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Arastirma Makalesi

Elektronik Tekstil Tasarimi ile STEAM Egitimi: Ortaokul Ogrencilerinin Deneyimleri ve
Goriisleri

Ali Battal * Ozet: Bu calisma, ortaokul 6grencilerinin bir STEAM etkinligi olan elektronik tekstil atdlyesine

yonelik gorlis ve deneyimlerini incelemeyi amaglamaktadir. E-tekstil, elektronik bilesenlerin
ISclguk  Universitesi,  Ogretim kumas ylizeyine dikilerek devre olusturulmasim saglayan yenilikei teknolojiler olup, disiplinler
Teknolojileri Anabilim Dali, Konya, aras1 0grenmeyi destekleyen 6nemli bir ara¢ olarak goriilmektedir. Calismada nitel arastirma
Tiirkiye yontemlerinden durum c¢aligmasi deseni kullamlmis ve veri toplama siirecinde yart

ali battalseleuk.edu.tr yapilandirilnig gériismeler, dgrenci giinliikleri ve agik uclu sorulardan yararlanilmistir. Igerik

analizi yoluyla elde edilen bulgular, e-tekstil atdlyesinin grencilerin daha ¢ok fen, teknoloji ve
sanat alanlarinda bilgi ve becerilerini gelistirdigini ortaya koymustur. Ogrenciler, dzellikle
*Sorumlu Yazar programlama ve devre tasarimi siireglerinde e-tekstillerin somut ve etkilesimli bir 6grenme
deneyimi sundugunu belirtmistir. Bununla birlikte, dikim siireci ve devre tasarimindaki teknik
zorluklar, 6grenciler i¢in 6grenme siirecinde karsilasilan temel engeller arasinda yer almaktadir.
Calisma, e-tekstillerin STEAM egitimine entegrasyonunun dgrenci motivasyonu ve dgrenme
deneyimi agisndan olumlu katkilar sundugunu gostermektedir. Elde edilen bulgular
neticesinde, e-tekstil projelerinin daha genis ¢apta uygulanmasinin saglanmasi i¢in bu konuda
ogretmen egitimlerinin artirilmasi ve érnek etkinlik planlarinin gelistirilmesi dnerilmektedir.

Anahtar Kelime: E-tekstil, STEAM egitimi, Programlama, Elektrik, Tasarim

Gelis tarihi: 26.02.2025
Kabul tarihi: 24.03.2025
Yayim tarihi: 10.10.2026

GIRIS

Elektronik tekstil (e-tekstil), dikilebilen dijital elektronikler ve geleneksel dikim malzemelerinin
kullanilmasiyla olusturulan tekstil ve kiyafet {irinlerini kapsar (Peppler vd., 2014). Geleneksel elektronik
projelerde, bilesenler kat1 ylizeylere lehimlenerek sabitlenirken, e-tekstillerde bu siireg iletken ip ile kumasg
iizerine dikilerek gerceklestirilmektedir, bu esnek ve giyilebilir yapisi nedeniyle e-tekstil projeleri, literatiirde
"soft circuit" (esnek devre) olarak da adlandirilmaktadir (Battal, 2023). E-tekstil, elektronik, tasarim ve
programlama alanlarinin kesisim noktasinda yer almakta olup, disiplinler aras1 6grenme siireglerini
destekleyen bir arag olarak goriilmektedir (Kafai vd., 2014; Peppler, 2013). E-tekstil projeleri sonucunda
ortaya ¢ikan iiriinler glindelik hayatta kullanilabilir, giyilebilir ve baskalariyla paylasilabilir (Nugent vd.,
2019).

Tasarlanan e-tekstil riinleri gevresel uyarilar1 algilama, islem yapma ve bunlara yanit verme
yetenegine sahiptir. Bu yetenege sahip olmalar1 i¢in programlanabilir bir mikrodenetleyiciye (LilyPad
Arduino), cevresel uyarilar algilayan 1s1 ve 151k gibi sensorlere ve bunlara yanit verebilen 151k yayan LED veya
ses ¢ikartan zil (buzzer) gibi bilesenlere ihtiya¢ vardir. Ayrica, bu bilesenler cogunlukla kece ve kumas gibi
tasarim yapilan ylizeye iletken iplik kullanilarak hem elektriksel hem de fiziksel olarak baglanmalidir.
Elektronik bilesenlerin disinda e-tekstil iiriinlerinde tasarim amacgh kullanilan pek ¢ok yalitkan dikilebilir
malzemelerin kullanilmasi da s6z konusudur. Tasarlanan eserler spor, saglik veya askeri gibi belirli bir amaca
yonelik {irlinler olabilecegi gibi, tasarlayicinin kendi estetik algilar1 neticesinde gilindelik hayatinda
kullanabilecegi bir kiyafet veya bir aksesuar da olabilir (Battal, 2023). Battal (2023) ¢ocuklarin bileklik, akilli
yastik gibi tekstil tirlinlerini tasarlayip, bunlar1 programlayarak islevsel hale getirebileceklerini ifade etmistir.
Bir e-tekstil iiriinii olan akilli yastifin ¢ocuklara TV izleme siiresinin bittigini sesli ve 11kl olarak
uyarabilecegi seklinde 6rneklendirmistir.
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Disiplinler aras1 dogasi sayesinde e-tekstiller, Ogretmenlere STEM ve STEAM egitimini
desteklemeleri i¢in yeni olanaklar sunmakta ve egitimde kapsayici bir yaklasim saglamaktadir (Fields & Kafai,
2023). STEM egitimi, fen, teknoloji, miithendislik ve matematik disiplinlerinin birbirinden bagimsiz olarak
degil, biitiinlesik bir sekilde Ogretilmesini saglayarak, dgrencilerin gercek diinya problemlerine ¢6ziim
iiretmelerine odaklanan yeni bir 6grenme ve dgretme yaklagimidir (Kelley & Knowles, 2016). Daha sonra bu
dort temel alana bir de sanat eklenmis ve STEAM olarak adlandirilmis olup bu modelde tasarlanacak iiriinlerin
daha yaratict ve yenilik¢i olmasi icin sadece sanatsal yonden Onemine vurgu yapilmasi amaglanmamis
(Perignat & Katz-Buonincontro, 2019), aym1 zamanda daha ger¢ekei problem ve projeler verilerek 6grenenlerin
ortaya yeni iriinler koymasi amaglanmistir (Juskeviciené vd., 2021). Bu modellerin ortak amaci1 farkh
disiplinlerdeki bilgiyi bir arada kullanarak disiplinler arasi ¢aligmalarin ise kosulmasi neticesinde bir
problemin ¢6ziilmesi veya bir iiriiniin ortaya ¢ikartilmasidir (Johnson vd., 2020). Nitekim ortaya konulan iiriin
kullanilan insa setine gore robotik, e-tekstil gibi farkli formatlarda olabilmektedir (Peppler & Thompson,
2024). Son zamanlarda okullarda STEAM egitiminin entegre edilmesine yonelik artan bir ilgi bulunmaktadir
(Belbase vd., 2021).

Diinyada ve iilkemizde bircok egitim kurumu bu modeller iizerinde arastirma yapmakta ve bu
modellere uygun aktiviteler tasarlayarak, kendi egitim ortamlarini bu modellere gore uyarlamaya ¢alismaktadir
(Elmali & Balkan Kiyici, 2017; Fields & Kafai, 2023; Johnson vd., 2020). E-tekstil, STEAM modelini K-12
diizeyinde egitime entegre etmek ve geng¢ 6grenenleri bu model ile tanistirmak igin ideal bir aragtir (Peppler &
Glosson, 2013). Sat ve Cagiltay (2022) e-tekstilin, STEAM modelinin uygulamaya konulmasim saglayan
yenilik¢i ve faydali bir model oldugunu ifade etmistir. Caligmalar, e-tekstillerin programlama, miihendislik,
devreler ve tasarim ilkelerinin uygulanmasini destekleyerek ogrencilerin bu alanlarda 6grenmelerini
gelistirdigini gostermektedir (Kafai vd., 2014; Peppler & Glosson, 2013). Bu durum e-tekstili, okul i¢i ve okul
sonrasi egitim programlarinda STEM ve STEAM egitim modellerinde kullanmak igin giiclii bir ara¢ haline
getirmektedir (Fields & Kafai, 2023). Bununla birlikte e-tekstil, robotik kodlama gibi yontemlerin
kullanilmasindan dolay1 STEM/STEAM alanlaria ilgi géstermeyen 6grenciler i¢in kapsayici, ilham verici ve
alternatif ¢esitli 6grenme firsatlar1 sunabilmektedir (Guimerans-Sanchez vd., 2024).

E-tekstil, temel diizeyde elektronik, tasarim ve programlama bilgisinin kesisiminde yer almakta olup
bu ii¢ disiplindeki bilgi ve becerinin gelismesine katki saglayan ve bu anlamda 6nemli bir egitim potansiyeline
sahip olan son zamanlarin yenilik¢i uygulamalarindandir.  Elektronik, programlama ve tekstil tasarimi
becerilerini bir araya getirerek Ogrencilerin elestirel diisiinme, problem ¢ézme ve bilgi islemsel diisiinme
becerilerini gelistirmelerine yardimci olurken, devre yapisi ve programlama mantigini daha derinlemesine
kavramalarim saglar (Nugent vd., 2019). Nugent vd. (2019) e-tekstilin 6grenenlerin STEM alanlarindaki
Ogrenmelerini ve bu alanlara yonelik tutumunu destekledigini 6ne slirmiistiir. Diger taraftan dgrenenlere
eserlerini 6zglin malzemeler ile zenginlestirerek tasarlamalar1 i¢in esneklik saglar (Peppler & Thompson,
2024), bu durumda isin igerisine tasarim boyutunu ekler ve STEM ile Sanat arasinda koprii olusturarak
STEAM etkinlikleri hazirlamaya imkén tanir (Peppler, 2013). Guimerans-Sanchez ve digerleri (2024) e-
tekstilin ¢ocuklara STEAM alanlarinda beceri kazandirdigini, 6zellikle sanat ve teknolojiyi birlestirerek
Ogrenenlerin sanatsal ifade bigimlerini kesfetmeye olanak taniyan 6nemli bir ara¢ oldugunu ifade etmistir. E-
tekstil 6grencilere kullanabilecegi ve baskalartyla paylasabilecegi kisisel eserlerini kendi estetik kaygilar
ol¢iistinde tasarlamasina, elektronik bilesenleri dikmesine ve daha sonra programlamasina imkan tanir (Nugent
vd., 2019).

Yapilan aragtirmalarda, e-tekstilin Ogrencilerin farkli alanlardaki &grenmelerini  destekledigi
goriilmektedir. E-tekstil kullanilarak hazirlanan STEAM egitimlerinin 6grencilerin devre olusturma, art1 ve
eksi kutup ile kisa devre gibi elektronikte yer alan temel devre kavramlarimi 6grenmelerini destekledigi ifade
edilmistir (Kafai & Peppler, 2014; Nugent vd., 2019). Gergeklestirilen deneysel ¢aligmalarda e-tekstilin temel
elektronik kavramlarmi 6grenmelerini destekledikleri ve yapilan temel hatalar azalttiklar1 bulunmustur
(Ioannou vd., 2024; Nugent vd., 2019; Peppler & Thompson, 2024). Fen ile ilgili kavramlar1 6gretirken
o0grenme ortamini eglenceli kildigi ve 6grenenleri derse bagh tuttugu one siiriilmiistiir (Sat & Cagiltay, 2024).
E-tekstil projelerini islevsel hale getirmek i¢in bir bagka 6nemli alan programlamadir ve bu nedenle dgrencilere
programlama ogretilmesinde e-tekstil kullanilabilir (Nugent vd., 2019). Cocuklara programlama ve bilgi
islemsel diisiinme becerisini somut ve gorsel olarak g¢ekici bir sekilde tanitmak i¢in yenilik¢i bir ortam
sunabilmektedir (Ioannou vd., 2024). Geleneksel programlama ortamlarina kiyasla, e-tekstil projeleri,
ogrencilerin fiziksel nesnelerle etkilesime girerek kodlama kavramlarini somutlagtirmalarina olanak tanir. Bu
projeler, devre tasarimi, sensorler ve mikrodenetleyiciler gibi bilesenleri bir araya getirerek, 6grencilerin
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elektrik devreleri ve algoritmik diisiinme becerilerini gelistirmelerine yardime1 olur (Jayathirtha & Kafai,
2019). Ayrica, e-tekstil 6zellikle farkl ilgi alanlarina sahip 6grenciler i¢in kapsayici bir 6grenme deneyimi
sunmakta ve bu yoniiyle, bilgi islemsel diisiinmenin ve programlamanin daha genis bir d6grenci kitlesine
ulasmasma imkan saglamaktadir (Fields & Kafai, 2023). Ornegin robotik programlama gibi 6gretim
yontemleri ilgi alanlarina girmedigi i¢in programlama 6grenmekten uzak duran bireyleri (Bender, 2017),
ozellikle kizlar1 bu alanlara ¢ekmesi ve potansiyellerini agiga ¢ikarmasi ve STEAM alanlarina 6zendirmesi
bakimindan 6nemli goriilmektedir (Buechley vd., 2008; Kirstein, 2013).

Egitim ortamlarinda 6gretmenler icin de esneklik sunan bu teknoloji, disiplinler aras1 6gretimi de
destekleyerek, bilgisayar bilimiyle sanati, mithendisligi ve tasarimi birlestiren yenilik¢i 6gretim yontemlerinin
gelistirilmesine katki saglamaktadir. Egitimde giderek artan STEAM odakli yaklasimlar sayesinde, e-tekstil
teknoloji egitiminin sekillenmesinde dnemli bir rol oynamaktadir (Buechley vd., 2013). Ancak 6gretmenlerin
kullanmak istediklerinde kalabalik smif yapisi, uygulanmasi i¢in maliyet, zaman, okul yonetimi ile aile destegi
gerektirmesi gibi nedenlerden dolay1 birtakim zorluklar yasadig: ifade edilmistir (Nugent vd., 2019; Sat &
Cagiltay, 2024). Belki de bu nedenle Guimerans-Sanchez vd. (2024) ilkokul ve ortaokul cocuklarinin
egitiminde e-tekstilin kullanildig1 arastirmalar1 inceledikleri sistematik literatiir taramasinda, bu teknolojinin
egitim amach olarak sinirli tilkede ve genellikle okul sonrasi program, kuliip ve atolye gibi okul dis1 ortamlarda
kullanildig1 raporlanmustir. Sistematik literatiir calismasinda e-tekstil ile ilgili yapilan projelerin cogunlukla
Amerika, Almanya ve Yunanistan gibi iilkelerde yapildigi belirtilmistir. Ulkemizde e-tekstilin egitimde
kullanimi ile ilgili yapilan caligmalar incelendiginde Ogretmenlere yonelik olarak bir mesleki gelisim
programimin diizenlendigi (Sat & Cagiltay, 2024) ve K-12 diizeyinde ise e-tekstil tasariminda kullanilan
malzemeleri ve 6rnek etkinlikleri tanitan bir caligma (Battal, 2023) ile e-tekstilin programlama ve tasarim
alanlarim etkisinden ziyade fen odakli yapisina odaklanip ortaokul 6grencilerinin elektrik konusu iizerindeki
etkilerini aragtiran bir ¢aligma bulunmaktadir (Sat vd., 2025). Yildirim ve Gelmez-Burakgazi (2020) {ilkemizde
K-12 diizeyinde yapilan STEM arastirmalarini inceledikleri ¢aligmada genellikle arastirmalarda teknoloji
olarak robotik kodlamanin kullanmldigin1 raporlamislardir. Bu bakimdan Tiirkiye baglaminda K-12
diizeyindeki ortaokul Ogrencilere yonelik olarak e-tekstilin egitimde kullanimi ile ilgili sinirli ¢aligma
bulunmaktadir. Bu ¢alisma kapsaminda ortaokul dgrencilerine e-tekstil teknolojisi tanitmak ve ¢ocuklarin
STEAM alanlarinda bilgi ve deneyimini artirmak igin bir e-tekstil atolyesi diizenlenmistir. Diizenlenen bu e-
tekstil atolyesi sonras1 Ogrencilerin STEAM alanlarma katkis1 ve atdlye ile ilgili goriislerinin ortaya
cikartilmast amaclanmigtir. Arastirma sonucglarinin iilkemizde e-tekstil teknolojisini egitimde kullanmak
isteyen ve STEAM alanlarma entegre etmek isteyen uygulayici, karar verici ve diger arastirmacilara fikir
vermesi hedeflenmektedir. Bu ¢alisma kapsaminda asagidaki aragtirma sorularina cevap aranmaktadir:

1. E-tekstil atolyesinin 6grencilerin STEAM alanlarina katkist ile ilgili goriisleri nelerdir?
2. Ogrencilerin e-tekstil atdlyesine yonelik goriisleri nelerdir?

YONTEM

Arastirmanin Deseni

Bu calisma, ortaokul 6grencilerinin e-tekstil atdlyesine yonelik goriislerini incelemek amaciyla nitel
aragtirma desenlerinden biri olan durum c¢aligsmasi yontemi kullanilarak gergeklestirilmigtir. Durum ¢aligmasi,
belirli bir olgu veya fenomenin derinlemesine anlagilmasini saglamak igin kullanilan etkili bir nitel aragtirma
yontemi (Yin, 2003) olup bu ¢aligmada gocuklara yonelik diizenlenen e-tekstil atdlyesini gercek baglam ve
ortaminda ¢ocuklarin bakis agisindan daha derinlemesine anlamaya olanak saglamasi amaglanmigtir (Creswell,
2007). Diger taraftan, Merriam (2009) egitimdeki yenilikleri aragtirirken durum ¢aligmasinin énemine dikkat
¢ekmistir. Ayrica durum c¢aligmasi ile ¢alisan olgu kendi baglaminda derinlemesine incelenir ve aragtirmaciya
ne oldugu ve neden oldugu konusunda detayli bir geri doniit verir (Neale vd., 2006). Bu yontem, son
zamanlarin STEAM egitiminin uygulamaya konulmasi noktasinda yenilik¢i teknolojilerinden olan e-tekstil
(Ioannou vd., 2024; Sat & Cagiltay, 2022) atdlyesine katilan &grencilerin deneyimlerini anlamak, bu
deneyimlerin STEAM egitimine katkisin1 degerlendirmek ve iilkemizde egitim baglaminda e-tekstillerin
kullanimina yonelik oneriler gelistirmek i¢in uygun bir yaklagim sunmaktadir.
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Aragtirmanin katilimcilari, amagl 6rnekleme yontemiyle secilmis olup, e-tekstil atdlyesine katilan
ortaokul 6grencilerinden olugmaktadir. Amagli 6rnekleme, aragtirmacinin belirli bir konuyu derinlemesine
kesfetmek ve anlamak amaciyla en fazla bilgi saglayabilecek bireyleri veya durumlar1 segmesi gerektiginde
kullanilir (Merriam, 1998). Bu ¢alisma kapsaminda diizenlenecek atdlyeye katilimcilari davet etmek igin afig
ve bilgilendirici metin gerek internet ortaminda gerekse atdlyenin diizenlendigi ilde okul yonetimlerine
gonderilmistir. Cevrimigi bir kayit formu ile katilimcilarin bagvurular alinmigtir. Atdlyeye katilim igin
bagvuru sartlar e-tekstil tasarimi konusunda goniilld, istekli olmak ve atdlyeye diizenli katilmak ile ortaokul
6,7 ve 8. siif 6grencisi olmak seklindedir.

Yapilan bagvurular neticesinde aragtirmaci toplamda 17 6grenciyi atolyeye davet etmis ancak bunlardan
14 tanesi diizenli olarak katilim saglamistir. Atolyeye katilan 6grencilere ait demografik bilgiler Tablo 1’de
sunulmustur. Katilimcilar dokuzu kiz (%64,3) ve besi (%35,7) erkek olmak iizere toplam 14 c¢ocuktan
olusmaktadir. Bu g¢ocuklarm sekizi 6. siif, dordii 7. simif ve ikisi 8. siuf dgrencisidir. Ogrencilerin yas
ortalamasi 12,07 olup 6grencilerin gogunlugu (n=8) kodlama konusunda deneyimi oldugunu beyan etmistir,
ancak hicbiri daha dnce e-tekstil tasarimi ile ilgili bir etkinlige katilmamustir.

Tablo 1

Atolyede Yer Alan Katilimcilarin Demografik Bilgileri

Ogrenci Programlama
Kodlann  Cinsiyet Siif Yas Deneyimi
Ogrl Kiz 7 13 Var
Ogr2 Erkek 6 12 Yok
Ogr3 Erkek 8 13 Yok
Ogr4 Kiz 6 12 Yok
Ogrs Kiz 7 13 Var
Opr6 Erkek 7 12 Var
Ogr7 Kiz 7 13 Var
Oar8 Kiz 6 11 Var
0ar9 Erkek 6 12 Var
0gr10 Kiz 6 11 Yok
Oprll Erkek 8 14 Yok
Ogri2 Kiz 6 11 Var
Ogr13 Kiz 6 12 Var
Ogrl4 Kiz 6 11 Yok

Veri Toplama Araclar ve Verilerin Analizi

Bir olguyu derinlemesine incelemek, nitel durum ¢aligmalarinda kapsamli ve ayrmtili veri toplamanin
yant sira ¢esitli veri toplama araglarinin kullanilmasini gerektirir (Yin, 2003). Bu ¢aligmada ii¢ farkli veri
toplama araci kullanilmistir. Ana veri toplama arac1 atolye ile ilgili bir dizi soru igeren yar1 yapilandirilmis
goriisme formudur. Gorligmelerin, arastirmacinin katilimeilarin deneyimlerini, diisiincelerini ve algilarini
derinlemesine anlamasina olanak tanidigina dikkat ¢ekilmistir (Patton, 1990; Yildirnm & Simsek, 2013). En
yaygin goriisme tiirli olan yar yapilandirilmis goriismeler, acik uglu sorular ve ek derinlestirme sorulariyla
katilimcilardan detayli bilgi edinmeyi saglar (Merriam, 2009). Bu ¢alismaya ait goriisme formu arastirmaci
tarafindan gelistirilmis, daha sonra STEM alaninda doktorasini almis bir uzman goriigme sorularini
incelemistir. Goriisme sorular1 son olarak bir dil uzmani tarafindan incelenmistir. Bu aragtirma kapsaminda
gelistirilen goriigme formunda ilk iki soru dgrenciye ait kigisel bilgiler ve STEAM alanlarindaki deneyimi ile
ilgilidir. Diger bes soru arastirma sorular1 dogrultusunda gelistirilen atolye ile ilgili genel goriisler, atdlyenin
faydas1 ve zorlanilan konular ile ilgilidir.
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Bu ¢alismada kullanilan bir baska veri toplama arac1 arastirmaci tarafindan gelistirilen demografik bilgi
formudur. Demografik bilgi formunda 6grencilere ait cinsiyet, yas, onceki deneyim gibi kisisel sorular
bulunmaktadir. Ayrica bu formda atélyenin STEAM alanlarina katkisin1 soran bir, atdlyenin sevilen ve
sevilmeyen yonlerinin soruldugu iki ve atdlye ile ilgili goriis ve onerilerin oldugu iki soru olmak iizere toplam
bes acik uclu soru bulunmaktadir. Bu acik uglu sorular tiim katilimeilara uygulanmistir. Son veri toplama araci
ise atdlye sonunda Ogrencilerin giin igerisinde yasadiklan ile ilgili deneyimlerini yansittiklar1 &grenci
glinliikleridir. Yar1 yapilandirilmis goriismeler ve acik uclu sorular, katilimcilarin  goriislerini
detaylandirmalarina olanak tanirken, giinliikler 6grencilerin siire¢ igindeki diisiincelerini ve deneyimlerini
daha kapsamli bir sekilde yansitmalarini saglamistir.

Verilerin analizi, igerik analizi yontemi kullanilarak gerceklestirilmistir. Icerik analizi, nitel verilerden
anlamli temalar ¢ikarmak ve verilerin sistematik bir sekilde kategorize edilmesini saglamak i¢in yaygin olarak
kullanilan bir tekniktir (Miles & Huberman, 1994). Creswell (2007) genel olarak nitel veri analizi siirecini
verilerin hazirlanmasi, kodlama yoluyla temalar ve alt temalara ayrilmasi ve sonuglarin tablolar, sekiller ve
alinti metinleriyle sunulmasi seklinde ortak adimlardan olustugunu ifade etmistir. Analiz siirecinde, ilk olarak
gorlisme kayitlari dijital olarak yazili bir dokiimana doniistiiriilmiis, daha sonra diger veri toplama araglari olan
acik uclu sorularin cevaplar ve 6grenci giinliikleri dijital ortama aktarilmistir. Tim veriler MAXQDA 24
yazilimi kullanilarak tek bir dosyada birlestirilmistir ve kodlama siireci bu yazilim aracilifiyla
gergeklestirilmigtir.  Diger agamada kodlama siireci baglatilmig ve siirecin sonunda tema ve alt temalara
ulagilmistir. Son asamada ise olusturulan tema ve alt temalar arastirma sorular ile paralel olacak sekilde
sunulmustur.

Veri Toplama Siireci ve E-Tekstil Atolyesi

Atolyenin bagvuru agamasinda 6grenci ve veliler diizenlenecek atolye ile ilgili bilgilendirilmistir. Veri
toplama siirecinde ilk olarak Trakya Universitesi Sosyal ve Beseri Bilimler Arastirmalari Etik kuruluna
bagvurulmus ve arastirma kapsaminda veri toplamak i¢in gerekli olan etik izin ilgili kurulun 19.12.2018 tarihli
ve 2018.11.02 sayili karariyla alinmistir. Daha sonra 6grencilerden ¢alismaya goniillii olarak katildiklarina
dair goniillii katilim formu ve ebeveynlerden ise veli onam formu alinmistir. Ogrencilere atdlyenin sonunda
demografik bilgi formu ile agik uglu sorulari igeren formlar dagitilmis ve doldurmalar: istenmistir. Bireysel
goriismeler ise arastirmacinin belirledigi 11 6grencinin onay1 alindiktan sonra ses kayit cihazi ile yapilmustir.
Ogrencilerden atdlyede yapilan etkinlikler ile ilgili giinliik tutmalari ve bunu bir sonraki atdlye giinii teslim
etmeleri istenmistir. Bes haftalik atdlyenin sonunda demografik bilgi formu, 6grenci giinliikleri ve goriisme
kayitlart seklinde arastirma verileri toplanmugtr.

E-tekstil atlyesinde yapilan etkinliklere, daha dnce yapilan benzer atdlyelerin incelenmesi neticesinde
karar verilmistir (Orn. Peppler & Glosson, 2013; Peppler vd., 2014). Atdlye bes hafta sonu boyunca (cumartesi
giinleri), giinde {i¢ ders saati olmak iizere toplam 15 saat bir devlet iiniversitenin bilgisayar sinifinda gerekli
izinler alindiktan sonra diizenlenmistir. Atdlye kapsaminda gerekli olan malzeme ve arag-gerecler bilgisayar
siifinda hazir halde bulundurulmustur. Atdlyede yapilan tiim etkinlikler aragtirmacinin koordinasyonunda
atolye ekibinde yer alan kisiler tarafindan ylriitiilmiistiir. Atdlye ekibinde arastirmacinin disinda, Fen Bilgisi
Ogretiminde lisans egitimini tamamlamis ve yliksek lisans yapan bir arastirmaci, okul oncesi egitiminde
lisansini tamamlamis ve gesitli kurumlarda gorev yapmus bir 6gretmen ile Bilgisayar ve Ogretim Teknolojileri
Egitimi boliimiinde lisans egitimine devam etmekte olan besi aktif olarak atolyede ¢ocuklara yardim eden
toplam on lisans 6grencisi yer almaktadir.

Sekil 1’de atdlyede diizenlenen e-tekstil etkinlikleri gosterilmektedir. Atolyenin ilk giiniinde Fen Bilgisi
alan uzmam tarafindan 6grencilere elektrik ile ilgili kavramlar1 (devre olusturma, iletken, yalitkan vb.)
ogretmek ve e-tekstil tasariminda kullamlacak arag-geregleri tanitmak igin bir dizi faaliyet yapilmstir. ik
giinde geleneksel yollarla ¢aligsan bir devre olugturmay1 amaglayan “Isigimi Yak” isimli etkinlik, daha sonra
maddelerin iletken ve yalitkan olup olmadigini tespit etmek igin “Iletkenleri Bul” isimli etkinlik ve son olarak
dikim ve tasarim amagli kullanilacak malzemeleri ve araglar1 tanitmak igin bir etkinlik yapilmistir. Atdlyenin
daha sonraki giinlerinde iki tiriin tasarlanacak seklinde etkinlikler planlanmis ve her tasarim sonunda 6grenciler
i¢in anlaml eserler olusturulmasi saglanmgtir. Ik {iriin olarak basit elektronik devre tasarimini 6gretmek igin
LED 151k, batarya ve diger iletken ve yalitkan malzemeleri kullanarak bir e-bileklik tasarlamalar1 istenmistir.
Cocuklar dikim isine alistiktan ve dikilebilir devre elemanlarinin nasil entegre edilecegini deneyimledikten
sonra ikinci {irlin olarak igerisinde LilyPad mikrodenetleyici, dikilebilir LED ve zil gibi bilesenlerden olusan
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ileri diizey bir elektronik devre olusturmalar1 ve bu devreyi programlayarak islevsel hale getirmeleri i¢in bir
e-tekstil tasarim1 yapmalari istenmistir (Sekil 1). Tiim siire¢ boyunca gerekli olan malzeme, programlamak
icin bilgisayar ve yazilimlar ¢ocuklarin kullanimina sunulmustur. LilyPad karti programlamak i¢in “Arduino
IDE” isimli gelistirme ortami kullanilmis ve bu yazilimin nasil kullanacagi ve kodlarin ne oldugu ¢ocuklara
anlatilmistir,

Arastirmanin Gecerlik ve Giivenirligi

Nitel aragtirmalarin gegerlilik ve giivenirligini saglamak i¢in nicel yaklagimlara karsilik gelen farkli
teknikler kullanilmaktadir (Creswell, 2012). Mevcut calismada bu tekniklerden bazilart uygulanmistir.
Arastirma sonuglarinin dogrulugunu giiclendirmek amaciyla veri ¢esitlemesini saglamak igin goriisme, giinliik
gibi birden fazla veri formu kullanilmistir. Ayrica arastirma ortami, veri toplama araglari ve siiregleri miimkiin
oldugunca detaylandirilarak arastirma sonuglarinin benzer Ozelliklere sahip diger arastirmalara transfer
edilebilirliginin saglanmasi amaglanmigtir. Aragtirma bulgularinda gerekli goriilen durumlarda dogrudan
alintilar yapilarak sonuglarin tutarliliginin ve teyit edilmesinin saglanmasi1 amaglanmistir. Arastirmaci disinda
bir bagka dgretim teknolojileri alaninda uzman olan bagimsiz bir kodlayicinin ayni1 veriyi analiz ederek
sonuglarin tutarhiligim degerlendirdigi kodlayicilar aras1 uyum teknigi sonuglarin verilerle tutarli olup
olmadigini incelemesi amactyla kullanilmigtir (Merriam, 1998). Kodlayicilar arasinda Miles ve Huberman
(1994) tarafindan oOnerilen formiil ( anlagsmalar sayis1 / [anlagmalar sayis1 + anlagsmazliklar sayisi] )
kullanilarak uyum seviyesi %93 olarak hesaplanmis ve kodlayicilar arast uyumun kabul edilebilir seviyenin
(%80) tizerinde oldugu goriilmiistiir.

BULGULAR

Bu caligmada ortaokul 6grencilerine yonelik diizenlenen e-tekstil atdlyesi ile ilgili 6grencilerin goriisleri
ve diizenlenen atdlyenin 6grencilerin STEAM egitim modelinin her bir alanina yonelik katkilarimi ortaya
¢ikarmasi amaglanmaktadir. Bu amag¢ dogrultusunda bulgular kisminda ilk olarak e-tekstil atolyesinin fen,
teknoloji, miihendislik, sanat ve matematik alanlarina katkilar1 6grencilerin goriisleri dogrultusunda ele
alinmistir. Daha sonra 6grencilerin atolye ile ilgili genel goriislerine yer verilmistir.

Sekil 1

Atélyede Diizenlenen E-Tekstil Etkinlikleri

iletken ve yalitkan
malzemeleri ayir

Calisan bir devre
olustur

Arag-gereg ve
malzemeleri tani

Tasarimlarini sergile ve
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LED ve para pil kullanarak

E-TEKsTiL . basit bir elektronik devreye
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Atélyenin Ogrencilerin STEAM Alanlar1 Katkasi ile Tlgili Goriisleri

Bu ¢alisma kapsaminda ilk olarak diizenlenen e-tekstil atolyesinin 6grencilerin STEAM alanlarinin her
birine yonelik katkisi incelenmistir. Bu nedenle atolye sonunda 6grencilere atdlyede 6grendiklerinin bu
alanlara katkis1 sorulmus ve yapilan goriismelerde belirttikleri katkilarinin detaylandirilmasi istenmistir.

Bu baslik altinda ilk olarak atdlyenin 6grencilerin STEAM egitim modelindeki bes alanina katkist
ogrencilere uygulanan demografik bilgi anketinde sorulmus ve 6grencilerin bunlara verdigi cevaplar Sekil 2°de
gosterilmistir. Sekil 2 incelendiginde e-tekstil atdlyesinin Teknoloji/Programlama ile Tasarim alanlarina tim
ogrenciler (n=14) tarafindan, Fen alanina ise Ogrencilerin ¢ogunlugu (n=12) tarafindan katkist oldugu
belirtilmistir. Diger taraftan Miihendislik (#=6) ve Matematik (n=3) alanlarina katkis1 diger alanlara gére daha
az 0grenci tarafindan belirtilmigtir. Goriisme kayitlarinin analizi sonucunda da 6grencilerin yukarida deginilen
sonuclara uygun olacak sekilde daha ¢ok programlama, tasarim ve fen alanlarina yonelik katkilarina vurgu
yaptig1 goriilmiistiir. Diger alanlara olan miihendislik ve matematik alanina yonelik katkilara 6grenciler daha
az da deginmislerdir. Bu nedenle bu baslik altinda ortaya ¢ikan temalar Fen, Programlama, Tasarim ve diger
alanlarin 6grenimine yonelik goriisler sekline ele alinmistir. Goriisme yapilan 6grencilere ‘Atodlyede aldigin
egitimi Ozetler misin’ seklinde bir soru yoneltildiginde, dgrencilerden gelen yanitlarn yansitan bazi alintilar
asagida sunulmustur. Bu alintilar, bahsedilen durumu 6zetlemektedir.

“Bence hem tasarim hem de teknoloji ile karisik bir sey ¢iinkii hem dikiyoruz bir seyler
tasarlyoruz hem de onun kodlarim istedigimiz gibi degistirebiliyoruz.” (Ogr5)

1

“Kodlama yaptik, bir seyler tasarladik, devre yaptik. Giizeldi. Ben sevdim burayi.’
(Ogr12)

Sekil 2

Atélyenin STEAM Alanlarina Katkisina Dair Ogrenci Yanitlart

Teknoloji/Programlama

. _

Fen
Mihendislik

Matematik

Fen Ogrenimine Yonelik Goriisler

E-tekstil atOlyesinin fen alanina yonelik katkilan ile ilgili ortaya ¢ikan bulgular temel elektronik
kavramlarin 6grenilmesi ve bu kavramlara netlik kazandirmasi seklinde iki alt tema altinda ele alinmistir. Fen
Ogrenimi konusunda ilk alt temanin temel elektronik kavramlarim 6grenilmesi ile ilgili oldugu goriilmiistiir.
Bu baglamda &grenciler elektronik devre olusturulmasi, kisa devre, iletken ve yalitkan kavramlar ile
multimetrenin ne oldugu ve nasil kullanacagin1 6grendiklerini ifade etmislerdir. Bu noktada dgrencilerden
birisi bu konu ile ilgili 6grendiklerinden su sekilde bahsetmistir:
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“Bugiin ilk defa devre yaptim, konusunu gormiistim ama hi¢ yapmamistim. Ilk
denememde olmadi ama sonra bir tanesi oldu. Sonra daha ¢ok geligtirmek istedim ve
daha ¢ok led baglamaya ¢alistim. Sonra 6gretmeninim bize bir alet [multimetre] verdi
bununla iletken ve yalitkan olan maddeleri ayrigstirnyordum, bu ¢ok eglenceliydi....
Bunlar1 6grendikce kendimi ¢cok mutlu hissediyorum.” (Ogrll)

Ikinci alt tema ise Ogrenilen temel elektronik kavramlarma e-tekstilin netlik kazandirmasidir.
Ogrenciler e-tekstil atdlyesinde elektronik ile ilgili temel kavramlar1 geleneksel anlatimin Stesinde yaparak
yasayarak 0grendiklerini ifade etmislerdir. Bu temada iki 6grenci bu durumu su sekilde izah etmislerdir.

“Fen dersinde bazen elekirik elemanlart ile ilgili konu oldugunda ... Hoca bize bunlari
anlatyyor, ama uygulamali olarak sadece bir tek su ampul yakiyoruz o kadar” (Ogrl)

“Fen bilimlerini hoca siirekli yazduriyor. Yazdirirken de hicbir sey anlamiyordum.
Buraya gelince o konulart onceden bilmis, daha iyi anlamis oldum.” (Ogr4)

Programlama Ogrenimine Yonelik Goriisler

Ogrencilere ilk olarak demografik bilgi formunda daha once programlama deneyimlerinin olup
olmadig1 sorulmustur. Cocuklarin biiyiik cogunlugu demografik bilgi formunda (»=9) Code.org, Scratch veya
robotik kodlama gibi etkinliklere katildiklarim1 beyan etmisler ancak higbirisinin daha once e-tekstil
tasariminda programlama deneyimi yoktur. Atdlyeye katilan 6grenciler ile yapilan goriismeler neticesinde
cocuklarm hepsi programlama konusunda yeni seyler 6grendiklerini belirtmislerdir. Bu konuda tiim 6grenciler
yapilan goriismelerde atdlyenin programlama ogreniminde kendilerine katki sagladigimi beyan etmislerdir.
Programlama konusunda daha 6nce bilgisi olmayan bir 6grenci goriislerini su sekilde beyan etmistir:

“Ilk baslarda hichir sey bilmedigim icin anlamsiz geliyordu ama sonradan kodlamay:
ogrenince, ne oldugunu ogrenince gayet iyi bir sekilde anladim. Benim zaten sevdigim
bir sey oldugu igin teknoloji, o yiizden ki hani daha ¢ok umutlanmama, daha ¢ok
sevinmeme yardimct oldu.” (Ogrll)

Gorligme sorularida 6grencilere programlama ile ilgili goriislerinin degisip degismedigi sorulmustur.
Bu konuda 6grencilerden birisi kodlamayi bilgisayar ekraninda yapilan bir etkinlik ile sinirl1 olarak bildigini
ifade etmis. Bu konuyu su sekilde agiklamaktadir:

“Kodlama boyle ¢ok sikict bir sey saniyyordum ama giizel bir seymis. Hani ben buraya
gelmeden dnce boyle bilgisayardan iste kod falan yaziyorsun sanmistim ama buraya
gelince daha degisik bir sey oldugunu gordiim. Kiiciik kiiciik aletleri falan oldugunu
gordiim. Hosuma gitti.” (Ogrd)

Benzer sekilde bir bagka 6grenci ise atdlyedeki deneyimini Scratch ile karsilastirarak burada yaptigi
etkinliklerin “canlt canli oldugunu” Scratch’de ise bilgisayarla sinirli kaldigini ve atdlyede “kendi elimizde
yaptigimiz seyler daha eglenceli geldi” seklinde goriisiinii ifade etmistir. Yine atdlyedeki etkinlikler sayesinde
programlamanin zor oldugunu diisiinen iki 6grenci artik programlamayi kolay olarak gordiigiinii beyan
etmistir.

Ogrenciler atflyede Arduino’nun dikilebilir versiyonu olan LilyPad Arduino kartim
programlamislardir. Aym1 zamanda LilyPad ailesinde bulunan LED ve buzzer gibi temel bilesenleri
kullanmiglardir. Daha once hi¢ gormedikleri dikilebilir elektronikleri kullanmanin &grencileri oldukga
memnun ettigi goriilmiistiir. Bu konuda bir 6grenci “Arduino ‘yu giyilebilir yapmak ¢ok hosuma gitti” seklinde
memnuniyetini ifade etmistir. Programlama konusunda &grenciler yazdiklarnn kodlar degistirerek farkl
tasarmmlar yapmaya ¢aligmuglardir. Ornegin zilde farkli notalar ¢almak, ledlerin yanma siirelerini degistirmek
ve uzun silire ses cikartmak gibi cesitli kodlar lizerinde degisiklikler yapmislardir. Kodlar1 bu sekilde
karigtirmak ogrencilerin oldukga ilgisini ¢ekmis ve bu konuda iki 6grenci goriislerini su sekilde ifade etmistir.

“Son ¢alismamizda da buzzer, led [kullandik]. Ayriyeten de bu kodlamayla birlikte
degisik sesleri ¢tkartmayr kullandik. Mesela sari 151tk [LED] 20 dakika yanacagini, mavi
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wigin [LED] 30 dakika yanacagini ayarlamayr dgrendik. Bu buzzerdan degisik
ayarlamalar ve tonlamalar yapmak hosuma gitti” (Ogril)

“Bugtin ¢ok eglendim... kod yazdik.. umarim her giin boyle giizel gecer. Kod yazmak
kolayd: arkadagsim ile kodlar: ¢ildirttik kendi kodumuzu yazdik” (Ogr7).

Son olarak atdlye sonrasi programlama ve e-tekstil projeleri ile ilgili devam edeceklerini belirten
ogrenciler olmustur. Bu konuda iki 6grenci ileride yapmak istedigi tasarimlara dair sunlar ifade etmislerdir.

“Nineler olur ya onlar siirekli yalmz falan olur. Ben onlara boyle kiiciik, onunla
konusabilecek bir arkadas veya ila¢ hatirlatma gibi bir seyler yapabilirim” (Ogri0).

“Ileride kodlamayla ilgili belki oniime bazi seyler ciktiginda yapabilmemi saglayabilir.
Ya da ileride biiyiidiigiimde bir kodlama ile ilgili bir alet veya cihaz yapabilirim.”
(Ogril)

Tasarim Ogrenimine Yonelik Goriisler

Ogrencilerin hepsi e-tekstil atdlyesinde gergek hayatta kullanabilecegi bileklik, ¢anta, yastik ve tisort
lizerine tasarimlar gibi kendileri i¢in anlamli birtakim iiriinler ortaya ¢ikartmustir. Ogrencilerin biiyiik
cogunlugu burada hazirladiklan iiriinlerin tasarim yetenegine katkida bulundugu farkli sekillerde ifade
etmislerdir. Daha da 6nemlisi buradaki egitimin 6grencilerin daha 6nce aldiklar1 derslerden farkli oldugunu
belirtmislerdir. Tasarim ile ilgili bir bagka husus ise 0grencilerin tasarim anlayisina sagladigi katkidir. Bir
Ogrenci burada aldig egitimin 6zellikle tasarima bakigini nasil etkiledigini su sekilde ifade etmistir.

“Mesela ben tasarimi sadece resim ¢izme ya da kiyafet diye diistiniirdiim ama igin
icerisinde tasarum ve baska elektronik bilesenler varmus.... Eskiden sadece kodlama ve
robotik yaparken simdi [bu egitim] tasarim da katti icine. Ileride bu 6grendigim seyler
ile kullanacagimiz bir seyi nasil tasarlayacagimizi 6grendim.” (Ogr7)

Ogrenciler kendi {irlinlerini tasarlarken atdlyede serbest idi ve kendi estetik algilari dogrultusunda
ortaya ¢ikan iirlinleri tasarim malzemelerini kullanarak istedikleri gibi zenginlestirebiliyorlardi ve ortaya ¢ikan
iriinii bagkalariyla paylagabilmeleriydi. Bir 6grenci yaptigi tasarimlarin i¢indeki duygular1 yansittigini
belirtmigtir. Bir bagka 6grenci ise bu durumu su sekilde agiklamisgtir:

“Her hafta gelip burada bir seyler yapmaya ¢alistim ve insanin kendine 6zgii bir tasarimi
olmast insan mutlu ediyor. Mesela herkesin bagimsiz bir sey yapabilmesi, herkesin ayni
seyleri kullanmasi degil de kendi tercihlerini o6zgiirce yapabilmesi [mutlu ediyor | ...
genel olarak iyi tasarim yapmak yani bir seyler tasarlamak ve iiriinleri ortaya ¢ikartmak
hosuma gidiyor. Yaptigim iiriinleri baskalariyla paylasmak giizeldi. Yani bana ait bir seyi
baskalarina anlatmak giizel bir sey” (OgrS5)

Diger Alanlarin Ogrenimine Yonelik Goriisler

Son olarak e-tekstil atlyesinin diger alanlar olan miithendislik ve matematik alanlarina katkisi ile ilgili
goriislerine yer verilmistir. Ancak bu tema altinda ortaya ¢ikan goriislerde bu alanlara yonelik katkilar diger
alanlardaki kadar somut ve net degildir. Miihendislik alani i¢in iki Ggrenci tasarimlar1 yaparken hangi
elektronik bileseni nereye yerlestirecegini hesap edip diisiindiigiinii ve bunun miihendislik alaninda kendilerine
katki sagladigini dile getirmislerdir. Bir baska 6grenci ise burada 6grendikleri ile yeni cihazlar yapabilecegini
dile getirmigtir. Matematik alanina katkiy1 sadece bir 6grenci kodlama sirasinda sayilar ve hesaplamalar
yaptigini ve bunun bu alan i¢in kendisine katki sagladigini dile getirmistir.

Atélye ile Tlgili Genel Goriigler

Ikinci aragtirma sorusunun cevabi olarak atdlye ile ilgili goriisleri bu bashk altinda ele alinmistir.
Yapilan goriismeler neticesinde bu baglik altinda ilk olarak ortaya ¢ikan tema atolyenin 6grencilere sagladigi
imkanlar olarak isimlendirilmistir. Atdlye boyunca her bir 6grenci igin gerekli olan malzeme ve ekipmanlar
sunulmustur. Ayrica atdlyede, katilimci sayisina yetecek diizeyde her Ogrencilerin kullanabilecegi bir
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bilgisayar ve yeterli malzeme sunulmustur. Saglanan imkanlar 6grencilerin gogunlugu (2=9) tarafindan dile
getirilmistir. Ogrencilerden birisi bu konuyu soyle ifade etmistir. *“ Swmifta 34 kisi, burada daha az kisi. Ama
bir de swmifta, okulda béyle imkanlar yok. A¢ik¢ast biz hichir bilisim dersimizde bilgisayar kullanmiyoruz.
(Ogr9)”. Benzer sekilde bir baska dgrenci bu konuyu su sekilde ifade etmistir:

“Swnifin kocaman olmasi onlarin hepsi biiyiik her yerde bilgisayar var imkanlarimiz ¢ok
Jazla.  Mesela baska yerlerde boyle seyler yaparken grup seklinde yaptirp tek bir
malzeme ile yaptiriyordu, ama burada herkes kendi bireysel olarak yapabiliyor” (Ogrli)

Arastirma kapsaminda bu baglik altinda ortaya c¢ikan bagka bir tema ise atdlyenin Ogretici ve ayni
zamanda eglenceli olmasidir. Ogrenciler ile yapilan gériismelerde dgrencilerin bilyiik ¢ogunlugu atdlyede
yapilan etkinliklerin 6gretici ve ayn1 zamanda eglendirici oldugunu ifade etmislerdir. Ogrencilerden ikisi bu
durumu “eglenceli, 6gretici bir atélye (Ogr10)” ve “Bence ... genel olarak eglenceliydi. Tasarim yaparken
dikerken ¢ok eglendim (Ogr7)” seklinde ifade etmistir.

Genellikle 6grencilerin tasarimlari yaparken yani atdlyede aktif bir sekilde bir seyler iiretirken eglendigi
goriilmektedir. Ancak goriisme verilerinin analizi neticesinde 6grenciler bazi1 durumlarda 6rnegin atdlyenin ilk
haftaki teorik kisimlarinda veya tasarimlar arasinda diger 6grencileri beklerken sikildiklarini beyan etmislerdir.
Bu durumu 6grencilerden biri su sekilde dile getirmistir.

“Ilk hafta birazcik sikilmistim tamisma hafiasi oldugunda. O hafta uygulamali etkinlikler
Yoktu... Bu yiizden eglenceli seylere ge¢medigim bir iiretme ortaya koymadigimizdan
dolayt birazcik sikict gegmisti galiba” (Ogr8)

Nitel verilerin analizinde atdlyede bazi durumlarin &grencilerin zorladigi sonucuna ulagilmustir.
Ogrenciler yasadig1 zorluklar basta dikim iglemi ilgili, atlyenin baglama zamam ve yapistirma islemi ile ilgili
olmak iizere ii¢ alt bashk altinda siralanabilir. Atdlye boyunca Ogrenciler e-tekstil tasariminda gesitli
bilesenleri iletken veya yalitkan (normal) iple yiizeye sabitlemeleri yani dikmeleri gerekiyordu. Ogrencilerin
cogu daha 6nce dikim konusunda deneyimi olmadigini bu konuda zorlandiklarini ifade etmislerdir. Bir 6grenci
bu konuda yasadig1 zorlugu “ozellikle dikisi yapana kadar ¢ok uzun zaman aldi ¢iinkii ilk defa yapryyorum ve
yani karisik (Ogr6)” seklinde dile getirmistir.

Kisa devre, iletken ipin temas etmemesi veya tasarim hatalarindan dolay diktiklerini sokmek ve yeniden
dikmek bu temada en ¢ok (n=6) rastlanilan zorluklardandir. Iletken ipin yalitilmis kaplamasi (6rn. elektrik
kablolarindan olan plastik kaplama) olmadig: i¢in art1 ve eksi iplerin birbirine temas edecek sekilde dikilmesi
kisa devreye ve elektronik devrelerin ¢aligmamasina/bozulmasina neden olmaktadir. Benzer bir zorluk iletken
ipin dikim sirasinda devre elemanina iyice sikilmamasindan dolay1 temas etmemesinden kaynaklaniyordu. Bu
tarz problemlerde 6grencilerin multimetre cihaz ile sorunun neden kaynaklandigim tespit edip sokmeleri ve
dikimi tekrar yapmalar1 gerekiyordu. Ogrenciler bu tarz sorunlar yasadigini, bu durumun zaman zaman {iziicii
oldugunu ancak sonrasinda tistesinden geldigini ifade etmislerdir:

“Ogr10: Dikerken kablolar[iletken ip] birbirine degince veya degmediginde ¢ok sikinti
oluyor.

Goriismeci: Mesela senin oyle yasadigin bir seyler oldu mu?

Ogrl10: Evet, hepsini sékmek zorunda kaldim. Ciinkii birbirlerine bagliydi. Aletler, ledler,
buzzer filan hepsi birbirine bagliydi. O yiizden hepsini soktiim tekrar yaptim.” (Ogri0)

Bu temada yasanilan bir bagka zorluk tasarimda bilesenlerin yanlis yerlestirilmesinden dolay1 yapilan
dikim hatalar1 ve sonrasinda sokmek zorunda kalinmasidir. E-tekstil iiriinlerinde dikim isleminden Once
planlanan tasarimin ilk 6nce kagida taslak olarak ¢izilmesi ¢ikabilecek sorunlarin (kisa devre vb.) tespiti ve
dikim sirasinda 6grencileri yonlendirmesi agisindan dnemlidir. Her ne kadar atdlyede 6grenciler tasarimini
taslak olarak kagida cizmeleri ve buna bagli kalmalar istense de bir 6grenci bu konuda yasadigi zorlugu su
sekilde dile getirmistir:

“Gortismeci: Atolyede herhangi bir zorluk yasadin mi?
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Ogr9: Evet, yasadim gecen hafta. Dikisin hepsini yanhs dikmistim. Bastan dikmek
zorunda kaldim. ... Ben biitiin eksileri baglaywp tek bir eksiye gegirmeyi planlamigtim.
Ama yanlis diktim. Hepsi birbirine degdi. Sonra bastan basla/mak durumunda kaldim]”

(Ogr9)

Ogrencilerin atdlyede yasadig1 bir baska zorluk ise atdlyenin giinii ve saati ile ilgiliydi. Atdlye bes hafta
sonu cumartesi giinleri saat 9: 00 da basliyor 12:00 da bitiyordu. Atdlyeye her ne kadar katilim goniilliilik
esasina dayali olsa da atdlyenin hafta sonu erken saatlerde baslamas1 6grencileri zorlamistir ve bu konuya yedi
ogrenci deginmistir. Dile getirilen bir bagka zorluk tasarim malzemelerinin yapistirilmasi igin kullanilan sicak
silikon tabancasi ile ilgilidir. Birka¢ 6grenci bu hususta zorlandigini ve yardim talep ettigini dile getirmistir.
Atolyenin giinii ve saati ile ilgili her ne kadar zorlansalar da 6grencilerden birisi bu durumu su sekilde dile
getirmistir:

“Gortismeci: hi¢ boyle gelmeseydim dedigin zamanlar oldu mu

Ogr5: Evet oluyor her sabah kalktigimda [giiliiyor] béyle erken oldugunu diisiiniiyorum
Ctinkii cumartesi giinleri erken kalkmaya aliskin degilim. Her sabah kalktigimda kendi
kendime miicadele veriyorum gitsem mi gitmesem mi gitsem mi gitmesem mi ama buradan
her ayrilisinda da iyi ki gelmisim bu hafia diyorum” (OgrS5)

Atolye ile ilgili 6grencilerin goriislerinden ortaya ¢ikan bir baska alt tema atolye ile ilgili 6nerilerdir. Bu
temada atdlyenin geg¢ baglamasi (n=3), tasarlanan iiriinlerin kendisinde kalmasi (n=4), seviyeye gore ayrilmasi
(n =1) ve devaminin olmasi (n=1) seklinde gelen énerilerdir. Ogrencilerin bir kismi atélye saatinin ¢ok erken
oldugunu beyan etmis ve daha ge¢ saatlerde baslayabilecegini onermislerdir. Bir bagka oneri 6grenciler emek
verip tasarladiklari iirlinlerin kendilerinde kalmasini istemektedirler. Bir 6grenci bu durumu “Keske yaptigimiz
seyleri de bize verseler ¢iinkii ¢cok giizel oldular” seklinde dile getirmistir. Ancak {iriinlerin tekrar kullanilmasi
acisindan bu durum maalesef miimkiin olmamastir.

TARTISMA, SONUC VE ONERILER

Bu caligsma, ortaokul 6grencilerinin bir STEAM etkinligi olan e-tekstil atlyesine yonelik goriislerini
inceleyerek, e-tekstilin egitimdeki potansiyel katkilarini ortaya koymaktadir. Bulgular, e-tekstil atolyesinin
ogrenciler i¢in dgretici ve eglenceli bir deneyim sundugunu, ayn1 zamanda programlama, devre olusturma ve
tasarim gibi alanlarda becerilerini gelistirdigini gostermektedir. Atdlye sonucunda 6grencilerin Fen, Teknoloji
ve Tasarim alanlarma kiyasla, e-tekstilin miihendislik ve matematik alanlarina katkisinin daha az oldugu
sOylenebilir. Diger taraftan 6grencilere e-tekstil iiriinlerini tasarlarken 6zellikle kisa devre ya da temassizlik
gibi nedenlerden dolay1 devre elemanlarinin dikimi ve yerlesimi konusunda zorluklar yasadigi goriilmiistiir.

Calismanin bulgulari, e-tekstil projelerinin STEAM egitimine entegrasyonunun, 6grencilerin 6zellikle
fen, teknoloji, sanat olmak {izere az da olsa miihendislik ve matematik alanlarindaki bilgilerini ve
farkindaliklarim1 artirdigim1  gostermektedir. E-tekstilin 6zellikle programlama, elektronik ve tasarim
alanlarimin kesisiminde bulundugu ve bu alanlarin 6gretilmesinde daha ¢ok kullanildig: literatiirde yapilan
farklh caligmalarda belirtilmis olup (Kafai vd., 2014; Nugent vd., 2019; Peppler & Glosson, 2013), bu durum
mevcut aragtirmanin bulgular ile de ortiismektedir. Atdlyenin 6grencilerin tasarim anlayigina ve yetenegine
sagladig1 katki ile siirecin igerisine programlamay1 da eklemesi daha dnce deneyimlemedikleri bir durum
olarak 6n plana ¢ikmistir. Tasarimin siirecin igerisine katilmasi Peppler’in (2013) e-tekstilin sanat ve STEM
alanlar1 arasima koprii kurarak birlestirdigi ve STEM alanlarina netlik kazandirdigi ifadesini desteklemektedir.
Diger taraftan programlamayi siirece dahil etmesi sayesinde e-tekstil projeleri, 6grencilerin teknolojiye olan
ilgisini artirdig1 ve bilgi islemsel diisiinme becerilerinin gelismesine katki sagladigi séylenebilir (Nugent vd.,
2019; Peppler & Glosson, 2013).

E-tekstilin, kisa devre, iletken ve yalitkan gibi soyut olan temel elektronik kavramlarinin
somutlastirilmasma, daha acgik bir ifade ile bu kavramlarin bizatihi olarak &grenciler tarafindan
deneyimlemelerine imkan tanmidigma vurgu yapilmistir (Kafai & Peppler, 2014; Nugent vd., 2019). Diger
taraftan kisa devrenin geleneksel 6grenme ortamlarinda Ggretilmesi sirasinda kullanilan yalitimli elektrik
kablolarin bu durumun yasanmasimi engelledigi ve Ogrencilerin deneyimleyemedigi i¢in kisa devreyi

1632



Ali Battal

anlamakta zorlandig ifade edilmistir (Peppler, 2016). E-tekstil ile yalitkan yiizeye sahip olmayan iletken ipler
nedeniyle bu durumun mevcut arastirma bulgularinda da ortaya ¢iktig1 lizere ¢ok olasi oldugu belirtilmis ve
Ogrenenler bu durum ile dogrudan karsilastiklar1 ve neticesinde daha iyi kavradiklari ifade edilmistir.
Aragtirmanin fen 6gretimi konusunda one siirdiigli bu katkilar, literatiirde e-tekstilin kullanildig1 basta deneysel
caligmalar olmak {iizere (6rn. loannou vd., 2024; Peppler & Thompson, 2024) diger pek ¢ok arastirmada
bulunan sonuglar ile paralellik gostermektedir. Ayrica, Peppler ve Thompson (2024), e-tekstilin temel
elektronik kavramlarin1 6gretmekte de alternatif insa setlerine (littleBits Base Inventor Kit vb.) nazaran daha
kayda deger destek sagladigini iddia etmislerdir.

Arastirma sonuglarinda Ogrencilerin programlama Ogrenmelerine katki sagladigi ve bu konuda
farkindaliklarimi artirdigi goriilmiistiir. Bulunan bu sonug e-tekstilin kullanildig1 diger arastirma sonuglari ile
paralellik gostermektedir (Ioannou vd., 2024; Jayathirtha & Kafai, 2019; Nugent vd., 2019). Programlama e-
tekstil projelerini islevsel ve akilli hale doniistiirmek igin gereklidir. Bu baglamda yapilan ¢aligmalarda
programlamanin ne ise yaradigt ve ne oldugu ile ilgili somut Ornekler vermesi agisindan e-tekstilin
programlama 6gretiminde kullanimi énemlidir (Kafai vd., 2014). Ozellikle programlama ile ilgili 6n yargilari
olan Ogrencilerin, e-tekstil atdlyesi sayesinde programlamayi daha erisilebilir ve ilgi ¢ekici bulduklari
gbzlemlenmistir (Buechley vd., 2013; Peppler, 2013). E-tekstil projeleri kiz 6grencilerin ilgi alanlarma daha
uygun oldugu i¢in (Buechley & Hill, 2010) 6zellikle onlart STEM alanlarina ¢gekmek ve onlarin bu alanlarda
ilerlemelerine miimkiin kilmaktadir (Buechley vd., 2008). E-tekstilin, geleneksel yontemlere mesafeli olan kiz
Ogrencilerin programlama egitimine ilgisini artirmada etkili bir arag olarak goriilmektedir (Buechley vd., 2013;
Peppler & Wohlwend, 2017) ve bu anlamda farkli kesimlerin programlama 6grenmesine katilimi tegvik ettigi
ve cesitliligi sagladigi sdylenebilir (Jayathirtha & Kafai, 2019). Sanat ve teknoloji arasindaki baglantiy
giiclendiren bu projeler, STEAM egitimini daha kapsayici hale getirerek, farkli ilgi alanlarina sahip
ogrencilerin bilisim ve miihendislik disiplinlerine katilimini artirmaktadir (Guimerans-Sanchez vd., 2024).
Bununla birlikte, bu ¢alismada 6grenciler tasarimlarin kigisellestirme siirecinde sanatsal yonlerini kesfetmis
ve atdlyenin tasarim anlayisina ve estetik algilarina katki sagladigi bulunmustur. E-tekstil atolyesi neticesinde
her 6grenci kendi estetik algilar1 ¢ercevesinde ortaya bir liriin ¢ikartmig ve kendilerine sunulan imkanlar
oOl¢iisiinde bu iirlinlerini tasarim malzemelerini kullanarak zenginlestirmislerdir. Bender (2017) ortaya g¢ikan
iiriinler 6grencilerinin kendi kigisel c¢abalar1 sonucu olustugu ve daha sonra giyinmeyi gerektirdigi icin
cocuklarm triinlerinin tasariminin estetik olmasina daha fazla énem verdigini dile getirmistir.

Ogrenciler genel olarak atdlyede saglanan imkanlar ile atdlyenin ogretici ve eglendirici tarafina
yonelik olumlu gériislerini belirtmislerdir. Ogrenciler bu olumlu gériislerini daha cok atdlyede aktif bir seyler
yaparken belirtmisler, aksi durumda sikici oldugunu 6ne siirmiislerdir. Bu bakimdan bu tarz atolyelerde
ogrencilerin aktif olacak sekilde planlamanin yapilmasi 6nemlidir. Atdlyede dgrencilerin iletken iplerin temasi
sonucu kisa devre veya temassizlik, bilesenleri yanlis dikme gibi dikis islemi ile ilgili baz1 zorluklarla
karsilastiklar1 da tespit edilmistir. Ozellikle dikis islemi, kisa devre sorunlari ve devre elemanlarinin
yerlestirilmesi gibi teknik konular yapilan baska ¢calismalarda da zorlayic1 bulunmustur (Nugent vd., 2019; Sat
& Cagiltay, 2024). Ayrica, atolyenin hafta sonu erken saatlerde baglamasi bazi 6grenciler i¢in zorluk olarak
ifade edilmis ve bu durum zaman zaman atdlyeye katilim noktasinda 6grencileri diistindiirmiistiir. Guimerans-
Sanchez vd. (2024) yaptiklar1 sistematik literatiir taramasinda, e-tekstilin ¢ogunlukla okul dis1 programlar,
kuliipler ve atolyelerde uygulandigini raporlamiglardir. Bu durum okul sonrasi programlarin okul ders saatleri
disinda yapilmasini gerektirdigi i¢in (Shernoff & Silva, 2017) kolay asilabilecek degildir, ancak uygulayicilar
saat konusunda esneklik saglayabilir. Diger taraftan Tiirkiye’de STEM arastirmalarmin genellikle robotik
kodlama tizerine yogunlastigi (Yildirim & Gelmez-Burakgazi, 2020) ve e-tekstilin egitime entegrasyonunun
heniiz yayginlagmadigi sdylenebilir. Bu nedenle, e-tekstil projelerinin iilkemizde daha fazla aragtirilmasi ve
yaygmlagtirilmas1 ve miimkiinse okul miifredatina ya da  kuliip, etiit gibi ekstra program etkinlikleri
kapsaminda yer verilmesi onerilebilir.

Bu caligmada bir STEAM egitim etkinligi olan e-tekstil atdlyesine katilan 6grencilerin goriisleri ortaya
cikarilmistir. Bu noktada bir diger onemli paydas olan Ogreticilere de biiyiilk sorumluluk diismektedir.
Literatiirde e-tekstilin egitimde daha yaygm bir sekilde uygulanabilmesi Ogretmenler agisindan
degerlendirildiginde, smif i¢i entegrasyonun iyi planlanmasi, zaman yonetimi, maliyet ve okul yonetimi
destegi gibi uygulama ile faktorlerin dikkate alinmasi gerektigi ifade edilmistir (Buechley vd., 2013; Fields &
Kafai, 2023). Diger taraftan e-tekstil atdlyelerinin daha yaygin bir sekilde uygulanabilmesi i¢in 6gretmenlere
yonelik destekleyici egitimlerin artirilmasi, smif ortaminda uygulanabilir modellerin gelistirilmesi ve
ogrencilere yonelik rehber materyallerin sunulmasi dnerilmektedir (Sat & Cagiltay, 2022). Ayrica, e-tekstil
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etkinliklerinin farkli yas gruplar1 ve egitim kademelerinde uygulanabilirligini arastiran ¢caligmalarin yapilmasi,
bu alandaki literatiire 6nemli katkilar saglayacaktir (Peppler & Thompson, 2024). E-tekstil projelerinin
STEAM egitimi baglaminda sagladig1 faydalar disiiniildiiglinde, bu tiir etkinliklerin sadece okul sonrasi
programlar, bilim kuliipleri ve yaz kamplar gibi okul dig1 6grenme ortamlarinda degil ayn1 zamanda okul i¢i
derslerde de desteklenmesi onerilmektedir (Fields & Kafai, 2023).

Sonug olarak, e-tekstil projeleri, STEAM egitimi ¢ercevesinde disiplinler arasi bir 6grenme deneyimi
sunarak, Ogrencilerin teknolojiye olan ilgisini artirmakta ve bilgi islemsel disiinme becerilerini
gelistirmektedir (Buechley vd., 2013; Nugent vd., 2019). Bu dogrultuda, gelecekte e-tekstilin egitimde daha
genis bir kullanim alan1 bulmasi i¢in uygulama ve arastirma caligmalarmin artirilmast biiyiikk Onem
tagimaktadir (Guimerans-Sanchez vd., 2024). Tiirkiye’de e-tekstil projelerinin yayginlastirilmasi ve farkli yas
gruplarinda uygulanabilirligini arastiran daha fazla ¢alismanin yapilmasi, bu alandaki egitim firsatlarmi ortaya
cikaracaktir. Egitim politikalarinda e-tekstil gibi yenilik¢i teknolojilerin desteklenmesi, STEAM egitiminin
daha kapsayici ve etkili hale gelmesine katki saglayacaktir.

Tesekkiir

Bu calisma, Genglik ve Spor Bakanlifi, Genglik Projeleri Destek Programi kapsaminda
desteklenmistir. Ayrica, arastirmaya katilan tiim 6grencilere ve egiticilere katkilarindan dolay: tesekkiir ederiz.
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INTRODUCTION

Electronic textile (e-textile) encompasses textile and clothing products created through the use of
sewable digital electronics and traditional sewing materials (Peppler et al., 2014). In traditional electronics
projects, components are fixed onto rigid surfaces through soldering, whereas in e-textile, this process is
carried out by sewing components onto fabric using conductive thread. Due to their flexible and wearable
nature, e-textile projects are also referred to in the literature as “soft circuits” (Battal, 2023). E-textiles lie at
the intersection of electronics, design, and programming, and are considered a tool that supports
interdisciplinary learning (Kafai et al., 2014; Peppler, 2013). The products created through e-textile projects
are usable in daily life, wearable, and shareable with others (Nugent et al., 2019).

E-textile products are designed to sense environmental stimuli, process them, and respond accordingly.
To achieve this functionality, they require a programmable microcontroller (e.g., LilyPad Arduino), sensors
such as temperature and light sensors that detect environmental inputs, and output components such as LEDs
that emit light or buzzers that produce sound. Additionally, these components must be connected both
electrically and physically to the design surface typically materials such as felt or fabric using conductive
thread. Beyond electronic components, e-textile products also involve the use of various non-conductive,
sewable materials for design purposes. The artifacts designed may serve specific purposes in areas such as
sports, healthcare, or the military, or they may take the form of everyday clothing or accessories shaped by the
designer’s aesthetic preferences (Battal, 2023). Battal (2023) also notes that children can design textile
products such as bracelets or smart pillows and make them functional through programming. For example, a
smart pillow, as an e-textile product, can alert children that their television viewing time has ended through
light and sound signals.
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Thanks to their interdisciplinary nature, e-textiles provide teachers with new opportunities to support
STEM and STEAM education and promote an inclusive approach in education (Fields & Kafai, 2023). STEM
education is a contemporary approach to teaching and learning that focuses on solving real-world problems by
integrating the disciplines of science, technology, engineering, and mathematics rather than teaching them in
isolation (Kelley & Knowles, 2016). Subsequently, the inclusion of art into these four core disciplines led to
the emergence of STEAM. In this model, the emphasis is not only on the artistic dimension to enhance
creativity and innovation (Perignat & Katz-Buonincontro, 2019), but also on engaging learners in more
authentic problems and projects that enable them to produce new artifacts (Juskeviciené et al., 2021). The
common goal of these models is to solve problems or create products by integrating knowledge from different
disciplines and engaging in interdisciplinary practices (Johnson et al., 2020). The resulting products may take
various forms depending on the construction kits used, such as robotics or e-textiles (Peppler & Thompson,
2024). Recently, there has been increasing interest in integrating STEAM education into school settings
(Belbase et al., 2021).

Many educational institutions, both globally and nationally, conduct research on these models and
attempt to adapt their learning environments accordingly by designing activities aligned with them (Elmali &
Balkan Kiyici, 2017; Fields & Kafai, 2023; Johnson et al., 2020). E-textiles are considered an ideal tool for
integrating the STEAM model into K—12 education and for introducing young learners to this approach
(Peppler & Glosson, 2013). Sat and Cagiltay (2022) described e-textiles as an innovative and effective means
of implementing the STEAM model. Research indicates that e-textiles support students’ learning by facilitating
the application of programming, engineering, circuitry, and design principles (Kafai et al., 2014; Peppler &
Glosson, 2013). This makes e-textiles a powerful tool for use in both formal and informal STEM and STEAM
learning environments (Fields & Kafai, 2023). Moreover, e-textiles can offer inclusive, inspiring, and
alternative learning opportunities for students who may not typically engage with STEM/STEAM fields due
to approaches such as robotics coding (Guimerans-Sanchez et al., 2024).

E-textiles are among the recent innovative applications with significant educational potential, situated
at the intersection of basic electronics, design, and programming, and contributing to the development of
knowledge and skills in these three disciplines. By integrating electronics, programming, and textile design
skills, e-textiles help students develop critical thinking, problem-solving, and computational thinking skills,
while also enabling a deeper understanding of circuit structures and programming logic (Nugent et al., 2019).
Researchers have argued that e-textiles support learners’ understanding of STEM domains as well as their
attitudes toward these fields. At the same time, they provide learners with flexibility to enrich their designs
using unique materials (Peppler & Thompson, 2024), thereby incorporating a design dimension and creating a
bridge between STEM and the arts, which enables the development of STEAM activities (Peppler, 2013).
Guimerans-Sanchez et al. (2024) stated that e-textiles help children acquire skills in STEAM domains and
serve as an important tool for exploring artistic forms of expression by integrating art and technology.
Furthermore, e-textiles allow students to design personal artifacts that they can use and share with others,
guided by their own aesthetic preferences, by sewing electronic components and subsequently programming
them (Nugent et al., 2019).

Research indicates that e-textiles support students’ learning across multiple domains. STEAM activities
based on e-textiles have been shown to facilitate students’ understanding of fundamental electronics concepts
such as circuit construction, polarity, and short circuits (Kafai & Peppler, 2014; Nugent et al., 2019).
Experimental studies have found that e-textiles support the learning of basic electronics concepts and reduce
common errors made by students (Ioannou et al., 2024; Nugent et al., 2019; Peppler & Thompson, 2024). They
have also been reported to make learning environments more engaging and enjoyable, thereby increasing
student engagement (Sat & Cagiltay, 2024). Programming constitutes another essential component in making
e-textile projects functional; therefore, e-textiles can be used as a medium for teaching programming (Nugent
et al., 2019). They provide an innovative environment for introducing programming and computational
thinking to children in a concrete and visually appealing way (Ioannou et al., 2024). Compared to traditional
programming environments, e-textile projects allow students to interact with physical artifacts, thereby making
coding concepts more tangible. By integrating components such as circuit design, sensors, and
microcontrollers, these projects support the development of students’ understanding of electrical circuits and
algorithmic thinking skills (Jayathirtha & Kafai, 2019). In addition, e-textiles offer an inclusive learning
experience, particularly for students with diverse interests, and thus enable computational thinking and
programming to reach a broader population (Fields & Kafai, 2023). For example, individuals who may be less

1639



Trakya Journal of Education, 16(4) 2026, 1622-1654

inclined to learn programming due to limited interest in approaches such as robotics coding (Bender, 2017)
can be attracted to these fields through e-textiles. This is considered particularly important in engaging girls,
revealing their potential, and encouraging participation in STEAM fields (Buechley et al., 2008; Kirstein,
2013).

This technology, which also offers flexibility for teachers in educational settings, supports
interdisciplinary teaching and contributes to the development of innovative instructional approaches that
integrate computer science with art, engineering, and design. With the increasing adoption of STEAM-oriented
approaches in education, e-textiles play an important role in shaping technology-oriented education (Buechley
et al., 2013). However, when teachers attempt to implement this technology, they may encounter several
challenges, such as large class sizes, implementation costs, time constraints, and the need for administrative
and parental support (Nugent et al., 2019; Sat & Cagiltay, 2024). Perhaps for this reason, Guimerans-Sanchez
et al. (2024), in their systematic literature review of studies involving the use of e-textiles in primary and
middle school education, reported that this technology has been implemented in a limited number of countries
and was mostly used in out-of-school settings such as after-school programs, clubs, and workshops. The review
further indicated that most e-textile projects have been conducted in countries such as the United States,
Germany, and Greece. Literature review showed that the use of e-textiles in education in Tiirkiye was limited.
There was a study that a professional development program has been implemented for teachers (Sat & Cagiltay,
2024), and that at the K—12 level, there exists a study introducing materials and sample activities used in e-
textile design (Battal, 2023), as well as a study focusing on the science-oriented aspects of e-textiles by
examining their effects on middle school students’ understanding of electricity, rather than their impact on
programming and design domains (Sat et al., 2025). Within the Turkish context, there is a limited number of
studies on the use of e-textiles in education, particularly at the middle school level. Yildirim and Gelmez-
Burakgazi (2020), in their review of STEM research conducted at the K—12 level in Tiirkiye, reported that
robotics-based coding is the most commonly used technology in these studies.

Within the scope of the present study, an e-textile workshop was organized to introduce middle school
students to e-textile technology and to enhance their knowledge and experience in STEAM domains. Unlike
previous studies that primarily emphasized the science dimension of e-textiles, this workshop addressed
electronics, programming, and design together. Following the workshop, the study aimed to explore students’
views regarding the contribution of the workshop to STEAM domains as well as their overall perceptions of
the workshop. It is expected that the findings of this study will provide insights for practitioners, policymakers,
and researchers who aim to integrate e-textile technology into education and STEAM domains in Tiirkiye.
Accordingly, the study seeks to answer the following research questions:

1. What are students’ views regarding the contribution of the e-textile workshop to STEAM domains?
2. What are students’ views regarding the e-textile workshop?

METHOD

Research Design

This study was conducted using the case study method, one of the qualitative research designs, to
examine middle school students' views on an e-textile workshop. Case study is an effective qualitative research
method used to provide an in-depth understanding of a particular phenomenon (Yin, 2003). In this study, it
was intended to enable a deeper understanding of the e-textile workshop organized for children from the their
perspective within its real context and setting (Creswell, 2007). Merriam (2009) also drew attention to the
importance of case study when researching innovations in education. Furthermore, through case study, the
phenomenon under investigation is examined in depth within its own context, providing the researcher with
detailed feedback on what happened and why (Neale et al., 2006). This method offers an appropriate approach
for understanding the experiences of students who participated in the e-textile workshop, one of the innovative
technologies in the implementation of STEAM education in recent years (Ioannou et al., 2024; Sat & Cagiltay,
2022), and for evaluating the contribution of these experiences to STEAM education, and for developing
recommendations regarding the use of e-textiles in educational contexts in our country.
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Study Group

The participants of the study were selected using purposive sampling and consisted of middle school
students who attended the e-textile workshop. Purposive sampling is used when the researcher needs to select
individuals or situations that can provide the most information in order to deeply explore and understand a
specific topic (Merriam, 1998). To invite participants to the workshop organized within the scope of this study,
posters and informational texts were distributed both online and to school administrators in the province where
the workshop was held. Applications were collected through an online registration form. The eligibility criteria
for participation in the workshop were as follows: being a volunteer who is willing to engage in e-textile
workshop, committing to regular attendance, and being a 6th, 7th, or 8th grade middle school student.

As a result of the applications received, the researcher invited a total of 17 students to the workshop.
However, 14 of them attended regularly. Demographic information regarding the students who participated in
the workshop is presented in Table 1. The participants consisted of 14 children in total, nine of whom were
female (64.3%) and five of whom were male (35.7%). Eight of these children were 6th grade students, four
were 7th grade students, and two were 8th grade students. The mean age of the students was 12.07, and the
majority of the students (n = 8) reported having prior experience with coding; however, none of them had
previously participated in any activity related to e-textile design.

Table 1

Demographic Information of Participants in the Workshop

Student Programming
1D Gender Grade Age Experience
Stul Female 7 13 Yes
Stu2 Male 6 12 No
Stu3 Male 8 13 No
Stu4 Female 6 12 No
Stus Female 7 13 Yes
Stu6 Male 7 12 Yes
Stu7 Female 7 13 Yes
Stu8 Female 6 11 Yes
Stu9 Male 6 12 Yes
Stul0 Female 6 11 No
Stull Male 8 14 No
Stul2 Female 6 11 Yes
Stul3 Female 6 12 Yes
Stul4 Female 6 11 No

Data Collection Instruments and Data Analysis

Examining a phenomenon in depth requires not only comprehensive and detailed data collection in
qualitative case studies, but also the use of multiple data collection instruments (Yin, 2003). Three different
data collection instruments were used in this study. The primary data collection instrument was a semi-
structured interview form containing a series of questions related to the workshop. It has been noted that
interviews allow the researcher to gain an in-depth understanding of participants' experiences, thoughts, and
perceptions (Patton, 1990; Yildirim & Simsek, 2013). Semi-structured interviews, the most commonly used
type of interview, enable the collection of detailed information from participants through open-ended questions
and additional probing questions (Merriam, 2009). The interview form for this study was developed by the
researcher and subsequently reviewed by an expert who holds a doctorate in STEM education. The interview
questions were also reviewed by a language specialist. The interview form developed within the scope of this
study included two initial questions related to students' personal background information and their prior
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experience in STEAM fields. The remaining five questions addressed general opinions about the workshop,
the perceived benefits of the workshop, and the challenges encountered, all developed in alignment with the
research questions.

Another data collection instrument used in this study was a demographic information form developed
by the researcher. The demographic information form included personal questions such as students' gender,
age, and prior experience. In addition, the form contained a total of five open-ended questions: one question
asking about the workshop's contribution to STEAM domains, two questions about the aspects of the workshop
that students liked and disliked, and two questions soliciting opinions and suggestions regarding the workshop.
These open-ended questions were administered to all participants. The final data collection instrument
consisted of student journals, in which students reflected on their daily experiences at the end of each workshop
session. While the semi-structured interviews and open-ended questions allowed participants to elaborate on
their views, the journals enabled students to reflect more comprehensively on their thoughts and experiences
throughout the process.

Data analysis was conducted using content analysis. Content analysis is a widely used technique for
extracting meaningful themes from qualitative data and for enabling the systematic categorization of data
(Miles & Huberman, 1994). Creswell (2007) described the general qualitative data analysis process as
consisting of common steps, including preparing the data, organizing it into themes and sub-themes through
coding, and presenting the findings through tables, figures, and excerpts. During the analysis process, interview
recordings were first transcribed into written documents digitally, after which the responses to the open-ended
questions and the student journals were transferred to a digital environment. All data were merged into a single
file using MAXQDA 24 software, and the coding process was carried out through this software. Finally, the
coding process was initiated, and themes and sub-themes were identified upon its completion. In the final
phase, the themes and sub-themes that emerged were presented in alignment with the research questions.

Data Collection Procedure and E-Textile Workshop

During the application phase of the workshop, students and parents were informed about the workshop.
At the outset of the data collection process, an application was submitted to the Trakya University Social and
Humanities Research Ethics Committee, and the ethical approval required for data collection within the scope
of the study was obtained through the committee's decision dated December 19, 2018 and numbered
2018.11.02. Subsequently, voluntary participation forms were collected from the students indicating their
willingness to participate in the study, and informed consent forms were obtained from their parents. At the
end of the workshop, demographic information forms containing open-ended questions were distributed to the
students and they were asked to complete them. Individual interviews were conducted with a voice recorder
after obtaining the consent of 11 students selected by the researcher. Students were asked to keep journals
related to the activities carried out during the workshop and to submit them on the following workshop day.
At the conclusion of the five-week workshop, research data were collected in the form of demographic
information forms, student journals, and interview recordings.

The activities to be conducted in the e-textile workshop were determined following a review of similar
workshops previously conducted (e.g., Peppler & Glosson, 2013; Peppler et al., 2014). The workshop was held
over five weekends (on Saturdays), with three hours per day, totaling 15 hours, in a computer laboratory at a
public university after the necessary permissions were obtained. The materials and equipment required for the
workshop were made available in the computer laboratory. All activities conducted during the workshop were
carried out by members of the workshop team under the coordination of the researcher. In addition to the
researcher, the workshop team included a researcher who had completed an undergraduate degree in Science
Education and was pursuing a master's degree, a teacher who had completed an undergraduate degree in Early
Childhood Education and had worked in various institutions, and a total of ten undergraduate students from
the Computer Education and Instructional Technology department, five of whom actively assisted children
during the workshop.

The e-textile activities organized during the workshop are illustrated in Figure 1. On the first day of the

workshop, a series of activities were conducted by the Science Education specialist to teach students concepts
related to electricity (circuit building, conductors, insulators, etc.) and to introduce the tools and materials to
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be used in e-textile design. On the first day, an activity called "Light My Light," aimed at building a circuit
using traditional methods, was followed by an activity called "Find the Conductors," designed to identify
whether materials are conductors or insulators, and finally, an activity was conducted to introduce the materials
and tools to be used for sewing and design purposes. In the subsequent sessions of the workshop, activities
were planned around the design of two products, and meaningful artifacts were created for students at the end
of each design process. For the first product, students were asked to design an e-bracelet using LED lights, a
battery, and other conductive and insulating materials in order to learn basic electronic circuit design. After
the children became accustomed to sewing and gained experience in integrating sewable circuit components,
they were asked to create an advanced electronic circuit for the second product consisting of components such
as a LilyPad microcontroller, sewable LEDs, and a buzzer and to design an e-textile by programming the
circuit to make it functional (Figure 1). Throughout the entire process, the necessary materials, computers, and
software for programming were made available for children's use. The Arduino IDE development environment
was used to program the LilyPad board, and children were instructed on how to use this software and how to
code the LilyPad.

Figure 1

E-Textile Activities Conducted at the Workshop
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Trustworthiness of the Study

Different techniques corresponding to quantitative approaches are employed to ensure the validity and
reliability of qualitative research (Creswell, 2012). Several of these techniques were applied in the present
study. To strengthen the accuracy of the research findings, multiple forms of data such as interviews and
journals were used to ensure data triangulation. Furthermore, the research setting, data collection instruments,
and procedures were described in as much detail as possible, with the aim of ensuring the transferability of the
research findings to other studies with similar characteristics. Where deemed necessary, direct quotations were
included in the research findings to ensure the consistency and confirmability of the results. An inter-rater
reliability technique was employed, in which an independent coder, an expert in instructional technology other
than the researcher analyzed the same data and evaluated the consistency of the findings, with the purpose of
examining whether the results were consistent with the data (Merriam, 1998). The level of agreement between
the coders was calculated at 93% using the formula (number of agreements / [number of agreements + number
of disagreements]) proposed by Miles and Huberman (1994) and it was determined that the inter-rater
agreement exceeded the acceptable threshold of 80%.

FINDINGS

This study aims to reveal students' views regarding the e-textile workshop organized for middle school
students and to identify the contributions of the workshop to each fields of the STEAM education. In line with
this purpose, the findings section first addresses the contributions of the e-textile workshop to the fields of
science, technology, engineering, art, and mathematics, based on students' views. This is followed by a
presentation of students' general opinions about the workshop.

Students’ Views on the Contributions of the Workshop to STEAM Fields

Within the scope of this study, the contributions of the e-textile workshop to each of the STEAM fields
were examined first. At the conclusion of the workshop, students were asked about the contributions of what
they had learned in the workshop to these fields, and during the interviews, they were asked to elaborate on
the contributions they mentioned.

Under this heading, students were first asked in the demographic information survey about the
workshop's contributions to the five fields of the STEAM education, and their responses are presented in Figure
2. An examination of Figure 2 reveals that all students (n = 14) indicated that the e-textile workshop
contributed to the fields of Technology/Programming and Design, while the majority of students (n = 12)
reported contributions to the field of Science. The contributions to Engineering (#n = 6) and Mathematics (n =
3), on the other hand, were noted by fewer students compared to the other fields. The analysis of the interview
recordings also revealed that students emphasized contributions primarily related to programming, design, and
science, consistent with the findings noted above. Students made fewer references to contributions in the
remaining fields of engineering and mathematics. For this reason, the themes identified under this heading are
addressed in terms of students' views on learning in the fields of Science, Programming, Design, and other
areas. When the interviewed students were asked to summarize the training they received in the workshop,
some excerpts reflecting their responses are presented below. These excerpts illustrate the situation described.

"[ think it is a mix of both design and technology, because we are both sewing and

designing things, and we can also change the code however we want." (Student 5)

"We did coding, we designed things, we built circuits. It was great. I liked it here." (Student
12)

Students’ Views on Science Learning
The findings related to the contributions of the e-textile workshop to the field of science were

addressed under two sub-themes: learning fundamental electronics concepts and gaining clarity on these
concepts. Regarding science learning, the first sub-theme was found to be related to the learning of
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fundamental electronics concepts. In this context, students expressed that they learned about building
electronic circuits, short circuits, the concepts of conductors and insulators, and what a multimeter is and how
to use it. At this point, one of the students described what they learned in relation to this topic as follows:

"Today I built a circuit for the first time. I had seen the topic before but had never actually
done it. It didn't work on my first try, but then I could do one of them. Then I wanted to
improve it more and tried to connect more LEDs. Then the teacher gave us a device
[multimeter] and [ was using it to distinguish between conductive and insulating materials
that was so much fun... The more I learn these things, the happier I feel." (Student 11)

The second sub-theme concerns the clarity that e-textiles brought to the fundamental electronics
concepts students had learned. Students expressed that in the e-textile workshop, they learned fundamental
concepts related to electronics through hands-on experience, going beyond traditional instruction. Two
students described this situation as follows:

"In science class, sometimes when the topic involves electrical components... The teacher
explains these to us, but in terms of hands-on work, we only light up one single light bulb
— that's it." (Student 1)

"In science class, the teacher constantly has us copy things down. While copying, I didn't
understand anything at all. When I came here, [ realized I already knew those topics from
before and understood them much better." (Student 4)

Figure 2

Student Responses Regarding the Workshop’s Contribution to STEAM fields

Technology/Programming

Design

Science

Engineering

Mathematics

Students’ Views on Programming Learning

Students were first asked in the demographic information form whether they had any prior
programming experience. Many of the students (n = 9) indicated in the demographic information form that
they had participated in activities such as Code.org, Scratch, or robotics coding. However, none of them had
any prior programming experience in e-textile design. As a result of the interviews conducted with the students
who attended the workshop, all the students stated that they had learned new things about programming. On
this topic, all students indicated in the interviews that the workshop contributed to their programming learning.
A student who had no prior knowledge of programming expressed this as follows:
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"At first, it seemed meaningless to me because I didn't know anything, but later, once |
learned coding and understood what it was, I grasped it quite well. Since technology is
something I already love, it helped me feel more hopeful and more excited.” (Student 11)

In the interview questions, students were asked whether their views on programming had changed.
One student stated that they had thought of coding as an activity limited to what is done on a computer screen,
explaining the matter as follows:

"l used to think coding was such a boring thing, but it turns out it's actually quite nice. |
mean, before coming here, I thought you just wrote code on a computer, but when I came
here I saw that it was something quite different. I saw that there were these small little
devices. I liked them." (Student 4)

Similarly, another student compared their workshop experience to Scratch, expressing that the
activities they did here were "happening in real life," whereas Scratch remained limited to the computer screen,
and that "the things we made with our own hands were more fun" at the workshop. Additionally, two students
who had previously thought programming was difficult stated that they now found it easy, thanks to the
workshop activities.

Students programmed the Arduino LilyPad board, which is the sewable version of Arduino, during the
workshop. They also used basic components from the LilyPad family, such as LEDs and a buzzer. It was
observed that using sewable electronics which they had never encountered before made the students quite
pleased. On this topic, one student expressed their satisfaction by saying they "really enjoyed making Arduino
wearable." In terms of programming, students attempted to create different designs by modifying the code they
wrote. For example, they made various modifications to the code, such as playing different notes on the buzzer,
changing the duration for which the LEDs remained lit, and producing sounds for extended periods.
Experimenting with the code in this way attracted considerable interest from the students, and two students
expressed their views on the matter as follows:

"In our last project, we used a buzzer and LEDs. We also used different sounds together
with the coding. For example, we learned how to set the yellow light [LED] to stay on for
20 minutes and the blue light [LED] to stay on for 30 minutes. I enjoyed making different
settings and tones with the buzzer." (Student 11)

"I had a lot of fun today ... we wrote code... I hope every day goes this nicely. Writing code
was easy — my friend and [ went crazy with the codes and wrote our own code.” (Student

7)

Finally, some students indicated that they would continue working on programming and e-textile
projects after the workshop. Two students expressed the following regarding the designs they wish to create
in the future:

"There are grandmothers, right — they're always alone and things like that. I could make
something small for them, like a little friend they could talk to, or something like a
medication reminder." (Student 10)

"In the future, when I encounter things related to coding, it might help me be able to do
them. Or when I grow up, I might be able to make a device or a tool related to coding."
(Student 11)

Students’ Views on Design Learning

All of the students produced meaningful products for themselves during the e-textile workshop such
items they could use in real life, such as bracelets, bags, pillows, and designs on t-shirts. Most of the students
expressed in various ways that the products they created here contributed to their design skills. More
importantly, they noted that the training they received here was different from the lessons they had previously
taken. Another aspect related to design is the contribution the workshop made to students' understanding of
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design. One student described how the training they received here particularly influenced their perspective on
design:

"For example, I used to think design was only about drawing pictures or clothing, but it
turns out there are design elements and other electronic components involved as well...
Before, I only did coding and robotics, but now [this training] has added design to it as
well. I learned how to design something we will use in the future with what I learned here."
(Student 7)

Students were free while designing their own products during the workshop, and they were able to
enrich the products they created with design materials according to their own aesthetic preferences, as well as
share the finished products with others. One student mentioned that the designs they created reflected their
inner emotions. Another student described this situation as follows:

"Every week I came here and tried to make something and having a design that is uniquely

yours makes you happy. For example, being able to make something independently — not
everyone using the same things, but being able to freely make your own choices [makes
you happy]... In general, I enjoy making good designs, that is, designing things and
bringing products to life. It was nice to share the products I made with others. I mean,
telling others about something that belongs to you is a beautiful thing." (Student 5)

Students’ Views on Learning in Other Fields

Finally, students' views on the contributions of the e-textile workshop to the remaining fields of
engineering and mathematics are presented. However, the contributions to these fields that emerged under this
theme are not as concrete and explicit as those identified for the other fields. Regarding the field of engineering,
two students stated that while creating their designs, they calculated and thought through where to place each
electronic component, and that this contributed to their development in the field of engineering. Another
student expressed that they could build new devices using what they had learned here. Regarding the
contribution to mathematics, only one student mentioned that they performed numerical calculations during
coding and that this contributed to their learning in this field.

Students' General Views on the Workshop

As the answer to the second research question, students' views on the workshop are addressed under this
heading. As a result of the interviews conducted, the first theme that emerged under this heading was named
the opportunities provided to students by the workshop. Throughout the workshop, the necessary materials and
equipment for each student were provided. In addition, enough computers and adequate materials were made
available for each student's use at the workshop. The opportunities provided were mentioned by most of the
students (n = 9). Two of the students expressed this matter as follows:

"There are 34 people in the classroom, but fewer people here. Also, in the classroom at
school, there are no such opportunities. Honestly, we don't use computers in any of our
Information Technology classes." (Student 9)

"The classroom being so large, with computers everywhere and so many resources
available, it's a lot. For example, in other places when doing things like this, they would
have you work in groups with a single set of materials, but here everyone can do it
individually on their own." (Student 1)

Another theme that emerged under this heading within the scope of the research was that the workshop
was both educational and enjoyable at the same time. In the interviews conducted with the students, the
majority expressed that the activities carried out in the workshop were both instructive and entertaining. Two
of the students described this as "a fun, educational workshop" (Student 10) and "I think... it was generally
fun. I had a lot of fun while designing and sewing" (Student 7).

In general, it was observed that students enjoyed themselves while creating their designs, that is, while
actively producing something during the workshop. However, as a result of the analysis of the interview data,
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students reported that they felt bored in certain situations, such as during the theoretical section of the first
week of the workshop or while waiting for other students between design activities. One student described this
situation as follows:

"In the first week, I was a little bored during the introductory week. That week there were
no hands-on activities... Because we hadn't moved on to the fun parts yet and hadn't
produced anything, I think it was a little boring." (Student 8)

The analysis of the qualitative data led to the conclusion that certain situations in the workshop posed
challenges for students. The difficulties students experienced can be listed under three sub-headings, primarily
related to the sewing process, the start time of the workshop, and the gluing process. Throughout the workshop,
students were required to sew various components onto the surface using conductive or insulating thread as
part of their e-textile designs. Most students stated that they had no prior experience with sewing and that they
found it challenging. One student described the difficulties they experienced in this area as follows:

"It especially took a very long time until I managed to do the sewing, because [ was doing
it for the first time and it was complicated."” (Student 6)

Short circuits, thread contact failures, and design errors that required students to unpick and re-sew their
work were among the most frequently encountered difficulties (» = 6) under this theme. Because conductive
thread does not have an insulated coating (e.g., the plastic coating found on electrical cables), sewing the
positive and negative threads in a way that causes them to touch one another results in short circuits and the
malfunction or damage of electronic circuits. A similar difficulty arose from the conductive thread failing to
make proper contact with a circuit component due to insufficient tightening during sewing. In such problems,
students were required to identify the source of the issue using a multimeter, unpick the sewing, and redo it.
Students expressed that they experienced such problems, that these situations were sometimes disheartening,
but that they ultimately overcame them:

"Student 10: When the wires[conductive thread] touch each other or fail to make contact
while sewing, it causes a lot of trouble.

Interviewer: Did you personally experience something like that?

Student 10: Yes, I had to unpick everything. Because they were all connected to each other.
The components, the LEDs, the buzzer. Everything was connected to each other. So [
unpicked everything and did it again." (Student 10)

Another difficulty encountered under this theme involved sewing errors caused by incorrect placement
of components in the design, which subsequently required unpicking. In e-textile products, it is important to
first sketch the planned design on paper before beginning the sewing process, both for detecting potential
problems (such as short circuits) and for guiding students during sewing. Although students in the workshop
were asked to sketch their designs on paper and adhere to them, one student described the difficulty they
experienced in this regard as follows:

"Interviewer: Did you experience any difficulties in the workshop?

Student 9: Yes, I did last week. I had sewn everything incorrectly. I had to start over from
the beginning. ... I had planned to connect all the negatives and route them to a single
negative. But I sewed it wrong. They all touched each other. Then I had to start over from
the beginning." (Student 9)

Another difficulty students experienced in the workshop was related to the day and time of the sessions.
The workshop ran on Saturdays over five weekends, starting at 9:00 a.m. and ending at 12:00 p.m. Although
attendance was voluntary, the early start time on weekends posed a challenge for students, and seven students
mentioned this issue. Another difficulty raised was related to the hot glue gun used to attach design materials.
Several students stated that they had difficulty with this and had to ask for assistance. Despite the challenges
related to the day and time of the workshop, one student described the situation as follows:
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"Interviewer: Were there ever times when you thought you shouldn't have come?

Student 5: Yes, it happens every morning when [ wake up [laughs] — I think it's so early.
Because I'm not used to waking up early on Saturdays. Every morning I wake up and have
this battle with myself — should I go, should I not, should I go, should I not — but every
time I leave here I say, 'I'm glad I came this week."" (Student 5)

Another sub-theme that emerged from students' views on the workshop concerned their suggestions.
Under this theme, suggestions included starting the workshop later (n = 3), allowing students to keep the
products they designed (n = 4), grouping participants by skill level (z = 1), and continuing the workshop (n =
1). Some students stated that the workshop time was too early and suggested that it could start at a later hour.
Another suggestion was that students wanted to keep the products they had put effort into designing. One
student expressed this by saying, "I wish they would give us the artifact we made, because they turned out so
beautiful." However, reusing the materials unfortunately made this impossible.

DISCUSSION, CONCLUSION AND RECOMMENDATIONS

This study examines middle school students' views on an e-textile workshop as a STEAM activity and
reveals the potential contributions of e-textiles to education. The findings indicate that the e-textile workshop
offered students an instructive and enjoyable experience while also developing their skills in areas such as
programming, circuit building, and design. Based on the workshop outcomes, it can be stated that e-textiles
contributed less to the fields of engineering and mathematics compared to science, technology, and design. On
the other hand, students were observed to experience difficulties related to the sewing and placement of circuit
components during the design of their e-textile products, particularly due to issues such as short circuits or
poor connection.

The findings of the study indicate that the integration of e-textile projects into STEAM education
increased students' knowledge and awareness across science, technology, and art in particular, as well as
engineering and mathematics to a lesser extent. Various studies in literature have noted that e-textiles exist
particularly at the intersection of programming, electronics, and design, and are most used in the teaching of
these fields (Kafai et al., 2014; Nugent et al., 2019; Peppler & Glosson, 2013), that is consistent with the results
of the present study. Current study showed that the workshop contributed to students' understanding and skill
of design, along with the programming knowledge, which emerged as a notable experience that students had
not previously encountered. The incorporation of design into the process supports Peppler's (2013) assertion
that e-textiles bridge and integrate into the fields of art and STEM, while also bringing greater clarity to STEM
disciplines. Furthermore, by incorporating programming into the process, e-textile projects can be said to have
increased students' interest in technology and contributed to the development of their computational thinking
skills (Nugent et al., 2019; Peppler & Glosson, 2013).

It has been emphasized that e-textiles allow fundamental electronics concepts that are abstract in
traditional teaching methods. That is, e-textiles make short circuits, conductors, and insulators more concrete,
thereby, they enable students to experience these concepts firsthand (Kafai & Peppler, 2014; Nugent et al.,
2019). On the other hand, it has been noted that the insulated electrical cables used when teaching short circuits
in traditional learning environments prevent this phenomenon from occurring, and that students struggle to
understand short circuits because they are unable to experience them directly (Peppler, 2016). It has been stated
that with e-textiles, due to the use of conductive threads that lack an insulating surface, this situation is highly
likely to occur, which was also evidenced by the findings of the present study and that learners encounter this
situation directly and consequently develop a better understanding of it. These contributions to science learning
proposed by the study are consistent with the findings of numerous other studies in the literature in which e-
textiles have been used, particularly experimental studies (e.g., loannou et al., 2024; Peppler & Thompson,
2024). Furthermore, Peppler and Thompson (2024) argued that e-textiles provide considerably greater support
in teaching fundamental electronics concepts compared to alternative construction kits (e.g., littleBits Base
Inventor Kit).

The research findings showed that the workshop contributed to students' programming learning and
increased their awareness in this area. This finding is consistent with the results of other studies in which e-
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textiles have been used (loannou et al., 2024; Jayathirtha & Kafai, 2019; Nugent et al., 2019). Programming
is necessary to make e-textile projects functional and smart. In this context, the use of e-textiles in
programming instruction is important in that it provides concrete examples of what programming does and
what it is (Kafai et al., 2014). It was observed that students who had prior biases against programming found
it more accessible and engaging through the e-textile workshop (Buechley et al., 2013; Peppler, 2013). Because
e-textile projects are more aligned with the interests of female students (Buechley & Hill, 2010), they are
particularly effective in attracting girls to STEM fields and enabling them to advance in these areas (Buechley
et al., 2008). E-textiles are seen as an effective tool for increasing female students' engagement with
programming education (Buechley et al., 2013; Peppler & Wohlwend, 2017), and in this sense, it can be said
that they encourage the participation of diverse groups in programming learning and promote inclusivity
(Jayathirtha & Kafai, 2019). These projects, which strengthen the connection between art and technology,
make STEAM education more inclusive and increase the participation of students with diverse interests in
computing and engineering disciplines (Guimerans-Sanchez et al., 2024). In addition, in this study, students
explored their artistic sides during the process of personalizing their designs, and the workshop was found to
contribute to their design understanding and aesthetic sensibilities. As a result of the e-textile workshop, each
student produced a product within the framework of their own aesthetic preferences and enriched their products
using design materials to the extent of the resources made available to them. Bender (2017) noted that children
place greater importance on the aesthetic quality of their product designs because the designed products are
the outcome of their own personal efforts and subsequently require being worn.

Students generally expressed positive views regarding the opportunities provided at the workshop and
its instructive and entertaining aspects. Students expressed these positive views predominantly while they were
actively engaged in doing something at the workshop and conversely suggested that it was boring when this
was not the case. In this respect, it is important to plan such workshops in a way that keeps students actively
engaged. It was also found that students encountered certain difficulties related to the sewing process during
the workshop, such as short circuits resulting from conductive threads touching one another, as well as
incorrectly sewing components. Technical issues such as sewing, short circuit problems, and the placement of
circuit components have also been found to be challenging in other studies (Nugent et al., 2019; Sat & Cagiltay,
2024). Furthermore, the early start time of the workshop on weekends was identified as a difficulty by some
students, and this occasionally caused students to reconsider their attendance. Guimerans-Sanchez et al. (2024)
reported in their systematic literature review that e-textiles are most implemented in out-of-school programs,
clubs, and workshops. This is not an easily surmountable challenge, as after-school programs necessarily take
place outside of regular school hours (Shernoff & Silva, 2017). However, practitioners can offer greater
flexibility regarding scheduling. On the other hand, it can be said that STEM research in Turkey tends to focus
primarily on robotics coding (Yildinnm & Gelmez-Burakgazi, 2020) and that the integration of e-textiles into
education has not yet become widespread. For this reason, it can be recommended that e-textile projects be
further researched and disseminated in our country, and where possible, incorporated into school curricula or
within the scope of extracurricular program activities such as clubs.

In this study, the views of students who participated in an e-textile workshop as a STEAM education
activity were revealed. At this point, educators, who are another important stakeholder, also bear significant
responsibility. In the literature, when the broader implementation of e-textiles in education is considered from
the perspective of teachers, it has been stated that implementation-related factors such as well-planned
classroom integration, time management, cost, and school administration support need to be taken into account
(Buechley et al., 2013; Fields & Kafai, 2023). On the other hand, in order to enable e-textile workshops to be
implemented more widely, it is recommended that supportive training opportunities for teachers needs to be
increased (Sat & Cagiltay, 2022). The authors have also argued that feasible curricular models for
implementation need to be developed, and that guiding materials for students need to be provided.
Furthermore, conducting studies that investigate the applicability of e-textile activities across different age
groups and educational levels will make important contributions to literature in this field (Peppler &
Thompson, 2024). Considering the benefits that e-textile projects provide within the context of STEAM
education, it is recommended that such activities should be supported not only in informal learning
environments such as after-school programs, science clubs, and summer camps, but also in curricular programs
(Fields & Kafai, 2023).

In conclusion, e-textile projects offer interdisciplinary learning experience within the framework of
STEAM education, increasing students' interest in technology and developing their computational thinking
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skills (Buechley et al., 2013; Nugent et al., 2019). In this regard, increasing implementation and research efforts
to enable e-textiles to find broader application in education in the future is of great importance (Guimerans-
Sanchez et al., 2024). Conducting more studies in Turkey that disseminate e-textile projects and investigate
their applicability across different age groups will reveal the educational opportunities available in this field.
Supporting innovative technologies such as e-textiles in educational policies will contribute to making STEAM
education more inclusive and effective.
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