BIT
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kullaniminin matematik basarisini artirdigina yonelik ulasilan bulgular da bu g¢alismanin

bulgusuyla ¢elismektedir. Okulda genel olarak ve okul disinda okul calismalari icin BIT
kullaniminin matematik basarisin1 diisiirmesinin bazi nedenleri olabilir. Okulda 6grenme
hedefleri konusunda yeterli bilgi kazandirilamayan 6grenciler hangi hedefe ulasmak igin
okulda ya da okul disinda BIT destegi almalar1 gerektigini bilemeyebilirler (Kubiatko ve
Vickova, 2010) ve amagsizca ya da yanhs hedeflere yonelik BIT kullanimi akademik
basarty1 olumsuz yonde etkileyebilir. Buna ilave olarak, BIT’in matematik alaninda
kullannm1 konusunda okulda 6gretmenlerin ve evde velilerin yeterli kogluk ve rehberlik
destegi vermemesi de baska bir neden olabilir (Farina ve digerleri, 2015). Matematik ile
ilgili 6grenme hedeflerinden bihaber olan, okulda ve okul disinda BIT kullanimi1 konusunda
yeterli destegi alamayan &grenciler, BIT’in sagladig1 genis igerikte kaybolabilirler ve bu da

onlarin matematik basarilarinin diismesine neden olabilir.

Bu calismada, BiT'e yonelik tutumlar ile ilgili ii¢ degiskenden ikisi olan dgrencilerin
BIT kullanimindaki ilgisi ve algilanan yetkinligi, matematik basarisinin istatistiksel olarak
pozitif yordayicisi olarak bulunmustur. Ogrencilerin BIT kullanimiyla ilgili algilanan
ozerklik diizeyinin ise matematik basarisinin istatistiksel olarak anlamli bir yordayicisi
olmadig1 bulunmustur. Bu sonug, dgrencilerin BIT kullanimindaki ilgisinin ve algilanan
yetkinliginin 6grencilerin matematik basar1 puanlari iizerindeki etkisinin pozitif oldugu Hu
ve digerlerinin (2018) c¢alismasinin sonuglarint desteklemektedir. Bununla birlikte, bu
calismada Ogrencilerin algiladigi 6zerkligin matematik basarisinin anlamli bir yordayicisi
olmadiginin bulunmasi, pozitif yordayici olarak bulunan Hu ve digerleri (2018) ile Meng ve
digerlerinin (2019) c¢alismalarinin sonuglart ile tutarli degildir. Ayn1 zamanda, Meng ve
digerlerinin (2019) c¢alismasinda algilanan BIT yetkinliginin Cin’deki 6grencilerin
matematik basarisi i¢in negatif bir yordayici olarak bulunmasi da iki ¢alismanin sonuglar
arasindaki bir diger farklilik olarak gbze g¢arpmaktadir. Meng ve digerlerinin (2019)
calismasinda, BIT kullanimindaki ilginin Almanya’daki 6grencilerin matematik basarisini
diisiirdiigliniin bulunmas1 da bir diger farkli sonucu isaret etmektedir. Bu ¢alismada ulasilan
BIT kullanimma ilgi duymanin 6grencilerin matematik basarisini artirdigina  yonelik
sonucun, Bandura (2001) tarafindan kavramsallastirilan 6z-tepkisellik ve 0z-yargilama
ozellikleriyle uyumlu oldugu 6ne siiriilebilir. BIT kullanimina ilgi duyan ve BIiT kullanma
konusunda yetkin oldugunu algilayan 6grencilerin, aynt zamanda Bandura’nin (2001)
belirttigi  kendini motive edebilme, eylemlerini  diizenleyebilme, hedeflerini

degerlendirebilme ve gerekli diizeltme ya da degisiklikleri yapabilme o6zelliklerine sahip
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ogrenciler olduklar1 sdylenebilir. Ogrenciler, sahip olduklar1 bu 6zelliklerini matematikle

ilgili 6grenme siireglerine transfer ederek matematik basarilarini artirmis olabilirler. Bununla
birlikte, BIT kullanma konusunda ilgisiz olan ya da kendisini yetkin hissetmeyen 6grenciler,
matematikle ilgili 6grenme siireclerine BIT’i dahil etmiyor olabilirler. Bunun sonucu olarak,

bu 6grencilerin matematik basarisi da diisiik olabilir.

Tiirkiye’de &grencilerin sosyal ortamlarda BIT ile ilgili yaptig1 paylasimlarmin
artmasi matematik basarilarin1 diigiirmektedir. Bu sonug, Hu ve digerleri (2018) ile Meng ve
digerlerinin (2019) ¢alismasinin sonuglartyla tutarlilik gostermektedir. Bunun nedenini
aciklayabilmek i¢in Ryan ve Deci’nin (2000) ileri siirdiigii kendi kaderini tayin etme
teorisinden yararlanilabilir. Kendi kaderini tayin etme teorisi, sosyal baglamlarin bazi
durumlarda ve alanlarda bireylerin diger bireylere gore kendi kendilerini daha fazla motive
etmesine, enerjiye sahip olmalarina ve biitiinlesmelerine neden olabilecegini One
siirmektedir (Ryan ve Deci, 2000). Tiirkiye’deki 6grencilerin BIT ile ilgili paylasim yaptigi
sosyal ortamlar, kendi kaderini tayin etme teorisinde séz edilen motivasyonun, enerji
birikiminin ve bitiinlesmenin gerceklestigi durum ve alanlardan olmayabilir. Bunun bazi
nedenleri olabilir. Sosyal ortamlarda BIiT paylasimi yapan 6grenciler, parlak nesne belirtisi
olarak adlandirilan dikkat ¢ekici nesnelerle ilgilenerek vakit ve enerji kaybina ugrayabilirler,
kaynaklarin1 ve tiretkenliklerini bosa harcayabilirler (Boudreau ve Rice, 2015; Conbere ve
Heorhiadi, 2017). Baska bir anlatimla, Ogrencilerin dijital cihazlarla ilgili bilgileri
arkadaslariyla paylasmasi, internette diger insanlarla dijital cihazlarla ilgili sorunlarin
cozlimleri hakkinda fikir paylasimi yapmasi gibi parlak nesneler, 6grencilerin derslere
vermesi gereken dikkatin, zamanin ve enerjinin azalmasina ve dolayisiyla matematik
basarisinin diigmesine neden olabilir. Bunun yaninda, arkadaglar ve akraba topluluklari,
dijital forumlar, dijital medya gibi sosyal ortamlarda yapilan tartigmalar, bilgi ve fikir
paylasimlar1 gibi ¢ok sayida etkinligin, dikkati dagitarak aktif bellegin (kisa siireli bellek)
islevini yerine getirmesinde sorunlara yol agmasi (Jacobsen ve Forste, 2011), 6grencilerin

matematik basarisini diigiirebilir.

Bu calismada elde edilen bir baska sonug, derslerde BIT kullanma siiresi arttik¢a
ogrencilerin matematik basarisinin artabilecegi, dersler disinda (evde veya okulda) BIT
kullanma stiresi arttikca matematik basarisinin azalabilecegidir. Genis 6lcekli ¢alismalarinin
verileri kullanilarak bu konu iizerine yapilmis herhangi bir arastirmaya alan yazinda
rastlanilmamaktadir. Bu nedenle, ulasilan bu sonug ile farkli ¢alismalarin sonuglar1 arasinda

bir degerlendirme yapilamamaktadir. Derslerde BIT kullanma siiresinin artmasina baglh
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olarak dgrencilerin matematik basarisinin da artabilecegi, bunun yaninda dersler disinda BiT

kullanma siiresi artttkca matematik basarisinin azalabilecegi bu c¢alismada ortaya
koyulmaktadir ve bunun beklenen bir sonu¢ oldugu sdylenebilir. Bu beklentinin ana nedeni,
matematik dersinde BIT kullanimu siiresindeki kontrol odagmnin BIT’i matematik alaninda
nasil kullanabilecegini tam olarak bilmeyen ve bununla ilgili yeterli tecriibesi bulunmayan
dgrenci yerine dgretmende bulunmasi olabilir. Matematik dersinde BIT kullanilan siirelerini
ogretmenin belirlemesi ve yonetmesi, egitim programinin kazanimlart ile degerlendirme
dlciitlerini gdzeterek BIT'leri 6grenme etkinliklerine dahil eden (Deaney ve digerleri, 2003)
ders tasarimlar1 yapmasi Ogrencilerin matematik basarisin1 artirmasina katki saglamig
olabilir. Bununla birlikte, BIT’in egitim siireglerine dahil edildigi durumlarda &grenme
firsatlarin1  zenginlestirdigi (Atalay ve Anagiin, 2014; Karaman ve Kurfalli, 2008)
diisiiniildiigiinde, BIT’in derslerdeki kullanim siiresinin artmasiyla dgrencilerde daha fazla
merak ve ilgi uyandirmasi, 6n bilgiler ile yeni bilgiler arasinda daha kolay baglar kurmay1
saglamasi ve igerige erisim konusunda farkli alternatifler sunmasi matematik basarisini
artirmis olabilir. Bunun yaninda, dersler disinda BIT kullanmak i¢in ayrilan siirenin artmas,
Ogrencinin ders calismaya ayirdigi zamani ve enerjiyi azaltabilir ve buna bagh olarak da

matematik basarisini diistirmiis olabilir.
Sonug¢

Tiirkiye’de 15 yasindaki Ogrencilerin BIT asinalik degiskenlerinin matematik basarilari
iizerindeki yordyiciliklarini incelemek icin ¢oklu dogrusal regresyon modeli kullanilan bu
calismanin bazi sinirhiliklart oldugu sdylenebilir. PISA-2018’in yapis1 geregi kesitsel bir
arastirma olan bu calismanin bagimli ve bagimsiz degiskenleri arasindaki nedensel iligkiler
ortaya koyulamamaktadir. Yordayan ve yordanan degiskenlerin arasindaki olasi nedensel

iligkileri incelemek i¢in boylamsal ve deneysel arastirmalar tasarlanabilir.

Sonu¢ olarak, Tiirkiye’de matematik derslerinde BIT kullanma siiresinin,
ogrencilerde BIT e yonelik ilgi ve yetkinligin, BIT e evde erisebilirligin ve bos zamanlarda
eglence amagcl olarak BIT kullaniminin artmasmin 15 yas grubu dgrencilerin matematik
basarilarini artirabilecegi sonucuna ulasilmistir. Bu sonugla birlikte, Tiirkiye’de okul disinda
okul ¢aligmalari igin ve okulda genel olarak BIT kullaniminin, sosyal ortamlarda BIT’le
ilgili yapilan paylagimlarin ve dersler disinda (evde veya okulda) BIT kullanma siiresinin
artmasinin 15 yas grubu 6grencilerin matematik bagarilarin1 olumsuz yonde etkileyebilecegi
bu calismada gosterilmistir. Elde edilen sonuclara gore yapilabilecek bir takim Oneriler

sunlar olabilir:
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1. Okullarda 6grencilerin kullanabildigi BIT sayisin1 artirmanin  dgrencilerin

matematik basarisin1 yordamada anlamli bir degisken olmadigi sonucu goz Oniine
alindiginda, Tiirkiye’de egitim alanindaki karar vericiler ve politika yapicilar, BiT'in

niceliginden ziyade matematik alaninda nitelikli kullanimina odaklanabilirler.

2. Matematik derslerinde BIT kullanma siiresinin ve BIT’e evde erisebilirligin
matematik basarisina olumlu yonde katki yaptig1 disiiniildiigiinde, matematik derslerinde
BIT kullanimmi kisitlayici ekonomi ve altyapiya dayali sorunlarin yasandigi yerlesim
yerlerindeki okullarda ve diisiik gelirli ailelerde, BIT'in daha yaygin olarak kullanilabilmesi

icin iktisadi ¢oziimlere dayali politikalar iiretilebilir.

3. Tiirkiye’deki 15 yasindaki ogrencilerde BIT’e yonelik ilgi ve yetkinligin
artmasinin matematik basarisini artirdigi sonucu ve bu yas grubunun zorunlu egitime dahil
olduklar1 diisiiniildiigiinde, 6grencilerin BIT’e olan ilgisinin ve yetkinliklerinin

gelistirilmesine olanak saglayabilecek bir BIT egitim programi tasarlanabilir.

4. Matematik derslerinde BIT kullanma siiresinin matematik basarisini olumlu yonde
yordamasi sonucuna gore, bu stirelerin artirilarak verimli kullanilabilmesi i¢in 6gretmenlerin
ve yoneticilerin BIT konusundaki olumlu yaklasimlarini, ilgi ve motivasyonlarini artirmak

amacityla hizmet-i¢i egitim programlari olusturulabilir.

5. Matematik puanlarinin negatif yordayicisi olan degiskenler goz oniine alindiginda,
okul disinda okul ¢aligmalari icin ve okulda genel olarak BIT kullanimi, sosyal ortamlarda
BiT’le ilgili paylasim yapilmasi ve dersler disinda (evde veya okulda) BIT kullanma siireleri

hakkinda 6gretmenler ve aileler rehberlik yapabilirler ve yonlendirmelerde bulunabilirler.

6. BIT asinalik degiskenleri ile 6grencilerin matematik basaris1 arasindaki nedensel iliskileri
incelemeye yonelik olarak boylamsal ve deneysel arastirmalar yapilabilir. Ayrica,
ogrencilerin BIT asinaliklar1 ile matematik basaris1 arasindaki iliskilerin anlasilirligim

artirabilecek nitel aragtirmalar gerceklestirilebilir.

Etik Kurul izin Bilgisi: Tiirkiye deki Ogrencilerin Matematik Basarisinin Belirleyicileri:
Bilgi ve Iletisim Teknolojilerine Asinalik Degiskenlerine Iliskin Bir Analiz” bagshkl
calismanmin anket, miilakat, odak grup c¢alismasi, goézlem, deney, goriisme teknikleri
kullanilarak katilimcilardan veri toplanmasini gerektiren nitel ya da nicel yaklagimlarla
yiiriitiilen, insan ve hayvanlarin (materyal/veriler dahil) deneysel ya da diger bilimsel
amaglarla kullanildigi, insanlar iizerinde klinik arastirmalar yapildigi, hayvanlar tizerinde

yvapudig tiirden arastirmalar kapsamina girmemesi nedeniyle Etik Kurul Onay belgesine
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gerek yoktur. Calismada kullanilan veriler OECD tarafindan halka a¢ik sunulan PISA-2018

verileridir. Yazim siirecinde bilimsel, etik ve alinti kurallarina uyulmus ve toplanan veriler

tizerinde herhangi bir tahrifat yapimamistir.

Yazar Cikar Catismasi Bilgisi: Calisma kapsaminda herhangi bir kisisel ve finansal ¢ikar

catismast bulunmamaktadir.

Yazar Katkisi: Makalenin hazirlanmasi ve diizeltilmesine iligkin katki ilgili yazar

tarafindan gerceklestirilmistir.
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Abstract

Mathematics achievement is seen as one of the important indicators of students' academic success for
various reasons. Although it is known that there are many factors affecting students' mathematics
achievement, factors related to students' familiarity with information and communication
technologies come to the fore due to the Covid-19 pandemic. This study, it is aimed to investigate
the predictor of ICT familiarity factors on students' mathematics achievement. This study is
guantitative research in the relational survey type. The sample of the study consists of 6890 students
aged 15 from Turkey. Multiple linear regression analysis was used in the analysis of the data. The
results of the research show that the increase in the duration of ICT use in mathematics lessons, the
interest and competence of students in ICT, the accessibility of ICT at home, and the use of ICT for
leisure purposes can increase the mathematics achievement of 15-year-old students in Turkey. This
result shows in this study that the use of ICT outside of school and in school in general, the sharing
of ICT in social environments, and the increase in the duration of using ICT outside of classes can

negatively affect the mathematics achievement of 15-year-old students.

Keywords: information and communication technologies, ICT familiarity, mathematics
achievement, PISA 2018

Cited:

Ozkan, U. B. (2022). Predictors of mathematics achievement of students in Turkey: An analysis of
the variables of information and communication technologies familiarity. Pamukkale
University Journal of Education, 54, 272-296. doi: 109779.pauefd. 845834

* Assistant Professor, National Defence University, ORCID: 0000-0001-8978-3213, uozkan@msu.edu.tr



U U. B. Ozkan / Pamukkale University Journal of Education, 54, 272-296, 2022 273

Introduction

The Covid-19 pandemic, which has taken the world under its influence, requires the rapid
learning and application of alternative solutions beyond traditional education. It can be seen
that information and communication technologies (ICT) supported teaching-learning
environments are at the forefront of the platforms where these efforts gain weight. While the
increase in the speed of integration of the digital world and education makes the relationship
between ICT and education more important (Oliver, 2002), it also causes students to keep up
with this new transformation. According to Albiser et al. (2020), students need to be familiar

with ICT and its uses to be effective in this transformation process.

With a general definition, the concept of ICT is the technologies that provide access
to information by transmitting, broadcasting, and receiving all kinds of information by
optical or other electromagnetic systems, based on communication technologies such as
wired and wireless internet networks, smartphones, broadcasting technologies (radio and
television) (Thamaran, 2015). ICT familiarity is a concept related to values, knowledge, and
skills that determine students' experience or competence in information and communication
technologies (Byungura et al., 2018). The diversity in the opportunities that schools and
families can provide to students and the use of these opportunities can cause students'
familiarity with ICT to differ (Kubiatko & Vickova, 2010). According to Volman et al.
(2005), these differences may also affect some learning products, such as students' academic

achievements.

It can be said that the academic success of the students is a product that expresses the
quality of their academic studies, such as the grades they get on a course basis or the average
of the grades they get in all courses (York et al., 2015). The reasons such as the emphasis on
mathematics with the effect of increasing social demands (Altun, 2006), the dominance of
the idea that mathematics is important in having better living conditions and a successful
career (Dursun & Dede, 2004), and the fact that mathematics plays an important role in the
development of effective reasoning, critical thinking, and problem-solving skills, which are
used both in daily life and in all branches of science (Ozsoy, 2005), make mathematics
achievement one of the important indicators of students' academic achievement. The
importance of mathematics achievement also leads to finding the answer to the question of

what factors may affect students' mathematics achievement.

Although it is known that there are many factors affecting students’ mathematics

achievement (Savas et al.,, 2010), it is striking that today studies are focusing on the
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relationship between students’ familiarity with ICT and their mathematics achievement

(Aypay, 2010; Bulut & Cutumisu, 2018; Delen & Bulut, 2011; Hu et al., 2018; Park & Weng, 2020;
Srijamdee & Pholphirul, 2020). These studies focus on students from different countries,
including Turkey, and generally use PISA data. For example, in the study conducted by
Aypay (2010), the mathematics achievement of the students participating in PISA-2006
from Turkey was used as the dependent variable, while variables such as how well the
students use computers, entertainment, and computer use for the internet were used as
independent variables. As a result of Aypay's (2010) research, no significant relationship

was found between mathematics achievement and other variables.

In the study conducted by Bulut and Cutumisu (2018) based on PISA-2012 data, the
relationship between ICT familiarity and mathematics scores of students in Turkey and
Finland was investigated. As a result of the study, it was found that some of the factors
related to ICT familiarity were negatively related to the mathematics achievement of
students in Turkey and Finland, while some factors were not statistically related. However, it
was concluded that while some of the factors related to ICT familiarity were positively
related to students’ mathematics achievement in Turkey, they did not have a significant
effect on the mathematics achievement of students in Finland. While some factors are
positively related to achievement in Turkey, they are negatively related to achievement in

Finland.

In another study, Delen and Bulut (2011) examined the relationship between ICT
familiarity and mathematics achievement scores of students in Turkey using PISA-2009
data. The study results showed that students' use of ICT at home and school strongly
predicts students' mathematics achievement. At the same time, students use of ICT during
their time outside of school rather than their use of ICT at school has a greater impact on

their mathematics achievement.

In the study by Hu et al. (2018), which examined the relationship between students'
mathematics achievement and ICT factors, the data of 44 countries participating in PISA-
2015 were analyzed. It has been found that factors related to students' familiarity with ICT
affect students' mathematics achievement. When the availability of ICT at home, the use of
ICT at school, and sharing about ICT in social environments increase, students' math scores
decrease. According to the research results, the presence of ICT at school, the use of ICT at

home, and ICT in leisure time do not affect students' mathematics achievement. However, as
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the level of interest in ICT, perceived ICT competence, and perceived autonomy in ICT use

increase, students' mathematics scores also increase.

It can be said that in another study conducted by Park and Weng (2020) using the
data of 39 countries participating in PISA-2015, results close to the study of Hu et al. (2018)
was found that there is a negative relationship between the use of ICT at school and home
and mathematics achievement. At the same time, it was determined that students' interest in
ICT, perceived competence, autonomy in ICT, and use of ICT outside of school showed

significant positive correlations with mathematics achievement.

The findings of Srijamdee and Pholphirul's (2020) study using PISA-2015 Thailand
data indicate that students who use ICT for non-educational purposes (such as chatting
online, sharing content) have lower mathematics achievement. At the same time, it was
concluded that students who use ICT facilities to communicate on course-related subjects
have higher mathematics achievement. It has been found that students who play computer
games every day and browse the internet for entertainment purposes such as watching
videos from video sharing sites several times a week also get better scores in mathematics.
In addition, it was found that students who have gained experience and familiarity with ICT
from childhood have higher scores in mathematics than students who have just started using

ICT or have never used it.

The results of the studies presented above, based on students' data from different
countries, show no consensus on the relationship between ICT familiarity and mathematics
achievement. Results that are not positive, negative, or statistically significant between ICT
familiarity factors and mathematics achievement vary from country to country. In addition,
very few studies have examined all of the ICT familiarity variables simultaneously in the
context of mathematics achievement. The inconsistencies in the results of the studies lead to
the inability to fully explain the relationships between the mathematics achievement scores
of students from countries with different ICT profiles and ICT familiarity factors. Therefore,
it is important to determine the effect of ICT familiarity factors on students' mathematics

achievement scores, considering only students in Turkey and all ICT familiarity factors.

Contrary to studies using PISA data from 2015 and earlier, this study, which used
PISA data from 2018, can provide scientific evidence that can be used in Turkey, instead of
different results on the relationship between ICT and mathematics achievement. Ultimately,
the aim of this study is to investigate the predictor of ICT familiarity factors on students'

mathematics achievement, based on the data of a large-scale assessment for students in
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Turkey, which has different characteristics from other countries in terms of ICT. The main

research question raised in this study is: To what extent do ICT familiarity factors affect

students’ math performance?

It is thought that this study has some contributions to the literature. First, a predictive
model is presented using multiple linear regression analysis to examine the contribution of
each ICT familiarity factor on the mathematics achievement scores of students in Turkey.
However, all eleven ICT variables measured by PISA's ICT Familiarity Questionnaire are
used in this study. It can be seen that in past studies, such a large number of variables were
not used to examine the effect of ICT familiarity on mathematics achievement. Finally, this
study focuses on positive and negative relationships between ICT familiarity and
mathematics achievement in Turkey to provide a starting point for interventions that can

increase students' mathematics achievement.
Method

This study is quantitative research in relational survey type. In this study, secondary data
obtained from PISA-2018 are analyzed to examine the predictor of ICT familiarity of 15-
year-old students in Turkey on their mathematics achievement. Secondary data analysis can
be defined as a research method in which the steps required to have adhered to basic
research principles similar to those in which primary data are used followed (Johnston,
2017). With secondary data analysis, an existing database is analyzed to find original
research questions with different research methods or to answer new questions with old data
(Turner, 1997). The reason for the preference of this method in this research is that studies
using secondary data allow reaching new and/or additional findings that were not included
in the original research (Sherif, 2018) and can be used to research different contexts,

different periods and different social groups and cultures (Corti, 2008).
Participants

The sample of this study was obtained from the target population, which includes students
aged 15 years in Turkey who participated in the PISA-2018 assessment. National project
managers determine the student sample to ensure representation of the entire target
population of 15-year-old students in Turkey while maintaining quality standards related to
PISA (for more information on the sampling method, see
https://www.oecd.org/pisa/data/pisa2018technicalreport/). The PISA-2018 sample design is
a two-stage stratified sample design for each country. In the first stage, at least 150 school
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samples are selected by considering factors such as the location of the school and the level

of education (secondary or high school), and in the second stage, approximately 42 15-year-
old students are selected from these schools (OECD, 2019). The sample-set representing

Turkey and used in this study is 6890 students.
Data Collection Tools

The data of this study were obtained from the students participating in the PISA-2018 study
from Turkey, from the student questionnaire questions, and the answers to the mathematics
test. For the 11 independent variables of the study, the ICT Familiarity Questionnaire
(ICTFQ) was applied to the students, in which questions were asked about different aspects
of digital media and digital devices, including desktop computers, portable laptops,
smartphones, tablet computers, mobile phones without internet access, game consoles and
televisions with internet connection. The implementation of the ICTFQ is left to the
countries' preferences, and Turkey is one of the countries that prefer to apply this survey. By
using the ICTFQ, 11 derived variables can be obtained, two of which are scaled using the
simple questionnaire index and nine of which are scaled using the item response theory

(IRT) model. General information covering all variables is given in Table 1.

Table 1. Variables Obtained from the ICT Familiarity Questionnaire Applied to the PISA-
2018 Turkey Sample

Scale

. _ Derived based on reliability
Variable name Explanation

IRT scaling (Cronbach’s
o)
ICTHOME ICT available at home No -
ICTSCH ICT available at school No -
ENTUSE ICT use outside of school (leisure) Yes 0.905

Use of ICT outside of school (for
HOMESCH o Yes 0.931
school work activities)

USESCH Use of ICT at school in general Yes 0.932
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INTICT Interest in ICT Yes 0.870

COMPICT Perceived ICT competence Yes 0.880

AUTICT Perceived autonomy related to ICT use  Yes 0.883

SOIAICT ICT as a topic in social interaction Yes 0.880

ICTCLASS Subject-related ICT use during lessons  Yes 0.883
Subject-related ICT use outside of

ICTOUTSIDE Yes 0.908
lessons

Source: OECD PISA 2018 database.

When Table 1 is examined, it is seen that Cronbach's alpha values used in scale
reliability are greater than .87 in all variables. It can be said that this value is a good value
for internal consistency (Hajjar, 2018; Streiner, 2003). However, Table 1 shows that nine
categorical variables were scaled using IRT modeling. With IRT modeling, weighted
likelihood estimates for latent features can be converted to scales with a mean of 0 and a
standard deviation of 1 (OECD, 2005). In other words, an average of O points is expected for
a student in any OECD country. Accordingly, it can be said that negative values in the index
indicate that students respond less positively than the OECD country average in the context
of the relevant variable, while positive index values indicate that they give more positive

responses.

The ICTHOME variable, which determines the presence of ICT at home, is an index
that is calculated as the number of all 11 items in the questionnaire such as desktop
computer, portable laptop computer, tablet computer, internet connection, printer, mobile
phone, USB memory, and therefore varies between 0-11. The ICTSCH variable derived
about the presence of ICT at school is calculated as the number of all 10 items in the
questionnaire, such as desktop computers, portable laptop computers, tablet computers,
school computers with an internet connection, wireless network and internet connection,

projection, interactive board, and therefore varies between 0-10.
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The three variables in the ICT Familiarity Questionnaire relate to how often digital
devices are used for leisure activities outside of school, for school work outside of school,
and for activities at school. Response categories for the questions for all three variables
range from “Never or hardly ever”, “Once or twice a month”, “Once or twice a week”,
“Almost every day”, “Every day”. Related indexes These are the values calculated for the
variables ENTUSE (leisure), HOMESCH (for school work activities), and USESCH (use of

ICT at school).

Students' interest in ICT (INTICT), perceived competence in using ICT (COMPICT),
perceived autonomy in using ICT (AUTICT), and degree of ICT being a part of their daily
social life (SOIAICT) are the other four variables addressed in the ICT Familiarity
Questionnaire. In the questions asked for these variables, a four-point Likert response scale

ranging from "strongly disagree", "disagree", "agree," and "strongly agree" is used.

The last two variables obtained through the ICT Familiarity Questionnaire are
variables related to digital devices. Students are offered to choose one of five responses
covering different durations such as "1-30 minutes a week", "31-60 minutes a week™ to
determine how much time students spend using digital devices in (ICTCLASS) and outside
(ICTOUTSIDE) of the classroom.

As an indicator of mathematics achievement, which is the study's dependent variable,
ten plausible values determined for each participant student in PISA-2018 are used.
Plausible value methodology uses proficiency distributions and considers individual-level
errors using multiple peer proficiency values rather than assuming zero uncertainty (OECD,
2017). Therefore, ten independent reasonable value estimations are made for each student
(Table 2).

Using any of the ten possible values presented in Table 2 or using the mean of these
ten scores may cause the standard error to be smaller than normal (Rutkowski et al., 2010).
OECD (2009) recommends using all of these possible values for each student in studies
using PISA data. In this study, to obtain unbiased and stable estimations, all ten possible
values are taken into account as dependent variables simultaneously, and suggestions for
using possible values in large-scale international evaluations are taken into account (OECD,
2009; Rutkowski et al., 2010).
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Table 2. PISA-2018 Descriptive Statistics of Plausible Values for Mathematics Evaluation in

PISA-2018 Turkey Sample

_ ) Standard o _
Variables Explanation Mean o Minimum Maksimum
Deviation

Plausible Value for
PV1IMATH ) 452,701 1.053 151.884 778.445
Mathematics 1

Plausible Value for
PV2MATH 451.235 1.054 103.253 765.014
Mathematics 2

Plausible Value for
PV3IMATH ) 452.560 1.060 174.941 784.323
Mathematics 3

Plausible Value for
PV4AMATH ) 452.215 1.055 149.597 735.754
Mathematics 4

Plausible Value for
PV5MATH ) 454 .294 1.053 141.192 741.870
Mathematics 5

Plausible Value for
PV6MATH ) 452.816 1.042 162.548 749.119
Mathematics 6

Plausible Value for
PV7TMATH 452.047 1.041 147.160 752.361
Mathematics 7

Plausible Value for
PVSMATH ) 452.060 1.035 162.801 750.520
Mathematics 8

Plausible Value for
PVOMATH 453.162 1.057 122.854 749.161
Mathematics 9

Plausible Value for
PV10MATH 453.008 1.076 118.290 752.100
Mathematics 10

Source: OECD PISA 2018 database. N = 6890. The dependent variable is students' math
achievement, represented by students’ scores on the PISA math test.
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Data Analysis

Multiple linear regression analysis was used in the analysis of the data. Multiple linear
regression is a powerful technique for identifying the underlying complex relationships
among data in social science research. (Nimon, 2010). Multiple linear regression makes it
possible to examine the relationships between one continuous or categorical independent
variable and one continuous dependent variable. (Coxe et al., 2013). Multiple linear
regression is generally used to measure the effects of independent or explanatory variables
on the dependent variable. (Farina et al., 2015). In this study, the predictiveness of multiple
factors related to ICT familiarity on students' mathematics achievement was tried to be
revealed with the multiple linear regression model. In standard algebraic notation, the
general expression of the multiple linear regression model is:

y=Po+P1X1+P2X2+P3X3+PaX4+PsXs+PeXe+P7X7+PsXe+PoXo+P10X10+P11X11

In this model;
y : Mathematics achievement scores (1-10 plausible values),
Bn . Partial regression coefficient,
X1 . ICT available at home (ICTHOME),
X2 . ICT available at school (ICTSCH),
X3 . ICT use outside of school (leisure) (ENTUSE),

Xq : Use of ICT outside of school (for school work activities) (HOMESCH),
Xs : Use of ICT at school in general (USESCH),

Xe - Interest in ICT (INTICT),

X7 : Perceived ICT competence (COMPICT),

Xs : Perceived autonomy related to ICT use (AUTICT),

Xo . ICT as a topic in social interaction (SOIAICT),

X10  :Subject-related ICT use during lessons (ICTCLASS),

X11  : Subject-related ICT use outside of lessons (ICTOUTSIDE).

IEA International Database Analyzer Version 4.0.36 (IDB Analyzer) software was
used to perform the analyses. IDB Analyzer can perform statistical analyzes by considering

sample design and sample weights. IDB Analyzer provides suitable tools for estimating
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coefficients and sampling errors reflecting the sample design, and it can be said that

assumptions about multiple linear regression (normal distribution, multicollinearity) need to
be verified (Mirazchiyski, 2014).

Since the data of 6890 participants were analyzed in this study, it can be accepted
that the distribution is normal. The study of Lumley et al. (2002) shows that the assumption
of the normal distribution is not required in sufficiently large samples. However, both the
"Law of Large Numbers" and the "Central Limit Theorem" are valid for large samples.
Because the sample mean of a large number of observations will be close to the mean or will
show a near-normal distribution even if the observations themselves do not have a normal
distribution (Shatskikh & Melkumova, 2016). The correlation matrix used to check whether
there is a multicollinearity problem among the predictor variables is given in Table 3.

Table 3. Correlation Matrix Between Independent Variables

Variables @“» @ G @ ©G& 6 @O @ (© €W @ay
ICTHOME (1) 1

ICTSCH (2) 32 1

ENTUSE (3) 29 10 1

HOMESCH (4) 23 18 45 1

USESCH (5) 19 24 24 43 1

INTICT (6) 16 .04 41 25 14 1

COMPICT (7) 20 .05 38 24 14 58 1

AUTICT (8) 22 06 36 .25 .14 47 62 1
SOIAICT (9) 18 .08 37 31 .19 .49 58 62 1
ICTCLASS (10) 11 19 10 .15 .16 .07 .09 .08 .06 1

ICTOUTSIDE (11) 16 15 14 27 24 06 .08 09 11 39 1

Since the values presented in Table 3 do not exceed the criterion limit of 0.80 (Kim,
2019; Midi et al., 2010), it can be stated that there is no multicollinearity problem.
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Findings
Multiple linear regression analysis was conducted to determine the role of factors related to
ICT familiarity in the mathematics achievement of students in Turkey. The model
summaries and the results of the multiple linear regression analysis regression coefficients
are given in Table 4.

Table 4. Regression Analysis Model Summary and Regression Coefficients for PISA-2018
Turkey Sample Mathematics Achievement

Mathematics Achievement: R?=.11, Adjusted R?= .11,

Estimated Standard Error =.01 F1o, ss79) = 85.02, p < .01

Model
Non-standardized Coefficients Standardized Coefficients
B Std. Error Beta (B) t

(Intercept) 445.85 5.96 74.82*
ICTHOME 2.25 74 .07 3.03*
ICTSCH -.18 .62 -.01 -.30
ENTUSE 7.45 1.40 A1 5.32*
HOMESCH -7.69 1.57 -.09 -4.89*
USESCH -13.43 1.78 -17 -7.53*
INTICT 4.37 1.13 .06 3.86*
COMPICT 10.63 1.58 13 6.72*
AUTICT 3.24 1.78 .04 1.81
SOIAICT -7.97 1.80 -.10 -4.43*
ICTCLASS 17.39 1.69 21 10.29*
ICTOUTSIDE -4.24 1.76 -.05 -2.40**

*p < .01, **p < .05

The multiple linear regression analysis results presented in Table 4 reveal that factors

related to students' ICT familiarity explain 11% of the variability in students' mathematics
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achievement (Adjusted R?=.11, F(0, ss79) = 102.79, p < .01). According to the multiple linear

regression analysis results given in Table 4, the predictability of all factors other than the
number of ICTs used in school and perceived autonomy related to ICT use is statistically
significant. The multiple linear regression model formed as a result of the analysis is as

follows:
y=445.85+2.25X1+7.45X3-7.69X4-13.43X5+4.37X6+10.63X7-7.97Xo+17.39X10-4.24X 11

The findings of the study can be grouped under two groups. The findings in the first
group indicate that increases in some of the statistically significant predictors may also
increase mathematics achievement. It can be said that an increase of 1 unit in the use of ICT
related to the course will cause an increase of 17.39 points in the mathematics achievement
of the students. Similarly, it was found that students' perceived ICT competencies, use of
ICT in their spare time outside of school, and a 1-unit increase in interest in ICT could lead
to an increase of 10.63, 7.45, and 4.37 points, respectively, in students’ mathematics
achievement. In addition to these findings, it can be said that the increase in the number of
ICTs used at home (ICTHOME=2.25) may contribute to the increase in mathematics

achievement scores.

The second group findings of the study are that increases in some of the statistically
significant predictors may decrease mathematics achievement. For example, it is seen that
the increase in the frequency of ICT use at school may decrease students’ mathematics
achievement (USESCH=-13.43). Similarly, it was found that an increase in sharing
information, sharing ideas, and participating in activities about digital devices in social
environments such as friend groups may negatively affect mathematics achievement
(SOIAICT=-7.97). On the other hand, it can be stated that the frequency of using ICT for
school work outside of school (HOMESCH=-7.69) and the increase in the duration of ICT
use outside of lessons (ICTOUTSIDE=-4.24) are also factors that decrease mathematics

achievement.

When the standardized beta coefficients and t values are examined together, the
variables that take the first place in terms of relative importance are the use of ICT in
lessons, frequency of ICT use in school, ICT competencies perceived by students, leisure
use of ICT outside of school, and sharing ICT in social environments. It can be said to be.
When these variables are evaluated in terms of their contributions to the regression model,
they stand out as the most important ICT familiarity variables that affect students'

mathematics achievement.
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Discussion
In this study, the predictor of ICT familiarity factors on the mathematics achievement of 15-
year-old students in Turkey was investigated. The findings of the study empirically reveal
the extent to which factors related to ICT familiarity of students in the 15-year-old group in
Turkey can predict students' mathematics achievement. The results obtained by considering
the statistical findings presented in the study show that ICT significantly affects students'

mathematics achievement.

Two of the ICT familiarity factors investigated as predictors of mathematics
achievement are related to ICT availability at home and school. This study found that the
presence of ICT at home increased the mathematics achievement of students in Turkey.
While this result is consistent with the research of Bulut and Cutumisu (2018) and Delen and
Bulut (2011), the opposite was obtained in the studies of Hu et al. (2018) and Srijamdee and
Pholphirul (2020). The conclusion that the presence of ICT at school does not significantly
affect the mathematics achievement of students in Turkey is similar to the result of the study
of Hu et al. (2018). The results of Bulut and Cutumisu's (2018) study for Finland are also
similar, but the results for Turkey are not consistent with this result. The fact that the
presence of ICT devices such as computers, printers, internet connections, USB memory
sticks, and e-book readers in students' homes facilitates personalized and individualized
learning (Ranguelov et al., 2011) may be the reason why the presence of ICT at home
increases the mathematics achievement of students in Turkey. However, when it is
considered that having access to ICT devices at home can increase students' ability to use
computers (Kuhlemeier & Hemker, 2007) and PISA applications in Turkey have been
computer-assisted since 2015 (Suna et al., 2019), it can be said that students with more ICT
availability at home are more advantageous than students with limited opportunities. In
addition, considering that the high availability of ICT is an indicator of economic power
(Eurydice, 2004) and that economic power is an important predictor of students'
mathematics achievement in Turkey (Ozkan, 2020), it can be expected that ICT at home will

positively predict mathematics achievement.

Leisure use of ICT was positively correlated with mathematics achievement, which
is in line with the findings of some previous studies and contradicts others. For example, the
studies of Bulut and Cutumisu (2018) and Petko et al. (2017) have shown that the use of ICT
for leisure time increases mathematics achievement for students in Turkey. In the study of

Petko et al. (2017), while recreational use of ICT is a positive predictor of mathematics
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achievement in countries with relatively low PISA success, such as Turkey, the opposite

result was obtained in countries such as China, Singapore, South Korea, Finland, Germany,
and the Netherlands. Similarly, Biagi and Loi (2013) also found that recreational ICT use
negatively affects mathematics achievement. The recreational use of ICT in leisure time
increases the mathematics achievement of students in Turkey may be related to students'
motivation and economic situation. From a motivation point of view, it is more plausible to
think that the use of ICT for entertainment purposes outside of school may distract students
and reduce their academic success (Papanastasiou et al., 2005), and the study of Petko et al.
(2017) reveals that this is true for countries that are successful in PISA. However, in Turkey,
the use of ICT for entertainment purposes outside of school may have increased students'
success by reducing their stress levels, increasing their motivation, and enabling them to
work more efficiently (Giimiis & Atalmig, 2011). From the point of view of the economic
situation, it can be said that for ICT to be used for entertainment purposes outside of school,
families must have the economic power to provide this opportunity to students. Research
results on this subject show that as the income level of families increases in Turkey, they can
invest more in education-related issues, and the children of these families are more
successful academically (Bozkurt & Sarioglu, 2016; Durgun, 2011; Sarier, 2010; Tomul,
2007). Based on this, it can be stated that students with economic means who can use ICT
for entertainment purposes outside of school can also be provided with more diverse and

qualified educational support, which may increase their mathematics achievement.

The use of ICT for school work outside of school and the use of ICT in school, in
general, were negative predictors of students' mathematics achievement. The negative
correlation of ICT use at school with students' mathematics scores is consistent with the
findings of the study by Bulut and Cutumisu (2018), Petko et al. (2017), and Skryabin et al.
(2015). The findings of the study of Bulut and Cutumisu (2018), which revealed that the use
of ICT for school work outside of school is not statistically related to mathematics
achievement in Turkey, and the study of Skryabin et al. (2015), which argues that it can
increase mathematics achievement, are not consistent with the findings of this study.
However, the findings of Petko et al.'s (2017) study that the use of ICT for school work
outside of school in countries such as China, Singapore, South Korea, Finland, and the
Netherlands conflicts with the finding of this study. There may be some reasons why ICT
use for school work in general and outside of school reduces mathematics achievement.

Students who cannot gain sufficient knowledge about learning goals at school may not know
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which goal they need to receive ICT support at school or outside of school (Kubiatko &

Vickova, 2010), and the use of ICT aimlessly or for wrong goals may negatively affect
academic achievement. In addition, the fact that teachers at school and parents do not
provide adequate coaching and guidance support in the use of ICT in the field of
mathematics may be another reason for this negative effect (Farina et al., 2015). Students
who are unaware of their learning goals related to mathematics and do not receive adequate
support for the use of ICT at school and outside of school may be lost in the extensive

content that ICT provides, which may lead to a decrease in their mathematics achievement.

In this study, two of the three variables related to students' attitudes towards ICT
(students' interest and their perceived competence in using ICT) were statistically positive
predictors of mathematics achievement. It was found that the perceived autonomy level of
students regarding ICT use was not a statistically significant predictor of mathematics
achievement. This result supports the results of Hu et al.'s (2018) study in which students'
interest and perceived competence in using ICT have a positive effect on students'
mathematics achievement scores. However, the finding that students' perceived autonomy is
not a significant predictor of mathematics achievement in this study is not consistent with
the results of Hu et al. (2018) and Meng et al.'s (2019) studies, which were found to be a
positive predictor. At the same time, the fact that perceived ICT proficiency in Meng et al.'s
(2019) study was found to be a negative predictor of students' mathematics achievement in
China stands out as another difference between the results of the two studies. In the study of
Meng et al. (2019), the finding that the interest in the use of ICT reduces students'
mathematics achievement in Germany points to another different result. It can be argued that
the result of this study that is interested in the use of ICT increases students’ mathematics
achievement is compatible with the self-reactivity and self-judgment features conceptualized
by Bandura (2001). It can be said that students who are interested in the use of ICT and who
perceive that they are competent in using ICT are also students who have the characteristics
of self-motivation, organizing their actions, evaluating their goals, and making necessary
corrections or changes, as stated by Bandura (2001). Students may have increased their
mathematics achievement by transferring these characteristics to learning processes related
to mathematics. However, students who are not interested or feel competent in using ICT
may not include ICT in their mathematics-related learning processes. As a result, these

students' math achievement may also be low.
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In Turkey, the increase in the sharing of students about ICT in social media decreases

their mathematics achievement. This result is consistent with the results of Hu et al. (2018)
and Meng et al. (2019). In order to explain the reason for this, the self-determination theory
proposed by Ryan and Deci (2000) can be used. Self-determination theory proposes that
social contexts can cause individuals to be more self-motivated, energized, and integrated
than others in some situations and areas (Ryan & Deci, 2000). Social environments where
students in Turkey share about ICT may not be the situations and areas where motivation,
energy accumulation, and integration are mentioned in the self-determination theory. There
may be some reasons for this. Students who share ICT in social environments may waste
time and energy and waste their resources and productivity by dealing with remarkable
objects called bright object symptoms (Boudreau & Rice, 2015; Conbere & Heorhiadi,
2017). In other words, bright objects such as students sharing information about digital
devices with their friends, sharing ideas with other people on the internet about solutions to
problems related to digital devices can lead to a decrease in the attention, time, and energy
that students need to give to lessons, and thus lower their mathematics achievement. In
addition, the fact that many activities such as discussions in social environments such as
friends and relatives communities, digital forums, and digital media, sharing information
and ideas, cause problems in the functioning of active memory (short-term memory) by
distracting attention (Jacobsen & Forste, 2011), which may reduce students’ mathematics

achievement.

Another result obtained in this study is that as the duration of using ICT in lessons
increases, students' mathematics achievement may increase, and as the duration of ICT use
outside the lessons (at home or school) increases, their mathematics achievement may
decrease. No research on this subject using the data of large-scale studies has been found in
the literature. Therefore, an evaluation cannot be made between this result and the results of
different studies. In this study, it is revealed that the mathematics achievement of the
students may increase depending on the increase in the duration of using ICT in the lessons
and that the mathematics achievement may decrease as the duration of the ICT use outside
the lessons increases, and it can be said that this is an expected result. The main reason for
this expectation may be that the focus of control during the use of ICT in the mathematics
lesson is the teacher rather than the student who does not know exactly how to use ICT in
mathematics and does not have enough experience about it. The teacher's determination and

management of the time ICT is used in mathematics lessons, and his/her design of lessons
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that include ICTs in learning activities by considering the achievements and evaluation

criteria of the curriculum (Deaney et al., 2003) may have contributed to the increase in
students' mathematics achievement. On the other hand, considering that ICT enriches
learning opportunities when it is included in the educational processes (Atalay & Anagiin,
2014; Karaman & Kurfalli, 2008); the increase in the duration of ICT use in the lessons
arouses more curiosity and interest in students, enables easier connections between prior
knowledge and new information, and offers different alternatives in accessing content may
increase math achievement. In addition, the increase in the time allocated for using ICT
outside of classes may reduce the time and energy that the student spends on studying, and

accordingly, the mathematics achievement may be reduced.
Conclusions

It can be said that this study, which used a multiple linear regression model to examine the
predictors of ICT familiarity variables on mathematics achievement of 15-year-old students
in Turkey, has some limitations. The causal relationships between this study's dependent and
independent variables, which is a cross-sectional study by the nature of PISA-2018, cannot
be revealed. Longitudinal and experimental studies can be designed to examine possible

causal relationships between predictor and predicted variables.

As a result, it has been concluded that the increase in the duration of ICT use in
mathematics lessons in Turkey, the interest and competence of students in ICT, the
accessibility of ICT at home, and the use of ICT for leisure purposes can increase the
mathematics achievement of 15-year-old students. Another result shown in this study is that
the increase in the use of ICT for school work outside of school, use of ICT in school in
general, sharing of ICT in social environments, and duration of using ICT outside of classes
(at home or school) may negatively affect the mathematics achievement of 15-year-old
students in Turkey. According to the results obtained, some suggestions can be made as

follows:

1. Considering the result that increasing the number of ICT which students can use in
schools is not a significant variable in predicting students' mathematics achievement,
decision-makers and policy-makers in the field of education in Turkey may focus on the

quality use of ICT in the field of mathematics rather than its quantity.

2. Considering that the duration of using ICT in mathematics lessons and the

accessibility of ICT at home contribute positively to mathematics achievement; in schools
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and low-income families in settlements, where economic and infrastructure-based problems

restrict the use of ICT in mathematics lessons, policies based on economic solutions can be
developed for ICT to be used more widely.

3. Considering that the increase in interest and competence in ICT among 15-year-
old students in Turkey increases their mathematical success and that this age group is
included in compulsory education, an ICT curriculum can be designed to enable students to
develop their interests and competencies in ICT.

4. According to the result that the duration of using ICT in mathematics lessons
positively predicts mathematics achievement; to increase and use these times more
efficiently, in-service education programs can be created to increase the positive attitudes,
interests, and motivations of teachers and administrators on ICT.

5. Considering the variables that are negative predictors of mathematics scores;
teachers and families can provide guidance and orientation about the use of ICT for school
work outside of school and at school in general, sharing about ICT in social environments,
and the duration of using ICT outside of classes (at home or at school).

6. Longitudinal and experimental studies can be conducted to examine the causal
relationships between ICT familiarity variables and students’ mathematics achievement. In
addition, qualitative research can be conducted that can increase the understanding of the
relationships between students' ICT familiarity and mathematics achievement.
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