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Ders Imecesi Yontemiyle Yiiriitiilen STEM Egitim Siirecinin Incelenmesi:
Bir Durum Calismasi

Elcin AYAZ', Fatih YILMAZ!
! Dicle Universitesi, Ziya Gokalp Egitim Fakiiltesi, Temel Egitim Boliimii, Tiirkiye

> . ... o . . Makale Bilgileri
Ozet: Cagdas egitim yaklasimlarindan olan STEM egitiminin ders imecesi (lesson akale Brigrien

study) yonteminden yaralanarak kullanilmasi ders igeriklerinin gelistirilme siirecinin Aragtirma Makalesi
iyilestirilmesine katki saglayabilir. Ders imecesi ile dgretmenler, kiiciik gruplara
yonelik gozlem ve analiz yaparak nitelikli ders planlamalari gerceklestirilebilir. Bu
calismada, gercek sinif ortaminda uygulanan STEM egitim yaklagimi ile ogrencilerin 02/09/2024
karsilagtiklar: yagam problemlerini ¢ozme siirecinde sergiledikleri performanslarinin Kabul Tarihi
ortak bakis acisiyla degerlendirilmesi hedeflenmektedir. Bu sebeple, ders imecesi

yontemi kullanilarak wuygulanan STEM egitim siirecinin incelenmesi icin nitel 27/09/2025
arastirma kapsaminda biitiinciil tek durum deseni kullamilmistir. Katilimcilar, bir
devlet tiniversitesinin Egitim Fakiiltesi, Temel Egitim Boliimii, Sinif Egitim Ana bilim
Dali’nda 6grenim goren sekiz dordiincii sumif 6gretmeni adayidir. Calisma devlet STEM egitim
okulunda Ogretmenlik Uygulamasi- II dersi kapsaminda yiiriitmiis olup gerekli etik ve
uygulama izinleri almmistir. Ogretmen adaylarina siire¢ boyunca iki arastirmact
ogretim tiyesi rehberlik etmistir. Calismanin verileri, dgretmen adaylarinin gézlem ders imecesi,
notlart  ve  goriismeleri  neticesinde icerik analizi ile biitinlestirilerek
raporlastiriimistir. Elde edilen bulgular, 6grencilerin tasarim siirecinde problemleri
¢ozmek i¢in sinif ortaminda es zamanly is birligi yaparak etkilesimlerinin arttigini ve dersi,
bireysel olmaktan ziyade grupla birlikte farkli ¢oziim yollari iireterek c¢alisma
aliskanliklar: gelistirdiklerini ortaya koymaktadir Bununla birlikte, miihendislik
tasarim temelli 6gretim siireclerinde (MTTOS) 6n plana ¢ikan prototip ¢izim
asamasiin daha detayli olarak ele alinmasi gerektigi aciga ¢tkmistir.

Gonderim Tarihi

Anahtar Sozciikler
yaklagimi,
ilkokul fen bilimleri

Ogretmen adaylart.

1. Giris

Egitim alanlarinda, 21. ylizyilin getirisi olan ileri diizey teknolojik igeriklerin kullanilmasi,
yaratici egitim politikalarinin uygulanmasini gerektirmektedir (Henriksen vd., 2016). Gelisen
dijital cagda, bireylerin nitelikli teknoloji okuryazari olmalar1 beklenmektedir. Benzer
gereksinimlerle olusan Amerika Birlesik Devletleri'nde (ABD) teknik ve kisisel bilgiyle
donanimli nitelikli isgiicii aci1g1, fen, matematik, miihendislik ve teknoloji disiplinlerinin
entegre edildigi STEM egitim yaklasimini dogurmustur (Bybee, 2010). Bu yaklasimin,
ogrencilerin rekabet iceren diinya pazarinda nitelikli bireyler olarak yetismelerine katki
saglayacagi diisiiniilmektedir.

STEM egitim yaklasimi; bilgi ve iletisim teknolojisi, siirdiiriilebilir inovasyon, medikal alan
gibi bir¢ok sektorle iliski kurulmasina olanak tanimaktadir (Chesky ve Wolfmeyer, 2015). Bu
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iligkiler, STEM’in disiplinler aras1 dogasin1 giiclendirmekte ve uygulama alanlarini
genisletmektedir. STEM uygulamalarinin okullarda yeni ve farkli yaklasimlarla hayata
gecirilmesi, 6grencilerin bu sektorlerle baglantili beceriler gelistirmelerini desteklemektedir.

STEM egitimini sinif ortamina tasiyacak olan 6gretmenlerin, bu alanda bilgi ve deneyim sahibi
olmalar1 biiyiik énem tasimaktadir. Ozellikle miihendislik tasarim temelli 6gretim (MTTO)
yaklagimlarimin fen ve teknolojiyle entegre bigimde uygulanabilmesi i¢in 6gretmenlerin
yenilik¢i planlamalar yapabilmeleri ve bu siireglerde tecriibe kazanmalar1 gerekmektedir
(Schwartz vd., 2007). Bu noktada, 6gretmenlerin is birligi i¢inde ¢aligmasini tesvik eden ders
imecesi yaklastmi O6ne ¢ikmaktadir. Ders imecesi, STEM egitim igeriklerinin
biitlinlestirilmesine yonelik anlamli bir ¢erceve sunarken; Japonya’da gelistirilen bu model,
ogretmenlerin birlikte ders planlari hazirlayip gézlemledigi ve iyilestirdigi sistematik bir siireci
ifade etmektedir (Armstrong, 2011). Ders imecesi, 6gretmenlere ders icerigi, linite ve hedefleri
belirlemede rehberlik ederken onlara dikkatli diistinme firsat1 da saglar (Lewis, 2002). Birden
fazla Ogretmenin istisare ettigi bu ortamda farkli yaklagimlar deneyimlenerek o6grenme
sonuclar1 analiz edilip revize edilebilir (Stigler ve Hiebert, 2009). Ayrica, ders imecesinin
liniversite 6gretim tiyelerinin de O0gretim becerilerini gelistirmede etkili olmasi nedeniyle
yiiksekogretim kurumlarinda uygulanmasi 6nerilmektedir. Boylece katilimeilarin 6grenme ve
ogretme stirecleri daha derinlemesine incelenebilir (Alvine vd., 2007). Stohlmann ve digerleri
(2012), 6gretmenlerin mesleki gelisimlerine katki saglamak i¢in tiniversite ve okullar arasinda
is birligi yapilmasinin, 6gretmenlerin planlama siireglerine dahil edilerek etkili iletisimin tesvik
edilmesinin 6nemli oldugunu belirtmistir. Ayrica, 6gretmen adaylarinin pratik deneyim ve
pedagojik bilgilerini artirmalart i¢in iiniversite danigmanlar1 esliginde yiiriitiilen okul temelli
uygulamalara ihtiya¢ duyulmaktadir (Cajkler ve Wood, 2016). Aykan ve Yildirim da (2022),
ders imecesinin STEM egitimi ile biitlinlestirilmesinin, daha nitelikli STEM ders planlarinin
hazirlanmasina ve 6gretiminin gelistirilmesine katki saglayacagini ifade etmistir.

Bu kapsamda, ders imecesi ile STEM egitiminin saha uygulamalarimin kapsamli sekilde
incelenmesi onem tasimaktadir. Bu ¢alismada da ilgili literatiir incelemeleri dogrultusunda
alana katki saglayacagi diigiiniilen, ders imecesi ile STEM egitiminin biitiinlestirilerek gercek
siif ortamlarinda uygulanma siireglerinin ayrintili olarak incelenmesi ve karsilasilan
durumlarin belirlenmesi amaglanmaktadir, bu bakimdan elde edilen sonuglarin alana degerli bir
katki sunacagi diisiiniilmektedir. Arastirma siirecinin ger¢eklesmesi i¢in 6gretmen adaylarinin
ilkokul dordiincii simif diizeyindeki 6grencilere yonelik STEM uygulamalarini ders imecesi
cercevesinde nasil planladigini, uyguladigini ve degerlendirdigini detayli bicimde
incelenecektir. Milli Egitim Bakanhiginin (MEB, 2018) Fen Bilimleri dersi 6gretim
programinda yer alan “Fen, Miihendislik ve Girisimcilik Uygulamalarr™ ile ilgili iceriklerin
ilkokul 4. smifta islenmeye baslanmasi nedeniyle, bu diizeyde yapilan uygulamalarin dikkate
deger oldugu diistiniilmektedir. Bu kapsamda, STEM egitim yaklasim siireci, ders imecesi ve
STEM egitimi baglaminda ders imecesine iligkin literatiir incelemesinin gerekli oldugu
degerlendirilmektedir.

1.1. Teorik Cerceve

Calisma amacina yonelik ilgili literatiir i¢cin 6ncelikle STEM egitiminin temel bilesenleri ele
aliacaktir.

1.1.1. STEM Egitimi

STEM egitiminin yapi tas1 olarak goriilen tasarim temelli 6grenme yaklagimi, 6zellikle problem
¢ozme siireclerini destekleyerek 6grencilerin aktif katilimini tesvik eder. Bilissel ve sosyal
O0grenmenin birlestigi yapilandirict 6grenme yaklasimlarimin benimsendigi tasarim yoluyla
ogrenme yaklagimi, Kolodner ve digerleri (1998) tarafindan ortaya ¢ikmistir. Bu yaklagimda
egitimcilere, etkili 0gretim programlart ve smif ortami saglayabilmek icin kavramsal bir

2
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cerceve sunulmaktadir. Yaklagimin temel baglami olan probleme uygun tasarim liretme anlayist
Ogrencilerin yasam problemlerine ¢oziim bulmak icin {ist diizey becerilenin gelismesine katki
saglamaktadir (ITEA, 2000). Ogrencilerin tasarim odakli diisiinmelerinde siirecin icinde
devamli olarak yer almalari, arkadaglari ile is birligi i¢inde olmalar1 ve ¢6ziim Onerilerine
yonelik prototip ¢izimi olusturmalar1 gerekmektedir (Uflacker vd., 2011). Bu yaklagimlar
egitim sistemlerinde yeni bakis agilarini gelistirmektedir. Ozellikle ilerici 21. yiizy1l egitiminde
oldukca dikkat ¢eken egilim, K-12 egitiminde miihendislik baglaminda ele alinan problem
durumlarinin fen, matematik ve teknoloji ile biitiinlestirilmesidir (National Academy of
Engineering [NAE] and National Research Council [NRC], 2009; NRC, 2012). MTTOS de
problem alanlarinin tanimlanarak ¢oziimlerin bulunmaya c¢alisildig1 siiregler yasanmaktadir
(Hynes vd., 2011). STEM igerikleri; problem merkezli, tasarim odakli ve igbirligine dayali
O0grenme anlayislarini bir araya getirir (McLure vd., 2022). Dolayisiyla STEM igeriklerinin
Ogrencilerin gercek yasam problemlerini ¢ozme becerilerini gelistirmeye yardimer olacagi
diistiniilmektedir. STEM egitim siirecinde de o6grenciler bu problemleri ¢ozebilmek ig¢in
bagimsiz bireyler olarak 6grenmenin merkezinde yer alip yeni bilgilerini inga ederler (Hsu ve
Yeh, 2019; Stehle ve Peters-Burton, 2019). Bilgilerin insa edildigi siirecte STEM
disiplinlerinden nasil yararlanilacagi olduk¢a 6nemlidir. Disiplinlerin her birini ayr1 olarak
derinlemesine incelemektense Ogrencilerin 6grenmelerini saglayacak ortak 6zelliklerde
biitiinliik saglanmas1 gerekir (Moore vd., 2016). Bunu saglayacak olan entegre STEM kavrami,
iki ya da daha ¢ok STEM disiplininin yasam problemleriyle iliski olarak ortak bir baglamda
bulusmasi olarak tanimlanir (Kelley ve Knowles, 2016; Moore vd., 2014; Stohlmann vd., 2012).
Entegre STEM yaklasiminda multidisipliner, interdisipliner ve transdisipliner entegrasyondan
bahsedilebilir (Hacioglu, 2017). Multidisipliner entegrasyonda her disipline ait kazananimlar
ayr1 ogretilir daha sonra ortak bir temada birlestirilir.  Interdisipliner entegrasyonda,
ogrencilerin kavram ya da bilgileri iki veya daha fazla disiplinden yaralanarak biitiinlestirilir
(Vasquez vd., 2013). Transdisipliner entegrasyonda ise problemlerin ¢éziimiine ulagsma igin
biitiin disiplinlerin biitiinlestirilmesi esas alinir (Tress vd., 2007). STEM egitiminin
yayginlastirilmasinda fen ve matematik disiplini digindaki alanlarda genisletilmesi ve tiim
seviyedeki okullara uygulanmasi gereklidir (Nurwidodo vd., 2023).

STEM egitimi, disiplinler aras1 bir yaklasim ile dgrencilere, elestirel diislinme, yaraticilik ve
problem ¢6zme gibi beceriler kazandirmay1 hedefleyen bir yaklagimdir. Ancak bu siirecin etkin
bir sekilde uygulanabilmesi i¢in Ogretmenlerin, 6gretmen adaylarinin ders planlama ve
uygulama siireclerinde de etkili bir model kullanmalar1 gerekmektedir. STEM egitiminin sinif
i¢ci uygulamalarinda basar1 saglanabilmesi, yalnizca kuramsal bilgiyle degil, 6gretmenlerin
birlikte planladig1, gozlemledigi ve iyilestirdigi siireglerin varligiyla miimkiin olabilir. Bu
kapsamda, 6gretmenlerin mesleki gelisiminde etkili bir yontem olan 'ders imecesi' lizerinde
durulacaktir.

1.1.2. Ders Imecesi (Lesson Study)

Ders Imecesi (jugyou-kenkyu) Japonya’da 130 yil 6nce gelistirilmis, kiiciik gruptan olusan
ogretmenlerin siif derslerini planlamasi, gézlem ve analiz yapmasi ve bunun sonucunda ders
igeriklerini iyilestirmesi i¢in olusturulan bir siire¢ olarak taninmaya baslanmistir (Armstrong,
2011; Shimizu, 2006; Taylor vd., 2005). Diinyada yayginlasan ve 06zellikle matematik
Ogretiminin profesyonel olarak gelisiminde kullanilan bir tekniktir (Isoda vd., 2007; Inprasitha
ve Loipha, 2008; Shimizu, 2006). Ogrenme ve dgretmeyi gelistirmeyi hedefleyen ders imecesi,
bir¢cok iilkede kullanilmasina ragmen heniliz bazi kisimlar1 tam olarak anlagilamamistir
(Takahashi, 2014).

Ders imecesi siirekli ve uygulamaya bagli olarak nitelikli profesyonel 6grenme ile iligkilidir
(Stigler ve Hiebert, 2009). Ders imecesi dort temel basmaktan olusur. Birinci arastirma
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basamaginda, 6gretim programi incelenerek dgrencilerin 6grenimi ve gelisimi i¢in uzun vadeli
hedeflerin dikkate almmas1 beklenir. Ikinci planlama basamaginda, belitrlenen arastirma
dersinin igerigine uygun ders planlari hazirlanir. Bu ders planlar1 hazirlanirken uzun vadeli
amaclara yonelik olmasina, 6grencilerden beklenen diisiinceleri icermesine, veri toplama
planiin yer almasina ve karar verilen yaklasimin gerekgelerini icermesine dikkat edilmelidir.
Ucgiincii 6gretim basamaginda, hazirlanan ders planlar1 bir ekip iiyesi tarafindan uygulanir,
digerleri ise gbzlem yapar ve veri toplar. Son basamak olan yansitmada ise elde dilen gozlemler
ve veriler paylasilarak bu konu ile ilgili goriisler agiga ¢ikarilir. Elde edilen veriler, 6grencilerin
Ogrenimini zenginlestirmek ve daha genis konularla ilgili derinlik kazandirmak i¢in tartigilir.
Ogrenilenleri pekistirmek ve ileri seviyeye aktarmak icin dongiiniin sonraki asamasi igin yeni
sorular belirlenir (Lewis vd., 2006). Bu siirecte dgretmenlerin birlikte ortak bir ders plani
hazirladig1 ve i¢lerinden birinin bunu uyguladigi, gruptaki diger 6gretmenlerin de gozlem
yaparak not aldiklar1 ve bir araya gelerek ders planini tekrar gozden gegirdikleri bir siire¢
uygulanir (Alvine vd., 2007; Lewis, 2009). Bdylece 6grenme durumlar1 hakkinda bilgi elde
edilir, ders tasariminin 6grenmeyi gelistiren ve engellenen durumlarinin anlagilmasi saglanir
(Lewis vd., 2012). Yani ders imecesi, belirlenen arastirma dersi kapsaminda hazirlanan ders
planlar test edilerek paylasilan ve 6grenmeyi gelistirmeyi amaglayan stirekli bir siirectir ve
karmagik egitim durumlarinda nitelikli 6gretim programi gelistirmek icin kullanilabilir (Elliott,
2019).

Ozetle, ders imecesi, STEM egitiminin etkin bir sekilde uygulanabilmesi igin 6gretmenlerin bu
stiregte nasil bir yol izlediginin anlasilmasinda énemli bir arastirma alani1 olarak karsimiza
¢ikmaktadir. Bu nedenle, STEM egitimi baglaminda ders imecesinin nasil bir rol oynadigina
odaklanmak gerekmektedir.

1.1.3. STEM Egitimi Baglaminda Ders Imecesi

STEM egitim siireglerinde STEM okuryazarligi 6n plana ¢ikmaktadir. Hsu ve Yeh’e (2019)
gore, STEM okuryazarlig1 gelistirmek i¢in 6grencilerin yaratici diigiinme, is birligi, iletisim ve
onemlidir. Bu 6grenme ortamlarinin hazirlanmasinda STEM ile ilgilenen 6gretmenlerin birlikte
calisarak bilgi ve deneyim paylasimlarini saglayan modeller gereklidir. Bu hususta,
ogretmenlerin is birligine yonelik bir yap1 sunan ders imecesi modeli 6ne ¢ikmaktadir (Aykan
ve Yildirim, 2022).

Ders imecesi, Ogretmenlerin nitelikli ders planlar1 yapmalari, 6gretimi yonlendirilme
becerilerini gelistirmesine ve meslektaslar1 ile is birligi yaparak mesleki yeterliklerini
artirmasina firsat sunar. Ozellikle fen ve matematik gretiminde basariy1 saglayan etkili bir
model olarak goriilmektedir. Ders imecesi 6gretmenler aggisindan belirli konularin 6gretiminde
organizasyonun nasil saglanacagi, dersin Ogrencilerin ilgi ve yeteneklerine goére nasil
uyarlanacagi ve 6gretim siireclerinde nasil kullanilacaginin anlasilmasini kolaylastiracaktir
(Kim vd., 2019).

Bu dogrultuda, STEM tabanli §grenmelerin ders imecesi ile entegre edilmesinin 6gretmenlerin
pedagojik yaklagimlarini sekillendirmede ve 68rencilerin ihtiyaclarina nasil cevap vereceginin
anlasilmasinda 6nemli bir konu olacaktir. Bunu saglamak i¢in STEM uygulamalarinin
gerceklesmesinde 6gretmenlerin alan ve pedagoji bilgilerini harmanlayarak 6gretim yapmasi
beklenmektedir. Onlarin 6grenci yeterliklerini gelistirmek i¢in ihtiya¢ duyulan olan etkinliklere
de odaklanmalar1 gerekmektedir (Srikoom vd., 2018). Bu duruma katki saglamak i¢in 6gretim
elemanlarinin aragtirma yaptigi hedeflerle uyumlu sinif i¢i uygulamalarin ve Ogretimi
giiclendirecek iceriklerin neler oldugu ile ilgili konular incelenebilir ve konu ile ilgili
derinlestirilmis mesleki gelisim programlarina veya arastirmalara oncelik verilebilir. Ciinkii
reform temelli egitimin nasil planlanacaginin incelenmesini ve agiklanmasini gerektirecek
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calismalara ihtiya¢ duyulmaktadir (Capobianco vd., 2014). Ilgili alanda hissedilen eksiklik bu
caligmanin yiriitiilmesinin temel sebeplerindendir. Bu agidan reform temelli egitim
stireclerinde planlamalarin nasil uygulanmasi gerektigi ile ilgili yapilan ¢aligsmalarin, 6gretmen
adaylarinin STEM egitimine yonelik bilgilerini derinlestirerek uygulama asamalarini daha iyi
anlamalarina katki saglayacagi diistiniilmektedir. Ayrica, g¢aligma siirecinde karsilasilan
problemlerin tespiti ve ¢Oziimler i¢in yapilacak olan Onerilerin sahadaki STEM egitim
uygulamalarina katki saglayacagi diisiniilmektir. Miihendislik dogal bir biitiinlestirici oldugu
icin STEM entegrasyonunda fen, matematik ve teknoloji igeriklerinin Ogrenilmesinde
miihendislik ve miihendislik tasarimi itici bir giic olarak kullanilabilir (Moore vd., 2013).
MTTOS nde dgrenciler, bir bilim insan1 ya da miihendis gibi problemleri ¢6zmek igin insa
etme, test etme, veri kaydetme ve ¢ikan sonuglart analiz etme gibi 6grenme dongiilerini
tamamlamaktadir (Brunsell, 2012). Bu siirecte problemler tanimlanir, ¢6ziimle ilgili fikirler
ifade edilir, prototip ¢izilir, tasarlanir, teste edilir ve degerlendirmeler yapilir (Hynes vd., 2011).
Dolayisiyla 6grencilerin farkli ¢oziim yollar1 tiretebilmek, yaratici diisiinmek, takim ¢aligmasi
kurabilmek ve is birligi ile hareket edebilmek gibi becerilerini de gelistirebilir (Akarsu vd.,
2020). Bu kapsamda calismanin amaci, ilkokul dordiincii sinif fen bilimleri dersinde, ders
imecesi yontemi kullanilarak yiiriitilen MTTOS uygun sekilde tasarlanan STEM egitim
yaklagim siireglerinin bu yontemden yararlanarak ayrintili olarak incelenmektir. Calisma,
STEM yaklasiminin uygulama siirecini ayrintili bir sekilde analiz etmeyi, STEM etkinliklerinin
tasarim ve uygulama siireclerindeki giiclii ve zayif yonleri belirlemeyi ve bu etkinliklerin
egitimde daha etkili bir sekilde kullanilmasina katki saglamay1 amaglamaktadir. Ders imecesi
yontemi de STEM egitiminde miihendislik tasarim siireci ile ¢ozliim bulma gibi temel unsurlari
O0grenme siirecine entegre eden yenilik¢i bir yaklasim sunmaktadir. Elliott’a (2019) gore, ders
imecesi ile belirlenen ders kapsamina uygun hazirlanan ders planlar1 degerlendirilerek nitelikli
Ogretim programlarinin gelistirilmesine katki saglamaktadir. Ancak bu yontemin etkili bir
sekilde uygulanabilmesi ve dgrenciler iizerinde nasil bir etki biraktiginin anlasilabilmesi i¢in
siire¢ ve sonu¢ odakli aragtirmalara ihtiya¢ duyuldugu aciga ¢ikmaktadir. Bu baglamda, bu
calismada ele alman arastirma sorulari, ders imecesi yOntemiyle yiiriitilen STEM
etkinliklerinin farkli boyutlarin1 anlamaya yonelik bir ¢cergeve sunmaktadir.

Buna yonelik olarak asagidaki arastirma sorularina yanit aranmistir:

Aragtirma sorusu: Arastirmada ele alinan ii¢ probleme yoOnelik ders imecesi yonteminden
yararlanilarak uygulanan STEM etkinliklerine iliskin miihendislik tasarim siireci dongiisii
asamalar1 (Problemin/ihtiyacin tanimlanmasi, problem icin arastirma yapmak, ¢dziim &nerileri
gelistirmek, en iyi ¢oziimil se¢mek, prototip ¢izimi yapmak ve prototipi inga etmek, ¢éziimleri
test etmek ve degerlendirmek, ¢6ziim iletisimi, yeniden tasarlamak/revize etmek, kararin
tamamlanmasi1) nasildir?

Bu aragtirma sorusuna bagl alt sorular su sekildedir:
Ders imecesi ile yiiriitilen MTTOS problemlere yonelik 6grencilerin,

Ortak karar verme stireci nasildir?

Prototip ¢izim siireci nasildir?

Tasarumin uygulanmasi ve test etme stireci nasildir?
Karsilasilan sorunlar nelerdir?

Siireg ile ilgili oneriler nelerdir?

O O O O O

2. Yontem

Siif 6gretmeni adaylarinin ilkokul dordiincii siniflarda ders imecesi yontemi kullanarak
uyguladigi STEM egitim slirecinin incelenmesinin amaglandigi bu calisma, nitel arastirma
stireci baglaminda biitiinciil tek durum desenine uygun olarak yiiriitilmistiir. Calisma
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kapsaminda MTTOS STEM egitimi uygulanmistir. Bu uygulamalar ders imecesi yonteminden
yararlanilarak yapilmistir. Toplam {i¢ tasarim dongiisii seklinde yiiriitiilen siiregte 6grencilerden
ti¢ farkli problem durumuna uygun ¢oéziimler iiretilmesi istenmistir.

2.1. Arastirma Modeli

Calismada, nitel arastirma siireci baglaminda biitiinciil tek durum desenine uygun olarak
yuriitiilmiistiir. Durum ¢alismalarinda bireysel, grupla, sosyal ve politik birgok durumla ilgili
bilgi edinilmesi amaglanmaktadir. Calisma kapsaminda ele alinan durum; “ilkokul dérdiincii
sinif fen bilimleri dersinde ders imecesi ydntemiyle yiiriitilen, MTTOS ne uygun olarak
tasarlanan STEM egitim yaklasiminin uygulama siirecidir”. Bu durum, STEM egitim
yaklasimimin smif i¢i uygulama boyutunun tiim asamalariyla, yani etkinliklerin tasarimu,
uygulanmasi, giiclii ve zayif yonleriyle birlikte ayrintili bir bigimde incelenmesi gerektiginden
biitiinciil olarak ele alinmaktadir. Ayrica bu ¢alismalar kiiglik grup davraniglarinin anlamli ve
biitiinciil 6zelliklerini koruyarak anlasilmasini da saglamaktadir (Yin, 2014). Biitiinciil tek
durum desenleri ise bir olguyu, evreni ya da genel durumu arastirmak (Stake, 2005), bir birim
ve alt birimleri detayl1 incelemek i¢in kullanilmaktadir (Yin, 2014). Bu calismada MTTOS ne
STEM egitim yaklasiminin ilkokullarda uygulanabilirliginin anlasilmasi durumunu daha
detayli incelemek i¢in sahada arastirma yapilacak sekilde planlamalar yapilmistir. Durum
caligmalar1 saha ¢alismalar1 ile temellendirildigi icin saha bilgisinin gelismesine katk1
saglayacaktir (Merriam, 2009). Bununla birlikte sahada kullanilan ¢esitli veri toplama araglari
ve kaynaklarla bu durumun agiklanmasina 6nemli kanitlar elde edilebilmektedir (Gillham,
2000).

2.2. Calisma Grubu

Caligma, bir devlet tiniversitesi Egitim Fakiiltesi Temel Egitim Boliimii Sinif Egitimi Anabilim
Dalinda, "Ogretmenlik Uygulamasi-II" dersini alan sekiz 6gretmen aday1 ve onlarin dersine
giren iki 0gretim elemaninin katilimryla gergeklestirilmistir. Uygulama, orta sosyoekonomik
diizeydeki bir semtte yer alan 29 derslikli bir ilkokulda yiiriitilmistiir. Calismaya katilan
O0gretmen adaylar1 gonilliiliik esasina gore secilmis onlara O0gretim elemanlar1 rehberlik
etmistir. Ayrica, ¢alisma i¢in ilgili etik kurul ve MEB izinleri alinmistir. Uygulamalar, simif
ortaminda yapilmis ve 6gretmen adaylar1 doniisiimlii olarak dersleri yiiriitmiistiir. Tablo 1°de
katilimcilar hakkindaki bilgiler 6zetlenmistir. Katilimcilar raporlagtirma asamasinda kisaca
OAl, OA2... Seklinde kodlanarak onlarla yansitici giinliik, gdzlem ve goriismelerden dogrudan
alintilara yer verilmistir.

Tablo 1. Katilimc1 Bilgisi

Katilime1 Grubu Say1 Cinsiyet Yas Aralig
o 6 Kadin
Ogretmen Adaylari 8 2 Brkek 19-21
. . . 20 Kadin
Ilkokul 4. Smif Ogrencileri 38 18 Erkek 9-10

2.3. Veri Toplama Siireci ve Araclari

Caligmanin veri toplama siirecinde birden fazla nitel veri toplama aracindan yararlanilmistir.
Bunlar; 6gretmen adaylarmin yansitict glinliikleri, gézlem notlar1 ve goriisleri seklindedir.
Oncelikle, arastirmacilarin simf i¢i uygulamalar1 ve grup igi calismalar sistematik olarak
gozlemlemesi i¢in yapilandirilmis gozlem formlari kullanilmistir; bu formlar, gézlemlenecek
davranis ve etkilesimleri acik¢a tanimlayan, gbzlem siirecinin tutarliligini saglayan ve ilk
tasarimlarinin ardindan pilot uygulamalar, aragtirmaci gozlemleri ve alan uzmanlarinin geri
bildirimleri dogrultusunda gelistirilerek giincellenen araglardir. Ogretmen adaylari da her hafta



Ayaz ve Yilmaz PAUEFD, 66, 1-29 [2026]

uygulamalara yonelik tespit ettikleri durumlar1 kaydettikleri yansitict glinliikler tutmustur; bu
giinliikler, bireysel deneyimlerini ve goézlemlerini detayli bicimde yansitmalarina olanak
saglayacak sekilde tasarlanmis, ilk denemeler sirasinda belirlenen eksiklikler ve arastirmaci
geri bildirimleri dogrultusunda gelistirilmis ve siire¢c boyunca ihtiyaglara gore giincellenmistir.
Bu giincellemelerde onlarla gdzlem notlar1 hakkinda goériismeler gergeklesmistir. Ayrica, her
hafta yapilan grup toplantilar ile siirecin degerlendirilmesi yapilmis, 6gretmen adaylar ile
siirece yonelik goriismeler yapilmis ve ders planlar siirekli olarak goézden gegirilip,
toplantilardan elde edilen Oneriler ve gozlem sonuglar1 dogrultusunda revize edilmistir; bu
stireg, veri toplama ve 0gretim uygulamalarinin etkililigini artiracak bigimde yapilandirilmistir.
Veri toplama siireci aragtirmanin uygulama siireci basliginda ayrintili olarak ele alinmistir.
Ogretmen adaylariyla yapilan yar1 yapilandirilmis goriisme sorular ile siire¢ hakkindaki
diisiinceler, uygulama etkililigi ve Ogrenme kazanimlarina yonelik algilar1 incelenmeye
calisilmigtir. Bu goriisme sorulart her hafta alan uzmanlar1 ve arastirmacilar tarafindan
degerlendirilerek revize edilmistir. Goriismelerde 6gretmen adaylarina, tasarim siirecinin (ortak
¢Oziime karar verme, prototip ¢izimi, uygulama ve test etme asamalar1) nasil olduguna dair
sorular yonlendirilerek ayrintili bilgiler elde edilmeye ¢alisiimigtir.

2.4. Uygulama Siireci

Bu ¢alismada, MTTOS’ne uygun yapilandirilan ders planlarinin ders imecesi ydntemi
asamalarina (Lewis vd., 2006) gdre asamalarina uygun olarak sinif ortaminda uygulanmis ve
detayl1 sekilde incelenmistir. Sekil 1°de baz1 gorseller sunulmustur. Bu gorseller 6grencilerin
bireysel ya da grup ¢izimlerini, tasarladiklari tiriinleri sinifa sunduklari, ¢izimler ile tasarlanan
riinlerin uyumunun karsilastirildigi anlatimlar1 ve tasarimlarin denenmesi faaliyetlerinden
kesitler sunmaktadir.

Sekil 1. Uygulama Stirecinden Gorseller

Caligmanin uygulanmasi ile ilgili ayrintili siire¢ Sekil 2°de gosterilmistir.
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Sekil 2. Arastirma Stire¢ Dongiisii

- Kule Yapimi (Yer Kabugu ve Dunya'mizin Hareketleri)
- Ekibin toplanmasi (15.02.2022)
- Ikinci toplanti (ilk tasarim gérevine karar verilmesi) (22.02.2022)
- Birinci tasanm ders plani hazirlanmasi (02.03.2022)
- Ekibin okul ziyareti, calisma alaninin belirlenmesi (03.03.2022)
- Birinci ders planinin hazirlanmasi ve uygulanmasi (10.03.2022)
- Ikinci ders planinin revize edilip uygulanmasi (17.03.2022)

-Oyuncak Uretimi (Kuvvet ve Hareket)
- ikinci ders planinin hazirlanmasi (24.03.2022)
- Ikinci ders planinin revize edilip uygulanmasi (31.03.2022)
- Uglncl ders plaminin revize edilip uygulanmasi (07.04.2022)

-Su Garki (insan ve Gevre)

+ Birinci ders planinin hazirlanmasi (27.04.2022)

- Ikinci ders planinin revize edilip uygulanmasi (11.05.2022)

- Uclincl ders planinin revize edilip uygulanmasi (15.05.2022)

Sekil 2 incelendiginde;
o Hazurlik ve 1. Dongii Asamasi Kule Yapimi (Yer Kabugu ve Diinya’nuzin Hareketleri)

Calisma kapsamli bir hazirlik siireci gerektirdigi i¢in Oncelikle 15.02.2022 tarihinde
arastirmacilar (O6gretim elamanlar1) ve sekiz 6gretmen adayimin katilimiyla bir toplanti
gerceklestirilmistir. Bu toplantida dersin 6gretim elemanlar: tarafindan c¢alismanin amaci
aktarilmigtir. Ogretmen adaylar1 goniillii onam formu doldurarak galismaya katilma konusunda
istekli olduklarini beyan etmistir. Siire¢ boyunca ¢alismanin yapilacagi okulun fiziki sartlar ele
alinmis, uygulamalar sirasinda ayni ortamda sekiz 6gretmen adayinin ve bir 6gretim elemaninin
bulunmasi gerektigi kararlastirilmistir. Calismanin ii¢ tasarim dongiisii seklinde ders imecesi
yontemiyle uygulanacag fikri benimsenmistir. Derslerin ders imecesi yontemine uygun olarak
her hafta bagka bir Ogretmen aday: tarafindan revize edilen ders planina uygun olarak
ylriitiilmesi gerektigi ifade edilmistir. Her hafta grupga hazirlanan ders plani tasarim
dongiilerini tamamlayana kadar devam etmistir. Ornegin birinci tasarim ddngiisiinde ilk
hazirlanan ders planini bir 6gretmen aday1 tarafindan yiiriitiilmustiir. Bu ders planinda tasarim
stirecini baglatan problem durumu ile ilgili teorik ders anlatilarak problem durumu sunulmus ve
ogrencilerden arastirma yapmalar1 istenmistir. Ardindan ders siiresine uygun olarak ortak karar
verme, prototip ¢izme asamalar1 ger¢eklesmistir. Diger ders i¢in hazirlanan ders planinda ilk
dersteki doniitlere gore revizyon yapilip bagka bir 6gretmen aday: tarafindan kalinan yerden
devam edilmis, tasarimin yapilmasi, sunulmasi ve degerlendirilmesi saglanmistir. Bdylece bir
tasarim dongiisiinii iki farkli 6gretmen adayi ile aynmi ders ve kazanimlarla ilgili revize edilen
ders planina gore ylritiliip tamamlanmistir. Her dersten Once grup toplantilari
gerceklestirilerek ders imecesinin agamalarina uygun degisiklikler yapilmistir. Diger iki tasarim
dongiisii de benzer sekilde her biri li¢ hafta siirecek sekilde alt1 farkli 6gretmemen adayi ile
tamamlanmuistir.

22 Subat 2022 tarihinde yapilan ikinci toplantida, ilk tasarim gorevine karar verilmistir. Bu
gorev miithendislik tasarim siirecinin anlagilmasini kolaylastiracag: diisiiniilen bir kule yapimi
gorevidir. Burada 6grencilerin belirli malzemelerle (5 adet uzun ¢ubuk, 10 adet lastik, 20 cm
ip, 10 adet kiirdan) belirli kriterlerde (saglam, ¢cok katli, estetik) bir kule yapmalaridir. Ayrica,
O0gretmen adaylarinin ders planinin bir boliimiinii olusturarak iizerinde tartismalar1 saglanmis
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ve planin farklt bolimlerinin farkli kigiler tarafindan tamamlanmasi kararlagtirilmigtir.
02.03.2022 tarihinde Ogretmen adaylar1 tarafindan tamamlanan ders planlart grupca
incelenmistir. Eksiklikler tespit edilip diizeltilmeye calistimistir. Oncelikle ders igerigi ve bilgi
edinme kisminda eksiklikler tamamlanmistir. 03.03.2022 tarihinde biitiin ¢alisma ekibi ile
gerekli izinlerin (etik kurul ve milli egitimden) alindig1 ve okul idaresini onayiyla ¢alismanin
yapilmasi uygun bulunan uygulama okuluna gidilmistir Okula gidildiginde siiregten haberdar
olan miidiir yardimcisi ile uygulamanin yapilacagi sinif belirlenmistir. Uygulama gilinti dort
kisilik gruplardan olusan Ogretmen adaylar1 ayri iki sinifta uygulamalarim1 yapacak sekilde
ayrilmistir. Uygulama esnasinda uygulama sinifinda kalacaklar1 daha sonra kendi siniflarinda
normal stajlarina devam etmeleri gerektigi kararlastirilmistir. Uygulama smifinin 6nce
kiitiiphane olmasi kararlastirilmasina ragmen burada fiziki olarak yeterli masa ve sandalye
olmamasit ve mekanin ¢ok kiiciik olmasindan dolay1 simif ortaminda yapilmasina karar
verilmigtir. Her uygulama saatinden 6nceki teneffiiste sira diizeni 6gretmen adaylari tarafindan
grup calismasina uygun sekilde kiime seklinde diizenlenecek ve daha sonra eski haline
getirilecek seklinde planlanmistir. Ayni glin 6gretmen adaylariyla iiniversiteye gidilerek tekrar
bir toplanti yapilmistir. Bu toplantida 6gretmen adaylarinin hep birlikte olusturduklar ilk
tasarim gorevi ile ilgili ders plan1 diizenlenerek son sekli verilmistir. Sekiz 6gretmen adayinin
her biri bir kere olacak sekilde dersleri yiiriitecektir ardindan bu ders siireci ve ders plani biitiin
grupla incelenerek revizyon ihtiyaci olursa giincellenerek bir sonraki hafta baska bir 6gretmen
aday1 tarafindan miihendislik tasarim siire¢ dongiisii tamamlanana kadar uygulanacaktir. Bu
toplant1 da ilk hafta dersi anlatacak olan 6gretmen aday1 belirlenmistir. 10.03.2022 tarihinde
kule tasarimi gorevi icin Ogretmen adayr dersin basinda “Yer Kabugu ve Diinya’mizin
Hareketleri” ilgili teorik bilgiyi vererek miihendislik tasarim siirecini baglatmistir. Daha 6nce
planlandig1 gibi toplam mevcudu 38 olan siniftaki 6grenciler on farkli heterojen gruba ayrilarak
onlara gorevleri tamitilmistir. Ogrencilerin gruplarinda bireysel ve grupla farkli ¢dziim 6nererek
karar almalar1 saglanarak prototip ¢izimi asamasina gelmeleri saglandiktan sonra ders
sonlandirilmistir. Bu dersin ardindan yapilan toplantida diger 6gretmen adaylarinin gézlem ve
goriislerine dayanarak ders planinin revize dilmesi gereken yerler belirlenerek tasarim siirecinin
tamamlanmasi saglamak i¢in baska bir 6gretmen aday1 belirlenmistir. 17.03.2020 tarihinde bu
yeni kisi tasarim siirecindeki karar verme ve izim siire¢lerini diizenleyerek, iiriin tasarlama,
sunma ve degerlendirme asamalarini gergeklestirerek bu tasarim dongiisiinii tamamlamistir.

o Ddingii Asamast Oyuncak Uretimi (Kuvvet ve Hareket)

24.03.2022 tarihinde ikinci tasarim dongiisiinde de benzer bir uygulama siireci yiirititiilmiistiir.
Hazirlanan ders planlar1 “Kuvvet ve Hareket” iinitesindeki “Kuvvetin Cisimler Uzerindeki
Etkileri” konusunda bir 6gretmen aday1 ders planina uygun dgretim siirecini yiiriiterek dersin
sonunda 6grencilerden bu konu ile ilgili verilen problem durumuna uygun (bir kdy okuluna
oyuncak yapacaklar1 ve bunun malzemelerini kendilerinin belirleyecegi bildirilir. “Oyuncagin;
saglam, estetik, az maliyetli ve hareket ediyor olmasi gerekmektedir.”) ¢izim yapmalarini
istenmistir. Ogrencilerin dersin sonunda tasarimlarma karar vererek bir sonraki derste kendi
sectikleri malzemelerini getirip tasarimi gerceklestirmeleri gerektigi belirtilmistir. 31.03.2022
tarithinde grupga revize edilen ders plani ders imecesine uygun olarak yeniden planlanarak
revize edilmistir. Bagka bir 6gretmen aday1 dnceki ders yapilanlart kontrol ederek cizimlerin
eksik ya da hatalar1 yerlerini degistirerek Ogrencilere tasarim dongiisiiniin iiriin tasarlama
kismin1 gergeklestirmistir. 07.04.2022 tarihinde farkli bir 6gretmen aday1 tarafindan revize
edilen ders plant dogrultusunda diger derslerin eksik ya da degistirilmesi gereken kisimlari
diizenlenerek tasalanan tiriinlerin sunulmasi ve degerlendirilmesi yapilmistir.
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e Déngii Su Carki Insan ve Cevre)

27.04.2022 tarihinde baslanan {igiincii tasarim dongiisiinde “Insan ve Cevre” iinitesi “Canlilar
ve Yasam” konu alani ile ilgili tipki ikinci dongilidekine benzer bir siire¢ yiiriitilmiistiir. Bu
konu ile ilgili ders imecesi yontemine uygun olarak hazirlanan ders plani farkli bir 6gretmen
aday1 tarafindan uygulanmistir. Burada verilen problem durumuna (sizler gelecegin mucitleri
olarak kendinizi diisiiniin ve bir miithendis gibi diisiiniip tasarimlarinizi bu yonde gelistirin;
suyun giiclinden yararlanarak hareket elde edebileceginiz, motorsuz enerji iireteceginiz, az
maliyetli, dayanikli bir su c¢arki yapmanizi istiyoruz.) uygun gerekli Ogretim siireci
tamamlandiktan sonra dersin sonunda 6gretmenlerin verdigi malzemeler dogrultusunda tasarim
prototipi  ¢izmeleri istenmistir. Malzemelerini  getirerek tasarimi  gergeklestirmeleri
belirtilmistir. 11.05.2022 tarihinde grupga revize edilen ders plani ders imecesine uygun olarak
benzer sekilde yeniden planlanarak revize edilmistir. Farkli bir 6gretmen aday: tarafindan
kontrol edilerek iiriin tasarlama kismini tamamlanmistir. 15.05.2022 tarihinde ise tasarim
dongiisiiniin son asamasi son 6gretmen adayi tarafindan uygulanmistir. Grupga revize edilen
ders plan1 dogrultusunda oOnceki derslerin gelistirilmesi gereken bdliimleri diizenlenerek
riinlerin tasarlanmasi tamamlanarak sunulmasi ve degerlendirilmesi saglanmstir.

2.5. Veri Analizi

Ogretmen adaylari, 6grencilerin bu siiregte nasil dgrendigini incelemek icin giinliikler ve
gbzlem notlar1 tutmustur, ayrica onlarla goriismeler gerceklestirilmistir. Elde edilen veriler
icerik analiz ile analiz edilmistir. Nitel arastirmalarda igerik analizi verilerin kodlama
cercevesinde ele alindig1 betimsel bir arastirma yontemidir (Snelson, 2016). icerik analizinde
aragtirmacilar belirli fenomenler icin yeni kavrayislar saglayarak bunlar hakkindaki
anlayislarmi artirirlar (Krippendorf, 2013). Bu kapsamda analizin yapilmasi icin dncelikle
veriler iki arastirmaci tarafindan ayr1 ayri okunarak kod listesi elde edilmistir. Kodlayicilar arast
giivenirlik hesaplamasi i¢in arastirmacilar ayni veri setinin bir boliimiinii bagimsiz kodlayarak
karsilastirma yapmistir ve Uyum degeri .84 olarak hesaplanmistir. Bu katsay1 i¢in Miles ve
Huberman’a (1994) goére 0.80 ve lizeri oldugu i¢in istenen diizeydedir. Bu asamadan sonra
arastirmacilar kod listesi olusturmaya devam etmistir ve benzer olan kodlar1 birlestirerek
kategori ve temalarda anlagilmistir. Gozlem ve gorlismelerden elde edilen veriler incelen
durumu betimlemek i¢in biitlinciil bir bakis acisiyla analiz edilerek raporlastirilmistir. Bu
kapsamda, verilerin analizi asamal1 ve sistematik olarak yiiriitiilmiistiir: Oncelikle veri seti iki
arastirmaci tarafindan bagimsiz sekilde okunmus ve anlamli ifadeler isaretlenerek ilk kodlar
¢ikarilmistir. Kodlama siireci, alan yazinda 6nerildigi tizere tekrarlamali ve asamali bir bicimde
yuriitiilmiis; belirlenen anlam birimleri kodlanmis ve benzer kodlar birlestirilerek kategori ve
temalar olusturulmustur. Kodlayicilar arasi giivenirlik i¢in veri setinin yaklasik %20’sini
kapsayan bir boliim bagimsiz olarak kodlanmistir. Bu boliim, farkli ders haftalarina ait yansitict
giinliikler, gozlem notlar1 ve gorlisme transkriptlerinden segilen drnekleri icermekte olup, veri
setinin cesitliligini temsil edecek sekilde diizenlenmistir. Toplamda 64 yansitict giinliik ve
gbzlem kayd1 ve 8 goriisme transkripti bu boliimde yer almis, bu goriisme transkriptleri her bir
O0gretmen aday1 icin siire¢ boyunca belirli araliklarla elde dilen goriismelerin birlestirildigi
dokiimanlardir. Ornegin OAL1 igin haftalik yansitict giinliik ve gézlem notlar1 incelendikten
sonra bunlarla ve genel siirecle ilgili ayrintili bilgi almak ve ifade ettiklerini daha iyi
anlayabilmek i¢in yapilan biitiin goriismeler OA1 kisisinin goriisme dokiimaninda depolanarak
hem 6grencilerin farkli 6grenme siireclerini hem de 6gretim uygulamalarindaki degiskenlikleri
yansitacak kapsamda secilmis ve analiz edilmistir. Kodlayicilar arasi karsilastirma sonucunda
uyum degeri 0.84 olarak hesaplanmis ve Miles ve Huberman’in (1994) onerdigi 0.80’in
tizerinde oldugu i¢in giivenilir bulunmustur. Bu asamadan sonra kod listesi tamamlanmais,
benzer kodlar birlestirilerek kategori ve temalar belirlenmis ve gozlem ile goriisme verileri
biitiinciil bir bakis agisiyla analiz edilerek raporlastirilmistir.
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2.6. Gegerlik ve Giivenirlik

Calismanin gecerli ve giivenilir olmasi i¢in sahip olmasi gereken birtakim o6zellikleri
barindirmasi gerekmektedir. Yin (2014) durum c¢alismalarinin niteliginin artirilmast i¢in yapi
gecerligi, i¢ gecerligi, dis gecerligi yiiksek ve giivenilir olmasi gerektigini ifade etmektedir. Bu
calismada yap1 ve i¢ gecerligi artirmak i¢in ¢esitleme kullanilmistir. Merriam (2009) dort gesit
cesitlemeden bahsetmektedir. Coklu veri kaynagindan yararlanmak, veri toplarken ¢oklu
yontem kullanmak, birden ¢ok aragtirmacinin katilmasi ve calismada birden c¢ok kuram
kullanilmasi. Bu ¢alismada da arastirma siirecine iki arastirmaci dahil olmustur. Coklu veri
kaynagindan yararlanilmistir. Gozlem notlari, giinlikler ve goriismeler kullanilmistir.
Merriam’a (2009) gore i¢ gecerlikte dogrulanabilirlik, inanirlik giivenirligin olduk¢a 6nemli
oldugunu belirtmistir. Dis gegerlik icin de ayrintili betimlemeler, durumun belirgin 6zellikleri
belirtme, birden ¢ok arastirma alani kullanmak gerektigini ifade etmistir. Bu ¢alismada elde
edilen verilerin kaynagi bircok kez dogrulanmistir. Arastirmaci ve 6gretmen aday1 goézlem
notlar1 bu Kkisilerce teyit ettirilmistir. Veri analiz siirecinde etkilesim kurulmustur. Ogretmen
adaylarinin gozlem notlar1 ve gorlisleri ortamda bulunan arastirmacilar tarafindan da
onaylandiktan sonra analize dahil edilmistir. Bu durum calismanin inandiriciligini da artirdigi
diisiiniilmektedir. Ayrica incelenen durum arastirma siirecinde ayrintili sekilde betimlenmistir.

Giivenirlik i¢in durum calismalarinda betimlenen durumlarla ilgili elde edilmis olan sonuglar
baska arastirmacilarin benzer yollart kullandiklarinda benzer sonuglara ulasmalarini
saglamalidir (Yin, 2014). Bu ¢alismada arastirma siireci, veri toplama ve analiz siireci ayrintili
sekilde betimlenmistir. Verilerde analiz edilen kodlar verileri etiketlemekte ve analizi
giiclendirmektedir. Bunun niteligini artirmak icin kodlayicilarin goriis birliginin saglanmasi
gerekmektedir. Bu ¢aligmada (Miles ve Huberman, 1994) 6nerdigi sekliyle verilerin bir kismi1
arastirmacilar tarafindan ayr1 kodlanmis ve daha sonra bir araya gelerek ortak goriis elde
edilinceye kadar kod listesine devam edilmistir. Sonunda ortak kodla bir araya getirilerek
birlestirilmistir.

3. Bulgular

Caligmanin bulgularinda ¢aligma boyunca uygulanan {i¢ tasarim dongii stireci ile ilgili katilime1
gozlemleri ve goriismelerinden elde edilen veriler analiz edilmistir. Her tasarim dongii
stirecinde karsilasilan durumlar, ders imecesi yonteminden yararlanilarak 6gretmen adaylarinca
degerlendirilmis ve revize edilmistir. Bu kapsamda, miihendislik tasarim dongiisiinde verilen
problem ile ilgili yapilan arastirmalardan sonra; ortak ¢dziime karar verme, prototip ¢izimi,
uygulama ve test etme asamalar1 ile birlikte karsilagilan sorunlar ve oOneriler kodlanarak
kategorize edilmis ve belirli temalar altinda birlestirilmistir. Biitlin bulgular; 6gretmen
adaylariin yansitict giinliikler, gozlem notu ve goriismeler birlikte degerlendirilerek analiz
edilmistir, elde edilen dogrudan alintilarin kaynagi aciklamalarda belirtilmistir.

3.1. Ortak Coziime Karar Verme Siireci ile Ilgili Bulgular

Bu boliimde ilkokul &grencilerinin, miihendislik tasarim dongiisiinde verilen problem
durumuna yonelik miihendislik tasarim siire¢ dongiisiiniin baginda yer alan; problemin/ihtiyacin
tanimlanmasi, problem i¢in arastirma yapmak, ¢oziim onerileri gelistirmek ve en iyi ¢ozimii
secmek i¢in gerekli olan ortak karar verme siirecleri ile ilgili bulgular ii¢ tasarim siiresince
Tablo 2°de degerlendirilmistir.
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Tablo 2. Ortak Karar Verme Siireci

Tema: Ortak Karar Verme Siirecinde Grup Etkilesimi ve Karara Ulagma

Tasarim No Kategori Kod
Tasarim 1 Ortak ¢6ziim siireci Baskin 6grenci
Grup karart Pasif 6grenci
Isbirligi
Fikir ayriliklar
Ortak ¢0zim
Grup tartigsmalari
Tasarim 2 Ortak karar verme farkindaligi Kriter
Karar kriter uyumu Etkilesim
Giiglenen Grup dinamigi Grup tartigmalari
En uygun ¢6ziim onerisi Aktif 6grenci
Farkli fikirler
Ortak karar fikri
Benimsenen fikir
Aykian fikir
Tasarim 3 Grup karar etkisi S6z hakki
Grup is birligi Oy c¢oklugu
Grup oylamasi Isbirligi
Fikir belirtme
Tartisma
Acgiklama

Karara Ulasma

Tablo 2’de yer alan “Ortak Karar Verme Siirecinde Grup Etkilesimi ve Karara Ulagma”
temasindaki bulgular incelendiginde; Ogrencilerin problem durumuna uygun ¢O6zim
onerilerinde ortak karar verebilmeleri ile ilgili birinci tasarim dongiisiiniin ortak ¢dziim
asamasinda; Ogrencilerin gruplarda genellikle fikir ayriliklar1 yasandigt buna ragmen
ogrencilerin ortak karar alma ve ortak ¢6ziim Onerileri bulmaya c¢alistiklart ifade edilmistir.
Bununla birlikte baz1 gruplarda baskin 6grencilerin kendi fikirlerini zorla kabul ettirmeye
calistigina dair dikkat ¢ekici bir bulgu bulunmaktadir. Bu, grup ic¢indeki etkilesim
dinamiklerinin nasil sekillendigini gosteren 6nemli bir ipucudur. Ciinkii gruplardaki belirli
ogrencilerin 6n plana ¢ikmaya calistig1 gozlenmistir. Genel olarak gruptaki 6grencilerin kendi
aralarinda ¢ozlimiin nasil olmasi gerektigi hakkinda etkilesim kurmaya caligtiklar1 da
belirtilmistir. Pedagojik acidan incelendiginde 6grencilerin grup etkilesiminde baskin ya da
pasif olmas1 grup dinamiklerini etkilemektedir. Baskin 6grenciler liderlik 6zellikleri ile diger
ogrencilerin diislincelerini engelleyebilir, katki saglamalarini sinirlayabilir; pasif 6grenciler
gruptaki etkilesimde geri planda kalirsa is birligi siirecine dahil olma tutumlari olumsuz
etkilenebilir ve Ogrenme siireglerini sinirlayabilir. Sosyolojik olarak kendilerini de diger
ogrencilerden soyutlayarak diglanmislik hissi olusabilir. Bu durum simifin sosyolojik yapisina
da zarar verebilir. Dolayisiyla agiga ¢ikan bu bulgular uygulamalarda diizenlenmesi gereken
stirecleri aciga ¢ikarmistir. Bu durumu bazi 6gretmen adaylar1 yapilan goriismelerde;

OAl “Bazi gruplar ortak bir karara varmaya ¢alisirken bazilart da ortak bir karara varamadi.”

043 “Grup iginde ozellikle kendi fikrini kabul ettirmeye calisan on plana c¢ikan égrenciler vardir.”
seklinde belirtmistir.

Birinci tasarim dongiistinde, grup i¢indeki dinamiklerin genellikle baskin 6grenci ve fikir
aykiriliklar1 ile sekillendigi gortilmistiir. Grup tartigmalarmin ve is birliginin de fikir
ayriliklarinin agilmasi i¢in gosterilen ¢abalardan oldugu gozlenmistir. Ancak her bir grup i¢in
bu stirecler farkli isledigini de belirtmek gerekir.
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Ikinci tasarim dongiisiinde, 6grencilerin ortak karar alma siirecinin énemini daha net bir sekilde
ifade edebildikleri ve grup dinamiklerinde belirgin bir gelisim gdzlemlenmistir. Ogrenciler bu
stirecte birbirleriyle daha fazla etkilesimde bulunmus, farkli fikirler tizerinde tartismis ve ortak
kararlar almaya yonelik daha fazla farkindalik gelistirmislerdir. Ancak, 6grencilerin problemin
icerigindeki kriterleri gbz ardi etmeleri ve en iyi ¢oziim Onerisine karar verme konusunda
zorlanmalari, tasarim siirecinde karsilasilan 6nemli zorluklardan birini olusturan dikkat ¢ekici
bulgulardandir. Bu siiregte, 6grencilerin belirtilen hangi faktorlere dikkat etmedikleri ve bu
durumun olugma nedenleri onlarla paylasilma ihtiyact dogmustur.

Son tasarim dongiistinde 6gretmen adaylari, 68renci gruplarinin genel olarak etkili bir ortak
¢Ozlim slireci ve prototip cizimi gerceklestirememis olmasina ragmen gruplarda siirecin
basindan beri en iyi etkilesim ortami saglandig1 agiklamigtir. Bu dongtideki ilerleme, grup igi
etkilesimin ve is birliginin bu siirecte nasil gelistigiyle dogrudan baglantilidir. Ayrica,
gruptakilerin birbirlerinin fikirlerini 1limh bir sekilde dinleyerek oy ¢oklugu ile ortak kararlar
alma ve isbirlik¢i ¢alisma konunda etkili bir siire¢ yasadiklar1 ifade edilmistir. Grup i¢indeki
pasif dgrencilerin projeye katilmama ve sessiz kalma egilimleri 6zellikle projeyi tamamlama
stirecini 6nemli sekilde etkilemektedir. Bu durumun ortaya ¢ikmasinda arastirmacilarin genel
kanaati, baz1 gruplardaki baskin karakterdeki 6grencilerin gruba hakimiyet kurma istegi, sinifin
var olan dinamiginde alisilmis bir dinamizmin olmasi en 6nemli neden olarak gosterilebilir.
Bunun disinda, bazi 6grencilerin etkinliklere ve ¢izimlere olan ilgisizligi, bazilariin fikirlerinin
gormezden gelinmesi ve dgretmen adaylarinin projenin gerceklestirilmesinde daha ¢ok dikkat
edip bu faktorleri gdzden kagirmis olmalari neden olarak gosterilebilir. Ug tasarim dongiisiinde
agiga ¢ikan durum, bu MTTOS nde esas 6nemli olanin grup igi ve bireysel gérev ve sorumluluk
dagilimlarinin dengeli olmasini saglamak, is birligi i¢inde ortak hareket etme gibi eylemler
olmasi1 gerektigidir. Tasarim siireglerinde bu farkindaligin gelistigi sOylenebilir. Bu
karsilastirmalar ile birinci dongiiden {igiincii dongliye gecisteki evrimsel slireg, grup igindeki
etkilesimlerin, liderlik dinamiklerinin ve 6grencilerin problem ¢dzme becerilerinin nasil
gelistiginin daha net bir anlasilmasina katki saglamaktadir. Ozetle, tasarim dongiileri arasindaki
gelisimde o6zellikle 6grencilerin grup i¢i etkilesimleri ve problem ¢dzme becerileri giderek daha
etkili hale gelmistir, isbirlik¢i ¢alismada Onemli bir ilerleme kaydedilmistir; ancak bazi
gruplarda hala zorluklar yasandig1 da gézlenmistir.

OAS5’nin bununla ilgili sdyle bir gézlem notu bulunmaktadir. “Gruplar icerisinde projeye déhil olmak
istemeyenlerin olmasi, ayni projeyi yapmaya yeltenmeler biraz zorluk ¢ikartti. Cocuklar icerisinde dislanmalar
yoktu ancak sessiz kalmak isteyenler grubun da pasiflesmesine neden oluyordu. Bu durum iizerine ogretmen

1

arkadaslarla gruplar iizerinde durulmaya ¢alisildi. Projenin tamamlanabilmesi igin yardimct olundu.’
Ogrencinin ifade ettigi gibi projeye katilmak istemeyen dgrencilerin motivasyonunu artirmak
ve grup dinamigini giiclendirmek i¢in ¢esitli stratejiler kullanmislardir. Bunlar arasinda motive
edici konusmalar, gruplar aras1 sunumlarda 6ne gegebilme firsatlar1 ve 6grencilerin daha aktif
roller almas1 bulunmaktadir. Ayrica, 6gretmen adaylart 6grencilere rehberlik ederek bireysel
destek saglamis, cesitli materyaller kullanarak 6grencilerin ilgisini ¢ekmistir.

3.2. Prototip Cizimi ile Ilgili Bulgular

Bu kisimda 6grencilerin, mithendislik tasarim siireci dongiisiinde karar verdikleri ¢oziimiin
gerceklesmesi icin ¢izdikleri prototip siireci Tablo 3’te degerlendirilmistir.
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Tablo 3. Prototip Cizimi

)

Tema: Prototip Cizim Siirecinde Bireysel ve Ortak Yaklagimlar’

Tasarim No Kategori Kod
Tasarim 1 Bireysel ¢izimlerin tasarima uygunlugu  Cizime uyma
Cizimlerde bagimsiz olma istegi Bireysellik
Cizim asamasinda karar verme Grup etkilesimi
Grup prototipinin gizilmesi
Tasarim 2 Ayrintili prototip ¢izimi Aragtirma
Bireysel prototip ¢izimi Coziim Onerisi
Grup prototip ¢izimi Detayli ¢izim
Cizimlerde detay farkindaligi Aciklama
Bagiml tasarim
Uyum
Grup karart
Grup ¢izimi
Tasarim 3 Bireysel prototip ¢izimi Farkli ¢izimler
Grup prototip ¢izimi Kopya
Benzer gizimler Yetersiz ¢izim
Fikir aligverisi Diisiinmemek
Problem ¢izim baglantisi Fikir aligverisi
Problemin ¢alisma mekanizmast Baglantisizlik
Onemsizlik
Baska fikirlere uyum

Tablo 3’te yer alan “Prototip Cizim Siirecinde Bireysel ve Ortak Yaklagimlar” temasi ile ilgili
bulgulara bakildiginda birinci tasarim donglisliniin prototip ¢izim asamasinda Ogretmen
adaylari, grupga karar verilen tasarimin gelistirilmesine uygun olan ve olmayan bireysel
cizimlerinin oldugu belirtilerek, ortak grup karari ile prototip ¢izimi sayisinin az oldugu ifade
edilmistir. Bununla birlikte baz1 6grencilerin grup ciziminden vazgegerek tek baslarina ayri
cizimler yapmaya basladiklari i¢in is birliginin bozuldugu durumlara rastlandig1 goézlenmistir.

Bu durumu OA2 yapilan goriismede, ““Cizimlerde basarili olduklar: séylenemez fakat ¢izimi yapmaya
gayret edenler kadar hemen pes edenlerde oldu. Bazilar: gruptan bagimsiz sadece tek basina ¢izim yapmaya
calistyordu buda grupla is birligini bozuyordu.” sekilde ifade etmistir.

Ikinci tasarim dongiisiinde, ogrenciler smf ortaminda bireysel prototip ¢izimi
gerceklestirdikten sonra gruplarla ortak prototip ¢izimi ger¢eklestirmistir. Bunu yaparken ¢ogu
grubun bireysel c¢izimlerden esinlendikleri onlardan birini se¢cme egiliminde olduklari
goriilmiistiir. Buna ragmen grup ¢izimi konusunda daha uyumlu olduklar ifade edilmistir. Bu
tasarim slirecinde Onceki tasarima gore prototipten bagimsiz tasarim yapan grup sayisinda
azalma oldugu belirtilmistir. Ayrica bu problem durumunda 6grencilerin gruplardaki aktiflik
orani, projeye duyulan 6zen ve ilgilerinin arttig1 gdzlenmistir. Ogrencilerin bir 6nceki ¢izim
stirecine gore ¢izimlerinde detaylarin yer aldig1 da vurgulanmustir.

OAG6 ile yapilan goriismede, “Baslarda herkes yaraticihgr kullanarak bir ¢izim yapti. Daha sonra gerekli
agiklamalar yapildiktan sonra her grup kendi fikirlerini ortaya koymaya ¢alisti ve ortak bir grup ¢izimi yapildi.
Grup adi, kisilerin adi ve tarih atildr prototip ¢izimine. Kim hangi fikri belirtmigse ¢izim konusunda ¢izimin

yapildigi kissmlara yazildi.” ifadesini agiklamistir.

Ucgiincii tasarim dongiisiinde, 6grencilerin bireysel ve grup prototip cizimleri gergeklestirilirken
probleme uygun bir icerik hazirlamakta zorlandiklar1 belirtilmistir. Gruptaki &grencilerin
birbirine benzer igerikte ¢izimler yaptigma vurgu yapilmistir. Ogrencilerin su ¢arkinin ¢alisma
mekanizmasint anlamakta zorluk yasadiklari i¢in konu alan bilgileri eksik kalmis ve dolayistyla
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prototip ¢iziminde zorlandiklar1 gdzlenmistir. Ozellikle motorsuz enerji iireten bir su ¢arkinin
nasil yapilacagi konusunda bilgi eksikligi oldugunu ve bu c¢arkin somutlastirilamadan yanlis
cizimler ve iiriinler olusturduklari tespit edilmistir. Ogretmen adaylar1 bu asamada, dgrencilerin
kazanimlarla ilgili hazirbulunusluklarinin dikkate alinarak daha detayli ve agiklayici somut
materyallerden yararlanilmasi fikrinin benzer sorunlarin 6niine gecebilecegini ifade etmistir.

Bu goriis ile ilgili 6gretmen adaylarinin OA2 benzer sekilde “Bireysel olarak iyi tasarimlar yapan
ogrencilerin  yaminda ¢ogunun konunun zorlugundan dolayr ¢ok fazla anlayamadiklarini ve bunu
somutlagtirmadiklarimin farkina vardim ayrica onlarin hazirbulunusluklar: cark yapma konusunda yeterli degildi

ve konunun karmasik olmast anlamalarim zorlastirdr.” goriigiini agiklamistir.

Birinci tasarim donglisiinde 6grencilerin ¢ogunlugu daha ¢ok bireysel ¢izim yaparak grup
etkilesimini gdz ard1 etmistir. Ikinci tasarim dongiisiinde bireysel ¢izimlerle birlikte ortak ¢izim
stirecinde gelismeler gozlenmistir. Ancak iiglincii tasarim siirecinde tasarlanacak iirlin ile ilgili
konunun anlasilamamasi ve somutlastirllamamasi1 gibi sebeplerden dolay1 genel olarak
zorlanmalar yaganmustir. Genel olarak bu tasarim dongiisiinde bireysel ve grupla prototip ¢izimi
pedagojik ac¢idan incelendiginde, bireysel ¢izimler grup dinamigini ve is birligini etkilemistir.
Bireysel ¢izimler 6grencilerin bireysel fikirlerini agiklamalarina firsat tanimig ancak grup i¢i is
birligini zayiflatabilmistir. Grup ¢izimleri ise 68rencilerin birlikte ortak bir hedefe ulagsmak icin
calismalarini saglamis ve is birligi becerilerini gelistirmistir.

3.3. Tasarimin Uygulanmasi ve Test Edilmesi

Bu béliimde 6grencilerin mithendislik tasarim dongi siirecindeki ¢izilen prototiplere uygun
olarak tasarlanan iirlinlin olusturulmasi, ¢oziimleri test etmek ve degerlendirmek, ¢oziim
iletisimi, yeniden tasarlamak/revize etmek, kararin tamamlanmasi ve test edilmesi siireci Tablo
4’te degerlendirilmistir.

Tablo 4. Tasarim Uygulama Stireci

Tema: Tasarim Uygulama Siirecinde Ogrenci Deneyimleri ve Sorun Cézme Yaklasimlari

Tasarim No Kategori Kod
Tasarim 1 Uygulama siiresi Ek malzeme
Malzeme Kullanimi Kritere uygun olmayan kullanim
Tasarimin sunumu Hesaplamada hata
STEM disiplinlerine yer vermeme
Tasarim 2 Uygulama siiresi Uygun
Malzeme Kullanimi Tasarruf
Tasarimin sunumu Etkili
Asamalara uygunluk
Kriterler
Sunum
Test etme
Disiplinler aras1 yaklagim
Tasarim 3 Uygulama siiresi Bilingsiz kullanim
Malzeme Kullanimi Aksaklik
Tasarimin sunumu Coziim odagi

Hatalan fark etme

Tablo 4’te yer alan “Tasarim Uygulama Siirecinde Ogrenci Deneyimleri ve Sorun C6zme
Yaklagimlar1” ile ilgili bulgularda, birinci tasarim dongiisiiniin uygulama agamasinda 6gretmen
adaylari, kararlagtirilan ortak ¢6zlim Onerisi ve buna uygun hazirlanan prototiplerden sonra
ogrencilere verilen malzemelerle tasarimlarini olusturmalarinin yaklasik 40-50 dakika siirdiigii
belirtmistir. Ogrencilere malzemeler dnceden verilmesine ragmen ek malzeme talep eden grup
sayisinin olduk¢a fazla oldugu ifade edilmistir. Tasarim sunumlarinda siniftaki 6grencilerle

15



Ayaz ve Yilmaz PAUEFD, 66, 1-29 [2026]

birlikte liretilen tasarimin problemin kriterlerine uygunlugunun test edildigi ve bir¢ok tasarimin
revize edilmesi gerektigine karar verildigi belirtilmistir. Bu dongiide, tasarim sunum siirecinde
STEM disiplinlerine yeterince yer verilmemesi ve malzeme kullaniminda yapilan hesaplama
hatalar1 gibi sorunla 6n plandadir. Bu sorunlarin ¢6zlimii i¢in 6grencilere, STEM disiplinlerinin
tasarim stirecindeki rolii hakkinda ek bilgiler verilerek rehberlik saglanabilir. Tasarim kriterleri
daha acik sekilde tanimlanarak nasil uygulanacagma dair ayrintili bilgiler sunulabilir.
Malzemelerin nasil kullanilacagi konusunda daha fazla rehberlik edilerek bunu verimli kilacak
stratejiler 6gretilmelidir.

OA3 bir gbzlem notunda; “Bir ders saati icerisinde tamamladilar. Basta ¢izdikleri prototipe uygun hareket
edilemedi.” seklinde agiklamada bulunmustur. Ogretmen aday1 gozlemi ile ilgili yaptig
aciklamada, “38 kisilik siniftaki 6grencilerin birinci tasarum dongiisiinde, 6grencilerin %60t ek malzeme talep
ettigi, %40 n basta ¢izdikleri prototipe uymadigini belirtmistir. Ayrica 6grencilerin biiyiik bir kismi, daha énce
benzer projelerde yer almadigini ve malzeme yénetimi konusunda yeterli bilgive sahip olmadiklarin” ifade
etmigtir.

Ikinci tasarim dongiisiinde, gruplarin tasarim dongiisii asamalarina uyarak karar verilen
prototipi iiretmeye calistiklart belirtilmistir. Ayrica bu dongiide farkli olarak 6grencilerin kendi
getirdikleri malzemelere gore ¢oziim Onerileri diislinlip buna uygun prototip cizdikleri ifade
edilmistir. Ogrencilerin malzemeleri uygun ve tasarruflu bir sekilde kullandig1 gdzlenmistir.
Tasarimlar sunulurken problemin kriterlerine uygun dretilip iiretilmedigi vurgulanmistir.
Ogrencilerin sunum sirasinda gizimlerini sinifa géstererek kullanilan malzemelerin neler
oldugu, nasil kullanildigindan ve islevinden bahsettikleri ifade edilmistir. Ayrica 6grencilerin
tasarimin 6zelliklerinin konu ile baglantisi iizerinde durduklari, geometriden, matematikten, fen
bilgisinden nasil yaralandiklarini ifade ettikleri goriilmiistiir. Dikkat ¢eken bir aciklamada
tasarim fikrinin gelistirilmesinde her 6grencinin hangi fikrinden yararlanildiginin belirtilmesi
olmustur.

OA4 “Benim bugiin gézlemledigim dért kisiden olusan gruptaki égrenciler kendi aralarinda tasarim nasil
olusturmalary gerektigini tartisti. Materyal yapilisi esnasinda alinan bazi kararlardan vazgegip baska karara
vardiklarini gozlemledim. Genel olarak égrenciler arasinda is birligi yapildigim séyleyebilirim.” seklinde bir
goriis belirtmistir. Ogretmen aday1 bu gdzlemle ilgili yaptig1 agiklamada yaklasik on dakika
boyunca 6grencilerin ortak karar verme konusunda aralarinda tartistigini belirtmistir.

Bu dongtide 6nceki siirecte karsilagilan sorunlar1 gidermek i¢in birinci dongii sonunda 6neriler
dikkate almarak ders siireci revize edilmistir. Ozellikle 6grencilerin kendi belirledikleri ve
getirdikleri malzemelerle c¢izdikleri prototiplerin ve iiriin siirecinin daha etkili oldugu
goriilmiistiir. Ogrenciler malzemeleri tasarruflu ve uygun sekilde kullanmis, tasarimlarini
sunarken STEM disiplinlerine vurgu yapmustir. Yani 6grencilerin is birligi icinde daha etkili ve
asamalara uygun tasarimlar {rettikleri yorumunda bulunulabilir. Son tasarim dongiisiinde,
iiretilen tasarimin uygulanmasi ve sunulmasi yaklasik iki ders saatinde gerceklesmistir. Bu
tasarimda Ogrencilerin belirlenen problem durumuna uygun ¢6ziim Onerisi liretmekte
zorlandiklarma dikkat cekilmistir. Ogrencilerin bir ¢arkin calisma prensibinin ne oldugu
konusunda uzlastya varmalar1 epey zaman almistir. Ayrica malzeme kullaniminda 6lgiisiiz
davrandiklar1 goriilmiistii. Bununla birlikte 6grencilerin tasarim siirecindeki eksiklikleri daha
hizli bir sekilde fark ederek ¢6ziime odakli konusmalar gerceklestirdikleri de ifade edilmistir.
Ogrencilerin tasarimlarini sunarken problemin icinde yer alan kriterleri dikkate aldiklar dikkat
¢eken durumlardan biri olmustur.

OA2 bununla ilgili gézlem notunu: “Tasarim sunumunda heyecanhydilar. En dogru sekilde aktarmaya
calistilar. Projelerinin dlgiitlere uygun oldugu vurgulamaya ¢alisarak dogru adimlar attiklarini aktarmaya
galistilar. Sunum konusunda pek hata gozlemlemedim sadece siire yetersizliginden dolayr hizli ilerlemek
durumunda kaldik.” seklinde agiklayarak “Bu gozlemden sonra dgretmen adayr sunum yaparken on farkl grup
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icin bir ders siiresinin yeterli stire kalmadigini, bazi gruplarin teneffiiste de devam ettigini ama bu konuda oldukca
istekli olduklarin:” ifade etmistir.

Genel olarak ii¢ tasarim dongiisii boyunca, 6grencilerin bireysel ve grup prototip ¢izimlerinde
yasadiklar1 zorluklar ve is birligi siireclerindeki degisimler olumlu yonde olmustur. Ug tasarim
dongiisii siiresince 0grencilerin problem ¢ézme ve is birligi becerilerinde belirgin gelismeler
gdzlenmistir. Ik déngiide, 6grenciler malzeme kullanimi ve is birligi konusunda bazi zorluklar
yasasalar da ikinci dongiide 6grenciler daha uyumlu ¢alismis ve malzemeleri daha verimli
kullandiklar1 goriilmiistiir. Ugiincii dongiide ise, 6grenciler su ¢arkinin ¢alisma prensibini
anlamakta zorlanmistir fakat eksiklikleri hizli fark ederek ¢oziime odaklanmislardir. Kisacasi
bu siirecin 6grencilerin grup dinamigi olusturma, is birligi ve problem ¢6zme becerilerine katk1
sagladigi yorumu yapilabilir. Ancak siiregte karsilagilan sorunlarin olugsmasinda tasarim
kriterlerine uygun ¢alismanin zorlugu(6grenciler kriterleri dikkate almadan sonuca odaklandigi,
kriterlerin ne anlama geldigini ve neden oOnemli oldugu bilincine sahip olmadiklari
malzeme yonetimi ve planlama becerilerinin yetersizligi (malzeme se¢iminde dikkatsizlik,
kriterlere uygun olamayan tercihler, matematiksel hesaplamalara dikkat edilmeden kullanilan
materyaller ve ¢izim icin gerekli olan materyallerini kullanmama) gibi sebepler gosterilebilir.
Bu sorunlar1 gidermek i¢in Ogretmen adaylar1 ders imecesi yOntemiyle revizyonlar
gerceklestirilmeye calismistir.

3.4. Tasarimin Uygulanmasi ve Test Edilmesi

Bu béliimde 6grencilerin, mithendislik tasarim dongii siireclerinde karsilagilan sorunlar Tablo
5’te degerlendirilmistir.

Tablo 5. Karsilasilan Sorunlar

Tema: Tasarim Siirecinde Karsilasilan Bireysel, Grup ve Cevresel Giicliikler

Tasarim No Kategori Kod
Tasarim 1 Prototipe uygunluk Fikirlerde uzlagamama
Kriterlere uygunluk Farkli fikirler
Malzeme kullanimi1 Ayri kararlar
Grup ¢alismasina baglilik Bagimsizlik
STEM disiplinlerine yer vermeme
Matematiksel giicliik
Tasarim 2 Farkli gortislerin varligi Kalabalik sinif
Fikirlerin benzerlik durumu Giirtltii
Cizim siireci Siralarin yakinlhigi
Sinif mevcudu Cizimlerde zorluk
Hayal kiriklig1
Diizensiz simif
Tasarim 3 Kriterlere uygun Benzer fikirler

Cizimlerin uygunlugu
Tasarimin transferi
Etkili iletisim
Fiziksel sartlar

Kriteri dikkate almama
Zorlanma
Somutlagtirmama
Kalabalik

Gurilti

Iletisim

Tablo 5 incelendiginde, “Tasarim Siirecinde Karsilasilan Bireysel, Grup ve Cevresel
Gicliikler” temasinda birinci tasarim donglistinde karsilagilan sorunlarda 6gretmen adaylari,
ogrencilerin ortak ¢6ziime karar verilmesinde ve grup prototiplerinin olusturulmasinda fikir
ayriliklarin, bagimsiz karar alma, STEM disiplinlerine yer verilmeden ¢6ziim iretilme gibi
sorunlarin siklikla yasandigi belirtilerek {iretilen tasarimlarin bir¢ogunun basta cizilen
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prototiple uyumlu olmadigi ifade edilmistir. Ayrica 6grencilerin problemin ¢6ziimii i¢in istenen
kriterlerde verilen malzemeleri hesaplamada sorunlar yasadigi ve matematiksel diisiinme
siireclerinde sikint1 yasadiklari igin ek malzeme istedikleri belirtilmistir. Ogretmen adaylari
yasanan bu sorunlarla ilgili yaptiklar1 toplantilarda siirecin yeni olmasi ve 6grencilerin tasarim
dongii asamalarina dikkat etmeden sonug¢ odakli davranmalarinin zamanla asilacagi kanaatine
varmiglardir. Bu durumlar degistirmek i¢in ders plani revize edilerek siirece devam edilmistir.

Ikinci tasarim dongiisiinde dnceki siirecte yasanan sorunlar azalmakla birlikte en ¢ok dikkat
ceken sorunlarin grup igerisinde farkli fikirlerin mevcut olmasinin asil ¢ézliim onerisine karar
vermede zorluk yasanmasina neden oldugu ifade edilmistir. Benzeri durumun 6grencilerin
¢izim agsamasinda zorlanmasina ve sikilmasina neden oldugu agiklanmistir. Bu durumun
yasanmasinda siif mevcudunun kalabalik ve sinif fiziksel ortaminin uygun olmamasindan
dolayr kiime caligmasi i¢in hazirlanan sira diizeninde Ogrencilerin fikirler konusunda
birbirinden esinlenebilmesini kolaylastirdig1 yorumunda bulunulabilir.

Bu durumla ilgili OA1 “Bu siirecte karsilasilan sorunlar, gecen hafia oldugu gibi sinifin kalabalik olmas ve
dolayiswyla etkili iletisimin olamamast, yapilmasi istenilen tasarimin yeterince agiklanmamast veya égrencilerin
anlayamamasi veya bu tiir projelere yabanci olmalari.” seklinde goriigiinii aciklamistir.

Ugiincii tasarim dongiisiinde, bu tasarmm siirecinde de smifin fiziksel durumu ve smiflarin
kalabalik olmasi smif yonetimi agisindan olumsuzluklar barindirdig: ifade edilmistir. Tasarim
siirecinde Ozellikle ¢izim asamasinda bireysel ¢izimlerde ¢ok g¢esitlilik saglanamamis
ogrencilerin birbirinin fikirlerinden esinlendikleri goriilmiistiir. Ogrencilerin yapilan gizimlerin
de uygulamada nasil hayata gegirilecegi kisminda zorlandiklari goriilmiistiir. Ayrica
Ogrencilerin prototip ¢izimi, {irlin taslagini elde etme ve malzeme belirleme asamalarinda
birtakim sikintilar yasadigi belirtilmistir. Ozetle, konunun bircok o6grenci tarafindan
anlagilmamasi ve zor bulunmasi tasarimin somutlastirilmasini giiglestirdigi diistintilmektedir.
Genel olarak karsilasilan sorunlar onceki siireglerdeki tecriibelerden yararlanilarak asilmaya
calisilmigtir. Ancak STEM egitim siirecinin okullarimizda ve siniflarimizda fiziki sartlar, sinif
mevecutlari, siifin sira diizeni, ayrilan zaman, 6grenci ve 6gretmen hazirbulunuslugu, 6grenci
gelisim ozellikleri, konunun igerigi, 6gretmen ve dgrencinin konu ve alan bilgi diizeyi gibi
bircok durumla baglantis1 bulunmaktadir. Ozellikle 21. Yiizyil egitim yaklasimima uygun olan
bu yaklagimin gergek siniflarda hayat bulabilmesi icin karsilasin bu durumlar arastirmacilara
yol gosterebilir.

3.5. Tasarimin Uygulanmasi ve Test Edilmesi

Bu boliimde 6grencilerin, miithendislik tasarim dongiisiinde stireci ile ilgili oneriler Tablo 6’da
degerlendirilmistir.

Tablo 6. Siireg ile ilgili Oneriler

Tema: Siire¢ Yoénetimi, Katilim ve Uygulanabilirlik Agisindan Oneriler

Tasarim No Kategori Kod
Tasarim 1 MTTFO asamalarinin sirasi Tasarim asamalarina uyumsuzluk
Kritere uygun Malzeme se¢imi Bilgi eksikligi
Isbirlik¢i Katilim Isbirligi
Ortak Coziim Siireci Kritere uygunluk
Tasarimin Bi¢im Algisi Malzeme durumu
Cizim Asamasi Bi¢im kaygisi
Amag
Uygunluk
Katilim

Cizim agamast
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Tablo 6. Siirec ile ilgili Oneriler (devami)

Tasarim No Kategori Kod
Tasarim 2 Fiziksel durum Oturma diizeni
STEM disiplinleri vurgusu Sinif kontrolii
Cizim siireci detaylar1 STEM disiplinleri
Siire¢ kontrolii Cizime uyma
Siif yonetimi Farkl fikirlere
Saygi1
Yaraticilik
Ozgiinliik
Bireysel aktiflik
Grup dinamigi
Tasarim 3 Kazanim igerigi Pratiklik
Problemin anlagilmasi Uygulanabilirlik
Miihendislik siireci Amag
Derslerle baglanti Calisabilirlik

Diger derslerde aktarma
Kapsamli anlatim
Urlin iiretme

Tablo 6°da yer alan “Siire¢ Y6netimi, Katilim ve Uygulanabilirlik Agisindan Oneriler” temasi
incelendiginde, birinci tasarim dongiisii ile ilgili 6gretmen adaylarmin Onerilerinde, ilkokul
ogrencilerin MTTOS asamalarina dikkat etmesi gerektigi 6zellikle prototip ¢izimi asamasindan
sonra tasarim uygulama asamasina gecilmesi gerektigi belirtilmistir. Bireysel fikirlerin ve
¢izimlerin ardindan grup karari ve grup c¢iziminin oldukc¢a onemli oldugu vurgulanmistir.
Isbirlik¢i katilim saglanarak problemlerin ¢dziilmesi gerektigi belirtilmistir. Ogrencilerin
problemin kriterlerinde bicim kaygis1 yasadiklari ozellikle birinci problem durumunda
yapilacak olan kulelerin estetik olmasina dikkat ettikleri ancak dayaniklilik ve kulenin katsay1s1
gibi kriterlere dikkat etmedikleri gozlenmistir. Bu sebeple problemin amacinin anlagilmasi
gerektigi ifade edilmistir. Cizim konusunda zorlanan Ogrenciler i¢in ek c¢izim o6devleri
verilebilecegi de onerilmistir

Ikinci tasarim dongiisiinde, sinif ydnetiminin saglanmasinda zorluk yasadig1 i¢in sinif meveudu
ve oturma diizenine ydnelik bir diizenleme yapilabilecegini belirtilmistir. STEM
disiplinlilerinden yararlanma siirecinin daha ¢ok on plana c¢ikarilabilecegi ifade edilmistir.
Bunun i¢in Ogrencilerin matematik, fen ve geometrinin hangi kisimlarda kullanildiginin
farkinda olmalar1 saglanabilecegi onerilmistir. Ozellikle gruplarin karar verdikleri prototip
¢izimine siire¢ sonuna kadar sadik kalmalarma 6zen gostermeleri ve farkli bakis agilar
kazanmalarina destek verilmesi gerektigi belirtilmistir. Cizim asamasinda ise daha 6zgiin,
yaratict olmalarmi saglamali ve tiim bireylerin isin icine dahil edilmesi gerektigi ifade
edilmistir. Ayrica 6grencilerin duygularini ve hayal giiclinii kullanarak ¢izimini yaptiktan daha
sonra buna uygun malzeme secerek tasarimi gergeklestirmeleri gerektigi de 6nerilmistir.

Bu durumu OAL1 yapilan goriismede su sekilde ifade etmistir: “Ortak bir portatif cizmelerine, bu
portatif dogrultusunda ¢alismalarint yapmalar: ve grup halinde isbirlikli olarak ¢calismalari gerektigi konusu
iizerinde durulmalidir.”

Ucgiincii tasarim ddngiisiinde, bu ve benzeri uygulamalarin daha anlasilabilir olmasi igin diger
derslerle biitiinlestirilip uygulama sayilarmin artirilmasi gerektigi ifade edilmistir. Yapilacak
olan proje igerikli derslerde konunun daha kapsamli ve ayrintili bir sekilde Ogrenciye
aktarilmasi gerektigi belirtilmistir. Tasarimlarin kriterlere uygun olarak iretilip ¢alisabilir
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olmasina 6zellikle dikkat edilip buna gore siire¢ yonetimi belirlenmesi ve daha genis iceriklerde
daha genis siirelerde ele alinmasi gerektigi ifade edilmistir.

Genel olarak 6gretmen adaylarinin yansitici giinliikkleri ve gézlem notlarindan derlenen bazi
ifadeler su sekildedir:

0A1 “Ogrencilerin STEM uygulamalarina olan ilgileri ashnda bircok derste bu uygulamalar
kullanmilarak ogrenciyi daha aktif kilarak, yaparak yasayarak égrenecegi ortam olusturarak kalici
ogrenmelerin gerceklesebilecegi konusunda bilgi sahibi olduk. Derslerde STEM uygulamalarini
kullanmak insanin ufkunu agiyor, ders anlatirken tek bir yontemin olmadigini 6gretmis oluyor.”

OA3 “Bence STEM c¢ok fayda saglayan cok yonlii gelismeyi saglayan bir ¢alisma fakat bizim
ilgilendigimiz grup ilkokul dordiincii sinif oldugu icin bence yeterli beceriye sahip olmamak ve gelisimleri
¢ok iyi olmadig icin onlar i¢in zor oldugunu diigiintiyorum. Ama gézlemlerimize gore énceden diigiinme
konusunda ¢ok fazla fikirler iiretemeyen, ¢izimler konusunda vasat olan, uygulama agsamasinda hemen
cabucak pes eden, isbirlikli ¢alisamayan siirekli benim dedigim olacak diyen bir sinif grubuyla
karsilagmistik bu zamanla ¢ok degisti.”

0A6 “Ogrencilere ilk hafta STEM’in matematik, fen, miihendislik, geometri vb. ¢calisma alanlarinin
birlikte kullanan bir teknik oldugunu ogrendiklerinde sasirdilar, nasil yapilacagint merak ettiler. STEM
calismalarina baslandiginda en ¢ok zorlanilan siire¢ ¢izim asamasinda gerceklesti. Ogrenciler bu siirecte
stkildilar, ¢izim yapmak istemediler, kopya c¢ektiler, bireysel calismalarini grup c¢alismasi olarak
sectiler.”

OA2 “Her hafia farkl farklh arkadaslar anlatimi gerceklestirdi ve bizlerde her calisma sonrasi
incelemenizi raporlastirip hocamiza yolladik bunlari ¢ok iyi gézlemleyebilme firsatina sahip olduk nasil
mi; mesela ¢izimler ilk giinden bu zamana degin ¢ok iyi diizeye geldi artik ¢izimler iizerine ne yapmak
istedigini yazan maliyetine kadar hesaplayan bir boyuta ulasmisti, hemen yapamayacagini anlayip pes
eden gruplara sagladigimiz moral motive ve onlarinda diger arkadaslarmin ¢alismalarini goére gore pes
etmemek gerektigini fark etmistim.”
Uciincii tasarim dongiisiinde, 6grencilerin verilen problem durumuna uygun ¢dziim onerisi
tiretirken zorlandiklari, 6zellikle su ¢arkinin ¢alisma prensibini anlamakta gii¢liik ¢ektikleri ve
malzeme kullaniminda matematiksel hesaplamalar1 dikkate almayarak 6l¢iisiiz davrandiklar
gorililmiistiir. Ancak, 6grenciler tasarim siirecindeki eksiklikleri daha hizli fark ettikleri, ¢6ziime
odaklanarak tasarimlarini sunarken problemin kriterlerine dikkat ettikleri gozlenmistir. Bu
dongiide, STEM egitiminin diger derslerle biitlinlestirilip uygulama sayilarmin artirilmasi
gerektigi ve tasarimlarin kriterlere uygun olarak iiretilip ¢alisabilir olmasina 6zellikle dikkat
edilmesi gerektigi agia ¢ikmistir. Bu ¢alisma kapsaminda siirecin baginda; 6grencilerin biiyiik
cogunlugunun miihendislik siirecine aliskin olmadigi, STEM disiplinlerinin ve kazanimlarini
dikkate almayarak, ¢izim asamasii atlayarak, bagimsiz kararlar alarak grup dinamigini
Oonemsemeden bir an Once iirlinli olusturmaya calistiklar1 egilimleri dikkat cekmekteydi. Ancak
siirecin sonuna dogru bu egilimler azalarak devam etse de 6grencilerde miihendislik tasarim
siireci asamalarinin onemi konusunda farkindalig arttig1 sdylemek miimkiindiir. Ogrencilerin
STEM egitim ve MTTOS ile ilgili yeterlik ve farkindaliklarmi artirmak igin 8gretmen/dgretmen
adaylarinin siirekli sekilde mesleki gelisim egitimleriyle desteklenmesi gerekir. Diger derslerle
STEM disiplinlerinin bilingli sekilde biitiinlestirilmesi saglanarak is birlik¢i 6grenme ortamlari
tasarlanmalidir. Ayrica, proje tabanl 6grenme modelleri kullanilmalidir.

4. Sonuc ve Tartisma

Diinya genelinde STEM egitim yaklasimina artan yogun ilginin yani sira bu egitim icin gerekli
olan dgretim programinin nasil oldugu ve 6grenciler i¢in ne ifade ettigi belirsizdir. Egitimcilerin
STEM egitimini gergeklestirmek icin nasil desteklenecegine yonelik caligsmalara ihtiyag
bulunmaktadir (Holmlund vd., 2018). STEM egitim siirecinin 6nemli bir kismini1 olusturan
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tasarim temelli 6grenme (Design-Based Learning [DBL]) etkinliklerinin 6grenci basarisini
artirdig1 bilinmektedir. Ancak 6grencilerin bu 6grenmeleri diger disiplinlerdeki kazananimlar
aktarmada neler yapabilecegi ile ilgili caligmalara ihtiya¢ bulunmaktadir (Delen ve Sen, 2023).
STEM egitimini planlarken kolektif anlamlandirma ve profesyonel diyaloglarin olmasi
onerilmektedir (Holmlund vd., 2018). Bu ¢alismada da dgretmen adaylarinca ders imecesi
yonteminden yararlanarak STEM egitim siire¢lerinin ilkokul dordiincii sinmif fen bilimleri
dersinde Ogrencilerle uygulanmasi sonucunda elde edilen gbézlem ve goriisme bulgulari
degerlendirilmistir. Bu kapsamda elde edilen bulgulara gore calisma sonuglar1 su sekilde
agiklanabilir:

Miihendislik tasarim temelli 6grenmeler ile 6grenciler, giinliikk yasamlarinda karsilagtiklari
problemlere farkli ¢6zlimler lireterek miihendis gibi diisiinerek ¢oziim iiretmekte ve kriterlere
uygun tasarim yapma arayisindadir. Bu arastirma sonuglari; problemin belirlenmesi, problemle
ilgili aragtirma yapilmasi, olasi ¢ozliimler {iretilmesi ve en iyi ¢oziime karar verilmesi
siireclerinde ilkokul Ogrencilerinin isbirlikli calismasinda oOnemli ilerleme kaydedilmis
oldugunu ayrica 6grencilerin grup ici etkilesimleri ve problem ¢6zme becerilerini giderek daha
etkili kullanmaya basladiklarin1 kanitlamistir. Anwari ve digerlerinin (2015) STEM egitiminin
ogrencilere iist bilissel diistinmeleri gelistirmek i¢in firsat sundugunu belirtmesi bu sonucu
destekle niteliktedir. Buna ek olarak STEM egitimi ile smifta farkli disiplin entegrasyonlarinin
anlasilmasini saglayarak fen bilimlerine karst olumlu tutum gelistirmelerine yardimci
olabilecegini belirtmistir. Hynes ve digerleri (2011), miihendislik tasarim siirecinin bir sey insa
etmekten ziyade sorunlara kaliteli ¢oziimler lireterek tirlin gelistirmelerini amaglamak oldugunu
belirtmistir. Bu amaci1 gergeklestirirken etkili karar verebilmek icin diisiincelerin organize
dilmesi gerektigini ifade etmistir. Bu arastirmada da uygulamalarin benzer sekilde 6grencilerde
bilin¢li iiretkenlik anlayisini1 ve farkli fikirlere saygi duymay1 gelistirdigi diisiiniilmektedir.
Adair (2000) karar vermek i¢in problem ile ilgili bilgilerin toplanmasi, alternatif seceneklerin
belirlenmesi bu segenekler arasindan en uygun olaninin secilmesi ve uygulanmasi gibi
asamalardan bahsetmektedir. Etkili karar verme siireci icin etkinliklerin buna uygun
tasarlanmasi gerektigini belirtmistir. Bu tasarim siirecinde de her asamada oldugu gibi ders
imecesi yonteminden yararlanilarak G6grencilerin karar verme siiregleri desteklenmistir ve
ogrencilerde olumlu yonde degisen bu durumlarda 6gretim siirecini iyilestirmek ve gelistirmek
icin 68retmen adaylar siirekli olarak ihtiya¢ analizinde bulunmustur. Takahashi ve McDougal
(2016), ders imecesi ile isbirlik¢i ders arastirmalarinin 6gretmen ihtiyaclarina uygun oldugunu,
okullarda matematik 6grenimini iyilestirmek icin olduk¢a 6nemli bir mesleki gelisim yolu
haline gelebilecegini aciklamasi bu yontemin etkililigini giliclendiren bir ifade olarak ele
aliabilir.

Aragtirma sonuglarinda, ogrencilerin ortak karar verme asamasindan sonra ortak ¢oziim
kararina uygun bireysel ve grup fikrine uygun prototip ¢izimleri gergeklestirmeleri
beklenmektir. Buna uygun olarak {i¢ dongii siireci incelendiginde bu yaklasimin ikinci tasarim
stirecinden itibaren olugsmaya basladig1 gozlenmistir. Ortak ¢oziimii belirlerken diger fikirlere
saygiyla yaklasip grup dinamigini kurmaya 6zen gosterdikleri gozlenmistir. Bu duruma ders
imecesi ile siire¢ degerlendirmenin katki sagladigi diisiiniilmektedir. Ancak tasarim goérevinde
Ogrenciler, konu bilgisinde karmasa yasadiklar1 ve {iretecekleri tasarimin calisma
mekanizmasini anlayamadiklari i¢in ¢izim asamasinda zorlandig1 gozlenmistir. Yani, prototip
cizimlerinde siirec, teknik ve alan bilgisinin dnemi aciga ¢ikmustir. Ozellikle smifin fiziksel
durumu, smiflarin kalabalik olmasi ve materyal eksiklileri smif yoOnetimi agisindan
olumsuzluklar barindirdig1 ifade edilmistir. Siit¢li ve digerleri (2023) de ¢alismasinda temel
egitim Ogretmenleri, STEM egitiminin siiflarin kalabalik olmasi, materyal eksikligi gibi
sebeplerden dolay1 siniflarda uygulanmasinin zor oldugunu belirtmistir. Sinifin fiziksel
ozellikleri (hareket alaninin darligi, mevcudun kalabalik olmas1) 6grencilerin rahat calismasina
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engel olmustur. Materyal eksiklikleri (iiriiniin ¢izimi i¢in gerekli olan sablon, teknik ¢izim
araclari, cetvel kullanilmamasi) prototip ¢izimlerini sinirlamistir. Aragtirma boyunca 6gretmen
adaylar1 ders imecesi yonteminden yararlanarak haftalik degerlendirmelerde ac¢iga ¢ikan bu
sorunlar1 ¢6zmek i¢in bazi miidahalelerde bulunmustur. Bunlar; 6grencilere belirli bir zaman
ve alan verilerek daha kontrollii bir ortam olusturmak, kiigiik grup calismalarini tesvik etmek,
materyal eksikliklerini gidermek i¢in hali hazirda olan kaynaklar1 daha etkili kullanmak gibi
yonlendirmelerden olugsmaktadir.

Aragtirmanin tasarimlarin uygulanmasi1 ve test edilmesi siireci ile ilgili sonuglari
incelendiginde, O6grencilerin siirece uyumunda eksiklikler olduguna dikkat cekilerek bazi
Ogrencilerin derslere 6nem vermedigi ve plansiz olduklar1 goriilmiistiir. Paskach ve digerleri
(2017), ogrencilerin miihendisligin temel bilesenlerine asina olmadiklarini ve bazi zorluklar
yasadiklarini belirtmistir. Bu calismadaki zorluklarin sebebi de benzer sekilde miihendislik
temel bilesenlerinin bilinmemesinden kaynaklanabilir. Ayrica bu calismada fiziki sartlar ve
sinif mevcutlart uygulamalarin gergeklestirilmesinde sikintilara yol agmistir. Bununla birlikte
derslerin kazanimlarina uyum saglama konusunda Ogrencilerin zorlandig1 6zellikle fen ve
matematik kazanimlariyla problemi biitiinlestirme kismini goz ardi etmeye ¢alistiklar
goriilmiistiir.  Disiplinler arast baglantilardan istenilen diizeyde yararlanmadiklari
diisiiniilmektedir. Ornegin, 6grencilerin problemin ¢dziimii i¢in istenen kriterlerde verilen
malzemeleri hesaplamada sorunlar yasadigi ve matematiksel diisiinme siireclerinde sikinti
yasadiklari icin ek malzeme istedikleri belirtilmistir. Syukri ve digerleri (2018), disiplinler aras1
entegrasyonun uygulanmasinda miihendislik siirecinin agamalarinin iyi bir rehber olacagini 6ne
siirmektedir. Bunun i¢in fen bilgisi 6gretiminde; sorma, hayal etme, planlama, yaratma ve
iyilestirme basamadiklarina uygun siiregte problemlerin ¢6ziimiinii kolaylastiracagini
belirtmektedir. Dolayisiyla icerikler bu adimlara gore diizenlenebilir. Ozellikle tasarimlarin
kriterlere uygun olarak iiretilme siirecine dikkat edilmelidir. Ornegin, tasarimlarda problem
kriterlerinden olan motorsuz enerjiyle calisan bir iiriin kismina odaklanmadiklar1 6zellikle
gorilmiistiir.

Siirecte karsilagilan zorluklarla ilgili sonuclarda, Bozkurt Altan ve Tan (2021) calismasinda
ortaokul 6grencileriyle tasarim odakli etkinliklerin gerceklestirildigi siniflardaki 6grencilerin
stirecte karsilastiklar1 en zorlu agamalarin ¢oziim iiretmek ve prototip ¢izmek oldugu ifade
edilmistir. Yapilan etkinlik sayisi1 arttikga Ogrencilerin prototip ¢iziminde iiretilen ¢6ziim
sayisindan ziyade probleme etkili olacak ¢dzlimii bulup ¢izim yaptiklari agiklanmistir. Benzer
sekilde Oztirk ve Korkut (2023) c¢alismasinda STEM etkinlikleri sirasinda problemi
tanimlayarak ¢6ziim gelistirme ve bunu kigida aktarmada zorluklar yalandig1 agiklanmistir.
Ayrica bu ¢aligmada 6gretmen adaylari, tasarim siirecinde 6zellikle ¢izim asamasinda bireysel
cizimlerde ¢ok cesitlilik saglanamamis Ogrencilerin birbirinin fikirlerinden esinlendikleri
goriilmiistiir. NRC (2012) miihendislik tasarim siirecinde uygun prototip ¢izimleri i¢in hayata
aktarilabilecek ekonomik temellere dayali uygulanabilir olmas1 gerektigini ifade etmektedir.
Bu calismada da prototip ¢izim siireci ve ¢izim {iriin bagdasimi konusundaki eksiklilerin bu
zaman araliginda tamamlandigi belirtilmistir. Sinif yonetiminde karsilasilan sorunlara yonelik
Ogretmen adaylarinin haftalik degerlendirmeleri sonucunda yapilan miidahalelerle olumlu sinif
ortami olusturulmaya calisilmistir. Ciinkii tasarimlarin basta ¢izilen prototiple uyumlu olmadigi
gbzlenmistir ve bu durum diizeltilmek istenmistir. MTTOS siireclerinin 6n plana ¢ikan prototip
¢izim asamasinin daha detayli olarak ele alinmasi ihtiyaci oldukg¢a aciktir. Ayrica son tasarim
siirecinde segilen konunun dgrenciler tarafindan anlasilmadig: diisiiniilmektedir. Ogrencilerin
tasarlanacak tiriin ¢iziminde ve iiretmesinde bazi zorluklar yasadiklar1 goriilmiistiir. Son tasarim
dongiisiinde aradan gecen zaman diisiiniildiigiinde 6grencilerin daha etkili bir {iriin tasarlama
siireci yapabilecekleri diistiniilmesine ragmen 6grencilerin belirli konularda sikint1 yasamasi
durumunun agiga ¢ikmasinda secilen konunun 6grenci seviyesine uygun olmadigi sonucuna
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ulasilabilir. Ogrencilerin calisan bir cark sistemini ¢izme siirecinde dzellikle bireysel ¢izimlerde
oldukca zorlandiklar1 goriilmiistiir. Berland ve digerleri (2014), 6grencilerin bir soruna birden
fazla ¢ozlim {iretmesinde matematik ve fen disiplinlerinin niteliksel ve niceliksel yonleriyle de
ilgili olacak igerikler gelistirilmesi gerektigini one siirmiistiir. Bu ¢alismadaki son tasarim
konusunun ve disiplinler arasi iliski kurulmasi durumlarinin yetersiz olmas1 6grenmelerin
yenilenmesi ile tekrar bir problem ¢6ziim siireci olusturmakla ¢o6ziilebilir. Bu durum
ogrencilerin miihendislik slirecine uyum saglamada zorluklar yasadigin1 gdsterebilir. Genel
olarak Ggrencilerin probleme uygun olacak sekilde tasarim iiretme silirecinde zamanla
ogrencilerin miihendislik silirecine uyum sagladiklari, farkli bakis acilarina gore ¢oziim
irettikleri, takim caligsmasi yaptiklari, disiplinler aras1 biitiinlestirmeyi etkili sekilde kullanmaya
basladiklar1 goriilmektedir.

Ogretmen adaylar siireg ile ilgili 6nerilerinde 6zellikle bu uygulamalarin kullanish ve smiflarda
uygulanabilir oldugu ancak 6grenci seviyeleri gz Oniine alindiginda ortaokul diizeyindeki
ogrencilerle daha saglikli sekilde yiiriitiilebilecegi diisiindiiklerini belirtmistir. Ancak ortaokul
ogrencilerinin STEM egitimine yonelik tutumlarinin incelendigi Demir ve digerleri (2021),
calismasinda ortaokul st smiflarindaki 6grencilerin tutumunun daha olumsuz oldugu da
goriilmiistiir. Dolayisiyla bu durumda dikkat edilmesi gereken 6grencilerin kiigiik yaslardan
itibaren diizeylerine uygun konularda ilgilerini ¢ekecek igeriklere yer verilmesidir. Ogrenci
seviyelerine uygunluk STEM etkinliklerinin uygulanabilirligini etkileyen 6nemli bir faktordiir.
Sonuglarda, 6grencilerin siirecin basinda 6zellikle dort disiplini bir arada nasil kullanacaklari
konusunda zorlandiklar1 ancak siire¢ sonuna dogru mithendislik tasarim asamalarin1 daha etkili
bir sekilde kullanabildikleri goriilmiistiir. Bu durumda ders imecesi ile STEM uygulamalarinin
biitiinlestirilmesi disiplinler aras1 entegrasyon sayesinde 0grencilerin 6grenmeleri daha kolay
kavramasina ve nitelikli 6grenme deneyimleri yagamasina katki saglayabilir. Cheung ve Wong
(2014) arastirmasinda ders imecesinin 6grenci Ogrenimini gelistirmeye ve Ogretmen
uygulamalarini incelemesine oldukg¢a faydali oldugu belirtilmistir. Ortaokul 6grencilerinin tist
siniflarda STEM egitimine yonelik olumsuz tutumlarinin olmasi, onlarin 6nceki 6grenim
stireclerinde STEM ile ne olctide karsilastiklar1 ve ne kadar deneyime sahip olduklari ile ilgili
olabilir. Dolayisiyla, kii¢iik yaslardan itibaren STEM odakli etkinliklerin 6grenme ortamlarinda
yer almasi 6grencilerin buna yonelik tutumlarini degistirebilir.

Uygulama siireci 0grenci gelisimleri agisindan genel olarak degerlendirildiginde su sonuglara
ulagilmistir: Bu uygulamalarin 6grencilerin bilissel, duyussal ve psikomotor alanda gelisimine
katk1 saglayan bir siirec olabilecegini diisiiniilmektedir. Ogrencilerin yaratici diisiinme, ayrmntili
diistinebilme, girisimcilik, hesaplama, tasarlama ve miihendislik, is birligi yapma ve
yardimlasma becerilerini de gelistirecegi 6ne siiriilmiistiir. Ogrencilerin tasarim siiregleri
ilerledik¢e karar verme siirecindeki grup dinamiginin artmasi ve isbirlikli ¢alismaya 6zen
gostermeleri dikkat cekmistir. Siire¢ sonuna dogru 6grencilerin igbirlik¢i davranma ve grup
etkilesimine dikkat etme gibi eylemlerinde gelismeler gézlenmistir. Dym ve digerleri (2005),
tasarim siirecinde sorgulamanin karmasik durumlarin aydinlatilmasinda is birliginin oldukca
onemli oldugunu vurgulamaktadir. Meyrick (2011) STEM egitim siirecinin, Ogrencilerin
elestirel diistinme, problem ¢6zme, is birligi gibi 21. yy becerilerine katki saglayacagini
belirtmistir. Ayrica, Ozkul ve Ozden (2025) STEM egitimine entegre miihendislik egitiminin
Ogrencilerin takim halinde is birligi i¢inde ¢alisma imkani saglayarak onlarin siire¢ i¢inde 6zgiir
ve aktif olabilecegini belirtmistir. Bu durumda arastirma siirecinde 6gretmen adaylarinin STEM
etkinlikleri yapilirken 6grencilerde miihendislik becerileri, isbirligi ve fiziksel gibi yonlerini
daha fazla gozlemledigi ancak elestirel diisiinme becerilerine daha az odaklandigi ¢ikariminda
bulunulabilir. Bununla birlikte 6gretmen adaylarmin sahip olduklari pedagojik bilgi ve
deneyimlerinin de Ogrencileri elestirel dilisinmeye yoOnlendirmede etkisinin oldugu
diisiiniilmektedir. Literatiirde de dikkat ¢ceken bir husus Yu ve digerleri (2020) tarafindan
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mithendislik tasarim siirecinde bilimsel bilginin anlamli 6grenmeler sekline doniismesinde
elestirel diisiinmenin kullanilmasinin 6nerilmesidir. Bu agidan degerlendirildiginde benzer
iceriklerde elestirel diisiinmenin 6neminin géz ard1 edilmemesi olduk¢a 6nemli olacaktir. Ders
imecesi yontemi, is birlikli 6grenme siirecinde yapilandirilmis firsatlar sunarak, teori ile
uygulama, stajyerler ile de deneyimli 6gretmenler arasinda denge kurmaya yardimci olur
(Cajkler vd., 2013). Bu ¢alismada da &gretmen adaylarinin 6grencilerin belirli beceri
alanlarindaki gelismelere odaklandigir goriilmiistiir. Ancak incelenen beceri alanlarinda da
revizyonlar yaparak bu becerilerin gelismesine katki sagladiklar1 yorumunda bulunabilir.

Sonug olarak giiniimiizde ihtiya¢ duyulan kiiresel rekabet durumu ve STEM okuryazarliginin
eksikligi K-12 diizeyinde tasarim Ogreniminin Onemini agiga c¢ikarmistir (Hsu vd., 2012)
Miihendislik tasarim yoluyla 6grenme siirecinde STEM disiplinlerinden yararlanarak Mumba
ve digerlerine (2023) gore olusturulan igeriklerin ger¢ek uygulama alanlari olan siniflarda nasil
karsilik buldugu ve bu siiregte nelerle karsilagilabilecegi merak konusuydu. Bu ¢alismada da
ders imecesi ile diizenli olarak is birligi halinde 6gretmen adaylarinca siire¢ gozlenerek ve
cesitli goriismeler yapilarak revize edilmis tasarim dongiileri incelenmis olup aciga ¢ikan
sonuglardan bahsedilmistir. Buna gore, 6gretmen egitimlerinde dgretmenlere entegre STEM
bilgi ve beceri gelistirme imkani saglanarak en iyi pedagojik yontemlerin aktariimasi
gerekmektedir (DeCoito, 2023). Yapilan bir arastirmada, az sayida 6gretmenin miihendislik
tasariminin fen bilimlerine nasil entegre edilecegi ile ilgili egitim aldig1 belirtilmistir. Ogretmen
adaylarinin miihendislik tasarim siireci ile yeni nesil bilim standartlarina uygun olarak tiniteleri
tasarlamak gerektigi ifade edilmistir (Mumba vd., 2023). Ozellikle gelecegin &gretmenleri
olacak olan Ogretmen adaylar1 ile 21. Yy. becerilerini i¢eren yenilik¢i uygulamalarin varligi
STEM egitimine yonelik olumlu tutumlarin gelismesini saglayacaktir (Buldur ve Sari, 2022).
Benzer nitelikte ¢alismalarin say1 ve niteliklerinin artirilmasi gerekmektedir. Bu agidan elde
edilen sonuclarin alana katki saglayacagi diistiniilmektedir.

5. Oneriler

Bu arastirma, miihendislik tasarim temelli O6grenme siirecinin ilkokul diizeyinde
uygulanabilirligini ortaya koyarken, siirecin dogasina bagli olarak karsilasilan bazi sinirliliklar
da agiga ¢ikarmistir. Ogrencilerin tasarim gorevinde konu bilgisini uygulamaya aktarma
siirecinde zaman zaman zorlandiklari, 6zellikle ¢izim asamasinda teknik detaylar1 kavramakta
giiclik yasadiklar1 gozlemlenmistir. Bu durum, ogrencilerin teknik bilgiye daha kolay
erisebilecegi on Ogrenme etkinliklerinin ve gorsel desteklerin siirece entegre edilmesi
gerekliligini ortaya koymaktadir. Arastirma siirecinde Ogrencilerin teknik bilgi eksikligi
nedeniyle ¢izim asamasinda zorlandiklari, konu bilgisini uygulamaya aktarmakta giicliik
yasadiklar1 gozlemlenmistir. Tasarim siirecinin her asamasinin 6grenciye acik ve anlagilir
bicimde aktarilmasi, Ozellikle ¢izim asamasina yeterli zaman ayrilmasi Onerilmektedir.
Ogrencilerle siire¢ boyunca fikir aligverisi yapilmasi, alternatif malzemelerin sunulmasi ve
¢izim araglarinin tanitilmasi siireci destekleyebilir. Bu tlir uygulamalarin erken yaslardan
itibaren yapilandirilmasi, 6grencilerin tasarim odakli diisiinme becerilerini gelistirmeye katki
saglayacaktir. Ayrica disiplinler aras1 baglantilarin kurulmasinda yasanan giicliikler, fen ve
matematik kazanimlarinin tasarima entegrasyonunda rehberlige ihtiya¢ duyuldugunu
gostermektedir. Bu nedenle, 6gretmen adaylarinin bu baglantilar1 kurma becerilerinin
gelistirilmesi ve iceriklerin sadelestirilerek uygulanabilir héle getirilmesi 6nemlidir.

Uygulama siirecinde sinif ortaminin fiziksel kosullar (kalabalik siniflar, dar alanlar, materyal
eksiklikleri) zaman zaman smif yonetimini zorlagtirmistir. Bu durum, 6gretim ortamlariin
onceden planlanmasi ve mevcut kaynaklarin daha verimli kullanilmasiyla asilabilir. Kii¢iik
grup calismalart ve alan diizenlemeleri bu siireci destekleyebilir. Tasarim siirecinde
ogrencilerin birbirinin fikirlerinden etkilenmesi, isbirliginin giiglii oldugunu gdsterirken
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bireysel yaraticiligi tesvik edecek yonlendirmelere de ihtiya¢ duyulmustur. Bazi 6grencilerin
miithendislik siirecine asinalik diizeylerinin farklilik gostermesi, siirece katilimda
dalgalanmalara neden olmustur. Bu gesitlilik, siirecin 6grenci diizeyine uygun bi¢imde
yapilandirilmasi ve rehberlik araclarinin kullanilmasiyla daha dengeli bir 6§renme ortamina
doniisebilir. Uygulama siiresinin sinirl olmasi, 6grencilerin tasarim dongiisiinii tam anlamiyla
deneyimlemelerini kisitlamistir. Gelecek arastirmalarda daha uzun siireli uygulamalara yer
verilmesi, dijital iceriklerle desteklenen etkinliklerin planlanmasi ve 6grenci goriislerine dayali
degerlendirme yapilmasi 6nerilmektedir.
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Examining the STEM Education Process Conducted through Lesson Study:
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using the lesson study method, can contribute to improving the development process Review Article
of course content. Thanks to the lesson study, teachers can make qualified lesson
planning by making observations and analysis for small groups. The use of STEM
education, which is one of the modern educational approaches, by using the lesson 02/09/2024
study method, can contribute to improving the development process of course content.
This study aims to evaluate the performance of pupils in the process of solving the life
problems they face with the STEM education approach applied in the real classroom 27/09/2025
environment from a common point of view. For this reason, a holistic single-case
design was used within the scope of qualitative research to examine the STEM
education process applied using the course instruction method. For this reason, a STEM education
holistic single-case design was used within the scope of qualitative research to examine
the STEM education process applied using the course instruction method. The
participants were eight fourth-grade pre-service teachers studying at the Faculty of lesson study,
Education, Department of Classroom Education of a state university. The study was
carried out within the scope of the Teaching Practice- Il course in a public school, and
the necessary ethical and practical permits were obtained. The pre-service teachers science course,
were guided by two research faculty members throughout the process. The data were
integrated with content analysis and reported as a result of observation notes and
interviews of pre-service teachers. The findings obtained revealed that pupils’ '
interactions increased by cooperating simultaneously in the classroom environment to
solve problems in the design process, and they developed working habits by creating
different solutions together with the group rather than individually. However, It was
evident that the prototype drawing phase, which was a pivotal component in
engineering design-based teaching processes (EDBTP), necessitated a more thorough
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1. Introduction

The use of advanced technological content in education, a product of the 21st century, requires
the implementation of creative educational policies (Henriksen et al., 2016). In the evolving
digital age, individuals are expected to be technologically literate. In the United States (US), a
similarly challenging environment, the shortage of a skilled workforce equipped with technical
and personal knowledge has led to the STEM education approach, which integrates science,
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mathematics, engineering, and technology disciplines (Bybee, 2010). This approach is believed
to contribute to the development of students as qualified individuals in the competitive global
marketplace.

The STEM education approach facilitates connections with numerous sectors, including
information and communication technology, sustainable innovation, and the medical field
(Chesky & Wolfmeyer, 2015). These relationships strengthen the interdisciplinary nature of
STEM and expand its application areas. Implementing STEM applications in schools with new
and diverse approaches supports students in developing skills relevant to these sectors.

It is crucial that teachers who will bring STEM education to the classroom must have
knowledge and experience in this field. In particular, for engineering design-based teaching
(EDT) approaches to be integrated with science and technology, teachers need to be able to
make innovative plans and gain experience in these processes (Schwartz et al., 2007). In this
regard, the lesson study approach, which encourages teachers to work collaboratively, stands
out. While lesson study offers a meaningful framework for integrating STEM education
content, this model, developed in Japan, refers to a systematic process in which teachers
collaboratively prepare, observe, and improve lesson plans (Armstrong, 2011). Lesson study
guides teachers in determining course content, units, and objectives, while also providing them
with an opportunity for careful reflection (Lewis, 2002). In this environment, where multiple
teachers consult, different approaches can be tried, and learning outcomes can be analyzed and
revised (Stigler & Hiebert, 2009). Furthermore, due to the effectiveness of lesson study in
developing the teaching skills of university faculty, its implementation in higher education
institutions is recommended. This allows for a more in-depth examination of participants'
learning and teaching processes (Alvine et al., 2007). Stohlmann et al. (2012) have stated that
collaboration between universities and schools is crucial for contributing to teachers'
professional development, and that effective communication should be encouraged by
including teachers in planning processes. Furthermore, school-based practices conducted with
university advisors are needed to enhance preservice teachers' practical experience and
pedagogical knowledge (Cajkler & Wood, 2016). Aykan and Yildirim (2022) have also pointed
out that integrating lesson study with STEM education will contribute to the preparation of
more qualified STEM lesson plans and the improvement of teaching.

In this context, a comprehensive examination of field applications of lesson study and STEM
education is crucial. This study aimed to examine in detail the implementation processes of
integrating lesson study and STEM education in real classroom settings, and to identify the
encountered situations. Therefore, the results were expected to make a valuable contribution to
the field. To facilitate the research process, a detailed examination was conducted of how
preservice teachers plan, implement, and evaluate STEM practices for fourth-grade primary
school pupils within the framework of lesson study. Because the content related to "Science,
Engineering, and Entrepreneurship Practices" included in the Ministry of National Education's
(MEB, 2018) Science curriculum, begins to be taught in the fourth grade of primary school, the
practices implemented at this level are considered noteworthy. In this context, a literature
review on the STEM education approach process, lesson study, and lesson study within the
context of STEM education was deemed necessary.

1.1. Theoretical Framework

For the relevant literature regarding the purpose of the study, the basic components of STEM
education were first discussed.
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1.1.1. STEM Education

The design-based learning approach, considered a cornerstone of STEM education, encourages
active student participation by specifically supporting problem-solving processes. The design-
based learning approach, which embraces constructivist learning approaches that combine
cognitive and social learning, was developed by Kolodner et al. (1998). This approach provides
educators with a conceptual framework for providing effective teaching programs and
classroom environments. The fundamental concept of problem-oriented design contributes to
developing high-level skills in students to find solutions to life's challenges (ITEA, 2000).
Students must be continuously involved in the design-focused thinking process, collaborate
with their peers, and create prototype drawings for proposed solutions (Uflacker et al., 2011).
These approaches foster new perspectives in education systems. A particularly notable trend in
progressive 21st-century education is the integration of problem situations addressed in the
context of engineering in K-12 education with science, mathematics, and technology (National
Academy of Engineering [NAE] and National Research Council [NRC], 2009; NRC, 2012). In
EDBTP, processes are experienced in which problem areas are defined and solutions are sought
(Hynes et al., 2011). STEM content combines problem-centered, design-oriented, collaborative
learning approaches (McLure et al., 2022). Therefore, it is thought that STEM content will help
develop students' skills in solving real-life problems. In the STEM education process, students
are at the center of learning as independent individuals and construct new knowledge to solve
these problems (Hsu & Yeh, 2019; Stehle & Peters-Burton, 2019). Utilizing STEM disciplines
in the process of knowledge construction is very important. Rather than examining each
discipline in depth separately, the common characteristics that will enable students to learn must
be integrated (Moore et al., 2016). The concept of integrated STEM, which will achieve this, is
meeting two or more STEM disciplines in an everyday context related to life problems (Kelley
& Knowles, 2016; Moore et al., 2014; Stohlmann et al.,, 2012). Multidisciplinary,
interdisciplinary, and transdisciplinary integration can be discussed within the integrated STEM
approach (Hacioglu, 2017). In multidisciplinary integration, the outcomes of each discipline are
taught separately and then combined around a common theme. In interdisciplinary integration,
students' concepts or knowledge are integrated by utilizing two or more disciplines (Vasquez et
al., 2013). Transdisciplinary integration, on the other hand, is based on the integration of all
disciplines to reach problem solutions (Tress, Tress, & Fry, 2007). To expand STEM education,
it is necessary to include areas beyond science and mathematics and implement it in all levels
of schooling (Nurwidodo et al., 2023).

STEM education is an interdisciplinary approach that aims to equip students with critical
thinking, creativity, and problem-solving skills. However, for this process to be implemented
effectively, teachers and preservice teachers must also utilize an effective model in their lesson
planning and implementation processes. Successful implementation of STEM education in the
classroom depends not only on theoretical knowledge but also on the processes through which
teachers plan, observe, and improve collaboratively. In this context, we focused on 'lesson
study,' an effective method for teacher professional development.

1.1.2. Lesson Study

Lesson study (jugyou-kenkyu), developed in Japan 130 years ago, is now recognized as a
process for teachers to plan, observe, and analyze classroom lessons in small groups, ultimately
improving course content (Armstrong, 2011; Shimizu, 2006; Taylor et al., 2005). It is a
technique that has become widespread worldwide and is particularly used in the professional
development of mathematics teaching (Isoda et al., 2007; Inprasitha & Loipha, 2008; Shimizu,
2006). Although lesson study, which aims to improve learning and teaching, is used in many
countries, some aspects are not yet fully understood (Takahashi, 2014).
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Lesson study involves ongoing, practice-based professional learning (Stigler & Hiebert, 2009).
Lesson study consists of four primary steps. The curriculum is examined in the first research
step, and long-term goals for student learning and development are considered. In the second
planning step, lesson plans are prepared to align with the content of the designated research
course. Care should be taken to ensure that these plans address long-term goals, include student
reflection, a data collection plan, and justify the chosen approach. In the third instructional step,
one team member implements the prepared lesson plans, while others observe and collect data.
In the final step, reflection, the observations and data are shared to reveal relevant insights. The
data obtained are discussed to enrich student learning and provide depth on broader topics. New
questions are identified for the next stage of the cycle to reinforce and transfer learning to the
next level (Lewis et al., 2006). This process involves teachers developing a collaborative lesson
plan, one of whom implements it. Other group teachers observe, take notes, and then gather to
review the lesson plan (Alvine et al., 2007; Lewis, 2009). This provides information about
learning situations and enables an understanding of the aspects of lesson design that enhance
and hinder learning (Lewis et al., 2012). In other words, lesson study is a continuous process to
improve learning by testing and sharing lesson plans prepared within a designated research
course. It can be used to develop quality curriculum in complex educational situations (Elliott,
2019). In summary, lesson study is an important area of research for understanding how
teachers navigate this process to implement STEM education effectively. Therefore, it is
necessary to focus on the role lesson study plays in the context of STEM education.

1.1.3. Lesson Study in the Context of STEM Education

STEM literacy is at the forefront of STEM education processes. According to Hsu and Yeh
(2019), creating learning environments that support students' creative thinking, collaboration,
communication, and critical thinking skills is crucial for developing STEM literacy. Models
that allow teachers interested in STEM to collaborate and share knowledge and experience are
essential for creating these learning environments. In this regard, the lesson study model, which
offers a collaborative structure for teachers, stands out (Aykan & Yildirim, 2022).

Lesson study allows teachers to create quality lesson plans, develop their instructional
management skills, and enhance their professional competencies by collaborating with
colleagues. It is an effective model ensuring success, particularly in science and mathematics
teaching. Lesson study will facilitate teachers' understanding of how to organize the teaching
of specific subjects, adapt the lesson to students' interests and abilities, and use it in teaching
processes (Kim et al., 2019).

Accordingly, integrating STEM-based learning with lesson study will be crucial in shaping
teachers' pedagogical approaches and understanding how to meet students' needs. To achieve
this, teachers must blend their content and pedagogical knowledge in implementing STEM
practices. They should also focus on activities needed to develop student competencies
(Srikoom et al., 2018). To contribute to this, issues related to classroom practices aligned with
faculty members' research objectives and content that will strengthen teaching can be examined,
and in-depth professional development programs or research on the subject can be prioritized.
Studies that examine and explain how to plan reform-based education are needed (Capobianco
etal., 2014). A perceived lack of knowledge in this field is a primary reason for conducting this
study. Therefore, it is believed that studies on implementing plans in reform-based education
processes will contribute to preservice teachers deepening their knowledge of STEM education
and better understanding the implementation stages. Additionally, it is believed that the
problems encountered during the study and the proposed solutions will contribute to STEM
education practices. Because engineering is a natural integrator, engineering and engineering
design can be used as a driving force in learning science, mathematics, and technology content
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in STEM integration (Moore et al., 2013). In the EDBTP, students complete learning cycles
such as building, testing, recording data, and analyzing results to solve problems like a scientist
or engineer (Brunsell, 2012). During this process, problems are defined, ideas for solutions are
expressed, prototypes are drawn, designed, tested, and evaluated (Hynes et al., 2011).
Therefore, it can also develop students' skills such as generating different solutions, thinking
creatively, establishing teamwork, and acting collaboratively (Akarsu et al., 2020). In this
context, the study aims to examine in detail the STEM education approach processes designed
in accordance with the EDBTP, conducted using the lesson study method in a fourth-grade
primary school science course. The study aims to analyze the STEM approach's implementation
process in detail, identify the strengths and weaknesses in the design and implementation
processes of STEM activities, and contribute to the more effective use of these activities in
education. The lesson study method offers an innovative approach that integrates fundamental
elements such as the engineering design process and solution finding in STEM education into
the learning process. According to Elliott (2019), lesson plans prepared per the course scope
determined through lesson study contribute to the development of quality curricula. However,
it is clear that process- and outcome-oriented research is needed to implement this method and
understand its impact on students effectively. In this context, the research questions addressed
in this study provide a framework for understanding the different dimensions of STEM
activities carried out through the lesson study method.

To this end, the following research questions were addressed:

Research question: How are the engineering design process cycle stages related to STEM
activities implemented using the course design method for the three problems addressed in the
research (Defining the Problem/Need, conducting research for the problem, developing solution
proposals, choosing the best solution, drawing a prototype and building a prototype, testing and
evaluating solutions, solution communication, redesigning/revising, completing the decision)?
Sub-questions related to this research question are as follows:

Regarding the EDBTP problems implemented through lesson study;

1. How is the joint decision-making process for pupils?

2. How is the prototype drawing process for pupils?

3. How is the implementation and testing process of that design by the pupils?
4. What are the problems encountered by pupils?

5. What are the pupils’ suggestions regarding the process?

2. Method

This study, which aimed to examine the STEM education process implemented by prospective
classroom teachers in fourth-grade primary school using the lesson study method, was
conducted through the holistic single-case design within the context of the qualitative research
process. Within the scope of the study, EDBTP STEM education was implemented. These
practices were conducted using the lesson study method. In the process, which was conducted
in three design cycles, pupils were asked to produce appropriate solutions to three different
problem situations.

2.1. Research Model

The study was conducted using a holistic single-case design within the context of the qualitative
research process. Case studies aim to obtain information about various individual, group, social,
and political situations. The case studied within the scope of the study was "the implementation
process of the STEM education approach designed in accordance with the EDBTP (Ministry of
National Education Exam) and was implemented through lesson study in a fourth-grade primary
school science class." This case was addressed holistically because it required a detailed
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examination of all stages of the classroom implementation dimension of the STEM education
approach, namely, the design and implementation of activities and their strengths and
weaknesses. Furthermore, these studies enable understanding small group behaviors while
preserving their meaningful and holistic characteristics (Yin, 2014). Holistic single-case
designs are used to investigate a phenomenon, universe, or general situation (Stake, 2005) and
to examine a unit and its subunits in detail (Yin, 2014). In this study, plans were made to conduct
field research to further examine the applicability of the STEM education approach to the
EDBTP in primary schools. Because case studies are grounded in fieldwork, they will
contribute to the development of field knowledge (Merriam, 2009). Furthermore, various data

collection tools and resources used in the field can provide significant evidence to explain this
situation (Gillham, 2000).

2.2. Participants

The study was conducted with the participation of eight pre-service teachers taking the
"Teaching Practice-II" course in the Classroom Education Department, Faculty of Education of
a state university, and two instructors teaching their course. The study was conducted in a
primary school with 29 classrooms located in a middle socioeconomic level neighborhood. The
pre-service teachers who participated in the study were selected on a voluntary basis, and they
were guided by their instructors. In addition, the relevant ethics committee and Ministry of
National Education (MEB) permissions were obtained for the study. The practices were
conducted in the classroom, and the pre-service teachers taught the lessons in turns. Information
about the participants is summarized in Table 1. Participants were briefly coded as OA1, OA2,
and direct quotes from their reflective diaries, observations, and interviews were included.

Table 1. Participant Information

Participant Group Number Gender Age Range
: 6 Female
Pre-service teachers 8 2 Male 19-21
Primary School 4th Grade Pupils 38 20 Fomale 9-10

2.3. Data Collection Process and Tools

Multiple qualitative data collection tools were utilized during the data collection process. These
included preservice teachers’ reflective journals, observation notes, and reflections. First,
structured observation forms were used to allow the researchers to observe classroom practices
and group work systematically. These forms clearly defined the behaviors and interactions to
be observed, ensured the consistency of the observation process, and were subsequently
developed and updated based on pilot implementations, researcher observations, and feedback
from field experts. Preservice teachers also kept reflective journals each week to record their
observations. These journals were designed to allow them to reflect on their individual
experiences and observations in detail. They were developed based on deficiencies identified
during initial testing and researcher feedback, and updated as needed throughout the process.
These updates included discussions with preservice teachers about their observation notes.

Furthermore, weekly group meetings were held to evaluate the process, and preservice teachers
were interviewed. Lesson plans were continuously reviewed and revised based on meeting
suggestions and observation results. This process was structured to increase the effectiveness
of data collection and instructional practices. The data collection process is discussed in detail
under the heading "implementation process" of the study. Semi-structured interview questions
were conducted with preservice teachers to examine their thoughts about the process,
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perceptions of implementation effectiveness, and learning outcomes. These interview questions
were evaluated and revised weekly by field experts and researchers. During the interviews,
preservice teachers were asked about the design process (deciding on a standard solution,
prototype drawing, implementation, and testing stages) to obtain detailed information.

2.4. Application Process

In this study, lesson plans structured in accordance with the EDBTP (Lesson Study Method)
were implemented in a classroom environment and examined in detail, following the stages of
the lesson study method (Lewis et al., 2006). Figure 1 shows some visuals showing pupils
presenting their individual or group drawings and designed products to the class, comparing the
compatibility of the drawings with the designed products, and sections from design testing
activities.

Figure 1. Images from the Implementation Process

The detailed process for implementing the study is shown in Figure 2.

Figure 2. Research Process Cycle

- Tower Construction (Earth's Crust and Earth's Movements)
-Gathering the team (February 15, 2022)

+Second meeting (Decision on the first design task) (February 22, 2022)

- Preparation of the first design lesson plan (March 2, 2022)

-Team visits the school and determines the work area (March 3, 2022)

- Preparation and implementation of the first lesson plan (March 10, 2022)
- Revision and implementation of the second lesson plan (March 17, 2022)

- Toy Production (Force and Motion)

-Preparation of the second lesson plan (March 24, 2022)

-Revision and implementation of the second lesson plan (March 31, 2022)
- Revision and implementation of the third lesson plan (April 7, 2022)

-Waterwheel (Humans and the Environment)

- Preparation of the first lesson plan (April 27, 2022)

- Revision and implementation of the second lesson plan (May 11, 2022)
- Revision and implementation of the third lesson plan (May 15, 2022)

When Figure 2 is examined:



Ayaz & Yilmaz PAUEFD, 66, 1-29 [2026]

e Preparation and Tower Construction in the 1st Cycle (Earth Crust and Earth's
Movements)

Because the study required a comprehensive preparation process, a meeting was held on
February 15, 2022, with the participation of the researchers (instructors) and eight preservice
teachers. In the course of the meeting, the course instructors explained the purpose of the study.
The pros declared their willingness to participate in the study by filling out a voluntary consent
form. Throughout the process, the physical conditions of the school where the study would be
conducted were discussed, and it was decided that eight preservice teachers and one preservice
teacher would be present in the same environment during the implementation. The idea was
adopted to implement the study using the lesson study method in three design cycles. According
to the revised lesson plan, the lessons should be conducted per the lesson study method each
week by a different preservice teacher. The lesson plan prepared by the groups continued each
week until the design cycles were completed. For example, in the first design cycle, the first
lesson plan was prepared by one preservice teacher. In this lesson plan, the theoretical lesson
on the problem situation that initiated the design process was explained, the problem situation
was presented, and the pupils were asked to conduct research. Then, joint decision-making and
prototype drawing stages were carried out in accordance with the lesson duration. The lesson
plan prepared for the second lesson was revised based on feedback from the first lesson, and
another preservice teacher continued where they left off. The design was designed, presented,
and evaluated. Thus, a design cycle was completed with two different preservice teachers based
on the revised lesson plan for the same lesson and objectives. Group meetings were held before
each lesson, and changes were made according to the stages of the lesson study. The other two
design cycles were completed similarly, each lasting three weeks, with six different preservice
teachers.

At the second meeting held on February 22, 2022, the first design task was decided upon. This
task was a tower-building task, and it facilitated understanding the engineering design process.
The pupils were to build a tower using specific materials (5 long sticks, 10 elastic bands, 20 cm
of rope, and 10 toothpicks) and meet specific criteria (sturdy, multi-story, and aesthetically
pleasing). Furthermore, the preservice teachers created and discussed a section of the lesson
plan, and it was decided that different sections of the plan would be completed by different
individuals. On March 2, 2022, the lesson plans completed by the preservice teachers were
reviewed as a group. Deficiencies were identified and addressed. Initially, deficiencies were
addressed in the course content and information gathering sections. On March 3, 2022, the
entire study team visited the practice school, where the necessary permissions (from the ethics
committee and the Ministry of National Education) had been obtained and the study was
approved by the school administration. Upon arrival, the classroom where the practice would
be conducted was determined by the vice principal, who was informed of the process. On the
day of the practice, the preservice teachers were divided into four groups to conduct their
practice in two separate classrooms. It was decided that they would remain in the practice
classroom during the practice and then continue their regular internships in their own
classrooms. Although the practice classroom was initially planned to be a library, it was decided
to hold the classroom due to the lack of sufficient tables and chairs and the limited space. During
the break before each practice, the desk arrangement was planned to be arranged in clusters by
the preservice teachers to accommodate group work and then restored to its previous state. The
same day, the preservice teachers traveled to the university for a meeting. At this meeting, the
lesson plan for the first design task developed by the preservice teachers was finalized.
According to the plan each of the eight preservice teachers would conduct the lessons once.
Afterward, the lesson plan and process would be reviewed with the entire group and updated if
necessary. Another preservice teachers would implement the lesson the following week until
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the engineering design process cycle was completed. The pre-service teachers who would teach
the first week's course were determined at this meeting. On March 10, 2022, the pre-service
teachers for the tower design assignment initiated the engineering design process by providing
theoretical information on "Earth's Crust and Earth's Movements" at the beginning of the
course. As previously planned, the pupils in the class, totaling 38, were divided into ten
heterogeneous groups and introduced to their tasks. The course concluded after the pupils
proposed different solutions individually and in groups, leading to the prototype drawing phase.
At a meeting following this course, another pre-service teacher was selected to complete the
design process by identifying areas requiring revisions to the lesson plan based on the
observations and opinions of the other pre-service teachers. On March 17, 2020, this new person
completed the design cycle by organizing the decision-making and drafting processes in the
design process and carrying out the product design, presentation, and evaluation phases.

e Toy Production Cycle Stage (Force and Motion)

A similar implementation process was carried out in the second design cycle on March 24,
2022. A preservice teachers conducted the instructional process on "Effects of Force on
Objects" within the "Force and Motion" unit. At the end of the lesson, the pupils were asked to
create drawings appropriate to the given problem situation (they were informed that they would
be making a toy for a village school and would choose the materials themselves. "The toy
should be durable, aesthetically pleasing, cost-effective, and movable. At the end of the lesson,
they were informed that they should decide on their designs and bring their own materials to
the next lesson to realize the design. On March 31, 2022, the revised lesson plan was replanned
and revised in accordance with the group's lesson work. Another preservice teachers reviewed
the previous lesson's work, corrected any missing or incorrect drawings, and implemented the
product design portion of the design cycle with the pupils. In line with the lesson plan revised
by a different pre-service teacher on 07.04.2022, the missing or changed parts of other lessons
were edited, and the designed products were presented and evaluated.

e Cycle Water Wheel Human and Environment)

In the third design cycle, which began on April 27, 2022, a similar process was implemented in
the "Human and Environment" unit, "Living Things and Life," regarding the subject area. A
lesson plan prepared in accordance with the lesson study method for this topic was implemented
by a different pre-service teacher, after completing the necessary instructional process
appropriate to the given problem situation (think of yourself as future inventors, think like
engineers, and develop your designs accordingly; please build a low-cost, durable waterwheel
that can generate motion by harnessing the power of water and generate energy without a
motor). At the end of the lesson, the pupils were asked to draw a design prototype using the
materials provided by the teachers. They were instructed to bring their materials and implement
the design. On May 11, 2022, the group revised the lesson plan similarly to the lesson study. A
different pre-service teacher reviewed and completed the product design phase. The last pre-
service teacher implemented the final phase of the design cycle on May 15, 2022. In line with
the lesson plan revised by the group, the sections of the previous lessons that needed
improvement were arranged, and the design of the products was completed, presented, and
evaluated.

2.5. Data Analysis

Preservice teachers kept diaries and observation notes to examine how pupils learned during
this process, and interviews were conducted with them. The data obtained were analyzed using
content analysis. In qualitative research, content analysis is a descriptive research method in
which data are examined within a coding framework (Snelson, 2016). In content analysis,
researchers increase their understanding of specific phenomena by providing new insights
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(Krippendorf, 2013). To conduct this analysis, two researchers first analyzed the data separately
to obtain a list of codes. To calculate inter-coder reliability, the researchers independently coded
a portion of the same data set and compared them, and the agreement value was calculated as
.84. According to Miles and Huberman (1994), this coefficient is at the desired level because it
is .80 or above. After this stage, the researchers continued to create a list of codes and combined
similar codes to create categories and themes. The data obtained from the observations and
interviews were analyzed and reported holistically to describe the situation under study. In this
context, the data analysis was conducted in a phased and systematic manner: First, two
researchers read the data set independently, and significant statements were marked to generate
initial codes. The coding process was conducted iteratively and in stages, as recommended in
the literature; identified semantic units were coded, and similar codes were combined to form
categories and themes. A section encompassing approximately 20% of the data set was
independently coded to ensure inter-coder reliability. This section included selected examples
from reflective journals, observation notes, and interview transcripts from different course
weeks and was organized to represent the diversity of the data set. A total of 64 reflective
journals and observation records and eight interview transcripts were included in this section.
These interview transcripts were combined with interviews collected at regular intervals
throughout the process for each preservice teacher. For example, after reviewing the weekly
reflective diary and observation notes for PT1, all interviews were stored in PT1's interview
document to obtain detailed information about these and the overall process and to understand
their statements better. All interviews were selected and analyzed to reflect the pupils’ diverse
learning processes and the variability in their teaching practices. As a result of the inter-coder
comparison, the agreement value was calculated as 0.84, which was deemed reliable because it
exceeded the 0.80 recommended by Miles and Huberman (1994). Following this stage, the code
list was completed, similar codes were combined to identify categories and themes, and the
observation and interview data were analyzed and reported holistically.

2.6. Validity and Reliability

For a study to be valid and reliable, it must possess specific characteristics. Yin (2014) states
that to enhance case studies' quality, construct, internal, and external validity must be high and
reliable. In this study, triangulation was used to increase construct and internal validity.
Merriam (2009) describes four types of triangulation: utilizing multiple data sources, using
multiple methods in data collection, involving multiple researchers, and using multiple theories
in the study. Two researchers were involved in the research process for this study. Multiple data
sources were utilized. Observation notes, diaries, and interviews were used. According to
Merriam (2009), confirmability, credibility, and reliability are crucial for internal validity. He
also stated that external wvalidity requires detailed descriptions, identifying distinct
characteristics of the situation, and using multiple research areas. The source of the data
obtained in this study was verified multiple times. The researcher and the preservice teacher
had their observation notes verified by these individuals. Interaction was established during the
data analysis process. The preservice teachers' observation notes and opinions were included in
the analysis after being approved by the researchers present in the study. This is believed to
increase the credibility of the study. Furthermore, the situation being examined was described
in detail throughout the research process.

For reliability, the results obtained regarding the situations described in the case studies should
ensure that other researchers can reach similar conclusions when using similar methods (Yin,
2014). This study described the research process, data collection, and analysis processes in
detail. The codes analyzed in the data label the data and strengthen the analysis. To improve its
quality, consensus among the coders was necessary. In this study, as suggested by Miles and
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Huberman (1994), some of the data were coded separately by the researchers and then
continued until a consensus was reached. Finally, they were combined with a standard code.

3. Findings

The findings of the study were analyzed using participant observations and interviews related
to the three design cycle processes implemented throughout the study. The preservice teachers
evaluated and revised the situations encountered during each design cycle using the lesson study
method. In this context, after researching the problem given in the engineering design cycle,
the issues and suggestions encountered during the joint solution decision-making, prototype
drawing, implementation, and testing stages were coded, categorized, and combined under
specific themes. All findings were analyzed through a combined evaluation of the preservice
teachers' reflective journals, observation notes, and interviews. The sources of the direct quotes
obtained were indicated in the explanations.

3.1. Findings Regarding the Joint Solution Decision-Making Process

In this section, the findings regarding the joint decision-making processes required for defining
the problem/need, conducting research for the problem, developing solution suggestions, and
selecting the best solution, which were at the beginning of the engineering design process cycle
for the problem situation given by primary school pupils in the engineering design cycle, are
evaluated in Table 2 over three design periods.

Table 2. Shared Decision-Making Process

Theme: Group Interaction and Decision-Making in the Shared Decision-Making Process

Design Number Category Code
Design 1 Joint solution process Dominant pupil
Group decision Passive pupil
Partnership

Differences of opinion
Common solution
Group discussions

Design 2 Awareness of shared decision making Criterion
Decision criteria compliance Interaction
Strengthening group dynamics Group discussions
The most appropriate solution suggestion Active pupil
Different ideas
The idea of joint decision
The adopted idea
Dissenting opinion
Design 3 Group decision effect Right to speak
Group collaboration Majority vote
Group voting Partnership
Expressing an opinion
Argument
Explanation

Reaching the Decision

The findings in the presentation "Group Interaction and Decision-Making in Shared Decision-
Making" can be adjusted based on the findings in the first design, which focused on pupils’
ability to reach joint decisions on appropriate problem-solving solutions. In the joint solution
phase of the first design, disagreements often occurred within the groups, and joint decision-
making and joint solution proposals were attempted everywhere. However, there was a striking
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finding that some groups were dominant, striving to progress with their own efforts. This was
an important clue showing how the dynamics of group interaction were shaped. Certain
components within the groups were observed to come to the fore. It was also noted that in
general, group members worked at an accelerated rate of solution-finding. Whether
pedagogically active individuals were dominant or passive in group interaction affected group
dynamics. Their dominant management skills could inhibit other components, limiting their
contribution; their passive behavior within a passive group interaction could negatively impact
learning processes. Sociologically, they were isolated from other resources, leading to a feeling
of exclusion. This also disrupted the classroom structure. These practices revealed the
fragments that were distributed within. This situation was revealed in the interviews conducted
with some Pre-service teachers.

PST1 “While some groups tried to reach a common decision, some could not reach a common decision.”

PT3 stated, “There are pupils who stand out in the group, especially those who try to impose their own
ideas.”

In the first design cycle, it was observed that the dominant pupil and the divergence of ideas
generally shaped the dynamics within the group. Group discussions and collaboration were also
observed as efforts to overcome these differences. However, it is essential to note that these
processes differed for each group.

In the second design cycle, pupils could more clearly articulate the importance of collaborative
decision-making, and a significant improvement in group dynamics was observed. During this
process, pupils interacted more with each other, discussed different ideas, and developed a
greater awareness of collaborative decision-making. However, a notable finding was that pupils
disregarded the criteria inherent in the problem and struggled to decide on the best solution, a
significant challenge encountered during the design process. During this process, it became
necessary to share with pupils which factors they had overlooked and the reasons for this failure.

In the final design cycle, preservice teachers explained that although the pupil groups generally
failed to implement an effective collaborative solution process and prototype drawing, the
groups maintained the best possible interaction environment from the beginning. Progress in
this cycle is directly linked to how interaction and collaboration within the group developed
during this process. Furthermore, it was stated that the group members experienced an effective
process of listening to each other's ideas respectfully, reaching joint decisions by majority vote,
and working collaboratively. The tendency of passive pupils within the group to remain silent
and not participate significantly impacted the project completion process. The researchers'
general opinion suggests that this situation stems from the desire of dominant pupils in some
groups to dominate the group and the inherent dynamism within the classroom. Furthermore,
some pupils lacked interest in the activities and drawings, the fact that others' ideas were
ignored, and the preservice teachers' greater attention to the project, and overlooked these
factors during the project's implementation. What emerged across the three design cycles is that
the key to this EDBST is ensuring a balanced distribution of tasks and responsibilities within
the group and among individuals, and engaging in collaborative activities. It can be argued that
this awareness developed throughout the design processes. These comparisons and the
evolutionary process from the first to the third cycle contribute to a clearer understanding of
how group interactions, leadership dynamics, and pupils’ ' problem-solving skills developed.
In summary, pupils” interactions and problem-solving skills, particularly within the group,
became increasingly effective during the development between design cycles, and significant
progress was made in collaborative work; however, challenges were still encountered in some
groups.

12
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PT5 made the following observation note: ““ The fact that some in the groups did not want to participate
in the project and that they tried to do the same project caused some difficulties. There was no exclusion among
the children, but those who wanted to remain silent caused the group to become passive. We tried to focus on the

groups with our teacher colleagues in response to this situation. We helped to complete the project.”’

As the pupil stated, they used various strategies to increase the motivation of pupils who were
reluctant to participate in the project and strengthen the group dynamic. These included
motivating speeches, opportunities to lead intergroup presentations, and encouraging pupils to
take more active roles. Furthermore, the preservice teachers provided individual support
through guidance and engaged pupils using various materials to engage them.

3.2. Findings Regarding Prototype Drawing

Table 3 evaluates the prototype process that pupils drew to realize the solution they decided on
in the engineering design process cycle.

Table 3. Prototype Drawing

Theme: Individual and Collaborative Approaches in the Prototype Drawing Process

Design Number Category Code
Design 1 Suitability of individual drawings to the design ~ Follow the drawing
Desire for independence in drawings Individuality
Decision-making at the drawing stage Group interaction
Drawing the group prototype
Design 2 Detailed prototype drawing Research
Individual prototype drawing Solution suggestion
Group prototype drawing Detailed drawing
Detail awareness in drawings Explanation
Dependent design
Rapport

Group decision
Group drawing

Design 3 Individual prototype drawing Different drawings
Group prototype drawing Copy
Similar drawings Inadequate drawing
Exchange of ideas Not thinking
Problem drawing a connection Exchange of ideas
The working mechanism of the problem Disconnection
Triviality

Adapting to other ideas

When looking at the findings related to the theme of “Individual and Joint Approaches in the
Prototype Drawing Process,” During the prototype drawing phase of the first design cycle,
preservice teachers noted that individual drawings were suitable for developing the design
agreed upon by the group, and that the number of prototype drawings was low, a consensus
among the group. However, some pupils abandoned group drawings and began drawing
individually, leading to instances where collaboration was disrupted.

PT2 expressed this situation in the interview: "It cannot be said that they were successful in drawing, but
there were those who tried to draw, as well as those who gave up immediately. Some were trying to draw alone,
independent of the group, disrupting the cooperation with the group.”
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In the second design cycle, pupils drew prototypes individually in class and then collaborated
in groups to create a prototype. It was observed that most groups were inspired by the individual
drawings and tended to choose one of them. Despite this, they were more consistent in group
drawing. It was noted that the number of groups designing independently of the prototype
decreased during this design process compared to the previous design. Furthermore, during this
problem, pupils’ activity levels in the groups, care, and interest in the project increased. It was
also emphasized that the pupils’ drawings included more details than the previous drawing
process.

In the interview with PT6, he explained, "Initially, everyone made a drawing using their creativity. Later,
after the necessary explanations, each group tried to present its own ideas, and a joint group drawing was made.
The group name, the names of the individuals, and the date were added to the prototype drawing. Whoever

expressed the idea written in the drawing sections."

In the third design cycle, pupils reported difficulty developing appropriate content for the
problem when drawing individual and group prototypes. It was emphasized that pupils in the
group produced drawings with similar content. It was observed that pupils had difficulty
understanding the working mechanism of a water wheel, leaving them with incomplete
knowledge of the subject matter and, consequently, struggling with prototype drawings. It was
observed that they lacked knowledge, particularly regarding constructing a water wheel that
generates energy without a motor, and that they created inaccurate drawings and products
before the wheel could be fully realized. Preservice teachers stated that utilizing more detailed
and explanatory concrete materials at this stage, considering pupils’ ' readiness for the
objectives, could prevent similar problems.

Regarding this view, PT2 of the preservice teachers similarly stated, "I realized that most of the
pupils who made good designs individually could not understand much due to the difficulty of the subject and
could not concretize it. Also, their readiness was insufficient to make a wheel, and the complexity of the subject

made it difficult for them to understand. "

Most pupils focused on individual drawings in the first design cycle, neglecting group
interaction. In the second design cycle, improvements were observed in the collaborative
drawing process, combined with individual drawings. However, difficulties in the third design
cycle were generally experienced due to a lack of understanding and concreteness of the
product-related subject matter. In general, individual drawings impact group dynamics and
collaboration when this design cycle examines individual and group prototype drawings from
a pedagogical perspective. Individual drawings allowed pupils to express their ideas, but could
have weakened cooperation within the group. Group drawings, on the other hand, enabled
pupils to work together toward a common goal and develop collaboration skills.

3.3. Implementing and Testing the Design

In this section, the process of pupils creating the product designed according to the prototypes
drawn in the engineering design cycle, testing and evaluating the solutions, communicating the
solution, redesigning/revising, finalizing the decision and testing it are evaluated in Table 4.
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Table 4. Design Implementation Process

Theme: Pupils’ Experiences and Problem-Solving Approaches in the Design Implementation Process

Design Number Category Code
Design 1 Application period Additional material
Material Use Use not meeting criteria
Presentation of the design Error in calculation
Not including STEM disciplines
Design 2 Application period Suitable
Material Use Saving
Presentation of the design Effective
Compliance with the stages
Criteria
Presentation
Testing
Interdisciplinary approach
Design 3 Application period Unconscious use
Material Use Glitch
Presentation of the design Solution focus

Noticing mistakes

In the findings related to “Pupils Experiences and Problem Solving Approaches in the Design
Implementation Process”, in the implementation phase of the first design cycle, preservice
teachers reported that it took approximately 40-50 minutes to create their designs using the
materials provided to the pupils after a joint solution proposal was agreed upon and prototypes
were prepared accordingly. It was noted that although the materials were provided to the pupils
in advance, many groups requested additional materials. It was pointed out that during the
design presentations, the designs developed jointly with the pupils in the class were tested for
compliance with the problem criteria, and that many designs needed to be revised. In this cycle,
problems such as insufficient inclusion of STEM disciplines in the design presentation process
and calculation errors in material use were prominent. To address these issues, pupils could be
guided by providing additional information about the role of STEM disciplines in the design
process. Design criteria could be more clearly defined, and detailed information on
implementing them could be provided. More guidance on using materials should be provided,
along with teaching strategies that will make this process more efficient.

In an observation note, OA3 stated, "They completed it in one class hour. The prototype they initially drew

was not followed." The pre-service teacher explained in his observation that in “the first design cycle
of the 38-person class, 60% of the pupils requested additional materials. He stated that 40% of them did not fit
the prototype they initially drew. In addition, most pupils indicated that they had not taken part in similar projects
before and had insufficient knowledge about material management.”

The groups attempted to produce the finalized prototype in the second design cycle by adhering
to the design cycle stages. It was also noted that, unlike this cycle, the pupils considered
solutions based on the materials they brought and drew prototypes accordingly. Pupils were
observed to use materials appropriately and economically. When presenting the designs, it was
emphasized whether they met the problem criteria. During the presentation, pupils showed their
drawings to the class, explaining the materials used, how they were used, and their functions.
Pupils also emphasized the connection between the design's features and the topic, describing
how they utilized geometry, mathematics, and science. A noteworthy statement included a
description of each pupils’s ideas in developing the design idea.
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PT4 stated, "The pupils in the group of four I observed today discussed how they should create the design among
themselves. I observed that they abandoned some decisions made during the material creation process and reached
different conclusions. Generally, I can say that there was cooperation among the pupils.” In his statement
regarding this observation, the pre-service teacher stated that the pupils debated among
themselves for about ten minutes regarding the joint decision-making process.

In this cycle, the course process was revised, considering suggestions from the end of the first
cycle to address issues encountered in the previous cycle. It was observed that the prototypes
and product processes drawn using the materials pupils selected and brought were more
effective. The pupils used materials sparingly and appropriately, emphasizing STEM
disciplines when presenting their designs. In other words, the pupils collaboratively produced
more effective and stage-appropriate designs. In the final design cycle, the implementation and
presentation of the design took approximately two class hours. It was noted that the pupils
struggled to produce solutions appropriate to the identified problem. It took considerable time
for pupils to reach a consensus on the working principle of a wheel. Furthermore, they were
observed to be inconsistent in their use of materials. However, it was also noted that the pupils
more quickly recognized shortcomings in the design process and engaged in solution-focused
conversations. One notable aspect was the pupils’ consideration of the criteria inherent in the
problem when presenting their designs.

PT2 noted the following observation: “They were excited during the design presentation. They tried to
convey it most accurately. They tried to emphasize that their projects met the criteria and conveyed that they were
taking the right steps. I didn't observe many mistakes in the presentation; we just had to move quickly due to a

lack of time.” He added, “After this observation, the pre-service teacher stated that one lesson did not have
enough time for ten different groups while making presentations, and some groups continued during recess, but
they were quite enthusiastic about it.”’

Overall, throughout the three design cycles, the challenges the pupils experienced in individual
and group prototype drawings and the changes in collaboration processes were positive.
Significant improvements were observed in the pupils’ problem-solving and collaboration skills
throughout the three design cycles. While the pupils experienced some difficulties with material
use and collaboration in the first cycle, they were observed to work more harmoniously and use
materials more efficiently in the second cycle. In the third cycle, the pupils struggled to
understand the working principle of the water wheel but quickly recognized deficiencies and
focused on solutions. In short, this process contributed to pupils' group dynamics, collaboration,
and problem-solving skills. However, the problems encountered during the process were
attributed to the difficulty of working within the design criteria (the pupils focused on the
outcome without considering the requirements and lacked understanding of the criteria's
meaning and why they were important), lack of subject matter knowledge, lack of instructional
materials, inadequate guidance, and insufficient material management and planning skills
(carelessness in material selection, choices that did not meet the criteria, materials used without
attention to mathematical calculations, and failure to use materials necessary for drawing). To
solve these problems, preservice teachers tried to make revisions through the lesson study
method.

3.4. Implementing and Testing the Design

In this section, the problems encountered by pupils in the engineering design cycle processes
are evaluated in Table 5.
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Table 5. Problems Encountered

Theme: Individual, Group, and Environmental Challenges Encountered in the Design Process

Design Number Category Code

Design 1 Prototype compliance Inability to agree on ideas
Compliance with the criteria Different ideas
Material use Separate decisions
Commitment to group work Independence

Not including STEM disciplines
Mathematical difficulty

Design 2 Existence of different opinions Crowded class
Similarity of ideas Noisy
Drawing process Closeness of rows
Class size Difficulty in drawing
Disappointment
Irregular class
Design 3 Meets the criteria Similar ideas
Suitability of drawings Ignoring the criterion
Transfer of design Strain
Effective communication Non-concretization
Physical conditions Busy
Noisy
Communication

In the theme "Individual, Group, and Environmental Challenges Encountered in the Design
Process," regarding the problems encountered in the first design cycle, preservice teachers
frequently encountered issues such as disagreements among the pupils in deciding on a standard
solution and creating group prototypes, independent decision-making, and solutions produced
without incorporating STEM disciplines. Many of the designs produced were reported to be
incompatible with the initial prototype. Furthermore, it was noted that the pupils had difficulties
calculating the materials provided according to the required criteria for solving the problem. It
requested additional materials because they struggled with mathematical thinking processes. In
meetings held regarding these problems, preservice teachers concluded that the novelty of the
process and the pupils’ lack of attention to the design cycle stages and their focus on results
would be overcome over time. The lesson plan was revised to address these issues, and the
process continued.

In the second design cycle, while the problems experienced in the previous phase diminished,
the most striking problem was that differing ideas within the group made it difficult to decide
on the final solution proposal. It was explained that a similar situation caused the pupils to
struggle and become bored during the drawing phase. This situation can be attributed to the
large class size and the inadequate physical environment, which facilitates pupils’ inspiration
for ideas through the desk arrangement designed for group work.

Regarding this situation, PT1 expressed his opinion as follows: "The problems encountered in this
process are that the class is crowded, as it was last week, and therefore there is no effective communication, the
desired design is not explained sufficiently, or the pupils do not understand, or they are unfamiliar with such

projects."

In the third design cycle, it was stated that the physical condition of the classroom and the
crowded classrooms also presented challenges in terms of classroom management. It was
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observed that individual drawings lacked much variety, especially during the design phase, and
each other's ideas inspired the pupils. It was also observed that pupils struggled with how to
implement their drawings in practice. Furthermore, the pupils reported experiencing some
difficulties in prototype drawing, obtaining product sketches, and selecting materials. In
summary, it is believed that the lack of understanding and the difficulty many pupils find in the
subject make it difficult to implement the design. Generally, attempts have been made to
overcome these problems by drawing on previous experiences. However, the STEM education
process in our schools and classrooms is linked to many factors, including physical conditions,
class sizes, classroom desk arrangement, allocated time, student and teacher readiness, student
development characteristics, subject content, and the subject and field knowledge levels of both
teachers and pupils. These situations can guide researchers in implementing this approach,
which is particularly suited to a 21st-century educational approach, in real classrooms.

3.5. Implementing and Testing the Design

In this section, pupils’' suggestions regarding the process in the engineering design cycle were
evaluated in Table 6.

Table 6. Recommendations regarding the process

Theme: Recommendations in Terms of Process Management, Participation, and Applicability

Design Number Category Code

Design 1 Order of MTTFO stages Non-compliance with design stages
Material selection according to criteria ~ Lack of information

Collaborative Participation
Joint Solution Process

Partnership

Compliance with the criteria
Perception of Design Form Material status
Drawing Stage Form anxiety
Aim
Suitability
Participation
Drawing phase

Design 2 Physical condition Seating arrangement

Emphasis on STEM disciplines Class control

Drawing process details STEM diSCiplin?S
Follow the drawing
Process control : i
Different ideas
Classroom management Respect
Creativity
Originality

Individual activity
Group dynamics

Design 3 Gain content Practicality
Understanding the problem Applicability
: ; Aim
Engineering process
s P Workability

Link to lessons
Transfer to other courses

Comprehensive explanation
Product production

When examining the theme "Process Management, Participation, and Applicability," preservice
teachers' suggestions for the first design cycle indicated that primary school pupils should pay
attention to the EDBTP stages, particularly the need to move on to the design implementation
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phase after the prototype drawing phase. The importance of group decision-making and group
drawing, following individual ideas and drawings, was emphasized. Problems should be solved
through collaborative participation. It was observed that the pupils expressed concerns about
the form of the problem criteria. In the first problem, in particular, they focused on the aesthetics
of the towers to be built, but they disregarded criteria such as durability and the tower's
coefficient. Therefore, it was stated that the purpose of the problem needed to be understood. It
was also suggested that additional drawing assignments could be assigned to pupils who
struggle with drawing.

In the second design cycle, it was stated that classroom size and seating arrangements could be
adjusted due to difficulties in classroom management. It was stated that the use of STEM
disciplines could be emphasized more. It was suggested that the pupils be made aware of the
areas where mathematics, science, and geometry are used. It was stated that groups should be
particularly careful to adhere to the prototype drawing they decided on until the end of the
process, and that they should be supported to gain different perspectives. It was also stated that
during the drawing phase, they should be encouraged to be more original and creative, and all
individuals should be included. It was also suggested that the pupils should draw using their
emotions and imagination, then create the design by selecting appropriate materials.

PT1 expressed this situation in the interview as follows: "Emphasis should be placed on having them
draw a common portable, work on this portable, and work collaboratively as a group."

It was stated that in the third design cycle, these and similar practices should be integrated with
other courses to make them more understandable, and the number of applications should be
increased. It was stated that the topic should be conveyed to the pupils in a more comprehensive
and detailed manner in future project-based courses. Particular attention should be paid to
ensuring that designs are produced and workable in accordance with the criteria, and that
process management should be determined accordingly, and that broader content should be
addressed over longer periods. Some statements compiled from the preservice teachers'
reflective journals and observation notes are as follows:

PT1: "Pupils’ interest in STEM applications is actually based on the fact that using these applications in
many classes can make the pupils more active and create an environment where they learn by doing and
experiencing, leading to lasting learning. Using STEM applications in classes broadens people's horizons
and teaches them that there's no single method for teaching."

PT3: "I think STEM is a very beneficial approach that fosters multifaceted development, but since the
group we're working with is in fourth grade, I think it's difficult for them because they don't have sufficient
skills and their development isn't very good. However, based on our observations, we encountered a class
group that didn't generate many ideas in advance, was mediocre at drawing, gave up quickly during the
implementation phase, couldn't work collaboratively, and constantly said, 'I'll do what I say.' This has
changed a lot over time."

PT6: “When the pupils learned in the first week that STEM is a technique that combines fields of study
such as mathematics, science, engineering, geometry, etc., they were surprised and curious about how to
do it. When they started STEM studies, the most challenging part was the drawing phase. The pupils got
bored during this process, didn't want to draw, cheated, and chose their individual work as group work.”

PT2: “Each week, different pupils explained the project, and after each project, we prepared a report of
the analysis and sent it to our teacher. We had the opportunity to observe these very closely. For example,
the drawings have improved significantly since the first day. Now, they're writing down what they want
to do on their drawings, down to the cost. The morale and motivation we provided to groups that quickly
realized they couldn't do it and gave up, and by seeing their peers' work, I realized that they shouldn't

giveup.”
In the third design cycle, the pupils struggled to generate solutions appropriate to the given
problem, particularly in understanding the working principle of a water wheel, and were
disregarding mathematical calculations in the use of materials, acting excessively. However,
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the pupils were observed to more quickly recognize deficiencies in the design process, focusing
on the solution and paying attention to the problem criteria when presenting their designs. In
this cycle, it became clear that STEM education should be integrated with other courses, the
number of practical applications should be increased, and special attention should be paid to
ensuring that designs meet the criteria and are workable. At the beginning of this study, it was
noted that the majority of the pupils were unfamiliar with the engineering process, tended to
disregard STEM disciplines and their learning outcomes, skipped the drawing phase, made
independent decisions, and attempted to create the product as quickly as possible without
considering group dynamics. While these tendencies diminished towards the end of the cycle,
it is possible to say that pupils’ ' awareness of the importance of the engineering design process
increased. To increase pupils’ competence and awareness regarding STEM education and the
EDBTP (Ministry of National Education Exam), teachers/preservice teachers should be
supported with ongoing professional development training. Collaborative learning
environments should be designed by consciously integrating STEM disciplines with other
subjects. Furthermore, project-based learning models should be utilized.

4. Conclusion and Discussion

Despite the increasing interest in the STEM education approach worldwide, the necessary
curriculum for this education and its meaning for the pupils are unclear. Studies are needed to
support educators in implementing STEM education (Holmlund et al., 2018). Design-Based
Learning (DBL) activities, which constitute an important part of the STEM education process,
are known to increase student achievement. However, studies are needed on how pupils can
transfer this learning to achievements in other disciplines (Delen & Sen, 2023). Collective
meaning-making and professional dialogues are recommended when planning STEM education
(Holmlund et al., 2018). In this study, observation and interview findings obtained from the
implementation of STEM education processes with pupils in a fourth-grade primary school
science class using the lesson study method by preservice teachers were evaluated. According
to the findings obtained in this context, the study results can be explained as follows:

Thanks to the engineering design-based learning, pupils think like engineers by generating
different solutions to problems they encounter daily and seeking to design according to criteria.
These research results demonstrate significant progress in primary school pupils’ collaborative
work in problem identification, problem-related research, generating possible solutions, and
deciding on the best solution. Furthermore, pupils are increasingly using their in-group
interactions and problem-solving skills more effectively. Anwari et al. (2015) stated that STEM
education allows pupils to develop metacognitive thinking, supporting this conclusion. They
also stated that STEM education can help pupils develop positive attitudes toward science by
fostering an understanding of the integration of different disciplines in the classroom. Hynes et
al. (2011) stated that the engineering design process aims to develop products by producing
high-quality solutions to problems rather than simply building something. They emphasized
that organizing thoughts is essential for effective decision-making in achieving this goal. In this
study, the practices are similarly believed to foster pupils’ understanding of conscious
productivity and respect for diverse ideas. Adair (2000) discusses the stages of gathering
problem-related information for decision-making, identifying alternative options, selecting the
most appropriate one, and implementing it. He stated that activities must be designed
accordingly for an effective decision-making process. As in every stage of this design process,
the student decision-making process was supported by the lesson study method, and in these
positively changing student situations, preservice teachers engaged in continuous needs
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assessments to improve and develop the teaching process. Takahashi and McDougal (2016)
stated that lesson study and collaborative lesson research are suitable for teachers' needs and
can become a significant professional development tool for improving mathematics learning in
schools. This statement reinforces the effectiveness of this method.

The research results indicated that after the collaborative decision-making phase, pupils were
expected to create prototype drawings based on individual and group ideas consistent with the
collaborative solution. Accordingly, when examining the three-cycle process, it was observed
that this approach began to emerge from the second design phase. It was observed that they
respected other ideas and took care to establish group dynamics when determining the
collaborative solution. It is believed that the lesson study and process evaluation contributed to
this. However, during the design task, the pupils struggled during the drawing phase because
they experienced confusion in their subject matter knowledge and could not understand the
working mechanisms of the design they would produce. In other words, the importance of
process, technical, and content knowledge was highlighted in the prototype drawings. In
particular, the physical condition of the classroom, crowded classrooms, and a lack of materials
were noted to have negative consequences for classroom management. In a study by Siitcii et
al. (2023), basic education teachers stated that implementing STEM education in classrooms
was difficult due to crowded classrooms and a lack of materials. The physical characteristics of
the classroom (limited movement space and large numbers of pupils) prevented pupils from
working comfortably. Material deficiencies (not using templates, technical drawing tools, and
rulers required for product drawing) limited prototype drawings. Preservice teachers
implemented interventions throughout the study to address these issues, which emerged during
weekly assessments, using the lesson study method. These included creating a more controlled
environment by allocating pupils specific time and space, encouraging small group work, and
using existing resources more effectively to address material deficiencies.

When the study's results related to the design implementation and testing process were
examined, it was noted that there were deficiencies in student compliance with the process, and
some pupils were observed to disregard the lessons and lacked planning. Paskach et al. (2017)
noted that pupils were unfamiliar with the fundamental components of engineering and
experienced some difficulties. The difficulties in this study stem from a lack of familiarity with
the fundamental components of engineering. Furthermore, in this study, physical conditions
and class sizes posed challenges in implementing the applications. Furthermore, it was observed
that pupils struggled to adapt to course objectives, particularly when integrating the problem
with science and mathematics objectives. Pupils are believed to be not utilizing interdisciplinary
connections to the desired extent. For example, it has been noted that pupils have difficulties
calculating the materials given for problem solving according to the required criteria and that
they request additional materials because they have difficulties with mathematical thinking
processes. Syukri et al. (2018) suggest that the stages of the engineering process will be a good
guide in implementing interdisciplinary integration. Therefore, they state that the stages of
asking, imagining, planning, creating, and improving in science teaching will facilitate
problem-solving in the appropriate process. Therefore, content can be organized according to
these steps. Particular attention should be paid to the process of producing designs per the
criteria. For example, it was observed that the designs did not specifically focus on a product
that operates on non-motorized energy, which was one of the problem criteria.

In the results regarding the challenges encountered during the process, Bozkurt Altan and Tan
(2021) reported that the most challenging stages encountered by the pupils in classes where
design-focused activities were implemented with middle school pupils were generating
solutions and drawing prototypes. It was explained that as the number of activities increased,
the pupils focused more on finding and drawing effective solutions to the problem than on the
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number of solutions generated in the prototype drawings. Similarly, Oztiirk and Korkut (2023)
reported difficulties in defining the problem, developing solutions, and transferring these ideas
to paper during STEM activities. Furthermore, in this study, preservice teachers observed that
individual drawings lacked considerable diversity, particularly during the drawing phase, and
that each other's ideas inspired pupils. NRC (2012) states that appropriate prototype drawings
in the engineering design process must be feasible and based on economic principles that can
be implemented in practice. This study also noted that deficiencies in the prototype drawing
process and the compatibility of drawings with products were addressed within this timeframe.
Interventions were implemented based on weekly evaluations of preservice teachers to address
classroom management challenges, and efforts were made to create a positive classroom
environment. This was because it was observed that the designs were not compatible with the
initial prototype, and this was addressed. The need for a more detailed examination of the
prototype drawing phase, a prominent feature of the EDBTP (Educational Design and Design
Exam) processes, is quite evident. Furthermore, it is believed that the pupils did not understand
the selected topic during the final design phase. It was observed that the pupils experienced
some difficulties in drawing and producing the designed product. Considering the time that has
passed since the final design cycle, it is thought that the pupils could have implemented a more
effective product design process. However, the emergence of difficulties in certain areas
suggests that the chosen topic was not appropriate for the pupils’ level. It was observed that the
pupils had considerable difficulty drawing a working gear system, especially with individual
drawings. Berland et al. (2014) suggested that content should be developed that also addresses
the qualitative and quantitative aspects of mathematics and science disciplines, allowing the
pupils to generate multiple solutions to a problem. The inadequacy of the final design topic and
the establishment of interdisciplinary connections in this study could be addressed by renewing
their learning and re-creating a problem-solving process. This may indicate that pupils are
experiencing difficulties adapting to the engineering process. In general, it is observed that over
time, pupils adapt to the engineering process, produce solutions from different perspectives,
work in teams, and begin to use interdisciplinary integration effectively while producing
designs appropriate to the problem.

In their suggestions regarding the process, preservice teachers stated that these practices are
beneficial and applicable in classrooms. However, given their student levels, they could be
implemented more effectively with middle school pupils. However, a study by Demir et al.
(2021), which examined middle school pupils' attitudes toward STEM education, also found
that the attitudes of upper-middle school pupils were more negative. Therefore, it is crucial to
include engaging content in topics appropriate to pupils' levels from an early age. Student-level
appropriateness is a key factor affecting the applicability of STEM activities. The results
showed that pupils struggled at the beginning of the process, particularly with integrating the
four disciplines. However, towards the end, they were able to use the engineering design stages
more effectively.

In this case, integrating lesson study with STEM practices can contribute to pupils' easier
comprehension of learning and quality learning experiences through interdisciplinary
integration. Cheung and Wong (2014) stated that lesson study improves student learning and
examines teacher practices. The negative attitudes of middle school pupils toward STEM
education in upper grades may be related to the extent to which they have encountered STEM
in their previous learning processes and experiences. Therefore, incorporating STEM-focused
activities into learning environments from an early age may change pupils' attitudes toward
STEM. A general evaluation of the implementation process in terms of pupils' development
yielded the following results: These implementations can contribute to pupils’ cognitive,
affective, and psychomotor development. These implementations will also enhance pupils’
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creative thinking, detailed reasoning, entrepreneurship, computation, design and engineering,
collaboration, and cooperation skills. As the pupils’ design processes progressed, the increase
in group dynamics in the decision-making process and their emphasis on collaborative work
were notable. Towards the end of the process, improvements were observed in pupils’
collaborative behavior and attention to group interaction. Dym et al. (2005) emphasized the
crucial role of inquiry and collaboration in clarifying complex situations in the design process.
Meyrick (2011) stated that the STEM education process will contribute to pupils’ developing
21st-century skills such as critical thinking, problem solving, and collaboration. Preservice
teachers did not emphasize the importance of critical thinking in pupils during this process.
Ozkul and Ozden (2025) stated that engineering education integrated with STEM education
provides pupils with the opportunity to work collaboratively as a team, allowing them to be free
and active in the process. Therefore, it can be inferred that during the research, preservice
teachers observed more aspects of engineering skills, collaboration, and physicality in pupils
during STEM activities, but focused less on critical thinking skills. Furthermore, it is believed
that preservice teachers' pedagogical knowledge and experience also have an impact on guiding
pupils toward critical thinking. Another noteworthy point in the literature is that Yu et al. (2020)
recommend using critical thinking to transform scientific knowledge into meaningful learning
in the engineering design process. From this perspective, it is crucial not to overlook the
importance of critical thinking in similar contexts. The lesson study method helps establish a
balance between theory and practice, and between trainees and experienced teachers, by
providing structured opportunities in the collaborative learning process (Cajkler et al., 2013).
In this study, preservice teachers were observed to focus on pupils’ development in specific
skill areas. However, it can be commented that they contributed to developing these skills by
making revisions in the skill areas examined.

Consequently, the current global competitive landscape and the lack of STEM literacy have
highlighted the importance of design learning at the K-12 level (Hsu et al., 2012). It was a
matter of curiosity how the content created by Mumba et al. (2023), utilizing STEM disciplines
in learning through engineering design, would be reflected in real-world classrooms, and what
challenges might be encountered during this process. This study examined revised design cycles
by observing the process and conducting various interviews with preservice teachers in regular
collaboration through lesson study. The findings are discussed. Accordingly, teacher education
programs should provide teachers with opportunities to develop integrated STEM knowledge
and skills, and the best pedagogical methods should be conveyed (DeCoito, 2023). A study
indicated that few teachers received training on integrating engineering design into science. It
was stated that preservice teachers should design units in accordance with next-generation
science standards through the engineering design process (Mumba et al., 2023). Especially for
preservice teachers who will be the teachers of the future, the existence of innovative practices
that include 21st century skills will enable the development of positive attitudes towards STEM
education (Buldur and Sari, 2022). The number and quality of similar studies should be
increased. In this respect, it is thought that the results obtained will contribute to the field.

5. Suggestions

While this research demonstrates the applicability of the engineering design-based learning
process at the primary school level, it also revealed some limitations inherent to the process. It
was observed that the pupils occasionally struggled to apply subject knowledge to design tasks,
particularly during the drawing phase, and had difficulty grasping technical details. This
highlights the need to integrate pre-learning activities and visual aids that allow the pupils to
access technical information more easily. During the research, it was observed that the pupils
struggled during the drawing phase due to their lack of technical knowledge and had difficulty
transferring subject knowledge to practice. It is recommended that each stage of the design
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process be clearly and comprehensibly explained to the pupils, particularly allocating sufficient
time to the drawing phase. Exchanging ideas with the pupils throughout the process, presenting
alternative materials, and introducing drawing tools can support the process. Incorporating such
practices from an early age will contribute to the development of pupils’ design-focused
thinking skills. Furthermore, difficulties in establishing interdisciplinary connections indicate
the need for guidance in integrating science and mathematics learning into design. Therefore,
it is important to develop pre-service teachers' skills in making these connections and
simplifying and making the content applicable. During the implementation process, the physical
conditions of the classroom environment (crowded classrooms, cramped spaces, and material
shortages) sometimes made classroom management challenging. This can be overcome by
planning learning environments and using available resources more efficiently. Small group
work and space arrangements can support this process. While pupils’' influence on each other's
ideas during the design process demonstrated strong collaboration, guidance was also needed
to encourage individual creativity. Some students' varying levels of familiarity with the
engineering process led to fluctuations in participation. This diversity can be transformed into
a more balanced learning environment by structuring the process appropriately for the pupils
and using guidance tools. The limited implementation time restricted pupils ' ability to
experience the design cycle fully. Future research should include longer implementations, plan
activities supported by digital content, and conduct evaluations based on student feedback.
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