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Origami became an instructional tool in mathematics education used for students of
different ages and abilities. Developing effective lesson plans is one of the prerequisites
of successful origami-based mathematics lessons. However, to our knowledge, there
was no rubric in the available literature developed to evaluate the effectiveness of
origami-based mathematics lesson plans. This study aimed to present validity and
reliability evidence for a rubric to be used to evaluate origami-based mathematics
lesson plans. The rubric items were developed after a detailed literature review and
obtaining two experts’ opinions. Exploratory factor analysis results indicated that the
rubric had one dimension, and all the items in the rubric had satisfactory item factor
loadings and communalities. Cronbach’s Alpha, Pearson R and Cohen’s kappa values
were calculated to present reliability evidence. Calculated values indicated that the
rubric had high internal consistency, and there was a high degree of agreement
between two coders who coded the same lesson plans independently. Validity and
reliability analyses showed that the origami-based mathematics lesson plan evaluation
rubric was a valid and reliable scale that can be used to evaluate the origami-based
lesson plans developed by teachers or teacher candidates.
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Origami zamanla matematik egitiminde farkli yas ve becerilerdeki &grenciler igin kullamlan
bir dgretim araci haline gelmistir. Origami temelli matematik derslerinin basariya
ulagabilmesi bu derslerin etkili bir sekilde planlanmasi gerekmektedir. Origami temelli
matematik dersleri i¢in hazirlanan planlar ne kadar 6nemli olsa da alanyazinda bu ders
planlarimi degerlendirebilmek icin hazirlanmus bir 6lgme araci olmadig: goriilmektedir. Bu
baglamda, bu calisma ile origami temelli matematik ders planlarini degerlendirmeye
y&nelik gecerli ve giivenilir bir rubrik gelistirilmesi amaglanmustir. Bu calismada, detayli bir
alanyazin incelemesi ve uzman goriisleri sonrasinda son hali verilen 11 maddeden ve 3
dereceden (zayif, orta ve iyi) olusan origami temelli matematik ders plam degerlendirme
rubriginin gegerlik ve giivenirlik kamitlar1 sunulmustur. Agmlayic faktor analizi sonuglar
rubrigin tek faktorlii yapida oldugunu gostermistir. Ayrica, faktor yiik ve ortak varyans
degerleri incelendiginde tiim maddelerin rubrik ic¢in uygun oldugu goriilmiistiir.
Giivenirlik kaniti saglamak adma hesaplanan Cronbach Alfa, Pearson Korelasyon ve
Cohen’s kappa degerleri de rubrigin i¢ tutarliligimin yiiksek oldugunu ve ayrica farkl
kodlayicilar tarafindan degerlendirildiginde de benzer sonuglar verdigini gostermistir. Bu
sebeplerle, gelistirilen rubrigin 6gretmen ve 6gretmen adaylarinin hazirladiklar1 origami
temelli matematik ders planlarmi degerlendirme amaciyla kullanilabilecek gecerli ve
giivenilir bir 6l¢gme araci oldugu sonucuna varilmustir.
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Giris

Kagit katlama sanat1 olarak bilinen origami her ne kadar hobi amagl ortaya ¢ikmis olsa da
zamanla egitimde sikhikla kullanilir bir ara¢ haline gelmistir. Origami aktiviteleri sirasinda
Ogrencilerin siirece aktif olarak katilim saglamalari, gorsel, isitsel ve motor becerilerini kullanmasi,
birbirleri ve 6gretmen ile iletisim kurarak bilgiyi kendilerinin olusturmasi origaminin modern egitim
ilkelerine uygun oldugunu gostermektedir (Sze, 2005; Tugrul ve Kavici, 2002). Origaminin egitim
alanindaki kullanimlarinda matematik egitimi 6n plana ¢ikmaktadir. Origami matematik egitiminde
soyut konular1 somutlastirarak 6grenmeyi kolaylastirir (Budinski, Lavicza, Fenyvesi ve Milinkovic,
2020). Bu dogrultuda origami, 6grencilerin geometri bilgisini gelistirme (Boakes, 2009; Georgeson,
2011; Golan, 2011), kesirler, oran-orant1 ve cebir konularinin 6gretimi (Georgeson, 2011; Wares ve
Elstak, 2017), uzamsal diisiinme becerilerini gelistirme (Aric1 ve Aslan-Tutak, 2015; Boakes, 2008; 2009;
Cakmak, Isiksal ve Kog, 2014), oriintiileri bulma (Georgeson, 2011; Higginson ve Colgan, 2001),
matematiksel dilin kullanimin1 gelistirme (Cipoletti ve Wilson, 2004) gibi ¢ok cesitli amaclar ile
kullanilmaktadir. Ustelik bu kullanim alanlari okul dncesi donem (bknz. Golan, 2011; Yuzawa ve Bart,
2002), ilkokul (bknz. Golan, 2011; Mastin, 2007), ortaokul (bknz. Boakes, 2009; Boz, 2015, Georgeson,
2011), lise (bknz. Budinski, Lavicza ve Fenyvesi, 2018) ve hatta {iniversite yillarindaki (bknz. Caylan,
Takunyaci, Masal, Masal ve Ergene, 2017) 6grencileri kapsamaktadir. Bu baglamda, origaminin farklh
yas ve becerilerdeki 6grenciler icin matematik egitiminde kullanilan bir ara¢ oldugunu sdylemek
miimkiindiir. Origaminin matematik egitiminde kullanilmasi ile elde edilen bilissel kazanimlara ek
olarak bu derslerde 6grencilerin oldukga eglendikleri ve derse karsi motivasyonlarinin ve ilgilerinin

arttig1 goriilmektedir (Boakes, 2009; Edison, 2011; Fiol, Dasquens ve Pratt, 2011).

Matematik egitimindeki potansiyel faydalar1 ve modern egitim ilkelerine uygun olusu
nedeniyle origamiye ulusal matematik 6gretim programinda da yer verilmistir. Ortaokul matematik
Ogretim programinda, kagit katlama etkinlikleri yardimiyla tiggenlerin i¢ agilarinin, kenarortay,
aglortay ve yiikseklik gibi temel elamanlarinin, cokgenlerdeki eslik ve benzerlik kavramlarinin, ag1 ve
kenar iliskilerinin ogretilebilecegi vurgulanmistir (MEB, 2018). Her ne kadar origami etkinlikleri
matematik 0gretim programinda kendisine yer bulsa da bu etkinliklerin ortaokul yillar1 ve geometri

konulari ile sirurli kaldigini s6ylemek miimkiindiir.

Origaminin matematik egitiminde etkili bir sekilde kullanilmasi ancak origamiden nasil
faydalanabilecegini bilen &gretmenler ile miimkiindiir. Bunu saglayabilmek adina &gretmen
adaylarina (bknz. Fiol ve digerleri., 2011; Masal, Ergene, Takunyaci ve Masal, 2018) ve &gretmenlere
(bknz. Golan, 2011; Cipoletti ve Wilson, 2004) cesitli egitimler (ders, seminer, profesyonel gelisim
kurslar1 gibi) verilmektedir. Origaminin matematik egitiminde kullanimina yonelik egitim alan
kigilerin origaminin matematik egitiminde faydalar1 konusunda olumlu inanig ve goriislere sahip
oldugu (Arslan ve Isiksal-Bostan, 2016; Masal ve digerleri., 2018), derslerinde origamiyi kullanma

konusunda motivasyonlariin yiiksek oldugu ve kullandiklari durumlarda da hem keyif aldiklari
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hem de matematik 6gretimi anlaminda fayda sagladiklar1 goriilmektedir (Boakes, 2008; Cipoletti ve

Wilson, 2004; Golan, 2011).

Origami temelli matematik derslerinin basariya ulasabilmesi ic¢in oncelikli kosullardan biri
ogretmenin dersi iyi organize etmesidir (Uygun, 2019). Iyi bir ders plani gelistirilmesi de bu
organizasyonun en onemli pargalarindan biridir. Origami temelli matematik derslerini planlarken
dikkat edilmesi gereken pek ¢ok unsur bulunmaktadir (Cipoletti ve Wilson, 2004). Dogru origami
modelinin segilmesi (Boakes, 2008; Golan ve Jackson, 2010), origami katlama adimlarinin
matematiksel kavramlar ile dogru iliskilendirilmesi (Baicker, 2004; Serra, 1994), katlama adimlarinin
matematiksel dil ile ifade edilmesi (Sze, 2005) ve 6grencileri anlamli diisiinmeye sevk edecek sorularin
hazirlanmasi (Canadas, Molina, Gallardo, Martinez-Santaolalla ve Penas, 2010; De Young, 2009) bu
unsurlara 6rnek olarak verilebilir. Bu gibi unsurlar1 dikkate almadan planlanan ve uygulanan origami
temelli matematik derslerinin geleneksel matematik derslerinden bir farki olmayacaktir (bknz. Uygun,

2019).

Origami temelli matematik dersleri igin hazirlanan planlar ne kadar onemli olsa da
alanyazinda bu ders planlarini degerlendirebilmek igin hazirlanmis bir 6l¢me araci olmadig:
goriilmektedir. Bir performansin ne olgiide basar ile gerceklestirildigini degerlendirmeye yarayan
Olgme araclarina rubrik denilmektedir (Brualdi, 1998; Goodrich, 2001). Biitiinciil ve dereceli olmak
tizere iki temel rubrik tiirii bulunmaktadir (Mertler, 2000). Ders planlarinin ne Olgiide basar ile
hazirlandigini belirlemek adina rubriklere ihtiya¢ bulunmaktadir (Panasuk ve Todd, 2005). Rubrikler,
hem performanslarin gecerli ve giivenilir bir bicimde degerlendirilmesine hem de bu performansi
gosteren kisilerin degerlendirme Ol¢iitlerini dnceden bilip bu dogrultuda hazirlanmalarina imkan
vermektedir (Mertler, 2000). Bu baglamda, bu ¢alisma ile origami temelli matematik ders planlarinm
degerlendirmeye yonelik gegerli ve giivenilir bir rubrik gelistirilmesi amaglanmaktadir. Gelistirilen bu
rubrik, matematik Ogretmen egitimcileri tarafindan Ogretmen veya Ogretmen adaylarinin
gelistirdikleri origami temelli matematik ders planlarini degerlendirme adina kullanilabilecegi gibi
Ogretmen veya Ogretmen adaylar1 da rubrik maddelerini goz oniinde bulundurarak gelistirecekleri

origami temelli matematik ders planlarinin daha etkili olmasini saglayabileceklerdir.
Yontem
Rubrik Maddelerinin Gelistirilmesi

Rubrik maddeleri gelistirilirken ilk olarak etkili bir origami temelli matematik dersinde olmasi
gereken unsurlarin belirlenmesi amaciyla detayli bir alanyazin incelemesi yapilmis ve ilgili unsurlar

belirlenmistir (bknz. Tablo 1).

Tablo 1. Origami temelli matematik derslerinin temel igeleri
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Madde Tgili kaynak(lar)

C)grencilerin yas ve becerilerine uygun bir origami Boakes, 2008; Cipoletti ve Wilson, 2004;
modeli secilmelidir. Golan ve Jackson, 2010

Hedef matematiksel kazanima uygun bir origami Baicker, 2004; Boakes, 2008; Cipoletti ve
modeli belirlenmelidir. Wilson, 2004; Golan ve Jackson, 2010
Secilen origami modeli i¢in ayrilan ders saati yeterli Baicker, 2004

olmalidir.

Katlama adimlar ifade edilirken uygun matematiksel ~ Baicker, 2004; Cipoletti ve Wilson, 2004;

dilin kullanilmasina dikkat edilmelidir. Robichaux ve Rodrigue, 2003; Sze, 2005
Hedef kazanimin kazandirilmasina yonelik uygun Baicker, 2004; Cipoletti ve Wilson, 2004;
sorular hazirlanmalidir. Georgeson, 2011; Serra, 1994

Hedef kazanima ek baska matematiksel kavramlarin Baicker, 2004; Canadas ve digerleri.,
hatirlanmasini veya 6grenilmesini destekleyecek 2010; Georgeson, 2011; Serra, 1994
sorular hazirlanmalidir.

Katlamalar esnasinda sorulacak sorular 6grencilerin Canadas ve digerleri., 2010; De Young,
iist diizey diisiinme becerilerini gelistirmeye uygun 2009; Georgeson, 2011; Sze, 2005
olmalidir.

Katlamalar esnasinda sorulacak sorular 6grencilerin Canadas ve digerlei., 2010; De Young,
problem ¢dzme becerilerini gelistirmeye uygun 2009; Georgeson, 2011; Higginson ve
olmalidar. Colgan, 2001

Katlamalar esnasinda matematik dis1 alanlar (6rnegin ~ Higginson ve Colgan, 2001

sanat, mithendislik) ile iligkilendirmelere yer

verilmelidir.

Ders sonunda katlamalar esnasinda 6grenilen Golan ve Jackson, 2010; Serra, 2004
matematiksel kavramlarin

hatirlanmasina/tekrarlanmasina yonelik sorular

hazirlanmalidir.
Ders sonunda hedef kazanima uygun bir Cipoletti ve Wilson, 2004; Golan ve
degerlendirme yontemine yer verilmelidir. Jackson, 2010; Serra, 2004

Dereceli rubriklerin 6l¢iilen performansin pek ¢ok asamasi oldugu durumlarda tercih edilmesi
daha uygun goriilmektedir (Mertler, 2000). Tablo 1'de goriildiigii {izere etkili bir origami temelli
matematik dersini planlamak icin pek ¢ok unsur goz 6niinde bulundurulmalidir. Tiim bu unsurlarin
ders planinda yer alip almadigini daha iyi bir sekilde degerlendirebilmek icin bu ¢alismada biitiinciil
rubrik yerine analitik rubrik gelistirilmesine karar verilmistir. Bu dogrultuda yukaridaki tablodaki
tiim unsurlar1 barindiracak sekilde 3 dereceden (zayif, orta, iyi) olusan toplam 12 rubrik maddesi ilk
asamada O6lgme-degerlendirme alanindan bir uzmana goénderilmistir. Olgme-degerlendirme
uzmaninin goriisleri dogrultusunda bazi maddelerdeki becerilerin birbiri ile yakindan iliskili olmasi
nedeniyle ilgili maddelerde diizenlemeye gidilmistir. Ornegin, problem ¢6zme becerileri aym
zamanda iist diizey diisiinme siireclerinin parcalarindan biri oldugu i¢in bu iki beceri tek bir rubrik
maddesi ile ifade edilmistir. Bu asamada 10 maddeye diisen rubrik, origami temelli matematik
ogretimi konusunda ¢esitli akademik ¢alismalar1 ve uygulama tecriibeleri olan iki matematik egitimi
uzmanina degerlendirilmek {izere génderilmistir. Tki uzman da rubrikteki tiim maddelerin origami
temelli matematik ders planinda olmasi gereken maddeler oldugunu ifade etmistir. Bu maddelere ek
olarak her iki uzman da 6grencilerin origami temelli matematik dersine y&nelik motivasyonunun

saglanmasina yonelik bir maddenin rubrige eklenmesini énermislerdir. Ayrica, uzmanlardan biri {ist
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diizey diisiinme becerilerinin origami temelli matematik dersi baglaminda orneklendirilmesini
onermistir. Uzmanlarin goriisleri dogrultusunda yapilan diizenlemeler ile 11 maddeden olusan rubrik

son haline ulagsmistir (bknz. Ek 1).
Katilimcilar

Origami temelli matematik ders plani hazirlayabilmek icin Ogretmen veya Ogretmen
adaylarinin origaminin matematik egitiminde kullanimina yonelik bir egitim almalar1 gerekmektedir
(Golan ve Jackson, 2010). Bu ¢alismada gelistirilen rubrigin degerlendirilebilmesi i¢in amaca uygun
Ornekleme yontemi kullanilarak origami temelli matematik egitimine yonelik egitim almis ilkogretim
matematik 6gretmen adaylara ulagilmistir. Bu 6gretmen adaylari, arastirmacinin ¢alistifl 6gretim
kurumundaki alan egitimi derslerinden “Matematik Ogrenme ve Ogretim Yaklagimlar” dersi
icerisinde veya genel kiiltiir se¢meli derslerinden “Origami” dersi igerisinde origami temelli
matematik Ogretimi adina bir egitim almislardir. Calisma kapsaminda gerekli etik kurul islemleri
tamamlandiktan sonra, 6gretmen adaylarina bu ¢alismanin amaci ve detaylar1 aciklanip tamamen
goniilliiliik esasina dayandig1 hatirlatilmistir. Tlgili derslerde galismaya katilimar olabilecek potansiyel
91 ilkogretim matematik Ogretmen adaymndan 89'u goniilli katilim formunu imzalayarak bu

calismaya katilmay1 kabul etmistir. Katilimcilar hakkinda daha fazla bilgi Tablo 2’de verilmektedir.

Tablo 2. Katilimcilar

Katilimci sayist Yiizdesi (%)
Lo Kadin 73 82
Cinsiyet Erkek 16 18
1 1 1.1
Sinif 2 73 82
3 14 15.7
4 1 1.1

Tablo 2 incelendiginde katiimcilarin ¢cogunlugunun kadin ve 2. sinuif 6gretmen adaylarindan

olustugu goriilmektedir.
Veri Analizi

Ogretmen adaylarinin hazirlamis olduklari origami temelli matematik ders planlarinin bu
calismada gelistirilen rubrik yardimiyla degerlendirilmesinden elde edilen notlar bu ¢alismanin veri
setini olugturmaktadir. Gelistirilen rubrigin yap: gegerligine kanit saglamak amaciyla elde edilen
verilerin a¢imlayici faktor analizi SPSS programi yardimiyla gergeklestirilmistir. Rubrigin kullanimi
ile elde edilen verilerin i¢ tutarligini 6lgmek adina Cronbach Alfa katsayisi hesaplanmistir. Ayrica,
rubrigin giivenirligini test etmek adina, farkli bir arastirmaci, veri setinden rastgele segilen 30 ders
planini gelistirilen rubrigi kullanarak degerlendirmistir. Uzmanlar aras1 uyumu degerlendirmek icin
Pearson Korelasyon katsayisi ve Cohen’s kappa katsayist hesaplanarak rubrigin giivenirligi

incelenmistir.

Arastirmanin Etik izinleri
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Yapilan bu c¢alismada “Yiiksekogretim Kurumlar1 Bilimsel Arastirma ve Yayin Etigi
Yonergesi” kapsaminda uyulmas: belirtilen tiim kurallara uyulmustur. Yonergenin ikinci boltimii
olan “Bilimsel Arastirma ve Yayin Etigine Aykir1 Eylemler” bashig: altinda belirtilen eylemlerden

higbiri gerceklestirilmemistir.

Etik kurul izin bilgileri: Etik degerlendirmeyi yapan kurul adi = Burdur Mehmet Akif Ersoy

Universitesi Girisimsel Olmayan Klinik Arastirmalar Etik Kurulu
Etik degerlendirme kararinin tarihi = 06.01.2021
Etik degerlendirme belgesi say1 numaras: = GO 2021/22
Bulgular
Agimlayic1 Faktor Analizi

Rubrigin kullanimi ile elde edilen veri setinin agimlayict faktdr analizine uygun olup
olmadigini degerlendirebilmek adina oncelikle Kaiser Meyer Olkin (KMO) degeri hesaplanmis ve
Bartlett Kiiresellik Testi incelenmistir. Hesaplanan KMO degeri (0.860) ve Bartlett Kiiresellik Testi'nin
istatistiksel olarak anlamli ¢ikmasi (BTS=332,268, p<0.001) neticesinde veri setinin agimlayici faktor
analizi icin uygun olduguna karar verilmistir (Biiyiikoztiirk, 2002; Cokluk, Sekercioglu ve
Biiytikoztiirk, 2010; Pallant, 2007). Maksimum olabilirlik yonteminin faktor analizi i¢in daha uygun
sonuglar vermesi nedeniyle faktdr dondiirme yontemi olarak bu yontem secilmis ve agimlayici faktor

analizi gerceklestirilmistir (Costello ve Osborne, 2005).

Alanyazinda agimlayici faktdr analizine gore faktdr sayisina karar verebilmek icin Oz Deger
tablosunun ve Yamag Birikinti Grafiginin incelenmesi tavsiye edilmektedir. Gelistirilen rubrik igin

elde edilen Oz Deger tablosu Tablo 3 ile verilmistir.

Tablo 3. Oz deger tablosu

Faktor Oz deger Aciklanan varyans (%)
1 4.678 42.530
2 1.311 11.921
3 0.906 8.237

Tablo 3 incelendiginde 6z degeri 1’den yiiksek iki faktoriin oldugu goriilmiistiir. Aym
zamanda birinci faktoriin 6z degerinin ikinci faktdrden oldukga yiiksek olmas: dikkat ¢ekmistir. Bu
durum rubrigin 1 veya 2 faktorlii yapidan olustugu seklinde yorumlanmistir. Faktor sayisina daha net

karar verebilmek adina Yamag Birikinti Grafigi incelenmistir.
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Scree Plot

Eigenvalue

T T T
=1 6 7 = = 10 11

Factor Number

Sekil 1. Yamag birikinti grafigi

Yamag Birikinti Grafigi incelendiginde egimin ikinci nokta itibariyle diizlesmeye basladig:

goriilmektedir, bu nedenle de tek faktorlii yapinin rubrik igin en uygun faktor yapisi olduguna karar

verilmistir (Cokluk ve digerleri., 2010; Pallant, 2007).

Rubrigin faktor sayisina karar verilmesinin ardindan rubrik maddelerinin uygunlugunu

degerlendirebilmek adina oncelikle Ortak Varyans degerleri (bknz. Tablo 4), sonrasinda da faktor yiik

degerleri (bknz. Tablo 5) incelenmistir.

Tablo 4. Ortak varyans tablosu

Madde numarasi

Ortak varyans degeri

o o NN S O A W DN

—_
o

11

0.527
0.425
0.455
0.379
0.263
0.471
0.471
0.385
0.471
0.445
0.302

Tablo 4 incelendiginde Ortak Varyans Degeri 0.10 dan diisiik bir rubrik maddesine

rastlanmamis ve bu durum da rubrik maddelerinin uygun oldugu seklinde yorumlanmistir (Cokluk

ve digerleri., 2010). Ayrica, Tablo 5 ile verilen Faktor Matris degerleri incelendiginde tiim maddelerin
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faktor yiik degerlerinin istenilen 0.30 degerinden yiiksek oldugu goriilmiistiir (Pallant, 2007; Stevens,

2002).

Tablo 5. Faktor yiik degerleri

Madde numarasi

Faktor yiikii

O 0 NI N O ks W N

—_
(e}

11

0.760
0.609
0.670
0.620
0.425
0.650
0.625
0.624
0.601
0.487
0.553

Ac¢imlayia faktor analizi sonuglari dogrultusunda gelistirilen Olgegin tek faktorlii yapida

oldugu, bu faktoriin toplam varyansin %42.5'ni agikladig1 ve rubrikteki tiim maddelerin ortak varyans

ve faktor yiik degerleri agisindan degerlendirildiginde gelistirilen rubrik icin uygun oldugu

gorilmistiir.

Giivenirlik Analizi

Rubrik kullanimu ile elde edilen verilerin i¢ tutarliligini degerlendirebilmek igin Cronbach

Alfa katsayis1 hesaplanmistir. Hesaplanan Cronbach Alfa katsayisi (0.83) yiiksek i¢ tutarlilik

gostergesi olarak kabul edilmistir (Pallant, 2007). Ayrica, ikinci bir arastirmaci veri setinden rastgele

secilmis 30 ders planin gelistirilen rubrigi kullanarak degerlendirmistir. Yapilan degerlendirmelerin

tutarliligini incelemek amaciyla Pearson Korelasyon katsayisi ve Cohen’s kappa degeri rubrik

maddeleri i¢in hesaplanmistir (bknz. Tablo 6).

Tablo 6. Rubrik maddeleri kodlayicilar arast uyum indeksleri

Madde Pearson korelasyon Cohen’s kappa
1 1.00 1.00
2 1.00 1.00
3 90 .78
4 .75 .67
5 .92 91
6 1.00 1.00
7 1.00 1.00
8 1.00 1.00
9 .97 .95
10 .98 .94
11 1.00 1.00
Toplam puan .99 .63
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Cohen (1988), Pearson Korelasyon katsaymin 0.10 ila 0.29 arasinda olmasi durumunda diisiik
iliski, 0.30 ila 0.49 arasinda olmasi durumunda orta seviye iliski ve 0.50 ila 1.00 arasinda olmasi
durumunda da yiiksek iliski seklinde yorumlanmasi gerektigini belirtmistir. Gelistirilen rubrigin
tiimii ve maddeleri icin ayr1 ayr1 hesaplanan Pearson Korelasyon katsayist incelendiginde iki farkl

kodlayicinin degerlendirmeleri arasinda oldukga yiiksek pozitif bir iliski oldugu goriilmiistiir.

Kodlayicilar arast uyumu degerlendirmenin bir bagka yontemi olan Cohen’s kappa
degerlerinin yorumlanmasina yonelik Olgiitler Cohen (1960) tarafindan belirlenmis ve Tablo 7 ile

verilmistir.

Tablo 7. Cohen’s kappa degerlendirme dlciitleri

Kappa degeri (k) Uyum degerlendirmesi
K <.20 Zayif Uyum
20<K<.40 Kabul Edilebilir Uyum
40<K<.60 Orta Derece Uyum
.60<K<.80 fyi Uyum
80<Kk<1 Cok Iyi Uyum

Rubrik maddeleri i¢in hesaplanan Cohen’s kappa degerleri Cohen (1960) tarafindan belirtilen
oOlclitler kapsaminda degerlendirildiginde, iki kodlayic1 arasinda 2 madde (4 ve 5) tizerinde iyi uyum
oldugu, kalan 9 madde (1, 2, 3, 6, 7, 8, 9, 10 ve 11) icin de ¢ok iyi uyum oldugu goriilmiistiir. Ayrica,
rubrikten alinan toplam puan i¢gin kodlayicilar aras1 uyum degerlendirildiginde de iyi uyum oldugu

gorilmiistiir.
Tartisma, Sonug ve Oneriler

Origaminin matematik egitimindeki ¢esitli faydalar1 alanyazindaki arastirmalarda ortaya
koyulmustur. Bu faydalar1 dogrultusunda origami matematik 6gretmenlerinin giderek artan bir
sekilde tercih ettigi bir 6gretim araci haline gelmistir. Ayni sekilde, 6gretmen adaylarinin origamiyi
matematik egitiminde etkili bir sekilde kullanabilmesine yonelik dersler iiniversitelerde verilerek
onlarin da 6gretmenlik hayatlarinda origamiyi matematik derslerinde etkin bir sekilde kullanmasi
hedeflenmektedir. Origaminin matematik egitiminde etkili bir sekilde kullanulabilmesinin temel
kosullarindan biri de bu derslerin etkili bir sekilde planlanmasidir. Fakat, alanyazin incelendiginde
origami temelli matematik ders planlarini degerlendirmeye yonelik bir ¢alismaya ulasilamamistir. Bu
dogrultuda, bu ¢alisma ile birlikte origami temelli matematik derslerini degerlendirmeye yonelik bir
rubrik gelistirilmesi ve gelistirilen rubrigin gecerlik ve giivenirlik kamitlarinin sunulmas:

amaclanmistir.

Rubrik gelistirme asamalarinda oncelikle etkili origami temelli matematik derslerinde olmas:
gereken unsurlarin belirlenebilmesine yonelik detayli bir alanyazin incelemesi yapilmistir. Bu
alanyazin incelemesi sonrasinda hazirlanan rubrik maddeleri oncelikle bir 6lgme degerlendirme
uzmani tarafindan, sonrasinda ise origaminin matematik egitiminde kullanilmasima yonelik cesitli

akademik calismalar1 ve uygulamalar1 bulunan iki matematik egitimcisi uzmami tarafindan
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degerlendirilmistir. Uzman goriisleri dogrultusunda rubrik maddeleri {izerinde gerekli degisiklikler
yapilmustir. Rubrik maddeleri gelistirilirken takip edilen bu detayl siireg, rubrigin kapsam gegerliligi

acgisindan oldukga olumlu olarak degerlendirilebilir (Moskal ve Leydens, 2001).

Rubrigin yap1 gegerliligine kanit saglamak amaciyla agimlayici faktor analizi uygulanmistir
(bknz. Moskal ve Leydens, 2001). A¢imlayici faktor analizinde faktor sayisina karar vermek igin 6z
deger tablosundan ve yamag birikinti grafiginden faydalamilarak rubrigin tek faktorlii yapida oldugu
sonucuna varilmistir. Tek faktorlii 6lgeklerde ilgili faktoriin toplam varyansin %30'unu acikhiyor
olmas1 yeterli olarak goriilmektedir (Cokluk ve digerleri., 2010). Bu baglamda, bu ¢alismada
gelistirilen rubrigin tek boyutunun toplam varyansin %42.5'ini agikliyor olmasi rubrigin yap:
gecerliligi adina oldukga olumlu bir durum olarak yorumlanmistir. Ayrica, agimlayic faktor analizi
sonucunda tiim faktor yiik degerlerinin istenilen 0.30 degerinden yiiksek, ayrica hicbir maddenin
ortak varyans degerinin 0.10°dan diisiik olmamas: rubrigin yap:1 gegerliligi adina olumlu durumlar

olarak degerlendirilmistir (Cokluk ve digerleri., 2010; Pallant, 2007).

Gelistirilen rubrigin gecerlik ¢alismalarina ek olarak giivenirligini test edebilmek adina gesitli
analizler yapilmistir. Bu dogrultuda, oncelikle rubrigin kullanimi ile elde edilen verilerin ig
tutarliligini yorumlayabilmek adina Cronbach Alfa degeri hesaplanmis ve 0.83 olarak bulunmustur.
Bu deger gelistirilen rubrik kullanilarak elde edilen verilerin oldukga yiiksek bir i¢ tutarliliga sahip
oldugu anlamina gelmektedir (Pallant, 2007). Ayrica, bir rubrigin giivenilir olmas: farkli kodlayicilarin
onu kullandiginda benzer sonuglara ulasmasi ile miimkiindiir ve bu durum da kodlayicilar arasi
glivenirlik seklinde ifade edilmektedir (Moskal ve Leydens, 2001). Bu ¢alisma ile gelistirilen rubrikten
alian toplam puan ve rubrik maddeleri i¢in Pearson Korelasyon katsayisi ve Cohen’s kappa degerleri
hesaplanmistir. Hesaplanan degerler, Cohen (1960, 1988) tarafindan belirlenen ol¢iitler baglaminda
degerlendirildiginde kodlayicilar arasinda oldukga yiiksek bir uyum oldugunu gostermistir. Bir bagka
deyisle, gelistirilen rubrigin kodlayicilar arasi giivenirlik kistasim1 sagladigr goriilmiistiir. Bu
baglamda, gelistirilen rubrik i¢in hesaplanan Cronbach Alfa, Pearson Korelasyon ve Cohen’s kappa

degerlerinin rubrigin giivenirligi a¢isindan giiglii kanitlar oldugu seklinde yorumlanmistir.

Bu ¢alisma ile origami temelli matematik derslerini degerlendirme amagh gelistirilen rubrigin
gecerligi ve giivenirligine yonelik cesitli kanitlar sunulmustur. Ik asamada bu kanitlarin oldukga
kuvvetli oldugu alanyazindaki calismalar 1siginda goriilmektedir. Fakat, rubrigin gecerligi ve
glivenirligi hakkinda daha kesin degerlendirmeler yapabilmek adina bu ¢alisma ile sunulan kanitlara
ek baska kanitlarin farkli 6rneklemler ile sunulmasina ihtiya¢ bulunmaktadir. Bu dogrultuda ileriki
calismalarda farkli 6gretmen veya Ogretmen adaylarmin gelistirmis olduklar1 origami temelli
matematik ders planlariin bu ¢alismada sunulan rubrik ile degerlendirilmesi yoluyla ek gegerlik ve

giivenirlik analizlerinin yapilmas: 6nerilmektedir.

Bu calisma ile gelistirilen origami temelli matematik ders plan1 degerlendirme rubrigi

matematik 0gretmen veya 6gretmen adaylarinin gelistirdikleri ders planlarini degerlendirmek tizere
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arastirmacilar tarafindan kullanilabilir. Ayn1 sekilde, origami temelli matematik ders plani gelistiren
smnif ve okul oncesi 6gretmenlerinin ders planlarini degerlendirmek amaciyla kullanimi miimkiindyir.
Her ne kadar gelistirilen rubrik matematik derslerine yonelik gelistirilmis olsa da origaminin egitimde
kullanim alani matematik dersleri ile simirli degildir. Bu nedenle matematik harici dersler igin bu
calisma ile gelistirilen rubrik maddeleri tizerinde cesitli diizenlemeler yapilarak ilgili dersler igin
uygun hale getirilebilir. Bu calisma ile gelistirilen rubrik sadece arastirmacilarin kullanimi amaciyla
degil, aym1 zamanda origami temelli matematik ders plami gelistiren Ogretmen ve Ogretmen
adaylarimin kullanabilmesi amaciyla gelistirilmistir. Bu dogrultuda, origami temelli matematik ders
plan1 hazirlayan matematik Ogretmen ve Ogretmen adaylari rubrik maddelerini goz Oniinde
bulundurarak ders planlar1 gelistirebilir, gelistirmis olduklar1 ders planlarim1 daha etkili hale

getirebilirler.
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Introduction

Although origami, known as the art of paper folding, has emerged for hobby purposes, it has
become a frequently used tool in education over time. Origami is considered an educational tool
appropriate for contemporary education principles since it enables students to actively engage in the
activity, use visual, auditory, and motor skills, communicate with each other and with the teacher and
create knowledge by themselves (Sze, 2005; Tugrul & Kavici, 2002). Mathematics education comes to
the fore in the use of origami in education. Origami supports mathematical learning by making
abstract constructs more concrete (Budinski, Lavicza, Fenyvesi, & Milinkovic, 2020). In this sense,
origami can be used in improving students' geometry knowledge (Boakes, 2009; Georgeson, 2011;
Golan, 2011), teaching fractions, ratio-proportionality, and algebra topics (Georgeson, 2011; Wares &
Elstak, 2017), and improving spatial thinking skills (Aric1 & Elstak, 2017; Aslan-Tutak, 2015; Boakes,
2008; 2009; Cakmak, Isiksal, & Kog, 2014), finding patterns (Georgeson, 2011; Higginson & Colgan,
2001), improving the use of mathematical language (Cipoletti & Wilson, 2004). Moreover, the use of
origami in mathematics education varies concerning school periods: Pre-school (see Golan, 2011;
Yuzawa & Bart, 2002), primary school (see Golan, 2011; Mastin, 2007), secondary school (see Boakes,
2009; Boz, 2015, Georgeson, 2011), high school (see Budinski, Lavicza, & Fenyvesi, 2018) and even
university years (see Caylan, Takunyaci, Masal, Masal, & Ergene, 2017). Therefore, it is possible to say
that origami is a tool used in mathematics education for students of different ages and skills. In
addition to the cognitive gains obtained using origami in mathematics education, it is explored that
students have much fun in these lessons, and their motivation and interest in the lesson increase

(Boakes, 2009; Edison, 2011; Fiol, Dasquens, & Pratt, 2011).

Origami has also been included in the national mathematics education curriculum due to its
potential benefits in mathematics education and its compatibility with contemporary education
principles. In the secondary school mathematics curriculum, it was emphasized that the basic
elements of triangles (e.g., interior angles, median, bisector, and height), the concepts of congruency,
similarity, angle, and side relations of polygons could be taught via using paper folding activities
(MEB, 2018). Although origami activities have a place in the mathematics education curriculum, it is

possible to say that these activities are limited to secondary school years and geometry subjects.
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The effective use of origami in mathematics education is only possible with teachers who
know how to benefit from origami. To achieve this, various types of training activities (e.g., lectures,
seminars and professional development courses) are provided to pre-service (see Fiol et al., 2011;
Masal, Ergene, Takunyaci, & Masal, 2018) and in-service teachers (see Golan, 2011; Cipoletti & Wilson,
2004). Teachers or teacher candidates who have been trained for the effective use of origami in
mathematics education have positive beliefs and opinions about the benefits of origami in
mathematics education (Arslan & Isiksal-Bostan, 2016; Masal et al., 2018) are highly motivated to use
origami in their lessons, and when they use it in their mathematics lessons, they interpreted origami
as educationally beneficial and enjoyable activity (Boakes, 2008; Cipoletti & Wilson, 2004; Golan,
2011).

One of the primary conditions for the success of origami-based mathematics lessons is the
good organization of the lesson (Uygun, 2019). Developing an effective lesson plan is one of the
essential parts of this organization. There are many factors to consider when planning origami-based
mathematics lessons (Cipoletti & Wilson, 2004). Choosing the right origami model (Boakes, 2008;
Golan & Jackson, 2010), correctly associating origami folding steps with mathematical concepts
(Baicker, 2004; Serra, 1994), using mathematical language in expressing the folding steps (Sze, 2005),
and developing questions that support students” mathematically thinking process (Canadas, Molina,
Gallardo, Martinez-Santaolalla, & Penas, 2010; De Young, 2009) can be given as examples of these
factors. Origami-based mathematics lessons, planned and implemented without considering such

factors, will be no different from traditional mathematics lessons (e.g., Uygun, 2019).

Although the plans developed for origami-based mathematics lessons are essential for
effective instruction, there is no measurement tool in the accessible literature that is prepared to
evaluate these lesson plans. The measurement tools used to evaluate the extent to which performance
has been successfully performed are called rubrics (Brualdi, 1998; Goodrich, 2001). There are two basic
types of rubrics as follows: holistic and analytic (Mertler, 2000). Rubrics are used to determine how
successfully lesson plans are prepared (Panasuk & Todd, 2005). Rubrics allow the performances to be
evaluated in a valid and reliable way and enable the people who show this performance to know the
evaluation criteria in advance and prepare accordingly (Mertler, 2000). In this context, this study aims
to develop a valid and reliable rubric for evaluating origami-based mathematics lesson plans. The
developed rubric can be used by mathematics teacher educators to evaluate origami-based
mathematics lesson plans developed by in-service or pre-service teachers. Furthermore, in-service or
pre-service teachers can make their origami-based mathematics lesson plans more effective by

considering the rubric items.
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Method

Development Process of Rubric Items

Firstly, a detailed literature review was conducted to determine the factors that should be in

an effective origami-based mathematics lesson (see Table 1).

Table 1. Essential factors in effective origami-based mathematics lessons

Item Reference(s)

An origami model should be chosen according to the  Boakes, 2008; Cipoletti & Wilson, 2004;
age and skills of the students. Golan & Jackson, 2010

An origami model should be chosen in accordance Baicker, 2004; Boakes, 2008; Cipoletti &
with the mathematical objective of the lesson. Wilson, 2004; Golan & Jackson, 2010
The lesson time allocated for the selected origami Baicker, 2004

model should be sufficient.
The appropriate mathematical language should be Baicker, 2004; Cipoletti & Wilson, 2004;

used in expressing the folding steps. Robichaux & Rodrigue, 2003; Sze, 2005
The appropriate questions should be developed in Baicker, 2004; Cipoletti & Wilson, 2004;
accordance with the mathematical objective of the Georgeson, 2011; Serra, 1994

lesson.

In addition to the main mathematical objective, Baicker, 2004; Canadas et al., 2010;
questions should be prepared to support the Georgeson, 2011; Serra, 1994

remembering or learning other mathematical
concepts.

The questions to be asked during the folding steps Canadas et al., 2010; De Young, 2009;
should be appropriate to develop students' higher- Georgeson, 2011; Sze, 2005
order thinking skills.

The questions to be asked during the folding steps Canadas et al., 2010; De Young, 2009;
should be appropriate to develop the problem- Georgeson, 2011; Higginson & Colgan, 2001
solving skills of the students.

Associations with non-mathematical fields (such as Higginson & Colgan, 2001

art and engineering) should be included during the

folding steps.

At the end of the lesson, questions should be Golan & Jackson, 2010; Serra, 2004

prepared to remember/repeat the mathematical
concepts learned during folding steps.

At the end of the course, an assessment method Cipoletti & Wilson, 2004; Golan & Jackson,
suitable for the mathematical objective of the lesson ~ 2010; Serra, 2004
should be included.

Using analytical rubrics is preferable when the assessed performance has multiple steps
(Mertler, 2000). As can be seen in Table 1, many factors should be considered to plan an effective
origami-based mathematics lesson. To better evaluate whether all these elements are included in the
lesson plan, it was decided to develop an analytical rubric instead of a holistic rubric. In the first stage,
a total of 12 rubric items, including all the elements in the above table, consisting of 3 grades (poor,
moderate, good), were sent to an expert in the field of assessment and evaluation. In line with the
opinions of the assessment and evaluation expert, some items were revised since the skills in some
items were closely related to each other. For instance, problem-solving skills are also one of the parts

of higher-order thinking processes; thus, these two skills were expressed with a single rubric item. At
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this stage, the rubric, which had 10 items, was sent for evaluation to two mathematics education
experts who had various academic studies and practical experiences in origami-based mathematics
teaching. Both experts stated that all items in the rubric were items that should be in an origami-based
mathematics lesson plan. In addition to these items, both experts suggested adding an item to the
rubric to ensure the evaluation of students' motivation for the origami-based mathematics lesson. In
addition, one of the experts suggested exemplifying higher-order thinking skills in the context of an
origami-based mathematics lesson. With the arrangements made in line with the experts” opinions, the

rubric consisting of 11 items was reached its final form (see Appendix 1).
Participants

Teachers or teacher candidates need to receive training on origami in mathematics education
to develop an origami-based mathematics lesson plan (Golan & Jackson, 2010). To evaluate the rubric
developed in this study, middle school mathematics teacher candidates who received training in
origami-based mathematics education were reached using the purposeful sampling method. These
pre-service teachers received training on origami-based mathematics teaching in the "Mathematics
Learning and Teaching Approaches" course, one of the field education courses in the educational
institution where the researcher works, or in the "Origami" course, one of the general culture elective
courses. After the necessary ethics committee procedures were completed within the scope of this
study, the purpose and details of this study were explained to the pre-service teachers, and they were
reminded that it was completely voluntary. Among the 91 pre-service middle school mathematics
teachers who could participate in the present study in the relevant courses, 89 agreed to participate in
this study by signing the voluntary participation form. More information about the participants is

given in Table 2.

Table 2. Participants

Number of participants Percent (%)
F 1 7

Gender emale 3 82
Male 16 18

1 1 1.1

Grade 2 73 82
3 14 15.7

4 1 1.1

As can be seen in Table 2, most of the participants were female and were 27 graders.
Data Analysis

The data set of this study was the grades obtained from the evaluation of the origami-based
mathematics lesson plans prepared by the pre-service teachers using the rubric developed in this
study. Exploratory factor analysis of the obtained data was carried out with the help of the SPSS
program to provide evidence for the construct validity of the developed rubric. Cronbach’s alpha

coefficient was calculated to check the internal consistency of the data obtained using the rubric.
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Furthermore, a different researcher graded 30 randomly selected lesson plans from the data set using
the developed rubric to test the inter-rater reliability of the rubric. The inter-rater reliability of the
rubric was examined by calculating the Pearson Correlation coefficient and Cohen's kappa coefficient

values.
Ethical Permission

In this study, all the rules specified to be followed within the scope of the "Higher Education
Institutions Scientific Research and Publication Ethics Directive" were complied with. None of the
actions specified under "Actions Contrary to Scientific Research and Publication Ethics" which is the

second part of the directive, have been taken.

Ethics committee permission information: Name of the committee that made the ethical evaluation =

Burdur Mehmet Akif Ersoy University Non-Interventional Clinical Research Ethics Committee
Date of ethical review decision = 06.01.2021
Ethics assessment document issue number = GO 2021/22
Results
Exploratory Factor Analysis

To evaluate whether the data set obtained by using the rubric was suitable for exploratory
factor analysis, first, the Kaiser Meyer Olkin (KMO) value was calculated, and the Bartlett Test of
Sphericity was examined. As the calculated KMO value (0.860) was high, and the Bartlett Test of
Sphericity was statistically significant (BT5=332.268, p<0.001), it was decided that the data set was
suitable for exploratory factor analysis (Biiyiikoztiirk, 2002; Cokluk, Sekercioglu, & Biiyiikoztiirk,
2010; Pallant, 2007). Since the maximum likelihood method gives more suitable results for factor
analysis, in this study, this method was chosen as the factor rotation method and exploratory factor

analysis was performed (Costello & Osborne, 2005).

In the literature, it is recommended to examine the eigenvalue table and scree plot to decide
on the number of factors in the exploratory factor analysis. The eigenvalue table obtained for the

developed rubric is given in Table 3.

Table 3. The eigenvalue table

Factor Eigen value Explained variance (%)
1 4.678 42.530
2 1.311 11.921
3 0.906 8.237
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When Table 3 is examined, it was seen that there were two factors with an eigenvalue higher
than 1. However, it was noteworthy that the eigenvalue of the first factor was considerably higher
than the second factor. This situation was interpreted as that the rubric consisted of a structure either

with 1 or 2 factors. To decide more clearly on the number of factors, the Scree plot was examined.

Scree Plot

Eigenvalue

o

T T T T T T T
1 2 3 4 =1 6 7 = = 10 11

Factor Number

Figure 1. Scree plot

When the scree plot was examined, it was seen that the slope started to flatten as of the second
point. Thus, it was decided that the single factor structure was the most appropriate factor structure

for the rubric (Cokluk et al., 2010; Pallant, 2007).

After deciding on the factor number of the rubric, first the Common Variance values (see
Table 4) and then the factor loadings (see Table 5) were examined to evaluate the suitability of the

rubric items.

Table 4. Common variance values

Item number Common variance
1 0.527
0.425
0.455
0.379
0.263
0.471
0.471
0.385
0.471
0.445
0.302
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As shown in Table 4, no rubric item with a common variance value of less than 0.10 was
found, and this was interpreted as the rubric items being appropriate (Cokluk et al., 2010). Moreover,
when the Factor Matrix values given in Table 5 were examined, it was seen that the factor loadings of

all items were higher than the desired value of 0.30 (Pallant, 2007; Stevens, 2002).

Table 5. Item factor loadings

Item number Factor loading
1 0.760
2 0.609
3 0.670
4 0.620
5 0.425
6 0.650
7 0.625
8 0.624
9 0.601

10 0.487
11 0.553

Exploratory factor analysis results indicated that the rubric had a single factor that explains
the 42.5% of the total variance. When all items in the rubric were evaluated concerning common

variance and factor loadings, it was decided that all items were appropriate for the developed rubric.
Reliability Analysis

To evaluate the internal consistency of the data obtained using the rubric, the Cronbach’s
alpha coefficient was calculated. The calculated Cronbach’s alpha coefficient (0.83) was accepted as an
indicator of high internal consistency (Pallant, 2007). In addition, the Pearson Correlation coefficient
and Cohen's kappa value were calculated for the rubric items to examine the consistency of the
evaluations made by two different researchers to provide additional evidence for the reliability of the

rubric (see Table 6).

Table 6. Interrater reliability indexes for the rubric items

Item Pearson correlation Cohen’s kappa
1 1.00 1.00
2 1.00 1.00
3 .90 .78
4 .75 .67
5 .92 91
6 1.00 1.00
7 1.00 1.00
8 1.00 1.00
9 .97 .95
10 .98 .94
11 1.00 1.00
Total score .99 .63
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Cohen (1988) stated that if the Pearson Correlation coefficient is between 0.10 and 0.29, it
should be interpreted as a low correlation, between 0.30 and 0.49 as a moderate relationship, and
between 0.50 and 1.00 as a high relationship. When the Pearson Correlation coefficient, which was
calculated separately for the entire rubric and its items, was examined, it was seen that there was a

very high positive correlation between the evaluations of the two different coders.

Calculating Cohen’s kappa values is another method of assessing the agreement between
coders. The criteria for interpreting Cohen's kappa values were determined by Cohen (1960) and are

given in Table 7.

Table 7. Cohen’s kappa values evaluation criteria

Kappa value (k) Agreement
K<.20 Poor agreement
20<K<.40 Acceptable agreement
40<Kk<.60 Moderate agreement
60<K<.80 Good agreement
B0<k<1 Very good agreement

When the Cohen's kappa values calculated for the rubric items were evaluated within the
scope of the criteria specified by Cohen (1960), it was found that there was good agreement between
the two coders on two items (4 and 5), and very good agreement for the remaining nine items (1, 2, 3,
6,7,8,9, 10 and 11). In addition, when the inter-coder agreement was evaluated for the total score

obtained from the rubric, it was observed that there was good agreement between the two coders.
Discussion, Conclusion and Recommendations

Various benefits of origami in mathematics education have been revealed in studies in the
literature. In line with these benefits, origami has become an increasingly used teaching tool by
mathematics teachers. In a similar vein, it is aimed to train teacher candidates to effectively use
mathematics lessons in their teaching lives. One of the basic conditions for the effective use of origami
in mathematics education is the detailed planning of these lessons. However, when the literature was
examined, to our knowledge, there was no rubric to evaluate the effectiveness of origami-based
mathematics lesson plans. Therefore, this study aimed to develop a rubric to evaluate origami-based

mathematics lessons and to present the validity and reliability evidence of the developed rubric.

The first stage of the rubric development process was a detailed literature review to determine
the factors that should be in effective origami-based mathematics lessons as reported above. The
rubric items prepared after this literature review were first evaluated by an assessment and evaluation
expert and then by two mathematics educator experts who had various academic studies and
practices on the use of origami in mathematics education. Necessary changes were made on the rubric
items in line with expert opinions. This detailed process followed while developing rubric items can

be considered quite positive concerning the rubric's content validity (Moskal & Leydens, 2001).



Arslan, O.

In this study, exploratory factor analysis was used to provide evidence for the construct
validity of the rubric (see Moskal & Leydens, 2001). In the exploratory factor analysis, the eigenvalue
table and scree plot were used to decide the number of factors, and it was concluded that the rubric
was in a single factor structure. In single-factor scales, it is considered sufficient that the relevant
factor explains 30% of the total variance (Cokluk et al., 2010). In this sense, the single dimension of the
rubric developed in this study accounts for 42.5% of the total variance. Hence, it was interpreted as a
very positive situation for the construct validity of the rubric. Furthermore, exploratory factor analysis
results indicated that factor loadings of all items were higher than the desired value of 0.30, and there
was no item having a common variance value lower than 0.10. These results obtained in the
exploratory factor analysis were considered positive conditions for the construct validity of the rubric

(Cokluk et al., 2010; Pallant, 2007).

In addition to the validity evidence for the developed rubric, various analyses were performed
to test its reliability. In this sense, the Cronbach’s alpha value was calculated to interpret the internal
consistency of the data obtained using the rubric, and it was 0.83. This value means that the data
obtained using the developed rubric has a very high internal consistency (Pallant, 2007). In addition,
the reliability of a rubric is possible when different coders reach similar results when they use it,
which is expressed as inter-coder reliability (Moskal & Leydens, 2001). Pearson Correlation coefficient
and Cohen's kappa values were calculated for the total score and individual rubric items. When the
calculated values were evaluated in the context of the criteria determined by Cohen (1960, 1988), it
showed that there was a very high agreement between the coders. In other words, it was seen that the
developed rubric met the inter-coder reliability criterion. In this context, the Cronbach’s Alpha,
Pearson Correlation, and Cohen's kappa values calculated for the developed rubric were interpreted

as strong evidence for the reliability of the rubric.

In this study, various types of evidence for the validity and reliability of the rubric, which was
developed to evaluate origami-based mathematics lessons, were presented. The evidence here could
be considered quite strong when the related literature is considered. However, to conduct more
precise assessments about the validity and reliability of the rubric, additional evidence to the evidence
presented in this study needs to be obtained with different samples. In this direction, it is
recommended to conduct additional validity and reliability analyses by evaluating origami-based
mathematics lesson plans developed by different in-service or pre-service teachers in future studies

with the rubric presented in this study.

The origami-based mathematics lesson plan evaluation rubric developed with this study can
be used by researchers to evaluate the lesson plans developed by mathematics in-service or pre-
service teachers. Likewise, it can be used to evaluate origami-based mathematics lesson plans
developed by classroom and pre-school teachers. Although the developed rubric was developed for

mathematics lessons, the use of origami in education is not limited to mathematics lessons. Thus,
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modifications can be made to the rubric items developed with this study for non-mathematics courses,
and they can be made suitable for the relevant courses. The rubric developed in this study was
developed not only for researchers but also for in-service and pre-service teachers who develop an
origami-based mathematics lesson plan. In this direction, mathematics in-service and pre-service
teachers who prepare origami-based mathematics lesson plans can develop them by considering

rubric items and making their lesson plans more effective.
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Ek 1. Origami temelli matematik ders plaru degerlendirme rubrigi

KEFAD Cilt 23, (Ozel Say), 2022

Nf;‘i‘j:ﬁ Zayif (0 Puan) Orta (1 Puan) fyi (2 Puan)

1 Ogrencilerin yas ve Ogrencilerin yas ve Ogrencilerin yas ve
psikomotor becerilerinden  psikomotor becerilerinden  psikomotor becerilerine
oldukga asagida/yukarida  biraz asagida/yukarida bir ~ uygun bir origami modeli
bir origami modeli origami modeli secilmistir.  segilmistir.
secilmistir.

2 Hedeflenen matematiksel Hedeflenen matematiksel Hedeflenen matematiksel
kazanima uygun olmayan kazanima kismen uygun kazanima uygun bir
bir origami modeli bir origami modeli origami modeli se¢ilmistir.
secilmistir. secilmistir.

3 Secilen origami modeliigin ~ Segilen origami modeliigin  Segilen origami modeli i¢in
ayrilan ders saati oldukca ayrilan ders saati biraz ayrilan ders saati yeterlidir.
azdir/fazladir. azdir/fazladir.

4 Ders baslangicinda Ders baslangicinda Ders baslangicinda
ogrencilerin derse ilgisini ogrencilerin derse ilgisini ogrencilerin derse ilgisini
ve motivasyonunu ve motivasyonunu ve motivasyonunu
artirmaya yOnelik bir giris artirmaya yoOnelik yetersiz artirmaya yonelik etkili bir
yapilmamuistir. bir giris yapilmistir. giris yapilmistir.

5 Diagramda verilen katlama Diagramda verilen katlama Diagramda verilen katlama
adimlarinin adimlarinin bazilar adimlarinin tamamui agik ve
¢ogunlugu/tamami agik ve  agik/anlasilir degildir. anlasilirdir.
anlasilir degildir.

6 Origami modelinin katlama Origami modelinin katlama Origami modelinin katlama
adimlar ifade edilirken adimlar ifade edilirken adimlari ifade edilirken
matematiksel dil nadiren matematiksel dil bazen matematiksel dil
kullanilmigtir/hig kullanilmistir. cogunlukla/daima
kullanilmamustir. kullanilmistir.

7 Origami modelinin katlama Origami modelinin katlama Origami modelinin katlama
adimlarinda, hedeflenen adimlarinda, hedeflenen adimlarinda, hedeflenen
kazanimi 6gretmeye kazanimi 6gretmeye kazanimi 6gretmeye
yonelik sorulardan nadiren  yonelik sorulardan bazen yonelik sorulardan
faydalanilmistir/hig faydalanilmstir. cogunlukla/daima
faydalanilmamustir. faydalanilmstir.

8 Origami modelinin katlama Origami modelinin katlama Origami modelinin katlama

adimlarinda, hedeflenen
kazanima ek bagka
matematiksel kavramlarin
hatirlanmasini veya
O0grenilmesini
destekleyecek sorulardan
nadiren
faydalanilmistir/hig
faydalanilmamustir.

adimlarinda, hedeflenen
kazanima ek bagka
matematiksel kavramlarin
hatirlanmasini veya
Ogrenilmesini
destekleyecek sorulardan
bazen faydalanilmigtir.

adimlarinda, hedeflenen
kazanima ek bagka
matematiksel kavramlarin
hatirlanmasini veya
Ogrenilmesini
destekleyecek sorulardan
cogunlukla/daima
faydalanilmistir.
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10

11

Origami modelinin katlama
adimlarinda sorulacak
sorular 6grencilerin {ist
diizey diisiinme
becerilerini gelistirmeye
nadiren uygundur/uygun
degildir. *

Origami modelinin katlama
adimlarinda matematik dis1
alanlar (6rnegin sanat,
miihendislik) ile
iliskilendirmelere yer
verilmemistir.

Ders sonunda hedef
kazanima uygun bir
degerlendirme yontemine
yer verilmemistir.

Origami modelinin katlama
adimlarinda sorulacak
sorulardan bazilar
ogrencilerin ist diizey
diisiinme becerilerini
gelistirmeye uygundur. *

Origami modelinin katlama
adimlarinda matematik dis1
alanlar (6rnegin sanat,
miihendislik) ile
iligkilendirmelere nadiren
yer verilmistir.

Ders sonunda hedef
kazanima yonelik verilen
degerlendirme yontemi
yetersizdir.

Origami modelinin katlama
adimlarinda sorulacak
sorularin
¢ogunlugu/tamami
Ogrencilerin ist diizey
diistinme becerilerini
gelistirmeye uygundur. *

Origami modelinin katlama
adimlarinda matematik dist
alanlar (6rnegin sanat,
miithendislik) ile
iliskilendirmelere yeterince
yer verilmistir.

Ders sonunda hedef
kazanima uygun bir
degerlendirme yontemine
yer verilmistir.

* Ust diizey diisiinme becerilerini desteklemeye y&nelik sorular igin baz1 drnekler:
- Elinizdeki kare kagid1 en fazla kag farkl sekilde iki esit parcaya katlayabilirsiniz? Nasil?

- Tamamladiginiz origami modelinin yiiksekligini iki katina ¢ikarmak i¢in ilk kullandigimiz kagidin
olctlisiinii ne kadar artirmanuz gerekir? Neden?
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Appendix 1. Origami-based mathematics lesson evaluation rubric
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Nllfrer:ger Poor (0) Average (1) Good (2)

1 An origami model was An origami model was An origami model suitable
chosen that was quite chosen slightly for the age and
above/below the age and above/below the students' psychomotor skills of the
psychomotor skills of the age and psychomotor students was chosen.
students. skills.

2 An origami model that was ~ An origami model that was ~ An origami model that was
not suitable for the partially suitable for the not suitable for the
mathematical objective was mathematical objective was mathematical objective was
chosen. chosen. chosen.

3 The lesson time allocated The lesson time allocated The lesson time allocated
for the chosen origami for the chosen origami for the selected origami
model was very less/more.  model was a little model was sufficient.

4 At the beginning of the At the beginning of the At the beginning of the
lesson, no introduction was lesson, an insufficient lesson, an effective
made to increase the introduction was made to introduction was made to
interest and motivation of  increase the interest and increase the interest and
the students in the lesson. motivation of the students ~ motivation of the students

5 Most/all of the folding Some of the folding steps All of the folding steps
steps given in the diagram  given in the diagram were  given in the diagram were
were not clear and not clear. clear and understandable.
understandable.

6 Mathematical language Mathematical language Mathematical language
was rarely/never used was sometimes used when  was mostly/always used
when expressing the expressing the folding when expressing the
folding steps of the origami  steps of the origami model.  folding steps of the origami

7 In the folding steps of the In the folding steps of the In the folding steps of the
origami model, questions origami model, questions origami model, questions
for teaching the for teaching the for teaching the
mathematical objective of mathematical objective of mathematical objective of
the lesson were the lesson were sometimes  the lesson were
rarely/never used. used. mostly/always used.

8 In the folding steps of the In the folding steps of the In the folding steps of the

origami model, questions
to support remembering or
learning other
mathematical concepts in
addition to the main
mathematical objective
were rarely/never used.

origami model, questions
to support remembering or
learning other
mathematical concepts in
addition to the main
mathematical objective
were sometimes used.

origami model, questions
to support remembering or
learning other
mathematical concepts in
addition to the main
mathematical objective
were mostly/always used.
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The questions to be asked
in the folding steps of the
origami model were rarely
appropriate/not
appropriate to develop
students' higher-order
thinking skills. *

In the folding steps of the
origami model, associations
with non-mathematical
fields (such as art and
engineering) are not
included.

An assessment method
appropriate for the
mathematical objective was
not included.

Some of the questions to be
asked in the folding steps
of the origami model were
appropriate for developing
students' higher-order
thinking skills. *

In the folding steps of the
origami model, associations
with non-mathematical
fields (such as art and
engineering) were rarely
included.

The assessment method
used was insufficient.

Most/all of the questions to
be asked in the folding
steps of the origami model
were appropriate for
developing students'
higher-order thinking
skills. *

In the folding steps of the
origami model, associations
with non-mathematical
fields (such as art and
engineering) were
sufficiently included.

An assessment method
appropriate for the
mathematical objective was
included.

* Some examples of questions to support higher-order thinking skills:

- In how many different ways can you fold the square paper in your hand into two equal parts? How?
- To double the height of the completed origami model, how much should you increase the paper size
you first used? Why?
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