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Oz
Giris: Gelistirilen modeller ile 6zgiin projeler olusturma agisindan kilit bir kavram olan matematiksel modelleme
bu yoniiyle 6zel yetenekli genglerin egitiminde kullanilmaktadir. Modelleme yeterliklerinin belirlenmesi,
gelisimine ihtiya¢ duyduklar1 asamalarin tespit edilmesi nasil egitim uygulamalar1 ve program farklilagtirmalar
yapilacagina karar verilmesi agisindan 6nemli veriler saglayacaktir. Arastirmada matematiksel modelleme
yeterlikleri 6lgegini gelistirmek ve psikometrik 6zelliklerini belirlemek amaglanmaktadir.

Yontem: Aragtirma betimsel bir ¢alismadir. Arastirma iki farkl 6rneklem grubu katilimu ile gergeklestirilmistir.
Ik grupta 301 katilimcidan elde edilen verilerle agimlayici faktor analizi (AFA) yapilmistir. Ikinci grupta 185
katilimcidan elde edilen veriler ile dogrulayici faktor analizi (DFA) yapilmstir.

Bulgular: Gelistirilen 6lgek ‘Tamamen Katiliyorum’, ‘Katiliyorum’, ‘Orta derecede katiliyorum’, ‘Katilmiyorum’
ve ‘Hig¢ Katilmiyorum’ seklinde derecelendirilmis olup ters kodlanilmasi gerekli olan maddeler bulunmamaktadir.
Olgegin alt faktorlerinin ‘Gercek yasam problemini belirlenme’, ‘Problemi anlama ve sadelestirme’,
‘Matematiksellestirme’, ‘Matematiksel olarak c¢alisma’ ve ‘Yorumlama ve dogrulama’ oldugu belirlenmistir.
Giivenirligi belirlemek amaciyla hesaplanan Cronbach alfa i¢ tutarlilik katsayilari lgegin biitiinii i¢in 0.958 olarak
ve sirastyla alt faktorler igin .811, .900, .883, .820 ve .927 olarak hesaplanmistir. Olgegin uyum indeksleri (2 / df
= 2.00, GFI = .90, RMSEA = .075, SRMR = .063, IFI = .97, NNFI = .97, CFI = .97, NFI = .94, PNFI = .86)
belirlenmistir.

Tartisgma: Arastirmanin sonucunda, gelistirilen 5 faktorli 31 maddelik 6l¢egin sonraki c¢aligmalarda
kullanilabilecek yeterli psikometrik 6zelliklere sahip olduguna ulasilmistir. Gelistirilen 6l¢ek modelleme siirecinde
hem biitiinciil olarak hem de agamalarinda kismi olarak 6l¢iim yapmay1 saglamaktadir. Bu baglamda bu aragtirma
kapsaminda gelistirilen 6lcek ile gergeklestirmede en iyi olunan asamalar ile en zorlanilan ve gelisimine ihtiyag
duyulan asamalarin belirlenmesi saglanabilir.

Anahtar sozciikler: Ozel yetenekliler, matematiksel modelleme, modelleme yeterlikleri, 6l¢ek gelistirme, faktor
analizi.
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Giris

Matematiksel modelleme gercek yasam problemlerinin belirlenmesini, sadelestirilmesini, matematiksel
olarak ifade edilmesini, modeller gelistirilerek ¢oziilmesini, yorumlanmasini ve dogrulanmasini kapsayan ¢ok
boyutlu bir siiregtir (Borromeo-Ferri, 2006). Bagka bir ifade ile gergek yasam problemlerini matematiksel olarak
ifade etme siirecidir (Blum & Niss, 1991). Bu ifadelerde, ger¢ek yasam durumlarinin kullanilmasinin ve gergek
yasamla iligki kurulmasinin saglanmasinin vurgulandigi goriilmektedir ve d6gretim siirecindeki 6nemi de buradan
kaynaklanmaktadir (Kaiser vd., 2010; Lesh vd., 2000; Lesh vd., 2010). Modelleme yeterlikleri ise istekli, amaglt
bir bigimde model olusturma siirecinde ilerleme (Kaiser & Maal}, 2007), siireci bagimsiz ve bilingli olarak
yiiriitebilme beceri ve yeterlikleridir (Blomhgj & Jensen, 2003; Maall & Gurlitt, 2011). Bagka bir ifade ile siirecin
tamamlanmasi igin biligsel becerileri, alan bilgisini ve bu bilgileri gergek yasamla iligkilendirmeyi kapsamaktadir
(Borromeo-Ferri, 2010; Erbas vd., 2014; Tekin-Dede, 2017). Gerekli varsayimlari, degigkenleri ve degiskenler
arast iligkileri belirleme, matematiksel olarak agiklama hem siireci hem de sonucu yorumlama ve dogrulama
becerileri olarak da ifade edilmektedir (Blum vd., 2007). Modelleme yeterlikleri ile ilgili bu agiklamalarda
modelleme stirecinin asamalarindan ve bu agamalarla ilgili becerilerden ortak olarak bahsedildigi goriilmektedir
(MaaB3, 2006; Tekin-Dede, 2017). Bu yeterliklerin gelisiminin saglanmasi agisindan bakildiginda, mevcut
durumun ve diizeyin belirlenmesinin gelisimine ihtiya¢ duyulan yeterlikler varsa bu ihtiyacin giderilmesinin
saglanmasinda temel oldugu belirtilmistir (Blomhgj & Kjeldsen, 2006; Bukova-Giizel, 2016; Mumcu & Baki,
2017). Bu baglamda matematiksel modelleme yeterliklerinin belirlenmesi gercek yasam problemlerini sistematik
olarak ¢ozerek yorumlayabilme siirecinin gelistirilmesinin yani sira zeka ve sosyal gelisimin desteklenmesi
acisindan egitim programlar1 ve 6gretimde olduk¢a 6nemlidir (Dewey, 1910; Dewey, 1997; Ornstein & Hunkins,
2016). Modelleme yeterliklerinin yani matematigi kullanarak gercek yasam problemlerini ¢6zme yeterliklerinin
belirlenmesi ve gelistirilmesinin gerekliligi (Kaiser, 2020), bu yeterliklerin gelisiminin belirlenmesi igin
gelistirilen farkli veri toplama araglari ile 6l¢iim yapilmasinin 6nemi ortaya ¢ikmaktadir (Biccard & Wessels, 2011;
Maall & Mischo, 2011; Sekerak, 2010). Tim bunlar arastirma kapsaminda 6l¢gme aracinin gelistirilmesinin
gerekeelerini olusturmaktadir.

Matematiksel modelleme yeterliklerinin siirecin asamalari ile iligskili olarak problemi belirleme,
sadelestirilme, matematiksellestirme, matematiksel olarak ¢aligma, yorumlama ve dogrulama yapmay1 kapsayan
dongiisel siirecte aciklanmas1 miimkiindiir. [lk asama matematik bilgilerini kullanarak ¢oziim iiretebilecek gergek
yasam problemlerini belirleme, fark etme ve duyarlilik gostermeyi, ikinci asama ise varsayimlari belirleme plan
yapma, uygun strateji ve yontem se¢cme ve degiskenleri agiklamay1 kapsamaktadir. Sonraki asamada uygun
matematiksel yontemleri kullanma 6n plana ¢ikmaktadir. Sirasiyla diger asamada modeli ¢6zerek matematiksel
sonuglara ulagsma, matematiksel iligkileri ve yapilart kurma ile matematik bilgilerini ¢éziimde kullanma s6z
konusudur. Son iki asama modelin ve ¢6ziimiin ger¢ek yasamda anlamini, uygulanabilirligini, yararliligini ve
gerekliligini analiz edip agiklayarak yorum yapma ile varsayimlarin, ¢dziimiin, modelin dogrulugunu belirleme ve
eger hatalar varsa bunlar1 diizeltmeyi kapsamaktadir. Modelleme yeterliklerinin siirecin tiim agamalar1 kapsaminda
ya da kismi olarak bazi alt agamalar1 kapsaminda incelenebildigi goriilmektedir (Borromeo-Ferri, 2006; Kaiser &
Griinewald, 2015). ilkinde ilk asamadan baslanarak son asamaya kadar sirastyla takip edilmesi s6z konusudur
(Eraslan & Kant, 2015). Bunun i¢in varsayimlarin, degiskenlerin ve degiskenler arasi iligkilerin belirlenmesi,
problemin sadelestirilmesi, matematiksel olarak ifade edilmesi, olusturulan model iizerinde matematiksel olarak
calisilarak ¢oziime ulasilmasi, ¢6ziimiin ve modelin gercek yagamda yorumlanmast ve tiim asamalarla birlikte
modelin dogrulamasi gibi siire¢ icerisindeki tiim agamalarin gergeklestirilmesinin saglanmasi gerekmektedir.
Ikincisinde ise bazi asamalara odaklanilmaktadir (Blomhej & Jensen, 2003; Haines vd, 2001). Kismi olarak
asamalarin incelendigi (Brand, 2014; Grinewald, 2012; Kaiser & Griinewald, 2015; Tekin-Dede, 2017; Tekin-
Dede & Yilmaz, 2015) ya da biitlinciil olarak siirecin incelendigi (Eraslan & Kant, 2015) aragtirmalar vardir.
Ayrica modelleme siirecindeki basamaklarin birkaginin bir araya getirilmesi ile inceleme yapildig1 goriilmektedir
(Brand, 2014; Griinewald, 2012; Kaiser & Griinewald, 2015). Her iki yaklagimin da birbirini destekleyecek
bigimde kullanilmasinin modelleme yeterliklerinin gelistirilmesinde yararli (Blomhej & Jensen, 2003), etkili
(Brand, 2014) ve motive edici oldugu belirlenmistir (Griinewald, 2012). Arastirma kapsaminda gelistirilen 6lgme
araci yapilacak arastirmalarda her iki agidan da veri toplamay1 saglamaktadir.

Ozel yetenekliler yagitlarina kiyasla bir ya da birden gok alanda akademik yetenek, yiiksek dgrenme hizi,
st diizey beceri, kapasite ve performans gosterebilme 6zelliklerine sahip bireyler olduklarindan farklilagan egitsel
ihtiyaglar1 egitim programlar1 ve 6gretimlerinde dikkate alinmaktadir (Milli Egitim Bakanlhigi [MEB], 2019).
Egitim programlar1 ve 6gretim agisindan 6zel yeteneklilerde proje iiretimi ve yonetimi programinda, bireysel ya
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da grupla, faydali model gelistirme, 6zgiin sonuglara ulasma, ¢ikarimda bulunma ve disiplinler arasi ¢aligma gibi
vurgular yer almaktadir (MEB, 2019).

Gelistirilen modeller ile 6zgilin projeler olusturma agisindan kilit bir kavram olan matematiksel
modellemenin 6zel yetenekli genglerin egitiminde 6nemli oldugu séylenebilir. Modelleme yeterliklerinin
belirlenmesi, gelisimine ihtiya¢ duyduklari asamalarin tespit edilmesi nasil egitim uygulamalar1 ve program
farklilagtirmalar1 yapilacagina karar verilmesi agisindan dnemli veriler saglayacaktir. Ger¢ek yagam problemlerine
¢Oziim lretebilen bireyler olmalar1 (MEB, 2019) ve matematikte derinlesme firsati saglanmasi acilarindan
(Antonius vd., 2007; Campbell vd., 2018; Kaiser vd., 2010; Lesh & Caylor, 2007; Lesh vd., 2010; MaaBl & Mischo,
2011) potansiyellerinin gelistirilmesine temel olusturacaktir. Bu kapsamda modelleme yeterliklerinin
belirlenmesine yonelik 6zel yetenekliler baglaminda 6lgek gelistirilmesinin dnemli gerekgeleri ortaya ¢ikmaktadir.
Gerekgeler dogrultusunda arastirmanin her agamasinda temele alinan kuramsal ¢ergeve modelleme siirecinin
asamalarina gére modelleme dongiisii (Borromeo-Ferri, 2006) ve yeterlikleri (Blum, 2011; Kaiser, 2020; MaaB,
2006) olup, bunun yani sira siirecin basinda gergek yasam probleminin belirlenmesi asamasi eklenmistir. Bu
baglamda gercek yasam problemini belirleme, sadelestirme, matematiksellestirme, matematiksel olarak ¢aligma,
yorumlanma ve dogrulanma agamalart 6zel yeteneklilerin matematiksel modelleme yeterlik durumlarini
belirlemede dlgek gelistirme galismasi icin temele alinmustir. Ozel yeteneklilerin matematik alaninda beceri,
yeterlik ve performanslarinin belirlenmesi gelisimlerinin nasil saglanabileceginin arastirilmasi agisindan 6nemli
bir ihtiyactir (Erdogan & Erben, 2020; Mihaela-Singer vd., Sheffield, 2018; 2016; Wang vd., 2017). Sadece
belirlenmesi degil degiskenler arasindaki iliskilerin incelenmesi (Dagyar vd., 2022) de &nemli sonuglara
ulagtirmaktadir. Gelistirilen 6lgegin kullanilmasinin hem programlarin gelistirilmesi ve farklilagtirilmasi
baglaminda hem de mevcut yeterliklerin gelistirilmesi baglaminda veri saglamasi agisindan katkilar saglayacagi
diistiniilmektedir (Hidayat vd., 2018; Manuel & Freiman, 2017). Bu baglamda 6lgek 6zel yeteneklilere yonelik
olgek gelistirilme ¢aligmalarinin yapilmasi gerekliligini bir anlamda karsilamaktadir.

Geligtirilen 6lgekler incelendiginde bir 6l¢ege ulasilmis olup matematiksel modelleme yeterliklerine
yonelik 6gretmen adaylarinin 6z yeterliklerini belirmeyi amagladigi belirlenmistir. Cesitli iniversitelerden toplam
562 ortaokul matematik 6gretmen adayindan veri toplanarak gelistirilen 6l¢egin giivenirlik katsayisi. 97 olarak
hesaplanmustir. Olgek tek faktorlii yapidadir. Olgegin giivenirlik uyum indeksleri (;? istatistigi anlamli p < .001),
221 df = 2,55 RMSEA = .071, SRMR = .057, GFI = .87, AGFI = .83, RFI = .94, IFl = .97, CFI = .97, NFI = .95,
NNFI = 0.96) hesaplanmistir. Gelistirilen 6lgegin gecerli ve giivenilir oldugu belirlenmistir (Koyuncu vd., 2016).
Ancak 6zel yeteneklilere yonelik bir 6lgek olmasi agisindan bu ¢alisma 6zgiinliik tagimaktadir. Ayrica modelleme
stirecinin asamalaria yonelik bes faktorlii yapida olmasi daha 6nce gelistirilen tek faktorli 6lgekten (Koyuncu
vd., 2016) farklilik gdstermektedir. Olgegin modelleme siirecinde hem biitiinciil olarak hem de asamalarinda kismi
olarak 6l¢tim yapma imkani saglamasi ve boylece matematiksel modelleme yeterliklerinde en iyi olunan asamalar
ile en zorlanilan ve gelisimine ihtiyag duyulan asamalarin belirlenmesini saglamasi gelistirilme gerekgelerini
olusturmaktadir. Kismi ve biitiinciil 6lgiimlerle mevcut durumun belirlenmesi ve ihtiyag analizi yapilmasi igin
6l¢egin veri toplamada kullanilmasinin yeterlik gelisimini destekleyen programlarin tasarlanmasi ve gelistirilmesi
acilarindan 6nemli veriler saglamasi beklenilmektedir. Siralanan gerekgelerle arastirmada o6zel yetenekli
Ogrencilerde matematiksel modelleme yeterlikleri 6lgegi gelistirmek ve psikometrik ozelliklerini belirlemek
amaclanmaktadir.

Yontem
Arastirma Modeli

Matematiksel modelleme yeterlikleri 6l¢eginin gelistirilmesi ve psikometrik dzelliklerinin belirlenmesi
amaglanan bu aragtirma betimsel bir ¢alismadir (Cresswell, 2016; Cresswell & Plano-Clark, 2015).

Cahisma Grubu

Aragtirmaya katilan iki farkli grup bulunmaktadir. Bunlardan ilkinden elde edilen verilerle agimlayici
faktor analizi (AFA) yapilmistir. Taslak form i¢in madde sayisinin 5-10 kat1 kadar katilimci yer alan (Kline, 1994;
Pett vd., 2003; Tavsancil, 2005) 301 kisiden veri toplanmustir. Analizler sirasinda 9 kisi ug¢ deger oldugu igin veri
setinden cikarilmistir. 292 kisi ile analizlere devam edilmis ve agimlayici faktor analizi (AFA) yapilmustir. ilk
analizde degisiklikler yapilip AFA sonucu 8lgege son hali verildikten sonra ikinci uygulamaya gegilmistir. Ikinci
grupta 185 kisiden veri toplanmis olup 4 kisi u¢ deger oldugu i¢in veri setinden ¢ikarilarak 181 kisi ile dogrulayict
faktor analizi (DFA) yapilmigtir. Calisma grubunu olusturan 6zel yetenekli 6grencilerin 6zel yeteneklilik tanisi
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alarak Bilim ve Sanat Merkezi’ne devam etmekte olan bireyler olmalar1 dikkate alinarak amagh 6rnekleme
yapilmistir. Gruplardaki katilimcilarin bilgilerine Tablo 1’de yer verilmistir.

Tablo 1
Calisma Gruplarinin Demografik Bilgileri

Degisken Kategori fGrup L (AFQ ) fGrup 2 (DFOA/O)
Kadm 135 46.2 86 475

Cinsiyet Erkek 157 53.8 95 52.5
Toplam 292 100 181 100

Tablo 1 incelendiginde, birinci grubun 135’inin (%46.2) kadmn, 157’sinin (%53.8) erkek ve ikici grubun
86’s1n1n (%47.5) kadm, 95’inin (%52.5) erkek oldugu belirlenmistir. Calisma Bilim ve Sanat Merkezi’ne Ozel
Yetenekleri Gelistirme ve Proje Uretimi ve Yonetimi programinda devam etmekte olanlar ile gerceklestirilmistir.
Bu merkezlerde programlara devam etmek igin yetenek gelisimi dikkate alindig1 i¢in program diizeyi ayn1 olsa
bile sinif seviyesi farklilagabilmektedir. Bu arastirma kapsaminda veri toplanan program diizeylerinde ortaokul ve
lise diizeyinde dgrenciler yer almaktadir.

Veri Toplama Siireci

Matematiksel modelleme yeterlikleri 6l¢egi “Tamamen Katiliyorum”, “Katiliyorum”, “Orta derecede
katiliyorum”, “Katilmiyorum” ve “Hi¢ Katilmiyorum” seklinde derecelendirilmis olup ters kodlanilmas: gerekli
olan maddeler bulunmamaktadir. Nihai 6lcek formu ¢aligmanin sonunda yer almaktadir (bk. Ek-A). Olgek igin
ilgili alan yazin taranmis ve buna ek olarak 6grencilere sorulan agik uglu sorularin cevaplarindan yararlanilarak
madde havuzu olusturulmustur. Olusturulan 41 maddelik taslak formla ilgili uzman goriisii almak i¢in hazirlanan
“Uzman degerlendirme formu” kullanilmistir. Uzman degerlendirme formu her madde igin “Gerekli”, “Gerekli
degil” ve “Gerekli ama diizeltilmeli” seklinde goriis belirtilebilecek sekilde hazirlanmistir. Bu form kullanilarak
10 farkli uzmandan (dil, 6lgme ve degerlendirme, matematik egitimi ve 6zel yetenekliler alanlarinda doktora
yapmis ayrica Ozel yeteneklilerle deneyimi olan) gériis alinmustir. Dil ile 6lgme ve degerlendirme alanlarindan
icer uzman, 6zel yeteneklilerde matematik alaninda dort uzman yer almistir. Uzmanlara taslak form ile birlikte
uzman degerlendirme formu ayni anda verilerek goriis belirtmeleri saglanmistir. Uzman goriiglerinin alinmasi ve
degerlendirilmesi ti¢ haftalik siiregte gergeklestirilmistir. Uzmanlardan gelen goriisler dogrultusunda gerekli olan
ve olmayan maddeler, gerekli olup diizeltilmesi gereken maddeler ve Oneriler belirlenmistir. Uzmanlarin
birbirlerinden bagimsiz olarak maddelere iliskin belirttikleri goriislerine Tablo 2’de yer verilmistir.

Tablo 2
Maddelerle Ilgili Uzmanlarin Degerlendirmeleri

Maddeler Gerekli diyen uzman sayis1 (G)  Gerekli degil diyen sayist KGO degerleri [G/(N/2)] - 1
1 10 0 1
2 10 0 1
3 1 1
4 1 8
5 10 0 1
6 10 0 1
7 10 0 1
8 5 5 0
9 10 0 1
10 10 0 1
11 10 0 1
12 10 0 1
13 9 1 .8
14 10 0 1
15 5 5 0
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Tablo 2 (devami)

Maddeler Gerekli diyen uzman sayisi (G)  Gerekli degil diyen sayist KGO degerleri [G/(N/2)] - 1
16 10 0 1
17 10 0 1
18 10 0 1
19 10 0 1
20 4 6 -2
21 10 0 1
22 10 0 1
23 10 0 1
24 10 0 1
25 10 0 1
26 9 1 .8
27 10 0 1
28 10 0 1
29 10 0 1
30 10 0 1
31 9 1 .8
32 10 0 1
33 10 0 1
34 10 0 1
35 9 1 .8
36 10 0 1
37 8 2 .6
38 10 0 1
39 10 0 1
40 10 0 1
41 10 0 1

Not: KGO = kapsam gegerlik orani.

Tablo 2 incelendiginde ¢ikarilmasi gereken maddelerin istatistiksel bir yontemle belirlenmesi i¢cin kapsam
gegerlik orant (KGO) hesaplandig: goriilmektedir (Adigiizel, 2016). Tiim maddelere tiim uzmanlar eksiksiz goriis
bildirmislerdir. Maddeye gerekli diyen uzman sayisinin (G) goriis bildirenlerin sayisinin yarisina (N/2) boliiniip
bir eksigi alinarak hesaplanan “[G /(N /2)] - 1” formiiliine gore negatif ya da sifir KGO degerlerine sahip olan
maddeler (madde 8, 15 ve 20) atilmistir (Adigiizel, 2016). Kalan maddelerin KGO degerleri ise .05 diizeyinde
hesaplanmis Kapsam Gegerlik Oranlari (uzman sayisi 10 ise en kiigiik KGO .62) ile karsilastirilmistir (Alpar,
2012). Ayrica kalan maddelerin KGO deger ortalamalarinin hesaplanmast ile elde edilen kapsam gegerlik indeksi
(KGI) degerinin .95 oldugu yani .67’nin iistiinde olmasi kosulunun saglandig1 belirlenmistir (Alpar, 2012).
Uzmanlardan gelen diizeltmelerin tamamlanmasi sonucunda 38 maddelik form olusturulmustur (Gergek yasam
problemini belirleme 3, Problemi anlama ve sadelestirme 8, Matematiksellestirme 5, Matematiksel olarak ¢alisma
6, Yorumlama ve dogrulama toplamda 16 madde). Form kullanilarak her iki grupta veriler Bilim ve Sanat
Merkezinde gérev yapmakta olan arastirmaci tarafindan yiiz yiize uygulama yapilarak toplanmistir. Katilimcilarin
formu cevaplamalari on dakika stirmiistiir.

Veri Toplama ve Analizi

Verilerin analizinde veri girisi ve numara ekleme islemlerinden sonra hatali veri girigi kontrolii
yapilmistir. Analizlerden Once veri setlerindeki kayip ve uc¢ degerler incelenmistir. Kayip deger olmadigi
belirlenmistir. Ug degerler (z puan1 £3 aralig1 disindaki kisiler) ise veri setinden ¢ikarilmigtir. Ek olarak 6rneklem
biiytikliigiiniin uygunlugu, dagilimin normalligi, dogrusallik ve ¢oklu dogrusal baglant1 varsayimlari incelenmistir.
Agimlayici faktor analizi i¢in en az 200 kisilik drneklem biiyiikliigii onerilmektedir (Kline, 1994), bu durum
saglanmigtir. Yine bu grup i¢in tek degiskenli normallik (maddelerin dagilimlarinin normalligi) carpiklik ve
basiklik katsayilar1 hesaplanarak test edilmistir. Madde carpiklik katsayilari |.131 - .723] arasinda degigsmektedir. Madde
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basiklik katsayilari |.034 - .777| arasinda degismektedir. Madde carpiklik ve basiklik katsayilarinin +1 araliginda
degismesi normallige uygunluk gostergesidir (Mertler & Vannatta, 2005). Faktor analizlerinden 6nce, Kaiser-Meyer-
Olkin (KMO) ve Bartlett’s Kiiresellik Testi yapilarak drneklem biiyiikliigiiniin faktdrlestirmeye uygunlugu ve ¢ok
degiskenli normal dagilimdan geldigi test edilmistir. Kaiser-Meyer-Olkin (KMO) ve Bartlett’s Kiiresellik Testlerinin
sonugclar1 Tablo 3’te sunulmustur.

Tablo 3
Kaiser-Meyer-Olkin (KMO) ve Bartlett’s Kiiresellik Testi Sonuglari
KMO ve Bartlett's Testleri 1. Uygulama 2. Uygulama
Kaiser-Meyer-Olkin 932 915
Ki-Kare 6064.615 3861.527
Bartlett's Kiiresellik Testi Serbestlik derecesi 465 465
p .000 .000

Tablo 3 incelendiginde, KMO degerinin .90 iizerinde olmasi “miikemmel” olarak degerlendirildigi (Sencan,
2005) icin drneklem biiyiikliigii bakimindan veri yapilarinin faktorlestirmeye uygunlugu belirlenmistir. Ayni zamanda
p = .00 degeri verilerin ¢ok degiskenli normal dagilimdan geldigini (Sencan, 2005) gostermektedir. Cok degiskenli
normalligin saglanmasi degisken ¢iftleri arasindaki iligkinin dogrusalligina da isaret eder (Biiyiikoztiirk, 2012). Coklu
dogrusal baglanti i¢in maddelerin ikili korelasyonlari hesaplanmis ve c¢alismanin sonunda yer verilen tabloda
sunulmustur (bk. Ek B). Maddelerin ikili korelasyonlar1 incelendiginde, > .90 olan maddeler aras1 korelasyon (Sencan,
2005) bulunmamaktadir. Veri setlerinde ¢oklu dogrusal baglanti problemi bulunmamaktadir.

Birinci gruptan elde edilen verilerle A¢imlayic1 Faktor Analizi (AFA) ve ardindan ikinci gruptan elde edilen
verilerle Dogrulayic1 Faktor Analizi (DFA) yapilarak gelistirilen 6l¢egin yap1 gegerligi belirlenmistir. Cronbach alfa i¢
tutarlilik katsayilarmin hesaplanmasiyla her iki gruptan elde edilen puanlarin giivenirligi belirlenmistir. Olgege iliskin
x% x%/sd, RMSEA, GFI, AGFI, SRMR, IFI, NNFI, CFI uyum indekslerine bakilmistir (Cokluk vd., 2010; Yilmaz &
Celik, 2009). Analizlerde SPSS 23.0 istatistik paket programi ve Lisrel 8.7 analiz programi kullanilmistir.

Bulgular

Olgegin faktdr desenini ortaya ¢ikarmak amaciyla faktdrizasyon ve rotasyon ydntemi olarak sirastyla temel
bilesenler analizi ve faktorlere ayrilma durumuna yonelik varimax se¢ilmistir. Temel bilesenler analizinde bilegenlerin
arasinda yiiksek diizeyli iligski olmasi beklenmemektedir ve bu analizde en yiiksek varyansi hesaplamak temele alindigi
i¢in tercih edilen yontem varimaxtir (Sencan, 2005). Varimax yonteminde temel amag faktor varyanslarini maksimum
yapmaktir (Tabachnick & Fidell, 2001). Bu calisma kapsaminda modelleme yeterliklerinde kismi olarak &lgiim
yapabilmek ve birden fazla birbirinden bagimsiz boyut elde etmek istenildigi i¢in bu yontemler tercih edilmistir (Sencan,
2005). Temel bilesenler analizi gelistirilen 6l¢egin faktor desenini belirlemek amaciyla kullanilmistir. Faktor sayisinin
belirlenmesi siirecinde her bir bilesenin toplam varyansa katkisi degerlendirilmistir. Tlk analizde, 1'den biiyiik
Ozdegerlere sahip 5 bilesenin (sirasiyla 13.459, 2.367, 1.713, 1.292 ve 1.243) toplam varyanst %64.757 olarak
hesaplanmistir. Bunun yan1 sira yamag-birikinti grafigine bakilmistir. Bu grafik Sekil 1’de sunulmustur.

Sekil 1
Yamag-Birikinti Grafigi
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Her bilesenin toplam varyansa katkilari, yamag-birikinti grafigi ve faktorlerdeki madde sayilari
degerlendirilerek (Biiyiikoztiirk, 2012; Comrey & Lee, 1992; Cokluk vd., 2010) dlcegin bes faktorlii yapida oldugu
belirlenmigtir. Bunlarin yan1 sira modelleme siireci yeterliklerinde kismi olarak odl¢im yapabilmek ve
gelistirilmesine ihtiya¢ duyulan alt yeterlikleri belirlemek i¢in tek faktorlii degil bes faktorlii yapi lizerinde karar
kilinmistir. Analiz, bes faktorlii yapida tekrar edilmistir. Analizler sonucu birden ¢ok faktdr yapist ile Ortiigen
maddeler (12, 18, 19, 23, 24, 25 ve 26) belirlenmis ve bu maddeler atilmistir. Maddelerin farkli faktorlerde
verdikleri yiikler arasinda 0,100 fark olmasi gerektiginden (Cokluk vd., 2010) bu kiritere bagli olarak atilmalarina
karar verilmistir. Atma islemi sirayla her madde igin tek tek yapilmis olup her madde atildiginda analizler tekrar
edilmistir. En binigik olan maddeden yani farkli faktdrlerdeki yiikleri arasindaki farkin en az oldugu maddeden
atma iglemine baglanip sirayla atma islemi gergeklestirilmistir. Boylece binisikligi ¢ok sinirda olan bazi maddelerin
atilmasinin Oniine gegilmistir. Analiz kalan 31 maddeyle tekrar edilmistir. Gelistirilen 6l¢egin faktér desenine
iligskin faktor yiik degerleri ve belirlenen sayida faktdre iliskin 6zdegerler ve agiklanan varyans yiizdeleri Tablo
4’te sunulmustur.

Tablo 4
Olgegin Faktor Deseni ile Faktorlere Iliskin Ozdegerler ve Varyans Yiizdeleri
Faktor yiikleri
Madde 1 > 3yuk 2 5

m30 .790 .106 124 .078 .098
m29 .758 .230 .145 .095 27
m33 .756 102 225 .085 .203
m31 735 213 131 .078 147
m34 .706 .099 .169 217 .165
m32 .705 .268 192 77 128
m37 .705 .308 .095 173 .053
m35 .678 157 .200 113 231
m36 672 272 .206 .055 .166
m28 637 301 291 .007 .019
m38 .627 .308 27 191 225
m27 .578 .285 191 .078 .188
m6 .296 174 139 181 .027
m5 .352 .746 077 221 .093
m7 301 723 274 102 431
m4 .268 .720 120 .328 157
m9 .250 .698 .260 .155 .054
m16 399 .559 .343 -.060 .326
ml14 194 175 157 .106 .109
m15 .200 332 697 -.086 227
mll 195 .053 .663 .385 077
m13 217 201 .645 .353 143
m10 .269 .023 .616 421 -.019
m8 .206 272 489 .257 139
ml7 271 183 .486 107 354
m3 194 .207 .187 .753 27
m2 135 191 173 741 27
ml .090 191 .249 .730 151
m20 77 .016 .098 .146 .801
m21 .359 215 184 139 712
m22 .342 185 .260 .187 .704

Ozdeger 7.133 4,147 3.706 2.692 2.397

Agiklanan varyans yiizdesi 23.011 13.378 11.954 8.684 7.731

Toplamali agiklanan varyans yiizdesi 64.757
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Tablo 4 incelendiginde, faktor desenini belirlemek i¢in yapilan agimlayici faktdr analizinde, birinci
faktoriin (yorumlama ve dogrulama/12 madde) faktor yiik degerlerinin .578-.790, ikinci faktdriin (matematiksel
olarak ¢alisma/6 madde) faktor yiik degerlerinin .559-.774, {igiinct faktoriin faktor yiik degerlerinin (problemi
anlama ve sadelestirme/7 madde) .486-.757, dordiincii faktoriin faktor yiik degerlerinin (gergek yasam probleminin
belirlenmesi/3 madde) .730-.753, besinci faktoriin faktor yiik degerlerinin (matematiksellestirme/3 madde) .704-
.801 arasinda oldugu hesaplanmuistir.

Tablo 4 incelendiginde, ilk faktoriin 6zdegerinin 7.133, toplam varyansa yaptig1 katkinin %23.011, ikinci
faktoriin 6zdegerinin 4.147, toplam varyansa yaptig1 katkinin %13.378, tigiincii faktoriin 6zdegerinin 3.706, toplam
varyansa yaptig1 katkinin %11.954, dordiincii faktoriin 6zdegerinin 2.692, toplam varyansa yaptigi katkiin
%8.684 ve besinci faktoriin 6zdegerinin 2.397, toplam varyansa yaptig1 katkinin %7.731 oldugu goriilmektedir.
Olgegin bes faktorlii yapisina iliskin toplam varyans1 %64.757 olarak hesaplanmugtir. Bu 6lgek séz konusu yapiya
iligskin varyansin %64.757’sini agiklamaktadir.

Olgegin son sekline Ek A'da yer verilmistir. Gelistirilen 6lcegin yap1 gegerliligi ile ilgili ek kanitlar elde
etmek icin dlgegi ikinci kez farkli bir gruba uygulayarak elde edilen puanlar iizerinde dogrulayici faktdr analizi
yapilmistir. Dogrulayict faktoér analizinden elde edilen t degerlerini gosteren yol (path) diyagrami Sekil 2'de
sunulmustur. Faktor yiiklerini ve hata varyanslarimi gosteren yol diyagrami Sekil 3'te sunulmustur.

Sekil 2 incelendiginde, gozlemlenen degiskenleri aciklayan gizil degiskenler hakkinda bilgi veren t
degerlerinin, her madde icin .01 diizeyinde anlamli oldugu goriilmektedir. Sekil 3 incelendiginde, dl¢ekte yer alan
maddelere iliskin faktoér yiiklerinin (standardize edilmemis tahmin degerleri) .40-.63 arasinda degistigi
goriilmektedir. Analiz sonucunda elde edilen her bir gézlenen degisken ile baglh oldugu gizil degisken arasindaki
korelasyonlar1 gosteren standardize edilmis faktor yiik degerleri ise .47-.73 arasinda degismektedir. Sekil 3
incelendiginde, maddelerle ilgili gozlemlenen degiskenlerin baglantili oldugu gizil degisken arasindaki
korelasyonu gosteren standartlastirilmis faktor yiikleme degerleri: “Gergek yasam probleminin belirlenmesi (F1)”
igin .72-.86 arasinda, “Problemi anlama ve sadelestirme (F3)” i¢in .67-.78 arasinda, “Matematiksellestirme (F4)”
icin .64-.86 arasinda, “Matematiksel olarak ¢alisma (F2)” i¢in .67-.88 arasinda ve “Yorumlama ve dogrulama
(F5)” i¢in .67-.80 arasindadir. Gozlenen degiskenlerin hata varyanslari degerlerinin yiiksek oldugu madde
bulunmamaktadir. Birinci faktordeki tiglincii madde faktor yiikii en yiiksek olan maddedir. Bu madde “Matematik
bilgilerimi kullanarak ¢6ziim iiretebilecegim gercek yasam problemlerini belirleyebilirim.” ifadesi olup “Gergek
yasam probleminin belirlenmesi (F1)” ile en iliskili olan madde olarak belirlenmistir. Uciincii faktordeki on birinci
madde faktor yiikii en yiiksek olan maddedir. Bu madde “Gergek yasam problemlerini ¢ozmek ic¢in uygun
stratejileri belirleyebilirim.” ifadesi olup “Problemi anlama ve sadelestirme (F3)” ile en iligkili olan madde olarak
belirlenmistir. Dordiincti faktordeki on dokuzuncu madde faktor yiikii en yiiksek olan maddedir. Bu madde
“Gergek yasam durumlarmi temsil edecek modeller gelistirmek igin grafikler olusturabilirim.” ifadesi olup
“Matematiksellestirme (F4)” ile en iliskili olan madde olarak belirlenmistir. ikinci faktordeki altinc1 madde faktor
yiikii en yiiksek olan maddedir. Bu madde “Gergek yasam igerisinde kargilastigim problemleri matematik ile
iligskilendirebilirim.” ifadesi olup “Matematiksel olarak c¢alisma (F2)” ile en iliskili olan madde olarak
belirlenmistir. Besinci faktordeki yirmi ikinci madde faktor yiikii en yiiksek olan maddedir. Bu madde
“Matematiksel modelin ¢éziimiiniin ger¢ek yagamda uygulanabilirligini gosterebilirim.” ifadesi olup “Yorumlama
ve dogrulama (F5)” ile en iligkili olan madde olarak belirlenmistir.
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Sekil 2
Yol Diyagrami (t Degerleri)

Chi-Square=249.5€, d£424, F-value=0.00000, BRMIEA=0.073
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Sekil 3
Yol Diyagrami (Faktor Yiikleri)

=

=

=

=

o

o

o

o

=

=

=

=

=

=

=

=

o

o

o

o

o

=

=

046

0.

Chi-3quare=8468.5€, df=424, P-value=0.00000, RMSEA=0.075

Beklenen kovaryansla gézlenen kovaryans matrisleri arasi farkin manidarligiyla ilgili bilgi veren p degeri
.01 diizeyinde manidar bulunmustur. Fakat biiyiik 6rneklemler i¢cin bu degerin manidar bulunma olasilig1 yiiksektir
(Yilmaz & Celik, 2009). Bu sebeple beklenen kovaryansla gozlenen kovaryans matrisleri arasindaki uyumu
inceleyen alternatif uyum indeksleri bulunmustur. Gelistirilen 6l¢egin uyum indeksi degerleri ve uyum diizeyleri
Tablo 5’te sunulmustur.

Tablo 5
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Olgegin Uyum Indeksleri

Il:élglgl x?/sd GFI RMSEA SRMR IFI NNFI CFI NFI PNFI
Deger 2,00 .90 .075 .063 .97 .97 .97 .94 .86
Uyum Miikemmel  lyi Iyi Iyi Miikemmel Miikemmel Miikemmel  lyi Kabul edilebilir

Not: CFI = karsilastirmali uyum indeksi, GFI = uyum iyiligi indeksi, IFI = artimli uyum indeksi, NFI = normlastirilmis uyum indeksi, NNFI
= normlastirilmamis uyum indeksi, PNFI = parsimony normlastirilmis uyum indeksi, RMR = artik kareler ortalamasinin karekokii, RMSEA =
yaklasik hata kareler ortalamasinin karekokii.

Tablo 5 incelendiginde; y? / sd orani (848.96 / 424) 2,00 olup bu oranin < 3 olmas1 miikemmel uyumu
gostermektedir (Kline, 2005; Siimer, 2000). GFI .90 olarak bulunmus olup bu deger GFI’nin iyi uyum kriterine
karsilik gelmektedir (Hooper vd., 2008; Kelloway, 1998; Schumacker & Lomax, 1996; Siimer, 2000). RMSEA
.075 olarak bulunmus olup bu deger RMSEA’nin (< .08) iyi uyum kriterine karsilik gelmektedir (Hooper vd.,
2008; Joreskog & Sorbom, 1993; Siimer, 2000). SRMR .063 olarak hesaplanmis olup bu deger SRMR ’nin (< .08)
iyl uyum kriterine karsilik gelmektedir (Brown, 2015; Cokluk vd., 2010; Hu & Bentler, 1999). NNFI ve CFI
indeksleri .95’in iizerinde hesaplanmis olup bu degerlerin .90’dan biiyiik ya da esit olmas1 mitkemmel uyuma
karsilik gelmektedir (Hu & Bentler, 1999; Siimer, 2000; Tabachnick & Fidell, 2001). NFI indeksi .94 olarak
hesaplanmis olup bu degerlerin .90’dan biiyiik ya da esit olmasi miikemmel uyuma (Hu & Bentler, 1999; Siimer,
2000), PNFI .86 olarak hesaplanmis olup bu degerin .95°ten kiigiik oldugu i¢in kabul edilebilir uyuma karsilik
gelmektedir (Schermelleh-Engel & Moosbrugger, 2003).

Olgegin AFA ve DFA uygulamalarindan sonra verilen son haline iliskin Cronbach alfa giivenirlik
katsayist hesaplanmistir. Cronbach alfa giivenirlik katsayilar1 Tablo 6’da sunulmustur.
Tablo 6

Olgegin Cronbach Alfa Giivenirlik Katsayilar

Biitiinii F1 F2 F3 F4 F5
Cronbach Alfa .958 811 .900 .883 .820 927
Madde sayist 31 3 6 7 3 12

Tablo 6 incelendiginde, dogrulayici faktor analizinde ikinci gruptan elde edilen puanlarin giivenirligini
belirlemek amaciyla hesaplanan Cronbach alfa i¢ tutarlilik katsayilarinin 6lgiit olarak kabul edilen .70’ten yiiksek
oldugu sonucuna varilmistir (Ozdamar, 2004). Olgegin yap1 gecerligine iliskin ve i¢ tutarlik anlaminda giivenirlik
katsayisina iligkin bulgular elde edilmistir. Bu bulgular dogrultusunda 6lgegin alt boyutlarinin ve toplaminin i¢
tutarlilik anlaminda giivenilir oldugu belirlenmistir.

Tartisma

Aragtirmanin sonucunda, gelistirilen 5 faktorlii 31 maddelik dlgegin sonraki ¢alismalarda kullanilabilecek
yeterli psikometrik 6zelliklere sahip oldugu anlasilmistir. Olgegin alt faktorlerinin ‘Gergek yasam problemini
belirlenme (dérdiincii faktor)’, ‘Problemi anlama ve sadelestirme (liglincii faktor)’, ‘Matematiksellestirme (besinci
faktor)’, ‘Matematiksel olarak galisma (ikinci faktor)’ ve “Yorumlama ve dogrulama (birinci faktér)’ oldugu
belirlenmistir. Faktor isimleri modelleme dongiisii dikkate alinarak siralanmigtir. Bu alt faktorler temele alinan
kuramsal g¢ergevedeki modelleme yeterlikleri ile uyum gostermekte olup (Blum, 2011; Borromeo-Ferri, 2006;
Kaiser, 2020; Maal3, 2006) ‘gercek yasam problemini belirleme’ fakt6riiniin olmasi agisindan farklilasmaktadir.
Bu farklilagmanin gerekgesi olarak 6zel yeteneklilerin matematiksel modellemede gergek yasam problemlerini
kendilerinin belirleyebilmesi gosterilebilir. Bu baglamda gercek yasam problemini belirleme, sadelestirme,
matematiksellestirme, matematiksel olarak calisma, yorumlanma ve dogrulanma olarak 6zel yeteneklilerin
matematiksel modelleme yeterlik durumlarini belirlemede 6lgegin alt faktorleri olarak alinmigtir.

Gergek yagsam problemini belirleme matematik bilgilerini kullanarak ¢dziim iiretebilecek gergek yasam
problemlerini belirleyebilme ile iliskili olup bu iligki arastirma kapsaminda birinci faktoriin faktor yiikii en yliksek
bulunan maddesiyle bir anlamda teyit edilmistir. Problemi anlama ve sadelestirme gergek yasam problemlerini
¢6zmek i¢in uygun stratejileri belirleyebilme ile iliskili olup bu iligki arastirma kapsaminda ii¢iincii faktoriin faktor
yikii en yiiksek bulunan maddesiyle dogrulanmistir. Matematiksellestirme ger¢ek yasam durumlarini temsil
edecek modeller gelistirmek icin grafikler, tablolar gibi gosterimler olusturabilme ile iligkili olup bu iliski
aragtirma kapsaminda dordiincii faktoriin faktor yiikii en yiliksek bulunan maddesinde de goriilmektedir.
Matematiksel olarak calisma gercek yasam igerisinde karsilasilan problemleri matematik ile iligkilendirebilme ile
iliskili olup bu iliski arastirma kapsaminda ikinci faktoriin faktor yiikii en yiliksek bulunan maddesiyle teyit
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edilmistir. Yorumlama ve dogrulama matematiksel modelin ¢6ziimiiniin ger¢cek yasamda uygulanabilirligini
gosterebilme ile iligkili olup bu iliski arastirma kapsaminda besinci faktoriin faktor yiikii en yiliksek bulunan
maddesiyle teyit edilmistir. Birinci faktor disinda diger faktorleri en iyi agiklayan maddelere bakildiginda temele
alinan kuramsal ¢ergeve ile uyum gostermektedir (Blum, 2011; Borromeo-Ferri, 2006; Kaiser, 2020; Maaf, 2006).
Gergek yagsam problemini belirleme ile ilgili faktoriin ve en iyi agiklayan maddenin 6zel yeteneklilerin modelleme
stirecleri ile iliskili olarak calismada yer aldig ifade edilebilir.

Daha Once yapilan caligmalar incelendiginde Ogretmen adaylarimin matematiksel modelleme
yeterliklerine yonelik 6z yeterlik 6l¢eginin gelistirilmis oldugu ve dlgegin tek faktorli yapisi oldugu belirlenmistir
(Koyuncu vd., 2016). Ancak 6zel yeteneklilere yonelik bir 6l¢ek olmasi ve modelleme siirecinin asamalarina
yonelik bes faktorlii yapida olmasi agilarindan hem 6rneklem hem de faktor sayisi olarak bu ¢aligmada gelistirilen
Olcek farklilasmakta ve 6zgiinliik tasimaktadir. Bu arastirmada gelistirilen dlgek bes faktorlii yapida oldugu igin
gelisimine ihtiya¢ duyulan yeterliklerin kismi olarak belirlenmesi ve devaminda gelistirilmesi i¢in kullanimi1 alana
katki saglamaktadir. Ayrica gelistirilen 6l¢egin madde havuzu olusturulurken literatiirden temele alinan kuramsal
cergevede yararlanilmis olmasi dogrudan madde alinmamis olmast bunun yerine 6zel yeteneklilere sorulan agik
uclu sorularin cevaplarmdan yararlanilmis olmasi agilarindan 6zgiinliik tasgimaktadir.

Gelistirilen 6lgek modelleme siirecinde hem biitiinciil olarak hem de asamalarinda kismi olarak 6l¢iim
yapmay1 saglamaktadir. Bu baglamda bu aragtirma kapsaminda gelistirilen 6lgek ile gergeklestirmede en iyi olunan
asamalar ile en zorlanilan ve gelisimine ihtiya¢ duyulan asamalarin belirlenmesi saglanabilir. Egitim
programlarinda modelleme yeterliklerinin yani matematigi kullanarak ger¢ek yasam problemlerini ¢dzme
yeterliklerinin gelistirilmesinin &nemi konusunda fikir birligine varimistir (Kaiser, 2020). Programlarin
tasarlanmasi, gelistirilmesi agisindan modelleme yeterliklerine yonelik durumun belirlenmesi ihtiyaglarin
giderilmesi agisindan neler yapilabilecegi konusunda 6nemli fikirler saglayabilmektedir (Zedan & Bitar, 2017).
Gelistirilen 6l¢egin modelleme siirecinde hangi asamalarin gergeklestirilmesinde zorlanildiginin (Biccard &
Wessels, 2011; Blum, 2011; MaaB, 2006; Tekin-Dede & Yilmaz, 2015) belirlenmesi amaciyla kullanilmasi bu
asamalara yonelik yeterliklerin gelistirilmesi agisindan 6nemli fikirler sunacagi i¢in dnerilmektedir.

Modelleme yeterlikleri modelleme siirecinin her bir basamagi kapsaminda ya da modelleme siirecinin
basamaklarinin birkaginin bir araya getirilmesi kapsaminda incelenebilmektedir (Blomhgj & Jensen, 2003; Brand,
2014; Griinewald, 2012; Haines vd., 2001; Kaiser & Griinewald, 2015). Bu sebeple modelleme yeterliklerinin
sayis1 degisiklik gostermektedir (Blomhgj & Jensen, 2003; Brand, 2014; Griinewald, 2012; Haines vd., 2001). Bu
aragtirma kapsaminda gelistirilen 6lgegin faktorleri incelendiginde ‘yorumlama ve dogrulama’ faktoriinde oldugu
gibi asamalarin birkagini kapsayacak sekilde yeterlikler incelenebilmektedir (Brand, 2014; Griinewald, 2012).
Ozel yetenekliler problem durumlaria duyarhilik gdsterip, bunlar1 fark edip belirledikten sonra matematik
bilgilerini kullanarak 6zgiin ¢6ziim ve proje iiretme potansiyeline sahiptirler (Mihaela-Singer vd., 2016). Bu
kapsamda gelistirilen Olgekte gergek yasam probleminin belirlenmesi agsamasinin 6zgiin bir matematiksel
modelleme ortaya koyabilmelerinin ilk asamasi olarak yer almas1 6zel yeteneklilerin gercek yasam problemlerini
kendilerinin belirleyebilme potansiyellerinin oldugu baglaminda agiklanabilmektedir.

Gelistirilen dlgegin gecerlik-giivenirlik calismalari 6zel yetenekli 6grenciler 6rnekleminde yapildigt i¢in
ileriki aragtirmalarda bu sinirlilik g6z 6niinde bulundurulmalidir. Calismanin 6rneklemi Bilim ve Sanat Merkezi’ne
Ozel Yetenekleri Gelistirme ve Proje Uretimi ve Yénetimi programinda devam etmekte olan ve bu programlarin
geregi olarak ortaokul ile lise diizeyinde 6zel yetenekliler ile sinirlidir. Arastirmanin bu siirliliklar: goz 6niinde
bulundurularak mevcut ve gelisimine ihtiyag duyulan modelleme yeterliklerinin belirlenmesi i¢in dlgegin ileri
aragtirmalarda veri toplamada kullanilmasi Onerilmektedir. Matematiksel modelleme yeterliklerine yonelik
biitiinctl ve kismi 6lgtimler yapilmasi igin 6lgegin kullanilmasi 6nerilmektedir.

Yazarlarin Katki Diizeyleri

Birinci yazar veri toplama, verilerin analizi ve ¢alismanin raporlanmasi goérevlerinde, ikinci yazar da
¢aligma konusunu belirleme, aragtirma deseni ve raporlanmasinda katki saglamistir.
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Ek A

Matematiksel Modelleme Yeterlikleri Olcegi

S|
Faktorler .LEI: i Madde
< |
= | =
1 1 | Gergek yasamda ¢oziim iiretilmesi gereken problemler oldugunu fark edebilirim.
Gergek yasam 2 | 2 | Gergek da ¢oziim iiretilmesi gereken problemlere karsi duyarli olabiliri
problemini gek yagamda ¢dziim iiretilmesi gereken problemlere karsi duyarh olabilirim.
belirleme 3 3 Matematlk l?l}gller1m1 kullanarak ¢oziim iiretebilecegim gergek yasam problemlerini
belirleyebilirim.
8 8 | Gergek yasam problemlerini ¢dzmek igin gerekli olacak varsayimlarimi
belirleyebilirim.
10 | 10 | Gergek yasam problemlerini ¢6zmek i¢in plan yapabilirim.
Problemi anlama ve 11 | 11 | Gergek yasam problemlerini ¢ozmek icin uygun stratejileri belirleyebilirim.
sadelestirme 12 | 13 | Gergek yasam problemlerini ¢6zmek i¢in kullanacagim yontemleri belirleyebilirim.
13 | 14 | Gergek yasam durumlari igerisindeki degiskenleri belirleyebilirim.
14 | 15 | Gergek yasam problemleri icerisindeki degiskenlerin iligkilerini agiklayabilirim.
16 | 17 | Gergek yasam problemlerini ¢6zmek icin gerekli olan bilgileri ayirt edebilirim.
17 | 20 | Ger¢ek yasam durumlarini temsil edecek modeller olusturmak igin bilgisayar
programlarindan yararlanabilirim.
Matematiksellestirme 18 | 21 | Gergek yasam durumlarint temsil edecek modeller gelistirmek igin tablolar
olusturabilirim.
19 | 22 | Ger¢ek yasam durumlarini temsil edecek modeller gelistirmek igin grafikler
olusturabilirim.
4 4 | Gergek yagsam problemlerini temsil edecek modelleri ¢ozerek matematiksel sonuglara
ulasabilirim.
. 5 5 | Gergek yasamda kargilagtigim durumlar ile matematik arasinda iliskiler kurabilirim.
Matematiksel olarak 6 6 | Goreek cerisinde Karsilasts blomleri matematik ile iliskilendirebiliri
ercek yasam igerisinde karsilagtigim problemleri matematik ile iliskilendirebilirim.
galigma 7 7 | Gergek yagam durumlarini matematiksel olarak agiklayabilirim.
9 9 | Matematik bilgilerimi gergek yasam durumlarini a¢iklamada kullanabilirim.
15 | 16 | Gergek yasam durumlari igerisindeki matematiksel yapilar belirleyebilirim.
20 | 27 | Matematiksel modelin ¢Oziimiiniin gercek yasamda ne anlama geldigini
aciklayabilirim
21 | 28 | Matematiksel modelin ¢oziimiiniin ger¢cek yasam durumunu ne Slgiide agikladigini
yorumlayabilirim.
22 | 29 | Matematiksel modelin ¢dziimiiniin gercek yasamda uygulanabilirligini gosterebilirim.
23 | 30 | Matematiksel modelin ¢dziimiiniin gercek yasam i¢in gerekliligini agiklayabilirim.
24 | 31 | Matematiksel modelin ¢dziimiiniin gercek yasamda yararliligini analiz edebilirim.
25 | 32 | Matematiksel modelin ¢6zliimiiniin gergek yasam baglaminda mantiklt olup
olmadigini agiklayabilirim.
Yorumlama ve 26 | 33 Gergf:k yasam pr.oblemipi.n. ¢oziimii i¢in olusturdugum matematiksel modellerin
dogrulama dogrulggunu behrleyepll_lrlm. S _ : _
27 | 34 | Matematiksel model gelistirerek gercek yasam problemini ¢ézme siirecinde izledigim
adimlar1 kontrol edebilirim.
28 | 35 | Olusturulan matematiksel modellerin  ¢oziimlerinde hatalar varsa bunlar
diizeltebilirim.
29 | 36 | Ger¢ek yasam probleminin ¢dziimii igin gerekli olan varsayimlarin dogrulugunu
belirleyebilirim.
30 | 37 | Matematiksel modelleri farkli gercek yasam problemlerinin ¢dziimiinde
kullanabilirim.
31 | 38 | Gergek yasam probleminin ¢6ziimii igin olusturdugum matematiksel modelde hatalar

varsa bunlar diizeltebilirim.
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mL | m2 [ m3 [ md [m5 [m6 [ m7 | mg | mg | mi0 | mil | mi3 | mi4 | mi5 | m16 | mi7 | m20 | m21 | m22 | m27 | m28 | m29 | m30 | m3L | m32 | m33 | m34 | m35 | m36 | m37 | m38
mL | 1.000
m2 | 547 | 1.000
m3 | 614 | 612 | 1.000
m4 | 408 | 418 | 508 | 1.000
m5 | 405 | 349 | 433 | 655 | 1.000
mé | .307 | .274 | 382 | 636 | 805 | 1.000
m7 | 357 | 351 | 399 | 543 | 690 | 727 | 1.000
m8 | 311 | 415 | 473 | 546 | 457 | 542 | 586 | 1.000
m9 | .306 | .376 | 425 | 495 | 563 | 572 | 690 | .502 | 1.000
mi0 | 320 | 468 | 518 | 502 | 426 | 377 | .317 | .452 | .430 | 1.000
mil | 398 | 511 | 604 | 533 | 416 | 426 | 420 | 546 | 478 | 628 | 1.000
mi3 | 367 | 448 | 543 | 516 | 403 | 377 | 400 | .440 | 382 | 468 | 614 | 1.000
mi4 | 340 | 368 | 394 | 552 | .513 | 494 | 437 | 507 | 427 | 420 | 599 | 556 | 1.000
mi5 | 369 | 489 | 461 | 486 | 450 | 424 | 479 | 537 | 439 | 470 | 509 | 532 | 658 | 1.000
mi6 | 241 | 253 | 237 | 509 | 549 | 588 | 556 | 432 | 434 | 340 | 295 | 337 | 457 | .473 | 1.000
mi7 | 374 | 442 | 524 | 538 | .380 | 420 | 454 | 514 | 526 | 524 | 507 | 483 | 483 | 481 | .431 | 1.000
m20 | 179 | 290 | 283 | 413 | .380 | .326 | .358 | .204 | 308 | 342 | 379 | 287 | .348 | .357 | .339 | 406 | 1.000
m21 | 233 | 364 | 419 | 519 | .368 | 408 | .330 | .371 | 349 | 339 | 412 | 384 | 350 | 423 | .337 | 487 | 559 | 1.000
m22 | 245 | 399 | 372 | 490 | .336 | .384 | 407 | .393 | 373 | 287 | 440 | 445 | 397 | .390 | .398 | 500 | 517 | .757 | 1.000
m27 | 119 | 312 | 312 | 476 | 452 | 486 | 462 | 410 | .378 | 395 | 373 | 417 | 389 | 428 | 479 | 423 | 440 | 421 | .427 | 1.000
m28 | 230 | 269 | 313 | 380 | .310 | .378 | .356 | 400 | 268 | 328 | 341 | 4O | 294 | .436 | .384 | 360 | 372 | 426 | 358 | .694 | 1.000
m29 | 240 | 303 | 361 | 456 | .344 | 399 | .383 | .350 | 330 | .343 | 366 | 40l | 354 | 418 | .486 | 417 | 385 | 484 | 493 | 672 | .737 | 1.000
m30 | 229 | 327 | 321 | 387 | .40L | .398 | 409 | .391 | 380 | 293 | 320 | 369 | .337 | .341 | .466 | 456 | 358 | 455 | 517 | .559 | .507 | .644 | 1.000
m3l | 274 | 367 | 383 | .397 | 385 | 417 | 407 | 401 | 447 | 405 | 391 | 456 | 427 | 462 | 483 | 495 | 446 | 405 | 479 | 565 | 490 | .615 | .745 | 1.000
m32 | 310 | 439 | 361 | 434 | 424 | 432 | 469 | 439 | 414 | 360 | 471 | 343 | 485 | 381 | 347 | 500 | 349 | 411 | 423 | 497 | 369 | 473 | .547 | 651 | 1.000
m33 | 220 | 318 | 341 | 423 | 334 | 392 | 458 | 465 | 474 | 432 | 505 | .384 | 427 | 428 | 389 | 420 | 423 | 408 | 452 | 537 | 486 | 472 | 439 | 574 | 525 | 1.000
m34 | 265 | 435 | 383 | 407 | .333 | .351 | .370 | 475 | 404 | 366 | 438 | 425 | 437 | .416 | .380 | 438 | 407 | 480 | 427 | 599 | 513 | 536 | 524 | 557 | 469 | .660 | 1.000
m35 | 196 | 270 | 268 | 309 | .287 | .259 | .412 | .296 | 350 | .307 | 341 | 373 | 337 | .383 | .310 | .260 | 293 | 389 | 388 | 491 | .465 | .424 | 406 | 377 | 294 | 578 | 606 | 1.000
m36 | .269 | 375 | 379 | 409 | 385 | .387 | 456 | 473 | 393 | 362 | 449 | 455 | 473 | 461 | 400 | 459 | 409 | 426 | 453 | 427 | 483 | 477 | 415 | 393 | 418 | 544 | 493 | 552 | 1.000
m37 | 175 | 318 | 303 | 449 | .365 | .382 | .355 | .350 | 372 | 473 | 311 | 349 | 312 | 489 | 432 | 420 | 303 | 356 | 344 | 598 | .588 | .617 | 537 | 545 | 395 | 516 | 485 | 513 | .469 | 1.000
m38 | 209 | 351 | 259 | 407 | 316 | .277 | .341 | 340 | .398 | 311 | .309 | .274 | .381 | 415 | 396 | 413 | 273 | 428 | 483 | 463 | 468 | 559 | 497 | 514 | 438 | 428 | 510 | 461 | 483 | .530 | 1.000
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Abstract

Introduction: It can be claimed that mathematical modeling, which is a key concept in terms of creating original
projects with the developed models, is important in the education of gifted youth. Determining their modeling
competencies and identifying the stages that they need to develop will provide essential data in terms of deciding
on what kind of educational practices and program differentiation will be carried out. The study aims to develop a
scale for mathematical modeling competencies and to determine its psychometric properties.

Method: This is a descriptive study which was carried out with the participation of gifted students in two different
groups. Exploratory factor analysis (EFA) was performed on the data obtained from 301 participants in the first
group, and confirmatory factor analysis (CFA) was performed on the data obtained from 185 participants in the
second group.

Findings: The scale includes items to be rated on a level of agreement including “Strongly agree”, “Agree”,
“Moderately agree”, “Disagree” and “Strongly disagree”, and there are no items that need reverse coding. The
sub-factors of the scale were determined as ‘identifying the real-life problem’, ‘understanding and simplifying the
problem’, ‘mathematizing’, ‘working mathematically’ and ‘interpretation and validation’. Cronbach's alpha
internal consistency coefficients were calculated as 0.958 for the scale and .811, .900, .883, .820 and .927 for the
sub-factors, respectively. Fit indices of the scale (y? / df = 2.00, GFI = .90, RMSEA = .075, SRMR = .063, IFI =
.97, NNFI = .97, CFI = .97, NFI = .94, PNFI = .86) determined.

Discussion: The developed scale is a 5-point Likert-type scale and there are no items that need to be reverse coded.
According to the findings obtained from the analysis, it was concluded that the 31-item scale with a 5-factor
structure is a valid and reliable scale. As a result of the research, it was concluded that the 31-item scale with a
five-factor structure had sufficient psychometric properties to be used in future studies. The scale helps to measure
both as a whole in the modeling process and partially in its stages. In this context, the scale developed within the
scope of this research can be used for determining the stages that students are best at and those that require
improvement.

Keywords: Gifted and talented students, mathematical modeling, modeling competencies, scale development,
factor analysis.
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Introduction

Mathematical modeling is a multidimensional process that includes identifying, simplifying, and
mathematizing real-life problems, building models to solve them, and interpreting and validating them (Borromeo-
Ferri, 2006). It is the process of mathematizing real-life problems (Blum & Niss, 1991). Its importance in the
teaching process is made manifest in terms of using real-life situations and establishing relationships with real life
(Kaiser et al., 2010; Lesh et al., 2010). Modeling competencies comprise progress in the process of building a
model in a willing, purposeful manner (Kaiser & Maal3, 2007), and skills and competencies to carry out the process
independently and consciously (Blomhgj & Hojgaard Jensen, 2003; MaaBl & Gurlitt, 2011). It includes cognitive
skills, field knowledge, and associating this information with real-life situations to complete the process
(Borromeo-Ferri, 2010; Erbas et al., 2014; Tekin-Dede, 2017). It is expressed as the ability to identify and
mathematize the necessary assumptions, variables, and relationships between variables, and to interpret and
validate both the process and the result (Blum et al., 2007). It is observed that the stages of the modeling process
and the skills related to these stages are commonly mentioned in the explanations about modeling competencies
(MaaB, 2006; Tekin-Dede, 2017). Determining the current situation and level is effective in meeting the need to
ensure the development of these competencies (Blomhgj & Kjeldsen, 2006; Bukova-Giizel, 2016; Mumcu & Baki,
2017). Determining mathematical modeling competencies is essential in educational programs and education for
improving the process of systematically solving and interpreting real-life problems, and for intelligence and social
development (Dewey, 1910; Dewey, 1997; Ornstein & Hunkins, 2016). A consensus has been reached on the
necessity of determining and improving modeling competencies in education programs, that is, competencies to
solve real-life problems by using mathematics (Kaiser, 2020). The importance of measuring with different data
collection tools that have been developed to determine the development of modeling competencies becomes
evident (Biccard & Wessels, 2011; Maall & Mischo, 2011; Sekerak, 2010). All of these can be considered as
justifications indicating the significance of developing a measurement tool within the scope of the research.

It is possible to explain mathematical modeling competencies in a cyclical process that includes
identifying the real-life problem, simplifying, mathematizing, working mathematically, interpreting and verifying
related to the stages of the process. The first stage includes recognizing, identifying and showing sensitivity to
real-life problems that can produce solutions using mathematical knowledge, while the second stage includes
determining the assumptions, making a plan, choosing the appropriate strategy and method, and explaining the
variables. The next step is to use appropriate mathematical methods. At the next stage, it is possible to achieve
mathematical results by solving the model, to establish mathematical relations and structures, and to use
mathematical knowledge in the solution. The last two stages include analyzing and explaining the meaning,
applicability, usefulness and necessity of the model and the solution in real life, making interpretations,
determining the accuracy of the assumptions, solution and model, and correcting them if there are errors. It is
understood that modeling competencies can be examined within the scope of all stages of the process or partially
within the scope of some sub-stages (Borromeo-Ferri, 2006; Kaiser & Griinewald, 2015). In the former one, it is
necessary to follow up from the first stage to the last one (Eraslan & Kant, 2015). For this, all the stages in the
process, including identifying the assumptions, variables and relationships between variables, simplifying the
problem, mathematizing the problem, reaching the solution by working mathematically on the developed model,
interpreting the solution and the model in real life, and validating the model with all stages should be achieved. In
the latter one, some stages are centered on (Blomhgj & Hojgaard Jensen, 2003; Haines et al., 2001). There are
studies in which the stages are partially examined (Brand, 2014; Griinewald, 2012; Kaiser & Griinewald, 2015;
Tekin-Dede, 2017) or the process is examined as a whole (Eraslan & Kant, 2015). In addition, it has been found
out that analyses are made by bringing together a few of the stages in the modeling process (Brand, 2014;
Griinewald, 2012; Kaiser & Griinewald, 2015). It has been determined that using both approaches in a way that
supports each other is beneficial (Blomhgj & Hojgaard Jensen, 2003), effective (Brand, 2014) and motivating
(Griinewald, 2012) in developing modeling competencies. The measurement tool developed within the scope of
the present research provides data collection in both aspects.

Since gifted and talented students have high academic ability, high learning speed, and high-level skills,
capacity and performance in one or more areas compared to their peers, their differing educational needs are taken
into account in their education programs and teaching (Ministry of National Education [MoNE], 2019). In terms
of education programs and teaching, the project production and management program for gifted students includes
emphasis such as building useful models individually or in groups, obtaining original results, making inferences
and interdisciplinary work (MoNE, 2019). It can be claimed that mathematical modeling, which is a key concept
in terms of creating original projects with the developed models, is important in the education of gifted youth.
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Determining their modeling competencies and identifying the stages that they need to develop will provide essential data
in terms of deciding on what kind of educational practices and program differentiation will be carried out. It will form
the basis for the development of their potential in terms of helping them become individuals who can produce solutions
to real-life problems (MoNE, 2019) and providing them with the opportunity to gain a deeper understanding of
mathematics (Antoinus et al., 2007; Campbell et al., 2018; Kaiser et al., 2010; Lesh et al., 2010; MaaBl & Mischo, 2011).
In this context, the study aimed to develop a scale to determine the current mathematical modeling competencies of
gifted students. The underlying theoretical framework is the modeling cycle (Borromeo-Ferri, 2006) and competencies
(Blum, 2011; Kaiser, 2020; Maal3, 2006) based on the stages of the modeling process, as well as the addition of the stage
of identifying the real-life problem to the beginning of the process. In this regard, the stages of real-life problem
identification, simplification, mathematizing, working mathematically, interpretation and validation were taken as the
basis for the scale development study in determining the mathematical modeling competencies of gifted students.
Determining the skills, competencies and performances of gifted and talented students in mathematics is an important
need in terms of investigating how their development can be achieved (Erdogan & Erben, 2020; Mihaela-Singer et al.,
2016; Sheffield, 2018; Wang et al., 2017). Not only the determination of the variables, but also the examination of the
relations between them (Dagyar et al., 2022) leads to important results. It is thought that the use of the developed scale
will contribute to both the development and differentiation of programs and the development of existing competencies
in terms of providing data (Hidayat et al., 2018; Manuel & Freiman, 2017). In this context, the scale meets the need for
conducting studies related with the determination of psychometric characteristics of a scale for gifted students and the
field of gifted education.

When the previous studies were examined, it was seen that a self-efficacy scale was developed for the
mathematical modeling competencies of teacher candidates. The reliability coefficient of the scale developed through
collecting data from a total of 562 secondary school mathematics teacher candidates from various universities was
calculated as 97. The scale has a one-factor structure. The goodness-of-fit indices of the scale are as follows: ()2 statistic
is significant (p <.001), %%/ df = 2.55, RMSEA = .071, SRMR = .057, GFI = .87, AGFI = .83, RFI = .94, IFI = .97, CFI
=.97, NFI =.95, NNFI = .96) (Koyuncu et al., 2016). However, this study is unique in that it aims to develop a scale for
gifted students and has a five-factor structure for the stages of the modeling process. The developed scale provides
significant contributions in terms of measuring both as a whole and partially in the modeling process. In mathematical
modeling competencies, determining the stages that students are best at and those which are the most challenging ones
and require improvement will provide ideas for development practices. In addition, it is expected that the scale will be
used to collect data for designing and developing programs and determining the needs.

Method
Model

This is a descriptive study and it aims to develop a scale for mathematical modeling competencies and to
determine its psychometric properties (Cresswell, 2016; Cresswell & Plano Clark, 2015).

Study Group

There are two different groups participating in the research. Exploratory factor analysis (EFA) was performed
on the data obtained from the first group. For the draft form, data were collected from 301 people, which is 5-10 times
the number of items used in the scale (Kline, 1994; Pett et al., 2003; Tavsancil, 2005). During the analyses, nine
individuals were excluded from the data set because they had extreme values. Analyses continued with 292 participants
and exploratory factor analysis (EFA) was performed. In the second group, data were collected from 185 people, and
four individuals were removed from the data set because of having extreme values, and confirmatory factor analysis
(CFA) was performed with 181 people. Gifted students in the study group included individuals who were identified with
special talents and attended Science and Art Centers (SACs). Table 1 demonstrates the information about the participants
included in the groups.

Table 1
Characteristics of Participants

.. Group 1 (EFA Group 2 (CFA
Characteristics Category f P % ) f p2( % )
Female 135 46.2 86 475

Gender Male 157 53.8 95 52.5
Total 292 100 181 100

Table 1 indicates that 135 (46.2%) of the participants in the first group were female, and 157 (53.8%) were
male, whereas 86 (47.5%) of the participants in the second group were female, and 95 (52.5%) were male. The study
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was carried out with those who were enrolled in the Talent Development and Project Production and Management
program in Science and Art Centers. Since talent development is taken into consideration in order to continue the
programs in these centers, even if the program level is the same, the class level may differ. Within the scope of
this research, there were middle school and high school students at the program levels from which data were
collected.

Data Collection Process

The mathematical modeling competencies scale includes items to be rated on a level of agreement
including “Strongly agree”, “Agree”, “Moderately agree”, “Disagree” and “Strongly disagree”, and there are no
items that need reverse coding. The final scale form is included in Appendix A. For the development of the scale,
the relevant literature was reviewed, and an item pool was created using the answers given by the students to open-
ended questions. An “expert evaluation form” was developed to obtain expert opinion on the 41-item draft form.
Using this form, the opinions of 10 different experts (with PhDs in language, assessment and evaluation,
mathematics education and gifted education fields) were obtained. Three experts from each of the fields of
language and assessment and evaluation, and four experts in the field of mathematics and gifted education took
part. The experts were given the draft form and the expert evaluation form at the same time in order for them to
express their opinions. Obtaining and evaluating expert opinions was carried out in a three-week period. In line
with the opinions of the experts, necessary and unnecessary items, items that were necessary but required
correction, and suggestions were determined. The opinions of the experts given on the items independently of each
other are given in Table 2.

Table 2
The Expert Evaluations of Items
ltems Number ofi g;rr])er:;sé ég\lst;)r )\/NhO call an Number of mp;]eeréz sv::rc; call an item CVR value [Ne/(N2)] - 1
1 10 0 1
2 10 0 1
3 9 1 1
4 9 1 .8
5 10 0 1
6 10 0 1
7 10 0 1
8 5 5 0
9 10 0 1
10 10 0 1
11 10 0 1
12 10 0 1
13 9 1 .8
14 10 0 1
15 5 5 0
16 10 0 1
17 10 0 1
18 10 0 1
19 10 0 1
20 4 6 -2
21 10 0 1
22 10 0 1
23 10 0 1
24 10 0 1
25 10 0 1

Ozbek & Kose 2022, 23(4)



DETERMINATION OF PSYCHOMETRIC CHARACTERISTICS OF MATHEMATICAL MODELING COMPETENCIES 857
SCALE: GIFTED AND TALENTED YOUTH

Table 2 (continued)

ltems Number of_ experts (Ne) who call an Number of experts who call an item CVR value [Ne/(N/2)] -

item necessary unnecessary 1
26 9 1 .8
27 10 0 1
28 10 0 1
29 10 0 1
30 10 0 1
31 9 1 .8
32 10 0 1
33 10 0 1
34 10 0 1
35 9 1 .8
36 10 0 1
37 8 2 .6
38 10 0 1
39 10 0 1
40 10 0 1
41 10 0 1

Note: CVR = content validity ratio.

When Table 2 is examined, it is seen that the Content Validity Ratio (CVR) was calculated in order to
determine the items to be removed through a statistical method. Items that had negative or zero CVR values (items
8, 15 and 20) according to the formula “[Ne/(N/2)] — 17, which is calculated by dividing the number of experts
(Ne) who rate an item as necessary by half of the number of people expressing their opinion (N / 2) and then
subtracting one (Adigiizel, 2016). The CVR values of the remaining items were compared with the Content
Validity Ratios of the items calculated to be at the level of .05 (the smallest CVR is .62 if the number of experts is
10) (Alpar, 2012). In addition, it was determined that the Content Validity Index (CVI) value obtained by
calculating the CVR averages of the remaining items was found to be .95, that is, the condition that it must be
above .67 was fulfilled (Alpar, 2012). As a result of these corrections, a 38-item form was developed (identifying
the real-life problem 3, understanding and simplifying the problem 8, mathematizing 5, working mathematically
6, interpretation and validation 16 items). By using the 38-item form, the data in both groups were collected by
the researcher working at the SACs by face-to-face application. It took ten minutes for the participants to fill the
form.

Data Analysis

In the analysis of the data, after the data were entered with numbers added, data entry was checked in
terms of errors. Before the analysis, data loss and extreme values in the data sets were examined. It was determined
that there were no lost values. Extreme values (people outside the z-score range of +3) were removed from the
data sets. In addition, the suitability of the sample size, normality of the distribution, and linearity and
multicollinearity assumptions were examined. A sample size of at least 200 people is recommended for exploratory
factor analysis (Kline, 1994), and this was ensured. For this group, univariate normality (normality of the
distributions of the items) was tested by calculating the skewness and kurtosis coefficients. Item skewness
coefficients varied between |.131 - .723|. Item Kkurtosis coefficients varied between |.034 - .777|. The variation of
the item skewness and kurtosis coefficients within the range of £1 is an indicator of conformity to normality
(Mertler & Vannatta, 2005). Before conducting exploratory factor analysis, the Kaiser-Meyer-Olkin (KMO) test
and Bartlett’s test of sphericity were performed to test the adequacy of the sample size for factorization. The results
of the Kaiser-Meyer-Olkin (KMO) test and Bartlett’s test of sphericity are presented in Table 3.
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Table 3
Kaiser-Meyer-Olkin (KMO) Test and Bartlett’s Test of Sphericity Results
KMO ve Bartlett's Tests 1st application 2nd application
Kaiser-Meyer-Olkin 932 915
Chi-square 6064.615 3861.527
Bartlett's Test of Sphericity Degree of freedom 465 465
p .000 .000

Table 3 indicates that the KMO value (> .90) of the sample consisting of 292 people is “excellent” and
that the data structure is suitable for factorization in terms of sample size (Sencan, 2005). At the same time, the p
= .00 value shows that the data come from a multivariate normal distribution (Sencan, 2005). Ensuring multivariate
normality also indicates the linearity of the relationship between variable pairs (Biiylikoztirk, 2012). For
multicollinearity, the bilateral correlations of items were calculated and are presented in the table at the end of the
study (see Appendix B). When bilateral correlations of items are examined, there is no correlation between the
items (Sencan, 2005) with a value of > .90. There is no multicollinearity problem in the data sets.

The construct validity of the developed scale was determined by performing Exploratory Factor Analysis
(EFA) on the data obtained from the first group and then Confirmatory Factor Analysis (CFA) on the data obtained
from the second group. The reliability of the scores obtained from both groups was determined by calculating the
Cronbach alpha internal consistency coefficients. The fit indices of x?, ¥? / df, RMSEA, GFI, AGFI, SRMR, IFI,
NNFI, and CFTI for the scale were examined (Cokluk et al., 2010; Yilmaz & Celik, 2009). The SPSS 23.0 statistical
software package and LISREL 8.7 analysis program were used in the analyses.

Results

In order to reveal the factor design of the scale, principal component analysis and varimax were chosen
as factorization and rotation methods, respectively. In principal component analysis, it is not expected to have a
high-level relationship between the components, and the varimax method was chosen since this analysis is based
on calculating the highest variance (Sencan, 2005). The main purpose of the varimax method is to maximize factor
variances (Tabachnick & Fidell, 2001). In this study, these methods were preferred because it was desired to be
able to measure partially and to obtain more than one independent dimension in modeling competencies (Sencan,
2005). Principal component analysis was used to determine the factor pattern of the developed scale. In the process
of computing the number of factors, the contribution of each component to the total variance was evaluated. In the
first analysis, the total variance of 5 components (13.459, 2.367, 1.713, 1.292 and 1.243, respectively) with eigen
values greater than 1 was calculated as 64.757%. In addition, the scree plot was examined. This graph is illustrated
in Figure 1.

Figure 1
Scree Plot
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As a result of the evaluation of the contribution of each component to the total variance, the scree plot,
and the number of items in the factors (Biyiikoztiirk, 2012; Comrey & Lee, 1992; Cokluk et al., 2010), the scale
was determined to have a five-factor structure. In order to be able to partially measure the modeling process
competencies and to determine the sub-competencies that need to be developed, it was decided to use a five-factor
structure rather than one factor. The analysis was repeated in the five-factor structure. As a result of the analyses,
items that displayed an overlap with more than one factor structure (12, 18, 19, 23, 24, 25 and 26) were determined
and removed. Since there should be a difference of .100 between the loadings given by the items in different factors
(Cokluk et al., 2010), it was decided to discard them based on this criterion. Each item was removed in turn, and
the analyses were repeated when each item was removed. The most overlapping item with the least difference in
the loadings on different factors was removed first, and then items were removed sequentially. Thus, some items
which had critical overlapping values were not removed. The analysis was repeated with the remaining 31 items.
The eigenvalues and the proportions of explained variance associated with all possible factors, and the determined
number of factors obtained as a result of the analysis are presented in Table 4.

Table 4
Eigenvalues and Explained Variances

Factor load values

Item 1 2 3 4 5
i30 .790 .106 124 .078 .098
i29 .758 .230 145 .095 127
i33 .756 102 225 .085 .203
i31 .735 .213 131 .078 147
i34 .706 .099 .169 217 .165
i32 .705 .268 192 A77 .128
i37 .705 .308 .095 173 .053
i35 .678 157 .200 113 231
i36 .672 272 .206 .055 .166
i28 .637 .301 291 .007 .019
i38 .627 .308 JA27 191 .225
i27 .578 .285 191 .078 .188
i6 .296 774 139 181 .027
i5 .352 .746 077 221 .093
i7 .301 723 274 102 131
i4 .268 .720 120 .328 157
i9 .250 .698 .260 155 .054
i16 .399 .559 .343 -.060 .326
i14 194 175 757 .106 .109
i15 .200 .332 .697 -.086 .227
i11 195 .053 .663 .385 .077
i13 217 .201 .645 .353 .143
i10 .269 .023 .616 421 -.019
i8 .206 272 489 257 139
i17 271 .183 486 107 .354
i3 194 .207 .187 .753 127
i2 135 191 173 741 127
il .090 191 .249 .730 151
i20 77 .016 .098 146 .801
i21 .359 .215 184 139 712
i22 .342 .185 .260 .187 .704
Eigenvalue 7.133 4.147 3.706 2.692 2.397
Variance explained 23.011 13.378 11.954 8.684 7.731
Total variance 64.757
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According to Table 4, it can be seen from the exploratory factor analysis conducted to determine the factor
design that the factor loading values of the first factor (interpretation and validation / 12 items) ranged between
.578-.790, the factor loading values of the second factor (working mathematically / 6 items) ranged between .559-
774, the factor loading values of the third factor (understanding and simplifying the problem / 7 items) ranged
between .486-.757, the factor loading values of the fourth factor (identifying the real-life problem / 3 items) ranged
between .730-.753, and the factor loading values of the fifth factor (mathematizing / 3 items) ranged between .704-
.801.

Itis revealed in Table 4 that the eigenvalue of the first factor was 7.133 and it explained 23.011% of the
total variance, the eigenvalue of the second factor was 4.147 and the factor accounted for 13.378% of the total
variance, the eigenvalue of the third factor was 3.706 and the variance explained by the factor was 11.954%, the
eigenvalue of the fourth factor was 2.692 and it explained 8.684% of the total variance, and finally, the eigenvalue
of the fifth factor was 2.397 and the variance accounted for by the factor was 7.731%. The total variance of the
scale regarding its five-factor structure was calculated as 64.757%. This scale explained 64.757% of the variance
related to the structure in question.

The final form of the scale is given in Appendix A. Confirmatory factor analysis was performed on the
scores obtained by applying the scale to a different group for the second time in order to obtain additional evidence
regarding the construct validity of the developed scale. The path diagram demonstrating the t values obtained from
the confirmatory factor analysis is illustrated in Figure 2. The path diagram showing the factor loadings and error
variances is presented in Figure 3.

Figure 2 illustrates that the t values that give information about the explanation rate of the observed
variables by the latent variables were significant for all items at the .01 level. When Figure 3 is examined, it is
seen that the factor loadings (non-standardized estimation values) of the items in the scale varied between .40-.63.
The standardized factor loading values, which show the correlations between each observed variable and the latent
variable on which it depends, ranged between .47-.73. Figure 3 demonstrates that the standardized factor loading
values, which show the correlation between the observed variables and the latent variables to which they are
related, ranged between .72-.86 for “identifying the real-life problem (F1)”, .67-.78 for “understanding and
simplifying the problem (F3)”, .64-.86 for “mathematizing (F4)”, .67-.88 for “working mathematically (F2)”, and
.67-.80 for “interpretation and validation (F5)”. There is no item with high error variance values of the observed
variables. The third item of the first factor has the highest factor loading. The third item is “I can identify real-life
problems that | can solve using my mathematical knowledge.” and it was considered as the item most related to
“identifying the real-life problem (F1)”. The eleventh item of the third factor has the highest factor loading. The
eleventh item states “I can identify appropriate strategies to solve real-life problems.” and it was considered as the
item most related to “Understanding and simplifying the problem (F3)”. The nineteenth item of the fourth factor
has the highest factor loading. The nineteenth item is “I can create graphs to develop models that represent real-
life situations.” and it was considered as the item most related to “mathematizing (F4)”. The sixth item of the
second factor is the item with the highest factor loading. The sixth item is “I can associate the problems I encounter
in real life with mathematics.” and it was considered as the item most related to “working mathematically (F2)”.
The twenty-second item of the fifth factor has the highest factor loading. The twenty-second item is “I can show
how applicable the solution of the mathematical model is in real life.” and it was considered as the item most
related to “interpretation and validation (F5)”.
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Figure 2
Path Diagram (t Values)
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Figure 3
Path Diagram (Factor Loadings)
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The p value, which gives information about the significance of the difference between the predicted and
observed covariance matrices, was found to be significant at the .01 level. However, this value is likely to be
significant for large samples (Yilmaz & Celik, 2009). For this reason, alternative fit indices were found that
examined the fit between the predicted and observed covariance matrices. The fit index values and the levels of fit
for the developed scale are presented in Table 5.
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Table 5
Fit Index Values of Scale
Fit index x?/sd GFl  RMSEA SRMR IFI NNFI CFI NFI PNFI
Value 2,00 .90 .075 .063 .97 .97 .97 .94 .86
Fit Perfect Good Good Good Perfect Perfect Perfect Good  Acceptable

Note: CFl = comparative fit index, GFI = goodness of fit index, IFI = incremental fit index, NFI = normed fit index, NNFI = (Non) normed fit
index, RMR = root mean square residual, RMSEA = root mean square error of approximation, PNFI = Parsimony normed fit index.

Table 5 reveals that the y?/df ratio (848.96 / 424) was 2.00, and since this ratio was < 3, it indicates a
perfect fit (Kline, 2005; Siimer, 2000). GFI was found to be.90, which indicates a good fit (Schumacker & Lomax,
1996; Hooper et al., 2008; Kelloway, 1989; Siimer, 2000). RMSEA was found to be .075, which suggests a good
fit (< .08) (Hooper et al., 2008; Joreskog & Sorbom, 1993; Siimer, 2000). SRMR was calculated as .063, which
indicates a good fit (< .08) (Brown, 2015; Cokluk et al., 2010; Hu & Bentler, 1999). The NNFI and CFI indices
were determined to be over .95, and these values suggest a perfect fit (Hu & Bentler, 1999; Siimer, 2000;
Tabachnick & Fidell, 2001). The NFI index was calculated as .94, which indicates a perfect fit (Hu & Bentler,
1999; Siimer, 2000), and PNFI was determined to be .86, which is accepted as an acceptable fit (Schermelleh-
Engel & Moosbrugger, 2003).

Cronbach alpha internal consistency coefficients were calculated after the exploratory and confirmatory
factor analysis to determine the reliability of the final form. The Cronbach alpha internal consistency coefficients
are presented in Table 6.

Table 6
Cronbach Alpha Internal Consistency Coefficients of Scale
Total F1 F2 F3 F4 F5
Cronbach alpha .958 811 .900 .883 .820 .927
Number of item 31 3 6 7 3 12

When Table 6 is examined, it is concluded that the Cronbach alpha internal consistency coefficients
calculated to determine the reliability of the scores obtained from the second group related with the confirmatory
factor analysis are higher than .70, which is accepted as a criterion of reliability (Ozdamar, 2004). According to
the findings obtained from the analysis, it can be stated that the developed scale is a valid and reliable scale that
can be used in future studies. Findings regarding the construct validity of the scale and the reliability coefficient
in terms of internal consistency were obtained. Considering these findings, it was determined that the scale and
sub-dimensions of the scale were reliable in terms of internal consistency.

Discussion

As a result of the research, it was concluded that the 31-item scale with a five-factor structure had
sufficient psychometric properties to be used in future studies. The sub-factors of the scale were determined as
‘identifying the real-life problem (4th factor)’, ‘understanding and simplifying the problem (3rd factor)’,
‘mathematizing (5th factor)’, ‘working mathematically (2nd factor)’ and ‘interpretation and validation (1st
factor)’. Factor names are listed considering the modeling cycle. These sub-factors are compatible with the
modeling competencies in the theoretical framework (Blum, 2011; Borromeo-Ferri, 2006; Kaiser, 2020; Maal,
2006), but differ in that they have a factor of ‘identifying the real-life problem’. As a reason for this, it can be said
that gifted students can identify real-life problems themselves. So, the sub-factors of the scale were determined as
‘identifying the real-life problem’, ‘understanding and simplifying the problem’, ‘mathematizing’, ‘working
mathematically’ and ‘interpretation and validation’. Identifying the real-life problem is related to identifying real-
life problems that can produce solutions using mathematical knowledge, and this relationship was confirmed in
terms of the item with the highest factor loading of the first factor of this research. Understanding and simplifying
the problem is related to determining appropriate strategies to solve real-life problems, and this relationship was
confirmed by the item with the highest factor loading of the third factor in this research. Mathematizing is related
to creating graphs and tables to develop models to represent real-life situations, and this relationship is also seen
in the item of the fourth factor with the highest factor loading within the scope of the research. Working
mathematically is related to associating problems encountered in real life with mathematics, and this relationship
was confirmed by the item that has the highest factor loading of the second factor in this research. Interpretation
and validation are related to demonstrating the applicability of the solution of the mathematical model in real life,
and this relationship was confirmed by the item with the highest factor loading in the fifth factor in this research.
Considering the items that best explain the factors, except for the first factor, similarity can be seen with the
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theoretical framework (Blum, 2011; Borromeo-Ferri, 2006; Kaiser, 2020; Maal}, 2006). It can be stated that the
factor related to identifying the real-life problem and the item that best explains this factor are included in the study
in terms of the modeling processes of gifted and talented students. When the previous studies were examined, it
was seen that a self-efficacy scale which has a single-factor structure for the mathematical modeling competencies
of pre-service teachers was developed (Koyuncu et al., 2016). However, the scale developed in this study differs
and has originality in terms of both the sample and the number of factors in terms of being a scale for gifted and
talented students and having a five-factor structure for the stages of the modeling process. Since the scale
developed in this research has a five-factor structure, its use contributes to the partial determination of the
competencies that need to be developed. In addition, the scale is unique in that the theoretical framework based on
the literature was used while writing the item pool, not by directly taking any items, but instead by using the
answers to the open-ended questions asked to the gifted students. Furthermore, this study is unique in that the scale
is aimed at gifted students and has a five-factor structure for the stages of the modeling process.

The scale helps to measure both as a whole in the modeling process and partially in its stages. In this
context, the scale developed within the scope of this research can be used for determining the stages that students
are best at and those that require improvement. A consensus has been reached on the importance of developing
modeling competencies in education programs, that is, competencies to solve real-life problems by using
mathematics (Kaiser, 2020). Determining the current situation for modeling competencies in terms of designing
and developing programs can provide important ideas about what can be done to meet the needs (Zedan & Bitar,
2017). The scale developed is suggested to be used to determine which stages students have difficulty in
completing in the modeling process (Biccard & Wessels, 2011; Blum, 2011; Maal, 2006; Tekin-Dede & Yilmaz,
2015), as it will provide important ideas for the development of competencies for these stages.

Modeling competencies can be examined within the scope of each stage of the modeling process or within
the context of the combination of several stages of the modeling process (Blomhgj & Hojgaard Jensen, 2003;
Brand, 2014; Griinewald, 2012; Haines et al., 2001; Kaiser & Griinewald, 2015). For this reason, the number of
modeling competencies varies (Blomhej & Hojgaard Jensen, 2003; Brand, 2014; Griinewald, 2012; Haines et al.,
2001). When the factors of the scale developed within the scope of this research are examined, it can be seen that
the competencies can be examined in a way that combines several stages, as in the “interpretation and validation”
factor (Brand, 2014; Griinewald, 2012). Gifted students have the potential to produce original solutions and
projects by using their mathematical knowledge after noticing and identifying the problem (Mihaela-Singer et al.,
2016). The fact that the stage of determining the real-life problem in the scale developed in this context is the first
stage for them to put forward an original mathematical model can be explained in the context of the fact that gifted
people have the potential to determine real-life problems themselves. Identifying the real-life problem as a first
stage to produce original mathematical modeling is the first sub-factor, and this can be explained by the fact that
gifted students have the potential to identify real-life problems themselves.

Since the psychometric characteristics of this scale were determined with gifted and talented youth, this
limitation should be considered in further research. The sample of the study is limited to middle and high school
level students who are attending Science and Art Centers and Special Talent Development and Project Production
and Management programs. Considering these limitations of the research, it is recommended to use this scale to
determine the modeling competencies that need to be developed. Also, it is recommended to use this scale to
partially measure mathematical modeling competencies.
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Appendix A
Mathematical Modeling Competencies Scale

€ £

S (<]

i L Item Item

Factors = 5__3 Turkish version English version”

s £
Gergek  yasamda =~ g5zim Vuremmem | can realize that there are problems that

1 1 gereken problemler oldugunu fark - :

v need to be solved in real life.
edebilirim.
Identifying the real-life Gergek - yasamda ~¢oziim  iretilmesi I can be sensitive to problems that need

2 2 gereken problemlere karsi duyarli . -

problem o to be solved in real life.
olabilirim.
Matematik  bilgilerimi  kullanarak | | can identify real-life problems that

3 3 ¢oziim {iretebilecegim gercek yasam | can be solved using mathematical
problemlerini belirleyebilirim. knowledge.

Gergek yasam problemlerini ¢ézmek | | can identify the assumptions that will

8 8 |icin gerekli olacak varsayimlarimi | be necessary to solve real-life
belirleyebilirim. problems.

10 10 Gergek yasam problemlerini ¢ozmek | | can make plans to solve real-life
i¢in plan yapabilirim. problems.

11 11 Gergek yasam problemlerini ¢ozmek | | can identify appropriate strategies to
icin uygun stratejileri belirleyebilirim. | solve real-life problems.

Understanding and .G.ergek yasam pmublemlenm“ Qozmek. | can identify the methods | will use to
Lo 12 13 | igin kullanacagim yontemleri -
simplifying the belirleyebilirim solve real-life problems.
roblem : — - — - - -
P Gergek yasam durumlan igerisindeki | | can identify variables in real-life

13 14 . A o LT
degiskenleri belirleyebilirim. situations.

Gef .Qek yasam problemleri lg.e.rlsmde.h | can explain the relationships between

14 15 | degiskenlerin iligkilerini . - -

- variables in real-life problems.
aciklayabilirim.

16 17 iGiefek e};ZIi?im gﬁgﬁlenélielni?érfozgnﬁ | can distinguish the information that is
on & Y necessary to solve real-life problems.
edebilirim.

Gergek yasam durumlarmi  temsil
.| I can use computer programs to create
edecek modeller olusturmak igin .
17 20 o models  that  represent  real-life
bilgisayar programlarindan | ..~ "~ .
L situations.
yararlanabilirim.
Mathematizing Gergek  yasam dumn?la.rlm ““T‘S.” | can create tables to develop models

18 21 |edecek modeller gelistirmek igin A

e that represent real-life situations.
tablolar olugturabilirim.
Gergek  yasam durumlarint temsil | |0 oooio graphs to develop models

19 22 | edecek modeller gelistirmek igin e

. that represent real-life situations.
grafikler olusturabilirim.
Gergek yasam problemlerini temsil | | can apply mathematical models of

4 4 | edecek modelleri ¢ozerek matematiksel | real-life problems to find mathematical
sonuglara ulasabilirim. solutions.

Gergek yasamda karsilagtigim | | can establish relationships between

5 5 durumlar ile matematik arasinda | the real-life situations | come across
iligkiler kurabilirim. and mathematics.

Working Gergek yasam igerisinde kflrsllmlgl.m | can associate the problems | encounter
. 6 6 problemleri matematik ile | . . - -
Mathematically e T in real life with mathematics.
iligkilendirebilirim.

7 7 Gergek . yasam dur.u.m.lanm | can mathematize real-life situations.
matematiksel olarak aciklayabilirim.

9 9 Matematik bilgilerimi ger¢ek yasam || can use my math knowledge to
durumlarini agiklamada kullanabilirim. | explain real-life situations.

15 16 Gergek yasam durumlar igerisindeki | | can identify mathematical structures

matematiksel yapilari belirleyebilirim.

in real-life situations.

Ozbek & Kose

2022, 23(4)



DETERMINATION OF PSYCHOMETRIC CHARACTERISTICS OF MATHEMATICAL MODELING COMPETENCIES 870
SCALE: GIFTED AND TALENTED YOUTH

Interpretation and
validation

20

27

Matematiksel modelin  ¢6zlimiiniin
gercek yasamda ne anlama geldigini
aciklayabilirim

| can explain what the solution of the
mathematical model means in real life.

21

28

Matematiksel modelin  ¢6ziimiiniin
gercek yasam durumunu ne Olgiide
acikladigini yorumlayabilirim.

I can interpret to what extent the
solution of the mathematical model
explains the real-life situation.

22

29

Matematiksel modelin  ¢6zlimiiniin
gercek yasamda uygulanabilirligini
gosterebilirim.

I can show how applicable the solution
of the mathematical model is in real-
life.

23

30

Matematiksel
gercek  yasam
aciklayabilirim.

modelin  ¢éziimiiniin
icin  gerekliligini

I can explain the necessity of the
solution of the mathematical model for
real life.

24

31

Matematiksel modelin  ¢6ziimiiniin
gercek yasamda yararliligmni analiz
edebilirim.

I can analyze the usefulness of the
solution of the mathematical model in
real life.

25

32

Matematiksel modelin  ¢6zlimiiniin
gergek yasam baglaminda mantikli
olup olmadigini agiklayabilirim.

I can explain whether the solution of
the mathematical model makes sense in
a real-life context.

26

33

Gergek yasam probleminin ¢Oziimil
icin  olusturdugum  matematiksel
modellerin dogrulugunu
belirleyebilirim.

I can determine the accuracy of the
mathematical models | have built for
the solution of a real-life problem.

27

34

Matematiksel model gelistirerek gergek
yagsam problemini ¢dzme siirecinde
izledigim adimlar1 kontrol edebilirim.

By building a mathematical model, 1
can control the stages | follow in the
process of solving a real-life problem.

28

35

Olusturulan matematiksel modellerin
¢Oziimlerinde hatalar varsa bunlar
diizeltebilirim.

If there are errors in the solutions of the
mathematical models that have been
built, I can correct them.

29

36

Gergek yasam probleminin ¢6ziimil
icin  gerekli olan  varsayimlarin
dogrulugunu belirleyebilirim.

I can determine the correctness of the
assumptions that are necessary for the
solution of the real-life problem.

30

37

Matematiksel modelleri farkli gergek
yasam  problemlerinin  ¢6ziimiinde
kullanabilirim.

| can use mathematical models to solve
different real-life problems.

31

38

Gergek yasam probleminin ¢6ziimii
icin  olusturdugum  matematiksel
modelde  hatalar  varsa  bunlan
diizeltebilirim.

If there are errors in the mathematical
model | have built for the solution of
the real-life problem, | can correct
them.

“The scale items were translated into English by three linguists. Then, they were back-translated into the original language (Turkish) by different
experts. Researchers planning to use the English version are requested to perform factor analysis and check the reliability of the scale
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Appendix B
Table of Bilateral Correlations of Items

11 12 13 14 15 16 17 18 19 110 111 113 114 115 116 117 120 121 122 127 128 129 130 131 132 133 134 135 136 137 138
11 1.000
12 .547 | 1.000
13 .614 | .612 | 1.000
14 1408 | .418 | .503 | 1.000
15 405 | .349 | .433 | .655 | 1.000
16 .307 | .274 | .382 | .636 | .805 | 1.000
17 357 | .351 | .399 | .543 | .690 | .727 | 1.000
18 311 | 415 | 473 | 546 | .457 | 542 | .586 | 1.000
19 306 | .376 | .425 | 495 | 563 | .572 | .690 | .592 | 1.000
110 329 | .468 | 518 | 502 | .426 | .377 | .317 | .452 | .430 | 1.000
111 398 | 511 | .604 | 533 | .416 | .426 | .420 | .546 | .478 | .628 | 1.000
113 367 | .448 | .543 | 516 | .403 | .377 | .400 | .440 | .382 | .468 | .614 | 1.000
114 .340 | .368 | .394 | .552 | .513 | .494 | .437 | .507 | .427 | .420 | .599 | .556 | 1.000
115 369 | .489 | 461 | .486 | .450 | .424 | .479 | .537 | .439 | .470 | .509 | .532 | .658 | 1.000
116 241 | 253 | .237 | .509 | .549 | 588 | .556 | .432 | .434 | .340 | .295 | .337 | .457 | .473 | 1.000
117 374 | 442 | 524 | 538 | .380 | .420 | .454 | 514 | 526 | .524 | 507 | .483 | .483 | .481 | .431 | 1.000
120 179 | 290 | .283 | 413 | .380 | .326 | .358 | .204 | .308 | .342 | .379 | .287 | .348 | .357 | .339 | .406 | 1.000
121 233 | .364 | 419 | 519 | .368 | .408 | .330 | .371 | .349 | .339 | .412 | .384 | .350 | .423 | .337 | .487 | .559 | 1.000
122 245 | 399 | .372 | .490 | .336 | .384 | .407 | .393 | .373 | .287 | .440 | .445 | .397 | .390 | .398 | .500 | .517 | .757 | 1.000
127 119 | 312 | 312 | .476 | .452 | .486 | .462 | .410 | .378 | .395 | .373 | .417 | .389 | .428 | .479 | .423 | .440 | .421 | .427 |1.000
128 230 | .269 | .313 | .380 | .310 | .378 | .356 | .409 | .268 | .328 | .341 | .401 | .294 | .436 | .384 | .360 | .372 | .426 | .358 | .694 | 1.000
129 .240 | .303 | .361 | .456 | .344 | .399 | .383 | .359 | .330 | .343 | .366 | .401 | .354 | .418 | .486 | .417 | .385 | .484 | .493 | .672 | .737 | 1.000
130 229 | .327 | .321 | .387 | .401 | .398 | .409 | .391 | .380 | .293 | .320 | .369 | .337 | .341 | .466 | .456 | .358 | .455 | .517 | .559 | .507 | .644 | 1.000
131 274 | .367 | .383 | .397 | .385 | .417 | .407 | .401 | .447 | .405 | .391 | .456 | .427 | .462 | .483 | .495 | .446 | .405 | .479 | .565 | .490 | .615 | .715 | 1.000
132 310 | 439 | .361 | 434 | 424 | 432 | 469 | 439 | 414 | .360 | .471 | .343 | .485 | .381 | .347 | .500 | .349 | .411 | .423 | .497 | .369 | .473 | .547 | .651 | 1.000
133 220 | .318 | .341 | 423 | .334 | .392 | .458 | .465 | .474 | .432 | 505 | .384 | .427 | .428 | .389 | .420 | .423 | .408 | .452 | 537 | .486 | .472 | .439 | 574 | .525 | 1.000
134 .265 | .435 | .383 | .407 | .333 | .351 | .370 | .475 | .404 | .366 | .438 | .425 | .437 | .416 | .380 | .438 | .407 | .480 | .427 | .599 | 513 | .536 | .524 | .557 | .469 | .660 | 1.000
135 196 | .270 | .268 | .309 | .287 | .259 | .412 | .296 | .359 | .307 | .341 | .373 | .337 | .383 | .319 | .260 | .293 | .389 | .388 | .491 | .465 | .424 | .406 | .377 | .294 | .578 | .606 | 1.000
136 .269 | .375 | .379 | .409 | .385 | .387 | .456 | .473 | .393 | .362 | .449 | .455 | .473 | .461 | .400 | .459 | .409 | .426 | .453 | .427 | .483 | .477 | .415 | .393 | .418 | .544 | .493 | .552 | 1.000
137 175 | 318 | .303 | .449 | .365 | .382 | .355 | .359 | .372 | 473 | .311 | .349 | .312 | .489 | .432 | .420 | .303 | .356 | .344 | 598 | .588 | .617 | .537 | .545 | .395 | .516 | .485 | .513 | .469 | 1.000
138 209 | .351 | .259 | .407 | .316 | .277 | .341 | .340 | .398 | .311 | .309 | .274 | .381 | .415 | .396 | .413 | .273 | .428 | .483 | .463 | .468 | .559 | .497 | 514 | 438 | .428 | .510 | .461 | .483 | .530 | 1.000
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