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BIREYSEL CESITLILIGIN VAR OLDUGU, ESITLIKCi VE KAPSAYICI
STEM TOPLULUGU iNSA ETMEK: OZEL GEREKSINIMLI KUCUK
COCUKLARDA STEM OGRENIMINi DESTEKLEMEK

0z:

Son 20 yilda egitim alaninda yapilan reformlar ile bilim, teknoloji, mithendis-
lik ve matematik (Science, Technology, Engineering, and Mathematics, [STEM])
egitimi alanlarindaki ¢alismalarin desteklenmesi 6nemli bir ivme kazanmistir ve
ilgili dizenlemeler anaokulundan liseye kadar biitiin 6grencileri kapsayacak bi-
¢imde genigletilmistir. Ancak sira 6zel gereksinimi olan 6grencilerin egitimine
geldiginde, STEM alanlarindaki egitim yerine ¢ogunlukla sosyal beceriler, iletisim
becerileri, islevsel beceriler ve yasam becerileri odakli egitimlere yogunlagilmistir.
Ozel gereksinimli dgrencilerin de akademik egitim programina biitiiniiyle kati-
lip, degerlendirilmeye alimmalar1 gelismis tilkelerde artik yasal bir zorunluluktur.
STEMZP ait uygulamalarin anasiniflarina kadar indirildigi bir donemde ilgili temel-
lerin aslinda 0-3 yas arasinda atilabilecegi savunulmaktadir. Bireysel gesitliligin var
oldugu, esitlik¢i ve kapsayict STEM toplulugu insa edebilmek icin kiiclik yastaki
0zel gereksinimli ¢ocuklar da siirece dahil edilmeli ve buna yonelik somut uygula-
mal1 adimlar atilarak, ebeveynlerin ve alandaki egitimcilerin kullanimina sunula-
cak pratik oneriler verilmelidir. Bu kavramsal ¢alismada sunulan 6rneklerin, ilerde
deneysel ¢aligmalarla test edilerek, alanda ¢alisan erken miidahale uzmanlarina,
Ozel egitim 6gretmenlerine ve 6zel gereksinimli kii¢iik cocuklar: olan ebeveynlere
somut Ogretim siireci agisindan yol gosterici olacag: diistintilmektedir.

Anahtar Sozciikler: Bilimsel Okuryazarlik, Ozel Egitimde Akademik Beceri
Ogretimi, STEM, Kaynagstirma Uygulamalari.

i 2

BUILDING DIVERSE, EQUITABLE, AND INCLUSIVE STEM
COMMUNITIES: SUPPORTING YOUNG CHILDREN WITH
DISABILITIES IN STEM LEARNING

ABSTRACT

The number of studies focusing on science, technology, engineering, and math-
ematics (STEM) has increased and included students from kindergarten to high
school along with educational reforms in the last 20 years. However, teaching so-
cial-communication and functional skills is still the focus of attention for students
with disabilities. In developed countries, it is now mandated for students with dis-
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abilities to fully participate and be evaluated in academic programs. Accordingly,
in an era where STEM practices are expanded to kindergarten classrooms, it is
advocated that STEM foundational skills can be taught to younger children start-
ing at early years of life. For building diversity, equity, and inclusivity in the STEM
communities, very young children (0-3 years) with disabilities should also actively
be involved in STEM learning process and examples of such implementations with
concrete steps to follow should be offered to those parents and professionals in the
early intervention field. With this conceptual study, it is intended to help parents of
young children with disabilities, early intervention practitioners, special education
teachers through provision of practical examples which may later be tested with
empirical research.

Keywords: Scientific Literacy, Teaching Academic Skills in Special Education,
STEM, Inclusive Practices.

e 2k 2k
GIRIS

Son 20 yilda egitim alaninda yapilan fen bilimleri egitimi reformlarinda bilim-
sel okuryazarlik ihtiyacina odaklanilmistir. Bu reform kendisini bilim, teknoloji,
mithendislik ve matematik (science, technology, engineering, and mathematics
[STEM]) alanlarindaki egitime yonelik destekler ve programlardaki artis ile belli
etmistir (Holmlund vd., 2018). STEM okuryazarlig1 ve yetkinligi artirmaya yonelik
ugraslara ragmen bir¢cok 6grencinin bilimsel kavramlar: anlamada, kullanmakta
ve uygulamada ise yarar bir bilgi birikimine sahip olmadan liseden mezun oldugu
gortulmistiir (Roseman ve Koppal, 2008). Yasitlar: ile karsilastirildiklarinda 6zel
gereksinimli 6grencilerin de fen bilimleri ve matematik 6grenmede sinirliliklar:
vardir (Carnine ve Carnine, 2004; Lynch vd., 2007; Morgan vd., 2016). Schoen-
feld (2004) 6zel gereksinimli 6grencilerin fen ve matematik gibi akademik beceri
ogretiminde tipik gelisim gosteren yasitlarina gore hep geride birakildiklarini ve
bu durumun onlar1 hem sosyal hem de ekononomik olarak gelecekte dezavantaj-
I1 konumda birakacagini vurgulamistir. Halbuki yeni diinya diizeninin ekonomik
anlayist icinde rekabet edebilmek i¢in gereken elestirel diisiince, takim ¢aligmasina
yatkinlik, yaraticilik, problem ¢6zme, liderlik gibi becerileri STEM okur-yazarlig
kazandirabilir (Breiner vd., 2012; Buck Enstitiisti, 2018). Bu yiizden 6zel gereksi-
nimli bireylere de STEM odakl egitimler verilmelidir (Giineybat1 Bolgesel STEM
Ag1 [Southwest Regional STEM Network], 2009).

Ulusal Engellilik Konseyi [National Council on Disability (NCoD)] (2017)
K-12 orgiin egitimdeki 6zel gereksinimli 6grencilerin gelecekte isgiiciine katilabi-
lecek beceri ve donanima sahip olmadiklarini ve bu dogrultuda hazirlanmadikla-
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rin1 sdylemistir. Ozel gereksinimli 6grencilerde sosyal (Alptekin, 2012; Kasari vd.,
2012; Marshall vd., 2016; Pektas, 2019; Schertz vd., 2013) ve yasamsal (6rnegin, 6z
bakim becerileri) beceriler (Boutain vd., 2020; Demirel, 2008; Sabanova ve Cav-
kaytar, 2007) ile ilgili calismalar var olsa da akademik beceri (matematik, fen, tek-
noloji gibi) 6gretimi ile ilgili caliymalar yeni olugsmaya baslamistir (Balgin ve Yil-
dirim, 2021; Barnett vd., 2018; Greene ve Bethune, 2019; Knight vd., 2018; Wood
vd., 2020). Halbuki engelli 6grencilerin de gelecekte tiretken, meslek sahibi kisiler
olabilmeleri igin elestirel diistinme, problem ¢6zme ve karar verebilme becerile-
rinin gelistirilmesi gerekmektedir (Ulusal Arastirma Konseyi [National Research
Council], 1996). Ulusal Arastirma Konseyinin 90’1 yillarin ortasindan beri vurgu-
ladig1 nokta oldukea dikkat ¢ekicidir: ‘Yas, cinsiyet, kiiltiirel gecmis ve etnik koken,
engellilik durumu, bilime yonelim, ilgi, ve motivasyon durumu fark etmeksizin
STEM okuryazarlik diizeyi desteklenmelidir’ (NRC, 1996, s.2). Bu noktadan yola
cikilarak STEM egitimi ve ilgili 6gretim siireglerinde hedef yas grubu, sadece ola-
gan gelisim gosteren anaokulu 6grencileri ile sinirlandirilmamalidir. Daha da asa-
g1ya inilerek 0-3 yas erken gocukluk déneminden itibaren 6zel gereksinimli kiigiik
gocuklar i¢in, genis kapsamli destege de ihtiyag duyuyor olsalar bile bilimsel okur-
yazarligin, dolayistyla STEM okur-yazarliginin temelleri atilmaya baglanmalidir.

Bu dogrultuda hazirlanan mevcut kavramsal ¢alisgmanin amaci erken miida-
hale uzmanlarina, ézel egitim 6gretmenlerine ve 6zel gereksinimli kii¢iik ¢ocugu
olan ebeveynlere STEM temellerini atabilecekleri adimlari agiklamak ve ilgili pra-
tik 6rnekleri sunmaktir. Asagida ayrintilar: verilen bu ¢aligma ii¢ ana kisimdan
olusmaktadir. Birinci kisimda 6zel gereksinimli 6grenciler i¢cin STEM uygulamala-
rinin yasal dayanaklar: tartigtlmistir. Ikinci kisimda bireysel esitliligin var oldugu,
esitlik¢i ve kapsayict STEM egitimi agiklanmis ve okul 6ncesi donemde Tiirkiyede
yapilmus ilgili caligmalara yer verilmistir. Ugiincii kissmda 6zel gereksinimli 0-36
aylik cocuklar i¢in STEM uygulama adimlari agiklandiktan sonra érnekler vinyet-
ler bi¢ciminde verilmistir. Sunulan 6rneklerin ileride etkinligini test edecek deney-
sel caligmalara ihtiya¢ duyulmaktadir.

STEM UYGULAMALARININ YASAL GEREKLILIGi

Amerika Birlesik Devletlerinde Engelli Bireylerin Egitimi Yasasi (Individuals
with Disabilities Education Act [IDEA], 2004) ve Hi¢bir Cocuk Geride Birakilma-
sin (No Child Left Behind Act [NCLB], 2001) yasasi, 6zel gereksinimli 6grencilerin
de olagan gelisim gosteren akranlar: gibi ayn1 6grenme olanaklarina sahip olmasi
ve yasitlar1 gibi yiiksek standartlar konularak genel egitim programina erisimle-
rinin ve katilimlarinin saglanmasi gerektigini ifade etmislerdir. Engelli Bireylerin
Egitimi Yasas1 (2004) ayn: zamanda 6zel gereksinimli 6grencilerin bulunduklar:
bolge ve eyalet sinavlarina girmelerini ve degerlendirilmeye katilmalarini da zo-
runlu tutmustur (Jimenez vd., 2014). Ozel egitime yonelik federal mevzuattaki
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bu zorunluluk 6zel egitim hizmetlerinin orta ve siddetli zihinsel yetersizligi olan
ogrenciler i¢in sinirlandirilmig ortamlarda 6z-bakim ve yasam becerilerinin ote-
sine gecilmesi gerektigi fikrini beraberinde getirmistir (Downing ve MacFarland,
2010). Boylece dil, matematik, fen bilimleri egitimi gibi akademik beceri 6gretim-
leri de 6zel egitim 6gretmenlerinin 6nemli giindemleri arasina girmistir.

Her Cocugun Basarmasi Yasast (Every Student Succeeds Act [ESSA], 2015)
egitim olanaklarinin tiim 6grenciler i¢in genisletilmesini vurgulamistir. Buna gore
engellilik durumu fark etmeksizin biitiin 6grencilerin yiiksek akademik standart-
larda, onlar1 Giniversiteye ve gelecekteki kariyerlerine hazirlayacak bir egitim gor-
mesi zorunlu tutulmustur. Bu kanunda 6zellikle dezavantajli ve genis kapsamli
destege ihtiya¢ duyan 6grencilerin eyalet sinavlarinda yiiksek basarilar gosterebil-
meleri i¢in gerekli bilgiye sahip olmalarinin alt1 ¢izilmis ve buna yonelik egitim
olanaklarinin saglanmasi vurgulanmistir. Ornegin, alternatif degerlendirme her
bir 6grencinin hakk: olmustur. Bilgi ve 6grenim seviyesi dl¢timleri yapilirken 68-
renciler sadece yazili ve sézli sinav ile sinirlandirilmamustir. Dolayisiyla Amerika
Birlesik Devletlerinde 6zel gereksinimi olan 6grenciler hem yerel hem de eyalet
genelindeki sinavlarda yardimci ve destekleyici teknolojiler kullanarak bilgi biri-
kimlerini ifade etme hakkina sahip olmuslardir.

Ulkemizde ise Tiirkiye Cumhuriyeti Cumhurbaskanligi, Strateji ve Biitce Bas-
kanlig: tarafindan yayinlanan 11. Kalkinma Plan1 Madde 33'de (2019-2023) degi-
sen egitim yaklagimlar: kisminda fen bilimleri, teknoloji, mithendislik, matematik
disiplinlerinin 6ne ¢ikarilmasinin vurgusu yapilmistir. Ayni kallkinma planinda
Madde 547de tiim bireylerin kapsayici ve nitelikli bir egitime ve hayat boyu 6gren-
me imkénlarina erisiminin saglanmasinin alt1 ¢izilmistir. Buna gore sadece olagan
gelisim gosteren bireylerin degil, 6zel egitime gereksinim duyan bireylerin de alt1
gizilen egitimlerden istifade edebilmesi i¢in beseri ve fiziki imkéanlarin giiclendiril-
mesinden bahsedilmigstir. Boylelikle 6zel gereksinimli 6grencilerin sosyal iletisim
ve yasam becerileri odakli egitimlerinin yani sira akademik egitim programlarin-
dan da istifade edebilmelerinin 6nii agilmistir. 11. Kalkinma Planin1 Madde 548'de
(2019-2023) her ne kadar zorunlu egitim yas1 5 yas olarak ifade edilse de planda
bahsi gecen esnek erken ¢ocukluk donemi programlar araciligiyla daha kiigiik
yastaki 6zel gereksinimli ¢ocuklar i¢in de fen bilimleri, teknoloji, mithendislik ve
matematik odakli akademik egitimler baglatilabilir. Boylece zorunlu egitim yasina
kadar ertelenmeden bu disiplinlere ait temeller atilabilir.

Milli Egitim Bakanligi (MEB, 2018) tarafindan yayinlanan Fen Bilimleri Og-
retim Programinda ise dogrudan STEM sozctigii gegmese de Tiirkiye Yeterlilikler
Cergevesinde (TYG) sekiz yetkinlik alan1 belirlenmistir. Ornegin, matematiksel
yetkinlik, bilim ve teknolojide temel yetkinlikler, dijital yetkinlikler kapsaminda
yirmi birinci ylizyilda bilgiyi tireten ve trettigi bu bilgiyi hayatta islevsel olarak
kullanabilen, elestirel diisiiniip problem ¢ozebilen, icinde yagadig: topluma ve kiil-
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tiire katki saglayabilir bireyler hedeflenmistir (MEB, 2018). Programin 6l¢gme ve
degerlendirme kisminda bireysel farkliliklar ve cesitliligin 6lgme ve degerlendir-
mede esas tutulmasi gerekliligi vurgulanmistir. Dolayistyla matematik, fen bilim-
leri ve teknoloji yeterlilikleri saglanirken olagan gelisim gosteren 6grencilerin yani
sira Ozel gereksinimli bireylerin ihtiyaglarina gore de 6gretimde uyarlamalar ve
degisiklikler yapabilme hakki dogmaktadir.

Yukarida belirtilen yasal diizenlemelerdeki gelismelere ragmen agir engelli ve
kapsamli destege ihtiya¢ duyan bireylerin héla genel egitim siniflarindan ayristi-
rilarak genel egitim programindan uzakta, yasam becerilerine ait egitimlerle gii-
niinii gegirmekte olduklar: gozlemlenmistir (Kruth vd., 2019). Orta ve agir engelli
ogrencilerin ¢ogunlukla sosyal iletisim ve yasam becerileri odakli egitimlere ma-
ruz kaldi8i, genel egitim programina erisip akademik beceri egitiminden yeterince
faydalanamadig1 alanyazinda tartisilmaktadir (Balgin ve Yildirim, 2021). Mevcut
bu durum Milli Egitim Temel Kanunu'nda belirtilen Tiirk Milli Egitiminin temel
ilkelerinden “firsat ve imkan esitligi” ilkesine ters diismekte ve “6zel egitime ve
korunmaya muhta¢ ¢ocuklar: yetistirmek i¢in 6zel tedbirler alinir” ibaresi ile de
gelismektedir. Konuyla ilgili yapilabilecek iyilestirme hareketlerine iilkemizdeki
zorunlu egitim yasina (5 yas) kadar beklenilmeden daha kii¢iik yas gruplarindaki
o0zel gereksinimli ¢ocuklardan baglanabilir.

BIREYSEL CESITLILIGIN VAR OLDUGU, ESITLIKGi VE KAPSAYICI
STEM EGITiMI

STEM egitimi 21.yiizyllda dinyadaki bir¢ok tilkede popiilerligini artirarak
yayginlagmaktadir (Garrett, 2008; Jang, 2016; Ulusal Bilim, Mithendislik ve Tip
Akademileri [The National Academies of Sciences, Engineering and Medicine],
2018). Bununla birlikte, kiiresel ¢apta gozlemleyebildigimiz, iilkelerin yeni diinya
diizeninde yer alabilme cabalar1 ve rekabet, hizla artan goclerle birlikte degisen
toplumsal yap1 ve sinif ortamlarinda giderek artan cesitlilik (sosyo-ekonomik
durum, dil, kaltir, engellilik durumu, yeteneklerdeki, biligsel seviyedeki ve
ogrenme bicimlerindeki farkliliklar gibi) gibi etmenler ¢esitliligin var oldugu,
esitlikci ve kapsayict STEM egitimini de beraberinde getirmistir (Sardag vd., 2020).
Ornegin, ABDde 2018 yilinda Ulusal Bilim ve Teknoloji Konseyi (National Science
and Technology Council) tarafindan yayinlanan STEM egitimi komitesinin
raporunda ¢esitliligin var oldugu, esitlik¢i ve kapsayict STEM egitimi ayr1 bir
baglik altinda vurgulanmustir. Raporda ‘bulunduklar: cografya, irk, etnik koken,
sosyo-ekonomik durum, gazilik durumu, ebeveynlerin egitim durumu, engellilik
durumu, 6grenmedeki smirliliklar ve diger toplumsal kimlikler farketmeksizin
biitiin Amerikalilar STEM becerileri ve yontemlerinde iyi olma sansini hem bireysel
basarilar: hem de ABD’nin rekabeti i¢in hak ederler’(s. 6) seklinde bir vurgulama
sozkonusudur. Yaymlanan bu rapora gore her seviyedeki STEM uygulamalari
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kapsayic1 ve esitlikei degerleri biinyesinde bulundurmali ve her tirlii ayrimciliga
kars1 olmalidir. Bireysel gesitliligin var oldugu ve kapsayict STEM egitiminde
ti¢ onemli husus vardir: Sorgulamaya dayali 6grenme, baglamin rolii ve kiiltiirel
degerler (Sardag vd., 2020). Bunlardan ilki olan sorgulamaya dayali 6grenmede
yapilandirilmamis problem iizerinden sorgulama yapmak igin 6grenciler kendi
yeterlilik diizeylerinde ¢aligirlar. Ogrenci hipotez kurar ve denemeler yapar. Sonra
¢oztimlemeler ve degerlendirmeler yapar. Kendisi diginda takim arkadaglar: ile
iletisim kurar. Bu asamada fen, matematik, mithendislik gibi kavramlara sadece
6gretmen aracilifl ile maruz kalmaz, aksine takim arkadaslar: ile birlikte etkin
bir rol alarak, bire bir tecriibe edip tasarlayarak kendi 6grenimi i¢in daha fazla
sorumluluk alir (ABD-Ulusal Bilim, Mithendislik ve Tip Akademileri, 2018).
Sorgulamaya dayali 6grenim yaparken baglamin rolii de ¢ok biyiiktir. Fen,
mithendislik ve matematik ger¢ek yasam baglamlari iginde ele alinir. Son olarak
kapsayict STEM egitimi ¢ok kiiltiirlii bir yaklagimi benimser ve farkliliklara
(6rnegin, etnik koken, din, dil, engellilik durumu, sosyo-ekonomik durum gibi)
saygl gostermeyi esas tutar (Leibnitz vd., 2022). Boyle bir anlayis 6grencilerin
benlik saygisini olusturdugu gibi kendilerine bezmeyemeyenlerle (olagan gelisim
gostermemek ve 6zel gereksinimli olmak gibi) bir arada olabilme, ¢alisabilme ve
tiretebilme olanaklarini beraberinde getirebilir.

Esitlik¢i STEM egitimi ise sosyal adalet olarak tanimlanabilir (Esitlik¢i Ortak-
lik igin Ulusal Ittifak, [The National Alliance for Partnerships in Equity], 2020]).
STEM egitimi olanaklarina erisim ve katilim sadece belli bir kesim (olagan gelisim
gosteren, zorunlu okul ¢aginda olup, resmi/6zel okullara erisimi olan, sosyo-eko-
nomik durumu yiiksek olan gibi) i¢in olmamalidir. Esitlik¢i bir STEM egitiminde,
tiim dezavantajli gruplar (sosyo-ekonomik durumu diisiik olanlar, go¢menler, 6r-
glin egitime erigimi sinirl olanlar, 6zel gereksinimi sebebiyle evde egitim gérmek
durumunda olanlar gibi) temsil edilmelidir (Barton ve Tan, 2018; Holmes, 2016;
Morrell ve Parker, 2013). Kisaca esitlik¢i STEM egitimi ayr1 ayr1 her bir bireyin
ve biitiin olarak herkesin erisebilmesi ve katilmasidir (Jackson vd., 2021). STEM
disiplinlerinin ¢esitliligin var oldugu, esitlik¢i ve kapsayici seviyeye ulagmasi savu-
nulmaktadir (Lerback vd., 2022). Ancak mevcut STEM egitiminin hala istenilen
diizeyde olmadigy, farkliliklar: yeterince kapsamadig: ve kiiresel capta ayrimei de-
gerler olusturdugu ileri siirtilmiistiir (Hughes, 2018; McGee, 2020; Riley vd., 2014).
Ayrimci unsurlar (gogunlukla Beyaz Amerikali erkeklerin ve sosyo-ekonomik du-
rumu iyi olanlarin STEM egitimine erisebilmesi gibi), herkesi kapsayan bir STEM
toplulugu olusturmanin 6niindeki engeller olarak belirtilmistir (Metcalf vd., 2018).
Ornegin, erken ¢cocukluk déoneminde belirli etnik kokenden (Meksikali, Afro-A-
merikan gibi) gelen kiigiik ¢ocuklarin STEM 6grenme olanaklarindan yeterince
yararlanamadig: tespit edilmistir (Fuller vd., 2021). Benzer sekilde 6zel gereksi-
nimli bireyler de STEM egitimine yeterince erisememektedir (Wells ve Kommers,
2022). Halbuki STEM egitim siireci kapsayici eylemler igermelidir, bu siirecte kiil-
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tiirel farkliliklara (1rk, etkin koken, sosyo-ekeonomik durum, yas, engellilik du-
rumu gibi) saygili, bireysel ¢esitliligin oldugu ve herkesi kucaklayan esitlik¢i bir
kafa yapisiyla hareket edilmelidir (Leibnitz vd., 2022). Bunu gergeklestirmek i¢in
atilabilecek adimlardan biri STEM egitimlerini erken yaslarda baslatmak olabilir.

OKUL ONCESI DONEMDE TURKIYE’'DEKi STEM UYGULAMALARI

Okul 6ncesi donemde uygulan STEM projeleri ile ilgili tilkemizde smirl say1-
da ¢alisma vardir. Bu dogrultuda ilgili alan yazina bakildiginda Ugras (2017) okul
oncesi 6gretmenlerinin STEM ile ilgili diistincelerini inceledigi caligma goze ¢arp-
maktadir. Aragtirmaya katilan 6gretmenlerin %781 ¢ocuklarin gelisimi igin STEM
egitiminin 6nemli oldugunu diisiindiikleri halde %57’si bu hususta egitim alma-
diklarini ve mevcut arag-gere¢ eksikligi sebebiyle siniflarda STEM uygulanabilir-
ligini miimkiin gérmediklerini soylemislerdir. Ancak 6zel gereksinimli ¢ocuklar
i¢cin STEM ve uygulanmasi hakkinda herhangi bir goriis belirtilmemistir. Bagka bir
caligmada Ugras ve Geng (2018) 35 okul 6ncesi 6gretmen adayinin STEM uygula-
nigina dair gorislerini incelemistir. Katilan tiim 6gretmen adaylari lisans program-
larinda STEMe ait uygulamali derslere yer verilmesi ve bunun igin disiplinlerarasi
is birligi olmas1 gerektigini vurgulamislardir. Onceki ¢aligma ile benzer bir gekilde,
STEM uygulamalarinda 6zel gereksinimli ¢ocuklarin yeri hakkinda herhangi bir
goriis belirtilmemistir. Bireysel gesitliligi vurgulayan, esitlik¢i ve kapsayict STEM
uygulamalar1 hazirlayabilmek i¢in 6zel gereksinimli kii¢iik cocuklarin da hedetf-
lendigi caligmalara ihtiyag vardir.

Okul oncesi 6gretmenlerinin STEM uygulayabilmesine yonelik bagka bir
caligmada Cakir ve meslektaglar1 (2019) 6gretmen adaylarina 14 hafta boyunca
Montessori yaklagimi temelli STEM egitimi vermiglerdir. Gerekli teorik bilgi veril-
dikten sonra STEM etkinliklerine ve uygulamalarina agirlik verilmistir. Ogretmen
adaylarinin 6gretmenlik uygulamalarinda kullanabilecekleri etkinlikler giinliik
yagamda rahatlikla bulunabilecek malzemelerden ve robotik-kodlama legolariy-
la olugturulmugtur. Uzmanlar rehberliginde yiiritiilen bu etkinliklerin sonunda
ogretmenler yeni fikirler iiretebildiklerini ve yaratict diigiince becerilerini gelistir-
diklerini vurgulamiglardir. Ancak uygulanan etkinliklerde 6zel gereksinimi olan
ogrenciler i¢in olas1 uyarlamalar ve degisiklikler s6z konusu olmamustir. Ciftci ve
Top¢uwnun (2021) okul 6ncesi 6gretmen adaylarinin STEM egitimine yonelik zi-
hinsel modellerini ve goriislerini inceledigi ¢alismada, okul 6ncesinde fen egitimi
dersi kapsaminda STEM egitimi verilmistir. STEM'e yonelik teorik bilgi verildikten
sonra STEM etkinliklerinin gerceklestirilmesine yonelik uygulamali 6rnekler su-
nulmugtur. Sonrasinda 6gretmen adaylarindan kendi STEM etkinliklerini gelistir-
mesi ve sinif ortaminda uygulamasi istenmistir. Uygulamalar sonunda 6gretmen
adaylar1 STEM’in yaraticiligi artirdigini, 6grencilere aktif bir rol verdigini, ¢ok
yonli degerlendirmeyi destekledigini, problem ¢6zme odakli oldugunu séylemis-
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ler ancak 6zel gereksinimli 6grenciler igin herhangi bir goriis belirtmemislerdir.

Ulkemizde kapsayict STEM uygulamalarina yonelik projeler de hazirlanmugtur.
Bu konuda ‘STEM AKADEMIZMIR’ (2018) projesi ile okul 6ncesi dénemdeki 6g-
rencilerin yirmibirinci yiizyil becerileri kazanmalar1 hedeflenmistir. Etkili iletisim
kurup is birligi icerisinde galisabilen, kiiltiirel farkliliklara saygi duyan, elestirel
diistinebilen, problem ¢oziip iiretebilen ve rekabet edebilen nesiller yetistirmek
amaglanmustir. Buna gére hazirlanan okul dncesi egitim programindaki etkinlik
planlarinin bi¢imine, mithendislik tasariminin lise STEM derslerine uyarlanmasi
modelindeki asamalar (problemi farketme, ¢6zliim tiretme, planlama-¢izme, tiriin
olusturma, {iriinii test etme-gelistirme) eklenmistir (Hynes vd., 2011). Kullanilan
etkinlik planlarinda 6zel gereksinimli 6grenciler i¢in uyarlamalar kismi olustu-
rulmustur. Bu kisimlarda etkinlikte veya grup caligmalarinda 6zel gereksinim-
li 6grenciler i¢in 6gretim materyallerinde ve siirecinde gerekli uyarlamalar veya
basitlestirmeler yapilir gibi ifadeler kullanilmis ancak somut olarak okul éncesi
Ogretmenlerinin hangi uyarlamalar ve basitlestirmeleri nerede ve nasil yapacakla-
r1 hakkinda herhangi bir agiklama yapilmamustir.

Yukarida bahsi gecen ¢aligmalarda okul oncesi egitim ¢agindaki 6zel gereksi-
nimli ¢ocuklar i¢in okul 6ncesi 6gretmenlerin neler yapabilecegine ve STEM uygu-
lamalarinda ne gibi somut adimlarin atilabilecegine dair verilere rastlanilmamustir.
Bu durum tilkemizdeki okul 6ncesi donemde 6zel gereksinimli ¢ocuklarin STEM
egitimine erisimi ve katilimi noktasinda sinirliliklar yasadiginin bir géstergesi ola-
bilir. Benzer bir sekilde ABDde Egitim Bakanliginin insan haklarindan sorumlu ofi-
sinin yaymladig1 rapora gore zorunlu okul ¢agindaki 6zel gereksinimli ¢ocuklarin
STEM olanaklarindan yeterince yararlanamadiklari belirtilmistir (CRDC, 2020).

Daha kii¢iik yaslar i¢in, 6rnegin 0-36 aylik erken ¢ocukluk 6zel egitim 6gretim
programu kat1 bir disiplin anlayisindan uzaklasip ilerleyici bir felsefe ile bireysel
farkliliklar1 gozeten, aktif 6grenim yaklagimini benimseyen sekilde hazirlanmigtir
(MEB, 2018). Bu programda kapsayici STEM kavrami dogrudan belirtilmemistir
ancak programin igerisinde belirlenen 8 gelisim alaninda STEM’in temel kavram-
larini vurgulayan noktalar vardir. Ornegin, biligsel gelisim alaninda gorsel/uzamsal
iligkiler, nesnelerin siirekliligi, neden-sonug iliskileri gibi hususlarin alt1 ¢izilmigtir
ve ilgili kazanimlar tiger aylik gruplandirmalar ile yazilmistir. Ancak STEM’in sis-
temli ve bilingli bir bigcimde nasil uygulanacagina dair herhangi bir agiklamaya yer
verilmemistir. Halbuki bebeklik doneminden itibaren STEM 6gretimine baslana-
bilir (Uhlenberg ve Geiken, 2021; McClure vd., 2017; Wang ve Feigenson, 2019).
Iste bu makalede 0-36 aylik 6zel gereksinimli kiigiik ¢ocuklarda STEM temelleri-
nin nasil atilacagina dair adimlar asagida tartisilmis ve sonrasinda ilgili 6rnekler
vinyetler biciminde verilmistir.
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OZEL GEREKSINIMLI KUCUK COCUKLARDA STEM
UYGULAMALARI

Ogretmenlerin bir seyi bilingli ve amach olarak 6gretmesi ¢ocuklar1 gereksiz
yere zorlamasinin 6niine gegebilir, boylelikle 6gretmenler cocuklarin gelisim sevi-
yelerine uygun bilgi ve becerileri, cevrede ve 6gretimde ¢cocuklar icin gerekli uyar-
lamalar1 ve degisimleri yaparak 6gretebilirler (Hardy ve Hemmeter, 2020). STEM
temel becerilerini 6zel gereksinimli 6grencilere kazandirmaya ¢alisirken de benzer
bir durum s6z konusudur. Asagida STEM temel becerilerini kazandirabilmede ye-
tigskinlerin izleyebilecekleri adimlar Campbell ve meslektaglarinin (2012) 6zel ge-
reksinimli kii¢iik gocuklarda STEM 6grenimi bakis a¢isiyla sunulmustur.

Rutinleri, Etkinlikleri ve Gegisleri Kullanmak (Adim 1)

Ozel gereksinimli 36 aydan kiigiik gocuklarda STEM temel kavram dgretimleri
yapabilmek i¢in sinirlandirilmis ortamlar (6rnegin, terapi odalary, klinik ortamlar)
yerine, ¢ocugun giinliik yasaminin dogal bir pargas: haline gelmis zeminler kul-
lanilmalidir. Ciinkd 6zel gereksinimli kii¢ik ¢ocuklarin hem evde hem de diger
sosyal ortamlarda giinliik hayatlarini olusturan etkinliklere, rutinlere ve gegislere
erisgimi ve etkin katilimi1 onlarin sosyal, duygusal, dil, biligsel ve fiziksel gelisimi
i¢in ¢ok 6nemlidir (Campbell vd., 2008). Giin iginde dogal baglamlarda hélihazir-
da var olan etkinlikleri, rutinleri, ve gegisleri kullanmak veya biitiin hepsini olus-
turmak, 6zel gereksinimli kii¢iik ¢ocuklarda 6grenmeyi kolaylastirabilir (Cooks
vd., 2018). Ornegin, ilgili arastirmalarda 6zel gereksinimi olan égrencilerin sinif-
2010; Cushing vd., 2005) hem de sinifin kiymetli bir tiyesi olarak kabul edildikleri
bulunmugtur (Meyer ve Ostrosky, 2016). Farkli rutin, etkinlikler ve gegislerle tek-
rar etmek 6grenim kalicilig1 ve genelleyebilme olanagi saglamanin yanisira 6zel
gereksinimli 6grencilerin akranlari ile iletisime gecip arkadaglik kurabilmelerine
olanak saglamistir (Meyer ve Ostrosky, 2016). Dolayistyla 6zel gereksinimli {i¢ ya-
sindan kiigiik ocuklar i¢in STEM temel kavram 6gretimleri i¢in dogal zeminler
(rutinler, etkinlikler ve gegisler gibi) olusturulmalidir.

Gomiilii Ogretim Yapmak (Adim 2)

Dogal baglamlarda olusan etkinlikler, rutinler ve gecislerin icine STEM 6greni-
mi igin gerekli olan temel kavramlar1 ggmmek daha etkili olacaktir. Ciinkii gomiilia
ogretim kii¢iik ¢ocugun ilgisini ve motivasyonunu dikkate alir, hem ¢evresi ile hem
de etrafindaki insanlarla etkilesimine olanak saglar (McWilliam vd., 2003; Rakap,
2017). Ozel gereksinimli kiigiik ¢ocuklarin beceri dgretimlerini gomiilii 6gretim
yoluyla 6grendiklerinde bu becerileri farkli insanlara, farkli ortam ve materyallere
geneyebildikleri ve 6grenimlerinin daha uzun siire kalic1 olduklar: tespit edilmistir
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(Rakap ve Parlak-Rakap, 2011). Bu sebeple STEMe ait temel becerilerin (duyu-
sal motor becerileri, biligsel beceriler, nesnenin siirekliligi, sebep-sonug iliskileri,
uzamsal farkindalik gibi) gomiilii 6gretim siirecine dahil edilmesi 6grenimin ge-
nellenebirligini ve kaliciligini artirabilir.

Adaptasyonlar Yapmak (Adim 3)1V

Mevcut sartlar 6zel gereksinimli kii¢iik ¢cocuklarin 6grenme olanaklarina eri-
sim ve katilimlarini siirlandirabilir. Cevrede, kullanilan materyallerde/ malze-
melerde ve 6gretimde gerekli adaptasyonlar (uyarlamalar [accommodations] ve
degisiklikler [modifications]) yapilarak bu sinirlamalar en aza indirilebilir veya
tamamen kaldirilabilir (Campbell vd., 2008; Campbell vd., 2012; Milbourne ve
Campbell, 2007). Yapilan her bir adaptasyonunun amacini iyi anlamak gereklidir
¢iinki tim adaptasyonlarin amaci 6zel gereksinimli kiigiik ¢ocuklarin miimkiin
oldugunca bagimsiz olarak sinif materyallerine/malzemelerine, etkinliklerine, 6g-
retime ve ¢evrelerine erisimini kolaylastirmaktir (Cook vd., 2018). Campbell ve
Milbourne (2007) gore yapilan adaptasyonlarda (uyarlamalarda ve degisikliklerde)
stireklilik esastir. Yani bir kez uygulanip birakilmamali, uygulanan adaptasyonla-
rin sonuglar: dikkatle takip edilmeli ve gerekli goriilen yerlerde ilgili diizenlemeler
gocugun bireysel ihtiyaglarina gore yapilmalidir.

Adaptasyonlar sirasiyla cevrede, materyal/malzemelerde ve 6gretimde adaptas-
yonlar olmak tizere ii¢ agamada ger¢eklestirilmelidir (Campbell vd., 2012). Bu aga-
malar Farkli Cocuklar Konseyinin [Council for Exceptional Children (CEC)] alt
birimi olan Erken Cocukluk Birimi [Division of Early Childhood (DEC), 2014]’nin
tavsiye edilen kanit tabanli uygulamalariyla da ortaya konulmustur. Ug asamada
da STEM 06grenimini kolaylagtirmak icin yetiskin, 6zel gereksinimli ¢ocuga nasil
destek olabilecegine ve zamanla bu destegi azaltarak cocugun tam bagimsiz olabil-
mesine odaklanmaktadir. flk olarak, gevredeki adaptasyonlar, ortamdaki (ev, si-
nif gibi) bariyerleri kaldirmak ve gorsel destek saglamak olarak tanimlanabilir. Bu
dogrultuda resimli (gercek sinif/ev fotograflar: da kullanilabilir) giinliik ve haftalik
gizelgeler, sinif oturma planinda ayarlamalar (biiytik grup etkinliklerinde ¢ocugun
oturacag: yeri renkli bantlarla belirginlestirmek gibi), tekerlekli sandalye kullanan
ogrenci i¢in sinif girisindeki dolaplarin yerlerini degistirmek, alcak ve kapaksiz raf
kullanimi gibi 6rnekler verilebilir.

Adaptasyonlar yapmakta ikinci agama materyal/malzemelerde adaptasyonlar-
dir. Smuftaki veya evdeki materyallerin, yardimei teknolojik cihazlarin, oyuncakla-
rin yerlerinde uyarlamalar ve degisiklikler yapmak olarak tanimlanabilir. Cocugun
ses ¢ikaran yardimcr teknolojik cihazi kullanabilmesi i¢in biiytitiilmiis, parmagiyla

[  Adaptasyonlar yas, engel grubu ve bireysel ihtiyaglara gore degisen cok genis kapsamli bir konudur. Bu
makalede bahsi gecen grup icin yapilabilecek adaptasyonlar hakkinda ayrintili bilgi icin bakiniz: Camp-
bell ve meslektaslari (2012) ve https://stemie.fpg.unc.edu/resources-landing-page.
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degil eliyle kontrol edebilecegi tuslar hazirlamak, ¢ocugun rahatlikla kasikla yiye-
cegi alabilmesi i¢in derin tabak ve kaseler kullanmak, ¢ocuk insa ederken yaptigi-
nin devrilmesini 6nlemek igin miknatisl legolar kullanmak gibi 6rnekler verilebi-
lir. Ugiinciisii ise 6gretimde adaptasyonlar yapmaktir. Bu ise $grenim olanaklarina
tam erigimi saglayabilmek i¢in 6gretimde yapilan uyarlamalar ve degisikliklerdir.
Model olma, bekleme siireli 6gretim, dogal pekistiregler ve destek olma (scaffol-
ding) gibi 6rnekler verilebilir. Boylece 6zel gereksinimli kiigitk ¢ocuklara STEM
temel beceri 6gretimleri yapabilmek igin olanaklar saglanabilir.

Rehberlik Etmek ve Kolaylastirmak (Adim 4)

Campbell ve meslektaglar1 (2012) STEM temel becerilerini kazandirabilmek
i¢in bu adimda yetiskinlerin yapacaklarini sirasiyla betimleme yapmak, STEM ke-
limeleri kullanmak ve gocuga sorular sormak/problemler sunmak olarak agikla-
mislardir. Oncelikle yetiskin, kiigiik gocugun yaptiklarini betimlemelidir giinkii bu
yas grubundaki ¢ocuklar neyi bildiklerini, neyi 6grendiklerini, neyi tecriibe ettik-
lerini konugarak ¢ok iyi ifade edemeyebilirler (Stewart, 2010). Baz1 ¢ocuklarin ise
gelisimlerinde gerilik olabilir, belirgin bir engeli olabilir (biligsel engellilik, serebral
palsi gibi) veya hareketleri ¢ok sinirli olabilir, dolayisiyla dil gelisimleri etkilenebi-
lir (Johansson, 1994). Bu ¢ocuklar ne 6grendiklerini agik¢a gosteremeyebilecekleri
i¢in yetiskinler (egitimciler, uzmanlar, ebeveynler) sunduklar: konular1 6zel gerek-
sinimli kii¢iik ¢ocuklara betimlediklerinden emin olmalilardir.

Ikinci sirada, yetiskinin (egitimciler, uzmanlar, ebeveynler) STEM kelimeleri
hakkinda bilgi sahibi olmasi ve etkinlik 6ncesinde, sirasinda ve sonrasinda istik-
rarla bu kelimeleri kullanmas1 gelmektedir. Ciinkii ¢ocuklar STEM kelimelerini
siklikla duyduk¢a anlamini daha iyi anlayacaklar ve bir siire sonra kendileri de
kullanmaya baglayacaklardir. Ornegin, su ile ilgili bir etkinlik yapilacak ise yetis-
kinden bu konuda STEM kelime dagarcig1 olusturmasi beklenir. Son olarak, ¢ocu-
gun o andaki deneyimi ile ilgili yetiskinin anlamli sorular sormas: gereklidir. Bu
sorularin hedefinde ¢ocugu diisitnmeye sevk etmek ve olasi problemlere ¢oziimler
tretmesini tegvik etmek vardir. Ciinkit STEM 6gretiminde ¢ocuklara bilgiyi oto-
riteden dinleyip oldugu gibi kabul eden edilgen bir rol degil, sorgulayan diigiinen
ve sorunlara ¢oztim treterek kendi 6grenim stirecinde etkin var olabilen bire bir
katilimer roller bigilir.

ORNEKLERLE OZEL GEREKSIMLI KUCUK COCUKLARDA STEM
TEMELLERi ATMAK

36 aydan kii¢tik 6zel gereksinimli ¢ocuklarda da STEM temelleri atilabilecegi
yukarida bahsi gecen dort adimla (Campbell vd., 2012) agiklanmistir. Bu adimlar
iki 6rnek ile gorsellestirilmeye ¢alisilmis ve vinyetler seklinde verilmistir.
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Ornek 1 (Batma-Yiizme Odaklz)

Mehmet 23 aylik otizm risk grubunda, su ile oynamay1 ¢ok seviyor, elleri ile
suya dokunabiliyor ancak elbiseleri 1slandiginda aglamaya basliyor. Mehmet'in bu
ilgisinden yola ¢ikarak annesi Ezgi evlerinin balkonunda STEM ait becerilerin
temellerini atabilmek icin batma-ylizme odakli bir etkinlik yapmaya karar verdi.
Ezgi, etkinlik i¢in gerekli malzemeleri (100 cnr’lik legen, 10 cnr’lik plastik ve de-
mir ¢ubuklar ve 10 cm’lik plastik levha) balkona getirdi. Mehmet'in kiyafetlerinin
(sort ve kisa kollu tisort) islanmamast icin ona seffaf bir 6nliik giydirdi. Legeni su
ile doldurdu, plastik ¢ubuklardan birini suya att1 ve Mehmete dénerek: ‘Plastik
cubuk suda yiiziiyor! dedi. Mehmet yerdeki plastik ¢ubuklardan birini alip suya
att1. Plastik qubugu suda ytizdiirmeye basladi. Annesi tekrar: ‘Plastik cubuk suda
yuziiyor. dedi ve 3-5 saniye bekledikten sonra ekledi: ‘Mehmet ¢ubuk suda ne ya-
piyor?” Mehmet annesine bakarak: Yiiz yiiz’ dedi ve cubugu suyun i¢inde ileri geri
hareket ettirdi. Ezgi demir ¢ubuklardan birini alip suya att1. Mehmet plastik cubu-
gu birakip batan demir gubugu suyun i¢inden aldi ve tekrar suyun icine att1. Ezgi:
‘Demir ¢ubuk battr’ deyince Mehmet: ‘Bat bat” diye tekrarladi. Ezgi: ‘Demir batt1
ama plastik yiiziiyor Batan demir ¢ubuga isaret ederek: ‘Mehmet, demir ¢ubuk
batt1. Plastik gubuga ne oldu?” Mehmet plastik ¢ubugu suyun yiizeyinde saga sola
hareket ettirdi: ‘Yiiz yiiz’ dedi. Ezgi: ‘Plastik qubuk suda ytiziiyor. diye Mehmet'in
hareketini betimledikten sonra, suyun igine yerde kalan demir ¢ubuklar att1: ‘De-
mir ¢ubuklar batt1” dedi. Mehmet, plastik ¢ubugu birakip, iki eliyle batan demir
¢ubuklarin tizerine bastirdi: ‘Bat bat’ diye tekrarladi. Ezgi: ‘Demir ¢ubuklar battr’
dedi ve yerde kalan plastik ¢ubuklar1 da suyun igine atip: ‘Plastik ¢ubuklar yiizii-
yor’ dedi. Mehmet ellerini demir ¢ubuklardan cekti, plastik ¢ubuklardan ikisini
tutup: Yiiz yiiz’ deyip suda yiizdiirmeye devam etti.

Bu sirada Ezgi yerden plastik levhay: aldi ve legenin igine birakty: ‘Levha yii-
zityor’ dedi. Mehmet plastik ¢ubuklar1 yiizdiirmeyi birakti ve annesini izlemeye
baglad1. Ezgi plastik levhanin tizerine demir bir ¢ubuk koydu: ‘Bak, gemiye benze-
di’ dedi, plastik levhay1 suyun tizerinde saga sola hareket ettirdi, ve ‘Mehmet, gemi
ne yapryor?’ diye sordu. Mehmet: ‘Yiiz yliz’ deyince, Ezgi: ‘Gemi yiiziiyor, gemi
suda ytiziiyor’ dedi ve levhadan elini ¢ekti. Mehmet levhayi tuttu, tizerindeki demir
cubukla birlikte suyun ylizeyinde saga sola hareket ettirdi: ‘Yiiz yiiz’ dedi ve suda
yiizdiirmeye devam etti.

Yukaridaki 6rnek ebeveynler icin diisiiniilmiis olsada sinif ortaminda veya
okul bah¢esinde uygulanabilir. STEM temel becerilerinin kazandirilmasinda 6g-
retmenler ve erken miidahale uzmanlar da etkin katilim gosterebilirler. Sinif orta-
minda gerekli adaptasyonlar: (uyarlamalari ve degisiklikleri) yaparak STEM temel
kavramlarini 6zel gereksinimli kiigiik gocuklara 6gretebilirler. Ornegin, kiigiik be-
bekler tek bagina yapamasalar bile diger insanlar1 nesneler ile etkilesim halinde
iken gozlemleyerek ve onlarin nesneler tizerinde degisiklik yaptiklarini gorerek
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sebep-sonug iliskisini 6grenebilirler (Saxe vd., 2007; Meltzoff vd., 2012). Asagida
sebep-sonug iliskisi odakl: sinif ortaminda yapilabilecek STEM etkinligine dair bir
ornek sunulmustur.

Ornek 2 (Sebep-Sonug Iliskisi Odakl)

Melike (28 aylik serebral palsi tanisi var) kres ve giindiiz bakim evine gidiyor.
Ogretmeni Elif, Melike ile 15 cm®litk miktanish kiipleri kullanarak sebep-sonug
iligkisi caligmak i¢in gerekli hazirliklar1 yapti. Denge problemi oldugu i¢in oturma
bicimi 6zel tasarlanmis bir sandalye ile saglandu. Elif 6gretmen sandalyenin her iki
yanina biiytik minderler yerlestirdi ve miknatisl blok kiipleri rahat tutabilmesi i¢cin
Melikenin iki eline de miknatish eldiven giydirdi (bk. Sekil 1*).

*Kaynak: Creative Commons

Elif 6gretmen Melike'nin tam karsisina oturdu: ‘Birinci kiipti aldim ve yere
koydum. kinci kiipii aldim ve birinci kiipiin iizerine koydum. Ugiincii kiipii al-
dim, ikinci kiipiin tizerine koydum ve kule yaptim’ dedi. Melike’'ye bakarak ek-
ledi: ‘Kuleye elimle vurursam ne olur?’ diye sordu, 3-5 saniye bekledi, eliyle ku-
leye vurdu ve yikti. Bir kez daha ayni sira, betimlemelerle kule yapti ve bu kez:
‘Kuleye ayagimla vurursam ne olur?’ diye sorduktan sonra ayagiyla kuleye vurup
yikti. Sonra Elif 6gretmen: ‘Sira sende Melike’ dedi ve Melikenin iki elini tuttu ve
kiiplerden birini yerlestirdi. Kiipii yere koyabilmesi i¢in 6gretmeni Melike'nin elini
eldivenin tizerinden tutarak ona yardim etti. Melike bu kez iki eliyle uzanip diger
kiipii eldivenleri yardimiyla yakalad: ve ilk kiipiin tizerine dogru gétiirdd, tam bu
esnada 6gretmen yine eldivenlerin tizerinden tutarak yardim etti. Elif 6gretmen:
‘Ikinci kiipii tuttum ve birinci kiipiin iizerine koydum’ diye Melike'nin hareketini
betimledi. Melike bir kez daha uzanip tigiincii kiipii de eldivenleri ile yakalad: ve
ikinci kiipiin {izerine koyarken 6gretmeni yardim etti. Elif: ‘Ugiincii kiipii tuttum
ve ikinci kiiptin tizerine koydum’ dedi ve sordu: ‘Melike kuleye ayagimla vurursam
ne olur?” Melike ayag: ile kuleye vurdu ve tstteki iki kiip yere diistii. Elif 6gretmen:
‘Ayagimla vurdum ve kule yikildr’ diyerek Melikenin hareketini betimledi.

Elif 6gretmen kiipleri yanina aldi ve hareketlerini betimleyerek: ‘Birinci kiipti
aldim ve yere koydum. Ikinci kiipii aldim ve birinci kiipiin {izerine koydum. Ugiin-
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cii kiipti aldim, ikinci kiipiin tizerine koydum ve kule yaptim’ dedi. Melike’ye ba-
karak ekledi: ‘Kuleye pamuk atarsam ne olur?’ diye sordu, 3-5 saniye bekledi, pa-
mugu kiiplere dogru atti, kule yikilmadi. Elif 6gretmen: Kule yikilmadi. Melike
sira sende’ dedi ve elindeki pamugu Melike'nin eldivenlerinin arasina yerlestirdi.
Melike pamugu 6niindeki kuleye dogru atti. Kule yikilmadi. Elif Ogretmen: ‘Pa-
mugu attim ama kule yikilmadr’ diye Melikenin hareketlerini betimledi. Pamukla
ayni hareketi ti¢ kez tekrarladilar.

TARTISMA

Bireysel ¢esitliligin var oldugu, esitlik¢i ve kapsayict STEM toplumunu inga
edebilmek i¢in, yas grubu, etnik kokenleri, sosyoekonomik diizeyleri ve 6zel gerek-
sinim durumlar: fark etmeksizin, kii¢iik cocuklari ilgi alanlarini ve bilime katilim
kapasitelerini destekleyecek sekilde hazirlamak gereklidir. Ciinkii ekonominin ge-
lecegi STEMde ve gelecegin meslekleri STEM alanlarindadir (Basham ve Marino,
2010; Rothwell, 2013; STEM Egitim Koalisyonu Raporu, 2019). Ozel gereksinimli
kiigiik ¢ocuklarin gelecekte is giictine anlamli bir katilim gosterebilmeleri, hem
toplumsal hem de iktisadi anlamda yeterli ve bagimsiz birer yetiskin olabilmeleri
i¢in en erken donemde akademik becerilerini destekleyecek 6grenme olanaklari-
na erisim ve katilimlarinin saglanmas: sarttir. Bu sart1 yerine getirebilmek i¢in de
ihtiya¢ duyulan adaptasyonlar: (uyarlamalar ve degisiklikler) bilingli, sistemli ve
istikrarli uygulamak gerekir.

Yukaridaki ilk 6rnekte heniiz otizm risk grubundaki iki yasindaki bir ¢ocukla
batma-ylizme kavramlar: islenmistir. Cocuk hakkindaki bilgi (tizeri 1slandiginda
aglamasi) annenin 6nlem almasini saglamis ve cocugun 1slanmasi sebebiyle ortaya
¢ikabilecek olas1 bir problemi 6nlemeye yardimci olmustur. Degisik materyaller
(6rnegin, tahta ve tag) kullanilarak farkli sinif ve klinik ortamlarda bu etkinlik uy-
gulanabilir. Ogretmen veya uzman i¢in hazirlik asamasi (6rnegin, STEM kelimele-
rini ve sorulacak sorular1 belirlemek) zaman alsa bile zamanla yetiskinin STEM ke-
limeleri, sorulari igeren etkinlik dagarcigi olusacaktir. Ote yandan bu etkinlik her
otizmli bir birey i¢in uygun olmayabilir. Dokunsal hassasiyeti olan otizmli bir ¢o-
cuga bagka tiirlii adaptasyonlar (farkli sivilar veya koruyucu eldivenler) kullanmak
gerekebilir. Hatta cocugun hassasiyet seviyesine gore ayni etkinlik sadece video
gdsterimi biciminde yapilmak zorunda kalinabilir. Ozel gereksinimi olan ¢ocugun
bireysel ihtiyaclarina gore ayni etkinligin ¢ok farkli uyarlamalar ve degisiklikler
gerekebilir. Bu tarz etkinliklerde verilen kavramin 6grenildigini anlayabilmek i¢in
stireklilik esastir. Sadece ebeveyn degil, 6gretmen de okul ortaminda sistemli de-
vam ettirmelidir. Otizmli ¢ocuklar 6grenilen bilgi veya beceriyi genelleyebilmek-
te sinirliliklar yagarlar. Bu nedenle batma-yiizme kavrami farkli ortamlarda farkls
malzemeler kullanilarak etkinlikler vasitasiyla tekrar edilmelidir.
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Ikinci 6rnekte ise sinif ortaminda gesitli uyarlamalar (6rnegin, oturmasini des-
tekleyici sandalye, tutmasini kavramasina yardimei olacak eldivenler ve kullanilan
kiiplerin miknatis ile gii¢lendirilmesi) ve degisiklikler (6rnegin etkinlikteki kule
sayisini g ile sinirli tutmak) yapilarak bedensel hareketlerinde sinirhiliklar: olan
iki yas alt1 6zel gereksinimli bir ¢ocukla sebep-sonug iliskisine odaklanilmistir.
Adaptasyonlar (uyarlamalar ve degisiklikler) saglandiktan sonra betimlemeler
yapabilmek ve iligkili sorular sorabilmek i¢in egitimcinin 6ncesinde bir egitime
tabi tutulmasi gerekliligi s6z konusudur. Aksi takdirde yetiskin gereginden faz-
la girdi yaparak 6grenciyi gelisim seviyesinin tizerinde yonergelerle zorlayabilir.
Ustelik etkinligin sebep-sonug odakli olmasi da kullanilacak STEM kelimelerinin
segiminde 6n-hazirlik gerekliligini beraberinde getirmektedir. Bu 6rnek evde ebe-
veynler veya klinik ortamda uzmanlar tarafindan da yiiriitiilebilir. Gerekli kogullar
saglandiginda dahi bire bir ilgi ile yapilabilecek bir etkinlik oldugu i¢in kalabalik
sinif ortamlar1 bu gibi etkinliklerin uygulanabilmesini zorlagtirabilir. Ote yandan
adaptasyonlar i¢in gereken malzemelerin temini her zaman miimkiin olmayabilir.
Ozellikle ekonomik olarak dezavantajli bélgelerdeki kurumlarda bu durum daha
da belirginlesip 6zel gereksinimli kii¢iik cocugun bireysel ihtiyaclarina gore degil
de var olan materyallere gore egitim vermeyi beraberinde getirebilir.

SONUC

Tim kii¢tik cocuklar birer bilim insani adayidir (Gelman vd., 2010) ve yiik-
sek-kaliteli bilim, teknoloji, mithendislik ve matematik etkinlikleri ile onlarin ke-
sifler ve arastirmalar yapmalar: saglanabilir. Yukarida verilen 6rneklerde de dikkat
edilmeye ¢alisildig1 gibi, yetigskinler muhataplarinin ii¢ yasin altinda kii¢tik ¢ocuk-
lar oldugunu ve onlarin 6zel gereksinimleri sebebiyle bu ¢ocuklara sunulan STEM
etkinliklerinin siirelerini kisa ve iceriklerini 6z tutmalar1 gerektigini hatirlamali-
lardir. Kiigiik yastaki 6zel gereksinimli 6grenciler i¢cin STEM etkinliklerini gelisim-
sel olarak uygun bulmayan, ¢ok zor olarak kabul eden veya ¢ok soyut oldugunu
diislinen egitimciler, uzmanlar ve ebeveynler olabilir. Ancak okul dncesi ve 6zel
egitim alanindaki 6gretmen adaylar1 i¢in STEM ile ilgili egitimler lisans ders prog-
ramlarinin icine dahil edilerek (Cakir vd., 2019; Unlii ve Dere, 2018) bu konudaki
diistince ve goriisleri olumlu yonde degistirilebilir. Ayrica iyi ve 6zenli bir planlama
ile evde, okulda ve her tiirlii sosyal ¢evrede bireysellestirilmis amag ve kazanimlara
uygun, dogal ve ideal bir kavramsal ¢erceve igine gomiilii yiiksek kaliteli STEM
temel girdileri yapabilmek miimkiindiir. Béylece 6zel gereksinimli ¢cocuklarin ge-
nel egitim programina erisimleri i¢in altyap: olanag: ¢ok kiiciik yaslardan itibaren
saglanabilir. Erken donem bilim ve matematik 6gretiminin ileri donem akademik
becerilere katk: sagladigina dair yapilan ¢alismalar da (Aubrey vd., 2006; Claessens
vd., 2009; Paprzycki vd., 2017) distiniildiigiinde 6zel gereksinimli kiigiik cocuk-
larin ilgi alanlarina, ihtiyaclarina ve yeteneklerine gore hazirlanmis STEM temel
girdileri ve etkinlikleri yapabilmeleri i¢in erken ¢ocukluk déneminde hizmet veren
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egitimciler ve 6zel egitim uzmanlari tegvik edilmeli ve bu konuda gerekli hizmet ici
egitimlerle desteklenmelilerdir (Brenneman vd., 2019; Jamil vd., 2018).

Tesekkiir ve A¢iklamalar

Calismamiza geri bildirimleri ile katk: saglayan tiim akademisyen meslektaslari-
miza tesekkiir ederiz.

Cikar Catismasi

Makalenin yazarlari arasinda, ¢aliyma kapsaminda herhangi bir kisisel ve finansal
¢ikar ¢atigmasi bulunmamaktadir.

Yazar Katki Oranlar::

Katki1 Diizeyi: Yazar 1: %50- Yazar 2: %50
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BUILDING DIVERSE, EQUITABLE, AND INCLUSIVE STEM
COMMUNITIES: SUPPORTING YOUNG CHILDREN WITH
DISABILITIES IN STEM LEARNING

ABSTRACT

The number of studies focusing on science, technology, engineering, and math-
ematics (STEM) has increased and included students from kindergarten to high
school along with educational reforms in the last 20 years. However, teaching so-
cial-communication and functional skills is still the focus of attention for students
with disabilities. In developed countries, it is now mandated for students with dis-
abilities to fully participate and be evaluated in academic programs. Accordingly,
in an era where STEM practices are expanded to kindergarten classrooms, it is
advocated that STEM foundational skills can be taught to younger children start-
ing at early years of life. For building diversity, equity, and inclusivity in the STEM
communities, very young children (0-3 years) with disabilities should also actively
be involved in STEM learning process and examples of such implementations with
concrete steps to follow should be offered to those parents and professionals in the
early intervention field. With this conceptual study, it is intended to help parents of
young children with disabilities, early intervention practitioners, special education
teachers through provision of practical examples which may later be tested with
empirical research.

Keywords: Scientific Literacy, Teaching Academic Skills in Special Education,
STEM, Inclusive Practices

% % 3%
0z

Son 20 yilda egitim alaninda yapilan reformlar ile bilim, teknoloji, mithendis-
lik ve matematik (Science, Technology, Engineering, and Mathematics, [STEM])
egitimi alanlarindaki ¢alismalarin desteklenmesi 6nemli bir ivme kazanmistir ve
ilgili dizenlemeler anaokulundan liseye kadar biitiin 6grencileri kapsayacak bi-
¢imde genigletilmistir. Ancak sira 6zel gereksinimi olan 6grencilerin egitimine
geldiginde, STEM alanlarindaki egitim yerine ¢ogunlukla sosyal beceriler, iletisim
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becerileri, islevsel beceriler ve yasam becerileri odakli egitimlere yogunlagilmistir.
Ozel gereksinimli dgrencilerin de akademik egitim programina biitiiniiyle kati-
lip, degerlendirilmeye alinmalar1 gelismis {ilkelerde artik yasal bir zorunluluktur.
STEMe ait uygulamalarin anasiniflarina kadar indirildigi bir donemde ilgili temel-
lerin aslinda 0-3 yas arasinda atilabilecegi savunulmaktadir. Bireysel esitliligin var
oldugu, esitlik¢i ve kapsayict STEM toplulugu inga edebilmek i¢in kiiciik yastaki
ozel gereksinimli gocuklar da siirece dahil edilmeli ve buna yonelik somut uygula-
mali adimlar atilarak, ebeveynlerin ve alandaki egitimcilerin kullanimina sunula-
cak pratik 6neriler verilmelidir. Bu kavramsal ¢alismada sunulan 6rneklerin, ilerde
deneysel calismalarla test edilerek, alanda ¢alisan erken miidahale uzmanlarina,
oOzel egitim 6gretmenlerine ve 6zel gereksinimli kiigiik ¢ocuklar: olan ebeveynlere
somut 6gretim siireci agisindan yol gosterici olacag: diisiintilmektedir.

Anahtar Sozciikler: Bilimsel Okuryazarlik, Ozel Egitimde Akademik Beceri
Ogretimi, STEM, Kaynastirma Uygulamalar:

ke 2k

INTRODUCTION

In the last two decades, science education reforms have focused on scientific
literacy needs. These reforms have been reflected as support and increases in the
number of science, technology, engineering, and mathematics (STEM) related ed-
ucation programs (Holmlund et al., 2018). Despite the efforts to increase STEM
literacy and competency among students in school settings, many were observed
to be graduating from high school without a proper understanding of science con-
cepts, their usage, and real-life applications (Roseman & Koppal, 2008). Compared
to typically developing counterparts, students with disabilities also have limita-
tions in learning science and mathematics (Carnine & Carnine, 2004; Lynch et
al., 2007; Morgan et al., 2016). Schoenfeld (2004) emphasized that students with
disabilities were left behind their peers with typical development in teaching aca-
demic skills such as science and mathematics; therefore, resulting into economi-
cally and socially disadvantaged situations in the future. However, STEM literacy
can help those students learn the skills (e.g., critical thinking, team working, cre-
ativity, problem-solving, and leadership) needed to compete with the economic
expectations of the new world order (Breiner et al., 2012; Buck Institution, 2018).
Therefore, STEM-focused education must be provided to students with disabilities
(Southwest Regional STEM Network, 2009).

National Council on Disability (NCoD) (2017) underlined that students with
disabilities in K-12 formal education were not prepared with the abilities and skills
required to participate in future workforce fully. Although there are many studies
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focusing on teaching social (e.g., Alptekin, 2012; Kasari et al., 2012; Marshall et
al.., 2016; Pektas, 2019; Schertz et al., 2013) and life (e.g., self-care skills) skills
(Boutain et al., 2020; Demirel, 2008; Sabanova & Cavkaytar, 2007) to students with
disabilities, research related to teaching academic skills (e.g., mathematics, science,
technology) are newly emerging in the field (Balgin & Yildirim, 2021; Barnett et
al., 2018; Greene & Bethune, 2019; Knight et al., 2018; Wood et al., 2020). How-
ever, it is necessary to teach skills such as critical thinking, problem-solving, and
decision-making to students with disabilities to help them to have a profession and
be productive in the future (National Research Council [NRC], 1996). It is note-
worthy to emphasize the point made by National Research Council in the mid 90s:
‘STEM literacy should be supported regardless of age, gender, cultural and ethnic
background, disability status, and orientation motivational status or interest for
science’ (NRC, 1996, p.2). Therefore, STEM education and teaching process should
not begin with and be limited to students with typical development in kindergar-
ten. Starting from the early years of life (zero to three), the foundation of STEM
literacy can be established for very young children with disabilities, even if they
require substantial support.

In this alignment, the purpose of this conceptual study is first to explain the
steps to follow in teaching and building STEM foundational skills for very young
children with disabilities and then offer practical examples to early intervention
practitioners, special education teachers, and parents of young children with dis-
abilities. The details of this study are given in three main parts. The first part dis-
cusses the legislation for STEM practices. The second part explains diverse, eq-
uitable, and inclusive STEM education and then discusses STEM-related studies
in early childhood in Turkey. The third part elaborates on the steps to follow in
teaching STEM foundational skills to very young children with disabilities and
then offers practical examples in vignettes that may later be tested with empirical
research.

LEGISLATIONS FOR STEM PRACTICES

In the United States of America (USA) Individuals with Disabilities, Education
Act (IDEA) (2004) and No Child Left Behind Act (NCLB) (2001) stated that stu-
dents with disabilities should access and participate in general education programs
by having the same learning opportunities and high-set achievement standards
like their peers with typical development. IDEA (2004) required students with dis-
abilities to participate in regional and state-level exams and be assessed (Jimenez
et al., 2014). Such mandates within special education laws in the USA brought the
idea of extending special education services beyond self-care and life skills for stu-
dents with moderate and severe intellectual disabilities (Downing & MacFarland,
2010). Thus, teaching academic skills such as language, mathematics, and science
education became an essential agenda for special education teachers.
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Every Student Succeeds Act (ESSA) (2015) emphasized the expansion of ed-
ucational opportunities for all students. In accordance with this, for all students,
regardless of their disability status, providing education that prepares them for
college and their future careers was mandated. This law highlighted that those
disadvantaged students who need substantial support must acquire knowledge to
succeed in state exams highly; therefore, they must receive such education. For
example, alternative assessment became a right for all students. Students were not
restricted to written or oral exams only when their knowledge and learning lev-
el were tested. Accordingly, students with disabilities had a right to present their
knowledge using alternative and augmentative technologies in state and feder-
al-level exams evaluation.

In Turkey, the Presidency of the Strategy and Budget, the Article 33 of the 11th
Development Plan (2019-2023) emphasized science, technology, engineering, and
mathematics (STEM) disciplines to become prominent. In the same plan, the Arti-
cle 574 underlined all individuals should receive inclusive and qualified education
along with access to life-long learning opportunities. Accordingly, not only for typ-
ically developing individuals but also for individuals with disabilities, strengthen-
ing the physical and human opportunities was mentioned to benefit better from
the education mentioned in the article. This opened the door for a student with
disabilities to access and participate in academic education programs in addition
to programs that are social/life skills focused. Although the age of compulsory edu-
cation was set at 5 in the 11th Development Plan (2019-2023) of Article 548, refer-
ring to the flexible early childhood program mentioned in the same plan, science,
technology, engineering, and mathematic focused education can also be started for
younger children with disabilities. Thus, initiations to teach foundational skills re-
lated to such disciplines can be started in early years (0-36 months) of life without
delaying it further to kindergarten.

In the Science Education Curriculum published by the Ministry of National
Education (MoNE, 2018) in Turkey, eight competence areas were identified within
Turkey Competence Framework (Tiirkiye Yeterlilikler Cercevesi [TYC]), although
STEM was not directly mentioned. For example, educating individuals who can
produce knowledge and use it functionally in life, think critically, and solve prob-
lems, contribute to the society and culture that s/he lives in was aimed within math-
ematic competence, science, and technology foundational competence, and digital
competence framework (MEB, 2018). Furthermore, the need for considering indi-
vidual differences and diversity during assessment and evaluation was emphasized
in the program. Therefore, students with disabilities, like their typically developing
peers, had the right to have accommodations and modifications during education
provision for gaining competence in mathematics, science, and technology.
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Despite the improvement in the legislation mentioned above, it was observed
that individuals with severe disabilities who require substantial support were still
segregated from general education classrooms and spent the days with education
focused on life skills only (Kruth et al., 2019). It is also discussed in the related lit-
erature that students with disabilities cannot access general education curriculum
and benefit from academic skills teaching. Still, instead they are mostly exposed
to teaching social communication and life skills (Balgin & Yildirim, 2021). This
current situation contradicts those ‘equal opportunities in education’ and ‘specific
precautions were taken for children who need special education and protection’
principles of Turkish National Education identified in the Ministry of National Ed-
ucation Law of Turkey. The efforts to improve the condition can start with young
children with disabilities before the age of compulsory education (5 years).

DIVERSE, EQUITABLE, AND INCLUSIVE STEM EDUCATION

STEM education has become widespread with increasing popularity across
many countries in the world (Garrett, 2008; Jang, 2016; The National Academies
of Sciences, Engineering, and Medicine, 2018). In addition, factors such as efforts
to have a place in the new world order, competitiveness among countries, and
increasing diversity in society and classrooms due to migration across the world
brought the need for diverse, equitable, and inclusive STEM education togeth-
er (Sardag et al., 2020). For example, by the STEM education committee with-
in The National Science and Technology Council (2018), a report was published
emphasizing diverse, equitable, and inclusive STEM education within a separate
chapter. In this report, regardless of ‘geographic location, race, ethnic background,
socio-economic status, veteran status, disability status, differences in abilities, cog-
nitive profiles and learning styles, all Americans deserve to be good at STEM skills
for their individual success and the US competitiveness’ (p.6). According to the
same report, all STEM practices should involve inclusive and equitable values and
be against any form of discrimination.

There are three important steps in diverse and inclusive STEM teaching: in-
quiry-based learning, the role of context, and cultural values (Sardag et al., 2020).
At first, inquiry-based learning, students work at their own pace to make inquiries
on a given problem. Students build the hypothesis and do experiments. Then they
make an analysis and evaluation and communicate with their team members. At
this phase, students are not exposed to science, mathematics, and engineering con-
cepts via their teachers only, and these students take more responsibility by having
active roles with their team members, hands-on experience, and designs (The Na-
tional Science, Engineering, and Medicine Academy, 2018). The role of context is
important in inquiry-based learning. Science, engineering, and mathematics are
considered within real-life contexts. Finally, inclusive STEM education embraces
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a multicultural approach and respects diversity (e.g., ethnic background, religion,
language, disability status, and socio-economic status) (Leibnitz et al., 2022). Such
an approach and understanding may create not only self-respect but also opportu-
nities to work and produce together with those different from them.

Equity in STEM education can be defined as social justice (The National Alli-
ance for Partnerships in Equity, 2020). Access and participation in STEM educa-
tion opportunities should not only be for a certain group (e.g., typically developing
students, students with access to state/private schools, and students with high so-
cio-economic status). All disadvantaged groups (e.g., students with low socio-eco-
nomic status, refugee students, students with no access to formal education, and
home-schooled students due to their disabilities) should be represented for an eq-
uitable STEM education (Barton & Tan, 2018; Holmes, 2016; Morrell & Parker,
2013). In brief, equity in STEM education means accessibility and participation for
everyone (Jackson et al., 2021).

STEM disciplines are advocated to reach a diverse, equitable, and inclusive level
(Lerback et al., 2022). However, it was claimed that the current situation is not at
the desired level, and STEM education is still not inclusive of all differences and
creates discriminative values at a global scale (Hughes, 2018; McGee, 2020; Riley
etal.,, 2014). Discriminatory issues (e.g., STEM accessibility for only White-Amer-
ican men with high socioeconomic status) are identified as barriers to create a
STEM community inclusive of everyone (Metcalf et al., 2018). For example, start-
ing at young ages, children with certain backgrounds (e.g., Mexican and African
American) in early childhood education are identified as not benefitting enough
from STEM learning (Fuller et al., 2021). Similarly, accessibility to STEM educa-
tion for students with disabilities is still problematic (Wells & Kommers, 2022).
However, the STEM education process should include inclusive actions and be act-
ed with a mentality respecting cultural differences (e.g., race, ethnic background,
socio-economic status, age, disability status) and embracing diversity and equity
(Leibnitz et al., 2022).

STEM PRACTICES IN EARLY CHILDHOOD EDUCATION
IN TURKEY

There are limited, yet promising, a number of studies related to STEM learning
in early childhood in Turkey. Accordingly, when the related literature is reviewed,
the study (Ugras, 2017) investigating early childhood teachers’ perspectives on
STEM education captures attention. The result of this study reveals that although
78% of the participating early childhood teachers consider STEM education as
important for children, 58% of them think that STEM education is not possible
to implement due to a lack of materials and STEM-focused in-service training.
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However, no perspectives were gathered regarding the inclusion of children with
disabilities in STEM education. In another study (Ugras & Geng, 2018), 35 early
childhood teachers’ perspectives on STEM practices are examined. All participat-
ing teachers emphasize that undergraduate programs should include classes on
applied STEM education and learn with interdisciplinary collaboration. Similar
to Ugras (2017) study, this study does not have any perspectives regarding young
children with disabilities in STEM practices. However, there is a need for studies
focusing on STEM learning in young children with disabilities in order to prepare
diverse, equitable, and inclusive STEM practices.

In another study (Cakir et al,, 2019) focusing on STEM practices in early
childhood, pre-service preschool teachers received 14-weeks-long STEM educa-
tion with a Montessori based-approach. After theoretical information is given,
STEM-related activities and procedures are implemented. The activities were built
upon materials and robotic-coding Legos that can easily be applied during teach-
ing practicums of participating pre-service preschool teachers. At the end of the
activities implemented together with the experts’ guidance, pre-service preschool
teachers emphasized that their creative thinking skills improved. However, there
was no mention of accommodations or modifications for children with disabilities
in all activities. Cift¢i and Topgu (2021) investigated mental models and perspec-
tives of pre-service preschool teachers on STEM education. Accordingly, STEM
education was provided within a science education class in early childhood educa-
tion. After theoretical information on STEM education was presented to pre-ser-
vice preschool teachers, examples of applied STEM activities were provided. Then
pre-service preschool teachers were asked to design their own STEM activities and
implement them in classroom settings. In the end, although participating teachers
say that STEM education boosts creativity, gives active roles to students, supports
multi-dimensional assessment, and focuses on problem-solving, no perspective is
given about how to incorporate young children with disabilities into STEM learning.

In our county, projects related to inclusive STEM practices were also made.
For example, ‘STEM AKADEMIZMIR’ (2018) project aimed children in early
childhood to gain twenty-first century skills. Accordingly, this project targeted to
cultivate competitive individuals who can communicate effectively when work-
ing in teams, respect cultural differences, think creatively, and solve problems. All
activity plans were prepared according to the project aim. The phases (identify
the problem, research need, develop possible solutions, construct a prototype, test/
evaluate solution) in the engineering design model used for high school STEM
classes were added into the activity plans (Hynes et al., 2011). For children with
disabilities, the section titled as ‘adaptations’ was included in all activity plans. Al-
though, these sections emphasized making required accommodations and modifi-
cations in teaching process and materials, they did not include any explanation on
how to implement them.
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In all above-mentioned studies, no data were available for early childhood
teachers regarding concrete steps to follow in STEM teaching for young children
with disabilities. This situation can be an indicator that children with disabilities
in early childhood have limitations in accessing to and participating into STEM
education. Similarly, in the US, according to the report published by the Office of
Human Rights in the Department of National Education, mandatory school-aged
children with disabilities do not benefit enough from STEM learning opportuni-
ties (CRDC, 2020).

For younger children (between 0-36 months old) with disabilities, while mov-
ing away from an inflexible and bold discipline understanding, an early childhood
special education curriculum was designed with a progressive philosophy which
considers individual differences and embraces active learning approach (MoNE,
2018). In this curriculum, although the concept of inclusive STEM was not di-
rectly addressed, there were points emphasizing STEM foundational concepts
within eight developmental areas. For example, visual/spatial relationship, object
permanency, and cause-effect relationship were underlined in cognitive develop-
ment area. The objectives for each area were written with three-months intervals.
However, no explanation is given about how to implement STEM systematically
and consciously. STEM teaching, however, can start from infancy (Uhlenberg &
Geiken, 2021; McClure et al., 2017; Wang & Feigenson, 2019). Accordingly, in this
conceptual study, first it was discussed how STEM foundations could be built in
very young children (0-36 months) with disabilities. Then related examples were
given in vignettes.

STEM PRACTICES IN YOUNG CHILDREN WITH DISABILITIES

When teaching is systematic and purposeful, not only it can prevent students
from experiencing meaningless challenges, but also, teachers can teach develop-
mentally appropriate skills and knowledge through making necessary accommo-
dations and modifications in the environment and teaching procedure (Hardy &
Hemmeter, 2020). A similar circumstance is present in teaching STEM founda-
tional skills to young children with disabilities. In the following, steps that can be
followed by adults in building and teaching STEM foundation skills are discussed
from Campbell and colleagues’ (2012) perspective on STEM learning in young
children with disabilities.

Using Routines, Activities, and Transitions (Step 1)
Rather than restrictive settings (e.g., therapy rooms, clinics), for young chil-

dren (0- to 36-month-olds) with disabilities, their natural environments should be
used for teaching STEM foundation skills because participating into daily activi-
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ties, routines, and transitions is important for promoting their social, emotional,
language, and physical development (Campbell et al., 2008). Using already existing
activities, routines, and transitions within daily lives or creating them all for edu-
cating purposes can facilitate learning in young children with disabilities (Cooks
et al., 2018). For example, the studies found that when children with disabilities
participated into classroom activities, they learnt academic content (Courtade
et al,, 2010; Cushing et al., 2005) and were accepted as valuable members of the
classroom (Meyer & Ostrosky, 2016). Repeating what has been learned in differ-
ent classroom routines, activities, and transitions brings permanency and gener-
alizability in learning in addition to opportunities for students with disabilities
to communicate with their classmates and build friendship (Meyer & Ostrosky,
2016). Therefore, routines, activities, and transitions should also be created in their
natural settings for young children (0- to 36-month-olds) with disabilities to teach
STEM foundation skills.

Doing Embedded Teaching (Step 2)

Embedding foundation concepts required for STEM learning into activities,
routines, and transitions emerging in natural contexts can be an effective way for
teaching STEM foundation skills. Embedded teaching takes young child’s inter-
est and motivation into consideration and provides opportunities for interact-
ing with himself and others in his environment (McWilliam et al., 2003; Rakap,
2017). When young children with disabilities learnt the skills through embedded
teaching, it was identified that they were able to generalize their skills to different
people, environments, and materials and their learning was long-lasting (Rakap &
Parlak-Rakap, 2011). Therefore, involving STEM foundation skills (e.g., sensory
motor skills, cognitive skills, spatial skills) into embedded teaching process may
increase generalizability and permanency in learning.

Making Adaptations (Step 3)™"

Current circumstances may restrict young children with disabilities to access
and participate into learning opportunities. These restrictions can be reduced or
eliminated through making adaptations (accommodations and modifications) in
environments, materials/tools, and teaching process (Campbell et al., 2008; Camp-
bell et al., 2012; Milbourne & Campbell, 2007). It is necessary to understand the
purpose of each adaptation because all adaptations serve for young children with
disabilities to facilitate their independent access to classroom materials/tools, ac-
tivities, and environments (Cook et al., 2018). According to Campbell and Mil-
bourne (2007), continuity in adaptations (accommodations and modifications) is

11  Adaptations are a comprehensive topic and may change depending on age, disability, and individual
needs. For detailed information reading adaptations for the age and disability group mentioned in this
article: Campbell and colleagues (2012) and https://stemie.fpg.unc.edu/resources-landing-page.
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fundamental. That is, once an adaptation is applied, the results should constantly
be monitored, and any required changes should be implemented according to the
individual child’s needs.

Adaptations should be made in three phases: environment, materials/tools, and
teaching process (Campbell et al., 2012). These phases are also included within the
recommended practices by Division of Early Childhood (DEC) (2014) of Council
for Exceptional Children (CEC). In each phase, for facilitating STEM learning, the
adult focuses on how to support a young child with a disability and later system-
atically reduce support to make the child with a disability perform independently.
First, adaptations in environment, can be described as removing the barriers in
settings (e.g., home and classroom) and providing visual aids. Accordingly, daily/
weekly graphic schedules (real pictures can also be used), making seating arrange-
ments (e.g., identifying where a child with a disability sits during large-group activ-
ities with colored-tapes) in classrooms, changing cupboards’ location at classroom
entrances for facilitating mobilization of a child using a wheelchair, using low-
ered-sized open shelves can be given as examples of environmental adaptations.

Second phase, adaptations in materials and tools, can be described as making
accommodations and modifications in locations of materials, assistive technologi-
cal devices, and toys at home or in classrooms. Preparing augmented buttons that a
child can control with his hand (rather than his finger), using deep plates and cups
for facilitating eating with spoons, and using magnetic cubes to prevent falls while
a child with a disability is building can all be given as examples. Third phase, adap-
tations in teaching process, can be defined as making accommodations and mod-
ifications in teaching process for providing full access to learning opportunities.
Modeling, constant time delay, natural reinforcing, and scaffolding can be given as
examples all of which can provide opportunities for teaching STEM foundational
skills to young children with disabilities.

Guiding and Facilitating (Step 4)

In guiding and facilitating step, Campbell and colleagues (2012) explained
what adults can do for teaching STEM foundation skills in the following order:
Narrating, using STEM words, and posing questions/problems to young children.
At first, the adult, should narrate the child’s actions because young children be-
tween 0-36 months-old may not verbally express what they know, what they learn,
and what they experience well enough (Stewart, 2010). In addition, having a cer-
tain disability (e.g., intellectual disability, cerebral palsy), mobility issues or de-
lays in their development may create challenges in expressing verbally what these
young children learn (Johannson, 1994). Therefore, adults (educators, therapists,
and parents) ensure that they narrate the STEM topics and provide language input
to young children with disabilities.
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Second, adults (educators, therapists, and parents) should use STEM words.
That is, they must be knowledgeable about STEM vocabulary and use those words
before, during, and after STEM activities. Thus, young children with disabilities
can have opportunities to practice STEM words as the adults continue to use them.
For example, the adult is expected to gain STEM vocabulary on water if the activity
is related to water. Third, the adults must pose questions/problems related to the
child’s current experience. These questions are expected to foster the children’s
thinking skills and encourage them for solving problems because young children
with disabilities, in STEM teaching, are considered as active learners with critical
thinking and problem-solving skills in their learning process, rather than passive
listeners who only acquire knowledge from authorities.

EXAMPLES OF BUILDING STEM FOUNDATIONS IN YOUNG
CHILDREN WITH DISABILITIES

Building STEM foundational skills in young children with disabilities is dis-
cussed with the steps above according to Campbell and colleagues’ (2012) ap-
proach. For helping to visualize those steps, the two examples are given as vignettes
in the following.

Example 1 (Focused on Floating - Sinking)

Mehmet (23 months-old at risk for autism) loves playing with water. He can
touch water but starts crying when his clothes gets wet. Using his interest on water,
his mother Ezgi decided to make an activity related to floating and sinking for
building STEM foundational skills. Ezgi brought the materials (a 100 cm wash-
bowl, several plastic and iron sticks [10 cm each], a 10 cm plastic plate) for the
activity to the balcony. She helped Mehmet to wear a plastic apron to prevent him
from getting wet. Ezgi filled the washbowl with water, threw one of the plastic
sticks into the water, and said to Mehmet: ‘Plastic stick floats on water, Mehmet
grasped one of the plastic sticks and threw it into water. He, then, started making
sticks swim on the water surface. Ezgi repeated: ‘Plastic stick floats on water; wait-
ed 3-5 seconds and added: ‘Mehmet, what does the plastic stick do in the water?’
Mehmet, while looking at Ezgi’s face, said: ‘Float float’ and moved the stick back
and forth. This time Ezgi took one of the iron sticks and threw it into the water.
Mehmet gave the plastic stick up, took the iron stick out of the water, and then
threw it back into the water. Ezgi said: “The iron stick sank’ and Mehmet repeated:
‘Sank sank’ Ezgi added: “The iron stick sank, but the plastic stick floats’ Ezgi asked
Mehmet while pointing to the sinking iron stick: “‘What happened to the plastic
stick?” Mehmet moved the plastic stick back and forth on the water surface and
said: ‘Float float. Ezgi described Mehmet’s action as: “The plastic stick floats on the
water. After that she threw the rest of the iron sticks into the water and added: “The
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iron sticks sank’ Mehmet gave the plastic stick up, pushed two iron sticks down
the water and said: ‘Sank, sank’ Ezgi described his action and said: ‘The iron sticks
sank’ Then she threw the rest of the plastic sticks into the water and added: “The
plastic sticks float Mehmet reached for the plastic sticks, grasped the two with his
two hands, and repeated: ‘Float float’ while moving the plastic sticks back and forth
on the water surface.

At that moment, Ezgi took the plastic plate, gently put it onto the water, and
said: ‘The plastic plate floats on the water, Mehmet stopped moving the plastic
sticks and started watching his mother. Ezgi put an iron stick on the plastic plate:
‘Look, it looked like a ship’ and moved the plastic plate back and forth on the
water’s surface. She asked Mehmet: “‘What does a ship do?” Mehmet: ‘Float Float’
Ezgi released her hand and replied to him: “The ship floats on the water’ Mehmet
reached for the plastic plate and moved it back and forth: ‘Float float’ He then kept
moving it back and forth on the water’s surface.

The example above, although it is prepared for parents, it can be applied to out-
door areas in school/clinic settings. Teachers and early interventions can both take
active roles in building STEM foundational skills. That is, they can teach STEM
foundational skills to young children with disabilities by making adaptations (ac-
commodations and modifications) in a classroom or clinic settings. For example,
although young toddlers with disabilities may not learn by themselves, they can
learn cause-effect relationships by observing people interacting with objects and
seeing people making changes to objects (Saxe et al., 2007; Meltzoff et al., 2012).
An example of a cause-effect relationship focused STEM activity that can be done
in a classroom/clinic setting is given below.

Example 2 (Focused on Cause-Effect Relationship)

Melike (28 months old with cerebral palsy) attends day-care. Her teacher Elif
completed the required preparations to practice the cause-effect relationship using
magnetic cubes (15cm”® each). Since Melike has some issues balancing her move-
ments, she was placed in a special chair which stabilizes her sitting position. In
addition, Elif placed big rugs on each side of the chair and helped Melike wear
magnetic gloves to support her in holding the magnetic cubes (See figure 1%).

Figure 1.

*Source: Creative Commons
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Elif sat right in front of Melike and said: T took the first cube and placed it on
the ground. I took the second cube and placed it on the first cube. I took the third
cube and placed it on the second cube. I built a tower’ Elif paused for a moment,
and asked Melike while looking at her: “What happens if T hit the tower with my
hand?’ and waited 3-5 seconds. She then, hit the cubes with her hand and made the
two fall on the carpet. Elif repeated her actions with the exact words in the same
order, but this time she asked Melike: ‘What happens if I hit the tower with my
foot?’ and waited 3-5 seconds. Elif hit the tower with her foot, and the two cubes
fell on the carpet.

Teacher Elif said: ‘It is your turn, Melike. Elif was holding Melike’s two hands;
then she placed a magnetic cube between Melike’s hands. While holding Melike’s
hands over her gloves, Elif helped Melike to place the magnetic cube on the carpet.
Melike reached for another cube with her two hands, held a cube, and moved it
towards the first cube. At this time, teacher Elif held Melike’s hands over her gloves
and put the cube on the first one. Teacher Elif narrated Melike’s actions: ‘T held
the second cube and placed it on the first cube’ Melike reached again, grasped
the third cube, and moved it toward the second cube. Again, Elif helped her while
placing the second cube on the third one. After that, Elif narrated Melike’s action:
T held the third cube and placed it on the second one, she asked the question to
Melike: “What happens if I hit the tower with my foot?” Melike hit the tower with
her foot, and two cubes fell on the carpet. Teacher Elif described Melikes actions:
T hit the tower with my foot, and the tower was knocked down!

Teacher Elif took three cubes next to herself and narrated her actions: ‘T took
the first cube and placed it on the ground. I took the second cube and put it on the
first cube. I took the third cube, put it on the second cube, and I made a tower’
While looking at Melike, Elif asked: “What happens if I throw a piece of cotton
to the tower?” waiting 3-5 seconds and throwing it to the tower, but nothing hap-
pened. Elif said: “The tower was not knocked down. Melike, it is your turn’ while
placing a piece of cotton between Melike’s hands. Melike threw the piece of cotton
toward the magnetic cubes, and nothing happened to the cubes. Elif described Me-
like’s action: ‘T threw the cotton to the tower, but it was not knocked down’ Melike,
using the same piece of cotton, repeated her actions three times, and Elif narrated
her actions each time.

DISCUSSION

For building diverse, equitable, and inclusive STEM communities (regardless
of age, ethnic background, socio-economic status, or disability status), it is neces-
sary to prepare young children based on their interests and potentials to contribute
to STEM areas. Because the future of the economy lies with STEM, and future jobs
are in STEM areas (Basham & Marino, 2010; Rothwell, 2013; STEM Education

OMU EFD, 2022, Cilt 41, Sayi 2, Sayfa 455-492



Emine ERDEN, Mustafa Serdar KOKSAL SV

Coalition Report, 2019). It is required to provide young children with disabilities
access and participate in learning opportunities that support their academic skills
as early as possible to become economically competent, independent adults and be
part of the future workforce. To reach that goal, it is necessary to make adaptations
(accommodations and modifications) in the STEM teaching process and apply
those consciously, systematically, and continuously.

In the first example above, sinking-floating concepts were practiced with a
two-year-old boy with autism. The information regarding the child’s discomfort
(crying when his clothes get wet) helped the mother to take precautions ad prevent
possible problems. Using different materials (e.g., wood and rock), this activity can
be applied to classroom and clinic settings. Although preparing (e.g., preparing
STEM words to be used or questions/problems to be posed) may take time for a
teacher or an expert, their activity repertoire on STEM vocabulary and questions is
likely to be built. The activity in this first example may not be appropriate for every
child on the autism spectrum. For the ones with sensory issues with touch, differ-
ent adaptations (e.g., using different liquids or protective gloves) may be required.
Depending on the severity of sensory issues, this activity may have to be done with
video demonstration only. Based on the individual needs of a young child with a
disability, the same activity may require different accommodations and modifica-
tions. In such activities, continuity is necessary to understand whether the concept
is learned by the child or not. Not only parents but also teachers should systemati-
cally continue doing the activity. Children with autism have limitations in the gen-
eralization of skills or knowledge to new settings and people. Therefore, the con-
cept of sinking-floating should repeatedly be practiced using different materials.

In the second example, it was focused on the cause-effect relationship by mak-
ing a variety of accommodations (e.g., using a chair supporting his seating, mag-
netic gloves for facilitating his reach and grasp, reinforcing cubes with magnets)
and modifications (e.g., limiting a number of cubes with three) in a classroom
setting for a young child with limitations in mobility. After adaptations (accom-
modations and modifications) are provided, an educator requires a small training
to be able to narrate and pose questions/problems to the child during the activity.
Otherwise, the adult may force the child with directions above his developmen-
tal level. As the activity focuses on cause-effect relationships, it also requires the
adult to make pre-preparation about choosing STEM words to be used during the
activity. This activity can be done at home by parents or experts in clinics. Even if
necessary circumstances are met since this activity requires one-to-one attention,
it could be difficult to do in crowded classrooms. Besides, providing materials may
not always be feasible. Especially for institutions in disadvantaged regions (e.g.,
schools located in rural areas with poverty), this situation becomes more obvious.
In such circumstances, unfortunately, the schools may need to do the activity based
on the available materials rather than the individual needs of a child.
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CONCLUSION

All children are candidates for becoming future scientists (Gelman et al.,
2010), and it is possible to see them making discoveries and investigations through
high-quality science, technology, engineering, and mathematics activities. As
highlighted in the two examples above, adults should remember that the target
group is young children with disabilities less than three years of age; therefore, the
length and contents of activities offered to these groups should be kept brief and
short. There might be educators, experts, and parents who may find STEM activ-
ities developmentally inappropriate, too difficult, and abstract for such a young
group of children with disabilities. But such perspectives may be altered in a pos-
itive direction by incorporating undergraduate level STEM education classes for
pre-service early childhood and special education teachers (Cakir et al., 2019; Unlii
& Dere, 2018). In addition, with a detailed and careful plan, it is possible to make
high-quality STEM foundation inputs appropriate to individualized goals and ob-
jectives at homes, schools, and any social environments. Thus, infrastructure for
general education curriculum accessibility can be built in the early years of life. The
benefits of early science and mathematics teaching for future academic skills are
shown by many studies (Aubrey et al., 2006; Claessens et al., 2009; Paprzycki et al.,
2017). Therefore, early childhood educators and special education experts should
be encouraged and supported via in-service trainings to make activities related to
STEM foundational skills appropriate for young children’s interest areas, abilities,
and needs (Brenneman et al., 2019; Jamil et al., 2018).
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