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Abstract — STEM approach is an integrated approach based on co-teaching of science, technology, engineering,
and mathematics. The aim of this study is to synthesize the effect of STEM approach on academic achievement
and compare the effect size obtained in these studies according to the level of education (primary, secondary, high
school, and university), their status of the domestic and foreign study. Meta-analysis method was used the study.
In this study, 38 studies in which investigated the effect of STEM education on academic achievement between
the years 2012-2018. Their effect size range between -0.107 and 10.567 In the studies examined in the study, it
was determined that the effect size of the studies carried out at the primary school level is small and the studies
conducted with the primary school group are mostly carried out abroad. Although it was observed that both small
and large effect size was encountered in the studies at the secondary and high school level, the medium effect size
was limited and university level studies have medium and large effect size. Since the number of studies carried
out in our country is limited, especially in primary school level, studies in this level of education may contribute

to the literature.
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Summary
Introduction
STEM approach is a holistic approach to education focused on teaching the disciplines of
science, technology, engineering, and math collectively. This approach is aimed at acquiring

skills and competencies for individuals from different disciplines. Of this cause, in recent years,
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educators have added tremendous emphasis to the STEM approach to provide the 21st-century
skills that today 's people should have and to educate versatile individuals. Hence, in recent
years, the number of STEM-related research has risen considerably. In these studies, STEM
approach developed the 21st-century skills, motivations, questioning learning skills, reflective
thinking skills, psycho-motor skills, decision-making skills, career perception, peer learning,
attitudes to science and scientific process skills and it has been shown to improve their interest,
engineering skills, knowledge permanence, self-efficacy, competence and abilities towards
STEM field. The high number of research in this area makes it difficult to investigate all of
these resources and to access the information you would like to have. This condition requires
the synthesis of the studies carried out on the same matter. In this context, a meta-analysis study
will enable evaluation of the studies in the literature as a whole, and will also allow a more
realistic examination of the impact of the STEM approach. The purpose of this study is to
synthesize the findings of several studies examining the impact of the STEM approach on
academic success, and to analyze the effect sizes gathered in those studies as per the level of
education (elementary, secondary, high school and university) and the availability of domestic-
foreign study.
Methodology

In the study, the meta-analysis method was employed. In the research, 38 studies
consisting of 22 domestic and 16 international studies, investigating the impact of STEM
education on academic success from January 2012 through December 2018. The screening
study was performed on Google Scholar, YOK Thesis, Web of Science, Eric and Proquest
Education Journal using the key concepts of "STEM education,” "achievement,” "academic

achievement," "STEM education,"” "success" and "academic success." The analyses were based
mainly on research summaries. In short, the scope of the analysis does not include studies that
are not designed with experimental or quasi-experimental methods that could be included in the
study. The entire analyzes were reviewed after examining the summaries, and the studies that
did not include the statistical data necessary to assess the effect size were therefore omitted.
Once the first scan was performed with the determined keywords, we reached 372 studies.
Among these studies, 38 was the number of studies that met the specified requirements. In
studies where the size of the effect was measured as Cohen d, the size of the effect was used as
it was in the study, the conversion was made in the studies in which the n? was estimated and the
effect size of the studies where the effect size was not calculated, it was determined by the

researchers by using a calculation program.
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Results

It was determined in the research that 22 domesticand 16 foreign studies were conducted
which included the determined criteria within the date range. The sample sizes range from 26
to 12344. Among the studies, 4 (24%) are primary, 20 (53%) are secondary, 4 (10%) are a high
school, and 5 (13%) are university-level research. The effect sizes in the study were determined
to vary between , -0.107 and 10.567.

As a result of this study carried out to synthesize the results derived from studies
investigating the impact of STEM education on the academic achievement of students, it has
been found that while the effect size of some of the studies was quite small, the effect sizes
overall were large. Concerning the studies examined in the study, it was seen that the effect size
of studies carried out at primary school level was generally small, for the secondary and high
school level studies even both large and small effect sizes were observed, it was determined
that medium effect size was low and university level studies had medium and large effect sizes.
Compared to the effect size obtained in studies in Turkey and abroad, the effect size obtained
in studies performed in our country does not include any work which has an effect size under
0.2, and overall it was seen that these studies had medium and large effect sizes. In studies
carried out abroad, small and large effect sizes are observed to have a balanced distribution.
This situation can be explained by the fact that the studies which inherit non-significant
differences between the groups or the ones in which the control group was more successful do

not gain recognition in the academic field in our country.
Conclusion and Discussion

In this study, the studies investigating the effects of the STEM approach on the academic
success of students were explored and were encountered with particularly large effect sizes in
studies conducted in Turkey. Therefore it can be said that the STEM approach had a positive
impact on students ' academic achievement in Turkey. Small effect sizes were also found in
studies carried out abroad. It has been determined that STEM education generally has a positive
effect on students' academic achievement both in the current research and in other meta-analysis
and meta-synthesis researches in the literature. For the current study and other studies in the
literature, the number of studies fulfilling the criteria determined in the research is limited.
Increasing the number of experimental studies that evaluate the influence of STEM education

on academic success will enable further meta-analysis studies to be carried out.
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Ozet — FeTeMM yaklasimi, fen, teknoloji, miihendislik ve matematik disiplinlerinin birlikte 6gretimine dayanan
biitiinlesik bir yaklagimdir. Bu ¢aligmanin amaci, FeTeMM yaklagimimin akademik basariya etkisini aragtiran
caligmalarnin sonuglarii sentezlemek, bu ¢alismalarda elde edilen etki biiyiikliiklerini 6gretim diizeyine (ilkokul,
ortaokul, lise ve iiniversite) gore ve yurti¢i-yurtdist ¢alisma olma durumlarina gore karsilastirmaktir. Calismada
meta-analiz yontemi kullanilmistir. Arastirmada 2012-2018 yillar1 arasinda FeTeMM egitiminin akademik
basariya etkisinin arastirildigi 38 ¢alisma incelenmistir. Etki biiyiikliiklerinin -0.107 ile 10.567 arasinda degistigi
goriilmiistiir. Calismada incelenen arastirmalarda, ilkokul diizeyinde yapilan calismalarin etki biiyiikliigiiniin
kiigiik oldugu ve ilkokul grubu ile yapilan ¢alismalarin daha ¢ok yurtdisinda yapildigi belirlenmistir. Ortaokul ve
lise diizeyindeki ¢aligmalarda hem genis hem de kiiglik etki biiyiiklikleri ile karsilagilmasina ragmen, orta etki
biiylikligiiniin az oldugu, tniversite diizeyindeki ¢aligmalarin ise orta ve genis etki biiyiikliiklerine sahip oldugu

belirlenmistir. Ozellikle ilkokul diizeyinde iilkemizde yapilan galismalarin sayist az oldugundan, bu egitim

kademesinde yapilacak ¢aligmalar alan yazina katki saglayabilir.

Anahtar kelimeler: Meta-analiz, FeTeMM yaklagimi, basari.

Sorumlu yazar: Yazarm Adi1 SOYADI, yazigsma adresi ve belirtecegi dip notlar (destekleyen kuruluslar, lisansiistii

tez bilgileri, vb.)

Giris

Yeni kesifler, bilimsel ve teknolojik gelismelerle birlikte toplumsal yap1 degistikge,
degisen toplumun ihtiya¢ duydugu bireylerin Ozellikleri de degismektedir. Cagimizin
toplumunda ihtiyag duyulan insanin ozellikleri incelendiginde, kendi kiiltiirel degerlerini
O0ziimsemis, farkli alanlarda yeni bilgi ve becerilerle donatilmis, 6zgiiven sahibi ve farkli
kiiltiirlere kars1 saygili bireylere ihtiya¢ duyuldugu goriilmektedir. Ayrica bu bireylerin yaratici-

yenilik¢i, elestirel diisiinme ve problem ¢ézme becerilerine sahip, diger bireylerle iyi iletisim
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kuran, isbirligi i¢inde ¢alisan kisiler olmalar1 da istenilen 6zellikler arasindadir. Bilgi, medya
ve teknoloji okur-yazar1 olmak, esnek, uyumlu, girisimci, 6zdenetim sahibi, liretken, bireysel-
sosyal olarak sorumluluk alabilen ve liderlik vasfina sahip bir bireyler olmak da ¢agimiz
toplumunda ihtiya¢ duyulan oOzelliklerdir. Bu o6zellikler 21. Yiizyil becerileri olarak
adlandirilmaktadir (Cepni, Ozmen & Ayvaci, 2015; Rotherham & Willingham, 2010).

Hem Avrupa’da hem de Amerika Birlesik Devletleri (ABD)’nde pek ¢ok iilke, 21. Yiizyil
becerilerine sahip bireyleri yetistirmek i¢in Ogretim programlarinda koklii degisiklikler
yapmislardir. ABD, 90’11 yillarda Ogretim programinda; fen, teknoloji, miihendislik ve
matematik disiplinlerinin birlikte ele alindig1 biitiinlesik bir egitim yaklasimi benimsemistir
(Bybee, 2010). Bu yaklasim, STEM (Science, Technology, Engineering and Mathematics) ya
da FeTeMM (Fen, Teknoloji, Miihendislik ve Matematik) adini1 almaktadir (Bu ¢alismada,
kelimelerin Tiirkge'deki bas harfleri ile ifade edilen FeTeMM kavrami kullanilacaktir).
Gelismis tlkeler arasindaki bilimsel ve teknolojik yaris ile 21. Yiizyil becerilerine sahip
insanlar1 yetistirme egilimi, ABD’de ¢ok sayida eyalette, 6gretmenlerin miithendisligi agikca
derslere entegre etmeleri veya yetenekli ve basarili Ogrencilere egitim veren FeTeMM
okullarinin ac¢ilmaya baslamasina neden olmustur. Avrupa’da ise, sorgulamaya dayali fen
egitimi yaklagimiin bilim ve teknoloji egitimi siire¢lerinde kullanilmasin1 ve dgrencilerin
bilime yonelik ilgilerinin artirilmas: amaciyla FeTeMM’e yonelik proje caligmalarinin

yapilmasint saglamistir (Akgiindiiz ve digerleri, 2015).

FeTeMM’in ABD’de ortaya ¢ikmasini ¢ok eski donemlere dayandiran calismalar
mevcuttur. Ornegin, Sanayi Devrimi, Edison’un icatlar1 ve diger mucitlerin ¢alismalar
FeTeMM o6rnegi olarak degerlendirilebilir (White, 2014). Ancak, o donemlerde FeTeMM
kavrami kullanilmamistir (Butz ve digerleri, 2004). ABD’de 1980’lerden itibaren, fen ve
matematik egitiminin niteligini artirmaya yonelik ¢abalarla karsilasmak miimkiindiir (National
Science Foundation [NSF] and U.S. Department of Education, 1980). 1990’11 yillarda ¢ok
sayida ulusal komisyon, meslek Orgiitii, aragtirmaci, tiniversite, fen ve matematik egitiminin
gelistirilmesi i¢in ¢agrilarda bulunmustur (National Research Council [NRC], 1996). FeTeMM
kavraminin ilk kullanimi SMET (Science Mathematics Engineering and Technology)
kisaltmasiyla 1990’11 yillarda Ulusal Bilim Vakfi (NSF) tarafindan olmustur. 1996 yilinda
ABD’de Ulusal Fen Egitimi Standartlar1 (National Science Education Standards) yayimlanmis
ve arastirmaya-sorgulamaya dayali fen egitimine gegilmesi benimsenmistir (National Research
Council [NRC], 1996). ABD’de egitim alaninda yapilan reform ¢aligmalari, egitimin kalitesini

yiikseltme amacini yerine getirmistir. Ancak, bilimsel ve teknolojik anlamda ABD, Cin gibi
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devletlerle rekabet etmekte yetersiz kalmistir. Oysa bilim ve teknoloji alaninda diinyada sz
sahibi olabilmek i¢in; egitimde teknik bilgi ve becerileri saglayan, dgrencilerin gercek hayata
karsilasabilecekleri problemlere ¢oziimler iiretmelerine yardim eden, is yasaminda ihtiyag olan
becerileri 6grencilere saglayan bir egitim yaklasimina ihtiya¢ oldugu ortaya cikmustir
(Akgiindiiz ve digerleri, 2015). Bu siiregteki c¢abalara ragmen, beklenen kalitenin
yakalanamamasi, is diinyasinin ihtiyaci olan nitelikli isgiiciiniin karsilanamamasi, is adamlari
tarafindan egitim sisteminin ciddi bir sekilde elestirilmesine neden olmus ve bunun sonucu
olarak ABD, miihendislik becerilerini 6n plana ¢ikaran bir yaklasimi benimsemistir (NRC,
1996). Boylece STEM kisaltmasi ilk defa bugiinkii kullanimiyla 2001 yilinda NSF tarafindan
kullanilmistir (Teaching Institute for Excellence in STEM, 2017). ABD’de bu alandaki 6nemli
girisimler sonucu, 2013 yilinda yeniden diizenlenen Yeni Nesil Fen Standartlar1 (Next
Generation Science Standarts)’nda FeTeMM yaklasimi 6n plana ¢ikarilmistir (NRC, 2013).
2013’te diizenlenen Yeni Nesil Fen Egitimi Standartlar1 incelendiginde, onceki standartlara
gore, miihendislik uygulamalarinin 6n plana ¢ikarildigini gérmek miimkiindiir. Elestirel
diisiinme becerileri gibi 21. Yiizyil becerilerinin yani sira 6grencilerin fen ve matematik okur-

yazar1 olmalarina yonelik diizenlemelerin oldugunu gérmek miimkiindiir (NGSS, 2013).

ABD’deki bu gelismelerden sonra, Avrupa’da da fen, teknoloji ve miihendislik
alanlarinda giderek artan yetismis isgiicli talebinin olusmasi, bu alanlara ilginin azalmasi ve
yakin zamanda ortaya cikabilecek yetismis eleman acigini1 kapatabilmek amaciyla FeTeMM
egitimine dogru bir yonelim ortaya ¢ikmistir. Avrupa’daki pek ¢ok iilkede FeTeMM ile ilgili
olarak; FeTeMM stratejik planlart hazirlanmis ve buna bagli olarak gretim programlarinda
degisiklikler yapilmistir. Ayrica FeTeMM’e yonelik projeler yapilarak ¢ok sayida rapor
yaymmlanmigtir (Milli Egitim Bakanligi [MEB], 2016). Scientix, inGenious, MaScil, SAILS,
Ark of Inquiry ve PROFILES gibi projeler iilkemizin de i¢inde bulundugu Avrupa’da yiiriitiilen

projeler arasinda yer almaktadir.

Tiirkiye’deki durum incelendiginde, &ncelikle Universite diizeyinde FeTeMM
calismalar1 yapilmaya baslanmustir. Istanbul Aydin Universitesi’nde bir STEM Merkezi
kurulmus ve STEM laboratuar1 kurma ¢alismalar1 devam etmektedir. Hacettepe Universitesi
ise STEM laboratuar1 kurmustur (Akgiindiiz ve digerleri, 2015). Bahgesehir Universitesi’nde
bir STEM Laboratuvar: mevcuttur. Milli Egitim Bakanlig1 agisindan bakildiginda, Kayseri’de
Milli Egitim Midiirliigii (MEM)’ne bagl olarak bir STEM Merkezi kurulmus, ancak 2016
yilinda kapatilmistir. 2016 yilinda Milli Egitim Bakanligi Yenilik ve Egitim Teknolojileri
Genel Midiirligli tarafindan STEM Egitimi Raporu adi altinda bir rapor olusturulmustur
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(Kurumlarin ve raporlarin adinda STEM olarak ifade edildigi i¢in bu kisimda STEM kavrami
kullanilmigtir). Raporda, 2015-2019 Stratejik Planinda FeTeMM’in giiclendirilmesine yonelik
amaclar bulundugu belirtilmekte ve okullarda 7. ve 8. Simifta Teknoloji Tasarim derslerinde
gergeklestirilen caligmalarin FeTeMM mantigina uygun oldugu belirtilmektedir. Ayrica
TUBITAK tarafindan desteklenen Bilim Fuarlar1 sayesinde genglerin bu alanlarda calismalar
yapmasinin desteklendigi ve TUBITAK tarafindan kurulan Bilim Merkezleri’nde de ders dis
zamanlarda FeTeMM etkinliklerinin yapilmasinin desteklendigi belirtilmektedir (MEB, 2016).

Kurumsal bazli calismalarin yani sira, hem yurt i¢cinde hem de yurt disinda farkl
arastirmacilar FeTeMM ile ilgili uygulamaya doniik calismalar gergeklestirmektedirler. Bu
caligmalar FeTeMM egitiminin, 6grencilerin fen, matematik ve/veya teknolojiye olan ilgilerini
ve oz-yeterliliklerini (Almarode ve digerleri, 2014; Burt, 2014), tutumlarin1 (Calisici, 2018;
Dumanoglu, 2018; Giilhan & Sahin, 2016; Kog, 2017; Yamak, Bulut & Diindar, 2014), 21.
Yiizy1l becerilerini (Abdurrahman ve digerleri, 2019; Bulut, 2019; Ozcelik & Akgiindiiz, 2018),
yaratict problem ¢6zme becerilerini, yaraticiliklarii (Ayverdi, 2018; Kim & Choi, 2012),
psiko-motor becerilerini (Giilen, 2016), yansitict diisiinme becerilerini (Giilen, 2016), kariyer
bilincini (Dieker, Grillo & Ramlakhan, 2012; Willis, 2017), isbirlikli ¢alismalarini (Baris &
Ecevit, 2019; Seren, 2019), fen ve matematik etkinliklerine yonelik olumlu deneyimlerini
(Ihrig, Lane, Mahatmya & Assouline, 2018; Oztiirk, Bozkurt-Aslan & Tan, 2019), bilimsel
slireg becerilerini (Ayverdi, 2018; Baris & Ecevit, 2019; Cotabish, Robinson, Dailey & Hughes
2013; Robinson, Dailey, Hughes & Cotabish, 2014; Oztiirk, Bozkurt-Aslan & Tan, 2019),
icerik bilgilerini ve kavram bilgilerini (Cotabish, Robinson, Dailey & Hughes 2013; Robinson,
Dailey, Hughes & Cotabish, 2014) gelistirdigini, mithendislik ve teknoloji konusunda bilgi ve
becerilerini (Baran, Canbazoglu-Bilici & Mesutoglu, 2015; Oztiirk, Bozkurt-Aslan & Tan,
2019), basarilarin1 (Ceylan, 2014; Ercan, 2014; Giilen, 2016; Irkigatal, 2016; Kim, Cross &
Cross; 2017; Koyuncu & Kirgiz, 2016; Salman-Parlakay, 2017; Yasak, 2017; Yildirim & Altun,
2015; Yildirim & Selvi, 2017; Yildiz, Ozkaral & Yavuz, 2017; Young, Young ve Ford, 2017)
arttirdigin1 gostermistir. FeTeMM ile ilgili yiritilen tim bu ¢alismalarin ortak amaci; fen,
teknoloji, matematik ve miihendislik disiplinlerinin biitiinlesik olarak 6gretimi ile birlikte
iilkelerin ihtiyaci olan nitelikli insan giicliniin yetistirilmesidir. Scott (2009), FeTeMM

egitimiyle ilgili olarak dort esastan s6z etmektedir. Bunlar;
v’ Teknolojik uygulamalarin, fen ve matematik igerigine entegre edilmesi,
v' Akademik 6devlerle kariyer ve teknik egitimin desteklenmesi,

v' FeTeMM kavraminin bagka alanlara da uygulanmast,
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v' Ogretim programi iginde fen ve matematigin birlestirilmesidir (Scott, 2009, Akt. Oner &
Capraro, 2016).

Scott (2009)’un belirttigi esaslarla birlikte, {ilkeler 6gretim programlarinda yaptiklar
diizenlemelerle FeTeMM egitimi ile akademik bagariy1 artirmay1 da amaglanmaktadir. Egitim
kurumlarinin temel gorevlerinden birinin 6grencilerin akademik gelisimlerine katki saglamak
oldugu diisiiniildiigiinde, bdyle bir durumun ortaya ¢ikmasi da dogal bir siirectir. Alan yazinda
FeTeMM yaklasiminin akademik basariya etkisinin arastirildigir ¢alismalarda farkli egitim
diizeylerinde ogrenciler ile ¢alisildigini gormek miimkiindiir. Farkli egitim diizeylerindeki
ogrencilerle yapilan ¢alismalarin sonuglar karsilastirilirsa FeTeMM egitimine hangi donemde
baslanmasi1 gerektigi konusunda fikir yiiriitmek kolay olabilir. Ayrica bu alandaki farkl farkl
calismalar, tiim bu kaynaklarin incelenmesi ve istenilen bilgiye ulasilmasini zorlastirmaktadir.
Bu durum, ayni konuda hazirlanan ¢aligmalarin sentezini gerektirmektedir. Bu baglamda,
yapilacak bir meta-analiz ¢alismasi, literatiirdeki ¢aligmalarin  biitiinsel olarak
degerlendirilmesini olanakli kilacagi gibi FeTeMM yaklagiminin etkilerini de daha gercekei bir

sekilde degerlendirmeye imkan verecektir.

Son yillarda, belirli bir konuda birbirinden bagimsiz olarak gergeklestirilmis ¢ok sayida
calismaya rastlamak miimkiindiir (Kablan, Topan & Erkan, 2013). Meta-analiz ¢alismalari,
arastirmacilara herhangi bir birincil ¢alismadan, nicel olmayan caligmalardan veya anlati
derlemelerinden daha dogru ve daha giivenilir olan sonuclar sunan arastirmalardir (Rosenthal
& DiMatteo, 2001). Meta analiz ¢aligmalari, bilimsel bilginin birikimli olmasi nedeniyle bu
birikimi biitiin olarak gérmeye olanak saglamalari, giiclii bilimsel delillerin kullanilmasiyla
politika belirleyicilere rehberlik etmeleri ve alan yazindaki tutarsiz sonuglari agiklamaya
yardime1 olmalar1 nedeniyle 6nemli calismalardir (Ustiin, 2012). FeTeMM egitimi 6zellikle son
yillarda, lizerinde ¢ok¢a durulan bir yaklasimdir. Bu c¢alismada da FeTeMM egitiminin
akademik basariya etkisine iligkin ¢alismalarin sonuglarinin bir biitiin olarak degerlendirilmesi
ile alan yazina katki saglanmasi beklenmektedir. Bu baglamda calismanin amaci, FeTeMM
egitiminin akademik basariya etkisini arastiran ¢alismalarin sonucglarinin incelenmesi ve bu
calismalardan elde edilen sonuglarin degerlendirilmesidir. Amag dogrultusunda belirlenen alt

problemler ise;

FeTeMM egitiminin akademik basariya etkisini arastiran ¢alismalarin etki biiyiikliikleri

nasildir?

FeTeMM egitiminin akademik basartya etkisini arastiran ¢aligmalarin etki biiyiikliikleri

Ogretim diizeyine gore (ilkokul, ortaokul, lise ve iiniversite) nasildir?
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FeTeMM egitiminin akademik basariya etkisini arastiran ¢alismalarin etki biiyiikliikleri

Tiirkiye ve yurt disinda yapilan ¢aligmalarda nasildir?

Yontem

Arastirmada, meta-analiz yontemi kullanilmistir. Meta-analiz, aynit konuda yapilmis
birbirinden bagimsiz ¢ok sayidaki calismanin sonuglariin birlestirilmesi, elde edilen
bulgularin istatistiksel olarak incelenmesi ve sentezinin yapilmasi esasina dayanan bir

yontemdir. Bir meta-analiz ¢calismasi su asamalarda gerceklestirilir (Akgoz, Ercan & Kan,
2004).

Verilerin Toplanmasi ve Analizi
Akgoz, Ercan ve Kan (2004) meta-analiz ¢alismasinin basamaklarini soyle ifade

etmislerdir:
1. Problemin tanimlanmasi,
2. Meta-analize dahil edilecek ¢alismalara ait 6zelliklerin belirlenmesi,
3. Bireysel arastirmalarin elde edilmesi,
4. Her bir ¢calismanin kodlanmasi ve siniflandirilmasi,
5. Bireysel ¢alismalarin bulgularinin birlestirilmesi,
6. Birlestirilen bulgularin iligkilerinin kurulmasi,
7. Meta-analiz bulgularinin rapor edilmesi.

Bu ¢aligmada veriler bu basamaklara uygun olarak toplanmis ve analiz edilmistir.

Problemin Tanimlanmast

Son yillarda yapilan aragtirmalar incelendiginde, FeTeMM yaklagiminin akademik
basariya etkisini inceleyen c¢alismalarin sayisinin olduk¢a artmis oldugunu goérmek
miimkiindiir. Ancak bu ¢aligmalar birbirinden bagimsiz olarak yapilmis farkl calismalardir. Bu
calismalarin biitiinsel bir bakis agisiyla incelenmesi ve elde edilen sonuglarin sentezinin

yapilmasina ihtiya¢ duyulmaktadir.

Meta-Analize Dahil Edilecek Calismalara Ait Ozelliklerin Belirlenmesi

Aragtirma kapsamina dahil edilecek caligmalar, FeTeMM yaklasiminin akademik
basariya etkisini arastiran c¢alismalar olarak belirlenmistir. Bu c¢aligsmalarin belirlenmesi,
kapsamli bir literatiir incelemesi ile baslamistir. Literatiir incelemesi, 2018 Aralik ay1 ve 2019

Ocak ay1 igerisinde gergeklestirilmistir. Caligma kapsaminda incelenecek arastirmalar,
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Balikesir Universitesi kiitiiphanesi iizerinde yapilan taramalar ile belirlenmistir. Bu baglamda,
Google Akademik, YOK Tez, Web of Science, Eric ve Proquest Education Journal’da tarama
yapilmistir. Arastirma kapsaminda, meta-analize dahil edilecek calismalara ait 6zellikler su

sekilde belirlenmistir:

v' 2012-2018 yillar1 arasinda Tiirkiye’de ve farkl: iilkelerde FeTeMM egitiminin akademik
basartya etkisinin arastirildigi ¢alismalar olmalar1 ilk dahil edilme kriteridir. Calismanin
baslangig tarihi olarak 2012 yilinin belirlenmesinin nedeni bu yaklasimin 2012 sonrasinda
yogun olarak kullanilmasidir. Daha oncesinde yapilan caligsmalarda disiplinlerarasi
yaklasim olmasina ragmen 2012 sonrasinda STEM yada FeTeMM'in akademik basariya

etkisi dogrudan arastirilmistir.

99 ¢¢

v' Tarama islemi, “STEM education”, “achievement”, “academic achievement”, “FeTeMM
egitimi”, “basar1”, “akademik basar1’” anahtar kavramlar1 kullanilarak {izerinde
gerceklestirilmistir.

v Incelemeler, dncelikle ¢alismalarin 6zetleri iizerinde gergeklestirilmistir. Ozette, calismada
kullanilabilecek nitelikte deneysel ya da yari deneysel yoOntemlerle tasarlanmamig
calismalar arastirma kapsamina dahil edilmemistir. Ozetler incelendikten sonra, ¢alismanin
timii incelenmis ve etki biyiikligiinii hesaplayabilmek i¢in gerekli istatistiksel verileri
icermeyen c¢alismalar da kapsam diginda birakilmistir. Etki biiytikligiinii hesaplayabilmek
icin gerekli istatistiksel verileri igeriyor olmalart caligmalarin sahip olmasi beklenen

ozelliklerdir.

Bireysel Aragstirmalarin Elde Edilmesi
Belirlenen anahtar kelimelerle ilk tarama yapildiginda, 372 ¢alismaya ulasilmistir. Bu

calismalardan, belirlenen kriterlere uyan ¢aligmalarin sayisinin 38 oldugu goriilmiistiir.

Her Bir Calismanin Kodlanmasi ve Siniflandirilmast

Aragtirma i¢in belirlenen kriterleri saglayan ¢aligmalar belirlendikten sonra, PDF uzantili
olarak ortak bir klasore kaydedilmistir. Daha sonra, tiim ¢aligmalar1 kolayca inceleyebilmek ve
bir biitiin olarak gorebilmek i¢in, Word dokiimanina arastirmalar hakkinda kisa bilgilerin yer
aldig1 bir tablo olusturulmustur. Olusturulan tabloda (Tablo 1) calismalara ait tanimlayici
bilgilere yer verilmistir: yazar adi, yayin yili, orneklem biyiikligl, calisma grubu, etki

biiylikliigii hesaplamak i¢in gerekli istatistiksel degerler (aritmetik ortalama, standart sapma
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vb.), etki biiytikligii ve caligmanin Tiirkiye’de mi yurt disinda mi yapildigina iliskin bilgi
seklindedir. Sonrasinda, her bir ¢alismaya iligkin veriler bu tabloya kodlanmustir.

Etki biyiikligii (Cohen d), c¢alismada hesaplanmigsa aynen alinmistir. Eger
hesaplanmamissa, gerekli istatistiksel veriler kullanilarak
https://www.psychometrica.de/effect_size.html  iizerinden  arastirmacilar  tarafindan
hesaplanmistir. Eger Cohen d yerine baska formiillerle etki biiytikliigli hesaplanmigsa, ayn1 web

sayfas1 lizerindeki dontisiim formiilleri kullanilarak gerekli veri doniistimleri yapilmistir.

Arastirmalarda kullanilan t testi gibi testlerde, ortalama ile ortalamanin karsilastirildigi
bir sabit deger vardir ve test bu degerler arasindaki farkin anlamli olup olmadigina iligkin bir
bulgu ortaya koyar. Ancak bu farkin biiyiikliigiine iligkin bir veri sunmaz. Bu nedenle etki
biiytlikliigiiniin hesaplanmas1 gereklidir. Etki biiytikliigii, farkli calismalar i¢in karsilastirilabilir

degerler sunmasi agisindan da dnemlidir (Can, 2014).

Etki biiyiiklerini yorumlamada, Cohen (1992)’in yonergelerine uygun olarak hareket
edilmistir. Cohen (1992)’e gore: etki biiyiikliigiiniin kiigiik (small), orta (medium) ve genis
(large) etki biiyiikleri icin kabul edilen degerler sirasiyla .20, .50 ve .80’°dir. Dolayisiyla,
calismalarin etki biiytikliigii .20’den kiiciik ise etkisiz, .20 ile .50 arasinda ise kiigiik, .50 ile .80
arasinda ise orta, .80’den biiyiik ise genis etki biiylikliigiine sahip oldugu sdylenebilir.

Fen, Teknoloji, Miihendislik ve Matematik gibi farkli alanlardaki akademik basarinin
olgiildiigii calismalarda birden fazla etki biiyiikliigii hesaplanmigtir. Bu ¢aligmalar igin ortalama
etki biiyiikliigii hesaplanmistir. Kodlama ve analiz giivenilirligini saglamak amaciyla veriler
arastirmacilar tarafindan birinci kez kodlandiktan ve analiz edildikten bir ay sonra 6ncekilerden

bagimsiz olarak ayni arastirmacilar tarafindan yeniden kodlanmis ve analiz edilmistir.

Meta-analiz ¢aligmalart ile 1lgili en ciddi elestirilerden biri olan farkli gruplar, degiskenler
ve Olgme teknikleri ile elde edilen caligmalarin karsilagtirilarak ortak etkiye genellenmeye
calisilmasidir (Ustiin ve Eryilmaz, 2014). Bu arastirma kapsaminda da incelenen calismalarin
bir kisminda tek grupla calisilmis, bir kisminda kontrol grubuyla calisilmistir. Bazi
arastirmalarda parametrik, bazilarinda parametrik olmayan analizler kullanilmistir. Bu nedenle
bu meta-analizde farkli gruplardan elde edilen sonuglarin tek bir ortak etki biiyiikliigii ile ifade

edilmesinden kacinilmis, bunun yerine karsilastirmalarla sunulmaya ¢aligilmistir.

Bireysel Calismalarin Bulgularinin Birlestirilmesi
2012 yilindan itibaren iilkemizde ve yurt disinda FeTeMM egitiminin akademik basariya

etkisini arastiran calismalarin sonuglarinin incelenmesi ve bu c¢alismalardan elde edilen
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sonuglarin degerlendirilmesi amaciyla yapilan ¢alismalardan elde edilen bulgular, metodolojik
smirlhiliklar i¢inde degerlendirilmelidir. Bu smirhiliklar, meta-analizin prosediirlerinden
kaynaklanan smirliliklardir. Arastirmada sadece birincil yazarlar tarafindan saglanan sonuglar
dikkate alindigindan, etki biiyiikliigiinii hesaplamak i¢in gerekli istatistiksel verileri saglamayan
caligmalarin analiz dis1 birakilmasi gerekmistir. Bir diger sinirhilik, ¢calisma sayisi ile ilgilidir.
Son yillarda, FeTeMM ile ilgili cok sayida ¢alisma yapilmakla birlikte, s6z konusu ¢aligmalarin
onemli bir kismi nicel ¢alismalar degildir. Etki biiytikligii hesaplanabilecek niceliksel kanit
sunan calisma sayisi olduk¢a azdir (Becker & Park, 2011). Niceliksel kanit saglayan
caligmalarin bir kismi da akademik basartya etkiyi arastirmadigindan caligmaya dahil
edilmemistir. Arastirmaya dahil edilen ¢aligmalarin her biri igin Cohen d ile hesaplanan etki

biiytikliikleri kullanilarak ¢alismalar birlestirilmistir.

Birlestirilen Bulgularin Iligkilerinin Kurulmas:
Etki biiyiikliikleri d'ye doniistiiriilen tiim ¢alismalar etki boyutlarina gore Tiirkiye'de ya

da yurt disinda gerceklestirilme durumu ve 6gretim kademesine gore degerlendirilmistir.
Meta-analiz bulgularinin rapor edilmesi

Elde edilen bulgular bu ¢alisma kapsaminda raporlastiriimistir.

Bulgular ve Yorumlar

Arastirma kapsaminda incelenen 38 calisma ic¢in 6rneklem biiyiikligii, ¢aligma grubu,
caligmanin Tiirk ya da yabanci olma durumu, hesaplanan etki biiyiikliikleri ve kodlarina iligkin

bulgular Tablo 1’de sunulmustur:
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Tablo 1 Arastirma Kapsaminda incelenen 38 Calismanin Ozeti

Cahisma N Calisma Tiirk/Yabanci Etki bityiikliigii (d) Kodu
grubu
Acar ve digerleri (2018) 68 Ilkokul Tiirk 0.904 Tl
Aygen (2018) 65 Universite Tiirk 2.105 T2
Biiyiikdere ve Tanel (2018) 67 Universite Tiirk 0.578 T3
Ceylan (2014) 56 Ortaokul Tiirk 0.89 T4
Calisic1 (2018) 44 Ortaokul Tiirk 1.051 T5
Cakir ve Ozan (2018) 53 Ortaokul Tiirk 0.904 T6
Cevik ve Abdioglu (2018) 26 Ortaokul Tiirk 1.16 T7
Dedetiirk (2018) 158 Ortaokul Tiirk 3.301 T8
Dumanoglu (2018) 88 Ortaokul Tiirk 0.806 T9
Ercan (2014) 30 Ortaokul Tiirk 1.694 T10
Giilen (2016) 40 Ortaokul Tiirk 0.728 T11
Gtiven ve digerleri (2018) 30 Ortaokul Tiirk 0.221 T12
Ince ve digerleri (2018) 58 Ortaokul Tiirk 0.368 T13
Koyuncu & Kirgiz (2016) 35 Ilkokul Tiirk 0.568 T14
Nagag (2018) 44 Ortaokul Tiirk 0.743 T15
Ozdemir (2018) 64 Lise Tiirk 0.846 T16
Salman Parlakay (2017) 64 Ortaokul Tiirk 0.468 T17
Sarican ve Akgiindiiz (2018) 44 Ortaokul Tiirk 0.474 T18
Yasak (2017) 46 Ortaokul Tiirk 0.271 T19
Yildirim & Altun (2015) 83 Universite Tiirk 0.698 T20
Yildirim & Selvi (2015) 78 Ortaokul Tiirk 1.312 T21
Yildiz ve digerleri (2017) 38 Ortaokul Tiirk 1.184 T22
Boyster (2018) 40 Ilkokul Yabanct 2.592 Y1
Cotabish at all (2013) 1750 Ilkokul Yabanct 1.168 Y2
Irwin (2013) 50 ilkokul Yabanci -0,107 Y3
Judson (2014) 12344 Ilkokul Yabanci 0.007 Y4
Kakarndee at all (2018) 40 Ortaokul Yabanci 10.567 Y5
Kaw & Yalcin (2012) 137 Universite Yabanci 1.115 Y6
McClain (2015)* 274 Ilkokul Yabanci 0.3395 Y7
Mckinnon (2018) 1337 ilkokul Yabanci 0.058 Y8
Moyer (2012) 223 Ortaokul Yabanct 0.257 Y9
Nugent at all (2014) 288 Ortaokul Yabanci 0.725 Y10
Oliveraz (2012) 176 Ortaokul Yabanct 0.576 Y11
Ragsdale (2014) 1322 Lise Yabanct 0.205 Y12
Reena (2018) 101 Universite Yabanci 0.609 Y13
Schuchardt & Schunn (2015) 168 Lise Yabanci 0.291 Y14
Wallace at all (2015) 155 Lise Yabanci 2.359 Y15
Yoon at all (2014) 831 Ilkokul Yabanct 0.45 Y16

Tablo 1 incelendiginde, 22 yerli ve 16 yabanci ¢alisma ile arastirmanin gergeklestirildigi
toplamda 38 farkli etki biiyiikliigiinin karsilastirildigi ~ goriilmektedir.  Orneklem
biiyiikliiklerinin ise 26 ile 12344 arasinda degistigi goriilmektedir. Calismalardan 9 (%24)u
ilkokul, 20 (%53)’si ortaokul, 4 (%10)’t lise ve 5 (%]13)’i {liniversite diizeyinde yapilan
caligmalardir.

Aragtirmanin ilk alt problemi, FeTeMM Egitiminin akademik basariya etkisini inceleyen
calismalardaki etki biiylikliiklerinin nasil oldugunun incelenmesidir. Caligsmadaki etki
biiytiklikleri, -0.107 ile 10.567 arasinda degismektedir. Calismalarin etki biiytikliikleri Grafik

1’de sunulmustur:
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Calismalar

Grafikl Arastirmalar igin Hesaplanan Etki Biiyiikliikleri

Grafik 1 incelendiginde, 38 etki biiyiikliigiinden 12 tanesinin (T2, T5, T7, T8, T10, T21,
T22, Y1, Y2, Y5, Y6, Y15) 1.0’in iizerinde ¢ok genis etki biiyiikliigline sahip oldugu, 25
tanesinin (T1, T2, T3, T4, T6, T9, T11, T12, T13, T14, T15, T16, T17, T18, T19, T20, Y3, Y4,
Y7,Y8,Y9, Y10, Y11, Y12, Y13, Y14, Y16) 0 ile 1.00 arasinda etki biiyiikliikleri gosterdigi
ve 1 tanesinin (Y 3) negatif etki biliyiikliigline sahip oldugu ortaya ¢ikmistir.

Arastirmanin ikinci alt problemi, 6gretim diizeyine gore (ilkokul, ortaokul, lise ve
tiniversite) etki Dbiyiikliklerinin incelenmesidir. 38 c¢alisma i¢in hesaplanan etki

bliytikliiklerinin 6gretim diizeyine gore siniflandirilmast Tablo 2°de sunulmustur:

Tablo 2 Ogretim Diizeyine Gore Calismalarin Etki Biiyiikliikleri

Ogretim Etki bityiikligii Toplam
diizeyi EB<0.2 0.2<EB<0.5 0.5<EB<0.8 EB>0.8 calisma sayisi
Tlkokul 3 2 1 3 9
Ortaokul 0 6 4 10 20
Lise 0 2 0 2 4
Universite 0 0 3 2 5
Toplam 3 10 8 17 38

Tablo 2 incelendiginde, ilkokul diizeyinde hesaplanan 9 etki biiyiikliigiinden 3 (%33)’l
0.2den kiigiik, 2 (%22)’si 0.2 ile 0.5 arasinda ve 1 (% 11)’1 0.5 ile 0.8 arasinda ve 3 (%33)'i
0.8'den biiyiiktiir. Ortaokul diizeyi i¢in hesaplanan 20 etki biiyiikliiglinden 6 (%30)’s1 0.2 ile
0.5 arasinda, 4 (%20)’i 0.5 ile 0.8 arasinda ve 10 (%50)’u 0.8’den biiyiiktiir. Ortaokul grubu

icin etki biiyiikligii 0.2'den kiiciik olan calisma ile karsilasilmamistir. Lise diizeyi ig¢in
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hesaplanan 4 etki biiytikliigiinden 2 (%50)’si 0.2 ile 0.5 arasinda ve 2 (%50)’si 0.8’den
biiyiiktiir. Lise diizeyi igin etki biiylikliigi 0.2'nin altinda olan ve 0.5 ile 0.8 arasinda olan
calisma ile karsilasitilmamustir. Universite diizeyi igin hesaplanan 5 etki biiyiikliigiinden 3 (%
60)’ii 0.5 ile 0.8 arasinda ve 2 (%40)’si 0.8’den biiyiiktiir. Universite grubu icin etki biiyiikliigii
0.5'ten kiigiik olan c¢alisma ile karsilasiilmamistir. Tim c¢alismalardan hesaplan 38 etki
biytikliigiiniin 3 (%8)’l 0.2’den kiigiik, 10 (%26)’u 0.2 ile 0.5 arasinda, 8 (% 21)’si 0.5 ile 0.8
arasinda ve 17 (%45)’si 0.8”den biiytiktiir.

Aragtirmanin iicilincii alt problemi Tirkiye ve yurt disinda yapilan ¢alismalarin etki
biytikliiklerinin  incelenmesidir. Etki biiyiiklerinin ¢aligmalarin  yapildigi yere gore

incelenmesine ait bulgular Tablo 3’te sunulmustur:

Tablo 3 Tiirkiye ve Yurt Disinda Yapilan Calismalarda Hesaplanan Etki Biiyiikliikleri

Calismanin Etki biiyiikliigii Toplam
yapildigr yer EB<0.2 0.2<EB<0.5 0.5<EB<0.8 EB>0.8 calisma sayisi
Tiirkiye 0 5 5 12 22
Yurt dis1 3 5 3 5 16
Toplam 3 10 8 17 38

Tablo 3 incelendiginde, Tiirkiye’de yapilan caligmalar i¢in hesaplanan 22 etki
biiytlikliigiinden 5 (%23)’1 0.2 ile 0.5 arasinda, 5 (% 23)’1 0.5 ile 0.8 arasinda ve 12 (%54)’si
0.8’den biiyiiktiir. 0.2’den kiiciik etki biiytikligi ile karsilasiimamistir. Yurt disinda yapilan
calismalar i¢in etki biiyiikliikleri incelendiginde 3 (%19)’1i 0.2°den kiigiik, 5 (%31)’1 0.2 ile 0.5
arasinda, 3 (% 19)’11 0.5 ile 0.8 arasinda ve 5 (%31)’1 0.8”den biiyiiktiir.

Sonug¢ ve Tartisma

FeTeMM egitiminin 6grencilerin akademik basarisina etkisini inceleyen ¢aligmalardan
elde edilen bulgular1 sentezlemek amaciyla yapilan bu arastirma sonucunda, ¢alismalarin bir
kisminin etki biiyiikliigliniin ¢ok kii¢iik olmasina karsin, 6nemli bir kismindan elde edilen etki
biiytikliiklerinin biiyiik oldugu ortaya ¢ikmistir. Becker ve Park (2011), yaptiklart meta-analiz
calismasinda disiplinleraras1 yaklagiminin akademik basariya etkisini arastiran 28 calisma
incelemisler ve biitiinlestirici yaklasimin 6grenci basarisi iizerinde olumlu etkisi oldugunu
ortaya koymuslardir. Bu caligmada, 2011 yili Oncesindeki disiplinlerarast arastirmalar
incelenmis ve sadece farkli ilkelerde yapilanlar ele alinmustir. Yildirim (2016) yaptigi
caligmada, FeTeMM egitiminin yaraticiliga, problem ¢6zme becerilerine, tutuma, ilgi

alanlarma ve 0grenci basarisina etkisini inceleyen ¢alismalara odaklanmis ve bu baglamda
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akademik basari ile ilgili 8 ¢alisma incelemistir. Caligsmalardan 4’tiniin FeTeMM egitiminin
akademik basariyr gelistirmeye katkisinin oldugunu, 4 c¢aligmanin ise akademik basariy1

artirmada etkili olmadigini belirlemistir.

Sarag (2018), FeTeMM egitiminin 6grenme c¢iktilarna etkisini inceledigi meta-analiz
calismasinda, 2010-2017 yillar1 arasinda yapilan ¢alismalarin etki biiytikliiklerini karsilagtirmis
ve akademik basaridaki etki bliyiikliigliniin orta diizeyde oldugunu belirlemistir. Bu arastirmada
akademik basar1 27 ¢alisma iizerinden incelenmistir. Mevcut arastirmada ise 38 ¢alisma ile
karsilagilan etki biiyiikliikleri daha ¢ok genis etki biiyiiklikleridir. Orta ve kiiclik etki
biiyiikliikleri de vardir. Son yillarda Tiirkiye'de bu alanda yapilan ¢caligmalarin sayisinin artmasi
ve lilkemizde yapilan caligmalarda daha ¢ok genis etki biiyiikliigline sahip calismalarin

yapilmasi bu iki ¢alisma arasindaki farkin nedeni olabilir.

FeTeMM egitimine yonelik olarak yapilan calismalarin (bilimsel siire¢ becerileri,
akademik basari, tutumlar, algilar vb.) incelendigi baska bir aragtirmada incelenen 6 ¢alismanin
FeTeMM'in akademik basariya etkisinin incelendigi ¢alismalar oldugu goriilmistiir. Analize
dahil edilen ¢alismalardan birinde FeTeMM yaklasiminin akademik basarida etkisinin olmadigi
belirlenirken diger calismalarda akademik basar1 lizerinde olumlu etkilerinin oldugu ortaya
cikmistir (Herdem ve Unal, 2018). Gerek mevcut arastirmada gerek literatiirdeki diger meta-
analiz ve meta-sentez arastirmalarinda, genel olarak FeTeMM egitiminin 6grencilerin

akademik basarisi lizerinde olumlu etkisinin oldugu belirlenmistir.

Mevcut ¢aligmada incelenen arastirmalarda, ilkokul diizeyinde yapilan ¢aligmalarin genel
olarak etki biiyiikliigiiniin kii¢iik oldugu, ortaokul ve lise diizeyindeki ¢aligmalarda hem biiyiik
hem de kiiciik etki biiytikliikleri ile karsilagilmasina ragmen, orta etki biiytikliigiiniin az oldugu,
tiniversite diizeyindeki c¢alismalarin ise orta ve genis etki biliytkliiklerine sahip oldugu
belirlenmistir. Becker ve Park (2011)’1n ¢aligmasinda, ilkokul ve iiniversite diizeyinde ii¢ etki
blyiikliigiindeki ¢alismalarin sayisinin esit oldugu, buna karsin ortaokul ve lise diizeyinde elde
edilen sonuglarin bu c¢alisma ile benzer oldugu goriilmiistir. Becker ve Park (2011)
calismalarinin sonuglarina dayanarak, disiplinler aras1 yaklagima erken yaslarda baglanmasini
tavsiye etmektedirler. Tiirkiye’de yapilan ¢alismalardan sadece ti¢ii ilkokul diizeyinde yapilmis
caligmadir. Bunlardan biri orta etki bityiikligiine, diger ikisi ise genis etki bitylikliigiine sahiptir.
Ulkemizde bu yas grubu ile yapilan ¢aligmalarin sayismin artmast FeTeMM egitimine erken

baslamak konusunda daha dogru yorumlar yapilabilmesine yardimci olabilir.

Tiirkiye ve yurt disinda yapilan caligmalarda elde edilen etki biiyiikliikleri
karsilastirildiginda tilkemizdeki c¢aligmalarda etki biiyiikliigii 0.2°nin altinda hi¢ calisma
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olmadig1 ve genel olarak ¢alismalarin orta ve genis etki biiyiikliiklerine sahip oldugu ortaya
cikmistir. Yurt disinda yapilan ¢alismalarda ise, kiigiik ve genis etki biiyiikliiklerinin dengeli
bir dagilima sahip oldugu goriilmiistiir. Bu durum, gruplar arasindaki farkin anlamli olmadig1
ya da kontrol grubunun daha basarili oldugu ¢alismalarin iilkemizde akademik alanda gok fazla

kabul gormemesi ile agiklanabilir.

Etki biiyiikliikleri genel olarak incelendiginde, etkisiz olan caligmalarda Grneklem
biiytikliiklerinin fazla oldugu ve bu ¢alismalarin daha ¢ok STEM okullarinda yapilan ¢alismalar
oldugu goriilmistiir. Bu caligmalarda kontrollii bir deney yaparak miidahale grubundaki
basarinin belirlenmesi yerine daha ¢ok STEM okullarinin etkiligi incelenmistir. Orta ve genis
etkiye sahip calismalarda ise kii¢iik 6rneklem gruplari kullanilmis ve siirecin arastirmacinin
kontroliinde oldugu detayli bir sekilde anlatilmigtir. Bu tiir gruplarda yapilan ¢alismalarin
sonuglariin da birbirinden farkli olmasi kullanilan etkinliklerin niteliklerinin birbirinden farkli
olmasi, ¢alisma grubunun motivasyonu, kisisel 6zellikleri, ¢cevresel faktorler vb. kosullardan

kaynaklaniyor olabilir.

Mevcut arastirmada da, literatiirdeki diger calismalarda da arastirmada belirlenen
kriterleri saglayan ¢alisma sayisinin sinirli oldugu sdylenebilir. FeTeMM egitiminin akademik
basariya etkisini inceleyen deneysel ¢aligsmalarin sayisinin artmasi, daha biiylik kapsamli meta-

analiz caligmalarinin yapilmasina olanak saglayacaktir.

Oneriler

Bu ¢alismada, FeTeMM yaklasiminin &grencilerin  akademik basarilarina etkisini
inceleyen caligmalara odaklanilmistir. Bundan sonra yapilacak olan ¢alismalarda FeTeMM
yaklasiminin diger etkileri (6rnegin bilimsel siire¢ becerileri, tutum, ilgi vb.) lizerine odaklanan
calismalar yapilabilir. Alan yazinda son donemde FeTeMM yaklasima ile birlikte ad1 sik gegen
kavramlardan biri de tasarim odakli diistinme yaklasimidir. Literatiirde bu alanda yapilan

caligmalarin da analizi yapilarak, FeTeMM ile bu yaklagimin etkileri karsilagtirilabilir.
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Ozet — FeTeMM yaklagimu, fen, teknoloji, miihendislik ve matematik disiplinlerinin birlikte gretimine dayanan
biitiinlesik bir yaklagimdir. Bu ¢aligmanin amaci, FeTeMM yaklagimiin akademik basariya etkisini aragtiran
calismalarnin sonuglarini sentezlemek, bu ¢aligmalarda elde edilen etki biiyiikliiklerini 6gretim diizeyine (ilkokul,
ortaokul, lise ve iiniversite) gore ve yurti¢i-yurtdist ¢alisma olma durumlarina gore karsilastirmaktir. Calismada
meta-analiz yontemi kullanilmistir. Arastirmada 2012-2018 yillar1 arasinda FeTeMM egitiminin akademik
basariya etkisinin aragtirtldigt 38 calisma incelenmistir. Etki biiyiikliiklerinin -0.107 ile 10.567 arasinda degistigi
goriilmiistiir. Caligmada incelenen arastirmalarda, ilkokul diizeyinde yapilan ¢aligmalarin etki biiyilikligiinin
kiigiik oldugu ve ilkokul grubu ile yapilan ¢alismalarin daha ¢ok yurtdiginda yapildigi belirlenmistir. Ortaokul ve
lise diizeyindeki ¢aligmalarda hem genis hem de kiigiik etki biiyiikliikleri ile karsilasilmasina ragmen, orta etki
biiylikligiiniin az oldugu, tniversite diizeyindeki ¢aligmalarin ise orta ve genis etki biyiikliiklerine sahip oldugu

belirlenmistir. Ozellikle ilkokul diizeyinde iilkemizde yapilan ¢aligmalarin sayist az oldugundan, bu egitim

kademesinde yapilacak caligmalar alan yazina katki saglayabilir.
Anahtar kelimeler: Meta-analiz, FeTeMM yaklasimi, basari.

Corresponding author: Leyla AYVERDI, leyla_ayverdi@hotmail.com

Genis Ozet
Giris
FeTeMM yaklagimi, fen, teknoloji, miithendislik ve matematik disiplinlerinin birlikte

Ogretimine dayanan entegre bir egitim yaklasimidir. Bu yaklasim farkli disiplinlere ait


https://orcid.org/0000-0002-0635-0728
mailto:leyla_ayverdi@hotmail.com

Ayverdi, L.i & OZ AYDIN, S. 865

becerileri bireylere kazandirmay1 amaglamaktadir. Bu nedenle giiniimiiz insaninin sahip olmasi
gereken 21. yiizy1l becerilerini 6grencilere kazandirmak ve ¢ok yonlii bireyleri yetistirmek
noktasinda egitimciler FeTeMM yaklasimina son yillarda oldukga fazla 6nem vermektedirler.
Dolayisiyla, FeTeMM ile ilgili son yillarda yapilan ¢alismalarin sayis1 olduk¢a artmistir. Bu
caligmalarda FeTeMM yaklagiminin, 6grencilerin 21. Yiizyil becerilerini, motivasyonlarini,
sorgulayict Ogrenme becerisi algilarini, yansitict  diigiinme becerilerini, psiko-motor
becerilerini, karar verme becerilerini, kariyer bilincini, akran 6grenmesini, fen bilimlerine kars1
tutumlarin1 ve bilimsel siire¢ becerilerini gelistirdigini, FeTeMM alanlarina yonelik ilgilerini,
miithendislik becerilerini, bilginin kalicihgini, 6z yeterlilik, yeteneklerini ve akademik
basarilarini arttirdigi gosterilmistir. Bu alandaki calisma sayisinin fazla olmasi, tiim bu
kaynaklarin incelenmesi ve istenilen bilgiye ulasilmasini zorlastirmaktadir. Bu durum, ayni
konuda hazirlanan ¢alismalarin sentezini gerektirmektedir. Bu baglamda, yapilacak bir meta-
analiz ¢alismasi, literatiirdeki ¢calismalarin biitiinsel olarak degerlendirilmesini olanakli kilacagi
gibi FeTeMM yaklasiminin etkilerini de daha gergekgi bir sekilde degerlendirmeye imkan
verecektir. Bu ¢aligmanin amaci, FeTeMM yaklasiminin akademik basariya etkisini arastiran
cok sayidaki caligmanin sonuglarmi sentezlemek, bu calismalarda elde edilen etki
bliytikliiklerini 6gretim diizeyine (ilkokul, ortaokul, lise ve tiniversite) gére ve yurt igi-yurt disi

calisma olma durumlarina gore karsilagtirmaktir.

Yontem

Calismada meta-analiz yontemi kullanilmistir. Aragtirmada 2012 Ocak - 2018 Aralik
donemi arasinda FeTeMM egitiminin akademik basariya etkisinin arastirildigi 22 yurt i¢i, 16
yurt disi olmak tizere 38 calisma incelenmistir. Tarama islemi, “STEM education”,
“achievement”, “academic achievement”, “FeTeMM egitimi”, “basar1”, “akademik basar1”
anahtar kavramlar1 kullanilarak Google Akademik, YOK Tez, Web of Science, Eric ve Proquest
Education Journal iizerinde gerceklestirilmistir. Incelemeler, ncelikle ¢alismalarin 6zetleri
iizerinde gergeklestirilmistir. Ozette, calismada kullanilabilecek nitelikte deneysel ya da yari
deneysel yontemlerle tasarlanmamis calismalar arastirma kapsamina dahil edilmemistir.
Ozetler incelendikten sonra, calismanin tiimii incelenmis ve etki biiyiikliigiinii hesaplayabilmek
icin gerekli istatistiksel verileri icermeyen c¢alismalar da kapsam disinda birakilmistir.
Belirlenen anahtar kelimelerle ilk tarama yapildiginda, 372 calismaya ulasiimistir. Bu
caligmalardan, belirlenen kriterlere uyan c¢alismalarin sayisinin 38 oldugu goriilmiistiir. Etki

biiyiikliigiiniin Cohen d olarak hesaplandigi calismalarda, s6z konusu etki biyiikligi
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calismadaki hali ile kullanilmis, n? hesaplanan c¢alismalarda déniisiim yapilmis, etki
biiylikliigiiniin hesaplanmadig1r c¢aligmalarin etki biiylikliigli arastirmacilar tarafindan bir

hesaplama programi kullanilarak hesaplanmaistir.

Bulgular

Arastirmada inceleme yapilan tarih araliginda ve belirlenen kriterleri igeren 22 yurtici ve
16 yurtdis1 calisma gergeklestirildigi belirlenmistir. Orneklem biiyiikliiklerinin 12 ile 12344
arasinda degistigi goriilmiistiir. Caligmalardan 4 (%24)’t ilkokul, 20 (%53)’si ortaokul, 4
(%10)’u lise ve 5 (%13)’i universite diizeyinde yapilan g¢alismalardir. Calismadaki etki

biiytikliiklerinin, -0.107 ile 10.567 arasinda degistigi belirlenmistir.

FeTeMM egitiminin 6grencilerin akademik basarisina etkisini inceleyen ¢aligmalardan
elde edilen bulgular1 sentezlemek amaciyla yapilan bu arastirma sonucunda, ¢aligmalarin bir
kisminin etki biiyiikliigiiniin ¢ok kiigiik olmasina karsin, 6nemli bir kismindan elde edilen etki
biiytikliiklerinin genis etki oldugu ortaya ¢ikmistir. Calismada incelenen arastirmalarda, ilkokul
diizeyinde yapilan ¢alismalarin genel olarak etki biiyiikliigliniin kii¢iik oldugu, ortaokul ve lise
diizeyindeki ¢alismalarda hem biiyilik hem de kiigiik etki biiyiikliikleri ile karsilagilmasina
ragmen, orta etki biiyilikliigiiniin az oldugu, tiniversite diizeyindeki ¢aligsmalarin ise orta ve genis
etki biiyiikliiklerine sahip oldugu belirlenmistir. Tiirkiye ve yurt diginda yapilan galigmalarda
elde edilen etki biiyiikliikleri karsilastirildiginda tlilkemizdeki ¢alismalarda etki biiyiikligi
0.2’nin altinda hi¢ calisma olmadigr ve genel olarak caligmalarin orta ve genis etki
biiytikliiklerine sahip oldugu ortaya ¢cikmustir. Yurt disinda yapilan ¢alismalarda kiigiik ve
biiyiik etki biiyiikliiklerinin dengeli bir dagilim gosterdigi goriilmiistiir. Bu durum, gruplar
arasindaki farkin anlamli olmadig1 ya da kontrol grubunun daha basarili oldugu ¢alismalarin

iilkemizde akademik alanda ¢ok fazla kabul gérmemesi ile agiklanabilir.

Sonug ve Tartisma

Bu c¢alismada FeTeMM yaklagiminin 6grencilerin  akademik bagarisina etkisinin
arastirildigl caligmalar incelenmis ve ozellikle Tiirkiye'de yapilan ¢alismalarda genis etki
biiyiikliikleriyle karsilasilmistir. Dolayisiyla Tiirkiye'de FeTeMM yaklagimimin &grencilerin
akademik basarisi iizerinde olumlu etkisi oldugu soylenebilir. Yurt disinda yapilan ¢caligmalarda
kiiciik etki biiytikliikleri ile de karsilasilmistir. FeTeMM yaklasiminin 6grencilerin akademik

basarisina etkisinin arastirildigi baska bir arastirmada da bu yaklasimin 6grenci basarisi
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tizerinde olumlu etkisi oldugu ortaya konmustur. Ancak mevcut arastirmada da literatiirdeki
diger ¢alismalarda da arastirmada belirlenen kriterleri saglayan ¢alisma sayisinin sinirli oldugu
sOylenebilir. FeTeMM egitiminin akademik basariya etkisini inceleyen deneysel ¢alismalarin
sayisinin artmasi, daha biiyiik kapsamli meta-analiz c¢alismalarinin yapilmasma olanak

saglayacaktir.
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Abstract — STEM approach is an integrated approach based on co-teaching of science, technology, engineering,
and mathematics. The aim of this study is to synthesize the effect of STEM approach on academic achievement
and compare the effect size obtained in these studies according to the level of education (primary, secondary, high
school, and university), their status of the domestic and foreign study. Meta-analysis method was used the study.
In this study, 38 studies in which investigated the effect of STEM education on academic achievement between
the years 2012-2018. Their effect size range between -0.107 and 10.567 In the studies examined in the study, it
was determined that the effect size of the studies carried out at the primary school level is small and the studies
conducted with the primary school group are mostly carried out abroad. Although it was observed that both small
and large effect size was encountered in the studies at the secondary and high school level, the medium effect size
was limited and university level studies have medium and large effect size. Since the number of studies carried
out in our country is limited, especially in primary school level, studies in this level of education may contribute
to the literature.
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Introduction

The personality traits of the individuals required by the changing society also alter as the
social structure changes along with discoveries, scientific and technological developments.
When examining the personality traits of people in the society of our age, we see a need for
people who internalize their own cultural values, are equipped with the new skills and
knowledge of different areas, who are self-confident and respect different cultures.
Furthermore, creative-innovative individuals who have critical thinking and problem-solving

skills, as well as decent interpersonal communication skills and able to work in collaboration
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are among the desired individuals. The personal qualities also needed in the society can be
stated as being information, media and technology literate, flexible, adaptable, entrepreneurial
as well as being self-controlled, productive, responsible both in terms of individual-level and
societal level and inheriting leadership qualities. These characteristics are called 21st-century
skills (Cepni, Ozmen & Ayvaci, 2015; Rotherham & Willingham, 2010).

In many countries both Europe and the USA, radical changes have been put into force in
the curriculum to raise the young generation with 21st-century skills. In the 1990s, the USA
adopted a holistic approach to education in the curriculum in which the disciplines of science,
technology, engineering, and mathematics are addressed together(Bybee, 2010). This approach
is called STEM (Science, Technology, Engineering, and Mathematics). With the scientific and
technological competition among developed countries, in several states of the USA, the trend
of raising individuals with 21st-century skills has contributed to the establishment of STEM
schools, where teachers actively incorporate engineering into courses or teach gifted and
talented students. In Europe, efforts are made to ensure that an inquiry-based method to science
education is used in the processes of science and technology education and that STEM programs

are introduced to raise the curiosity of students in science (Akgiindiiz et al., 2015).

There is research focused on the development of STEM in the USA dating back to old
times. For example, it is possible to recognize the Industrial Revolution, Edison's inventions,
and the work of other inventors as STEM cases (White, 2014). However, the STEM concept
was not actually used at that time (Butz et al., 2004). In the USA, since the 1980s, attempts
have been made to enhance the level of science and mathematics education (National Science
Foundation [NSF] and the US Department of Education, 1980). Many national commissions,
occupational organizations, scholars, and universities called for the advancement of science and
mathematics education in the 1990s (National Research Council [NRC], 1996). The first use of
the STEM concept was initiated by the National Science Foundation (NSF) in the 1990s, with
the abbreviation SMET (Science Mathematics Engineering and Technology). The National
Science Education Standards were released in the USA in 1996 and the shift to science
education focused on research and inquiry was introduced (National Research Council [NRC],
1996). Education reform initiatives in the US have achieved the goal of enhancing the quality
of education. The USA, however, was not sufficient in terms of scientific and technological
competence to compete with countries such as China. Nevertheless, in order to have a voice in
the world in the area of science and technology, it has identified that there is a need for an
educational approach that includes technological expertise and skills in teaching, allows kids
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find answers to real-life challenges they may face, and gives students the skills they should
have in business life (Akgiindiiz et al., 2015). Despite the attempts in this period, the failure to
attain the expected standard and the failure to provide the skilled workers demanded by the
corporate world caused serious criticism of the education system by businessmen and
consequently, the United States introduced an approach that stressed engineering skills(NRC,
1996). Thus, the STEM abbreviation was first utilized by NSF in 2001 with its current form
(Teaching Institute for Excellence in STEM, 2017). The STEM method has been brought to the
fore in the Next Generation Science Standards in 2013 as a result of major efforts in this field
in the USA(NRC, 2013). When the New Generation Science Education Standards released in
2013 are evaluated, it shows that contrary to the previous standards, engineering applications
are highlighted. . In addition to embracing 21st-century skills like critical thinking, we can see
that regulations are enforced for students to become literate in science and mathematics(NGSS,
2013).

Following these developments in the United States, a tendency towards STEM education
has arisen due to the demand for skilled labor in the fields of science, technology, and
engineering in Europe, observed decreased interest in these fields, and for fulfilling the
qualified personnel shortage that may arise in the immediate future. In several European
countries, STEM strategic plans have been formulated and curriculum changes have been made
as a result. Besides that, projects were carried out for STEM and several reports were published
(Ministry of National Education [MEB], 2016). Projects such as Scientix, inGenious, MaScil,
SAILS, Ark of Inquiry, and PROFILES are among the projects in which our country is also

included and carried out in Europe.

When we look at the Turkey case, the first studies regarding STEM education have been
carried out at the university level. At Istanbul Aydin University, a STEM Center has been
founded, and works to set up a STEM laboratory are ongoing. On the other hand, Hacettepe
University has established a STEM laboratory (Akgiindiiz et al., 2015). There is a STEM
Laboratory at Bahgesehir University. A STEM Center was founded in Kayseri under the
Directorate of National Education (MEM) from the Ministry of Education's point of view, but
it was closed in 2016. In 2016, the Ministry of National Education, General Directorate of
Innovation and Education Technologies, published a report under the name of the STEM
Education Report (the STEM term was included in this section because it is expressed as STEM
in the names of institutions and reports). The report states that the 2015-2019 Strategic Plan has
goals for strengthening STEM and activities carried out in the Technology Design courses in
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the 7th and 8th-grades are in line with the STEM logic. Also, it is reported that young people
are encouraged to practice in these areas thanks to science fairs supported by TUBITAK and
that STEM activities are facilitated in extracurricular times in science centers established by
TUBITAK (MEB, 2016).

Apart from the institutional studies, numerous researchers, both domestically and
globally, are undertaking STEM studies concerning practical means. These studies have shown
that STEM education has developed students' interest and self-efficacy in science, mathematics
and / or technology (Almarode et al., 2014; Burt, 2014), their attitudes (Calisici, 2018;
Dumanoglu, 2018; Giilhan & Sahin, 2016; Kog, 2017 Yamak, Bulut & Diindar, 2014), 21th
century skills (Abdurrahman et al., 2019; Bulut, 2019; Ozgelik & Akgiindiiz, 2018), creative
problem solving skills, creativity (Ayverdi, 2018; Kim & Choi, 2012), psychomotor skills
(Gtilen, 2016), reflective thinking skills (Giilen, 2016), awareness regarding their careers
(Dieker, Grillo & Ramlakhan, 2012; Willis, 2017), collaborative working skills (Baris & Ecevit,
2019; Seren, 2019), positive experiences in science and mathematics activities (lhrig, Lane,
Mahatmya& Assouline, 2018; Oztiirk, Bozkurt-Aslan & Tan, 2019), scientific process skills
(Ayverdi, 2018; Baris & Ecevit, 2019; Cotabish, Robinson, Dailey & Hughes 2013; Robinson,
Dailey, Hughes & Cotabish, 2014; Oztiirk, Bozkurt-Aslan & Tan, 2019), knowledge of content
and concept (Cotabish, Robinson, Dailey & Hughes 2013; Robinson, Dailey, Hughes &
Cotabish, 2014), while increased their knowledge and skills in engineering and technology
(Baran, Canbazoglu-Bilici & Mesutoglu, 2015; Oztiirk, Bozkurt-Aslan & Tan, 2 019),
achievements (Ceylan, 2014; Ercan, 2014; Giilen, 2016; Irkigatal, 2016; Kim, Cross & Cross;
2017; Koyuncu & Kyrgyz, 2016; Salman-Parlakay, 2017; Yasak, 2017; Yildirnm & Altun,
2015; Yildirim & Selvi, 2017; Yildiz, Ozkaral & Yavuz, 2017; Young, Young, & Ford, 2017).
The common objective of all these STEM studies is to prepare the skilled workforce that nations
need through utilizing the integrated teaching of science, technology, mathematics, and
engineering disciplines. Scott (2009) discusses four principles of STEM education. These are

as follows;

v" Integration of technological applications into science and mathematics lesson
content,

v" Supporting career-focused and technical education with academic assignments,

Adoption of STEM concept in other fields,

<\

v' It is the combination of science and mathematics in the curriculum (Scott, 20009,
cited by Oner & Capraro, 2016).
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Together with the concepts stated by Scott (2009), countries strive to improve their
academic achievement through STEM education through the regulations they render in the
curricula. Taking into account that contributing to the academic growth of students is one of
the core responsibilities of educational institutions, it is quite natural for such a circumstance to
occur. In the literature, the students at different educational levels are analyzed in those research
investigating the effect of the STEM approach on academic achievement. We may get an idea
of when to start STEM education more easily if the outcomes of the studies performed with
students from different levels of education are compared. Moreover, having numerous studies
in this area make it difficult to analyze all these sources and to acquire the information needed.
This situation requires the synthesis of studies that are published on the same subject. In this
context, a meta-analysis study to be carried out would make it easier to holistically analyze the

literature findings as well as to more realistically evaluate the effects of the STEM approach.

It is possible to come across several studies in recent years that have been conducted
independently on a particular topic (Kablan, Topan & Erkan, 2013). Meta-analysis studies are
the research type that provides researchers more accurate and reliable results than any primary
research, non-quantitative research, or narrative compilation(Rosenthal & DiMatteo, 2001).
Meta-analysis studies are valuable because they allow seeing scientific knowledge
accumulation to be perceived as a whole, advise policymakers in the use of solid scientific
evidence and help understand contradictory findings in the literature (Ustiin, 2012). STEM
education is an approach that, particularly in recent years, has been extensively discussed. With
this study, by evaluating the results of research on the effects of STEM education on academic
performance as a whole, it is aimed to contribute to the literature. In this context, the current
study seeks to analyze the results of studies examining the effects of STEM education on
academic success and to assess the results of these studies. The sub-problems determined in

line with the purpose are;

What are the effect sizes of studies that look at the effect of STEM education on academic

achievement?

How do the effect sizes of the studies researching the effect of STEM education on
academic achievement differ based on the education level (primary school, secondary school,

high school, and university)?

What are the effect sizes of studies investigating the effects of STEM education on
academic achievement both in Turkey and abroad?
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Method

In the research, the meta-analysis method was utilized. Meta-analysis is a method based
on integrating the results of several different studies on the same topic, evaluating the findings
collected statistically, and synthesizing them. A meta-analysis is performed following stages
(Akgoz, Ercan & Kan, 2004).

Data Collection and Analysis

Akgoz, Ercan, and Kan (2004) stated the steps of the meta-analysis as follows:
1.ldentifying the problem,

2.Determining the features of the research that should be used in the meta-analysis,
3. Obtaining individual researches,

4. Coding and classifying of each individual research,

5. Combining the findings of these individual research,

6. Establishing the relationships of these combined findings,

7. Reporting the meta-analysis findings.

Data were obtained and analyzed following these steps in this research.

Identifying the Problem

If the research carried out in recent years is reviewed, one can possible to say that the
number of studies examines the effects of the STEM approach on academic achievement has
substantially increased. These studies, however, are separate studies that are performed
independently from each other. These studies need to be analyzed from a holistic perspective

and the results collected need to be synthesized.

Determining the Features of the Research that Should be Used in the Meta-analysis

The studies to be included in the framework of the research were identified as studies
exploring the effects of the STEM approach on academic achievement. The identification of
these studies is started with a comprehensive literature review. The literature review was carried
out in December 2018 and January 2019. The literature review is conducted via the library of
Balikesir University to determine the studies to be examined within the framework of the
research. In this context, a literature review was performed on the platforms of Google Scholar,

YOK Thesis, Web of Science, Eric, and Proquest Education Journal. Within the scope of the

Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
Necatibey Faculty of Education, Electronic Journal of Science and Mathematics Education



874 FeTeMM Egitiminin Akademik Basariya Etkisini Inceleyen Calismalarin Meta-Analizi
Meta-Analysis of Studies Examining the Effect of STEM Education on Academic Success

research, the features of research to be included in the meta-analysis were determined as
follows:

v Being the studies investigating the effect of STEM education on academic achievement in
Turkey and different countries between 2012 and 2018 is the first inclusion criterion. The
explanation of why 2012 was determined as the start date of the research is because this
approach is commonly used after 2012. Although the interdisciplinary approach has existed
in previous studies, the effects of STEM on academic achievement after 2012 have been
examined directly.

v The review process was carried out using the key concepts such as "STEM education”,

29 ¢

"achievement", "academic achievement", “FeTeMM egitimi”, “basar1”, “akademik basar1”.

v' These examinations were primarily on the abstracts of the relevant research. The scope of
the study has not included studies that were not designed with experimental or quasi-
experimental methods in the abstract sections. The whole study was examined after
reviewing the abstracts, and studies that did not contain the statistical data needed to
calculate the effect size were also omitted. Having the necessary statistical data to calculate
the effect size is one of the criteria expected.

Obtaining Individual Research
372 studies were reached after the first scan was carried out for the determined keywords.

While the number of studies meeting the specified criteria was determined as 38.

Coding and Classifying of Each Individual Research

After the studies were determined which fulfill the requirements, they were stored as PDF
files in a common folder. Later, a table containing brief details about the research was created
in a Word document to easily review all the studies and to present them as a whole. In this table,
(Table 1) we see the descriptive information on the studies: author name, publication year,
sample size, study groups, the required statistical values to calculate the effect size (mean,
standard deviation, etc.), the effect size and information about whether the study is performed

in Turkey or abroad. Afterward, data for each study was coded into this table.

The effect size (Cohen d) retrieved exactly if it was calculated in the study. If not
calculated, using the required statistical data, it is calculated by the researchers
viahttps://www.psychometrica.de/effect_size.html. In case of the effect size was determined
using other formulas rather than using Cohen d, the required transformations of data were

performed by using transformation formulas on the same web page.
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In tests such as the t-test used in some studies, there is a fixed value in which the mean
and the mean are compared, and this test indicates that whether the difference between these
values is significant. However, it does not provide data regarding the size of this difference.
Therefore, the effect size must be calculated. In terms of having comparable values for different

studies, the effect size is also critical (Can, 2014).

For interpreting the effect sizes, Cohen's (1992) instructions are followed. According to
Cohen (1992), the accepted values for small, medium, and large effect sizes are .20, .50, and
.80 respectively. Hence, if the effect size of a study is less than .20, it has an ineffective effect
size, if it is between .20 and .50, it has a small effect size, if it is between .50 and .80, it has a

medium effect size, and lastly, if it is greater than .80, it has a large effect size.

More than one effect size was calculated in studies evaluating academic achievement in
different fields such as science, technology, engineering, and mathematics. The mean score of
effect sizes was calculated for these studies. The data was re-encoded and re-analyzed by the
same researchers a month after, independently from the previous ones, to ensure coding and
analysis reliability.

The attempt to generalize the common effect by comparing the studies obtained with
various groups, variables and measurement methods is one of the most prominent critiques of
meta-analysis studies (Ustiin & Eryilmaz, 2014). A single group was included in some of the
studies examined within the framework of this review, and some of them were performed with
a control group. While some of the studies used parametric analyzes, some of them applied non-
parametric analyzes. Therefore, presenting the results obtained from different groups via a
single common effect size has been avoided in this meta-analysis, and instead, the results were

tried to be presented via comparisons.

Combining the Findings of These Individual Research

The findings obtained from studies aimed at analyzing the outcomes of studies
investigating the effects of STEM education on academic achievement and assessing the results
obtained from these studies in both our country and abroad since 2012 should be evaluated
within methodological limitations. These limitations are due to the meta-analysis procedures.
Since the study regarded only the findings presented by the primary authors, studies that did
not have the statistical data required to measure the size of the effect had to be omitted. Another
limitation is related to the number of studies. While in recent years there have been several

studies on STEM, the majority of them are not quantitative studies. There are a few studies that
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provide quantitative evidence to calculate the size of the effect (Becker & Park, 2011). Since
the effect on academic performance is not examined by some of the studies that provide
quantitative evidence, they were not included in the analysis as well. For each of the studies
included in the study, the effect sizes calculated with Cohen d were used and the studies were

combined in this way.

Establishing the Relationships of These Combined Findings
All studies whose effect sizes were transformed into cohen d were evaluated according to
their effect size, whether they are performed in Turkey or abroad, and the level of education.

Reporting the Meta-analysis Findings

Within the framework of this study, the results obtained were reported.

Findings and Discussion

The results about the sample size, study group, the status of being Turkish or foreign, the
calculated effect sizes, and the codes are presented in Table 1 concerning the 38 studies
examined within the framework of the study:

Table 1 Summary of 38 Studies Examined within the Scope of the Study

Study N Study Group Turkish  Effect Code
/ Foreign size (d)

Acar et al. (2018) 68 Primary school Turkish 0.904 Tl
Aygen (2018) 65 University Turkish 2.105 T2
Biiyiikdere and Tanel (2018) 67 University Turkish 0.578 T3
Ceylan (2014) 56 Secondary School Turkish 0.89 T4
Calisic1 (2018) 44 Secondary School Turkish 1.051 T5
Cakir and Ozan (2018) 53 Secondary School Turkish 0.904 T6
Cevik and Abdioglu (2018) 26 Secondary School Turkish 1.16 T7
Dedetiirk (2018) 158 Secondary School Turkish 3.301 T8
Dumanoglu (2018) 88 Secondary School Turkish 0.806 T9
Ercan (2014) 30 Secondary School Turkish 1.694 T10

Giilen (2016) 40 Secondary School Turkish 0.728 T11
Giiven et al. (2018) 30 Secondary School Turkish 0.221 T12
Ince et al. (2018) 58 Secondary School Turkish 0.368 T13
Koyuncu & Kyrgyz (2016) 35 Primary school Turkish 0.568 T14
Nagag (2018) 44 Secondary School Turkish 0.743 T15
Ozdemir (2018) 64 High School Turkish 0.846 T16
Salman Parlakay (2017) 64 Secondary School Turkish 0.468 T17
Sarican and Akgiindiiz (2018) 44 Secondary School Turkish 0.474 T18
Yasak (2017) 46 Secondary School Turkish 0.271 T19
Yildirim & Altun (2015) 83 University Turkish 0.698 T20
Yildirim & Selvi (2015) 78 Secondary School Turkish 1.312 T21
Yildiz et al. (2017) 38 Secondary School Turkish 1.184 T22
Boyster (2018) 40 Primary school Foreign 2.592 F1
Cotabish et al (2013) 1750 Primary school Foreign 1.168 F2
Irwin (2013) 50 Primary school Foreign -0,107 F3
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Judson (2014) 12344 Primary school Foreign 0.007 F4
Kakarndee et al(2018) 40 Secondary School Foreign ~ 10.567 F5
Kaw & Yalcin (2012) 137 University Foreign 1.115 F6

McClain (2015) * 274 Primary school Foreign ~ 0.3395 F7
Mckinnon (2018) 1337 Primary school Foreign 0.058 F8
Moyer (2012) 223 Secondary School Foreign 0.257 F9
Nugent et al (2014) 288 Secondary School Foreign 0.725 F10
Oliveraz (2012) 176 Secondary School Foreign 0.576 F11
Ragsdale (2014) 1322 High School Foreign 0.205 F12
Reena (2018) 101 University Foreign  0.609 F13
Schuchardt & Schunn (2015) 168 High School Foreign 0.291 F14
Wallace et al(2015) 155 High School Foreign 2.359 F15
Yoon et al (2014) 831 Primary school Foreign 0.45 F16

877

When Table 1 is analyzed, a total of 38 different effect sizes of 22 domestic and 16 foreign

studies were compared. While sample sizes are seen to vary between 26 and 12344. Of the
studies, 9 (24%) of them are primary school level, 20 (53%) of them are secondary school level,
4 (10%) of them are high school and 5 (13%) of them are university level.

The first sub-problem of the study is to look at the effect sizes of studies performed on

the effect of STEM education on academic achievement. The effect sizes in the study vary

between -0.107 and 10.567. Effect sizes of the studies are presented in Graph 1:
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When Graph 1 is examined, out of 38 effect sizes, 12 (T2, T5, T7, T8, T10, T21, T22, F1,
F2, F5, F6, F15 of them have a very large effect size over 1.0, while 25 of them(T1, T2, T3, T4,
T6,T9, T11,T12, T13, T14, T15, T16, T17, T18, T19, T20, F3, F4, F7, F8, F9, F10, F11, F12,
F13, F14, F16) have effect sizes between 0 and 1.00 and 1 of them (F3) had a negative effect

size.
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The study's second sub-problem is to analyze the effect sizes according to the level of
education (primary secondary, high school, and university). The classification of calculated

effect sizes of these 38 studies by education level is presented in Table 2:

Table 2 Effect Sizes of Studies Based on Education Level

Education Effect Size Total
level ES <0.2 0.2 <ES0.5 0.5 <ES0.8 ES>0.8 number of
studies
Primary school 3 2 1 3 9
Secondary 0 6 4 10 20
School
High School 0 2 0 2 4
University 0 0 3 2 5
Total 3 10 8 17 38

When Table 2 is examined, 3 (33%) of 9 effect sizes calculated at primary school level
are less than 0.2, 2 (22%) of them are between 0.2 and 0.5, 1 (11%) of them is between 0.5 and
0.8, and 3 (33%) of them are greater than 0.8. Of the 20 effect sizes calculated for secondary
school level, 6 (30%) of them are between 0.2 and 0.5, 4 (20%) of them are between 0.5 and
0.8, and 10 (50%) of them are greater than 0.8. For the secondary school group, no research
with an effect size smaller than 0.2 was found. For the 4 effect sizes calculated for high school
level, 2 (50%) of them are between 0.2 and 0.5, while 2 (50%) of them are greater than 0.8. No
study with an effect size below 0.2 and between 0.5 and 0.8 for high school level was observed.
Among the 5 effect sizes calculated for the university level, 3 (60%) of them are between 0.5
and 0.8 and 2 (40%) of them are greater than 0.8. No study with an effect size of less than 0.5
was observed for the university level. Of the 38 effect sizes calculated for all studies examined,
3 (8%) of them are less than 0.2, 10 (26%) of them are between 0.2 and 0.5, 8 (21%) of them
are between 0.5 and 0.8, and lastly, 17 (45%) of them are greater than 0.8.

The third sub-problem of the research is to examine the effect size of studies performed
in Turkey and abroad. The findings concerning the examination of the effect sizes based on
where those studies are performed are presented in Table 3:

Table 3 The calculated effect size for the studies performed in Turkey and Abroad

The location of Effect Size Total
the study ES <0.2 0.2 <ES0.5 0.5 <ES0.8 ES>0.8 number of
studies
Turkey 0 5 5 12 22
Abroad 3 5 3 5 16
Total 3 10 8 17 38
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Table 3 shows that, among 22 effect sizes calculated for studies in Turkey, 5 (23%) of
them are between 0.2 and 0.5, 5 (23%) of them are between 0.5 and 0.8, 12 (54%) of them are
greater than 0.8. No effect size smaller than 0.2 was observed. When the effect sizes of the
studies performed abroad are examined, 3 (19%) of them are less than 0.2, 5 (31%) of them are
between 0.2 and 0.5, 3 (19%) of them are between 0.5 and 0.8, and 5 (31%) of them are greater
than 0.8.

Conclusion and Discassion

As a result of this analysis that was performed to synthesize the effects of studies
investigating the effect of STEM education on student academic achievement, we see that while
the effect size of some of the studies was very small, for the significant number of them, the
effect sizes were large. In their meta-analysis research, Becker and Park (2011) reviewed 28
studies examining the effect of the interdisciplinary approach on academic achievement and
indicated that this integrative approach has a positive impact on students' performance.
Interdisciplinary studies prior to 2011 were reviewed in this analysis and only those performed
in foreign countries were addressed. In this sense, Yildirim (2016) concentrated on studies
investigating the effect of STEM education on creativity, problem-solving capacity, attitude,
interests, and student achievement, and investigated 8 studies on academic achievement. While
4 of the studies showed that STEM education contributed to the increase of academic

achievement, the other 4 studies did not increase academic achievement effectively.

In a meta-analysis study in which the effect of STEM education on learning outcomes is
analyzed, Sarag (2018) compared the effect sizes of the studies performed between 2010 and
2017 and concluded that the effect size on academic achievement was at a medium level. In
this research, the academic achievement concept was examined through 27 studies. While in
this present study, the effect sizes of 38 studies are rather large. There are also medium and
small effect sizes. The increase in the number of studies conducted in Turkey in this field
recently and the fact that studies with larger effect sizes are performed in our country may be
the reason for the difference between these two studies.

In another study analyzing research on STEM education (scientific process skills,
academic performance, attitudes, perceptions, etc.), it was observed that 6 studies investigated
the effect of STEM on academic achievement. It was observed that the STEM strategy had no
impact on academic achievement in one of the studies used in the analysis, although other
studies stated that it had positive results on academic achievement(Herdem & Unal, 2018).
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Considering the present research, other meta-analyses, and meta-synthesis research found in
literature, we can say that STEM education has a positive effect on the students' academic

achievement in a general sense.

When we look at the studies analyzed within the scope of this research, we see that the
effect size of studies undertaken at the primary school level was relatively small, while both
large and small effect sizes were found in secondary school and high school levels, the medium
effect size was limited, and lastly, the university-level studies had medium and large effect
sizes. Becker and Park(2011) reported that the number of studies at primary and university
levels with three effect sizes was equal, while the results collected at secondary and high school
levels were similar to this study. Becker ve Park (2011) propose beginning an interdisciplinary
approach at an early age based on the findings of their study. Only three of the studies performed
in Turkey are at the primary school level. One of them has a medium effect size and the other
two have a large effect size. Increasing the number of studies performed in our country with
this age group can help make more specific comments on starting STEM education at an early
age.

When the effect size obtained in studies performed in our country and as well as studies
conducted abroad are compared, we found out that there was no study with an effect size less
than 0.2 and generally studies had medium or large effect sizes. While for the studies performed
abroad, the small and large effect sizes have a balanced distribution. It can be explained by the
fact that the studies in which the difference between the groups are not significant or the control

group is more successful are not widely appreciated in the academic field of our country.

In general, when the impact sizes were analyzed, it was found that the sample sizes in the
ineffective experiments were large and these studies were mainly carried out in STEM schools.
In these studies, rather than assessing the success in the test group by conducting a controlled
experiment, the effectiveness of STEM schools was examined. While in the studies with
medium and large effects, small sample groups are preferred and it was explained in detail that
the process was under the control of the researcher. The differences in the outcomes of the
research carried out in these groups can be attributable to the different features of the activities

used, the study group's motivation level, personal characteristics, and environmental factors.

We can conclude that the number of studies included in the current research and other
literature studies that are fulfilling the determined requirements is limited. Increasing the
number of experimental research evaluating the effect of STEM education on academic

achievement would allow more comprehensive meta-analysis studies to be performed.

NEF-EFMED Cilt 14, Say1 2, Aralik 2020/ NFE-EJMSE Vol. 14, No. 2, December 2020



Ayverdi, L.i & OZ AYDIN, S. 881

Suggestions

This study concentrates on studies investigating the effects of the STEM approach on the
academic achievement of students. Studies focusing on other effects of the STEM approach (eg
scientific process skills, attitude, interest, etc.) can be performed in the future. Lately, the design
thinking approach is one of the concepts commonly discussed in the literature along with the
STEM approach. The results of this approach can also be compared with STEM by also

analyzing studies in the literature.
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