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Arastirma Makalesi

7. Smif Ogrencilerinin Matematikte Arduino ile Programlama Uzerine Farkindahklarmmn
Artirillmasi

Talip Giiltekin'* Ozet: Giiniimiiz ¢aginda, dijitallesmenin baslamasi, teknolojideki ilerlemelere bagli olarak

5 egitim uygulamlarinda, degisim ve yenilik anlaminda kayda deger bir artisa olanak saglamistir.
Serkan Narli Bu baglamda ¢aligmamizin amaci, bilgisayar ve robotik kodlama bilgisi verirken 6grencilerin
algoritmik diisiinmelerini gelistirerek farkindalik olusturmaktir. Bu karma yontem calismasi,
'Dokuz Eylil Universitesi Yiiksck [zmir ilindeki bir vakif ortaokulundan goniilliiliik esasina gére segilen 15 yedinci sinif dgrencisi
I‘qﬁ;‘;fﬁ:ﬁ?lc; ;'2 (Iaz Z::gli:ge ile yuritiilmistir. Nitel veriler yar1 yapilandirilnus gériismeler yoluyla toplanirken, nicel veriler

Teknoloji Hazirlik Olgegi ve Dijital Okuryazarlik Olgegi kullanilarak toplanmustir. Ogrencilere

? Dokuz Eyliil Universitesi Matematik alt1 haftalik bir algoritmik programlama kursu verilmistir. Kursun tamamlanmasimin ardindan
Fﬁ‘ﬁl;‘t]‘t‘llf‘ﬁ;g‘nei?lt‘r Tzmir/Tiirkiye ogrencilerle birlikte Arduino kullanarak mini bir CNC plotter makinesi tasarlanmustir. Veriler,
. kurs 6ncesinde ve sonrasinda uygulanan goriisme formlari ve 6lgekler yardimiyla toplanmustir.
*Sorumlu Yazar Nitel verilerin analizinde icerik analizi yontemi, nicel verilerin analizinde ise Wilcoxon Isaretli

Siralar Testi kullanilmistir. Caligma sonunda 6grenciler kodlama yetkinliklerinin algoritmik
becerilerini gelistirdigini ve geometrik sekillerin farkli bir sekilde ifade edilebildigini
belirtmislerdir.
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GIRIiS

Insanhigi tarih sahnesine ¢ikisindan giiniimiize kadar gecen siirede insanoglu siirekli hayat:
kolaylastiracak ortaya yeni bir {irlin ¢ikarma girisiminde bulunmustur. Bu eylemlerin her biri teknoloji olarak
ifade edilebilir (Agar, 2019). Kor insanin elini yakmasaydi masaya, ¢iviyi parmagimizla basabilseydik cekice,
zihinsel yetilerimiz her tiirlii matematiksel ifadeyi ¢ozebilecek kapasitede olsaydi hesap makinelerine gerek
olmazdi (Giinay, 2017). Teknoloji ifadesini sadece dijitallesmeye bagli olarak hayatimiza giren aletlerden ibaret
gormek yerine genel bir ¢cergeve halinde insanligin yapamadigi veya yapmakta zorlandigi her tiirlii is ve eylemi
kolaylastirmak olarak ifade etmek daha dogru olacaktir. Teknoloji, bizlere sundugu firsatlar ile egitim
sektdriinde bir ara¢ olarak kullanilabilir (Akbulut vd., 2020). Bireyin sahip oldugu davranislari istege bagh bir
sekilde degistirmeyi amaglayan bir 6grenme siirecinde, 6grenciye sadece var olan bilginin aktarilmasi yeterli bir
ogrenme olmamaktadir (Tekin ve Keser, 2020). Ogrencilere bilgiyi sadece dnceden sindirilmis bir bigimde
sunmak yerine; elestirel diislinmeyi, yorumlamayi veya bagimsiz arastirmayi tesvik edici yoOntemler
izlenmelidir (Cameron, 2024). Ogrencilerin matematigi anlamalarmi artirmak igin, 6grenme siirecinde
Ogrenmeyi daha ilgi ¢ekici ve anlamli hale getirecek bir dizi egitim materyali kullanmak gerekebilir (Antoino
vd., 2024). Ogrencilerin matematik Ogrenmeleri, onlara yaratict diisinme ve problem ¢dzme becerileri
kazandirmaktadir (Bal Sezerel, 2012). Teknolojinin ve yasam standartlarinin kalitesi ile bir dogrudan iliskili olan
matematik egitiminin 6nemi her gecen giin daha ¢ok anlasiimaktadir (Isik vd., 2008).

Matematik dersi gerek giinlilk hayattaki kullammindan gerekse gelecekteki mesleklerinin gerektirdigi
gbrev ve sorumluluklardan dolayr 6grenci igin énemli bir yere sahiptir (ilgan ve Cagilgan Giilten, 2013).
Matematigi Ogrencilere daha iyi Ogretmek ve bu Ogrenmelerini kalici hale getirecek birgok yenilik
bulunmaktadir (Bakirci ve Ozmantar, 2023). Bunlardan birisi de bilgisayar kodlamadir (Lupas vd., 2024).
Jacopsen, vd. (2013) gore okullarda kodlama ve bilisimsel diisiinmeye yoOnelik yapilan aragtirma ve
uygulamalar, 6grencileri zorlarken bir yandan da 6grenciler i¢in anlamli olan iglerle mesgul olduklarinda ve
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Ogretmenlerine siirekli geri bildirim saglaynca Ogretmenleri tarafindan desteklendiklerinde bilgiyi
ogrenmelerinde faydali olmustur.

Bireyler, yasamlarini siirdiirebilmek ve cagin gereksinimlerine uyum saglayabilmek igin ¢esitli
becerilere ihtiya¢ duymaktadir. yiizyil becerileri, cagin gereklerine uyum saglamak icin bilgi ve yeterliliklerin
sentezlenmesiyle ortaya ¢ikan, disiplinlerarasi ve ¢cagdas yasamin bir¢ok yoniiyle iligkili yetkinliklerdir (Atis
Akyok ve Avsar, 2022). 21. yiizy1l becerileri; “Ogrenme ve Yenilikgilik Becerileri”, “Yasam ve Kariyer
Becerileri” ve “Bilgi, Medya ve Teknoloji Becerileri” olmak iizere ii¢ boyutlu olarak ele alinabilir
(Kurudayioglu ve Gociaoglu, 2021). Bilgi teknolojileri okuryazarliginin alt temalarindan birini olusturan ve
son zamanlarda ismini siklikla duydugumuz becerilerinden biri de kodlama becerisidir (European
Commission, 2014a). Programlama, herhangi bir problemin bir programlama dili yardimiyla ¢6ziilmesi i¢in
yazilan kod satirlarina verilen addir (Sahin ve Namli, 2017). Bir yazilimi kodlayabilmek i¢cin kod yazma
becerisine sahip olunmalidir. Yani program yazmak, {ist diizey becerilere sahip olmay1 gerektirir (Yiikseltiirk ve
Altmok, 2015). Bu st diizey becerileri kazanmak i¢in algoritma yapmak da dnemli bir yere sahiptir. Algoritmalar
herhangi bir programlama dili ile yazilacagi gibi sozel olarak da ifade edilebilir. Dijital platformlarda
algoritmalarm uygulamaya gecirilebilmesi i¢in bilgisayarin yazilim kisminin kullanilmas1 gerekmektedir. C,
C++, Java gibi programlama dilleri ortaokul 6grencileri igin karmasik ve bir o kadar da zor gelebilir (Kalelioglu
ve Giilbahar, 2014). Onun yerine gelistirilen Code.org, Scratch, mBlock gibi blok tabanli kodlama platformlar,
ogrencilerin kurdugu algoritmalar1 uygulamaya gecirmelerimi hem daha kolay hem de 6grenci i¢in daha keyifli
hale getirmektedir (Olsson ve Granberg, 2022). Bu tip platformlar programlama bilgisi gerektirmeyen,
bloklari siiriikleyip birakarak isin derinligine girmeden kod yazilabilen, basit ve anlasilir ara yiizii ile her yastan
insana hitap edebilen uygulamalardir (Turan ve Yildiz, 2021). Aym1 zamanda kullaniciya gorsellik agidan
kolaylik saglayan farkli bilesenleri de igcermektedir (Cheng vd., 2023). Scratch sayesinde 6grenciler matematik
konularmi 6grenirken daha hevesli ve aktif hale gelerek yaratici diisiinme ve isbirlikli ¢calisma becerilerini
gelismektedir(Bernard, Stiawan, 2020). Nitekim Mo ve arkadaglar1 (2021) tarafindan yapilan bir ¢alismada
Scratch programi ile 6grencilere gorsel matematiksel imgeler sunarak dgrencilerin bu kavramlari kesfetmeye
yoneldirdigi belirlenmistir. Arduino ise basit bir mikro denetleyici kart olmakla birlikte siirekli kendini
gelistirme 6zelligi ile de acik kaynak kodlu bir platformdur (Mollo vd., 2016, s. 60). Arduino egitim/6gretimin
farkli kategorilerinde ve farkli konularinda kullanilan bir kaynaktir (Tudela ve Marin, 2023). Arduino'nun
egitim alaninda kullanim1: potansiyeli, var olan tiirlerin gesitliligi, sagladig1 farkli deney olanaklar1 ve diisiik
maliyeti nedeniyle dnemli bir yere sahiptir (Marin vd., 2024). Ayrica Belmonte ve arkadaslar1 (2020) egitimde
Arduino araglarinin kullanimimi deney yaparak 6grencilere kavramlarin 6gretiminde uygulama ve anlamalarini
pekistirme firsati sagladigini; tasarim faaliyetlerine kendilerinin yapmalarina tesvik ettigini ve dgrencilerin
yaraticiliklariin gelistirdigi gibi faydalarinin oldugunu ifade etmislerdir. Arduino, matematik egitiminde ilgi
cekici bir egitim arac1 olarak kullamilabilir. Ornegin Arduino ile bazi kontrollii hareketler ve sensér dlgiimlerini
igeren kodlama projeleri, 6grencilere trigonometri ve cebir konularini 6gretmek icin kullanilabilir (Negrete,
2023). Ayni zamanda matematiksel denklemleri ve formiilleri gorsellestirmeye ve manipiile etmeye de
yardimce1 olur (Negrete, 2024).

Blok temelli kodlamanin matematik egitiminde kullanilmasi konusuyla alakali bir¢ok caligma
yapilmistir. Bu ¢aligmalarin matematik egitimine katki sagladigi goriilmektedir. Rodriguez — Martinez vd.
(2020) matematik egitiminde bilgi islemsel diisiinme becerisini ve matematiksel kavramlari 6grenci lizerindeki
gelisimini incelemek amaciyla Scratch yazilimmi kullanmiglardir. Sonug olarak Scratch yazilimi 6grencilerin
bilgi islemsel diisiinme becerilerinin gelisiminde fayda sagladigi sonucu ¢ikmistir. Turan ve Yildiz (2021)
tarafindan yapilan bir ¢aligmada, Scratch yazilimiin matematik egitimine etkisi incelenmistir. Siireg
icerisinde, 0grenciler kodlama igerisindeki temel matematiksel ifadeleri anlama yetenegi kazanirken, aym
zamanda programlama ile Ogrenme siirecini eglenceli ve yaratici bir sekilde deneyimleme imkani
bulmuslardir. Tewes (2019) tarafindan yapilan bir aragtirmada, ortaokul matematik dersinde kodlama
yapilmasinin 6grencilerin matematiksel kavramlari deneyimleme ve anlama iizerindeki etkileri incelenmistir.
Aragtirmanin sonunda, kodlamanin ortaokul matematik dersinin i¢ine entegre edilmesinin Ogrencilerin
matematik deneyimlerini ve matematiksel kavramlar1 anlamalarii olumlu yonde etkileyebilecegi goriilmiigtiir.

Robotik kodlama alanlarinin matematik egitimine dahil edilmesi konusuyla alakali bir¢ok ¢aligma
yapilmistir. Bu faaliyetlerin matematik ve matematik egitimine kaki sagladigi da goriilmektedir. Mego ve
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Gorgiilii Art (2021) tarafindan gergeklestirilen bir arastirmada, STEM egitimlerinde Arduino karti
kullaniminin 6grencilere olan faydasi 0grenci goriislerine gore incelenmistir. Sonug olarak, &grenciler
tarafindan etkinliklerin faydali ve eglenceli bulundugu, fen dersine karsi bakis acilarmin olumlu yonde
degistigi, dersi daha ¢ok sevdikleri ve gelecekteki meslek se¢imlerinin mithendislik ve fen alanlarina kaydigi
sOylenmistir. Baysal vd. (2020) ¢alismasinda, kodlama ve Arduino egitimleri alan ortadgretim 6grencilerinin,
bu egitimler sonrasinda kodlama, Arduino ve STEM hakkindaki goriigleri incelenmistir. Bu caligmanin
sonunda, verilen egitimlerin 6grencilerin probleme dayali ve akran destekli 6grenme becerilerini olumlu yonde
gelistirdigini, karsilagtiklar1 problemleri ¢6zmek i¢in cesitli robotlar gelistirdigi ve problemlerine ¢6ziim
iiretme cabasi gosterdikleri gozlenmistir. Egitimler, 6grencilere proje esnasinda yaratici diisiinme becerileri
kazandirmis, olaylara farkli agilardan bakmay1 ve problemleri ¢6zme siirecine katki saglamay1 6gretmistir.
Tekin ve Keser (2020) tarafindan ortaokul 6. Sif 6grencileriyle gergeklestirilen bu ¢aligmada, robotik kodlama
etkinliklerinin 6grencilerin matematik basarisina etkisi incelenmistir. Calismanin sonuglarina gore, robotik
etkinliklerle desteklenen matematik dgretim yonteminin, geleneksel yontemlere kiyasla matematik bagarisini
artrmada daha etkili oldugu belirlenmistir. Matematik basar1 diizeyi diisiik 6grencilerde robotik etkinliklerin
daha fazla etki sagladigi, orta ve yliksek basari diizeyine sahip 6grencilerde ise anlamli bir fark yaratmadigi tespit
edilmigtir. Marin vd. (2024) Arduino uygulamasinin ortaokul 6grencilerine getirdigi fayda ve firsatlari analiz
etmek amaciyla bir meta analiz ¢alismasi yapmistir. Bu calismanin sonunda Arduino kartinin daha ¢ok
teknoloji ve fizik konularyla birlikte STEM projelerinde de disiplinler arasi ¢alismalarda kullanildig:
goriilmiigtiir. Yine Belmonte vd. (2020) yaptig1 baska bir meta analiz ¢alismasinda Arduino’nun bilimsel
literatiirdeki gelisimini analiz etmek amaciyla 346 dokiiman incelemesi yapilmistir. Bu ¢aligmanin sonunda
egitim alaninda Arduino iizerine yapilan ¢aligmalarin zeminin tam oturmadig, hala giiniimiizde konuyla ilgili
calismalarin devam ettigi ifade edilmektedir. Yapilan ¢aligmalarin genelinin fizik deneyleri, bilgi islemsel
diisiinme ve bilgisayar tabanli 6grenme iizerine oldugu da ¢alismanin sonuglar1 arasindadir.

Literatiirdeki konu ile ilgili calismalar incelendiginde Code.Org, Scratch gibi uygulamalar 6grenme-
Ogretme siirecinde kalic1 6grenme saglamakla birlikte 6grencilerdeki ilginin artisma ve eglenceli 6grenme
ortamlar1 olusturmada olumlu sonuglar dogurmustur. Arduino uygulamalarinin 6grencilerdeki algoritmik
disiinme yapilarmi gelistirdigi, girisimcilik becerilerinin olumlu yonde etkiledigi gézlemlenmistir. Literatiir
taramamizin sonucunda Arduino kartinin matematik egitiminde dogrudan kullanildigi calisma sayisinin azligi,
daha ¢ok fen egitiminde ve STEM ¢aligmalarinda kullanildigi dikkatimizi ¢gekmistir. Ayni zamanda egitimde
teknolojinin kullanimimin 21. ylizy1l becerilerinin gelisimine sagladigi katki dikkate alindiginda, ortaokul
Ogrencilerine yonelik yazilim ve robotik kodlama ile matematik egitimi alaninda farkindalik olusturmay1
hedefleyen bir ¢alisma tasarlanmigtir. Bu dogrultuda, 6grencilerin analitik diisiinme, problem ¢6zme ve dijital
okuryazarlik becerilerinin gelistirilmesine yonelik bir egitim siireci yapilandirilmistir.. Bu bilgiler 1s181nda bu
calismanin amaci, dinamik halde olan teknolojinin egitime entegrasyonu ile &grencilerin matematik
saglamak ve 6grencilere “Ggrenci merkezli” bir 6grenme ortamm sunarak bir farkindalik olugturmaktir. Ayni zamanda
Ogrencilerin bilgisayar ve robotik kodlamalari &grenirken algoritmik diigiince yapilarinin gelismesi
hedeflenmektedir. Bundan dolay1 caligmanin problem cilimlesi “Matematik egitiminde Arduino ile
programlama konusunda 7. sinif 6grencilerinin farkindaliklar: nasildir?” olarak belirlenmistir ve asagidaki alt
problemlere cevap aranmustir.

a) Arduino ve matematik hakkinda ogrencilerin goriislerinde uygulama oncesinde ve sonrasinda
farklilik olugsmakta midir?

b)  Teknolojiye hazirlik 6l¢eginde uygulama 6ncesinde ve sonrasinda anlamli fark olugsmakta midir?
c) Dijital okuryazarlk 6lgeginde uygulama oncesinde ve sonrasinda anlamli fark olusmakta midir?

YONTEM

Arastirmanin Deseni

Creswell (2006) karma yontem g¢aligsmalarinin bir aragtirma programi kapsaminda yapilan tek bir ¢calisma
veya ¢oklu caligmalar (multiple studies) icerisinde, nicel ve nitel verilerin toplanmasi ve analiz edilmesini
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kapsadigim sdylemektedir. Bu baglamda nicel ve nitel verilerin birlikte kullanilacagi bu caligmada karma yontem
kullanilmaktadir.

Calisma Grubu / Evren- Orneklem

Aragtirmanin calisma grubu, Izmir Ilinde bir vakif ortaokulunda 2022/2023 egitim gretim ddneminde 6grenim
gormekte olan 15 tane 7. smif Ogrencisinden olusmaktadir. Bu calismada rastgele olmayan ornekleme
tekniklerinden uygun 6rnekleme yontemi kullanilmigtir. Burada arastirmaci, ihtiya¢ duydugu biiyiiklikkteki gruba
ulasana kadar, en kolay erisilebilir ve maliyet agisindan en tasarruflu bireyleri segerek veri toplar (Biytikoztiirk vd. ,
2010).

Veri Toplama Araglari

Ogrencilerin goriisleri yar1 yapilandirilmis bir goriisme ile belirlenmistir. Yar1 yapilandirilmis goriisme
teknigi, yapilandirilmig goriisme tekniginden biraz daha farklilik gosterir. (Tiirniikli, 2000). Bu teknikte,
arastirmaci 6nceden sormay1 planladigi sorulari igeren goriisme protokoliinii hazirlar (Tiirniiklii, 2000). Formun
gelistirilme agamasinda dnce literatiir taramasi, sonra uzman goriigii alinir. Bu ¢alismada kullanilacak goriisme
formu uzman goriisii dogrultusunda hazirlanmig 7 sorudan olugsmaktadir. Sorular asagida verilmektedir:

Bilgisayar kullanmay1 ne derece biliyorsunuz, kisaca bahsediniz.
Hangi 6l¢tide bilgisayara erisim imkaniniz var?
Algoritma ifadesini daha 6nce duydunuz mu? Cevabiniz evetse kelime anlamini agiklayiniz.
Programlama hakkinda neler biliyorsunuz?
Bildiginiz programlama dilleri var mi? Varsa hangileri?
Sizce matematik d6gretiminde yazilim kullanilabilir mi?
1) Matematik 6greniminizi kolaylastir m1 zorlagtirr mi? Ag¢iklaymiz.
ii) Ne gibi yararlar saglayabilecegini diisliniiyorsunuz?
7. Bir yazilimei olsaniz hayati kolaylastiracak nasil bir program yazardiniz?

Sk LD =

Ogrencilerin teknoloji kullanmaya istekliliklerini 6lgmek igin ise Parasuraman (2000) tarafindan
gelistirilen ve Ozer, Eris ve Ozmen (2011) tarafindan gecerlik giivenirlik ¢calismalar1 yapilarak Tiirk¢e’ye
uyarlanan “Teknolojiye hazirlik 6lgegi” (THO) kullanilmustir. Iyimserlik (7 madde), yenilikgilik (6 madde),
giivensizlik (6 madde) ve huzursuzluk (4 madde) olmak iizere 4 boyuttan olusan oOlgekte 23 madde
bulunmaktadir. Ogrencilerin dijital okuryazarliklarii 6lgmek igin ise Ng (2012) tarafindan gelistirilen ve
Hamutoglu vd. (2017) tarafindan Tiirkce’ye uyarlanan “Dijital okuryazarlik dlgegi” (DOO) kullanilmistir.

Veri Toplama Siireci

Yar1 yapilandirilmis gériisme formu, THO ve DOO o6grencilere verilen Bilgisayar ve Arduino
Programlama Kursu dncesinde uygulanmistir. Kurs sirasinda 6grencilere teknolojinin ne demek oldugundan,
dijitallesme ile nelerin yapildigindan ve nelerin yapilabileceginden bahsedilmistir. Daha sonrasinda Scratch
yazilim platformu 6grencilere tanitilmig ve Scratch tizerinden 6grencilerle birlikte ¢esitli oyunlar yapilmistir.
Arduino 6grencilere tanitilmis ve Arduino ile nelerin yapilabilecegi 6grenciler ile tartisitlmistir. TinkerCat
yazilm platformu iizerinden &grencilerle cesitli Arduino devrelerinin simiilasyonu yapilmistir. Ogrencilere
mBlock uygulamasi tanitilmig ve bu uygulama ile Arduino devrelerin kodlarmin nasil olusturulacagi ve bu
devrelerin nasil ¢alistirilacagi gosterilmistir. Daha sonrasinda 6grencilere dagitilan Arduino baslangig kitleri her
iki 6grenciye bir kit diisecek sekilde paylastirilmistir. Ogrencilerle birlikte mBlock uygulamasindan gesitli
Arduino devreleri inga edilmistir. Siirecin en sonunda ise grencilerle birlikte bir adet mini CNC Plotter tasarimi
yapip makine (bkz. Sekil 1) caligtirilmistir.
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Sekil 1

Mini CNC Plotter

Matematiksel ifadeler ve giinliik hayattan cesitli gorseller 6grencilerle birlikte makineye ¢izdirilmistir. 6
haftalik bu siirecin sonunda ise siirecin en baginda yapilan yari yapilandirilmig goriisme formu ile THO ile DOO
ogrencilere tekrar uygulanmistir.

Yapilan bu ¢alismada arastirma etigi ilkeleri gozetilmis olup gerekli etik kurul izinleri alimmistir. Etik
kurul izni kapsaminda; Dokuz Eyliil Universitesi Etik Komisyonundan 01.11.2022 tarih ve E-87347630-659-
412496 sayili belge alinmustir.

Verilerin Analizi

Bu aragtirmada goriisme verilerinin analizi i¢in nitel arastirma yontemine uygun olarak igerik analizi
tekniginden yararlanilmistir. Igerik analizi, birbirine benzeyen verilerin belirlenen kodlar, kategoriler ve
temalar kapsaminda biitiinciil bir bakis acisiyla net ve anlasilir bir bi¢imde yorumlanarak okuyucuya
sunuldugu bir analiz teknigidir (Y1ldirim ve Simsek, 2021). Bu ¢alismada da i¢erik analizi teknigine tabi tutulan
veriler, alt problemler baglaminda belirlenen kategori ve temalara gore d6zetlenmis ve yorumlanmustir. Verilerin
analizi silirecinde ¢alismanin giivenirliginin saglanmasi icin elde edilen veriler iki arastirmaci tarafindan
bagimsiz bir sekilde kategorize edilmis ve kodlanmistir. Devaminda ise arastirmacilar bir araya gelmis,
birbirinden bagimsiz sekilde olusturmus olduklar kategori ve kodlar tartisarak karsilagtirmislar ve benzerlik
olmayan kategori ve kodlarda fikir birligine varmiglardir. Fikir birligi sonucunda netlestirilen kategori ve
kodlardaki uyumun belirlenmesinde Miles ve Huberman’in (1994) [Goriis birligi / (Goris birligi + Goriis
ayriligl) x 100] formiilii kullanilmistir. Gergeklestirilen hesaplamalar sonucunda ise uyum oranin %81 oldugu
tespit edilmistir. Miles ve Huberman’a gére uyum orani %70 ve {izerinde olan galismalar giivenilir olarak kabul
edilmektedir (Miles ve Huberman, 1994). Ayrica uyusmayan kisimlar arastirmacilar tarafindan uzman goriisii
de almnarak tekrar tartisilmis, degerlendirilmis ve fikir birligi saglanarak c¢alismanin gilivenirligi
desteklenmistir. Nicel verilerden elde edilen veriler SPSS 24.0 paket programi kullamlmustir. Ogrencilerin
oOntest- sontest puanlari referans alinarak frekans (f), ylizde (%), ortalama (X) ve standart sapma (ss) degerleri
hesaplanmistir. Nicel verilerin analizi yapilirken aragtirma bulgularinin normal dagilim géstermemesinden ve
uygulamanin yapildigi érneklem 30 kisiden az oldugu i¢in Ontest ve sontest ortalamalari arasindaki farkin
anlamli olup olmadigma Wilcoxon Isaretli Siralar Testi ile bakilmistir. Wilcoxon Isaretli siralar testi, “birbiriyle
2020). Bu teknik 6rneklemi az olan gruplarda ve 6rneklemin fark puanlarinin normal dagilim gostermedigi
durumlarda iligkili t-testi yerine kullanilabilir (Biiyiikoztiirk, 2020). Son olarak &grenciler sorulan sorulara
birden fazla kategoriye ait olabilecek cevaplar verdikleri i¢in toplam frekanslarda farkliliklar olmustur.

Uygulanan THO’nin Cronbach Alpha giivenilirlik katsayisi 0,864, DOO’nin Cronbach Alpha
giivenilirlik katsayisi 0.946 ¢ikmistir.
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BULGULAR

Calismanin bu asamasinda 6 haftalik kursun dncesinde ve sonrasinda katilimcilarin gériisme sorularina
ve Ol¢eklere verdikleri yanitlarin analiz edilmesiyle elde edilen bulgulara yer verilmistir.

Birinci Alt Probleme iliskin Bulgular
Calismanin “Arduino ve matematik hakkinda 6grencilerin goriislerinde uygulama 6ncesinde ve sonrasinda

farklilik olugsmakta midir?” alt problemine yonelik elde edilen veriler asagida sunulmustur.

Tablo 1°de katilimcilara uygulanan goriisme formundaki “Bilgisayar kullanmayr ne derecede
biliyorsunuz? Kisaca bahsediniz.” sorusuna uygulama 6ncesinde ve sonrasinda dgrencilerin verdikleri cevaplar
incelenmistir.

Tablo 1

Oésrencilerin bilgisayar kullanmay ne derece bildiklerine iliskin goriisleri

Kategoriler Uygulama Oncesi Uygulama Sonrasi
Frekanslar Frekanslar

Yazilim ve tasarim yapabiliyorum 3 9

Kendi igimi yapacak kadar 8 5

biliyorum

Film izlemek 2 1
Oyun oynamak 5 3
Ders ¢aligmak 4 2
Robotik kodlama yapmak 0 5

0 2

Bilgisayar donanimini biliyorum.

Incelemeler dogrultusunda Bilgisayar ve Arduino Programlama kursu almayan &grencilerin bilgisayar
kullanmay1 daha ¢ok kendi isimi yapacak kadar biliyorum (36,36) olarak ve oyun oynayacak (22,72) kadar
biliyorum cevaplarin1 vermislerdir. Arduino Programlama kursu alan dgrenciler ise daha cok bilgisayar
kullanmay1 yazilim ve tasarim yapacak kadar (%33,33) bilmektedir. Bilgisayar ve Arduino Programlama
kursunu alan dgrencilerin cevaplarinda nispeten bir farkliligin oldugu sdylenebilir.

Katilimeilara uygulanan goriisme formundaki “Hangi olciide bilgisayara erisim imkaniniz var?”
sorusuna 0grencilerin 4 tanesinin evlerinde kendisine ait bilgisayar1 varken 8 tanesinin evinde ailesine ait ortak
kullandiklar1 bilgisayarlar1 vardir. 2 tanesinin evinde bilgisayar yokken 2 tanesi de bilgisayara internet kafe
iizerinden erisebilmektedir.

Tablo 2’de katilimcilara uygulanan goriisme formundaki “Algoritma ifadesini daha once duydunuz mu?
Cevabiniz evetse kelime anlamini agiklaymiz. ” sorusuna uygulama dncesi ve sonrasinda 6grencilerin verdikleri
cevaplar incelenmistir.

Tablo 2

Algoritma ifadesine dair 6grencilerin goriisleri

Kategoriler Uygulama Oncesi Uygulama Sonrasi
Frekanslar Frekanslar

Duymadim 5 0

Giinliik hayatla iligkilidir 2 3
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Tablo 2 (Devam)

Kategoriler Uygulama Oncesi Uygulama Sonrasi
Frekanslar Frekanslar

Duydum fakat ne anlama geldigini 4 0

bilmiyorum

Bir isin yapilmasi igin gerekli 6 1

adimlardir

Bir igin yapilmadan 6nce 0 7

planlanmasi

Yapilmasi gereken islerin 0 6

siralanmast

Bir soruna yonelik ¢6ziim yolu 0 2

Incelemeler sonucunda uygulama oncesi almayan dgrencilerin algoritma kavramimi daha ¢ok bir isin
yapilmasi igin gerekli adimlar (%35,29) olarak tanimlamis ve %29,42’1 de algoritma kavramin bilmedigini ifade
etmistir. Uygulama sonrasinda 6grencilerin ise algoritma kavrammi daha ¢ok bir isin yapilmadan once
planlanmasi (%41,11) olarak ve yapilmasi gereken islerin siralanmasi (%35,29) olarak tanimlanmigtir.
Uygulama sonrasinda dgrencilerin cevaplarinda nispeten bir farkliligin oldugu sdylenebilir.

Tablo 3’te katilimcilara uygulanan goriisme formundaki “Programlama hakkinda ne biliyorsunuz”
sorusuna uygulama o6ncesi ve sonrasi 6grencilerin verdikleri cevaplar incelenmistir.

Tablo 3

Bilgisayar ve Programlama hakkinda 6grencilerin goriisleri

Kategoriler Uygulama Oncesi Uygulama Sonrasi
Frekanslar Frekanslar
Gelecekte daha ¢ok ilerleyecek. 2 0
Oyun ve giinliik isler i¢in kullanilir. 3 0
Gerekli teknik bilgileri biliyorum. 6 7
Algoritma kurmay1 biliyorum. 2 0
Robotik kodlama yapilabiliyorum. 0 6
Scratch ile programlama 0 7
yapilabilirim.
mBlok ile programlama 0 3
yapilabilirim.
TinkerCat ile Arduino devre 0 4
simiilasyonu yapilabilirim.
Bilgi sahibi olmayanlar. 5 0

Inceleme sonucunda uygulama &ncesinde 6grencilerin daha ¢ok bilgisayar hakkinda gerekli teknik
bilgileri (islemci, ram vs.) bildiklerini diisiindiikleri (%33,3) veya bilgisayar hakkinda yeterince bilgi sahibi
olmadiklar (%27,77) goriilmiistiir. Uygulama sonrasinda ise 6grencilerin daha ¢ok bilgisayar hakkinda gerekli
teknik bilgiyi (ram, islemci vs.) bildiklerini diisiindiiklerini (%25,92), bilgisayar hakkinda Scratch ile
programlama yapmay1 bildiklerini diislindiiklerini (%25,92) ve robotik kodlama yapabileceklerini
disiindiikleri (%22,22) goriilmistiir. Uygulama sonrasinda 6grencilerin cevaplarinda nispeten bir farkliligin
oldugu sdylenebilir.
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Tablo 4’te katilimcilara uygulanan goériisme formundaki “Bildiginiz programlama dilleri var mi, varsa
hangileri?” sorusuna uygulama oncesinde ve sonrasinda 6grencilerin verdikleri cevaplar incelenmistir.

Tablo 4

Oésrencilerin bildikleri programlama dilleri

Kategoriler Uygulama Oncesi Uygulama Sonrasi
Bilmiyorum 12 4
Bazi programlama dillerini duydum 3 11
Scratch kodlayabiliyorum 0 3
mBlock kodlayabiliyorum 0 5

Incelemeler sonucunda uygulama &ncesinde dgrencilerin daha ¢ok higbir programlama dilinin adini
bilmedigi (%75) goriiliirken uygulama sonrasinda 6grencilerin ise daha ¢ok bazi programlama dillerinin
isimlerini (C, C++, Java vs.) bildikleri (%%47,82) goriilmiistiir. Uygulama sonrasinda &grencilerin
cevaplarinda nispeten bir farkliligin oldugu sdylenebilir.

Katilimcilara uygulanan gériisme formunda yer alan “Sizce matematik egitiminde yazilim kullanilabilir
mi?” Cevabiniz evetse i) “Matematik egitiminizi kolaylastirir mi, zorlastirr mu agiklayiniz? ” ii) “Ne gibi
vararlar saglayabilecegini diistintiyorsunuz? ” sorulari sorulmustur.

Tablo 5’de “Sizce matematik egitiminde yazilim kullanilabilir mi?” sorusuna uygulama 6ncesinde ve
sonrasinda 6grencilerin verdikleri cevaplar incelenmistir.

Tablo 5

Matematik egitiminde yazilivmin kullamilmasina yonelik ogrencilerin goriisleri

Kategoriler Uygulama Oncesi Uygulama Sonrasi
Frekanslar Frekanslar

Kullanilir 14 15

Kullanilmaz 1 0

Inceleme uygulama dncesinde dgrencilerin sadece bir tanesi kullanlamaz cevabim verirken kalan tiim
ogrenciler kullanilir (%93,33) cevabmni vermistir. Uygulama sonrasinda Ogrencilerin ise hepsi matematik
egitiminde yazilim kullanilir (%100) cevabimni vermistir. Uygulama sonrasinda dgrencilerin sadece birinin cevabi
degistigi icin anlamli bir fark yoktur.

Tablo 6’te “Sizce matematik egitiminde yazilim kullanilabilir mi?” sorusuna “kullanilabilir” diyen
ogrencilerin “i) Matematik egitiminizi kolaylastrnr mi, zorlastirir mi agiklaymiz?” sorusuna uygulama
oncesinde ve sonrasinda 6grencilerin verdikleri cevaplar incelenmistir.

Tablo 6

Yazilimin matematik egitimini kolaylastirip zorlagtirmasina iligkin 6grencilerin goriisleri

Kategoriler Uygulama Oncesi Uygulama Sonrasi
Frekanslar Frekanslar

Yazilim ile matematik sevilebilir 3 6

Yazilim ile matematik iliskilidir 1 5

Kisiye gore degisir 3 0

Gorsel olarak yardimet olur 0 3
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Tablo 6 (Devam)

Kategoriler Uygulama Oncesi Uygulama Sonrasi
Frekanslar Frekanslar

Algoritma ile matematik iliskilidir. 0 1

Soru ¢ézmede yardime1 olur 0 1

(Sadece) Kolaylastirabilir ama bilgim yok 7 3

diyenler

Konu ile alakali bilgi sahibi olmayanlar 1 0

Incelemeler sonucunda dgrencilerin daha ¢ok, matematik egitiminde yazilim kullanimmimn matematik
ogrenmelerini  kolaylastirabilecegi ama bunun nasil yapilacag: ile ilgili bilgisinin olmayanlardan (46,66)
olusmaktadir. Uygulama sonrasinda ise Ogrencilerin daha ¢ok yazilim ile matematigin sevilebilecegini
diisiinenlerden (%31,57) ve yazilim ile matematigin iliskili (%26,31) oldugunu diisiinenlerden olustugu goriilmistiir.
Uygulama sonrasinda 6grencilerin cevaplarinda nispeten bir farkliligin oldugu sdylenebilir.

Tablo 7’te “Sizce matematik egitiminde yazilim kullanilabilir mi?” sorusuna “kullanilabilir” diyen
ogrencilerin “ii) Ne gibi yararlar saglayabilecegini diistiniiyorsunuz?” sorusuna uygulama oncesinde ve
sonrasinda 6grencilerin verdikleri cevaplar incelenmistir.

Tablo 7

Yazilimin matematik egitimine ne gibi yararlar saglayabilecegine dair 6grencilerin goriisleri

Kategoriler Uygulama Oncesi Uygulama Sonrasi

Frekanslar Frekanslar
Geogebra ile daha kolay 6grenilir 1 3
Matematigi 6grenmemizi 5 12
kolaylastirir.

Yarar saglamaz.

Matematiksel sekilleri gorsellestirir
Bilmiyorum

Matematigi daha eglenceli hale
getirir

Matematige farkli bir bakis agist 0 1
saglar.

S ONO W
W — W O

Incelemeler sonucunda uygulama dncesinde dgrencilerin daha ¢ok konuya dair bir bilgilerinin olmadig1
gozlemlenmis (%40) ve matematik dersini kolaylastiracagini (%33,33) diislinenlerden olustugu goriilmiistiir.
Uygulama sonrasinda ise daha ¢ok matematik egitiminde yazilim kullanimimin matematik dersini 6grenmemizi
kolaylastirir (%52,17) diyenlerden olustugu goriilmiistiir. Uygulama sonrasinda dgrencilerin cevaplarinda
nispeten bir farkliligin oldugu séylenebilir.

Tablo 8’da katilimcilara uygulanan goriisme formundaki “Bir yazilimct olsaydiniz  hayati
kolaylastiracak nasi bir program yazardmiz?” sorusuna uygulama oncesinde ve sonrasinda dgrencilerin
verdikleri cevaplar incelenmistir.
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Tablo 8

Ogrencilerin yazilimet olmalar: halinde ne yapabileceklerine dair goriisleri

Kategoriler Uygulama Oncesi Uygulama Sonrasi
Frekanslar Frekanslar

Program tasarlayanlar 9 12

Bilmiyorum diyenler 6 3

Incelemeler sonucunda uygulama &ncesi dgrencilerin bir yazilime1 olmalari durumunda yazacaklar
programlar1 goriisme sirasinda ogrencilerin %60’1 bir program tasarlayabilirken %40°’1 tasarlayamamistir.
Uygulama sonrasinda ise goriisme sirasinda %80’1 program tasarlayabilirken %20’si tasarlayamamustir.
Bilgisayar ve Arduino Programlama kursunu alan dgrencilerin cevaplarinda nispeten bir farkliligin oldugu
sOylenebilir. Bu soruya uygulama oncesi ve sonrasinda bazi 6grenciler tarafindan yaratici cevaplar verilmistir.
Bunlardan bazilari su sekildedir: “Cay servisi yapan akilli bir robot tasarlardim.”, “Kapilara teknolojik aletlerle
¢ip sistemi uygulardim. Elimize ¢ip yerlestirerek kapiya o ¢ipi okuttugumuzda kapi agilsin.”, “Evden VR
gozliik ile canli derse katilacak bir sistem kurardim.”

ikinci Alt Probleme liskin Alt Bulgular

Calismanin “Teknolojiye Hazirlik Olgegi’nde uygulama éncesinde ve sonrasinda anlamli fark olusmakta
mudir?” alt problemine ydnelik elde edilen veriler asagida sunulmustur. Bu béliimde THO den elde edilen
verilerin betimsel istatistiklerine yer verilmistir. Bu istatistikler 6grencilerin ontest — sontest puanlarina ve
Olgegin alt boyutlarma gore yorumlanmistir. Arastirma kapsaminda alinan Ogrencilerin verdigi cevaplar
dogrultusunda THO nden ve alt boyutlarindan elde edilen ortalama puanlari, standart sapmalar1 ve diizeyleri
g6z oniinde bulundurularak incelenmistir. Diizey degerleri hesaplanirken ortalama puan degerinden bir standart
sapma degeri altinda bulunan araliga denk gelen degerler diisiik diizey, bir standart sapma degeri altinda ve iistiinde
bulunan araliga denk gelen degerler orta diizey, bir standart sapma degeri iistiinde bulunan degerleri ise yiiksek
diizey olacak sekilde kategorilestirilmistir. Bu kategorilesme ¢ercevesinde elde edilen bulgular Tablo9’da
gosterilmistir.

Tablo 9

Ogrencilerin éntest-sontest sonuglarina ait betimleyici istatistik degerleri

Boyut Simif N Madde Sayisi X Diizey SS
- 1yimserlik 7 15 7 3.657 Orta 0,776
§ Yenilikgilik 7 15 6 3.400 Orta 0,632
,5 Giivensizlik 7 15 6 3.155 Orta 0,834
Huzursuzluk 7 15 4 3.183 Orta 0,752
Toplam 7 15 23 3.376 Orta 0.617
Boyut Simif N Madde Sayisi X Diizey SS
- 1yimserlik 7 15 7 3,914 Orta 0,520
5 Yenilikgilik 7 15 6 3,733 Orta 0,537
S Giivensizlik 7 15 6 3,300 Orta 0,652
Huzursuzluk 7 15 4 3,716 Orta 0,549
Toplam 7 15 23 3,675 Orta 0,218

Tablo 9 verileri incelendiginde O6grencilerin Teknolojiye Hazirlik diizeyleri alt boyutlarinin ontest
sonuclarma gore en yiiksek ortalamanm Iyimserlik (X=3.657) alt faktoriine, en diisiik ortalamanin ise
Giivensizlik (X=3.255) alt faktoriine ait oldugu goriilmektedir. Yine ogrencilerin teknolojiye hazirhik algi
diizeyleri alt boyutlarmin sontest sonuglarma gére en yiiksek ortalamanim lyimserlik (X=3.914) alt faktoriine, en
diisiik ortalamanin ise Huzursuzluk (X=3.300) alt faktoriine ait oldugu goriilmektedir. Ayrica ontest verilerinden
elde edilen genel aritmetik ortalama X=3.376 ve standart sapma ss=0,617 olarak hesaplanmistir. Bu veriler

10
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1s18inda  6grencilerin teknolojiye hazirlik diizeylerinin Ontest verilerine gore orta diizeyde oldugu
goriilmektedir. Yine 6grencilerin sontest verilerinden elde edilen aritmetik ortalama X=3.675, standart sapma
s=0.218 olarak hesaplanmistir. Bu sonuglara gore 6grencilerin genel teknolojiye hazirlik diizeylerinin yine orta
diizeyde oldugu ancak ortalamalar g6z éniine alindiginda teknolojiye hazirlik diizeylerinin yiikseldigi (Xsontest =
3.675>Xontest=3.376) soylenebilir.

Ogrencilerin THO’den Elde Edilen Verilerin Wilcoxon isaretli Siralar Testi Sonuglari

Calismada oncelikle dgrencilerin THO’ ne vermis oldugu cevaplara gore ogrencilerin teknolojiye
hazirhk diizeylerinin alt boyutlarinin ontest-sontest sonuclarina gére anlamli bir farklilik gosterip géstermedigi
Wilcoxon Isaretli Siralar Testi uygulanarak incelenmistir. Bu test sonucunda elde edilen bulgular Tablo 10’da
gosterilmistir.

Tablo 10

Deney Oncesi ve Sonrast Teknolojive Hazirlik Olcegi Puanlarinin Wilcoxon Isaretli Siralar Testi Sonuclar

Sontest-Ontest N Sira Ortalamasi Sira Toplami Z p
Negatif Sira 7 5 35 -1,422 0,155
Pozitif Sira 8 10,63 85

Esit 0 - -

Tablo 10°da verilen test sonuglarma gére, arastirmaya katilan dgrencilerin THO’ne verdikleri
cevaplarin kurs 6ncesi ve sonrasi cevaplar arasinda anlamli bir fark olmadigi gériilmektedir (z=1,422; p>0.05).
Bununla birlikte 6grencilerin sontestte verdikleri cevaplarm ortalamalari (X=3.675), 6ntestte verdikleri cevaplarm
ortalamalarindan (X = 3.376) fazla oldugu (Xsontest=3.675>Xontest=3.376) goriilmektedir.

Ugiincii Alt Probleme iliskin Alt Bulgular

Calismanin “Dijital Okuryazarlik Olgegi’nde uygulama éncesinde ve sonrasinda anlamli fark olusmakta
midir?” alt problemine yonelik elde edilen veriler agagida sunulmustur. Bu béliimde DOO’den elde edilen
verilerin betimsel istatistiklerine yer verilmistir. Bu istatistikler 6grencilerin Ontest — sontest puanlarina ve
Olgegin alt boyutlarma goére yorumlanmistir. Arastirma kapsaminda alinan 6grencilerin verdigi cevaplar
dogrultusunda DOO’den ve alt boyutlarindan elde edilen ortalama puanlari, standart sapmalar1 ve diizeyleri
g6z Oniinde bulundurularak incelenmistir. Diizey degerleri hesaplanirken ortalama puan degerinden bir standart
sapma degeri altinda bulunan araliga denk gelen degerler diisiik diizey, bir standart sapma degeri altinda ve istiinde
bulunan araliga denk gelen degerler orta diizey, bir standart sapma degeri iistlinde bulunan degerleri ise yiiksek
diizey olacak sekilde kategorilestirilmistir. Bu kategorilesme c¢ercevesinde elde edilen bulgular Tablo11’de
gosterilmistir.

Tablo 11

Ogrencilerin ontest-sontest sonuglarina ait betimleyici istatistik degerleri

Boyut Simif N Madde Sayisi X Diizey SS
% Tutum 7 15 7 3,438 Orta 1,166
2 Teknik 7 15 6 3,522 Orta 0,991
‘O Biligsel 7 15 2 3,466 Orta 0,801
Sosyal- Duygusal 7 15 2 3,100 Orta 0,929
Toplam 7 15 17 341 Orta 0.992
Boyut Simf N Madde Sayis1 X Diizey SS
Tutum 7 15 7 3,609 Orta 0,926
g Teknik 7 15 6 3,655 Orta 1,075
S Biligsel 7 15 2 4,000 Orta 0,801
“? Sosyal- Duygusal 7 15 2 3,400 Orta 1,105
Toplam 7 15 17 3,647 Orta 0,825

11
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Tablo 11 verileri incelendiginde 6grencilerin dijital okuryazarlik diizeyleri alt boyutlariin ontest
sonuglarma gore en yiiksek ortalamanin Teknik (X=3,522) alt faktoriine, en diisiik ortalamanimn ise Sosyal-
Duygusal (X=3.100) alt faktdriine ait oldugu goriilmektedir. Yine 6grencilerin dijital okuryazarlik diizeyleri
alt boyutlarinin sontest sonuglarina gére en yiiksek ortalamanin biligsel (X=4.000) alt faktoriine, en diisiik
ortalamanin ise Sosyal-Duygusal (X=3.400) alt faktoriine ait oldugu goriilmektedir. Ayrica 6ntest verilerinden
elde edilen genel aritmetik ortalama X=3.431 ve standart sapma ss=0,992 olarak hesaplanmistir. Bu veriler
1s18inda  Ogrencilerin  dijital okuryazarlik diizeylerinin Ontest verilerine gore orta diizeyde oldugu
goriilmektedir. Yine 6grencilerin sontest verilerinden elde edilen aritmetik ortalama X=3.647, standart sapma
s=0.825 olarak hesaplanmistir. Bu sonuglara gore 6grencilerin genel dijital okuryazarlik diizeylerinin yine orta
diizeyde oldugu ancak ortalamalar g6z Oniine alindiginda dijital okuryazarlik diizeylerinin ytikseldigi
(Xsontest=3.647>Xontest=3.431) sdylenebilir.

Ogrencilerin DOO’den Elde Edilen Verilerin Wilcoxon Isaretli Siralar Testi Sonuclari

Calismada 6ncelikle dgrencilerin DOO’ne vermis oldugu cevaplara gore dgrencilerin dijital okuryazarlik
diizeylerinin alt boyutlarmin ontest-sontest sonuglarina gére anlamli bir farklihk gosterip gostermedigi
Wilcoxon Isaretli Siralar Testi uygulanarak incelenmistir. Bu test sonucunda elde edilen bulgular Tablo 12°de
gosterilmistir.

Tablo 12

Deney Oncesive Sonrasi Teknolojive Hazirlik Ol¢cegi Puanlarimin Wilcoxon Isaretli Siralar Testi Sonuglar

Sontest-Ontest N Sira Ortalamasi Sira Toplami Z P
Negatif Sira 4 7,13 28,50 -1,792 0,073
Pozitif Sira 11 8,32 91,50

Esit 0 - -

Tablo 12°de verilen test sonuglarina gore, arastirmaya katilan 6grencilerin DOO’ne verdikleri cevaplarin kurs
Oncesi ve sonrasi cevaplar arasinda anlamli bir fark olmadigi goriilmektedir (z=1,792; p>0.05). Bununla birlikte
ogrencilerin sontestte verdikleri cevaplarin ortalamalar1 (X=3,647), dntestte verdikleri cevaplarm ortalamalarmdan
(X =3.431) yiiksek oldugu (Xsontest=3.647>Xontest=3.431) goriilmektedir.

SONUC VE ONERILER

Ogrencilerin uygulama &ncesinde goriisme formuna verdikleri yamitlardan bilgisayar1 ¢ogunlukla
giinliik islerinde kullandiklari, yazilim, programlama, robotik kodlama, Web 2.0 araglar1 (Geogebra) gibi
konularda yeterince bilgi sahibi olmadiklar1 anlasilmaktadir. Buradan hareketle 6grencilerin bilgisayar ve
programlamaya olan farkindaliklarinin az olabilecegi diistiniilmektedir. Gezgin, Azaz ve Atabey (2022)
tarafindan yapilan bir ¢alismada ortaokul 6grencilerinin robotik ve kodlama egitimi; dgrencilerin isbirlikli
ogrenmeye karsi tutumlarini, problem ¢ozme becerileri algilarmi ve kisilik 6zelliklerine olan etkisi incelenmistir.
Aragtirma sonucunda, dgrencilerin isbirlikli 6grenmeye yonelik tutumlarinin ve problem ¢6zme becerisi algi
seviyelerinin arttig1 anlagilmistir.Buradan hareketle robotik kodlamaya ve dolayisiyla bilgisayar programcilig
egitimi 6grencilerdeki problem ¢ozme becerilerine katki sagladig1 gozlenmistir.

Ogrencilerin goriisme formuna verdikleri yanitlarda bilgisayar ve programlama hakkinda bilgi sahibi
olmadiklari, varsa bile bilgisayar1 giinliik islerde kullandiklar1 goriiliirken ¢alisma sonucunda 6grencilerin,
bilgisayar ve programlama hakkinda Scratch ve mBlock ile kodlama yapilabildigini, robotik kodlama
yapilabildigini ve Tinkercat {izerinden Arduino simiilasyonu yapabildiklerini ifade ettikleri goriilmiistiir.
Boylece 6grenciler uygulama siirecinde bilgisayar ve programlama hakkinda bilgi sahibi olduklar1 ve bir
farkindaliga ulastiklar1 gézlemlenmistir. Sirakaya (2018) tarafindan kodlama egitimine yonelik 6grenci
goriislerinin alindig1 bir ¢alismada ortaokul 6grencilerinin blok temelli kodlama egitimine yonelik goriisleri
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incelenmistir. Bu ¢alismanin sonucunda 6grencilerin kodlama egitimi almaktan keyif aldiklar1 ve bu egitimleri
ilging ve eglenceli olarak degerlendirdikleri gozlenmistir. Fessakis vd. (2013) tarafindan yapilan baska bir
calismada 5-6 yasindaki anaokulu ¢cocuklarina bilgisayar programlamasi 6greterek problem ¢6zme becerilerini
gelistirmeyi amaglamiglardir. Calismanin sonunda anaokulu ¢ocuklarinin bilgisayar programlamasi yoluyla
problem ¢6zme, matematiksel diisinme ve sosyal becerilerini gelistirebilecegini ve bu siirecin dgretmen
rehberliginde etkili sekilde uygulanabilecegini gosterilmistir.

Yazilimin matematik egitimine olan katkis1 hakkinda 6grencilerin cogu uygulama 6ncesinde yeteri kadar
bilgi sahibi olmadigr i¢in kullanilabilecegini diisiinmiis ama nasil kullanilacagi hakkinda herhangi bir
bilgilerinin olmadig1 gézlemlenmistir. Uygulama sonrasinda ise kodlama ile matematik egitiminin algoritmik
zekay1 gelistirdigi, geometrik sekillerin gorsel olarak ifade edilmesinin daha kolay olacagmi ifade etmislerdir.
Boylece Ogrencilerin uygulama siirecinde yazilim ile matematigin iligkisini kavradiklari ve matematik
egitiminde yazilim kullaniminin ne gibi fayda saglayabilecegini diisiindiikleri gozlemlenmistir. Bu sonuglar
Mercan ve Aktas’in (2018) yaptig1 calisma ile benzerlik gostermektedir. Ortaokul 6. siif Matematik dersine ait
“Cebirsel Ifadeler” konusunun, ders kitabindaki etkinliklerden farkli olarak Scratch yardimiyla matematik
Ogretiminin Ogrencilerdeki akademik basartya etkisini incelemistir. Arastirma sonucunda, Scratch ile
tasarlanan oyun ve etkinliklerin hem Ogretmenlerin hem de &grencilerin ders basarilarina olumlu katki
sagladig1 goriilmiistiir. Ogrenilmesi zor ve sikict olan konularm 8gretiminde kullamilabilir (Mercan & Aktas,
2018). Totan (2021) tarafindan yapilan baska bir ¢alismada ise blok tabanli kodlama egitimlerinin 5.smif
kademesindeki dgrencilerin bilgi islemsel diisiinme becerileri ve kodlamaya yonelik tutumlarina etkisi Blocky
kodlama ortam kullanilarak incelenmistir. Arastirmanin sonunda blok tabanli kodlama egitiminde Blocky
ortaminin, 6grencilerin bilgi islemsel diigiinme becerileri 6z yeterlik algilar1 ve kodlama 6grenmeye yonelik
tutumlar tizerinde olumlu bir etkiye sahip oldugu sdylenebilir. Momcilovic (2020) tarafindan yapilan bagka
bir ¢alismada ise temel geometrik sekillerin geleneksel yontemlerle ve Scratch kullanilarak 6gretiminde basari
diizeyleri arasinda bir farkin olup olmadigi incelenmistir. Calismanin sonunda ise geometrinin temel
kavramlarmi model ve cisimler iizerinde algilama ve tanima yontemiyle 6grenen 6grenciler ile Scratch tabanl
programlar1 kullanarak 6grenen 6grenciler arasinda istatistiksel olarak anlamli bir bagar1 farki oldugunu ortaya
koyulmustur.

Belirli bir problemin ¢dziimiine ulagsmak amaciyla tasarlanan sistematik ve adim adim ilerleyen iglem
dizisine algoritma denir (Arabacioglu vd., 2007). Matematik gibi sayisal derslerde karsilagilan problemlerin
¢oziimiinde algoritmalar1 kullanmak ¢dziimii kolaylastiracaktir. Ogrencilerin matematik problemlerinde
¢cOziime ulagsmak i¢in adim adim izledikleri siiregler de algoritmik bir yaklagimdir (Jeyabal vd., 2016).
Ogrencilerin algoritma bilgisinin 6lgiildiigii goriisme formu sorusuna uygulama éncesinde 6grencilerin gogu
algoritma ifadesini ¢ogu daha 6nce isim olarak duydugunu fakat ne anlama gelmedigini veya hi¢ duymadiklarim
ifade ederken uygulama sonrasinda dgrencilerin hepsinin temel diizeyde algoritma ifadesinin ne demek oldugu
hakkinda yorum yapabildigi g6zlemlenmistir. Konu ile ilgili literatiir incelendiginde Durasi (2021) tarafinda yapilan
bir arastirmada 6. siif 6grencilerinin Scratch programu ile tam sayilar konusunda algoritma tiretme siireglerini ve
olusturduklar1 algoritmalarin yapilari incelenmistir. Arastirma sonucunda, 6grencilerin ii¢ etkinlikte algoritma
iretme siireglerinde tanima, kullanma ve olusturma eylemlerini dinamik bir sekilde gerceklestirdikleri
gozlemlenmistir. Lehmann (2024) tarafindan yapilan bagka bir c¢alismada 12. simf ogrencilerinin
algoritmiklestirme gorevlerinin algoritmik diisinmeye nasil dahil edildiklerini incelenmistir. Calismanin
sonunda O0grencilerin algoritma tasarama siire¢lerinde ilerleme kaydettikleri gézlenmistir.

Arastirmaya katilan &grencilerin Teknolojiye Hazirlik Olgegi’nden (THO) aldiklar1 deney oncesi ve
sonrasi puanlar arasinda anlamli bir farklilik olmadig1 gézlemlenmistir. Fakat sontest puanlarinin ortalamasi
Ontest ortalamasindan yiiksek c¢iktig1r goriilmektedir. Arastirmaya katilan 6grencilerin Dijital Okuryazarlik
Olgegi'nden (DOO) aldiklar1 deney oncesi ve sonrasi puanlar arasinda anlamli bir fark olmadig
gozlemlenmistir. Fakat sontest puanlarinin ortalamasi Ontest ortalamasidan yiiksek ¢iktig1 goriilmektedir.

Arastirma sonucunda Bilgisayar ve Arduino Programlama kursu alan 6grencilerin bilgisayara, bilgisayar
bilimlerine, robotik kodlamaya, algoritma kurmaya ve tiim bunlarin matematikle olan iligkilerini 6grendikleri
goriilmiigtiir. Bu sonu¢ Hangiin’iin(2019) yaptigi ¢alisma ile benzerlik gostermektedir. Bu ¢alismada robot
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programlama egitiminin 6grencilerin matematik basari, matematik kaygi, programlama 6zyeterlilik STEM
tutum degiskenleri {izerindeki etkisi incelenmistir. Caligmanin sonucunda robot uygulamalarinin matematik
egitiminde etkili bir yontem oldugu ve derslerin verimini arttirabilecegi diistiniilmiistiir (Hangiin,2019). Siireg
icerisinde bilgisayar hakkinda ¢ok az bilgisi olan 6grencilerin bile siirecin sonunda Scratch iizerinden kodlama
yaptig1, mBlock {iizerinden Arduino programladigi vs. gézlemlenmistir. Tim bunlarin yaninda matematik
dersinin sadece bir dersle sinirli kalmadigi, matematigin baska alanlarla da iligkili oldugu 6grenciler tarafindan
anlagildig1 gézlemlenmistir. Algoritma ifadesinin ne oldugu siirec igerisinde 6grenciler tarafindan benimsenmis olup
algoritma ifadesinin gilinliik hayatin i¢inde yer edindigi de 6grenciler tarafindan belirtilmistir.

Tiim bunlarin yaninda uygulama sonunda 6grencilerle birlikte arduino ile mini CNC Plotter yapiminda
Ogrencilerin bilgisayar ve arduino ile neleri yapabileceklerini gorecekleri bir prototip tasarlanmistir. Boylece
ogrencilere bir teknolojik bir farkindalik olusturulmus ve 6grencilerin bilgisayara, yazilima, robotik kodlamaya,
algoritmaya ve tiim bunlarin matematikle olan iligskisine dair bakis agilarina olumlu katk: sagladig1 anlagilmistir.
Shankar vd. (2013) tarafindan 9. smif 6grencileriyle birlikte diisiik maliyetli robotlar yapmak, programlamak ve
cesitli geometrik sekilleri ¢izdikleri bir ¢aligma yapilmistir. Bu ¢alismada 6grencilerin mithendislik ve
matematige olan ilgilerini artrmak amaglanmistir. Robotlar matematik dersine entegre edilmis ve sonug olarak
dgrencilerin robot kullanimmin matematik derslerinde fayda sagladig1 gézlemlenmistir. Ogrenciler Pisagor
teoremi ile ¢oziilmiis ve ardindan robot simiilasyonu ile sonuglar analiz edilmis. Ogrenciler hem matematik
problemi hem de robotlar1 kullanarak ortaya ¢ikan 6grenci hatalar1 yorumlanmistir. Béylece 6grenciler kavramsal
hata ile gercek diinya hatasi arasindaki farki anlamislardir. Literatiirde yapilan bu ¢caligma, yaptigim ¢alismayi
destekler niteliktedir.

Yapilan caligmada Ogrenciler, yazilimm matematik dersine entegre edilmesi, algoritma kurmanin
matematik 6grenmemize katki sagladigim belirtmislerdir. Ek olarak ortaokul matematik miifredatinda yer alan
geometrik kavramlarin daha iyi anlasilmasi i¢in dinamik geometri yazilimlarinin daha sik kullanilmasi
gerektigini belirtmislerdir.

Sonug olarak 6grencilerin goriisme formuna verdikleri yanitlara gore bilgisayar programlama ve yazilim
ile 6grencilerin matematigi 6grenmeleri arasinda 6grencilerin yakin iliski kurdugu ve matematige olan bakislarini
etkiledigi ortaya c¢ikmistir. Bu baglamda okullardaki matematik derslerine ders sirasinda Ogrencilerin
algoritmik diisiince yapilarini gelistirecek etkinliklerin sayica artirilmasi, Scratch gibi blok tabanli uygulamalarin
matematik etkinliklerine daha fazla ilave edilmesi ve 6grencilerin gorsel matematiksel okuryazarlig arttirma
etkisine sahip dinamik geometri yazilimlari kullanilmasi 6nerilmektedir.

NOT

Bu calisma TUBITAK 2209-A Universite Ogrencileri Arastirma Projeleri Destekleme Programi
tarafindan desteklenmistir. Ayn1 zamanda 16. Ulusal Fen Bilimleri ve Matematik Egitimi Kongresi (UFBMEK
2024) sempozyumunda sunulan bildirinin genis halidir.
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Abstract: In today's era, the onset of digitalization has significantly contributed to changes and
innovations in educational practices driven by technological advancements. In this context, our
study aims to raise awareness by enhancing students' algorithmic thinking while providing
knowledge of computer and robotic coding. This mixed-methods study was conducted with 15
seventh-grade students voluntarily selected from a foundation middle school in Izmir.
Qualitative data were collected through semi-structured interviews, while quantitative data were
gathered using the Technology Readiness Scale and the Digital Literacy Scale. Students
participated in a six-week algorithmic programming course. Upon completing the course, they
designed a mini CNC plotter machine using Arduino. Data were collected through interview
forms and scales administered before and after the course. Content analysis was used for
qualitative data analysis, while the Wilcoxon Signed-Rank Test was employed for quantitative

data analysis. At the end of this study, students reported that their coding competencies
enhanced their algorithmic skills and that geometric shapes could be expressed in different
ways.
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INTRODUCTION

Throughout history, humanity has continuously sought to develop new products to simplify life. These
efforts can be considered a form of technology (Agar, 2019). If embers did not burn human hands, there would
be no need for tongs; if nails could be pressed with fingers, hammers would be unnecessary; and if our
cognitive abilities were capable of solving all mathematical expressions, calculators would not be required
(Giinay, 2017). Rather than restricting the concept of technology to digital tools that have entered our lives, it
would be more accurate to define it broadly as the facilitation of tasks and actions that humanity cannot perform
or struggles to accomplish. With the opportunities it provides, technology can be utilized as a tool in the
education sector (Akbulut et al., 2020). In a learning process that aims to voluntarily change an individual's
behaviors, merely transferring existing knowledge to students does not constitute adequate learning (Tekin &
Keser, 2020). Instead of presenting knowledge in a pre-digested form, methods that encourage critical thinking,
interpretation, and independent research should be followed (Cameron, 2024). A range of educational materials
that make learning more engaging and meaningful can enhance students' understanding of mathematics
(Antoino et al., 2024). Learning mathematics equips students with creative thinking and problem-solving skills
(Bal Sezerel, 2012). The growing recognition of the importance of mathematics education stems from its direct
link to technological advancements and living standards (Isik et al., 2008).

Mathematics holds a significant place for students, both due to its applications in daily life and the
responsibilities required by their future professions (ilgan & Cagilgan Giilten, 2013). There are various
innovations designed to improve mathematics education and make learning more permanent (Bakirct &
Ozmantar, 2023). One of these innovations is computer coding (Lupas et al., 2024). According to Jacobsen et
al. (2013), research and practices related to coding and computational thinking in schools challenge students
while enhancing their learning when they engage in meaningful tasks, receive continuous feedback from their
teachers, and are supported throughout the process.

Cite as(APA 7): Giiltekin T., &Narh S. (2025). Enhancing 7th grade students' awareness of programming with arduino in mathematics. Trakya Journal of Education
15(Special Issue), 1—33. https://doi.org/10.24315 /tred.1615518

@ (& Thisisan open Access paper distributed under the terms of Conditions of the Creative Commons Attribution-NonCommercial 4.0 International License.


mailto:talipgultekin1122@gmail.com
mailto:serkan.narli@deu.edu.tr
https://orcid.org/0009-0001-5222-1951
https://orcid.org/0000-0001-8629-8722

Talip Giiltekin, Serkan Narli

Individuals need various skills to sustain their lives and adapt to the requirements of the modern era.
21st-century skills are interdisciplinary competencies that emerge from the synthesis of knowledge and
proficiency to meet contemporary demands and are related to many aspects of modern life (Atis Akyok &
Avsar, 2022). These skills can be categorized into three dimensions: “Learning and Innovation Skills,” “Life
and Career Skills,” and “Information, Media, and Technology Skills” (Kurudayioglu & Gociaoglu, 2021). One
frequently mentioned skills in recent times, and a sub-theme of information technology literacy, is coding
(European Commission, 2014a). Programming refers to the set of written code lines used to solve a problem
with the help of a programming language (Sahin & Namli, 2017). Writing software requires coding skills,
meaning programming demands high-level cognitive abilities (Yikseltirk & Altinok, 2015). Developing
algorithms plays a crucial role in acquiring these high-level skills. Algorithms can be written using any
programming language or expressed verbally. To implement algorithms in digital platforms, the software
component of a computer must be utilized. Programming languages such as C, C++, and Java may be too
complex and challenging for middle school students (Kalelioglu & Giilbahar, 2014). As an alternative, block-
based coding platforms like Code.org, Scratch, and mBlock make it easier and more enjoyable for students to
implement their algorithms (Olsson & Granberg, 2022). These platforms do not require programming
knowledge and allow users to create code by simply dragging and dropping blocks, providing a simple and
intuitive interface accessible to people of all ages (Turan & Yildiz, 2021). Additionally, they incorporate
various visual components that enhance user experience (Cheng et al., 2023). Scratch enables students to
become more engaged and active while learning mathematical concepts, fostering their creative thinking and
collaborative skills (Bernard & Stiawan, 2020). A study by Mo et al. (2021) found that using the Scratch
program to present students with visual, mathematical images encouraged them to explore and understand
these concepts. On the other hand, arduino is a simple microcontroller board and an open-source platform that
can continuously evolve (Mollo et al., 2016, p. 60). It is a resource used across various categories and topics
in education (Tudela & Marin, 2023). Arduino’s significance in education stems from its potential, the variety
of available types, the diverse experimental opportunities it provides, and its low cost (Marin et al., 2024).
Furthermore, Belmonte et al. (2020) highlighted the benefits of using Arduino tools in education, stating that
it allows students to reinforce their understanding of concepts through hands-on experimentation, encourages
them to engage in design activities, and enhances their creativity. Arduino can serve as an engaging educational
tool in mathematics education. For instance, coding projects involving controlled movements and sensor
measurements with Arduino can be used to teach students trigonometry and algebra (Negrete, 2023).
Additionally, it helps visualize and manipulate mathematical equations and formulas (Negrete, 2024).

A significant corpus of research has been dedicated to the utilisation of block-based coding in the
context of mathematics education. The findings of these studies have been shown to contribute to the field of
mathematics education. Rodriguez-Martinez et al. (2020) utilised the Scratch software to examine the
development of computational thinking skills and mathematical concepts in students enrolled in mathematics
education. The study concluded that Scratch software is beneficial in developing students' computational
thinking skills. In a subsequent study, Turan and Yildiz (2021) examined the impact of Scratch software on
mathematics education. Their study revealed that while students gained the ability to understand basic
mathematical expressions in coding, they also had the opportunity to experience the process of learning with
programming in a fun and creative way. A further study by Tewes (2019) examined the effects of coding in
secondary school mathematics lessons on students' experience and understanding of mathematical concepts.
The study concluded that integrating coding into the secondary school mathematics curriculum can positively
influence students' mathematical experiences and understanding of mathematical concepts.

Many studies have been conducted on integrating robotics coding into mathematics education,
demonstrating its contributions to mathematics and mathematics instruction. In a study conducted by Mego
and Gorgiili Ar1 (2021), the benefits of using Arduino boards in STEM education were examined based on
student perspectives. The findings indicated that students found these activities both beneficial and enjoyable,
developed a more positive attitude toward science courses, increased their interest in the subject, and showed
a tendency to pursue careers in engineering and science fields. Similarly, Baysal et al. (2020) investigated the
perspectives of secondary school students who received training in coding and Arduino, focusing on their
views regarding coding, Arduino, and STEM education. The results revealed that such training positively
influenced students' problem-based and peer-supported learning skills, encouraged them to develop various
robotic solutions, and fostered problem-solving efforts. Additionally, these activities enhanced students’
creative thinking skills, encouraged them to approach problems from different perspectives, and contributed
to their problem-solving processes. In another study conducted with sixth-grade middle school students, Tekin
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and Keser (2020) examined the impact of robotics coding activities on students' mathematics achievement.
Their findings suggested that mathematics instruction supported by robotics activities was more effective in
enhancing mathematical achievement than traditional methods. It was also determined that robotics activities
had a more significant impact on students with lower mathematics achievement levels, whereas no significant
difference was observed among students with medium to high achievement levels. Furthermore, Marin et al.
(2024) conducted a meta-analysis to examine the benefits and opportunities of Arduino applications for middle
school students. The findings highlighted that Arduino boards were predominantly used in technology and
physics topics and interdisciplinary STEM projects. Similarly, Belmonte et al. (2020) conducted another meta-
analysis, reviewing 346 documents to analyze the development of Arduino in scientific literature. Their study
concluded that research on Arduino in education is still evolving and remains an ongoing area of study.
Additionally, most previous studies focused on physics experiments, computational thinking, and computer-
based learning.

A literature review on this topic reveals that applications such as Code.Org and Scratch promote
sustained learning in the teaching-learning process and increase student engagement and contribute to the
creation of enjoyable learning environments. It has been observed that Arduino applications improve students'
algorithmic thinking abilities and positively influence their entrepreneurial skills. Our literature review
indicates that studies directly utilizing Arduino boards in mathematics education are relatively limited, with
focusing predominantly on science education and STEM-related studies. Considering the role of technology
in education and its contribution to the development of 21st-century skills, a study has been designed to raise
awareness of mathematics education through software and robotic coding for middle school students. In this
regard, an educational process has been structured to develop students' analytical thinking, problem-solving,
and digital literacy skills. In light of these findings, the primary aim of this study is to integrate dynamic
technology into education, minimize students' mathematical errors, ensure an enjoyable learning experience,
and establish a "student-centered" learning environment that fosters awareness. Additionally, the study seeks
to enhance students' algorithmic thinking skills while learning computer and robotic coding. Therefore, the
research problem is defined as: "What are the awareness levels of 7th-grade students regarding programming
with Arduino in mathematics education?" To address this central research question, the following sub-
questions have been formulated:

a) Isthere a significant difference in students' perceptions of Arduino and mathematics before and after
the implementation?

b) Is there a significant difference in the technology readiness scale before and after the
implementation?

c) Is there a significant difference in the digital literacy scale before and after the implementation?

METHOD

Research Design

Creswell (2006) asserts that mixed-method studies entail the collection and analysis of quantitative and
qualitative data within a single study or multiple studies conducted within the scope of a research programme.
In this study, the term 'mixed method' is employed to denote the integration of quantitative and qualitative
data.

Study Group/Population-Sample

The study group consisted of 15 seventh-grade students enrolled in a foundation middle school in izmir
during the 2022/2023 academic year. In this study, a non-random sampling technique, specifically the
convenience sampling method, was employed. In this method, the researcher selects the most easily accessible
and cost-effective individuals until reaching the required sample size for data collection (Biiyiikoztiirk et al.,
2010).

Data Collection Tools

Students' opinions were determined through a semi-structured interview. The semi-structured interview
technique differs slightly from the structured interview technique (Tiirniikli, 2000). In this technique, the
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researcher prepares an interview protocol containing pre-planned questions (Tiirniiklid, 2000). During the
development of the form, a literature review is conducted first, followed by expert consultation. The interview
form used in this study consisted of seven questions prepared based on expert opinions. The questions are as
follows:

How proficient are you in using a computer? Briefly explain.
To what extent do you have access to a computer?
Have you heard the term "algorithm" before? If yes, explain its meaning.
What do you know about programming?
Do you know any programming languages? If so, which ones?
Do you think software can be used in mathematics education?
i. Does it facilitate or complicate your mathematics learning? Explain.

AN S e

ii. What benefits do you think it can provide?

7. If you were a software developer, what kind of program would you create to make life easier?

To measure students' willingness to use technology, the "Technology Readiness Index" (TRI),
developed by Parasuraman (2000) and adapted into Turkish by Ozer, Eris, and Ozmen (2011) with validity
and reliability studies, was used. The scale consists of 23 items and four dimensions: optimism (7 items),
innovativeness (6 items), insecurity (6 items), and discomfort (4 items). Additionally, to assess students' digital
literacy, the "Digital Literacy Scale" (DLS), developed by Ng (2012) and adapted into Turkish by Hamutoglu
et al. (2017), was utilized.

Data Collection Process

The semi-structured interview form, TRS, and DLS were administered to students before the Computer
and Arduino Programming Course. During the course, students were informed about what technology means,
what has been done, and what can be done with digitalization. Subsequently, the Scratch software platform
was introduced to the students, and various games were created with the students using Scratch. Arduino was
introduced to the students, and what could be done with Arduino was discussed with the students. Various
Arduino circuit simulations were carried out with the students using the TinkerCad software platform. The
mBlock application was introduced to the students, and how to create the codes of Arduino circuits with this
application and how to run these circuits were shown. Subsequently, the Arduino starter kits distributed to the
students were shared so that each kit fell to two students. Various Arduino circuits were built with the students
from the mBlock application. At the end of the process, a mini CNC Plotter design was made with the students,
and the machine was operated (see Figure 1).

Figure 1

Mini CNC Plotter
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Mathematical expressions and various visuals from daily life were drawn by the machine together with
the students. At the end of this six-week process, the semi-structured interview form, the Technology
Readiness Scale (TRS), and the Digital Literacy Scale (DLS), which were applied at the beginning of the
process, were administered to the students again.

In this study, research ethics principles were observed, and the necessary ethical committee approvals
were obtained. Within the scope of ethical approval, a document dated 01.11.2022 and numbered E-87347630-
659-412496 was obtained from the Dokuz Eyliil University Ethics Committee.

Data Analysis

In this study, the qualitative data obtained from the interviews were analyzed using the content analysis
, which aligns with qualitative research methods. Content analysis is an analytical technique in which similar
data are interpreted comprehensively and presented to the reader in a clear and understandable manner based
on predefined codes, categories, and themes (Yildirim & Simsek, 2021). In this study, the data subjected to
content analysis were summarized and interpreted according to the categories and themes determined about
the sub-problems. To ensure the reliability of the data analysis process, the data were independently
categorized and coded by two researchers. Subsequently, the researchers convened, compared their
independently created categories and codes, and reached a consensus on the non-matching categories and
codes. The agreement rate for the finalized categories and codes was determined using the formula proposed
by Miles and Huberman (1994) [Agreement/(Agreement + Disagreement) x 100]. The calculations revealed
an agreement rate of 81%. According to Miles and Huberman (1994), studies with an agreement rate of 70%
or higher are considered reliable. Additionally, the inconsistent sections were re-evaluated and discussed by
the researchers in consultation with experts, ultimately reaching a consensus to support the reliability of the
study.

The SPSS 24.0 software package was used quantitative data. Pre-test and post-test scores of the students
were taken as references, and frequency (f), percentage (%), mean (X), and standard deviation (SD) values
were calculated. Since the research findings did not exhibit a normal distribution and the sample size was fewer
than 30 participants, the significance of the difference between pre-test and post-test mean scores was analyzed
using the Wilcoxon Signed-Rank Test. The Wilcoxon Signed-Rank Test is used "to test the significance of the
difference between two related sets of measurements" (Bliyiikoztiirk, 2020). This technique is preferred over
the paired t-test in cases where the sample size is small, and the difference scores do not follow a normal
distribution (Biiyiikoztiirk, 2020). Lastly, since students provided responses that could be classified under
multiple categories, there were variations in the total frequencies.

The Cronbach's alpha reliability coefficient for the Technology Readiness Scale (THO) was 0.864, while
the Cronbach's alpha reliability coefficient for the Digital Literacy Scale (DOO) was 0.946.

RESULTS

At this stage of this study, the findings obtained from the analysis of participants' responses to the
interview questions and scales before and after the six-week course are presented.

Findings about the First Sub-problem
The data obtained regarding the sub-problem of this study, "Is there a difference in students' views on
Arduino and mathematics before and after the implementation?” are presented below.

In Table 1, the responses given by students before and after the implementation of the interview question, "To
what extent do you know how to use a computer? Please briefly explain.", are presented.
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Table 1

Students' Opinions on their Level of Computer Proficiency

Categories Pre-application Post-Application
Frequencies Frequencies
I can do software and design. 3 9
I know enough to do my own work. 8 5
Watching movies. 2 1
Playing games. 5 3
Studying lessons. 4 2
Doing robotic coding. 0 5
I know computer hardware. 0 2

Based on the reviews, students who did not take the Computer and Arduino Programming course stated
that they knew how to use a computer mainly to do their own work (36.36%) and play games (22.72%). On
the other hand, students who took the Arduino Programming course stated that they knew how to use a
computer to do software and design (33.33%). It can be said that there is a relatively noticeable difference in
the responses of students who took the Computer and Arduino Programming course.

When participants were asked about their access to a computer in the interview form, four students stated
that they had their own computers at home, while eight students had shared computers owned by their families.
Two students reported that they had no computers at home, while two others could access a computer using
an internet café.

In Table 2 below, the responses given by students to the question, "Have you ever heard of the term
'algorithm'? If yes, please explain its meaning" are presented both before and after the course.

Tablo 2

Students' Opinions on the Term "Algorithm"

Categories Pre-application Post-application
Frequencies Frequencies

I've never encountered this word 5 0

before.

It is related to daily life. 2 3

I've heard of it but I don't know what 4 0

it means.

They are the necessary steps to complete 6 1

a task.

It is the planning of a task before it is 0 7

carried out.

The arrangement of tasks to be done. 0 6

A solution path for a problem. 0 2

Following the analysis, it was found that before the course, students who did not take the Computer and
Arduino Programming course defined the concept of algorithm primarily as the steps required to complete a
task (35.29%), and 29.42% of them stated that they did not know the meaning of the term. After the course,
however, students defined the concept of algorithm mostly as planning a task before it is performed (41.11%)
and sequencing tasks to be performed (35.29%). It can be said that there was a relatively noticeable difference
in the students' responses after the course.

Table 3 presents the participants’ responses to the interview question "What do you know about
programming?" both before and after the course.
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Table 3

Students' opinions on Computer and Programming

Categories Pre-application Post-application
Frequencies Frequencies

It will progress more in the future. 2 0

It is used for games and daily tasks. 3 0

I know the necessary technical 6 7

information.

I know how to create algorithms. 2 0

I can do robotic coding. 0 6

I can program with Scratch. 0 7

I can program with mBlock. 0 3

I can simulate Arduino circuits with 0 4

TinkerCat.

Those who have no knowledge. 5 0

Based on the analysis, it was found that before the application, students mostly thought they knew the
necessary technical information about computers (e.g., processor and RAM) (33.3%) or that they had
insufficient knowledge about computers (27.77%). After the application, students mostly thought they knew
the necessary technical information about computers (e.g., RAM and processor) (25.92%), that they could
program with Scratch (25.92%), and that they could do robotic coding (22.22%). It can be said that there is a
relatively noticeable difference in students' responses after the application.

In Table 4, the responses given by students to the question "Do you know any programming languages,
and if so, which ones?" in the pre-application and post-application interviews are presented.

Table 4

Students' Knowledge of Programming Languages

Categories Pre-application Post-application
Frequencies Frequencies

I don't know 12 4

I have heard of some programming 3 11

languages.

I can code with Scratch. 0 3

I can code with mBlock. 0 5

It was observed that before the implementation, most students did not know the names of any
programming languages (75%). However, after the implementation, most students reported knowing the names
of some programming languages, such as C, C++ and Java, (47.82%). It can be said that there was a relatively
noticeable difference in students' responses after the implementation.

In the interview form administered to participants, the question "Do you think software can be used in
mathematics education?" was asked, followed by i) "Do you think it would make your mathematics education

easier or harder? Please explain." and ii) "What benefits do you think it could provide?"

In Table 5, the students' responses to the question "Do you think software can be used in mathematics
education?" before and after the implementation are examined.
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Table 5

Students' Opinions on the Use of Software in Mathematics Education

Categories Pre-application Post-application
Frequencies Frequencies

Used 14 15

Not used 1 0

Upon examination, before the implementation, only one student answered that software cannot be used,
while the rest of the students (93.33%) answered that it can be used. After the implementation, all students
answered that software can be used in mathematics education (100%). No significant difference was observed
since only one student's answer changed after the implementation.

In Table 6, the answers given by students who said "software can be used" to the question "i) Do you
think software will make your math education easier or harder? Please explain." that were analyzed both before

and after the implementation presented.

Table 6

Students' Opinions on Whether Software Makes Mathematics Education Easier or Harder

Categories Pre-application Post-application
Frequencies Frequencies

Software can make mathematics more 3 6

enjoyable.

Software is related to mathematics. 1 5

It depends on the individual 3 0

It helps visually 0 3

Algorithms are related to mathematics. 0 1

It helps with problem-solving. 0 1

It can only make it easier, but I don't have 7 3

enough knowledge.

Individuals who are not knowledgeable 1 0

about the subject.

The findings showed that before the implementation, most students (46.66%) believed that software
could make learning mathematics easier, but they did not know how it could be done. After the implementation,
however, most students thought that software could make mathematics more enjoyable (31.57%) and that
software is related to mathematics (26.31%). The findings suggest that there is a relative difference in students'
answers after the implementation.

In Table 7, the answers to the question “Do you think software can be used in mathematics education?”
given by students who answered “yes” are analyzed regarding the question “ii) What kind of benefits do you

think it can provide?”. The students' responses before and after the implementation are compared.

Table 7

Students' Opinions on the Benefits of Software in Mathematics Education

Categories Pre-application Post-application
Frequencies Frequencies

It can be learned more easily with 1 3

GeoGebra.

It makes learning mathematics easier. 5 12

It does not provide any benefits. 3 0

It visualizes mathematical shapes. 0 3

I don't know. 6 1
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Table 7 (Continued)

Categories Pre-application Post-application
Frequencies Frequencies

It makes mathematics more fun. 0 3

It provides a different perspective on 0 1

mathematics.

It was observed that before the application, most students lacked knowledge of the topic (40%) and
thought that mathematics would be made easier (33.33%). After the application, most students stated that using
software in mathematics education would make learning mathematics easier (52.17%). It can be said that there
was a relatively noticeable difference in the students' responses after the application.

Table 8 presents the answers given by the participants to the interview question, "If you were a software
developer, what kind of program would you create to make life easier?" before and after the application.

Table 8

Students' Views on What they could Do if they were Software Developers

Categories Pre-application Post-application
Frequencies Frequencies

Those Who Design Programs 9 12

Those Who Don’t Know 6 3

Based on the analysis, before the intervention, 60% of students indicated that they would be able to
design a program if they were software developers, while 40% stated that they would not be able to do so.
After the intervention, 80% of students believed they could design a program, whereas 20% stated they still
could not. It can be observed that there is a relatively noticeable difference in the responses of students who
took the Computer and Arduino Programming course. Some creative responses were provided by students both
before and after the intervention. Examples of these are: "I would design a smart robot that serves tea," "I
would implement a chip system with technological devices on doors. By placing a chip in our hand and
scanning it at the door, the door would open," and "I would set up a system that allows participation in live
classes from home using VR glasses."

Sub-findings related to the second sub-problem

The data obtained for the subproblem of “Is there a significant difference in the Technology Readiness
Scale before and after the application?” is presented below. This section presents the descriptive statistics
obtained from the TRS, which are interpreted based on students' pre-test and post-test scores and the
subdimensions of the scale. According to the responses provided by the students, the mean scores, standard
deviations, and levels obtained from the TRS and its subdimensions were analyzed. When calculating level
values, those falling within a range below one standard deviation of the mean were categorized as low level,
those within a range both below and above one standard deviation were categorized as medium level, and
values above one standard deviation were categorized as high level. The findings obtained within this
categorization are presented in Table 9.

Table 9

Descriptive Statistical Values of Students' Pre-test and Post-test Results

Factor Class N Number of X Level SS
Items
2 Optimism 7 15 7 3.657 Medium 0,776
5 Innovativeness 7 15 6 3.400 Medium 0,632
A Insecurity 7 15 6 3.155 Medium 0,834
Discomfort 7 15 4 3.183 Medium 0,752
Total 7 15 23 3.376 Medium 0.617
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Table 9 (Continued)
Factor Class N Number of X Level SS
Items

2 Optimism 7 15 7 3,914 Medium 0,520

:{; Innovativeness 7 15 6 3,733 Medium 0,537

£ Insecurity 7 15 6 3,300 Medium 0,652
Discomfort 7 15 4 3,716 Medium 0,549
Total 7 15 23 3,675 Medium 0,218

When analyzing the data from Table 9, it was observed that the highest mean score for students'
Technology Readiness subdimensions in the pre-test results was for the Optimism subfactor (X = 3.657), while
the lowest mean score was for the Distrust subfactor (X = 3.255). Similarly, in the post-test results, the highest
mean score was for the Optimism subfactor (X = 3.914), and the lowest mean score was for the Anxiety
subfactor (X = 3.300). Additionally, the overall arithmetic mean obtained from the pre-test data was X = 3.376,
and the standard deviation was ss = 0.617. Based on this data, it can be concluded that students' technology
readiness levels in the pre-test were at a medium level. For the post-test data, the arithmetic mean was X =
3.675, and the standard deviation was s = 0.218. Based on these results, it can be said that students' overall
technology readiness levels were also at a medium level, but considering the averages, the technology readiness
levels improved (Xpost-test = 3.675 > Xpre-test = 3.376).

Wilcoxon Signed-Rank Test Results for Students' Data from the Technology Readiness Scale (TRS)

In the present study, the Wilcoxon Signed-Rank Test was applied to examine whether there was a
significant difference in students' technology readiness levels, based on their responses to the Technology
Readiness Scale (TRS), between the pre-test and post-test results. The findings obtained from this test are
presented in Table 10.

Table 10

Results of the Wilcoxon Signed-Rank Test for Pre-test and Post-test Technology Readiness Scale Scores

Post-test - Pre-test N Rank Average Rank Sum Z p
Negative Rank 7 5 35 -1,422 0,155
Positive Rank 8 10,63 85

Tied 0 - -

According to the test results presented in Table 10, it can be observed that there was no significant
difference between the pre-test and post-test responses given by the students to the Technology Readiness
Scale (z=1.422; p>0.05). However, it is noticeable that the average of the responses given in the post-test
(X=3.675) was higher than the average of the responses given in the pre-test (X=3.376) (Xsontest=3.675 >
Xontest=3.376).

Findings about the Third Sub-problem

The data obtained for the sub-problem of this study, "Is there a significant difference in the Digital
Literacy Scale (DLS) before and after the application?" is presented below. This section includes descriptive
statistics of the data obtained from the DLS. These statistics were interpreted based on the students' pre-test
and post-test scores as well as the sub-dimensions of the scale. Based on the responses provided by the students
in this research, the average scores, standard deviations, and levels derived from the DLS and its sub-
dimensions were examined.

When calculating level values, the range corresponding to values below one standard deviation from the
mean score wascategorized as low level, the range between one standard deviation below and above the mean
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score was categorized as medium level, and values above one standard deviation from the mean score were
categorized as high level. The findings obtained based on this categorization are shown in Table 11.

Table 11

Descriptive Statistical Values Of Students' Pre-test and Post-test Results.

. Factor Class N Number of Items X Level SS
& Attitude 7 15 7 3,438 Orta 1,166
© Technical 7 15 6 3,522 Orta 0,991
A~ Cognitive 7 15 2 3,466 Orta 0,801
Social-Emotional 7 15 2 3,100 Orta 0,929
Total 7 15 17 341 Orta 0.992
Factor Class N Number of Items X Level SS
. Attitude 7 15 7 3,609 Orta 0,926
& Technical 7 15 6 3,655 Orta 1,075
g Cognitive 7 15 2 4,000 Orta 0,801
~ Social-Emotional 7 15 2 3,400 Orta 1,105
Total 7 15 17 3,647 Orta 0,825

As shown in Table 11, it was observed that according to the pre-test results of the sub-dimensions of
students' digital literacy levels, the highest average belonged to the Technical (X=3.522) sub-factor, while the
lowest average belonged to the Social-Emotional (X=3.100) sub-factor. Similarly, according to the post-test
results of the sub-dimensions of students' digital literacy levels, the highest average belonged to the Cognitive
(X=4.000) sub-factor, while the lowest average belonged to the Social-Emotional (X=3.400) sub-factor.
Additionally, the overall arithmetic mean obtained from the pre-test data was calculated as X=3.431 and the
standard deviation as ss=0.992. In light of these data, the findings showeed that students' digital literacy levels
were moderate according to the pre-test data. The arithmetic mean obtained from the post-test data was
calculated as X=3.647 and the standard deviation as s=0.825. According to these results, it can be said that the
general digital literacy levels of the students were still at a moderate level, but considering the averages, the
digital literacy levels have increased (Xpost-test=3.647 > Xpre-test=3.431).

Results of the Wilcoxon Signed-Rank Test for Data Obtained from Students' Digital Literacy Scale
(DLS)

In this study, the Wilcoxon Signed-Rank Test was applied to examine whether there was a significant
difference in the pre-test and post-test results of the sub-dimensions of students' digital literacy levels based
on their responses to the Digital Literacy Scale (DLS). The findings obtained from this test are shown in Table
12.

Table 12

Results of the Wilcoxon Signed-Rank Test for Pre-test and Post-test Scores of the Technology Readiness Scale

Post-test - Pre-test N Rank Average Rank Sum Z p
Negative Rank 4 7,13 28,50 -1,792 0,073
Positive Rank 11 8,32 91,50

Tied 0 - -

According to the test results given in Table 12, it was observed that there was no significant difference
between the pre-course and post-course responses of the students participating in this study to the Digital
Literacy Scale (DLS) (z=1.792; p>0.05). However, it was seen that the average of the responses given by the
students in the post-test (X=3.647) was higher than the average of the responses given in the pre-test (X=3.431)
(Xpost-test=3.647 > Xpre-test=3.431).
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DISCUSSION AND CONCLUSION

An analysis of the answers provided by the students in the interview form before application suggests
that they predominantly utilise computers in their daily professional activities. However, the findings indicate
a deficiency in their understanding of software, programming, robotic coding and Web 2.0 tools (e.g.,
Geogebra). This observation leads to the hypothesis that the students' awareness of computer science and
programming may be limited. A study by Gezgin, Azaz, and Atabey (2022) examined the effects of robotics
and coding education on secondary school students' attitudes toward cooperative learning, perceptions of
problem-solving skills, and personality traits. The study's findings indicated that students' attitudes toward
cooperative learning and their perception of problem-solving skills increased. The findings of this study
indicated that robotic coding, and consequently computer programming education, contributed to enhancing
students' problem-solving skills.

The students responses in the interview form indicated a lack of familiarity with computers and
programming, despite the utilisation of technology in their daily work. However, the study revealed that the
students possessed coding abilities in Scratch and mBlock, robotics coding capabilities, and the capacity to
utilise Arduino simulation using Tinkercat. This finding suggests that the students had already developed a
certain level of understanding of computer science and programming during the application process, which
was subsequently confirmed through further studies. A study conducted by Sirakaya (2018) examined the
perceptions of secondary school students regarding coding education, focusing specifically on block-based
coding. The study revealed that students found coding education enjoyable and considered the training sessions
engaging and entertaining. The Scratch programme, which incorporates a mathematical operation block, has
been found to be effective in attracting students' attention and facilitating coding (Cubukoz, 2008).In a separate
study, Fessakis et al. (2013) sought to enhance problem-solving skills by introducing computer programming
to kindergarten children aged 5-6. The study's findings indicated that kindergarten children can develop
problem-solving skills, mathematical thinking and social skills through computer programming. Furthermore,
it was demonstrated that this process can be effectively implemented under the guidance of a teacher.

Before the application, most students believed that software could be used in mathematics education
because they lacked sufficient knowledge about its contributions. However, it was observed that they did not
have any information on how it could be utilized. After the application, students stated that coding in
mathematics education enhances algorithmic intelligence and facilitates the visual representation of geometric
shapes. This indicates that students understood the relationship between software and mathematics during the
application process and considered the potential benefits of using software in mathematics education. These
findings are consistent with the study conducted by Mercan and Aktas (2018). They investigated the impact of
teaching the topic "Algebraic Expressions" in the 6th-grade Mathematics course using Scratch, as opposed to
traditional textbook activities, on students' academic achievement. The study concluded that games and
activities designed with Scratch positively contributed to both teachers' and students' academic success,
suggesting its utility in teaching challenging and monotonous subjects (Mercan & Aktas, 2018). Similarly,
Totan (2021) examined the effects of block-based coding training on the computational thinking skills and
attitudes toward coding of Sth-grade students using the Blocky coding environment. The study found that the
Blocky environment in block-based coding training positively influenced students' computational thinking
skills, self-efficacy perceptions, and attitudes toward learning coding. Furthermore, Momcilovic (2020)
explored the difference in success levels between teaching basic geometric shapes using traditional methods
and Scratch. The study revealed a statistically significant difference in success between students who learned
the basic concepts of geometry through models and objects and those who learned using Scratch-based
programs.

An algorithm is defined as a systematic and step-by-step sequence of operations designed to solve a
specific problem (Arabacioglu et al., 2007). Utilizing algorithms in solving problems encountered in numerical
subjects, such as mathematics will facilitate the solution. The processes that students follow step-by-step to
reach a solution to mathematical problems are also an algorithmic approach (Jeyabal et al., 2016). In response
to the interview form question measuring students' knowledge of algorithms, it was observed that most students
stated that they had heard the term "algorithm" as a name before but did not know what it meant or had never
heard it before the application. However, after the application, all students were able to comment on what the
term "algorithm" means at a basic level. When the literature on the subject is examined, a study conducted by
Durasi (2021) investigated the processes of generating algorithms and the structures of the algorithms created
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by 6th-grade students on the topic of integers using the Scratch program. The study found that students
dynamically performed the actions of recognizing, using, and creating algorithms in three activities. Another
study by Lehmann (2024) examined how 12th-grade students' algorithmic tasks were incorporated into
algorithmic thinking. At the end of this study, it was observed that students made progress in their algorithm
design processes.

It was observed that there was no significant difference between the pre-test and post-test scores of the
students participating in the study on the Technology Readiness Scale (TRS). However, it was noted that the
average post-test scores were higher than the average pre-test scores. Similarly, it was observed that there was
no significant difference between the pre-test and post-test scores of the students on the Digital Literacy Scale
(DLS). However, the average post-test scores were higher than the average pre-test scores.

This study found that students who took the Computer and Arduino Programming course learned about
computers, computer science, robotic coding, algorithm development, and the relationships between these
topics and mathematics. This result is consistent with the findings of Hangiin's (2019) study. In this study, the
effects of robot programming education on students' mathematics achievement, mathematics anxiety,
programming self-efficacy, and STEM attitude variables were examined. The study concluded that robot
applications are an effective method in mathematics education and can increase the efficiency of lessons
(Hangiin, 2019). It was observed that even students with very little knowledge about computers were able to
code using Scratch and program Arduino through mBlock by the end of the process. Additionally, it was noted
that students understood that mathematics is not limited to a single subject but is related to other fields. The
term "algorithm" was adopted by students during the process, and they indicated that the concept of an
algorithm is embedded in daily life.

At the end of the application, a prototype was designed with the students to create a mini CNC Plotter
using Arduino, allowing students to see what they could achieve with computers and Arduino. This created
technological awareness among the students and positively contributed to their perspectives on computers,
software, robotic coding, algorithms, and their relationship with mathematics. A study by Shankar et al. (2013)
involved 9th-grade students building and programming low-cost robots and drawing various geometric shapes.
This study aimed to increase students' interest in engineering and mathematics. Robots were integrated into
the mathematics lessons, and it was observed that the use of robots benefited the mathematics classes. Students
solved problems using the Pythagorean theorem and then analyzed the results with robot simulations. Errors
made by students in both the mathematical problems and the use of robots were discussed. This helped students
understand the difference between conceptual errors and real-world errors. Shankar et al.’s (2013) study
supports the findings of this research.

In the present study, students stated that integrating software into mathematics lessons and developing
algorithms contributed to their learning of mathematics. They also mentioned that dynamic geometry software
should be used more frequently to understand better the geometric concepts in the middle school mathematics
curriculum.

In conclusion, according to the responses given by students in the interview form, it was revealed that
students established a close relationship between learning mathematics and computer programming and
software, which influenced their perspectives on mathematics. In this context, it is recommended to increase
the number of activities that develop students' algorithmic thinking structures during mathematics lessons in
schools, incorporate more block-based applications like Scratch into mathematics activities, and use dynamic
geometry software that enhances students' visual, and mathematical literacy.

Note: This study was supported by the TUBITAK 2209-A University Students Research Projects
Support Program. It is also an extended version of the paper presented at the 16th National Science and
Mathematics Education Congress (UFBMEK 2024) symposium.
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