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STEM Egitimi Uygulamalari ile ilkokul Ogrencilerinin Fen
Kariyer Bilinglerinin Gelistirilmesi: Bir Eylem Arastirmasi*

Hicran OZKUL, Muhammet OZDEN?

Ozet

ilkokul dérdinci sinif fen bilimleri dersi 6gretim programi
kapsaminda  budtunlestiriimis ~ STEM  egitiminin  nasil
uygulanabilecegini ve 6grencilerin fen kariyer bilinglerinin nasil
gelistirilebilecegini aciklamay! hedefleyen bu arastirmada
eylem arastirmasi kullaniimistir. Arastirma 2018-2019 akademik
yiinda Ege Bodlgesi'ndeki bir Universitenin kampusundeki
ilkokulda &grenim gdéren dorduncu sinif ogrencileri ile
gergeklestirilmistir.  Arastirmanin  nicel  verileri  STEM
Mesleklerine ligi Olcegdi ile nitel verileri ise kisisel bilgi formlari,
video ve fotograf kayitlari, yari yapilandiriimis goérdsmeler,
arastirmaci gunlagd, égrenci gunlukleri ve gecerlik komitesi
ses kayitlari ile toplanmistir. Nicel verilerin analizi Wilcoxon
Isaretli Siralar Testi, nitel verilerin analizi ise tematik analiz
kullanilarak  gerceklestiriimistir.  Arastirma  sonucunda
ilkokulda  butunlestiriimis  STEM  egitiminin  “problemi
yapilandir”, “dustnce dret”, “se¢ ve yap” “test et ve duslince
yansit” ve “yeniden olustur” asamalarini iceren muhendislik
temelli bir anlayisla uygulanabilecegi belirlenmistir. Belirtilen
asamalardan égrencilerin en zorlandiklari bilesenin prototipleri
cizme konusu oldugu ortaya cikmistir. Odgrencilerin  fen
alanindaki mesleklerin gorevlerini tanidiklari ve bu mesleklere
yonelik ilgilerinin artarak bu meslekleri kariyer planlarina dahil
ettikleri tespit edilmistir. Arastirmanin nicel bulgulari da bu
sonucu desteklemektedir. Arastirmada ogrencilerin STEM
mesleklerine yonelik ilgilerinin uygulama sonunda son test
lehine istatistiksel olarak anlamli farklilik gdsterdigi ortaya
ctkmustir. Arastirmanin hem nitel hem de nicel bulgularinin
analizleri sonucunda &grencilerin fen kariyer bilinglerinin
gelistigi saptanmistir.
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Giris
STEM Egitimi

Cagdas yaklasimlarda 21. yuzyilin gerektirdigi is birlikli calisabilme,
analitik ve elestirel dusunebilme, problemlere bilimsel muhakeme ile
¢dzUm Uretebilme gibi is gucune sahip olabilmek icin disiplinlerin
butunlestiriimesinin  gerekliligi  sikhkla belirtilmektedir (Guzey ve
digerleri, 2016; National Research Council [NRC], 2012). S6zu edilen
nitelikli is gucune sahip olabilmek amaciyla ortaya c¢cikan en guncel
egitim sistemlerinden birisi de STEM egitimidir (Karahan, 2017).

STEM egitimi, fen, teknoloji, muhendislik ve matematik disiplinlerinin
butunlestiriimesini saglayan ve fen ve matematik disiplinlerinin gunluk
hayattaki yerini ve &nemini géstermeye yarayan pedagojik bir
yaklasimdir (Dugger, 2010; Morrison, 2006; Tsupros ve digerleri, 2009).
Bir baska tanima gore STEM egitimi, muhendislik ve teknoloji
alanlarinin fen ve matematik derslerine adapte edilmesiyle égrencilerin
hesaplamali ve sistematik dusinme, elestirel dusunme, gunluk
hayattaki sorunlari bireysel olarak ¢ozebilme, yasadiklari cevreye uyum
saglayabilme gibi 21. yuzyil yasam becerilerinin gelisimini kapsayan bir
butlnlesik dustinme sudrecidir (Bybee, 2010, 2013; NRC, 2011). ilgili
tanimlara bakildiginda STEM egitiminin amacinin (i) fen, teknoloji,
muUhendislik ve matematigin entegrasyonunu saglamak, (iij STEM
disiplinlerini  toplumsal ve kulturel anlamda butunlestirerek
ogrencilerin  STEM'e olan bakis acilarini derinlestirmek ve (iii)
ogrencilerin STEM alanlarina olan ilgilerini arttirmak oldugu sdylenebilir
(Roehrig ve digerleri, 2012). STEM egitiminin temelini fen, teknoloji,
muhendislik ve matematik disiplinlerinin butunlestirilmesi olusturur
(Wang ve digerleri, 2011). Ancak, bu disiplinlerin nasil ve ne sekilde
butunlestiriimesi gerektigi konusunda arastirmacilar arasinda tam bir
gorus birligi bulunmamaktadir (Gencer ve digerleri, 2019). Bu belirsizlik,
farkli egitim modellerinin ve uygulamalarinin gelistirilmesine yol
acmistir.

STEM Egitiminin Butunlestirilmesi

STEM egitiminin sézU edilen amacglara erisebilmesi icin STEM
disiplinlerinin nasil ve ne sekilde butunlestirilecegine iliskin farkl
yaklasimlar oldugu gérulmektedir (Bryan ve digerleri, 2016; Bybee, 2013;
Kelley ve Knowles, 2016; Roehrig ve digerleri 2012; Wang ve digerleri,
2011). Bu yaklasimlara multidisipliner yaklasim, interdisipliner yaklasim,
transdisipliner yaklasim (Karahan, 2018; Wang ve digerleri 2011), icerik ve
baglam entegrasyonu modelleri (Roehrig ve digerleri 2012) ve
batunlestirilmis STEM egitimi (Bryan ve digerleri 2016) 6érnek olarak
verilebilir. Batunlestirilmis STEM egitimi STEM disiplinlerinden ikisinin
ya da daha fazlasinin gercek dunya baglamindaki problem durumlarina
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odaklanilarak tek bir cati altinda birlestirilmesine dayanmaktadir (Bryan
ve digerleri 2016).

BUtunlestirilmis STEM egitiminde muhendislik odaga alinmaktadir. Bu
goruste olan arastirmacilar, muhendisligin fen ve matematik bilgisinin
kullanimi icin bir katalizor gorevi Ustlendigine (Cavlazoglu ve Stuessy,
2017; Daugherty, 2012; NAE ve NRC, 2009) ve bu yolla égrencilerin fen
kavramlarini daha anlamli ve daha kalici olarak &grendiklerine
inanmaktadirlar (Ercan ve Sahin, 2021; Okulu ve Oguz Unver, 2021).
Muhendisligin  odaga alindigr butunlestirimis STEM  egitimi
uygulamalarinda muhendislik tasarim surecleri 6gretim uygulamasinin
merkezini olusturmaktadir (Guzey ve digerleri, 2017, English, 2018;
McFadden ve Roehrig, 2018; Pekmez ve digerleri, 2018). Ornegdin
Pekmez ve digerlerinin (2018) calismasinda 4., 5., ve 6. sinif dgrencilerine
kdpru tasarlama goérevi verilmistir. Baslangicta ogrencilere képru
insaatiileilgili bir hikaye okunmustur. Buradan yola ¢ikarak 6grencilerle
kdpru cesitleri ve insaat muhendisligi  Uzerine tartismalar
gercgeklestiriimistir. Ardindan fen bilimlerinin konusu olan itme, cekme
ve denge kavramlarinin insaat muhendisligi ile iliskilendirilmesine
rehberlik edilmistir. Yapilan deneysel calismada butun &égrenciler
muhendislik tasarim sureclerini kullanarak koprulerini
olusturmugslardir. Arastirmada fen birincil disiplin, muhendislik ise
baglam olarak kullanilmistir. Watt ve Andrews'in (2018) calismasinda,
ilkokul dérduncu sinif ogrencilerine yasadiklari bélgedeki kuraklik
sorununa ¢ézum bulmalariicin bir tasarim gorevi verilmistir. Su kithgina
iliskin problem durumu senaryo, haber ve bir hikaye ile tanitilmistir.
Kithk problemi belirlendikten sonra cocuklardan suyun gerekli oldugu
her durumu ve bu durumlarin nedenlerini acikladiklari bir liste
olusturmalari istenmistir. Cocuklar su tasarrufu yapilabilecek yollari
belirledikten sonra her gruptan kar ve yagmur sularini yakalamak icin
bir bina tasarlamalari istenilmistir. Sonucta c¢ocuklar muhendislik
tasarim sureclerini kullanarak butun sistemi modellemislerdir. Ayrica
surecte ogrenciler bilimsel bir dil kullanmaya tesvik edilmistir.
Muhendislik uygulamalari, teknolojik bir Urin olusturma surecinde
matematigin ve fenin uygulamalarini gerektirdiginden STEM
disiplinlerinin anlamli ve nitelikli olarak entegrasyonunu saglamaktadir
(Moore ve digerleri, 2014a).

Yapilan arastirmalar, muhendislik uygulamalarinin  fen icerigine
entegre edilmesinin 6grencileri pek ¢cok yonde destekledigini ortaya
koymustur. Ornedin bahsedilen sekilde yUuratulen calismalarda
ogrencilerin fen bilimlerine karsi tutumlarinin (Toma ve Grace, 2018) ve
fen dersindeki akademik basarilarinin (Guzey ve digerleri, 2017) arttigi
tespit edilmistir.  Ayrica alan yazinda muhendisligin  STEM
uygulamalarinda odaga alinmasinin bu disiplinleri zenginlestirdigi ve
bdylece 6grencilerin Ust duzey ve bilimsel dusunmelerini, sorgulama ve
arastirma yapmalarini ve bilimsel surec¢ becerilerini kullanmalarini
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tesvik ettigi savunulmaktadir (English, 2018; Fan ve Yu, 2017, NAE ve
NRC, 2009; Okulu ve Oguz Unver, 2021; Ozkul ve Ozden, 2020; Strong,
2013; Sen, 2018; Wendell, 2008). Ornegdin Ozkul ve Ozden (2020),
muUhendislik odakli butunlestirilmis STEM uygulamalari ile 8grencilerin
¢cok yonlu dusUunme, bilimsel dusunme ve yaratici dusunme
becerilerinin gelistigini belirlemislerdir. Bir baska arastirmada Yavuz
(2019), fen bilimleri dersinde muhendislik temelli STEM uygulamalarinin
ilkokul dérduncu sinif 6grencilerinin STEM mesleklerine yonelik ilgi, algi
ve tutumlarini gelistirdigi rapor edilmistir. Bir baska arastirmada ise
muhendislik temelli STEM egitimi uygulamalarinin ilkokul dérduncu
sinif 6grencilerinin fen ve matematik bilgilerini butunlestirme, problem
cozme, is birligi ve takim calismasi becerilerini gelistirdigi sonucuna
ulasiimistir (Karahan ve digerleri, 2019). Ote yandan mUhendislik temelli
STEM uygulamalari  yoluyla ogrencilerin  muhendislik  kariyer
bilinclerinin, meslege iliskin farkindaliklarinin ve STEM disiplinleri ile
ilgili tutumlarinin gelistigini saptayan arastirmalar da bulunmaktadir
(Acar, 2018; Christensen ve Knezek, 2017; English, 2018; Guzey ve
digerleri, 2016; Karakaya ve digerleri, 2019; Ozkul ve Ozden, 2020; Yavuz,
2019.)

Alan yazin taramasi sonucu ilkokul égrencileri ile yapilan arastirmalarin
sayisinin az oldugu goérulmuastur. Bununla birlikte muhendisligin
STEM'e entegrasyonunun nasil gerceklestirileceginin halen bir tartisma
konusu oldugu da bilinmektedir (Bybee, 2013; English ve digerleri, 2017;
English ve King, 2015; Moore ve digerleri, 2014b; Okulu ve Oguz Unver,
2021, Roehrig ve digerleri, 2012; Wang ve digerleri, 2011). Pek cok
arastirmaci bu konuda ortak bir goruse varamamistir.

Bu baglamda arastirma kapsaminda ilkokulda STEM egitimi

uygulamalarinin ogretme ve  &6grenme  suUreci ile nasil
butunlestirilecegine iliskin bir cerceve cizilmesi ve uygulanan egitimin
eylem arastirmasi  yoluyla aciklanmasinin onemli  oldugu

dusunulmektedir. Ayrica bu arastirmanin STEM yaklasiminin 6grenme
ortamlarinda kullanimina donuk anlayis gelistiriimesine katki saglama,
STEM egitiminin yapisini ve sureclerini aciklama bakimindan onemli
oldugu dusunulmektedir. Yine STEM egitimi ile ilgili yapilan
arastirmalarda da 6grencilerin ilkokul basamaginda STEM mesleklerini
tanimalarinin  stratejik olarak &dnemli oldugu belirtilmektedir.
Ogrencilerin fen kariyer bilinclerinin gelisimi konusunda arastirmanin
literatUre katki saglayacagdi dusunulmektedir. ilkokul dérdincu sinif fen
bilimleri dersi égretim programi kapsaminda butunlestiriimis STEM
egitiminin nasil uygulanabilecegini aciklamayi hedefleyen bu arastirma
ic Ege bdlgesinde yer alan bir devlet Universitesinin yerleskesinde
bulunan &zel ilkokulda 6grenim gdren sekiz 6grenci ile sinirlhidir. Bu
kapsamda asagidaki sorulara cevap aranacaktir:
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ilkokul  fen  bilimleri dersinde  butldnlestirilmis  STEM
uygulamalarina yer veren Ogdretme &grenme sUreci nasill
gergeklestiriimistir?

Butunlestirilmis STEM egitimi surecine iliskin 6grenci gorusleri
nelerdir?

Butunlestirilmis STEM egitiminin  &grencilerin  fen alaninda
kariyer olusturma bilin¢lerine etkisi nasildir?

Yéntem
Arastirma Modeli

Arastirma eylem arastirmasi deseni (Kemmis ve digerleri, 2014)
kullanilarak gerceklestirilmistir. Belirtilen desenin kullaniimasinin
nedenleri: (i) bir sinif ortaminda 6grencilere uygulanan butunlestirilmis
STEM egitimi icerikleri ve sureclerini gelistirmek icin butln paydaslarin
(arastirmaci, komite ve égrenciler) is birligine gereksinim duyulmasi, (ii)
batunlestirilmis STEM egitimine iliskin 6gretme-é6grenme surecinin
gelisimini saglayan eylemleri ve ilgili eylem stratejilerinin  nasil
gelistirildiginin aciklanmasi gereksinimi ve (iii) arastirmacilarin kendi
uygulamalarini gézlemleme istegidir.

Hem arastirmacilarin bakis acilarinin farkhligindan hem de dinamik
yapisindan dolayl eylem arastirmasinin nasil yarutulecegi ile ilgili pek
cok model dne strtlmustur. ilgili modeller, merkezinde bir konu ya da
bir problem durumunun bulundugu, arastirma surecinde gdzlemlerin
yapildigi ve toplanan verilerin analiz edildigi sarmal bir yapiya sahiptirler
(Gurgur, 2017). Bu arastirma kapsaminda kullanilan model asagida Sekil
1'de sunulmustur.
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Sekil 1
Katilimci Eylem Arastirmasi Sdreci

YANSITMA

YANSITMA

VIV INy 19 NaaiNas

N
VIgyTNy1d NAGN

Arastirmada uygulanan dongu planlama, harekete gecme,
gozlemleme ve yansitma olmak Uzere dort asamadan olusmaktadir
(Kemmis ve digerleri, 2014). Planlama asamasi, arastirma surecinin
birinci adimi olmustur. Bu asamada arastirma konusu, gdzlemleme
sureci ve veri toplama araclari belirlenmistir. Harekete gecme
asamasinda butunlestirilmis STEM egitimi etkinlikleri eylemler olarak
planmis ve uygulama yapilmistir. Gozlemleme asamasinda arastirmaci
etkinlikleri uygulayarak butUn sureci kamera ve ses kayit cihazi ile kayit
altina almistir ve bu kayitlardan elde edilen verilerin dokumunu
yapmistir. Ayrica arastirmaci gunlukleri, gecerlik komite toplantilari ve
sure¢ boyunca o&grencilerle gerceklestirilen yari  yapilandiriimis
goérusmeler ile de eylem arastirmasindaki gelisim gdzlenmistir.
Dorduncu  asama olan  yansitma asamasinda ise derslerin

uygulanmasindan sonra dokumleri gecerlik komite toplantilarinda

makalenin ikinci yazari ve iki alan uzmanina sunulmus ve arastirmaci

da goruslerini belirterek is birligi ile ileriki etkinliklerde alinmasi gereken
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onlemler ve eylem planlari belirlenmistir. Ardindan bir sonraki ders icin
yeni eylem planlari ise kosularak etkinlikler planlanmistir.

Arastirma Ortami ve Katilimcilar

Arastirma ortaminin belirlenmesinde kritik durum &rneklemesi
kullanilmistir (Yildirrm ve Simsek, 2013). Kritik durum orneklemesi
kesfedilen bilginin benzer durumlarda en yuksek (maksimum) seviyede
uygulanmasini amagclar. Bu arastirmada kritik durum oérneklemesi
ilkokul dorduncu sinif fen bilimleri dersi 6gretim programi kapsaminda
butunlestirilmis STEM egitimine yer veren 6gretme 6grenme surecinin
basariyla nasil gerceklestirilebilecegdini belirlemek amaciyla bu konuda
en buyuk etkiyi yapabilecek bir okul secimi ile mantikli bir érneklem
stratejisi olarak kabul edilmistir. CUnku 6gretimde yeni yaklasimlarin ise
kosulmasinda okullarin fiziksel ve ekonomik kosullari ile yakindan ilgili
olabilmektedir. Bu bakimdan arastirmada ilkokulda STEM egitimi
uygulamalarinin 6grenme 6gretme surecinde nasil ise kosulabilecedi,
STEM egitiminin yapisini ve sureclerini aciklama gibi amaclari oldugu
icin egitsel ve fiziki olanaklar bakimindan orta ve Ust sosyo ekonomik
duzey bir okulda arastirma yapilmasi kritik durum olarak kabul
edilmistir. Eger bu Oozelliklere sahip bir okulda STEM egitiminin
ogrenme ogretme sureci ile butunlestirimesi konusunda sorunlar
yasaniyorsa daha kisitli olanaklara sahip okullarda daha buyUk sorunlar
yasanmasi olasi dusuncesi etkili olmustur.

Arastirma Ege Bdlgesi'nde yer alan bir 6zel okulda gerceklestirilmistir.
Okulda ilkokul ve ortaokul 6grencileri 6grenim gdérmektedir. Okulda
ilkokul ve ortaokul égrencileri 6grenim gdérmektedir. Uygulama 2018-
2019 egitim ogretim yilinda ilkokul dorduncu sinif ogrencileri ile
gerceklestirilmistir.  Arastirmanin  dérduncu sinif  égrencileri ile
gerceklestiriimesinde muhendislik ve tasarim becerilerinin  Fen
Bilimleri Dersi Ogretim Programi'nda (Milli Egitim Bakanhdi [MEB],
2018) dorduncu siniftan itibaren kazandirilacak bir beceri alani olarak
gosterilmesi etkili olmustur. Bunun yani sira égrencilerin fen bilimleri
dersiyle ilgili yasantilara sahip olmalari, psikomotor gelisim ve bilissel
gelisim bakimindan gdrece daha olgun olmalari da &rneklem
seciminde etkili olmustur.

Arastirma uygulamasi ogrencilerin kendi dersliklerinden farkli bir
derslikte gerceklestiriimistir. Uygulamanin yapildigi derslik 6grencilerin
STEM calismalarini rahat bir bicimde yapabilmeleri icin c¢izim
masalarina sahiptir. Her grupta iki 6grenci olacak sekilde dért grup
olusturulmustur. Ayrica derslik penceresinin 6nune de iki adet ¢izim
masasl yerlestirilmis ve uygulama surecinde kullanilacak materyaller
icin istasyon olusturulmustur. Bu istasyonlar her STEM etkinliginin
baslangicinda o etkinlige ait cesitli materyaller yerlestirmek ve
ogrencilerin  ara¢ gerecleri rahatca gozlemlemelerini saglamak
amaciyla kullaniimistir. Ayrica derslikte bir bilgisayar ve projeksiyon
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bulunmaktadir. OJrencilere bilgisayardan video izletmek gerektiginde
ya da 6grencilerin arastirma yapmalari gerektiginde derslikte bulunan
bilgisayar ya da tepegdz kullaniimistir.

Arastirmanin yapildidi sinifta sekiz 6grenci bulunmaktadir. Bu sebeple
bdtun &grenciler odak &grenci olarak kabul edilmistir. Surecin
baslangicinda velilere ve 6grencilere arastirma surecinde kendilerinden
beklenilenler, sUrecin nasil gelisecegi, elde edilen verilerin nasil
saklanacagi, géruntulerinin kullanilmayacagi ve istedikleri zaman da
arastirmadan cekilebilecekleri bilgisi verilmistir. Ogrenciler uygulama
boyunca ikiser kisi olarak gruplandiriimistir. ilerleyen uygulamalarda
gruplar arasinda degisikliklere gidilmistir. Kod isim verilen her bir
katilimcinin kisisel bilgi formu, sinif 6gretmeni ile yapilan gérasmeler ve
arastirmacinin gézlemleri sonucunda elde edilen demografik 6zellikleri
Tablo T'de sunulmustur.

Tablo 1
Katilimcilarin Demografik Ozellikleri
Ogrenci Cinsiyet Anne Baba Anne Baba
Kodu Egitim Egitim Meslegi Meslegi
Duzeyi Duzeyi
Ayca Kiz Lise Lisansustu Ev hanimi Ogretim
dyesi
Berk Erkek Lise Lise Ev hanimi Esnaf
Ozgur Erkek Lise Universite Serbest Memur
meslek
Kamil Erkek Universite Lise OJretmen Polis
Yeliz Kiz ilkokul ilkokul Serbest Serbest
meslek meslek
Nilay Kiz Lise Lise Memur Bankaci
ipek Kiz Lisansustl Lisansusti  Ogretim Ogretim
dyesi dyesi
Alphan Erkek Lise Universite Memur Memur

Veri Toplama Araglari

Eylem arastirmasi sUrecinde hem nicel hem nitel veri toplama
tekniklerinden yararlanilabilir (Creswell, 2017; Mills, 2011). Bu arastirma
kapsaminda veriler STEM Mesleklerine Yonelik ilgi Olcedi, video ve ses
kayitlari, yari yapilandirilmis goérusmeler, arastirmaci gunlugu ve
ogrenci gunlukleri ile toplanmistir. Asagida arastirmada kullanilan veri
toplama araclari tanitilmistir.

STEM Mesleklerine Yénelik ilgi Olcegi

Arastirmanin basinda ve sonunda uygulamaya katilan égrencilerin fen
kariyeri bilinclerinde nasil bir degisim gerceklestigini gormek amaciyla
Fen, Teknoloji, MUhendislik ve Matematik mesleklerine ydnelik ilgi
dlcedi (STEM-MYIO) kullaniimistir.
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Kier ve digerleri (2014) tarafindan gelistirilen, Koyunlu UnlU ve digerleri
(2016) tarafindan Turkgeye uyarlanan “Fen, Teknoloji, MUhendislik ve
Matematik Mesleklerine Yonelik ilgi Olcedi 40 sorudan olusmaktadir.
Olcek besli likert tipindedir. Arastirma kapsaminda olcek formu Ucg
bélumden olusturulmustur. Birinci bdlumde STEM mesleklerine
yoénelik bilgiler verilmistir. ikinci bolimde &grencilerin demografik
dzellikleri ile ilgili sorular bulunmaktadir. UcUnclU boélumde ise 40
sorudan olusan dlcek maddeleri yer almaktadir. Olcek maddelerinin her
birinde tamamen katiliyorum, katiliyorum, kararsizim, katilmiyorum ve
hic katilmiyorum secenekleri bulunmaktadir.

Olcek katilimcilara uygulama déncesinde (6n test) ve sonunda (son test)
uygulanmistir. Olcedin arastirma kapsaminda guvenirlik katsayisini
(cronbach alpha) hesaplamak amaciyla kime orneklem ydontemiyle
belirlenen alti okuldaki 370 &grenciden veriler elde edilmistir. Analiz
sonucunda cronbach alpha guvenirlik katsayisi 0.92 olarak
bulunmustur. Alt boyutlar icin dlcum guvenirligi fen bilimleri icin 0.82,
matematik i¢cin 0.80; teknoloji icin 0.80 ve muhendislik i¢cin 0.90 olarak
hesaplanmistir. Olcegdin fen alt boyutuna ydénelik “Fen alanindaki
mesleklere ilgi duyuyorum.”, matematik alt boyutuna yonelik
“Matematik alaninda c¢alisan birini mesleki acidan o6rnek alirm.”,
teknoloji alt boyutuna yonelik “Teknolojiyle ilgili cok sey 6grenirsem pek
cok is imkaniyla karsilasabilirim.”, muhendislik alt boyutuna yodnelik
“MuUhendislik becerisi gerektiren etkinlikleri seviyorum.” maddeleri
ornek olarak verilebilir.

Video ve Ses Kayitlari

Video kayitlari o6grencilerin davranislarini, ders boyunca yaptiklari
hareketleri ve arastirmacinin performansi hakkinda bilgi saglar
(Johnson, 2015). Video kayitlar ile arastirmacinin ders esnasinda gozden
kacirdigl etkilesimlerin tespit edilmesi saglanir (Mills, 2011). Bu
arastirmada gerceklestirilen butun etkinlikler hem video ile hem de ses
kayit cihazi ile kayit altina alinmistir. OJrencilerin kameraya uyum
saglamalari icin U¢ hafta boyunca diger derslerde de kamera sinifa
yerlestirilmistir. Etkinliklerin video ve ses kayit cihazi ile kayit altina
alinmasi derslerin  defalarca izlenmesini  saglamistir.  Verilerin
dokumunu kolaylastirmistir. Haftalik girilen gecerlik komitelerinde
onemli oldugu dusunulen kesitler komite uyelerine izlettirilmistir.
Boylece eylem planlarinin belirlenmesi daha etkili hale gelmistir. Ayrica
gecerlik komitesi toplantilari da ses kayit cihazi ile kayit altina alinmistir.
Destek veri kaynagi olarak kullanilmak Uzere bu kayitlarin da dokumu
gerceklestirilmistir.

Yari Yapilandirilmis Gérismeler

Gorusme, sohbet tarzi, standartlastirilmis acik uclu ve yari
yapilandirilmis olmak Uzere uUcge ayrilir (Patton, 2014). Bu arastirma
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kapsaminda gdrusler, yari yapilandirilmis gorusme teknigi ile
toplanmistir. Yari yapilandirilmis goriusme tekniginin benimsenmesinin
nedeni katilimcilarin gérdsme konusuna iliskin yanitlarinin sistematik
olarak Kkarsilastirilmasina olanak vermesidir. Arastirmaci surecin
basinda ve sonunda ogrencilerle yari yapilandirilmis gérusmeler
gerceklestirmistir. S6zU edilen gdrusmelerin yani sira her eylem
sonunda iki d6grenci belirleyerek yari yapilandirilmis goérusmeler de
gerceklestirmistir.  GorUsme sorularina &ornek olarak “Yaptigimiz
etkinliklerdeki muhendislik tasarim ve uygulama sureclerinde fen ve
matematik bilgilerini nasil kullandik? Anlatir misin?” ve “Yaptigimiz
etkinliklerin Fen, Teknoloji, Muhendislik, Matematik alanlarindaki
meslek secimlerine etkilerini anlatir misin?” verilebilir.

Arastirmaci Gunlugu

Arastirmaci  surecle ilgili  butun  gdzlemlerini, beklentilerini,
dusuncelerini, goruslerini ve surecte yasadigl sorunlarini yansittigi bir
gunluk tutmustur. Arastirmaci dusuncelerini baslangicta bir deftere
not ederken ilerleyen asamalarda bilgisayar dosyasina kaydetmistir.
Gunlukte izlenimlere, 6grencilerle ve komiteler ile ilgili yorumlara,
duygulara ve dusuncelere yer verilebilir (Johnson, 2015). Bu arastirmada
arastirmacli sure¢ boyunca hem etkinlik sonlarinda hem de komite
sonlarinda butun duygu ve dusuncelerini gunligune yansitmistir.
Gunluklerin arastirmaya yon vermesi bakimindan ya da arastirmada
g6zden kacabilecek 6nemli noktalari engellemesi bakimindan énemli
oldugu sdylenebilir.

Ogrenci Giinliikleri

Ogrenci gunlukleri etkinliklerden sonra &grencilerin  é6grenme
deneyimleri ile ilgili duygu ve dusuncelerini paylastiklari veri
kaynaklaridir (Jewell ve Tichenor, 1994, akt. TUrkkan, 2008, s. 81). Ogrenci
gunluklerinin arastirmanin gelisimine katki saglamasi ve verileri
zenginlestirmesi bakimindan o6énemli oldugu soylenebilir. Fakat
arastirma kapsaminda ogrenciler gunluk yazmak istememislerdir.
Arastirmaci da bu sorunu ¢cézmek amaciyla renkli ve ilgi ¢cekici gunluk
formlari olusturmustur. Bu formlarda “Bugunku etkinligin amaci
nedir?”, “Bu derste ogrendiklerin nedir?”, “Yaptigimiz etkinligin zor
taraflar nedir?”, “Yaptigimiz etkinligin daha iyi gerceklesebilmesi icin
onerilerin nedir?” sorularina yer verilmistir. Ayrica etkinlik sonu formlari
gelistirilerek o gunku etkinlik hakkinda da o6grenci gorusleri alinmistir.
Arastirmada kullanilan veri toplama araclarinin arastirma sorulari

baglaminda kullanimi Tablo 2.de sunulmustur.

60



PAUEFD, 64, 51-91 [2025] H. Ozkul ve M. Ozden https://doi.org/10.9779/pauefd. 1408156

Tablo 2
Arastirma Sorulari Baglaminda Toplanan Veriler ve Analizleri

Arastirma Sorusu

Toplanilan Veriler

Verilerin Analizi

ilkokul fen bilimleri dersinde
butunlestirilmis STEM
uygulamalarina  yer  veren

ogretme 6grenme sUreci nasll
gerceklestirilmistir?

-Video ve fotograf
kayitlari

-Yari yapilandiriimis
gorusmeler
-Arastirmaci
gunlugu

-Ogrenci gunlukleri

Tematik Analiz

BUtUnlestirilmis STEM egitimi
deneyimlerine iliskin 6grenci

-Video ve fotograf
kayitlari

-Yari yapilandiriimis
gorusmeler

Tematik Analiz

gorusleri nedir? -Arastirmaci

gunlagd

-Ogrenci gunlukleri

-STEM mesleklerine  Wilcoxon isaretli
Batdnlestirilmis STEM Y\‘/Dlgil(')k L'/z'?;fs?'raf Stralar Testl
egitiminin  &Jrencilerin  fen Kavitlar 9
alaninda  kariyer olusturma _Y;/“ 2oilandirimi
bilinclerine etkisi nasil éruymIZIer 3 Termatik Analiz
olmustur? gorus

-Arastirmaci

gunlugu

-Ogrenci gunlukleri

Eylem Plani Gelistirme Déngusu

Eylem arastirmasi dongusel bir sekilde ve hedefe ulasilana kadar tekrar
eden bir surectir. Bu surecte dongunun her tekrarinda arastirma gelisir
ve ilerler. Arastirma boyunca 18 eylem plani gelistirilmistir. Eylemler
2018 Fen Bilimleri Dersi Ogretim Programi'ndaki kazanimlara gore
arastirmaci tarafindan planlanmistir. Haftalik eylem plani gelistirme
dongusu Sekil 2'de sunulmustur.

Sekil 2
Eylem Plani Gelistirme Dongusu

Etkinligin
planlanmasi

Planin uygulanmasi
ve verilerin
dokimunun
gercgeklestiriimesi

Verilerin gegerlik
komitesi ile
paylasiimasi

Verilerin makro
analizlerinin
yapilmasi
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Yukaridaki sekilde goruldugu gibi sUrec dncelikle arastirmacinin eylemi
planlamasi ile baslamistir. Ardindan arastirmaci planladigr eylemi
uygulamistir. Uygulamadan sonra video ve ses kayit cihazi ile kayit
altina aldigi eylemlerin dokUmunu gerceklestirmistir. Ardindan gecerlik
komitesi toplantisinda sunmak ve komite Uyelerinin goruslerini almak
Uzere video kayitlarindan bazi kesitleri kaydetmistir. Ayrica o hafta
islenen dersin butun dékumlerini gergeklestirmistir. Kisaca butun
verilerin makro analizlerini yapmistir. Komite Uyeleri hem butun veri
dokumlerini okuyarak hem de goéruntuleri izleyerek arastirmaciyla
birlikte bir sonraki dersi gelistirmeye doénuk eylem planlari
belirlemislerdir. Arastirmaci bu eylem planlarini da ise katarak yeni
etkinligi planlayarak bir sonraki derse gitmistir. Bu sure¢ amaca
ulasilana kadar geliserek devam etmistir. Baslangicta arastirmaci her
etkinligi planlamasina ragmen hedeflerine ulasamamistir. Her etkinlik
sonunda girdigi gecerlik komiteleri sonucunda getirilen dnerilere ve
elestirilere gore yeni planlar gelistirerek ilerlemistir. Komite Uyeleri
arastirmacinin arastirma kapsaminda gelistirmesi gereken kriterlerin
bulundugu ve hedefe ulasilip ulasilmama durumuna gdre “evet”, “hayir”
ve “kismen” seceneklerini isaretledikleri video kontrol listelerini her
eylem komitesi toplantisinda doldurmuslardir. Bu liste, eylem
sureclerinde gelistiriimesi beklenen &zellikleri kapsayan on bir
maddeden olusmaktadir. Baslangicta komite Uyelerinin ¢cogunlukla
hayir secenegini isaretledikleri gérulurken surecg ilerledikce yapilan
komite toplantilari ile de evet secenedi isaretlemelerinin arttigi
goérulmustuar.

Arastirma verileri 04.10.2018-15.05.2019 tarihleri arasinda toplanmistir.
Eylemler her hafta persembe gunu son iki ders saatinde okulda
gerceklestirilmistir. Fakat bir hafta uygulama persembe ve cuma gunu
yapilmistir. Bununla birlikte bir kez jeoloji ve maden muhendisligi
laboratuvarlarinda, bir kez elektrik elektronik ve bilgisayar muhendisligi
laboratuvarlarinda ve bir kez de Universite merkez laboratuvarinda da
eylem uygulamalari gerceklestirilmistir. Arastirmada belirlenen eylem
planlarina yénelik gelistirilen etkinlikler ve bu etkinlikler kapsaminda
Uzerinde durulan meslek dallari su sekildedir:

e DuUnyami Olusturuyorum (Jeofizik MUhendisi, Uzay MUhendisi)

e Pelikan Yumurtalarint Koruyalim (Cevre Muhendisi, Tasarim
Muhendisi, Biyolog, Zoolog)

e Jeoloji ve Maden Muhendisligi Laboratuvar Gezisi (Jeoloji
MuUhendisi ve Maden MuUhendisi)

e Dinozor ve Midye Fosilleri Olusturma (Paleontolog, Endustriyel
Tasarim Muhendisi)

e Yenilebilir Arabami Tasarliyorum (Makine MUhendisi, Otomotiv
Muhendisi, Endustriyel Tasarim Muhendisi)

e Diyetisyen Olduk (Diyetisyenlik, Biyolog)
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e ILTEM Laboratuvar Gezisi (Fizik Bilim insani, Kimyager, Biyolog,
Gida MUhendisi, Seramik MUhendisi)

e Sigara ve Alkolun Zararlari (Scratch programi ile afis hazirlama-
kodlama) (Bilgisayar MUhendisi, Yazilim MUhendisi),

e Elektrik Elektronik ve Bilgisayar MUhendisligi Laboratuvar Gezisi
(Elektrik Elektronik MUhendisi ve Bilgisayar Muhendisi)

e Devremizi Olusturuyoruz (Elektrik Elektronik MUhendisi)

e Su Tasitimi Olusturuyorum (Gemi MUhendisi, Elektrik Elektronik
MUhendisi)

e Marsmelovlardan Tasarim Yaplyorum (insaat MUhendisi, Mimar,
Jeoloji MUhendisi)

e Kendi Termosumuzu Yapalim (Fizik Bilim insani, Kimyager,
Endustri MUhendisi)

e GCezegen Kasif Robotumu  Olusturuyorum  (Mekatronik
MUhendisi, Fizik Bilim insani)

e Kopramu Olusturuyorum (insaat MUhendisi, Jeoloji MUhendisi,
Fizik Bilim insani)

e Balonlu Arabam (Fizik Bilim insani)

e Kedi Evi (Veteriner, Zoolog, Biyolog)

e Parasutumu Tasarliyorum (Tekstil MUhendisi)

Baslangicta bu arastirmada uygulanmasi planlanan ve benzer
arastirmalarda uygulanan etkinlikler incelenmistir (English ve digerleri,
2013; English ve King, 2015). Ardindan arastirmanin amacina yonelik
etkinlikler olusturulmustur. Bu etkinlikler &grencilerin seviyelerine
uygun olma durumu ve fen, teknoloji, muhendislik veya matematik
iceriklerine dncelik verme durumuna goére incelenmistir. ilk etkinlik
olan DuUnyami Olusturuyorum etkinligi ile uygulama baslamistir. Her
etkinlik uygulamasi sonunda girilen komitelerdeki gérusmeler ile yeni
baslanacak etkinlikler eylem planlari ile yeniden sekil alarak gelismistir.
Surecteki butun etkinlikler eylem arastirmasi kapsaminda her hafta
geliserek devam etmistir. Bu etkinlikler ile &grenciler pek cok fen
alanindaki meslekleri tanima firsati bulmuslardir.

Verilerin Analizi ve Yorumlanmasi

Bu arastirmada hem nitel ve hem de nicel veriler elde edildigi icin her
iki veri tUdrunuUn analizinde farkli analiz teknikleri kullaniimistir.
Arastirmanin nitel verileri tematik analiz (Braun ve Clarke, 2019) nicel
verileri ise Wilcoxon isaretli Siralar Testi (Cohen ve digerleri 2007) ile
analiz edilmistir. Arastirma sorulari kapsaminda nitel ve nicel verilerin
analizinde kullanilan teknikler Veri Toplama Araclari bashdi altinda
Tablo 2'de sunulmustur.

Arastirma kapsaminda tematik analiz basamaklari: a) arastirmacinin
veriyi tanimasi, b) ilk kodlari olusturma, c) kodlarin iliskilendirilerek
temalarin aranmasi, d) temalarin gdzden gecirilmesi, e) temalarin
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olusturulmasi ve adlandirilmasi, f) raporun yazilmasi asamalarindan
olusturulmustur (Braun ve Clarke, 2019).

Arastirmacinin veriyi tanima asamasinda arastirmanin birinci yazari
tarafindan gdérusmelerden, video ve ses kayitlarindan elde edilen
verilerin  dokumleri yapilmistir. Ardindan arastirmaci arastirma
sorusuyla ilgili ézellikleri kapsayan verileri kodlamistir. Bu asamanin
sonunda birinci yazar 491 adet kod olusturmustur. Diger taraftan ikinci
yazar ise 465 kod olusturmustur. Olusturulan kodlara “yapilan yuvalari
gelistirme”, “prototipteki eksiklik”, “hafif olmasi”, “her seyi beraber
yapma” érnek olarak verilebilir.

UclUncU asamada, arastirmacilar belirledikleri kodlari yeniden kontrol
etmisler ve butun kodlar hakkinda hem fikir olunduktan sonra
kodlardan kategori olusturma basamagina gecilmistir. Temalara
ulasmak icin birbirleri ile benzer olan ya da ayni amaca hitap eden
kodlar belirlenen ortak bir kategorinin bashigi altina yazilmistir. Yani,
kodlar kUmelenmistir. Bu sUrecte “muhendislik tasarim becerileri”, “fen
ve kariyer bilinci”, “fen ve kariyer bilincine ydnelik duyus” olarak
belirlenen baslangi¢c kategorileri, arastirmacilarin  degerlendirme
toplantilarinda gézden gecirilip degistirilmistir. AdI gecen kategoriler
“malzeme secimi/eskizler cizme”, “cizimlerin prototipe
donustUrulmesi/test edilmesi”, “mesleklere yonelik kariyer arzusu”,
“meslekleri takdir etme” olarak yeniden adlandirilmislardir.

Doérdunct  asamada  arastirmacilar  olusturduklari  kategorileri
birbirlerinden bagimsiz olarak incelemisler ve gelisebilecek temalari
belirlemislerdir.  Arastirmacilarin  yaptiklari  ilk  degerlendirme
sonucunda “illkokulda STEM Egitimi Yaklasimi”, “MUhendislik Odakili
Butunlestirilmis STEM Egitimi Yaklasimi”, “Duyus” ve “Beceri” olmak
Uzere dort tema olusturulmustur. Belirlenen temalarin verilerle
uyumunun incelenmesi ve tanimlarinin yapilmasi sonrasinda anilan
temalarin arastirmayi yansitmakta yetersiz oldugu gérulmustur. Bu
nedenle arastirmacilar kategorileri ortak o6zelliklerine gére yeniden
degerlendirmek Uzere toplanmislardir. Yeniden ele alinan aday
temalardan “illkokulda STEM Egitimi Yaklasimi” ile “MUhendislik Odakli
BUtunlestirilmis STEM Egitimi Yaklasimi” temalarinin birlestirilmesine
ve yeni bir tema olusturulmasina karar vermislerdir. Son olarak temanin
ismi ilkokulda MUhendislik Odakl BUtUnlestirilmis STEM Uygulamalari
(problemiyapilandir, dusUnce uret, se¢ ve yap, test et ve duslUnce yansit
ve yeniden olustur) olarak belirlenmistir. Ote yandan “Duyus” ve
“Beceri” aday temalari yerine de “MUhendislik Odakli Butunlestirilmis
STEM Uygulamalarina iliskin Gérusler” temasi olusturulmustur. Sonug
olarak arastirmacilar kategorilerin iki tema altinda organize edilmesinin
arastirmanin 6zUnu yansitmak bakimindan yeterli olduguna karar
vermislerdir.
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Besinci asamada ise arastirmacilar bulgular bolumunde ayrintilarini
sunduklarini temalari tanimlamislar ve kapsamina karar vermislerdir.
En son asamada ise arastirma sorusuna uygun olarak bulgularin yazimi
gerceklestiriimistir.

Arastirmanin nicel verilerinin analizi icin grup i¢i karsilastirmalar
yapilmistir. Bu baglamda Skewness ve Kurtosis katsayilarina, Q-Q Plot
grafigine, Shapiro-Wilk degerine ve normal dagilim egrisine bakilmistir
(Buyukozturk ve digerleri, 2012). Analizler sonucunda Skewness
degerinin (-1,746), Kurtosis degerinin (2,651) oldugu saptanmistir. Son
olarak Shapiro-Wilk degerinin de .016 oldugu bulunmustur. Yukaridaki
sonuclar bir butun olarak ele alindiginda Skewnes ve Kurtosis
degerlerinin -1 ve +1 arasinda olmamasi (Buyukdzturk ve digerleri, 2012)
ve Shapiro-Wilk degerinin de .05'ten kucuk olmasi (Buyukozturk, 2016)
verilerin - normal dagilmadigini  ortaya koymustur. Grup ici
karsilastirmalarda denek sayisi 30'dan az oldugu (Erkus, 2013) icin ve
veriler normal dagilmadigi icin Wilcoxon isaretli Siralar Testi (Cohen ve
digerleri, 2007) kullaniimistir. istatistiksel analizlerde anlamhlik duzeyi
.05 kabul edilmistir (Creswell, 2017).

Aktarilabilirlik ve inandiriciik

Eylem arastirmasinin  uygulama sureci arastirmaci tarafindan
gerceklestirildiginden arastirmacinin  konumu, yeterlilikleri Kkisisel
degerleri ve arastirmaya bakis acisi arastirmanin gecerlik ve guvenirlik
calismalari acisindan buyUuk o6nem arz etmektedir. Arastirmaci,
uygulamanin baslangi¢c asamasinda velilere arastirmaya ait bilgi ve izin
formunu sunarak 6grencilerin bu arastirmaya katilmalari icin izinlerini
talep etmistir. Bu eylem arastirmasinda verilerin inandiricihiginin
saglanmasi icin veri toplama kaynaklari cesitlendirilmis, arastirma
sahasinda veriler doygunluga ulasilana kadar kalinmis, eylem planlari
ile dongu surekli geliserek tekrarlanmis, verileri toplama ve analiz etme
surecleri detaylandiriimis ve ulasilan verilerin kontroll saglanmistir.
Arastirma sureci boyunca uygulanan etkinliklerin her bitiminde
verilerin dokimu yapildiktan sonra U¢ uzmanin bulundugu gecerlik
komitesinin goéruslerini ve elestirilerini almak ve eylem planlarini
gelistirmek Uzere veriler komiteye sunulmustur.

Bu arastirmada tutarligin ve teyit edilebilirligin saglanabilmesi icin
uzman u¢ kisilik bir gecerlik komitesi olusturulmustur. Her etkinligin
sonunda gecerlik komite Uyeleri ile toplantilar gercgeklestirilmistir.
Gecerlik komitesinde bulunan alan uzmanlari toplantilarda video
géruntuleri ve ders dékumleri incelenerek toplanti sonlarinda
arastirmaci tarafindan hazirlanan ve komite Uyeleri tarafindan da
uzerinde degisiklikler ile onaylanan video kontrol listeleri Uzerinde
isaretlemeler yapmislardir. Bu isaretlemeler ile uygulanan dersin
degerlendirilmesi yapilarak gelecek dersin eylem planlari belirlenmistir.
Bu eylem planlari komite kararlari olarak her komite bitiminde komite
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karar defterine yazilmistir. ilk gecerlik komite toplantisi 05.10.2018
tarihinde yapilmistir. Son gecerlik komitesi toplantisi ise 15.05.2019
tarihinde yapilmis olup toplamda 14 hafta gecerlik komitesi toplantisi
yapilmistir. Gegerlik komitesi Uyelerinin degerlendirme toplantilarinda
belirtikleri géruslerden dogrudan alintilar yapilmis, onlarin goruslerinin
arastirmanin gelisimine katkisi bulgular baslhginda betimlenmistir.
Komite Uyelerinin goéruslerinden yapilan alintilar KU1, KU2, KUJ3
biciminde kodlanarak gosterilmistir.

Arastirma Etigi

Bu arastirma kapsaminda, arastirma ile ilgili butun belgeler ile
Universite Etik Kurul Komisyonuna gerekli basvuru yapilmistir. Gerekli
izin alindiktan sonra arastirmanin yapildigr ilin il Milli EJitim
MUdUrligu’ne sunulmustur. il Milli Egitim MUdUurligd'nden de gerekli
izin alindiktan sonra uygulamanin yapilacagl okula gidilerek okul
mudard  ve sinif ogretmeni ile gorusmeler gerceklestiriimistir.
Arastirmanin  katilimcilarini  ilkokul 6égrencileri  olusturdugu igin
arastirma baslamadan once veliler ile ayri ayri gérusulerek arastirma
hakkinda gerekli bilgilendirmeler yapilmistir. Arastirmanin génulluluk
esasina uygun bir sekilde gerceklestirilecegi ve katilimcilarin istedikleri
asamadan  arastirmadan  c¢ekilme  hakkina sahip  olduklari
vurgulanmistir. Ardindan butun velilere onaylamalari icin gerekli izin
formlarli sunulmustur. Bu arastirma kapsaminda katilimcilarin gercek
isimleri kullanilmadan ve yuzlerini gdsteren fotograflar bir emoji ile
kapatilarak arastirma raporlastirilmistir. Surecte toplanan butun veriler
uc¢ ayri formatta (1 DVD ve 2 harddisk) arsivienmistir.

Bulgular

Bu bolumde arastirmadan elde edilen verilerin analizi sonucu
“llkokulda MUhendislik Odakli ButUnlestirilmis STEM Uygulamalari” ve
“llkokulda MUhendislik Odakli Buttnlestirilmis STEM Uygulamalarina
lliskin GérUsler” olmak Uzere iki tema olusturulmustur. iki ana baslik
altinda sunulan temalara iliskin ozellikler dogrudan alintilarla
desteklenerek asagida sunulmustur.

ilkokulda Muhendislik Odakl Bitunlestirilmis STEM Uygulamalari

Arastirma ortaminda uygulanan eylem planlarinin analizi sonucunda
muhendislik odakli  butudnlestiriimis STEM egitiminin  “problemi
yapilandir”, “dUsunce Uret”, “sec ve yap”, “test et ve dusUnce yansit” ve
‘veniden olustur” basamaklari seklinde gelisim gostermistir. Bu
basamaklar altinda gelisen STEM uygulamalarinin yinelemeli ve

doéngusel bir yapi gostermesi gerektigi anlasiimistir.
Problemi Yapilandir

Muhendislik odakl budtunlestirilmis STEM uygulamalarinin baslangi¢
etkinliklerinde gercek yasam problemleri arastirmaci tarafindan
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ogrencilere hazir olarak verilmistir. Etkinlilerde o6grenciler problem
durumu iceren senaryolara daldirilamamis ve onlarin sorun durumlarini
analiz etmesi saglanamamistir. Uygulamanin ilk etkinligi Dunyami
Olusturuyorum etkinligidir. Arastirmaci bu etkinlikte ogrencilere
durumunu tahmin ettirme yoluna gitmeden dogrudan ne
tasarlayacaklarini  soylemistir.  Bu  durumu komite  Uyeleri
elestirmislerdir. Komite  uyeleri  ogrencilere  dogrudan ne
tasarlayacaklarini  sdylemek yerine hem ogrencilerin  dusunme
becerilerini gelistirmek hem de butunlestiriimis STEM egitimi
kapsaminda gelisimlerini saglamak adina tahminler ydrUtmelerini
saglamasinin  énemli oldugunu vurgulamislardir. Arastirmaci bu
konuyu eylem planlarina ekleyerek her etkinlikte farkl sekillerde
problem durumunu ogrencilere sunmak ve dersi daha ilgi ¢cekici hale
getirmek i¢in cesitli yaklasimlari kullanmaya karar vermistir. Bu amacla
cizgi filmler, videolar, animasyonlar, gazete haberleri, érnek olaylar,
gorseller ya da u¢ boyutlu modeller kullanarak problemleri sunmayi
planlamistir. Alinan bu kararin  bir 6rnegi olan “Su  Tasitimi
Olusturuyorum” etkinliginde problem durumunun &grencilere nasil
sunuldugu asagida gérulmektedir:

“Ogretmen: Cocuklar bu hafta ne tasarlayacagimizi séylemeyecedim. Siz
tahmin edeceksiniz. Cocuklar “Su Elgileri” ¢izgi filmini biliyorsunuz.

Cocuklar: Eveeeet.

Ogretmen: Su elcilerinden size bir kesit izletecedim. Oradan siz tahmin
edeceksiniz bugun ne tasarlayacagiz ve hangi meslek dali olacagiz. Cocuklar
aglyorum.

Berk: Basliyor gretmenim. (D-20.12.2018, Su Tasitimi Olusturuyorum Etkinligi)”

Yukaridaki iletisimde amag¢ ogrencilerin cizgi filmmden yola c¢ikarak
problem durumunu belirlemelerini saglatmaktir. Cizgi filmin hem
ogrencilerin bilissel gelisimleri hem de sosyal gelisimleri acisindan ilgi
cekici bir baglam oldugu soylenebilir. Bir baska problem durumunu
belirleme érnegi 6gretmenin termos etkinliginde sinifa elinde cay ile
girerek &grencilerin  dikkatlerini cekmeye calismasidir. ilgili ders
asagida sunulmustur.

“Ogretmen: Cocuklar (..) Daha dodrusu bu séyledigim bir sey sonucunda ne
tasarlayacagimizi  siz  tahmin edeceksiniz. (Ogretmen elindeki cayi
gostererek.) Cocuklar ben derse gelirken hi¢ elimde cay ile geldim mi bu
zamana kadar?

Cocuklar: Hayir gelmediniz.

Ogretmen: Ben bugun sinifa icmek icin cay getirdim. Fakat su anda ¢caya
bakiyorum. (Caydan bir yudum aldiktan sonra) Aaaa bu ¢cay sogumus ve ben
soguk cayr hic sevmem. Sicak cayr severim. O zaman sizce sizden ne
yapmanizi isteyecegim?

Ipek: Neee © (Heyecanla)

(Sinif bir anda heyecanlandi. Ne yapacagiz 6gretmenim? Ne isteyeceksiniz?
sorularini sordular.)

Ogretmen: Evet tahminlerinizi alalim. Evet Ipek seninle baslayalim.

Ipek: Onu sicak tutmak icin bir sey miii?

Ogretmen: Bakin Ipek ne dedi? Onu sicak tutmak icin bir sey mi dedi.
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Nilay: Ogretmenim bir ev tasarlayacadiz. O evin isinmasi icin evin isisinin disari
ctkmamasi icin bir sey tasarlayacagiz.

Ogretmen: hihi Guzel bir yaklasim. Sence Yeliz?

Yeliz: Ogretmenim bence biz o ¢cayi isitip o isisini icinde tutmaya calisacadiz.
Ogretmen: Guzelll. Berk sence ne yapacadiz bugin?

Berk: Ogretmenim bize soguk bir madde vereceksiniz. Biz de onu isitmaya
calisacagiz.(...)

Ogretmen: Cocuklar hepiniz yaklastiniz fakat net olarak tasarimin adini
tahmin edemediniz. (..) Ashnda siz gunlik hayatta bu tasarimi
kullaniyorsunuz ve biliyorsunuz ne oldugunu. Ben size bir ipucu vermek
istiyorum.

Cocuklar: Verin verin.

Ogretmen: Cocuklar siz yazin piknige giderken ne géturlyorsunuz yaninizda?
(Biraz bekledikten sonra.)

Cay ile baglanti kurun.

Alphan: Matara. Mataraaaa.

Ogretmen: Alphan ne dedi? Matara dedi. Katiliyor musunuz arkadasiniza?
Cocuklar: Eveeeet. (D- 14.02.2019, Kendi Termosumuzu Yapalim Etkinligi)”

Yukaridaki ornekte arastirmacinin  problem durumunu gunluk
hayattaki bir sorunla hissettirdigi ve 6grencilerden tahminler geldigi
gorulmektedir. Ornegdin Yeliz, Nilay ve Berk'in tasarimi isi konusu ile
iliskilendirdikleri gérulmektedir. Arastirmaci sorgulama temelli bir
yaklasimla ogrencilere rehberlik etmistir. Onlara “sizlerden termos
hazirlamanizi” istiyorum demek yerine gunlUk yasamda bireylerin
yasamasi muhtemel bir sorunun durumu olusturulmus ve ilgili sorunun
ogrenciler tarafindan belirlenmesine rehberlik edilmistir. Bdylece
muhendislerin  ugrasi alanin insanlarin  gundelik yasamlarindaki
sorunlara ¢ézum Uretmek oldugunu fark etmeleri saglanmaya
calisiimistir. Eylemler boyunca ogrencilere bir muhendis olarak nasil
yaklasirdiniz gibi sorular sorularak onlarin muhendislik bilinci edinmesi
hedeflenmistir. Bu kapsamda eylemler ilerledikce &grencilerin artik
konulara muhendisce yaklastiklari ve bilimsel tahminler yaruttukleri
goérulmustur. Komite Uyelerinden de ilerleyen etkinliklerde problem
durumunu hissettirme yaklasimlari ile ilgili asagidaki sekilde destek
alinmistir.

“KU.T: (..) Altinci sayfaya gelelim. STEM'de gercek hayat temelli problem
olmasi gerek. Yani béyle bir problemle baslamasi gerekiyor. Burada bir “case”
var. Cok guzel buradaki durum. Diyorsun ki ben bugun sinifa icmek icin ¢cay
getirdim fakat baktim ¢ay sogumus. Bakiyorum ¢ok guzel bir sey. Burada
senaryonun yazili olmasi gerekmiyor. Senaryonun resimlerle olmasi
gerekmiyor. Ogretmenin kendisi burada yani kendisinin bir enstrimani ¢ayi
getirmissin. Soguk ¢ayr sevmem acaba nasil koruyabiliriz falan. Bence ¢ok
guzel bir sey bu. Ya ondan sonra gelenler ev yapacagiz. Cocuklar orada
sicakliga iliskin akil yaratdyorlar. Harika. Yildizlar koydum. (Gulusmeler)

K.U.I: Burada olan ne var biliyor musun? Sen burada cocuklara problem
durumunu hazir vermiyorsun. Cocuklarin verilen senaryoda ne yapilacagina
iliskin tahminler ve orada problem durumunu saplamalarini istiyorsun. Bence
¢cok degerli.

K.U.2: Sey tasarim kavraminin baska bir boyutunu da verdi orada. O da ¢ok
hosuma gitti. Hani orada ¢ocuklara diyor ya ne tasarlayacagimizi tahmin
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edin diye. Ya orada tasarim kavramini tam anlamiyla probleme ¢6zdm
alternatifleri oldugu noktasini orada aslinda hi¢ sey yapmadan net bir sekilde
vermis.

K.U.1: Aynen.

K.U.2: Tasarimin tanimini tath tath vermissin orada. Hissettirerek. (KT-
27.02.2019, Kendi Termosumuzu Yapalim Etkinligi Uzerine Gérisme)”

Diistince Uret

Arastirmanin bu asamasi belirlenen sorun durumuna olasi ¢6zum
yollari belirlemeyi icermektedir. Ogrenciler problemi yapilandirdiktan
sonra problemin ¢ézumune yonelik dusunceler Uretmisler, ¢ozUum
yollari  gelistirmigsler ve tasarimlarina iliskin basari  &lcutleri
belirlemislerdir. Bazi &grenciler belirledikleri ¢ozum yollarint sozlu
olarak sunmay! tercih ederken bazilari ise STEM defterlerine not
etmislerdir. Arastirmaci tarafindan siklikla onerilerin bilimsel olarak
gerekcelendirilmesi istenmistir. Ogrenciler kimizaman gunlik yasamla
baglantil kimi zaman da bilimsel olarak &nerilerini arkadaslarina
sunarak onerilerin olumlu ve olumsuz yénleri Uzerinde durmuslardir. Bu
sekilde hem bilginin sosyal yapilandirilmasi saglanmis hem de akil
yurutme becerileri gelistirilmistir. Fakat ilk derslerde &grencilerin
cevaplarinin  sorgulanmasinda eksik kalinmistir.  Baslangictaki
etkinliklerde surece oyun dusuncesi ile yaklasan dgrencilerin bilimsel
olmayan pek cok ¢co6zum yollari dnerdikleri gorulmustur. Komite Uyeleri
arastirmaclyl ogrencilere bilimsel iletisime yonelik sorgulama
yaptiramadidi icin elestirmislerdir. Ornegdin komite Uyelerinden K.U.2
“Aktif bir sekilde &grencileri dinle. Ogrenci bunu sana séyllyor ya.
Malzemeleri secerek, nasil kirlmamasini planlayarak diye. Neler yaptin
kirllmamalari icin?” gibi yaklasimlarda bulunmasinin daha dogru
olacagini belirtmistir. Ayni sekilde KU1 da “.planlamaya iliskin,
secimine iliskin, ¢ézUmune iliskin, planlamaya iliskin de sorulari
sorabilirsin. (..) c¢izim dzerine, planlama Uzerine sorular, ne
hissettiklerine dusunduklerine dénuk sorular sorulabilir  diye
dusunuyorum.” seklinde ifade etmistir.

Belirlenen eylem planlari kapsaminda ilerleyen haftalarda “Képrumu
Olusturuyorum” etkinliginde &grencilere olusturmak istedikleri
koprunun yapisi ve neden bu yapida bir kdpru tasarlamak istediklerinin
amaclari, kullanacaklari malzemelerin secimindeki hedefleri tek tek
sorgulanmistir. Boyle yaklasilarak ogrencilerin hangi malzemeyi ne
sebeple kullandiklarint bilimsel olarak dusunmelerinin saglanmasi
amaclanmistir.

Arastirmaci  tartismalar yoluyla &grencilerin  Uretken iletisim
kurmalarini,  fikirlerini  ac¢iklamalarini, ortaya koyduklari formal
argumanlari gerekcelendirmelerini, savunmalarini  ve gerekliyse
duzeltmelerini, ¢6zum sureclerine derinlemesine bir anlayis
gelistirmelerini saglamaya calismistir. Eylem sureclerinde 6grencilerin
gundelik yasamdaki ornekleri kullanma, ¢dézUme ydnelik onceki
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deneyimlerin Uzerine dUsunme ve birbirlerinin dustncelerini gelistirme
becerilerini kullanmislardir. Yine bu asamada baslangi¢ etkinliklerinde
arastirmaci tasarimlar icin kendisi basari kriteri belirlemistir. Bu durum
eylem komitelerinde irdelenmis ve basarl olcutlerinin 6grencilerle
birlikte belirlenmesi, birden cok dlcutun belirlenmesi karari alinmistir.
Bu duruma komite Uyelerinin verdigi onerilerle ilgili konusma metni
asagida sunulmustur.

“K.U.1: Olcutlerin belirlenmesi grupla olmasi lazim. (...)

K.U.2: Ogrencilerde séyle yapabilirsin. Tek bir kategoride birinci olmak zorunda
degil. Mesela rampadan hizli inen hiz konusunda birinci olsun. Ama
goruntusu duzgun olan o konuda birinci olsun. Orijinal olan veya iste hig
arabaya benzemeyen en yaratici en farkli araba modeli mesela bir kriter
olabilir. Bizdeki o sey cok oénemli. Biz genellikle tek dogru cevabi sinav
mantalitesi ile dusdnlyoruz. Her turld kriterde tek bir sey varmis. Her bir
ogrencinin yaptigr tasarimi digerlerinden ayirt edici seyi, 6zelligi basari
kriterine donustur. Boylece hepsi basardigini dusunsun. Mesela her 6grenci
sinifta birinci olsun. (KT-14.11.2018, Yenilenebilir Arabami Tasarliyyorum Etkinligi
Uzerine Gérusme)”

Komite Uyeleri basari Olcutlerinin grupla birlikte c¢esitli olarak
belirlenerek hepsinin birden farkli alanda da basarili olacaklarini

gérmelerinin  6nemli  oldugu belirtmislerdir.  Ayrica  STEM
entegrasyonunun bdyle bir yaklasimla en nitelikli sekilde olacadi
komitede de siklikla vurgulanmistir. Ornegin “Képrumu

Olusturuyorum” etkinliginde 6gretmen kdpuklerden olusturdugu Ug¢
boyutlu gorsellerle sinifa girmistir.  Ogrencilerden iki koyun
baglantisinin koptugunu ve iki kdyun arasinda da su bulundugunu
fakat iki koyde surekli gérusmesi gereken insanlarin oldugunu
belirtmistir. Ogrencilerden bu baglantinin yeniden nasil saglanacagini
muhendisce ve bilimsel ¢cozumler Ureterek cdzmelerini bekledigini
belirtmistir. Ogrenciler kopru tasarlayacaklarini tahmin ettikten sonra
olusturulacak kdéprunun olcutleri Uzerine konusulmustur. Bu konu ile
ilgili konusma metni asagida sunulmustur.

“Ogretmen: Simdi bir de basari kriterlerimiz neler olacak? Bunu konusalim.

Cocuklar ben size oyuncak kucuk bir araba getirecegim kopruntzde

yurutecegiz. Bir de oyuncak figur getirecegim. Onu koyacagiz képrunuze.

Bakalim tasiyacak mi? Baska hangi kriterler koyalim?

Ipek: Devrilmemesi.

Nilay: Agirhigi tasimasi. (Kamil parmak kaldirmaktadir.)

Ogretmen: Evet Kamil,

Kamil: Hafif olmasi.

Ogretmen: Evet tahtaya yaziyorum. Kerem hafif olmasi dedi. Baska akliniza

gelen var mi? insaat mdhendisleri képri yapiminda hangi 6zelliklere bakarlar

sizce? (Biraz bekledikten sonra) Uzun oémdurld olmasi énemli degil midir

képrinun? Estetik olarak nasil  olmalidir? (D-14.03.2019, Koprimu

Olusturuyorum Etkinligi).”

Yukarida o&grencilerle birlikte képrunun sahip olmasli gereken
ozelliklerin  belirlendigi  gérulmektedir.  Arastirmanin  baslangig
asamasinda tasarimlar ile ilgili tek basari kriteri belirlenirken gecerlik
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komitesinden alinan goruslerle basari kriterleri o6grencilerle birlikte
belirlenmeye baslaniimistir. Bu sekilde bir yaklasimla 6grencilerin hem
derse katilimlari hem STEM egitimine iliskin ilgilerinin arttigi
gozlemlenmistir.

Sec¢ ve Yap

Ogrenciler bu asamada belirledikleri sorun durumuna ¢dézim
olabilecek muhendislik drunune materyal secmisler ve eskizler
cimislerdir. Malzeme secimi icin Urun tasariminda kullanilabilecek tum
materyaller ve ozellikleri onlara tanitilmistir. Bu sUrecte arastirmaci
ogrencilere, ayni amaca hizmet eden fakat birbirinin alternatifi
olabilecek ¢cok sayida materyal sunmustur. Bununla birlikte baslangic
etkinliklerinde ogrencilerin Grun gelistirme surecinde kullanacaklari
materyallerin tanitiminda sorunlar yasanmistir. Uygulamanin baslangi¢
etkinliklerinden birinde arastirmaci malzemelerin tanitimini asagidaki
sekilde gerceklestirmistir.

“Ogretmen: Ayca ve Ipek bitirdi. Sessiz olun. Yeliz ve Nilay bitirdi. Simdi
cocuklar. Bitiren gruplar gelsin yanima. Biz burada malzemelerimizi
seciyoruz. Simdi bakin ben size sunu belirtmek istiyorum. Burada ben el isi
kagitlari da aldim. Hani siz gecen yil yaptik diyorsunuz ama STEM egitiminin
farki nedir biliyor musunuz? (..) STEM egitiminde size malzemeler verilir. Ben
size hazir etkinlikler verip bunun aynisini yapin deseydim hamurlari
getirirdim. Sirayla énce sunu yapin sonra bunu derdim. Boyle bir sey yok.
Bakin mukavva ka&gidr var. Burada cesit cesit renkli el isi kagitlari var.
[sterseniz mukavvanin Uzerine el isi kagitlari ile bir sey yapin isterseniz pinpon
topuyla bir sey yapin. isterseniz hamurla yapin. Neyi istiyorsaniz cocuklar?
Sizin seciminiz ne? Nilay neyi istiyorsunuz?

Nilay: Sey égretmenim tek bir tane mi segebiliyoruz?

Ogretmen: Birini bitirebilirsen éblrine de gecebilirsin.

Nilay: Ogretmenim mesela hamurlarla elisi kagitlarini bir yerde kullanabilir
miyiz?

Ogretmen: Kullanabilirsin. Kendin nasil istiyorsan? (D-04.10.2018, Ddnyami
Olusturuyorum Etkinligi)”

Komite Uyeleri muhendislik uygulamalari sUrecinde butun
materyallerin ¢izime baslanmadan 6nce sinifa tanitilmasi gerektigi ve
materyallerin  kullanim amaci Uzerine ogrencilerle tartisilmasi
gerektigini ifade etmislerdir. Bunun Uzerine arastirmaci ilerleyen
haftalarda malzeme tanitimini asagidaki sekilde gerceklestirmistir.

“Ogretmen: Cocuklar bu malzemelerden hangileri isi yalitimi amaciyla
kullanilabilir? Siniflandiralim haydi malzemelerimizi.

Berk: Bu (Eliyle gbstererek)

Nilay: Kopuk, aliminyum folyo, pamuk.

Ogretmen: Bu dedigin hangi malzeme? Tahtaya yaziyorum ben de isi yalitimi
amaciyla kullanilabilecek malzemelerin siniflandiriimasini. Evet aliminyum
folyo, baloncuklu naylon, pamuk. Tahtaya yaziyorum cocuklar.

Ogretmen: Peki Nilay sen bu bilgileri neye dayanarak séyltyorsun? Bilgi
kaynagin ne?

Nilay: Gegen dersten 6gretmenim. (D-21.02.2019, Kendi Termosumuzu Yapalim
Etkinligi)”
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Yine arastirmaci baslangi¢c etkinliklerinde &grencilerin materyalleri
hangi amacla kullandiklari konusunda tartismalar yapmayl gdz ardi
etmistir. Bu durum Uzerine komite Uyeleri surecte malzemelerin secme
amaclarinin  sorgulanmasi gerektigini ve boylece ogrencilerin
mMuUhendisce dusUinme becerilerine sahip olacaklarini belirtmislerdir. Bu
konu hakkindaki konusma asagida sunulmustur.
“KU.2 (..) neden folyodan kamisin daha tasarimin icin gucld oldugunu
dusunuyorsun. Neyse iste benzer bir soru yoneltebilirsin problem yok bunda.
Onlari sormamissin. Aradan ¢ok kotu kacmislar. Cinkla sen neden neden ne
yaptiniz diyerek amaca yonelmemissin de surece yonelmissin gibi bir durum
s6z konusu olmus.
K.U.1:  Odaklanilan, kosullanmis arastirmacinin  bekledigi  yanit var.
Muhendislik ya da iste STEM'in bilesenleri. Oyle bile olsa yani illa o sézcikleri
duymak istesen bile neden muhendislik oldugunu dusuntyorsun. Tamam
¢cocuk bir sey soyluyor. Sen onu kabul etmiyorsun gormezden geliyorsun. Ama
ne yaptik ne olduk (..) Tamam da ne yaptik da mihendis olduk. (KT 26.10.2018,
Pelikan Yumurtalarini Koruyalim Etkinligi Uzerine Gérisme)”

Arastirmaci bu eksiklikleri ileriki eylem planlarinda gidermistir.
Ogrencilerin bir mUhendis olarak malzemeleri nasil gézlemlediklerini,
malzemeleri secerken hangi oOzellikleri g6z &nune aldiklari
sorgulanmistir.  Uygulamanin ilerleyen haftalarinda arastirmaci
ogrencilerin sectikleri materyalleri secme nedenlerini sorgulamistir.
Yine arastirmacl benzer amaca hizmet edecek materyalleri belirterek
ogrencilerin sectikleri materyallerin dogrulugu Uzerine dusunmelerini
istemistir. Benzer sekilde arastirmaci ile bir baska grup uyeleri
arasindaki konusmalar asagida gérulmektedir:

“Ogretmen: Cok guzel. Peki kiyasladiginizda straforu degil de képlugu neden

tercih etmediniz?

Ipek: Daha kullanisl.

Ayca: Strafor daha sert ve suyun Ustunde daha iyi.

Ogretmen: Hangi Urline gore daha kullanish?

Ayca: Strafor kullanisli.

Ogretmen: Hangi malzemeye gdre kullanish?

Ipek: Képlge gére. (D-02.05.2019, Kedi Evi Etkinligi)”
Materyal seciminden sonra 6grencilerden olusturacaklari prototipin
cizimlerini  yapmalari istenmistir. Baslangicta &grenciler c¢izim
konusunda oldukca isteksiz davranmislardir. Arastirmmada 6grencilerin
cizim yapma isteklerini gelistirme en zor asama olmustur. OJrenciler
cizim yapmadan direkt prototipi olusturmayi tercih etmislerdir. Cizimin
onlarin hayallerini sinirladigini  belirtmislerdir. Ancak arastirmaci
cizimdeki seklin aynisini olusturmak zorunda olmadiklarini ve ¢izimin
bir taslak oldugunu siklikla belirtmistir. Her seye ragmen uzunca bir
sure cizim konusunda basarili olunamamistir. Arastirmaci bu konu ile
ilgili dusuncelerini gunlugune asagidaki sekilde yansitmistir.

“Derslerde prototip ¢izdiremiyorum. Neden ¢izmiyorlar anlamiyorum. Komite

hocalarima soracagim bu konu ile ilgili ne yapabilirim. Acaba bir eksiklik mi

yapiyorum. Cocuklar prototip c¢izmenin hayallerini bozdugunu soylediler.
Cizdikleri prototipe uydurmaya c¢alisirken olusturacaklari tasarimlarin
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yapimini bozduklarini soylediler. Bu benim igin buyuk bir sorun (AG.
08.01.2019).”

Arastirmaci komite Uyelerine bu konu hakkinda neler yapabilecegini
iletmistir. Komite Uyeleri olusturduklari cizimin bir taslak oldugu ve
cizimlerin aynisini prototip olarak olusturmak zorunda olmadiklarini
belirtmesi gerektigini sdylemislerdir. Ogrencilere olusturacaklari
prototipi cizdikten sonra bu c¢izimin prototipin ilerleyisine gére
degisebilecegdini ya da cizimde belirtmedikleri malzemeleri prototipte
ekleyebileceklerini belirtmesi gerektigini vurgulamislardir. Boylece
ogrencilerin cizim yapmaya tesvik edilebileceklerini sdylemislerdir. Bu
komite sonrasi arastirmaci bu konuyu eylem planlarina ekleyerek bir
sonraki derste bu eylem planini harekete gecirmistir. Hem komite
uyelerinin onerilerinin uygulanmasi hem de 6grencilerin prototipleri
test etmelerinden sonra basarisizlik yasamalarinin bir nedeninin ¢izim
yapmamalarindan kaynaklanmasi 6grencilerin ¢izime olan olumsuz 6n
yargilarini olumluya cevirmeye baslamistir.

Ogrenciler sUrecin ileri safhalarinda cizim yapmanin dnemini cesitli
goruslerle ifade etmislerdir. Ornedin baslangicta cizimi yapmanin onu
siktigini  belirten Alphan'in  “Hata yapmamak icin (prototipi
olustururken) cizim yapiyoruz.” diye belirttigi gdérulmustur. Bir diger
ogrenci Ayca ise ¢izim yapinca yanlis yapmayacaklarini ifade etmistir.
Nilay ise “CUnku cizdigimiz de hatamiz az olur. Cizmeden yaptigimiz
tasarimlarda basarisiz olduk éncekiler de ama c¢izdigimizde aynisini
yapmadik su anda. Cunku dusundugumduz gibi olmadi (..) yaparken
sasirmamak icin yaparken ne yapacaktik diye unutmamak icin (¢izim
yapma sebebi)” seklinde ifade etmistir. Bu alintida Nilay'in cizdikleri
seklin  aynisini  olusturmak zorunda olmadiklarini  anladigi
gorulmektedir. Bir diger 6grenci ipek ise “(...) cizdigimizde malzemeleri
de yaziyoruz Uzerine. Sonra biliyoruz neyi kullanacagimizi.” diyerek
¢cizim yapmanin surecte sagladigr faydadan bahsetmistir. Butun
ifadelere bakildiginda &grencilerin  cizim yapmalarinin  planl
ilerlemelerine ve onlarin hatasiz ya da hata orani en az udrunu
olusturmaya fayda sagladigini icsellestirdikleri acik¢a gérulmektedir.

Test Et ve Dusunce Yansit

Prototip olusumu bittikten sonra olusturulan prototipleri test etme
asamasina gecilmistir. Bu asamada ogrenciler, gelistirdikleri Urunlerin
baslangicta belirledikleri olcutleri karsilayip karsilamadigini gézden
gecirmisler ve elde ettikleri sonuclara gore prototipin problemli
yonlerini belirlemeye calismislardir. Baslangicta arastirmaci ogrenci
drunlerinin  test edilmesini saglamis ancak olasi basari ya da
basarisizliklarin nedenleri Uzerine 6grencilerle sorgulama yapmamistir.
Baslangi¢c etkinliklerde arastirmacinin kullanilan materyali neden
sectiklerini  o6grencilere sordugu gorulmektedir. Ancak secilen
materyalin dogru bir tercih olup olmadigi, alternatifinin ne olabileced;i,
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baskaca hangi is ve islemler yapilsaydi prototipin basarili olacadina
yoénelik bir degerlendirme yapilamadidi ile karsilasiimistir. ilerleyen
sUrecte ise 6grencilerle prototipler Uzerine derinlemesine tartismalar
yapilmistir.  Asagida &gretmen ve &grenciler arasinda daha
derinlemesine yapilan bir tartismmadan 6rnek sunulmustur:

“Ogretmen: Ardindan prototipleri olusturdunuz fakat bazilarimizin eksiklikleri
vard.. Yaptigimiz testler sonucunda érnegin Nilay sizin tasariminizin eksikligi
neydi?

Nilay: Odgretmenim benimki yadmura dayanikli degildi. Poseti tam
kapatmamisim Ustu saglam degildi.

Ogretmen: Peki Ayca sizinkinin eksikligi neydi?

Ayca: Ogretmenim benim de tavani acikti yagmurdan islanip bozulabilir
yuvam.

()

Ogretmen: O zaman bugun ne yapmamiz gerekiyor?

Nilay: Gelistirmemiz gerekiyor.

Ogretmen: Neyi gelistirecediz?

Nilay: Yaptigimiz yuvalari.

Ogretmen: Cok guzel o zaman haydi bakalim herkes mihendis gézitklerini
taksin ve prototiplerinizi gelistirin cocuklar. (D-02.05.2019, Kedi Evi Etkinligi)”

Goruldugu gibi  prototipler test edildikten sonra ortaya c¢ikan
basarisizliklarin nedenleri Gzerine 6grencilerin gorusleri alinmis ve nasil
cozumler bulunmasi gerektigi tartisiimistir. Gruplar ilgili etkinlikte test
sonucunda insa etmeleri beklenen kedi evlerinin ruzgara dayanikli,
soguga dayanikli ve yagmura dayanikli olmasi gerektigi sonucuna
varmislardir.

Parasutimu Olusturuyorum etkinliginde test etme asamasinda
parasutler oncelikle sinifta yuksek bir yere cikilarak atilmistir. Ardindan
UcUncl katta bulunan siniftan bahceye birakilmistir. Ozgurlerin
prototip parasutleri sinifta direkt yere inmistir. Bu durum o6grencilere
soruldugunda Nilay kullandiklari malzemeden kaynaklandigini ve
mesafenin azligindan dolayi icine hava dolmayacagini belirtmistir.

“Ogretmen: Cocuklar Ozgdlrlerin prototipini (parasut) sinifta attigimizda
neden u¢cmuyor peki?

Nilay: CinklU mesafe az bir de kumas agir.

Ogretmen: Siz de baslangicta kumas! tercih ettiniz sonradan poset
kullanmayi tercih ettiniz. Neden boyle bir sey yaptiniz?

Nilay: Ogretmenim clinkl kumas agir poset hafif. Bildircin yumurtasini da
poset tasir. (D-10.05.2019, Parasutimu Tasarliyorum Etkinligi).”

Test etme ve yansitma asamasindaki baslangi¢c sorunlardan biri
ogrencilerin STEM disiplini bilgilerini sorgulamamak ve onlarin nasil
birlikte kullanilabilecegi sezdirmemek olmustur. Komite Uyeleriicerigin
degerlendirilmesinin  yetersiz  oldugunu, &grencilerin  tasarim
sureclerinde hangi STEM disiplin bilgisini kullandiklarini
anlayamayacaklarini, ogrencilerin farkh disiplinlerin nasil entegre
edildigine yonelik anlayis kazanamadiklarini belirtmislerdir. Bu duruma
iliskin goruslerini K.U.1 “Arada kavram yanilgilari var. Sorular gtizel en
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azindan. Degerlendirme iki boyutta dedik. Bir ortaya c¢ikan drdanleri
gelistiriimesi surecinde kismen yapiyorsun. Bunu ne hissettiniz ne
vasadiniz, neleri degistirirdiniz gibi bu var. Ne yok. lcerik
degerlendirmesi yok. Bizim amacimiz neydi?” biciminde ifade etmistir.
(KT-06.03.2019, Gezegen Kasif Robotumu Olusturuyorum Etkinligi
Uzerine Goértusme).” Bu durum Uzerine arastirmaci eylemler
planlamistir. ik etkinliklerde degderlendirme kisminda &gdrencilerle
derinlemesine  iletisime  gecilemezken, tasarimlarin  tanitimi
saglanamazken sonraki etkinliklerde arastirmaci ogrencilerin icerik
bilgisi  6grenmelerini desteklemeye yonelik onlemler almistir.
Arastirmaci asagida ornegi verilen ve etkinlige iliskin sorularin
bulundugu formlari hazirlayarak 6grencilerin doldurmalarini istemistir.
Asagida bu formlardan érnekler sunulmustur.

Resim 1.
Icerik degerlendirmesine yénelik form érnedi

Kedi ewt tasac ladk , Sicin gophik
ruﬂ-\v iy -.q ot c) pe cstott Py 36’\ ‘)\'\(&\\Q/‘\u‘ﬁ'

h e ﬂ-\,_ e
\, A ‘(‘)\]‘“\):'C'LE"'L y E(\ 3d\$

Ogrencilerin etkinlik sonlarinda bu formlari doldurarak hem neler
ogrendikleri hakkinda bilin¢clendikleri hem de etkinlige iliskin
goruslerini belirterek Ust dluzey dusunme becerilerinin de gelistigi
soylenebilir. S6zU edilen degerlendirme etkinlikleri &grencilerin
gelistirdikleri muhendislik Urunlerde hangi STEM disiplinini nasil
kullandiklarini gérmesini saglamak bakimindan énemlidir. Bu yolla
ogrenciler birbirinden kopuk gibi gérunen disiplinlerdeki icerik
bilgisinin birlikte nasil kullanilacagina iliskin anlayis gelistirebilirler.
Ayrica ogrencilerin varsa eksik ve yanlis 6grenmeleri belirlenerek
gerekli dnlemler alinabillir.

Yeniden Olustur

Bu asamada bazi gruplar basari kriterlerini  saglayamadiklari
prototiplerini gelistirmislerdir. Bazi gruplar surecin en basina dénerek
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arastirmalar yapmislar bazilari ise grup arkadaslariyla tartisarak eksik
yonleri tamamlamaya calismislardir. Arastirmaci uygulama surecinin
baslangi¢ kisimlarinda degerlendirme boyutunu ve yeniden olusturma
boyutunu basaramamistir. Bu konu ile ilgili komite Gyelerinin yorumlari
asagida verilmistir.

“K.U.1: Daha énceki kavramsal cerceveler baglaminda belirlenen élcdtler bu
olusturdugumuz listeyi karsiliyor. Her ne kadar ufak tefek hatalar olsa da
burada belirli seyleri gorebiliyorum ben. Burada bir senaryo ile problem
hissettirme var mi var evet. Cizilecek evin taslaginin olusturulmasi var mi yani
prototip ¢izimi var mi var. Neden o materyallerin secildigi Gzerine konusmalar
yapilmad. Mesela orada pamuk sectigin de Uzerine yapismaz mi gibi
sorularin degerli oldugunu dusunuyorum. Cocuklarin gruplar halinde
calismalari gesitli 6lcimler yapmalari, dlcimlerine gore belirli duzenlemeler
yapmalari, glizel. Ogrencilerle beraber Sicitlerin belirlenmesi guzel. Buglne
kadar belki de ilk defa bu kadar saglam degerlendirme dlcitleri konuldu.
K.U.2: ilk tctind cocuklar sonrakileri kendisi koydu dikkat et.
K.U.1: Evet oraya da gelecedim. Cikarim dizeyindeki degerlendirmelerimiz
gozleme uygulamayr anlam yukleme isi bazen arastirmaci tarafindan hazir
olarak ifade edilebiliyor. Su an STEM UGzerinden gidiyorum. Yapilan drdnlerin
test edilmesi vantilatér, yagmurda birakilma, isiy1 koruma gibi dlcltler var.
Burada ne yok biliyor musun? Urlnu yeniden gelistirme yok.
K.U.2: Prototip de kaliyor aslinda.
K.U.1: Tasarima dénustirme yok burada. (KT-10.04.2019, Balonlu Arabam
Etkinligi Uzerine Gérisme)”
Komite Uyeleri test yapildiktan sonra Urunlerin yeniden gelistiriimesi
boyutunda eksiklikler oldugunu belirtmislerdir. Arastirmaci bu durumu
eylem planlarina ekleyerek ilerleyen etkinliklerde bu konu Uzerine
yogunlasmistir. Bu durum arastirmaci gunlugune asagidaki gibi
yan5|m|§t|r.
“Bugun koprulerimizi olusturduk. Alphan ve Kamil'in képruslu koépria gibi
degildi. Kirilip pes etmelerinden korktugum icin bir sey diyemedim. Ama
komitelerde hocalar olmadiysa soyleyeceksin ki cocuklarda hatalarini anlayip
duzeltecekler diyorlardi. Her neyse ders bitti. Cikista Alphan ve Kamil ile
gorusurken. “Cocuklar sizin bu képruntzden bir araba ya da bir insan nasil
gecgecek hi¢ dusindiniz ma?” dedim. Bana biraz degisik geldi dedim. Alphan
evet 6gretmenim mantikli dedi. “Bizde bitirince test edilirken dustunduk” bunu

dedi. “O halde haftaya degistirip gelistirmeye var misiniz?” dedim. Tamam
ogretmenim dediler. (AG-14.03.2019)”

Alphan ve Kamil tarafindan prototipler takip eden derste tasarima
donusturulmustur. Daha sonra prototipten tasarima dénusen urunleri
yeniden test edilmistir. Yukarida gunlUkte bahsedilen konu ile ilgili o
prototipin ve tasarimin fotograflari asagida sunulmustur.
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Fotograf 1 )
Koprumu Olusturuyorum Etkinligi (Prototip ve Tasarim Ornegi)

Benzer bir durum Kedi Evi etkinliginde de yasanmistir. Bir dnceki
asamada ogrencilerin olusturduklari prototiplerin eksikliklerini fark
etmeler saglandiktan sonra sorularla nasil bir yol izleyeceklerini
kendileri kesfetmislerdir. Bu kapsamda bardaklara sicak su doldurulup
herkesin tasarimindaki bardaklarin sicakhgi ayri ayri olcUlmustur.
Ardindan bir 6grenciye tahtaya diger égrenciler de defterlerine olmak
Uzere bir tablo cizdirilerek ilk sicakliklar dlculmustur. Aradan 20 dakika
gectikten sonra ayni anda bardaklarin icindeki sularin sicakliklari tekrar
dlculerek tablonun son sicaklik sttununa kaydedilmistir. Ogrencilere
simdi nasil bir yol izleyecekleri, hangi kedi evinin islyl daha iyi muhafaza
ettigini nasil bir yol izleyerek bulacaklari sorulmustur. Ogrenciler de
hesaplamalar yaparak bu konudaki en basarili kedi evini tespit
etmislerdir. Sonrasinda basarisiz olan gruplarin prototiplerinin neden
basarisiz oldugu sorularak cikarim yapmalari saglanmistir. Basarisiz
olan gruplarda yaptiklari hatalari anlayarak prototiplerini yeniden
gelistirme yoluna gitmislerdir. Ornegdin kedi evi prototipi UstU acik
oldugu icin 1slyi muhafaza edememistir. Bunun sebebi konusulduktan
sonra bu gruptaki ogrenciler gelistirme sUrecine baslamislardir.
Sonucta yagmura, soguga karsi neler yapacaklarini disunerek Ustunu
kapatma yoluna gitmislerdir.

Miihendislik Odakh Biitiinlestiriimis STEM Uygulamalarina iliskin
Gorusler

Bu temanin alt boyutlari muhendislik odakli butunlestiriimis STEM
egitimine yonelik gorusler ve fen kariyer bilincine ydnelik gorusler
olmak Uzere ikiye ayrilmistir. Muhendislik odakli batunlestirilmis STEM
egitimine yonelik gorusler alt temasi 6grencilerin verilen egitime iliskin
gorus ve dusuncelerini kapsamaktadir. Fen kariyeri bilincine yénelik
goruslereiliskin alt tema ise yapilan etkinlerden bu alandaki mesleklere
yonelik kariyer bilinci, kariyer arzusu ve bu alandaki meslekleri takdir
etmelerini kapsamaktadir. Bu alt temanin veri kaynaklari hem egitim
surecinde hem de yapilan gérusmelerle toplanmistir.

77



PAUEFD, 64, 51-91 [2025] H. Ozkul ve M. Ozden https://doi.org/10.9779/pauefd. 1408156

STEM egitimine yonelik gériisler

Yapilan etkinlikler &grenciler tarafindan eglenceli ve ilgi c¢ekici
bulunmustur. Bunun nedeni uygulama surecinde &égrencilerin dzgur
bir bicimde eyleme gecgcmelerinin cesaretlendirilmesi, is birligi icinde
takim olarak calismalarl ve surecin sonunda 6zgun bir Urdn ortaya
cikarmalaridir. Bu konuda arastirmaci cocuklarda gézlemledigi bu
durumu gunligune “Cocuklarin ¢ok eglendigini gérmek beni ¢ok
mutlu ediyor. Teneffuse ¢cikmak istemiyorlar. Bu dersi cok sevdiklerini
ve bu derste c¢ok eglendiklerini soyltyorlar. Kendilerini rahat
hissettiklerini belirtiyorlar. (A.G. 02.11.2018)" biciminde yansitmistir.

Ogrencilerin uygulamalari edlenceli bulma nedenleri yeni ve farkli
arunler tasarlamalari, tasarim surecinde yaraticilik ve hayal guclerinin
cesaretlendirilmesi  olabilir.  Nitekim o6grencilerle yapilan son
goérusmelerde ogrencilere “Bir yil boyunca beraber STEM etkinlikleri
gerceklestirdik. Yaptigimiz etkinliklere iliskin dudsuncelerini anlatir
misin?” sorusu soruldugunda Berk “Ogretmenim guzeldi, eglenceliydi.
Muhendis olduk. Guzel seyler yaptik. Sonra en iyiyi sectik.” diye
aciklarken Yeliz “Ogretmenim edglenceliydi. Ogretmenim cok guzel
seyler yaptik. Sey yani biz kendimiz Urettik. Tasarladik planladik ve
diusunduk.” diye ifade etmistir. Bir diger 6grenci Ozgur “Her hafta yeni
veni seyler tasarladik yaptik. (..) Hayaller kurduk. Istedigimiz seyleri
yaptik.” diye belirtmistir. Benzer sekilde Nilay “6gretmenim ¢cok guzeldi.
ilk kez STEM’i duydugumda sikici olabilir diye dustinmustim. Sonra
buraya geldigimde cok edlendigimi hissettim. [kinci dénemde de
devam edecegimizi duyunca ¢ok sevindim.” diye sdyleyince arastirmaci
uygulamalarin neden eglenceli oldugunu sormustur. Soruya iliskin
Nilay'in yaniti asagida sunulmustur:

“[..] 6gretmenle iken o bize anlatiyor yazdiriyor uzun uzun yazdiriyor. Sonra
konuyu dedistiriyor. Surekli bir konudan baska bir konuya atliyor. Fenden
matematige gegiyoruz. Hep karmasa oluyordu. Kafamiz dagiliyordu. Burada
rahatga siz bize video izlettiniz. Her seyi ayni konuda anlattiniz. Biz de ona
gore bir seyler tasarlayarak 6grendik ve burada eglenerek 6grendik. [...] CUnku
birlikte faydali tasarimlar yaptik eglendik. Bazen biz fikirlerimizde uzlasi
saglayamadik. Beraberce sonradan karar verdik. Bunun gibi bir sGru sey
yaptik.”

Muhendislik odakli butunlestirilmis STEM egitimlerini eglenceli
bulmalarinin ve bu dersleri sevmelerinin bir diger nedeni de surecte
dzglUrce hareket etmeleridir. Ogrenciler derslerde yénlendirme
yapillmadan tasarimlarint gelistirmislerdir. Nitekim yapilan son
goérusmede ogrencilerin cogunlugu bu derslerin diger derslerden en
onemli farkinin bu derslerde ézgur olmalari oldugu yonunde gorus
belirtmislerdir. Ornedin Berk'e dersleri neden keyifli buldugu
soruldugunda ‘“[stedigimiz sekilde tasarimlar olusturduk. Diger
derslerde hep matematik yapiyoruz Sabri Ogretmen kiziyor. Burada
rahattik.” diye aciklamistir. Bir diger 6grenci ipek de “Cunkd 6zglrdik
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égretmenim. Istedigimiz sekilde tasarimlar yapmak cok mutlu etti
beni.” diye aciklamistir. Bu durumun sebebi Kamil'e soruldugunda
muhendis olduklari icin 6zgur olduklarini, mUhendislerinde serbestce
mudahale olmadan dusuncelerini ortaya koyduklari icin yeni ve farkl
tasarimlar gelistirdikleri ydonunde bir aciklama yapmistir.

Ogrencilerin dersleri sevmelerinin bir diger sebebi is birligi halinde
takimla calismalaridir. Gérusme yapilan &grenciler takim olarak
calismanin  kendilerini  eglendirdigini  ifade etmislerdir. Bu
dgrencilerden biri olan ipek bu durumu “Ogretmenim grup olmak,
yardimlasmak cok guzeldi. Birbirimizle fikir alisverisi yaptik. Hem bir de
gruplarr degistirince daha iyi oldu. Nilay'la samimi olduk.” seklinde
aciklamistir.  Egitimler kapsaminda &gdrencilere sure¢ sonunda
doldurmalari istenen formlar dagitilmistir. Asagidaki formda
ogrencilerin grupla is birligi halinde calismaktan cok mutlu olduklari
gorulmektedir.

Sekil 3

Etkinlik Sonunda Ogrenci Gérdsleri ile ilgili Form Ornedi
|
/ 2. Tasariminizi yaparken eglendiniz mi? Sikildiniz mi? Neden? ‘\
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Fen kariyeri bilincine yénelik gérisler

Ogrenciler uygulamalar sirasinda fen alanlarindaki mesleklerin
sorumluluklarint 6grendiklerini ve bu mesleklere olan ilgilerinin artarak
meslekleri ilerideki kariyer planlarina dahil ettiklerini ifade etmislerdir.
Ornegdin ipek ilk gérismede doktor olmak istedigini sdylerken dersler
ilerledikce mimarhgin da ilgisini cektigini ifade etmistir. OJretmen bu
durumun nedenini sordugunda ipek “Clunki bdyle kiclk seyler béyle
tasarliyorlar. Bazen resim cizerek tasarliyorlar. Ve sonra da buyuk
binalar olusturuyorlar ve insanlara katkilarr oluyor. (....) Cok eglenceli
meslekler. Béyle cizmek, tasarlamak. Ben resim ¢izmeyi ¢cok sevdigim
icin bir de.” diye aciklamistir. Bir diger égrenci Yeliz ders aralarinda
siklikla ileride insaat mUhendisi olabilecegini dnceden bu meslekleri hig
bilmedigini ama bu mesleklerin cok eglenceli oldugunu ve binalar
olusturarak insanlara fayda sagladigini ifade etmistir. Bu konudaki
dusuncelerini Nilay ise “Ben zoolog olmak istiyorum ama zoolog
olmaktan belki vazgecebilirim. Cunkud burada bir stirt meslek tanidik
ve cogu da cok eglenceliydi. Zoolojiden baska secebilecegim meslekler
var su an aklimda. Yani bana faydali oldu bu ders. Benim ilerideki
meslek secimimi etkileyecek.” seklinde belirtmistir. Yine son
goérusmede ipek ile kurulan iletisim asadida sunulmustur.
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“Ogretmen: Cok guzel. Yaptigimiz etkinliklere dayanarak muhendislik
meslegi ile ilgili disuncelerin neler anlatir misin?

ipek: Bence muhendislik guizel bir meslek gelecekte belki yapabilirim
ogretmenim.

Ogretmen: Cok glizel. Neden guzel sence?

Ipek: Clinku cok eglenceli meslekleri var.

Ogretmen: Eglenceli olan ne muhendislikte?

Ipek: Bir seyleri tretmek, tasarlamak.”

Yukarida ipekin muhendislik mesledi hakkindaki dustnceleri
soruldugunda bu meslegi kariyer planlarina kattigi ve eglenceli
buldugu gorulmektedir. Ayrica guzel bir meslek olmasinin sebebi
soruldugunda da Uretmeyi ve tasarim yapmayi sagladigi icin oldugunu
dile getirmistir. MUuhendislik odakli butunlestiriimis STEM etkinlikleri
sonucunda ogrenciler bu kapsamda ele alinan meslekleri takdir
ettiklerini ifade etmislerdir. Ornegdin Kedi Evi etkinliginde prototipleri
gelistirme asamasinda Ayca'ya bu alanlardaki mesleklerde calismak
isteyip istemedigi soruldugunda “Evet kedileri cok seviyorum. Veteriner
olmak isterim ama bdéceklerle ugrasmak istemem c¢ok korkarim
cunkd. (....) Zoolog da iste canlilari inceliyor. Guzel olabilir. Eglencelidir.
Mesela her canlinin ozelliklerini bilmek guzeldir bence.” diye ifade
etmistir.

Arastirmadan elde edilen nicel bulgular yukarida sunulan nitel bulgulari
desteklemektedir. Uygulamaya katilan 6grencilerin STEM alanlarindaki
kariyer bilinclerindeki gelisimi incelemek amaciyla ise kosulan STEM
mesleklerine ilgi olceginden aldiklari 6n test puanlarina iliskin yapilan
istatistiksel analiz Tablo 4'te sunulmustur.

Tablo 4
STEM Mesleklerine Yénelik ilgi Olcedinden Alinan Puanlarin Genel Dagilimi

Denek  Alinan Alinan Aritmetik Standart

Olcek Sayisl Minimu  Maksimu Ortalama Sapma
(N) m Puan m Puan X Ss
On test 8 105 130 119 9.08
Son test 8 163 175 169 4.03

Tablo 4'te gdéruldugu gibi butunlestiriimis STEM uygulamalarinin
ogrencilerin  STEM mesleklerine yonelik ilgilerini olumlu yoénde
etkiledigini géstermektedir. OJrencilerin én test ve son test puanlari
arasindaki farkin istatistiksel olarak anlamli olup olmadigini sinamak
Uzere Wilcoxon isaretli Siralar Testi ise kosulmustur. ilgili analiz
sonuclari Tablo 5'te gorulmektedir.
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Tablo 5
Ogrencilerin STEM Mesleklerine Yénelik llgi Olceginden Aldiklari On test-Son
test Puanlarina iliskin Wilcoxon Isaretli Siralar Testi Sonuclari

Son test-On test N Sira Sira Z P
Ortalamasi  Toplami

Negatif Sira 0 .00 .00 -2.521 .012

Pozitif Sira 8 4.50 36.00

Esit 0

*Negatif siralar temeline dayali

Analiz sonuclari arastirmaya katilan 6grencilerin uygulama ve dncesi ve
sonrasinda aldiklari STEM mesleklerine ilgi puanlari arasinda anlamli bir
fark oldugunu goéstermektedir (z= -2.52; p<.05). Fark puanlarinin sira
ortalamasi ve toplamlari dikkate alindiginda gdzlenen fark pozitif
siralar, yani son test puanlari lehinedir. Bu bulguya goére uygulanan
batunlestirilmis STEM etkinliklerinin égrencilerin STEM mesleklerine
ilgilerini gelistirdigi soylenebilir.

Sonug, Tartisma ve Oneriler

Bu arastirmada, ilkokul dérduncu sinif fen bilimleri dersi 6grenme-
ogretme  sUrecinde  butunlestirimis  STEM  egitiminin  nasill
uygulanabilecegini ve &grencilerin fen kariyer bilinclerinin  nasil
gelistirilebilecegini aciklamak amaclanmistir. Bir¢cok arastirmada STEM
egitiminin butunlestirilmesi ya da nasil bir egitimle verilecegine dair
pek cok tartismanin mevcut oldugu bilinmektedir. Gerek ulkemizde
gerekse uluslararasi platformlarda hazirlanan raporlarda &gretme
ogrenme surecinde STEM egitiminin nasil programa dahil edileceginin
belirsiz oldugu vurgulanmaktadir (Akgunduz ve digerleri, 2015;
Akgunduz ve digerleri, 2018; Aydeniz ve Bilican, 2018; Coskun ve Ozkaya,
2020; MEB, 2016; Yilmaz ve digerleri, 2017). Bu arastirmada ilkokulda
STEM egitiminin muhendisligin odaga alinarak muhendislik tasarim
sureclerinin ise kosulmasi ile gerceklestirebilecedi saptanmistir.

ilkokulda Miihendislik Odakli Bitiinlestirilmis STEM Uygulamalarina
Yonelik Sonug ve Tartisma

MuUhendisligin merkezde olmasi &égrencilerin gunluk hayattaki bir
problemle ya da bir sorunla karsilastirmayl ve bu konulardan yola
cikarak bilimsel dayanaklari olan yeni ve farkh bilgi Uretmelerini
saglamasi bakimindan o6onemlidir. MUhendislik, bireylerin gercek
yasamda karsilastiklari zorluklara iliskin zengin 6grenme deneyimleri
saglar (English ve Mousoulides, 2015). Tasarim suUrecleri 6grencilerin
gunluk yasamdaki sorunlarin ¢ézUmu icin farkli yollar olabilecegini
kavramalarina yardimci olur (Yamak ve digerleri, 2014) ve onlarin fen ve
matematik disiplin bilgilerini gelistirip guclendirmelerini saglar (Worker
ve Mahacek, 2013). Arastirmada muhendislik sureclerinin sézu edilen
ozelliklerine ragmen alisilagelmis duzenin disina c¢ikildigr icin
baslangicta kimi zorluklarla Kkarsilasilmistir. Ogrenciler fen ve
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matematik bilgilerini somut bir Urudnun ortaya cikmasinda nasil bir
aktarim yapacaklarini anlayamamislardir fakat surec ilerledikce gercek
yasam temelli sorunlarini ¢ézmede fen ve matematigin temel olarak
bilinmesi gerektigini ve bu bilgilerin nasil ise yaradigi deneyimlendikce
hem derslere olan ilgileri hem de STEM disiplinlerine olan ilgileri
artmistir.  Bu sonu¢ alanyazindaki baska arastirmalar ile de
desteklenmektedir (Girgin, 2018; Hacioglu ve Baspinar, 2020). Ornegdin
Girgin'in (2018) ilkokul dérduncu sinif ogrencileri ile gerceklestirdigi
STEM temelli egitimde &grencilerin gercek hayat deneyimleri ile
gunluk yasamlarinda karsilastiklari sorunlarin da altindan rahathkla
kalkabildikleri tespit edilmistir. Bir diger STEM temelli arastirmada ise
yine ilkokul 6grencilerine gercek hayat temelli durumlar ya da sorunlar
sunulmustur. Ogrencilerin sUrecte zamanla sahip olduklari bilgilerini
nitelikli olarak yansittiklari gézlenmistir (Hacioglu ve Baspinar, 2020).
Ortaokul 6grencileri ile yarutulen bir diger arastirmada da muhendislik
merkeze alinarak butunlestirilmis STEM egitimi  uygulanmistir.
Arastirma sonunda altinci sinif égrencilerinin fen ve matematik
bilgilerini  gunlik hayattaki durum ve konulara c¢dzmek icin
aktarabildikleri, dretim asamasinda somutlastirabildikleri ve bu
disiplinlerin gercek yasamdaki yerine iliskin nitelikli olarak anlayis
gelistirdikleri rapor edilmistir (Ozkul ve Ozden, 2020).

Arastirmada muhendislik odakli butunlestirilmis STEM uygulamalari
problemiyapilandir, dustnce Uret, se¢ ve yap, test et ve dusunce yansit
ile yeniden olustur asamalarindan olusmustur. Belirtilen surecler adim
adim yinelemeli olarak uygulanmistir. ilkokulda muhendislik odakili
yapilan STEM uygulamalari incelendiginde bes ya da alti adimli bir
sUrecle ilerleme kaydedildigi tespit edilmistir. Ornedin Pekmez ve
digerlerinin (2018) ilkokul 6grencileri ile yuruttukleri STEM egditiminde
soru sor, dneri Uret, planla, drun olustur, drinu gelistir asamalarindan
olusan muhendislik tasarim sureclerini ise kosmuslardir. Bir diger
arastirmada ise yine ilkokul o6grencileri ile problemi belirleme, fikirler
uretme, tasarlama ve insa etme, tasarimi degerlendirme ve yeniden
tasarlama asamalari ile etkinlikler gerceklestiriimistir (English ve King,
2015). ilgili arastirmalarin hepsi incelendiginde muhendislik tasarim
surecindeki her bir adim farkli olarak isimlendirilse de hepsinin
merkezinde gercek yasamla badlantii  konulari/sorunlari STEM
disiplinleri ile entegre ederek ¢cézme amaci oldugu saptanmistir.

Alanyazin incelendiginde cesitli muhendislik tasarim  sureci
uygulamalarinin oldugu gérulmustur (Barnett ve digerleri, 2008;
Brunsell, 2012; English, 2016; Engineering is Elementary [EIE], 2013; NAE
ve NRC, 2009). Ornegdin Brunsel (2012) bu dénguleri (1) Problemi
tanimlama, (2) Olasi ¢cdézUumleri gelistirme, (3) Belirlenen c¢dzUmleri
analiz etme, (4) CozUmleri en uygun hale getirme, (5) iletisim olarak
ifade etmektedir. EIE (2013) ise (a) Sorma, (b) Hayal etme, (c) Planlama,
(d) Tasarlama, (e) Gelistirme olarak siralamaktadir. Var olan modeller
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incelendiginde hepsinin problem durumunu tanimlama ile baslayan ve
nihai Urun ortaya cikarma ile sonucglanan yinelemeli surecler oldugu
gorulmustar.

Mihendislik Odakli Biitiinlestirilmis STEM Uygulamalarina iliskin
Goruslere Yonelik elde edilen Sonucg ve Tartisma

Arastirmada &grencilerin yapilan egitimle ilgili gdruslerinin olumlu
oldugu bulunmustur. Ogrenciler hem egitimler sirasinda hem de
yapilan gérusmelerde STEM egitiminden keyif aldiklarini ve bu egitim
sayesinde pek cok meslegin goérevlerini 6grendiklerini belirtmislerdir.
Muhendislik odakli butunlestiriimis STEM egitimini cok eglenceli
bulduklarini ve bu durumun sebebinin ise takim halinde is birligi ile
surecte aktif ve 6zgur olmalarindan kaynaklandigini ifade etmislerdir.
Ayrica surecte dgrencilerin fikirleri yargilanmadan ve yonlendirilmeden
STEM disiplinleriile hareket ettiginde basariya ulastiklarini gérmelerinin
de keyif almalarini sagladigi sdylenebilir. Arastirma kapsaminda ise
kosulan yontemin cocuklari motive ettigi soylenebilir. Nitekim
alanyazin incelendiginde arastirma sonugclari ile ortusen pek cok
calismanin oldugu saptanmistir (Bircan, 2019; Bozan ve Anagun, 2019;
Dieker ve digerleri, 2012; English ve Mousoulides, 2015; Julia ve Antoli,
2019; Konca Senturk, 2017; Kereci ve Cinar, 2020; Yavuz, 2019). Ornegin
Bircan (2019) calismasinda uyguladigi STEM etkinliklerinin ilkokul
dorduncu sinif é6grencilerinin STEM disiplinlerine ydnelik pozitif bir
tutum gelistirirken surece keyif alarak katildiklarini rapor etmistir.
ilkokul ve ortaokul égrencileri ile STEM calismalari yUrUten bir diger
arastirmada da ogrencilerin uygulamalar sirasinda heyecanla ve
eglenerek ilerlediklerini ve bu etkinliklerle daha fazla zaman gecirmek
istediklerini belirttikleri saptanmistir (Dickerson ve digerleri, 2014). Bir
diger arastirmada ilkokul égrencilerinden yasadiklari yerin sorunu olan
kurakliga ¢dézUm bulmalari yonunde bir ¢d6zUm bulmalari amaciyla
surecte muhendislik tasarim surecleri ise kosularak bir calisma
gerceklestirilmistir. Arastirmma sonunda ogrencilerin surecten keyif
aldiklari ve bu surece olan ilgilerinin arttig! tespit edilmistir (Watt ve
Andrews, 2018). ilkokul 6grencileriile yarutulen bir diger arastirmada ise
surecte uygulanan muhendislik tabanli STEM etkinliklerinden
ogrencilerin keyif aldiklari sonucuna ulasiimistir (Kereci ve Cinar, 2020).

Arastirmanin nicel sonuclari incelendiginde STEM etkinlikleri ile
ogrencilerin fene yonelik kariyer bilinclerinin son test lehine oldugu
gérulmustar.  Arastirmanin nitel sonucglari  da bu  sonucu
desteklemektedir. CUnku arastirmada hem etkinlikler sirasinda hem de
yapilan gérusmelerle 6grencilerin STEM mesleklerine yonelik ilgilerinin
gelistigi bulunmustur. Baslangicta dégrencilerin yapilan goérusmelerde
ilgili meslekleri bilmezken Kkisitli sayida meslek bilirken yapilan
etkinliklerle meslekler hakkinda biling kazandiklari ve ileriye donuk
kariyer planlarina bu meslekleri ekleyebileceklerini belirtmislerdir. Bu
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durumun nedenleri de etkinlik sUrecinde &grencilerin  rahat
calisabilecekleri 8grenme ortami ve surecte her yonden yureklendirme
desteklenmeleri gibi o6zeliklerden dolayl olmasindan kaynaklandigi
soylenebilir. CUnkU sUre¢ boyunca 6égrenciler demokratik ve 6zgur
ortamda c¢alismalari  saglanmistir.  Alan  yazin  incelendiginde
arastirmanin bu sonucunu destekleyen baskaca calismalarin da
mevcut oldugu gdérulmustur (Acar, 2018; Dogan ve digerleri, 2022,
Topbas, 2023; Yavuz, 2019). Ornedin Topbasin (2023), yaptidi
arastirmada ilkokul &grencilerinin  STEM  egitimleri ile STEM
mesleklerine yonelik ilgilerinin ve algilarinin arttigini bulmuslardir. Yine
Yavuz (2019) ilkokul dérduncu sinif égrencilerinin STEM temelli fen
bilimleri derslerinde &grencilerin  STEM mesleklerine ilgilerinin,
algilarinin ve tutumlarinin olumlu yonde gelistigini bulmustur. Bir diger
arastirmada ise STEM programlarinin égrencilerin ézgur ve rahat
calismalarina imkan saglayarak dogru orantili olarak 6zguvenlerini de
arttirarak STEM mesleklerine yonelimlerini arttirdigi tespit edilmistir
(Dieker ve digerleri, 2012). Benzer sekilde Acar (2018), ilkokul dérduncu
sinif 6grencilerinin STEM etkinlikleri ile STEM alanlarindaki meslekleri
tanidiklarini ve bu mesleklere olan ilgilerinin arttigini sdylemektedir.
Besinci sinif 6grencileri ile yarutulen bir diger arastirmada ise tasarim
temelli STEM etkinliklerinin 6grencilerin STEM mesleklerine ilgilerini
arttirdigi rapor edilmistir (Dogan ve digerleri, 2022).

Genel Degerlendirme ve Sinirhiliklar

Yukarida bahsedilen arastirmalarin genel olarak nicel ve deneysel
yontemlerle yurutuldigu goérulmustur. Eylem arastirmasi ile ydrutulen
bu arastirmada suUrecin her asamasinin planl, seffaf, aktarilabilir
olmasinin ve geliserek devam etmesinin 6gretmenlere, arastirmacilara
ve program hazirlayicillara yol gosterecegi dusunulmektedir.
Baslangicta basarilamayan asamalar eylem arastirmasinin ozellikleri
(komite destegdi) ile gelismistir.

Arastirma genel olarak degerlendirildiginde, ilkokulda muhendislik
odakll butunlestirilmis STEM egitiminin nasil olabilecegine iliskin bir
yapl ortaya koymustur. ikinci olarak, 6grencilerin bu derslere eglenerek
devam ettikleri ve dersleri cok sevdikleri gérulmustur. Son olarak da
ogrencilerin fen alanindaki pek cok meslek hakkinda bilin¢clendigi ve bu
alanlardaki mesleklere iliskin kariyer yonelimlerinin arttigi géralmustar.
Sonucta arastirma kapsaminda ogrencilerin bilimsel olarak dusunme,
arastirma ve sorgulama becerilerini gelistirme ydénunde tesvik
edilmelerinin yaninda onlarin muhendis gibi tasarlama, Uretme ve
hayal etme becerilerini kazanmalarina yonelik tesvik edilmeleriile de bu
sonuclara ulasildigr dusunulmektedir.

Arastirmanin  bazi sinirhliklart  bulunmaktadir. Veriler arastirmaci
tarafindan gelistirilen eylem planlari ve etkinlikleri ile yalnizca bir vakif
ilkokulunda  6grenim  goren sekiz ogrenci ile calismalar
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gerceklestirilerek elde edilmistir. Veriler toplam 26 hafta ve 56 ders saati
suresince toplanmistir. Bu nedenle arastirmadan elde edilen sonuclarin
dederlendiriimesinde ve genellenmesinde sézu edilen sinirliiklar géz
onunde bulundurulmalidir. Nitekim arastirmada kullanilan eylem
arastirmasi modeli de bu yarglyl destekler nitelikte “buyuk dogrular”
uretmek yerine kendine 6zgu ozellikleri olan bir baglamdaki sorun
durumunun iyilestiriimesine ve gelistiriimesine odaklanir. Ote yandan
arastirmadan elde edilen sonuclar sosyoekonomik acidan avantajli bir
gruptan elde edilmistir. Katilimcilar basliginda da géruldugu Uzere
ogrencilerin aileleri orta Ust gelir grubundaki aileler olup cogunun ailesi
lisansustU egitim yapmistir. Katiimcilarin sahip oldugu cevresel ve
kulturel kosullarin 6grenme 6gretme surecine olasi etkileri sonuclarin
yorumlanmasinda géz énune alinmahdir.

Oneriler

Arastirmada uygulamaya ve yapilacak arastirmacilara yonelik bazi
oneriler getirilmistir. Uygulayicilara yonelik olarak bu arastirmanin
ortaya koydugu muhendislik odakli butunlestiriimis STEM egitimi
cercevesinin  ve uygulama orneklerinin ilkokul fen egitiminde
kullanilmasi énerilmektedir. Bu kapsamda ogretmenlerin égrencilere
problemi dogrudan vermek yerine ogrencilerin sorun durumunu
belirlemelerine rehberlik etmeleri, belirlenen sorun durumunun
¢cozumune yonelik bilimsel ve muhendislik temelli dusinme sureclerini
kullanmalarini  cesaretlendirmeleri, ¢dzUme donuk malzemeleri
ogrencilerin  secmesini saglamalari ve gelistirmeyi hedefledikleri
urunleri cizmeleri secmelerini olmalari hissettirmeleri ve 6grencilerden
prototip cizimleri gerceklestirmelerini desteklemeleri dnerilmektedir.
lleri arastirmalara yoénelik olarak ise arastirmacilarin farkl sinif
duzeylerinde butunlestirilmis STEM egitimini nasil
gerceklestirebileceklerine ydnelik uygulamali calismalar yapmalari
onerilmektedir. Son olarak arastirmacilar bu arastirmada ortaya
konulan muhendislik odakli batunlestirilmis STEM egitimini test etmek
amaclyla deneysel calismalar gerceklestirebilirler.

Etik Kurul izin Bilgisi: Bu arastirma, Kitahya Dumlupinar Universitesi
Etik Kurulu’nun 11/10/2018 tarihli 2018/06 sayili karari ile alinan izinle
yaruatualmauastdar.

Yazar Cikar Catismasi Bilgisi: Yazarlarin beyan edecegi bir ¢ikar
catismasi yoktur.

Yazar Katkisi: Yazar esit oranda katki saglamistir.
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Abstract

This action research aimed to explain how integrated STEM
practices can be implemented in a fourth-grade science curriculum
and how students' awareness of science careers can be improved.
The research was carried out with fourth-year primary school
students studying at a primary school located on a university
campus in the Aegean Region of Turkey in the 2018-2019 academic
year. The action research method was utilized to gather
quantitative data using the STEM Professions Interest Scale, while
qualitative data were obtained through personal information forms,
video and photo recordings, semi-structured interviews, a
researcher diary, student diaries, and audio recordings of validity
committee meetings. The quantitative data were analyzed using
Wilcoxon Signed Rank Test, and qualitative data analysis was
employed using thematic analysis. As a result of the research, it was
indicated that integrated STEM practices in primary schools can be
implemented with an engineering-based approach that includes
the stages of "identify the problem," "generate ideas," "select and
implement," "test and reflect," and "recreate." It was observed that
the most difficult component of the mentioned steps for students
was drawing prototypes. Results showed that students recognized
the duties of professions in science fields, their interest in these
professions increased, and students included these professions in
their career plans. The quantitative results of the study also support
these results. Specifically, the results indicated that students'
interest in STEM professions showed a statistically significant
difference in favor of the post-test after the implementation.
Analysis of qualitative and quantitative research results revealed
that students' awareness of science careers improved.
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Introduction
STEM Education

Contemporary approaches frequently emphasize the need for
integrating disciplines to develop skills required in the 21t century
workforce, such as collaborative work, analytical and critical thinking,
and solving problems through scientific reasoning (Guzey et al., 2016;
National Research Council [NRC], 2012). One of the most current
educational approaches designed to cultivate such a skilled workforce
is Science, Technology, Engineering, and Mathematics (STEM)
education (Karahan, 2017). STEM education is a pedagogical approach
that provides integration of science, technology, engineering, and
mathematics disciplines and shows the place and importance of
science and mathematics disciplines in daily life (Dugger, 2010;
Morrison, 2006; Tsupros et al., 2009). According to another definition, by
adapting engineering and technology fields to science and
mathematics lessons, STEM education allows the development of 21st-
century life skills such as computational and systematic thinking,
critical thinking, solving problems in daily life individually, adapting to
the environment they live in (Bybee, 2010, 2013; NRC, 2011). Based on
relevant definitions, it can be said that the purpose of Science,
Technology, Engineering, and Mathematics (STEM) education is to: (i)
integrate science, technology, engineering, and mathematics, (ii)
deepen students' perspectives on STEM through the social and cultural
integration of these disciplines, and (iii) enhance students' interest in
STEM fields (Roehrig et al., 2012).The foundation of STEM education is
the integration of the disciplines of science, technology, engineering,
and mathematics (Wang et al., 2011). However, researchers have no
complete consensus on how these disciplines should be integrated
(Gencer et al, 2019). This uncertainty has led to the development of
various educational models and practices.

Integrated STEM Education

There are different approaches to how and in what way STEM
disciplines can be integrated to reach the mentioned goals in STEM
education (Bryan et al, 2016; Bybee, 2013; Kelley & Knowles, 2016;
Roehrig et al, 2012; Wang et al, 2011). Examples of these approaches
include the multidisciplinary approach, interdisciplinary approach, and
transdisciplinary approach (Karahan, 2018; Wang et al,, 2011), content
and context integration models (Roehrig et al, 2012), and integrated
STEM education (Bryan et al, 2016). The Integrated STEM education
approach combines two or more of the STEM disciplines under a single
roof with a focus on problem situations in real-world contexts (Bryan et
al., 2070).
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In the integrated STEM education approach, the focus is on
engineering. Researchers in this area believe that engineering acts as a
catalyst for the use of science and mathematics knowledge (Cavlazoglu
& Stuessy, 2017; Daugherty, 2012; NAE & NRC, 2009), and in this way,
students believe that they learn science concepts more meaningful
and permanent (Ercan & Sahin, 2021; Okulu & Oguz Unver, 2021). In
integrated STEM education practices with an engineering focus,
engineering design processes are central to teaching practices (Guzey
et al,, 2017; English, 2018; McFadden & Roehrig, 2018; Pekmez et al., 2018).
For example, in a research study by Pekmez et al. (2018), 4th, 5th, and
6th grade students were provided with designing a bridge task. In the
beginning, students read a story about bridge construction. Next,
discussions on bridge types and civil engineering were held with the
students. Then, the students were guided to associate the concepts of
push, pull, and balance, which are science subjects, with civil
engineering. Students created their bridges by using engineering
design processes. In the study, science was used as the primary
discipline, and engineering was used as the context. In another study,
Watt and Andrews (2018) provided a design task to -grade primary
school students to find a solution to a scarcity problem in their region.
A problem situation related to water scarcity was introduced with a
scenario, news, and story. After determining the scarcity problem, the
students were asked to create a list explaining each situation related to
water needs and the reasons for these situations. After the students
identified ways to save water, each group of students was asked to
design a building that could capture snow and rainwater. As a result,
the students modeled the whole system using engineering design
processes. In addition, the students were encouraged to use scientific
language in the process. Since engineering practices require
applications of mathematics and science in the process of creating a
technological product, these practices can provide meaningful and
qualified integration of STEM disciplines (Moore et al., 2014a).

In previous studies, researchers have reported that integrating
engineering practices into science content supports students in many
ways. For example, research has shown that such integration improves
students' attitudes toward science (Toma & Grace, 2018) and enhances
their academic achievement in science (Guzey et al., 2017). Additionally,
research studies in related literature stated that focusing engineering
in STEM practices enriches students' skills including (a) high-level and
scientific thinking, (b) doing inquiry and research, and (c) using
scientific process (English, 2018; Fan & Yu, 2017; NAE & NRC, 2009; Okulu
& OJuz Unver, 2021; Ozkul & Ozden, 2020; Strong, 2013; Sen, 2018;
Wendell,2008). For example, Ozkul and Ozden (2020) documented that
engineering-oriented STEM integration activities enhance students'
multidimensional thinking, scientific thinking, and creative thinking
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skills. Yavuz (2019) reported that engineering-oriented STEM practices
in a science course improved fourth-grade primary school students'
interests, perceptions, and attitudes toward STEM professions. In
another study, researchers concluded that engineering-oriented STEM
education practices improved primary school fourth-grade students'
skills in integrating science and mathematics knowledge, problem-
solving, collaboration, and teamwork (Karahan et al., 2019). Additionally,
some research studies indicated that students' engineering career
awareness, profession awareness, and attitudes toward STEM
disciplines increased through engineering-oriented STEM practices
(Acar, 2018; Christensen & Knezek, 2017; English, 2018; Guzey et al., 2016;
Karakaya et al., 2019; Ozkul & Ozden, 2020; Yavuz, 2019).

Areview of the literature reveals a limited number of studies conducted
with primary school students. Additionally, how to integrate
engineering into STEM classrooms is still a matter of debate in the
related research area (Bybee, 2013; English et al., 2017; English & King,
2015; Moore et al,, 2014b; Okulu & Oguz Unver, 2021; Roehrig et al., 2012;
Wang et al,, 2011). Many researchers have not come to a consensus on
this issue.

For this research study, we thought it is critical to (a) draw a framework
on how STEM education practices in primary school can be integrated
into the teaching and learning process and (b) explain an
implementation through action research with students at primary
school level. Additionally, we thought that this research is significant in
terms of contributing to the development of an understanding of the
implementation of the STEM approach in learning environments and
explaining the structure and processes of STEM education. Research on
STEM education also highlights the strategic importance of
familiarizing primary school students with STEM careers. This study is
expected to enrich the literature by providing insights into how to
enhance students' awareness of science careers. This research, which
aimed to explore how integrated STEM education could be applied
within the scope of fourth-grade primary school science curriculum,
was limited to eight students attending a private primary school
located on a state university campus in the Aegean Region of Turkey.
For this purpose, answers to the following questions were sought:

- How does the teaching-learning process that includes integrated
STEM practices occur in primary school science lessons?

- What are the participating students' views on the integrated STEM
education process?

- How does integrated STEM education affect students' awareness of
career-building in science?
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Method
Research Design

This research was conducted using an action research design (Kemmis
et al,, 2014). The reasons for employing this design were: (i) the need for
cooperation of all stakeholders (researcher, committee, and students)
to develop integrated STEM education contents and processes applied
to students in a classroom setting, (ii) the necessity to explain how
actions and related action strategies allowing the development of
teaching-learning process related to integrated STEM education occur,
(iii) the willingness of researchers to observe their practices.

Due to the different perspectives of researchers and the dynamic
structure of research, many models have been proposed for conducting
action research. Related models have a spiral structure in which (a) a
subject or problem situation is at the center, (b) observations are made
during the research process, and (c) collected data are analyzed
(Gurgur, 2017). The model adopted in this research is presented in
Figure 1.

Figure 1
The Participatory Action Research Process

REFLECTION

REFLECTION

ONINNVId-3Y
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The cycle used in this study consists of four stages: planning, taking
action, observation, and reflection (Kemmis et al., 2014). The planning
stage was the first step of the research process. The research subject,
observation process, and data collection tools were determined at this
stage. In the taking action stage, integrated STEM education activities
were planned and implemented. In the observation stage, researchers
implemented activities, recorded the whole process with a video
camera and voice recorder, and transcribed the data from these
recordings. In addition, the progress in action research was observed
through researcher diaries, committee meetings for validity, and semi-
structured interviews with students throughout the process. In the
reflection stage, after the implementation of activities, transcripts were
presented to the second author of this study and two field experts at
validity committee meetings. Researchers and experts discussed their
opinions and determined precautions and action plans for future
activities. Then, researchers planned activities by creating new action
plans for the next classroom meeting.

Research Environment and Participants

Critical case sampling was implemented to determine the research
environment (Yildirrm & Simsek, 2013). Critical case sampling aims to
apply targeted knowledge at the highest (maximum) level in similar
situations. In this study, critical case sampling was accepted as a logical
sampling strategy with the choice of a school that can make the
greatest impact on this issue to determine how the teaching-learning
process that includes integrated STEM education within the scope of
fourth-grade primary school science curriculum can be successfully
carried out. This choice is based on the consideration that schools'
physical and economic conditions can significantly influence the
implementation of new teaching approaches. Therefore, the research
aimed to explore how STEM education practices can be effectively
integrated into the teaching-learning process and to describe the
structure and processes of STEM education. For these reasons,
conducting the study in a school with medium to high socio-economic
status was considered critical. The rationale is that if issues arise in
integrating STEM education in such a well-resourced school, it is likely
that schools with more limited resources would face even more
significant challenges.

This research was conducted in a private school in the Aegean region,
with the participation of primary and secondary school level students
studying at the school. The practices were carried out with fourth-grade
primary school students in the Fall 2018 and Spring 2019 school
semesters. The fact that engineering and design skills were shown as
needed skills to be gained from fourth grade in the Science Curriculum
(MEB, 2018) was effective in carrying out the research with the fourth-
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grade students. Additionally, students' experiences related to science
subjects and students' maturity in psychomotor and cognitive
development were also critical in selecting the sample in this study.

The research practices were implemented in a classroom different from
the students' actual classrooms. The classroom where practices were
applied had drawing tables so students could do their STEM studies
comfortably. Four groups were formed, with two students in each
group. In addition, two drawing tables were placed in front of the
classroom window, and a station was placed for materials to be used
during the application process. These stations were used at the
beginning of each STEM activity to place various materials related to
each activity, enabling students to observe materials easily. There was
also a computer and projector in the classroom. A computer or
overhead projector in the classroom was used when necessary for
students to watch videos or do research on the computer.

There were eight students in the classroom where the research was
conducted. For this reason, all the students were accepted as focus
students. At the beginning of the research, parents and students were
informed about expectations from them in the research process, how
the process would be developed, how obtained data would be stored,
how students' privacy would be protected, and students' withdrawing
options from the research upon their wishes. Students were grouped
into two groups throughout the implementation. Group members of
students changed in the next practices. The participating students
were given pseudonyms. Table 1 displays the demographic
characteristics of each participant obtained as a result of personal
information form, interviews with the classroom teacher, and
researchers' observations in this study.

Table 1
Demographic Characteristics of Participants
Student Gender Mother Father Mother Father
Code Education Education Occupation  Occupation
Level Level
Ayca Female High Graduate Housewife Professor
School
Berk Male High High School Housewife Tradesman
School
Ozgur Male High Undergraduate Self- Officer
School employment
Kamil Male University High School Teacher Police
Officer
Yeliz Female Primary Primary School Self- Self-
School employment employment
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Nilay Female High High School Officer Banker
School

ipek Female GCraduate Graduate Professor Professor

Alphan Male High Undergraduate Officer Officer
School

Data Collection Tools

Quantitative and qualitative data collection techniques can be
employed in action research (Creswell, 2017; Mills, 2011). Within the
scope of this research, data were collected with the STEM Professions
Interest Scale, video and audio recordings, semi-structured interviews,
a researcher's diary, and student diaries. The data collection tools used
in this study are explained below.

STEM Career Interest Scale

The Science, Technology, Engineering, and Mathematics Careers
Interest Scale (STEM-CIS) was utilized at the beginning and end of the
study to reveal how participating students' science career awareness
changed as a result of the implementation.

The STEM-CIS developed by Kier, Blanchard, Osborne, & Albert (2014)
and adapted into Turkish by Koyunlu Unlt, Dékme, & Unlu (2016)
contains 40 questions. The scale is a five-point Likert-type scale. Within
the scope of this research study, the scale form was composed of three
parts. In the first part, there is information about STEM professions. In
the second part, there are questions about the demographic
characteristics of the students. In the third part, there are scale items
consisting of 40 questions. In each of the scale items, there are options
including strongly agree, agree, undecided, disagree, and strongly
disagree.

The scale was administered to the participants before (pre-test) and at
the end (post-test) of the implementation. In order to calculate the
reliability coefficient of the scale (Cronbach's alpha) in this research,
data were obtained from 370 students from six schools determined by
the cluster sampling method. As a result of the analysis, the reliability
coefficient was found to be 0.92. For sub-dimensions, the reliability was
0.82 for science, 0.80 for mathematics, 0.80 for technology, and 0.90 for
engineering. Examples of items related to the sub-dimensions of the
scale include: for the science sub-dimension, "l am interested in careers
in the field of science"; for the mathematics sub-dimension, "l would
look up to someone working in the field of mathematics as a
professional example"; for the technology sub-dimension, "If | learn a lot
about technology, | might encounter many job opportunities"; and for
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the engineering sub-dimension, "I enjoy activities that require
engineering skills."

Video and Audio Recordings

Video recordings provide information about students' behavior, their
movements during classroom meetings, and the performance of
researchers (Johnson, 2015). With video recordings, it is possible to
capture interactions that researchers can miss during lessons (Mills,
20T11). All activities in this study were recorded with video and audio
recorder. In order to adapt students to video camera recording, a video
camera was placed in students' classroom for three weeks in other
lessons. Recording activities with video and audio recorders allowed
lessons to be watched multiple times and facilitated the data
transcription process. Sections considered significant were shown to
committee members in weekly validity committee meetings. Thus, the
identification of action plans became more effective. Additionally, the
validity committee meetings were recorded using a voice recorder to
serve as a supplementary data source.

Semi-Structured Interviews

There are three types of interviews: conversational style, standardized
open-ended, and semi-structured (Patton, 2014). In this research study,
opinions were collected via the semi-structured interview technique.
The reason for using the semi-structured interview technique is that it
allows systematic comparison of participants' answers on interview
subjects. In this study, researchers employed semi-structured
interviews with participants at the beginning and end of the process.
Additionally, at the end of each activity, two participants were identified
and participated in additional semi-structured interviews. Examples of
interview questions include: "How did we use science and mathematics
knowledge in the engineering design and application processes during
our activities? Can you explain?" and "Can you describe how the
activities we conducted influenced your career choices in the fields of
Science, Technology, Engineering, and Mathematics?"

Researcher's Diary

Throughout the research process, a researcher in this study kept a diary
in which she noted her observations, expectations, thoughts, opinions,
and problems. While the researcher initially wrote her thoughts in a
notebook, she later recorded them in a computer file. Impressions,
comments about students and committees, feelings, and thoughts can
be included in diaries (Johnson, 2015). In this study, the researcher
documented all her feelings and thoughts in a diary at the end of each
activity and after each committee meeting throughout the process.It
can be said that diaries are essential in directing research and can help
to miss vital points in research.
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Student Diaries

Student diaries are data sources where students share their feelings
and thoughts about their learning experiences after activities (Jewell &
Tichenor, 1994, as cited in Turkkan, 2008, p. 81). It can be noted that
student diaries are critical in contributing to the development of
research and enriching data. However, in this research study,
participants (i.e, students) did not want to write diaries. To solve this
problem, a researcher in this study created colorful and interesting
diary forms. In these forms, questions such as "What is the purpose of
today's activity?” “What did you learn in this lesson?” “What are the
difficult parts of the activity?,” and “What are your suggestions to make
the activity we are doing better?” were included. In addition, daily
activity reflection forms were developed to get students’ opinions
about each activity of the day. The activity form examples are illustrated
in Appendix 4, Appendix 5, and Appendix 6. The collected and analyzed
data based on the research questions in this study are presented in
Table 2.

Table 2
Collected and Analyzed Data Based on Research Questions
Research Question Collected Data Analyzed Data

How does a teaching- - Videoand audio recordings

learning  process  that _gemj-structured interviews  Thematic

includes integrated STEM . Analvsis
practices occur in primary - Researcher'sdiary Y

school science lessons? - Student diaries

What are students views - Video and audio recordings

on the integrated STEM - Semi-structured interviews  Thematic
. 5 .
education process” - Researcher's diary Analysis

- Student diaries

. Wilcoxon
- STEM Professions Interest .
Signed Ranks
Scale
Test

How does integrated STEM

education affect students’ - Video and audio recordings
awareness of career-

building in science? - Semi-structured interviews  Thematic

- Researcher’s diary Analysis

- Student diaries

Action Plan Development Cycle

Action research is a cyclical and iterative process until its goal is
achieved. In this process, the research develops and progresses with
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each cycle iteration. During this research study, 18 action plans were
developed. Researchers planned the actions based on learning
outcomes in the 2018 Turkish Science Curriculum. A weekly action plan
development cycle is illustrated in Figure 2.

Figure 2

Action Plan Development Cycle

Activity Planning

Implementation

of the plan and

performing data
transcription

Sharing data with
validity
committee

Performing
macro analysis of
data

As seen in Figure 2, the process started with the researchers’ activity
planning. Then, the researchers implemented planned activities. After
the activities, the recorded video and audio files were transcribed. Some
sections of video records were shown to committee members at
validity committee meetings to get the opinions of the members. In
addition, researchers transcribed all records right after each activity
week to do macro analyzes and discuss at committee meetings.
Committee members and researchers determined action plans to
develop the following activities by reading transcripts and watching
video records. Researchers used suggested action plans and planned
new activities accordingly for upcoming implementations. This process
continued until the end of implementation. Although researchers
planned each activity at the beginning of the research, the plans
progressed and changed by developing new plans based on
suggestions from the validity committee meetings at the end of each
activity. Committee members completed video checklists at each
action committee meeting. The members marked "yes," "no," and
"partially" options according to the criteria that researchers needed to
develop within the scope of the research and whether the goal was
achieved or not. This list consists of eleven items covering the features
expected to be developed in action processes. It was observed that
while committee members mostly marked “no” option at the
beginning, the number of marked “yes” options increased as the
committee meetings progressed.
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The research data were collected between October 4th, 2018, and May
15th, 2019. The activities took place at the primary school in the last two
lesson hours on Thursday of each week. However, for a week, activities
occurred on Thursday and Friday. In addition, activities were carried out
once in geology and mining engineering laboratories, once in electrical
electronics and computer engineering laboratories, and once in a
university central laboratory. The activities developed in the study
based on the identified action plans and the professions highlighted
within these activities are as follows:

e Creating My World (Geophysical Engineer, Space Engineer)

e Let's Protect Pelican Eggs (Environmental Engineer, Design
Engineer, Biologist, Zoologist)

e Geology and Mining Engineering Laboratory Trip (Geological
Engineer, Mining Engineer)

e Creating Dinosaur and Mussel Fossils (Paleontologist, Industrial
Design Engineer)

e Designing My Renewable Car (Mechanical Engineer, Automotive
Engineer, Industrial Design Engineer)

e We Became Dietitians (Dietitian, Biologist)

e |ILTEM Laboratory Trip (Physicist, Chemist, Biologist, Food
Engineer, Ceramic Engineer)

e Harms of Smoking and Alcohol (Creating Posters with Scratch
Program and Coding) (Computer Engineer, Software Engineer)

e Electrical Electronics and Computer Engineering Laboratory Trip
(Electrical and Electronics Engineer, Computer Engineer)

e We Create Our Circuit (Electrical and Electronics Engineer)

e | Create My Watercraft (Naval Engineer, Electrical and Electronics
Engineer)

e | Do Design with Marshmallows (Civil Engineer, Architect,
Geological Engineer)

e |et's Make Our Thermos (Physicist, Chemist, Industrial Engineer)

e Creating My Planet Explorer Robot (Mechatronics Engineer,
Physicist)

e Building My Bridge (Civil Engineer, Geological Engineer,
Physicist)

e My Balloon Car (Physicist)

e Cat House (Veterinarian, Zoologist, Biologist)

e Designing My Parachute (Textile Engineer)

Initially, the activities planned for this study and those used in similar
research were reviewed (English et al, 2013; English & King, 2015).
Subsequently, activities tailored to the research's objectives were
developed. These activities were evaluated based on their suitability for
students' levels and their emphasis on science, technology,
engineering, or mathematics content. The implementation began with
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the first activity, "Creating My World." Following each activity, feedback
from the committee meetings was used to refine and adapt the
upcoming activities according to the action plans. All activities evolved
weekly within the framework of action research. Through these
activities, students had the opportunity to explore various careers in the
field of science.

Data Analysis and Interpretation

Since both qualitative and quantitative data were obtained in this
study, various analysis techniques were utilized to analyse both data
types. The qualitative data were analyzed using thematic analysis
(Braun & Clarke, 2019), and the quantitative data were analyzed using
the Wilcoxon Signed Rank Test (Cohen et al, 2007). The techniques
used in the analysis of qualitative and quantitative data within the
scope of the research questions are shown in Table 2.

This study used the thematic analysis technique (Braun & Clarke, 2019)
to analyze the collected data. Within the scope of this research, used
thematic analysis steps were a) researchers’ recognition of the data, b)
creating initial codes, c) searching for themes by associating codes, d)
reviewing themes, e) creating and naming themes, and f) writing report
(Braun & Clarke, 2019).

In the researchers’ data recognition step, the first author of this study
transcribed research data obtained from interviews, video, and audio
recordings. Then, both two researchers of this study coded the data
related to the research questions. At the end of this step, the first author
created 491 codes, and the second author created 465 codes. Examples
of the created codes were "improving the slots," "lacking in the
prototype," "lightweight," and "doing everything together."

In the third step, the researchers rechecked the codes they determined,
and after discussing and agreeing on all codes, the step of creating a
category from the codes was started. To identify themes, codes that
were similar to each other or codes that showed the same purpose
were written under a common category. In other words, the codes were
clustered. In this process, the initial categories determined as
"engineering design skills," "science and career awareness," and “sense
of science and career awareness” were revised and changed in
researchers’ evaluation meetings. The categories as mentioned earlier
were renamed as ‘“selecting materials/drawing sketches,”
“converting/testing drawings into prototypes,” “career desire for
professions,” and “appreciation of professions.”

In the fourth step, the researchers independently examined the
categories they had created and identified themes that emerged from
these categories. As a result of the researchers’ initial evaluation, four
themes were created as: "STEM Education Approach in Primary School,"
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"Engineering-Oriented Integrated STEM Education Approach,"
"Emotion," and "SKkill." After examining the compatibility of the
determined themes with the data and making their definitions, it was
seen that the mentioned themes were insufficient to reflect the
research. For this reason, researchers gathered to reevaluate the
categories based on their common characteristics. They combined the
themes of "STEM Education Approach in Primary School" and
"Engineering-Focused Integrated STEM Education Approach,"” and
created a new theme. Finally, the theme was designated as
"Engineering-Oriented Integrated STEM Practices in Primary School."
Additionally, instead of the candidate themes of "Emotion" and "SKkill,"
the theme "Views on Engineering-Oriented Integrated STEM Practices"
was created. As a result, the researchers decided that organizing the
categories under the two themes was appropriate to reflect the
essence of the research.

In the fifth step, researchers decided on the themes' scope and defined
the themes they presented in detailsey in the results section. In the last
step, the results were written in accordance with research questions.

Researchers conducted in-group comparisons for the analysis of the
study's quantitative data. In this context, they examined the Skewness
and Kurtosis coefficients, the Q-Q Plot graph, the Shapiro-Wilk value,
and the normal distribution curve (BuyUkozturk et al., 2012). The analysis
revealed that the Skewness value was -1.746, the Kurtosis value was
2.651, and the Shapiro-Wilk value was .016. Considering these results as
a whole, the Skewness and Kurtosis values were not within the range of
-1 to +1 (BUyukozturk et al, 2012), and the Shapiro-Wilk value was less
than .05 (Buyukozturk, 2016), indicating that the data did not follow a
normal distribution. Since the number of subjects was less than 30
(Erkus, 2013) and the data were not normally distributed, the Wilcoxon
Signed Rank Test (Cohen et al, 2007) was employed for in-group
comparisons. The significance level was accepted as .05 in statistical
analysis (Creswell, 2017).

Validity and Reliability

Since researchers carry out implementation processes in action
research, researchers’ positions, qualifications, personal values, and
perspectives are vital to the validity and reliability of research. In this
study, researchers aimed to conduct a study on STEM education, which
has become increasingly central in recent years. At the beginning of the
study, researchers provided parents with information and consent
forms related to the research and requested their permission for the
students to participate. In this action research, to confirm data
credibility, (a) data collection sources were diversified, (b) researchers
stayed in the research area until satisfactory data saturation was
reached, (c) the research cycle was constantly advanced with action
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plans, (d) data collection and analysis processes were detailed, and (e)
the control of obtained data was ensured. At the end of each activity
implementation throughout the research process after data
transcription, the data were presented to the committee, which had
three experts, to receive opinions and criticisms of the validity
committee to develop action plans.

To ensure consistency and validity in this research, a three-member
validity committee consisting of experts in the field was established.
Meetings with the committee members were held at the end of each
activity.During these meetings, the experts reviewed video recordings
and lesson documents. At the end of the meetings, the researchers
prepared video checklists, which were reviewed and approved by the
committee members with modifications. These checklists were used to
evaluate the lessons that had been conducted and to develop action
plans for upcoming lessons. These action plans were written in the
committee decision notebook as committee decisions at the end of
each committee meeting. The first validity committee meeting was
held on October 5th, 2018, and the last validity committee meeting was
held on May 15th, 2019. In total, 14 validity committee meetings
occurred. Direct quotations from the opinions expressed by the
members of the validity committee at the validity committee meetings
were used, and their contributions to the research development were
indicated in the results section. Codes shown as CM1, CM2, and CM3
indicate quotations from the opinions of the committee members.

Research Ethics

For this study, all relevant documents were submitted to the University
Ethics Committee for review. After obtaining the necessary approvals,
the research was presented to the Provincial Directorate of National
Education in the city where the study was conducted. After obtaining
the necessary permission from the Provincial Directorate of National
Education, a researcher of this study had meetings with a school
principal and a classroom teacher in a school where the
implementation would be done. At this stage, the researcher made a
presentation about the research to the school principal and classroom
teacher. Since participants in this study included primary school
students, the required information was given to each parent of
students about the research in individual meetings before beginning
the research. Additionally, it was addressed that the research would be
carried out voluntarily, and the participants had the right to withdraw
from the research at any stage. Then, all parents were provided with the
required consent forms for their approval. In this study, participants' real
names were not used, and photos revealing their faces were obscured
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with an emoji in the research report. All collected data were archived in
three separate formats (1 DVD and 2 hard drives).

Findings

As a result of the analysis of the obtained data from the research, two
themes were identified as: "Engineering-Oriented Integrated STEM
Practices in Primary School" and "Views on Engineering-Oriented
Integrated STEM Practices in Primary School." The features related to
the themes mentioned under two main headings and supported by
direct quotations are documented below.

Engineering-Oriented Integrated STEM Practices in Primary School

As a result of the analysis of action plans implemented in this research,
it was found that integrated STEM practices in primary schools can be
implemented with an engineering-based approach that includes the
stages of 'identify the problem," "generate ideas," "select and
implement," "test and reflect,” and "recreate." It was indicated that
STEM practices developed under these stages should show a revisable
and cyclical structure.

Identify the Problem

In the initial engineering-oriented integrated STEM activities, real-life
problems were presented to the students by the researchers as ready-
made. During these activities, the students were not fully immersed in
scenarios involving problem situations and were not encouraged to
analyze these situations.The first practice was Creating My World
activity. In this activity, a researcher directly told students what they
would design without trying to guess problem situations. For this
practice, the researcher received feedback from the committee
members. Committee members suggested that instead of telling
students what to design directly, it was vital to enable students to make
predictions to improve their thinking skills and ensure their
development within the scope of integrated STEM education. The
researcher used the suggestions to update action plans and
approached students in various ways to let them determine problem
situations in different ways in each activity and make activities more
interesting. For this purpose, the researcher planned to present
problems via cartoons, videos, animations, newspaper news, case
studies, visuals, or three-dimensional models. How problem situations
were presented to students in the "I Create My Watercraft" activity,
which was an example of this decision, is shown below:

“Teacher: Guys, I'm not going to tell you what we're going to design this week.

You will guess. Guys, you know the cartoon “Water Ambassadors.”
Kids: Yeah.
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Teacher: | will show you a section of the water ambassadors. From there, you
will guess what we will design today and what profession we will be. I'm
opening, guys.

Berk: It starts, teacher. (D-20.12.2018, | Create My Watercraft Activity)”

The purpose of the above communication was to let students identify
problem situations based on the cartoon. It can be said that cartoons
are an interesting context in terms of students' cognitive and social
development. Another example of identifying a problem situation can
be given as the teacher's attempt to attract the attention of the
students by entering the classroom with a cup of tea in the Let's Make
Our Thermos activity. A relevant conversation is provided below.

“Teacher: Guys (...) More precisely, you will guess what we will design as a result
of something | have said. (The teacher is showing a cup of tea in his hand.)
Guys, did | ever come with tea in my hand?

Kids: No, you did not come.

Teacher: | brought tea to drink in class today. But right now I'm looking at tea.
(After taking a sip of tea) Oh, this tea is cold and | don't like cold tea at all. | like
hot tea. Then what do you think that | will ask you to do?

ipek: Whattt? © (Excited) (The students got excited suddenly. They asked
questions like what are we going to do, teacher, what do you want?)
Teacher: Yes, let's take your guesses. Yes, Ipek, let's start with you.

Ipek: Something to keep it warm?

Teacher: Look, what did ipek say? Did she say something to keep it warm?
Nilay: Teacher, we will design a house. We will design something to keep that
house warm so that the heat of the house does not go out.

Teacher: Huh, nice approach. What do you think Yeliz?

Yeliz: Teacher, | think we will heat that tea and try to keep that heat inside.
Teacher: Nice! Berk, what do you think we will do today?

Berk: Teacher, you will give us a cold matter. We will try to warm it up. {(...)
Teacher: Guys, you all came close, but you could not clearly guess the name
of the design. (...) Actually, you use this design in your daily life and you know
what it is. | want to give you a tip.

Kids: Give! Give!

Teacher: Guys, what do you usually bring with you when going on a picnic in
the summer (After waiting a bit.)

Make a connection with tea.

Alphan: Thermos. Thermossss!

Teacher: What did Alphan say? He said thermos. Do you all agree with your
friend?

Kids: Yeah. (D- 14.02.2019, Let's Make Our Own Thermos Activity)”

In the above conversation, it can be seen that the researcher associated
the problem situation with a problem in daily life, and students began
to make predictions. For example, Yeliz, Nilay, and Berk associated their
design with the topic of heat. The researcher guided students with an
inquiry-based approachlnstead of simply telling them, "l want you to
prepare a thermos," a real-life problem scenario was created, and the
students were guided to identify the problem on their own. By doing
this, the researcher aimed to help students realize that the role of
engineers is to find solutions to everyday problems. Throughout the
activities, questions such as "How would you think as an engineer?"

67



PUJE, 64, 51-91 [2025] H. Ozkul & M. Ozden https://doi.org/10.9779/pauefd. 1408156

were posed to raise students' awareness of engineeringAs the activities
progressed, it was observed that the students approached the issues in
an engineer-like manner and made scientific predictions. The following
support was received from the committee committee members
regarding the approaches to letting students feel problem situationsin
the following activities.

“CMI: (..) Let's come to the sixth page. There has to be a real-life-based
problem in STEM. So it has to start with such a problem. There is a "case" here.
Very nice situation here. You say that | brought a cup of tea to the class today,
but | saw that the tea was cold. I'm looking at something very beautiful. The
script doesn't need to be written here. The script doesn't have to be with
pictures. The teacher himself is here, so you brought an instrument and his
own tea. | don't like cold teaq, | wonder how we can preserve it. | think this is a
very beautiful thing. What about those who come after that, we will build a
house. Kids are reasoning there about temperature. Wonderful. | put stars.
(Laughs)

CM2: Do you know what's going on here? You don't give the problem situation
ready to the kids here. You want the kids to predict what will be done in the
given scenario and identify the problem. | think it's very valuable.

CM2: Well, she gave another dimension to the concept of design there. | liked
it too. You know, she says to the kids there, to guess what we are going to
design. Either way, she clearly made the point that there are alternative
solutions to the problem in the concept of design without actually doing
anything there.

CMI: Exactly.

CM2: You sweetly gave the definition of design there. By feeling. (KT-27.02.2019,
Interview on Let's Make Our Thermos Activity)”

Generate Ideas

This stage of the research evolved into generating solution ideas for the
problem after the problem was identified. After structuring the
problem, the students created ideas for solving it, developed solutions,
and determined success criteria for their designs. While some students
preferred to present their identified solutions orally, others wrote them
down in their STEM notebooks. Researchers frequently asked students
for scientific justification of the generated ideas. Students presented
their ideas, sometimes related to daily life and sometimes scientifically,
to their friends and focused on the positive and negative aspects of the
ideas. In this way, the social structuring of knowledge was ensured, and
reasoning skills were developed. However, in the initial activities, the
guestioning of students' answers was incomplete. In the initial
activities, it was observed that students who approached the process
with a game idea could suggest many non-scientific solutions.
Committee members criticized researchers for not sufficiently allowing
students to use scientific questioning in their communication. For
example, one of the committee members, CM2, stated it would be more
appropriate to adopt such an approach by saying, “Please listen to the
students actively. The students are telling you that. By choosing
materials and planning how not to break them. What did you do to

68



PUJE, 64, 51-91 [2025] H. Ozkul & M. Ozden https://doi.org/10.9779/pauefd. 1408156

keep them away from breaking?" Likewise, CM1 expressed “..you can
ask questions about planning, your choice, your solution, and planning.
(..) I think it is possible to ask questions about drawing, planning, how
they feel, and what they think.”

Within the scope of the determined action plans, in the following
weeks, in the "Building My Bridge" activity, the students were asked one
by one about the structure of the bridge they wanted to build, the
purposes of why they wanted to design a bridge of the structure, and
their goals in choosing the materials they would use. Using this
approach ensured that students think scientifically about which
materials they use and the reasons for their material selection.

Through conversations, the researcher tried to enable students to
communicate productively, explain their ideas, justify the formal
arguments they generated ideas, defend their ideas, change them if
necessary, and develop an in-depth understanding of the solution
processes. During the practices, the students used their skills of using
examples from daily life, reflecting on previous experiences to find
solutions, and developing each other's ideas. Again, at this stage, the
researcher identified success criteria for the designs in the initial
activities. This situation was examined in committee meetings, and it
was suggested that more than one criterion be identified and success
criteria determined together with students. The transcripts regarding
committee members’' suggestions for this situation are noted below.
“CM1: Determining the criteria should be done with groups. {(...)
CM2: You can do this with students. It doesn't have to be first in a single
category. For example, one design can be the first in terms of speed. Another
one with good shape can be the first in that category. For example, the most
creative and different car model, which is original or does not look like a car
atall, can be a criterion. That thing we have is very important. We usually think
that with one correct answer exam mentality, there is only one correct answer.
There was only one thing in every criterion. Turn each student's design, which
distinguishes it from the others, into a success criterion. So that they all think

they are successful. Each student can be first in a class. (KT-14.11.2018, Interview
on Designing My Renewable Car activity)”

Committee members stated that it was essential to see that all the
students would be successful in a different field by determining success
criteria in a variety of ways together with students’ groups. In addition,
it was frequently emphasized during the committee meetings that
STEM integration would be more successful with this approach. For
example, in the "Building My Bridge" activity, the teacher went to the
classroom with three-dimensional visuals. Students stated that the
connection between two villages was broken and that there was water
between the two villages, but there were people who had to meet
constantly in the two villages. Students were expected to figure out
how to reestablish this connection by producing engineering and
scientific solutions. After the students guessed that they would design
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a bridge, building criteria for bridges were discussed. The conversation
on this subject is documented below.

“Teacher: Now, what will be our success criteria? Let's talk about it. Guys, I'll
bring you a little toy car, and we'll walk it on your bridge. I'll also bring a toy
figure. We'll put it on your bridge. Will it carry it? What other criteria should we
set?

ipek: Not tip over.

Nilay: To carry the weight. (Kamil raises his finger.)

Teacher: Yes, Kamil.

Kamil: Being light.

Teacher: Yes, | am writing on the board. Kamil said it should be light. Any other
thoughts? What features do civil engineers look for in bridge construction?
(After waiting for a while) Isn't it important that the bridge is long-lasting?
How should it be aesthetically? (D-14.03.2019, Building My Bridge activity)”

As seen in the above conversation, the bridge criteria were determined
together with students. At the beginning of the research, while only a
single success criterion related to designs was created, the teacher and
students together started to identify success criteria after receiving
feedback from the validity committee. It was observed that with such
an approach, students’ participation in activities and their interest in
STEM education increased.

Select and Implement

At this stage, the students selected materials and drew sketches to
solve the problem they identified for their engineering product ideas.
For material selection, the properties of all materials that could be used
in product design were introduced to them. In this process, researchers
presented students with many materials that served the same purpose
but could be alternatives to each other. However, during the initial
activities, there were problems with introducing the materials that
students would use in the product development process. In one of the
initial practices activities, researchers introduced the materials as
follows.

“Teacher: Ayca and ipek finished. Be quiet. Yeliz and Nilay finished. Now guys.
Let the completed groups come to me. We choose our materials here. Now
look, | want to tell you this. | also bought craft papers here. You say you did it
last year, but do you know what's different about STEM education? (...)In STEM
education, you are provided with materials. | would bring dough if | gave you
ready-made activities and told you to do the same. | would say, in order, first
do this, then do that. There is no such thing here. Look, there is cardboard
paper. There are a variety of colorful craft papers here. If you want, make
something with construction paper on cardboard or make something with a
ping pong ball. Make it with dough if you want. What do you want, guys?
What's your choice? Nilay, what do you want?

Nilay: Well, teacher, can we choose just one?

Teacher: If you can finish one, you can move on to the other.

Nilay: Teacher, for example, can we use dough and construction paper
somewhere?
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Teacher: You can use it. Do it however you want yourself. (D-04.10.2018,
Creating My World Activity)”

Committee members recommended that during the engineering
practices process, all materials should be introduced to students before
starting drawing and the purpose of using materials should be
discussed with students. Then, researchers introduced materials in the
following weeks.

“Teacher: Kids, which of these materials can be used for thermal insulation?
Let's classify our materials.

Berk: This (showing with his hand)

Nilay: Foam, aluminum foil, cotton.

Teacher: What material is this you speak of? | write on the board the
classification of materials that can be used for thermal insulation. Yes,
aluminum foil, bubble wrap, cotton. I'm writing on the board, guys.

Teacher: So Nilay, on what basis do you say this information? What is your
source of information?

Nilay: From the last lesson, teacher.”

Again, the researcher was not able to discuss the purpose of selecting
materials for the initial activities. In this situation, committee members
indicated that the purpose of choosing materials should be questioned
in the processin. In this situation, committee members indicated that
the purpose of choosing materials should be questioned so that
students would develop engineering thinking skills. The conversation
on this issue is presented below.

“CM2: (..) Why do you think the foil straw is stronger for your design? Anyway,
you can ask a similar question, no problem. You didn't ask them. They got
away badly. It's like you didn't focus on the goal by asking why and what you
did, instead, you focused on the process.

CMI: There is the answer that the focused, motivated researcher expects. Here
are the components of engineering or STEM. Even so, even if you want to hear
those words, why are you thinking about engineering? Okay, the kid is saying
something. You don't consider it, and you ignore it. But what did we do and
what did we become (..)? Okay, what did we do to become engineers? (KT
26.10.2018, Interview on the Let's Protect Pelican Eggs Activity)”

The researcher addressed these deficiencies in future action plans.
Students were questioned about how they observed materials as
engineers and what features they considered when selecting materials.
In the following weeks of the implementation, the researcher inquired
about why the students chose materials. Additionally, the researcher
suggested alternative materials that could serve similar purposes and
encouraged students to reflect on the accuracy of their selected
materials. Similarly, conversations between the researcher and another
group member are seen below:

“Teacher: Very nice. So when you compared it, why didn't you choose foam

instead of styrofoam?

Ipek: More useful.
Ayca: Styrofoam is harder and floats better on water.
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Teacher: Which product is more useful?

Ayca: Styrofoam is useful.

Teacher: According to which material is it useful?

Silk: Compared to the foam. (D-02.05.2019, Cat House Activity)”

After material selection, students were asked to draw the prototypes
that they would create. At first, students were quite reluctant to draw.
In the research, developing students' desire to draw was the most
difficult stage. Students preferred to create prototypes directly with no
drawing. They stated that drawing limited their dreams. However, the
researcher often reminded that they did not have to create the same
shape as in drawings and that drawings were drafts. Despite
everything, it was not possible to successfully draw for a long time. The
researcher reflected her thoughts on this issue in her diary as follows.

“I can't let students draw prototypes in activities. | don't understand why they
don't draw. | will ask my committee professors, what can | do about this issue.
Am | making a mistake? The kids said that drawing prototypes limited their
dreams. They said that they disrupted the construction of the designs they
would create while trying to fit the prototype they had drawn. This is a big
problem for me (AG. 08.01.2019).”

The researcher conveyed this problem to the committee members and
asked for their opinions. Committee members recommended that
students be informed that the drawings they created were draft and
that they did not have to create the same drawings as a prototype. The
members emphasized that after drawing prototypes, students could
change their drawings based on their prototype progress or add
materials they did not specify in prototype drawings. Doing so could
encourage students to draw prototypes in activities. After getting
feedback from committee members regarding the drawing problem,
the researcher updated action plans accordingly and implemented
new action plans in the next activity. After implementing committee
members’ recommendations and students’ prototype tests, students
realized that they could fail when they did draw prototypes and their
negative prejudices towards drawing began to turn positive.

The Students expressed the significance of drawings in the later stages
of the process. For example, Alphan, who stated that making the
drawing bored him initially, said, "We draw (while creating the
prototype) so as not to make mistakes." Another student, Ayca,
affirmed that they would not make mistakes when they drew. Nilay
said:

“Because when we draw, there are few mistakes. We failed in the designs we

made without drawing, but we did not make the same mistakes when we

drew. Because it didn't happen as we thought (..) in order not to be surprised

while doing it, so as not to forget what we were going to do while doing it. (the
reason for drawing)”
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In this conversation, it is seen that Nilay understood that they did not
have to draw the same shapes. On the other hand, another student,
ipek mentioned the benefit of drawing in the process as “(..) when we
draw, we write the materials on it. Then we know what to use.” Looking
at all students’ statements, it can be seen that the students internalized
that drawings helped them to progress in a planned manner and create
products with no or low error.

Test and Reflect

After the prototype creation was completed, the prototypes' testing
stage began. At this stage, the students reviewed whether the products
they developed met the criteria they initially determined and tried to
identify the problematic parts of prototypes based on the results they
obtained. Initially, the researcher tested students’ products but did not
question students about the reasons for possible success or failure. In
the initial activities, it was observed that the researcher asked students
why they selected the materials they used. However, no testing could
be made as to whether the selected material was the right choice, what
alternatives could be, and what other work and processes would have
been done to make prototypes successful. In the following process, in-
depth discussions on the prototypes were held with the students.
Below is an example of a more in-depth discussion between the
teacher and students:

“Teacher: (..) Then you created the prototypes, but some of us had
shortcomings. As a result of our tests, for example, what was missing in your
design, Nilay?

Nilay: Teacher, mine was not resistant to rain. | did not close the bag
completely, the top was not intact.

Teacher: Ayca, what was missing in yours?

Ayca: Teacher, my roof was open too, and my home could get wet and broken
with rain.

(..)

Teacher: So what are we supposed to do today?

Nilay: We need to improve.

Teacher: What will we improve?

Nilay: The nests we built.

Teacher: Very good then, let's see, everyone, put on the engineer's glasses and
develop your prototypes, guys. You know what it's like, it's a test of cars. What
is it called? (D-02.05.2019, Cat House Activity)”

As can be seen, after the prototypes were tested, students' opinions
were taken on the reasons for the failures and what solutions should be
found were discussed. As a result of the tests in the relevant activity, the
groups concluded that the cat houses they were expected to build
should be wind-resistant, cold-resistant, and rain-resistant.

In the "Designing My Parachute" activity, during the testing stage, the
parachutes were first dropped from a high point in the classroom.The
parachutes were then thrown from a classroom on the third floor to the
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school garden. Ozgur's prototype parachute landed directly on the
ground in the classroom. When this situation was asked of students,
Nilay stated that it was due to the materials they used and that air
would not fill it due to the small distance.

“Teacher: Guys, why doesn't the prototype (parachute) of the Ozglir's ones fly
when we throw it in the classroom?

Nilay: Because the distance is short and the fabric is heavy.

Teacher: You also chose fabric initially, but later, you preferred to use bags.
Why did you do such a thing?

Nilay: Because the fabric is heavy, the bag is light. Bags carry quail eggs. (D-
10.05.2019, Designing My Parachute)”

One of the initial problems during the testing and reflection stage was
not questioning students' STEM discipline knowledge and not
understanding how they could be used together. Committee members
stated that the testing of the content was insufficient, students could
not understand which STEM discipline knowledge they used in the
design processes, and students could not gain an understanding of
how different disciplines were integrated. CM1 commented on this
situation as follows: “There are misconceptions. The questions are good.
We indicated that testing in two dimensions. You are doing this
partially in the process of creating products. How did you feel, what did
you experience, what would you change? What not? No content
rating. What was our purpose? (KT-06.03.2019, Interview on Creating
My Planet Explorer Robot Activity) Based on this situation, the
researcher planned actions. While it was not possible to engage in-
depth communication with the students or introduce the designs
during the testing phase of the initial activities, in the subsequent
activities, the researcher took steps to support the students' learning of
content knowledge.The researcher prepared forms containing
questions about activities and asked students to fill them out. Examples
of these forms are presented below.
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Picture 1
Example of a form for content analysis

S — "Explain which or which of the FeTeMM (STEM) areas the
iz alorin etkinlikte ras activity you performed involved, and how you used the
mz areas indicated in the boxes."

SCIENCE: We studied heat insulation and the benefits it
. provides to living beings - we saw (veterinary and
v Qalltim  canlilar 'Y } zoology).

...... Yoo = 5 b. MATHEMATICS: We took measurements (such as the size
< aootivd Tuvaan aptSiay ©°Q / of the door, the frame, etc.).

bi¢ . EJI.'\‘T;‘A\"L u k \l'-j(l".\\\'f\‘)'\\ L{:"“,Q
SN Alu TECHNOLOGY: We made something new (thinking about
0. how it could benefit humanity).
Kedi en tasal } ar\h (;‘\'C‘U\«\ 30{’*”4/
totetty aastiey pestotisy \\ / . )
([“’j o (‘?Qt t) fm‘\‘c\‘:p\ sg S.\\(‘dﬂ?/iugm ENGINEERING: We designed a cat house, made drawings,
‘C 3\““"‘?{ Yest ik Eo Sd}'y created a prototype, and improved the prototype. We
edl e N\ _.i.,,m é/guyyt‘”‘r i tested the design. | made the largest cat house.

It can be said that by filling out these forms at the end of each activity,
students became conscious of what they learned and improved their
higher-level thinking skills by expressing their opinions about the
activity. These reflection activities are important to ensure that students
see which STEM disciplines they use and how they use them in
engineering products that they develop. In this way, students can
cultivate an understanding of how to use content knowledge from
seemingly disconnected disciplines together. In addition, students'
incomplete and incorrect learning, if any, can be identified and
necessary precautions can be taken.

Recreate

At this stage, some groups recreated prototypes that could not meet
the success criteria. Some groups went back to the beginning of the
process and conducted research, while others tried to complete the
missing aspects by discussing with their group friends. The researcher
failed to achieve the testing and recreating dimensions in the practices'
initial parts. Comments of committee members regarding this issue are
given below.

CMI: The criteria identified in the context of previous conceptual frameworks

meet the list we have created. Even though there are minor errors, | can see

certain things here. Is there a problem with the scenario here? Yes, there is. Is

there a draft of the house to be drawn, that is, a prototype drawing? There
were no conversations about why those materials were chosen. For example,
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| think questions such as whether it will stick to you if you choose cotton are
valuable. It is nice for children to work in groups, make various measurements,
and make certain arrangements according to their measurements. It is good
to identify the criteria together with the students. Perhaps such solid
evaluation criteria have been set for the first time to date.

CM2: Be careful; the children identified the first three and the rest themselves.
CMI: Yes, | will come there too. Our evaluations at the inference level and the
task of attributing meaning to observation can sometimes be expressed
readily by the researcher. I'm going with STEM now. There are criteria for
testing the products, such as ventilating, leaving them in the rain, and
maintaining heat. You know what's not here? No product recreating.

CM2: Actually, the prototype remains.

CM1: There is no conversion into design here. (KT-10.04.2019, Interview on My
Balloon Car Activity)

Committee members indicated deficiencies in the recreating of
products after testing. The researcher added this situation to the action
plans and focused on this issue in the following activities. This situation
was reflected in the researcher's diary as follows.

“Today, we created our bridges. Alphan and Kamil's bridge was not like a
bridge. | couldn't say anything because | was afraid they would get hurt and
give up. However, the committee members were saying that if things are not
going well, you should tell them. The children will understand their mistakes
and correct them.. Anyway, class is over. While meeting with Alphan and Kamil
at the end | asked “Guys, have you ever thought about how a car or a person
will cross this bridge of yours?” and told them, “It seemed a little different to
me.” Alphan said yes, teacher, it makes sense, "We thought about it while we
were testing it after we finished it.” | asked, “Then are you ready to change and
improve it next week?” and they responded, “Okay teacher.“(AG-14.03.2019)"

Alphan and Kamil transformed the prototypes into designs in the
following lesson. The products, which later transformed from prototype
to design, were tested. Photos of that prototype and design related to
the subject mentioned in the researcher’s diary are presented below.

Photo 1
Building My Bridge Activity (Prototype and Design Example)
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A similar situation occurred at the Cat House activity. After students
realized the shortcomings of the prototypes they created in the
previous stage, they discovered how to proceed with the questions. In
this context, the glasses were filled with hot water, and the temperature
of everyone's designed glasses was measured individually. Then, the
first temperatures were measured by having one student draw a table
on the board and other students draw in their notebooks. After 20
minutes, the temperatures of the water in the glasses were measured
again and recorded in the last temperature column of the table. The
students were asked how they would proceed now and how they would
find out which cat house preserves heat better. By making calculations,
the students identified the most successful cat house. Afterward, the
unsuccessful groups were asked why their prototypes failed and were
allowed to make inferences. In the unsuccessful groups, they realized
their mistakes and tried to recreate their prototypes. For example, the
cat house prototype could not retain heat because its top was open.
After the reason for this was discussed, the students in this group
started the development process. As a result, they decided to cover
themselves up, thinking about what to do against rain and cold.

Views on Engineering-Oriented Integrated STEM Practices

This theme is divided into two subthemes: opinions towards
engineering-oriented integrated STEM education and opinions
towards science career awareness. The subtheme of opinions towards
engineering-oriented integrated STEM education includes students'
views on provided practices. The sub-theme of opinions towards
science career awareness includes career awareness for professions in
STEM fields, career desire, and appreciation of occupations in these
fields. The data sources of this sub-theme were collected both during
practices and through interviews.

Opinions on STEM education

The participants found the activities fun and interesting. This is because
students were encouraged to take action freely during the
implementation process, worked collaboratively in groups, and
produced unique products at the end of the process. The researcher in
this study observed this situation and reflected in her diary: "It makes
me very happy to see that children have a lot of fun. They don’t want
to go out in breaks. They say that they like this lesson too much and
they have a lot of fun in this lesson. They state that they feel
comfortable (A.G. 02.11.2018).”

The reasons why students found the practices fun include allowing
students to design new and various products and encouraging their
creativity and imagination in the design process. As a matter of fact, in
the last interviews with the students, students were asked, “We carried

77



PUJE, 64, 51-91 [2025] H. Ozkul & M. Ozden https://doi.org/10.9779/pauefd. 1408156

out STEM activities together for a year. Can you tell us your thoughts
on the activities we do?” Berk said, “My teacher was nice, it was fun. We
became engineers. We did good things. Then we selected the best” and
Yeliz expressed, “My teacher was fun. Teacher, we have done very good
things. Well, we produced it ourselves. We designed, planned, and
thought.” Another student, Ozgur, said, “We designed and made new
things weekly. (...) We had dreams. We did what we wanted.” Similarly,
Nilay said, “My teacher was very nice. When | first heard about STEM, |
thought it might be boring. Then when | came here, | felt like | had a lot
of fun. | was very happy to hear that we will continue in the second
term.” Then, a researcher of this study asked Nilay why she found
activities fun. Nilay's answer to the researcher’'s question is presented
below:

“[...] while we were with the teacher, he tells us, he dictates, he dictates for a
long time. Then, he changes the subject. He is constantly jumping from one
subject to another. We move from science to math. There was always
confusion. Our minds were falling apart. Here, you allowed us to watch videos
comfortably. You told everything on the same subject. We learned by
designing and we learned here by having fun. [..] Because we made useful
designs together and had fun. Sometimes we could not reach a consensus on
our ideas. Together, we decided later. We did a lot of things like this.”

Another reason for their enjoyment of engineering-oriented integrated
STEM education practices was the freedom to participate in the
process. Students developed their designs without being guided in the
activities. In fact, during the final interview, the majority of students
stated that the most important difference between these activities and
others was the freedom students had during the activities.For example,
when Berk was asked why he found the practices enjoyable, he
explained as “We created designs as we wanted. In other lessons, we
always do the math. Teacher Sabri gets angry. We were comfortable
here.” Another student, ipek, said, “Because we were free, teacher.
Making designs the way we wanted made me very happy.” When
Kamil was asked about the reason for this enjoyment, he noted that
they were free because they were engineers and they were able to
develop new and different designs because engineers can freely
express their thoughts without interference.

Another reason why students love the practices was their collaborative
work in groups. Interviewed students stated that working in groups
amused them. ipek, one of these students, explained, "Teacher, it was
very nice to be in a group and help each other. We exchanged ideas
with each other. Also, it got better when we changed groups. We
became friend with Nilay." Within the scope of the activities, students
were requested tofill in student opinion forms at the end of the process.
In the form below, it can be seen that students were happy to work
collaboratively in groups.
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Figure 3
A Form Example Regarding Student Opinions at the End of Activities

, |  Question: Did you have fun while working on

2. Tasariminizi yaparken eglendiniz mi? Sikildiniz mi? Neden? your design? Were you bored? Why?

B\r\Ue SA“\M Aolimi O\ahL COL '\erA{L\-\og\r absin@ Answer: As the SAHINLER team, we had a lot
N 1 ' é et of fun together. No, on the contrary, it

h\l‘ QOL a\en Alr "CUnLD P“r\tuc \:t- l,'. ._)\lilf'\](. entertained us a lot. Because working

h vﬂu ~ | together as a team is very enjoyable.
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Opinions towards science career awareness

Participating students stated that they learned the responsibilities of
the professions in the field of science during the practices, their
interests in these professions increased, and they included the
professions in their future career plans. For example, while ipek stated
that she wanted to be a doctor in the first interview, she mentioned that
architecture also attracted her attention as the activities progressed.
When asked why this change was made, ipek said, “Because they
design small things like this. Sometimes they design by drawing
pictures. And then they create huge buildings and contribute to
people. (..) Fun professions. This is how to draw and design. Also, | love
drawing.” Another student, Yeliz, often stated that she could become a
civil engineer someday. She realized that she did not know about this
profession before, but later, she indicated that this profession is
entertaining and provides benefits to people by creating buildings.”
Nilay expressed her thoughts on this issue as:

“I want to be a zoologist, but | may change my mind about being a
zoologist because we learned a lot of professions here and most of
them were very fun. | can think of careers other than zoology. | mean,
these activities were useful to me. It will affect my future career choice.”

Additionally, the communication with ipek in the last meeting is
presented below.

“Teacher: Very nice. Based on our activities, what do you think about the
engineering profession?

Iipek: | think engineering is a good profession; maybe | can do it in the future,
teacher.

Teacher: Very nice. Why do you think it's beautiful?

ipek: Because they have a lot of fun jobs.

Teacher: What's fun in engineering?

ipek: To produce or design something.”

When ipek was asked about her thoughts on engineering professions,
as seen in the above conversation, she indicated that she added this
profession to her career plans and found it fun. In addition, when she
was asked why she saw engineering as a good profession, she noted
that it was because it enabled her to produce and design. As a result of
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the engineering-oriented integrated STEM activities, the students
revealed that they appreciated the professions covered in this context.
For example, at the Cat House activity, when Ayca was asked if she
would like to work in professions in these fields while she was
developing prototypes, she said:
“Yes, | love cats very much. | would like to be a veterinarian, but | do not want
to deal with insects because | am so afraid. (....) A zoologist studies living things.

It could be beautiful. It's fun. For example, | think it is good to know the
characteristics of every living thing.”

The quantitative results obtained from the research support the
qualitative results presented above. The statistical analysis of the pre-
test scores obtained from the STEM Professions Interest Scale used to
examine participating students’ development of career awareness in
STEM fields is presented in Table 4.

Table 4
General Distribution of Scores from the STEM Professions Interest Scale

Numfber Mini Maxi Arithmetic  Standard
Scale © 'nimum - Maximu Average Deviation
Subjects Score m Score _
X SD
(N)
Pre-test 8 105 130 19 9.08
Post-test 8 163 175 169 4.03

As shown in Table 4, integrated STEM applications positively impacted
students' interest in STEM professions. Wilcoxon Signed Rank Test was
utilized to test whether the difference between students’ pre-test and
post-test scores was statistically significant. The relevant analysis results
are shown in Table 5.

Table 5
Wilcoxon Signed Rank Test Results Regarding the Pretest-Posttest
Scores Obtained from the STEM Professions Interest Scale

Post test-Pre test N Mean Sum of Z p
Rank Ranks

Negative Ranks 0 .00 .00 -2.521 .012

Positive Ranks 8 4.50 36.00

Ties 0

* Based on negative ranks

Results showed that there was a significant difference between
participating students’ STEM professions interest scores before and
after the implementation (z= -2.52; p<.05). When the mean rank and
totals of the difference scores were considered, the observed difference
was in favor of the positive ranks, that was, the post-test scores.

80



PUJE, 64, 51-91 [2025] H. Ozkul & M. Ozden https://doi.org/10.9779/pauefd. 1408156

According to this result, it can be concluded that integrated STEM
activities improved students’ interest in STEM professions.

Discussion, Conclusion, and Suggestions

In this research, researchers aimed to explain how integrated STEM
education can be applied and how students’ science career awareness
can be improved in the teaching-learning process of fourth-grade
science lessons in primary schools. In many previous studies, there have
been discussions about the integration of STEM education or how STEM
should be implemented. In the reports prepared both in national and
international platforms, it is emphasized that it is unclear how STEM
education can be included in teaching-learning process (Akgunduz et
al.,, 2015; Akgunduz et al.,, 2018; Aydeniz & Bilican, 2018; Coskun & Ozkaya,
2020; Ministry of National Education [MEB], 2016; Yilmaz et al., 2017). This
research study determined that STEM education in primary school can
be implemented by focusing on engineering and employing
engineering design processes.

Conclusion and Discussion on Engineering-Oriented Integrated
STEM Practices in Primary School

Employing engineering in the center of practice is critical to enable
students to compare engineering knowledge and problems in daily life
and produce new and distinctive knowledge within a scientific basis.
Engineering provides meaningful learning experiences related to
individuals' difficulties in real life (English & Mousoulides, 2015). Design
processes help students understand that there are different ways to
solve problems in daily life (Yamak et al, 2014) and enable them to
develop and strengthen their knowledge of science and mathematics
disciplines (Worker & Mahacek, 2013). Despite the mentioned features
of engineering knowledge and design processes, some difficulties were
encountered at the beginning of implementation because the
activities were unfamiliar to students' routine learning process.
Students could not understand how to transfer their science and
mathematics knowledge in the development of a concrete product.
However, as the process progressed and they experienced the need to
know science and mathematics as a basis for solving real-life-based
problems and how this information works, their interest in activities and
STEM disciplines increased. This result is also supported by other
studies in the related literature (Girgin, 2018; Haclioglu & Baspinar, 2020).
For example, in a STEM-based education research study conducted by
Girgin (2018) with primary school -grade students, the researcher found
that students can easily cope with problems they encounter daily with
their real-life experiences. In a different STEM-based study, real-life
scenarios or problems were presented to primary school students. It
was noted that students progressively demonstrated their knowledge
with increasing quality throughout the process (Hacioglu & Baspinar,
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2020). In another study conducted with secondary school students,
integrated STEM education utilizing engineering at the center was
conducted. At the end of the research, it was reported that sixth-grade
students were able to transfer their science and mathematics
knowledge to (a) solve situations and issues in daily life, (b) embody
them in the production phase, and (c) develop a good understanding
of these disciplines in real life (Ozkul & Ozden, 2020).

In this research study, engineering-oriented integrated STEM practices
included the stages of "identify the problem," "generate ideas," "select
and implement," "test and reflect," and '"recreate." The specified
processes were applied step by step iteratively. When engineering-
oriented STEM practices in primary school were examined, it was
determined that the practices contained a five or six-step process. For
example, in a STEM education research conducted by Pekmez et al.
(2018) with primary school students, they employed engineering design
processes consisting of asking questions, creating suggestions,
planning, creating a product, and improving the product. In another
study, activities were carried out with primary school students, such as
identifying problems, generating ideas, designing and constructing,
evaluating, and redesigning (English & King, 2015). When all related
studies in the literature are examined, it appears that although each
stepin the engineering design process is named differently, they all aim
to solve real-life issues/problems by integrating them with STEM
disciplines.

In the relevant literature, various implementations of the engineering
design process can be observed(Barnett et al, 2008; Brunsell, 2012;
English, 2016; Engineering is elementary [EIE], 2013; NAE & NRC, 2009).
For example, Brunsel (2012) describes these cycles as (1) Defining the
problem, (2) Developing possible solutions, (3) Analyzing identified
solutions, (4) Optimizing solutions, and (5) Communication. EIE (2013)
lists them as (a) Asking, (b) Imagining, (c) Planning, (d) Designing, (e)
Developing. When the existing models are examined, it is seen that all
of them include iterative processes that start with defining a problem
situation and finish with a final product.

Conclusion and Discussion on Views on Engineering-Oriented
Integrated STEM Practices

In this study, it was found that the students' opinions about the
implementations were positive. The students affirmed in activities and
interviews that they enjoyed STEM education and learned the
responsibilities of many professions. They stated that they found the
engineering-oriented integrated STEM education enjoyable because
they were active and free in the process with their cooperation in teams.
Additionally, it can be said that the students enjoyed seeing their
success when they practiced with STEM disciplines without being
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judged or directed. Researchers of this study noted that the
implemented method employed within the scope of this research
motivated the students. In fact, when literature is examined, many
studies overlap with this research results (Bircan, 2019; Bozan & Anagun,
2019; Dieker et al., 2012; English & Mousoulides, 2015; Julia & Antoli, 2019;
Konca Senturk, 2017; Kereci & Cinar, 2020; Yavuz, 2019). For example,
Bircan (2019) reported that fourth grade primary school students
enjoyed STEM activities while developing positive attitudes towards
STEM disciplines that he applied in his study. In another study that
carried out STEM activities with primary and secondary school students,
researchers observed that students progressed with excitement and
fun during practices and wanted to spend more time with these
activities (Dickerson et al., 2014). Watt and Andrews (2018) carried out a
research study by employing engineering design processes in practices
with primary school students to find a solution to a drought problem,
which was a problem in the place where they live. At the end of the
research, it was documented that the students enjoyed the process and
their interest in it increased (Watt & Andrews, 2018). Another study
conducted with primary school students found that the students
enjoyed the engineering-oriented STEM activities implemented during
the process (Kereci & Cinar, 2020).

The analysis of the quantitative results revealed that STEM activities
positively affected the students' career awareness in science, as
demonstrated by the post-test results. This finding is further supported
by the qualitative data, which show that students' interest in STEM
professions increased, as indicated by their feedback during activities
and interviews. Before implementation at pre-interviews, students
stated that they knew a limited number of STEM professions. However,
after implementation, students expressed that they gained awareness
about the professions through activities and that they could add these
professions to their future career plans. It can be said that the reasons
for this situation would be a well-designed learning environment in
which students can work comfortably during the activities, and
encouragement and support in the process. Throughout the
implementation, students were provided to work in a democratic and
free environment. The research results are supported by other studies
in the literature (Acar, 2018; Dogan et al., 2022; Topbas, 2023; Yavuz,
2019). For example, Topbas (2023) found that STEM education increased
primary students' interest in and perceptions of STEM careers. Similarly,
Yavuz (2019) observed that fourth-grade students' interests,
perceptions, and attitudes toward STEM professions positively
improved through STEM-based science courses. In another study, it was
demonstrated that STEM programs increased students’ orientation to
STEM professions by allowing students to work freely and comfortably,
improving their self-confidence (Dieker et al.,, 2012). Similarly, Acar (2018)
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found that primary school fourth-grade students enhanced their
knowledge of professions in STEM fields through STEM activities and
their interest in these professions increased (Acar, 2018). Another study
conducted with fifth-grade students reported that design-based STEM
activities increased students' interest in STEM professions (Dogan et al,,
2022).

General Evaluation and Limitations

Previous related studies were generally carried out using quantitative
and experimental methods. In this research, which is carried out with
an action research method, it was thought that since each step was
planned, transparent, and transferable this research can guide
teachers, researchers, and program stakeholders. The initial
unsuccessful steps evolved with the features of action research (e.g.,
validity committee support).

After evaluating this research in general, a structure about how
engineering-oriented integrated STEM education in primary school
was generated. Secondly, it was observed that the students continued
the activities with fun and liked the activities greatly. Finally, it was
detected that students became conscious of many professions in the
field of science, and their career orientations towards professions in
these fields increased. As a result, it is thought that these results were
achieved by encouraging students to develop their scientific thinking,
research, and questioning skills and to acquire the skills of designing,
producing, and imagining like engineers.

This research study has some limitations. The data were obtained from
eight students attending a private primary school, using action plans
and activities developed by the researchers.Data were collected in a
total of 26 weeks and during 56 course hours. Thus, limitations should
be considered in evaluating and generalizing the results obtained from
the research. Supporting this judgment, the action research model
employed in this research study focuses on improving and developing
a problem situation in a context with its characteristics instead of
producing "great truths." On the other hand, the results obtained from
the research were collected from a socioeconomically advantageous
group. As can be seen in the demographic characteristics of
participants, the students' families were from middle and upper
income families, and most of their families had postgraduate
education. The possible effects of the environmental and cultural
conditions of the participants on the learning and teaching process
should be considered in interpreting the results.

Recommendations

In this research study, some recommendations are provided for
practitioners and researchers. For practitioners, researchers of this
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study recommended that the engineering-oriented integrated STEM
education framework and activity examples presented in this research
be used in primary school science education. In this context, we
recommend teachers to (a) guide students in identifying problem
situations instead of giving problems directly, (b) encourage students
to use scientific and engineering-based thinking processes for the
solution of the identified problem situations, (c) enable students to
choose solution-oriented materials and draw the products they aim to
develop, and (d) support students to make prototype drawings. For
future research studies, it can be recommended that researchers
conduct practical studies on how to perform integrated STEM
education practices at different grade levels. Finally, researchers can
conduct experimental studies to test the engineering-oriented
integrated STEM education presented in this research.

Ethics Committee Approval: This research was conducted by Kutahya
Dumlupinar University, Ethics Committee, dated 11/10/2018, 2018/06. It
was carried out with permission obtained from the numbered decision.

Conflict of Interest: The authors declare that there is no conflict of
interest.

Author Contribution: A/l authors contributed equally to the research
process.

References

Acar, D. (2018). FeTeMM egitiminin ilkokul 4. sinif 6grencilerinin akademik
basari, elestirel dusinme ve problem ¢ézme becerisi Uzerine etkisi
[Doktora tezi, Gazi Universitesi]. Ulusal Tez Merkezi.

Akgunduz, D. Aydeniz, M., Cakmakgl, G.,, Cavas, B, Corlu, M. S, Oner, T, &
Ozdemir, S., (2015a). STEM egitimi Turkiye raporu: “GUnumtz modasi mi
yoksa gereksinim mi?". istanbul: istanbul Aydin Universitesi STEM
Merkezi.

Akgunduz, D., Ertepinar, H., Ger, A. M., & Turk, Z. (2018). .STEM egitiminin
ogretim programina entegrasyonu: Calistay raporu. Istanbul: Istanbul
Aydin Universitesi.

Aydeniz, M., & Bilican, K. (2018). STEM egitiminde global gelismeler ve Turkiye
icin cikarimlar. S. Cepni (Ed.). Kuramdan Uygulamaya STEM+A+E
Egitimi. (69-90) icinde. Ankara: Pegem Akademi.

Barnett, M. Connolly, K. G, Jarvin, L, Marulcu, I, Rogers, C., Wendell, K. B., &
Wright, C. G. (2008). Science through LECO engineering design a
people mover: simple machines. http://www.legoengineering.com/wp-
content/uploads/2013/05/LEcom_Compiled_Packet_Machines_LowRes
pdf adresinden erisildi.

85



PUJE, 64, 51-91 [2025] H. Ozkul & M. Ozden https://doi.org/10.9779/pauefd. 1408156

Bircan, M. A. (2019). STEM egitimi etkinliklerinin ilkokul doérddncd sinif
ogrencilerinin STEM'e yoénelik tutumlarina, 21. ylzyil becerilerine ve
matematik basarilarina etkisi  [Doktora tezi, Ondokuz Mayis
Universitesi]. Ulusal Tez Merkezi.

Bozan, M. A, & Anagun, S. S. (2019). Sinif 6gretmenlerinin STEM odakli mesleki
gelisim surecleri: Bir eylem arastirmasi. Anadolu Journal of Educational
Sciences International, 9(1), 279-313.

Braun, V., & Clarke, V. (2019). Psikolojide tematik analizin kullanimi. (S. N. Sad ,
N. Ozer ve A. Atli, Cev.). Egitimde Nitel Arastirmalar Dergisi, 7(2), 873-
898. https://doi.org/10.14689/issn.2148-2624.1.7¢.2s17m

Brunsell, E. (2012) The engineering design process. Brunsell, E. (Ed.) In
Integrating engineering + science in your classroom (3-5). Arlington,
Virginia: National Science Teacher Association [NSTA] Press.

Bryan, L. A,, Moore, T. J,, Johnson, C. C, & Roehrig, G. H. (2016). Integrated STEM
education. In C.C.Johnson, E. E. Peters-Burton & T. J. Moore (Eds.). STEM
Road Map: A Framework for Integrated STEM Education (pp. 23-37).
New York: Routledge.

Buyukdzturk, S. (2016). Sosyal bilimler icin veri analizi el kitabr. Pegem Atif
Indeksi, 001-214.

BlyUkozturk, S., Cokluk, O., & Kéklu, N. (2012). Sosyal bilimler icin istatistik.
Ankara: Pegem Akademi.

Bybee, R. W. (2010). What is STEM education? Science, 329(5995), 996.
https://doi.org/10.1126/science.1194998

Bybee, R. W. (2013). The case for STEM education: Challenges and
opportunities. NSTA press.

Cavlazoglu, B., & Stuessy, C. (2017). ldentifying and verifying earthquake
engineering concepts to create a knowledge base in STEM education:
A modified Delphi study. International Journal of Education in
Mathematics, Science and Technology, 5(1), 40-52. https://doi.org/
10.18404/ijemst.60674

Christensen, R., & Knezek, G. (2017). Relationship of middle school student
STEM interest to career intent. Journal of Education in Science,
Environment and Health (JESEH), 3(1), 1- 13.

Cohen, L, Manion, L., & Morrison, K. (2007). Research methods in education
(6th ed.). New York: Routledge/Taylor ve Francis Group.

Coskun, V., & Ozkaya, A. (2020). Ogretmen egitiminde muhendislik odakli
disiplinlerarasi isbirligine dayali STEM uygulamasi ve ders izlencesi.
Ihlara Egitim Arastirmalari Dergisi, 5(2), 327-306l.
https://doi.org/10.47479/ihead.823328

Creswell, J. W. (2017). Egitim arastirmalari: Nicel ve nitel arastirmanin
planlanmasi, ydrdatdlmesi ve degerlendiriimesi (H. Eksi, Cev. Ed.).
Istanbul: EDAM Yayincilik.

86


https://doi.org/10.14689/issn.2148-2624.1.7c.2s.17m
https://doi.org/10.1126/science.1194998
https://doi.org/10.47479/ihead.823328

PUJE, 64, 51-91 [2025] H. Ozkul & M. Ozden https://doi.org/10.9779/pauefd. 1408156

Daugherty, J. (2012). Infusing Engineering Concepts: Teaching Engineering
Design. National Center for Engineering and Technology Education.

Dickerson, D. L., Eckhoff, A, Stewart, C. O., Chappell, S., & Hathcock, S. (2014).
The examination of a pullout STEM program for urban upper
elementary students. Research in Science Education, 44(3), 483-506.
https://doi.org/10.1007/s11165-013-9387-5

Dieker, L., Crillo, K., & Ramlakhan, N. (2012). The use of virtual and simulated
teaching and learning environments: Inviting gifted students into
science, technology, engineering, and mathematics careers (STEM)
through summer partnerships. Gifted Education International, 28(1),
96-106. https:;//doi.org/10.1177/0261429411427647

Dogan, H., Savran Gencer, A, & Bilen, K. (2022). STEM 6drenme modulu
gelistiriimesi: Tasarim tabanli arastirma uygulamasi. Mehmet Akif Ersoy
Universitesi Egitim Fakdlltesi Dergisi (61), 390-424.

Dugger, W. E. (2010, December). Evolution of STEM in the United States. The
6th Biennial International Conference on Technology Education
Research Bildiriler Kitabl. Gold Coast, Queensland, Australia.

Engineering is Elementary (2013). The engineering design process. United
States of America: Museum of Science. http://www.eie.org adresinden
erisildi.

English, L. D. (2016). STEM education K-12: Perspectives on integration.

International Journal of STEM Education, 3(3).
https://doi.org/10.1186/s40594-016-0036-1

English, L. D. (2018). Learning while designing in a fourth grade integrated
STEM problem. International Journal of Technology and Design
Education, 29(5), 1011-1032. https://doi.org/10.1007/s10798-018-9482-z

English, L. D, & King, D. T. (2015). STEM learning through engineering design:
fourth-grade students’ investigations in aerospace. International
Journal of STEM Education, 2(14). doi: 10.1186/s40594-015-0027-7

English, L. D., & Mousoulides, N. (2015). Bridging STEM in a real-world problem.
Mathematics Teaching in the Middle School, 20(9), 532-539.
https://doi.org/10.5951/mathteacmiddscho.20.9.0532

English, L. D., Hudson, P., & Dawes, L. (2013). Engineering-based problem
solving in the middle school: Design and construction with simple
machines. Journal of Pre-College Engineering Education, 3(2), article 5.
https://doi.org/10.7771/2157-9288.108]1

English, L. D,, King, D., & Smeed, J. (2017). Advancing integrated STEM learning
through engineering design: Sixth-grade students’ design and
construction of earthquake resistant buildings. The Journal of
Educational Research, 10(3), 255-271.
https://doi.org/10.1080/00220671.2016.1264053

Ercan, S, & Sahin, F. (2021). Muhendisligin Fen Egitimine Entegrasyonu:
Mu(Fen)dislik. International Symposium On Changes And New Trends
In Education, 391-396.

87


https://doi.org/10.1007/s11165-013-9387-5
https://doi.org/10.1177/0261429411427647
https://doi.org/10.1186/s40594-016-0036-1
https://doi.org/10.1007/s10798-018-9482-z
https://doi.org/10.5951/mathteacmiddscho.20.9.0532
https://doi.org/10.7771/2157-9288.1081
https://doi.org/10.1080/00220671.2016.1264053

PUJE, 64, 51-91 [2025] H. Ozkul & M. Ozden https://doi.org/10.9779/pauefd. 1408156

Erkus, A. (2013). Davranis bilimleri icin bilimsel arastirma sureci. Ankara:
Seckin Yayincilik.

Fan, S. C, & Yu, K. C. (2017). How an integrative STEM curriculum can benefit
students in engineering design practices. International Journal of
Technology and Design Education, 27, 107-129.
https://doi.org/10.1007/s10798-015-9328-x

Gencer, A. S, Dogan, H., Bilen, K, & Can, B. (2019). Butunlesik STEM egitimi
modelleri. Pamukkale Universitesi Egitim Fakultesi Dergisi, 45, 38-55.

Girgin, $. (2018). Ethnographic case study of early STEM education:
investigating students’ authentic learning experiences [YuUksek lisans
tezi, Yildiz Teknik Universitesi]. Ulusal Tez Merkezi.

Guzey, S. S, Harwell, M., Moreno, M,, Peralta, Y., & Moore T. J. (2017). The impact
of design-based STEM integration curricula on student achievement in
engineering, science, and mathematics. Journal of Science Education
and Technology, 26(2), 207-222. https://doi.org/10.1007/s10956-016-9673-x

Guzey, S. S., Moore, T. J., Harwell, M., & Moreno, M. (2016). STEM integration in
middle school life science: Student learning and attitudes. Journal of
Science Education and Technology, 25(4), 550-560.
https://doi.org/10.1007/s10956-016-9612-x

Gurgur, H. (2017). Eylem arastirmasi. A. Saban ve A. Ersoy (Ed.), Egitimde nitel
arastirma desenleri (31-78) icinde. Ankara: Ani Yayincilik.

Hacioglu, Y. & Baspinar, A. (2020). Bir Sinif Ogretmeni ve Ogrencilerinin ilk
STEM Egitimi Deneyimleri. Karadeniz Sosyal Bilimler Dergisi, 12(22), 1-
23. https://doi.org/10.38155/ksbd.690919

Johnson, A. P. (2015). Eylem arastirmasi el kitabi (Y. Uzuner ve M. Ozten Anay,
Cev.). Ankara: Ani Yayincilik.

Julia, C., &Antoli, J. O. (2019). Impact of implementing a long-term STEM-based
active learning course on students’ motivation. International Journal of
Technology and Design Education, 29(2), 303-327.
https://doi.org/10.1007/s10798-018-9441-8

Karahan, E. (2017). STEM egitimi. O. Taskin (Ed.), Fen editiminde gtincel konular
(318-333) icinde. Ankara: Pegem Akademi.

Karahan, E. (2018). STEM egitim merkezleri. S. Cepni (Ed.), Kuramdan
uygulamaya STEM+A+E egitimi (93-113) icinde. Ankara: Pegem
Akademi.

Karahan, E., Akcay, A., & Tiftik¢i, C. (2019). Elementary School Students
Designing Engineering-Based Rube Goldberg Machine Projects: A
Case Study. Turkish Online Journal of Qualitative Inquiry, 10(4), 386-
408. DOI: 10.17569/t0jqi.598606

Karakaya, F., Yantiri, H., Yilmaz, G., & Yilmaz M. (2019). ilkokul é3rencilerinin
STEM etkinlikleri hakkinda goruUslerinin belirlenmesi: 4. sinif érnegi.
Uluslararasi Tark Egitim Bilimleri Dergisi, 7(13), 1-14.
https://doi.org/10.46778/goputeb.592351

88


https://doi.org/10.1007/s10798-015-9328-x
https://doi.org/10.1007/s10956-016-9673-x
https://doi.org/10.1007/s10956-016-9612-x
https://doi.org/10.38155/ksbd.690919
https://doi.org/10.1007/s10798-018-9441-8

PUJE, 64, 51-91 [2025] H. Ozkul & M. Ozden https://doi.org/10.9779/pauefd. 1408156

Kelley, T. R, & Knowles, J. G. (2016). A conceptual framework for integrated
STEM education. International Journal of STEM Education, 3(1), 1-11. DOI
10.1186/540594-016-0046-7

Kemmis, S., McTaggart, R, & Nixon, R. (2014). The action research planner:
Doing critical participatory action research. Springer Science ve
Business Media.

Kereci, N, & Cinar, S. (2020). Muhendislik Tasarima Dayali Hayat Bilgisi
Ogretimi: Ornek Bir Etkinlik. Fen Matematik Girisimcilik ve Teknoloji
Egitimi Dergisi, 3(3), 219-235.

Kier, M. W.,, Blanchard, M. R, Osborne, J. W, & Albert, J. L. (2014). The
development of the STEM career interest survey (STEM-CIS). Research
in Science Education, 44(3), 461-481. DOi 10.1007/s11165-013-9389-3

Konca Senturk, F. (2017). FeTeMM etkinliklerinin fen bilimleri dersindeki
kavramsal anlama ve bilimsel yaraticiliklarr Gzerindeki etkileri ve
oégrenci gérusleri [Yuksek lisans tezi, Mugla Sitki Kocman Universitesi.
Ulusal Tez Merkezi.

Koyunlu Unld, Z., Dékme, I, & Unli, V. (2016). Adaptation of the science,
technology, engineering, and mathematics career interest survey
(STEM-CIS) into Turkish. Eurasian Journal of Educational Research, 63,
21-36, http://dx.doi.org/ 10.14689/ejer.2016.63.2

McFadden, J., & Roehrig, G. (2018). Engineering design in the elementary
science classroom: supporting student discourse during an
engineering design challenge. International Journal of Technology
and Design Education, 29(2), 231-262. https://doi.org/10.1007/s10798-
018-9444-5

Milli Egitim Bakanligl, (2016). STEM egitim raporu. Ankara: Yenilik ve Egitim
Teknolojileri Genel Mudurlugu (YEGITEK).

Milli Egitim Bakanhgi. (2018). Fen bilimleri dersi 6gretim programi (ilkokul ve
ortaokul 3, 4, 5, 6, 7 ve 8. siniflar), Ankara: MEB Yayinlari.

Mills, G. (201). E. Action research. A guide for the teacher researcher. (Second
ed.). New Jersey: Person Education, Inc.

Moore, T. J, Glancy, A. W, Tank, K. M,, Kersten, J. A, Smith, K. A, & Stohlmann,
M. S. (2014a). A framework for quality K-12 engineering education:
Research and development. Journal of Pre-College Engineering
Education Research (J-PEER), 4(1), 2. doi:10.7771/2157-9288.1069

Moore, T. J,, Stohlmann, M. S,, Wang, H. H,, Tank, K. M., Glancy, A. W., & Roehrig,
G. H. (2014b). Implementation and integration of engineering in K-12
STEM education. icinde S. Purzer, J. Strobel & M. Cardella (Eds.),
Engineering in pre-college settings: Synthesizing research, policy, and
practices (pp. 35-60). West Lafayette, Indiana: Purdue University Press.

Morrison, J. S. (2006). Attributes of STEM education: The students, the
academy, the classroom. TIES STEM Education Monograph Series.
Baltimore: Teaching Institute for Excellence in STEM.

89


https://doi.org/10.1007/s10798-018-9444-5
https://doi.org/10.1007/s10798-018-9444-5

PUJE, 64, 51-91 [2025] H. Ozkul & M. Ozden https://doi.org/10.9779/pauefd. 1408156

National Academy of Engineering and National Research Council. (2009).
Engineering in K-12 education: Understanding the status and
improving the prospects. Washington, DC: The National Academies
Press. doi10.17226/12635

National Research Council. (2011). Successful K-12 STEM education: Identifying
effective approaches in science, technology, engineering, and
mathematics. Washington: National Academies Press.

National Research Council. (2012). A framework for K-12 science education:
Practices, crosscutting concepts, and core ideas. Washington: The
National Academies Press.

Okulu, H. Z, & OJuz Unver, A. (2021). MUhendisligin STEM egitimine
entegrasyonunda kuramsal bir inceleme. Mugla Sitki Kogcman
Universitesi  EgJitim  Fakdultesi Dergisi, 8(2), 545-558. DOI:
10.21666/muefd.841152

Ozkul, H., & Ozden, M. (2020). MUhendislik odakli butunlestiriimis STEM
uygulamalarinin ortaokul 6grencilerinin bilimsel sureg¢ becerilerine ve
STEM meslek ilgilerine etkisinin incelenmesi: Bir karma yodntem
Arastirmasi. Egitim ve Bilim. 45(204), 41-63.
http://dx.doi.org/10.15390/EB.2020.8870

Patton, M. Q. (2014). Nitel arastirma ve degerlendirme yontemleri (M. BUtun
ve S. B. Demir, Cev.). Ankara: Pegem Akademi.

Pekmez, E. Yilmaz, H., Alacam Aksit, A. C., & Guler, F. (2018). iIkogretim
ogrencilerinin  fen-teknoloji-tasarim sudreci ile ilgili becerilerinin
gelistiriimesi Uzerine bir egitim modullu uygulamasi. Ege Egitim
Dergisi, 19(1), 135-160. DOI: 10.12984/egeefd.343374

Roehrig, G. H.,, Moore, T. J,, Wang, H. H.,, & Park, M. S. (2012). Is adding the E
enough? Investigating the impact of K-12 engineering standards on the
implementation of STEM integration. School Science and
Mathematics, 112(1), 31-44. https://doi.org/10.1111/j.1949-8594.2011.00112.x

Strong, M. G. (2013). Developing elementary math and science process skills
through engineering design instruction [Doctoral Dissertation, Hofstra
University].

Sen, C. (2018). Muhendislik tasarimi odakli butunlesik STEM etkinliklerinde
Ustun zekdli ve yetenekli 6grencilerin kullandigi beceriler [Doktora tezi,
Hacettepe Universitesi]. Ulusal Tez Merkezi.

Toma, R. B,, & Greca, I. M. (2018). The effect of integrative STEM instruction on
elementary students’ attitudes toward science. Eurasia Journal of
Mathematics, Science and Technology Education, 14(4), 1383-1395.
https://doi.org/10.29333/ejmste/83676

Topbas, S. (2023). STEM egitiminin ilkokul égrencilerinin temel becerilerine,
problem c¢ézmeye yodnelik yansitici dusinme becerilerine ve STEM
kariyer ilgilerine etkisi [YUksek lisans tezi, Zonguldak Bulent Ecevit
Universitesi]. Ulusal Tez Merkezi.

90


http://dx.doi.org/10.15390/EB.2020.8870
https://doi.org/10.1111/j.1949-8594.2011.00112.x
https://doi.org/10.29333/ejmste/83676

PUJE, 64, 51-91 [2025] H. Ozkul & M. Ozden https://doi.org/10.9779/pauefd. 1408156

Tsupros, N., Kohler, R., & Hallinen, J. (2009). STEM education: A project to
Identify the missing components. Carnegie Mellon University,
Pittsburgh, PA.

Turkkan, B. (2008). [lkégretim gdérsel sanatlar dersi baglaminda gérsel kiltcr
calismalari: Bir eylem arastirmasi [Doktora tezi, Anadolu Universitesi].
Ulusal Tez Merkezi.

Wang, H. H., Moore, T. J,, Roehrig, G. H., & Park, M. S. (2011). STEM integration:
Teacher perceptions and practice. Journal of Pre-College Engineering
Education Research (J-PEER), 1(2), 2.
https://doi.org/10.5703/1288284314636

Watt, E., & Andrews, G. (2018). How can we store water during a drought? A
sustainability engineering design problem for fourth graders. Science
and Children, 56(1), 68-73.

Wendell, K. B. (2008). The theoretical and empirical basis for design-based
science instruction for children. Unpublished Qualifying Paper, Tufts
University.

Worker, S., & Mahacek, R. (2013). 4-H out-of-school STEM education. Children’s
Technology and Engineering, 18(2), 16-20.

Yavuz, U. (2019). ilkokul fen bilimleri dersinin fen, teknoloji, mihendislik ve
matematik (FeTeMM) etkinlikleri ile islenmesi [YUksek lisans tezi, Afyon
Kocatepe Universitesi]. Ulusal Tez Merkezi.

Yildirm, A, & Simsek, H. (2013). Sosyal bilimlerde nitel arastirma yéntemleri.
Ankara: Seckin Yayincilik.

Yilmaz, H., Yigit Koyunkaya, M., Guler, F., & Guzey, S. (2017). Fen, teknoloji,
muhendislik, matematik (STEM) egitimi tutum O6lcegdinin Turkge'ye
uyarlanmasli. Kastamonu Egitim Dergisi, 25(5), 1787-1800.

o1



