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Ilkégretim Matematik Ogretmeni Adaylarina Yonelik Matematik Dilinin
Ogretimi Oz Yeterlik Olceginin Gelistirilmesi

Erdem CEKMEZ!, Mustafa GULER!, Taha Ertugrul KUZU?

! Trabzon Universitesi, Fatih Egitim Fakiiltesi, Matematik ve Fen Bilimleri Egitimi Boliimii, Tiirkiye
2 University of Education, Schwibisch Gmiind, Almanya

Ozet: Bu arastirmada ilkégretim matematik égretmeni adaylarinin matematik dilini Makale Bilgileri
ogretmeye iliskin 0z yeterliklerini belirlemek icin bir dlgegin gelistirilmesi

. g Aragtirma makalesi
amaglanmustir. Arastrmanmin katilimcilarimi 14 iiniversitenin ilgili programinin son 3

yaryilinda 6grenim goren 419 ogretmen adayr olusturmaktadir. Olgegin ne diizeyde Gonderim Tarihi
gecerli ve giivenilir dolgme gerceklestirdigi madde uyum istatistikleri, benimsenen 27/06/2024
kategori yapisinin iglevselligi, kisilere ve maddelere yonelik giivenirlik ve ayurt edicilik
indeksleri, orneklemi hedefleme yeterligi, maddelerin olusturdugu hiyerarsi, Kabul Tarihi
maddelerin yanlilik gosterme durumu, tek boyutluluk ve yerel bagimsizlik bilesenleri

. AR o L : .. . 19/03/2025
acisindan  incelenmigtir. Verilerin analizi, Rasch o6lgme teorisi ¢ercevesinde
derecelendirme dlgegi  modeli  temelinde Winsteps®  yazilvmi  araciligiyla Anahtar Kelimeler

gerceklestirilmistir. Bulgular kategori yapisimin islevsel oldugunu, madde uyum
istatistiklerinin literatiirde dnerilen aralikta bulundugunu, tek boyutluluk ve yerel
bagimsizlik kistaslarimin saglandigini, kisilere ve maddelere iliskin giivenirlik ve ayirt Oz yeterlik,
edicilik indekslerinin uygun oldugunu, maddelerin yanlhilik gostermedigini ortaya Matematik
koymustur. Bununla birlikte olgcegin orneklemi hedefleme hususunda orta diizey

isabetsizlik sergiledigi belirlenmistir. Sonug olarak élgek makul diizeyde gegerli ve Ogretmeni adaylart.
giivenilir bir 6l¢iim gerceklestirmekte olup ileriki arastirmalarda kullanilabilir.

Matematik dili,

1. Giris

Matematiksel bilginin 6grenilmesinde dil onemli bir role sahiptir. Dil, 6gretmenlerin
matematiksel kavramlari ve yontemleri Ogrencilere agiklamada, matematiksel metinleri
anlamlandirmada ve problem c¢6zme gibi matematiksel aktivitelerde diislinceye aracilik
etmektedir (Gokmen ve Ulusoy, 2022). Bununla birlikte, 6grencilerin hem akranlariyla hem de
ogretmen ile fikir aligverisinde bulunabilmesine olanak saglamaktadir. Dilin aracilik ettigi
iletisimin matematik 6grenmede sahip oldugu 6neme istinaden, lilkemiz ortaokul matematik
dersi 0gretim programinda 6grencilerin dil ve sembolleri etkin bicimde kullanarak problem
¢ozmesine, diisiincelerini sozlii olarak ifade etmelerine ve matematiksel temsiller araciligi ile
iletisim kurabilmesine firsat taninmasi vurgulanmaktadir (Milli Egitim Bakanligi [MEB],
2024a).
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Matematik smiflarinda gerceklesen Ogretim siirecinde dil, genel anlamda iletisimin
gerceklesmesini miimkiin kilan giindelik dil ile matematiksel bilginin temsiline ve iletisimine
aracilik eden matematik dili olarak iki farkli bigimde ortaya ¢ikmaktadir. Matematik dili
matematikgilerin ve 6grencilerin matematiksel fikirleri net bicimde ifade etmelerine olanak
veren bir iletisim bi¢imidir (Moore, 1994). Matematik dilinin kullanim1 matematiksel
kavramlarin anlasilmasi ve kavramlarla etkilesim kurulmasi i¢in gereklidir (A¢il ve Zeybek,
2017; Erath vd., 2018; Prediger vd., 2019). Ayrica bireylerin matematiksel iliskileri
tanimlamasina ve analiz etmesine, problem ¢6zme silirecinde matematiksel akil yiiriitmelerini
somutlastirmasina olanak tanir (Barwell, 2016).

Ogrencilerin ele alinan matematiksel icerige yonelik anlamli 6grenmeyi gerceklestirebilmesi
icin matematik diline iligkin yeterliklerinin 6gretim siireci boyunca siirekli gelisim gostermesi
gerekmektedir. Beklenen bu gelisimin bir yoni, 6grencilerin alana 6zgii kelime ve terim
dagarciklarinin  6gretim kademeleri ile dogru orantili olacak sekilde genislemesidir.
Matematiksel kelime dagarcigi 6grencilerin matematiksel fikirleri hem anlamasinda hem de
iletisim siirecinde etkili bicimde kullanmasinda kilit rol oynamaktadir (Riccommini vd., 2015).
Bu goriisiin paralelinde Uptegrove (2015), matematik diline 6zgii sembolik kelimeleri anlaml
bicimde kavrayan Ogrencilerin matematiksel bilgiye yonelik derin ve saglam bir anlayis
gelistirebilecegini ortaya koymustur. Bununla birlikte matematik dili sadece matematiksel
kelimeleri ve notasyonlar1 6grenmekten ibaret degildir. Matematiksel bilgiyi ifade ederken
takinilan tslubu taklit edebilmek, matematiksel bilgiyi farkli gosterim alanlarinda temsil
edebilmek ve bireyin zihninde gerceklesen diisiinceleri kagit iizerinde somutlastirarak
matematiksel akil yiirlitme siirecinin ger¢eklesmesine aract olmak gibi farkli eylemleri de
kapsamaktadir (Moschkovich, 2015; Peng vd., 2020). Bu sebepten matematik dilinin iletisim
roliiniin yani sira, dilin 6grenmeye ve diislinmeye aracilik ettigi ger¢egi goz Oniine alindiginda
biligsel bir fonksiyonu da bulunmaktadir (Erath vd., 2018; Kuzu, 2023; Kuzu ve Ratzke, 2024).

Matematigin etkili 6gretimi biiyiik Ol¢iide kurallari, kavramlari, sembolleri ve terimleri
kapsayan matematik dilinin dogru kullanimina baghdir (Giirefe, 2018). Bu dil giindelik
hayattaki konugma dilinden farkli olarak anlami net bigimde belirli kelimelerin kullanimini,
kendine 6zgii sozdizimi kurallarmi ve konusma iislubunu icermektedir. Ornegin, matematiksel
kavramlarin tanimlar teknik terimler, yogun isim obekleri, 6zel anlamlar1 olan baglaclar ve
ortiik mantiksal iligkiler barindirmaktadir (Schleppegrell, 2007). Tiim bu ydnleri ile matematik
dili matematiksel bilgiyi anlamada ve problemleri ¢ozmede 6grenciler icin zorluklar ortaya
cikarmaktadir. Matematige 6zgii olup giinliik dilde bulunmayan soézctiklerin anlasilmasi hem
giinliik dilde hem de matematik dilinde bulunan fakat farkli anlamlar1 olan kelimelerin ayrimu,
matematige 6zgil isim 6beklerinin kavranmasi bu zorluklardan bazilaridir (Wilkinson, 2018).
Bu husustaki zorluklarin iistesinden gelemeyen ogrencilerin matematiksel bilgiye iliskin
yaptiklar1 aciklamalarin  yalmizca kendilerine anlamli gelen bi¢imde gergeklestigi
belirtilmektedir (Moschkovich, 2015). Boyle bir durumda anlamin ortak kilinmamasindan
otiirli 6gretmenin uygun doniitte bulunmasi giiclesecektir. Bu gerekgelerden otiirii, 6grencilerin
ogrenmelerini desteklemek i¢in 6gretmenlerin matematik dilini kullanirken dikkatli olmalar1 ve
bu konuda anlasilir olmalar1 gerekir (Adler, 1999; Araujo vd., 2018). Bunun yani sira
ogrencilerin yaptiklar1 sozel aciklamalarin igerisinde sayet hatali ifadeler varsa bunlar
diizelterek yeniden seslendirmeleri 6gretmenler i¢in sunulan bir diger oneridir (Wilkinson,
2018). Her ne kadar bu oOneriler dile getirilse de Moleko (2021), problem ¢dzmeye iliskin
yapilan 6gretimde Ogretmenlerin dilsel faktdrlere dikkat etmedigini, bunun da 6grencilerin
problemleri etkili bir sekilde gorsellestirmelerini ve ¢ozmelerini zorlastirdigini saptamustir.

Matematik Ogretmenlerinin Ogretim siirecini Ogrencilerin matematik diline yonelik
yeterliklerini destekleyecek bicimde tasarlamalarin gerektigi vurgulaniyor olsa da bunun vuku
bulmadigi belirtilmektedir (Baber, 2011; Durkin ve Shire, 1991; Prediger, 2019). Gray (2004),
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Ogretmenlerin matematik siniflarinda matematik dilinin 6gretimi amaciyla bir 6gretim
gerceklestirip gerceklestirmemesinde bu beceriyi 6gretme hususundaki 6z yeterliklerinin rol
oynadigin1 sOylemektedir. Bu baglamda Gray, eger bir Ogretmenin matematik dilini
ogretebilecegine iliskin inanc1 diisiikse bu yonde girisimde bulunmamasinin kuvvetle muhtemel
oldugunu iddia etmektedir. Buradan hareketle, matematik 6gretmeni adaylarindan gelecekteki
Ogretim siireglerinde matematik dilinin 6gretimine iligskin takinacaklart tutum, bu hususa iliskin
0z yeterliklerine baghdir. Matematik 6gretmeni adaylarinin bu husustaki 6z yeterliklerini
belirlemek i¢in ise kabul edilebilir seviyede gegerli ve giivenilir 6l¢gme araglarina ihtiyag¢ vardir.

Matematik dili alaninda degerlendirilebilecek 6l¢gme araglarindan biri Kabael ve Yayan (2017)
tarafindan gelistirilmis olup, matematik 6gretmeni adaylarinin matematik dilini 6gretmeye
iliskin 6z yeterliklerinden ziyade matematik dilini kullanmaya iliskin kendi 6z yeterliklerini
dlgmeyi amaglamaktadir. Oregin, ilgili dlgekte yer alan maddelerden biri “Bir dnermeyi
matematik dilinde ifade edebilirim” seklindedir. Dolayistyla bu ¢calismada olusturulan dl¢ek bu
yoniiyle Kabael ve Yayan’in dlgeginden farklilasmaktadir. Mevcut bir baska 6lgek, Ozgen ve
Bindak (2008) tarafindan gelistirilen matematik Ogretmeni adaylarinin matematik
okuryazarliklarina iliskin 6z yeterliklerini belirlemeyi amaglayan 6lgektir. Ilgili 6lgekte yer alan
maddeler matematik dilinin Ogretiminden ziyade, matematik dilinden daha genis bir
perspektifte O0gretmen adaylarinin kendi matematik okuryazarliklarini degerlendirdikleri
maddelerden olugsmaktadir. Bir diger arastirmada Bali-Calikoglu (2002), matematik 6gretmeni
adaylarinin matematik 6gretiminde dile iliskin goriislerini belirlemek amaciyla bir dlgek
gelistirmistir. Olgek igerisinde yer alan maddeler incelendiginde, bu calismada &lgiilmesi
hedeflenen oOrtiik degisken ile ilgili olmadig1 degerlendirilmistir. Gergeklestirilen alanyazin
taramasi sonucunda bu c¢aligmada Olcililmesi hedeflenen Ortiik degiskene yonelik bir 6lgme
aracina rastlanmamistir. Bu yonde bir 6lgme aracinin gelistirilmesi 6gretmen adaylarinin 6z
yeterliklerini belirlemenin yani sira, 6lgek maddelerinin onaylanabilirlik diizeyine bagli olarak
ogretmen adaylarinin kendilerini eksik hissettikleri alt yeterlikleri agiga ¢ikararak, hizmet
oncesi donemde 6gretmen adaylarina nasil bir destek sunulmasi gerektigi hususunda da fikir
verecektir. Bu gerekge ve onemden hareketle bu ¢alismanin amaci, 6gretmen adaylarinin
matematik dilinin 6gretimine yonelik 6z yeterliklerini Olgebilecek bir dlgegin gelistirilerek
psikometrik 6zelliklerinin Rasch Olgme Teorisi (ROT) baglaminda incelenmesidir.

2. Kavramsal Cerceve
2.1. Matematik Dili

Matematik dili, giinliik konusma dilinin yardimiyla matematiksel bilginin somutlastirilmasina
ve paylasimina aracilik eden bir iletisim bigimidir. Her ne kadar bir dil olarak anilsa da
matematik dili insanlarin giinliik iletisim amaciyla kullandiklar1 dilden bazi agilardan
farklilasmaktadir. Ornegin, ana dili matematik olan kimse yoktur. Bir baska acidan, bireyler
konugma dilini okur-yazar olmadan akici bicimde konusabilirken matematik dilinde akict bir
sekilde konusabilmek icin Oncelikle matematik okur-yazar olmak gereklidir. Diger taraftan
matematik dilinin islevini yerine getirebilmesi i¢in bir ana dile ihtiyaci vardir. Bunlara ek olarak
Burns (2006), matematik dilinin 6grenilmesinin bir yabanci dilin 6grenilmesine benzedigini
belirtmekle birlikte matematik dilini 6grenmek i¢in ilk olarak iizerinde konusulacak
kavramlarin o6grenilmesinin gerekli oldugunu vurgulayarak iki durumun farkina dikkat
cekmektedir. Ayrica, matematik dilini giinliikk konugma dilinden farklilagtiran en 6nemli ayirt
edici karakteristigi kesinlik icermesi ve belirsizlikten arinik olmasidir. Bu karakteristik
ozellikler matematik dilini kusursuz bir muhakeme gergeklestirme ve teknik terimleri
tanimlama hususlarinda faydali bir ara¢ kilmaktadir (Baber, 2011).

Bir kavram olarak matematik dili ifadesi matematik egitimi alanyazininda ¢ok¢a kullanilmasina
ragmen tizerinde uzlagilmig bir tanimi1 bulunmamaktadir. Ornegin Barton’un (2008) kaleme
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aldig1 “The language of mathematics” isimli kitap igerisinde matematik diline iliskin agik bir
tanima rastlanmamaktadir. NCTM (2000) matematik dilinin etkin bi¢cimde kullanilmasini
matematiksel okuryazarlik terimi ¢ercevesinde ifade ederken agik bir tanim vermemektedir.
Ulkemizde 2018 yilinda yiiriirliige girmis ilkokul ve ortaokul matematik dersi dgretim
programinda (MEB, 2018a) matematik dili ifadesi agik¢a yer almakta fakat bir tanim
verilmezken, ortadgretim matematik dersi programimnda (MEB, 2018b) ise matematik dili
ifadesine rastlanmamuistir. 2024 yilinda yiiriirliige girmis ortaokul programinda (MEB, 2024b)
ise matematik dili ifadesi yer almazken, ortaggretim programinda (MEB, 2024a) matematiksel
dil ifadesi bulunmakta olup 2018 programinda oldugu gibi bir tanima rastlanmamustir.
Dolayistyla, matematik dili ifadesinden iistii ortiik olarak herkesin ayni seyi anlayacagina dair
bir genel kabuliin oldugu degerlendirilmektedir.

Matematik egitimi alanyazini incelendiginde farkli arastirmacilarin matematik dilini
aciklamaya veya tanimlamaya iliskin girisimlerinin oldugu goriilmektedir. Bu baglamda Baber
(2011), matematigin dilini matematik yaparken kullanilan notasyon bicimleri olarak ifade
etmekte ve matematik dilinde yazilan metinlerin degerler, degiskenler, fonksiyonlar ve ifadeler
olmak lizere 4 temel 6geden olustugunu sdylemektedir. Halliday (1978) ise matematik dilini
bir iislup olarak ele alip, giinliik konusma dilinin matematiksel amaclar i¢in kullanilmas1 olarak
tanimlamakta ve sembolizmi matematigin diline dahil etmemektedir. Diger taraftan Morgan
(2020), matematik dilini tarif ederken karakteristik 6zelliklerini siralamistir. Bu karakteristik
Ozellikleri ise alana 0zgii kelimeler igermesi, fiillerden matematiksel terimler olusturma
ozelliginin olmas1 —Gteleme teriminin tiiretilmesi gibi—, cebirsel ifadeler barindirmasi ve
Kartezyen koordinat sistemi gibi farkli semiyotik sistemlerden yararlanmasi olarak ifade
etmistir. Morgan’a benzer bigimde Pimm (1987), matematik dilinin 6zelliklerini alana 6zgii
anlamlar icermesi, semboller ile sembolize edilen varliklar barindirmasi ve kendisine has
sOzdizimi (sentaks) kurallar1 icermesi olarak siralamistir.

Gray (2004), doktora ¢alismasinda matematik diline iligkin acik bir tanimin olmadigina vurgu
yaparak bir islevsel tanim sunmay1 amaglamistir. Bu amag¢ dogrultusunda yaptig1 incelemenin
sonucunda matematik dilini Ingilizce dili baglaminda islevsel anlamda “Ingilizce dilinin
konugma dili olarak kullanildig1 siniflarda matematik dili sembolik bi¢cimlerden olusan bir
kiime ile Ingilizcenin biitiinlestirilmesi ile kullanilir. Bu dil matematik hakkinda tartisirken veya
yazarken alana 6zgii kelimelere, sembollere, grafiklere ve teamiillere bagvurur” (s. 21) olarak
tanimlamistir. Gray 6nerdigi bu tanimi1 matematik egitimi alaninda deneyimli arastirmacilar ile
paylastigin1 ve aragtirmacilarin tanimin uygun oldugu yoniinde goriis bildirdiklerini ifade
etmistir.

Matematik dilinin tanimina iliskin yapilan alanyazin taramasinin sonucunda matematik dilinin
kendine has notasyonlarinin, terimlerinin ve teamiillerinin oldugu; giinliik konusma dili ile
kelimeler paylastig1, farkli temsil ve semiyotik sistemlerden yararlandigi, alana 6zgii s6zdizimi
kurallarinin bulundugu, gelisiminde iletisimin 6nemli rol oynadigir anlasilmaktadir. Bu
calismada madde havuzunun olusturulmasinda bu nitelikler dikkate alinmistir.

2.2. Oz Yeterlik

Oz yeterlik ilk olarak Albert Bandura tarafindan ileri siiriilmiis bir kavram olup, sergilenen
davranislarin bireylerin inang ve duygular ile baglantili oldugunu iddia etmektedir (Akcan,
2023). Bandura (1997) insan eylemliliginin ii¢lii karsilikli nedenselligi (triadic reciprocal
causation) ihtiva eden birbirine bagli nedensel bir yapi icerisinde isledigini iddia etmektedir.
Ucglii karsilikli nedensellik yapis1 davranis; bilissel, duyussal veya biyolojik bicimde olan kisisel
faktorler ve ¢evreden olusmaktadir. Bu iligki agimin 6ngoriisii bireylerin tercihlerinin yalniz
cevresel faktorlerden degil, sececegi bir tercihi gergeklestirmeye iliskin kabiliyetlerine yonelik
kisisel degerlendirmelerine bagli oldugudur.
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Insan eylemliliginin belirleyicileri arasinda olan 6z yeterligi Bandura (1997, s. 21) “algilanan
0z yeterlik, kisinin belirli performans tiirlerini organize etme ve yiiriitme yetenegine iliskin bir
yargidir” seklinde tanimlamistir. Bireyin bir problem ile karsilastiginda kendi 6z yeterligine
yonelik inanci problemi ¢dozmeye iliskin bir girisimde bulunup bulunmayacagi, bu siirecte ne
kadar caba sarf edecegi ve karsilasacagi olasi zorluklarin iistesinden gelmek i¢in ne kadar
metanet gosterecegi hususlarinda belirleyici olmaktadir (Bandura, 1977). Bandura (1997),
bireylerin bir eylemin sonuglarina iliskin beklentilerinin biiyiik 6l¢iide o eylemi ne kadar iyi ifa
edeceklerine yonelik degerlendirmelerine bagli bulundugunu belirtmektedir.

Sekil 1. Yeterlik Ile Sonu¢ Beklentilerinin Birey, Davrans ve Netice Silsilesindeki Konumu

BIREY =)  DAVRANIS mmmmmmmm)  SONUCG

YETERLILIK BEKLENTISI SONUC BEKLENTISI

Bandura beklentiler hususunda bir ayrim oldugunu belirtmektedir. Sekil 1’de resmedildigi iizere,
Bandura (1977) birey ile davranis arasinda bireyin yeterlik beklentisinin, davranis ve sonug
arasinda ise bireyin sonug¢ beklentisinin rol oynadigmni sdylemektedir. Sonu¢ beklentisi,
gerceklestirilen bir davranigin belirli bir sonug¢ ortaya ¢ikaracagina dair bireyin tahminini
belirtmektedir. Yeterlik beklentisi ise bireyin ilgili sonucu ortaya ¢ikartacak davranislari
gerceklestirip gerceklestiremeyecegine dair kanaatidir. Bandura (1997), birey bir eylemler
silsilesinin ~ belirli sonuglar1 ortaya c¢ikartacagina inansa bile, gereken eylemleri
gerceklestirebilme hususunda siipheye sahipse bu inancinin davranigina etki etmeyecegini
sOylemektedir.

Oz yeterlik kavramm tamttig1 kitabinda Bandura (1997), kavramin dgretmenlerin 6gretim
faaliyetleri tlizerindeki olasi etkilerini de tartismistir. Bu hususta arastirmaci, elde edilen
kanitlarin 6gretmenlerin yeterliklerine dair inan¢larinin siniflarindaki akademik faaliyetlerini
nasil yapilandirdiklarini kismen belirledigine ve 6grencilerin entelektiiel yeteneklerine iligkin
degerlendirmelerini sekillendirdigine isaret ettigini vurgulamaktadir. Buna 6rnek olarak, diisiik
diizeyde yeterlik algisina sahip 6gretmenlerin, eger 0grenciler diisiik giidiilenmeye sahipse
kendilerinin yapabilecekleri ¢cok az sey olduguna ve 6grencilerin entelektiiel gelisimi {izerinde
uygulayabilecekleri etkinin ¢evreden kaynakli olumsuz etkilerle ciddi sekilde sinirlandigina
inanmalarini géstermektedir. Sonug olarak, Bandura, 6§renmeyi tesvik etme becerilerine giiclii
bir sekilde inanan 6gretmenlerin, 6grencileri i¢in olumlu 6grenme deneyimleri yaratacagini
vurgulamaktadir. Buna karsilik, yeterlikleri konusunda kendilerinden sliphe duyan
ogretmenlerin, Ogrencilerin yeteneklerine ve biligsel gelisimlerine iliskin 06zglivenlerini
zedelemesi muhtemel siif ortamlari olusturacaklarini belirtmektedir.

Tiim bu sdylenenler takip eden ¢ikarimi ortaya koymaktadir. Bir 6gretmen matematik dilinin
ogrencilere 6gretilmesinin 6grencilerin 6grenme yasantilarina olumlu sonuglar getirebilecegine
inanabilir (sonug beklentisi), fakat bu beceriyi 6gretebilecegine dair siipheleri varsa (yeterlilik
beklentisi) bu yonde bir eylem sergilemeyecektir. Dolayisiyla, 6gretmenlerin bu beceriyi
ogrencilerine kazandirabileceklerine iligkin makul seviyede 0z yeterlilige sahip olmasi
gerekmektedir.

2.3. Arastirmanin Problemi

Aragtirmada ele alinan ana problem, matematik 0gretmeni adaylarinin gelecekteki meslek
hayatlarinda matematik dilini 6gretmeye iligkin sahip olduklar1 6z yeterlikleri belirlemek i¢in
gelistirilen 6l¢egin psikometrik 6zelliklerinin neler oldugudur. Bu ¢ergevede arastirmada cevap
aranacak alt problemler agsagida listelenmistir.
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e Olgekte benimsenen kategori yapist uygun mudur?
e Kisi ve madde giivenirlik ile ayirt edicilik indeksleri dnerilen esiklerin tizerinde midir?
o Maddelerin uyum istatistikleri kabul edilebilir sinirlar igerisinde midir?
e  Olgek drneklemi iyi hedeflemekte midir?
e Maddeler nasil bir dagilim sergilemektedir?
e Olgek maddeleri yanlilik gdstermekte midir?
e  Olcek Rasch boyutundan farkl bir boyut icermekte midir?
e  Olgek yerel bagimsizlik kriterini saglamakta midir?
3. Yontem

Var olan bir durumu arastirmak ve vasfina yonelik detayli bilgiye ulagsmak i¢in gerceklestirilen
incelemeler betimsel aragtirmalar basligr altinda siniflandirilmaktadir (Cepni, 2007). Bu baslik
altinda siiflandirilan tarama yontemi, kisilerde mevcut olan bir nitelik hakkinda bilgi sahibi
olmak icin veri toplanmasini amaglamaktadir (Biiyilikoztiitk vd., 2019). Tarama yontemi ile
gerceklestirilen bu aragtirmada, Ogretmen adaylarmin gelecekteki meslek hayatlarinda
matematik dilinin 6gretimine iliskin sahip olduklar1 6z yeterlikleri belirlemek i¢in gelistirilen
dlgegin psikometrik dzellikleri incelenmistir. Calisma igin etik onay, Trabzon Universitesi
Sosyal ve Beseri Bilimler Bilimsel Aragtirma ve Yayin Etigi Kurulu'ndan alinmstir.

3.1. Katihmcilar

Arastirmanin katilimcilarint Tablo 1°de belirtilen {tniversitelerde ilkogretim matematik
ogretmenligi programinin son yariyilinda 6grenim goren d6gretmen adaylart olusturmaktadir.
Bu tiniversitelerin se¢iminde farkli bolgelerde yer almasi ve taban puanlart agisindan farklilik
gostermesine dikkat edilmistir. Boylece orneklem cesitliliginin arttirilmasi amaglanmastir.
Olgegin hedefledigi niteligin gelisiminde &grencilerin fakiilte hayatlarinda aldiklar1 farkli
derslerin katkist oldugu degerlendirilmektedir. Bu sebepten son yariyillda 6grenim goren
ogrencilerin 6rneklem olarak alinmasinin uygun olacagi degerlendirilmistir.

Secer (2018), maddelerin 6l¢ekle uyumunu incelemek amaciyla gergeklestirilecek bir pilot
uygulamada eger madde sayis1 30’un altinda ise 50 kisilik bir grubun yeterli oldugu yoniinde
goriis bildirmektedir. Olgek gelistirme siirecinin esas uygulama safhasinda ise Tabachnick ve
Fidell (2013) en az 300 sayisini, Nunnally (1978) ise madde sayisinin 10 katin1 6nermektedir.
Olgegin pilot uygulamasi 68 dgrenci ile gerceklestirilmistir. Esas uygulamada ise dlgegi 457
Ogretmen aday1 cevaplamistir. Yapilan ilk incelemede “Bu maddede en alt sirada bulunan
yorum yok secenegini isaretleyiniz” ifadesiyle sunulmus kontrol maddesine “yorum yok”
haricinde yanit veren 33 kisi oldugu tespit edilmis ve bu kisiler veri setinden ¢ikartilmistir.
Bununla birlikte 6lgekten tam puan alan 5 kisi de veri setinden ¢ikartilmistir. Analize dahil
edilen 419 kisinin kategorik degiskenlere gore dagilimi Tablo1’de sunulmustur.

Tablo 1. Orneklemin Kategorik Degiskenlere Gore Dagilimi
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3.2. Olcek Formunun Gelistirilme Siireci

Calismada ilk olarak maddelerinin yaziminda dayanak noktasi olusturmak i¢in matematik
dilinin nasil tanimlandigina ve neleri ihtiva ettigine yonelik alanyazin taramasi yapilmistir.
Buradan elde edilen bulgular temelinde madde havuzu olusturulmustur. Alanyazinda olumsuz
maddelerin arzu edilen sekilde islemedigini rapor eden arastirmalar (Boone vd., 2014; Carlson
vd., 2011; Sudarez-Alvarez vd., 2018; Zeng vd., 2020) dikkate alinarak madde havuzunda
olumsuz maddeye yer verilmemistir.

Madde havuzu olusturulduktan sonra ilk olarak 9 6gretmen aday1 ile maddeler {izerinde grup
goriismesi gerceklestirilmistir. Bu goriismede arastirmacilardan biri her bir maddeyi 6gretmen
adaylaryla birlikte tek tek okumus ve maddenin anlasilabilir olup olmadig: ile ne anlam ifade
ettigi hakkinda fikir beyan etmelerini istemistir. Gelen geri bildirimler temelinde bazi
maddelerde degisiklik gergeklestirilmistir. Bu islemin akabinde Olgegin farkli acilardan
gecerliligini arttirmak i¢in 6lgek maddeleri 13 farkli liniversitede matematik egitimi alaninda
gbrev yapan 18 dgretim elemani (6 Profesor, 11 Dogent, 1 Doktor Ogretim Uyesi) ile ¢evrimigi
ortamda paylasilmis ve maddeler hakkinda degerlendirme yapmalar1 istenmistir. Geri doniitler
dikkate alinarak gerceklestirilen iyilestirmeler neticesinde taslak dl¢ek pilot uygulamaya hazir
hale getirilmistir. Gergeklestirilen pilot uygulama sonrasinda son hali verilen ve 20 maddeden
(Bkz. Ek A) olusan dlgek esas uygulama i¢in hazir hale getirilmistir.

3.3. Olgegin Uygulanma Siireci

Olgek katilimeilara Google Formlar platformunda gevrimigi olarak gonderilmistir. Olgege
ulagmak icin gdnderilen baglantiya tiklandiginda katilimcilar bir davet mektubu ile arastirmaya
goniillii olup olmadiklarin1 onaylamalarini isteyen bir segenek ile karsilagsmislardir. Goniillii
olmay1 tercih eden katilimcilara, cinsiyet ve 6grenim gordiikleri liniversiteyi belirttikten sonra
Olcege iliskin bir aciklama metni sunulmustur.

Sekil 2. Olcek Maddeleri Ile Birlikte Verilen Aciklamalar

Matematiksel Notasyon: Matematiksel kavramlarn temsil eden bigimlerdir. Ormegin:
J F@)dx. <. mg vb.

Matematiksel Sembol: Matematiksel iligkileri ya da islemleri gostermek i¢in kullamilan
bicimlerdir. Omegin: <, #, + vb.
a)

Matematiksel Terim: Matematige 6zgii olan sézciiklerdir. Ornegin: payda, carpma
islemine gore tersi, agiortay, kiris, kalan, bélim, onda birler basamagi vb.

b)

Olgekte yer alan maddeler igin katilimcilarin yalmiz birini onaylayabilecekleri ¢ok az yeterliyim,
az yeterliyim, orta diizeyde yeterliyim, yeterliyim, ¢ok yeterliyim seklinde 5 kategori
bulunmaktadir. Matematiksel terim veya matematiksel notasyon/sembol ifadelerini igeren
maddeler sirasiyla Sekil 2a ve Sekil 2b’de goriilen agiklamalar ile birlikte sunulmustur.

Katilimeilarin - 6lgek maddelerini yanitlarken rasgele isaretleme yapip yapmadiklarini
belirlemek i¢in onuncu sirada yer alan bir kontrol maddesi konulmustur. Bu kontrol maddesinde
katilimcilardan yalnizca bu madde de yer verilen yorum yok segenegini onaylamalar
istenmistir. Son olarak, katilimcilarin yanitlari puanlanirken yiiksek puanin yiiksek 6z yeterligi
isaret ettigi kurgusu benimsenmistir.
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3.4. Veri Analizi
3.4.1. Derecelendirme Olgegi Modeli

Psikolojik  yapilarin  Slgiilmesi amaciyla derecelendirme oOlgekleri yaygin  olarak
kullanilmaktadir. Lakin, bu 6l¢eklerden elde edilen ham puanlarin aragtirma sorularina cevap
bulmak i¢in dogrudan istatistiksel analizlere tabi tutulmasi bir¢ok sinirliligi beraberinde
getirmektedir (Boone vd., 2014). Bu smirhiliklardan biri, elde edilen verilerin parametrik
testlerin varsayimlarindan biri olan normallik sartini saglamayabilecegidir. Boyle bir senaryoda
puanlarin ortalamalar1 {izerinden gerceklestirilecek yorumlar yaniltict olabilmektedir
(Neumann vd., 2011).

Diger taraftan, bu tiirden Olgeklerde katilimcilara onaylayabilecekleri 2’den fazla sayida
kategori sunulmakta ve bu kategorilere verilen yanitlar ardisik tam sayilar ile puanlanmaktadir.
Bu pratik ise ardisik kategorilerin, 6l¢iilmesi hedeflenen ortiik degiskenin miktar1 agisindan esit
farkliliga isaret ettigi kabuliinii beraberinde getirmektedir. Bununla birlikte herhangi iki
maddede ayni1 kategori onaylanmissa, her ikisinden de esit puan elde edilmesi ve bu ham
puanlarin toplam puana katkisinin ayni1 olmasindan 6tiirii 6rtiik degiskenin miktarina esit katki
yaptig1 kabulii benimsenmektedir. Bu kabullerin temelinde ise dlgekten elde edilen verilerin
esit aralikli oldugu varsaymmi bulunmaktadir. ROT’{i benimseyen arastirmacilar yaygin
uygulamaya sahip bu pratigin hatali oldugunu savunmakta hem kategorilerin hem de
maddelerin ortiik degiskenin miktarina yonelik farkli katki sunabilecegini degerlendirmektedir
(Boone vd., 2014). Bir baska ifadeyle, bir dl¢ekten 20 ile 30 ham puan elde eden iki bireyin
arasindaki farkin, 30 ile 40 puan elde eden iki birey arasindaki farka esit olmayabilecegini
belirtmektedirler. Dolayisiyla, derecelendirme dl¢eklerinden elde edilen ham puanlara siralama
tipinden veri olarak muamele edilmesi gerektigini savunmaktadirlar (Bond ve Fox, 2007).

Olgek gelistirme siirecinde ve olgeklere verilen yamitlarin sayisallastirilmasinda Rasch
modelleri 6nemli avantajlar sunmaktadir (Bond ve Fox, 2007). Bu avantajlardan biri elde edilen
ham puanlarin siralama tiiriinden veri olarak kabul edilerek, bu puanlardan esit aralikli puanlar
olusturulmasidir (Boone vd., 2014). Bunun yani sira, Smith ve digerleri (2002), Klasik Test
Teorisine (KTT) kiyasla ROT iin sahip oldugu diger baz1 avantajlar su sekilde siralamaktadur:
(1) veri kaybi1 problemine ¢6ziim sunmasi, (ii) madde Ol¢iilerinin yani sira kisi dlgiileri i¢in de
gegerlik ve gilivenirlik kestirimleri saglamasi, (ii1) grup istatistiklerinden ziyade tekil olarak
kisileri ve maddeleri odagina almasi, (iv) kisilerin ve maddelerin Sl¢iilerinin es 6l¢li birimi
cinsinden esit aralikli bir 6l¢ek lizerinde konumlandirilabilmesi. Gergeklestirilen bir analiz
sonucunda maddelerin ve kisilerin 6l¢iilerinin logit olarak isimlendirilen ayni 6l¢li birimi
cinsinden ifade ediliyor olusu, maddelerin ve kisilerin hem kendi igerisinde hem de birbiriyle
mukayesesini olanakli kilmaktadir. Bu ise 6zellikle egitimcilere yaptiklar: bir 6l¢iim soncunda
daha detayli yorum yapabilecekleri bilgi kiimesi sunmaktadir.

ROT biinyesinde derecelendirme tipi &lgeklerin analizinde Derecelendirme Olgegi
Modeli’'ndent (Rating Scale Model [DOM]) yararlanilmaktadir. DOM’iin isleyisi asagida
goriilen matematiksel denkleme dayanmaktadir. Denklem igerisindeki F; degiskeni pes pese
gelen iki kategorinin segilme olasiliklarinin esit oldugu esik degerleri gostermek olup,
tamimindan anlagilacagi lizere kategori sayisinin bir eksigi kadar farkli esik degeri
bulunmaktadir. Bu arastirma 6zelinde 6rneklendirilecek olursa, F, degeri “cok yeterliyim” ile
“yeterliyim” kategorilerinin se¢ilme olasiligiin esit oldugu esik degeri gostermektedir. Diger
degiskenler arasinda yer alan B,, n’inci kisinin 6l¢iisiinii, D; 1’inci maddenin 6l¢iisiinii ve son
olarak Pp;; ile Py;(j_1) ise ardigik kategorileri segme olasiliklarini temsil etmektedir.

T Modelin isleyisine iliskin agiklamaya Cekmez ve digerlerinin (2023) arastirma raporundan ulagilabilir.
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3.4.2. Kategori Yapisimin Islevselligi

Derecelendirme tiiriinden Olgekler ile gerceklestirilen bir 6lgme isleminde elde edilen
Olctimlerin gecerliligi ilk olarak 6lgekte benimsenen kategori yapisinin arastirmacilarin islemesi
istedigi sekilde iglev gosterip gostermedigine baglidir. Ciinkii 6l¢limden elde edilen kestirimler
bu kategorilere verilen yanitlarin sayisallagtirilmasi sonucunda elde edilmektedir. Tasarlanan
bir dlgcekte benimsenen kategori yapisinin olmasi gerektigi gibi islediginin bir varsayimdan
ziyade sinanmasi gereken bir durum olarak kabul edilmesi gerekmektedir (Boone vd., 2014).
Bu yaklagimin gerekgesi, yanitlayicilarin maddelere gosterdikleri tepkilerin testi tasarlayanlarin
beklentilerinden farklilik gdsterebilmesidir (Andrich, 1996).

Katilimcilarin maddelere verdikleri yanitlar Cok az yeterliyim kategorisinden Cok yeterliyim
kategorisine dogru artan sekilde 1-5 arasi tamsayilar ile puanlanmistir. Bunun dogal sonucu
olarak, herhangi bir maddede herhangi bir kategoriyi onaylayan katilimcilarin dlgiilerinin
ortalamasi, daha diisiik puanli bir kategoriyi onaylayan katilimcilarin dlgiilerinin
ortalamasindan daha biiyiik olmalidir. Bunun yani sira, kategorilerin islevsel olup olmadigini
stnamak i¢in Linacre (2002) su alt1 kistast ileri siirmiistiir: (i) kategori ortalama olgiileri
monoton artmalidir, (ii) tim kategoriler en az 10 kez onaylanmalidir, (iii) dis uyum istatistikleri
2’den biiyiik olmamalidir, (iv) kategori esik Ol¢iileri monoton artmalidir, (v) ardisik esikler
arasindaki fark 1.4 logit degerinden biiyiikk fakat 5 logit degerinden kiiciik olmalidir, (vi)
kategori olasilik egrilerinin her biri zirve yapmalidir. Kategorilerin islevselligini
degerlendirmede bu hususlar dikkate alinmstir.

3.4.3. Maddelerinin Dagilimi ve Olgegin Hedefleme Yeterligi

Bir olgegin yap1 gecerliligini etkileyen faktorlerden biri 6lgmeyi amacladig niteligin farkl
diizeylerine karsilik gelen maddeleri barindirmasidir (Boone vd., 2014). Maddelerin 6l¢iileri
dar bir araliga hapsolmussa, maddeler Olciilecek niteligin diisiik, orta ve yiiksek seviyelerini
belirlemede yetersiz kalacaktir. Rasch analizi icinde 6l¢ek maddelerinin hiyerarsisini ve
Olciilecek niteligin farkli seviyelerine hitap edip etmedigini degerlendirmede kullanilan
araclardan biri kisi-madde (Wright-map) haritasidir. Kisi-madde haritasi, logit olarak
isimlendirilen 6lgme birimi cinsinden kisileri ve maddeleri es aralikli bir 6lgek iizerinde
konumlandirir. Bu haritanin bir diger islevi ise, 6l¢egin uygulandigr orneklemin hedefleme
yeterliligini degerlendirme imkani sunmasidir (Boone vd., 2014).

Tasarlanmis bir dlgegin uygulandigi 6rneklemi hedefleme yeterligi, gecerligini etkileyen
faktorlerden bir digeridir. Bir 6lcegin orneklemi i1yi hedeflediginin anlami, 6rneklemdeki
bireyler i¢in onaylanabilirlik agisindan ne ¢ok zor ne de ¢ok kolay olmasidir (Boone vd., 2014).
Olgegin 6rneklemi iyi hedeflediginin gdstergelerinden biri, kisi-madde haritasinda kisilerin
yogunlastig1 bolge ile maddelerin yogunlastig1 bolgenin karsilikli olmasidir (Bond ve Fox,
2007). Boyle bir durumda kisiler icin yapilacak kestirimlerde hata azalacak ve kisileri
birbirinden daha hassas bicimde ayirt etmek miimkiin olacaktir. Kisilerin ortalamasi ile
maddelerin ortalamas1 arasindaki farkin mutlak degerinin 0.5’ten kiiclik olmasi hafif
isabetsizlige, 1’den biiyiik olmasi ise kayda deger bir isabetsizlige isaret etmektedir (Duncan
vd., 2003). Olgegin maddelerinin dagiliminin  uygunlugu ve hedefleme yeterligini
degerlendirmede bu hususlar dikkate alinmistir.
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3.4.4. Madde Uyum Istatistikleri

ROT baglaminda uyum &lgme islemi sonucunda elde edilen verilerin modele ne diizeyde
benzerlik sergilediginin gostergesidir (Bond vd., 2021). Modelin beklentisi ile yiiksek diizeyde
uyumsuzluk sergileyen maddeler dlgegin hedefledigi niteligin l¢limiine hizmet etmemektedir
(Oon ve Subramaniam, 2011).

Uyum istatistiklerinin raporlastirilmast artik kareler ortalamasi (Mean-square residuals) ile
gerceklesmektedir. Bu istatistiklerden birincisi olan i¢ uyum (infit) bireylerin kendi dlgiilerine
yakin maddelere verdikleri beklenmedik yanitlara hassas iken, diger uyum indeksi olan dig
uyum (outfit) bireylerin kendi yetenek Olciilerinden uzakta olan maddelere verdikleri
beklenmedik yanitlara hassastir (Bond ve Fox, 2007). Gergeklestirilen bir Rasch analizi
sonucunda hem kisilere hem de maddelere iliskin uyum indeksleri elde edilmektedir. Bununla
birlikte, bir 6l¢ekte yer alan maddelerin Olgiilerinin degismezlik sergilemesi istendiginden,
madde uyumu kisi uyumuna nazaran daha 6n planda yer almaktadir (Wright ve Linacre, 1994).
Wright ve Linacre (1994), derecelendirme Olceklerine yonelik uyum indekslerinin 0.6-1.4
araliginda olmasini 6nermektedir.

Bir 6l¢ekte yer alan maddelerin hedeflenen niteligin 6l¢liimiine hizmet edip etmedigine karar
kilmada dikkate alinan bir diger gosterge maddelerin nokta-6l¢ii korelasyonlaridir (point-
measure correlation) (Boone ve Staver, 2020). Bir maddenin korelasyon degerinin sifira yakin
ya da negatif olmas1 o maddenin 6lgegin biitiinii ile zit hareket ettigi anlamina gelmektedir
(Bond vd., 2021). Maddelerin nokta-6l¢ii korelasyonuna iliskin ileri stiriilen alt esik ise 0.3 tiir
(Boone, 2020). Maddelerin 6lgegin amacina hizmet edip etmedigini degerlendirmede bu
hususlar da dikkate alinmistir.

3.4.5. Giivenirlik ve Ayirt Edicilik

ROT baglaminda giivenirlik KTT ye benzer bi¢imde yorumlanmaktadir (Linacre, 2022). Bu
sebepten, katsayilar 1’e ne kadar yakinsa o denli i¢ tutarlilig1 ytliksek bir 6lgme igleminin
gergeklestigi sonucuna varilir. KTT den farkli olarak ROT baglaminda hem kisilere hem de
maddelere yonelik giivenirlik katsayilar1 elde edilmektedir. Maddelere iliskin gilivenirlik
katsayisi, Olciilen nitelik temelinde 6l¢ek maddelerinin bir hiyerarsi tanimlama potansiyeline
isaret eder (Linacre, 2022). Kisi gilivenirlik indeksinin yiiksek olmasi ise hem yiiksek hem de
diisiik puan elde edilebilecek bir dlgek olusturuldugu ve hesaplanan kisi 6l¢iilerinin tutarh
oldugu anlamina gelir (Bond vd., 2021).

Rasch analizi sonucunda elde edilen ve giivenirlikle dogrudan iliskili olan bir diger kavram
ay1rt edicilik indeksidir (G). Bu indeks gercek puanlarin standart sapmasinin hatalarin standart
sapmasina boliinerek elde edilir (Linacre, 2022). Dolayisiyla 6rneklemin 6lgme kesinligi
temelinde dagilimini gostermektedir (Wright ve Stone, 2004). Kisiler i¢in hesaplanan ayirt
edicilik indeksi bireylerin ne diizeyde siniflandirilabilecegine iliskin bilgi sunmaktadir (Bond
vd., 2021). Kisi ayirt edicilik indeksinin 3’ten biiylik olmast miikemmel, 2-3 arasinda olmasi
iyi, 1.5 degeri ise kabul edilebilirlik smiridir (Duncan vd., 2003). Madde ayirt edicilik
indeksinin ise grup bazinda analiz yapabilmek icin en az 1.5, kisi bazinda analiz
gergeklestirmek icin ise 2.5 olmasi gereklidir (Tennant ve Conaghan, 2007). Gergeklestirilen
bir 6l¢me sonucunda 6rneklemin kag farkli tabakaya parcalanabilecegi kisi ayirt edicilik indeksi
temelinde asagidaki formiil ile hesaplanmaktadir (Linacre, 2022).

4G +1
3

Olgek maddelerinin sergiledigi i¢ tutarlilik ve bireyleri ayirt etme giiciine iliskin
degerlendirmede bu hususlar dikkate alinmistir.

Tabaka =
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3.4.6. Tek Boyutluluk ve Yerel Bagimsizlik

ROT’iin temel varsayimlarindan biri bir dlgme aracinin yalnizca tek bir ortiik degiskenin
Olcltimiine hizmet etmesi gerektigini belirten tek boyutluluk (unidimensionality) ilkesidir
(Linacre, 2022). Bir 6lgme aracinin bu ilkeyi saglayip saglamadigini ssnamada PCAR (Principal
Component Analysis of Residuals) analizi kullanilmaktadir (Boone ve Staver, 2020). PCAR
analizi sonucunda artiklarin korelasyon matrisinden hesaplanan birinci temel bilesenin 6zdegeri
2’den kiiclik ise, ortiik degiskenin haricinde bagka faktdrlerden kaynakli varyansin rasgele
giiriiltii (random noise) olduguna kanaat getirilmektedir (Boone ve Staver, 2020). Bunun
haricinde, ortiik degiskendeki degisimden kaynakli varyans toplam varyansin yarisindan
fazlasin1 agikliyorsa bu durumun da tek boyutlulugun baska bir gostergesi oldugu kabul
edilmektedir.

ROT’iin ikinci temel varsayimi yerel bagimsizlik ilkesidir (Bond vd., 2021). Bu ilke, bir
maddeye verilen tepkilerin baska bir maddeye bagimli olmamasi gerektigini ifade eder (Fan ve
Bond, 2019). Sayet maddeler birbirinden bagimsiz iseler, madde artiklar1 arasinda yiiksek
korelasyon bulunmamasi gerekir (Fan ve Bond, 2019). Iki maddenin bagimli oldugundan
stiphelenmek icin Linacre (2022), maddelerin artiklar1 arasindaki korelasyon katsayisinin
.7’den biiyiik olmas1 gerektigini belirtmektedir. Bunlardan hareketle, 6lgegin bu iki varsayimi
ihlal edip etmedigini belirlemek i¢in PCAR analizi gergeklestirilmis ve artiklar arasindaki
korelasyon katsayilar1 hesaplanmistir.

3.4.7. Madde Yanlhihig

Olgek igerisinde yer alan maddelerin, 6rneklemin farkl alt kiimelerinde benzer sekilde isleyip
islemedigi madde isleyis farklilasmas1 analizi (differential item functioning [MIFA]) ile
smanmaktadir (Linacre, 2022). Olgek maddelerinin degismezlik sergilemesi 6lgegin yapi
gecerligini  etkileyen Onemli unsurlardan biridir. Bu degismezlik ilkesi, maddelerin
onaylanabilirlik acisindan siralamasinin 6rneklemin alt kiimelerinde farklilagmamasi anlamina
gelir (Boone vd., 2014). Olgek maddelerinin degismezligini test etmek i¢in drneklem igerisinde
iiniversite degiskeni agisindan en kalabalik iki alt kiime belirlenmis ve Winsteps yazilimi ile
MIFA gerceklestirilmistir. Orneklemin iki alt kiimesinde bir maddenin yanlilik gdsterdigine
karar kilmak i¢in maddenin iki gruptaki Olciileri farkinin mutlak degerinin .64 ten biiyiik ve
elde edilen farkin ortaya ¢ikma olasiliginin .05’ten kii¢lik olmasi kistas olarak onerilmektedir
(Boone vd., 2014).

4. Bulgular

Bu béliimde esas uygulamadan elde edilen verilerin analizi sonucunda elde edilen bulgular,
arastirma problemleri paralelinde olusturulmus bagliklar altinda sunulmustur.

4.1. Kategori Yapisimin Ol¢medeki Islevselligine Tliskin Bulgular

Farkli kategorileri onaylayan bireylerin Olciileri ortalamasina iligkin yapilan incelemede
beklentinin aksini gosterecek bir bulgu ile karsilasilmamistir. Yalnizca M4 ve M7 kodlu
maddelerde 1 ile 2 puanlik kategoriler i¢in bir uyumsuzluk goriilmiistiir. Lakin ilgili maddelerin
her ikisinde de 1 puanlik kategoriyi onaylayan sadece 1 er kisi, 2 puanlik kategoriyi onaylayan
ise sirastyla 40 ile 17 kisi bulunmaktadir. Dolayisiyla her iki madde i¢in de ortaya cikan
uyumsuzluk 1 kisinin 6l¢iisii ile sirasiyla 40 ile 17 kisinin dlgiilerinin mukayesesinden ileri
gelmektedir.

Veri analizi kisminda belirtilen ve Linacre’nin (2002) 6nerdigi ilk 5 kistasa yonelik elde edilen
bulgular Tablo 2’de sunulmustur. Elde edilen bulgular ilk bes kistasin tiimiiniin karsilandigini
gostermektedir.
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Tablo 2. [k Bes Kistasa Yonelik Elde Edilen Bulgular

Kategoriler (Puan) Frekans (%)  Ortalama 6l¢ii D(f/l?sfgr)n K?ffgrrilciilk
Cok az yeterliyim (1) 80 (1) —4.04 1.51 —
Az yeterliyim (2) 671 (8) —2.67 1.09 =5.75
Orta diizeyde yeterliyim (3) 2394 (29) —0.38 0.91 —2.68
Yeterliyim (4) 4184 (50) 1.4 0.95 —0.03
Cok yeterliyim (5) 1051 (13) 2.91 1.04 3.54

Son kistas1 degerlendirmek i¢in kategori olasilik egrileri olusturulmustur. Ortaya ¢ikan durum
Sekil 3°te verilmistir.

Sekil 3. Kategori Olasuik Egrileri

1.0 + +
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I I

I
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444474 5 |
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.5 3 *2 23 34 < +
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O R | 3 2 4 33 5 4 +
g 2 1 3 2 4 3 5 1 |

< 2 1 3 2 a 3 5 a |
z 1 3 2 a 3 55 a |

2 8 11 33 224 33 5 A4+
5 < 442 355 |
50 333 111 44 22 55333 |

s 3333 111%444 2222 55555 3333 |

e L iatatalate e aaty e foccccso=s foccoscs=s Foccoscsss +-
-7 -5 -3 -1 1 3 5

(Kisi olgiisii) - (Madde 6lgiisii)

Sekil 3’te gosterilen koordinat sisteminde diisey eksen olasilik degerini, yatay eksen ise kisi
Olciisii i1le madde Ol¢iisii arasindaki farki temsil etmektedir. Bu koordinat sistemi, bir
katilimcinin herhangi bir maddede bir kategoriyi onaylama olasiligin1 katilimeinin 6l¢iisti ile
maddenin 6lgiisii arasindaki farka dayali olarak gdstermektedir. Sekil 3’te goriildiigii iizere her
bir kategorinin secilme olasiliginin en biiylik oldugu bir aralik bulunmaktadir. Linacre nin
ifadesiyle tlim kategori egrileri zirve olusturmustur.

4.2. Maddelerinin Dagihmina ve Ol¢egin Hedefleme Yeterliligine iliskin Bulgular

Gergeklestirilen 6l¢iim sonundan ortaya ¢ikan kisi-madde haritasi Sekil 4'te sunulmustur.
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Sekil 4. Kisi-Madde Haritas:
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Seklin ortasindaki diisey ¢izgi kisilerin ve maddelerin Olgiilerinin gosterildigi es aralikli 6l¢egi
temsil etmektedir. Seklin sol tarafinda Orneklemdeki bireylerin Olgiilerinin  dagilimi
bulunmaktadir. Buradaki “#” sembolii 4 kisiyi, “.” sembolii ise 1, 2 veya 3 kisiyi temsil
etmektedir. Seklin solunda ve saginda bulunan M, S ve T harfleri ise sirastyla ortalama, 1
standart sapma ve 2 standart sapma degerlerini gostermektedir. Kisiler kisminda, asagidan
yukartya dogru ¢ikildik¢a katilimcilarin 6z yeterlik olgiileri artar. Diger bir deyisle, yukari
dogru cikildik¢a elde edilen ham puan yiikselir. Sag tarafta ise asagidan yukariya dogru
cikildik¢a maddelerin onaylanmasi zorlasir. Bir bagka ifadeyle, maddenin elde ettigi toplam
ham puan azalir.

Calismada ortaya c¢ikan kisi-madde haritas1 dikkate alindiginda kisilerin ve maddelerin
karsilikl1 olarak konumlandigi degerlendirilmektedir. Gergeklestirilen bir Rasch analizinde
maddelerin Sl¢iilerinin ortalamasi varsayilan olarak 0 logit degerine kalibre edilmektedir. Bu
calismada yapilan 6l¢limde kisi Olctilerinin ortalamasi 0.7 logit olarak elde edilmistir.

4.3. Madde Uyum Istatistiklerine iliskin Bulgular

Gergeklestirilen 0l¢glim sonucunda hesaplanan uyum istatistikleri ve nokta-6l¢ii korelasyon
degerleri Tablo 3’°te sunulmugstur. Tablo 3’te goriildiigii tizere maddelerin dis uyum istatistikleri
0.61—1.3, i¢ uyum istatistikleri 0.63—1.3, nokta-6l¢cii korelasyonlar1 ise .48—.76 araliginda
degisim gostermektedir.
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Tablo 3. Maddelerin Olgiileri, Uyum Istatistikleri ve Nokta-Olgii Korelasyon Degerleri

Madde Madde Disuyum I¢cuyum Nok Madde Madde Olgiisii  Dis Uyum I¢uyum Nok

Olciisii (MnSq) (MnSq) (SH) (MnSq) (MnSq)
(SH)

Ml 3.83 0.61 063 .76 MlIl —0.50 1.03 1.05 .65
(0.08) (0.09)

M2 3.32 0.64 067 .73 MI2 —0.64 1.05 1.06 .63
(0.08) (0.09)

M3 1.22 0.82 082 .74 MI3 —0.72 1.23 126 .63
(0.08) (0.09)

M4 0.72 1.26 123 60 Mil4 —0.76 0.86 0.88 .66
(0.09) (0.09)

M5 0.28 1.06 1.06 .60 MI5 —0.82 1.23 125 .61
(0.09) (0.09)

M6 0.07 1.29 130 .62 MIé6 —0.83 1.17 120 .54
(0.09) (0.09)

M7 -0.10 0.77 079 .70 MI17 —-0.91 0.93 096 .62
(0.09) (0.09)

M8 -0.14 0.75 076 .70 MIS8 —0.73 0.93 0.85 48
(0.09) (0.09)

M9 -0.36 0.91 092 .67 MI9 —0.99 1.3 1.19 49
(0.09) (0.09)

M10 -0.45 1.08 1.11 .61 M20 —1.49 1.13 .11 .6l
(0.09) (0.09)

Nok: Nokta-6l¢ii korelasyonu; SH: Standart hata

4.4. Giivenirlik ve Ayirt Edicilige iliskin Elde edilen Bulgular

Calismada gerceklestirilen 6l¢iim sonucunda ham puanlarin glivenirlik katsayisi (Cronbach’s
alfa) .92, kisilerin logit olgiilerinin gilivenirlik katsayist .91 ve maddelerin logit dlgtilerinin
giivenirlik katsayis1 .99 olarak hesaplanmistir. Elde edilen katsayilar alanyazinda alt esik olarak
onerilen .7’den biiyliktiir (Boone vd., 2014). Gergeklestirilen 6l¢iimde kisilerin logit dlciileri -
3.68 ile 5.38 arasinda dagilmakta olup Ol¢iisii 4 logitten biiyiik olan 6 kisi bulunmaktadir.
Olgiileri farkl1 olan bireyleri testin ne hassasiyette dlgtiigiinii belirlemek igin bu aralikta test
bilgi fonksiyonunun grafigi olusturulmustur. Test bilgi fonksiyonu, 6l¢gmenin standart hatasinin
karesinin ¢arpma islemine gore tersi olarak tanimlandigindan, standart hatanin 0.5 oldugu bir
Olctim noktasinda bilgi fonksiyonu 4 degerine ulasir (Boone ve Staver, 2020). Sekil 5’te
goriildiigl lizere test drneklemdeki bireylerin hemen hemen tamamini standart hata 0.5’den
kiiciik olacak sekilde 6lgmiistiir.

Sekil 5. Test Bilgi Fonksiyonu

Information

+ + + +

y 15958 .
Measure on latent variable
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Bununla birlikte madde ayirt edicilik indeksi 14.34, kisi ayirt edicilik indeksi 3.19 olarak
hesaplanmistir. Kisi ayirt edicilik indeksi ile hesaplanan tabaka degeri ise yaklasik olarak 4’tiir.

4.5. Tek Boyutluluk ve Yerel Bagimsizlik Kriterlerine Yonelik Bulgular

Bu caligmada gergeklestirilen PCAR analizi sonucunda ortiikk degiskendeki degisimden
kaynakli varyans toplam varyansin yaklasik %57.1’in1 agiklamakta olup artiklarin korelasyon
matrisinden hesaplanan birinci temel bilesenin 6zdegeri 1.91 olarak hesaplanmistir. Diger
taraftan, yerel bagimsizlik varsayimi i¢in madde artiklari arasindaki korelasyon katsayilari
hesaplanmis ve —.25 ile .41 arasinda degistigi saptanmustir.

4.6. Madde Yanhhigna iliskin Bulgular

Orneklem igerisinde iiniversite degiskeni agisindan en kalabalik iki alt kiime Trabzon ve 9 Eyliil
{iniversiteleridir. Maddelerin yanlhlik gdsterip gostermedigini belirlemek amaciyla bu iki
iiniversite dikkate alinarak her bir madde i¢in “Madde 6l¢iisii iki grupta esittir” hipotezi test
edilmistir. MIFA sonucunda elde edilen bulgular Tablo 4’te sunulmustur. Tablo 4’te goriildiigii
iizere tiim maddelerin iki grupta belirlenen Olciileri arasindaki farkin mutlak degeri 0.64’ten
kiigiik olup tiimii i¢in elde edilen olasilik degeri anlamlilik sinirindan (.05) biiytiktir.

Tablo 4. Trabzon ve 9 Eyliil Universiteleri Alt Gruplari icin MIFA Bulgular:

Trabzon 9 Eyliil
Madde MIF é&lgiisii SH MIF bl¢iisii SH MIF Fark t p
Ml 3.73 0.20 3.69 0.22 0.04 0.14 .89
M2 3.47 0.19 3.18 0.21 0.29 0.99 33
M3 1.31 0.19 1.22 0.22 0.09 0.31 76
M4 0.77 0.20 1.19 0.20 0.42 —1.42 .16
M5 0.22 0.20 0.28 0.23 0.06 —-0.21 .83
M6 0.18 0.20 —0.12 0.23 0.30 0.97 33
M7 0.22 0.20 0.09 0.23 0.13 0.42 .68
M8  —0.41 0.22 0.09 0.23 0.50 —-1.61 11
M9  —0.03 0.20 —0.56 0.24 0.53 1.7 .09
M10  —0.62 0.21 —0.28 0.23 0.34 —-1.08 28
MIl  —0.75 0.21 —0.28 0.33 0.47 —1.49 14
MI2  —0.71 0.21 —0.96 0.24 0.25 0.79 43
M13  -1.02 0.21 —0.78 0.24 0.32 —-0.72 47
Ml14  —0.79 0.21 —0.67 0.21 0.12 —-0.39 .70
M15  —1.02 0.20 —0.90 0.24 0.12 —-0.36 72
M16  —0.53 0.21 —0.67 0.24 0.14 0.44 .66
M17  —0.84 0.21 -1.19 0.24 0.35 1.10 27
M18  —0.73 0.21 —0.90 0.24 0.17 0.53 .60
M19  —0.99 0.21 —1.13 0.24 0.14 0.45 .66
M20 -1.52 0.22 —1.37 0.25 0.15 —0.44 .66

4. Sonu¢, Tartisma ve Oneriler

Arastirmada gegerlik acisindan incelenen durumlardan biri 6lgek maddelerine tepki vermede
benimsen kategori yapisinin islevselligi idi. Elde edilen bulgular kategorilerin onaylanma
frekansina, ortalama Olciilerine, uyum indeksine, kategori esik degerlerine ve kategorilerin
olasilik egrilerine iliskin ileri siiriilmiis kistaslarin karsilandigini ortaya koymustur. Sonug
olarak benimsenen kategori yapis1 6lgme agisindan 1yi islev gosterdiginden dlgegin gelecekteki
arastirmalarda mevcut kategori yapist ile kullanilmas1 dnerilmektedir.
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Calismada ele alinan bir diger husus gergeklestirilen 6l¢iimiin giivenirlik ve ayirt edicilik
acisindan incelenmesiydi. Kisilerin ham puanlart {izerinde hesaplanan giivenirlik katsayisi
gergeklestirilen dl¢iimiin yiiksek seviyede i¢ tutarliga sahip olduguna isaret etmektedir. Hem
kisilerin hem de maddelerin logit Olciileri iizerinden hesaplanan giivenirlik katsayilar
alanyazinda ileri siiriilen alt esikten yiliksek cikmistir. Bu durum, 6lgek gelecekte farkli bir
ornekleme uygulanacak olsa madde Olgiilerinin biiyiik ihtimalle burada elde edilen Olgiilere
yakin olacagi anlamina gelmektedir (Bond vd., 2021). Diger taraftan madde ayirt edicilik degeri
alanyazinda Onerilen esigin iizerinde hesaplanmistir. Buna bagli olarak maddelere iligkin tabaka
degeri de oldukga yiiksek elde edilmistir. Bu degerler, 6lgek maddelerinin bir biitiin olarak
matematik dilini 6gretmeye iliskin 6z yeterlik degiskeninin genis bir araligini dlcebilecegine
isaret etmektedir. Bununla birlikte kisi ayirt edicilik indeksi temelinde hesaplanan kisilere
yonelik tabaka degeri yaklasik olarak 4 bulunmustur. Hesaplanan bu deger, 6lgegin kisileri ilgili
nitelige sahiplik ac¢isindan 4 seviyeye ayirabilecegini sdylemektedir.

Olgek maddelerinin kisi-madde haritasindaki dagilimi dikkate alindiginda maddelerin dlgiilen
degiskenin genis bir araliginda dagildig: goriilmektedir. Bununla birlikte, 6lcegin onaylanmasi
en zor ikinci maddesi ile 3. maddesi arasinda kayda deger bir bosluk bulunmaktadir. Bu durum,
Ol¢iisii bu bolgede yer alan bireyleri birbirinden ayirt etmede 6l¢egin hassaslik gosteremeyecegi
anlamma gelmektedir. Bu sebepten otiirii 6l¢egin Slgiisii bu bolgeye diisecek madde veya
maddeler ile zenginlestirilmesi ileriki arastirmalarda ele alinmasi gereken bir ihtiyactir.
Alanyazindaki oneriler temelinde 6rneklemi hedefleme yeterligi agisindan 6lgegin orta diizeyde
bir performans sergiledigi degerlendirilmektedir. Gergeklestirilen 6lgiimde kisilerin Slgiileri
ortalamasi, maddelerin 6l¢iileri ortalamasindan 0.7 logit kadar fazla hesaplandigindan dlgek
orneklemi hedefleme agisindan orta diizeyde isabetsizlik sergilemistir. Dolayisiyla, dlcek
maddelerinin bir biitiin olarak onaylanabilirligi 6rneklem i¢in bir nebze kolaydir. Daha 6nce
ifade edilen zenginlestirmenin gergeklestirilmesi dl¢cegin hedefleme yeterligine de olumlu katk:
sunacaktir.

Uyum agisindan ele alindiginda, 6l¢ek maddelerinin her iki uyum istatistikleri de dnerilen aralik
icerisinde yer almaktadir. Dolayisiyla 6lcek maddelerine verilen yanitlar modelin
beklentisinden anlaml1 diizeyde sapma sergilememistir. Bu durum, 6lgekte yer alan maddelerin
biitiinsel olarak odaklanilan niteligin 6l¢timiine hizmet ettiginin bir gostergesidir (Oon ve
Subramaniam, 2011). Bunun yan sira, maddeler icin hesaplanan nokta-6l¢ii korelasyonlar1 da
yuksek pozitif degerlerden olusmaktadir. Elde edilen degerler, 6lgegin her bir maddesinin es
yonlii davrandigini dolayisiyla dlgiilmesi amaglanan nitelik ile alakali oldugunu séylemektedir.

ROT’iin iki temel varsayimi olan tek boyutluluk ve yerel bagimsizlik igin sirastyla PCAR
analizi gerceklestirilmis ve artiklarin korelasyon matrisi incelenmistir. PCAR analizi
sonucunda Rasch o6l¢iilerinden kaynakli varyansin toplam varyanstaki orani ve artiklarin
korelasyon matrisinden hesaplanan birinci temel bilesenin 6zdegeri 6l¢egin Rasch boyutu
haricinde bagka bir boyut icermedigine isaret etmektedir. Dolayisiyla hazirlanan 6lcek, tek bir
ortiik degiskenin dl¢iimiine hizmet etmektedir. Bununla birlikte artiklar arasindaki korelasyon
katsayisinin Onerilen st esik degerinden kiiciik olmasindan 6tiirii 6lgegin yerel bagimsizlik
kriterini ihlal etmedigi degerlendirilmektedir.

Maddelerin yanlilik gdosterip gostermedigini sinamak ig¢in iiniversite degiskeni agisindan
orneklem igerisinde hacimce en biiyiik iki grup alinarak MIFA gerceklestirilmistir. Her iki
gruptan hesaplanan madde 6lgiileri arasindaki fark alanyazinda onerilen esik degerden diisiik
bulunmusgtur. Bu durum 6lgek maddelerin farkli 6rneklemlerde benzer davrandigini, bir bagka
ifadeyle kisi-madde haritasinda yer alan konumlarinin anlamli bir farklilik olusturmadigi
anlamina gelmektedir.
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Calismadan elde edilen bulgular ve alanyazinda onerilen kistaslar goz oniine alindiginda, bu
caligmada gelistirilen Olgegin kabul edilebilir diizeyde gecerli ve gilivenilir bir dlgme islemi
gergeklestirdigine kanaat getirilmistir. Sonug¢ olarak, ilkégretim matematik Ogretmeni
adaylarinin matematik dilini 6gretmeye iliskin 6z yeterliklerini belirlemeyi amag¢ edinen
calismalarda kullanilabilir.

Etik Kurul izin Bilgisi

Bu arastirma, Trabzon Universitesi Sosyal ve Beseri Bilimler Bilimsel Arastirma ve Yayin Etigi
Kurulunun 24.04.2024 tarihli E-81614018-050.04-2400019593 sayuli karart ile alinan izinle
yiiriitiilmiistiir.

Yazar Cikar Catismasi Bilgisi
Yazarlarin beyan edecegi bir ¢ikar ¢atismast yoktur.
Yazar Katkisi

Erdem Cekmez: Literatiir taramasi, veri toplama, arastirma raporunun yazilmasi, verinin
analizi ve yorumlanmasi. Mustafa Giiler: Literatiir taramasi, veri toplama, kavramsal
cercevenin olusturulmasi, arastirma raporunun yazilmasi. Taha Ertugrul Kuzu: Literatiir
taramasi, kavramsal cercevenin olusturulmasi.

Orcid

Erdem Cekmez "2 hitps.//orcid.org/0000-0001-8684-2820

Mustafa Giiler “¥ https://orcid.org/0000-0002-4082-7585

Taha Ertugrul Kuzu "= https://orcid.org/0000-0001-7422-0231
KAYNAKCA

Acil, E. ve Zeybek, Z. (2017). Ogrencilerin matematiksel dili kullanma ve anlama becerisi ile
ogretmenlerinin Ogrencilerin matematiksel dili nasil kullandiklarin1 fark edebilme yetenegi.
Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 42, 87-107.

Adler, J. (1999). The dilemma of transparency: Seeing and seeing through talk in the mathematics
classroom. Journal for Research in Mathematics Education, 30(1), 47-64. https://doi.org/10.2307/7
49629

Akcan, F. (2023). Sosyal bilgiler dersinde dijital giivenlik yeterligi icin gelistirilen ¢evrim igi
destekleyici ogrenme aracimin ogrencilerin 6z yeterlik algilarina etkisi (Tez No: 776088) [Doktora
tezi, Gazi Universitesi]. Yok Tez Merkezi.

Andrich, D. (1996). A hyperbolic cosine latent trait model for unfolding polytomous responses:
Reconciling Thurstone and Likert methodologies. British Journal of Mathematical and Statistical
Psychology, 49, 347-365. https://doi.org/10.1111/].2044-8317.1996.tb01093.x

Araujo, Z. d., Roberts, S. A., Willey, C., & Zahner, W. (2018). English learners in K—12 mathematics
education: A review of the literature. Review of Educational Research, 88(6), 879-919. https://doi.o
rg/10.3102/0034654318798093

Baber, R. L. (2011). The language of mathematics. Utilizing math in practice. John Wiley & Sons.

Bali-Calikoglu, G. (2002). Matematik dgretiminde dil dlgegi. Hacettepe Universitesi Egitim Fakiiltesi
Dergisi, 23, 57-61.

Bandura, A. (1977). Self-efficacy: Toward a unifying theory of behavioral change. Psychological
Review, 84(2), 191-215. https://doi.org/10.1037/0033-295X.84.2.191

Bandura, A. (1997). Self-efficacy: The exercise of control. W. H. Freeman and Company.

155


https://orcid.org/0000-0001-8684-2820
https://orcid.org/0000-0002-4082-7585
https://orcid.org/0000-0001-7422-0231
https://doi.org/10.2307/749629
https://doi.org/10.2307/749629
https://doi.org/10.1111/j.2044-8317.1996.tb01093.x
https://doi.org/10.3102/0034654318798093
https://doi.org/10.3102/0034654318798093
https://psycnet.apa.org/doi/10.1037/0033-295X.84.2.191
http://www.orcid.org/0000-0001-8684-2820
http://www.orcid.org/0000-0002-4082-7585
http://www.orcid.org/0000-0001-7422-0231

Cekmez vd. PAUEFD, 65, 139-159 [2025]

Barton, B. (2008). The language of mathematics: Telling mathematical tales. Springer.
https://doi.org/10.1007/978-0-387-72859-9

Barwell, R. (2016). Formal and informal mathematical discourses: Bakhtin and Vygotsky, dialogue and
dialectic. Educational Studies in Mathematics, 92(3), 331-345. https://doi.org/10.1007/s10649-015-
9641-z

Bond, T. G., & Fox, C. M. (2007). Applying the Rasch model: Fundamental measurement in the human
sciences (2nd ed.). Lawrence Erlbaum Associates.

Bond, T. G,, Yan, Z., & Heene, M. (2021). Applying the Rasch model: Fundamental measurement in
the human sciences (4th ed.). Routledge

Boone, W. J. (2020). Rasch basics for the novice. In M. S. Khine (Ed.), Rasch measurement:
Applications in quantitative educational research (pp. 9-30). Springer. https://doi.org/10.1007/978-
981-15-1800-3

Boone, W. J., & Staver, J. R. (2020). Advances in Rasch analysis in the human sciences. Springer.
https://doi.org/10.1007/978-3-030-43420-5

Boone, W. J., Staver, J. R., & Yale, M. S. (2014). Rasch analysis in the human sciences. Springer.
https://doi.org/10.1007/978-94-007-6857-4 4

Burns, M. (2006). Marilyn Burns on the language of math. Instructor, 115(7), 41-43.

Biiyiikoztiirk, S., Kilig-Cakmak, E., Akgiin, 0., Karadeniz, S. ve Demirel, F. (2019). Bilimsel arastirma
yontemleri. Pegem Akademi

Carlson, M., Wilcox, R., Chou, C.-P., Chang, M., Yang, F., Blanchard, J., . . . Clark, F. (2011).
Psychometric properties of reverse-scored items on the CES-D in a sample of ethnically diverse older
adults. Psychological Assessment, 23(2), 582-562. https://doi.org/10.1037/a0022484

Cekmez, E., Tuti, G. ve Terzi, S. Y. (2023). ilkokul 3. ve 4. simf dgrencilerine yonelik matematik kaygi
0lceginin psikometrik 6zelliklerinin incelenmesi. Anadolu University Journal of Education Faculty,
7(4), 819-841. https://doi.org/10.34056/aujef. 1254390

Cepni, S. (2007). Arastirma ve proje ¢alismalarina giris. Celepler Matbaacilik.

Duncan, P. W., Bode, R. K., Lai, S. M., & Perera, S. (2003). Rasch analysis of a new stroke-specific
outcomescale: The stroke impact scale. Archives of Physical Medicine and Rehabilitation, 84(7),
950-963. https://doi.org/10.1016/S0003-9993(03)00035-2

Durkin, K., & Shire, B. (1991). Lexical ambiguity in mathematical contexts. In K. Durkin & B. Shire
(Eds.), Language in mathematical education (pp. 71-84). Open University Press.

Erath, K., Prediger, S., Quasthoff, U. M., & Heller, V. (2018). Discourse competence as important part
of academic language proficiency in mathematics classrooms: The case of explaining to learn and
learning to explain. Educational Studies in Mathematics, 99(2), 161-179. https://doi.org/10.1007/s1
0649-018-9830-7

Fan, J., & Bond T. (2019). Applying Rasch measurement in language assessment: Unidimensionality
and local independence. In V. Aryadoust & M. Raquel (Eds.), Quantitative data analysis for
language assessment: Fundamental techniques (pp.83-102). Routledge. https://doi.org/10.4324/978
1315187815

Gokmen, A.D.Y. ve Ulusoy, M. (2022). Kelime bilgisi ve anlama becerilerinin anlatim becerilerindeki
rolii: Farkli yol analizi denemeleri. Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 56, 372-400.
https://doi.org/10.9779.pauefd. 1026827

Giirefe, N. (2018). Mathematical language skills of mathematics prospective teachers. Universal
Journal of Educational Research, 6(4), 661-671. https://doi.org/10.13189/ujer.2018.060410

156


https://doi.org/10.1007/978-0-387-72859-9
https://doi.org/10.1007/s10649-015-9641-z
https://doi.org/10.1007/s10649-015-9641-z
https://doi.org/10.1007/978-981-15-1800-3
https://doi.org/10.1007/978-981-15-1800-3
https://doi.org/10.1007/978-3-030-43420-5
https://doi.org/10.1007/978-94-007-6857-4_4
https://doi.org/10.1037/a0022484
https://doi.org/10.34056/aujef.1254390
https://doi.org/10.1016/S0003-9993(03)00035-2
https://doi.org/10.1007/s10649-018-9830-7
https://doi.org/10.1007/s10649-018-9830-7
https://doi.org/10.4324/9781315187815
https://doi.org/10.4324/9781315187815
https://doi.org/10.9779.pauefd.1026827
https://doi.org/10.13189/ujer.2018.060410

Cekmez vd. PAUEFD, 65, 139-159 [2025]

Gray, V. (2004). The language of mathematics: A functional definition and development of an intrument
to measure teacher perceived self-efficacy [Doctoral dissertation, Oregon State University].
http://hdl.handle.net/1957/31694

Halliday, M. A. K. (1978). Language as social semiotic. Edward Arnold.

Kabael, T. ve Yayan, B. (2017). Effect of self-evaluation on pre-service mathematics teachers’ self-
efficacy in language of mathematics. Anadolu Journal of Educational Sciences International, 7(1),
1-34. https://doi.org/10.18039/ajes1.292575

Kuzu, T. (2023). Multilingual meaning making — An explorative study of German-Turkish learners’
translanguaging processes regarding the part-whole-concept. Journal fiir Mathematik-Didaktik,
44(4), 325-353. https://doi.org/10.1007/s13138-023-00219-z

Kuzu, T., & Ratzke, C. (2024). Explanatory videos in the context of learning processes: An
interdisciplinary interpretative interaction analysis of production and reflection processes. Journal of
Pedagogical Research, 8(2), 227-259. https://doi.org/10.33902/JPR.202426555

Linacre, J. M. (2002). Optimizing rating scale category effectiveness. Journal of Applied Measurement,
3(1), 85-106.

Linacre, J. M. (2022). A user quide to Winsteps Ministep Rasch model computer programs.
https://www.winsteps.com/a/Winsteps-Manual.pdf

Milli Egitim Bakanlhigi. (2018a). Matematik dersi 6gretim programi (flkokul ve ortaokul 1,2,3,4,5,6,7,
ve 8. siniflar). Milli Egitim Bakanlig.

Milli Egitim Bakanligi. (2018b). Ortadgretim matematik dersi (9, 10, 11 ve 12. suuflar) ogretim
programi. Milll Egitim Bakanligi.

Milli Egitim Bakanligi. (2024a). Ortadgretim matematik dersi ogretim programi (Hazirlik, 9, 10, 11 ve
12. siniflar). Milli Egitim Bakanlig1.

Milli Egitim Bakanligi. (2024b). Ortaokul matematik dersi 6gretim programi (5, 6, 7 ve 8. suiflar).
Milli Egitim Bakanligi.

Moleko, M. M. (2021). Teachers’ perspectives on addressing linguistic factors affecting visualisation of
mathematics word problems. Eurasia Journal of Mathematics, Science and Technology Education,
17(11), em2029. https://doi.org/10.29333/ejmste/11248

Moore, R. C. (1994). Making the transition to formal proof. Educational Studies in Mathematics, 27(3),
249-266. https://doi.org/10.1007/bf01273731

Morgan, C. (2020). Mathematical language. In S. Lerman (Ed.), Encyclopedia of mathematics education
(pp. 540-543). Springer. https://doi.org/10.1007/978-3-030-15789-0

Moschkovich, J. (2015). Academic literacy in mathematics for english learners. The Journal of
Mathematical Behavior, 40, 43-62. https://doi.org/10.1016/.jmathb.2015.01.005

National Council of Teachers of Mathematics. (2000). Principles and standards for school mathematics.
NCTM.

Neumann, I., Neumann, K., & Nehm, R. (2011). Evaluating instrument quality in science education:
Rasch-based analyses of nature of science test. International Journal of Science Education, 33(10),
1373-1405. https://doi.org/10.1080/09500693.2010.511297

Nunnally, J. C. (1978). Psychometric theory (2nd ed.). McGraw-Hill.

Oon, P. T., & Subramaniam, R. (2011). Rasch modelling of a scale that explores the take-up of physics
among school students from the perspective of teachers. In R. F. Cavanagh & R. F. Waugh (Ed.),
Applications of Rasch measurement in learning environments research (pp. 119-139). Sense Pub.

Ozgen, K. ve Bindak, R. (2008). Matematik okuryazarh@ oOz-yeterlik 6lceginin gelistirilmesi.
Kastamonu Egitim Dergisi, 16(2), 517-528.

157


https://doi.org/10.18039/ajesi.292575
https://doi.org/10.1007/s13138-023-00219-z
https://doi.org/10.33902/JPR.202426555
https://www.winsteps.com/a/Winsteps-Manual.pdf
https://doi.org/10.29333/ejmste/11248
https://doi.org/10.1007/bf01273731
https://doi.org/10.1007/978-3-030-15789-0
https://doi.org/10.1016/j.jmathb.2015.01.005
https://doi.org/10.1080/09500693.2010.511297

Cekmez vd. PAUEFD, 65, 139-159 [2025]

Peng, P., Lin, X., Unal, Z., Lee, K., Namkung, J., Chow, J., ... & Sales, A. (2020). Examining the mutual
relations between language and mathematics: A meta-analysis. Psychological Bulletin, 146(7), 595-
634. https://doi.org/10.1037/bul000023 1

Pimm, D. (1987). Speaking Mathematically: Communication in mathematics classrooms. Routledge.

Prediger, S. (2019). Investigating and promoting teachers’ expertise for language-responsive
mathematics teaching. Mathematics Education Research Journal, 31, 367-392. https://doi.org/10.1
007/s13394-019-00258-1

Prediger, S., Kuzu, T., Schiiler-Meyer, A., & Wagner, J. (2019). One mind, two languages — separate
conceptualisations? A case study of students’ bilingual modes for dealing with language-related
conceptualisations of fractions. Research in Mathematics Education, 21(2), 188-207. https://doi.org
/10.1080/14794802.2019.1602561

Riccomini, P. J., Smith, G. W., Hughes, E. M., & Fries, K. M. (2015). The language of mathematics:
The importance of teaching and learning mathematical vocabulary. Reading & Writing Quarterly,
31(3), 235-252. https://doi.org/10.1080/10573569.2015.1030995

Schleppegrell, M. J. (2007). The linguistic challenges of mathematics teaching and learning: A research
review. Reading & Writing Quarterly, 23(2), 139-159. https://doi.org/10.1080/10573560601158461

Seger, 1. (2018). Psikolojik test gelistirme ve uyarlama siireci: SPSS ve LISREL uygulamalar: (2. Baska).
An Yaymeilik.

Smith Jr, E. V., Conrad, K. M., Chang, K., & Piazza, J. (2002). An introduction to Rasch measurement
for scale development and person assessment. Journal of Nursing Measurement, 10(3), 189-206.

Suarez-Alvarez, J., Pedrosa, 1., Lozano, L. M., Garcia-Cueto, E., Cuesta, M., & Muiliz, J. (2018). Using
reversed items in Likert scales: A questionable practice. Psicothema, 30(2), 149-158.
https://doi.org/10.7334/psicothema2018.33

Tabachnick, B. G., & Fidell, L. S. (2013). Using multivariate statistics (6th ed.). Pearson.

Tennant, A., & Conaghan, P. (2007). The Rasch measurement model in theumatology: What is it and
why use it? When should it be applied, and what should one look for in a Rasch paper? Arthritis
Care and Research, 5(8), 1358—1362. https://doi.org/10.1002/art.23108

Uptegrove, E. B. (2015). Shared communication in building mathematical ideas: A longitudinal study.
Journal of Mathematical Behavior, 40, 106—130. https://doi.org/10.1016/j.jmathb.2015.02.001

Wilkinson, L. C. (2018). Teaching the language of mathematics: What the research tells us teachers
need to know and do. The Journal of Mathematical Behavior, 51, 167-174. https://doi.org/10.1016/
j.jmathb.2018.05.001

Wright, B. D., & Linacre, J. M. (1994). Reasonable mean-square fit values. Rasch Measurement
Transactions, 8(3), 370.

Wright, B.D., & Stone, M. H. (2004). Making measures. Phaneron Press

Zeng, B., Wen, H., & Zhang, J. (2020). How does the valence of wording affect features of a scale? The
method effects in the undergraduate learning burnout scale. Frontiers in Psychology, 11, 26-38.
https://doi.org/10.3389/fpsye.2020.585179

158


https://doi.org/10.1037/bul0000231
https://doi.org/10.1007/s13394-019-00258-1
https://doi.org/10.1007/s13394-019-00258-1
https://doi.org/10.1080/14794802.2019.1602561
https://doi.org/10.1080/14794802.2019.1602561
https://doi.org/10.1080/10573569.2015.1030995
https://doi.org/10.1080/10573560601158461
https://doi.org/10.7334/psicothema2018.33
https://doi.org/10.1002/art.23108
https://doi.org/10.1016/j.jmathb.2015.02.001
https://doi.org/10.1016/j.jmathb.2018.05.001
https://doi.org/10.1016/j.jmathb.2018.05.001
https://doi.org/10.3389/fpsyg.2020.585179

Cekmez vd. PAUEFD, 65, 139-159 [2025]

EKk A. Olcek Maddeleri

MS5. Hem giinliikk konugsma dilinde hem de matematik dilinde kullanilan kelimelerin (bu tiirden
kelimelere Ornek: benzer, rasyonel, yamuk) anlamlar1 arasindaki ayrimi Ogrencilere fark ettirecek
aciklamalar yapabilirim.

M18. Ogrencilerin matematiksel terimleri uygun bicimde kullanip kullanamadiklarini fark
edebilirim.

M14. Matematiksel ifadeleri kurallara uygun bi¢imde yazma bakimindan o6grencilerime 6rnek
olabilirim.

M16. Ogrencilerimin defterlerine yazacaklari matematiksel ifadelerin kurallara uygun olmasimi
saglayabilirim.

M20. Denklem olustururken harflerin veya simgelerin ne amagcla kullanildigin1 6grencilerime
kavratabilirim.

M9. Ogrencilere matematiksel terimleri uygun bicimde kullanma aliskanligim kazandirabilirim.

M11. Ogrencilerin matematik dilinde yazilmis metinleri sézel olarak ifade etme yeterliklerini
gelistirebilirim.

M15. Grafiklerin matematikteki 6nemini 6grencilerime fark ettirebilirim.

M4. Ogrencilerimin matematiksel diisiincelerini simf arkadaslari ile tartismaya istekli olmalarini
saglayabilirim.

MS. Matematiksel kavramlarin farkl temsilleri arasindaki iligkiyi 6grencilerime kavratabilirim.

M10. Smf ortamini 6grencilerin matematiksel diisiincelerini sozlii olarak paylagsmalarini tesvik
edecek bigimde diizenleyebilirim.

M17. Ogrencilerin matematik dilini kullanirken yaptiklari hatalar1 fark edebilirim.
M7. Ogrencilerin matematiksel bilgiyi yazili olarak ifade etme yeterliklerini gelistirebilirim.
M13. Ogrencilere grafik okuma becerisini kazandirabilirim.

M6. Matematiksel bilgiyi aciklarken kelimeleri 6grencilerin yas diizeyine uygun olacak sekilde
secgebilirim.

M3. Ogrencilerin sozel problemlerde verilen iliskileri matematiksel olarak ifade etme becerilerini
gelistirecek etkinlikler tasarlayabilirim.

M2. Ogrencilerin matematik dili becerilerini gelistirme amaciyla tasarlanmis etkinlikler bulmak
istersem nerede arayacagimi biliyorum.

M19. Geometrik sekilleri, sekli olusturan elemanlarin 6lgiilerini dikkate alarak ¢izme hususunda
Ogrencilerime 6rnek olabilirim (6rnegin: bir aginin Sl¢iisli 90 dereceden biiyiik ise agiy1 genis ag1 gibi
goriinecek sekilde ¢izmek).

M12. Ogrencilerimin matematiksel sembolleri ve notasyonlar1 dogru okumalarina 6zen gosteririm.

M1. Ogrencilerin matematik dili yeterliklerini 6lgme amaciyla tasarlanmis degerlendirme tiiriinden
etkinliklere iliskin bilgi sahibiyim.
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Abstract: This study aimed to develop a scale to determine the self-efficacy of pre- Article Details
service primary mathematics teachers regarding teaching the language of
mathematics. The participants of the research consisted of 419 teacher candidates
studying in the final semester of the relevant program at 14 universities. The extent to Received
which the scale provides valid and reliable measurement was examined in terms of 27/06/2024
item fit statistics, the functionality of the adopted category structure, reliability and

discrimination indices for persons and items, sample targeting adequacy, the Accepted
hierarchy formed by the items, item bias status, unidimensionality, and local 19/03/2025
independence components. Data analysis was conducted using Winsteps® software

based on the rating scale model within the framework of Rasch measurement theory. Keywords
The findings revealed that the category structure was functional, item fit statistics
were within the ranges suggested in the literature, the criteria for unidimensionality
and local independence were met, the reliability and discrimination indices for language,
persons and items were appropriate, and the items did not exhibit bias. However, it
was determined that the scale demonstrated a moderate level of mistargeting
concerning the sample. Consequently, the scale provides reasonably valid and Prospective
reliable measurement and can be utilized in future research.
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teachers.

1. Introduction

Language plays a significant role in the acquisition of mathematical knowledge. It serves as a
medium for teachers to explain mathematical concepts and methods to students, to interpret
mathematical texts, and to facilitate thinking during mathematical activities such as problem-
solving (Gokmen & Ulusoy, 2022). Moreover, language enables students to engage in the
exchange of ideas with both their peers and their teacher. Acknowledging the importance of
language-mediated communication in mathematics learning, the middle school mathematics
curriculum in Turkey emphasizes the need to provide students with opportunities to solve
problems by effectively utilizing language and symbols, articulate their thoughts verbally, and
communicate via mathematical representations (Ministry of National Education [MoNE],
2024a).
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In the teaching process that takes place in mathematics classrooms, language emerges in two
distinct forms: the everyday language that facilitates general communication and the
mathematical language that mediates the representation and communication of mathematical
knowledge. Mathematical language is a form of communication that enables mathematicians
and students to express mathematical ideas clearly (Moore, 1994). The use of mathematical
language is essential for understanding mathematical concepts and interacting with them (Agil
& Zeybek, 2017; Erath et al., 2018; Prediger ef al., 2019). Furthermore, it allows individuals
to describe and analyze mathematical relationships and to concretize their mathematical
reasoning during problem-solving processes (Barwell, 2016).

For students to achieve meaningful learning regarding the mathematical content addressed,
their proficiency in mathematical language must continuously develop throughout the
teaching process. One aspect of this expected development is the expansion of students'
domain-specific vocabulary and terminology in proportion to their educational level.
Mathematical vocabulary plays a key role in both students' understanding of mathematical
ideas and their effective use of these ideas in communication (Riccommini et al., 2015). In
line with this perspective, Uptegrove (2015) has demonstrated that students who meaningfully
comprehend the symbolic words specific to mathematical language can develop a deep and
robust understanding of mathematical knowledge. However, mathematical language is not
merely about learning mathematical words and notations. It also encompasses various actions,
such as imitating the style used to express mathematical knowledge, representing
mathematical knowledge across different representational domains, and concretizing the
thoughts occurring in one's mind on paper to facilitate the process of mathematical reasoning
(Moschkovich, 2015; Peng et al., 2020). For this reason, in addition to its communicative
role, mathematical language also has a cognitive function, considering the fact that language
mediates both learning and thinking (Erath et al., 2018; Kuzu, 2023; Kuzu & Ratzke, 2024).

The effective teaching of mathematics largely depends on the correct use of mathematical
language, which encompasses rules, concepts, symbols, and terms (Giirefe, 2018). Unlike
everyday spoken language, this language involves the use of words with clearly defined
meanings, its own syntactic rules, and a distinctive style of expression. For instance, the
definitions of mathematical concepts include technical terms, dense noun phrases,
conjunctions with specific meanings, and implicit logical relationships (Schleppegrell, 2007).
With all these aspects, mathematical language poses challenges for students in understanding
mathematical knowledge and solving problems. Some of these challenges include
understanding words specific to mathematics that are not found in everyday language,
distinguishing between words that exist in both everyday and mathematical language but have
different meanings, and comprehending mathematics-specific noun phrases (Wilkinson,
2018). It has been noted that students who fail to overcome these challenges tend to explain
mathematical knowledge in ways that are meaningful only to themselves (Moschkovich,
2015). In such cases, the lack of shared meaning makes it difficult for teachers to provide
appropriate feedback. For these reasons, teachers need to be careful and clear when using
mathematical language to support students' learning (Adler, 1999; Araujo et al., 2018).
Additionally, it is recommended that teachers rephrase and correct any inaccurate expressions
in students' verbal explanations (Wilkinson, 2018). Despite these recommendations, Moleko
(2021) found that teachers often fail to pay attention to linguistic factors during instruction
related to problem-solving. This oversight makes it more difficult for students to effectively
visualize and solve problems.

Although it is emphasized that mathematics teachers should design their teaching processes in
ways that support students' proficiency in mathematical language, it is noted that this often
does not occur (Baber, 2011; Durkin & Shire, 1991; Prediger, 2019). Gray (2004) argues that
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teachers' self-efficacy in teaching this skill plays a significant role in whether or not they
incorporate the teaching of mathematical language into their classroom practices. In this
context, Gray suggests that if a teacher has low confidence in their ability to teach
mathematical language, it is highly likely that they will refrain from making efforts in this
direction. Based on this, the attitudes that prospective mathematics teachers will adopt toward
teaching mathematical language in their future instructional practices are closely tied to their
self-efficacy in this area. To assess the self-efficacy of prospective mathematics teachers
regarding this issue, there is a need for measurement tools that are both valid and reliable at
an acceptable level.

One of the measurement tools that can be evaluated in the field of mathematical language was
developed by Kabael and Yayan (2017). However, this tool aims to measure prospective
mathematics teachers' self-efficacy in using mathematical language rather than their self-
efficacy in teaching it. For instance, one of the items in the scale reads, "I can express a
proposition in mathematical language." Therefore, the scale developed in this study differs
from Kabael and Yayan's scale in this respect.

Another existing scale was developed by Ozgen and Bindak (2008) to determine prospective
mathematics teachers' self-efficacy in mathematical literacy. The items in this scale focus on
evaluating the broader concept of mathematical literacy rather than the teaching of
mathematical language. Similarly, Bali-Calikoglu (2002) developed a scale to determine
prospective mathematics teachers' views on the role of language in mathematics teaching.
However, upon examining the items in this scale, it was concluded that they are not directly
related to the latent variable targeted for measurement in this study.

A review of the literature revealed that no existing measurement tool specifically addresses
the latent variable targeted in this study. Developing such a tool would not only help
determine prospective teachers' self-efficacy but also, depending on the endorsability levels of
the scale items, uncover the sub-competencies in which prospective teachers feel inadequate.
This, in turn, could provide insights into the type of support that should be offered to
prospective teachers during their pre-service training. Based on this rationale and significance,
the aim of this study is to develop a scale to measure prospective teachers' self-efficacy in
teaching mathematical language and to examine its psychometric properties within the
framework of the Rasch Measurement Theory (RMT).

2. Conceptual Framework
2.1. Mathematical Language

Mathematical language is a form of communication that facilitates the concretization and
sharing of mathematical knowledge with the aid of everyday spoken language. Although it is
referred to as a "language," mathematical language differs from the languages people use for
daily communication in several ways. For instance, no one has mathematics as their native
language. Additionally, while individuals can speak their native language fluently without
being literate, fluency in mathematical language requires mathematical literacy as a
prerequisite. Furthermore, mathematical language relies on a native language to fulfill its
communicative function.

Burns (2006) highlights that learning mathematical language is similar to learning a foreign
language. However, he also emphasizes a key distinction: to learn mathematical language, one
must first understand the concepts that will be discussed. This underscores the
interdependence between conceptual understanding and language acquisition in mathematics.
In addition, the most distinctive characteristic that sets mathematical language apart from
everyday spoken language is its precision and freedom from ambiguity. These characteristics
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make mathematical language a powerful tool for conducting flawless reasoning and defining
technical terms (Baber, 2011).

Although the term "mathematical language" is frequently used in the mathematics education
literature, there is no universally agreed-upon definition of the concept. For instance, Barton’s
(2008) book titled The Language of Mathematics does not provide a clear definition of
mathematical language. Similarly, NCTM (2000) refers to the effective use of mathematical
language within the framework of mathematical literacy, it does not offer an explicit
definition.

In Turkey, the 2018 primary and middle school mathematics curriculum explicitly includes
the term "mathematical language," yet it does not provide a definition (MoNE, 2018a). On the
other hand, the high school mathematics curriculum does not mention the term at all (MoNE,
2018b). In the 2024 middle school curriculum (MoNE, 2024b), the term "mathematical
language" is absent, whereas the high school curriculum (MoNE, 2024a) includes the term
"mathematical language" but, like the 2018 curriculum, does not provide a definition. This
suggests an implicit assumption that everyone understands the term "mathematical language"
in the same way, despite the lack of a clear and shared definition.

When examining the mathematics education literature, it is evident that various researchers
have attempted to explain or define mathematical language. In this context, Baber (2011)
describes the language of mathematics as the notational forms used in mathematical practice
and states that texts written in mathematical language consist of four fundamental elements:
values, variables, functions, and expressions. Halliday (1978), on the other hand, approaches
mathematical language as a style and defines it as the use of everyday spoken language for
mathematical purposes, explicitly excluding symbolism from the language of mathematics.
Morgan (2020) characterizes mathematical language by listing its distinctive features. These
features include the use of domain-specific vocabulary, the ability to derive mathematical
terms from verbs (e.g., deriving the term "translation"), the inclusion of algebraic expressions,
and the utilization of different semiotic systems, such as the Cartesian coordinate system.
Similarly, Pimm (1987) identifies the characteristics of mathematical language as including
domain-specific meanings, the presence of entities symbolized by mathematical symbols, and
its unique syntactic rules.

Gray (2004), in his doctoral study, emphasized the lack of a clear definition of mathematical
language and aimed to provide a functional definition. As a result of his investigation, he
defined mathematical language in the context of the English language as follows: "In English
speaking classrooms, the language of mathematics is used in combination with English and a
set of symbolic forms. This language refers to the specific words, symbols, graphs, and
conventions used when discussing or writing about mathematics." (p. 21). Gray stated that he
shared this proposed definition with experienced researchers in the field of mathematics
education, who expressed their agreement that the definition was appropriate.

As a result of the literature review on the definition of mathematical language, it has been
understood that mathematical language possesses its own unique notations, terms, and
conventions; shares words with everyday spoken language; utilizes different representational
and semiotic systems; has domain-specific syntactic rules; and that communication plays a
significant role in its development. These characteristics were taken into account in the
creation of the item pool for this study.

2.2. Self-Efficacy

Self-efficacy, first introduced by Albert Bandura, is a concept that asserts the behaviors
exhibited are connected to individuals' beliefs and emotions (Akcan, 2023). Bandura (1997)
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argues that human agency operates within an interconnected causal structure that involves
triadic reciprocal causation. The triadic reciprocal causation structure consists of behavior,
personal factors—whether cognitive, affective, or biological—and the environment. The
prediction of this network of relationships is that individuals' choices are influenced not only
by environmental factors but also by their personal evaluations of their ability to execute a
chosen course of action.

Among the determinants of human agency, self-efficacy is defined by Bandura (1997, p. 21)
as "a judgment of one's capability to organize and execute given types of performances."
When an individual encounters a problem, their belief in their own self-efficacy becomes a
decisive factor in whether they will attempt to solve the problem, how much effort they will
exert in the process, and how much resilience they will demonstrate in overcoming potential
difficulties (Bandura, 1977). Bandura (1997) further emphasizes that individuals' expectations
regarding the outcomes of an action are largely dependent on their evaluations of how well
they can perform that action.

Figure 1. Efficacy and Outcome Expectations in Person-Behavior-Outcome Dynamics

Person  mommmm) Behavior mmmsmmms)  Outcome

Efficacy beliefs Outcome Expectancies

Bandura highlights a distinction regarding expectations. As illustrated in Figure 1, Bandura
(1977) states that self-efficacy expectations mediate the relationship between the individual
and behavior, while outcome expectations mediate the relationship between behavior and
outcomes. Outcome expectation refers to an individual's estimation that a specific behavior
will lead to a particular outcome. Self-efficacy expectation, on the other hand, reflects the
individual's belief in their ability to perform the behaviors necessary to produce the desired
outcome. Bandura (1997) further asserts that even if an individual believes that a sequence of
actions will lead to specific outcomes, this belief will not influence their behavior if they
doubt their ability to perform the required actions.

In his book introducing the concept of self-efficacy, Bandura (1997) also discusses the
potential effects of the concept on teachers' instructional practices. In this regard, the
researcher emphasizes that the evidence suggests teachers' beliefs about their instructional
efficacy partially determine how they structure academic activities in their classrooms and
shape their evaluations of students' intellectual abilities. For instance, teachers with low
perceptions of instructional efficacy may believe that there is little they can do if students are
poorly motivated and that their influence on students' intellectual development is severely
constrained by adverse environmental factors. Consequently, Bandura highlights that teachers
who strongly believe in their ability to foster learning are more likely to create positive
learning experiences for their students. In contrast, those who doubt their instructional
efficacy are likely to establish classroom environments that undermine students' confidence in
their abilities and cognitive development.

All of this leads to the following conclusion: A teacher may believe that teaching the language
of mathematics to students can yield positive outcomes for their learning experiences
(outcome expectation). However, if the teacher harbors doubts about their ability to teach this
skill effectively (self-efficacy expectation), they are unlikely to take action in this direction.
Therefore, it is essential for teachers to possess a reasonable level of self-efficacy regarding
their ability to impart this skill to their students.
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2.3. Problem Statement

The main problem addressed in the study is to examine the psychometric properties of the
scale developed to determine the self-efficacy of prospective mathematics teachers in teaching
the language of mathematics in their future professional lives. Within this framework, the sub-
problems to be addressed in the study are listed below:

e s the category structure adopted in the scale appropriate?
e Are the person and item reliability and discrimination indices above the recommended
thresholds?
e Are the fit statistics of the items within acceptable limits?
Does the scale adequately target the sample?
How are the items distributed?
Are there any items that exhibit differential item functioning?
Does the scale include a dimension other than the Rasch dimension?
Does the scale meet the criterion of local independence?

3. Method

Investigations conducted to explore an existing situation and obtain detailed information
about its characteristics are classified under the category of descriptive research (Cepni,
2007). The survey method, which is classified under this category, aims to collect data to gain
information about a particular attribute present in individuals (Biiyiikoztiirk et al.,, 2019). In
this study, conducted using the survey method, the psychometric properties of a scale
developed to determine prospective teachers' self-efficacy in teaching the language of
mathematics in their future professional lives were examined. Ethical approval for the study
was obtained from the Scientific Research and Publication Ethics Committee of Trabzon
University for Social and Human Sciences.

3.1. Participants

The participants of the study consisted of prospective teachers enrolled in the final semester
of the elementary mathematics teacher education program at the universities listed in Table 1.
The selection of these universities was based on their geographical distribution across
different regions and their heterogeneity in terms of admission scores. This approach aimed to
enhance the diversity of the sample. It is considered that the various courses taken by students
during their university education contribute to the development of the quality targeted by the
scale. For this reason, it was deemed appropriate to select students in their final semester as
the sample.

Secer (2018) suggests that for a pilot study aimed at examining the compatibility of items
with the scale, a group of 50 participants is sufficient if the number of items is fewer than 30.
For the main application phase of the scale development process, Tabachnick and Fidell
(2013) recommend a minimum of 300 participants, while Nunnally (1978) suggests a sample
size ten times the number of items. The pilot study for the scale was conducted with 68
students, while the main application was completed with 457 students.

In the initial examination, it was identified that 33 students responded to the control item,
which instructed them to select the "no comment" option, with answers other than "no
comment." These students were excluded from the dataset. Additionally, five students who
scored full marks on the scale were also removed from the dataset. The distribution of the
remaining 419 students according to categorical variables is presented in Table 1.
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Table 1. The Distribution of the Sample According to Categorical Variables
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3.2. The Development Process of the Scale Form

In the study, a literature review was first conducted to establish a foundation for defining the
language of mathematics and identifying its components. Based on the findings obtained from
this review, an item pool was created. Considering studies in the literature reporting that
negatively worded items do not function as intended (Boone ef al., 2014; Carlson et al., 2011;
Sudrez-Alvarez et al., 2018; Zeng et al., 2020), no negatively worded items were included in
the item pool.

After the item pool was created, a group discussion was initially conducted with 9 prospective
teachers regarding the items. In this discussion, one of the researchers read each item
individually with the prospective teachers and asked them to express their opinions on the
clarity and meaning of each item. Based on the feedback received, changes were made to
some items. Following this process, to enhance the validity of the scale from various
perspectives, the scale items were shared online with 18 faculty members (6 Professors, 11
Associate Professors, 1 Assistant Professor) working in the field of mathematics education at
13 different universities, and they were asked to evaluate the items. As a result of the
improvements made based on the feedback, the draft scale was prepared for the pilot
application. After the pilot application was conducted, the finalized scale, consisting of 20
items (See Appendix A), was made ready for the main application.

3.3. The Administration Process of the Scale

The scale was administered to participants online via the Google Forms platform. Upon
clicking the link provided to access the scale, participants were presented with an invitation
letter and an option to confirm their voluntary participation in the study. Those who chose to
participate voluntarily were asked to indicate their gender and the university they were
attending. Following this, an explanatory text regarding the scale was provided to the
participants.

Figure 2. Explanations Provided Alongside the Scale Items

Mathematical Notation: Forms that represent mathematical concepts. For example: [ f(x)dx.

2 m,., etc
b" .d_, -

Mathematical Symbeol: Forms used to represent mathematical relationships or operations. For
example: <, #, +, etc.

a)
Mathematical Term: Words specific to mathematics. For example: denominator,
multiplicative inverse, angle bisector, chord, remainder, quotient, tenths place, etc.

b)
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The scale items included five categories from which participants could select only one: very
low proficiency, low proficiency, moderate proficiency, proficient, and very proficient. Items
containing mathematical notation/symbol or mathematical term expressions were presented
along with the explanations shown in Figures 2a and 2b, respectively.

To determine whether participants were responding to the scale items randomly, a control
item was placed as the tenth item. In this control item, participants were instructed to select
only the "no comment" option provided. Finally, when scoring participants' responses, the
framework adopted was that higher scores indicated higher self-efficacy.

3.4. Data Analysis
3.4.1. Rating Scale Model

Rating scales are widely used for measuring psychological constructs. However, directly
subjecting raw scores obtained from these scales to statistical analyses to answer research
questions brings several limitations (Boone ef al., 2014). One of these limitations is that the
data obtained may not meet the normality assumption, which is a prerequisite for parametric
tests. In such a scenario, interpretations based on the means of the scores can be misleading
(Neumann et al., 2011).

Additionally, in such scales, participants are often presented with more than two categories to
choose from, and responses to these categories are scored using consecutive integers. This
practice assumes that consecutive categories represent equal differences in the amount of the
latent variable being measured. Furthermore, if the same category is selected for two different
items, it is assumed that both contribute equally to the total score, as the raw scores from both
items are treated as having the same impact on the amount of the latent variable. These
assumptions are based on the premise that the data obtained from the scale are interval-level
data.

Researchers adopting the RMT argue that this common practice is flawed, suggesting that
both the categories and the items may contribute differently to the amount of the latent
variable (Boone ef al., 2014). In other words, they propose that the difference between two
individuals scoring 20 and 30 on a scale may not be equivalent to the difference between two
individuals scoring 30 and 40. Therefore, they advocate treating raw scores obtained from
rating scales as ordinal data rather than interval data (Bond & Fox, 2007).

Rasch models provide significant advantages in the process of scale development and the
quantification of responses to scales (Bond & Fox, 2007). One of these advantages is the
transformation of raw scores, treated as ordinal data, into interval-level data (Boone et al.,
2014). Additionally, Smith et al. (2002) outline several other advantages of RMT compared to
Classical Test Theory (CTT), including offering solutions to the problem of data loss,
providing validity and reliability estimates for both item and person measures, focusing on
individuals and items rather than group statistics, and positioning the measures of persons and
items on an equal-interval scale in the same unit of measurement. The fact that the measures
of items and persons are expressed in the same unit, referred to as logits, enables comparisons
both within and between items and persons. This, in turn, provides educators with a richer set
of information, allowing for more detailed interpretations based on the results of their
measurements.

Within RMT, the Rating Scale Model” (RSM) is utilized for the analysis of rating scales. The
functioning of the RSM is based on the mathematical equation shown below. In this equation,
the variable F; represents the threshold values at which the probabilities of selecting two

¥ An explanation of the model can be found in the research report by Cekmez et al. (2023)
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consecutive categories are equal. As implied by its definition, the number of threshold values
is one less than the number of categories. For instance, in the context of this study, F,
represents the threshold value at which the probabilities of selecting the categories "very
proficient" and "proficient" are equal. Among the other variables, B,, represents the measure
of the n-th person, D; represents the measure of the i-th item, and Py,;; and Py;(j_q) represent
the probabilities of selecting consecutive categories.

P...
log(z——) =B, —D; = F;
ni(j—1)

3.4.2. Functionality of the Category Structure

The validity of measurements obtained through rating scale-based assessments primarily
depends on whether the category structure adopted in the scale functions as intended by the
researchers. This is because the estimates derived from the measurement are based on the
quantification of responses given to these categories. It is essential to consider the proper
functioning of the category structure in a designed scale not as an assumption but as a
condition that must be tested (Boone et al., 2014). The rationale behind this approach is that
respondents' reactions to items may differ from the expectations of the test designers
(Andrich, 1996).

Participants' responses to the items were scored using integers ranging from 1 to 5, increasing
from the "very low proficiency" category to the "very proficient" category. As a natural
consequence, the average measures of participants endorsing any given category in an item
should be greater than the average measures of participants endorsing a lower-scoring
category. Additionally, to test the functionality of the categories, Linacre (2002) proposed the
following six criteria: (i) category mean measures should increase monotonically, (ii) all
categories should be endorsed at least 10 times, (ii1) outfit statistics should not exceed 2, (iv)
category threshold measures should increase monotonically, (v) the difference between
successive thresholds should be greater than 1.4 logits but less than 5 logits, and (vi) each
category probability curve should peak. These criteria were taken into account when
evaluating the functionality of the categories.

3.4.3. Distribution of Items and the Targeting Adequacy of the Scale

One of the factors influencing the construct validity of a scale is its ability to include items
that correspond to different levels of the attribute it aims to measure (Boone et al., 2014). If
the items are confined to a narrow range of measurements, they may fail to adequately capture
the low, medium, and high levels of the attribute being assessed. Within the framework of
Rasch analysis, one of the tools used to evaluate the hierarchy of scale items and their ability
to address different levels of the measured attribute is the person-item map (also referred to as
the Wright map). The person-item map positions individuals and items on an equal-interval
scale in terms of a measurement unit called logits. Another function of this map is to provide
an opportunity to assess the targeting adequacy of the scale for the sample to which it is
applied (Boone et al., 2014).

The targeting efficacy of a scale for the sample to which it is applied is another factor
influencing its validity. A well-targeted scale means that the items are neither too difficult nor
too easy for the individuals in the sample (Boone et al, 2014). One indicator of good
targeting is the alignment between the regions where individuals are concentrated and the
regions where items are concentrated on the person-item map (Bond & Fox, 2007). In such
cases, the error in predictions for individuals will decrease, and it will be possible to
distinguish individuals from one another with greater precision. A difference in the absolute
value between the mean of the persons and the mean of the items smaller than 0.5 indicates
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slight misalignment, while a difference greater than 1 indicates significant misalignment
(Duncan et al., 2003). These considerations were taken into account when evaluating the
appropriateness of the distribution of the scale items and its targeting adequacy.

3.4.4. Item Fit Statistics

In the context of RMT, fit refers to the extent to which the data obtained from a measurement
process align with the expectations of the model (Bond ef al., 2021). Items that exhibit a high
degree of misfit with the model's expectations do not contribute to the measurement of the
intended construct (Oon & Subramaniam, 2011).

The reporting of fit statistics is typically conducted using mean-square residuals. The first of
these statistics, infit, is sensitive to unexpected responses to items that are close to an
individual's ability level. The second statistic, outfit, is sensitive to unexpected responses to
items that are far from an individual's ability level (Bond & Fox, 2007). A Rasch analysis
provides fit indices for both individuals and items. However, since the invariance of item
measures is a critical requirement in a scale, item fit is prioritized over person fit (Wright &
Linacre, 1994). Wright and Linacre (1994) recommend that fit indices for rating scales should
fall within the range of 0.6 to 1.4.

Another indicator used to determine whether the items in a scale contribute to the
measurement of the intended construct is the point-measure correlation (Boone & Staver,
2020). A correlation value close to zero or negative indicates that the item moves in
opposition to the overall scale (Bond et al., 2021). The proposed lower threshold for point-
measure correlations is 0.3 (Boone, 2020). These considerations were taken into account
when evaluating whether the items in the scale serve its intended purpose.

3.4.5. Reliability and Discrimination

In the context of RMT, reliability coefficients are interpreted similarly to those in CTT
(Linacre, 2022). For this reason, the closer the coefficients are to 1, the higher the internal
consistency of the measurement process is considered to be. Unlike CTT, however, RMT
provides reliability coefficients for both persons and items. The reliability coefficient for
items indicates the potential of the scale items to define a hierarchy based on the measured
construct (Linacre, 2022). A high person reliability index, on the other hand, suggests that the
scale allows for both high and low scores and that the calculated person measures are
consistent (Bond et al., 2021).

Another concept directly related to reliability in Rasch analysis is the separation index (G).
This index is calculated by dividing the standard deviation of the true scores by the standard
deviation of the errors (Linacre, 2022). Thus, it reflects the distribution of the sample based
on measurement precision (Wright & Stone, 2004). The separation index calculated for
persons provides information about the extent to which individuals can be classified (Bond et
al., 2021). A person separation index greater than 3 is considered excellent, between 2 and 3
is good, and a value of 1.5 is the threshold for acceptability (Duncan et al., 2003). For the
item separation index, a minimum value of 1.5 is required for group-level analysis, while a
value of at least 2.5 is necessary for individual-level analysis (Tennant & Conaghan, 2007).
Based on the results of a measurement, the number of distinct strata into which the sample can
be divided is calculated using the person separation index with the following formula
(Linacre, 2022).

4G +1

Strata =
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These considerations were taken into account when evaluating the internal consistency
demonstrated by the scale items and their ability to distinguish between individuals.

3.4.6. Unidimensionality and Local Independence

One of the fundamental assumptions of RMT is the principle of unidimensionality, which
states that a measurement tool should serve to measure only a single latent variable (Linacre,
2022). To test whether a measurement tool meets this principle, Principal Component
Analysis of Residuals (PCAR) is used (Boone & Staver, 2020). If the eigenvalue of the first
principal component calculated from the correlation matrix of the residuals is less than 2, it is
concluded that the variance not explained by the latent variable is random noise (Boone &
Staver, 2020). Additionally, if the variance explained by the latent variable accounts for more
than half of the total variance, this is considered another indicator of unidimensionality.

The second fundamental assumption of RMT is the principle of local independence (Bond et
al., 2021). This principle asserts that responses to one item should not depend on responses to
another item (Fan & Bond, 2019). If items are independent, there should be no high
correlations among the residuals of the items (Fan & Bond, 2019). To suspect dependency
between two items, Linacre (2022) suggests that the correlation coefficient between their
residuals should exceed .7. Based on these considerations, a PCAR analysis was conducted,
and the correlation coefficients among the residuals were calculated to determine whether the
scale violated these two assumptions.

3.4.7. Differential Item Functioning

Whether the items in a scale function similarly across different subgroups of the sample is
tested through differential item functioning (DIF) analysis (Linacre, 2022). The invariance of
scale items is a critical factor influencing the construct validity of the scale. This principle of
invariance implies that the ranking of items in terms of their endorsability should not differ
across subgroups of the sample (Boone ef al., 2014).

To test the invariance of the scale items, the two largest subgroups within the sample, based
on the university variable, were identified, and DIF analysis was conducted using the
Winsteps software. A scale item is considered to exhibit bias between the two subgroups if
the absolute difference between the item measures in the two groups exceeds .64 and the
probability of this difference occurring is less than .05 (Boone ef al., 2014).

4. Findings

In this section, the findings obtained from the analysis of the data collected during the main
application are presented under headings aligned with the research questions.

4.1. Findings Regarding the Functionality of the Category Structure

In the examination of the mean measures of individuals endorsing different categories, no
findings contrary to expectations were observed. However, a misfit was identified for the 1-
point and 2-point categories in items coded M4 and M7. In both items, only one individual
endorsed the 1-point category, while 40 and 17 individuals, respectively, endorsed the 2-point
category. Therefore, the observed misfit for both items arises from the comparison of the
measure of one individual with the measures of 40 and 17 individuals, respectively.

The findings related to the first five criteria proposed by Linacre (2002), as outlined in the
data analysis section, are presented in Table 2. The results indicate that all five criteria were
met.
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Table 2. Findings Related to the First Five Criteria

Category (Point) Frequency (%) Mean measure Outfit (MnSq) Category threshold
Very low proficiency (1) 80 (1) —4.04 1.51 —
Low proficiency (2) 671 (8) —2.67 1.09 —5.75
Moderate proficiency (3) 2394 (29) —0.38 0.91 —2.68
Proficient (4) 4184 (49) 1.4 0.95 —0.03
Very proficient (5) 1051 (13) 2.91 1.04 3.54

To evaluate the final criterion, category probability curves were generated, as shown in Figure
3. In the coordinate system presented in Figure 3, the vertical axis represents the probability
value, while the horizontal axis represents the difference between the person measure and the
item measure. This coordinate system illustrates the probability of a participant endorsing a
specific category for any given item based on the difference between the participant's measure
and the item's measure. As observed, each category has a range where its selection probability
is the highest. In Linacre's terms, all category curves have formed peaks.

Figure 3. Category Probability Curves
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4.2. Findings Regarding the Distribution of Items and the Targeting Adequacy

The person-item map resulting from the measurement is presented in Figure 4. The vertical
line in the center of the figure represents the equal-interval scale on which the measures of
persons and items are displayed. On the left side of the figure, the distribution of the measures
of individuals is shown. The “#” symbol represents 4 individuals, while the “.” symbol
represents 1, 2, or 3 individuals. The letters M, S, and T on both the left and right sides of the
figure indicate the mean, 1 standard deviation, and 2 standard deviations, respectively.

In the person section, moving upward indicates an increase in participants' self-efficacy
measures. In other words, as one moves upward, the raw scores obtained increase. On the
right side, moving upward indicates that the items become more difficult to endorse. In other
words, the total raw score obtained for the item decreases as one moves upward. Considering
the person-item map generated in the study, it is observed that the persons and items are
positioned in relation to each other. In a Rasch analysis, the mean of the item measures is
calibrated to a default value of 0 logits. In this study, the mean of the person measures was
found to be 0.7 logits.
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Figure 4. Person-Item Map
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4.3. Findings Related to Item Fit Statistics

The fit statistics and point-measure correlation values are presented in Table 3. As seen in
Table 3, the outfit statistics of the items range between 0.61 and 1.3, the infit statistics range
between 0.63 and 1.3, and the point-measure correlations vary between .48 and .76.

Table 3. Measures, Fit Statistics, and Point-Measure Correlation Values of the Items

Item Item measure  Outfit Infit Pmc Item  Item measure Outfit  Infit (MnSq) Pmc
(SE) (MnSq)  (MnSq) (SE) (MnSq)

Ml 3.83 0.61 0.63 76 Ml1 —0.50 1.03 1.05 .65
(0.08) (0.09)

M2 3.32 0.64 0.67 73 M12 —0.64 1.05 1.06 .63
(0.08) (0.09)

M3 1.22 0.82 0.82 74 MI13 -0.72 1.23 1.26 .63
(0.08) (0.09)

M4 0.72 1.26 1.23 .60  Ml4 —0.76 0.86 0.88 .66
(0.09) (0.09)

M5 0.28 1.06 1.06 .60  MI5 —0.82 1.23 1.25 .61
(0.09) (0.09)

M6 0.07 1.29 1.30 62 MIl6 —0.83 1.17 1.20 .54
(0.09) (0.09)

M7 —0.10 0.77 0.79 70 M17 —-0.91 0.93 0.96 .62
(0.09) (0.09)

M8 —0.14 0.75 0.76 70 MI8 —0.73 0.93 0.85 48
(0.09) (0.09)

M9 —0.36 0.91 0.92 67  MI19 —-0.99 1.30 1.19 49
(0.09) (0.09)

M10 —0.45 1.08 1.11 .61 M20 —1.49 1.13 1.11 .61
(0.09) (0.09)

Pmc: Point-measure correlation; SE: Standart error;
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4.4. Findings Related to Reliability and Discrimination

The reliability coefficient (Cronbach's alpha) of the raw scores was calculated as .92, the
reliability coefficient of the persons' logit measures as .91, and the reliability coefficient of the
items' logit measures as .99. These coefficients exceed the threshold of .7 recommended in the
literature (Boone et al., 2014). In the current measurement, the person logit measures range
from -3.68 to 5.38, with six individuals exhibiting measures greater than 4 logits. The graph
of the test information function was generated for this continuum to determine the precision
with which the test measures individuals at varying ability levels. According to the
relationship between the standard error of the measurement and the value of the information
function, a standard error of 0.5 is equivalent to an information value of 4 (Boone & Staver,
2020). As illustrated in Figure 5, the test measured almost all individuals in the sample with a
standard error of less than 0.5.

Figure 5. Test Information Function

Information

t + 4 + + +
-3.7 -2.4 -1.1 0,199998 15 28 41 5.4

Measure on latent variable

Additionally, the item discrimination index was calculated as 14.34, and the person
discrimination index as 3.19. The strata value calculated based on the person discrimination
index was approximately 4.

4.5. Findings Regarding Unidimensionality and Local Independence

As a result of the PCAR analysis conducted in this study, the variance explained by the latent
variable accounted for approximately 57.1% of the total variance, while the eigenvalue of the
first principal component calculated from the residual correlation matrix was found to be 1.91.
On the other hand, for the assumption of local independence, the correlation coefficients
among item residuals were calculated and found to range between —.25 and .41.

4.6. Findings from the Differential Item Functioning Analysis

The two largest subgroups within the sample, in terms of the university variable, are Trabzon
University and 9 Eyliil University. To determine whether the items exhibit bias, the
hypothesis "Item measures are equal across the two groups" was tested for each item,
considering these two universities. The findings obtained from the DIF analysis are presented
in Table 4. As seen in Table 4, the absolute differences between the measures of all items
across the two groups are less than 0.64, and the p-values obtained for all items are greater
than the significance threshold (.05).
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Table 4. DIF Analysis Findings for Trabzon and 9 Eyliil Universities Subgroups

Trabzon 9 Eyliil

Item DIF measure SE DIF measure SE Difference t P

M1 3.73 0.20 3.69 0.22 0.04 0.14 .89
M2 3.47 0.19 3.18 0.21 0.29 0.99 33
M3 1.31 0.19 1.22 0.22 0.09 0.31 .76
M4 0.77 0.20 1.19 0.20 0.42 —1.42 .16
M5 0.22 0.20 0.28 0.23 0.06 —0.21 .83
M6 0.18 0.20 —0.12 0.23 0.30 0.97 33
M7 0.22 0.20 0.09 0.23 0.13 0.42 .68
M8  —0.41 0.22 0.09 0.23 0.50 —1.61 11
M9  —0.03 0.20 —0.56 0.24 0.53 1.7 .09
MI10 —0.62 0.21 —0.28 0.23 0.34 —1.08 28
M1l —=0.75 0.21 —0.28 0.33 0.47 —1.49 .14
M12 —-0.71 0.21 —0.96 0.24 0.25 0.79 43
M13 —1.02 0.21 —0.78 0.24 0.32 —0.72 47
M14 -0.79 0.21 —0.67 0.21 0.12 —0.39 .70
M15 —1.02 0.20 —0.90 0.24 0.12 —0.36 72
Ml6 —0.53 0.21 —0.67 0.24 0.14 0.44 .66
M17 —0.84 0.21 —1.19 0.24 0.35 1.10 27
M18 —0.73 0.21 —0.90 0.24 0.17 0.53 .60
M19 -0.99 0.21 —1.13 0.24 0.14 0.45 .66
M20 —1.52 0.22 —1.37 0.25 0.15 —0.44 .66

5. Discussion, Conclusion, and Suggestions

One of the aspects examined in terms of validity in this study was the functionality of the
adopted category structure in responding to the scale items. The findings revealed that the
proposed criteria regarding the frequency of categories, mean measures, fit indices, category
threshold values, and probability curves of the categories were met. Consequently, since the
adopted category structure demonstrated good functionality in terms of measurement, it is
recommended that the scale be used with its current category structure in future studies.

Another issue addressed in the study was the examination of the measurement in terms of
reliability and discrimination. The reliability coefficient calculated based on the raw scores of
individuals indicates that the measurement has a high level of internal consistency. The
reliability coefficients calculated based on the logit measures of both persons and items were
found to be higher than the thresholds suggested in the literature. This suggests that if the
scale were applied to a different sample in the future, the item measures would likely be close
to the measures obtained in this study (Bond et al., 2021). Furthermore, the item
discrimination value was calculated to be above the threshold recommended in the literature.
Accordingly, the strata value for the items was also found to be quite high. These values
indicate that the scale items, as a whole, can measure a wide range of the self-efficacy
variable related to teaching the language of mathematics. Additionally, the strata value for
persons, calculated based on the person discrimination index, was approximately 4. This value
suggests that the scale can classify persons into four levels in terms of their possession of the
relevant attribute.

When the distribution of the scale items on the person-item map is considered, it is observed
that the items are distributed across a wide range of the measured variable. However, there is
a significant gap between the second most difficult item to endorse and the third item on the
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scale. This indicates that the scale may lack sensitivity in distinguishing individuals whose
measures fall within this range. Therefore, enriching the scale with an item or items that fall
within this range should be addressed in future research.

In the measurement conducted, the mean of the individuals' measures was calculated to be 0.7
logits higher than the mean of the items' measures, indicating a moderate level of mismatch in
terms of targeting the sample. Thus, the overall endorsement of the scale items is slightly
easier for the sample. Implementing the aforementioned enrichment would also positively
contribute to the scale's targeting adequacy.

In terms of fit, both fit statistics for the items fall within the recommended range. Therefore,
the responses to the items did not deviate significantly from the model's expectations. This
indicates that the items collectively serve the measurement of the targeted attribute (Oon &
Subramaniam, 2011). Additionally, the point-measure correlations calculated for the items
consist of high positive values. These values suggest that each item on the scale behaves in
the same direction and is thus related to the intended attribute to be measured.

For the two fundamental assumptions of RMT, unidimensionality and local independence,
PCAR analysis was conducted, and the residual correlation matrix was examined. The results
of the PCAR analysis showed that the proportion of variance explained by Rasch measures in
the total variance and the eigenvalue of the first principal component calculated from the
residual correlation matrix indicate that the scale does not contain another dimension apart
from the Rasch dimension. Therefore, the developed scale serves the measurement of a single
latent variable. Additionally, since the correlation coefficient among the residuals is smaller
than the recommended upper threshold, the scale is considered not to violate the local
independence criterion.

To test whether the items exhibit bias, DIF analysis was conducted by considering the two
largest groups in the sample in terms of the university variable. The differences between the
item measures calculated for both groups were found to be below the threshold recommended
in the literature. This indicates that the scale items behave similarly across different samples,
meaning that their positions on the person-item map do not show significant differences.

Considering the findings obtained from the study and the criteria recommended in the
literature, it is concluded that the scale developed in this study performs a valid and reliable
measurement at an acceptable level. Consequently, the scale can be used in studies aiming to
determine the self-efficacy of primary mathematics teacher candidates regarding teaching the
language of mathematics.
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Appendix A. Scale Items

MS5. I can provide explanations that help students distinguish between the meanings of words used
both in everyday language and in mathematical language (e.g., similar, rational).

M18. I can identify whether students use mathematical terms appropriately.

M14. I can serve as a model for my students in writing mathematical expressions in accordance
with the rules.

M16. I can ensure that the mathematical expressions my students write in their notebooks comply
with the rules.

M?20. I can help my students understand the purpose of using letters or symbols when forming
equations.

MO. I can help students develop the habit of using mathematical terms appropriately.
MI11. I can improve students' ability to verbally express texts written in mathematical language.
M15. I can help my students recognize the importance of graphs in mathematics.

M4. 1 can encourage my students to be willing to discuss their mathematical ideas with their
classmates.

MS8. I can help my students understand the relationship between different representations of
mathematical concepts.

MI10. I can organize the classroom environment to encourage students to share their mathematical
ideas verbally.

M17. I can identify the mistakes students make when using mathematical language.
M7. I can improve students' ability to express mathematical knowledge in written form.
M13. I can help students develop graph-reading skills.

M6. 1 can choose words appropriate to students' age levels when explaining mathematical
knowledge.

M3. I can design activities that improve students' ability to express relationships given in verbal
problems mathematically.

M2. I know where to look for activities designed to improve students' mathematical language skills
if I want to find them.

M19. I can serve as a model for my students in drawing geometric shapes by considering the
measurements of the elements that make up the shape (e.g., if an angle measures more than 90
degrees, drawing it to appear as an obtuse angle).

M12. I pay attention to ensuring that my students correctly read mathematical symbols and
notations.

M1. I am familiar with types of activities designed to assess students' mathematical language
proficiency.
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