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Mihendislik Tasarim Becerileri Ozyeterlik Algi Olcegi'nin
(MTBOAO) Gelistirilmesi"
Nazan KAHRAMAN!, Esra YECANZ, Fatma TASKIN EKICI?, izzet KARA#

Ozet

Muhendislik tasarimi, yeni fikirlerin disiplinler arasi bakis
agistyla drdn ya da hizmete dondusturdlme surecidir. Bu
arastirmada  bu surece yonelik beceriler ¢alisiimistir.
Calismanin amaci, 6gretmen adaylarinin muhendislik tasarim
becerilerine  yénelik 6z yeterlik algilarinin  (MTBOA)
belirlenebilmesi icin gecerli ve guvenilir bir 6lcek gelistirmektir.
Arastirmada oncelikle amagli 6rneklem yoluyla secilen
ogrencilerle nitel bir calisma yuratdlmduastdr. Madde olusturma
ve uzman gorustne basvurma asamalari sonrasinda o6n
deneme calismasi yurutilmus, ardindan maddelerde ekleme,
¢ctkarma ve dulzenleme yapilmistir. Son olarak, olusturulan
olcek formunun gecerlik guvenirlik ¢calismasi yuratdlmastuar.
Calismada acimlayici faktor analizi (AFA) yapilan birinci grupta
276, dogrulayici faktér analizi yapilan (DFA) ikinci grupta 211
ogretmen adayr yer almustir. Arastirmanin  bulgulari
sonucunda, 35 madde ve 5 faktérden olusan dlgegin gecgerli ve
guvenilir  oldugu  belirlenmistir.  Ogretmen  adaylarinin
muhendislik tasarim becerilerine yonelik ¢z yeterlik algilarinin
arastirilmasi ve muhendislik tasarim becerilerinin karmasik ve
belirsiz kavramsal yapisinin  gideriilmesi  baglaminda
calismanin alan yazina katki saglayacagi dusinudlmektedir.
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Giris
Son yillarda yeni bir fikrin Urdn ya da hizmete donusturdlmesine imkan
saglayan muhendislik tasarim becerilerinin 6grencilerin yeni fikirlerini
disiplinlerarasi yaklasimla drun ya da hizmete donusturmeleri ve
inovasyon yapabilme seviyesine ulasabilmeleri kapsaminda ogretim
sureclerine aktarilmasi egilimi gdéze carpmaktadir. Egitimdeki bu
donusumun bazi derslerin é6gretim programlarina da yansidigi
godzlenmektedir. Ornegdin; Fen Bilimleri dersi dgretim programinda
muhendislik tasarim becerileri, inovatif dusunme adi altinda
problemlere disiplinler arasi bakis acisiyla yaklasarak ve edinilen bilgi ve

becerileri kullanarak bir Urun olusturma ve bu urUne katma deger
kazandirma olarak yer almaktadir.

Muhendislige yonelik ozyeterlik; akademik basari, kalicilik ve akilda
tutma acisindan énemli bir dlcuttur (Hilton, 2019). Ayrica, muhendislik
tasarim becerileri ozyeterligi bu becerilere duyulan 6zguven olarak
dusunulebilir. Ayni zamanda muhendislik tasarim becerileri dzyeterlik
algisi; performans ve davranislar Uzerinde 6nemli bir yere sahiptir.
Yuksek ozyeterlige sahip bir 6grenci, etkinlikler i¢cin daha cok caba
sarfetme egiliminde olmakta, karsilastigi zorluklara sabretmekte, daha
yuksek basari ve yetenege ulasmaya calismaktadir (Pajares, 1996). Bu
bilgiden hareketle mUhendislik tasarim becerisi dzyeterlik algisi yuksek
ogrencilerin karsilastiklari zorluklarin ustesinden gelmekte
zorlanmayacagini ve ayni zamanda bilissel duyussal ve psikomotor
alanlarda gelisim kaydedeceklerini sdylemek mumkundur. Ancak bazi
arastirma bulgular, Fen Bilimleri 6gretmenlerinin yenilenen Fen
Bilimleri dersi 6gretim programinda yer alan muhendislik tasarim
becerilerinin  entegresinde kendilerini yetersiz hissettikleri ve
kendilerine bu konuda guvenmediklerini ortaya koymustur (GlUnes ve
digerleri, 2018; Hacioglu ve digerleri, 2016; Marulcu ve Sungur, 2012).
Ogretmen adaylarinin 6grencilerine faydall olabilmesi acisindan bu
beceriye yonelik kendi dzyeterliklerinin belirlendigi ¢calismalara ihtiyag
bulunmaktadir. S6z konusu calismalarin varligi sayesinde 6gretmen
adaylari kendilerinin ne derece yeterli olduklarini gdérme firsati
yakalayabilecekler, bu baglamda kendilerini gelistirerek d6grencilerine
daha faydali olabileceklerdir. Ayni sekilde Fen Bilimleri &égretmen
adaylari bir fikrin Grin ya da hizmete dénusturulmesine imkan
saglayan (Milli Egitim Bakanligi [MEB], 2018) bu becerilere yonelik ne
derece yeterli hissettikleri konusunda bir fikir sahibi olabilecekler;
problemlere farkli bakis acilariyla bakan, Ureten, kendilerini bu konuda
yeterli hisseden &grencilerin yetistirilmesinde énemli birer adim atmis
olacaklardir.

Calisma kapsaminda gelistiriimesi planlanan olcegin en temel 6zelligi
ogretmen adaylarina yénelik olmasidir. Alanyazinda calismayla benzer
nitelikte olan; égretmen adaylarinin muhendislik tasarim becerileri
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Ozyeterlik algilarini  olgme amacgh olcek gelistirme calismasina
rastlaniimamistir fakat cogunlugu muhendislik 6grencileri olmak Uzere
farkli calisma gruplarinda uygulanan ve muhendislik tasarim becerileri
Ozyeterliklerini 6lcmeye yonelik dlcek gelistirme ve anket hazirlama
calismalarina ulasiimistir (Baker ve digerleri, 2008; Carberry ve digerleri,
2010; Davis ve Amelink, 2016; Khan ve digerleri, 2018; Mamaril, 2014, Paul
ve digerleri, 2018; Seth ve digerleri, 2015). Bu ¢alismalar arasinda daha
cok STEM-FeTeMM ozyeterliklerine yodnelik oOlcek gelistirme ve
uyarlama ¢alismalarinin yer aldigi goérulmustur (Gelen ve digerleri, 2019;
Yaman ve digerleri, 2018).

Yukarida bahsi edilen muhendislik tasarim becerilerine yénelik
ozyeterlik oOlcek ve anket calismalarinin o6zyeterlik bilesenlerinin
olusturulmasinda genel olarak Bandura’nin &zyeterlik anlayisi
benimsenmistir. Ancak, muhendislik tasarim becerileriyle iliskili
bilesenlerde bir gérus birliginin olmadigr gézlenmektedir. CUnku
muUhendislik tasarimi, karmasik bir surectir. Birbirinden farkli bircok alt
beceriyi kapsamaktadir (Mourtos, 2012). Bu belirsizligi gidermek adina
alanyazinda muhendislik tasarim becerilerine yonelik olcek ve rubrik
gelistirme, anket hazirlama calismalariyla birlikte muhendislik tasarim
becerisine yonelik teorik cerceveyi sunan kaynaklar da incelenmistir.

Alanyazinda muhendislik tasarim becerilerine yonelik élcek gelistirme
ve uyarlama, rubrik gelistirme ve anket hazirlama ¢alismalarinda yer
alan alt becerilerden bazilari sunlardir: Problem ¢6zme, mekanik insa,
soyut/somut tasarim badglantilari, yaraticilik, takim calismasi, web
kullanimi, tasarim oncelikleri, tasarim zorluklari, takim calismasi
zorluklari, muhendislik tasarim surecleri, tasarimda takim becerileri,
temel beceriler, tasarim ve problem c¢cdzme becerileri, muhendislik
dusunme becerileri, problem, ¢dzum, uygulama, verilen tasarimin
degerlendirilmesi, olusturulan tasarimin islevselligi, tasarimi test
etmenin aciklamasi, problem tanimlama, bilgi toplama, beyin firtinasi,
tasarim surecleri, tasarim iletisimi, dusunmenin derinligi ve genisligi,
takimlar ve uzmanlar, tasarimin elestirel degerlendirmesi, verilerin
kullanimi ve arastirma (Alameh, 2018; De Jong ve digerleri, 2014; Gentili
ve digerleri, 1999; Hibberts, 2017; Jin ve digerleri, 2015; Kayalar, 2018; Masi
ve digerleri, 2003; Moazzen ve digerleri, 2014, Yildirim, 2020; Yin, 2009).
Muhendislik tasarim becerilerinin teorik cercevesi, farkli kaynaklarda
farkli alt beceriler dahil edilerek sunulmaktadir. Ornegin; ABET (2019)'e
goére muhendislik kriterleri arasinda etkili iletisim kurma; probleme
¢cozum uretirken halkin sagligini, guvenligini, refahini dusunme ve
sosyal, cevresel, kulturel faktorleri géz onunde bulundurma; etik
sorumluluk alma, isbirligi yapma, problemleri farkli bakis acilariyla
tanimlama, formullestirme ve ¢co6zme gibi beceriler yer almaktadir. Fen
Bilimleri dersi &gretim programinda ise muhendislik tasarim
becerilerine yalnizca inovatif dusunme dahil edilmistir ve programda
inovatif dusunme, problemlere disiplinlerarasi bakis acisiyla yaklasarak
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ardn olusturma ve drUnlere katma deder kazandirma olarak
tanimlanmaktadir (MEB, 2018). Davila Rangel (2010), muhendislik
tasarim becerilerine yonelik yapmis oldugu genis kapsamli bir
alanyazin taramasinda toplam 29 alt beceriyi bu kapsama dahil etmistir.
Bu alt beceriler, ilgili alanyazinda temel alinan kaynaklardan bazilari
dikkate alinarak olusturulmustur (Dym ve Little, 2009; Eder ve Hosned|,
2007; Pahl ve digerleri, 2007; Shah ve digerleri, 2009; Ullman, 2003)
(Tablo 2). Calisma kapsaminda gelistirilmesi planlanan &l¢egdin
muhtemel alt becerileri ise soyle siralanabilir: analitik dusunme,
sentetik dusunme, yakinsak dusunme, inovatif ve iraksak dusunme,
karar verme, cokdisiplinli isbirligi, eskiz/taslagini cizme, model
olusturma ve revize etme, zaman-proje ve kaynak kontrolU, etik ve
organizasyon/orgutleme...vb.

Yukarida belirtilen bilgiler dogrultusunda &égretmen adaylarinin
muhendislik tasarim becerileri dogrultusunda karsilastigl problemlere
farkli bakis acilariyla farkl ¢6zUm yollari sunabilen, zorluklarla basetme
konusunda kendine glvenen, Ureten ogrenciler yetistirebilmeleri icin
oncelikle kendilerinin bu yeterlige sahip olmalari gerektigi sdylenebilir.
Bununla birlikte ézyeterlik algisinin davranis Uzerinde etkili oldugu goz
onunde bulunduruldugunda, ogretmen adaylarinin  muhendislik
tasarim becerileri dogrultusunda problemlere farkli bakis acilariyla
farkli ¢dézUmler sunma, zorluklarla bas etme ve Uretme konusunda
kendilerini yeterli géormeleri 6nemlidir. CUnku égretmen adaylarinin bu
alanda  kendilerini  yeterli  hissetmeleri sayesinde gelecekte
yetistirecekleri égrencilerine de bu becerilerin kazandirilmasinda ve
ogrencilerin kendilerini bu becerileri uygulamada  yeterli
hissetmelerinde 6énemli bir adim atilmis olacaktir. Bu konuda
degdinilmesi gereken en &nemli husus, &gretmen adaylarinin
muhendislik tasarim becerileri 6zyeterlik algilarini dlcmeye yoénelik bir
arac gereksinimidir. Bu nedenle arastirmada ogretmen adaylarinin
muhendislik tasarim  becerilerine yonelik ozyeterlik algilarini
belirlemeye yonelik bir dlcek gelistirilmistir.

Alanyazinda muhendislik tasarim becerilerinin kavramsal yapisinin
karmasik ve belirsiz oldugu dusunuldugunde gelistirilen olcek ile
sunulan kuramsal cerceve ile birlikte bu belirsizligin nispeten
giderilmeye calisilacagl soylenebilir.  Ayrica o6zellikle 6gretmen
adaylarina yoénelik bu kapsamda bir c¢alismaya ihtiya¢ oldugu
goérulmektedir. Cunku alanyazinda ozellikle 6gretmen adaylarinin
muhendislik tasarim becerilerine yoénelik ozyeterlik algilarinin
belirlenmesinden c¢cok muhendislik odakli ya da stem odakl
calismalarin siklikla yer almasi, bir baska deyisle kendilerine yonelik
calismalarin azligi 6gretmen adaylarinin kendilerinin bu konudaki
yeterlikleri hakkinda daha belirgin bir fikir sahibi olmalarinin énundeki
bir diger engel olarak gorulebilir. Butun bu nedenler gdéz 6nunde
bulunduruldugunda vyapilan arastirmada &gretmen adaylarinin
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muhendislik tasarim becerilerine yénelik ozyeterlik algilarinin
belirlenebilmesi icin  gecgerli ve guvenilir o&lcek gelistirmek
amaclanmistir. Yapilan calisma ile 6gretmen adaylarinin muhendislik
tasarim becerilerine yonelik dzyeterlik algilarinin arastiriimasina olanak
saglanabilecektir.

Yontem

Arastirmada temel arastirma deseni  kullaniimistir.  Temel
arastirmalarda anlama ve aciklama s6z konusudur (Karasar, 2014). Bu
bilgiden yola cikarak bu arastirmada anlama, aciklama, var olan bilgilere
yenilerini ekleme yapilarak bir dlcek gelistirme ¢alismasi yarutulmaustur.
Bu kapsamda arastirmada oncelikle U¢ acik uclu sorudan elde edilen
nitel sonuclar belirlenmistir. Sonrasinda bu nitel sonuclardan
faydalanarak bir madde havuzu olusturulmustur. Ardindan nicel veriler
toplanarak analiz edilmistir. Bu sUrecin sonunda nicel verilerden elde
edilen sonucglar yorumlanarak sonuclar hakkinda c¢ikarimda
bulunulmustur. Arastirma kapsaminda Pamukkale Universitesi Sosyal
ve Beseri Bilimleri Bilimsel Arastirma ve Yayin Etigi Kurulunun etik kurul
onay! elde edilmistir.

Calisma Grubu

Arastirmanin  nitel boyutunda amac¢h &ornekleme  yontemi
benimsenerek belirlenen iki c¢alisma grubu yer almaktadir.
Arastirmanin  nitel  boyutunda amac¢h &ornekleme  yontemi

benimsenmesinin nedeni ise, bu ydntemin zengin bilgiye sahip oldugu
dusunulen durumlarin derinlemesine arastiriimasina imkan vermesidir
(Yildirrm ve Simsek, 2013). Bu bakimdan birinci calisma grubu, daha
derinlemesine bilgi sunabilecekleri dusunulen, 2019-2020 egitim-
dgretim  yili Pamukkale Universitesi Fen Bilgisi 6gretmenligi
programinda o&grenim gdrmekte olan 58 &gretmen adayindan
olusmaktadir. ikinci calisma grubu ise; madde havuzu sonrasi madde
secimi icin dndeneme yapilan ve asil uygulama grubuna benzer
ozelliklere  sahip  2020-2021 egitim-6gretim  yii Pamukkale
Universitesi'nde 6grenim goéren 62 dgretmen adayindan olusmaktadir.

Arastirmanin nicel boyutuna seckisiz 6rnekleme yontemi ile belirlenen
farkli iki calisma grubu katilmistir. Bu iki calisma grubu; 2020-2021
egitim-ogretim yili Tdrkiye'de yer alan farkli Universitelerin egitim
fakultelerinin Bilgisayar ve Ogretim Teknolojileri EJitimi, Fen Bilgisi
Egitimi, Matematik EJitimi, Okul Oncesi Egitimi ve Sinif Egitimi
Anabilim dallarinda o6grenim gdren o0gretmen adaylarindan
olusmaktadir. Birinci ¢alisma grubu, AFA icin olusturulan grup (n=276)
iken; ikinci calisma grubu ise DFA icin olusturulan ve ayni zamanda AFA
icin olusturulan birinci gruptan farkh bir gruptur (n=211). Asagida AFA ve
DFA icin olusturulan gruplara iliskin demografik 6zellikler sunulmustur
(Tablol).
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Tablo 1
AFA ve DFA icin Olusturulan Gruplara lliskin Demografik Ozellikler
Demografik Ozellikler AFA DFA
(Kisi (Kisi
Sayisl)  Sayisl)
Cinsiyet Kadin 211 172
Erkek 65 39
Anabilim Bilgisayar ve Ogretim Teknolojileri Egitimi 8 7
Dall Fen Bilgisi Egitimi 144 N3
Matematik Egitimi 81 51
Okul Oncesi Egitimi 21 20
Sinif EQitimi 22 20
Sinif 1. Sinif 18 16
2.Sinif 72 50
3. Sinif 79 52
4. Sinif 107 93

Olcegin Olusturulma Siireci

Ozgln bir élcedin olusturulma sureci, bircok asamayl kapsamakla
birlikte, bu surecte izlenmesi gereken temel asamalar benzer 6zellik
gostermektedir. Benzerlik gosteren bu asamalar; teorik yapinin
incelenmesi ve madde olusturma, uzman gérusune basvurma, on
deneme yapma ve gecgerlik ve guvenirlik analizleri adi altinda
ozetlenebilir (DeVellis, 2014; Hinkin, 1998; Karasar, 2014; Secer, 2015;
Seker ve Gencdogan, 2014).

Bu calismada MTBOAO'nin gelistiriimesinde DeVellis (2014), Hinkin
(1998), Karasar (2014), Secer (2015) ve Seker ve Gencdogan (2014)'1n élcek
gelistirme modelleri temel alinmistir. Bu modellerden hareketle
MTBOAO'nin  gelistiriime asamalarini  dort  baslkta toplamak
mumkunduar. Bunlar: (1) Teorik yapinin incelenmesi ve madde
olusturma, (2) Uzman gérUsune basvurma, (3) On deneme yapma, (4)
Gecerlik ve gUvenirlik analizleri. MTBOAQO'nin gelistiriimesinde izlenilen
bu dort asama asagida sirasiyla sunulmustur.

Teorik Yapinin incelenmesi ve Madde Olusturma

Uzerinde az calisma yapilmis ve kavramsal yapisiyla ilgili kesin bir
uzlasmaya varilamamis ozellikler ile ilgili test gelistirme surecinde, acik
uclu sorularin sorulmasi gibi farkli teknikler uygulanabilmektedir
(Hinkin, 1998; Seker ve Genc¢dogan, 2014). Bu ¢alismada arastirmacilara
rehberlik etmesi ve 0Olcegin kapsaminin istenmeyen boyutlara
suruklenmesine engel olmak adina (DeVellis, 2014) &ncelikle
gelistiriimesi planlanan MTBOAO'nin kuramsal yapisi belirlenmeye
calisiimistir.

Muhendislik tasarim becerileri dzyeterlik algisinin az ¢alisilmis olmasi ve
kuramsal yapisinda kesin bir uzlasmaya varilamamasi sebebiyle
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arastirmada ogretmen adaylarina U¢ acik uclu soru ydneltilerek
kavramsal cerceve desteklenmeye calisiimistir. Acik uclu sorular, hikaye
yoluyla aktarilmaya calisiimis, hikayede gecen Fen Bilimleri
ogretmeninin o6grencilerin gokcisimlerine olan meraki sonrasinda
teleskop yapmaya karar vermesi cercevesinde kurgulanmistir. Sorularin
icerigi, 6gretmen adaylarinin tasarim surecinde takip edecegdi adimlar
ve kendi yeterliklerine ydnelik algilarinin belirlenmesine yéneliktir.
Bununla birlikte alanyazinda konuyla iliskili olabilecek bazi odlcek
gelistirme, uyarlama ve anket hazirlama calismalarinda da odak grup
goérusmesi ve acik uclu sorular gibi nitel veri toplama araclarindan
faydalanildigi gorulmektedir (Baker ve digerleri, 2008; Davis ve Amelink,
2016).

Muhendislik tasarim becerileri bileseninin teorik cercevesi kapsaminda
farkli kaynaklarda farkli alt becerilerin, bu beceriye dahil edildigi
goérulmustur. Ornedin; ABET (2019)e gdére muUhendislik kriterleri
arasinda etkili iletisim kurma; probleme ¢6zum Uretirken halkin
sagligini, guvenligini, refahini dusunme ve sosyal, ¢cevresel, kulturel
faktérleri gdz dnunde bulundurma; etik sorumluluk alma, isbirligi
yapma, problemleri farkli bakis acilariyla tanimlama, formullestirme ve
¢cozme gibi alt beceriler yer almaktadir. Fen Bilimleri dersi 6gretim
programinda ise muhendislik tasarim becerilerine yalnizca inovatif
dusunme dahil edilmistir (MEB, 2018). Ayrica Davila Rangel (2010)'In
muhendislik tasarim becerisine yonelik bakis acisi (Tablo 2) géz 6nunde
bulunduruldugunda; olcege iliskin kavramsal cercevede kesin bir
uzlasmanin olmadigini gérulmektedir.

Tablo 2
Muhendislik Tasarim Becerisi Literatlr Tarama Listesi (Davila Rangel, 2010)
Dym Ederve  Shah Pahl
ve Ullman,
Little, Hosnedl|, vd. 5003 vd.
5009 2007 2009 2007
Analitik Dusunme + + + +
Sentetik/Biresimsel DUsinme +
Elestirel DUsunme + +
Iraksak DUsUnme + + +
Yakinsak Dusunme + + +
Yanal/Etrafli DUsUnme +
Gorsel Dusunme +
Imgesel DUsUnme +
Nitel Akil Yaratme + +
Problem Formullestirme + + + +
Problem Cozme + + + +
Yaraticilik + +
Karar Verme + + +
Ogrenme + +
Organizasyon-OrgUtleme + + + +
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Onceliklendirme + +
Zaman, Proje ve Kaynak N . N
Kontrolu

Bilgi Paylasimi,

Sermayelendirme +

(Kapitalizasyon) ve Yonetim
Takim Calismasi
Cokdisiplinli isbirligi
Kulturlerarasi isbirligi

Yazili, S6zIU ve Grafik iletisim
Etik

Eskiz-Taslagini Cizmek
Kavramsal Modelleme
Analitik Modelleme
Hesaplamali Modelleme +
Prototip Yapimi + +

Uretme +

+ + + 4+ + + o+
+
+ +

+ + + + + o+

Kavramsal yapinin belirlenmesinde ilk etapta; Tablo 2'de yer alan alt
becerilerden olan ve uzmanlara danisilarak daha az kabul goéren

”n ou

“sentetik/biresimsel dUstinme”, “yanal/etrafli disinme”, “bilgi paylasimi
sermayelendirme (kapitalizasyon) ve yonetim”, “analitik modelleme” ve
“Oretme”, Olcege dahil edilmemistir. Bununla birlikte dlcege Fen
Bilimleri &gretim programinda ve bazi kaynaklarda muhendislik
tasarim becerilerinin kavramsal cercevesinde yer almasi (Davis ve
Amelink, 2016; MEB, 2018) sebebiyle “inovatif dusinme” alt becerisi dahil
edilmistir. Sonrasinda tumevarimsal yéntemden yararlanilarak (Hinkin,
1998) acik uclu goérusme sorularina iliskin veriler 1siginda “Grunu
gelistirme” ve “kisilik &zellikleri” alt becerileri eklenmistir. Sonraki etapta;
tekrar uzmanlara danisilarak “sentetik dusunme” alt becerisi dahil
edilmis; “elestirel dusunme, yaraticilik, takim calismasi, kulturlerarasi
isbirligi” alt becerileri c¢ikarilmis; “gdrsel dusunme” ve “imgesel
dusunme”; “problem formullestirme” ve “problem c¢dzme”; “inovatif
dusunme” ve “Iraksak dusunme”; “kavramsal modelleme”, “hesaplamali
modelleme” ve “prototip yapimi” alt becerileri birlestirilmistir. Boylelikle
madde havuzunda “analitik dusunme, yakinsak dusunme, problem
formullestirme ve problem c¢o6zme, karar verme, organizasyon-
orgutleme, zaman-proje ve kaynak kontrolU, etik, eskiz-taslagini ¢cizme,
model olusturma ve revize etme, inovatif dusunme ve Iraksak
dusunme, godrsel ve imgesel dusunme, nitel akil yudrutme,
onceliklendirme, cokdisiplinli isbirligi, yazili-sézIU ve grafik iletisim,
sentetik/biresimsel disinme, 6grenme, Kisilik dzellikleri” alt becerilerini
kapsayan 154 maddeye yer verilmistir.

Uzman Gorusune Basvurma

Calismada uzman gérusune uc¢ farkli asamada basvurulmustur. Birinci
asamada; madde havuzunun son seklini vermeden énce Tablo 2'de yer
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alan alt becerilerin hangilerinin dahil edilip edilmeyecegi ve
birlestirilecedi, alanyazindaki ve acik uclu sorulardaki kavramsal
cerceveden hangi alt becerilerin dahil edilmesi gerektigi ve dahil edilen
alt becerilere yonelik yazilan érnek cumleler arasindan secim yapilarak
madde havuzunu daha yalin hale getirme konusunda iki Fen Bilimleri
uzmani ve bir Bilgisayar ve Ogretim Teknolojileri uzmaninin gérUsleri
alinmistir.

Ikinci asamada; madde havuzunda dUzenleme yapmaya ydnelik
yukarida belirtilen uzmanlara ek olarak, bir Sinif egitimi ve bir Olcme
Degerlendirme alanindaki uzmanlara; dil acisindan ele almak Uzere bir
Turkce ogretmenine basvurulmustur. Uzman goruslerine gére Tablo
2'de belirtilen daha az kabul gérme durumu, ABET (2019) kriterleri ve
aclk uclu sorulara verilen cevaplar géz énune alinarak 4 alt beceri
cikarilmistir. Uzmanlarin  madde havuzu hakkindaki géruslerinin
tamamlanmasinin ardindan nihai d6lcege hangi maddelerin dahil
edilmesi gerektigine karar vermek icin her bir maddenin kapsam
gecerlik indeksi, Davis teknigine gore hesaplanmistir. Kapsam gecerlik
indeks degeri 0.8'in Uzerinde olanlar, nihai olcede dahil edilmistir
(Taskin ve Akat, 2010).

Son asamada oOlcek maddeleri, bir Turkce ogretmeni ile birlikte
anlamsal olarak tekrar gézden gecirilmis; sure¢ sonunda bazi maddeler
tamamen cikarilmis, bazi maddeler revize edilmis, son olarak bir dlcme
degerlendirme uzmaninin incelemesine sunularak 72 madde ve 14 alt
beceriden olusan 6ndeneme formu hazir hale getirilmistir. Ayrica dlgcek
derecelendirmesinde yer alan “Kararsizim” secenegi iki uzmanin
goérusleri  kapsaminda  c¢ikartilarak  “Kesinlikle  katilmiyorum?”,
“Katilmiyorum”, “Katiiyorum”, Kesinlikle katiliyorum” olmak Uzere
dortlu  derecelendirme kabul edilmis ve oOlcek ydnergesi
olusturulmustur. Ayrica élcegin bu versiyonu, tekrar ayni uzmanlarin
goérusune sunularak dlcekte gerekli duzenlemeler yapilmistir.

On Deneme Yapma

Son haline getirilen dlcek formunda yer alan 72 maddenin anlasilip
anlasilmadigini, anlasilmayan kisimlarin nereler ve anlasilmama
sebebinin ne oldugunu, maddeler ve dlcek hakkinda genel olarak ne
dusunduklerini belirlemeye yonelik olarak érneklem grubuna benzer
62 ogretmen adayi ile dndeneme yapilmistir (Seker ve Gencdogan,
2014). OJretmen adaylari, genel olarak maddelerin anlasildigini
belirtmislerdir. Bununla birlikte anlasilmasinda zorluk yasanan
maddelere yonelik olarak uzman gorusleri alinarak gerekli
duzenlemeler yapilmistir. Uzman goérusleri dogrultusunda égretmen
adaylarinin &onerileri géz onunde bulundurularak 3 yeni madde
eklenmis; sonrasinda kuramsal ¢cerceveyi, 6grenci goruslerini ve Davila
Rangel (2010) tarafindan ortaya konulan muhendislik tasarim
becerisine yonelik bakis acisini (Tablo 2) géz énune alan uzmanlarin
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gorusleri dogrultusunda, 36 madde olcekten cikartiimistir. Kalan 39
maddeyi kapsayan olcek formu, gecerlik ve guvenirlik calismalari
yapilmak Uzere dlUzenlenmistir.

Gegerlik ve Guvenirlik Analizleri

Bu calismada olcek gelistirmenin gecerlik ve guvenirlik analizlerinden
once varsayimlar tespit edilmistir. Bu kapsamda kayip veriler tayin
edilmis (Guzeller; 2016), Henze-Zirkler cok degiskenli normallik
varsayimi test edilmistir (Aybek, 2021). Ardindan yap! gecerligi icin R
tabanli istatistiki analiz programi olan Jamovi Version 2.3.21 yardimiyla
AFA ve DFA yapilmistir. Faktérlerin guvenirliklerinin tayini icin ise hem
Cronbach alpha (a¢) hem de McDonald's omega (w) guUvenilirlik
katsayilarl hesaplanmistir. Buna ek olarak yapilan ikinci duzey
dogrulayici faktdr analizi sonucunda olcegin toplanabilir &zelliginin
oldugu belirlenmis ve buradan hareketle olcegin tamamina iliskin
McDonald's omega (w) guvenilirlik katsayisi hesaplanmistir (Epskamp
ve digerleri, 2019; Gallucci ve Jentschke, 2021, Jorgensen ve digerleri,
2019; R Core Team, 2021; Revelle, 2019; Rosseel, 2019; The Jamovi Project,
2022).

Veri Toplama Sureci

Arastirmada gelistirilen dlgcegin kavramsal yapisini belirlemek amaciyla
(Hinkin, 1998; Seker ve Gencdogan, 2014) nitel veri toplama araci olarak
kullanilan 3 acik uclu soru (Yildirrm ve Simsek, 2013) &gretmen
adaylarina yazili olarak uygulanmistir. Nitel veri toplama surecinde
ogretmen adaylarina gerekli aciklamalar yapilmistir ve katilimcilarin
kendilerini rahat hissedecekleri ve dusuncelerini ¢cekinmeden ifade
edebilecekleri bir ortam olusturulmaya calisiimistir. Arastirmanin
ondeneme, AFA ve DFA asamalarinda ise veriler, elektronik ortamda
(google formlar araciligiyla) ayri ayri toplanmistir. Uygulama oncesi,
ogretmen adaylarina uygulama hakkinda aciklayici  bilgiler
sunulmustur. Arastirmada nitel ve nicel verilerin toplama sUrecinde
gonulluluk esas alinmistir.

Verilerin Analizi

Arastirmada gelistirilen 0Olcedin kavramsal c¢ercevesini olusturmak
amaclyla yararlanilan acik uclu gdérusme verilerini aciklayabilecek
kavramlara ve iliskilere ulasmak adina 1) verilerin kodlanmasi, 2)
temalarin  bulunmasi, 3) verilerin kodlara ve temalara goére
duzenlenmesi ve tanimlanmasi ve 4) bulgularin yorumlanmasi olmak
Uzere 4 asamadan olusan icerik analizine (Yildirrm ve Simsek, 2013)
basvurulmustur.

Olcegin gelistiriimesinde nicel verilerin analizinde; 6ncelikle kayip
veriler tayin edilmistir. Guzeller (2016)'e gdre bir veri setinde kayip
degerlerin olmasi durumunda bu degerleri silme ya da farkli atama
yontemleri kullanilabilmektedir. Bu c¢alismada kayip degerlerin
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silinmesi tercih edilmistir. Ardindan Henze-Zirkler cok degiskenli
normallik varsayimi hesaplamalari yapilmistir. Her iki veri setinde
Henze-Zirkler cok degiskenli normallik varsayimi test edilmistir (Aybek,
2021). AFA yapilan birinci veri setinde 43 veri cikartilmis ve cok
degiskenli normalligin saglanmadigr (hz=1.798116; p<0.05) ortaya
cikmistir. Ayni sekilde DFA yapilan ikinci veri setinde de 33 veri
cikartilmis  ve yine c¢ok degiskenli normalligin  saglanmadigi
belirlenmistir (hz=1.625245; p<0.05). Sonrasinda birinci veri setinde AFA,
ikinci veri setinde ise DFA yapilmistir.

AFA kapsaminda Oblimin faktor rotasyonu, Temel Eksenler Faktor
Analizi (BUyukozturk, 2002; Cokluk ve digerleri, 2016; Secer, 2015), Kaiser-
Meyer-Olkin (KMQO) testi ve Bartlett kuresellik testi (DeVellis, 2014),
aciklanan varyans yuzdesi hesabi (DeVellis, 2014) ve faktor yuk
degerlerinin hesaplanmasina basvurulmustur. Ayrica faktér sayisini
belirlemek icin Horn (1965)'un paralel analiz ydntemi kullanilmistir.

Yapilan analiz sonucunda faktorler arasi korelasyon katsayilarinin 0.415
ile 0.642 arasinda degistigi belirlenmistir. Bu bilgiden hareketle
faktdérler arasinda zayif ve orta duzeyde iliskinin varligi soylenebilir
(Durmus ve digerleri, 2013; Kalaycl, 2014, Sencan, 2005). Bu sebeple
yapilan AFA'da faktorler arasi iliskinin oldugu varsayimina dayanan
Oblimin  egik déndurme faktor rotasyonu  benimsenmistir
(BUyukozturk, 2002; Cokluk ve digerleri, 2016; Sencan, 2005). Ayrica bazi
kaynaklarda Temel Faktorler olarak da isimlendirilen Temel Eksenler
Faktdér Analizinin klasik faktdr analizi teknikleri icerisinde en sik
kullanilan yaklasim olmasi ve verilerin Henze-Zirkler ¢cok degiskenli
normalligi gdstermemesi nedeniyle (hz = 1.798116; p<0.05) (Aybek, 2021)
bu calismada Temel Eksenler Faktdér Analizine basvurulmustur
(BUyukdzturk, 2002; Cokluk ve digerleri, 2016; Fabrigar ve digerleri, 1999).
Bununla birlikte son yillarda yaygin olarak énerilmesi, gercek veri setine
paralel olacak sekilde simulasyon olarak veri Uretebilmesi ve ayni
zamanda faktor sayisini belirlemmede en dogru sonucglarli veren
yontemlerden biri olmasi (Velicer ve digerleri, 2000) sebebiyle faktor
sayisinin belirlenmesinde paralel analiz ydntemi dikkate alinmistir.

DFA kapsaminda ise; cok degiskenli normal dagilimin saglanmadigi
durumlarda kullanilan matris turlerinden Asimptotik Kovaryans Matrisi
ve kestirim yontemlerinden ise Robust Maksimum Olabilirlik (Celik ve
Yilmaz, 2013) benimsenmistir. Ayrica modelin uygunlugunun karar
verilmesinde uyum indeksleri, standartlastirilmis faktor yuk degerleri,
hata varyanslari ve modifikasyon énerilerinden faydalaniimistir (Cokluk
ve digerleri, 2016; Seker ve Gencdogan, 2014).

Bulgular

Bu bolumde dlcegin gecerlik ve guvenirlik calismalarina iliskin bulgular
bulunmaktadir.
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Gegerlige iliskin Bulgular

276 katilimcidan elde edilen veri setinin AFA'ya uygunlugu, KMO testi
ve Bartlett kuresellik testi ile degerlendirilmistir. Yapilan bu testler ile
birlikte drnekleme yeterligi ve degiskenler arasinda yeterli iliskinin olup
olmadigi belirlenmistir (Tablo 3).

Tablo 3
KMO Testi ve Bartlett Kuresellik Testi
KMO 0.947
X? 8076
Bartlett sd 595
p <0.001

Tablo 3'e gore; KMO degerinin (0.947) 0.50'den buyuk olmasi sebebiyle
faktér analizinin uygulanabilmesi icin ornekleme yeterligi saglanmis
olur. Degiskenler arasinda yeterli iliskinin olup olmadigini gosteren
Bartlett kuresellik testine gére (p<0.001), veri setinin analiz yapmaya
uygun oldugu soylenebilir. Bununla birlikte 39 maddeden 4'U yapilan
AFA sonucunda faktdr yuk degerlerinin binisik olmalari nedenleriyle
cikartilmistir (Buyukézturk, 2002). AFA'ya dahil olmayan toplam 4
madde sirasiyla sunlardir: 21, 38, 53, 54. Bu dort maddenin binisiklik
gosteren yuk deger araliklari ise sdyle siralanabilir: 21. madde icin 0.317
ve 0.401; 38. madde icin 0.315 ve 0.316; 53. madde icin 0.423 ve 0.474; 54.
madde icin 0.402 ve 0.486 (Kalaycl, 2014; R Core Team, 2021, The Jamovi
Project, 2022). Bununla birlikte paralel analizin dnerdigi faktor sayisi ile
faktor analizinden elde edilen faktor sayisi asagidaki cizgi grafiginde
belirtilmistir (R Core Team, 2021; Revelle, 2019; The Jamovi Project, 2022)
(Sekil 1).

Sekil 1
Paralel Analiz Cizgi Grafigi

15 - Veri
Simiilasyon

..............

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

1234567 8 91011M2131415161 7181 2R 2R LR 728 BB 132333435
Faktor
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Sekil Tincelendiginde faktor sayisinin 5'e uyumlu oldugu gorulmektedir.
Ayrica arastirmacinin gundeme aldigi ve ¢cikarmak istedigi faktor sayisi
da onem arz etmektedir (Sencan, 2005). Bir baska acidan
dusunuldudgunde kuramsal yapr gdz onunde bulundurularak
faktorlerin son sekli verilebilmektedir. Buradan hareketle paralel analiz
sonucu olusan 5 faktorld yapinin kuramsal olarak da uygunluguna karar
verilmistir. Buna ek olarak AFA ile aciklanan varyans yuzdesine de
bakilmistir (Tablo 4).

Tablo 4
Aciklanan Varyans Ydzdesi
Faktor  Kare Yukler Toplami  Aciklanan Varyans % Birikimli Varyans %

1 6.19 17.69 17.7
2 4.69 13.40 31.1

3 415 11.87 43.0
4 4.00 .44 54.4
5 3.41 9.73 64.1

Tablo 4 incelendiginde, dlcegin tamaminin dlculmek istenen yapinin %
64.1ini acikladigl ve bu degerin % 50'nin Uzerinde olmasi sebebiyle
faktor analizinin bir diger kriterinin de saglandigi soylenebilir
(BUyukézturk, 2002; DeVellis, 2014). Yapilan faktér analizi sonucunda 5
faktorllu olcekte yer alan 35 maddeye iliskin madde yukleri Tablo 5'te

sunulmustur.

Tablo 5
AFA Faktor Yukleri

Faktor YUk Degerleri

Ozgun
Maddeler Eii%an- ggﬁi;‘tirme oTjgstIrrrT;a Gokdisiplinli Urge(ifrl:;h ve  Biriciklik
Odak Karar
Verme
M1 0.549 0581
M4 0.805 0345
M5 0.832 0284
M6 0.766 0326
M7 0.707 0334
M8 0.722 0354
M9 0.529 0.42]
M10 0.686 0399
MTT 0.646 0.472
M12 0.603 0.478
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M15 0.585 0.311
M16 0.526 0.410
M17 0.761 0.340
M18 0.791 0.313
M24 0.489 0.635
M27 0.456 0.617
M41 0.614 0.299
M42 0.767 0.255
M43 0.808 0.230
M44 0.878 0.230
M45 0.827 0.298
M46 0.799 0.280
M47 0.810 0.258
M48 0.768 0.275
M49 0.893 0.180
M50 0.763 0.264
M56 0.423 0.428
M58 0.457 0.446
M59 0.780 0.269
M60 0.770 0.251
M6] 0.568 0.521
M68 0.552 0.361
M69 0.563 0.371
M73 0.749 0.310
M75 0.578 0.4

Yapilan AFA sonucunda olculmek istenen yapinin “parca-butun odak,
tasarim olusturma, cokdisiplinli isbirligi, drun gelistirme, ézgun ¢6zum
Uretme ve karar verme” olmak Uzere 5 faktor tarafindan aciklandigi
soylenebilir. Ayrica soz konusu faktorlerin isimlendirilmesinde kuramsal
cerceve ve uzman gorusune basvurma durumu dikkate alinmistir
(BUyukdzturk, 2002; Sencan, 2005). Tablo 5 incelendiginde olcekteki
maddelerin faktér yuk degerlerinin 0.423 ile 0.893 arasinda degistigi ve
kritik kesme noktasindan (0.30) oldukc¢a buyuk oldugu gérulmektedir
(BUyukézturk, 2002; Tabachnick ve Fidell, 2007). Nitekim AFA'da
maddelerin  faktorlerle iliskisinin  yUksek olmasi arzulanan bir
durumdur. Bir baska deyisle AFA ile dlcegin dlculmek istenen ozellikler
ile tutarh bir dagilim olustugu soylenebilir (Buyukdzturk, 2002).

AFA'da belirlenen 5 faktor ve 35 maddelik yapinin arastirmadaki 211
kisilik ikinci veri seti Uzerinde dogrulanmasina ve belirlenen maddeler
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arasinda nedensellik iliskisini ortaya koymaya yoénelik DFA yapilmistir.
Ayrica modifikasyon onerileri de degerlendirilmistir. 73 ve 75; 43 ve 44;
4ve 5; 24 ve 27,68 ve 69; 46 ve 47 arasinda modifikasyon yapilmistir. S6z
konusu maddelerin ardisik olmasi ve ifadelerin birbirine benzer olmasi
durumlari sonucu hata varyanslarinin iliskili olabilecegi dusunulmustur.
Yapilan modifikasyon ile uyum indekslerinde iyilesme oldugu
belirlenmistir. Yapilan DFA sonucunda tUm maddelerin ana varyansi
istatiksel olarak anlamli duzeyde acikladigr (p<0.001) belirlenmistir.
Buna ek olarak yapilan DFA sonucunda ortaya c¢ikan path (yol)
diyagrami, Sekil 2'de sunulmustur. Sekil 2'de yer alan hata varyans
degerlerin 018 ve 0.71 arasinda degistigi ve referans degeri olan
0.90'dan (Brown, 2015) dusuk degerlerde oldugu icin kabul edilebilir
duzeylerde oldugu soylenebilir.

Sekil 2
35 Madde ve 5 Faktérden Olusan Yapinin Birinci DUzey DFA Path (Yol)
Diyagrami

0.44 wiz P f‘ -

y

- v ':' v,"‘{ ‘I.' 1S
' -- v M2t
'44 3 o7 ] 07
m 0%7

35 maddelik bu yapinin DFA ile dogrulanip dogrulanmadigina uyum
indeksleri bazinda da bakilmistir (Tablo 6). DFA'da p degerinin manidar
olmamasi istenen bir durumdur fakat alanyazinda gerceklestirilen cogu
DFA'da érneklemin buyuk olmasi sebebiyle p degerinin manidar olmasi
normal karsilanmakta ve bu durum ¢cogu calismada tolere edilmektedir
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(Cokluk ve digerleri, 2016). Buradan hareketle zayIf uyum gdsteren p
degeri (Schermelleh-Ergel ve digerleri, 2003) tolere edilmistir.

Tablo 6

Birinci Dizey DFA Uyum indeksleri ve Dederleri
Uyum indeksi Deger Uyum
X?/sd 1004.862/544=1.85 lyi
RMSEA 0.050 lyi
SRMR 0.051 Kabul Edilebilir
NFI 0.851 Zayif
NNFI 0.918 Zayif
CFI 0.925 Zayif
GFl 0.945 Kabul Edilebilir

Tablo 6'da yer alan diger uyum indekslerine bakildiginda, NFIl, NNFI ve
CFl degerleri disinda diger tum degerlerin kabul edilebilir ya da lyi
uyum gosterdigi dikkat cekmektedir (Schermelleh-Ergel ve digerleri,
2003). Alanyazinda uyum indekslerinin degerlendiriimesinde bir tek
indeks yerine, birden fazla uyum indeksiyle genel bir fikir olusturulmasi
gerektigi belirtiimektedir (Cabrera-Nguyen, 2010). Buradan hareketle;
genel olarak model veri uyumunun var oldugunu sdylemek
mumkundur (Schermelleh-Ergel ve digerleri, 2003). Bir baska deyisle;
DFA sonucunda elde edilen degerler, MTBOAO'nin 35 madde ve 5
faktorll yapisina iliskin modelin dogrulandigini géstermektedir.

Glivenirlige iliskin Bulgular

Cronbach alpha (a)nin tek boyutlu bir yapida daha dogru sonuclar
vermesi nedeniyle bu calisma kapsaminda her bir faktdr icin ayri ayri
Cronbach alpha (a) degerleri hesaplanmistir ve buna ek olarak her bir
faktérun McDonald's omega (w) guvenirlik katsayilari bulunmustur.
Elde edilen bulgulara gore her bir faktérin Cronbach alpha (a)
guvenirlik katsayilari 0.930; 0.871; 0.930; 0.930; 0.932 iken; McDonald's
omega (w) katsayilari ise; 0.923; 0.839; 0.910; 0.914; 0.911 olarak
bulunmustur.

Olcegdin tamamina iliskin glvenirligin belirlenebilmesi icin ise ikinci veri
seti Uzerinde ikinci duzey dogrulayici faktor analizi gerceklestirilmistir.
Yapilan ikinci duzey DFA sonucunda yukler anlamli sonug¢ vermistir
(p<0.001). Uyum degerlerinde ise birinci duzey DFA'da oldugu gibi zayif
uyum gosteren p degeri (Schermelleh-Ergel ve digerleri, 2003) tolere
edilmistir. CFl (0.922), NFI (0.848), NNFI (0.916) degerleri zayif uyum
gosterse de SRMR (0.054), RMSEA (0.051) ve GFI (0.943) kabul edilebilir
duzeydedir. Buna ek olarak X?/sd (1.87) dederinin de iyi uyum gosterdigi
belirlenmistir. Genel olarak ikinci duzey DFA'da model veri uyumunun
olustugu séylenebilir. Bu sonuclara bakildiginda yapinin birinci duzey
DFA'da oldugu gibi dogrulandigi gdérulmektedir. Bir baska deyisle
olculen yapl, toplanabilirlik dzellik gostermektedir. Buradan hareketle
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olcegin tamamina iliskin McDonald's omega (w) gUvenirlik katsayisi
hesaplanarak 0. 971 olarak bulunmustur (Sahin ve Aybek, 2019). Bu
bilgiler 1siginda dlcegin tamamina iliskin ve ayri ayri faktorlerin
guvenirlik katsayilarinin 0.70 ve Uzeri bir deger almasi sebebiyle 6lcegdin
ic tutarliga sahip oldugunu; bir baska deyisle &lcegin guvenilir
oldugunu sdéylemek mumkundur (DeVellis, 2014; Karakaya Ozyer, 2027;
Secer, 2015).

Tartisma, Sonugc ve Oneriler

Arastirmada 6gretmen adaylarinin muhendislik tasarim becerilerine
yonelik ozyeterlik algilarini belirlemek amaciyla bir dlcek gelistirilmistir.
Arastirmadan elde edilen bulgulara gdére AFA sonrasinda olusan 5
faktorll yapiya ait aciklanan varyansin % 64.1 degerini almasi, ilgili
yapinin iyi aciklandigini gostermektedir (Buyukdzturk, 2002). Bununla
birlikte AFA sonrasi yapilan DFA ile arastirma sonucunda elde edilen 5
faktorlu yapinin teorik yapliyi aciklamada yeterli oldugu ortaya ¢cikmistir
(Cokluk ve digerleri, 2016; Seker ve Gencdogan, 2014). Sonug¢ olarak;
gelistirilen MTBOAO genel olarak 35 madde ve 5 faktorden
olusmaktadir. Olumsuz maddelerin yer almadigi olcekte, “Kesinlikle
katilmiyorum”, “Katilmiyorum”, “Katiliyorum”, Kesinlikle katiliyorum”
olmak Uzere dortlu likert tipinde derecelendirme kullaniimistir.
Olcekten alinacak minimum puan 35 iken maksimum puan ise 140'd1r.

Olcedin tamamina iliskin McDonald's omega (w) glvenirlik katsayis
0.971 olarak hesaplanmistir. Erkus (2007)'a gore bir olgcegin ise
yararlihginin kaniti, gecerligidir. Arastirma bulgularini géz 6nunde
bulundurdugumuzda MTBOAQO'nin gecerli; ayni zamanda guvenilir bir
olcek oldugu ifade edilebilir.

Farkli derslerin 6gretim programlarinda muhendislik tasarim becerileri

tam olarak yer almamakta, ancak dijital yetkinlik, matematiksel
yetkinlik/teknolojide temel yetkinlikler, inisiyatif alma ve girisimcilik,
bilgi Uretme, problem ¢6zme gibi yetkinlikleri kazandirmaya yonelik
genel bir yaklasim bulunmaktadir. Ozellikle Fen Bilimleri dersi 6gretim
programinda bu vizyona yoénelik alana &zgu beceriler kapsaminda
muhendislik tasarim becerilerinden bahsedildigi gozlenmektedir (MEB,
2018).

Alanyazin incelendiginde muhendislik tasarim becerilerini tanimlamak
icin farkli arastirmacilarin farkh yaklasimlari 6nerdikleri, dolayisiyla
kavramsal yapida bir uzlasma olmadigr gdérulmektedir. Bu ¢alismada,
alanyazinda éne surulen yaklasimlar incelenerek, bu &lcekle birlikte
muhendislik tasarim becerilerine yonelik bir yapl ortaya konmustur.
Ortaya konan bu yapi ile birlikte yapilan calismanin muhendislik ve
tasarim becerileri basligi altinda yalnizca inovatif dUsunmenin yer aldigi
Fen Bilimleri dersi 6gretim programinin daha iyi hale getirilmesine
destek olabilecegi dusunulmektedir. Ayrica, muhendislik tasarim
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becerilerinin karmasik ve belirsiz kavramsal yapisinin giderilmesinde
alanyazina katki saglayacagi sdylenebilir. Nitekim yapilan arastirma ile
birlikte alanyazindaki élcme araclarina yénelik calismalarda daha az
siklikla yer alan *“analitik dusunme, sentetik dusunme, yakinsak
dusunme, Iraksak dusunme, cokdisiplinli isbirligi, zaman-proje ve
kaynak kontroll, etik ve organizasyon/érgutleme” gibi becerilerin,
muhendislik tasarim becerilerinin  kavramsal cercevesinin ortaya
cikarilmasi ve guncellenmesi icin bir havuz olusturabilecegdi sdylenebilir
(Baker ve digerleri, 2008; Carberry ve digerleri, 2010; Davis ve Amelink,
2016; Gelen ve digerleri, 2019; Kayalar, 2018; Khan ve digerleri, 2018;
Mamaril, 2014; Masi ve digerleri, 2003; Moazzen ve digerleri, 2014, Paul
ve digerleri, 2018; Seth ve digerleri, 2015; Yaman ve digerleri, 2018;
Yildirim, 2020; Yin, 2009). Bu acilardan dlcegin kavramsal yapisinin alan
uzmanlarina, egitimcilere, politika yapicilara ve arastirmacilara yardimci
olabilecegdi ongorulmektedir.

Alanyazinda yer alan bazi nitel arastirmalar sonucunda fen bilimleri,
sinif o0gretmenligi gibi farkl branslardaki 6gretmen ve &gretmen
adaylarinin kendilerini bu konuda yetersiz hissetmelerinin dnemli bir
problem teskil ettigi gorulmektedir (Bakirci ve Kaplan, 2021; GUnes Ko¢
ve Kayacan, 2018; Hacioglu ve digerleri, 2016; Marulcu ve Sungur, 2012;
Sara¢ ve VYildirm, 2019). Bu odlcek gelistirme calismasiyla birlikte
ogretmen adaylarinin gunluk yasamda karsilastigi problemlere farkli
fikir ve ¢6zUm yollari Uretebilme ve zorluklarla basa ¢ikabilme gucunu
kendilerinde bulabilmelerinin arastirilmasina olanak saglanabilecektir.
Bir baska deyisle, gelistirilen olcek ile birlikte égretmen adaylarinin
muhendislik tasarim becerileri dzyeterlik algilarinin nicel bakis acisiyla
Olculebilmesine  katki  saglanacaktir. Bu sayede gelecedin
ogretmenlerinin oncelikle kendi muhendislik tasarim becerileri 6z
yeterlilik algilarina odaklanarak ogrencilerini bu yénde
yénlendirmelerine ve Uretken olmalarina katki saglayacaktir.

Alanyazinda &gretmen adaylarina yonelik bu kapsamdaki
arastirmalarin sinirh sayida oldugu ve benzer arastirmalara ihtiyag
oldugu belirlenmistir. Ayrica arastirmada gelistirilen olcege benzer
nitelikte Turkce élcek alanyazinda yer almamaktadir. Dolayisiyla yapilan
calismanin dlcegin diger uygulayicilara, arastirmacilara, égretmen
adaylarina katki saglayacagl soylenebilir.  Ayrica arastirmanin
sonucunda calisma kapsaminda gelistirilen olgcegin farkli 6grenci ve
ogretmen gruplarina uyarlanabilecegi 6nerisinde bulunulabilir.

Etik Kurul izin Bilgisi: Bu arastirma, Pamukkale Universitesi Sosyal ve
Beseri Bilimleri Bilimsel Arastirma ve Yayin Etigi Kurulunun 25/02/2021
tarihli 68282350/2018/G04 sayili karari ile alinan izinle yardatdlmastar.

Yazar Cikar Catismasi Bilgisi: Yazarlarin beyan edecegi bir cikar
catismasi yoktur.
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Abstract

Engineering design is the process of transforming new ideas
into products or services from an interdisciplinary perspective.
In this study, skills related to this process were studied. The aim
of the study is to develop a valid and reliable scale to determine
pre-service teachers' self-efficacy perceptions towards
engineering design skills (PEDSS). Firstly, a qualitative study
was conducted with students selected through purposive
sampling. After the item generation and expert opinion stages,
a pre-test study was conducted and then additions, deletions
and edits were made to the items. Finally, the validity and
reliability study of the scale form was conducted. In the study,
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Introduction

In recent years, there has been a tendency to transfer engineering
design skills, which enable the transformation of a new idea into a
product or service, into the teaching processes within the scope of
students’ ability to transform their new ideas into products or services
with an interdisciplinary approach and reach the innovation level. It is
observed that this transformation in education is also reflected in the
curricula of some courses. For example, in the Science curriculum,
engineering design skills are included under the name of innovative
thinking as creating a product by approaching problems from an
interdisciplinary perspective and using the acquired knowledge and
skills, and adding value to this product.

Self-efficacy toward engineering is an important criterion for academic
achievement, persistence and retention (Hilton, 2019). In addition,
engineering design skills self-efficacy can be considered as self-
confidence in these skills. At the same time, engineering design skills
self-efficacy perception has an important place on performance and
behaviors. A student with high self-efficacy tends to exert more effort
for activities, be patient with the difficulties they face, and try to achieve
higher success and ability (Pajares, 1996). Based on this information, it
is possible to say that students with high engineering design skill self-
efficacy perception will not have difficulty in overcoming the difficulties
they face and will also improve in cognitive affective and psychomotor
areas. However, some research findings have revealed that Science
teachers feel inadequate and lack confidence in the integration of
engineering design skills into the renewed Science curriculum (Gunes
Ko¢ & Kayacan, 2018; Hacioglu et al., 2016; Marulcu & Sungur, 2012). In
order for pre-service teachers to contribute to their students, there is a
need for studies in which their self-efficacy towards this skill is revealed.
Thanks to these studies, pre-service teachers will have the opportunity
to see to what extent they are competent, and in this context, they will
be more helpful to their students by improving themselves. In the same
way, pre-service science teachers will have an idea about how much
they feel competent in these skills that allow an idea to be transformed
into a product or service (Ministry of National Education [MoNE], 2018);
they will take an important step in raising students who look at
problems from different perspectives, produce, and feel competent in
this regard.

The most basic feature of the scale planned to be developed within the
scope of the study is that it is intended for pre-service teachers. In the
literature, no scale development study was found to measure pre-
service teachers' perceptions of engineering design skills self-efficacy,
but scale development and questionnaire preparation studies to
measure engineering design skills self-efficacy applied in different
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study groups, mostly engineering students, were found (Baker et al,,
2008; Carberry et al., 2010; Davis & Amelink, 2016; Khan et al., 2018;
Mamaril, 2014, Paul et al,, 2018; Seth et al., 2015). Among these studies,
scale development and adaptation studies on STEM self-efficacy were
mostly included (Gelen et al., 2019; Yaman et al., 2018).

Bandura's self-efficacy approach was generally adopted in creating the
self-efficacy components of the engineering design skills self-efficacy
scales and questionnaires mentioned above. However, it is observed
that there is no consensus on the components related to engineering
design skKills. This is because engineering design is a complex process.
It includes many different sub-skills (Mourtos, 2012). In order to
overcome this ambiguity, the literature on engineering design skills,
including studies on developing scales and rubrics and preparing
qguestionnaires, as well as sources that present the theoretical
framework for engineering design skills were examined.

Some of the sub-skills included in the studies on scale development
and adaptation, rubric development and questionnaire preparation for
engineering design skills in the literature are as follows: Problem
solving, mechanical building, abstract/ concrete design connections,
creativity, teamwork, web use, design priorities, design challenges,
teamwork challenges, engineering design processes , team skills in
design, basic skills, design and problem-solving skills, engineering
thinking skills, problem, solution, implementation, assessment of given
design, functionality of created design, explanation of design testing,
problem definition, gathering information, brainstorming, design
process, design communication, depth and breadth of thinking, teams
and expertise, critical evaluation of design, use of data and research
(Alameh, 2018; De Jong et al,, 2014; Gentili et al., 1999; Hibberts, 2017; Jin
et al, 2015; Kayalar, 2018; Masi et al.,, 2003; Moazzen et al., 2014; Yildirm,
2020; Yin, 2009). The theoretical framework of engineering design skills
is presented in different sources by including different sub-skills. For
example, according to ABET (2019), engineering criteria include skills
such as communicating effectively; considering the health, safety, and
welfare of the public and taking into account social, environmental, and
cultural factors while producing solutions to problems; taking ethical
responsibility, collaborating, defining, formulating, and solving
problems from different perspectives. In the Science curriculum, only
innovative thinking is included in engineering design skills and
innovative thinking is defined as creating products by approaching
problems from an interdisciplinary perspective and adding value to
products (MoNE, 2018). Davila Rangel (2010) included a total of 29 sub-
skills in a comprehensive literature review on engineering design
skills. These sub-skills were created by taking into account some of the
sources based on the relevant literature (Dym & Little, 2009; Eder &
Hosnedl, 2007; Pahl et al., 2007; Shah et al,, 2009; Ullman, 2003) (Table
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2). The possible sub-skills of the scale planned to be developed within
the scope of the study can be listed as following: Analytical thinking,
synthetic thinking, convergent thinking, innovative and divergent
thinking, decision making, multidisciplinary collaboration, sketching,
model building and revision, time-project and resource control, ethics
and organization...etc.

In line with the above-mentioned information, it can be said that in
order for pre-service teachers to be able to educate students who can
offer different solutions to the problems they encounter in line with
engineering design skills from different perspectives, who are confident
in coping with difficulties, and who can produce, they must first have
this competence themselves. In addition, considering that self-efficacy
perception is effective on behavior, it is important that pre-service
teachers see themselves as competent in offering different solutions to
problems from different perspectives, coping with difficulties and
producing in line with engineering design skills. Because, if pre-service
teachers feel competent in this area, an important step will be taken in
providing these skills to the students they will educate in the future and
in making students feel competent in applying these skills. The most
important issue to be addressed in this regard is the need for a tool to
measure pre-service teachers' self-efficacy perceptions of engineering
design skills. Therefore, in this study, a scale was developed to
determine pre-service teachers' self-efficacy perceptions towards
engineering design skills.

Considering that the conceptual structure of engineering design skills
is complex and ambiguous in the literature, it can be said that the
theoretical framework presented with the developed scale will try to
eliminate this ambiguity to some extent. In addition, it is seen that there
is @ need for a study in this context, especially for pre-service teachers.
Because in the literature, especially the fact that engineering-oriented
or stem-oriented studies are frequently included in the literature rather
than determining the self-efficacy perceptions of pre-service teachers
towards engineering design skills, in other words, the scarcity of self-
oriented studies can be seen as another obstacle for pre-service
teachers to have a more clear idea about their own competencies in
this subject. Considering all these reasons, the aim of this study was to
develop a valid and reliable scale to determine pre-service teachers'
self-efficacy perceptions towards engineering design skills. With this
study, it will be possible to investigate pre-service teachers' self-efficacy
perceptions towards engineering design skKills.

Method

Basic research design was used in the study. Basic research involves
understanding and explanation (Karasar, 2014). Based on this
information, a scale development study was conducted in this research
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by understanding, explaining and adding new information to the
existing information. In this context, the qualitative results obtained
from three open-ended questions were revealed first. Then, an item
pool was created based on these qualitative results. Then quantitative
data were collected and analyzed. At the end of this process, the results
obtained from quantitative data were interpreted and inferences were
made about the results. Within the scope of the research, the ethics
committee approval of the Pamukkale University Social and Human
Sciences Scientific Research and Publication Ethics Committee was
obtained.

Participants

In the qualitative dimension of the research, there are two study groups
determined by adopting the purposive sampling method. The reason
for adopting purposive sampling method in the qualitative dimension
of the research is that this method allows in-depth investigation of
situations that are thought to provide rich information (Yildirm &
Simsek, 2013). In this respect, the first study group consists of 58 pre-
service teachers studying at Pamukkale University Science Teacher
Education Program in the 2019-2020 academic year, who are thought
to be able to provide more in-depth information. The second study
group consisted of 62 pre-service teachers studying at Pamukkale
University in the 2020-2021 academic year, who were pre-tested for
item selection after the item pool and had similar characteristics to the
main application group.

Two different study groups determined by random sampling method
participated in the quantitative part of the study. These two study
groups consisted of pre-service teachers studying in Computer
Education and Instructional Technology, Science Education,
Mathematics Education, Preschool Education and Classroom
Education Departments of education faculties of different universities
in Turkey in the 2020-2021 academic year. The first study group was the
group formed for EFA (n=276), while the second study group was a
group formed for CFA and also different from the first group formed for
EFA (n=211). Demographic characteristics of the groups formed for EFA
and CFA are presented below (Table ).

Table 1
Demographic Characteristics of the Groups Formed for EFA and CFA
Demographic Characters EFA CFA
(Number (Number
of of
People) People)
Gender Female 2N 172
Male 65 39
Department Computer Education and 8 7

Instructional Technology
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Science Education 144 N3
Mathematics Education 81 51
Preschool Education 21 20
Classroom Education 22 20
Classroom 1st Class 18 16
2nd Class 72 50
3rd Class 79 52
4th Class 107 93

Scale Development Process

Although the process of developing an original scale involves many
stages, the basic stages to be followed in this process are similar. These
similar stages can be summarized as examining the theoretical
structure and item generation, consulting expert opinion, pre-testing,
and validity and reliability analyses (DeVellis, 2014, Hinkin, 1998; Karasar,
2014, Secer, 2015; Seker & Gencdogan, 2014).

In this study, the scale development models of DeVellis (2014), Hinkin
(1998), Karasar (2014), Secer (2015), and Seker and Gencdogan (2014)
were taken as the basis for the development of EDSSPS. Based on these
models, it is possible to categorize the stages of the development of the
EDSSPS under four headings. These are: (1) Examining the theoretical
structure and item generation, (2) Consulting expert opinion, (3) Pre-
testing, (4) Validity and reliability analyses. These four stages followed in
the development of the EDSSPS are presented below respectively.

Examining the Theoretical Structure and Item Generation

Different techniques such as asking open-ended questions can be
applied in the process of test development for traits that have been little
studied and for which there is no definite consensus on the conceptual
structure (Hinkin, 1998; Seker & Gencdogan, 2014). In this study, in order
to guide the researchers and to prevent the scope of the scale from
drifting into undesirable dimensions (DeVellis, 2014), first of all, the
theoretical structure of the EDSSPS, which was planned to be
developed, was tried to be determined.

Due to the limited number of engineering design skills self-efficacy
perception studies and the lack of a clear consensus on the theoretical
structure, the conceptual framework was tried to be supported by
asking three open-ended questions to pre-service teachers. The open-
ended questions were tried to be conveyed through a story, which was
fictionalized around the Science teacher's decision to build a telescope
after the students' curiosity about celestial objects. The content of the
guestions was aimed at determining the steps to be followed by pre-
service teachers in the design process and their perceptions of their
own competencies. In addition, it is seen that qualitative data collection
tools such as focus group interviews and open-ended questions were
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utilized in some scale development, adaptation and questionnaire
preparation studies that may be related to the subject in the literature
(Baker et al., 2008; Davis & Amelink, 2016).

Within the theoretical framework of the engineering design skills
component, it has been observed that different sub-skills are included
in this skill in different sources. For example, according to ABET (2019),
engineering criteria include sub-skills such as communicating
effectively; considering the health, safety and welfare of the public and
taking into account social, environmental and cultural factors while
producing solutions to problems; taking ethical responsibility,
collaborating, defining, formulating and solving problems from
different perspectives. In the Science curriculum, only innovative
thinking is included in engineering design skills (MoNE, 2018). In
addition, when Davila Rangel's (2010) perspective on engineering
design skills (Table 2) is considered, it is seen that there is no definite
consensus on the conceptual framework of the scale.

Table 2
Literature Review List of Engineering Design Skills (Davila Rangel, 2010)
Dymand Ederand Shah Pahl
. Ullman,

Little, Hosnedl, et al,, 5003 et al,,
2009 2007 2009 2007

Analytical Thinking + + + +

Synthetic Thinking +

Critical Thinking + +

Divergent Thinking + + +

Convergent Thinking + + +

Lateral Thinking +

Visual Thinking +

Imaginative Thinking +

Qualitative Reasoning + +

Problem Formulation + + + +

Problem Solving + + + +

Creativity + +

Decision Making + + +

Learning + +

Organization + + + +

Prioritization + +

Time, Project and N . N

Resources Control

Knowledge Sharing,

Capitalization and +

Management

Team Work + +

Multidisciplinary . .

Collaboration

Intercultural N .

Collaboration
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Written, Oral and

Graphic Communication * "

Ethics + + +
Sketching + + +
Conceptual Modeling + +
Analytical Modeling +
Computational Modeling + +
Prototyping + + +
Crafting +

In the first stage of determining the conceptual structure,
"synthetic/compositional thinking", ‘"lateral/peripheral thinking",
“knowledge sharing, capitalization and management”, "analytical
modeling" and "crafting", which are among the sub-skills in Table 2 and
which are less accepted after consultation with experts, were not
included in the scale. However, the "innovative thinking" sub-skill was
included in the scale because it is included in the conceptual
framework of engineering design skills in the Science curriculum and
in some sources (Davis & Amelink, 2016; MoNE, 2018). Then, using the
inductive method (Hinkin, 1998), "product development" and
"personality traits" sub-skills were added in the light of the data related
to the open-ended interview questions. In the next stage, in
consultation with experts again, "synthetic thinking" sub-skill was
included; “"critical thinking, creativity, teamwork, intercultural
collaboration" sub-skills were removed; "visual thinking" and
"imaginative thinking"; "problem formulation" and "problem solving";
"innovative thinking" and "divergent thinking"; "conceptual modeling",
"computational modeling" and "prototyping" sub-skills were combined.
Thus, the item pool included 154 items covering the sub-skills of
"analytical thinking, convergent thinking, problem formulation and
problem solving, decision-making, organization, time-project and
resources control, ethics, sketching-drafting, model building and
revision, innovative thinking and divergent thinking, visual and

imaginative thinking, qualitative reasoning, prioritization,
multidisciplinary collaboration, written-oral and graphic
communication, synthetic/compositional  thinking, learning,

personality traits".
Consulting Expert Opinion

In the study, expert opinion was sought at three different stages. In the
first stage, before finalizing the item pool, the opinions of two Science
education experts and one Computer and Instructional Technology
expert were taken on which of the sub-skills in Table 2 should be
included and combined, which sub-skills should be included from the
conceptual framework in the literature and open-ended questions, and
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how to make the item pool simpler by choosing among the sample
sentences written for the included sub-skKills.

In the second stage; in addition to the above-mentioned experts for
editing the item pool, experts in the field of classroom education and
measurement and evaluation were consulted, and a Turkish teacher
was consulted to address the language aspects. According to the
expert opinions, 4 sub-skills were removed by considering the less
acceptance status stated in Table 2, ABET (2019) criteria and the
answers given to the open-ended questions. After the experts' opinions
on the item pool were completed, the content validity index of each
item was calculated according to the Davis technique to decide which
items should be included in the final scale. Those with a content validity
index value above 0.8 were included in the final scale (Taskin & Akat,
2010).

In the last stage, the scale items were semantically revised with a
Turkish teacher; at the end of the process, some items were completely
removed, some items were revised, and finally, the pre-test form
consisting of 72 items and 14 sub-skills was made ready by submitting
it to the examination of a measurement and evaluation expert. In
addition, the "Undecided" option in the scale rating was removed
within the scope of the opinions of two experts, and a four-point rating
of "Strongly disagree", "Disagree", "Agree", and "Strongly agree" was
accepted and the scale instructions were created. In addition, this
version of the scale was again presented to the same experts and
necessary adjustments were made.

Pre-Testing

A pre-test was conducted with 62 pre-service teachers similar to the
sample group in order to determine whether the 72 items in the
finalized scale form were understood, where the incomprehensible
parts were and what the reason for incomprehension was, and what
they thought about the items and the scale in general (Seker &
Gencdogan, 2014). The pre-service teachers stated that the items were
generally understood. However, necessary arrangements were made
for the items that were difficult to understand by taking expert
opinions. In line with the expert opinions, 3 new items were added
considering the suggestions of the pre-service teachers; then, 36 items
were removed from the scale in line with the opinions of the experts
considering the theoretical framework, student opinions and the
perspective on engineering design skills (Table 2) put forward by Davila
Rangel (2010). The scale form including the remaining 39 items was
organized for validity and reliability analysis.
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Validity and Reliability Analysis

In this study, assumptions were determined before the validity and
reliability analysis of scale development. In this context, missing data
were identified (Guzeller; 2016), Henze-Zirkler multivariate normality
assumption was tested (Aybek, 2021). Then, EFA and CFA were
conducted for construct validity with the help of Jamovi Version 2.3.21,
an R-based statistical analysis program. In order to determine the
reliability of the factors, both Cronbach alpha (a) and McDonald's
omega (w) reliability coefficients were calculated. In addition, as a result
of the second order confirmatory factor analysis, it was determined that
the scale had a summable feature and based on this, McDonald's
omega (w) reliability coefficient was calculated for the entire scale
(Epskamp et al., 2019; Gallucci & Jentschke, 2021; Jorgensen et al., 2019;
R Core Team, 2021; Revelle, 2019; Rosseel, 2019; The Jamovi Project,
2022).

Data Collection Process

In order to reveal the conceptual structure of the scale (Hinkin, 1998;
Seker & Gencdogan, 2014), 3 open-ended questions (Yildirm & Simsek,
2013) used as qualitative data collection tools were applied to the pre-
service teachers in writing. During the qualitative data collection
process, necessary explanations were made to the pre-service teachers
and an environment where the participants would feel comfortable and
express their thoughts without hesitation was tried to be created. In the
pre-test, EFA and CFA stages of the study, data were collected
separately in electronic environment (via google forms). Before the
application, explanatory information about the application was
provided to the pre-service teachers. Voluntary participation was taken
as a basis in the process of collecting qualitative and quantitative data.

Data Analysis

In order to establish the concepts and relationships that can explain the
open-ended interview data used to create the conceptual framework
of the scale, content analysis (Yildirnm & Simsek, 2013), which consists of
4 stages: 1) coding the data, 2) finding themes, 3) organizing and
describing the data according to codes and themes, and 4) interpreting
the findings, was applied.

In the analysis of quantitative data; firstly, missing data were identified.
According to Guzeller (2016), in case of missing values in a data set,
deletion or different assignment methods can be used. In this study,
deletion of missing values was preferred. Then, Henze-Zirkler
multivariate normality assumption calculations were made. Henze-
Zirkler multivariate normality assumption was tested in both data sets
(Aybek, 2021). In the first EFA dataset, 43 data were removed and it was
found that multivariate normality was not met (hz=1.798116; p<0.05).
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Similarly, 33 data were removed from the second data set in which CFA
was conducted and it was determined that multivariate normality was
not met (hz=1.625245; p<0.05). Subsequently, EFA was conducted in the
first data set and CFA was conducted in the second data set.

Within the scope of EFA, Oblimin factor rotation, Principal Axis Factor
Analysis (Buyukozturk, 2002; Cokluk et al., 2016; Secer, 2015), Kaiser-
Meyer-Olkin (KMO) test and Bartlett's test of sphericity (DeVellis, 2014),
percentage of variance explained (DeVellis, 2014) and calculation of
factor loadings were used. In addition, Horn's (1965) parallel analysis
method was used to reveal the number of factors.

As a result of the analysis, it was seen that the correlation coefficients
between the factors varied between 0.415 and 0.642. Based on this
information, it can be said that there is a weak to moderate relationship
between the factors (Durmus et al,, 2013; Kalaycli, 2014; Sencan, 2005).
For this reason, Oblimin oblique rotation factor rotation, which is based
on the assumption that there is a relationship between factors in the
EFA, was adopted (Buyukodzturk, 2002; Cokluk et al., 2016; Sencan, 2005).
In addition, since the Principal Axis Factor Analysis, also called Basic
Factors in some sources, is the most frequently used approach among
the classical factor analysis techniques and the data do not show
Henze-Zirkler multivariate normality (hz =1.798116; p<0.05) (Aybek, 2021),
the Principal Axis Factor Analysis was applied in this study.
(BUyukodzturk, 2002; Cokluk et al., 2016; Fabrigar et al., 1999). Howevetr,
the parallel analysis method was taken into consideration in
determining the number of factors since it has been widely
recommended in recent years, it can generate data as a simulation in
parallel to the real data set, and it is also one of the methods that gives
the most accurate results in determining the number of factors (Velicer
et al,, 2000).

Within the scope of CFA, Asymptotic Covariance Matrix, one of the
matrix types used in cases where multivariate normal distribution is not
provided, and Robust Maximum Likelihood (Celik & Yilmaz, 2013), one of
the estimation methods, were adopted. In addition, fit indices,
standardized factor loading values, error variances and modification
suggestions were used to determine the suitability of the model
(Cokluk et al., 2016; Seker & Gencdogan, 2014).

Findings

This section presents the findings related to the validity and reliability
studies of the scale.

Findings Related to Validity

The suitability of the data set obtained from 276 participants for EFA
was evaluated with the KMO test and Bartlett's test of sphericity. With
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these tests, sampling adequacy and whether there is a sufficient
relationship between the variables were determined (Table 3).

Table 3
KMO Test and Bartlett's Test of Sphericity
KMO 0.947
X2 8076
Bartlett df 595
p <0.001

According to Table 3; since the KMO value (0.947) is greater than 0.50,
sampling adequacy is ensured for the application of factor analysis.
According to Bartlett's test of sphericity (p<0.001), which shows whether
there is a sufficient relationship between the variables, it can be said
that the data set is suitable for analysis. However, 4 of the 39 items were
excluded due to the overlapping factor loadings as a result of EFA
(Buyukozturk, 2002). The 4 items that were not included in EFA are as
follows: 21, 38, 53, 54. The overlapping load value ranges of these four
items can be listed as follows: 0.317 and 0.401 for item 21; 0.315 and 0.316
for item 38; 0.423 and 0.474 for item 53; 0.402 and 0.486 for item 54
(Kalaycl, 2014; R Core Team, 2021; The Jamovi Project, 2022). In addition,
the number of factors suggested by the parallel analysis and the
number of factors obtained from the factor analysis are indicated in the
line graph below (R Core Team, 2021; Revelle, 2019; The Jamovi Project,
2022) (Figure ).

Figure 1
Parallel Analysis Line Graph
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Figure 1 indicates that the number of factors is compatible with 5. In
addition, the number of factors that the researcher puts on the agenda
and wants to remove is also important (Sencan, 2005). When
considered from another perspective, the final shape of the factors can
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be given by considering the theoretical structure. From this point of
view, it was decided that the 5-factor structure formed as a result of
parallel analysis was also theoretically appropriate. In addition, the
percentage of variance explained by EFA was also examined (Table 4).

Table 4
Percentage of Variance Explained
Factor SS Loadings % of Variance Cumulative %
1 6.19 17.69 17.7
2 4.69 13.40 31.1
3 415 11.87 430
4 4.00 N.44 54.4
5 3.41 9.73 64.1

When Table 4 is examined, it can be said that the entire scale explains
64.1% of the construct to be measured and since this value is above 50%,
another criterion of factor analysis is met (Buyukozturk, 2002; DeVellis,
2014). As a result of the factor analysis, the item loadings for the 35 items
in the 5-factor scale are presented in Table 5.

Table 5
EFA Factor Loadings

Factor Loading Values

Generating

Part- Original
Product Design  Multidisciplinary  Solutions .
ltems Whole ; . Unigueness
Development Creation Collaboration and
Focus .
Decision
Making
M1 0.549 0.581
M4 0.805 0.345
M5 0.832 0.284
M6 0.766 0.326
M7 0.707 0.334
M8 0.722 0.354
M9 0.529 0.421
M10 0.686 0.399
MT1 0.646 0.472
M12 0.603 0.478
M15 0.585 0.311
M16 0.526 0.410
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M17 0.761 0.340
M18 0.791 0.313
M24 0.489 0.635
M27 0.456 0.617
M4] 0.614 0.299
M42 0.767 0.255
M43 0.808 0.230
M44 0.878 0.230
M45 0.827 0.298
M46 0.799 0.280
M47 0.810 0.258
M48 0.768 0.275
M49 0.893 0.180
M50 0.763 0.264
M56 0.423 0.428
M58 0.457 0.446
M59 0.780 0.269
M60 0.770 0.251

M6] 0.568 0.521

Me8 0.552 0.361

M69 0.563 0.371

M73 0.749 0.310
M75 0.578 0.411

As a result of the EFA, it can be said that the construct to be measured
is explained by 5 factors: "part-whole focus, design creation,
multidisciplinary collaboration, product development, generating
original solutions and decision making". In addition, the theoretical
framework and expert opinion were taken into consideration in the
naming of these factors (Buyukdzturk, 2002; Sencan, 2005). When Table
S5isexamined, it is seen that the factor loading values of the items in the
scale vary between 0.423 and 0.893 and are significantly higher than
the critical cut-off point (0.30) (BUyukozturk, 2002; Tabachnick & Fidell,
2007). As a matter of fact, it is desirable that the items have a high
relationship with the factors in EFA. In other words, with EFA, it can be
said that the scale has a distribution consistent with the characteristics
to be measured (Buyukdzturk, 2002).
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CFA was conducted to verify the 5-factor and 35-item structure
identified in EFA on the second data set of 211 participants and to reveal
the causal relationship between the identified items. Modification
suggestions were also examined. Modifications were made between 73
and 75; 43 and 44; 4 and 5; 24 and 27; 68 and 69; 46 and 47. It was
thought that the error variances might be correlated as a result of the
consecutive items and the similarity of the statements. It was revealed
that there was an improvement in the fit indices as a result of
modification. As a result of CFA, it was determined that all items
explained the main variance at a statistically significant level (p<0.001).
In addition, the path diagram resulting from the CFA is presented in
Figure 2. It can be said that the error variance values in Figure 2 vary
between 0.18 and 0.71 and are at acceptable levels since they are lower
than the reference value of 0.90 (Brown, 2015).

Figure 2

35 First Order CFA Path Diagram of the Structure Consisting of 5 Factors
and 35 Items

-~

II

Whether this 35-item structure was confirmed by CFA was also
examined on the basis of fit indices (Table ©). It is desirable that the p
value is not significant in CFA, but in most of the CFAs conducted in the
literature, it is considered normal for the p value to be significant due to
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the large sample size and this situation is tolerated in most studies
(Cokluk et al, 2016). Therefore, the p value showing poor fit
(Schermelleh-Ergel et al., 2003) was tolerated.

Table 6

First Order CFA Fit Indices and Values
Fit Indices Value Fit
X/df 1004.862/544=1.85 Good
RMSEA 0.050 Good
SRMR 0.051 Acceptable
NFI 0.851 Poor
NNFI 0.918 Poor
CFl 0.925 Poor
GFI 0.945 Acceptable

When the other fit indices in Table 6 are examined, it is seen that except
for NFI, NNFI and CF/ values, all other values show acceptable or good
fit (Schermelleh-Ergel et al., 2003). It is stated in the literature that when
evaluating fit indices, a general idea should be formed with more than
one fit indices, instead of a single index (Cabrera-Nguyen, 2010). From
this point of view, it is possible to say that there is model-data fit in
general (Schermelleh-Ergel et al.,, 2003). In other words, the values
obtained as a result of CFA show that the model of the 35-item and 5-
factor structure of the EDSSPS was confirmed.

Findings Related to Reliability

Since Cronbach alpha (a) gives more accurate results In a
unidimensional structure, Cronbach alpha (a) values were calculated
separately for each factor within the scope of this study and in addition,
McDonald's omega (w) reliability coefficients of each factor were found.
According to the findings, the Cronbach alpha (a) reliability coefficients
of each factor were 0.930; 0.871; 0.930; 0.930; 0.930; 0.932, while the
McDonald's omega (w) coefficients were 0.923; 0.839; 0.910; 0.914; 0.911.

In order to determine the reliability of the entire scale, a second order
confirmatory factor analysis was conducted on the second data set. As
a result of the second order CFA, the loadings were significant (p<0.001).
In the fit values, the p value (Schermelleh-Ergel et al., 2003) showing
poor fit as in the first order CFA was tolerated. Although CF/ (0.922), NF/
(0.848), NNFI (0.916) values show poor fit, SRMR (0.054), RMSEA (0.051)
and GFl (0.943) are acceptable. In addition, the X2/df (1.87) value also
showed a good fit. In general, it can be said that model-data fit was
achieved in the second order CFA. When these results are analyzed, it
is seen that the construct was confirmed as in the first order CFA. In
other words, the measured construct shows summability. From this
point of view, McDonald's omega (w) reliability coefficient for the entire
scale was calculated and found to be 0, 971 (Sahin & Aybek, 2019). In the
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light of this information, it is possible to say that the scale has internal
consistency; since the reliability coefficients for the whole scale and the
individual factors have a value of 0.70 and above; in other words, it is
possible to say that the scale is reliable (DeVellis, 2014; Karakaya Ozyer,
2021; Secer, 2015).

Discussion, Conclusion, and Recommendations

In the study, a scale was developed to determine pre-service teachers'
self-efficacy perceptions towards engineering design skills. According
to the findings, the fact that the explained variance of the 5-factor
structure formed after EFA was 64.1% shows that the scale structure is
well explained (Buyukozturk, 2002). In addition, the CFA conducted
after EFA revealed that the 5-factor structure obtained as a result of the
research was sufficient to explain the theoretical structure (Cokluk et
al., 2016; Seker & Gencdogan, 2014). As a result, the EDSSPS consists of
35 items and 5 factors in general. In the scale, which does not include
negative items, a four-point Likert-type rating was used: "Strongly
disagree", "Disagree", "Agree", "Strongly agree". The minimum score to
be obtained from the scale is 35 and the maximum score is 140.

McDonald's omega (w) reliability coefficient for the entire scale was
calculated as 0.971. According to Erkus (2007), the proof of the
usefulness of a scale is its validity. Considering the findings of the study,
it can be stated that the EDSSPS is a valid and reliable scale.

Engineering design skills are not fully included in the curricula of
different courses, but there is a general approach to gain competencies
such as digital competence, mathematical competence / basic
competencies in technology, initiative and entrepreneurship,
knowledge generation, problem solving. Especially in the Science
curriculum, engineering design skills are mentioned within the scope
of field-specific skills (MoNE, 2018).

When the literature is examined, it is seen that different researchers
propose different approaches to define engineering design skills;
therefore, there is no consensus on the conceptual structure. In this
study, the approaches proposed in the literature were examined and a
structure for engineering design skills was put forward with this scale.
With this structure, it is thought that this study can support the
improvement of the Science curriculum, which includes only innovative
thinking under the title of engineering and design skills. In addition, it
can be said that it will contribute to the literature in eliminating the
complex and ambiguous conceptual structure of engineering design
skills. As a matter of fact, it can be stated that skills such as "analytical
thinking, synthetic thinking, convergent thinking, divergent thinking,
multidisciplinary collaboration, time-project and resource control,
ethics and organization/organization", which are less frequently

474



PUIJE, 61, 458-480 [2024] https://doi.org/10.9779/pauefd.1284927

included in the studies on measurement toolsin the literature, can form
a pool for revealing and updating the conceptual framework of
engineering design skills (Baker et al, 2008; Carberry et al., 2010; Davis &
Amelink, 2016; Gelen et al., 2019; Kayalar, 2018; Khan et al., 2018; Mamaril,
2014; Masi et al., 2003; Moazzen et al., 2014; Paul et al., 2018; Seth et al.,
2015; Yaman et al., 2018; Yildirim, 2020; Yin, 2009). In these respects, it is
anticipated that the conceptual structure of the scale can help field
experts, educators, policy makers and researchers.

As a result of some qualitative studies in the literature, it is seen that it
isan important problem that teachers and pre-service teachers in
different branches such as science and classroom teaching feel
inadequate in this regard (Bakirci & Kaplan, 2021; GUnes Ko¢ & Kayacan,
2018; Hacioglu et al., 2016; Marulcu & Sungur, 2012; Sara¢ & Yildirim, 2019).
With this scale development study, it will be possible to investigate the
ability of pre-service teachers to generate different ideas and solutions
to problems encountered in daily life and to find the power to cope with
difficulties. In other words, the scale will contribute to the quantitative
measurement of pre-service teachers' self-efficacy perceptions of
engineering design skills. In this way, it will contribute to the future
teachers to guide their students in this direction by focusing primarily
on their own engineering design skills self-efficacy perceptions and
being productive.

It has been determined that there is a limited number of studies in this
scope for pre-service teachers in the literature and there is a need for
similar studies. In addition, there is no Turkish scale similar to the scale
developed in the study in the literature. Therefore, it can be said that
the scale will contribute to other practitioners, researchers and pre-
service teachers. In addition, as a result of the study, it can be suggested
that the scale developed within the scope of the study can be adapted
to different student and teacher groups.
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