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STEM Yeterlikleri Degerlendirme Cergevesinin 4. sinif

Duzeyi icin Uyarlanmasi

Serkan ARIKAN', Melek PESEN? ve Emine ERKTIN3

Ozet

Alan yazinda karsilasilan ¢alismalarda gérilmektedir ki 6grencilerin
STEM yeterlikleri degerlendirilirken STEM yeterliklerini 6lgmek amaci
ile olusturulmus, disiplinler arasi bir lgme araci ile elde edilen puanlar
yerine, blyuk o6lcekli testlerden veya baska amaglar icin gelistirilmis
sinavlardan elde edilen matematik ve/veya fen puanlari
kullaniimaktadir. Ogrencilerin STEM yeterlik puanlarini belirlemek
amacit ile bir 6lgme araci gelistirebilmek icin dncelikle STEM yeterlikleri
degerlendirme cercevesine ihtiyac duyulmaktadir. Ozellikle ilkokul
seviyesinde, STEM  yeterliklerini  degerlendirebilmek amaciyla
kullanilabilecek bir degerlendirme cercevesi bulunmamaktadir. Bu
sebeple bu calismada, Arikan ve digerleri (2022) tarafindan
gelistirilmis ve 8. sinif duzeyinde gegerlik kanitlari sunulmus olan STEM
yeterlikleri degerlendirme ¢ergevesinin, 4. sinif dizeyine uyarlanmasi
amacglanmisti.  Bu kapsamda, 4. sinif duzeyine uyarlanan
dedgerlendirme cercevesi temel alinarak gelistirilen bir &lgme
aracindan elde edilen puanlarin guvenirlik ve gecerlik kanitlari
sunulmustur. Bu ¢alismada ortaya konan degerlendirme cercevesi,
STEM yeterliklerinin ¢ok boyutlu ve butlnlesik yapisi- fen, teknoloji,
muhendislik ve matematik alanlari- dikkate alinarak hazirlanmistir.
Ortaya konan faktor yapisi, 4. sinif 6grencilerinden toplanan veriler
kullanilarak dogrulayici faktor analizi ile degerlendirilmistir. Gelistirilen
6lcme aracinda yer alan maddeler, madde tepki kurami kullanilarak
madde duzeyinde incelenmistir. Bulgular, 8. siniflar icin gelistirilmis
olan STEM degdgerlendirme c¢ercevesinin 4. siniflar icin  de
kullanilabilecegini gbstermektedir.
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Giris
STEM Egitiminin Onemi

Kuresel ekonomide bir yer edinme endisesi, Ulke yonetimlerini egitim
politikalarinda STEM (Science, Technology, Engineering, Mathematics
[Fen, Teknoloji, Muhendislik, Matematik]) egitimini én plana almak
Uzere harekete gecmeye ydneltmistir (Kelly ve Knowles, 2016). STEM
alanlarinda basarili olmak, isgucu piyasasinda rekabet edebilmek ve
ekonomik istikrara ve ustunluge sahip olmak ile iliskilendirilmektedir
(Bicer ve digerleri, 2017; National Research Council [Ulusal Arastirma
Konseyi], 2005; 2011, National Science and Technology Council [Ulusal
Fen ve Teknoloji Konseyi], 2011). Bu cabalar STEM egitimini populer bir
alana dénusturmus, bircok arastirmaci, politikacl, 6gretmen ve
yoéneticinin odak noktasi haline getirmistir (Bicer ve digerleri, 2017,
Brown ve digerleri, 2011; Capraro ve Corlu, 2013). Ulkemizde de STEM
alanlarinda yetismis birey ihtiyacl, alan yazinda, cesitli egitim
raporlarinda ve Milli Egitim Bakanhdi’'nin yol haritalarinda
vurgulanmistir (Milli Egitim bakanligi [MEB], 2016; TUrk Sanayicilerive is
Iinsanlari Dernegi [TUSIAD], 2014; Yildirim ve Gelmez-Burakgazi, 2020).

STEM egitimi, dogasi geregi, fen, teknoloji, muhendislik ve matematigin
birbiriyle oértUstugu ve butunlestigi disiplinler arasi bir é6gretme ve
ogrenme yaklasimini yansitmaktadir (Broggy ve digerleri, 2017).
Ornegin, matematik, bilimsel kavramlarin anlasiimasi icin cok
onemlidir. Benzer sekilde, bilimsel dusunce ydntemleri ve bilimsel
kavramlar matematik icin cesitli baglamlar olusturur. Muhendislik ve
teknoloji matematige ve uygulamalarina dayanir. Arastirmalar, beynin
matematik, fen ve ilgili disiplinlerin bir arada bulundugu durumlar
Uzerine calismasi durumunda en iyi performansi gdsterdigini
gostermektedir (Bicer ve digerleri, 2017, Freudenrich ve Boyd, 2001).
STEM egitimi, 6grencilerin tum STEM alanlarinda etkili problem
cozebilmeleri icin  elestirel dusunme becerilerini  gelistirmeyi
amaclamaktadir (White, 2014).

STEM Yeterliklerinin Degerlendirilmesi

Olcme ve degerlendirme, dgretimde dodru kullanildiginda niteligi
artirir, 6grenmeye katkl saglar (Shulman, 2009). STEM egitiminin
niteligini artirmak icin de STEM yeterliklerinin sistematik olarak
degerlendirilmesi ve izlenmesi gerekmektedir (Saxton ve digerleri,,
2014). STEM yeterliklerini élcmek icin kullanilabilecek bicimlendirici
(formative) ve sonuca yodnelik (summative) degerlendirme araclari,
daha nitelikli STEM egitimi icin esastir. Bicimlendirici degerlendirme,
ogrenme surecinin her asamasinda saglanan aninda geri bildirimiicerir.
Sonuca yonelik degerlendirme ise égrencilerin sahip oldugu becerileri
ortaya koyarken, zaman icerisindeki gelisimlerini de izleme imkani
sunar. Alanyazinda STEM egitiminde bicimlendirici ve sonuca yonelik
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degerlendirmenin etkinligini artirmaya yénelik sinirli sayida calisma
vardir (Capraro ve Corlu, 2013; Haudek ve digerleri, 2011).

STEM yeterlikleri ile ilgili yapilan degerlendirmelerle ilgili en dnemli
sorun disiplinler arasi degerlendirme cercevesinin eksikligidir. Bircok
calisma, ogrencilerin matematik veya fen puanlarini blUyuk olcekli
sinavlardan almakta ve bu puanlari STEM basari gostergeleri olarak
kullanmaktadir. Ancak bu degerlendirme araclari égrencilerin STEM
yeterliklerini 6lcmek amaciyla olusturulmamistir. Bu degerlendirme
araclarinda STEM'in disiplinler arasi dogdasi eksiktir. Ornegdin, Han vd.
(2015), STEM egitimi ile matematik basarisi arasindaki iliskiyi arastirmak
icin Texas Bilgi ve Becerilerin Degerlendirilmesi (Texas Assessment of
Knowledge and Skills) testini kullanmislardir. Benzer sekilde, Ing (2014),
STEM Dbasarisini olgmek icin Amerikan Gencliginin  Boylamsal
Calisiimasi  (Longitudinal Study of American Youth) &l¢edinin
matematik puanlarini kullanmistir. Matematik ve/veya fen puanlarinin
STEM yeterlikleri icin 6zel olarak gelistirilmeyen testlerden alinmis
olmasi, iyi tanimlanmis c¢ok boyutlu bir STEM degerlendirme
cercevesinin eksikligini gostermektedir. STEM  yeterliklerini
degerlendirme  cergevesinin  olusturulmasinin, bu  yeterlikleri
degerlendiren araclarin gelistiriimesine ve dogrulanmasina rehberlik
etmesi beklenmektedir. Hem belirli icerik alanlarina hem de STEM
alanlarinin disiplinler arasi yapisina odaklanan bir STEM degerlendirme
modelinin gelistirilmesine ihtiyac¢ vardir (Harwell ve digerleri, 2015).

STEM yeterliklerini dlgmek Uzere hazirlanan calismalardan birinde
Saxton vd. (2014) ortak bir STEM dlgcme sisteminin gelistiriimesi Uzerinde
calismislardir. Guclu bir teorik yapiyl vurgulayan bu calismada STEM
boyutlari arasindaki baglantilarin dnemi belirtilmistir. Ancak, bu
calismada sunulan cerceve veri toplanarak test edilmemis ve
degerlendirme araci sunulmadan yalnizca baslangi¢c asamasi olarak
degerlendirme sisteminin kavramsallastiriimasi hedeflenmistir. Baska
bir calismmada, Bicer vd. (2017), 6grencilerin STEM alaninda yeterliklerini
gérmek icin entegre bir STEM dedgerlendirme modeline ihtiyac
oldugunu belirtmislerdir. Ancak bununla birlikte, 6grencilerin Texas
Bilgi ve Becerilerin Degerlendirilmesi (Texas Assessment of Knowledge
and Skills) testindeki matematik ve fen puanlari arasindaki korelasyonu
rapor etmisler ve bunun teknoloji ve muhendislik alanlari dlgme
araclarina dahil edilene kadar yeterli bir STEM degerlendirme modeli
olarak hizmet edebilecegini belirtmislerdir. Harwell vd. (2015) ise
muhendisligi bir arac olarak kullanarak matematik, fen ve teknoloji
becerilerini  dlcmeye calismislardir.  Yakin  zamanda ise lise
ogrencilerinin 0z degerlendirme yaparak STEM yeterliklerini
degerlendirdikleri calismalar bulunmaktadir (Nga ve digerleri, 2022;
Trung ve digerleri, 2022). Bu calismalarin hazirladiklari cerceve 5 boyut
(Bilgi toplama ve isleme, bilgi yonetimi ve kullanimi, ¢dézUmun
uygulanmasi, teknik guvenlik, topluluk paylasimi) ve 15 davranissal
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gostergeyi kapsamaktadir. STEM yeterliklerinin  degerlendirilmesi
amaci ile Arikan vd. (2022) tarafindan 8. siniflar duzeyine uygun bir
degerlendirme cercevesi gelistirilmis ve bu cerceve temel alinarak
hazirlanan bir 6lgme aracinin  gecgerlik ve guUvenirlik kanitlari
sunulmustur. Bu cercevede fen, teknoloji, muhendislik ve matematik
alanlari ile ilgili alt boyutlar (fizik, kimya, biyoloji, modelleme, teknoloji
ve muhendislik problemleri, kodlama, algoritmik dustinme, kavramlar,
oruntuler ve argumantasyon) tanimlanmis ve aralarindaki iliskiler
ortaya konmustur. Ancak alan yazinda 4. sinif duzeyine uygun bir STEM
degerlendirme cercevesi bulunmamaktadir. ilkokuldan ortaokula
gecerken ogrencilerin sahip olduklari STEM yeterliklerinin gecerligi
ortaya konmus bir degerlendirme cercevesi kapsaminda olculmesi
gerekmektedir.

STEM Yeterlikleri Degerlendirme Cercevesi

Disiplinler arasi yapinin vurgulandigr STEM yaklasimlarinda her ne
kadar bazi disiplinler 6ne ¢iksa da (English, 2015; Fitzallen, 2015) STEM ile
ilgili pek cok calismada matematige yapilan vurgu dikkat ¢ekicidir. Bu
vurgu matematik becerisinin STEM yeterliklerini anlamada ve STEM ile
ilgili kariyer secimlerini tahmin etmede etkili olmasina ve matematik
okuryazarliginin STEM problemlerini ¢d6zmedeki &dnemine dayanir
(Enderson ve Ritz, 2016). Butunlestirici bir STEM yaklasiminin guclu bir
matematik temeli gerektirdigi uzman kuruluslarca da
vurgulanmaktadir (National Council of Teachers of Mathematics
(NCTM) [Ulusal Matematik Ogretmenleri Konseyi], 2018), Matematik
diger STEM disiplinleri icin dnemli bir dil islevi gordugunden (Bennett
ve Ruchti, 2014; English, 2015; Schmidt ve Houang, 2007) ve bu
disiplinlerde karsilasilan problemleri ¢6zmek icin gerekli bir arag¢
oldugundan (Enderson ve Ritz, 2016; English, 2015) STEM disiplinlerinin
merkezinde yer alir. Matematik her STEM egitim programinda énemili
bir rol oynar ve “Ogrencilerin okulda 6gdrendigi matematik,
butunlestirici STEM problemlerinin Ustesinden gelmek icin arag olarak
kullanilabilecek icerikleri ve dusinme becerilerini icerir” (NCTM, 2018, s.
3,¢cev.). Tum bu nedenlerden dolayi, STEM degerlendirme cercevesinin
de matematigi bir arac olarak iceren STEM problemlerini temsil edecek
temellere sahip olmasi gerekmektedir. Arikan ve digerleri (2022)
tarafindan ortaya konan STEM degerlendirme cercevesi de
butunlestirici bir yaklasima vurgu yapmakla birlikte, matematigi bir
arac olarak ele almistir.

STEM degerlendirme cercevesi olusturulurken temel alinacak bilissel
alan tanimlanmalidir. TIMSS (Trends in International Mathematics and
Science Study, [Uluslararasi Matematik ve Fen Egilimleri Arastirmasi])
2019 Degerlendirme Cercevesinde (TIMSS 2019 Assessment
Framework) tanimlanan bilissel alanlardan akil ydrUtme becerisi
STEM'in dogasi ile bagdasir. TIMSS 2019'a gdre akil yurutme becerisi
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“alisik olunmayan durumlar, karmasik baglamlar ve c¢ok adimli
durumlari kapsayacak sekilde rutin problemlerin ¢é6zumunun otesine
gecen” beceriler olarak tanimlanmaktadir (Mullis ve Martin, 2017, s. 22).
TIMSS akil yurutme becerisinde yer alan rutin olmayan problemleri
tanimlarken asina olmama durumunu one c¢ikarmaktadir. Rutin
olmayan problemlerin aksine, 6grencilerin herhangi bir ders kitabinda
veya derste karsilasabilecedi ve bilinen bir algoritmayi kullanmalarini
gerektiren problemler ise rutin problemler olarak adlandirilir. Bu
tanimlara goére, rutin olmayan problemler, bir &égrencinin akil
yurutmesini gerektiren, 6grenciler icin anlamli ancak gunluk hayatta
sikhikla karsilasmadiklari durumlari iceren problemlerdir (Milgram,
2007). Rutin olmayan problemlerin bir diger ayirt edici yénu ise
ongorulebilir ve tekrar tekrar égretilen bir yaklasimin olmamasidir;
birden fazla ¢6zUm yolu olabilir (Elia ve digerleri, 2009; Lee ve digerleri,
2014; Pantziara ve digerleri, 2009; Woodward ve digerleri, 2012). Arikan
vd., (2022) tarafindan ortaya konan STEM degerlendirme cercevesi de
olusturulacak problemlerin asina olunmayan durumlari kapsayan rutin
olmayan problemlerden kurgulanmasini dnermistir.

STEM yeterliklerini d6lcmek Uzere STEM alanlarinin alt boyutlar da
tanimlanmalidir. Arikan vd. (2022) tarafindan 8. sinif dUzeyine uygun
olarak ortaya konan STEM degerlendirme cercevesi matematik
boyutunu, algoritmik dusunme, kavramlar, oruntuler ve
argumantasyon ile; fen boyutunu fizik okuryazarhgi, kimya
okuryazarligi, biyoloji okuryazarligl; ve teknoloji ve muhendislik
boyutunu ise, modelleme, tekno-muhendislik problemleri ve kodlama
alt boyutlariile dlculebilecegdini belirtmislerdir.

Dorduncu sinif duzeyinde STEM yeterliklerini degerlendirme amaciyla
kullanilabilecek bir degerlendirme cercevesine ihtiyac duyulmaktadir.
Bu kapsamda bu calismanin amaci Arikan vd. (2022) tarafindan dnerilen
STEM yeterlikleri degerlendirme cercevesinin 4. sinif duzeyine
uyarlanmasi ve bu degerlendirme cercevesi temel alinarak gelistirilen
bir élcme aracindan elde edilen puanlarin guvenirlik ve gecerlik
kanitlarinin  sunulmasidir. Sekizinci sinif duzeyine benzer olarak,
degerlendirme cercevesi dorduncu sinif duzeyine uyarlanirken STEM'in
cok boyutlu yapisini yansitan, matematigi bir arac¢ olarak kullanan ve
rutin olmayan problemlere odaklanan bir yapr korunmustur. Bu
calismanin arastirma sorusu “4. sinif duzeyine uyarlanan STEM
yeterlikleri degerlendirme cercevesi kapsaminda tanimlanan boyutlar
ve boyutlar arasindaki beklenen iligkiler o6grenci yanitlari ile
desteklenmekte midir?” seklindedir.
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Yontem
Katilimcilar

Katilimcilar gonulld olarak calismaya katilan 4. sinif égrencileridir.
Calisma kapsaminda veriler pilot ve asil calisma olmak Uzere iki farkli
zamanda toplanmistir. Pilot calismaya istanbul'daki bir okuldan toplam
95 6grenci katilmistir. Asil calismaya ise iki farkli sehirden ve alti okuldan
toplam 205 &égrenci katilmistir. Pilot uygulamaya katilanlarin %43'G kiz,
%57'si erkek, asil uygulamaya katilanlarin %53'G kiz, %47'si erkektir.
Calisma ile ilgili etik kurul izinleri alinmistir.

Veri Toplama Araci

Bu calismada Arikan vd. (2022) tarafindan ortaya konan STEM
yeterlikleri degerlendirme cercevesi ilk olarak dérduncu sinif duzeyine
uyarlanmis, ardindan ortaya cikan alt boyutlar temel alinarak bir dlcme
araci gelistirilmistir. Dorduncu sinif duzeyi gozetilerek olusturulan
maddeleri belirleyen STEM yeterlikleri ¢cercevesinin alt boyutlari Tablo
1'de gosterilmistir. Matematik boyutu Arikan vd. (2022) 6nerdigi gibi
algoritmik dusunme, kavramlar, éruntuler ve argumantasyon alt
boyutlarindan  olusmaktadir. Sekizinci siniflar duzeyinde fen
okuryazarligi, fizik, kKimya ve biyoloji ile ilgili okuryazarlik olarak Uce
ayrilmisken, doérduncu siniflar duzeyinde hepsi birlestirilerek fen
okuryazarligi olarak tek bir boyut olarak ele alinmistir. Teknoloji ve
muUhendislik boyutunda da yine oOnerilen yapidaki gibi modelleme,
kodlama ve tekno-muhendislik problemleri boyutlari temel alinmistir.
Arikan vd. (2022) de vurgu yaptigl gibi STEM becerilerini élcmek icin
ogrencilerin siklikla asina olduklari problemler yerine akil yurutme
becerisi gerektiren rutin olmayan problemler temel alinarak maddeler
hazirlanmistir. Bu alt boyutlar asagida detayl olarak aciklanmistir. Bu
boyutlari temsil eden 6rnek sorular da ¢calismanin sonunda verilmistir.
Bu arastirma, Mugla Sitki Kocman Universitesi insan Arastirmalari Etik
Kurulunun 23/03/2018 tarihli 45 sayili karari ile alinan izinle
yurutulmaustar.

Tablo 1
STEM Yeterlikleri Cevresi Alt Boyutlari
Matematik Fen Teknoloji ve MUhendislik
| | | 1
Algoritmik Dusunme Fen Okuryazarhgi Modelleme
Kavramlar Kodlama
Oruntuler Tekno-MUhendislik
Problemleri
Argumantasyon
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Algoritmik Distinme

Algoritmik dusinme Brown (2015) tarafindan “algoritmalari anlama,
yurutme, degerlendirme ve olusturma yetenegdi” olarak tanimlanmistir
(s.1). Bir algoritma, acik, yurutulebilir ve gerceklestirilecek adim adim
sirall talimatlar icerir (Brown, 2015). Algoritmik dustinme c¢cogunlukla
hesaplamali dusunme ve dolayisiyla bilgisayar bilimiyle
iliskilendirilmektedir (van Borkulo ve digerleri, 2021).

Kavramliar

Kavramlar, genel olarak, &grencilerin ogretim programlarinda
karsilarina c¢ikan matematiksel kavram ve ilkeleri bilmeleri ve
uygulayabilmeleri ile ilgilidir. STEM degerlendirme cercevesinde ise,
kavramlar, 6grencilerin bilmeleri gereken kavramlardan yola c¢ikilarak
fazla asina olmadiklari yeni tanimlar cercevesindeki okuryazarliklari ve
uygulayabilme becerileri ile ilgilidir.

Oriintiiler

Ordntuleri tanima, mevcut ddzeni ve matematiksel yaplyl gérebilmeyi
ve bu yapidan gerekli cikarimlari ve/veya kurallari elde edebilmeyi icerir
(Blanton ve Kaput, 2011; Miller, 2019). OrluntlU tanima sorularinda,
ogrencilerden sayi veya sekil desenini tanimalari ve desende takip eden
terimleri bulmalari beklenmektedir (Arikan ve digerleri, 2022).

Argimantasyon

ArgUmantasyon, matematiksel ifadelerin ve argumanlarin nitelikli bir
sekilde olusturulmasi ve baskalari tarafindan olusturulan argumanlarin
dogrulugunun degerlendirilmesiile ilintilidir (Rumsey ve Langrall, 2016).
Matematiksel argUmantasyon surecinde yeni bilgi Uretme ve
gerekcelendirmeler sunarak baskalarini ikna etme eylemleri de
gerceklesir (Rumsey ve Langrall, 2016). Toulmin (2003), bir argumanin
temel olarak iddia, veri ve gerekceden olustugunu belirtmistir. STEM
degerlendirme cercevesinde yer alan argumantasyon problemlerinde
ogrencilere bir iddia sunulmus ve o6grencilerden verilen verilere gore
iddiayr degerlendirmeleri ve kararlarini  matematiksel olarak
gerekcelendirmeleri istenmektedir (Arikan ve digerleri, 2022).

Fen Okuryazarligi

Fen okuryazarligi modern hayattaki bilimsel metinlerin ve durumlarin
daha iyi analiz edilip degerlendirilmesi ve karar verme sureclerinde
daha iyi akil ydritme firsati edinmek adina 6onem tasimaktadir
(Feinstein, 20T1). STEM degerlendirme cercevesinde, fen bilgisi
konularinda yer alan matematikle iliskilendirilebilen fen okuryazarhgi
becerisi temel alinmistir. Hazirlanan maddelerde 6grencilere sunulan
bilimsel kisa metinlerin irdelenmesi, iliskilerin aciga c¢ikarilmasi ve
verilen veriler dogrultusunda sonuca ulasilmasi beklenmektedir (Arikan
ve digerleri, 2022).
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Modelleme

Matematiksel modeller birtakim islemlerin, iliskilerin ve kurallarin
kullanimiyla bir sistemi tanimlamak, aciklamak ve édngdérmek adina
kullanilmasini ifade eder (Doerr ve English, 2003). Modelleme, gercek
hayatta karsilasilabilecek senaryolarinin matematiksel ifadelere
cevrilmesi olarak tanimlanir (Blum ve Ferri, 2009; Turner ve digerleri,
2022). STEM degerlendirme cercevesinde, modelleme alt boyutu icin
ogrencilerden verilen verileri kullanarak en iyi modeli belirlemeleri
beklenmektedir (Arikan ve digerleri, 2022).

Tekno Mlihendislik Problemleri

Tekno muhendislik problemleri optimizasyon problemleri baglaminda
ogrencilere sunulmustur. Bu baglamda STEM degerlendirme
cercevesinde o6grencilerin verilen bilgilere dayanarak cesitli olasiliklari
g6z onunde bulundurmalari ve sunulan kisitlamalar dahilinde en
uygun yaniti olusturmalari beklenmektedir (Arikan ve digerleri, 2022).

Kodlama

Kodlama, programlama becerileri ile birlikte sayisal dusunme
gerektiren, 6grencileri muhendislik kariyerlerine hazirlayan ve cebirsel
dusunme becerilerini gelistiren dnemli bir alan olarak gorulmektedir
(Miller, 2019; Wong ve digerleri, 2015). 21. Yy. becerisi olarak sayisal
dusunme, oruntuyu fark etme, parcalara ayristirma, soyutlama ve
algoritmalar olusturma becerilerini kapsamaktadir (Miller, 2019). STEM
degerlendirme cercevesinde kodlama boyutu verilen kodu yurutmeyi
gerektiren sorularla dgrencilere sunulmustur. OJrencilerden mevcut
olan girdiyi kullanmalari, ifadelerin dogrulugunu degerlendirerek kodu
calistirmalari ve ilkokul matematigi bagdlaminda istenen ciktiyi
bulmalari beklenmektedir (Arikan ve digerleri, 2022).

Burada tanimlanan STEM degerlendirme cercevesi kullanilarak,
uygulanabilirlik de géz 6nunde bulundurulmus ve her boyuttan ikiser
madde hazirlanmistir ve Tablo 2'de gosterilmistir.

Tablo 2

Pilot ve Asil Uygulama Belirtke Tablosu
Alt Boyutlar Maddeler
Algoritmik Dusunme S1,S2
Kavramlar ve Prensipler S3,S4
Oruntuler S5, S6
Argumantasyon S7,58
Fen Okuryazarhgi S9, S10
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Modelleme ST11, S12

Kodlama S13, S15

Tekno MUhendislik S14, S16

Toplam Madde Sayisi 16
Veri Analizi

Bu bolumde i¢ tutarhlik, madde analizi ve dogrulayici faktor analizi igin
izlenen veri analizi yontemleri aciklanmistir. GUvenirlik, maddelerin i¢
tutarliigini  dikkate alan Cronbach alfa dederi kullanilarak
raporlanmistir. Alfa degeri 0.70'ten klcguUk ise i¢ tutarlilikta sorun oldugu
dusunulurken; 0.70 ile 0.80 arasi kabul edilebilir; 0.80 ile 0.90 arasi iyi; ve
0.90'In Ustu ise mukemmel olarak degerlendirilir (Cicchetti, 1994). Alfa
degerini hesaplamak icin SPSS 22.0 kullaniimistir.

Pilot uygulama madde analizleri, érneklem sayisi da géz 6nunde
bulundurularak, Klasik Test Kuramina (KTK) dayali bir sekilde
gerceklestirilmistir (Hambleton ve Jones, 1993). Problemli maddeleri,
eger varsa, tespit etmek ve revize etmek icin madde gucgluk ve madde
ayirt edicilik degerleri hesaplanmistir. Madde guclugu dogru yanitlarin
yuzdesini gosterir ve O ile 1 arasinda degisir. DUsuk deger bir maddenin
zor oldugunu, yuksek deger ise bir maddenin érneklem icin kolay
oldugunu gosterir (Crocker ve Algina, 2008). Madde ayirt ediciligi ise, bir
maddenin yuksek ve dusuk basarili 6grencileri birbirinden ayirt etme
derecesini goésterir. Madde ayirt ediciligi -1 ile 1 arasinda degisir ve
0.30'den yuksek degerler istenir (Crocker ve Algina, 2008). Bu calismada
madde ayirt edicilik indeksi olarak duzeltiimis madde-toplam
korelasyonu (Rir) kullaniimistir. KTK analizleri ITEMAN 4.4 programi ile
gerceklestiriimistir.

Asil uygulamanin madde analizleri ise Madde Tepki Kurami (MTK) ile
gerceklestirilmistir.  Acik uclu  sorularin madde parametreleri
genellestirilmis kismi puan (Generalized Partial Credit) metodu ile
kestirilirken, coktan secmeli sorular icin madde guclugunun, ayirt
ediciligin ve sans parametresinin hesaplandigi U¢ parametreli lojistik
model (b, a ve c degerleri) kullaniimistir (Guyer ve Thompson, 2014).
MTK'da madde guclugu, b, sans parametresinin sifir oldugu
durumlarda, maddeyi %50 olasilikla dogru yanitlamak icin gerekli olan
beceri duzeyi olarak tanimlanir. Madde guclugu genel olarak -3 ile +3
arasinda deger alirken, yuksek degerler sorunun zor oldugunu, dusuk
degerlerise sorunun kolay oldugunu belirtir (Guyer ve Thompson, 2014).
Ayirt edicilik, a degeri, madde karakteristik egrisinde b degerine denk
gelen noktadaki egimi hesaplanarak kestirilir. Ayirt edicilik degerinin
yuksek olmasi beklenir. Sans parametresi, ¢, sans faktorlyle sorunun
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dogru yanitlanma olasiligini yansitir. Beceri duzeyi ¢ok dusuk olan
ogrencilerin soruyu dogru yanitlama olasiligidir. Sans parametresi icin
beklenen deger, secenek sayisinin T'e bolunmesiyle ortaya ¢ikan sayidir.
Sans parametresi, beklenen degerden yuksek oldugunda sorudaki
seceneklerin bazilarinin kolay elendigi ve soruyu yanitlamada sans
faktorunun éne ciktigi sdylenir (Guyer ve Thompson, 2014). Yanlis, kismi
dogru ve tam dogru (0-1-2) seklinde puanlanan acik uglu sorularda a ve
iki farkli b parametresi (bl ve b2) kestirilir. bl, O puandan 1 puana
gecebilmek icin gerekli olan beceriyi, b2 ise 1 puandan 2 puana
gecebilmek icin gerekli olan beceriyi gostermektedir. Madde Tepki
Kurami analizleri IRTPRO 4.20 programi ile yapilmistir (Cai ve digerleri,
2011).

STEM degerlendirme cercevesinde dnerilen modelin hazirlanan dlgme
aracindaki 6grenci cevaplariyla uyumunu belirlemek adina dogrulayici
faktdr analizi kullaniimistir (Byrne, 1998; Kline, 1998; Schumacker ve
Lomax, 2004). Dogrulayici faktor analizi (DFA) bilissel ve psikolojik
yapilarin faktor yapilarini degerlendirerek yapi gecerligine dair kanitlar
sunmada kullanilir (DiStefano ve Hess, 2005). OJrenci yanitlarindan
elde edilen kovaryans matrisi ile ele alinan modelin olusturdugu
kovaryans matrisinin benzer olmasli yani farkin minimum olmasi
beklenmektedir (Ullman, 2001). Model ile verinin benzer olup
olmadigina uyum lyiligi indislerine bakilarak karar verilmektedir. Bu
uyum iyiligi indislerinden Root Mean Square Error of Approximation
degerinin (RMSEA) 0.08 ve alti olmasi (Byrne, 1998); Comparative Fit
Index (CFIl) ve Tucker-Lewis Index (TLI) degerinin 0.95 ve Uzeri olmasi
(Ullman, 2001), olusturulan modelin iyi oldugunu gostermektedir. Bu
calismada MPLUS 7.4 programi kullanilarak DFA gerceklestirilmistir.

Bulgular
i¢c Tutarhlik

Pilot ve asil uygulamada elde edilen verilerin guvenirligi icin Cronbach
Alpha ic¢ tutarhlik degerleri Tablo 3'te verilmektedir. Hem pilot hem de
asil uygulamada elde edilen guvenirlik degerleri 0.70 civari oldugu icin
verilerin guvenirligi kabul edilebilirdir. Asil uygulama degeri pilot
uygulama degerinden daha yuksek cikmistir.

Tablo 3
Test Puanlarinin ic Tutarlilik Degerleri

Uygulama Kisi SayIsl Soru Sayisl Cronbach Alpha
Pilot 95 16 .69
Asll 205 16 75
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Madde Analizi
Pilot Uygulama

Pilot uygulama madde analizi sonuclari Tablo 4'te verilmektedir. Pilot
uygulamada 8 alt boyuttan 16 soru kullaniimistir. Madde gucluk
degerleri 0.26 ile 0.88 arasinda degismektedir. Ortalama madde
guclugu 0.47 olarak hesaplanmistir. Bu degerler testin zorlugunun
gruba uygun oldugunu géstermektedir. Ayirt edicilik degerleri ise 0.07
ile 0.51arasinda degismektedir. Ortalama ayirt edicilik degeri 0.26 olarak
hesaplanmistir. Negatif ayirt edicilik degeri olmamasi olumlu olmakla
birlikte alti sorunun ayirt edicilik degeri 0.20'den kucuk, iki sorunun ayirt
edicilik degeri ise 0.20 ile 0.30 arasindadir. Pilot uygulamanin amaci
geregi kapsam gecerligi korunarak, pilot uygulamada elde edilen
veriler incelenerek ve sorular arasi uyuma bakilarak gerekli duzeltmeler
yapilmis ve asil uygulama formu elde edilmistir.

Tablo 4

Pilot Uygulama Madde Analizi Sonucglari
Sor  Soru Alt Boyutu Soru Madde Madde
u Formati Gucglugu Ayirt ediciligi
No (p) (Rir)
1 Algoritmik AU .83 36

Dusunme
2 Algoritmik AU .86 J19*
Dusunme

3 Kavramlar CS 40 .36
4 Kavramlar CS .30 .07*
5 Oruantuler CS 38 J1*
6 Oruantuler CS .88 .08*
7 Argumantasyon AU 44 32
8 Argumantasyon CS A 32
9 Fen Okuryazarligi CS .65 24*
10 Fen Okuryazarligi CS .76 51
11 Modelleme CS 54 .26*
12 Modelleme ¢S 37 10
13 Kodlama CS 26 30
14  Tekno Muhendislik CS 48 30
15 Kodlama CS 31 18*
16  Tekno Muhendislik CS 34 40

Not. CS: Coktan Secmeli; AU: Acik uclu; * Rir < 0,30

Asil Uygulama

Asil uygulama madde analizi sonuclari Tablo 5'te verilmektedir. Asll
uygulamada 8 alt boyuttan 16 soru kullaniimistir. Bu sorularin klasik test
kuramina goére hesaplanan madde guclugu degerleri (p), 0.27 ile 0.80
arasinda degismektedir. Madde Tepki Kurami madde guclugu
degerleri (b) ise -2.17 ile 2.34 arasinda degismektedir. b degerlerinin
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bdyle genis bir aralikta degismesi sorulardaki gucluk dagiliminin gruba
uygun oldugu seklinde yorumlanabilir. Ayirt edicilik degerleri (a) ise 0.52
ile 3.67 arasinda degismektedir. Ortalama ayirt edicilik degeri 1.56 olarak
hesaplanmistir. Genel olarak ayirt edicilik degerleri iyidir. Sans
parametresi degerleri (c) 0.14 ile 0.24 arasinda degismektedir. 0.25'ten
buyuk deger olmamasi sorularin yanitlarinin sans eseri bulunma
olasiliklarinin beklenenden dusuk oldugunu gdstermektedir. Genel
olarak madde parametrelerinin iyi oldugu gérulmektedir.

Tablo 5
Asil Uygulama Madde Analizi Sonuglari

Sor  Soru Alt Boyut Soru Madde Madde Madde Sans

u Forma Gucglug Guclug Ayirt Parametr

No tl u (P) U (b) ediciligi esi (c)

(a)

1 Algoritmik AU .69 -28 1.37 ubD
DusUunme

2 Algoritmik AU 76 -.62 1.77 ub
DusUunme

3 Kavramlar CS 33 1.40 1.27 16

4 Kavramlar CcS 27 2.34 .82 14

5 Oruantuler CS 47 7 85 6

6 Oruntuler CS .80 -2.17 52 .20

7 Argumantasyon AU 3l 94 1.82 ub

8 Argumantasyon ¢S 43 A 1.25 15

9 Fen CS 57 45 71 24
Okuryazarhgi

10 Fen Okuryazarligi CS .70 -.56 134 17

11 Modelleme CS 37 1.81 .65 16

12 Modelleme CS 41 1.09 113 19

13 Kodlama CS 43 .86 2.26 23

14 Tekno CS 40 .80 314 20
MUhendislik

15 Kodlama CS 43 .66 3.67 .20

16 Tekno CS 41 72 2.39 18
Muhendislik

CS: Coktan Secmeli; AU: Acik uclu; UD: Uygun Degil

Test Bilgi Fonksiyonu

Asil uygulama sonuclarindan Madde Tepki Kurami ile elde edilen test
bilgi fonksiyonu Sekil Tde verilmektedir. Test bilgi fonksiyonu, test
genelinde sorularin ayirt ediciligin en fazla oldugu yetenek duzeyini ve
testin en iyi hitap ettigi 6grenci grubunu gdstermektedir. Gelistirilen
test -0.50 ile 2.00 arasinda yetenege sahip olan égrenci grubu icin daha
az standart hataya sahiptir.
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Sekil 1
Test Bilgi Egrisi
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Dogrulayici Faktoér Analizi

Dogrulayici faktér analizi ile asil uygulamada olculmesi hedeflenen
yapinin égrenci yanitlari ile desteklenme duzeyi ile ilgili bulgular
sunulmaktadir. ilk olarak Sekil 2'de verilen testin gelistirildigi sekiz
faktorll yapinin 6grenci yanitlari ile uyumuna bakilmistir. Sekiz faktorla
yapl! icin elde edilen degerler kabul edilebilir duzeyde bir uyum
oldugunu géstermektedir (CFl = 0.924, TLI = 0.905, RMSEA = 0.053). Bu
bulgu, 4. siniflar icin STEM yeterlikleri degerlendirme cercevesi ile
onerilen alt boyutlar temel alinarak gelistirilen bir testteki yapilarin
ogrenci yanitlari tarafindan da desteklendigini géstermektedir. Testin
hedeflenen alt boyutlari ayri ayri boyutlar olarak ortaya cikmaktadir.
Faktor yukleri incelendiginde ise en dusuk degerin 0.306 oldugu
goérulmustur. Alternatif bir model olarak 16 maddenin tek boyutlu olup
olmadigi incelenmis ve elde edilen uyum degerleri, tek boyutlu bir
yapinin desteklenmedigini gostermektedir (CFI=0.820, TLI = 0.793,
RMSEA =0.078). Sonuc¢ olarak, onerilen STEM degerlendirme
cercevesinin 6grenci yanitlari ile desteklenmektedir (bkz. Tablo 6).
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Sekil 2
STEM Degerlendirme Cergcevesi Modeli
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Tablo 6 _
Dogrulayici Faktor Analizi Uyum Indeksleri

Uygulama X2 df x?/df TLI CFl  RMSEA (90% Cl)

| | | | | | | 1
Asil 150.966* 96 1.572 905 924 053 (.036;.069)

uygulama
(8 Faktor)

Alternatif 234.202* 104 2.252 793 .820 .078 (.065;.092)
model
(1 Faktor)

*p < 0.05

Tartisma

STEM egitiminin ve STEM yeterliklerinin 6nemi duUnya genelinde
giderek daha fazla éne ¢cikmaktadir. STEM alanlarinda akademik olarak
basarili olan &grencilerin modern toplumlara onculuk etmeleri
beklenmektedir. STEM alanlarinda basarili olmak, Uulkelerin isgucu
piyasasinda kuresel olarak rekabet edebilmeleriyle, ekonomik istikrar ve
ustunluge sahip olmalariyla iliskilendiriimektedir (Bicer ve digerleri,
2017; National Science and Technology Council, 2011). Bu sebeple,

N
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Ulkeler egitim hayatlarina STEM kariyerlerinde devam edebilecek
ogrenci sayisini arttirmayi hedeflemektedir (Carter, 2007). Bu da STEM
egitiminin olanaklarindan daha fazla yararlanmak icin gerek okul
mufredatlarinda gerekse mufredat disi calismalarda STEM egitiminin
kalitesini artirmaya yonelik cabalara (Moreno ve digerleri, 2016) ve STEM
basarisi ile iliskili olan faktorler hakkinda daha fazla sayida arastirma
yapilmasina yol acmaktadir (Bicer ve digerleri, 2014). STEM egitiminin
niteligini degerlendirmek, STEM basarisini incelemek, oégrencilerin
STEM yeterliklerini belirleyerek gelisimlerini inceleyebilmek icin gecerli
ve guvenilir puanlar elde edilebilen 6lgme araclarina ihtiyag vardir.
Ancak, STEM arastirmalariyla ilgili temel sorunlardan biri, STEM
yeterliklerini belirleyecek ve degerlendirecek iyi tanimlanmis bir
degerlendirme cercevesine bagli olarak délcme  araclarinin
gelistirilmemis olmasidir. Mevcut arastirmalarda, 6grencilerin STEM
basarisini arastirmak icin ulusal veya uluslararasi sinavlardan elde
ettikleri matematik veya fen puanlarini kullanilmaktadir (Bicer ve
digerleri, 2014; Bicer ve digerleri, 2017; Han ve digerleri, 2015; Ing, 2014).
Yerlestirme sinavlari, uluslararasi karsilastirma sinavlari veya ders notlari
gibi diger amaclar icin gelistirilen basari testlerinden alinan puanlarin
kullanilmasi, STEM ile ilgili arastirmalarin niteligini sinirlamaktadir.
Yakin zamanda Arikan vd. (2022) tarafindan sekizinci siniflar duzeyinde
gelistirilmis  bir  STEM  yeterlikleri  degerlendirme  cercevesi
bulunmaktadir. ilkokul seviyesi icin STEM yeterlikleri dederlendirme
cercevesini alan yazina kazandirmak amaci ile bu calismada bahsi
gecen degerlendirme cercevesi doérduncu sinif dizeyine uyarlanmistir.

Bu calismada STEM degerlendirme cercevesi ampirik olarak test
edilmis ve 6grenci verileri 6nerilen yaplyl 3 ana boyut ve 10 alt boyut ile
desteklemistir. Bu cerceveyi uyarlarken, boyutlarin kendi icindeki ve
birbirleri arasindaki iliskiler once teorik olarak degerlendirilmis,
ardindan ampirik olarak test edilmistir. Cercevenin yapisini test etmek
icin rutin olmayan problem maddeleri gelistirilmistir. Farkli STEM
boyutlari égrenciler icin cesitli problem senaryolari saglamistir. Bu
calismaile akil yUrdtme becerisine odaklanan butunlesik ve cok boyutlu
STEM degerlendirme modeli dogrulanmistir. Modelde, matematik ana
boyutunun altinda algoritmik dusunme, kavramlar, éruntuleri tanima
ve argumantasyon alt boyutlari yer alir. Fen ana boyutu, fen
okuryazarligr alt boyutuna sahiptir. Teknoloji ve muhendislik ana
boyutu, modelleme, tekno-muhendislik problemleri ve kodlama alt
boyutlarindan olusmaktadir. Elde edilen 6grenci verileri uyarlanan
modeli desteklediginden, bu model baska calismalarda dorduncu sinif
ogrencilerinin STEM yeterliklerini 6lcmek icin kullanilabilir. Bu nedenle,
cercevenin uygulanabilirligi, cercevenin yerel baglamiyla ve gelistirilen
test ile sinirh  degdildir. Cerceve, uluslararasi buyuk Olcekli
degerlendirmelerde tanimlanan beceriler gbdzden gecirilerek
gelistirildiginden evrensel olarak da kullanilabilecegi dusunulmektedir.
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Sonuc¢

Bu calismanin &nemi, STEM alt boyutlari arasindaki iliskileri
belirlemede, her bir alt boyutun tanimlamada ve bunlara dair
maddelerin drneklenerek bir degerlendirme cercevesi olusturmasinda
yatmaktadir. Gelistirilen test, herhangi bir arastirmaci veya d6gretmen
tarafindan STEM alaninda &grenci yeteneklerini degerlendirmek icin
kullanilabilir. Ayrica, dne surulen cerceve kullanilarak 6gretmenler veya
arastirmacilar kendi 6zel testlerini gelistirebilirler. Bu cerceve 4. ve 8.
sinif konularina bu sinif seviyesindeki &égrencilerin verilerine dayali
olarak gelistirilip dogrulandigindan testin icerigi bu sinif seviyesindeki
konulari kapsayacak sekilde genel tutulmustur. Daha dusuk veya daha
yuksek kademedeki 6grenci gruplariicin ayni alt boyutlara dayali testler
gelistirmek mumkundur. Bu cerceve kullanilarak lise d6grencileri igin
gelistirilebilecek testlerin benzer becerileri ilgili konu boyutlari dikkate
alarak kapsayan maddeler icermesi beklenir. Dorduncu siniftan daha
kUcuk ilkokul 6grencilerine yonelik bir test gelistirmek icin ise benzer
bir yaklasim kullanilabilir.

Burada ortaya konan STEM degerlendirme cercevesi kullanilarak, STEM
alt boyutlari arasindaki bagintilarini belirleme konusunda daha fazla
saylda calisma yapilmasi beklenmektedir. Bu ¢alismada ortaya konan
degerlendirme cercevesi sayesinde STEM yeterliklerini gelisimsel olarak
izlemeyi amaclayan arastirmalara olanak saglanabilir. Ayrica, burada
tanimlanan boyutlara odaklanan yeni calismalar da bu boyutlarin
olculmesi ve bu boyutlarla diger faktorler arasindaki iliskilerin ortaya
konmasi acgisindan énemlidir.

Sinirhihiklar

Bu calismadaki en onemli sinirhlik her alt boyut icin iki soru
kullanilmasidir. 4. sinif 6grencilerine cok uzun bir test vermemek adina
alt boyutlar icin ikiser soru tercih edilmistir. Baska calismalarda alt
boyutlarda daha c¢cok sayida maddenin kullanildigi testler ile bu yapi
yeniden test edilebilir. Diger bir sinirlilik ise pilot ve son calismanin
orneklemleri uygun orneklemeye dayali olarak secilmistir. Veriler
arastirmaya katilmayl kabul eden okullardan edinilmistir. Veriler
istatistiksel analiz yapmak icin yeterli olsa da, bulgularin farkl
kUlturlerden daha buyuk rastgele 6rneklere dayali olarak tekrarlanmasi,
bulgularin genellestirilebilmesi adina 6nemli kanitlar saglayabilir.

Etik Kurul izin Bilgisi: Bu arastirma, Mugla Sitki Kocman Universitesi
Insan Arastirmalari Etik Kurulunun 23/03/2018 tarihli 45 sayili karari ile
alinan izinle ydarutalmuastar.

Yazar Cikar Catismasi Bilgisi: Yazarlar cikar catismasi olmadigini
beyan etmektedir.

Yazar Katkisi: Yazarlar calismaya esit oranda katki saglamistir.
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Destek: Bu calisma TUBITAK 2218 projesi kapsaminda elde edilen
verilerden hazirlanmistir.
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Ekler
Sorular
Soru 1. [Algoritmik Diusiinme]

Iki basamakli bir sayinin 999 ile carpimindan elde edilen sonucu
kisa yoldan hesaplamak icin alttaki adimlar izlenir.

ladim: 999 ile carpilan sayidan 1 ¢cikarilir.

2.adim: 999'dan birinci adimda elde edilen sayi ¢ikarilir.

3.adim: Birinci ve ikinci adimda elde edilen sonuclar yan yana yazilir.
Ornegdin, 15 x 999 carpimi

N15-1=14

2) 999 -14 =985

3) 14985'tir.

28 x 999 isleminin sonucunu yukarida verilen kisa yoldaki basamaklari

1)

2)

kullanarak bulunuz.

Soru 4. [Kavramlar ve Prensipler]

Tden baslayarak kendisi disinda tam olarak bélundugu sayilarin toplami yine
kendisine esit olan saylya “mukemmel say!” denir.

Ornegin, 6 sayisi kendisi disinda 1, 2 ve 3 sayilarina tam olarak bolundugu ve
1+2+3=6 oldugu icin 6 sayisi mukemmel sayidir. (6 sayisi 4 ve 5 sayllarina tam
olarak bélunmez).

Ama, 10 sayisi kendisi disinda 1, 2 ve 5 sayilarina tam olarak bélundugu ama
1+2+5=8 oldugu icin 10 sayisi mukemmel say1 degildir. (10 sayisi 3, 4, 6, 7, 8 ve 9
sayllarina tam olarak bolunmez). Buna gore, altta verilen sayilardan hangisi
mukemmel sayidir?

A) 30 B) 28 Q)15 D) 11

Soru 5. [Orintiler]

Birinci | ikinci | Uclnc | Dérdun | Besinc Dokuzun
Sayl Sayl U Sayl | cu Sayl i Sayl Ccu Say!I
3 2 6 2 2 ?
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Ustteki sayi dizisini elde etmek icin birinci sayi ve ikinci sayi carpilir. Sonug bir
basamakli ise o sayi, iki basamakli ise sonucun birler basamagi dizinin
ucuncu sayisi olarak yazilir. Benzer sekilde ikinci ve UgUncu sayi carpilarak
dorduncu sayi bulunur. Bu sekilde dizi devam etmektedir.

Ornegin, ilk olarak birinci sayi olan 3 ve ikinci sayi olan 2 carpilarak 6 sayisi
elde edilir. 6 sayisi bir basamakli bir sayi oldugu icin dizinin GgUuncu sayisi 6
olarak yazilir.

Ardindan ikinci sayl olan 2 ile GgUncu sayl olan 6 ¢arpilarak 12 sayisi elde edilir.
12 sayisi iki basamakli bir sayl oldugu ic¢in dizinin dérduncu sayisi 2 olarak
yazilir.

Dizi bu sekilde devam ettigine gore dokuzuncu sayi kag olur?
A)?2 B) 3 Q)6 D) 8

Soru 7. [Argumantasyon]

Tablo: Magazadaki UrUnlerin Fiyat Degisiklikleri

Urdn Eski Fiyat (TL) Yeni Fiyat (TL)
Ayakkabi 100 70
Bot 500 400
Ceket 2000 2300
Dizlik 50 40
Elbise 2000 1900

Tabloda listelenen 5 Grunun her birinden birer adet almak icin magazaya
gelen Melis fiyatlarin degistigini goruyor. “Bugun sansli gunum. Alacagim
urunlerden doérdu indirime girmis. Bir uranun fiyati artmis. Daha az édeme
yapacagim” diye dusunuyor. Melis daha az 6deme yapacadi konusunda hakli

midir?

Yanitinizda “hakli” veya “hakli degil” diye belirterek, nedenini aciklayiniz.

Soru 10. [Fen okuryazarhgi]

Bir kuleden birakilan bir topun ne kadar surede yere
carptigini bilirsek birakildigi kulenin yuksekligini bulabiliriz.

Bu islem icin dUsme suresini kendisi ile carpip, ¢ikan sonucu da |

carpariz.

Ornegdin, 2 saniyede yere dUsen bir top 2 x 2 = 4, 4 x 5=20
metre yuksekliginde bir kuleden birakilmistir.
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Buna gore, 3 saniyede yere dusen bir top ka¢ metre
yuksekliginde bir kuleden birakilmistir?

A) 25 B) 27 C) 45 D) 125
Soru 11. [Modelleme]
Farkli Glkelerdeki kaza sayilari ile gelir ve sicaklik arasindaki iliski inceleniyor.

Ulkelerin gelirleri arttikca kaza sayisinin azaldigy, sicakliklari arttikca kaza sayisinin
arttigi goruluyor. Hangi Ulkede kaza sayisinin daha yuksek olmasini
beklersiniz?

Ulkenin Adi Gelir (TL) Sicaklik (C°)

A) Astanya 2000 28
B) Buanda 2000 25
Q) Ceristan 3000 28
D) Dastarya 3000 25

Soru 13. [Kodlama]

Alttaki satirlarda matematiksel komutlar ve bu komutlara gére yapilmasi
gereken islemler listelenmistir. Bir kutuda yer alan sayilardan biri cekiliyor ve
o saylya gore alttaki komutlar izlenerek hangi renk isik yanacagi belirleniyor.

Satir Komut

1 Eger “cekiliste ¢cikan sayl” > 5

2 Bu saylyi 2 ile ¢carp ve 5. satira git

3 Dedilse

4 Bu saylyl 3ile carp ve 5. satira git

5 Elde ettigin sayidan 7 cikar ve alttaki satirlardan uygun
olanina git.

6 Eger sonug <10

7 Ekran kirmizi renk olsun

8 Eder 9 <sonug¢ <15

9 Ekran mavi renk olsun

10 Eger 14 < sonug < 20

1 Ekran sari renk olsun

12 Eger sonug > 19
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13 Ekran yesil renk olsun

Cekiliste cikan sayl 4 ise ekran ne renk olur?
A) Kirmizi
B) Mavi
C) Sari

D) Yesil

Soru 16. [Tekno mihendislik]

Bir dondurmaci dondurma fiyatina yapacagi her 1 TL'lik zammin gunde 10
tane daha az dondurma satilmasina neden olacagi 6ngéruyor. Mevcut
durumda dondurmayi 4 TL'den satiyor. GUnde 100 dondurma satarak 400 TL
gelir elde ediyor.

Dondurmaci alttaki tabloyu doldurarak en fazla gelir elde edecedi dondurma
fiyatini bulmak istiyor. ilk iki satiri dolduruyor. En fazla gelir elde edecegi
dondurma fiyati kactir? Diger satirlari doldurarak bulabilirsiniz.

Dondurma Satilan Gelir (TL)
Fiyati (TL) Dondurma Adeti
4TL 100 4 x100=400TL
5TL 90 5x90=450TL
A) 6 B) 7 C) 8 D)9
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Abstract

As observed in the studies encountered in the literature, when
students' STEM competencies are evaluated, scores from large-
scale mathematics and/or science tests are used instead of
scores from interdisciplinary measurement tools specifically
developed to measure STEM competencies. In order to develop
an assessment tool to determine students' STEM competency
scores, firstly, a STEM competencies assessment framework is
needed because no assessment framework has been found to
assess STEM competencies at the primary school level. For this
reason, the current study aimed to adapt the STEM
competencies assessment framework to the 4th-grade level,
which was developed by Arikan et al. (2022) and presented
validity evidence at the 8th-grade level. In this context, the
reliability and validity evidence of the scores obtained from a
measurement tool on the assessment framework adapted to
the 4th-grade level are presented. The assessment framework
presented in the current study was prepared by considering the
multidimensional and integrated structure of STEM
competencies- science, technology, engineering, and
mathematics. The factor structure was evaluated by
confirmatory factor analysis using data collected from 4th-
grade students. The items in the developed measurement tool
were analyzed at the item level using Iltem Response Theory.
The findings show that the adapted STEM assessment
framework can be used for 4th graders.
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Introduction
Importance of STEM Education

The concern about having a place in the global economy has led
countries to take action to prioritize STEM (Science, Technology,
Engineering, Mathematics) education in their education policies (Kelly
& Knowles, 2016). Being successful in STEM fields is linked with being
competitive in the labor market and having economic strength and
supremacy (Biter et al, 2017; National Research Council, 2005; 20T7;
National Science and Technology Council, 2011). These efforts have
transformed STEM education into a popular field and brought it to the
focus of many researchers, politicians, teachers, and administrators
(Biter et al.,, 2017; Brown et al., 2011; Capraro & Corlu, 2013). In Turkey, the
need for individuals trained in STEM fields has been emphasized in the
literature, various educational reports, and the road maps of the
Ministry of National Education (Ministry of National Education [MoNE],
2016; Turk Sanayicileri ve is insanlari Dernegdi [TUSIAD], 2014; Yildirm &
Gelmez-Burakgazi, 2020).

By its very nature, STEM education reflects an interdisciplinary teaching
and learning approach in which science, technology, engineering, and
mathematics overlap and integrate (Braggy et al., 2017). Mathematics is
crucial for understanding scientific concepts, scientific ways of thinking,
and scientific concepts form various contexts for mathematics.
Engineering and technology are based on mathematics and its
applications. Research shows that the brain performs best when it
works in situations where mathematics, science, and related disciplines
coexist (Bicer et al, 2017; Freudenrich & Boyd, 2001). STEM education
aims to develop students' critical thinking skills so that they can solve
problems effectively in all STEM fields (White, 2014).

Assessment of STEM Competencies

When assessment and evaluation are used correctly in teaching, they
increase the quality of instruction and contribute to learning (Shulman,
2009). In order to improve the quality of STEM education, STEM
competencies should be systematically assessed and monitored
(Saxton et al,, 2014). Formative and summative assessment tools that
can be used to measure STEM competencies are essential for more
qualified STEM education. Formative assessment incorporates instant
feedback provided at every stage of the learning process. Summative
assessment, on the other hand, reveals the skills that students have and
provides the opportunity to monitor their development over time. In
the literature, there are a limited number of studies on increasing the
effectiveness of formative and summative assessment in STEM
education (Capraro & Corlu, 2013; Haudek et al., 20T1).
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The most important problem with assessments of STEM competencies
isthe need for an interdisciplinary assessment framework. Many studies
take students' mathematics or science scores from large-scale exams
and use these scores as STEM achievement indicators. However, these
assessment tools are not designed to measure students' STEM
competencies. The interdisciplinary nature of STEM is missing in these
assessment tools. Han et al. (2015) used the Texas Assessment of
Knowledge and Skills test to investigate the relationship between STEM
education and mathematics achievement. Likewise, Ing (2014) used the
mathematics scores of the Longitudinal Study of American Youth Scale
to measure STEM achievement. The fact that mathematics and/or
science scores were taken from tests that were not particularly
developed for STEM competencies shows the lack of a well-defined
multidimensional STEM assessment framework. The establishment of
a framework for assessing STEM competencies is expected to guide the
development and validation of instruments assessing these
competencies. There is a need to develop a STEM assessment model
that centers on both specific content areas and the interdisciplinary
nature of STEM fields (Harwell et al., 2015).

In one of the studies designed to measure STEM competencies, Saxton
et al. (2014) worked on the development of a common STEM
measurement system. In this study, which emphasized a strong
theoretical structure, the importance of the connections between
STEM dimensions was underlined. However, the framework presented
in that study was not empirically tested, only aiming to conceptualize
the assessment system as an initial stage without providing an
assessment tool. In another study, Bicer et al. (2017) stated that an
integrated STEM assessment model is needed to see students'
competencies in the STEM field. They reported the correlation between
students' mathematics and science scores on the Texas Assessment of
Knowledge and Skills test and stated that this could serve as an
adequate STEM assessment model until technology and engineering
fields are included in the assessment tools. Harwell et al. (2015) tried to
measure mathematics, science and technology skills by using
engineering as a tool. Recently, several studies have evaluated high
school students on STEM competencies through self-assessment (Nga
et al,, 2022; Trung et al., 2022). The framework prepared by these studies
includes 5 dimensions (information gathering and processing,
information management and use, solution implementation, technical
security, and community sharing) and 15 behavioral indicators.

In order to assess STEM competencies, Arikan et al. (2022) developed an
assessment framework suitable for the 8th-grade level and presented
the validity and reliability evidence of a measurement tool prepared
based on this framework. In this framework, sub-dimensions related to
the fields of science, technology, engineering and mathematics
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(physics, chemistry, biology, modeling, technology, and engineering
problems, coding, algorithmic thinking, concepts, patterns, and
argumentation) were defined and the relationships between them
were determined. However, the need for a STEM assessment
framework suitable for the 4th-grade level still pertains since it is crucial
to measure the STEM competencies of students as they move from
primary to secondary school.

STEM Competencies Assessment Framework

Although some disciplines stand out in STEM approaches where
interdisciplinary structure is emphasized (English, 2015; Fitzallen, 2015),
the emphasis on mathematics in many STEM-related studies is striking.
This emphasis is based on the effectiveness of mathematics skills in
understanding STEM competencies and predicting STEM-related
career choices and the importance of mathematical literacy in solving
STEM problems (Enderson & Ritz, 2016). The requirement of a strong
mathematical foundation for an integrative STEM approach has been
emphasized (National Council of Teachers of Mathematics [NCTM],
2018). Mathematics is central to STEM disciplines as it serves as an
important language for other STEM disciplines (Bennett & Ruchti, 2014;
English, 2015; Schmidt & Houang, 2007) and as a necessary tool to solve
problems encountered in these disciplines (Enderson & Ritz, 2016;
English, 2015). Mathematics plays an important role in every STEM
education program and “The mathematics that students learn in school
includes content and thinking skills that can be used as tools to tackle
integrative STEM problems" (NCTM, 2018, p. 3). For all these reasons, the
STEM assessment framework also needs to have the foundations to
represent STEM problems involving mathematics as a tool. Although
some disciplines stand out in STEM approaches where the
interdisciplinary structure is apparent (English, 2015; Fitzallen, 2015), the
emphasis on mathematics in many STEM-related studies s
conspicuous. This emphasis is based on the effectiveness of
mathematics skills in understanding STEM competencies and
predicting STEM-related career choices and the importance of
mathematical literacy in solving STEM problems (Enderson & Ritz, 2016).
Mathematics is central to STEM disciplines as it serves as an important
language for other STEM disciplines (Bennett & Ruchti, 2014, English,
2015; Schmidt & Houang, 2007) and as a necessary tool to solve
problems encountered in these disciplines (Enderson & Ritz, 2016;
English, 2015). Mathematics plays an important role in every STEM
education programme and the mathematics that students learn in
school includes content and thinking skills that can be used as tools to
tackle integrative STEM problems (NCTM, 2018). For all these reasons,
the STEM assessment framework also needs to have the foundations to
represent STEM problems involving mathematics as a tool. The STEM
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assessment framework put forward by Arikan et al. (2022) also
emphasized an integrative approach but treated mathematics as a tool.

While creating the STEM assessment framework, it is necessary to
define the cognitive domain. Reasoning skill, one of the cognitive
domains defined in the TIMSS (Trends in International Mathematics and
Science Study) 2019 Assessment Framework, is compatible with the
nature of STEM. According to TIMSS 2019, reasoning skills are defined as
skills that "go beyond solving routine problems to include unfamiliar
situations, complex contexts, and multi-step situations" (Mullis & Martin,
2017, p. 22). TIMSS emphasizes unfamiliarity when defining non-routine
problems in reasoning skills. In contrast to non-routine problems,
problems that students can encounter in any textbook or course and
demand them to use a known algorithm are called routine problems.
According to these definitions, non-routine problems are problems that
require a student's reasoning, are meaningful for students but involve
situations that they do not repeatedly encounter in daily life (Milgram,
2007). Another distinctive aspect of non-routine problems is that there
is no anticipated and repeatedly taught approach; there may be more
than one solution (Elia et al.,, 2009; Lee et al., 2014, Pantziara et al., 2009;
Woodward et al., 2012). The STEM assessment framework by Arikan et
al. (2022) also suggested that the problems to be created should be
constructed from non-routine problems covering unfamiliar situations.

Sub-dimensions of STEM fields should be defined to measure STEM
competencies. The STEM assessment framework developed by Arikan
et al. (2022) in accordance with the 8th-grade level states that the
mathematics dimension can be measured with algorithmic thinking,
concepts, patterns, and argumentation; the science dimension with
physic literacy, chemistry literacy, biology literacy; and the technology
and engineering dimension with modeling, techno-engineering
problems, and coding sub-dimensions.

Taking the need for an assessment framework that can be used to
assess STEM competencies at the fourth-grade level into consideration,
the aim of the current study was to adapt the STEM competencies
assessment framework proposed by Arikan et al. (2022) to the 4th-
grade level and to assess the reliability and validity of the scores
obtained from a measurement tool developed based on this
assessment framework. When adapting the assessment framework, a
structure reflecting the multidimensional structure of STEM, to the
fourth-grade level, the use of mathematics as a tool, and the focus on
non-routine problems were maintained. The research question of this
study was "Are the dimensions defined within the scope of the STEM
competencies assessment framework adapted to the 4th-grade level
and the expected relationships between the dimensions supported by
student responses?".
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Method
Participants

The participants were 4th-grade students who voluntarily participated
in the study. Within the scope of the study, data were collected at two
different times: pilot and main study. A total of 95 students from a
school in Istanbul participated in the pilot study. 205 students from two
different cities and six schools participated in the main study. 43% of the
participants in the pilot study were female, 57% of the participants were
male. 53% were female and 47% were male in the main study. Ethics
committee permissions were obtained for the study.

Data Collection Tool

In this study, the STEM competencies assessment framework proposed
by Arikan et al. (2022) was first adapted to the fourth-grade level, and
then a measurement tool was developed based on the sub-dimensions
that emerged. The sub-dimensions of the STEM competencies
framework, which determines the items created by considering the
fourth-grade level, are shown in Table 1. The mathematics dimension
consists of algorithmic thinking, concepts, patterns, and
argumentation sub-dimensions as suggested by Arikan et al (2022). At
the eighth-grade level, science literacy was divided into three sub-
dimensions: physics, chemistry, and biology literacy, on the other hand,
at the fourth-grade level, all of them were combined into a single
dimension as science literacy. In the technology and engineering
dimension, the dimensions of modeling, coding, and techno-
engineering problems are based on the proposed structure. As Arikan
et al. (2022) emphasized, in order to measure STEM skills, items were
prepared based on non-routine problems that require reasoning skills
instead of problems that students are familiar with. These sub-
dimensions are explained in detail below. Sample questions
representing these dimensions are also given at the end of the article.
This study was conducted with the permission of Mugla Sitki Kocman
University Human Research Ethics Committee (dated 23/03/2018 and
numbered 45).

Table 1
Sub-dimensions of the STEM Competences Environment

Mathematics Science Technology and
Engineering

|
Algorithmic Science Literacy Modelling

Thinking
Concepts Coding
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Patterns Techno-Engineering
Problems

Argumentation

Algorithmic Thinking

Algorithmic thinking is defined by Brown (2015) as "the ability to
understand, execute, evaluate and create algorithms" (p.1). An
algorithm contains step-by-step sequential instructions that are clear,
and executable (Brown, 2015). Algorithmic thinking is often associated
with computational thinking and thus computer science (van Borkulo
et al,, 2021).

Concepts

Concepts are generally related to students' knowledge and application
of mathematical concepts and principlesin the curriculum. In the STEM
assessment framework, concepts are related to students' literacy and
problem-solving skills within the framework of new definitions that
they are not familiar with based on the concepts they ought to know.

Patterns

Pattern recognition involves being able to see the existing order and
mathematical structure and being able to derive the necessary
inferences and/or rules from this structure (Blanton & Kaput, 2011; Miller,
2019). In pattern recognition questions, students are expected to
recognize the number or shape pattern and find the terms that follow
the pattern (Arikan et al., 2022).

Argumentation

Argumentation is related to the creation of mathematical statements
and arguments in a competent way and the evaluation of the accuracy
of the arguments created by others (Rumsey & Langrall, 2016). In the
process of mathematical argumentation, the actions of producing new
knowledge and persuading others by providing justifications also take
place (Rumsey & Langan, 2016). Toulmin (2003) stated that an argument
basically consists of a claim, data, and justification. In argumentation
problems within the STEM assessment framework, a claim is presented
to students, and students are asked to evaluate the claim according to
the data given and to justify their decisions mathematically (Arikan et
al., 2022).

Science Literacy

Science literacy is important for better analysis and evaluation of
scientific texts and situations in modern life and for better reasoning in
decision-making processes (Feinstein, 2011). The STEM assessment
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framework is based on science literacy skills that can be associated with
mathematics in science subjects. In the items prepared, students are
expected to analyze the short scientific texts presented to them, to
reveal the relationships and to reach conclusions in line with the data
given (Arikan et al,, 2022).

Modeling

Mathematical models refer to the use of certain operations,
relationships, and rules to describe, explain and predict a system (Doerr
& English, 2003). Modeling is defined as the translation of scenarios that
can be encountered in real life into mathematical expressions (Blum &
Ferri, 2009; Turner et al, 2022). Within the framework of STEM
assessment, students are expected to determine the best model using
the given data for the modeling sub-dimension (Arikan et al., 2022).

Techno-Engineering Problems

Techno-engineering problems are presented to students in the context
of optimization problems. In this context, within the framework of STEM
assessment, students are expected to consider various possibilities
based on the information provided and create the most appropriate
response within the constraints presented (Arikan et al., 2022).

Coding

Coding is seen as an important field that requires numerical thinking
along with programming skills, prepares students for engineering
careers and develops algebraic thinking skills (Miller, 2019; Wong et al.,,
2015). As a 21st century skill, numerical thinking includes abstraction
and the ability to recognize patterns, decompose, and create
algorithms (Miller, 2019). Coding in STEM assessment framework
dimension was presented to the students with questions requiring the
execution of the given code. Students are expected to use the available
input, run the code by evaluating the correctness of the expressions
and find the desired output in the context of primary school
mathematics (Ankara et al., 2022).

Using the STEM assessment framework defined here, applicability was
also considered and two items from each dimension were prepared
and shown in Table 2.

Table 2
Pilot and Main Study Specification Table

Sub-Dimensions ltems
Algorithmic Thinking Ql, Q2
Concepts and Principles Q3, Q4
Patterns Q5, 56
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Argumentation Q7,Q8

Science Literacy Q9, Q10
Modeling Qn, Q12
Coding Q13, Q15
Techno-Engineering Ql14, Qlo
Total Number of Items 16

Data Analysis

This section describes the data analysis methods on internal
consistency, item analysis, and confirmatory factor analysis. Reliability
was reported using Cronbach's alpha value for the internal consistency
of the items. If the alpha value is less than 0.70, internal consistency is
problematic; 0.70 to 0.80 is acceptable; 0.80 to 0.90 is good; and above
0.90 is excellent (Cicchetti, 1994). SPSS 22.0 was used to calculate the
alpha value.

The item analysis of the pilot study was conducted based on the
Classical Test Theory (CTT), considering the sample size (Hambleton &
Jones, 1993). In order to identify and revise problematic items, if any,
item difficulty and item discrimination values were calculated. Item
difficulty shows the percentage of correct answers and varies between
O and 1. A low value indicates that an item is difficult, while a high value
indicates that an item is easy for the sample (Crocker & Algina, 2008).
ltem discrimination shows the degree to which an item distinguishes
high and low-achieving students from each other. Item discrimination
ranges between -1 and 1 and values higher than 0.30 are desired
(Crocker & Algina, 2008). In this study, corrected item-total correlation
(Rir) was used as an item discrimination index. IRT analyses were
performed with ITEMAN 4.4 software.

The item analysis of the main study was performed with Item Response
Theory (IRT). While the item parameters of open-ended questions were
estimated with the Generalized Partial Credit method, a three-
parameter logistic model (b, a, and c¢ values) was used for multiple-
choice questions, in which item difficulty, discrimination, and guessing
parameter were calculated (Guyer & Thompson, 2014). In IRT, item
difficulty, b, is defined as the skill level required to answer the item
correctly with a 50% probability when the guessing parameter is zero.
ltem difficulty generally ranges between -3 and +3, with high values
indicating that the question is difficult and low values indicating that
the question is easy (Guyer & Thompson, 2014). Discrimination is
estimated by calculating the slope of a value at the point corresponding
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to the b value in the item characteristic curve. The discrimination value
is expected to be high. The guessing parameter, c, reflects the
probability of answering the question correctly with a chance factor. It
is the probability that students with very low skill levels will answer the
qguestion correctly. The expected value for the guessing parameter is
the number of options divided by 1. When the guessing parameter is
higher than the expected valueg, it is said that some of the options in the
guestion are easily eliminated and the chance factor comes to the fore
in answering the question (Guyer & Thompson, 2014). In open-ended
questions scored as incorrect, partially correct, and fully correct (0-1-2),
discrimination parameter (a) and two different difficulty parameters (bl
and b2) are estimated. bl indicates the skill required to move from O to
1 point, and b2 indicates the skill required to move from 1 to 2 points.
ltem Response Theory analyses were conducted with IRTPRO 4.20
software (Cai et al., 20T11).

Confirmatory factor analysis was used to determine the compatibility of
the model proposed within the STEM assessment framework with the
student responses in the prepared measurement tool (Byrne, 1998;
Kline, 1998; Schumacker & Lomax, 2004). Confirmatory factor analysis
(CFA) is used to provide evidence of construct validity by evaluating the
factor structures of cognitive and psychological constructs (Distefano &
Hess, 2005). Covariance matrix obtained from the student responses
and from the proposed model are expected to be similar (Ullman, 2001).
Whether the model and the data are similar or not is decided by the
goodness of fit indices. Among these goodness of fit indices, Root Mean
Square Error of Approximation (RMSEA) value of 0.08 and below (Byrne,
1998), Comparative Fit Index (CFl) and Tucker-Lewis Index (TLI) values
of 0.95 and above (Ullman, 2001) indicate that the model is good. In the
current study, CFA was performed using MPLUS 7.4 software.

Findings
Internal Consistency

Cronbach Alpha values for the reliability of the data obtained in the pilot
and main study are given in Table 3. Since the reliability values obtained
in both studies were around 0.70, the reliability of the data is
acceptable.

Table 3
Internal Consistency Values of Test Scores

Study Number of People Number of Cronbach Alpha
Questions

Pilot 95 16 .69

Main 205 16 75

210



PUJE, 60, 1-18 [2024] Arikan et al. https://doi.org/10.9779/pauefd. 1249861

Item Analysis
Pilot Study

ltem analysis results for the pilot study are given in Table 4. In the pilot
study, 16 questions from 8 sub-dimensions were used. Item difficulty
values ranged between 0.26 and 0.88. The average item difficulty was
calculated as 0.47. These values show that the difficulty of the test is
appropriate for the group. Item discrimination values ranged between
0.07 and 0.51. The average discrimination value was calculated as 0.26.
Although these values were positive and there was no negative
discrimination value, the discrimination values of six questions were
less than 0.20 and the discrimination values of two questions were
between 0.20 and 0.30. Due to the purpose of the pilot study, necessary
revisions were made by maintaining content validity.

Table 4
Pilot Study Item Analysis Results
Ite ltem Sub- ltem Iltem Difficulty ltem
m # Dimension Format (p) Discrimination
(Rir)
1 Algorithmic OE .83 .36
Thinking
2 Algorithmic OE .86 J19*
Thinking
3 Concepts MC 40 .36
4 Concepts MC 30 .07*
5 Patterns MC .38 A1*
6 Patterns MC .88 .08*
7 Argumentation OE 44 32
8 Argumentation MC A 32
9 Science Literacy MC .65 24*
10 Science Literacy MC .76 .51
11 Modeling MC 54 26"
12 Modeling MC 37 10
13 Coding MC 26 30
14 Techno- MC 48 30
Engineering
15 Coding MC 31 18*
16 Techno- MC 34 40

Engineering

Notes. MC: Multiple Choice; OE: Open-Ended; *Rir < 0.30

Main Study

The item analysis results of the main study are given in Table 5. In the
main study, 16 questions from 8 sub-dimensions were used. The item
difficulty values (p) of these questions calculated according to the
classical test theory vary between 0.27 and 0.80. ltem Response Theory
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item difficulty values (b) ranged between -2.17 and 2.34. The fact that b
values varied in such a wide range can be interpreted that the difficulty
distribution of the questions was appropriate for the group. The
discrimination values (a) vary between 0.52 and 3.67. The average
discrimination value was calculated as 1.56. In general, discrimination
values are good. Guessing parameter values (c) vary between 0.14 and
0.24. Nonexistence of value greater than 0.25 indicates that the
probability of finding the correct answers by chance was lower than
expected. In general, the item parameters were good.

Table 5
Main Study Item Analysis Results
Ite [tem Sub- ltem ltem [tem [tem Guessing
m # Dimension Form Difficult Difficul Discriminat Paramet
at y (P) ty (b) ion (a) er (c)
1 Algorithmic OE .69 -28 1.37 NA
Thinking
2 Algorithmic OE 76 -.62 1.77 NA
Thinking
3 Concepts MC 33 1.40 1.27 16
4 Concepts MC 27 2.34 .82 14
5 Patterns MC 47 1 .85 16
6 Patterns MC .80 -217 52 20
7 Argumentation OE 31 94 1.82 NA
8 Argumentation MC 43 71 1.25 15
9 Science Literacy MC 57 45 71 24
10 Science Literacy MC .70 -56 1.34 17
n Modeling MC 37 1.81 .65 16
12 Modeling MC A 1.09 113 19
13 Coding MC 43 .86 2.26 23
14 Techno- MC 40 .80 314 20
Engineering
15 Coding MC 43 .66 3.67 20
16 Techno- MC 41 72 2.39 18

Engineering

Notes. MC: Multiple Choice; OE: Open-Ended; NA: Not Appropriate

Test Information Function

The test information function for the main study is given in Figure 1. The
test information function shows the ability level at which the questions
are most discriminating and the student group for which the test works
best. The main test had less standard error for the group of students
with an ability between -0.50 and 2.00.
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Figure 1
Test Information Curve
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Confirmatory Factor Analysis

The findings on how the constructed framework was supported by
students’ responses were obtained through confirmatory factor
analysis. Firstly, the fit of the eight-factor structure of the test with the
student responses was analyzed as shown in Figure 2. The values for the
eight-factor structure indicate an acceptable level of fit (CFI = 0.924, TLI
= 0.905, RMSEA = 0.053). This result shows that the constructs in the
developed test were also supported by student responses. The targeted
sub-dimensions of the test appear as separate dimensions. When the
factor loadings were analyzed, it was seen that the lowest value was
0.306.

As an alternative model, the one-factor model was examined and the
fit values obtained showed that a unidimensional structure was not
supported (CFI =0.820, TLI = 0.793, RMSEA = 0.078). Thus, the proposed
STEM assessment framework was supported by student responses (see
Table 6).
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Figure 2
STEM Assessment Framework Model
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Table 6
Confirmatory Factor Analysis Fit Indices
Study X2 df  x2/df TLI CFlI RMSEA (90%
Cl)
|
Main Study (8 Factors) 150.966 9% 1572 905 .053 (.030;
* 924 .069)

Alternative model (1 234202 104 225 793 .820 .078 (.065;
Factor) * 2 .092)

*0 < 0.05

Discussion

The importance of STEM education and STEM competencies have
become increasingly prominent worldwide. The prospective leaders of
modern societies are predicted to come from among the students who
are academically successful in STEM fields. Being successful in STEM
fields helps countries to compete globally in the labor market and to
achieve economic strength and dominance (Bicer et al,, 2017; National
Science and Technology Council, 2011). Many countries aim to increase
the number of students who can continue their education in STEM
careers (Carter, 2007). This leads to efforts to improve the quality of
STEM education in both school curricula and extracurricular studies in
order to benefit more from the opportunities of STEM education

N
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(Moreno et al., 2016) and more research on the factors associated with
STEM achievement (Bicer et al,, 2014). To evaluate the quality of STEM
education, examine STEM achievement, determine students' STEM
competencies, and examine their development, there is a need for
measurement tools that can obtain valid and reliable scores. However,
one of the main problems with STEM research is that measurement
tools have not been developed based on a well-defined assessment
framework to identify and evaluate STEM competencies. Existing
research uses students' mathematics or science scores from national or
international exams to investigate STEM achievement (Bicer et al., 2014;
Bicer et al, 2017; Han et al, 2015; Ing, 2014). Using scores from
achievement tests developed for other purposes, such as placement
exams, international benchmark exams, or course grades, limits the
quality of STEM-related research. There is a STEM competencies
assessment framework recently developed by Arikan et al. (2022) at the
eighth-grade level. In order to bring the STEM competencies
assessment framework for the primary school level to the literature, the
aforementioned assessment framework was adapted to the fourth-
grade level in the current study.

In the current study, the STEM assessment framework was empirically
tested, and student data supported the proposed structure with 3 main
dimensions and 10 sub-dimensions. In adapting this framework, the
relationships within and between the dimensions were first
theoretically evaluated and then empirically tested. Non-routine
problem items were developed to test the structure of the framework.
STEM dimensions provided different problem scenarios for students. A
multidimensional STEM assessment model focusing on reasoning skills
was validated. The model includes algorithmic thinking, concepts,
pattern recognition, and argumentation sub-dimensions under the
mathematics core dimension. The science core dimension has a
science literacy subdimension. The main dimension of technology and
engineering consists of modeling, techno-engineering problems, and
coding sub-dimensions. Since the obtained data supported the
adapted model, this model can be used in other studies to analyze
fourth-grade students' STEM competencies. Therefore, the applicability
of the framework is not limited to the local context of the framework
and the developed test. Since the framework was developed by
reviewing the skills identified in international large-scale assessments,
it is expected to be widely used.

Conclusion

The importance of the current study lies in determining the
relationships between STEM subdimensions, defining each sub-
dimension, and creating an assessment framework by sampling items
related to them. The developed test can be used by any researcher or
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teacher to assess student competencies in the STEM field. Teachers or
researchers can develop their own tests using the proposed framework.
Since this framework was developed and validated for 4th and 8th-
grade subjects based on data from students at these grade levels, the
content of the test is generalized to cover these grade-level subjects. It
is possible to develop tests based on the same sub-dimensions for
student groups at lower or higher levels. The tests that can be
developed for high school students using this framework are expected
to include items that cover similar skills with respect to the relevant
subject dimensions. A similar approach could be used to develop a test
for primary school students younger than fourth grade.

It is anticipated that more studies will be conducted on examining the
correlations between STEM sub-dimensions using the presented STEM
assessment framework. With this framework, longitudinal studies
aiming to monitor STEM competencies can be conducted. In addition,
new studies focusing on the defined dimensions, measuring them, and
revealing the relationships among them and between other factors can
contribute to the current literature.

Limitations

The most prominent limitation of this study is the use of two questions
for each subdimension. In order not to give 4th grade students a very
long test, two questions were preferred for each sub-dimension. In
other studies, this structure can be tested with tests containing more
items in each sub-dimension. Another limitation is that the samples of
the pilot and main study were selected based on convenience
sampling. Data were obtained from schools that agreed to participate
in the study. Although the data are sufficient for statistical analysis,
replicating the findings based on larger random samples from different
contexts may provide important evidence for generalizing the findings.
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Appendix
Questions
Question 1. [Alghorithmic Thinking]

To calculate the result of multiplying a two-digit number by 999 in a
short way, follow the steps below.

Step 1: Subtract 1 from the number multiplied by 999.
Step 2: Subtract the number obtained in the first step from 999.
Step 3: Write the results obtained in steps 1and 2 side by side.

For instance, for 15 x 999

1)15-1=14

2) 999 - 14 =985

3) 14985'tir.

Find the result of 28 x 999 using the steps given above.

1)
2)

Question 4. [Concepts and Principles]

Starting from 1, a number is called a "perfect number" if the sum of the
numbers it is exactly divided by, other than itself, is equal to itself.

For example, the number 6 is a perfect number because it is exactly
divisible by 1,2 and 3 and 1+2+3=6 (6 is not exactly divisible by 4 and 5).

However, since the number 10 is exactly divisible by 1, 2 and 5 except
itself, but 1+2+5=8, the number 10 is not a perfect number (the number
10 is not exactly divisible by 3, 4, 6, 7, 8 and 9).

Accordingly, which of the numbers given below is a perfect number?
A) 30 B) 28 C)15 D) 1

Question 5. [Patterns]

First Second | Third Fourth | Fifth Ninth
Numb | Numbe | Numb | Numb | Numb Number
er r er er er

3 2 6 2 2 ?

To get the number sequence above, multiply the first number by the
second number. If the result has one digit, that number is written as the
third number of the sequence; if it has two digits, the first digit of the
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result is written as the third number of the sequence. Similarly, the
second and third numbers are multiplied to get the fourth number. In
this way, the sequence continues.

For example, the number 6 is obtained by multiplying the first number
3 and the second number 2. Since 6 is a one-digit number, the third
number of the sequence is written as 6.

Then the second number 2 is multiplied by the third number 6 to get
the number12. Since 12 is a two-digit number, the fourth number of the
seguence is written as 2.

Since the sequence continues in this way, what is the ninth number?
A) 2 B)3 C)6 D) 8

Question 7. [Argumentation]
Table: Price Changes of Products in the Store

Product Old Price (TL) New Price (TL)
Footwear 100 70
Bot 500 400
Jacket 2000 2300
Knee Brace 50 40
Dress 2000 1900

Melis comes to the store to buy one of each of the 5 items listed in the
table and sees that the prices have changed. "Today is my lucky day.
Four of the products | was going to buy are on sale. The price of one
product has increased. | will pay less," she thinks. Is Melis right that she
will pay less?

In your answer, indicate "she is right" or "she is not right" and explain
why.

Question 10. [Science literacy]

If we know how long it takes a ball dropped from a tower
to hit the ground, we can find the height of the tower
from which it was dropped.

To do this, we multiply the fall time by itself and multiply
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the result by five.

For example, a ball that hits the ground in 2 seconds is
dropped from a tower 2 x 2 = 4, 4 x 5 = 20 meters high.

Accordingly, how many meters high was a ball dropped
from a tower that fell in 3 seconds?

A) 25 B) 27 C) 45 D) 125

Question 11. [Modeling]

The relationship between the number of accidents in different
countries and income and temperature is analyzed.

As income increases, the number of accidents decreases, but as
temperature increases, the number of accidents increases. In which
country would you expect the number of accidents to be higher?

Country Income (TL) Temperature (°C)

A) Astanya 2000 28
B) Buanda 2000 25
Q) Ceristan 3000 28
D) Dastarya 3000 25

Question 13. [Coding]

The following lines list the mathematical commands and the
operations to be performed according to these commands. One of the
numbers in a box is drawn and the color of the light is determined by
following the commands below according to that number.

Line Command

1 If "number in the draw" > 5

2 Multiply this number by 2 and go to line 5

3 If not

4 Multiply this number by 3and goto line 5

5 Subtract 7 from the number you get and go to the
appropriate row below.

6 If result <10

7 Let the screen be red
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8 If9 <result<15

9 Let the screen be blue
10 If 14 < result < 20

11 Let the screen be yellow
12 If result >19

13 Let the screen be green.

If the number in the draw is 4, what color will the screen be?
A) Red

B) Blue

C) Yellow

D) Green

Question 16. [Techno-engineering]

An ice cream shop predicts that every 1 TL increase in the price of ice
cream will result in 10 fewer ice creams sold per day. Currently, he sells
ice cream at 4 TL. He sells 100 ice creams a day and earns 400 TL.

The ice cream seller wants to find the ice cream price that will
generate the most revenue by filling in the table below. He fills in the
first two rows. What is the price of ice cream that will generate the
most income? You can find it by filling in the other rows.

Ice Cream Number of Ice Revenue (TL)
Price (TL) Cream Sold
4TL 100 4 x100=400TL
5TL 90 5x90=450TL
A) 6 B) 7 C)8 D)9
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