Arastirma Makalesi

Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 56: 287-313 [2022]
d0i:10.9779.pauefd.1054678

STEM Etkinliklerinin Ortaokul 6. Stmif Ogrencilerinin Problem Cézme Becerilerine,
Elestirel Diisiinmelerine ve STEM’e Yonelik Tutumlarina Etkisinin Arastirilmasi”

Sibel ACISLI CELIK™

eGelis Tarihi:07.01.2022 eKabul Tarihi:05.04.2022 e Cevrimici Yayin Tarihi:05.04.2022

Oz

Bu arastirmada 5E Ogrenme modeli ile biitiinlestirilmis STEM etkinliklerinin ortaokul 6. simif
Ogrencilerinin problem ¢ézme becerilerine, elestirel diisiinmelerine ve STEM’e yonelik tutumlarina
etkisinin incelenmesi amaglanmistir. Calismada deneme oncesi desenlerden tek gruplu 6n test-son test
modeli kullanilmistir. Arastirmanin 6rneklemini 2020-2021 egitim-6gretim yilinda bir devlet okulunun
6. smifinda 6grenim goéren 20 6grenci olusturmustur. Uygulama iki asamali olarak toplam 5 hafta
stirmiistiir. ilk asamanin uygulandig ilk haftada dgrencilere LEGO Education Spike Prime Seti tanitilip
kodlama 6gretilmistir. Uygulamanin ikinci agamasinda 6grenciler gruplar halinde dort hafta boyunca
Stiper Temizlik, Break Dans, Zip Zip Cekirgeler Yarisiyor ve Bozuk CNC Makinesi isimli 4 farkl
etkinlik yapmiglardir. Arastirmada veri toplama araci olarak Problem Cozme Envanteri, Elestirel
Diisinme Egilimi Olgegi, STEM Tutum Olgegi kullanilmistir. Arastirmada elde edilen verilerin
analizinden SE 6grenme modeli ile biitiinlestirilmis STEM etkinliklerinin 6grencilerin elestirel diigtinme
becerilerine ve STEM’e yonelik tutumlarina olumlu yonde anlamli katki saglarken, 6grencilerin
problem ¢ézme becerilerinde ise anlamli farkliliga neden olmazken genel olarak problem ¢ézme

becerilerinde artig oldugu tespit edilmistir.
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Giris

2001 yilinda Amerika Birlesik Devletleri’nde National Science Education (NSF) egitim direktorii J.
Ramaley tarafindan siirdiiriilebilir ekonomik biiyiimenin bilim ve teknolojide gerceklesen girisimlerle
mimkiin olabilecegi iddiasiyla bu alanlarda girisimci ve yaratici bireyler yetistirmek iizere ortaya
cikarllan STEM; Bilim (Science), Teknoloji (Technology), Miihendislik (Engineering) ve Matematik
(Mathematics) kelimelerinin bas harflerinin kisaltmalar1 ile olusmus bir yaklasimdir (Bybee, 2010;
Gonzalez & Kuenzi, 2012; Kennedy ve Odell, 2014; Martin-Paez, Aquilera, Perales-Palacios ve
Gonzales, 2019; MEB, 2016; Yildirim & Selvi, 2018). STEM, bir problemin ¢6ztimii i¢in farkli 6grenme
yaklagimlariin (probleme dayali, projeye dayali, kesfedici ve agiklayici) bilim, teknoloji, miithendislik
ve matematik disiplinlerin bir araya gelmesi sonucunda gergeklestirilen bir egitim yaklagimidir
(Fioriello, 2010). STEM, disiplinler arasi bir yaklasimla STEM konu alanlaria iligkin bilgi, beceri ve
inanglarin gelistirilmesine yonelik bir yaklagim olarak tanimlanmaktadir (Corlu, Capraro ve Capraro,
2014). STEM egitimi, 6grencilerin glinliik yasamlarinda karsilastiklar1 sorunlara mithendislik ve tasarim
becerileri ile bilimsel arastirma basamaklarini kullanarak ¢ozmeye calistiklart etkili ve kaliteli 6grenme
ve iist diizey diistinmeyi iceren bir egitim olarak ifade edilebilir (Akkaya ve Benzer, 2020; Baran,
Canbazoglu Bilici, Mesutoglu ve Ocak, 2016; Bozkurt-Altan, Yamak ve Bulus-Kirikkaya, 2016;
Yildirim ve Altun, 2015). Bilimsel arastirma yapabilmenin ve bilimin i¢erigindeki diigiincelerin temelini
olusturan bu beceriler iist diizey becerileri olarak adlandirilmaktadir (Bozkurt ve Olgun, 2005). Ust
diizey diisinme becerileri; elestirel diisiinme, iist diizey bilissel siiregler (beceriler), problem ¢dzme,
yaratic1 diisiinme gibi becerileri kapsamaktadir (Lewis & Smith, 1993). Elestirel diigsiinme st diizey bir
diisiinme becerisidir ve elestirel diisiinme ile problem ¢ézme i¢ i¢e olan becerilerdir (Dewey, 1910).
Problem ¢6zme yaratici diisiinmeyi, elestirel diisiinmeyi gerektiren, yani {ist diizey diisiinebilmeyi
gerektiren bir beceri seklidir (Erdem ve Geng, 2015; Giirleytirek, 2008). 21. yilizyilda bireylerden
beklenen yaraticilik, elestirel ve analitik diisiinme, problem ¢ozme, isbirligi yapabilme gibi sahip
olunmas1 6nemli olan becerilerinin gelisimi STEM egitimi ile miimkiin olmaktadir (Akgiindiiz ve
digerleri, 2015; Bybee, 2010; Capraro ve Slough, 2008; Jorgenson, Vanosdall, Massey ve Cleveland,
2014; Morrison, 2006; National Academy of Engineering [NAE] & National Research Council [NRC],
2009; NAE & NRC, 2014; Wai, Lubinski ve Benbow, 2010). STEM egitimi 6grencilerin problem
¢Ozme, alternatif ¢6ziim yollar1 bulma, elestirel diisiinme egilimlerini olumlu sekilde etkilemekte ve 21.
yy. becerilerinin gelismesini saglamaktadir (Giindiiz Bahadir ve Ozay Kése, 2021; Ugar, 2019). 21.yy
bireylerinden beklenen becerilerin basinda problem ¢6zme, yaraticilik, isbirlikli ¢alisma ve elestirel
diistinme becerileri gelmektedir (Kegeci, Alan ve Kirbag-Zengin, 2017). Elestirel ve yaratici
diistinebilen, problem ¢6zme becerilerine sahip, is birligi yapabilen, teknolojik gelismeleri takip edip
teknolojiyi iyi kullanabilen yani 21. yy yeteneklerine sahip bireylerin yetistirilmesi biiyiik 6neme
sahiptir. STEM etkinliklerinin 6grencilerin problem ¢ézme becerilerini (Asigigan, 2019; Avan ve

digerleri, 2019; Bryan, Moore, Johnson ve Roehrig, 2016; Ceylan ve Ozdilek, 2015; Cho ve Lee, 2013;
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Calisict ve Benzer, 2021; Dogan, Aydin ve Kahraman, 2020; Ince, Misir, Kiipeli ve Firat, 2018;

Lederman ve Lederman, 2013; Moore, Johnson, Peter-Burton ve Guzey, 2016; Nagag, 2018; Parno,
Yuliati, ve Ni’mah, 2019; Pekbay, 2017; Saleh, 2016; Snyder ve Snyder, 2008; Topsakal, 2018; Wosu,
2013); elestirel diisiinme egilimlerini (Asigigan, 2019; Avan ve digerleri, 2019; Giilhan ve Sahin, 2016;
Ozcelik ve Akgiindiiz, 2018; Snyder ve Snyder, 2008; Topsakal, 2018; Ucar, 2019) ve STEM’e yonelik
tutumlarin1 (Akkaya ve Benzer, 2020; Avan ve digerleri, 2019; Aydin, Saka ve Guzey, 2017; Baran ve
digerleri, 2016; Giilhan ve Sahin, 2016; Lie, Guzey ve Moore, 2019; Ozcan ve Koca, 2019; Pekbay,
2017; Rehmat, 2015; Tseng, Chang, Lou, Chen, 2013; Ugras, 2018) inceleyen ¢aligmalar bulunmaktadir.

Ogrencilerin STEM disiplinleri arasinda iliski kurabilmeleri, dgrendikleri bilgileri giinliik
yasamda kullanabilmeleri icin STEM egitiminin S5E 6grenme modeli ile entegre edilmesi 6nerilmektedir
(Selvi ve Yildirim, 2018). SE 6grenme modeli 6grencinin 6grenme merakini ortaya ¢ikaran, onlarin ilgi
ve beklentilerine cevap verebilen ve sahip olduklar bilgi ve becerilerinin aktif bir sekilde kullanmalarina
imkan saglayan bir modeldir (Bybee, 1997; Ergin, 2006; Martin, 2006). SE 6grenme modeli Giris
(Engage), Kesif (Explore), A¢iklama (Explain), Genisletme (Elaborate) ve Degerlendirme (Evaluate)
asamalarindan olugmakta olup ismini agamalarinin sayisindan ve bag harflerinden almistir (A¢isli-Celik
ve Turgut, 2011). Modelin giris asamasi, etkinliklere katilim ve arastirmanin planlamasini; kesif
asamasi, konunun ve kavramlarin arastiritlmasini; agiklama asamasi, konuyu veya kavrami anlamayi;
genisletme asamasi, kavramsal bilgiyi yeni durumlara uygulamayi ve degerlendirme asamasi da, tiim
etkinlik siirecini ve bu siirecteki kazanimlari degerlendirmeyi ifade eder (Akdeniz ve Keser, 2004).
STEM egitiminde SE 6grenme modelinin kullanilmasiyla 6grenci arastirip kesfederek konuya odaklanir,
bilgileri organize ederek derinlemesine 6grenir ve 6grendiklerini yeni durumlara transfer eder (Selvi ve
Yildirim, 2018). SE 6grenme modelinin STEM egitiminde kullanilmasi ile 6grencinin kendi bilgilerini
kendilerinin yapilandirmalarma yardimei olunmaktadir (Ugar, 2019). STEM egitiminin en iyi sekilde
uygulanabilecegi yontemlerin basinda SE 6grenme modeli bulunmaktadir (Selvi ve Yildirim, 2018).
STEM egitiminde SE 6grenme modeli uygulanirken, modelin giris asamasinda Ogrencilerin on
bilgilerini ortaya ¢ikarmak ve konuya dikkatin g¢ekildigi; kesif asamasinda konunun arastirildigi;
aciklama asamasinda konuyu anlamayi; genisletme asamasinda STEM entegrasyonunun saglandigi ve
bilginin yeni durumlara uygulandigi ve degerlendirme asamasinda ortaya ¢ikan {iriiniin
degerlendirilmesi yapilir (Y1ldirim, 2021).ilgili alan yazinda yapilan ¢alismalar incelendiginde robotik
kodlama STEM setleri ile yapilan 5E o06grenme modeli ile biitiinlestirilmis STEM
etkinliklerinindgrencilerin problem ¢6zme becerilerine, elestirel diistinmelerine ve STEM’e yonelik
tutumlarina etkisini arastiran bir ¢aligmaya rastlanamamistir. Bu baglamda arastirmada 5E 6grenme
modeli ile biitiinlestirilmis STEM etkinliklerininortaokul 6. simif Ogrencilerinin problem ¢dzme
becerilerine, elestirel disiinmelerine ve STEM’e yonelik tutumlarma etkisinin belirlenmesi

amaglanmaktadir. Bu amag dogrultusunda asagidaki sorulara cevap aranmaistir:
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1) 5E 6grenme modeli ile biitiinlestirilmis STEM etkinliklerininortaokul6.sinif 6grencilerinin

problem ¢dzme becerilerine etkisi var midir?

2) 5E 6grenme modeli ile biitiinlestirilmis STEM etkinliklerininortaokul 6.smif 6grencilerinin

elestirel diisiinmelerine etkisi var midir?

3) 5E 6grenme modeli ile biitiinlestirilmis STEM etkinliklerinin ortaokul 6.sin1f 6grencilerinin

STEM’e yonelik tutumlarina etkisi var midir?
Yontem

Arastirmada SE 0Ogrenme modeli ile biitlinlestirilmis STEM etkinliklerinin ortaokul 6. simf
Ogrencilerinin problem ¢ézme becerilerine, elestirel diisiinmelerine ve STEM’e yonelik tutumlarina
etkisinin arastirilmasi amaglanmistir. Arastirmada nicel aragtirma yontemi kullanilmistir. Calismada
zayif deneysel desenlerden tek gruplu On test-son test modeli kullanilmigtir. Deneysel desenler; deneyi
gergeklestiren aragtirmacinin “uygulama’ olarak adlandirdig siirecte bagimsiz degisken disindaki diger
tim kosul ve degiskenlerin sabit tutulmasi ile deney grubundaki bireyler {izerine ne tiir etkide

bulundugunun incelenmesi tizerine kuruludur (Ross ve Morrison, 2004).

Aragtirmanin 6rneklemini 2020-2021 egitim-6gretim yilinda bir devlet okulunun 6. sinifinda
O0grenim goéren 20 Ogrenci olusturmustur. Calisma iki asamali olarak toplam 5 hafta slirmistiir.
Uygulamanin ilk agamasinda 6grencilere STEM egitimi ve yapilacak etkinlikler hakkinda bilgi verilip
etkinlikler sirasinda kullanacaklar1 robotik kodlama seti tanmitilarak 6grencilere kodlama egitimi
verilmistir. Uygulamanin ikinci asamasinda Ogrenciler 2’ser kisilik gruplar halinde dort hafta
boyuncadgrenciler 2’ser kisilik gruplar halinde robotik kodlama STEM setlerinden LEGO Education
Spike Prime Setiyle 4 farkli robotik kodlama etkinligi (Stiper Temizlik, Break Dans, Zip Zip Cekirgeler
Yarisiyor ve Bozuk CNC Makinesi) yapmuslardir. Etkinlikler ortaokul 68rencilerinin seviyesine uygun

olup arastirmacinin rehberliginde gergeklestirilmistir.

Arastirmada dort hafta siiresince 0grencilere yaptirilan Stiper Temizlik, Break Dans, Zip Zip
Cekirgeler Yarisiyor ve Bozuk CNC Makinesi etkinlikleri i¢in gelistirilen STEM etkinligi ders plan

orneklerinden Bozuk CNC Makinesi isimli etkinlik 6rnegi asagida verilmistir.

Etkinligin Adi: Bozuk CNC Makinesi

Hedef: Yaptiklari tasarimdaki olasi problemleri tespit etme, sonrasinda da problemi giderme
Giris Asamasinda Yapilan Uygulamalar

Bu asamada etkinlige baglamadan 6nce 6grencilerde merak uyandirmak igin “Bir sey bozuldugunda
genellikle ilk tepkiniz ne olur? Bir seyi onarmadan once ilk olarak ne yaparsiniz? En son onardiginiz
sey nedir? Problemi nasil buldunuz? CNC makinesi nedir? Ne i¢in kullanildiginmi biliyor musunuz?”’

sorular1 sorularak ogrencilerin etkinlige dikkatleri cekilmeye calisilmistir. Ogrenciler sorulari
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cevaplandirirken 6gretmen miidahalede bulunmamaistir. Daha sonra 6grencilere etkinlik hakkinda bilgi

verilerek yapacaklar etkinligin videosu izlettirilmistir.
Kesif Asamasinda Yapilan Uygulamalar

Bu agamada 6grencilerin bir sorunu ¢6zmek ve olay1 agiklayip ¢coziimlemek igin diisiinceler liretmeye

caligirlar. Bu asamada 6grenciler 6gretmen rehberliginde grup halinde CNC makinesini yapmalari i¢in;

1. CNC Makinesinin yapimi i¢in gerekli olan malzemeler 6grencilere verir.
a) A Ogrencisi: CNC makinesinin iistii
b) B Ogrencisi: CNC makinesinin alt1 ve ignesi
2. Kilavuzdaki insa ipuglar1 dogrultusunda makineyi insa ederler. Ogrencilere yaptiklar1 makinenin

calismayacaginin hatirlatmasi yapildu.

Sekil 1. CNC Makinesi yapimi

3. Ogrenciler makineyi yaptiktan sonra onlara kagit besleyicideki dislilerin dis sayilarinin birbirine
orant hesaplattirilmistir. Bu diglilerin ve bulduklari oranin, CNC’ye giren k&gidin hizini nasil kontrol
ettigini aciklamalari istenmistir.

4. Ogrencilere “CNC makinesindeki dislilerin yerlerini degistirirsek ne olur?” diye sorulmus ve
sonrasinda bu durumu denemeleri istenmistir.

5. Sonrasinda 6grenciler egitmen esliginde bilgisayarlarindan programi yapip ylklemislerdir.
Sonrasinda 6grenciler programi ¢alistirmiglar ve makinenin ¢alismadigin1 gérmiiglerdir.

6. Ogrencilere yaptiklart makinenin calisip ¢alismadigmi daha kolay anlamalari igin 6nceden
tasarlanip hazirlanmig olan belge verilmistir. Ogrencilerden belgeyi makineyeyerlestirerek makineyi
calistirmalar1 istenmistir. Ogrenciler makineyi ¢alistirdiklarinda makinenin ¢alismadigini gérmiislerdir.
Bu agamada 6grencilere ipucu olarak “CNC makinesinin pargalar1 kesmene yardimci olmasi gerekiyor,

ama senin makinen c¢alismiyor. Bir terslik var ama terslik programda degil sorun makineden

kaynaklaniyor” denilmistir.
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Sekil 2. CNC Makinesi

Aciklama Asamasinda Yapilan Uygulamalar

Ogrenciler edindikleri deneyimler vasitasiyla yaptiklart CNC makinesinde ve programda gérdiikleri
problemleri ve olas1 ¢oziimleri hakkinda konusmalari icin tesvik edilmistir. Ogrenciler CNC
makinesinin problemlerini grup arkadaslariyla tartisip olasi ¢6ziim Onerilerini etkinlik k&gidina
yazmiglardir. Bu esnada gruplara bulduklar1 problemlerin resimlerini ya da videosunu ¢ekmeleri ve
yaptiklar1 onarimlar1 belgelendirmeleri istenmistir. Ogretmen ogrencileri calismayan makinenin

sorunlart ortadan kaldirmak igin arastirma yapmalarina, soru sormalari i¢in tegvik etmistir.

Ogrencilerden bulmalar1 beklenen CNC makinesinin diizgiin ¢alismasi i¢in onarilmasi gereken

4 problem vardir:

1 Kagit besleyicinin tekerlegi olmadigi i¢in Y ekseni diizgiin ¢alismaz.

2 CNC makinesinin {istii, altina dogru sekilde baglanmamustir.

3. Kagit besleyici diglileri i¢e doniik oldugu i¢in kagit CNC’ye ¢ok hizli girer.
4

Kursun kalem tasiyici takilmadigr i¢in X ekseni diizgiin ¢aligmaz.

-y

v
..'?
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Sekil 3. CNC Makinesi problemler ve olasi ¢oziimleri

Genisletme Asamasinda Yapilan Uygulamalar

Bu asamada ilk olarak her gruptan yaptiklar1 makineleri ve programlar1 degistirerek CNC makinelerini
iyilestirmeleri istenmistir. Her gruptan makinelerinde yaptiklar1 iyilestirmeleri iceren sorun giderme
rehberi hazirlamalar1 ve onu diger simif arkadaslariyla paylasmalar1 istenmistir. Sonrasinda her grup

onardiklar1 yazicilarina 6nceden kendilerine verilen kagidi yaziciya yerlestirerek yazdirmislardir.

Bu agsamada 6grencilerden CNC makinelerini onardiktan sonra makinelerinde ii¢ iyilestirme

yapmalar1 istenmistir.

1. Ogrencilerden otomatik bir kagit besleyici olusturmak icin makinelerine bir renk sensérii ekleyerek
CNC makinelerini gelistirmeleri istenmistir.
2. Ogrencilerden makineleri ile egrilerde iceren karmasik sekiller cizmeler istenmistir.

3. Ogrencilerden makinelerinin motor konumunu sifirlayacak bir program yapmalar1 istenmistir.
Degerlendirme Asamasinda Yapilan Uygulamalar

Bu asamada her gruba ogretmen tarafindan performanslari hakkinda geri bildirim verilmistir.
Degerlendirme agsamasinda 6grencilerin yeni edindikleri bilgiler degerlendirilerek bir sonuca ulagmalari
beklenmektedir. Bu asamada ilk olarak ogretmen konunun Ogrenciler tarafindan Ogrenilip
ogrenilmedigini anlamak i¢in 6grencilere konu ile ilgili sorular sorar sonrasinda ise her gruba 6gretmen
tarafindan 6grencilere uygulama boyunca o6grendikleri bilgiler 1s1ginda doniitler verilip konu
bitirilmistir.

Calismada gerceklestirilen Stiper Temizlik, Break Dans, Zip Zip Cekirgeler Yarisiyor ve Bozuk
CNC Makinesi etkinlik uygulamalarindan fotograflar yer almaktadir.

L
=

Sekil 4. Break dans etkinligi
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Sekil 5. Zip zip ¢ekirge etkinligi

RERRE | |

Sekil 7. Bozuk CNC makine etkinligi

Calisma Grubu

Arastirmanin ¢alisma grubunu 2020-2021 egitim-6gretim yilinda Artvin il merkezindeki bir devlet
ortaokulunun iki subesinde ortaokul 6. sinifta 6grenim gorenve ¢alismaya goniillii olarak katilan 20

ogrenci olusturmustur. Caligma toplam 5 hafta siireceginden dolayr ders dis1 zamanlarda yapilmasi
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gerektigi icin caligma grubunun belirlenmesindeki temel 6lgiit calismaya ilgi duymalar vegoniillii

olmalaridir. Arastirma i¢in benzer bir kontrol grubu secildiginde etkinliklerin iceriginden yani yeni bir
etkinlik siirecinin uygulandigi bu siiregte yliriitiilecek calismalardan dolay: arastirma tek grup ile
yuriitiilmistiir. Tek gruplu deneysel desenin yeni bir etkinlik siirecinin gelistirilip uygulandigi
arastirmalarda tercih edilmesinin arastirmanin dogasina daha uygun olacagi belirtilmistir (Creswell,

2014).Calismaya katilan 6grencilerin 10’u kiz 10’u da erkektir.
Veri Toplama Araclari

Arastirmada veri toplama araci olarak problem ¢ézme envanteri, elestirel diisiinme 6l¢egi ve STEM

tutum Olgegi kullanilmistir. Arastirmada kullanilan;
Problem Cozme Envanteri

Arastirmada Serin, Serin Bulut ve Saygili (2010) tarafindan gelistirilen 5°li likert tipi, bireyin problem
¢Ozme becerileri konusunda kendini algilayisini 6lgen problem ¢6zme envanterin de Higbir zaman (1),
Ender olarak (2), Arada sirada (3), Sik sik (4), Her zaman (5) ifadeleri yer almaktadir. Olgegin Problem
Cozme Becerisine Giiven faktdrii 12 maddeden (1, 3, 5, 7, 11, 13, 15, 17, 19, 21, 23); Oz Denetim
faktorii 7 maddeden (2, 4, 6, 8, 10, 12, 14) ve Kaginma faktorii 5 maddeden (16, 18, 20, 22, 24) olmak
tizere toplam 24 maddeden olugmakta ve 6lgegin tamaminin Cronbach Alfa giivenirlik katsayisi 0,80
olarak bulunmustur. Bu arastirmada problem ¢ézme 6l¢eginin giivenirligi Cronbach’s Alpha giivenirlik

katsayis1 0,944 olarak bulunmustur.
STEM Tutum Olgegi

Arastirmada Faber ve digerleri, (2013) tarafindan gelistirilen ve Yildirim ve Selvi (2015) tarafindan
Tiirkge’ye cevrilen ve d6grencilerin STEM’e yonelik tutumlarin 6lgen STEM tutum 6l¢egi 37 madde ve
4 alt boyuttan olusmaktadir. Olcek; Kesinlikle Katiliyorum (5), Katiliyorum (4), Kararsizim (3),
Katilmiyorum (2) ve Kesinlikle Katilmiyorum (1) seklinde 5°1i likert tipi bir dlgektir. Olgegin alt
boyutlarinin giivenirlik katsayis1 0,86-0,89 arasinda deger almaktadir. Bu arastirmada STEM tutum
dlgeginin Cronbach’s Alpha giivenirlik katsayisi 0,921 olarak bulunmustur. Olgegin Matematik alt
boyutu (1, 2, 3, 4, 5, 6, 7, 8) maddelerinden; Fen alt boyutu (9, 10, 11, 12, 13, 14, 15, 16, 17)
maddelerinden; Miihendislik ve Teknoloji alt boyutu (18, 19, 20, 21, 22, 23, 24, 25, 26) maddelerinden
ve 21.Yiizy1l Yetenekleri alt boyutu (27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37) maddelerinden

olusmaktadir.
Elegstirel Diisiinme Egilimi Olcegi

Elestirel disiinme egilimi 6lgegi Ertag-Kilic ve Sen (2014) tarafindan gelistirilmis olup besli likert
tipinde 25 madde ve katilim, biligsel olgunluk ve yenilik¢ilik olmak iizere toplam 3 alt boyuttan
olusmaktadir. Katilim alt boyutu 11 maddeden (2, 3, 5, 7, 8,9, 13, 16, 17, 18, 21), bilissel olgunluk alt
boyutu 7 maddeden (1, 12, 15, 19, 23, 24, 25) ve yenilikgilik alt boyutu da 7 maddeden (4, 6, 10, 11, 14,
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20, 22) olugmaktadir. Bu aragtirmada Elestirel Diisiinme Egilimi 6l¢eginin Cronbach’s Alpha giivenirlik

katsayis1 0,909 olarak bulunmustur.
Verilerin Analizi

Arastirmadan elde edilen veriler SPSS 22.0 istatistik programi ile degerlendirilmistir. Arastirmaya
katilan ¢aliganlarin tanimlayici 6zelliklerinin belirlenmesinde frekans ve yiizde analizlerinden, dlgegin
incelenmesinde ortalama ve standart sapma istatistiklerinden yararlanilmistir. Arastirma verilerinin
normal dagilim gdsterip gostermedigini belirlemek i¢in Kurtosis (Basiklik) ve Skewness (Carpiklik)

degerleri ve Shapiro-Wilk Testi anlamlilik diizeyi sonuglar1 Tablo 1’deverilmistir.

Tablo 1. Puanlarin Carpikitk-Basiklik Degerleri ve Shapiro-Wilk Testi Anlamlilik Diizeyi Sonuglart

Shapiro-Wilk
Olgek Alt boyut Uygulama N Basikhk  Carpiklik
Ist. p
Problem Cézme  On test 20 -0,516 0,270 967 695
Becerisine
Giiven Son test 20 0,474 -0,809 922,109
On test 20 -0,877 0,222 951 385
Oz Denetim
Problem Son test 20 -0,734 0,528 926,130
Cozme N
On test 20 -0,156 0,203 977 895
Ka¢inma
Son test 20 -0,252 0,208 975  ,848

Problem Cozme On test 20 -0.870 -0,346 957  ,484

Toplam Sontest 20 0,527 0,166 973,809
On test 20 0,742 -0,200 955 446
Matematik
Sontest 20 0,844 0,974 741 000
STEM -
On test 20 -0,002 -0,512 967 682
Tutum
Fen
Sontest 20 0,935 21,113 851 005

On test 20 0,465 -1,032 893 031
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Miihendislik ve
) Sontest 20 -0,233  -1,001 855,006
Teknoloji
21 Yizgil On test 20 -0,556  -0,473 949 346
Yetenekleri Sontest 20 -0,354  -0,589 948 336
STEM Tutum O test 20 -0816  -0376 955 445
Toplam Sontest 20 -0546  -0570  ,936 201
On test 20 0,542 1,030,894 032
Katilim
Son test 20 1,051 -1,011 ,924 ,119
. On test 20 0,854 -0,599 951 383
Biligsel
Elestirel Olgunluk Sontest 20 -0,691  -0,395 956 476
Diislinme
o On test 20 0,863 0,925 915 078
Egilimi
Yenilikeilik
Sontest 20 -0,856  -0420 950 364
Elestirel On test 20 1,265 -0,900 924 118
Diisiinme
Egilimi Toplam ~ Sontest 20 0,338  -0,610 942 266

Tablo 1 incelendiginde problem ¢ézme envanterive alt boyutlarinin, STEM tutum 6lgegi ve alt
boyutlarininve elestirel diisiinme egilimi 6l¢egi ve alt boyutlarinin 6n test-son test verilerinin Shapiro-
Wilk testi sonuglart gosterilmistir. Literatiirde, degiskenlerin basiklik ¢arpiklik degerlerinin +1.5 ile -
1.5 (Tabachnick ve Fidell, 2013), +2.0 ile -2.0 (George ve Mallery, 2010) arasinda olmasi normal
dagilim olarak kabul edilmektedir. Degisken varyansinin bilinmemesi durumunda t-dagilimi; ana kiitle
normal dagilim gostermiyorsa parametrik olmayan testler uygulanmaktadir (Field, 2009, s.42, 45, 345).
Biiyiik sayilar kanunu ve merkezi limit teoremine gore 6rneklem olarak yeterli seviyede olmasindan
dolay1 dagilimin normal oldugu varsayilarak analizlere devam edilmistir (Harwiki, 2013, 5.879; Inal ve

Glinay, 2013; Johnson ve Wichern, 2014).

Tekrarli 6l¢iimler arasindaki fark eslesmis grup t-testi ile analiz edilmistir. Etki biiyiikliiglinii
hesaplamak i¢in Cohen(d) ve Eta kare(n?) katsayilar1 kullanilmistir. Etki biiyiikliigii gruplar arasindaki
farkin 6nemli kabul edilecek biiyiik bir fark olup olmadigin1 géstermektedir. Cohen degeri 0.2: kiigiik;



298 S.A, Celik /Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 56, 287-313, 2022
0.5:orta; 0.8: biiylik olarak, eta kare degeri 0.01: kiicik; 0.06: orta; 0.14:biiyiik olarak

degerlendirilmektedir (Biiytlikoztiirk ve digerleri, 2018).
Bulgular

Bu bdliimde, aragtirma probleminin ¢dziimii i¢in, arastirmaya katilan 6grencilerden o6lcekler yoluyla
toplanan verilerin analizi sonucunda elde edilen bulgular yer almaktadir. Uygulama dncesinde 6n test
olarak Problem Cozme Envanteri, Elestire]l Diisiinme Egilimi Olgegi ve STEM Tutum Olgegi
uygulanmis, uygulamalar bittiginde ise SE 6grenme modeli ile biitiinlestirilmis STEM etkinliklerinin
ortaokul 6. sinif 6grencilerinin problem ¢dzme becerilerine, elestirel diisiinmelerine ve STEM’e yonelik
tutumlarina etkisini belirlemek amaciyla dlcekler son test olarak uygulanmis olup elde edilen veriler

asagida sunulmustur.

Problem ¢6zme becerisine yonelik 6n test-son test arasinda anlamli bir farkliligin olup

olmadigim belirlemek amaciyla yapilan analiz sonrasi bulgular Tablo 2°de verilmistir.

Tablo 2. Problem Cézme Envanteri On Test-Son Test Puanlarimin Karsilastirilmast

On test Son test
Olgiimler N t p
Ort Ss Ort Ss
Problem Cézme Toplam 70.250 5.875 72.100 10548 20 -1,043 0,310
Problem Cozme Becerisine Gliven 41,400 5,753 43,350 6,945 20 -1538 0,141
Oz Denetim 14,600 3,185 14,050 4,915 20 0,845 0,409
Kac¢imma 10,350 3,014 10,600 3,500 20 -0,483 0,635

Tablo 2 incelendiginde, problem ¢ézme envanteritoplam On test degerine (x=70,250) gore
problem ¢6zme envanteri toplam son test degerindeki (X=72,100) artis anlamli bulunmamistir (p>.05).
Problem ¢dzme becerisine giiven 6n test degerine (Xx=41,400) gore problem ¢ézme becerisine giiven son
test degerindeki (X=43,350) artis anlamli bulunmamustir (p>.05). Oz denetim &n test degerine
(x=14,600) gore 6z denetim son test degerindeki (X=14,050) diisiis anlamli bulunmamigtir (p>.05).
Kaginma 6n test degerine (X=10,350) gore kaginma son test degerindeki (X=10,600) artis anlaml
bulunmamistir (p>.05).

STEM’e yonelik tutum 6n test ile STEM’e yonelik tutum son test arasinda anlamli bir farkliligin

olup olmadigini belirlemek amaciyla yapilan analiz sonrasi bulgular Tablo 3’deverilmistir.
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Tablo 3. STEM Tutum Olgegi On Test-Son Test Puanlarimin Karsilastirilmasi

On test Son test
Olgiimler N t p
Ort Ss Ort Ss
STEM 137,200 15,713 149,800 15,710 20 -7,703 0,000
Matematik 25,600 2,303 27,950 2,800 20 -3,409 0,003
Fen 33,550 4,651 36,700 4,714 20 -4,336 0,000
Miihendislik ve Teknoloji 34,700 4,680 38,700 5,841 20 -6,203 0,000
21.yiizy1l Yetenekleri 43,350 6,499 46,450 6,337 20 -5,715 0,000

Tablo 3 incelendiginde, STEM tutum 6l¢egi toplam 6n test degerine (Xx=137,200) gére STEM
tutum Slgegi toplam son test degerindeki (X=149,800) artis anlamli bulunmustur (t=-7,703; p=.000<.05;
d=-1,722; n?=0,757). Matematik alt boyutu &n test degerine (X=25,600) gdre matematik alt boyutu son
test degerindeki (x=27,950) artis anlamli bulunmustur (t=-3,409; p=.003<.05; d=-0,762; n>=0,380). Fen
alt boyutu 6n test degerine (X=33,550) gore fen alt boyutu son test degerindeki (X=36,700) artis anlamli
bulunmustur (t=-4,336; p=.000<.05; d=-0,970; n?=0,497). Miihendislik ve teknoloji alt boyutu n test
degerine (X=34,700) gore mihendislik ve teknoloji alt boyutu son test degerindeki (x=38,700) artis
anlamli bulunmustur (t=-6,203; p=.000<.05; d=-1,387; n?=0,669). 21.yiizy1l yetenekleri alt boyutu én
test degerine (x=43,350) gore 21.yiizyil yetenekleri alt boyutu son test degerindeki (X=46,450) artis
anlamli bulunmustur (t=-5,715; p=.000<.05; d=-1,278; n?=0,632).

Calismada 6grencilerin elestirel diislinme egilimi 6n test puanlar ile elestirel diisiinme egilimi
son test puanlar1 arasinda anlamli bir farkliligin olup olmadigini belirlemek amaciyla yapilan analiz

sonrast bulgular Tablo 4’de verilmistir.

Tablo 4. Elestirel Diisiinme Egilimi Olcegi On Test-Son Test Puanlarimin Karsilastirilmast

On test Son Test
Olgiimler N t p
Ort Ss Ort Ss
Elestirel Diisiinme Egilimi 90,700 15,256 107,150 11,490 20 -7,332 0,000
Katilim 39,650 6,862 47,100 5088 20 -6,750 0,000

Bilissel Olgunluk 25,900 4,459 29,900 3,194 20 -6,409 0,000
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Yenilik¢ilik 59,850 7,485 64,850 7,242 20 -6,189 0,000

Tablo 4 incelendiginde, elestirel diisiinme egilimi 6lgegi toplam on test degerine (x=90,700)
gore elestirel diisiinme egilimi 6l¢egi toplam son test degerindeki (x=107,150) artis anlamli bulunmustur
(t=-7,332; p=.000<.05; d=-1,639; n=0,739). Katilim alt boyutu 6n testdegerine (x=39,650) gore katilim
alt boyutu son test degerindeki (Xx=47,100) artis anlamli bulunmustur (t=-6,750; p=.000<.05; d=-1,509;
n?=0,706). Bilissel olgunluk alt boyutu 6n test degerine (x=25,900) gore bilissel olgunluk alt boyutu son
test degerindeki (x=29,900) artis anlamli bulunmustur (t=-6,409; p=.000<.05; d=-1,433; n?=0,684).
Yenilikeilik alt boyutu 6n test degerine (x=59,850) gore yenilikgilik alt boyutu son test degerindeki
(x=64,850) artig anlaml1 bulunmustur (t=-6,189; p=0,000<0,05; d=-1,384; n?=0,668).

Tartiyma ve Sonu¢

Arastirmada SE oO6grenme modeli ile biitiinlestirilmis STEM etkinliklerininortaokul 6. simif
Ogrencilerinin problem ¢ézme becerilerine, elestirel diisiinmelerine ve STEM’e yonelik tutumlarina
etkisi incelenmistir. Arastirmadan elde edilen verilerin analizinden S5E &grenme modeli ile
biitiinlestirilmis STEM etkinliklerinin 6. sinif 6grencilerinin problem ¢dzme becerilerini gelistirmede
anlamli farklilik olmasa da aritmetik ortalamalar incelendiginde Ogrencilerin problem ¢dzme
becerilerinde genel olarak artis oldugu tespit edilmistir. Yapilan STEM etkinliklerinin 6grencilerin
problem ¢6zme becerilerinde anlamli farklilik olusturmamasi, 6grencilerin problem ¢6zme becerilerinin
calisma Oncesinde iyi diizeyde olmasindan ya da problem ¢6zme becerilerini 6l¢cen dlgme aracinin
istedigimiz seviyede Olgmeyi gerceklestirmemesi sebebiyle olabilir. Arastirmada Ogrencilerin
etkinlikleri yaparken cesitli problemlerle karsilagmalari, problemleri tespit etmeleri, arastirmalar
yaparak bu problemlere ¢dziim Onerileri sunmalari, ¢éziimlerini deneme ¢abalarinin onlarin problem
¢ozme becerilerinin gelisimine katki sagladigiyani yapilan etkinliklerin 6grencilerin problem ¢dzme
becerilerine yonelik algilari1 olumlu yonde etkiledigi diisliniilmektedir. Bu durum STEM
etkinliklerinin Ogrencilerin problem ¢6zme becerilerini gelistirmede faydali oldugu seklinde
yorumlanabilir. Bu baglamda STEM etkinliklerinin 6grencilerin problem ¢ozme becerilerini
gelistirdigine dair literatiirde yer alan aragtirma sonuglar1 bu arastirmay destekler niteliktedir (Avan ve
digerleri, 2019; Ince ve digerleri, 2018; Nagag, 2018). Bu baglamda sonug literatiirde yer alan (Ceylan,
2014; Kurt, 2019; Sahin, Ayar ve Adigiizel, 2014) baz1 arastirma sonuglariyla da ¢elismektedir. Benzer
sekilde Asigigan (2019) oyunlastirilmis STEM uygulamalarinin ilkokul 6grencilerinin elestirel diisiinme
egilimlerine olumlu katki yaptigini buna karsin problem ¢6zme becerilerinde on test-son test puan
ortalamalar1 arasinda anlamli bir fark olmamasina karsin 6grenciler ile yapilan goriismelerin ve yapilan
gozlemlere gore 6grencilerin problem ¢ézme algilarinin gelistigini belirtmistir. Naga¢ (2018), madde ve
1s1 linitesinin 6gretiminde FeTeMM uygulamalariin 6. sinif 6grencilerinin problem ¢6zme becerilerine

etkisi olmadigini ifade etmistir.
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Aragtirmada SE 0grenme modeli ile biitiinlestirilmis STEM etkinliklerinin ortaokul 6. sinif

ogrencilerinin STEM’e yonelik tutumlariyla ilgili anlamli bir artis tespit edilmistir. Bu baglamda yapilan
etkinliklerin 6grencilerin STEM’e yonelik tutumlarina olumlu katki sagladigini gostermektedir. STEM
etkinliklerinin 6grencilerin STEM’e yonelik tutumlarina olumlu katk: sagladigina dair literatiirde yer
alan bir¢ok calisma sonucu bu arastirmay1 destekler niteliktedir (Akin, 2019; Akkaya ve Benzer, 2020;
Avan ve digerleri, 2019; Aydin ve digerleri, 2017; Ceylan, 2014; Giilhan ve Sahin, 2016; Hayden, 2011;
Lou, Shih, Diez ve Tseng, 2011; Karisan ve Yurdakul, 2017; Kurt, 2019; Ozcan ve Koca, 2019; Yamak,
Bulut ve Diindar, 2014; Yildirim, 2018; Yildirim ve Selvi, 2016). Ayrica arastirmada STEM tutum
6lcegi fen, matematik, 21.yiizyil yetenekleri ve miihendislik ve teknoloji alt boyutlarinda da STEM’e
yonelik tutumlariyla ilgili anlamli bir artis tespit edilmistir. Benzer bir calismada Baran ve digerleri,
(2016) tasarim dongiisiinii kullanarak ortaokul 6grencilerinin STEM’e yonelik tutumlarini aragtirmiglar
ve c¢aligmalarinin sonucunda 6grencilerin olumlu tutumlar sergilediklerini ifade etmislerdir. Aydin ve
digerleri, (2017) ilkokul 4. ve 8. siif 6grencilerinin FeTeMM tutum seviyelerinin katiliyorum
seviyesinde oldugunu tespit etmislerdir. Lou ve digerleri, (2011) probleme dayali 6grenmenin STEM
egitimine uyarlanmasinin 10.smif 6grencilerinin STEM’e yonelik olumlu tutum gelistirdiklerini tespit

etmislerdir.

SE oOgrenme modeli ile biitiinlestirilmis STEM etkinlikleri &grencilerin  karsilagtiklar
problemlere elestirel diisiinme becerileri ile ¢6ziim odakli yaklagmalarindan dolay1 6grencilerin elestirel
diistinme becerilerini olumlu bir sekilde etkiledigi goriilmiistiir. STEM etkinliklerinin 6l¢egin katilim,
biligsel olgunluk ve yenilik¢ilik alt boyutlarinda da 6grencilerin elestirel diisiinme becerilerini
gelistirdigi tespit edilmistir. Bu baglamda gerceklestirilen SE 6grenme modeli ile biitiinlestirilmis STEM
etkinliklerinin 6grencilerin elestirel diisiinme becerilerinin gelisimine anlamli seviyede katki sagladig:
yorumu yapilabilir. STEM etkinliklerinin dgrencilerin elestirel diisiinme becerilerini gelistirdigine dair
literatiirde yer alan bir¢ok ¢aligma sonucu bu arastirmayi destekler niteliktedir (Acar, 2018; Avan ve
digerleri, 2019). Ilgili alan yazin incelendiginde; Snyder ve Snyder (2008) dgrencilerin daha aktif bir
sekilde yer aldig1 isbirlikli aktivitelerin onlarin problem ¢6zme becerilerini ve elestirel diisiinme
becerilerini gelistirdigini ifade etmistir. Ucar (2019) argiimantasyon ile desteklenmis STEM
etkinliklerinin Ogrencilerin elestirel diisiinme becerilerinin gelisimine katkida bulundugunu tespit
etmistir. Ozgelik ve Akgiindiiz (2018), iistiin yetenekli dgrencilerle yaptigi STEM etkinliklerinin
ogrencilerin elestirel diisiinme, yaraticilik, isbirligi yapma ve iletisim kurma gibi 21. yy becerilerinin
gelisimine katki sagladigini ifade etmistir. Hacioglu ve Giilhan (2021) STEM egitiminin ortaokul
ogrencilerinin elestirel diisiinme egilimlerini ve STEM algilarin1 olumlu yonde etkiledigini ifade

etmislerdir.
Oneriler

Bu c¢alismada SE Ogrenme modeli ile biitiinlestirilmis STEM etkinliklerininortaokul 6. simif

Ogrencilerinin problem ¢ézme becerilerine, elestirel diisiinmelerine ve STEM’e yonelik tutumlarina
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etkisi aragtirilmigtir. Aragtirmanin amaglart dogrultusunda elde edilen verilerin analiz edilmesinin

ardindan su Onerilerde bulunulabilir:

e Farkl konularda SE 6grenme modeli ile biitiinlestirilmis STEM uygulamalarinin daha farkl
degiskenlerle nitel ve nicel caligmalarin sayisi artirilabilir.

e ileride yapilmasi planlanan ¢alismalardaSE 6grenme modeli ile biitiinlestirilmis STEM
etkinliklerinin etkisinin kalicilik iizerinde ne denli etkili oldugu arastirabilir.

e Bu aragtirma ortaokul 6. Smif 6grencileriyle yiiriitiilmistiir. Farkli sinif seviyelerinde SE
o0grenme modeli ile biitlinlestirilmis STEM etkinliklerinin akademik basariya, problem ¢ézme

becerilerine ve elestirel diisiinme becerilerine ve STEM tutumlarina etkileri incelenebilir.

Etik Kurul izin Bilgisi: Bu arastrma, Artvin Coruh Universitesi Bilimsel Arastrma ve Yayin Etigi

Kurulunun 29.11.2021 tarihli E-18457941-050.99-31169sayili karari ile alinan izinle yiiriitilmiistiir.
Yazar Cikar Catismasi Bilgisi: Yazarin beyan edecegi bir ¢ikar ¢atismast bulunmamaktadir.

Yazar Katkisi: Makalenin hazirlanmasi ve diizeltilmesi yazar tarafindan gergeklestirilmistir.

Kaynakca

Acar, D. (2018). FeTeMM egitiminin ilkokul 4. sinif 6grencilerinin akademik basart, elestirel diisiinme
ve problem ¢ézme becerisi iizerine etkisi. Yaymmlanmamis doktora tezi, Gazi Universitesi,

Ankara.

Acishi-Celik, S., & Turgut, U. (2011). The examination of the influence of the materials generated in
compliance with 5E learning model on physics laboratory applications. International Online
Journal of Educational Sciences, 3(2), 562-593.

Akdeniz, A. R., & Keser, O. F. (2004). Biitiinlestirici 6grenme ortamlarinda dgretim etkinliklerinin
planlanmasi ve degerlendirilmesi. XII. Egitim Bilimleri Kongresi, Cilt 1, 41-60, Ankara.

Akgiindiiz, D., Ertepinar, H., Ger, A. M., Kaplan Say1, A. ve Turk, Z. (2015). STEM egitimi ¢alistay
raporu: Tiirkive STEM egitimi tizerine kapsamli bir degerlendirme. Akgiindiz, D. (Edt.).

Istanbul Aydin Universitesi.

Akin, V. (2019). FETEMM uygulamalarinmin 7. sinif 6grencilerinin FETEMM e yonelik tutumlarina,
bilimsel siire¢ becerilerine ve meslek se¢imlerine etkisi. Yaymmlanmamis yiiksek lisans tezi.

Afyon Kocatepe Universitesi, Afyon.

Akkaya, M. M., & Benzer, S. (2020). The effect of STEM practices on academic achievement and
attitudes of sixth grade students: an application on the unit of force and motion. MOJES:

Malaysian Online Journal of Educational Sciences,8(2), 36-47.



S.A, Celik /Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 56, 287-313, 2022 303
Asigigan, S. 1. (2019). Oyunlastirilmis STEM uygulamalarinin 6grencilerin igsel motivasyon diizeyleri

elestirel diisiinme egilimi ve problem ¢ozme becerisi algilart iizerindeki etkisi. Yayimlanmamis

yiiksek lisans tezi. Bahgesehir Universitesi, Istanbul.

Avan, C., Giilgiin, C., Yilmaz, A., & Doganay, K. (2019). STEM egitiminde okul dis1 6grenme
ortamlari: Kastamonu bilim kampi. Bilim, Teknoloji, Miihendislik, Matematik ve Sanat (J-

STEAM) Egitim Dergisi, 2(1), 39-51

Aydim, G., Saka, M. & Guzey, S. (2017). 4., 5., 6., 7. ve 8. Sif 6grencilerinin STEM (FeTeMM)
tutumlarinin bazi degiskenler acisindan incelenmesi. Mersin Universitesi Egitim Fakiiltesi

Dergisi, 13(2), 787-802.

Baran, E., Canbazoglu-Bilici, S., Mesutoglu, C., & Ocak, C. (2016). Moving STEM beyond schools:
Students’ perceptions about an out-0f-school STEM education program. International Journal
of Education in Mathematics, Science and Technology, 4(1), 9-19.

Bozkurt-Altan, E., Yamak, H., ve Bulug-Kirikkaya, E. (2016). FeTeMM egitim yaklasiminin 6gretmen
egitiminde uygulanmasina yonelik bir dneri: Tasarim temelli fen egitimi. Trakya Universitesi

Egitim Fakiiltesi Dergisi, 6(2), 212-232.

Bozkurt, O. ve Olgun, O. S. (2005). Fen ve teknoloji egitiminde bilimsel siire¢ becerileri. M. Aydogdu
ve T. Kesercioglu (Ed.), Ilkogretimde fen ve teknoloji égretimi (s. 55-70). Ankara: Am
Yayincilik.

Bryan, L. A., Moore, T. J., Johnson, C. C., & Roehrig, G. H. (2016). Integrated STEM education. InC.c.,
Johnson, E.e., Peters- Burton & T. J. Moore (Eds.), STEM roadmap a framework for integrated
STEM education (pp. 23- 37). New York: Routledge.

Biiyiikoztiirk, S., Cokluk, O. & Koklii, N. (2018). Sosyal bilimler icin istatistik, Ankara: Pegem
Akademi.

Bybee, R. W. (1997). Achieving scientific literacy: From purposes to practies. Portsmouth: UK,

Heinemann.
Bybee, R. W. (2010). What is STEM Education? Science, 329(5995), 996.

Capraro, R. M., & Slough, S.W. (2008). Project-based learning: An integrated science, technology,
engineering, and mathematics (STEM) approach. Rotterdam, The Netherlands: Sense

Publishers.

Ceylan, S. (2014). Ortaokul fen bilimleri dersindeki asitler ve bazlar konusunda fen, teknoloji,
miihendislik ve matematik (FeTeMM) yaklasimi ile 6gretim tasarimi hazirlanmasina yonelik bir

calisma. Yayimlanmamis yiiksek lisans tezi. Uludag Universitesi, Bursa.



304 S.A, Celik /Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 56, 287-313, 2022
Ceylan, S., & Ozdilek, Z. (2015). Improving a sample lesson plan for secondary science courses within

the STEM education. Procedia-Social and Behavioral Sciences,177, 223-228.

Cho, B., & Lee, J. (2013). The effects of creativity and flow on learning through the STEAM education
on elementary scholl contexts, Paper presented et the International Conference of Educational

Technology, Sejong University, South Korea.

Creswell, J. W. (2014). Research design: Qualitative, quantitative and mixed methods approaches.
Thous and Oaks, CA: Sage.

Calisicl, S., & Benzer, S. (2021). The effects of STEM applications on the environmental attitudes of
the 8th year students, scientific creativity and science achievements. MOJES: Malaysian Online

Journal of Educational Sciences, 9(1), 24-36.

Corlu, M. S., Capraro, R. M., & Capraro, M. M. (2014). Introducing STEM education: Implications for
educating our teachers for the age of innovation. Education and Science, 39(171), 74-85.

Dewey, J. (1910). How we think. Boston: D.C. Heath & Company

Dogan, A., Aydin, E. & Kahraman, E. (2020). STEM uygulamalarinin ortaokul dgrencilerinin problem
¢dzme becerilerine yonelik algilarina etkisinin incelenmesi. Eskisehir Osmangazi Universitesi

Tiirk Diinyas: Uygulama ve Arastirma Merkezi (ESTUDAM) Egitim Dergisi, 5(2), 123-144

Erdem, A. R., & Geng, G. (2015). Lise 6grencilerinin problem ¢ézme becerileri ile elestirel diigtinme

becerileri arasindaki iliski. OPUS Uluslararasit Toplum Arastirmalar: Dergisi, 5(8), 32-44.

Ergin, 1., (2006). Fizik egitiminde SE modelinin grencilerin akademik basarisina, tutumuna ve
hatirlama diizeyine etkisine bir ornek: “iki boyutta atis hareketi”. Yayimlanmamig Doktora

Tezi, Gazi Universitesi, Ankara.

Ertas-Kilig, H., & Sen, A. I. (2014). UF/EMI elestirel diisiinme egilimi 6lgegini Tiirkceye uyarlama
calismasi. Egitim ve Bilim, 39(176), 1-12.

Faber, M., Unfried, A., Wiebe, E. N., Corn, J. Townsend, L.W. & Collins, T. L. (2013). Student attitudes
toward STEM: The development of upper elementary school and middle/ high school student

surveys. ASEE Annual Conference & Exposition. (pp. 23-1094).
Field, A. (2009). Discovering statistics using SPSS. SAGE Publications Ltd. London, 264-315.

Fioriello, P. (2010). Understanding the basics of STEM education. Retrieved from

http://drpfconsults.com/understanding-the-basics-ofstem-education

George, D., & Mallery, M. (2010). SPSS for windows step by step: a simple guide and reference,
17.0update 10/e. Pearson Education, India.



S.A, Celik /Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 56, 287-313, 2022 305
Gonzalez, H. B. & Kuenzi, J. J. (2012). Science, technology, engineering, and mathematics (STEM)

education: A primer. Congressional Research Service, Library of Congress.

Giilhan, F. ve Sahin, F. (2016). Fen-teknoloji-miihendislik matematik entegrasyonunun (STEM) 5. sinif
ogrencilerinin bu alanlarla ilgili alg1 ve tutumlarina etkisi. Journal of Human Sciences, 13(1),
602-620.

Giindiiz Bahadir, E. B. & Ozay Kése, E. (2021). STEM egitimlerinin ortaokul 6grencilerinin bilimsel
yaraticiliklarina ve STEM mesleklerine olan ilgilerine etkisi. Eskisehir Osmangazi Universitesi

Tiirk Diinyast Uygulama ve Arastirma Merkezi (ESTUDAM) Egitim Dergisi, 6(1), 12-30.

Girleyiirek, G. C. (2008). Sinif 6gretmeni adaylarinin ¢esitli degiskenler acisindan elestirel diisiinme
egilimleri, problem ¢6zme becerileri ve akademik basari diizeylerinin incelenmesi.
Yaymlanmamis yiiksek lisans tezi, Zonguldak Karaelmas Universitesi Sosyal Bilimler

Enstitiisii, Zonguldak.

Hacioglu, Y. & Giilhan, F. (2021). The effects of STEM education on the students’ critical thinking
skills and STEM perceptions. Journal of Education in Science Environment and Health, 7(2) ,
139-155 . DOI: 10.21891/jeseh.771331

Harwiki, W. (2013). The influence of servant leadership on organizational culture, organizational
commitment, organizational citizenship behavior, and employees’ performance (study of out
standing cooperatives in east java province, Indonesia). Journal of Economics and Behavioral
Studies, 5(12): 876-885.

Hayden, K., Ouyang, Y., Scinski, L., Olszewski, B., & Bielefeldt, T. (2011). Increasing student interest
and attitudes in STEM: Professional development and activities to engage and mspire learners.

Contemporary Issues in Technology and Teacher Education, 11(1), 47-69.

Inal, C., & Glinay, S. (2013). Olasuik ve matematiksel istatistik. Hacettepe Universitesi Yayinlari,
Ankara. Sayfa 261; Merkezi Limit Teoremi ve Biiylik Sayilar Kanunu Konusu

Ince, K., Misir, M. E., Kiipeli, M. A. & Firat, A. (2018). 5. sinif fen bilimleri dersi yer kabugunun gizemi
iinitesinin 6gretiminde STEM temelli yaklasimin 6grencilerin problem ¢6zme becerisi ve

akademik basarisina etkisinin incelenmesi. Journal of STEAM Education, 1(1), 64-78.

Johnson, R. A., & Wichern, D. W. (2014). Applied multivariate statistic alanalysis, (\VVol. 6). London,

UK: Pearson.

Jorgenson, O., Vanosdall, R., Massey, V. & Cleveland, J. (2014). Doing good science in middle school:
a practical STEM guide. (Expanded 2nd Edition). Virginia: National Science Teachers

Association.



306 S.A, Celik /Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 56, 287-313, 2022
Karigan, D. ve Yurdakul, Y. (2017). Mikroigslemci destekli fen-teknoloji-miihendislik matematik

(STEM) uygulamalarinin 6. sinif 6grencilerinin bu alanlara yonelik tutumlarina etkisi. Adnan

Menderes Universitesi Egitim Fakiiltesi Egitim Bilimleri Dergisi, 8(1), 37-52.

Kececi, G., Alan, B., & Kirbag-Zengin, F. (2017). 5. sinif 6grencileriyle STEM egitimi uygulamalari.
Ahi Evran Universitesi Kirsehir Egitim Fakiiltesi Dergisi, 18, 1-17.

Kennedy, T. J., and Odell, M. R. L. (2014). Engaging students in STEM education. Science Education

International, 25(3), 246-258. Erisim adresi: http://www.icaseonline.net/seiweb

Keser, O. F. ve Akdeniz A. R. (2003). Biitiinlestirmeci 6grenme ortamlarinda 6gretim etkinliklerinin
planlanmas1 ve degerlendirilmesi. XII. Egitim Bilimleri Kongresi. Marmara Universitesi,

Istanbul.

Kurt, M. (2019). STEM uygulamalarimin 6. sinif 6grencilerinin akademik basarilarina, problem ¢ézme
becerilerine ve STEM e karsi tutumlarina etkisi tizerine bir aragtirma. Yayimlanmamig yiiksek

lisans tezi. Gazi Universitesi, Ankara.

Lederman, N. G. & Lederman, J. S. (2013). Is it STEM or “S & M” that we truly love? Journal of
Science Teacher Education, 24, 1237-1240.

Lewis A., & Smith D. (1993). Teaching for high-order thinking .Theory into Practice, 32, (3), 131-137.

Lie, R., Guzey, S. S., & Moore, T. J. (2019). Implementing engineering in diverse upper elementary and
middle school science classrooms: student learning and attitudes. Journal of Science Education
and Technology, 28(2), 104-117.

Lou, S. J., Shih, R. C., Ray Diez, C., & Tseng, K. H. (2011). The impact of problem-based learning
strategies on STEM knowledge integration and attitudes: an exploratory study among female
Taiwanese senior high school students. International Journal of Technology and Design
Education, 21(2), 195-215.

Martin, D. J. (2006). Elemantary Science Methods. A Constructivisit Approach. Thomson Higher

Education 10. Belmont: Davis Drive.

Martin-Péaez, T., Aguilera, D., Perales-Palacios, F. J. and Vilchez-Gonzalez, J. M. (2019). What are we
talking about when we talk about STEM education? A review of literature. Science Education,
103(4), 799-822. doi: 10.1002/sce.21522

Milli Egitim Bakanligi (2016). STEM egitim raporu. Ankara: Yenilik ve Egitim Teknolojileri Genel
Midiirliigi.
Moore, T. J., Johnson, C. C., Peters-Burton, E.E., & Guzey, S.S. (2016). The need for a STEM roadmap.

InC.c., Johnson, E.e., Peters-Burton & T.J. Moore (Eds.), STEM Roadmap a Framework for
integrated STEM education (pp. 3-12). New York: Routledge.


http://www.icaseonline.net/seiweb

S.A, Celik /Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 56, 287-313, 2022 307
Morrison, J. (2006). TIES STEM education mono graphseries, attributes of STEM education. Baltimore,

MD: TIES.

Nagag, M. (2018). 6. Swnif fen bilimleri dersi madde ve 1si iinitesinin 6gretiminde fen, teknoloji,
mithendislik ve matematik (FETEMM) egitiminin 6grencilerin akademik basarisi ve problem
¢ozme becerilerine etkisinin incelenmesi. Yayimmlanmamis yliksek lisans tezi. Hatay Mustafa

Kemal Universitesi, Hatay.

National Academy of Engineering [NAE] & National Research Council [NRC] (2009). Engineering in
K-12 education: Understanding the status and improving the prospects. L. Katehiand M. Feder
(Eds.). Washington, D.C.:The National Academies.

National Academy of Engineering & National Research Council [NAE & NRC]. (2014). STEM
integration in K-12 education: Status, prospects, and an agenda for research. Washington:
National Academies.

Ozcan, H., & Koca, E. (2019). STEM yaklasimi ile basing konusu &gretiminin ortaokul 7. siif
Ogrencilerinin akademik basarilarina ve STEM’e yonelik tutumlarina etkisi. Egitim ve Bilim,

44(198), 201-227.

Ozgelik, A., & Akgiindiiz, D. (2018). Evaluation of gifted/talented students’ out-of-school STEM
education. Trakya University Journal of Education Faculty, 8(2), 334-351.

Parno, Yuliati, L., & Ni’Mah, B. Q. A. (2019). The influence of PBL-STEM on students’ problem
solving skills in thetopic of optical instruments, J. Phys. Conf. Ser.,1171(1), 0-8.

Pekbay, C. (2017). Fen teknoloji miihendislik ve matematik etkinliklerinin ortaokul ogrencileri

iizerindeki etkileri. Yayimlanmamis doktora tezi. Hacettepe Universitesi, Ankara.

Rehmat, A. P. (2015). Engineering the path to higher-order thinking in elementary education: a

problem-based learning approach for STEM integration. University of Nevada, Las Vegas.

Ross, S. M., & Morrison, G. R. (2004). Experimental research methods, Handbook of research on

educational communications and technology, 2, 1021-43.

Saleh, A. H. (2016). A proposed unit in the light of STEM approach and its effect on developing attitudes
toward (STEM) and problem-solving skills for primary students. International Interdisciplinary
Journal of Education, 5(7), 186- 217.

Selvi, M. & Yildirim, B. (2018). STEM 6gretme-6grenme modelleri: SE 6grenme modeli, proje tabanli
ogrenme yaklagimi ve STEM SOS modeli. Cepni, S. (Ed.). Kuramdan uygulamaya STEM+A+E
egitimi. Ugiincii Baski. Ankara. Pegem Yayincilik,203-238.

Serin, O., Serin Bulut, N., & Saygili, G. (2010). {lkdgretim diizeyindeki ¢ocuklar igin problem ¢6zme
envanteri'nin (CPCE) gelistirilmesi. [lkogretim Online, 9(2), 446-458.



308 S.A, Celik /Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 56, 287-313, 2022
Snyder, L. G., & Snyder, M. J. (2008). Teaching critical thinking and problem solving skills. The Delta

Pi Epsilon Journal, 50(2), 90-99.

Sahin, A., Ayar, M. C. & Adigiizel, T. (2014). STEM related after-school program activities and
associated outcomes on student learning. Educational Sciences: Theory and Practice, 14(1),
309-322.

Tabachnick, B. G., & Fidell, L. S. (2013). Using multivariat estatistics (sixth). Pearson, Boston.

Topsakal, 1. (2018). Probleme dayali STEM egitiminin égrencilerin dgrenme iklimlerine, elestirel
diisiinme egilimlerine ve problem ¢ozme becerilerine iliskin algilarina etkisinin aragtiriimast.

Yaymmlanmamus yiiksek lisans tezi. Erzincan Binali Yildirrm Universitesi, Erzincan.

Tseng, K. H., Chang, C. C., Lou, S. J., & Chen, W. P. (2013). Attitudes towards science, technology,
engineering and mathematics (STEM) in a project-based learning (PjBL) environment.
International Journal of Technology and Design Education, 23(1), 87-102.

Ugar, R. (2019). Argiimantasyonla zenginlestirilmis STEM etkinliklerinin 7. sinif 6grencilerinin “giines
sistemi ve Otesi” tinitesindeki akademik bagarilarina, astronomiye yonelik tutumlarina, elestirel
diigtinme egilimlerine ve STEM Kariyer ilgilerine etkisi. Yayimlanmamis yliksek lisans tezi.

Aydin Adanan Menderes Universitesi, Aydin.

Ugrasg, M. (2018). The effects of STEM activities on STEM attitudes, scientific creativity and motivation
beliefs of the students and their views on STEM education. International Online Journal of
Educational Sciences, 10(5), 165-182

Wai, J., Lubinski, D. and Benbow, C.P. (2010). Accomplishment in science, technology, engineering,
and mathematics (STEM) and its relation to STEM Educational Dose: a 25-year longitudinal
study. Journal of Educational Psychology, 102(4), 860-871.

Wosu, S. N. (2013). Impact of academic performance improvement (API) skills on math and science
achievement gains. The paper presented at American Society for Engineering Education Annual

Conference & Exposition, Atlanta.

Yamak, H., Bulut, N. & Diindar, S. (2014). 5. Sinif 6grencilerinin bilimsel siire¢ becerileri ile fene karst
tutumlarma FeTeMM etkinliklerinin etkisi. Gazi Egitim Fakiiltesi Dergisi, 34(2), 249-265.

Yildirim, B. (2018). Baglam temelli 6grenmeye uygun olarak hazirlanmis STEM uygulamalarinin
etkilerinin incelenmesi. Atatiirk Universitesi Kazim Karabekir Egitim Fakiiltesi Dergisi, 36, 1-
20.

Yildirim, B. (2021). Teoriden pratige STEM egitimi uygulama kitab1. (3. Basim). Ankara: Nobel
Yayincilik.



S.A, Celik /Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 56, 287-313, 2022 309
Yildinim, B., & Altun, Y. (2015). STEM egitim ve miihendislik uygulamalarinin fen bilgisi laboratuar

dersindeki etkilerinin incelenmesi. EI-Cezeri Journal of Science and Engineering, 2(2), 28-40.

Yildinnm, B. & Selvi, M. (2015). Adaptation of STEM attitude scale to Turkish. Turkish Studies-
International Periodical for the Languages, Literature and History of Turkishor Turkic, 10(3),
1107-1120.

Yildirim, B., & Selvi, M. (2016). Examination of the effects of STEM education integrated as a part of
science, technology, society and environment courses. Journal of Human Sciences, 13(3), 3684-
3695.

Yildirim, B., & Selvi, M. (2017). An experimental research on effects of STEM applications and mastery
learning. Egitimde Kuram ve Uygulama, 13(2), 183-210.

Yildirim, B., & Selvi, M. (2018). Ortaokul 6grencilerinin STEM uygulamalarina yonelik goriislerinin
incelenmesi. Anemon Mus Alparslan Universitesi Sosyal Bilimler Dergisi, 6(STEMES’18), 47-
54,



Research Article

Pamukkale University Faculty of Education, 56: 287-313 [2022]
doi:10.9779.pauefd.1054678

An Investigation on the Effect of STEM Practices on Sixth-Grade Students’ Problem-
Solving Skills, Critical Thinking, and Attitudes Toward STEM"

Sibel ACISLI CELIK™

eReceived: 07.01.2022 eAccepted: 05.04.2022 eOnline First: 05.04.2022

Abstract

This study examines the effects of STEM practices integrated with the 5E learning model in sixth
grades of middle schools on students’ problem-solving skills, critical thinking, and attitudes toward
STEM. In the study, one group pretest-posttest experimental design is applied. The study sample
consists of 20 students enrolled in the sixth grade of a public school in the 2020-2021 academic year.
The application lasted for five weeks and took place in two phases. In the first week of the first phase,
students were taught the LEGO Education Spike Prime Set and coding. In the second stage of the
application, the students did four different activities in groups for four weeks, namely Super Cleanup,
Break Dance, Hoppers Race, and Broken CNC Machine. Problem-Solving Inventory, Critical
Thinking Disposition Scale, and STEM Attitude Scale were used as data collection tools in the
research. The data obtained in the study indicated that STEM practices integrated with the 5E learning
model contributed positively to students' critical thinking skills and attitudes toward STEM. At the
same time, they did not cause a significant difference in students' problem-solving skills, but there was

an increase in their problem-solving skills in general.
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Introduction

In 2001, the concept of STEM was introduced in the United States of America by J. Ramaley, the
education director of the National Science Education (NSF), with the claim that sustainable economic
growth is possible with initiatives in science and technology to raise entrepreneurial and creative
individuals in these fields. STEM is an approach formed by the abbreviations of the initials of the
words Science, Technology, Engineering, and Mathematics (Bybee, 2010; Gonzalez & Kuenzi,
2012; Kennedy & Odell, 2014; Martin-Paez, Aquilera, Perales-Palacios and Gonzales, 2019; MEB,
2016; Yildirim & Selvi, 2018).

STEM is an educational approach realized due to the combination of different learning
approaches (problem-based, project-based, exploratory, and explanatory) in science, technology,
engineering, and mathematics disciplines to solve a problem (Fioriello, 2010). With an
interdisciplinary approach, STEM is defined as an approach to developing knowledge, skills, and
beliefs related to STEM subject areas (Corlu, Capraro, & Capraro, 2014). STEM education can be
expressed as an education that includes effective and high-quality learning and high-level thinking, in
which students try to solve the problems they encounter in their daily lives by using engineering and
design skills and scientific research steps (Akkaya & Benzer, 2020; Baran, Canbazoglu Bilici,
Mesutoglu & Ocak, 2016; Bozkurt-Altan, Yamak, and Bulus-Kirikkaya, 2016; Yildirim and Altun,
2015). These skills, which form the basis of scientific research and the thoughts in the content of
science, are called high-level skills (Bozkurt & Olgun, 2005). High-level thinking skills include critical
thinking, high-level cognitive processes (skills), problem-solving, and creative thinking (Lewis &
Smith, 1993). Critical thinking is a high-level thinking skill, and critical thinking and problem-solving
are intertwined skills (Dewey, 1910). Problem-solving is a skill that requires creative thinking and
critical thinking, that is, the ability of high-level thinking (Erdem & Geng, 2015; Giirleyiirek, 2008).
The development of important skills such as creativity, critical and analytical thinking, problem-
solving, and cooperation expected from individuals in the 21st Century is possible with STEM
education (Akgiindiiz et al., 2015; Bybee, 2010; Capraro & Slough, 2008; Jorgenson, Vanosdall,
Massey & Cleveland, 2014; Morrison, 2006; National Academy of Engineering [NAE] & National
Research Council [NRC], 2009; NAE & NRC, 2014; Wai, Lubinski, & Benbow, 2010). STEM
education positively affects students' problem-solving, finding alternative solutions, and critical
thinking dispositions and enables the development of 21st Century skills (Giindiiz Bahadir & Ozay
Kose, 2021; Ugar, 2019). Problem-solving, creativity, collaborative working, and critical thinking
skills are at the forefront of the skills expected from 21st Century individuals (Kegeci, Alan, & Kirbag-
Zengin, 2017). It is of great importance to raise individuals who can think critically and creatively,
have problem-solving skills, cooperate, follow technological developments and use technology well,
that is, have 21st Century skills. There are studies examining students' problem-solving skills
(Asigigan, 2019; Avan et al., 2019; Bryan, Moore, Johnson, & Roehrig, 2016; Ceylan & Ozdilek,
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2015; Cho & Lee, 2013; Calisici & Benzer, 2021; Dogan, Aydin & Kahraman , 2020; ince, Mistr,

Kiipeli, and Firat, 2018; Lederman and Lederman, 2013; Moore, Johnson, Peter-Burton, and Guzey,
2016; Nagac, 2018; Parno, Yuliati, and Ni'mah, 2019; Pekbay, 2017; Saleh, 2016; Snyder and Snyder,
2008; Topsakal, 2018; Wosu, 2013); critical thinking dispositions (Asikagan, 2019; Avan et al., 2019;
Giilhan & Sahin, 2016; Ozcelik & Akgilindiiz, 2018; Snyder & Snyder, 2008; Topsakal, 2018; Ugar,
2019) and their attitudes toward STEM (Akkaya & Benzer, 2020; Avan et al., 2019; Aydin, Saka and
Guzey, 2017; Baran et al., 2016; Giilhan and Sahin, 2016; Lie, Guzey and Moore, 2019; Ozcan and
Koca, 2019; Pekbay, 2017; Rehmat, 2015; Tseng, Chang, Lou, Chen, 2013; Ugras, 2018). It is
recommended that STEM education be integrated with the 5E learning model so that students can
establish relationships between STEM disciplines and use the information they learn in daily life (Selvi
& Yildirim, 2018). The 5E learning model is a model that reveals the curiosity of students about
learning, responds to their interests and expectations, and allows them to actively use their knowledge
and skills (Bybee, 1997; Ergin, 2006; Martin, 2006). The 5E learning model includes five phases:
Engage, Discovery, Explain, Elaborate, and Evaluate, and is named after the number of phases and
their initials (A¢isli-Celik and Turgut, 2011). The Engage Phase of the model includes participation
in activities and planning of research; the Explore Phase includes the exploration of the subject and
concepts; the Explain Phase includes understanding the subject or concept; the Elaborate Phase
refers to applying conceptual knowledge to new situations, and the Evaluate Phase refers to
evaluating the entire activity process and the achievements in this process (Akdeniz & Keser, 2004).
Using the 5E learning model in STEM education, the student focuses on the subject by researching
and exploring, learns deeply by organizing the information, and transfers the learned information to
new situations (Selvi & Yildirim, 2018). Using the 5E learning model in STEM education, students
are helped to construct their knowledge (Ucar, 2019). The 5E learning model is one of the best ways
to implement STEM education (Selvi & Yildirim, 2018). While applying the 5E learning model in
STEM education, prior knowledge of students is revealed, and their attention is drawn to the subject
in the Engage Phase of the model; the subject is researched in the Discovery Phase; the subject is
understood in the Explain Phase; STEM integration is achieved, and knowledge is applied to new
situations in the Elaborate Phase and the resulting product is evaluated in the Evaluate Phase (Yildirim,
2021). When the studies in the related literature were examined, no study investigated the effects of
STEM practices integrated with the 5E learning model made with robotic coding STEM sets on
students' problem-solving skills, critical thinking, and attitudes toward STEM. In this context, it is
aimed to determine the effect of STEM practices integrated with the 5E learning model on the problem-
solving skills, critical thinking, and attitudes of sixth-grade students toward STEM. For this purpose,

answers to the following questions were sought:

1) Do STEM practices integrated with the 5E learning model affect middle school sixth-

grade students' problem-solving skills?



290 S.Agishi Celik /Pamukkale University Journal of Education, 56, 287-313, 2022
2) Do STEM practices integrated with the 5E learning model affect the critical thinking of

sixth-grade students?

3) Do STEM practices integrated with the 5E learning model affect the attitudes of sixth-grade
students toward STEM?

Method

This study examines the effects of STEM practices integrated with the 5E learning model in sixth-
grades of middle schools on students’ problem-solving skills, critical thinking, and attitudes toward
STEM. The quantitative research method was applied in the study. The one-group pre-test-post-test
model, one of the weak experimental designs, was used. Experimental designs are based on keeping
all other conditions and variables constant except for the independent variable and examining what

kind of effect they have on the individuals in the experimental group (Ross & Morrison, 2004).

The study sample consists of 20 students enrolled in the sixth grade of a public school in the
2020-2021 academic year. The study lasted for five weeks and took place in two phases. In the first
stage of the application, the students were informed about STEM education and the activities to be
done. The robotic coding set they would use during the activities was introduced, and coding training
was given to the students. In the second stage of the application, for four weeks, students in groups of
2 did four different robotic coding activities (Super Cleanup, Break Dance, Hoppers Race, and Broken
CNC Machine) with the LEGO Education Spike Prime Set, one of the robotic coding STEM sets.

The example of the activity is Broken CNC Machine, one of the lesson plan examples of the
STEM activity developed for the Super Cleanup, Break Dance, Hoppers Race, and Broken CNC

Machine activities, which the students made for four weeks in the research, is given below.
Name of the activity: Broken CNC Machine

Goal: To identify possible problems in their design and then fix the problem

Applications During the Engage Phase

In this phase, before starting the activity, to arouse students’ curiosity, it was tried to draw the students'
attention to the activity by asking questions: "What is your first reaction when something breaks? What
do you do first before you fix something? What was the last thing you repaired? How did you find the
problem? What isa CNC machine? Do you know what it's used for?". While the students were
answering the questions, the teacher did not intervene. Afterward, the students were given information

about the activity and watched the video of the activity they would do.
Applications During the Discovery Phase

In this phase, students try to generate ideas to solve a problem and explain and resolve the event. At this

phase, the students are required to make the CNC Machine as a group under the guidance of the teacher;
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1. The materials required for the construction of the CNC Machine were given to the students.

a) Student A: Top of CNC Machine
b) Student B: The bottom and needle of the CNC Machine

2. They built the machine according to the building tips in the manual. The students were reminded that

the machine they built would not work.

Figure 1. CNC Machine construction

3. After the students built the machine, their teacher had them calculate the ratio of the teeth of the
gears in the paper feeder to each other. They were asked to explain how these gears and the ratio they
found to control the speed of the paper entering the CNC.

4. The question “What happens if we change the gears on the CNC machine?” was asked to the
students, and then they were asked to try this situation.

5. Afterwards, the students made and uploaded the program on their computers, accompanied by the
instructor. Afterward, the students ran the program and saw that the machine did not work.

6. A pre-designed and prepared document was given to the students so that they could more easily
understand whether the machine they built was working or not. Students were asked to operate the
machine by placing the document on the machine. When the students started the machine, they saw
that it did not work. At this stage, as a tip to the students, “The CNC Machine is supposed to help you
cut the parts, but your machine does not work. It is said that there is something wrong, but the problem

is not in the program but the machine.
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Figure 2. CNC Machine

Applications During the Explain Phase

The students were encouraged to talk about the problems and possible solutions they saw in the CNC
Machine and the program they made through their experiences. The students discussed the issues of
the CNC machine with their group mates and wrote their possible solutions on the activity sheet.
Meanwhile, the groups were asked to take pictures or videos of the problems they found and document
their repairs. The teacher encouraged the students to do research and ask questions to eliminate the
issues of the machine that did not work.

Four problems need to be fixed for the CNC machine to function properly, which students are expected
to find:

1. The Y-axis does not work properly because the paper feeder has no wheels.
2. The top of the CNC machine is not properly connected to the bottom.
3. Paper enters the CNC very quickly because the paper feeder gears are turned inwards.

4. The X-axis does not work properly because the pencil carrier is not attached.

Figure 3. CNC Machine problems and possible solutions
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Applications During The Elaborate Phase

Each group was first asked to improve their CNC Machines by changing the machines and programs
they made in this phase. Each group was asked to prepare a troubleshooting guide containing the
improvements they made to their machines and share it with their other classmates. Afterward, each

group placed the paper given to them in the printer they repaired and printed it.

Students were asked to make three improvements to their CNC machines after repairing them

at this phase.

1. Students were asked to improve their CNC machine by adding a color sensor to their machine to

create an automatic paper feeder.

2. Students were asked to draw complex shapes, including curves, with their machines.
3. The students were asked to make a program to reset their machine's motor position.
Applications During the Evaluate Phase

At this phase, each group was given feedback on their performance by the teacher. Students are
expected to conclude by evaluating their newly acquired knowledge in the evaluation phase. At this
stage, the teacher first asked the students questions about the subject to understand whether the students
learned the subject or not, and then gave feedback to the students in each group in the light of the
information they learned during the application and finished the subject.

There are photos from the Super Cleanup, Break Dance, Hoppers Race, and Broken CNC

Machine activities carried out in the study.

Figure 4. Break dance activity
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Figure 7. Broken CNC machine activity

Study Group

The research study group consisted of 20 students studying in the sixth grade of middle school in two
branches of a state middle school in the city center of Artvin in the 2020-2021 academic year and
voluntarily participated in the study. Since the study takes five weeks and must be done outside of the
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classroom, the main criterion for determining the study group is their interest in the study and their

volunteering. The research was carried out with a single group. It has been stated that choosing the
single-group experimental design in studies where a new activity process is developed and applied
would be more appropriate for the nature of the research (Creswell, 2014). Ten of the students

participating in the study are girls, and 10 are boys.
Data Collection Tools

Problem-Solving Inventory, Critical Thinking Disposition Scale, and STEM Attitude Scale were used

as data collection tools in the research.
Problem-Solving Inventory

The 5-point Likert-type scale developed by Serin, Serin Bulut, and Saygili (2010) in the study was
used in the problem-solving inventory that measures the individual's self-perception of problem-
solving skills and included statements are; Never (1), Rarely (2), Sometimes (3), Often (4), Always
(5). Confidence in Problem-Solving Skills factor of the scale consists of 12 items (1, 3, 5, 7, 11, 13,
15,17, 19, 21, 23); The Self-Control factor consists of 7 items (2, 4, 6, 8, 10, 12, 14) and the Avoidance
factor consists of 5 items (16, 18, 20, 22, 24) and the Cronbach’s Alpha reliability coefficient of the
entire scale was found to be 0,80. In this study, Cronbach's Alpha reliability coefficient for the
reliability of the problem-solving scale was found to be 0.944.

STEM Attitude Scale

The STEM attitude scale, which was developed by Faber et al. (2013) and translated into Turkish by
Yildirim and Selvi (2015), measures students' attitudes toward STEM and consists of 37 items and
four sub-dimensions. The scale is a 5-point Likert type scale as; Strongly Agree (5), Agree (4), Neutral
(3), Disagree (2), and Strongly Disagree (1). The reliability coefficient of the sub-dimensions of the
scale is between 0.86-and 0.89. In this study, the Cronbach's Alpha reliability coefficient for the STEM
attitude scale was 0.921. Mathematics sub-dimension consists of (1, 2, 3, 4, 5, 6, 7, 8) items; Science
sub-dimension consists of (9, 10, 11, 12, 13, 14, 15, 16, 17) items; Engineering and Technology sub-
dimensions consist of (18, 19, 20, 21, 22, 23, 24, 25, 26) and 21st Century Skills sub-dimension
consists of (27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37) items.

Critical Thinking Disposition Scale

The critical thinking disposition scale was developed by Ertag-Kili¢ and Sen (2014) and consisted of
25 items in a 5-point Likert type scale and a total of 3 sub-dimensions: participation, cognitive maturity
and innovativeness. Participation sub-dimension consists of 11 items (2, 3, 5, 7, 8, 9, 13, 16, 17, 18,
21), cognitive maturity sub-dimension consists of 7 items (1, 12, 15, 19, 23, 24, 25) and the
innovativeness sub-dimension consists of 7 items (4, 6, 10, 11, 14, 20, 22). In this study, the Cronbach'’s

Alpha reliability coefficient of the Critical Thinking Disposition scale was 0.9009.
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Analysis of Data

The data obtained from the research were evaluated with the SPSS 22.0 statistical program. Frequency
and percentage analyzes were used to determine the descriptive characteristics of the participants, and
mean and standard deviation statistics were used to analyze the scale. The Kurtosis and Skewness

values and the Shapiro-Wilk Test significance level results are given in Table 1 to determine whether

the research data show a normal distribution.

Table 1. Skewness-Kurtosis Values of Scores and Shapiro-Wilk Test Significance Result

) ) o ) Shapiro-
Sub-dimension  Application N Kurtosis ~ Skewness ]
Wilk
Scale
Ist. p
Confidence in Pretest 20 -0,516 0,270 967 ,695
Problem
Solving Ability Posttest 20 0,474 -0,809 922 109
Pretest 20 -0,877 0,222 951 385
Self-Control
Problem Posttest 20 -0,734 0,528 926,130
Solving
Pretest 20 -0,156 0,203 977 ,895
Avoidance
Posttest 20 -0,252 0,208 975 ,848
Problem Pretest 20 -0,870 -0,346 957 484
Solving Total ot 20 0527 0166 973 809
Pretest 20 0,742 -0,200 955 446
Mathematics
Posttest 20 0,844 0,974 ;741,000
STEM _ Pretest 20 -0,002 -0,512 967 ,682
] Science
Attitude Posttest 20 0935  -1113 851 005
. . Pretest 20 0,465 -1,032 893 031
Engineering
and Technology ot 20 -0233  -1001 855 006
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21st Century Pretest 20 -0,556 -0,473 949 346
Skills Posttest 20 -0354  -0589 948 336
STEM Pretest 20 -0,816 -0,376 955 445
Attitude Total - o oot 20 -0546  -0570 936 201
Pretest 20 0542  -1030 894 032
Participation
Posttest 20 1,051  -1011 924 119
Cognitive Pretest 20 0854  -0599 951 383
N Maturity Posttest 20 -0691 0395 956 476
Critical
Thinking Pretest 20 0,863 -0,925 915 078
Disposition Innovativeness
Posttest 20 -0856  -0420 950 364
Critical Pretest 20 1265  -00900 924 118
Thinking
Disposition Posttest 20 -0338  -0610 942 266
Total

When Table 1 is examined, Shapiro-Wilk test results of pretest-posttest data of problem-
solving inventory and its sub-dimensions, STEM attitude scale and sub-dimensions, critical thinking
disposition scale, and sub-dimensions are shown. In the literature, it is accepted as a normal
distribution that the kurtosis skewness values of the variables are between +1.5 and -1.5 (Tabachnick
& Fidell, 2013), +2.0, and -2.0 (George & Mallery, 2010). If the variable’s variance is unknown, t-
distribution is used, and if the population does not show a normal distribution, non-parametric tests
are applied (Field, 2009, p.42, 45, 345). The analyzes were continued by assuming that the distribution
was expected since it was at a sufficient level as a sample according to the law of large numbers and
the central limit theorem (Harwiki, 2013, p.879; Inal and Glinay, 2013; Johnson and Wichern, 2014).

The difference between repetitive measurements was analyzed with the paired samples t-test.
Cohen(d) and Eta squared(n2) coefficients were used to calculate the effect size. The effect size
indicates whether the difference between the groups is large enough to be considered significant.
Cohen value 0.2: small; 0.5: medium; 0.8: large, eta-squared value 0.01: small; 0.06: medium; 0.14: is

considered as large (Biiyiikoztiirk et al., 2018).
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Results

In this section, the findings obtained from the analysis of the data collected through the scales from
the students participating in the research for the solution of the research problem are presented.
Problem-Solving Inventory, Critical Thinking Disposition Scale, and STEM Attitude Scale were
applied as a pre-test before the application. When the applications were finished, the scales were scaled
to determine the effect of STEM practices integrated with the 5E learning model in sixth-grades of
middle schools on students’ problem-solving skills, critical thinking, and attitudes toward STEM. It

was applied as a post-test, and the data obtained are presented below.

The results after the analysis were conducted to determine whether there is a significant

difference between the pre-test and post-test for problem-solving skills are given in Table 2.

Table 2. Comparison of Problem-Solving Inventory Pre-Test-Post-Test Scores

Pre-Test Post-Test
Measurements N t p
Avg SD Avg SD

Problem-Solving Total 70.250 5.875 72100 10.548 20 -1,043 0,310

Confidence in Problem-Solving Skills 41,400 5,753 43,350 6,945 20 -1,538 0,141

Self-Control 14,600 3,185 14,050 4915 20 0,845 0,409

Avoidance 10,350 3,014 10,600 3,500 20 -0,483 0,635

When Table 2 is examined, the increase in the total post-test value of the problem-solving
inventory (x=72,100) was not found significant (p>.05) compared to the total pretest value of the
problem-solving inventory (Xx=70,250). Confidence in problem-solving skills pretest value (x=41,400)
was not found to be significant (p>.05). The decrease in the self-control post-test value (Xx=14.050)
compared to the self-control pre-test value (x=14.600) was not found significant (p>.05). The increase
in the avoidance post-test value (Xx=10.600) compared to the avoidance pretest value (x=10.350) was

not significant (p>.05).

The post-analysis results are given in Table 3 to determine whether there is a significant
difference between the attitude toward STEM pre-test and the attitude toward STEM post-test.

Table 3. Comparison of STEM Attitude Scale Pre-Test-Post-Test Scores

Measurements Pre-Test Post-Test N t p
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Avg SD Avg SD
STEM 137,200 15713 149,800 15710 20 -7,703 0,000
Mathematics 25600 2,303 27,950 2,800 20 -3409 0,003
Science 33550 4651 36,700 4714 20 -4336 0,000
$23:;Z‘i233 nd 34700 4680 38700 581 20 -6203 0,000
21st Century Skills 43350 6499 46450 6337 20 5715 0,000

When Table 3 is examined, the increase in the total post-test value of the STEM attitude scale
(x=149,800) compared to the total pretest value of the STEM attitude scale (x=137,200) was found to
be significant (t=-7,703; p=.000<.05; d=-1.722; n2=0.757). The increase in the mathematics sub-
dimension post-test value (x=27.950) compared to the mathematics sub-dimension pre-test value
(x=25.600) was found to be significant (t=-3.409; p=.003<.05; d=-0.762; n2=0.380). The increase in
the science sub-dimension post-test value (Xx=36.700) compared to the science sub-dimension pre-test
value (x=33.550) was significant (t=-4.336; p=.000<.05; d=-0.970; n2=0.497). The increase in the
engineering and technology sub-dimension post-test value (x=38.700) compared to the engineering
and technology sub-dimension pre-test value (x=34.700) was found to be significant (t=-6.203;
p=.000<.05; d=-1.387; n2 =0.669). The increase in the post-test value of the 21st Century abilities sub-
dimension (Xx=46.450) compared to the pre-test value of the 21st Century abilities sub-dimension
(x=43.350) was found to be significant (t=-5.715; p=.000<.05; d=-1.278; n2=0.632).

The results after the analysis were conducted to determine whether there is a significant
difference between the students' critical thinking disposition pre-test scores and their critical thinking

disposition post-test scores are given in Table 4.

Table 4. Comparison of Pretest-Posttest Scores of the Critical Thinking Disposition Scale

Pre-Test Post-Test
Measurements N t p
Avg SD Avg SD
Critical Thinking Disposition 90,700 15,256 107,150 11,490 20 -7,332 0,000
Participation 39,650 6,862 47,100 5088 20 -6,750 0,000

Cognitive Maturity 25,900 4,459 29,900 3,194 20 -6,409 0,000




300 S.Agishi Celik /Pamukkale University Journal of Education, 56, 287-313, 2022

Innovativeness 59,850 7,485 64,850 7,242 20 -6,189 0,000

When Table 4 is examined, the increase in the total post-test value of the critical thinking
disposition scale (x=107.150) compared to the total pre-test value of the critical thinking disposition
scale (x=90,700) was found to be significant (t=-7.332; p=.000<.05; d=-1,639; 12=0.739). The
increase in the participation sub-dimension post-test value (x=47.100) compared to the pre-test value
of the participation sub-dimension (x=39.650) was found to be significant (t=-6.750; p=.000<.05; d=-
1.509; n2=0.706). The increase in the cognitive maturity sub-dimension post-test value (x=29.900)
compared to the cognitive maturity sub-dimension pre-test value (x=25.900) was found to be
significant (t=-6.409; p=.000<.05; d=-1.433; n2=0.684). The increase in the innovativeness sub-
dimension post-test value (Xx=64.850) compared to the innovativeness sub-dimension pre-test value
(x=59.850) was found to be significant (t=-6.189; p=0.000<0.05; d=-1.384; n2=0.668).

Discussion and Conclusion

The research examined the effect of STEM practices integrated with the 5E learning model on sixth-
grade students' problem-solving skills, critical thinking, and attitudes toward STEM. From the analysis
of the data obtained from the research, although there is no significant difference in improving the
problem-solving skills of sixth-grade students in STEM practices integrated with the 5E learning
model, it was determined that there was a general increase in the problem-solving skills of the students
when the arithmetic averages were examined. The fact that STEM practices did not make a significant
difference in the students' problem-solving skills maybe because the students' problem-solving skills
were at a reasonable level before the study or the measurement tool that measures the problem-solving
skills did not measure the desired level. In the research, it is thought that the students' encountering
various problems while doing the activities, identifying the problems, offering solutions to these
problems by doing research, and trying their solutions contribute to the development of their problem-
solving skills, that is, the activities carried out positively affect the students' perceptions of their
problem-solving skills. This situation can be interpreted as STEM practices that are beneficial for
students to develop their problem-solving skills. In this context, the research results in the literature
that STEM practices improve students' problem-solving skills support this research (Avan et al., 2019;
Ince et al., 2018; Nagag, 2018). In this context, the result contradicts some research results in the
literature (Ceylan, 2014; Kurt, 2019; Sahin, Ayar & Adigiizel, 2014). Similarly, Asikagan (2019)
stated that gamified STEM applications contributed positively to the critical thinking disposition of
primary school students. Nagac (2018) indicated that STEM applications in the teaching of the Matter

and Heat unit do not affect the problem-solving skills of sixth-grade students.

In the study, a significant increase was found in the attitudes of sixth-grade students toward

STEM in STEM practices integrated with the 5E learning model. It shows that the activities carried
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out in this context positively contribute to students' attitudes toward STEM. The results of many studies

in the literature that show that STEM practices contribute positively to students' attitudes toward
STEM support this research (Akin, 2019; Akkaya and Benzer, 2020; Avan et al., 2019; Aydin et al.,
2017; Ceylan, 2014; Giilhan and Sahin, 2016; Hayden, 2011; Lou, Shih, Diez, and Tseng, 2011;
Karisan and Yurdakul, 2017; Kurt, 2019; Ozcan and Koca, 2019; Yamak, Bulut, and Diindar, 2014;
Yildirim, 2018; Yildirim and Selvi, 2016). In addition, a significant increase was found in the STEM
attitude scale regarding attitudes toward STEM in the sub-dimensions of science, mathematics, 21st
Century skills, and engineering and technology. In a similar study, Baran et al. (2016) investigated
secondary school students' attitudes toward STEM using the design cycle. As a result of their studies,
they stated that students exhibited a positive attitude. Aydin et al. (2017) determined that the STEM
attitude levels of primary school 4th and 8th-grade students were at the level of “Agree.” Lou et al.
(2011) found that the adaptation of problem-based learning to STEM education improved 10th-grade
students' positive attitudes toward STEM.

It has been observed that STEM practices integrated with the 5E learning model positively
affect students' critical thinking skills, as students approach the problems they encounter in a solution-
oriented manner with critical thinking skills in STEM practices integrated with the 5E learning model.
It was determined that STEM practices developed students' critical thinking skills in the scale's
participation, cognitive maturity, and innovativeness sub-dimensions. In this context, it can be
interpreted that STEM practices integrated with the 5E learning model contribute significantly to
developing students' critical thinking skills. The results of many studies in the literature that STEM
practices improve students' critical thinking skills support this research (Acar, 2018; Avan et al., 2019).
When the related literature is examined, Snyder and Snyder (2008) stated that collaborative activities
in which students are more actively involved improve their problem-solving and critical thinking skills.
Ugar (2019) found that STEM activities supported by argumentation contributed to the development
of students' critical thinking skills. Ozcelik and Akgiindiiz (2018) stated that STEM activities with
gifted students contributed to the development of 21st Century skills such as critical thinking,
creativity, cooperation, and communication. Hacioglu and Giilhan (2021) stated that STEM education

positively affects secondary school students' critical thinking dispositions and STEM perceptions.
Suggestions

This study investigated the effect of STEM practices integrated with the 5E learning model on middle
school sixth-grade students' problem-solving skills, critical thinking, and attitudes toward STEM.

Following the analysis of the data obtained for the research, the following suggestions can be made:

e The number of qualitative and quantitative studies with different variables of STEM

applications integrated with the 5E learning model on other subjects can be increased.
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o In future studies, it can be investigated how the effect of STEM practices integrated with the

5E learning model is effective on permanence.

e This research was conducted with middle school sixth-grade students. The effects of STEM
practices integrated with the 5E learning model at different grade levels on academic
achievement, problem-solving skills and critical thinking skills, and STEM attitudes can be

examined.
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