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Ogretmen Adaylarinin Fen Bilimleri Egitiminde Sanal

Tasarim ve Uc¢ Boyutlu Yazici Entegrasyonunun

incelenmesi’

Adem Koc¢', Mutlu Nisa Unaldi Coral?

Ozet

Fen bilimleri iceriginde soyut kavramlarin oldukca yogun
oldugu bir 6grenme alanidir. Konu ve kavramlara gore
somutlastirma islemleri geleneksel Ilaboratuvar ve fiziksel
tasarim atolyelerinde gerceklestirilebilse de, bu her zaman
mumkun olamamakta ya da daha zor olabilmektedir. Bu
sorunlarin ustesinden gelebilmek ve ogrenmede
somutlastirmanin énemine vurgu yapmak icin, bu calisma fen
bilgisi 6gretmen adaylarinin katiliimi ile soyut kavramlarin
cogunlukta  oldugu Biyoloji Il dersi  kapsaminda
gerceklestirilmistir. Haftalik olarak ikiser ders saati seklinde
muhendislik tasarim sureci asamalarina ve proje tabanli
6grenme ybntemine gore gergeklestirilen bu uygulamada Ug¢
boyutlu tasarim programi olan Tinkercad programi ve Ug¢
boyutlu yazici  kullaniimistir.  Uygulama sdreci  basinda
ogretmen adaylari arastirmacilar tarafindan ayrintili olarak
bilgilendirilerek sanal ortamda tasarima iliskin ¢alisma
yapraklar sunulmustur. Haftalik belirlenen plan ¢ergevesinde
uygulamalar  biyoloji  ve  bilgisayar laboratuvarlarinda
gerceklestirilmistir. 3-5'er kisilik gruplar halinde c¢alisan
ogretmen adaylari sectikleri konuda gergeklestirdikleri bireysel
tasarimlarindan sonra bir tasarima karar verip, onu nihai
tasarim olarak gelistirmislerdir. Stre¢ sonunda her bir grubun
nihai tasarimi U¢ boyutlu yazicida bastiriimis ve her gruptan
gonulld  birer o6gretmen adayr ile yari  yapilandiriimis
gorusmeler gercgeklestiriimistir. Gergeklestirilen gdorismeler
sonucunda elde edilen tema ve kodlar tablolastirilarak
sunulmustur. Ogretmen adaylarinin strece iliskin olumiu gérus
belirttikleri, bu tar uygulamalarin sayisinin artmasi gerektigi ve
diger konu alanlarinda da benzer uygulamalarin
gerceklestirilebilecegi yonunde gorus belirttikleri gordlmuastuar.
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Giris

Fen, teknoloji, muhendislik ve matematik alanlari, ABD basta olmak
Uzere yaklasik son 60 yildir Ulkelerin ekonomik buyumesinin baslica itici
guclU olarak gérulmektedir (Casey, 2012; Ozcakir-Simen ve Calisicl,
2019). Gunluk yasantimizin temel parcalarini olusturan ve kisaca STEM
olarak ifade edilen bu alanlar, beseri bilimlerin en acil ihtiyaclarini
gelistirmek icin oldukca énemlidir (Novak ve Wisdom, 2018; Trust ve
Kommers, 2017; Verner ve Merksamer 2015). STEM egitimi gunluk
yasam baglaminda problem c¢6zme surecinde fen, teknoloji,
muhendislik ve matematik alanlarinin  entegrasyonu olarak
tanimlanabilmektedir. Fakat bu tanimin oldukg¢a belirsiz oldugu ifade
edilmektedir (English, 2016; Kelley ve Knowles 2016; Mobley 2015). Bu
nedenle, entegrasyon kavraminin niteligini belirtmek icin coklu
uygulama cerceveleri kullanilmaktadir (Bell, 2016; Gardner ve Tillotson,
2019; Huri ve Karpudewan, 2019). Bu baglamda ifade edilen entegre
STEM egitimi ise, bireylerin gercek dunya problemlerinin ¢oézumunde
teknolojiyi kesfetmek icin muhendislik tasarim surecini dusUnerek
temel fen ve matematiksel bilgilerini kullanma olanagi saglandiginda
gerceklesmektedir (Moore ve digerleri, 2014). Entegre STEM egitimi
okullarda uygulanmakta olan 6gretim programlarinin yapisina ¢ok
uygun olmadigi icin, egitim surecinin amacina uygun olarak, égretim
programlarinda yer alan fen ve matematik alanlarina teknoloji ve
muhendislik  uygulamalari  dahil  edilerek  gerceklestirilmeye
calisiimaktadir (Bybee, 2010). Bu durumda énemli olan nokta, entegre
STEM egitimi uygulama cercevesi ile de uyumlu olarak fen ve
matematigin  tanim, icerik ve uygulamalarina teknoloji ve
muhendisligin opsiyonel olarak degdil temel bir bilesen olarak entegre
edilebilmesi olarak ifade edilmektedir (National Research Council
[NRC], 2010). Ayrica ifade edilen entegrasyon kavrami bireylerin
teknolojik okuryazarliklarinin da gelisimine katki saglayacak olan
muhendislik tasarim surecinin 6gretime dahil edilerek fen, matematik
ve diger icerik alanlarinda kullanilmasina vurgu yapmaktadir (Ozcakir-
Sumen ve Calisicl, 2019). Bu baglamda bakildiginda entegre STEM
egitimi, bireylerin 21. yuzyil becerileri olarak ifade edilen temel
yeterliklere hazirlanmalari, karsilastiklari problemlere disiplinler arasi
bakis acisi ile ¢dzum O&nerileri gelistirebilmeleri ve her ogretim
kademesindeki 6grenciler icin fen, teknoloji, mUhendislik ve matematik
alanlarinda nitelikli bireyler olarak yetismelerine olanak saglamasi
acisindan onemlidir (Meyrick, 2011).

STEM egitiminde yer alan doért alanin entegre bir sekilde
uygulanabilmesinin de geleneksel ogretim yaklasimlari ile cok
mMUmkun olmadigi gorulmektedir. Bunun yerine entegre STEM egitimi
uygulamalarinda gercek hayatta Kkarsilasilan problemler Uzerine
arastirma ve sorgulamaya dayali proje tabanl 6grenme (PTO) yontemi
gibi yaklasimlarin daha uygun oldugu belirtiimektedir (Breiner ve
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digerleri, 2012). Disiplinler arasi bir yaklasim olarak ifade edilen PTO, ders
disi ya da ders ici konularla ilgili olmasina bakilmaksizin farkl
disiplinlerle iliskili olarak ele alinmalidir (Doganay ve Tok, 2012). Cok
disiplinli bir yaplya sahip olan STEM egitiminde de PTO yaklasimi
ozellikle 21. yUzyil ile birlikte buyuk kabul gérmus ve gunumuzde STEM
egitiminin énemli bir bileseni haline gelmistir (Egenrieder, 2007). PTO,
ogrencilerin sorulari kesfettikleri, hipotezleri formule edip acikladiklari,
fikirleri tartistiklari, yeni fikirler sunduklari, gercek yasam problemleriyle
ugrastiklari ve aktif olarak kendi anlayislarini olusturduklari bir sinif
ortamini ifade etmektedir (Krajcik ve Blumenfeld, 2006). PTO'de,
ogrenciler gunluk hayattan ya da ders konularindan bir ilgi alani
secerler ve mumkun oldugu kadar cok farkl bilgi tarinu kullanarak,
ogrendiklerini gercek dunya udrunu olusturmak icin kullanarak
arastirma surecinde isbirligi icerisinde calisirlar (Diffily, 2002). Belirlenen
hedefe yonelik isbirligi icerisinde ¢calisan égrenciler ayni zamanda kendi
ogrenmelerini  yapilandirir, yonlendirir, yaraticiliklarini gelistirir ve
sorunlari isbirligi icerisinde cozerler. Bu ydénuyle PTO, gunluk hayatin
gercek 6grenme ortamina tasinmasinin yaninda ogrencilerin duygusal
ve sosyal gelisimleriyle birlikte akademik basarilarini da destekleyen
teknoloji tabanli bir é6grenme ortami saglamaktadir (Erdem, 2002).
interaktif bir 6grenme ortami sunan proje tabanli 6grenme ayni
zamanda ogrencilerin proje konusuna olan ilgilerini gelistirmeleri icin
bircok firsat sunarak Uzerinde calismak istedikleri projenin bdlumleri
hakkinda secim yapmalarina olanak tanir (Diffily, 2001; 2002).

PTO, entegre STEM egditimi uygulama cerceveleri ile de uyumlu olarak
bes temel dzelligi icerir ve sureg, ¢cozUlmesi gereken dinamik bir soru ile
baslar. OJrenciler bu temel soruyu sorgulama ve problem c¢dézme
sUrecine katilarak kesfederler ve soruyu arastirdik¢a disiplindeki temel
fikirleri 6grenirler. OJrenciler, 6gretmenler ve grup Uyeleri, bu temel
soruyu cevaplamak icin isbirlikci calismalar gerceklestirirler. Ogrenciler
sorgulama sureclerinde yetenekleri dlcustunde 6grenme teknolojilerini
kullanirlar ve temel soruya cevap veren somut urUnler olustururlar
(Krajcik ve Blumenfeld, 2006). Yapilandirmaci yaklasima dayanan PTO
yaklasimina gore duzenlenen STEM egitiminin, normal sinif ortamini
aktif ogrenme ortamlarina donusturebilmek icin bircok olanak
sundugu gorulmektedir (Connors-Kellgren ve digerleri, 2016; Krajcik ve
digerleri, 1994). Oyle ki egitim sistemlerinde bu yaklasimi tam anlamiyla
6zumsemis olan ulkeler PISA ve TIMSS gibi uluslararasi degerlendirme
sinavlarinda ilk siralarda yer almaktadirlar (Tarhan ve Gulmez, 2021). Bu
duruma bir kanit olarak da ifade edilen uluslararasi sinavlarda ilk
siralarda yer alan Japonya’nin arastirma sorgulamaya dayall STEM
egitimi alanindaki zorunlu ders saatlerini azaltmasiyla bu sinavlardaki
basari siralamasinin gerilemesi gosterilebilmektedir (Marginson ve
digerleri, 2013). Fakat bircok avantaja sahip olan bu entegrasyon
sUrecinin basariya ulasabilmesi ogretmenin ogrencileri 6grenme
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sUrecine etkili bir sekilde motive etme ve ydénlendirme becerisine
(Kokotsaki ve digerleri, 2016) ve ayrica dgretmenin PTO yaklasiminin
temel kriterlerini anlamasina baghdir (Han ve digerleri, 2015). Bu
nedenle Japonya da sonraki surecte bu alana agirlik vererek ilgili
alandaki 6gretmen niteligini artirmaya odaklanmistir (Marginson ve
digerleri, 2013). Ancak bu sartlar saglandiginda PTO yaklasimin
ogrencilerin anlamli 6grenmelerine kayda deger bir katki sagladigi, bu
sartlar uygun bir sekilde yerine getiriimediginde ise PTO yaklasimin
ogrencilerin anlamli égrenmelerini olumsuz etkileyebilecegdi ifade
edilmektedir (Han ve digerleri, 2015; Kingston, 2018). Bu durumda
ogretmenlerin bu 6grenme yaklasimini iyi bir sekilde &zUmsemis
olmalari gerektigi dusunulmektedir. Bunun icinde &gretmen
adaylarinin bu égrenme yaklasimini etkin bir sekilde uygulayacak
niteliklere sahip olarak yetistirilmesi gerektigi aciktir.

PTO yaklasimi ile birlikte 6zellikle fen egitimi alaninda sUrece diger
disiplinleri de entegre ederek butunlesik bir STEM egitimini basaril bir
sekilde gercgeklestirebilmek icin Yeni K-12 Fen Egitimi Standartlari igcin
Kavramsal Cerceve Komitesi (The Committee on a Conceptual
Framework for New K-12 Science Education Standards) tarafindan K-12
fen egitimine ydénelik bir cerceve olusturulmustur (NRC, 2012).
Komitenin hazirlamis oldugu cerceveye gére &grenciler, ozellikle
muhendislik tasarim sureci yoluyla fenin nasil kullanildigini 6grenmeli
ve muhendislik, teknoloji ve fen uygulamalari arasindaki ayrimlari ve
iliskileri  aciklayabilmelidir ~ (NRC, 2012). Komite ayrica K-12
mufredatlarinda yer alan yeni teknoloji ve muhendislik uygulamalarina
yonelik de standartlar gelistirmistir. Fakat yeni gelisen teknoloji ve
muhendislik uygulamalarinin  fen ve matematik disiplinleri ile
butunlestirilip basaril bir sekilde uygulanabilmesiicin gerekli niteliklere
sahip fen egitimcileri yetistirmek, 6gretmen hazirlama programlarinin
en buyuk sorunlarindan biri olmaya devam etmektedir (Jaipal-Jamani
ve Angeli, 2017). Bu baglamda, gelisen teknoloji ile birlikte STEM
egitiminde gun gectikce daha cok yer almaya baslayan muhendislik
tasarim sureci odakli U¢ boyutlu (3D) yazdirma teknolojisinin ayni
zamanda Framework for K-12 Science Education (K-12 fen egitimi
cercevesi) ile de dogrudan iliskili oldugu gérulmektedir (Quinn ve Bell,
2013).

Bilgisayar tabanli dijital yazilimlar kullanarak tabakali bir sekilde fiziksel
modelin Uretilmesini saglayan 3D yazicilar (Horejsi, 2014), Uretim
surecinde sarf malzeme olarak farkli 6zelliklerde olabilen flament ya da
toz, seramik, recine gibi maddeleri kullanmaktadir (Sen ve digerleri,
2020). Bilgisayar destekli tasarim ile birlikte 3D yazici destekli 6gretim
sureci bu teknolojilerin ortaya ciktigi ilk zamanlar olduk¢ca maliyetli
olarak gorulmekle birlikte bu teknolojilerin gelismesi ve cesitlenmesi ile
birlikte gunumuzde maliyet acisindan makul seviyelere dusmus ve
kullanimi yayginlasmistir (Scalfani ve Sahib, 2013). Oyle ki 3D yazdirma
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teknolojisi cok farkli disiplin alanlarinda 6gretim surecinde kendine yer
bulmus fakat bu uygulamalarin ¢cok daha gelistirilerek yayginlasmasi
gerektigi ifade edilmektedir (Ford ve Minshall, 2020). Cunku
ogrencilerin teknoloji ile etkilesimleri onlarin ayni zamanda 3D
yazdirma teknolojisi ve STEM uygulamalari araciligiyla tasarladiklari
arunlerin degerini fark etmelerine yardimci olmaktadir. Bu durumda
ogrencilerin, ayni anda tum STEM alanlarini butuncul olarak
kullanmaya da dogrudan olanak saglayan, 3D yazici teknolojisi ve
benzer diger modern Uretim aracglarint kullanma becerilerinin
gelisimine katki saglamaktadir (Sen ve digerleri, 2020). Bu nedenle K-12
ogretim programlari ile de uyumlu olan ve ayni zamanda entegre STEM
egitimi uygulamalarinin da merkezinde yer aldigi gorulen U¢ boyutlu
yazdirma teknolojisinin ogretim suUrecinde daha etkin bir sekilde
kullanilmasi gerektigi dustnUlmektedir. ifade edilen teknolojinin
sdrecte amacina uygun bir sekilde kullanilabilmesi ve PTO yaklasimi
odaginda muhendisligin STEM egitimi ile butuncul bir sekilde
uygulanabilmesiicin de bu teknolojilerin hizmet éncesiya da hizmet ici
ogretmen egitimine etkin bir sekilde entegre edilmesi gerekmektedir
(NRC, 2009). Literatur incelendiginde U¢ boyutlu yazicilarin STEM
egitimi baglaminda kullanimina ydnelik sinirli sayida ¢alisma oldugu
gorulmektedir. Web of Science veri tabaninda ‘3D Printing’ ve ‘STEM
Education’ anahtar kavramlari konu bazinda ve egitim-egitim
arastirmalari baglaminda tarandiginda toplam 15 tane bilimsel makale
calismasi yayinlandigr gorulmektedir. Bu calismalardan da yalnizca
Novak ve Wisdom (2018) tarafindan gerceklestirilen calismanin
ogretmen adaylarina ydnelik oldugu gorulmektedir. Calisma
incelediginde de calisma grubunun sinif 6gretmeni adaylarindan
olustugu goérulmektedir. Dolayisiyla ilgili veri tabaninda fen bilgisi
ogretmen adaylarinin katilimiyla gerceklestirilen benzer bir ¢calismaya
rastlanmamistir. Literatdrdeki bu bosluga katki saglamak icin
gerceklestirilen calisma, K-12 Fen Egitimi Cercevesi (Quinn ve Bell, 2013)
ile de dogrudan uyumlu olan sanal tasarim ve 3D baski teknolojisinin
fen bilgisi ogretmen editimine entegrasyonuna yonelik olarak
gerceklestirilmistir. Sanal tasarim ve 3D baski, STEM egitiminde yer alan
farkli disiplinlerin  kesisim noktalarina odaklanarak bu disiplinler
arasindaki baglantilari daha acik hale getirmektedir (Novak ve Wisdom,
2018). Sanal tasarim ve 3D baskinin bu avantajindan daha c¢ok
yararlanabilmek i¢in calisma soyut kavramlarin agirlikh oldugu bir
ogrenme alani olan Biyoloji Il dersi kapsaminda gerceklestirilmistir.
Dolayisiyla Biyoloji Il dersi 6gretmen adaylarina bu soyut kavramlari
somutlastirma firsati sunmak amaciyla tercih edilmis ve bu cercevede
ogretmen adaylarinin sanal ortamda tasarladiklari kavramlari 3D
yazicilar ile somut tasarimlara dénusturme sureci ve bu surece yonelik
goérusleri incelenmistir. Bu sekilde gerceklestirilen uygulamalarin,
ogretmen adaylarina bu teknolojileri  kullanma  becerilerini
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gelistirmesinin  yaninda, ders iceriginde yer alan kavramlarin
somutlastirilarak anlamli  &6grenmelerine de katki saglayacadi
dusunulmektedir (Novak ve Wisdom, 2018).

Yéntem
Arastirmanin Modeli

Ogretmen adaylari tarafindan sanal ortamda tasarlanarak 3D yazicilar
ile somut tasarimlara donustUrulme surecinin incelendigi bu arastirma
nitel arastirma yontemlerinden durum c¢alismasi desenine uygun
olarak tasarlanmistir. Durum c¢alismasi arastirmacinin belirli bir zaman
periyodunda bir veya birka¢c durumu arastirma amacina uygun veri
toplama araclari (gdzlemler, gdrusmeler, gorsel-isitseller, dokumanlar,
raporlar) ile derinlemesine inceledigi, durumlarin ve buna bagl
temalarin tanimlandigi nitel bir arastirma yaklasimidir (Creswell, 2007).
Arastirmada incelenen durum; égretmen adaylarinin sanal ortamda
olusturduklari 3D yazicilar ile somut tasarimlara ddnudsturulme
sUrecidir.

Calisma Grubu

Bu arastirmanin calisma grubunu 2021-2022 egitim 6gretim yili bahar
doneminde bir devlet Universitesinin fen bilgisi 6gretmenligi ikinci sinif
duzeyinde ogrenim goéren ve ilgili dersi alan 41 &gretmen adayi
olusturmaktadir. Ogretmen adaylari Tinkercad programini daha dénce
kullanmamislar ve 3D yazicilardan ilk kez bu uygulamayla tasarim
olusturmuslardir. Calisma sureci sonunda, toplamda 9 farkli grupta
calismalarini gerceklestiren 6gretmen adaylari arasindan rastgele
secilmis 6 kisi ile yari yapilandirilmis gérusmeler gerceklestiriimistir.
Diger u¢ 6gretmen adayi ile gorusmeler, ortak bir zaman uygunlugu
saglanamadigindan gerceklestirilememistir. Gorusme katilimcilari
seciminde her bir gruptan bir temsilcinin olmasina ve gonulluluk
esasina dikkat edilmistir.

Calismada Kullanilan Olgme Araclar
Yari Yapilandirilmis Gériisme Formu

Uygulama surecinde veriler, arastirmacilarin gdzlemlerinden elde
edilen verilerle birlikte, &gretmen adaylarinin gruplar halinde
doldurdugu formlarda yer alan kazanim ve bireysel tasarim gorselleri ile
yari yapilandiriimis gérusme kayitlarindan elde edilmistir.

Veri Toplama Sireci

Bu calismada butunlesik STEM etkinligi olarak égretmen adaylarinin
biyoloji konulari kapsaminda yer alan soyut kavramlari sanal ortamda
modelleyerek 3D yazicilar ile somut tasarima doénustUrmeleri seklinde
gerceklestirilmistir. Turkiye'de Yuksekdgretim Kurulu tarafindan
hazirlanarak 2018-2019 egitim &gretim yilindan itibaren uygulamaya
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koyulan Fen Bilgisi Ogretmenligi Lisans Ogretim Programi icerisinde
yer alan Biyoloji Il dersi kapsaminda yer alan uygulamalar éncelikle
biyoloji laboratuvarinda geleneksel laboratuvar uygulamalari seklinde
gerceklestiriimistir. Ders kapsaminda yer alan uygulamalarin genellikle
fiziksel laboratuvarda uygulanmasinin  gu¢ olmasindan dolayi
ogretmen adaylari mitoz boélunme evreleri ve DNA yapisinin
gozlenmesi gibi deneylerde goruntu elde etmekte zorlanmislardir.
Buradan hareketle arastirmanin  problem durumu; ogretmen
adaylarina égretmen olduklarinda boyle bir durum ile karsilasmalari
durumunda sorunu nasil bir yol ile asabilecekleri sorusu cercevesinde
olusturulmustur. Bu duruma alternatif bir ¢6zUm yolu olarak sanal
ortamda bu kavramlara iliskin 6zgun tasarimlarin gelistirilerek,
gelistirilen tasarimlarin da 3D yazicilar ile somut birer modele
donusturulebilecegi aciklanmistir.

Calisma grubunu olusturan égretmen adaylari ile calismalar dersin iki
saatlik uygulama bdlumunde Universitenin egitim fakultesinde yer alan
biyoloji  ve Dbilgisayar laboratuvarlarinda doénusumlu  olarak
gergeklestiriimistir.  Uygulama suUrecine iliskin  haftalik olarak
gercgeklestirilen uygulamalar Tablo 1'de gdsterilmektedir.

Tablo 1
Uygulama Surecine iliskin Haftalik Olarak Gerceklestirilen Uygulamalar
Hafta Uygulama Uygulama
Yeri

Derslik

Arastirmacilar tarafindan uygulama surecine yonelik
genel bilgilendirme yapilmasi.

Arastirmacilar tarafindan uygulama sureci, proje
2 tabanli 6grenme ve Tinkercad hakkinda detayl
sunumun yapilmasi

Ogretmen adaylari ile arastirmacilar esliginde
Tinkercad programinda es zamanli tasarimlarin
yapilmasi.

Serbest zaman c¢alismalari icin arastirmacilar
tarafindan hazirlanan Tinkercad calisma
yapraklarinin 6gretmen adaylari ile paylasiimasi.
Sogan kdéklunde mitoz hucre bolUnmesi deneyinin
yapilmasi.

OJretmen adaylarinin Tinkercad programi
kullanma becerilerinin gelistirilmesi icin
arastirmacilar esliginde es zamanl tasarimlarin
yapilmasi.

DNA izolasyonu deneyinin yapilmasli. Proje tabanli
ogrenme yontemine gore en fazla 5 kisilik gruplarin
olusturularak ders icerigine gdre konu seciminin
gerceklestirilmesi.

Donem ara sinavlari.

Bilgisayar
Lab.

Bilgisayar

3-4 Lab.

Biyoloji Lab.

Bilgisayar
Lab.

Biyoloji Lab.

Ogretmen adaylarinin olusturduklari gruplari ve
grup olarak sectikleri konulari ifade etmeleri.

Bilgisayar
Lab.
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Ogretmen adaylarinin  Tinkercad programi

kullanma becerilerinin gelistirilmesi icin
arastirmacilar esliginde es zamanl tasarimlarin
yapilmasi.

OJretmen adaylarinin  belirledikleri konularda
10-11  bireysel tasarimlarini  Tinkercad programinda -
gerceklestirmeleri.
Bireysel tasarimlarin incelenerek grup olarak bir
tasarimin belirlenmesi. Karar verilen tasarimin nihai Bilgisayar
tasarim olarak gelistirilmesine yonelik &nerilerin  Lab.
ifade edilmesi.
Karar verilen nihai tasarimlarin grup olarak isbirligi
icerisinde gelistirilmesi. .stl uzantili olarak indirilen Bilgisayar
nihai tasarimlardan birinin 3 boyutlu yazicida Lab.
yazdirilmasi.
Arastirmacilar tarafindan her gruptan secilen birer
génullu temsilci ile uygulama sureci ve 3 boyutlu
yazicilarin fen egitiminde kullanimina iliskin yari
yapilandiriimis gorusmelerin gerceklestirilmesi.

12

13

14 Ofis

Tablo T'e gdére dénemin basladigi ilk hafta 6gretmen adaylarina ders ve
sure¢ hakkindan genel bilgilendirme yapilarak, 6gretmen adaylarinin
dersin konu kapsami, hedef, kazanim ve surecte uygulanacak 6lcme
degerlendirme yéntemlerinden haberdar olmalari saglanmistir. Dersin
iki saatlik teorik bélumunde donem boyunca dersler islenmeye devam
etmistir. Uygulama bdlumunde ilk haftadan sonraki ¢ haftalik, yani
toplamda alti  saatlik, uygulama bilgisayar Ilaboratuvarinda
gerceklestiriimis ve bu surecte 6gretmen adaylarina uygulama sureci
hakkinda detayli bilgilendirme yapilmistir. Kullanilacak sanal tasarim
programina kayit olunarak bir tasarimin  basarili  bir sekilde
gerceklestirilebilmesine yoénelik detayli adimlarin yer aldigi calisma
yapraklari hazirlanarak ogretmen adaylari ile paylasiimistir. PTO
yontemi ve Tinkercad programi hakkinda bilgilendirilen 6gretmen
adaylarindan en fazla beser KkKisilik c¢alismma gruplari olusturmalari
istenmistir. OJretmen adaylarinin Tinkercad programini égrenme
surecinde  arastirmaci ile birlikte es zamanli  tasarimlar
gergeklestiriimistir. Ardindan ddnemin besinci haftasinda biyoloji
laboratuvarinda “sogan kdkunde mitoz hucre bolunmesi” deneyi
gerceklestiriimis ve &gretmen adaylarinin cogu burada mikroskop
altinda ya net géruntu elde edememis ya da elde ettikleri goruntuleri
netlestirememislerdir. Buradan yola cikarak, gercek bir problem
durumu ile karsilastirilmis olan o6gretmen adaylarina “6gretmen
oldugunuzda bu deneyi ortaokul duzeyinde yapip benzer bir durum ile
karsilastiginizda nasil bir ¢ozum yolu gelistirirdiniz?” sorusu yéneltilmis
ve onceki haftalarda gerceklestirilien sunumlar anlamlandirilmaya
calisiimistir. Ardindan surecin altinci haftasi 6gretmen adaylari ile tekrar
bilgisayar laboratuvarinda Tinkercad programina yonelik es zamanli
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uygulamalar gerceklestirilmis ve programi kullanma becerilerinin
gelismesi saglanmaya calisilmistir. Yedinci ve ara sinavlardan onceki

son haftada &gretmen adaylari ile biyoloji laboratuvarinda
gerceklestirilen deneyde “DNA izolasyonu” uygulamasi
gerceklestiriimeye  calisilmistir.  Cilek  ve muz meyveleri ile

gerceklestirilen uygulamada 6gretmen adaylari DNA'yI izole etmeyi
basarmis fakat mikroskop altinda DNA'nin halkasal yapisini gormekte
zorlanmislardir. Buradan hareketle ilk uygulamadan sonraki problemle
tekrar karsi karsiya birakilan 6gretmen adaylarina fen bilimleri gibi
soyut kavramlarin ¢cogunlukta oldugu alanlarda benzer durumlarla
siklikla karsilasabilecekleri vurgusu yapilmistir. Buradan hareketle
ogretmen adaylarina Biyoloji lll dersi kapsaminda yer alan konulardan
birini secmeleri istenmistir. Karar verdikleri konuyu, grup Uyelerinin
bilgilerini ve tasarim surecinde ihtiya¢c duyulan fen, teknoloji,
muhendislik ve matematik kazanimlarini arastirmacilar tarafindan
olusturulan forma yazmalari istenmistir. Sekizinci hafta donem ara
sinavlarinin olmasindan dolayr uygulamalara ara verilmis ardindan
gorusulen dokuzuncu haftada 6gretmen adaylarindan grup olarak
belirledikleri konulari belirtmeleri istenmistir. Programa iliskin kullanim
becerilerinin  gelismesine yodnelik es zamanh tasarim yapilarak
sonlandirilan haftadan sonra o6ogretmen adaylarina belirledikleri
konularda bireysel tasarimlarini gerceklestirmeleri icin iki hafta sure
verilmis, iki haftalik surecte laboratuvar uygulamasi
gerceklestiriimemistir. Surecte 6gretmen adaylarinin yaptiklari bireysel
tasarimlara iliskin goruntuleri doldurduklari  forma eklemeleri
istenmistir.  Ardindan 12. haftada bilgisayar laboratuvarinda
gerceklestirilen derste grup olarak belirledikleri konuda bireysel olarak
gerceklestirdikleritasarimlardan birine karar vererek bu kez grup olarak
is birligi icerisinde belirledikleri tasarimi gelistirerek nihai tasarimlarini
olusturmalari istenmistir. 13. haftada gerceklestirilen derste cogu
grubun nihai tasarimini olusturdugu gorulmus, eksiklikleri bulunan
gruplar ile birlikte tum gruplarin 14. haftaya kadar arastirmacinin mail
adresine tasarimlarinin “stl” uzantili dosyalarini ve tasarim surecine
iliskin  kazanim ve bireysel tasarimlarinin  bulundugu formu
gondermeleri istenmistir. 14, ve son haftada gerceklestirilen
uygulamada karar verilen bir tasarim U¢ boyutlu yazicida bastirilarak
ogretmen adaylarinin  yazdirma surecini gormeleri saglanmistir.
Surecin ardindan farkli gruplardan génullu alti 6gretmen adayi
secilerek surecg ve fen bilimleri egitiminde sanal tasarim ve 3D yazicilarin
kullanilabilirligi hakkinda yarl yapilandiriimis gorusmeler
gerceklestirilmistir.
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Sekil 1

Muhendislik Tasarim Sudreci Asamalari (Hynes ve digerleri, 2011)

9. A dun:
Tamamlama

Karan
1. Adim:
Ihtivagveva
Sorunu
Belirleme

2. Adim:
ihtivagveva
Sorunun
T anim lanmas

E. Adun:

Y eniden
T asarlama

3. Admn:
Olasa
Cozumlerin
Gelistirilmesi

7. Adim:
CoHzioniin
Sunulmas

6. Adim:Test I
Etmeve
Coziimii

Degerlendirme

4. Adim
Midmkiin Olan
En Ivi Cozimiin

Secilmesi

5. Adim: Bir
Prototip
Ohsturulmasa

Ogretmen adaylari uygulama surecini Sekil 1'de gdsterilen Hynes vd,
(2011) ortaya koydugu muhendislik tasarim suUreci kapsaminda
gerceklestirmislerdir. Literaturde farkli muhendislik tasarim sureci
modelleri de (Brunsell, 2012; Moore ve digerleri, 2014; NRC, 20009;
Wendell ve Rogers, 2013) yer almakla birlikte bunlarin farkli sayida fakat
benzer 6zelliklere sahip basamaklardan olustugu gorulmektedir. TUum
muhendislik tasarim sureci modellerinde basamaklar arasinda
hiyerarsik bir sira olmayip, farkli basamaklar arasinda hareket
esnekliginin bulundugu g6z onunde bulundurulmalidir (CGuzey ve
digerleri, 2016) Bu arastirma da literaturde en kullanisli muhendislik
tasarim sureci modellerinden biri olmasi (Mesutoglu, 2017) ve STEM
egitimi ile ilgili calismalarda en cok tercih edilen muhendislik tasarim
sureci modellerinden biri olmasi (Adiguzel-Ulutas ve digerleri, 2023)
nedeniyle Hynes vd., (2011) tarafindan gelistirilen model tercih edilmistir.
Ogretmen adaylari biyoloji laboratuvarinda gercek problem durumlari
ile karsilastiriimasinin hem muhendislik tasarim sdreci hem de PTO
yaklasiminin felsefesi ile uyumlu oldugu dusunulmektedir. Gercek bir
sorun ile karsilastirilan &6gretmen adaylari bdylece bu ve benzeri
sorunlarla meslek hayatlarinda nasil bas edebileceklerini dusunurken
hayal guUclerini kullanmislar ve bir plan dahilinde sorunlara ¢6zum
onerileri gelistirmislerdir. Ardindan gruplarda yer alan &gretmen
adaylari bireysel tasarimlarini gelistirmisler ve gelistirdikleri bireysel
tasarimlari grup icerisinde tartisarak en iyi bulduklari birini se¢cmislerdir.
Test etme asamasl olarak dusunulebilecek bu asamadan sonra
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ogretmen adaylari gruplarinda belirledikleri bir tasarimi is birligi
icerisinde ¢alisip gelistirerek nihai tasarimlarini olusturmuslardir.

Veri Analizi

Ogretmen adaylarinin olusturmus olduklari form ve tasarimlari
arastirmacilar tarafindan hazirlanan dereceli puanlama anahtari ile
degerlendirilmistir. Buna gore tasarimin boyutlari, gorselligi (bicim,
kenar ve koseler, sekil donusturme, bakis acisi), islevselligi ve yaraticiligi
olmak Uzere toplam 4 kategori altinda yedi alt kategoriden olusan
tasarim degerlendirme dereceli puanlama anahtarina iliskin tasarimin
boyutlari kategorisinin 6rnek maddeleri Tablo 2'de sunulmustur.

Tablo 2
Tasarim Dedgerlendirme Dereceli Puanlama Anahtari Ornek Madde
Olcutler Gelistirilmeli Orta lyi
1. Oran Tasarimda Tasarimda Sekillerin

% kullanilan kullanilan tamamina yakini,
g sekillerin tamami, sekillerin  yarisi, hem diger
3 birbiriyle ve hem birbiriyle sekillerle hem de
m tasarimin hem de butunle butunle orantili
= tamamiyla orantili orantili gdzukuyor.
g goézukmuyor. gézukmuyor. Oranlama
o Oranlama yetersiz. Oranlama oldukca yeterli.
o kismen yeterli.

Tablo 2'de 6rnek maddesi verilen dereceli puanlama anahtarinda yer
alan diger Od&lcutler baglaminda da &gretmen adaylarinin yaptigi
tasarimlar degerlendirilmis ve dereceli puanlama anahtarinda yer alan
iyi, orta ve gelistirilmeli kategorileri icin birer érnek tasarim bulgular
bélumunde Tablo 3'te sunulmustur.

Uygulama sureci sonunda farkli gruplardan alti 6gretmen adayi ile
goérusmeler arastirmacilar tarafindan hazirlanan yari yapilandirilmis
goérusme formu araciligiyla bireysel olarak gerceklestirilmistir.
Gergeklestirilen gorusmelere iliskin arastirmacilar tarafindan hazirlanan
yariyapilandirilmis gorusme formunda yer alan maddeler su sekildedir:

1. Tinkercad programini o6grenme surecinde zorlandiniz mi?
Zorlandiysaniz programin sizi zorlayan yénleri ne oldu? Aciklayabilir
misiniz?

2. Tinkercad programi uygulamalarinin begendiginiz  ve
begenmediginiz yonleri nelerdir? Cevabinizin sebebini aciklayiniz.

3. Tinkercad programinin ilkokul ve ortaokul &gdrencilerinin
kullanilabilirligi hakkinda ne soylersiniz.

4. Tinkercad programi ve 3 boyutlu yazicilar ile desteklenmis 6gretme
surecinin ogreticiligi ve uygulanabilirligi hakkinda neler
soyleyebilirsiniz? (zaman-maliyet-6greticilik acisindan)
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5. 3 boyutlu yazicilarin Ulkemizde Fen Bilimleri dersindeki konularinin
ogretim surecinde kullanilabilirligi hakkinda bir 6gretmen adayi olarak
ne dusunuyorsunuz?

6. Okullarda bilgisayar ve 3 boyutlu yazici bulunmali mi? Bu konuda ne
dusunuyorsunuz?

ifade edilen sorular ve gérisme esnasinda gérlsmenin akisina gore
sorulan sonda sorulariyla gercgeklestirilen gorusmeler esnasinda
ogretmen adayinin onaylyla ses kaydi alinmis, sonrasinda ses kayitlari
transkript edilerek icerik analizine tabi tutulmustur. Analiz sonucu elde
edilen bulgularda goérismeye katilan &gretmen adaylari OA],
OA2,..,0A6 seklinde kodlanmis, dogrudan yapilan alintilarda bu kodlar
kullanilmistir.

Bulgular

Ogretmen adaylari olusturduklari gruplarda Biyoloji Il dersi
kapsaminda belirledikleri konularda Tinkercad programinda bireysel
tasarimlarini  yapmislardir.  Ardindan  arastirmacilar  tarafindan
hazirlanan PTO tasarim formunda konu ve tasarim sureci ile ilgili fen,
teknoloji, muhendislik ve matematik alanlari ile iliskili oldugunu
dusundukleri kazanimlari ve bireysel tasarimlarina yodnelik ekran
goéruntulerini  eklemislerdir. Ardindan grup icerisinde bireysel
tasarimlardan birine karar vererek nihai tasarim olarak gelistirmislerdir.
Belirlenen bir tasarim uygulamalarin  gercgeklestirildigi  bilgisayar
laboratuvarinda 3 boyutlu yazicida yazdirilarak 6gretmen adaylarinin
yazdirma surecini goérmeleri saglanmistir. Diger 7 grubun nihai
tasarimlari sure¢ sonunda arastirmacilarin ofisinde yazdirilmistir.
Surecte tum gruplarin nihai tasarimlarinin ¢iktisi alindiktan sonra
tasarimlar arastirmacilar tarafindan hazirlanan dereceli puanlama
anahtari yardimiyla puanlanmistir. Belirlenen dort olcut ve alt dlcutlerle
birlikte toplamda yedi 6lcUtte degerlendirilen tasarimlar niteligine gore
iyi, orta ve gelistirilmeli seklinde degerlendirilmistir. Bu baglamda her
nitelik icin birer 6rnek Tablo 3'te sunulmus ve gerekli aciklamalar
tablonun altinda ifade edilmistir.
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Tablo 3
Degerlendirilen Tasarim Ornekleri
Tasarim
Sira Tinkercad Géruntusu 3D Yazicl Baskisi  Nitelik
Goruntusu

lyi
2 Orta
3 Gelistirilmeli

Tablo 3 incelendiginde boyut, gorsellik, islevsellik ve yaraticilik dlcutleri
ile gorsellik dlcutu altinda geometrik sekiller, kenar ve koseler, sekilleri
donusturme, bakis acisi alt dlgcutlerinde incelenen tasarimlarin
niteligine goére iyi, orta ve gelistiriimeli seklinde degerlendirildigi
goérulmektedir. Buna goére ilgili kategorilerde niteliksel olarak iyi
seklinde degerlendirilen tasarim incelendiginde boyut olcutunde
oransal olarak tasarimda kullanilan sekillerin tamamina yakininin, hem
diger sekillerle hem de butunle orantili oldugu ve tasarim genelinde
oranlamanin oldukg¢a yeterli oldugu gorulmektedir. Gorsellik dlcutunde
geometrik sekiller alt &lcutu baglaminda degerlendirildiginde
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tasarimda 6'dan fazla cesitte geometrik sekillerin mevcut oldugu
gorulmektedir. Bu olcut altindaki diger bir alt dlcut olan kenar ve
kdseler alt olcutine gore degerlendirildiginde tasarimda birbirine
temas eden sekillerin tum kenar ve koselerin birbirleriyle duzenli ve
hizalanmis sekilde konumlandirildiglr gérulmektedir. Donusturme alt
olcutunde bakildiginda tasarimi olusturan sekillerin hemen hemen
hepsinde boyutsal, eksiltmeli ve eklemeli donusturme yapildigi,
gruplandirmalarin oldukc¢a yeterli oldugu goérulmektedir. Ayni ana
Olcutte yer alan son alt olcut olan bakis acisi alt dlcutine gore de
tasarimin uU¢ boyutlu yapisinin hangi acidan bakilirsa bakilsin duzgun
oldugu goérulmektedir. Tasarim islevsellik dlcUtune gdre ele alindiginda
uygun bir sekilde calisma alt dlcutinde incelendiginde tasarimin
islevsel olmasi gereken boélumlerinin, tamamen o&lcutlere uygun ve
calisacak sekilde tasarlandigi ve tam islevsel oldugu degerlendirilmistir.
Bu yénuyle tasarimin olusturulma amacina uygun bir sekilde hizmet
edecegdi sdylenebilir. Son dl¢ut olan yaraticilik dlcutu yenilik alt dl¢cutUne
gore degerlendirilen tasarim yenilik¢i bir 6zellik ya da islev acisindan
oldukca yaratici bir tasarim seklinde degerlendirilmistir.

Niteliksel olarak orta seklinde degerlendirilen tasarim incelendiginde
boyut dlcUtunde oransal olarak tasarimda yer alan bazi sekillerin hem
diger sekillerle hem de butlunle orantili goérinmedigi bu nedenle
oranlamanin  kismen yeterli oldugu seklinde degerlendirildigi
goérulmektedir. Gorsellik olcutunde geometrik sekiller alt &lgutu
baglaminda degerlendirildiginde tasarimda geometrik sekillerde
kismen bir cesitlilik saglandigl, 3 ile 5 cesit sekil kullanildigi
goérulmektedir. Bu &lcut altindaki diger bir alt olcut olan kenar ve
kdseler alt olcutune goére degerlendirildiginde tasarimda birbirine
temas eden sekillerden bazilarinda kenar ve koselerin duzenli olmadigi
veya girinti, cikintilar olusturan hizalama problemlerinin oldugu
goérulmektedir. Donusturme alt olcutunde bakildiginda tasarimi
olusturan sekillerin yaklasik yarisinda boyutsal, eksiltmeli ve eklemeli
donusturme yapildigy, gruplandirmalarin yeterli oldugu
degerlendirilmistir. Ayni ana olcutte yer alan son alt olcut olan bakis
acisl alt dlcUtune goére de tasarimin Ug boyutlu yapisinin farkli acilardan
bakildiginda kismen duzgun goérundugu degerlendirilmistir. Tasarim
islevsellik dlcutune godre ele alindiginda uygun bir sekilde ¢alisma alt
oOlcutunde incelendiginde tasarimin islevsel olmasi gereken
boélumlerinin, kismen olcutlere uygun ve calisacak sekilde tasarlandigi
gérulmus ve yarl islevsel olarak degerlendirilmistir. Bu ydnuyle
tasarimin olusturulma amacina kismen uygun bir sekilde hizmet
edecegdi sdylenebilir. Son dlcut olan yaraticilik 6lcutu yenilik alt dl¢utUne
gore degerlendirilen tasarimda yenilikc¢i bir 6zellik ya da islevin kismen
bulundugu, buna ragmen yine de yaratici bir tasarim olarak
degerlendirilebilecegi gorulmektedir.
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Niteliksel olarak gelistiriimeli seklinde degerlendirilen tasarim
incelendiginde ise boyut olcutinde oransal olarak tasarimda sadece
birkac seklin, hem diger sekillerle hem de butunle orantili gézukmedigi,
oranlamanin yetersiz oldugu goérulmektedir. Gorsellik dlcutunde
geometrik sekiller alt olcutud baglaminda degerlendirildiginde
tasarimda kullanilan geometrik sekillerde cesitliligin cok az oldugu,
cogunlukla ayni geometrik sekillerin  tekrar tekrar kullanildigi
goérulmektedir. Bu &lcut altindaki diger bir alt dolcut olan kenar ve
kdseler alt dlcutune gore degerlendirildiginde birbirine temas eden
sekillerin kenar ve koselerinde duzensizlikler veya birbirine gore
hizalama problemleri oldugu degerlendirilmistir. Dénusturme alt
olcutunde bakildiginda tasarimi olusturan sekillerin bir kacinda
boyutsal, eksiltmeli ve eklemeli dénusturme yapildigi,
gruplandirmalarin yetersiz oldugu gorulmektedir. Ayni ana dlcutte yer
alan son alt dl¢cut olan bakis acisi alt dlcutune gdre de tasarimin Ug
boyutlu yapisinin tek bir acidan bakildiginda duzgun oldugu, farkli
bakis acilarinda bozulmalar oldugu gdrulmektedir. Tasarim islevsellik
Olcutune gore ele alindiginda uygun bir sekilde calisma alt dl¢cutunde
incelendiginde tasarimin islevsel olmasi gereken bélumlerinin dlgutlere
uygun ve c¢alisacak sekilde tasarlanmadigl, islevsel olmadigi
degerlendirilmistir. Bu yonuyle tasarimin olusturulma amacina uygun
bir sekilde hizmet edemeyecegdi sdylenebilir. Son dl¢cut olan yaraticilik
olcutu yenilik alt dlcutune gdére degerlendirilen tasarimda yenilikgi bir
ozellik ya da islevin bulunmadigi, bu nedenle yaratici bir tasarim olarak
degerlendirilemeyecegi gorulmektedir.

Uygulama sureci sonunda farklh gruplardan toplam alti égretmen
adayinin surece ve fen bilimleri konularinin égretiminde sanal tasarim
programi ile 3D yazicilarin kullanimina iliskin goérusleri alinmistir.
Gerceklestirilen goérusmelerin analiz edilmesi sonucu aciga c¢ikarilan
tema ve kategoriler Tablo 4'te sunulmustur.

Tablo 4
Gorusme Sonucu Belirlenen Tema Ve Kodlar
Tema Kod Frekans
Sekil olusturma OA1, OA4, OA6
Farkl acilardan bakma OA1, OA3, OA4

Tinkercad programini 3D tasarim programlarinayabanci OA2, OA3, OA5
kullanirken zorlanma olma

durumu Zorluk yasamama OA3, OA5
Adapte olma OAl
Araylz OAl
Ucretsiz olmasi OA1, OA5

Harici bir uygulama indirmeye

Tinkercad  programi OA1, OA5
uygulamalarinin gerek olmamasi - -
v . . Soyut kavramlari OA2, OAG6
begenilen yonleri .
somutlastirabilme
Kullanim kolayhgi OA5
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Telefon, tablet gibi cihazlarda OA5
kullanilabilmesi
Cizim yaparak sekil olusturma OA4
Tasarim yapabilme o6zglveni OA4
kazandirma
Es zamanl calismaya imkan OA3
saglama
Turkce dil destegi OA3
ArayUz OA1, OA2
Es zamanli ¢calismada sorun OA3
Tinkercad  programi Eszamanli calismada sesliiletisim OA3
uygulamalarinin olmamasi
begenilmeyen yonleri  Calisma duzlemini hareket OA4
ettirme zorlugu
Sekil olusturma zorlugu OA4
ilkokul icin uygun OA4
Tinkercad programini  Ortaokul i¢cin uygun QA]’ Q-AB’
. OA4%, OAG
ilkokul ve ortaokul - _ .y
o o Her iki kademe icin de 6gretmen .
ogrencilerinin o OA2
kullanabilirligi rehberliginde uygun j
Kolay, orta, zor olarak seviyelere OA5
ayrilirsa uygun
Uygun OA3, OA4,
Zaman OAS
Tinkercad programi ve Uygun degil OAI, OA6
. Uygun OA3, OA4,
3 boyutlu yazicilar ile . "
desteklenmis 6gretme Maliyet . OAS
sirecinin  égreticiligi Uygundegil - OAl OAG
ve Uygulanabilitigi OAl, OA2, OA3,
7 7 Ogreticilik Uygun OA4, OAS,
g OAG
Uygun degil -
Kullanilabilir OAl, OA2, OA3,
OA4, OA5
3 boyutlu yazicilarin Fen bilimleri disinda diger alanlar
Fen Bilimleri . . =N 9 OA3, OA4
. . icin de kullanilabilir
dersindeki konularinin 2, N -
e . Ogretmene bagli OA3
ogretim sUrecinde h " . .
kullanilabilirligi Biyoloji icin  uygun,  diger
alanlarda kullanimi c¢cok uygun OAG6
degil
Okullarda bilgisayar ve Olrmall OA1, OA2, OA3,
3 boyutlu yazicl OAS5, OA6
bulunmasi Olsa da olur, olmasa da olur OA4
Grup calismasi OA2, OA4,
Uygulama sureci . OAG
Bireysel calisma OA1
Hem grup hem bireysel OA3
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Tablo 4'te uygulama surecinin ardindan farkli gruplardan gonullu
olarak secilen 6 6gretmen adayi ile gerceklestirilen yari yapilandiriimis
gorusmeler sonucu belirlenen tema ve kodlar gérulmektedir.
Ogretmen adaylarina ilk olarak uygulama sUrecinde kullanilan sanal
tasarim programi olan Tinkercad'i kullanmada zorlanip zorlanmadiklari
sorulmustur. Gorusmeye katilan 6 6gretmen adayindan yalnizca bir
tanesi daha once farkli bir sanal tasarim programini kullandigini
belirtmis ve programlar arasindaki farkliliktan dolaylr bu programa
baslangicta adapte olmakta zorlandigini belirtmistir. Bu duruma ornek
olarak OAI1 su ifadeyi kullanmistir: “Mesela olusturdugumuz tasarimin
sol arka tarafina bakmak isterken dnceden kullandigim programlarda
sadece farenin ortasindaki tusa basarak ¢eviriyorduk. Bu programda ise
sag tusa basarak ceviriyoruz. Bu durumda baslangicta adapte olmami
zorlastird”. OA2, OA3 ve OAS5 3 boyutlu tasarim programlarini daha énce
hic kullanmadigini belirtmistir. OA3 ve OAS programi kullanmada genel
olarak bir sorun yasamadigini belirtirken OA3 tasarim sUrecinde
calisma duzlemine yerlestirilen seklin farkh acilardan bakildiginda
duzgun gérunmesi ile ilgili sorun yasadigini belirtmistir. Arayuz ile ilgili
sorun yasadigini belirten OAIl, karar verdidi tasarima iliskin uygun
sekilleri programin menusunden bulmakta zorlandigini ifade etmistir.
Bu durum ile ilgili dusunceleri su sekilde belirtmistir: “Aradigimiz seyleri
direk bulamiyorduk. O da yan tarafta acilan pencerenin icerisinde tek
tek hepsine bakmamiz gerekti. Ondan dolay! biraz sikinti oldu”. Bunun
disinda 6gretmen adaylarinin en ¢cok zorlandiklarini belirttikleri bir diger
durumun sekil olusturma oldugu gérulmektedir. OAl adapte olmak
disinda cok fazla zorlandigi durum olmadigini belirterek yalnizca
kompleks sekilleri olusturmada biraz zorlandigini belirtmistir. Bu
durumu “tasarimin bir kosesinde kucUk bir bosluk olusturacaginiz
zaman onu olusturmak biraz daha zor oluyor, cUnkU program daha ¢cok
tasarimin tamaminda etki gosteriyor. Yani yaptigimiz tasarimin
tamaminda bosluk olusturuyor” seklinde ifade eden OA1, bu durumun
belki de programdan degil de kendi &drenme eksikliginden
kaynaklaniyor olabilecegini de ifadesine eklemistir. Ayni koda iliskin
OA4 programi kullanma konusunda cok zorlanmadigini ifade ederken
istedigi sekli olusturmada oldukca zorlandigini belirtmistir. Bu durumu
“programi kullanma konusunda zorlandim fakat tasarim yaparken
kullanacagim sekli secerken, hatta i¢c ice sekilleri yerlestirirken cok
zorlandim” seklinde ifade etmistir. Ayni durumu OA6 “sekil eklerken
zorlandim. Bircok sekil bolumu var ama cogu Geometri ve matematige
yonelik, fen ile ilgili cok sekil yok. O yuzden biz de kendimiz biraz daha
yaraticilik ile Uretmeye calistik” seklinde ifade etmistir. Bu durumun
olumlu tarafinin da yaraticiliklarinin gelisimine katki saglamasi
oldugunu belirtmistir. Ama yine de zorlayici bir durum olarak goérdugu
bu noktanin programa fen bilimleri ile ilgili ayri bir bolum acilmasinin
yararli olabilecegini belirtmistir. Bu durumu da “bizim konumuz biyoloji
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ile ilgili oldugu icin mesela orda ayri bir bolumde fen ile ilgili hazir
sekiller yer alabilirdi” cumlesi ile ifade etmistir.

Gorusmede belirlenen diger tema Tinkercad programinin égretmen
adaylari tarafindan begenilen ve begenilmeyen yonlerine yoneliktir.
Buna gdre é6gretmen adaylari en ¢cok programin ucretsiz olmasi, soyut
kavramlarin somutlastiriimasina olanak saglamasi ve herhangi bir ek
uygulama indirmeye gerek kalmadan kullanilabilmesini begendiklerini
belirtmislerdir. OA1 programin en bedendigdi 6zelliginin Ucretsiz olmasi
oldugunu belirtirken bu durumu “gayet iyi bir program ve ucretsiz, en
guzel yéonu de herhalde bu” seklinde ifade etmistir. OA5 de programin
en begendigi yonunun oncelikle Ucretsiz olmasi oldugunu “en basta
hocam Ucretsiz olmasi cok avantajli” ifadesiyle belirtmistir. OA5 ayrica
“bilgisayar ve telefondan kullanilabiliyor ve bir uygulama indiremeye
gerek kalmamasi da bir avantaj” ifadesiyle farkli akilli cihazlardan
herhangi bir ek uygulamaya gerek olmadan kullanilabilmesinin
programin dnemli bir avantaji oldugunu dile getirmistir. OAl de bu
durumu “bir de herhangi bir uygulama vs. indirmemize gerek
kalmadan internet baglantisi ile online olarak kullanabiliyoruz” seklinde
ifade etmektedir. Soyut kavramlari somutlastirmada etkili oldugunu
belirten OA2 bu durumu “cok yararl bir uygulama ¢cUnkU soyut olan
bircok kavrami somutlastirarak ogrencilerin daha iyi égrenmelerini
saglayabilir” seklinde ifade etmistir. OA6 da ayni durumu “ilerde
ogretmen oldugumuzda égrencilere elimizde bir sey olacak, mesela
mitoz bdlunme evrelerini anlatiyoruz soyut bir sekilde ama onlar
kafalarinda  bunu somutlastiramiyorlar.  Gozleri  onune  cok
getiremiyorlar. Bu acidan iyi oldugunu dusunuyorum” ifadesiyle
belirtmistir. Programin begenilen bir diger énemli o6zelligi isbirligi
icerisinde calisabilmeye olanak saglamasi olarak OA3 tarafindan dile
getirilmistir. Bircok grupta 6gretmen adaylarinin cogunlukla bir araya
gelerek tasarimlarini olusturduklari goértlmus fakat OA3 calisma
arkadaslari ile bir araya gelemedigini belirtmistir. Bu durumun da
aslinda programin oénemli bir ozelligini kesfetmelerine yol actigi
gorulmektedir. Programin isbirligi icerisinde es zamanli calismaya
olanak sagladigini belirten OA3 bu duruma iliskin memnuniyetini “is
birligi icerisinde es zamanli tasarim yapmamiza imkan veriyor. Bu
yoénuyle de cok kullanisli ve proje tasarlamak icin ¢ok kullanisl bir
program” ifadesiyle dile getirmistir. Tinkercad programina iliskin
ogretmen adaylari tarafindan diger begenilen yonlerin de tasarim
yapma &zguveni kazandirmasi, ¢esitli akilli cihazlardan kullanilabiliyor
olmasi, ¢izim yoluyla sekil olusturulabiliyor olmasi ve Turkce dil destegi
sayliyor olmasi seklinde ifade oldugu belirlenmistir.

Ogretmen adaylarinin Tinkercad programina iliskin begenmedigi
noktalarin da bes kod altinda toplanabildigi gorulmektedir. Buna gdre
ogretmen adaylarinin programin arayuzunden c¢ok hoslanmadiklari
goérulmektedir. Diger taraftan programin énemli bir &zelligi olarak
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gorulen es zamanli calismaya olanak saglamasinda bazen sistemsel
hatalar oldugu ve sesli iletisimin olmamasi nedenlerinden dolayi bu
duruma yoénelik olarak bir eksiklik olarak ifade edilmistir. OA3 buna
iliskin rahatsizligini “takim arkadasim ile calisirken ben birka¢ degisiklik
yaptigimda sistem beni atiyordu, ben ayni sekilde yaptigimda sistem
arkadasimi atiyor, sayfayl guncellemek zorunda kaliyoruz. Bu da dikkat
dagitiyor. Bir de sesli bir sistem olsa es zamanli tasarim yapanlar
arasinda o an ayni tasarim Uzerinde c¢alisanlar sesli diyagrami kurabilse
cok daha iyi bir program olurdu” seklinde ifade etmistir. Ayrica OA4
zorlandigl hususlar da olan sekil olusturma ve calisma duzlemini
hareket ettirme ile ilgili durumlari programa iliskin begenmedigi
noktalar olarak da belirtmistir.

Tinkercad programinin ilk ve ortaokul duzeyindeki o6grencilerinin
kullanabilirligi hakkinda belirlenen temaya ogretmen adaylarinin
genellikle ortaokul kademesindeki égrenciler icin programin uygun
oldugunu ifade ettikleri goérulmusttr. OJretmen adaylari ilkokul
duzeyindeki o6grencilerin de bu programi uygun bir rehberlik ve
planlama ile biraz zorlansalar da 6grenebileceklerini ifade etmislerdir.
Bu durumu OAI1 “ilgilerini daha ¢ok tasarim yénindeki seylere cekersek
ortaokul dgrencilerine hitap eder bence. ilkokul é3rencileri icin biraz
daha zor olabilir” seklinde ifade etmistir. OA3 ayni durumu “5. siniftan
itibaren program aktif olarak kullanilabilir. Cunku besinci sinifta artik
ogrenciler kavrama, algilama, bir sey tasarlama seviyesindeler, ama
sOyle de bir sey var yeni nesle baktiginizda teknoloji ile i¢ ice
olduklarindan belki biraz daha indirebiliriz yas seviyesini” seklinde dile
getirmistir. OA6 da bu duruma iliskin goéruslerini “ortaokul duzeyine
daha uygun oldugunu dustntyorum. ilkokul duzeyindekilerin zaten
konu kazanimlari cok yogun degdil. Yani fen anlaminda ornegdin
vUucudumuzu taniyalim gibi seyler. DNA, hucre, hucre bolunmeleri gibi
soyut kavramlar oldugu icin ortaokula daha uygun oldugunu
dusunuyorum.” seklinde ifade etmistir. Her iki 6grenim kademesindeki
dgrenciler icin de uygun oldugunu belirten OA4 ise bu konudaki
goéruslerini “ben kucuk cocuklardan beklentisi yuUksek birisiyim. O
yuzden her iki kademedeki ogrencilerin de kullanabileceklerini
dusunUyorum” seklinde dile getirmistir. OA2 ise her iki kademedeki
ogrenciler icin 6gretmen onderliginde programin kullanilmasinin daha
uygun olacagdini ifade ederken OAS5 bu durumla ilgili olarak programin
kolay-orta-zor seklinde farkli zorluk seviyelerine ayrilarak farkli 6grenim
kademelerine daha uygun bir sekilde hitap edebilecegini ifade etmistir.

3 boyutlu yazici ve Tinkercad programi ile desteklenmis 6grenme
surecinin ogreticiligi ve uygulanabilirligi seklinde belirlenen temada
ogretmen adaylari genellikle zaman ve maliyet acisindan olumsuz
goérus belirtmislerdir. Bu uygulamalarin égretim surecinde cok fazla
zaman alacagdini belirten 6gretmen adaylari ayrica uUlke ve kurum
sartlari géz onune alindiginda bu durumun oldukca maliyetli
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olabilecegdini de belirtmislerdir. Diger taraftan 6gretmen adaylarinin bu
teknolojiler ile desteklenen 6gretim surecinin oldukca verimli olacagi
Uzerine fikir birligine vardiklari gorulmektedir. Bu U¢ kodu butuncul bir
sekilde degerlendiren OA3 goéruslerini su sekilde ifade etmistir: “Surecte
harcanan zaman ve maliyete deger hocam. Cunku drnegin ben hucre
tasarlamistim. HUcreyi kagit Uzerinde gérmek iki boyutlu bir sey. Neyin
nerede oldugunu saptamak biraz hayal gucunu kisitlayabilir. Sonucta
orada cizilen sey gercek hucrenin tam sekli degdil. Ornegin bir su sisesini
bile kagida cizdigimizde tam anlamiyla géremiyoruz. Ama Tinkercad
programinda tasarlayip 3 boyutlu yazicida yazdirdigimizda tam seklini
gérdugumuz icin tam anlamiyla nasil oldugunu normal bir nesne
olarak gorebiliyoruz. Biyolojide kullandigimiz organlari falan olan insan
modelinde oldugu gibi mesela. Bu sekilde degerlendirebiliriz”. Yine
OAS'de goérUslerini benzer bir sekilde ifade ederken, 6gretmen
adaylarinin genelde kagit uzerine cizilen iki boyutlu gorsellerdense ug¢
boyutlu tasarimlarin  daha etkili bir o&grenme saglayacagini
dusundukleri gérulmektedir. Zaman acisindan 3 boyutlu yazicilarin
yazdirma suresi ve 3 boyutlu tasarim programlariicin 6gretim programi
konu yogunlugundan dolayl c¢ok vakit ayrilamayacagini ifade
etmektedirler. Maliyet acisindan ulke sartlarina gore degisebilecegini
ama ogrencinin karsilamasi agisindan maliyetli olacagini, gerekli butce
okullar tarafindan karsilanacaksa makul olacagini ifade etmektedirler.

Diger tema fen bilimleri baglaminda yer alan konularin &gretim
surecinde bu uygulamalarin kullanimina yonelik olarak belirlenmistir.
Bu temada gdérusmeye katilan 6gretmen adaylarinin tamamina yakini
uygulamalarin gerceklestirildigi biyoloji konulari disindaki diger fen
bilimleri konulariicin de benzer uygulamalarin gerceklestirilebilecegini
ifade etmislerdir. OA6 bu uygulamalarin biyoloji konularinin
dgretiminde daha uygun oldudunu ifade ederken OA3 bu tur
uygulamalarin kullaniminin konudan ziyade 6gretmene bagli olarak
gerceklestirilebilecegini ifade etmistir. OJretmen adaylarinin ayrica
diger alanlarda da bu teknolojilerin kullanilabilecegini ifade ettikleri
goérulurken bu surecte 6gretmenin yaklasim ve donaniminin da énemli
oldugunu o&zellikle belirttikleri goérulmustur. OA3 dgdretmenlerin bu
teknolojileri  kullanabilecek yeterliklere sahip olarak yetismeleri
gerektigi yonundeki goérusunu “3 boyutlu yazicilarin  uygulama
derslerinde kullanilip 6gretmen adaylarina égretilmesi gerekiyor. Su an
mesela bu sekilde teknolojik araclari sizin dersinizde ilk kez gérdim
ileride tekrar gorur muyuz emin degilim ama kesinlikle daha ¢cok olmal..
Umuyorum ki buna &zel bir ders acilir hatta” seklinde ifade etmistir.

Bu teknolojilerin okullarda bulunup bulunmamasi ile ilgili belirlenen
temada égretmen adaylarinin bulunmasi ydnunde gérus bildirdigi, bir
ogretmen adayinin bulunsa da olur bulunmasa da olur seklinde gérus
belirttigi gorulmuastur. Bulunmasinin elbette ki katkisinin olacagini
belirten OA4 bu konudaki dustncesini “evet yani katkisi olacaktir ama
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illa ki gerekli mi bunu bilemedim” ifadesiyle dile getirmistir. OA1 bu
teknolojilerin okul ortaminda bulunmasinin ve ogretim surecinde
yararlanilmasinin yani sira o6grencilerin de bunlari etkin bir sekilde
kullanabiliyor olmasi yonunde gorus belirtmistir. Bu teknolojilere
erisimin daha kolay olmasi gerektigini de “bence zaten 3 boyutlu yazici
her okulda bir tane dedil, her sinifta bir tane olmasini gerekir” ifadesiyle
belirtmistir. OA3 de ilk ve ortaokullarda bu teknolojilerin bulunmasi
gerektigini belirterek ama oncelikle 6gretmen yetistiren kurumlarda bu
teknolojilerin bulunmasi ve etkin bir sekilde kullanilmasi gerektigini
belirtmistir. OA5 de bulunmasi gerektidi yonundeki gbérisinu “okulda
3 boyutlu yazicilarin olmasi gerekiyor. Bu sayede 6gretmenler konuya
goére tasarimlar olusturup bu tasarimlari égretim surecinde égretim
materyali olarak kullanabilir. Bilgisayar laboratuvarlari ile birlikte kolay-
orta-zor seklinde kategorilere ayrilmis olan Tinkercad programi da o yas
grubu hangi kategoriye uygunsa onlarin kullanilmasi egitim sistemimiz
icin cok guzel bir detay olur” ifadesiyle gerekcelendirmistir. OA2 ve OA6
da kisaca bulunmasi gerektigi yonundeki gdruslerini ifade etmislerdir.

Diger taraftan gorusmelerde belirlenen son tema uygulama surecinde
bireysel mi yoksa grup calismalarinin mi daha etkili olacagi ydonundeki
tema olmustur. Bu temaya iliskin belirlenen kodlarda bireysel, grup ve
hem bireysel hem grup seklinde farklilasma oldugu gorulmektedir.
Grup calismasinin surecte daha etkili olacagi fakat grup calismasina
iliskin gerekli beceri ve sorumluluk bilincinin kudgcuk yas gruplarinda
asllanmasi gerektiginin belirtildigi gérulmustur. Grup ¢alismasindansa
bireysel calismayi tercih ettigini belirten OAl bu konudaki gerekcesini
“‘gorev paylasimi yapildigi zaman herkes ayni sUrede bitiremiyor ve bu
durum bana dezavantaj olusturuyor” seklinde ifade etmistir. Fakat
kUcUk yas gruplarindan itibaren grup calismalarina iliskin gerekli bilgi
ve becerilerin  &gretildiginde grup calismalarinin  daha etkili
olabilecegini de sozlerine eklemistir. Bu konudaki dustncesini de “grup
calismasi ilkokuldan itibaren tum sorumluluklariyla 6gretildiginde etkili
olacaktir” seklinde ifade etmistir. OA3 ise Tinkercad programinin hem
bireysel hem de grup olarak calisildiginda etkili olabilecegini ifade
etmistir. Bireysel calisildiginda kisinin tek basina bir projeyi tasarlayip
tamamlayabilme becerisine katki sagladigint  belirtirken grup
calismalarinda ise isbirligi  icerisinde  calisma  becerilerinin
gelisebilecegine vurgu yapmistir. Bu konudaki gorusunu de “bireysel
olarak bir kisi tasarim ve proje yapabiliyorsa bu cok iyi bir sey. 3 boyutlu
tasarim yaparken her acidan, farkl acilardan bakma firsati oldugu icin
bu cok buyuk sans. Bu olanagi ¢cok guzel. Bireysel olarak bir proje icin
kisi bunu kullanabilir. Grup olarak da bence 4 kisi maksimum olmali. 4
kisiden fazlasi kargasaya neden olur. Ama 4 Kisi iletisim halinde ¢alisma
yaparsa ¢cok basarili olur” ifadesiyle dile getirmistir.

Buna godre calisma kapsaminda sanal tasarim programi olarak
yararlanilan Tinkercad programini kullanma suUrecinde ogretmen
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adaylarinin alisma suUrecinde biraz zorlandiklari fakat bu durumu
asabildiklerini ifade ettikleri gorulmustur. Programda bircok sekil
PélUMmU olmasina ragmen fen bilimleri o6zelinde sekil bolumu
olmamasinin bir dezavantaj oldugunu belirttikleri ve bdyle bir bélum
eklenmesinin yararli olabilecegini ifade ettikleri gorulmustur. Ayrica
ogretmen adayl goéruslerine gore programin kolay-orta-zor seklinde
seviyelere ayrilmasinin programi yeni kullanmaya baslayanlar ve kU¢cuk
yas gruplari icin avantaj saglayacagl dusunulmektedir. Diger taraftan
programin Ucretsiz olmasi, soyut kavramlari kolaylikla somutlastirmaya
olanak saglamasi ve herhangi bir ek uygulamaya gerek kalmadan
internet baglantisi olan telefon, tablet ve bilgisayar gibi akilli cihazlarda
kullanilabiliyor olmasi 6gretmen adaylarinin en begendigi yonler olarak
ifade edilmistir. Programa iliskin en begenilmeyen yon ise programin
arayUzU olmustur. Ogretmen adaylarinin genel olarak istedikleri
sekilleri bulmakta zorlandiklarini ifade ettikleri goralmauastar. Ogretmen
adaylarinin  programa ve uygulama surecine rehberlik edecek
ogretmenlerin ifade edilen kosullari saglamalari durumunda ilk ve
ortaokul duzeyinde bu uygulamalarin kullanilabilecedini ifade ettikleri
goérulmustur. Fakat bu uygulama surecinin zaman ve maliyet acisindan
her zaman uygun olmayabilecegdini belirten 6gretmen adaylari her
kosulda bu uygulamalar ile desteklenen suUrecin olduk¢a ogretici
olacagini ifade ettikleri gorulmustur. Bu uygulamalarin yalnizca fen
bilimleri 6zelinde degil, diger disiplin alanlarinda da kullanilabilecedi
ifade edilirken aslinda burada konu ya da disiplin alanindan ziyade
dgretmenin tutum ve niteliginin énemli oldugu ifade edilmistir. ilk ve
ortaokullarda 3D yazici bulunmasinin  ve etkin bir sekilde
kullanilmasinin  6nemli oldugu ama o&ncelikle bu teknolojilerin
ogretmen yetistiren kurumlarda bulunmasi gerektiginin ifade edildigi
goérulmustar. Bu tur uygulama sureclerinde bireysel ya da grup olarak
calisiimasinin da kucguk yaslarda grup calismasi icin gerekli beceri ve
sorumluluk bilinci gelistirildigi takdirde grup calismasinin daha etkili
olacaginin ifade edildigi gérulmektedir.

Tartisma

Gergeklestirilen calisma fen bilgisi 8gretmen egitimine sanal tasarim ve
3D baskl teknolojisini entegre ederek bu surece yonelik olarak
ogretmen adaylarinin goruslerini belirlemeyi amaclamaktadir. Fen
bilgisi 6gretmen adaylari ile gerceklestirilen uygulamalarin fen bilgisi
ogretmen egitimine 3 boyutlu sanal tasarim programlarinin ve 3
boyutlu yazicilarin  entegre edilmesi acisindan &nemli oldugu
dusunulmektedir. Uygulama surecinde problem durumunun
belirlenmesinde ¢ikis noktasini olusturan fiziksel laboratuvar ortaminda
her soyut kavramin net ve anlasilir bir sekilde
somutlastirilamamasindan yola c¢ikilarak 6gretmen adaylari gercek bir
problem durumu ile bas basa birakilmistir. Bu yonuyle Hynes vd., (2011)
tarafindan ileri surtlen muhendislik tasarim suUreci asamalari ile de
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uyumlu oldugu gérulen sdrec ayni zamanda PTO tabanli STEM egitim
yaklasimi odaginda surdurulmustur. Geleneksel laboratuvar ortaminin
sinirhliklarini azaltmaya ydnelik olarak gerceklestirilen uygulamalarin
sanal tasarim programlari yerine uygun sarf malzemeler ile fiziksel
ortamda yapilmasinin daha uygun olabilecegdi seklindeki bir elestiriye
ogretmen adaylarinin olumsuz gérus belirttikleri gérulmustar. Sanal
ortamda gerceklestirilen tasarimlarda deneme-yanilma yoluyla en
uygun tasarimi elde edene kadar bircok tekrar sanslarinin oldugunu
belirten 6gretmen adaylari bu yonuyle gerceklestirilen uygulamalarin
surdurulebilirlik  acisindan da oldukc¢a onemli  oldugunu
vurgulamislardir. Gerceklestirilen uygulama surecinde cogu 6gretmen
adayinin sanal tasarim programi ve 3 boyutlu yaziciy! ilk kez gordukleri
goérulmustur. Bu yonuyle teknoloji cagi olarak adlandirilan gunumuzde
gelecegin d6gretmenleri olan égretmen adaylarinin égretim surecinde
kullanilabilecek her turlu teknolojiyi etkin bir sekilde kullanabilecek
nitelikte yetismesi gerektigi dusunulmektedir. MUhendislik tasarim
becerileri ile birlikte PTO yaklasimi ile birlikte isbirlikli é6grenme
becerilerini gerektiren uygulamalarin égretmen adaylarinin ifadesiyle
ayni zamanda Tinkercad programinin ozelliklerinden dolayi
yaraticiliklarinin - gelisimine de katkl sagladigr gorulmektedir.
Gergeklestirilen uygulamalarda grup olarak c¢alisan 6gretmen
adaylarinin ifadesinden bu grup calismasina ydnelik gerekli bilgi ve
becerilerin kU¢uk yas gruplarinda kazandirilmasi gerektiginin énemi
sonucuna da ulasilarak bu tur uygulamalarin K-12 seviyesinde de uygun
sekilde gerceklestiriimesi gerektigi anlasiimaktadir. Surecte kullanilan
Tinkercad sanal tasarim programinin gerceklestirilen tasarim Uzerinde
es zamanli calismaya imkan saglamasi da isbirlikli calisma icin buyuk
bir avantaj olarak gdrulmektedir. Bu durum kucuk yas gruplarinda
gerekli bilgi  ve becerilerin kazandirilmasinda programin
kullanilmasinin dnemini ayrica ortaya koymaktadir. Ayrica 6gretmen
adaylari bu tur teknoloji ve tasarim odakli uygulamalarin konu
alanindan ziyade 6gretmenin tutum ve niteligine bagli oldugunu ifade
etmelerinden de, bu uygulamalarin K-12 seviyesi icin énemli oldugu
kadar 6gretmen egitiminde de énemli oldugu anlasiimaktadir. Fakat
ogretmen adaylarinin ifadelerinden &gretmen egditiminde bu tur
uygulamalarin az oldugu, benzer uygulamalarin sayisinin artmasi
gerektigini  dusundukleri  anlasiimaktadir. Bu baglamda K-12
seviyesinde bu tur uygulamalari gerceklestirecek 6gretmen adaylarinin
bu teknolojilere daha fazla maruz kalmasi gerektigi dusunulmektedir.

Literatur incelendiginde o6gretmen adaylarinin meslek hayatlarinda
STEM egitimi uygulamalarinda bu teknolojileri amacina uygun bir
sekilde nasil kullanacaklarini ve surece 3D baskinin kullanimini nasil
entegre edilebilecegine yoénelik sinirh sayida calisma oldugu
goérulmektedir (Novak ve Wisdom, 2018; Trust ve Kommers, 2017; Verner
ve Merksamer, 2015). Bu yonuyle de gerceklestirilen bu calismanin sanal
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tasarim ile 3D baski teknolojisinin K-12 fen bilimleri 6gretim programina
ve ogretmen egitimine nasil entegre edilebilecedine dair literature
katki saglayacagl dusunulmektedir. Ayrica odgretmen adaylarinin
ifadelerinden sanal ortamda tasarim yapmalarinin kendilerinde tasarim
yapmaya yonelik o6zgUven gelistirdigi ve isbirligi icerisinde
calismalarinin da isbirligi icerisinde calisma becerilerine katki sagladigi
anlasilmaktadir. Bu yonuyle de PTO'nin STEM egitimi yaklasiminda
yaraticilik, sorumluluk ve is birligi gelisimine katki sagladigi (Connors-
Kellgren ve digerleri, 2016) gorulmektedir.

Ogretmen adaylari ile gerceklestirilen uygulamalarin soyut kavramlarin
yogunlukta oldugu Biyoloji 3 dersi kapsaminda gerceklestiriimesi
benzer uygulamalarin fen bilimleri kapsaminda yer alan diger konularin
ogretim surecinde de kullanilabilirligini  dusundurmektedir. Bu
durumdan hareketle o6gretmen adaylarinin goérusleri incelenmesi
sonucunda, égretmen adaylari da benzer uygulamalarin konu ve
ogretmen niteligine gore her alanda kullanilabilecegini ifade ettikleri
goérulmustar. Literaturde gerceklestirilen ve 3 boyutlu tasarim
programlari ile 3 boyutlu yazicilarin kullanildidi farkli arastirmalarin da
bu durumu destekledigi goérulmektedir (Bilgin ve digerleri, 2015;
Kahraman ve Maras, 2022; Lucas, 2021; Novak ve Wisdom, 2018; Ozcakir-
Sumen ve Calisici, 2019; Pabuccu-Akis ve Demirer, 2022; Sen ve digerleri,
2020; Verner ve Merksamer, 2015). Literatur incelendiginde daha bircok
farkli alanda sanal tasarim ve 3 boyutlu yazdirma teknolojisinin
kullanimi ile ilgili bircok calismanin oldugu goérulmektedir (Ford ve
Minshall, 2020; Horejsi, 2014, Scalfani ve Sahib, 2013; Sen ve digerleri,
2020). Ayrica fen bilimleri konulari 6zelinde bakildiginda soyut
kavramlarin her durumda geleneksel laboratuvar ortaminda
somutlastiriimasinin zor oldugu gorulmektedir (Emrahoglu ve Sagliker,
2010; Gungdér-Seyhan ve Okur, 2020; Kog¢-Unal, 2019). Fiziksel
materyallerle gerceklestirilen tasarimlarla bu sorun asilmaya calisilsa da
tam anlamiyla STEM alanlari ise kosulmasinin mumkun olmadigi
goérulmektedir.  Gerceklestirilen uygulamalarin  sanal ortamda
gerceklestiriimesi surdurulebilirlik anlaminda katki saglarken ayni
zamanda tasarim surecine de teknolojiyi dogrudan entegre etme
olanagl saglamaktadir. Bu yénuyle degerlendirildiginde ve 6gretmen
adaylarinin ifadeleri de gd&z 6nunde bulunduruldugunda bu tur
uygulamalarin yaraticilik ve isbirligi icerisinde calisma becerileri basta
olmak Uzere daha bircok becerinin gelisimine katki saglayacagi
dusunulmektedir.

Sonug¢

Gercgeklestirilen bu ¢alisma fen bilgisi 6gretmen adaylarinin katilimi ile
Biyoloji Il dersi kapsaminda belirtilen adim ve surecler ile sinirli olarak
degerlendirilmistir. OJretmen adaylari haftalik iki ders saati seklinde
uygulanan ve iki saat teorik anlatimdan sonra gerceklestirilen
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uygulamalarin yorgunluga sebep oldugunu ifade etmislerdir. Bundan
dolayl uygulamalarin ders yodunlugunun az oldugu gunde
gergeklestirimesinin daha verimli olabilecegini ifade etmislerdir. Bu
baglamda bu sinirlik ve dezavantajin Ustesinden gelebilmek icin alanda
calisma gerceklestiren arastirmacilarin bu durumu gdz &énunde
bulundurmalari yararli olabilir. Ayrica literatUrde yer alan calismalarda
ilgili uygulamalarin cok fazla alanda ele alindigi goérulmektedir.
Ogretmen egditimi baglaminda dederlendirildiginde fen bilimleri basta
olmak Uzere konu ve kavramlara gore diger 6gretmenlik alanlarinda da
sanal tasarim programlari ve 3 boyutlu yazicilarin surece dahil edilmesi
saglanabilir. Bu sekilde egitim surecine teknoloji entegre edilmesi
saglanarak ogretmen adaylarinin meslek éncesinde bu teknolojilere
hakim olarak yetismeleri saglanabilir. Hizmet ici 6gretmenlere yonelik
de gerekli sartlar saglanarak hizmet ici egitimler verilebilir.

Etik Kurul izin Bilgisi: Bu arastirma, Mersin Universitesi Sosyal ve
Beseri Bilimler Etik Kurulunun 03/03/2022 tarihli 88 sayili karari ile
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Examining the Integration of Virtual Design and 3D
Printing in Science Education for Prospective Teachers’

Adem KOC', Mutlu Nisa UNALDI CORAL?

Abstract

This study was carried out with the participation of preservice
science teachers. A three-dimensional design program
Tinkercad and a three-dimensional printer were used in this
research in line with the stages of engineering design process
and project-based learning method. At the beginning of the
implementation process, the preservice teachers were informed
in detail by the researchers and provided with design guidelines
in the virtual environment. Trials were carried out in biology and
computer laboratories according to the weekly plan. Working in
groups of 3-5, preservice teachers agreed on a design after
having worked on their projects individually on the topic they
chose and developed the one they agreed on as the outcome. At
the end of the process, the final design of each group was
printed through a 3D printer and semi-structured interviews
were conducted with one volunteer teacher from each group.
Based on the emerging themes and codes, it was discerned that
positive feedback was provided by the preservice teachers
concerning the conducted process. Their recommendations
highlighted the necessity for an increased prevalence of such
applications. Furthermore, they advocated that analogous
applications and technological advancements should be
inherently integrated into the training curriculum across diverse
fields.
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Introduction

Science, technology, engineering and mathematics have been
considered as the main driving force of the economic growth in
countries for the last 60 years, especially in the USA (Casey, 2012;
Ozcakir-Sumen & Calisici, 2019). These fields that constitute the pillars of
our daily life and abbreviated as STEM are crucial to respond to the most
urgent needs of humanities (Novak & Wisdom, 2018; Trust & Kommers
2017; Verner & Merksamer, 2015). STEM education is defined as the
integration of science, technology, engineering, and mathematics in
the problem-solving process on daily basis. However, this definition is
considered to be rather vague (English, 2016; Kelley & Knowles, 2016;
Mobley, 2015). Therefore, multiple applications are used to define the
concept of integration (Bell, 2016; Gardner & Tillotson, 2019; Huri &
Karpudewan, 2019). With this respect, integrated STEM education
emerges when individuals are provided with the opportunity to apply
their basic science and mathematical knowledge on the engineering
design process to explore technology while dealing with real-world
problems (Moore et al., 2013). Since integrated STEM education is not
found to be effectively applicable in terms of the curriculum of
Mmainstream education, the idea is to embed STEM education into the
curriculum through the inclusion of technology and engineering
applications in the fields of science and mathematics in accordance
with the desired outcome of the learning process (Bybee, 2010). With
this regard, the essential point is that technology and engineering can
be integrated into the definition as a basic and indispensable element
not an optional one in terms of content and practices of science and
mathematics (National Research Council [NRC], 2010). In addition, the
integration mentioned above emphasizes the use of design
engineering process which will contribute to the development of
individuals' technological literacy by incorporating these designs into
the curriculum when science, mathematics and other content areas are
taught (Ozcakir-Sumen & Calisici, 2019). Furthermore, integrated STEM
education is an important aspect for preparing individuals in line with
the basic competencies and essential skills of 21st century. In addition,
such integrated education shall enable the young generation to find
out solutions to the problems they encounter through an
interdisciplinary perspective. Afore-mentioned educational model is
believed to empower students at every grade to become qualified
individuals in the fields of science, technology, engineering and
mathematics (Meyrick, 2011).

It is seen that the integrated model of the four fields in STEM education
is not effectively applicable in traditional teaching methodologies.
Instead, it is stated that project-based learning (PBL) method based on
research and inquiry on real-life problems is proved to be much more
effective in the integrated STEM educational applications (Breiner et al,,
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2012). PBL, which is known to be an interdisciplinary approach, should
be applied in all disciplines regardless of extracurricular or in-class
subjects (Doganay & Tok, 2012). PBL approach has been widely
accepted in STEM education due to its multidisciplinary structure,
especially in the 21st century, and it has become an important part of
STEM education today (Egenrieder, 2007). PBL refers to a classroom
environment where students explore questions, formulate and explain
hypotheses, discuss ideas, present new ideas, tackle real-life problems,
and actively form their own understanding (Krajcik & Blumenfeld,
20006). In PBL, students choose an area of interest from everyday life or
opt for a course topic and work collaboratively in the research process
using diverse skills and types of knowledge as possible to create a real-
world product (Diffily, 2002). Working collaboratively towards the
determined goal, students are expected to structure and direct their
own learning while developing their creativity. By doing so, they are also
able to solve problems collaboratively. In this respect, PBL provides a
technology-based learning environment that supports the academic
success of students with a focus on their emotional and social
development. In addition, everyday problems are brought to a real
learning environment (Erdem, 2002). Offering an interactive learning
environment, project-based learning also provides many opportunities
for students to develop their interest in the project topic allowing them
to choose the area of interest they wish to work on (Diffily, 2001; 2002).

PBL includes five key features in line with the framework of integrated
STEM practices, and the process begins with a dynamic question to be
solved. Students are to explore this fundamental question by
participating in the questioning and problem-solving process, and as
they learn to think outside the box with respect to the question, they
learn the key ideas in the discipline. Students, teachers, and group
members work collaboratively to answer the fundamental question at
stake. Students use learning technologies to the extent of their abilities
in their inquiry process and create concrete products that answer the
basic question (Krajcik & Blumenfeld, 2006). Constructivist STEM
education based on PBL offers many opportunities to transform the
normal classroom environment into active learning environments
(Connors-Kellgren et al.,, 2016; Krajcik et al,, 1994). The countries that
have fully integrated this approach in their education systems rank first
in international assessment exams such as PISA and TIMSS (Tarhan &
Gulmez, 2021). As a proof of this situation, Japan can be shown as the
success of the country declines although it used to rank the first in
international exams once it has reduced the compulsory course hours
in the field of inquiry-based STEM education (Marginson et al., 2013).
However, the success of this integration process along with its
advantages depends on the teacher's ability to effectively motivate and
direct students to the learning process (Kokotsaki et al., 2016). Likewise,
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the success also depends on the teacher's understanding of the main
criteria of the PBL approach (Han et al., 2015). For this reason, Japan
focused on increasing the quality of teachers in the field of PBL in the
next period (Marginson et al., 2013). However, only when are these
conditions met, PBL approach shall prove to make a significant
contribution to the meaningful and effective learning of students. If
these conditions fail to be fulfilled, the PBL approach may negatively
affect the students' learning process (Han et al., 2015; Kingston, 2018).
Therefore, teachers are expected to fully comprehend this learning
approach. Without any doubt, preservice teachers are to be trained to
have the necessary qualifications in order to put into practice this
learning approach effectively.

The Committee on a Conceptual Framework for New K-12 Science
Education Standards was created through incorporation of PBL to
implement integrated STEM education effectively (NRC, 2012).
According to the framework prepared by the committee, students are
expected to learn how science is applied especially through the
engineering design process, and should be able to be aware of the
distinctions and relationships between engineering, technology and
science practices (NRC, 2012). The committee has also developed
standards for new technology and engineering practices in K-12
curricula. However, providing adequate training for science teachers
and empowering them with the necessary qualifications to implement
the practices of newly developing technology and engineering
applications in science and mathematics continues to be one of the
biggest problems of teacher training programs. (Jaipal-Jamani &
Angeli, 2017). The importance of three-dimensional (3D) printing
technology with a focus on engineering designs is increasing day by
day in STEM education thanks to the cutting-edge technology.
Similarly, 3D printing is directly related to the Framework for K-12
Science Education (Quinn & Bell, 2013).

3D printers enable the production of multi-layered physical models
with digital software (Horejsi, 2014). 3D printers use different materials
such as filaments, powder, ceramics and resins as consumables in the
production process (Sen et al.,, 2020). Although computer aided design
and 3D printer assisted teaching process were expensive and not cost-
effective in the beginning, the costs have decreased to reasonable
levels as a result of technological advancements and diversification and
its use has become widespread (Scalfani & Sahib, 2013). In the light of
the explanations provided above, 3D printing technology has become
an indispensable part of teaching process in different disciplines,
however the applications and practices concerning 3D technology are
to be advanced and should be more accessible and available (Ford &
Minshall, 2020). Easy access to 3D applications promotes students'
interactions with technology and help them realize the value of the
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products they design through 3D printing and other practices in STEM.
Wider access to such technology contributes to the development of
students' ability to use 3D printers and other innovative production
tools which is holistically associated with all STEM fields (Sen et al,
2020). For this reason, it is believed that 3D printing technology, which
is compatible with K-12 curricula and is also at the heart of the
integrated STEM educational practices, should be applied more
effectively in the teaching process. In order for the expressed
technology to be effectively utilized in accordance with its purpose
throughout the process, and for engineering to be holistically applied
to STEM education with a focus on the PBL approach, these
technologies need to be integrated into pre-service or in-service
teacher training (NRC, 2009). When the literature is examined, it is
observed that there are a limited number of studies on the use of 3D
printers in the context of STEM education. A search based on the
keywords '3D Printing' and 'STEM Education' in the Web of Science
database, focusing on subject matter and educational research, reveals
a total of 15 scientific articles published. From these studies, it is evident
that only the study conducted by Novak and Wisdom (2018) is oriented
towards prospective teachers. Upon closer inspection, it is also noted
that the study group consisted of prospective elementary school
teachers. Thus, no similar study involving the participation of
prospective science teachers was found in the relevant database. To
contribute to this gap in the literature, the present study was
conducted, specifically focusing on the integration of virtual design and
3D printing technology into the training of prospective science
teachers, which is directly aligned with the K-12 Science Education
Framework (Quinn & Bell, 2013). Virtual design and 3D printing, by
focusing on the intersection points of different disciplines in STEM
education, make the connections between these disciplines more
explicit (Novak & Wisdom, 2018). To maximize the benefits of virtual
design and 3D printing, the study was conducted within the context of
Biology lll, a learning area dominated by abstract concepts. Therefore,
Biology Il was chosen to provide prospective science teachers with the
opportunity to concretize abstract concepts. In this context, the study
examined the process of prospective teachers designing conceptsin a
virtual environment and transforming them into tangible designs using
3D printers. It is believed that such applications, in addition to
enhancing the skills of prospective teachers in using these
technologies, will also contribute to the meaningful learning of
concepts in the course content (Novak & Wisdom, 2018).
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Method
Research Design

This research, which examines the process of transforming it into
concrete designs with 3D printers by being designed in a virtual
environment by pre-service teachers, was designed in accordance with
the case study pattern, one of the qualitative research methods. A case
study is a qualitative research approach in which the researcher
examines one or more situations in a certain period of time with data
collection tools (observations, interviews, audio-visuals, documents,
reports) suitable for the purpose of the research, and the situations and
related themes are defined (Creswell, 2007). The situation examined in
the research; It is the process of transforming pre-service teachers into
concrete designs with 3D printers created in the virtual environment.

Participants

The study group of this research consists of 41 teacher candidates
studying at the second year science teaching level of a state university
in the spring semester of the 2021-2022 academic year and taking the
relevant course. Preservice teachers have not used the Tinkercad
program before and they created a design from 3D printers with this
application for the first time. At the end of the study process, semi-
structured interviews were conducted with six randomly selected
participants among the teacher candidates who carried out their work
in a total of 9 different groups. Interviews with the other three teacher
candidates could not be conducted due to the inability to find a
common time availability. Attention was paid to having a
representative from each group and to the principle of voluntariness in
the selection of interview participants.

Data Collection Tools
Semi-Structured Interview Form

During the implementation process, the data were obtained from the
observations of the researchers, from the forms filled by the preservice
teachers as a group, and from the semi-structured interview records.

Implementation Process

In this study, as an integrated STEM activity, it was carried out by
preservice teachers to transform abstract concepts within the scope of
biology subjects into concrete designs with 3D printers by modeling
them in a virtual environment. The applications included in the Biology
[l course in the Science Teaching Undergraduate Curriculum, which
was prepared by the Council of Higher Education and put into practice
as of the 2018-2019 academic year, were primarily carried out in the form
of traditional laboratory applications in the biology laboratory.
Preservice teachers had difficulty in obtaining images in experiments
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such as mitotic division stages and observation of DNA structure, since
the applications included in the course are generally difficult to
implement in the physical laboratory. From this point of view, the
problem situation of the research; It was created within the framework
of the question of how the preservice teacher can overcome the
problem in case they encounter such a situation when they become
teachers. As an alternative solution to this situation, it has been
explained that original designs related to these concepts can be
developed in the virtual environment and the developed designs can
be converted into concrete models with 3D printers.

Studies with the preservice teachers forming the study group were
carried out alternately in the biology and computer laboratories of the
education faculty of the university in the two-hour application part of
the course. Weekly practices regarding the implementation process are
shown in Table 1.

pre-service teachers' skills in using Tinkercad
program.
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Table 1
Weekly practices regarding the implementation process
Weeks Practices Practices
Place
General information about the implementation Computer
process by researchers. Laboratory
Detailed presentation by researchers about the
. . . . Computer
implementation process, project-based learning
. Laboratory
and Tinkercad.
Making simultaneous designs in Tinkercad program
. : . Computer
in company with teacher candidates and
Laboratory
researchers.
Sharing the Tinkercad worksheets prepared by the
. . . Computer
researchers for free time studies with the teacher
. Laboratory
candidates.
Performing mitosis cell division experiment in onion Biology
root. Laboratory
Simultaneous designs with researchers to improve
: A . . Computer
pre-service teachers' skills in using Tinkercad
Laboratory
program.
Performing DNA isolation experiment. According to
the project-based learning method, groups of up to  Biology
5 people are formed and the subject is selected Laboratory
according to the course content.
The midterm exams. -
Pre-service teachers express the groups they
created and the topics they chose as a group.
. . . . Computer
Simultaneous designs with researchers to improve
Laboratory
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Pre-service teachers realizing their individual

10-T1 designs on the subjects they have determined in -
Tinkercad program.
Determining a design as a group by examining

12 individual designs. Expressing suggestions for the Computer
development of the decided design as the final Laboratory
design.

Collaborative development of the final designs
. - Computer
13 decided upon as a group. 3D printing of one of the

final designs downloaded as .stl extension. Laboratory

Conducting semi-structured interviews about the
application process and the use of 3D printers in

14 science education with one volunteer Office
representative selected by the researchers from
each group.

According to Table 1, in the first week of the term, general information
about the course and the process was given to the preservice teachers,
and it was ensured that the preservice teachers were informed about
the subject scope of the course, objectives, achievements and
assessment and evaluation methods to be applied in the process. In the
two-hour theoretical part of the course, lectures continued throughout
the semester. In the application part, the application was carried out in
the computer laboratory for three weeks after the first week, that is, six
hours in total, and in this process, detailed information was given to the
preservice teachers about the application process. By enrolling in the
virtual design program to be used, worksheets containing the detailed
steps for successful realization of a design were prepared and shared
with the preservice teachers. The preservice teachers, who were
informed about the PBL method and the Tinkercad program, were
asked to form study groups of at most five people. Simultaneous
designs were carried out with the researcher in the process of learning
the Tinkercad program of the preservice teachers. Then, in the fifth
week of the semester, the "mitosis cell division in the onion root"
experiment was carried out in the biology laboratory, and most of the
preservice teachers either could not obtain a clear image or could not
clarify the images they obtained under the microscope. From this point
of view, the preservice teachers who were compared with a real
problem situation were asked, "When you were a teacher, how would
you develop a solution when you did this experiment at the secondary
school level and faced a similar situation?" The question was asked and
the presentations made in the previous weeks were tried to be
interpreted. Then, in the sixth week of the process, simultaneous
applications for the Tinkercad program were carried out with the
preservice teachers in the computer laboratory, and it was tried to
develop their skills in using the program. In the last week before the
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seventh and mid-term exams, "DNA isolation" application was tried to
be carried out in the experiment carried out with the preservice
teachers in the biology laboratory. In the application performed with
strawberry and banana fruits, the preservice teachers succeeded in
isolating the DNA, but they had difficulty seeing the circular structure
of DNA under the microscope. From this point of view, it was
emphasized that the preservice teachers, who were confronted with
the problem after the first application, could frequently encounter
similar situations in areas where abstract concepts such as science are
the majority. From this point of view, preservice teachers were asked to
choose one of the subjects included in the Biology Il course. They were
asked to write the subject they decided on, the knowledge of the group
members and the science, technology, engineering and mathematics
achievements needed in the design process on the form created by the
researchers. Due to the midterm exams in the eighth week, the
practices were interrupted, and in the ninth week of the interview, the
preservice teachers were asked to indicate the subjects they
determined as a group. After the week, which ended with a
simultaneous design for the development of usage skKills related to the
program, the preservice teachers were given two weeks to carry out
their individual designs on the subjects they determined, and
laboratory practice was not carried out in a two-week period. In the
process, preservice teachers were asked to add images of their
individual designs to the form they filled out. Then, they were asked to
decide on one of the designs they made individually on the subject they
determined as a group in the lesson held in the computer laboratory in
the 12th week, and this time they were asked to develop the design they
determined in cooperation as a group and create their final designs.
During the 13th week, it was seen that most of the groups created the
final design, and all groups, including the groups with deficiencies, were
asked to send the “stl” files of their designs to the researcher's e-mail
address until the 14th week, and the form containing the achievements
and individual designs of the design process. In the 14th and last week,
a design that was decided in the application was printed on a three-
dimensional printer, allowing preservice teachers to see the printing
process. After the process, six volunteer preservice teachers from
different groups were selected and semi-structured interviews were
held about the use of virtual design and 3D printers in process and
science education.
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Figure 1
Engineering Design Process Stages (Hynes et al., 2011)
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Preservice teachers carried out the implementation process within the
scope of the engineering design process presented by Hynes et al,,
(2011) shown in Figure 1. While various engineering design process
models exist in the literature (Brunsell, 2012; Moore et al., 2013; NRC,
2009; Wendell & Rogers, 2013), it is observed that they consist of
different but similarly structured steps. In all engineering design
process models, it should be noted that there is no hierarchical order
among the steps, and there is flexibility in movement between different
steps (Guzey et al., 2016). This research has chosen the model developed
by Hynes et al. (2011) due to its recognition as one of the most useful
engineering design process models in the literature (Mesutoglu, 2017)
and being one of the most preferred engineering design process
models in STEM education studies (Adiguzel-Ulutas et al,, 2023). It is
thought that the comparison of prospective teachers with real problem
situations in the biology laboratory is compatible with both the
engineering design process and the philosophy of the PBL approach.
Preservice teachers, who were compared with a real problem, thus
used their imaginations while thinking about how to deal with these
and similar problems in their professional lives and developed solutions
to the problems within a plan. Then, the preservice teachers in the
groups developed their individual designs and discussed the individual
designs they developed within the group and chose the one they found
the best. After this stage, which can be considered as the testing stage,

\
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the preservice teachers created their final designs by working together
and developing a design they determined in their groups.

Data Analysis

The forms and designs created by the preservice teachers were
evaluated with the rubric prepared by the researchers. Accordingly, the
sample items of the design dimensions category of the design
evaluation rubric, which consists of seven sub-categories under a total
of 4 categories, namely the dimensions of the design, its visuality (form,
edges and corners, shape transformation, point of view), functionality
and creativity, are presented in Table 2.

Table 2
Design evaluation rubric sample item
Criteria Should be Medium Good
improved

o Not all of the Half of the shapes  Almost all of the
5 shapes used in the used in the design shapesseem
kS design seem do not seem proportional to
2 1. proportional to proportional to both the other
'% Ratio each otherandto eachotherandto shapesand the
S g) the whole design.  the whole. The whole. The ratio is
£ '8 The ratio is ratio is partially quite adequate.
lale) insufficient. sufficient.

In the context of the other criteria in the rubric, the sample item of
which is given in Table 2, the designs made by the preservice teachers
were evaluated and a sample design for the good, moderate and
improved categories in the rubric is presented in Table 3 in the findings
section.

At the end of the application process, six preservice teachers from
different groups were interviewed individually through a semi-
structured interview form prepared by the researchers. The items in the
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semi-structured interview form prepared by the researchers regarding
the interviews are as follows:

1. Did you have difficulty in learning the Tinkercad program? If you
had difficulties, what were the aspects of the program that made it
difficult for you? Can you explain?

2. What are the aspects of the Tinkercad program applications that
you like and dislike? Explain the reason for your answer.

3. What would you say about the usability of the Tinkercad program
for primary and secondary school students?

4, What can you say about the teaching and applicability of the
Tinkercad program and the teaching process supported by 3D
printers? (in terms of time-cost-instructional)

5. What do you think as a preservice teacher about the usability of
3D printersin the teaching process of the subjects in the Science course
in our country?

o. Should schools have computers and 3D printers? What do you
think about this?

During the interviews with the questions expressed and the probe
guestions asked according to the flow of the interview, audio
recordings were taken with the approval of the preservice teacher, and
then the audio recordings were transcribed and subjected to content
analysis. In the findings obtained as a result of the analysis, the
preservice teachers participating in the interview were coded as PT],
PT2,.,PT6, and these codes were used in direct quotations.

Findings

In the groups they formed, the preservice teachers made their
individual designs in the Tinkercad program on the subjects they
determined within the scope of Biology Ill course. Then, in the PBL
design form prepared by the researchers, they added the acquisitions
they thought related to the subject and the design process, science,
technology, engineering and mathematics, and screenshots of their
individual designs. Then, they decided on one of the individual designs
within the group and developed it as the final design. A determined
design was printed on a 3D printer in the computer laboratory where
the applications were carried out, allowing preservice teachers to see
the printing process. The final designs of the other 7 groups were
printed in the researchers' office at the end of the process. After the final
designs of all groups were printed out in the process, the designs were
scored with the help of a rubric prepared by the researchers. The
designs, which were evaluated in seven criteria in total, together with
the four criteria and sub-criteria, were evaluated as good, moderate and
developed according to their quality. In this context, an example for
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each attribute is presented in Table 3 and the necessary explanations
are given below the table.

Table 3
Evaluated design examples

Rank

Design

3D Printed Image Qualification

reairiy o\

Tinkercad Image

Good

Medium

Should be
improved

When Table 3 is examined, it is seen that the designs examined in the
dimensions, visuality, functionality and creativity criteria and in the sub-
criteria of geometric shapes, edges and corners, transforming shapes,
point of view under the visuality criterion are evaluated as good,
moderate and developed according to their quality. Accordingly, when
the design, which is evaluated as qualitatively good in the relevant
categories, is examined, it is seen that almost all of the shapes used in
the design proportionally in the size criterion are proportional to both
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the other shapes and the whole, and the proportion throughout the
design is quite sufficient. When the geometric shapes in the visuality
criterion are evaluated in the context of the sub-criterion, it is seen that
there are more than 6 types of geometric shapes in the design. When
the edges and corners, which is another sub-criterion under this
criterion, are evaluated according to the sub-criterion, it is seen that all
the edges and corners of the shapes that come into contact with each
other in the design are positioned regularly and aligned with each
other. When we look at the transformation sub-criterion, it is seen that
dimensional, subtractive and additive transformations are made in
almost all of the shapes that make up the design, and the groupings
are quite sufficient. According to the perspective sub-criterion, which is
the last sub-criterion in the same main criterion, it is seen that the
three- dimensional structure of the design is smooth no matter from
which angle it is viewed. When the design is considered according to
the functionality criterion, when it is examined in the working sub-
criterion appropriately, it has been evaluated that the parts of the
design that should be functional are designed to be fully functional and
fully functional in accordance with the criteria. In this respect, it can be
said that the design will serve in accordance with the purpose of its
creation. The last criterion, the creativity criterion, was evaluated
according to the innovation sub-criterion, and the design was
evaluated as a highly creative design in terms of an innovative feature
or function.

When the design, which is evaluated as medium qualitatively, is
examined, it is seen that some shapes in the design proportionally in
the size criterion do not appear proportional to both other shapes and
the whole, therefore the proportion is considered to be partially
sufficient. When evaluated in the context of the geometric shapes sub-
criterion in the visuality criterion, it is seen that there is a partial diversity
in geometric shapes in the design, and 3 to 5 types of shapes are used.
When evaluated according to the sub- criterion of edges and corners,
which is another sub-criterion under this criterion, it is seen that in
some of the shapes that come into contact with each other in the
design, the edges and corners are not regular or there are alignment
problems that create indentations and protrusions. When we look at
the transformation sub-criterion, it has been evaluated that
dimensional, subtractive and additive transformations are made in
about half of the shapes that make up the design, and the groupings
are sufficient. According to the perspective sub-criterion, which is the
last sub-criterion in the same main criterion, it has been evaluated that
the three-dimensional structure of the design appears partially smooth
when viewed from different angles. When the design is considered
according to the functionality criterion, when it is examined in the
working sub-criterion appropriately, it is seen that the parts of the
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design that should be functional are partially designed in accordance
with the criteria and are designed to work, and are evaluated as semi-
functional. In this respect, it can be said that the design will partially
serve the purpose of its creation. It is seen that an innovative feature or
function is partially found in the design, which is evaluated according
to the creativity criterion, which is the last criterion, and the sub-
criterion of innovation, although it can still be considered as a creative
design.

When the design, which is considered to be developed qualitatively, is
examined, it is seen that only a few shapes in the design in terms of size
do not appear proportional to both other shapes and the whole, and
the proportion is insufficient. When the geometric shapes in the
visuality criterion are evaluated in the context of the sub-criterion, it is
seen that there is very little variation in the geometric shapes used in
the design, and mostly the same geometric shapes are used repeatedly.
When evaluated according to the sub-criterion of edges and corners,
which is another sub-criterion under this criterion, it is evaluated that
there areirregularities in the edges and corners of the shapes in contact
with each other or alignment problems with each other. When we look
at the transformation sub-criterion, it is seen that dimensional,
subtractive and additive transformations are made in some of the
shapes that make up the design, and the groupings are insufficient.
According to the perspective sub-criterion, which is the last sub-
criterion in the same main criterion, it is seen that the three-
dimensional structure of the design is smooth when viewed from a
single point of view, and there are distortions in different points of view.
When the design is considered according to the functionality criterion,
when it is examined in the working sub-criterion appropriately, it is
evaluated that the parts of the design that should be functional are not
designed to comply with the criteria and work, and are not functional.
In this respect, it can be said that the design cannot serve the purpose
of its creation. It is seen that there is no innovative feature or function in
the design, which is evaluated according to the creativity criterion, the
last criterion, the sub-criterion of innovation, and therefore cannot be
considered as a creative design.

At the end of the application process, a total of six preservice teachers
from different groups were asked for their opinions on the process and
the use of virtual design program and 3D printers in teaching science
subjects. The themes and categories revealed as a result of the analysis
of the interviews are presented in Table 4.

Table 4

Themes and codes determined as a result of the interview
Themes Codes Frequency
Difficulty using Create a shape PT1, PT4, PTo
Tinkercad program Looking from different angles PT1, PT3, PT4
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Being unfamiliar with 3D design PT2, PT3, PT5
programs
Have no difficulties PT3, PT5
Don't adapt PTI
Interface PTI
It's free PT1, PT5
angneed to download an external PTI, PT5
Concretizing abstract concepts PT2, PTo
Liked aspects of Ease of use PT5
Tinkercad program Can be used on devices such as PT5
applications phones, tablets
Creating shapes by drawing PT4
Build self-confidence in design PT4
Enabling simultaneous work PT3
Turkish language support PT3
Interface PT1, PT2
Problem with simultaneous PT3
Disliked aspects of operation
Tinkercad program No voice communication in PT3
applications simultaneous operation
Difficulty moving the workplane PT4
Difficulty creating shapes PT4
Suitable for primary school PT4
Usability of Tinkercad  Suitable for middle school EES PT3, P14,
program by primary Suitable for both levels under
and secondary school . PT2
students teaCher gu.'d.anc.e. .
Suitable if it is divided into levels
. PT5
as easy, medium, hard
Teaching and Time Suitable PT3, PT4, PT5
applicability of the No_t available PT1, PTe
teaching process Cost Swtablg P13, PT4, PTS
supported by Not available PT1, PTe
Tinkercad program . Suitable PTI, PT2, PT3,
. Tutorial PT4, PT5, PT6
and 3D printers .
Not available -

o Available PTI, P12, PT3,
Usability of the PT4, PT5
su.bjects.ofISD Can_ be usgd for other fields PT3, PT4
printersin the besides science
Science course inthe Dependent on teacher PT3
teaching process Suitable for biology, not very PTG

suitable for use in other fields
Availability of Should be 21, P2, P13,
computers and 3D . OAS, PT6
. . It happens whether it happensor PT4
printers in schools not
Application process Group work PT2, PT4, PTo
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Individual work PTI
Both group and individual PT3

Table 4 shows the themes and codes determined as a result of semi-
structured interviews with 6 preservice teachers who were voluntarily
selected from different groups after the implementation process.
Teacher candidates were first asked whether they had difficulty using
Tinkercad, the virtual design program used in the implementation
process. Only one of the 6 preservice teachers who participated in the
interview stated that she had used a different virtual design program
before and stated that she had difficulty in adapting to this program at
the beginning due to the difference between the programs. As an
example of this situation, PTl used the following statement: “For
example, while we wanted to look at the left back side of the design we
created, in the programs | used before, we only translated it by pressing
the middle button of the mouse.

In this program, we turn it by pressing the right button. This made it
difficult for me to adapt in the beginning”. PT2, PT3 and PT5 stated that
they had never used 3D design programs before. While PT3 and PT5
stated that they did not have any problems in using the program in
general, PT3 stated that during the design process, the shape placed on
the working plane looked smooth when viewed from different angles.
Stating that he had a problem with the interface, PT1 stated that he had
difficulty in finding the appropriate shapes for the design he decided
on from the program's menu. She expressed her thoughts on this
situation as follows: She expressed her thoughts on this situation as
follows: “We couldn't find what we were looking for directly. We had to
look at all of them one by one in the window that opened on the side. It
was a bit of a problem because of that”. Apart from this, it is seen that
another situation that the preservice teachers stated that they had the
most difficulty was forming a shape. PTI] stated that there was no
situation where she had too much difficulty other than adapting, and
she only had a little difficulty in creating complex shapes. PT1 who
expressed this situation like “when you create a small space in one
corner of the design, it is a little more difficult to create it, because the
program is more effective in the whole design. In other words, it creates
a gap in our entire design”, added that this may be due to his own
learning deficiency, not the program. While she stated that she did not
have much difficulty in using the PT4 program for the same code, she
stated that she had a lot of difficulty in creating the shape she wanted.
She expressed this situation as "l had a hard time using the program,
but | had a hard time choosing the shape | would use while designing,
and even placing the nested shapes". But for the same situation, PT6
said, “I had difficulties while adding a shape. There are many shape
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sections, but not many shapes related to science, most of them for
Geometry and math. That's why we tried to produce ourselves with a
little more creativity.” She stated that the positive side of this situation
is that it contributes to the development of their creativity. However,
she stated that this point, which she saw as a challenging situation,
would be beneficial to open a separate section on science in the
program. She expressed this situation with the sentence “For example,
since our subject is about biology, there could be ready-made figures
related to science in a separate section.”

The other theme determined in the interview is about the aspects of
the Tinkercad program that are liked and disliked by the preservice
teachers. Accordingly, preservice teachers stated that they liked the
program being free, allowing abstract concepts to be embodied, and
being able to be used without the need to download any additional
applications. While PTI1 stated that the most favorite feature of the
program is that it is free, she expressed this situation as "it is a very good
program and it is free, and this is probably the best part". PT5 also stated
that the most favorite aspect of the program is that it is free first, with
the statement “First of all, it is very advantageous for my teacher to be
free”. PT5 also stated that "it can be used from computer and phone
and itis an advantage that there is no need to download an application"
and thatitisan important advantage of the program that it can be used
from different smart devices without the need for any additional
application. PT1 also explained this situation as “any application etc. We
can use it online with an internet connection without the need to
download it". Stating that it is effective in concretizing abstract
concepts, PT2 stated that this is a very useful application because it can
enable students to learn better by concretizing many abstract
concepts. PTo stated the same situation as “When we become teachers
in the future, we will have something to do with students, for example,
we explain the stages of mitosis in an abstract way, but they cannot
concretize it in their minds. They can't bring much in front of their eyes.
“I think it is good in this respect” she expressed in this statement.
Another important feature of the program that was appreciated was
expressed by PT3 as the opportunity to work in cooperation. In many
groups, it was seen that the preservice teachers mostly came together
and created their designs, but PT3 stated that they could not come
together with their colleagues. It is seen that this situation actually led
them to discover an important feature of the program. Stating that the
program allows simultaneous working in cooperation, PT3 is satisfied
with this situation: “It allows us to design simultaneously in cooperation.
In this respect, it is very useful and a very useful program for designing
projects”. It was determined that the other aspects liked by the
preservice teachers about the Tinkercad program were that it gave
them self-confidence in designing, that it could be used from various
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smart devices, that it could be used by drawing shapes, and that it had
Turkish language support.

It is seen that the points that preservice teachers do not like about the
Tinkercad program can be grouped under five codes. Accordingly, it is
seen that preservice teachers do not like the interface of the program
very much. On the other hand, it has been expressed as a shortcoming
for this situation due to the fact that there are sometimes systemic
errors in allowing simultaneous work, which is seen as an important
feature of the program, and there is no voice communication. PT3
expressed his discomfort regarding this: “When | was working with my
teammate, when | made a few changes, the system kicked me out.
When | did the same, the system kicked me out and we had to update
the page. This is distracting. If there was an audio system, it would be a
much better program if those who were working on the same design
could set up the audio diagram among the simultaneous designers.” In
addition, PT4 also stated the situations related to creating shapes and
moving the working plane, which are the issues that she had difficulty
with, as the points she did not like about the program.

It has been observed that the preservice teachers generally stated that
the program is suitable for students at the secondary school level on
the theme determined about the usability of the Tinkercad program for
primary and secondary school students. Preservice teachers stated that
primary school students can also learn this program with appropriate
guidance and planning, even if they have some difficulties. This
situation PT1 said, “If we draw their attention to design things, | think it
will appeal to secondary school students. It may be a little more difficult
for primary school students”. PT3 used the same situation as “5. The
program can be used actively from the first grade. Because in the fifth
grade, students are at the level of understanding, perceiving and
designing something, but there is another thing when you look at the
new generation, maybe we can lower the age level a little more because
they are intertwined with technology. PT6 also expressed their views on
this situation as “I think it is more suitable for secondary school level.
The subject acquisitions of primary school students are not very intense
anyway. In other words, things like getting to know our body, for
example, in terms of science. I think it is more suitable for middle school
because there are abstract concepts such as DNA, cell and cell
divisions.” expressed as. Stating that it is suitable for students at both
education levels, PT4 expressed their opinions on this subject as “I have
high expectations from young children. That's why | think students at
both levels can use it." While PT2 stated that it would be more
appropriate to use the program under the leadership of a teacher for
students at both levels, PT5 stated that the program could be divided
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into different difficulty levels as easy-medium-hard and more
appropriately addressed to different education levels.

In the theme, which was determined as the teaching and applicability
of the learning process supported by the 3D printer and Tinkercad
program, the preservice teachers generally expressed negative
opinions in terms of time and cost. Preservice teachers, who stated that
these applications would take a lot of time in the teaching process, also
stated that this situation could be quite costly considering the country
and institution conditions. On the other hand, it is seen that the
preservice teachers agreed that the teaching process supported by
these technologies would be quite productive. PT3 evaluated these
three codes in a holistic way and expressed his views as follows: “It is
worth the time and cost spent in the process, my teacher. Because, for
example, | designed a cell. Seeing the cell on paper is a two-dimensional
thing. Figuring out what's where can take some imagination. After all,
what is drawn there is not the exact shape of the actual cell. For
example, when we draw a water bottle on paper, we cannot see it
properly. But when we design it in Tinkercad program and printiton a
3D printer, we can see its full shape, so we can see it exactly as a normal
object. Like the human model with organs and stuff that we use in
biology. This is how we can evaluate it". Again, while expressing their
views in a similar way in PT5, it is seen that preservice teachers generally
think that three-dimensional designs will provide more effective
learning than two-dimensional visuals drawn on paper. In terms of
time, they state that they cannot allocate much time for the printing
time of 3D printers and 3D design programs due to the intensity of the
curriculum. They state that in terms of cost, it may vary according to the
conditions of the country, but it will be costly for the student to meet,
and it will be reasonable if the necessary budget is met by the schools.

The other theme was determined for the use of these applications in
the teaching process of the subjects in the context of science. Almost
all of the preservice teachers who participated in the interview on this
theme stated that similar applications could be carried out for other
science subjects, except for biology subjects, where the applications
were carried out. While PT6 stated that these practices were more
appropriate in teaching biology subjects, PT3 stated that the use of
such practices could be carried out depending on the teacher rather
than the subject. While it was seen that the preservice teachers also
stated that these technologies could be used in other fields, it was
observed that they specifically stated that the approach and
equipment of the teacher is also important in this process. PT3 stated
that teachers should be trained with the competencies to use these
technologies: “3D printers should be used in practice lessons and
taught to preservice teachers. For example, | have seen such
technological tools in your class for the first time, | am not sure if we will

91



PUJE, 62, 72-100 [2024] A. Koc & M. N. Unaldi Coral https://doi.org/10.9779/pauefd. 1279635

seethem againin the future, but there should definitely be more. | hope
that even a special lesson will be opened for this”.

It has been observed that preservice teachers stated that these
technologies should be available in schools and a preservice teacher
expressed his opinion about these technologies being found at schools
as it didn't matter. Stating that its presence would certainly contribute,
PT4 expressed his opinion on this subject with the phrase "yes, that is,
it will contribute, but | did not know whether it was necessary or not".
PT1 stated that these technologies are available in the school
environment and used in the teaching process, as well as the fact that
students can use them effectively. He also stated that access to these
technologies should be easier with the statement "l think there should
be one in every classroom, not just one in every school." PT3 also stated
that these technologies should be found in primary and secondary
schools, but he also stated that these technologies should be found and
used effectively in teacher training institutions. PT5 also stated that
“There should be 3D printers in school. In this way, teachers can create
designs according to the subject and use these designs as teaching
materials in the teaching process. The Tinkercad program, which is
divided into categories as easy-medium-difficult together with the
computer laboratories, also justifies the use of whichever category is
suitable for that age group, which would be a very good detail for our
education system. PT2 and PT6 also briefly expressed their opinion that
it should be found.

On the other hand, the last theme determined in the interviews was the
theme of whether individual or group work would be more effective in
the implementation process. It is seen that there is differentiation in the
codes determined for this theme in the form of individual, group and
both individual and group. It has been observed that group work will be
more effective in the process, but that the necessary skills and
responsibility awareness regarding group work should be instilled in
younger age groups. Stating that she prefers to work individually rather
than group work, PT1 expressed her reasoning on this subject as "when
task sharing is done, not everyone can complete it in the same time and
this creates a disadvantage for me". However, he added that group
work can be more effective when the necessary knowledge and skKills
about group work are taught from young age groups. He expressed his
opinion on this subject as "group work will be effective when taught
with all responsibilities starting from primary school". PT3 stated that
the Tinkercad program can be effective both individually and as a
group. He stated that when working individually, it contributes to the
ability of a person to design and complete a project alone, while in
group work, he emphasized that working skills can be improved in
cooperation. He also expressed his opinion on this subject: “If an
individual can design and project, this is a very good thing. This is a
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great chance as there is an opportunity to look from every angle, from
different angles while designing in 3D. This opportunity is very nice. An
individual can use it for a project. As a group, | think there should be a
maximum of 4 people. More than 4 people cause mayhem. But if 4
people work in communication, it will be very successful”.

Accordingly, it was seen that the preservice teachers had some
difficulties in the process of using the Tinkercad program, which was
used as a virtual design program within the scope of the study, but
stated that they were able to overcome this situation. Although there
are many shape sections in the curriculum, it has been observed that
they stated that there is a disadvantage that there is no shape section
specific to science and that it would be beneficial to add such a section.
In addition, according to the opinions of the preservice teachers, it is
thought that dividing the program into easy-medium-difficult levels
will provide an advantage for those who are just starting to use the
program and younger age groups. On the other hand, the fact that the
program is free, allows to embody abstract concepts easily and can be
used on smart devices such as phones, tablets and computers with
internet connection without the need for any additional application
were expressed as the most favorite aspects of the preservice teachers.
The most disliked aspect of the program was its interface. It was
observed that preservice teachers generally stated that they had
difficulty in finding the shapes they wanted. It was observed that
preservice teachers stated that these practices can be used at primary
and secondary school level if the teachers who will guide the program
and the implementation process meet the stated conditions. However,
it was observed that the preservice teachers, who stated that this
application process may not always be appropriate in terms of time and
cost, stated that the process supported by these applications would be
quite instructive in any case. While it is stated that these applications
can be used not only in science but also in other disciplines, it is stated
that the attitude and quality of the teacher is more important here than
the subject or discipline area. It has been seen that it is important to
have 3D printers in primary and secondary schools and to use them
effectively, but it has been stated that these technologies should be
found primarily in teacher training institutions. It is seen that it is stated
that working individually or in groups in such practice processes will be
more effective if the skills and responsibility awareness required for
group work are developed at a young age.

Discussion

The study aims to determine the opinions of prospective science
teacher regarding the integration of virtual design and 3D printing
technology into science teacher education. It is thought that the
practices carried out with preservice science teachers are important in
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terms of integrating 3D virtual design programs and 3D printers into
science teacher education. In the physical laboratory environment,
which constitutes the starting point in determining the problem
situation in the implementation process, the preservice teachers were
left alone with a real problem situation, based on the fact that every
abstract concept could not be embodied in a clear and understandable
way. In this respect, the process, which is seen to be compatible with
the engineering design process stages put forward by Hynes et al (2011),
was also continued with the focus of PBL-based STEM education
approach. It was observed that the preservice teachers expressed a
negative opinion on the criticism that it would be more appropriate to
use appropriate consumables in a physical environment instead of
virtual design programs to reduce the limitations of the traditional
laboratory environment. The preservice teachers, who stated that they
had many chances of repetition until the most suitable design was
obtained through trial and error in designs realized in the virtual
environment, emphasized that the practices carried out in this aspect
are also very important in terms of sustainability. During the
implementation process, it was seen that most of the preservice
teachers saw the virtual design program and 3D printer for the first
time. In this respect, it is thought that preservice teachers, who are the
teachers of the future today, which is called the age of technology,
should be trained to be able to effectively use all kinds of technology
that can be used in the teaching process. It is seen that applications
that require cooperative learning skills together with the PBL approach
together with engineering design skills contribute to the development
of their creativity due to the features of the Tinkercad program, as
stated by the preservice teachers. From the statements of the
preservice teachers working as a group in the practices, it is understood
that the necessary knowledge and skills for this group work should be
gained in younger age groups, and it is understood that such practices
should be carried out appropriately at the K-12 level. The fact that the
Tinkercad virtual design program used in the process allows
simultaneous work on the realized design is also seen as a great
advantage for collaborative work. This situation also reveals the
importance of using the program in gaining the necessary knowledge
and skills in young age groups. In addition, since the preservice
teachers stated that such technology and design-oriented practices
depend on the attitude and quality of the teacher rather than the
subject area, it is understood that these practices are important for the
K-12 level as well as in teacher education. However, it is understood from
the statements of the preservice teachers that such practices are rare
in teacher education and they think that the number of similar
practices should increase. In this context, it is thought that preservice
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teachers who will carry out such applications at the K-12 level should be
more exposed to these technologies.

When the literature is examined, it is seen that there are a limited
number of studies on how preservice teachers can use these
technologies in their professional life in STEM education applications
and how to integrate the use of 3D printing into the process (Novak &
Wisdom, 2018; Trust & Kommers 2017; Verner & Merksamer, 2015). With
this aspect, it is thought that this study will contribute to the literature
on how virtual design and 3D printing technology can be integrated
into the K-12 science curriculum and teacher education. In addition, it is
understood from the statements of the preservice teachers that
designing in the virtual environment develops their self-confidence in
designing and that working in collaboration contributes to their ability
to work in collaboration. In this respect, it is seen that PBL contributes
to the development of creativity, responsibility and cooperation in the
STEM education approach (Connors-Kellgren et al., 2016).

The fact that the practices with preservice teachers were carried out
within the scope of the Biology 3 course, where abstract concepts are
concentrated, suggests that similar practices can be used in the
teaching process of other subjects within the scope of science. Based
on this situation, as a result of the examination of the views of the
preservice teachers, it was seen that the preservice teachers stated that
similar applications could be used in every field according to the subject
and the qualification of the teacher. It is seen that different studies in
the literature using 3D design programs and 3D printers support this
situation (Bilgin et al., 2015; Kahraman & Maras, 2022; Lucas, 2021; Novak
& Wisdom, 2018; Ozcakir-Sumen & Calisici, 2019; Pabuccu-Akis &
Demirer, 2022; Sen et al, 2020; Verner & Merksamer, 2015). When the
literature is examined, it is seen that there are many studies on the use
of virtual design and 3D printing technology in many different fields
(Ford & Minshall, 2020; Horejsi, 2014; Scalfani & Sahib, 2013; Sen et al,,
2020). In addition, it is seen that it is difficult to concretize abstract
concepts in the traditional laboratory environment in any case,
especially in science subjects (Emrahoglu & Sagliker, 2010; Gungor-
Seyhan & Okur, 2020; Koc Unal, 2019). Although this problem is tried to
be overcome with designs made with physical materials, it is seen that
it is not possible to fully employ STEM fields. The realization of the
realized applications in the virtual environment contributes in terms of
sustainability, while providing the opportunity to directly integrate
technology into the design process. When evaluated from this aspect
and considering the statements of preservice teachers, it is thought
that such practices will contribute to the development of many skills,
especially creativity and working in cooperation.
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Conclusion

This study is limited to the steps and processes specified in the Biology
Il course with the participation of preservice science teachers. The
preservice teachers stated that the practices applied in the form of two
lessons per week and carried out after two hours of theoretical lectures
cause fatigue. For this reason, they stated that it would be more
efficient to carry out the applications on the day when the course
intensity is low. In this context, it may be useful for researchers working
in the field to consider this situation in order to overcome this limitation
and disadvantage. In addition, it is seen that the related applications are
discussed in many areas in the studies in the literature. When evaluated
in the context of teacher education, virtual design programs and 3D
printers can be included in the process in other teaching fields
according to subjects and concepts, especially science. In this way,
technology can be integrated into the education process, and it can be
ensured that preservice teachers are trained in these technologies
before starting their professional education carriers. In-service training
can also be provided for in-service teachers by providing the necessary
conditions.
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