BOLUM 1

TASARIM TEMELLI STEM
ETKINLIKLERININ ORTAOKUL
OGRENCILERININ MUHENDISLIK BILGI
DUZEYINE ETKISININ INCELENMESI

Emine KAHRAMAN'
Alev DOGAN?

GIRIS

Egitim hareketlerinde, 6grencilere kiigiik yaslardan itibaren inovasyon yeterlik-
leri kazandirmak ve onlar1 mithendislik disipliniyle tanistirmak 6nemli bir yer
tutmaktadir. Bunun nedeni, toplumun ihtiyaglarinin yaninda, ¢agin gereksinim-
lerine de cevap verebilen farkli becerilerle donatilmus tiretici bireylere duyulan
gereksinimdir. 21. ytizyil becerileri olarak belirlenen bu beceriler arasinda; ya-
raticilik, elestirel diisiinme, iletisim, problem ¢6zme, isbirligi, esneklik, 6z yone-
tim, sosyal beceriler gibi beceriler yer almaktadir (Giirol, 1995; Kylonen, 2012;
Partnership for 21st Century Skills, 2022). Bireylerin sahip olmasi gereken bu
beceriler arasinda ozellikle yenilikgi tiriin tasarimi igin gerekli olan yaraticilik,
elestirel ve analitik diisiinme, problemlere ¢6ziim tiretme gibi iist diizey diisiin-
me becerileri 6ne ¢ikmaktadir (Atl, 2019; Kylonen, 2012; National Research
Council (NRC), 2012; Partnership for 21st Century Learning, 2022).

Teknoloji, bireylerin yenilik¢i bir @iriin tasarimi i¢in bilimi ve mithendisligi
birlestirir (Dugger Jr, 2003; Giinay, 2001). Bunun kanit1 olarak teknolojik {iriinle-
rin iiretim siireci 6rnek olarak verilebilir. Teknolojik tiriinlerin olugum siirecinde,
mithendislikte kullanilan teknik bilgiler ve becerilerle birlikte, bilimsel yontemler
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Tai, 2011). Ayrica, yapilan ¢aligmalarda tasarim temelli etkinliklerinin 6grenci-
lerin soyut bilgileri somutlastirdig1 ve kavram 6gretiminde etkili oldugu tespit
edilmistir (Lemons vd., 2010; Moore vd., 2013). Bununla birlikte miithendislik
tasarim siirecinde 6grenci problemlere ¢oztimler iiretirken ¢oklu ve disiplinler
arasi bir bakis agisiyla yaklastig1 i¢in fen, matematik ve teknolojik alanlara yone-
lik iist diizey becerileri de gelisir (Bozkurt Altan & Karahan, 2019; Householder
& Hailey, 2012; Moore vd., 2013).

Calisma, arastirma kapsaminda yapilan etkinliklerle ve uygulamanin yapil-
dig1 ortaokul 6grencileriyle sinirlandirilmigtir. Daha fazla 6grenciyle veya farkli
orneklem gruplarinda da benzer galismalarin yapilmasi alana katki saglayacaktir.
Bu aragtirma kapsaminda yapilan etkinlikler sinif ortaminda ger¢eklestirilmis
ve siif ortami uygulama siireci boyunca etkinliklere uygun olarak diizenlen-
mistir. Ancak, STEM etkinliklerinin kolaylikla uygulanabilmesi ve 6grencilerin
grup ¢alismalari i¢in uygun ortamlarin diizenlenmesi gerektigi de diger 6nemli
bir unsurdur. Bu kapsamda, STEM etkinliklerinin uygulanmasi igin okullarda
atolye veya laboratuvarlar bu kapsamda diizenlenebilir. Boylelikle, 6grencilerin
kendi tasarimlarini ve iiriinlerini olusturabilecegi ortamlar saglanabilir.

Aragtirmanin sonuglar1 dikkate alindiginda; 6grencilerin 6gretim siirecin-
de aktif olarak yer alacagi, karsilarina ¢ikan problemlere cesitli ¢6ziim yollar:
onermeye imkan verilen, hayal etme yeteneklerini kullanabilecekleri 6zgiin ve
yenilikgi tasarimlar yapabilecegi ve yaraticiliklarini sergileyebilecegi 6gretim or-
tamlarina ihtiyag oldugu diistiniilmektedir. Ayrica, 6gretim siirecinde yapilan et-
kinliklerin farkli disiplinlerle birlestirilmesi ve giinliik yasamla iligkilendirilerek
uygulanmasi da son derece 6nemlidir.

KAYNAKLAR

Aronin, S. & Floyd, K. K. (2013). Using an iPad in inclusive preschool classrooms to int-
roduce STEM concepts. Teaching Exceptional Children, 45(4), 34-39.

Asunda, P. A. (2012). Standards for technological literacy and STEM education delivery
through career and technical education programs. Journal of Technology Education,
23(2), 44-60.

Astronomi Diyar1. (2016). Galileonun teleskobu. (1/05/2018 tarihinde http://www.astro-
nomidiyari.com/yazi/galileonun-teleskopu/ adresinden ulagilmstir).

Atl, K. (2019). Biyoloji dersi 6gretim programinin 21. yiizyil becerilerinden yaraticilik
becerisi agisindan degerlendirilmesi. Anadolu Ogretmen Dergisi, 3(1), 85-104.
Atman, C,, Eris, O., McDonnell, J., Cardella, M. E. & Borgford-Parnell, J. L. (2014). Engi-

neering design education. Aditya Johri & Barbara M. Olds (Ed.), Cambridge hand-



162 | Fen Egitimi Aragtirmalarina Guincel Bakis - 111

book of engineering education research iginde (s. 201-225). New York, NY: Cambri-
dge University Press.

Aydin, G., Saka, M. & Guzey, S. (2018). 4-5-6-7. ve 8. Siif Ogrencileri I¢in Mithendislik
Bilgi Diizeyi Olgegi. ilkogretim Online, 17(2), 750-768.

Bakirci, H. & Kutlu, E. (2018). Fen bilimleri 6gretmenlerinin FeTeMM yaklagimi hak-
kindaki goriislerinin belirlenmesi. Tiirk Bilgisayar ve Matematik Egitimi Dergisi,
9(2), 367- 389.

Baran, E., Canbazoglu Bilici, S. & Mesutoglu, C. (2015). Fen, teknoloji, mithendislik ve
matematik (FeTeMM) spotu gelistirme etkinligi. Arastirma Temelli Etkinlik Dergisi
(ATED), 5(2), 60-69.

Bell, P, Lewenstein, B., Shouse, A. W. & Feder, M. A. (2009). Learning science in informal
environments: People, places, and pursuits. Washington, DC: National Academies
Press.

Bozkurt Altan, E. & Karahan, E. (2019). Tasarim temelli fen egitimine yonelik 6grenci ve
ogretmen degerlendirmeleri: Is1 yalitimi iilke kazanimu etkinligi. [lkdgretim Online
(elektronik), 18(3), 1345-1366.

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

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

Bybee, R. W. (2011). Scientific and engineering practices in K-12 classrooms: Unders-
tanding a framework for K-12 science education. The Science Teacher, 78(9), 34-40.

Cantrell, P, Pekcan, G., Itani, A. & Velasquez-Bryant, N. (2006). The effects of engine-
ering modules of student learning in middle school science classrooms. Journal of
Engineering Education, 95(4), 301-309.

Ceylan, S. (2014). Ortaokul fen bilimleri dersindeki asitler ve bazlar konusunda fen, tek-
noloji, miithendislik ve matematik yaklasimu ile 6gretim tasarimi hazirlanmasina yo-
nelik bir calisma. Yiiksek lisans tezi, Uludag Universitesi Egitim Bilimleri Enstitiisii,
Bursa.

Chesloff, J. D. (2013). STEM education must start in early childhood. Education
Week, 32(23), 27-32.

Cunningham, C. M. & Hester, K. (2007). Engineering is elementary: An engineering
and technology curriculum for children. ASEE Annual Conference and Exposition,
Haziran, Honolulu, (pp. 12-639).

Cavas, B., Bulut, C., Holbrook, J. & Rannikmae, M. (2013). Fen egitimine miihendislik
odakli bir yaklasim: ENGINEER projesi ve uygulamalari. Fen Bilimleri Ogretimi
Dergisi, 1(1), 12-22.

Dabney, K., Almarode, J., Tai, R. H., Sadler, P. M., Sonnert, G., Miller, J., ... & Hazari, Z.
(2012). Out of school time science activities and their association with career inte-
rest in STEM. International Journal of Science Education, Part-B, 2(1), 63-79.

Daugherty, M. K. (2009). The “T” and “E” in STEM. ITEEA (Ed.), The Overlooked STEM
Imperatives: Technology and Engineering i¢inde (s. 18-25). Reston, VA: ITEEA.

DeJarnette, N. K. (2012). America’s children: providing early exposure to STEM (science,
technology, engineering and math) initiatives. Education, 133(1), 77-84.



Tasarim Temelli Stem Etkinliklerinin Ortaokul Ogrencilerinin Miihendislik
Bilgi Duzeyine Etkisinin Incelenmesi | 163

Dugger Jr, W. E. (2003). The relationship between technology, science, engineering, and
mathematics. Annual Conference of the American Vocational Association, Aralik,
Nashville.

Dugger, E. W. (2010). Evolution of STEM in the United States. 6th Biennial Internatio-
nal Conference on Technology Education Research, Aralik, Gold Coast, Queensland,
Australia.

English, L. D., King, D. & Smeed, J. (2017). Advancing integrated STEM learning throu-
gh engineering design: Sixth-grade students’ design and construction of earthquake
resistant buildings. The Journal of Educational Research, 110(3), 255-271.

Ercan, S. (2014). Fen egitiminde miihendislik uygulamalarinin kullanimi: Tasarim temelli
fen egitimi. Doktora tezi, Marmara Universitesi Egitim Bilimleri Enstitiisii, Istanbul.

Gerlach, J. W. (2010). Elementary design challenges: Fifth-grade students emulate NASA
aerospace engineers as they design and build Styrofoam and paper clip planes.
Science & Children, 47(7), 43-47.

Gonzalez, H. B. & Kuenzi, J. J. (2012). Science, technology, engineering, and mathemati-
cs (STEM) education: A primer. Washington: DC, Congressional Research Service,
Library of Congress.

Giilhan, F. & Sahin, E (2016). The effects of science-technology-engineering-math
(STEM) integration on 5th grade students’ perceptions and attitudes towards these
areas. International Journal of Human Science, 13(1), 602-620.

Giinay, D. (2001). Mithendislik, teknoloji ve tarih. Mimar ve Miihendis Dergisi, 30, 6-14.

Giindogdu, E K. (2019). Ortaokul 8. sinif fen bilimleri dersindeki “yasamimizdaki elekt-
rik” konusunda STEM yaklasimi ile 6gretim tasarimi hazirlanmasi ve uygulanmasi.
Yiiksek lisans tezi, Gazi Universitesi Egitim Bilimleri Enstitiisii, Ankara.

Giirol, M. (1995). Bilgi toplumunun egitim sistemi ve bu sisteme egiticilerin yetistiril-
mesi. 1. Sistem Miihendisligi ve Savunma Uygulamalar: Sempozyumu, 12-13 Ekim,
Kara Harp Okulu, Ankara.

Hartzler, D. S. (2000). A meta-analysis of studies conducted on integrated curriculum prog-
rams and their effects on student achievement. Doktora tezi, Indiana Universitesi,
USA.

Harwell, M., Moreno, M., Phillips, A., Guzey, S. S., Moore, T. ]. & Roehrig, G. H. (2015).
A study of STEM assessments in engineering, science, and mathematics for elemen-
tary and middle school students. School Science and Mathematics, 115(2), 66-74.

Hernandez, P. R., Bodin, R., Elliott, J. W.,, Ibrahim, B., Rambo-Hernandez, K. E., Chen,
T. W. & Miranda, M. A. (2014). Connecting the STEM dots: measuring the effect
of an integrated engineering design intervention. International Journal Technology
Design Education, 24, 107-120.

Householder, D. L. & Hailey, C. E. (Eds.). (2012). Incorporating engineering designchallen-
ges into STEM courses. Engineering & Technology Education, (13/01/2022 tarihin-
de http://ncete.org/ ash/pdfs/NCETECaucusReport.pdf adresinden ulagilmistir).

Hynes, M., Portsmore, M., Dare, E., Milto, E., Rogers, C. & Hammer, D. (2011). Infusing
engineering design into high school STEM courses. (13/10/2029 tarihinde https://di-
gitalcommons.usu.edu/cgi/viewcontent.cgi?article=1165&context=ncete_publica-
tions adresinden ulagilmistir).



164 | Fen Egitimi Aragtirmalarina Guincel Bakis - 111

Jones, V. (2013). STEM design literacy strategy: Capture natural curiosity. Children’s Te-
chnology & Engineering, 18(1), 28-31.

Kahraman, E. (2021). STEM egitiminin ortaokul 6grencilerinin STEM mesleklerine yo-
nelik ilgilerine, bilimsel yaraticiliklarina ve fen 6grenmeye yonelik motivasyonlarina
etkisinin arastirilmast. Doktora tezi, Gazi Universitesi Egitim Bilimleri Enstitiisi,
Ankara.

Kang, M., Kim, J. & Kim, Y. (2013). Learning outcomes of the teacher training program
for steam education. Korean Journal of the Learning Sciences, 7(2), 18-28.

Katehi, L., Pearson, G. & Feder, M. (2009). Engineering in K-12 education: Understan-
ding the status and improving the prospectus. Washington, DC: National Academies
Press.

Knezek, G., Christensen, R. & Tyler-Wood, T. (2011). Contrasts in teacher and student
perceptions of STEM content and careers. Contemporary Issues in Technology and
Teacher Education, 11(1), 92-117.

Kolodner, J. L., Camp, P. J., Crismond, D., Fasse, B., Gray, J., Holbrook, J., ... & Ryan, M.
(2003). Problem-based learning meets case-based reasoning in the middle-school
science classroom: Putting learning by design (tm) into practice. The journal of the
learning sciences, 12(4), 495-547.

Kuvag, M. & Kog Sary, I. (2018). E-STEM STEM oOgretmenleri icin ¢evre konularina yone-
lik ortaokul etkinlik kitabi. Ankara: An1 Yayincilik.

Kylonen, P. C. (2012). Measurement of 21st century skills within the common core state
standards. Invitational Research Symposium on Technology Enhanced Assessments,
May 7-8.

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.

Lemons, G., Carberry, A., Swan, C., Jarvin, L. & Rogers, C. (2010). The benefits of model
building in teaching engineering design. Design Studies, 31(3), 288-309.

Little, R., Poth, R., Gilbert, R. & Barger, M. (2005). Adapting the engineering design
process for elementary education applications. Adapting The Engineering Design
Process For Elementary Education Applications, Haziran, Portland, Oregon.

Maltese, A. V. & Tai, R. H. (2011). Pipeline persistence: Examining the association of
educational experiences with earned degrees in STEM among US students. Science
Education, 95(5), 877-907.

Marulcu, 1. & Sungur, K. (2012). Fen bilgisi 6gretmen adaylarinin miihendis ve miihen-
dislik algilarinin ve yontem olarak mithendislik-dizayna bakis acilarinin incelen-
mesi. Afyon Kocatepe Universitesi Fen Bilimleri Dergisi, 12(1), 13-23.

Martin Péez, T., Aguilera, D., Perales-Palacios, E. J. & Vilchez-Gonzélez, ]. M. (2019).
What are we talking about when we talk about STEM education? A review of litera-
ture. Science Education, 103(4), 799-822.

Martinello, M. L. (2000). Interdisciplinary inquiry in teaching and learning. Upper Saddle
River: Gillian E. Cook.

MDOE. Massachusetts Department of Education. (2010). Technology/engineering con-
cept and skill progression. (13/02/2020 tarihinde http://westonk5science.pbworks.
com/f/TechnologyEngineering.doc adresinden ulagilmigtir).



Tasarim Temelli Stem Etkinliklerinin Ortaokul Ogrencilerinin Miihendislik
Bilgi Duizeyine Etkisinin Incelenmesi | 165

MEB. (2018a). Bilim uygulamalar: dersi 6gretim programi (ortaokul ve imam hatip okulu
5, 6, 7 ve 8. siniflar). Ankara: Milli Egitim Bakanlig1 Yaynlar1.

MEB. (2018b). Fen bilimleri dersi 6gretim programi (Ilkokul ve ortaokul 3, 4, 5, 6, 7 ve 8.
siniflar). Ankara: Milli Egitim Bakanlig1 Yayinlari.

Mentzer, N. (2011). High school engineering and technology education integration th-
rough design challenges. Journal of STEM Teacher Education, 48(2), 103-136.
Morrison, J. (2006). TIES STEM education monograph series attributes of STEM educa-
tion: The student, the school, the classroom. TIES (Teaching Institute for Excellence

in STEM), 20, 1-20.

Moore, T. J., Tank, K. M., Glancy, A. W,, Kersten, J. A. & Stohlmann, M. S. (2013). “A
framework for implementing engineering standards in K-12”. 2013 Annual Meeting
of the Association of Science Teacher Educators, Charleston, South Carolina.

NAE. National Academy of Engineering. (2010a). Engineering in K-12 education: Un-
derstanding the status and improving the prospect. Washington, DC: National Aca-
demies Press.

Niess, M. L. (2005). Preparing teachers to teach science and mathematics with techno-
logy: Developing a technology pedagogical content knowledge. Teaching and Teac-
her Education, 21, 509-523.

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

NRC. National Research Council. (2012). A Framework for K-12 science education: Pra-
ctices, crosscutting concepts, and core ideas. Washington, DC: The National Acade-
mies Press.

Partnership for 21st Century Learning. (2022). Framework for 21st century learning. 2
Mart 2020 tarihinde https://www.battelleforkids.org/networks/p21/frameworks-re-
sources sayfasindan erisilmistir.

Pekbay, C. (2017). Fen teknoloji miihendislik matematik etkinliklerinin ortaokul 6grenci-
leri iizerindeki etkileri. Doktora tezi, Hacettepe Universitesi Egitim Bilimleri Ensti-
tiisii, Ankara.

Perkins, D. N. (1994). The intelligent eye. Santa Monica, CA: The Getty Center for Edu-
cation in the Arts.

Reeve, E. M. (2015). STEM thinking!. Technology and Engineering Teacher, 74(4), 8-16.

Rockland, R., Bloom, D. S., Carpinelli, J., Burr-Alexander, L., Hirsch, L. S. & Kimmel, H.
(2010). Advancing the “E” in K-12 STEM education. Journal of Technology Studies,
36(1), 53-64.

Roehrig, G., 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.

Sargianis, K., Sylvia, ]. & Chandler, J. (2014). Green engineering in the elementary classro-
om. (19/12/2019 tarihinde http://eeweek.org/sites/default/files/EiIEWebinar_slides.
pdf adresinden ulagilmistir).

Science Fair Central. (2018a). Companies need to “think outside the box” when it comes
to packaging design. (10/01/2019 tarihinde http://www.sciencefaircentral.com/sites/



166 | Fen Egitimi Aragtirmalarina Guincel Bakis - 111

default/files/activities/home-depot-maker-corner-designed-delivery.pdf ~adresin-
den ulagilmistir).

Science Fair Central. (2018b). Lemon powered. (20/01/2019 tarihinde https://www.
sciencefaircentral.com/sites/default/files/activities/home-depot-maker-corner-le-
mon-powered_0.pdf adresinden ulagilmistir).

Science in School (2012). Build your own microscope: following in Robert Hooke’s foots-
teps. (1/01/2019 tarihinde https://www.scienceinschool.org/2012/issue22/micros-
cope#w6_adresinden ulagilmistir).

Sen, S. & Yildirim, I (2019). Egitimde arastirma yontemleri. Nobel Akademik Yaymcilik.

Ozgelik, C. (2015). Disiplinler aras: 6gretim yaklasimina dayal hazirlanan 6gretim etkin-
liklerinin, ogrencilerin geometrik cisimlerin hacimleri konusundaki akademik basa-
rilarina ve problem ¢ozme becerilerine etkisi. Yiiksek lisans tezi, Bartin Universitesi
Egitim Bilimleri Enstitiisti, Bartin.

Ozlen, S. (2019). Sekizinci simif diizeyinde basit makineler konusunda tasarim temelli
STEM etkinliklerinin gelistirilmesi ve etkilerinin degerlendirilmesi. Yiiksek lisans tezi,
Mugla Sitki Kogman Universitesi Egitim Bilimleri Enstitiisii, Mugla.

The NASA BEST Activities Guide. (2011). An educator’s guide to the engineering design
process grades 6-8. (19/11/2019 tarihinde https://www.nasa.gov/pdf/530250main_
6to8NBSGuide.pdf adresinden ulasilmistir).

Temel, H. (2012). ilkégretim 4-8 fen ve teknoloji ve matematik dgretim programlarimin
fen ve matematik entegrasyonuna gore incelenmesi. Yiiksek Lisans tezi, Abant Izzet
Baysal Universitesi Egitim Bilimleri Enstitiisii, Bolu.

TryEngineering. (2018). Pollution patrol. (1/12/2019 tarihinde http://tryengineering.
org/lesson-plans/pollution-patrol adresinden ulagilmistir).

Wang, H. H. (2012). A new era of science education: science teachers ‘perceptions and
classroom practices of science, technology, engineering and mathematics (STEM) in-
tegration. Doktora tezi, Minnesota Universitesi, Minneapolis, USE.

Wang, H. H., Moore, T. ], Roehrig, G. H. & Park, M. S. (2011). STEM integration: Teac-
her perceptions and practice. Journal of Pre-College Engineering Education Research,
1(2), 1-13.

Wendell, K. B. (2008). The theoretical and empirical basis for design-based science instruc-
tion for children. Unpublished qualifying paper, Tufts Universitesi, Boston.

Wendell, K. B., Connolly, K. G., Wright, C. G., Jarvin, L., Rogers, C., Barnett, M. & Ma-
rulcy, L. (2010). Incorporating engineering design into elementary school scien-
ce curricula. American Society for Engineering Education Annual Conference &
Exposition, Louisville, KY.

Yalaki Y. (Ed.) (2016). Etkinliklerle bilimin dogast 6gretimi 5. 6. 7. ve 8. siniflar. Ankara:
Pegem Akademi.

Zeid, 1., Chin, J., Duggan, C. & Kamarthi, S. (2014). Engineering based learning: A pa-
radigm shift for high school STEM teaching. International Journal of Engineering
Education, 30(4), 1-12.

Zoldosova, K. & Prokop, P. (2006). Analysis of motivational orientations in science edu-
cation. International Journal of Science and Mathematics Education, 4(4), 669-688.



