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ILKOKUL OGRENCILERINE YONELIK TEMSILSEL
AKICILIK TESTI

0z:

Bu aragtirmanin amaci, ilkokul 6grencileri icin gelistirilen Temsilsel Akicilik
Testini Tiirk kiiltiirtine uyarlamak ve testin psikometrik 6zelliklerini incelemektir.
Temsilsel akicilik, farkls temsil tiirlerini anlamlandirma ve temsiller arasinda bag-
lant1 kurabilme becerisi olarak ifade edilmektedir. Orijinal formu ¢oktan se¢meli
25 maddeden olusan test, temsilsel akiciliga iliskin dokuz yetkinlik alan1 igermek-
tedir. Bunlar; 6gelerin tanimlanmasi, grafiklerin gercek yasamla iliskilendirilmesi,
zamana bagl egilim ve degisimin tespit edilmesi, bir degisimi digeriyle karsilas-
tirma, temsil anlamlandirma, farkli temsil tiirlerini iliskilendirebilme, temsiller
arasl gecis yapabilme, birden fazla temsilden veri toplayabilme, iliski ve baglantiy1
anlayabilmedir. Aragtirma 2021-2022 egitim 6gretim yilinda Diizce ilinde 6grenim
goren ilkokul 4. simif 6grencileri ile yiirtitiilmistiir. Testin faktor yapisina iligkin
caligmalar farkli calisma gruplariyla yiiriitiilmiis olup, agimlayici faktor analizi i¢in
207 (112:kiz, 95:erkek) ve dogrulayici faktor analizi icin 177 (90:kiz, 87:erkek) 6g-
renci aragtirmaya katilmistir. Factor 10.3.1 programi araciligiyla, tetrakorik kore-
lasyon matrisine dayali olarak gerceklestirilen agimlayici faktor analizi sonucunda,
Temsilsel Akicilik Testinin anlam ve baglanti seklinde iki faktorlii bir yapiya sahip
oldugu tespit edilmistir. Lisrel 8.51 programi araciligiyla asimptotik kovaryans
matrisi tizerinden, agirlikli en kiigiik kareler yontemi kullanilarak gerceklestirilen
dogrulayici faktor analizi sonuglari, agimlayic: faktor analizi ile kesfedilen iki fak-
torlil yapinin dogrulandigini gostermektedir. Madde analizi ¢aligmalar1 sonucun-
da testin orta diizeyde giicliik ve yiiksek diizeyde ayiriciliga sahip oldugu tespit
edilmigstir. Testin hesaplanan KR-20 i¢ tutarlilik katsayisinin testin geneli (.84) ve
alt boyutlar1 (.85 ve .70) igin yiiksek diizeyde giivenirligi isaret ettigi tespit edilmis-
tir. Aragtirma kapsaminda uyarlamasi yapilan 21 maddelik Temsilsel Akicilik Tes-
tinin, ilkokul miifredatiyla uyumlu ve ilkokul 4. Sinif diizeyinde temsilsel akicilik
diizeyinin 6l¢timiinde kullanilabilecek, gecerli ve giivenilir bir 6l¢gme araci oldugu
sonucuna ulagilmstir.

Anahtar Sézciikler: Coklu Temsil, Temsilsel Akicilik, Ilkokul, Test, Fen, Matematik
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REPRESENTATIONAL FLUENCY TEST FOR
PRIMARY SCHOOL STUDENTS

ABSTRACT

The representational fluency test assesses the representational fluency skills of
primary school students. This paper aimed to adapt the test to Turkish. Repre-
sentational fluency is the ability to make sense of and make connections between
representations. The original test consists of 25 multiple-choice items. It includes
nine competencies: identifying items, relating graphics to the real world, detect-
ing time-dependent trends and changes, switching between representations, col-
lecting data from multiple representations, understanding relationships and con-
nections, comparing one change with another, making sense of representations,
and associating different types of representation. The study was conducted in the
2021-2022 academic year in Diizce, Tiirkiye. The sample consisted of 384 fourth-
grade primary school students; 207 for exploratory factor analysis (112 girls and 95
boys) and 177 (90 girls and 87 boys) for confirmatory factor analysis. Exploratory
factor analysis was performed based on the tetrachoric correlation matrix using
Factor 10.3.1. The results showed that the test had a two-factor structure: meaning
and connection. Confirmatory factor analysis was performed using the weight-
ed least squares method on the asymptotic covariance matrix through Lisrel 8.51.
The results verified the exploratory factor analysis two-factor structure. The test
has moderate difficulty and high discrimination. The KR-20 internal consistency
coeflicient indicates a high level of reliability for the overall test (.84) and its sub-
scales (.85 and .70). The 21-item test is a valid and reliable measurement tool that
is compatible with the primary school curriculum and can be used to measure the
representational fluency skills of fourth-grade primary school students.

Keywords: Multiple Representations, Representational Fluency, Test, Science, Math
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GIRIS

Temsil, bir seyin bir kisinin géziinden sembolize edilmis formudur (Fonger,
2019). Temsiller bilginin daha kolay anlasilmasini saglamak i¢cin karmasik bilgileri
organize eden, detaylandiran ve veriyi goriiniir kilan araglardir (Daniel vd., 2018).
Aragtirmalar uygun temsille etkilesimde bulunmanin 6grenmeyi gelistirdigini
gostermektedir (Ainsworth, 2006). Dreyfus (1991) egitimde temsil kullanimini
ardigik dort agamanin yer aldig: bir siire¢ olarak tanimlamaktadir. Bunlar basitten
karmagiga olacak sekilde bir temsil kullanimi, digerleriyle paralel olacak sekilde
birden fazla temsil kullanimi, temsiller arasinda baglant1 kurma ve ¢oklu temsil
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kullanimini esnek bir gekilde 6grenme siirecine entegre etme olarak ifade etmekte-
dir (Dreyfus, 1991). Ainsworth (1999) ise 6grenme siireglerinde ¢oklu temsil kulla-
niminin {i¢ fonksiyonu oldugunu belirtmektedir (Sekil 1). Bunlar tamamlayicilik;
kargilagtiklar1 gorevlerin 6zellikleri ve bireysel farkliliklarindan bagimsiz olarak,
ogrencilerin ¢oklu temsilin avantajlarindan yararlanmasy; sinirlandirma; yanlis yo-
rumlamalar1 engellemek i¢in, 6grencilerin bilindik ve belirgin temsillerden fayda-
lanmalarini saglama; derinlestirme: 6grencilerin farkli temsil tirleri ile 6grenme
nesnesinin sabit ozelliklerini soyutlabilmesi, genelleyebilmesi ve temsiller arasi
iliskiyi fark etmesi olarak ifade edilmektedir (Ainsworth, 1999).

Sekil 1. Coklu Temsillerin Islevsel Taksonomisi (Ainsworth, 1999)

Goklu Temsil
Kullaruminin
islevleri
I
[ I 1

o Yorumu Anlayist
ety ] Sinurlandirma Derinlestirme
'_|_| T
I 1 1
Tamamlayici ) - Tarururhkla S § "
i Tamamlayicr Bilgi B Soyutlama Genelleme iliskiler
Gérev Farkl Bilgi D‘q’fr‘:“lr;;‘:g“r“‘:‘:e Eksiltme
Bireysel ' Yeniden
Farkliliklar Cria BBil Ontolojiklestirme

Strateji Somutlastirma

Coklu temsillerin, kavramin soyut yonlerini zenginlestirme gibi iyi niyetli bir
kullaniminin yaninda; égrenmelerin derinlesmesi igin kolay ve ulasilabilir tem-
sillerle, soyut temsil arasinda (6rnegin; eklenen ciimle ya da resimle soyut formiil
arasinda) baglanti kurmasi gerekmektedir (Vogt vd., 2020). Ogrencilerin ¢oklu
temsilleri 6grenmeleri ve ¢oklu temsilleri kullanarak 6grenme siireclerine katilma-
lar1 (6rn., fen egitimi) siklikla ayn1 zamana denk gelmektedir; ancak ¢ogu zaman
temsillere iligkin bilgileri yetersiz kalmaktadir (Ainsworth, 2006). Temsil 6greti-
mi miifredatta belirtilen standart temsilleri 6gretmenin dtesine ge¢meli, yenilikei
temsil uygulamalarinin yer aldig ilke ve stratejileri igermelidir (diSessa, 2004).
Ogrencilerin ¢oklu temsilleri yorumlayip anlamlandirabilecekleri, boylece derin
ogrenmeler gelistirmelerini saglayacak strateji ve kaynaklarla desteklenmeleri ge-
rekmektedir (Nichols, Gillies, vd., 2016). Coklu temsillerle ¢alisma ve akil yiiriitme
becerisi 6grencilerin ézellikle matematik ve fen derslerindeki yetkinligi agisindan
onemlidir (Zaqoot vd., 2019b).
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TEMSILSEL AKICILIK

Akicilik genel kullanimda, kendini kolayca ve ¢aba harcamadan ifade etmenin
yani sira, iki farkli temsil olan konusma ve yazi dili arasinda zahmetsizce hareket
edebilme yetenegi olarak ifade edilirken; aragtirmacilar tarafindan diger disiplinle-
rin temsil tiirlerini de igerecek sekilde daha genis bir baglamda kullanilmaya bas-
lanmustir (Vieira vd., 2016). Temsilsel akicilik farkli temsil tiirlerini anlamlandirma
ve ihtiya¢ duyuldugunda temsiller arasinda hareket edebilme olarak tanimlanmak-
tadir (Taramopoulos ve Psillos, 2019). Daha genis bir tanimda ise bilginin farkli
ifade bi¢imlerindeki (farkli temsiller) denkligini kavrayabilme, farkli temsillerde
sunulan bilgiyi okuma, bilgiyi bir temsilden digerine déniistiirme, bir temsilde
6grenme ve bu 6grenmeyi digerine uygulama yetenegi olarak ifade edilmektedir
(Vieira vd., 2016). Fonger (2019) ¢oklu temsilleri yaratma, yorumlama, temsiller
arasinda gecis yapabilme ve baglant: kurma olarak tanimlamaktadir. Ancak bunu
yapabilmek i¢in hangi temsilin neyi gosterebilecegini, agiklayabilecegini bilmek,
temsilleri gerekge olarak kullanabilmek ve ¢oklu temsiller arasinda anlamli sekilde
baglant1 kurabilmek gerekmektedir (Sandoval vd., 2000). Fonger (2019) yaratma,
yorumlama ve baglanti kurmanin anlaml temsilsel akiciigin temel bilesenleri ol-
dugunu ifade etmektedir. Farkli temsiller arasinda baglanti kurma, kavramin 6zii-
ne ve ayni zamanda farkli yonlerine iligskin anlayis gelistirilmesini saglamaktadir
(Even, 1998).

Bieda ve Nathan (2009) temsilsel akiciligi matematik 6grenme perspektifin-
den ele alarak, temsillerle calisabilme ve temsiller arasinda gegis yapabilme olarak
tanimlamaktadir. Matematik egitimi perspektifinden temsilsel akicilik temsiller
aras1 gecis, matematiksel bir konu hakkinda o matematiksel konunun farkl tiir-
deki temsillerinden anlam ¢ikarma ve farkli temsiller arasinda genelleme yapma
becerilerini igermektedir (Zbiek vd., 2007). Literatiirde siklikla temsilsel akiciligin
anlamli 6grenme ve matematik 6gretimi tizerindeki 6nemine dikkat ¢ekilmektedir
(Bieda ve Nathan, 2009; Fonger, 2019). Ampirik arastirma sonuglar1 matematik-
sel anlayisin, 6grencilerin ¢oklu temsil formlari ile baglant: kurarak 6grenme sii-
reglerine dahil olduklar: durumlarda gelistigini gostermektedir (Zbiek vd., 2007).
Temsilsel akiciligin matematik 6gretimi tizerindeki etkisini irdeleyen arastirmalar,
temsilsel akicilig1 matematiksel sorgulamanin katalizorii olarak (Zbiek vd., 2007),
matematik 6grenme siirecini gelistiren temel pratiklerden biri olarak degerlen-
dirmekte (Selling, 2016); temsilsel akiciliginin sebeplerini ve gesitlerini bilmenin,
matematiksel bilgi, 6grenme ve gerekcelendirmeye iliskin anlayisimiza 6nemli bir
katki sundugunu (Bieda ve Nathan, 2009) belirtmektedir. Delice ve Kertil (2015)
ogrencilerin temsilsel akicilik becerilerindeki eksikligin matematiksel modelleme-
de gii¢lik yasamalarina sebep oldugunu belirtmektedir. Bir 6grencinin temsiller
arasinda baglant: kurabilmesi icin, gesitli temsil tiirlerinde sunulan matematiksel
nesnenin degismez 6zelliklerini fark etmesi gerekmektedir (Fonger, 2019).
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Fen egitimi perspektifinden temsilsel akicilik, bir temsil tiriindeki bilgiyle
etkilesime gecebilme, islemsel ve kavramsal diizeyde bilgiyi bir temsil tiirtinden
digerine dontstiirebilme becerisi olarak ifade edilmektedir (Nichols, Gillies, vd.,
2016). Fen egitiminde 6grenme, fen okuryazarlig1 perspektifinden hareketle coklu
temsilli gerceklestigi belirtilmektedir (Lemke, 2004). Buna gore fen egitiminin 6g-
rencilerin temsilsel yetkinliklerini gelistirecek sekilde, temsilleri etkin bir sekilde
yorumlayabildikleri, a¢iklayabildikleri, temsilleri yapilandirabildikleri bir siiregte
yiiriitiilmesi gerekmektedir (Nichols, Gillies, vd., 2016). Ogretmenlerin ¢oklu tem-
sillere iligkin repertuarinin genis olmast yeterli olmayip, 6grencilerinin bu temsil-
leri kullanabilmeleri, temsilleri iliskilendirebilmeleri ve temsiller arasinda gegis ya-
pabilmelerini saglayacak becerilerin gelistirilmesine odaklanmalar1 gerekmektedir
(Moore vd., 2018).

Bilimsel siireclerde gorseller, grafikler, modeller, diyagramlar ve simiilasyon-
lar araciligiyla gerceklestirilen iletisim tarzi, hedeflenen alicinin gorsel girdileri
bilimsel diistinceyle tutarli bir sekilde anlamlandirabilme yetenegine dayanmakta-
dir (Daniel vd., 2018). Baska bir ifade ile bilimsel siireclere dair tiretilen diisiince,
ise kosulan akil yiiritme eylemleri ve pratiklerin tamami temsil kullanimryla ilgili
iken, farkli modlarin déntstiiraldigi, degerlendirildigi bir siireg olan fen egitimi-
nin ve anlaml 6grenmelerin bagarisi 6grencilerin temsil etkenliginin gelismesine
baglidir (Nichols, Gillies, vd., 2016).

Coklu temsillerin kullanimu ile ilgili fen egitimi ve STEM uygulamalariyla
siklikla iliskilendirilen becerilerinden biri de temsil yetkinligidir (Daniel, 2018).
Temsil yetkinliginde belli bir alana 6zgii (fizik, kimya biyoloji) temsil kiimeleri-
ne odaklanilmakta ve izole edilen bu temsillere iliskin yeterlilik ifade edilmekte-
dir (M. Hill vd., 2014). Temsil yetkinligi statik iken; temsili akicilik, 6grencilerin
temsiller iginde ve arasinda sorunsuz bir sekilde hareket etme yetenegine karsilik
gelmekte ve 6grenmeyi artirma potansiyelini tasimaktadir (Daniel vd., 2018). Ni-
tekim 6grencilerin yalnizca belirli temsil tiirlerini ve 6zelliklerini anlamalar1 degil,
ayni zamanda temsilleri kullanarak akil yiirtitmeleri, fen kavramlarini agiklayabil-
meleri ve farkli temsillerden elde ettikleri ¢ikarimlarina dayanan anlamlar: genel-
leyebilmeleri gerekmektedir (Nichols, Gillies, vd., 2016). Bilimsel bilginin ingas1 ve
bilimsel dile iliskin uygulamalar temsillerle ¢calismaya yonelik esnekligi, temsilsel
akiciligr gerektirmektedir (Nichols, Gillies, vd., 2016).

Temsilsel akiciligin benzersiz olan yoniini, cesitli disiplinlere 6zgli temsilleri
rahat (dolayistyla akicr) bir sekilde kullanmayi igeren disiplinler arasi bir yetenek
esigi olmasidir (M. J. Hill, 2015). Temsilsel akicilik derin kavramsal anlayisin gelis-
mesi agisindan énem tagimaktadir (Taramopoulos ve Psillos, 2019). Ayni seyi farkli
temsillerle agiklama ve sunma yetenegi, bir temsilden digerine hareket etme esnek-
ligi; bireyin zengin iligkileri bir arada gérmesini, daha iyi bir kavramsal anlay1s ge-
listirmesini, derinlemesine bir anlayis kazanmasini ve problem ¢6zme yetenegini
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gliclendirmesini saglamaktadir (Even, 1998). Temsilsel akicilik, kavramsal anlayist
gelistirmenin yani sira (Gunpinar ve Paper, 2016), problem ¢6zme becerisinin de
onemli bir bilesenidir (Nistal vd., 2009). Temsilsel akicilik, 6grencilerin gercekei
(kozmos) ve soyut diinyalar (modeller) arasinda ileri geri hareket etmelerini ve
verilen bir problemi ¢6zmek i¢in en uygun temsili kullanmalarini saglamaktadir
(Taramopoulos ve Psillos, 2019). Bu baglamda gercek yasam problemlerinin ¢6-
ziimil i¢in gerekli iletisim ve kavramsal esneklik yeteneginin gelisiminde, temsilsel
akicilik becerisi kritik bir 6neme sahiptir (Lesh ve Zawojewski, 2007). Temsilsel
akiciligin anlaml 6grenme noktasindaki 6nemi goz oniine alindiginda, 6grencile-
rin temsilsel akicilik becerilerini bilmek, 6grenme aktivitelerini zenginlestirmeye
yardimei oldugu gibi, 6gretim tasarimi ve program gelistirme konularinda da ek
bilgi saglayabilir (Fonger, 2019).

TEMSILSEL AKICILIGA iLISKIN LITERATUR

Literatiirde temsilsel akiciligin gelisimini inceleyen (Fonger, 2019); égrencile-
rin temsil akicihiga iliskin problemlerini ortaya koyan (Bieda ve Nathan, 2009; Sel-
ling, 2016) ve etkili ¢oklu temsil kullanimin: tarif eden (Selling, 2016) arastirmalar
bulunmaktadir. Temsilsel akicilig1 6gretim yaklasimi olarak inceleyen arastirmalar
da mevcuttur (Li vd., 2022; Moore vd., 2013). Bu ¢aligmalarda cebir, kimya ve fizik
gibi spesifik ders ve konulara egilim s6z konusudur.

Matematik egitimi perspektifinden temsil akiciliga iligskin ¢aligmalarin, kartez-
yen koordinat sistemi (Bieda ve Nathan, 2009); modelleme (Delice ve Kertil, 2015);
lineer denklemler (Fonger, 2019) konulariyla iliskilendirildigi goriilmektedir. Bu-
nun yani sira fen egitiminde dogal afetler (Nichols, Gillies, vd., 2016); elektrik dev-
resi (Taramopoulos ve Psillos, 2019) konularina yonelik bir egilim s6z konusudur.
Bunun yani sira ¢aligma gruplarini 6gretmen adaylar1 (Delice ve Kertil, 2015); s1-
nif 6gretmenleri (Nichols, Stevenson, vd., 2016); tiniversite 6grencileri (Gulkilik,
2021; Moore vd., 2013); lise 6grencileri (Taramopoulos ve Psillos, 2019); orta okul
ogrencileri (Bieda ve Nathan, 2009; Ceuppens vd., 2018; Li vd., 2022) seklinde 6r-
neklendirmek mimkiindiir.

Temsilsel akicilik, siklikla cesitli temsil tirlerinin kullanildig: testlere dolayl
olarak dahil edilirken, nadir olarak testin birincil amaci haline gelmektedir (Ceup-
pens vd., 2018). Temsil akiciliga iliskin 6l¢timler agirlikli olarak, dereceli puanlama
anahtar1 (Nichols, Stevenson, vd., 2016); etkinlik ve arastirmaci kayitlar: (Delice ve
Kertil, 2015); gorev temelli gortigme (Altindis, 2021; Gulkilik, 2021; Nichols, Gil-
lies, vd., 2016) seklinde gerceklestirilmektedir. Temsil akiciliga iliskin 6l¢me araci
gelistirme ¢alismalarinin fizik ve matematik (Ceuppens vd., 2018); kimya (Stieff ve
McCombs, 2006); fizik (Hill vd., 2014; Festiana vd., 2020; Handayani ve Masrifah,
2021) gibi spesifik konularla iliskili oldugu anlagilmaktadur. flkokul 6grencilerinin
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genel temsilsel akicilik diizeyini (herhangi bir ders ya da konudan bagimsiz) ol¢-
mek amaciyla gelistirilen yalnizca bir 6l¢me aracina rastlanmustir.

Zaqoot vd., (2019a) tarafindan ilkokul 6grencilerinin temsilsel akicilik diizey-
lerini 6lgmek amaciyla gelistirilen Representational Flency Test (RFT), spesifik bir
konuyla iligkilendirilmemis olup, daha ¢ok ilkokulda temel diizeyde bilgi gerek-
tiren maddelerden olugmaktadir. 25 ¢oktan se¢meli sorudan olusan RFTde fen,
matematik dersleri ve Singapur ulusal sinavinda (Primary School Leaving Exa-
mination (PSLE) en ¢ok kullanilan temsil tiirlerine yer verildigi belirtilmektedir
(Zaqoot vd., 2019b). RFT'de Temsil akiciliga iligkin olarak 6gelerin tanimlanma-
s1, grafiklerin ger¢ek yasamla iliskilendirilmesi, zamana bagli egilim ve degisimin
tespit edilmesi, bir degisimi digeriyle karsilastirma, temsil anlamlandirma, farkli
temsil tirlerini iligkilendirebilme, temsiller arasi gecis yapabilme, birden fazla tem-
silden veri toplayabilme, iligki ve baglantiy1 anlayabilme seklinde dokuz yetkinlik
alan1 tanimlanmustir (Zaqoot vd., 2019a). Bu baglamda RFT’nin temsil akiciliga
iliskin kapsamli bir bakis agistyla hazirlandig: séylenebilir. RFT ye iliskin ayrintili
bilgi, veri toplama araglar1 béliimiinde sunulmustur.

Tiirkge literatiir incelendiginde temsilsel akiciliga iliskin ¢aligmalarin temsiller
arast gecis (Baloglu Demir, 2022; Cetin, 2016; Giirbiiz ve Sahin, 2015); transfer
edebilme (Mercan, 2020); temsil dontisiim (Delice ve Kertil, 2015) seklinde sinirlt
bir boyut iizerinden ele alindig1 goriilmektedir. Kullanilan 6l¢me araglarinin spesi-
fik ders ve konu 6zelinde yapilandirildiklary; 6rneklem gruplarinin agirlikli olarak
orta okul, lise 6grencileri ve 6gretmen adaylarindan olustugu; toplanan verilerin
gorev temelli goriisme, dereceli puanlama anahtar1 yontemleri ile analiz edildigi
tespit edilmigtir (Baloglu Demir, 2022; Cetin, 2016; Delice ve Kertil, 2015; Giirbiiz
ve Sahin, 2015; Mercan, 2020). Ergan ve Ozsoy (2021) tarafindan ilkokul 6gren-
cileri ile yapilan ¢alismada da temsilsel akiciligin dl¢iimiine yer verilmemis, ilko-
kul 4. sinif 6grencilerinin problem ¢6zme siirecinde kullandiklar: temsiller ince-
lenmistir. Bu noktada ilkokul grubuna iliskin ¢alismalarin sinirh diizeyde oldugu
sOylenebilir. Bunun yani sira temsilsel akiciliga iliskin 6l¢ctimlerde nitel aragtirma
yontemlerinin kullanilmasi, 6grencilerin temsilsel akicilik diizeylerine iliskin, de-
rinlemesine bir inceleme yapmay saglarken; sinif ortaminda ve kalabalik gruplar-
da uygulanmasi zaman agisindan pratik bir kullanim sunmamaktadir (Daniel vd.,
2018). Bu noktada, temsilsel akiciligin 6l¢timiinde nicel 6l¢gme araglarinin kullani-
mi 6nemli bir avantaj sunmaktadir.

Temsilsel akicilik konusunda Tiirkge literatiirde rastlanan tek dl¢me araci, 4-7.
sinif 6grencilerinin kesirlere iligkin sembolik ve grafiksel temsilleri iliskilendirme
becerilerini 6lgmek amaciyla, Ertuna (2013) tarafindan uyarlamasi yapilan tem-
silsel akicilik testidir. S6z konusu test spesifik bir konu ile sinirlandirilmig olup,
test maddeleri uzunluk, alan, say1 dogrusu ve kiime seklindeki kesir modellerin-
den olusmaktadir. Bu noktada mevcut ¢alismalarin temsilsel akiciliktan ¢ok temsil
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yetkinligi ve temsil esnekligi ile iligkili oldugunu soylemek miimkiindiir. Belli bir
alana 6zgii temsilleri kullanma becerisi temsilsel yetkinlik ile (M. Hill ve Sharma,
2015); 6grencilerin kendilerine verilen bir problem durumuna en uygun temsil tii-
riinii segebilmesi ise temsilsel esneklik ile iliskilendirilmektedir (Nistal vd., 2009).
Bu baglamda Tiirkge literatiirde temsilsel akiciligina iligkin ilkokul 6grencileri dii-
zeyindeki ¢alismalarin yeterli olmadig1 ve bu durumun temsilsel akicilig1 6lgmeye
yonelik bir 6l¢gme aracina olan ihtiyaci isaret ettigi soylenebilir. Nitekim Ayyildiz
ve Cansiz Aktag (2021) tarafindan son yillarda Tiirkiyedeki temsil kullanimina ilig-
kin aragtirma sonuglarinin incelendigi calismada, temsil aragtirmalarinda en az
tercih edilen 6rneklem grubunun ilkokul 6grencileri oldugu tespit edilmis ve gesit-
li 6rneklem gruplarinda temsiller arasi gegis becerisinin diisitk oldugu sonucuna
dikkat ¢ekilmistir. Kavramlar: farkli temsil bicimleri ile ifade etme, Tiirkiyede ma-
tematik dersi 6gretim programinin 6zel amaglari arasinda yer almaktadir (MEB,
2018). Ulusal merkezi siavlarda da temsil ve temsiller aras iligkilendirmeye yo-
nelik sorulara yer verilmektedir (Unal ve Eroglu, 2021). Benzer olarak, uluslararasi
siavlardan TIMSS’ in fen ve matematik degerlendirme cergevelerinde de, 6gren-
cilerin farkl temsil tiirleri arasinda baglant: kurabilmeleri ve gesitli problemlerin
¢oztimiinde bu temsillerden faydalanabilmeleri hedeflerine yer verilmistir (Mullis
vd., 2021). Bu noktada 6zellikle ilkokul 6grencilerinin temsilsel akicilik becerileri-
nin gelistirilmesi, baslangi¢ olarak da mevcut durumun gegerli ve giivenilir 6lgme
araglart ile tespit edilmesi gerekmektedir.

Bu baglamda temsilsel akicilik becerisini kapsamli bir bakis acisiyla ele almasi
ve ilkokul diizeyinde spesifik bir konu alanina indirgemeden genel 6l¢tim yapma
imkan1 vermesi sebebiyle, RFT” nin Tiirk kiiltiirtine uyarlanmasinin faydali olacagi
ditsiiniilmektedir. Bu noktadan hareketle RFT’yi Tiirk kiiltiiriine uyarlamak ve tes-
tin psikometrik 6zelliklerini incelemek amaciyla bu ¢alisma planlanmustir.

YONTEM
Aragtirma Modeli

Ilkokul &grencilerinin temsilsel akicilik diizeylerini tespit etmeye yone-
lik bir 6lgme aracinin, Tirk kiiltiiriine uyarlanmasini iceren bu arastirma,
nicel aragtirma yaklasimlarindan betimsel tarama modelinde tasarlanmistir.

Calisma Grubu
Bu aragtirma, 2021-2022 egitim 6gretim yilinda Diizce ili sinirlari igin-

de bulunan ilkokullarda 6grenim géren 4. sinif 6grencileri ile gergekles-
tirilmistir. Calisma grubunun belirlenmesinde amagli 6rnekleme yontem-
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lerinden o6lgiit 6rnekleme yontemi tercih edilmis ve matematik dersi Veri
ogrenme alanina iliskin kazanimlarini tamamlayan, caliymaya katilmaya
gonilli 4. sinif 6grencileri 6rnekleme alinmigtir. Arastirma kapsaminda
gerceklestirilen Agimlayict Faktor Analizi (AFA) ve Dogrulayict Faktor
Analizi (DFA) calismalar1 ayr1 6rneklemlerle gerceklestirilmistir. Comrey
ve Lee (1992) faktor analizi i¢in segilecek 6rneklem biyiikligiine iliskin
olarak, 50= ¢ok zayif, 100= zayif, 200=uygun, 300= iyi, 500= ¢ok iyi, 1000
ve istii mitkemmel seklinde bir degerlendirme onermektedir. Buna gore
arastirma kapsamina dahil edilen 6rneklemin AFA (N: 207, 112:kiz, 95:er-
kek) ve DFA (N:177, 90:kiz, 87:erkek) i¢in ayr1 ayr1 uygun; toplamda ise
(N:384) iyi diizeyde 6rneklem biiyiikliigiine isaret ettigi soylenebilir.

Veri Toplama Araglari

[lkokul égrencilerinin temsilsel akicilik diizeylerine iliskin veriler Zaqoot vd.,
(2019) tarafindan gelistirilen RFT araciliiyla toplanmustir. Zaqoot vd., (2019a) ta-
rafindan pilot ¢aligmas: yapilan RFT, ilkokul 4 ve 5. sinif 6grencilerinin temsilsel
akiciigimi 6lgmek amaciyla gelistirilmistir. RFT Singapur ilkokul programi kap-
saminda fen ve matematik derslerinde en ¢ok kullanilan grafik ve diyagramlar:
igeren, 25 ¢oktan se¢meli maddeden olusmaktadir. Zaqoot vd., (2019) temsilsel
akicilikla ilgili 9 yetkinlik alani belirlemistir. Bunlar, 6gelerin tanimlanmasi, gra-
fiklerin gercek yasamla iliskilendirilmesi, zamana bagli egilim ve degisimin tespit
edilmesi, bir degisimi digeriyle karsilagtirma, temsil anlamlandirma, farkli temsil
tiirlerini iligkilendirebilme, temsiller arasi gegis yapabilme, birden fazla temsilden
veri toplayabilme, iliski ve baglantiy1 anlayabilmedir (Zaqoot vd., 2019). RFT” nin
belirlenen yetkinlik alanlarina iligkin soru sayisi su gekildedir. Ogelerin tanimlan-
masi (1 ve 2), grafiklerin gercek yasamla iliskilendirilmesi (2 ve 3), zamana bagl
egilim ve degisimin tespit edilmesi (4 ve 14), bir degisimi digeriyle karsilagtirma
(5,6,7,8 ve 15), temsil anlamlandirma (9,10,11,12 ve 23), farkli temsil tiirlerini
iligkilendirebilme (13, 21,22,23 ve 24), temsiller aras1 gegis yapabilme (17 ve 25),
birden fazla temsilden veri toplayabilme (16,17, 22, 23 ve 24), iliski ve baglantiy1
anlayabilmedir (18, 19, 20 ve 22). Bazt maddelerin ayn1 anda farkli yetkinlik alanla-
rinda yer aldig1, bu sebeple RFT” de tanimlanan dokuz yetkinlik alaninin testin alt
boyutlarini olusturmadigy; testin bu yetkinlik alanlarinin biitiiniinii igerecek sekil-
de tek bir boyuttan olustugu anlagilmaktadir. Ogelerin tanimlanmast ve grafiklerin
gercek yasamla iliskilendirilmesi boyutlar: tiim 6grenciler tarafindan dogru yanat-
landig1 i¢in analizlere dahil edilmemis, yalnizca 6grencileri teste motive etmek ve
dikkatsizce yanit veren dgrencilerin tespit etmek amaciyla kullanilmistir (Zaqoot
vd., 2019a). Zaqoot vd., (2019a) tarafindan pilot ¢alismas yiiriitillen RFT” nin DFA
analizi sonucunda, elde edilen model uyum indekslerinin kabul edilebilir diizeyde
oldugu ve tek boyutlu yapisinin dogrulandig: tespit edilmistir (RMSEA = 0.077,
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GFI=0.979 , AGFI=0.928 and TLI=0.954.). Bunun yanu sira gegerlik giivenirlik ¢a-
ligmalar1 kapsaminda, RFT” nin 6grencilerin fen ve matematik bagarilarini anlaml
bir sekilde yordadig: tespit edilmistir (Zaqoot vd., 2019a).

RFT gizgi grafigi, siitun grafigi, akis grafigi, tablo, zincir ve akis semalar1 iger-
mektedir (Zaqoot vd., 2019a). Ulkemizde ilkokul diizeyinde grafik tiirleri Mate-
matik programi kapsaminda Veri 6grenme alaninda tablo, getele tablosu, siklik
tablosu, sekil, nesne ve siitun grafigi seklinde 6grenme siireglerine dahil edilmekte-
dir (MEB, 2018). RFT’ de bazi maddelerde yer alan ¢izgi grafigi, iilkemizde ilkokul
diizeyinde degil, ortaokul 7. Smif diizeyinde programa dahil edilmektedir (MEB,
2018). Bu sebeple ¢alisma kapsaminda RFT’ nin modifiye edilerek 6gretim prog-
ramina ve Tiirk kiiltirtine uyarlanmasina karar verilmistir. Bu kapsamda RFT'de
belirlenen temsilsel akiciliga iliskin yetkinlik alanlar1 korunarak, ¢izgi grafigi ice-
ren maddeler siitun ve sekil grafigine doniistiirtilmustiir. Bu baglamda ¢izgi grafigi
iceren 13 madde, soru kokii ve yanit secenekleri ayni kalmak kosuluyla siitun ve
sekil grafigine dontstiralmistiir. Modifiye edilen 13 maddenin 4’ti ayni tiirden
temsil iceriyor olmasi sebebiyle testten ¢ikarilmis, geriye kalan 9 madde modifiye
edilmis ve 12 orijinal madde ise Tiirk¢e'ye cevrilmek tizere teste dahil edilmistir.
Son durumda ilkokul 4. Sinif 6grencilerinin temsilsel akicilik becerilerini 6l¢gmeye
yonelik olarak RFT’ nin modifiye edilmesi ile 21 maddeden olusan olusturulan
Temsilsel akicilik Testi (TAT) gelistirilmistir.

RFT’ nin ilk ti¢ maddesi 6grencilerin gorsellerdeki gesitli 6geleri tanimlamalar1
(0rn., kopegi gosteren gorseli se¢cme) ve gergek yasamla baglanti kurmalarina (6rn.,
gorsellerdeki hayvanlardan en agirini se¢me) iliskin 6l¢iim yapmaktadir. RFT” nin
gecerlik giivenirlik ¢calismasinda oldugu gibi, aragtirma kapsaminda toplanan veri-
lerde de ilk ti¢ madde tiim 6grenciler tarafindan dogru yanitlanmistir. Bu sebeple
RFT’ de oldugu gibi ilk ii¢ madde 6grencileri teste motive etmek i¢in kullanilmisg
ve ilk ti¢ maddeden toplanan veriler gecerlik giivenirlik ¢aligmalarina dahil edil-
memistir. TAT” a iliskin gecerlik giivenirlik ¢aligmalar1 18 maddelik versiyonuyla
gergeklestirilmistir. TAT” in degerlendirilmesinde dogru yanitlar 1, yanlis yanitlar
ve E segenegi 0 degerinde puanlanmaktadir. Coktan se¢meli bir test olarak yapilan-
dirilan RFT"de ilk 4 segenek olas1 yanitlari, son segenek ise (E segenegi) maddenin
icerdigi ilgili temsile iligkin “E: ....... (temsil tiirii)’ e bakarak yanmitlayamam” sege-
negini igermektedir. Teste eklenen son segenek ile, 6grencilerin yanls yanitlarinin
temsilin yanlis yorumlanmasindan mi1 ya da, ilgili temsilin bilinmemesinden mi
kaynaklandiginin ayirt edilmesi amaglanmistir (Zaqoot vd., 2019a).

Veri Toplama Siireci

TAT"1 Tirk kiltirtine uyarlama stirecine, Wisam M. R. Zaqoot ile iletisime ge-
cilerek gerekli izinlerin alinmast ile baglanmustir. Orijinal test, iyi derecede Ingiliz-

OMU EFD, 2022, Cilt 41, Say1 2, Sayfa 563-604



Elif GUVEN DEMIR SGyA]

ce bilen alan digindan 1 (miitercim-tercimanlik mezunu), alan i¢cinden 2 uzman
(egitim bilimleri alaninda akademisyen) tarafindan birbirinden bagimsiz olarak
Tiirkgeye ¢evrilmistir. Elde edilen 3 ¢eviri uyum agisindan incelenmis ve ¢evirile-
rin uyumlu olduguna kanaat getirilerek, testin Tiirk¢e taslak formu olusturulmus-
tur. Ardindan ayni ¢aligma ekibinden Tiirkge taslak formu, Ingilizceye gevirmeleri
istenmistir. Ingilizce geviriler birbiriyle ve orijinal form ile kargilastirilarak testin
Tiirkge versiyonu olusturulmustur. Bu agamaya kadar orijinal testte dilsel degisik-
lik diginda bir islem yapilmamustir.

Testin orijinal formunda yer alan bazi maddelerin ilkokul miifredatimizla
uyumlu olmamasi sebebiyle, soru kokii ve yanit segenekleri ayni kalmak tizere,
bazi maddelerin temsil tiiriinde degisiklige gidilmistir. Testin 21 maddelik son hali,
alan uzmani ve daha 6nce 6lgme araci gelistirmis 3 uzman (egitim bilimleri ala-
ninda akademisyen) tarafindan tarafindan incelenmistir. Uzmanlardan modifiye
edilen sorularin orijinal versiyonlar1 ve tanimlanan yetkinlik alani ile olan uygun-
lugunu, test maddelerinin genelinin anlasilirhgini degerlendirmeleri istenmistir.
Uzmanlardan gelen yanitlar dogrultusunda test maddelerinin son hali yapilandi-
rilarak, ortaokul 5. sinif 6grencisi 6 6grenci ile pilot uygulama gerceklestirilmistir.
Testte yer alan ¢oklu temsil tiirlerinin bazilarinin (stitun grafigi) ilkokul 4. sinifta
6gretim programina giriyor olmasi sebebiyle, pilot uygulama 5. sinif 6grencileri ile
yuritilmistir. Kullanilan temsil tiiriine iliskin bilgi eksikliginden bagimsiz ola-
rak, anlagilirlik noktasinda 6nemli doniitlerin alindig1 pilot uygulamanin ardindan
teste son hali verilmistir.

Tiirk¢e formu olusturulan testin son hali ilkokul 4. Sinif 6grencilerine uygula-
narak gecerlik ve giivenirlik ¢alismalarina iligkin veri toplanmistir. TAT” in RFT”
de yer alan baz1 maddelerin uyarlanmasini, bazi maddelerin ise donistiiriilmesini
icermesi ve bu doniigtiirmeden kaynakli orijinal testten farkli sayida madde sayusi-
na sahip olmasi sebebiyle, aragtirma kapsaminda agimlayici faktor analizi ¢aligma-
sina yer verilmistir. 207 6grencinin katilimiyla toplanan veriler ile agimlayici faktor
analizi gerceklestirilmistir. Dogrulayici faktor analizi i¢in ilk 6rneklem grubundan
farkli bir gruba ulasilarak, AFAda belirlenen yapinin uyumu test edilmistir. AFA ve
DFA verileri farkli zamanlarda toplandig: i¢in veriler birlestirilmemis ve DFA i¢in
toplanan veriler lizerinden madde giiglitk ve ayiricilik indeksleri hesaplanmstir.
TAT’ 1n ig tutarliliginin kestiriminde KR-20 i¢ tutarlilik katsayisindan faydalanil-
mistir. Tablo 1de TAT” 1n gelistirilme siirecine iliskin takip edilen asamalar belir-
tilmistir.
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Tablo 1. TAT’ in Gelistirilmesine {liskin Takip Edilen Siireg

Iznin Alinmast Wisam M. R. Zaqoot ile iletisime gegilip uyarlama
stirecine iligkin iznin alinmasi

Testin Tiirk¢e Formunun Ingilizce’ den Tiirkge' ye, Tiirkge’ den Ingilizce’ ye geviri

Hazirlanmasi Tiirkge versiyonuna eklenen maddelere iligkin uzman
goriisiiniin alinmas:

Gegerlik Caligmalar1 AFA ve birinci diizey DFA nin uygulanmasi

Madde Analizi Madde giigliik ve ayiricilik indekslerinin incelenmesi

Giivenirlik Caligmast KR-20 i tutarhilik katsayisinin hesaplanmasi

Verilerin Analizi

TAT kapsaminda dogru yanitlar 1, yanlis ve bos yanitlar 0 degerinde puanlan-
mustir. TAT'da yer alan bazi sorular ilkokul programinda yer almayan, orta okul
programinda yer alan temsiller icermektedir (6rn., ¢izgi grafigi). Bu sebeple oriji-
nal testte yer alan bazi sorular degistirilerek, ilkokul programinda yer alan temsil
tiirleri eklenmistir. Temsillerde degisiklige gidilmesi, madde sayisinin degismesi ve
kiiltiirel uyarlamanin maddeler iizerindeki olasi etkisi sebebiyle testin faktor yapi-
sinn tekrar incelenmesine karar verilmistir. Bu baglamda testin yap:1 gegerliginin
tespitinde AFA’ya bagvurulmustur.

Test puanlarmin 1-0 seklinde kategorik olarak puanlaniyor olmasi sebebiyle
tetrakorik korelasyon matrisi tizerinden AFA yapilmistir (Kan, 2011; Savalei vd.,
2015). Tetrakorik korelasyon matrisine dayali AFA, Rovira i Virgili iiniversitesi ta-
rafindan gelistirilen Factor 10.3.1 paket programi kullanilarak gergeklestirilmistir.
AFAnin varsayimlari arasinda yer alan tek degiskenli normallik varsayimu ile ilgili
olarak carpiklik ve basiklik degerleri incelenmis ve bu degerlerin + 1 sinirlari i¢in-
de kaliyor olmasi sebebiyle verilerin normalden asir1 sapma gostermedigine kana-
at getirilmistir (Buytikoztiirk vd., 2010). Cok degiskenlik normallik varsayiminin
tespitinde ise Mardianin ¢arpiklik basiklik testi kullanilmistir (Romeu ve Ozturk,
1993). Arastirma verilerinin AFA uygunlugunun tespitinde kullanilan Kaiser-Ma-
yer Olkin (KMO) katsayisinin kabul edilebilir en diisiik diizey olan 0.50'den biiyiik
olmasi, Bartlett kiiresellik testinin de istatistiksel acidan anlamli olmas: gerektigi
belirtilmektedir (Field, 2018; Kaiser, 1974).

Arastirma kapsaminda uygulanan agiklayici faktor analizinde, faktor ¢ikarma
isleminde siklikla tercih edilen temel bilesenler analizi ve faktorlerin birbiriyle
iliskili oldugu diisiincesinden hareketle egik dondiirme yontemi (direct oblimin)
kullanilmistir (Hair vd., 2018; Karaman, 2015; Yaslioglu, 2017). AFA bulgularina
iliskin faktorlestirmede 1'in tistii 6zdegerin dikkate alinabilecegi (Field, 2018; Yas-
lioglu, 2017); ancak aragtirmacinin bu esik degeri yiikseltebilecegi ifade edilmekte-
dir (Bitytikoztiirk, 2002). Bunun yani sira faktor yiiklerine iligkin olarak 0.30-0.40
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aras faktor ytikiinin minimum deger olarak alinabilecegi belirtilmektedir (Hair
vd., 2018; Field, 2018). Buna gore AFAYya iliskin faktorlestirmelerde >1 6zdegeri ve
>0.30 faktor yiikii kriterleri esas alinmustir.

TAT’ a iliskin olarak AFA ile elde edilen faktorlii yapinin uygunlugunu test
etmek amaciyla Lisrel 8.51 programi araciligiyla DFA yapilmustir. TAT” dan elde
edilen dogru/yanlis seklindeki 6grenci yanitlarinin 1 ve 0 seklinde kategorik veri-
ye dontistiiriilmesi sebebiyle, DFA analizi asimptotik kovaryans matrisi izerinden
agirlikli en kiigiik kareler (Weighted Least Squares) yontemi kullanilarak gergek-
lestirilmistir (Simgek, 2007).

Etik Kurul Izin Bilgileri

Yapilan bu ¢alismada “Yitksekogretim Kurumlar: Bilimsel Aragtirma ve Yayin
Etigi Yonergesi” kapsaminda uyulmast belirtilen tiim kurallara uyulmustur.

Etik Degerlendirmeyi Yapan Kurul Adi: Diizce Universitesi Bilimsel Arastirma
ve Yayin Etigi Kurulu

Etik Degerlendirme Kararmin Tarihi: 26.05.2022

Etik Degerlendirme Belgesi Say1 Numarasi: 2022/295
BULGULAR

Agimlayic1 Faktor Analizine Iliskin Bulgular

AFA i¢in minimum 6rneklem sayisinin 100 olmas: gerektigi (P. Kline, 1994)
ve degisken sayisinin ¢ok biiyiik olmadig1 durumlarda 100-200 arasindaki 6rnek-
lemin yeterli oldugu belirtilmektedir (Biiytikoztiirk, 2002). Buna gore aragtirma
ornekleminin (N: 207) AFA i¢in yeterli oldugu soylenebilir.

Tek degiskenli normallige iliskin olarak arastirma verilerine iligkin ¢arpiklik
basiklik degerlerinin +1 araliginda yer aldigy; ok degiskenlik normallik agisin-
dan ise Mardianin ¢arpiklik basiklik testinin anlaml ¢iktig1 (x2=26.78, sd=1140,
p<.05) tespit edilmistir. Aragtirma verilerinin faktorlestirmeye uygun olup olma-
diginin tespitinde KMO ve Barlett Kiiresellik Testi sonuclar1 degerlendirilmistir
(Watkins, 2021). Aragtirma verilerine iliskin KMO degerinin ¢ok iyi diizeyde ol-
dugu 0.90 (Kaiser, 1974), Barlett kiiresellik testinin ise 0.001 diizeyinde anlamli ol-
dugu (x2=2293, sd=153, p<.001) tespit edilmistir. Buna gore arastirma verilerinin
AFA icin elverisli oldugu soylenebilir.
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Tetrakorik korelasyon matrisi tizerinden egik dondiirme yapilarak gercekles-
tirilen AFA sonucunda, 6z degeri 1’in tizerinde 2 faktor oldugu gozlemlenmistir.
Elde edilen faktorlere iliskin 6zdeger ve faktor ytikleri Tablo 2'de sunulmustur.

Tablo 2. TAT’ a iligkin AFA Sonuglar1

1. Faktor 2. Faktor

Madde No  Faktor Yiikii MaddeNo  Faktor Yiikii Madde No  Faktor Yiikii

1 0.35 7 0.90 9 0.76

2 0.89 8 0.84 10 0.73

3 0.90 13 0.93 11 0.34

4 0.80 16 0.33 12 0.55

5 0.79 17 0.77 14 0.31

6 0.43 18 0.83 15 0.54
Ozdeger: 8.44 Ozdeger: 1.78
Agiklanan varyans: %46 Agiklanan varyans: %10
Toplam varyans: %56

Tablo 2 incelendiginde, TAT in iki faktorlii bir yap: igerdigi gortilmektedir.
Tablo 1% gore anlam faktorii altinda 12 maddenin yer aldigi, bu maddelerin fak-
tor yiiklerinin 0.33 ile 0.93 arasinda degistigi, ve bu faktoriin toplam varyansin
%46’s1n1 agikladig tespit edilmistir. Ikinci faktér olan Baglant: faktoriiniin altinda
alt1 maddenin yer aldigi, bu maddelerin faktor ytiklerinin .31-.76 arasinda degis-
tigi ve baglanti faktoriiniin toplam varyansin %10’unu agikladig: tespit edilmistir.
AFAda 0.60 ve tistii yiik degerinin yiitksek; 0.30-0.59 aras1 yiik degerinin ise orta
diizey olarak tanimlanabilecegi ifade edilmektedir (Biiylikoztiirk, 2002). Buna gore
faktor yiikleri agisindan bakildiginda TAT da yer alan 11 maddenin yiiksek diizey-
de, 7 maddenin ise orta diizeyde yiik degerine sahip oldugu séylenebilir. Hair vd.,
(2018) % 60 ve biraz daha az1 toplam varyansin sosyal bilimler igin tatmin edici
oldugunu belirtmektedir. Bu baglamda aragtirma kapsaminda elde edilen agikla-
nan toplam varyans oraninin (%56) TAT In yap1 gegerliligine iliskin tatmin edici
bir sonucu isaret ettigi séylenebilir.

AFA sonucunda ortaya ¢ikan faktorler, yiiklendikleri maddeler ve TATin ori-
jinal versiyonunda (RFT) 6l¢iilen yetkinlikler agisindan incelendiginde; Anlam ve
Baglant1 seklinde isimlendirilmesinin kuramsal olarak uygun olacagina kanaat ge-
tirilmistir. Zaqoot vd., (2019) tarafindan RFT kapsaminda temsil akicihiga iliskin
olarak tanimlanan yetkinlik alanlarinin, “anlam (anlam olusturma, yorumlama)”
ve “baglanti (farkli temsiller arasinda baglanti kurma)” seklinde kategorilendirmek
miimkiindiir. “Anlam” boyutu altinda égelerin tanimlanmasi, grafiklerin gercek ya-
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samla iliskilendirilmesi, zamana bagh egilim ve degisimin tespit edilmesi, bir degisimi
digeriyle karsilastirma ve temsil anlamlandirma; “Baglanti” boyutu altinda ise farkl
temsil tiirlerini iliskilendirebilme, temsiller aras: gecis yapabilme, birden fazla temsil-
den veri toplayabilme, iliski ve baglantiy1 anlayabilme yetkinliklerinin yer alabilece-
¢i distiniilmektedir. Buna gore “anlam” faktorii altinda yer alan maddelerin tablo,
diyagram, dongii semasi, sekil ve siitun grafigindeki anlami ¢ikarmayi, yorumla-
mayy; “baglantr” faktori altindaki maddelerin ise farkli temsil tiirlerinden gelen
bilgiyi yorumlayarak baglanti kurmay1 gerektirdigi gortilmektedir. Farkli temsil
tiirlerinin birlikte kullanimini igeren ve 6grencinin temsil tiirleri arasinda baglanti
kurmasini gerektiren 6rnek madde Sekil 2’'de sunulmustur.

Sekil 2. Baglanti Faktorii Altinda Yer Alan Ornek Madde

in yasam donglsa gosteri ir. Birebir "oy Gzelliklere sahip olan A, B ve C
bitkileri ile bir deney yapiliyor. Bu bitkilerin yasam d& y her bitkiye

Birkag ay sonra ise bitkilerin i geliyor.

:;ﬂﬂdd

-vl-v

Bitkilerin boyu

Yukar da bel rtilenlere gore asagidaki uygulamalardan hangisi geng bir bitkinin daha hizl bir sekilde
i saglar?

k
D. Butian uygulamalar esit dizeyde etki eder.

Dogrulayici Faktor Analizine Iliskin Bulgular

AFA kapsaminda elde edilen iki faktorlit yapinin uygunlugunu tespit etmek
amacyla birinci diizey dogrulayici faktor analizi (DFA) yapilmistir. Bulgular kap-
saminda oncelikle T degerleri ve hata varyanslar1 incelenmistir. Maddelere ait T
degerlerinin anlamli olmas1 modelin kabul edilebilirligi, hata varyanslarinin di-
zeyi ise maddelerin ag¢iklayiciliklar: agisindan 6nem tagimaktadir (Capik, 2014).
Analize dahil edilen 18 maddenin T degerlerinin 6.4 ile 25.6 arasinda yer aldig1, bu
degerlerin 0.01 diizeyinde anlamli oldugu (>2.58, Schumacker ve Lomax, 2010);
hata varyanslariin da 0.25 ile 0.85 arasinda yer aldig tespit edilmistir. Testin bi-
rinci faktori altinda yer alan maddelerin 0.40-0.82, ikinci faktordeki maddelerin
0.38-0.86 arasinda faktor yiikiine sahip olduklari tespit edilmistir. Comrey ve Lee
(1992) faktor yiikine iligkin olarak 0.71 tstii mitkemmel, 0.63 ¢ok iyi, 0.55 iyi,
0.45 uygun, 0.32 zayif seklinde bir degerlendirme yapmuistir. Buna gore testin DFA
sonuglar1 T degerleri, hata varyanslar: ve faktor yiikleri a¢isindan degerlendirildi-
ginde sorunlu bir maddenin varligini isaret eden bir bulgu yer almamaktadir.
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DFAda test edilen modelin yeterliliginin tespiti i¢in uyum iyiligi indeksleri
incelenmistir. DFA sonucunda elde edilen uyum indekslerini giiglendirmek i¢in
kuramsal olarak ortiisen iki madde arasinda modifikasyon yapilmistir (madde 17-
18). iki maddenin de diyagramdan grafige temsiller arasi gegis igerdigi tespit edil-
mistir. Modifikasyon sonrast elde edilen uyum iyiligi indeksleri, R. B. Kline (2016)
tarafindan Onerilen diizeylere gore degerlendirildiginde, elde edilen modelin iyi
bir uyumu isaret ettigi goriilmektedir [x2/sd = 1.6, RMSEA = 0.060, GFI= 0.95,
CFI=0.91, AGFI=0.93]. Buna gore TAT"1n AFA ile kesfedilen iki boyutlu yapisinin
dogrulandig: s6ylenebilir. Tiirk kiiltiiriine uyarlamas: yapilan TAT” imn DFA ile elde
edilen iki faktorli yapisini gosteren path diyagrami Sekil 3'de sunulmugtur.

Sekil 3. TAT’in DFA Sonucunda Elde Edilen Path Diagrami

Chi-Square=218.47, df=133, P-value=0.00000, RMSEA=0.060

Sekil 3de de goriildigi tizere, Anlam ve Baglant1 faktorleri arasinda pozitif
yonde anlamli bir iligski oldugu tespit edilmistir (r=.65, p<.05).

OMU EFD, 2022, Cilt 41, Say1 2, Sayfa 563-604



Elif GUVEN DEMIR SGy/e)

Madde Analizi

TAT’ 1n iki boyutlu yapisina DFA ile dogrulanmasmin ardindan, Anlam ve
Baglant: faktorleri i¢in ayr1 ayr1 madde analizi yapilmistir. Madde analizi ¢aligma-
s1 kapsaminda %27’lik alt ve {ist gruplardan hareketle madde giigliik ve ayiricilik
indeksleri hesaplanmistir. Tablo 3’te TAT” 1n iki faktori icin madde analizi indeks-
lerine yer verilmistir.

Tablo 3. Anlam ve Baglant: Faktérlerine Iliskin Madde Analizi Sonuglar

Anlam Baglant1
Madde Maqde Giigliik Madt'ie Ayiricalik Madde Maqde Giigliik Madc_ie Ayiricilik
No Indeksi Indeksi No Indeksi Indeksi
1 0.65 0.52 13 0.51 0.72
2 0.51 0.85 14 0.44 0.85
3 0.75 0.45 15 0.48 0.60
4 0.66 0.66 16 0.51 0.89
5 0.60 0.75 17 0.47 0.83
6 0.56 0.79 18 0.42 0.68
7 0.68 0.62
8 0.52 0.87
9 0.53 0.85
10 0.42 0.77
11 0.52 0.79
12 0.55 0.72
Ortalama 0.58 0.72 Ortalama 0.47 0.76

Tablo 3 incelendiginde Anlam faktérii altindaki maddelerin giiliik dizeyi-
nin 0.42 ile 0.75 arasinda degistigi ve ortalama giigliik indeksinin ise 0.58 oldugu
tespit edilmistir. Baglanti faktorii altindaki maddelerin giigliik indeksinin 0.42 ile
0.51 arasinda degistigi ve ortalama gii¢litk indeksinin 0.47 oldugu tespit edilmistir.
Giiglitk indeksinin 0-1 arasinda deger aldigi, 0.50’nin orta deger oldugu belirtil-
mektedir (Giiler, 2017). Buna gore Anlam ve Baglanti faktorlerinin orta giigliikte
oldugu soylenebilir. Madde ayiricilik diizeyleri agisindan incelendiginde ise Anlam
faktorii altindaki maddelerin ayiricilik indekslerinin 0.45-0.87 arasinda, Baglant1
faktoriiniin ise 0.60-0.89 arasinda deger aldig: tespit edilmistir. Anlam ve Baglan-
t1 faktorlerinin ortalama madde ayiricilik indekslerinin Ebel ve Frisbie (1991)nin
derecelendirmesiyle ¢ok iyi diizeyde madde ayiricilik diizeyine sahip oldugu soy-
lenebilir.
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Giivenirlik

TAT’1n 1-0 seklinde iki kategoride puanlaniyor olmasi sebebiyle testin i¢ tutar-
liliginin tespitinde Kuder-Richardson (KR-20) giivenirlik katsayisindan faydalanil-
mustir (Erkus, 2017). Tablo 4’te TAT in geneli ve alt boyutlarina yénelik ig tutarlilik
katsayilarina yer verilmistir.

Tablo 4. TATa iliskin KR-20 I¢ Tutarlilik Katsayis1 Sonuglari

KR 20 i¢ Tutarhilik Katsayist

Anlam 0.85
Baglant1 0.70
Testin Geneli 0.84

Tablo 4 incelendiginde TAT n alt boyutlar1 Anlam boyutunda 0.85, Baglanti
boyutunda ise 0.70, testin genelinde ise 0.84 diizeyinde KR-20 i¢ tutarlilik kat sa-
yisina erisilmistir. KR-20 kat sayis1 0-1 arasinda deger almakta olup, genel olarak
0.70 ve ustiintin kabul edilebilir diizeyde, 1’e yaklastik¢a ise daha yiiksek diizeyde i¢
tutarlihigs isaret etmektedir (Thompson, 2010). Buna gére Baglant1 boyutu nispeten
diisiik; ancak kabule edilebilir seviyede, Anlam boyutu ve testin genelinde iyi dii-
zeyde i¢ tutarhiligin tespit edildigi sdylenebilir.

TARTISMA, SONUG VE ONERILER

Bu arastirma kapsaminda Zaqoot vd., (2019a) tarafindan ilkokul 6grenci-
lerinin temsilsel akiciliklarini 6lgmek amaciyla gelistirilen RFT Tiirk kiltiiriine
uyarlanarak, ilkokul 4. sinif diizeyinde temsilsel akicilik becerisinin 6l¢iilmesin-
de kullanilabilecek TAT olusturulmustur. TAT1n faktor yapisinin tespitine iliskin
acimlayici faktor analizi sonuglari testin iki boyutlu bir yapiya sahip oldugunu or-
taya koymaktadir. RFT nin gelistirilmesi siirecinde Zaqoot vd., (2019a) tarafindan
belirlenen dokuz yetkinlik alaninin, aragtirma kapsaminda elde edilen faktor yapist
ile uyumlu oldugu tespit edilmistir. Aragtirma kapsaminda Anlam ve Baglant1 sek-
linde isimlendirilen faktorlerin, bu dokuz yetkinlik alanini kapsadig: tespit edil-
mistir. Anlam faktorii altinda yiiklenen maddelerin tek temsil i¢erdigi ve bu mad-
delerin 6grencilerin ilgili temsili yorumlamalarini, temsili anlamlandirmalarini
ve ¢ikarimda bulunmalarini gerektirdigi tespit edilmistir. Baglanti faktoriinde ise
birden fazla temsil bulunduran maddelerin yer aldig1, bu maddelerde 6grencilerin
temsiller arasindaki iligkiyi fark etmek iizere, temsiller arasinda baglanti kurmasi
gerektigi tespit edilmistir. Nitekim Zaqoot vd., (2019b) tarafindan belirlenen yet-
kinlik alanlar1 ve temsilsel akiciliga iligkin referans aldiklar tanimlamalarda gecen
anlam ve baglanti vurgusu, arastirma kapsaminda ortaya konulan faktor yapisini
destekler niteliktedir. Fonger (2019) temsilsel akicilik merceginden bakildiginda,
kavramsal anlayisin “anlam” ve “baglant1” seklinde iki 6nemli 6zelliginin oldugu-
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nu; temsilsel akicilikta anlamliligin bu iki 6zelligi igerek sekilde temsilleri yaratma,
yorumlama ve baglanti kurmayla saglanabilecegini ifade etmektedir. Benzer olarak
literatiirde temsilsel akiciliga iliskin tanimlamalarda temsilin icerdigi anlami fark
etme ve farkli temsiller arasinda baglanti kurma vurgusu yer almaktadir (Bieda ve
Nathan, 2009; Sandoval vd., 2000; Taramopoulos ve Psillos, 2019; Zbiek vd., 2007).

Aragtirma kapsaminda gerceklestirilen dogrulayici faktor analizi sonuglar,
agimlayici faktor analizi ile kesfedilen faktor yapisinin model olarak dogrulandigi-
n1 gostermektedir. TAT"in madde analizine iliskin sonuglar, testin orta giicliikte ve
yiiksek diizeyde ayirt edici oldugunu gostermektedir. Madde analizine iligkin bul-
gular, Baglanti faktorii altindaki maddelerin giiglitk diizeyinin Anlam faktériin-
den daha yiiksek oldugunu gostermektedir. Bu durum, baglanti faktérii altindaki
maddelerin birden fazla temsil arasinda baglant1 kurmay1 gerektiriyor olmasindan
kaynakli olabilir. Nitekim Zaqoot vd., (2019a) tarafindan yapilan ¢aligmada da
birden fazla temsil iceren maddelerin dogru yanitlanma oran: diger maddelerden
daha diisiik bulunmugtur. Literatiirdeki diger arastirma sonuglar1 da 6grencilerin
temsiller arasi gegiste zorlandiklarini ortaya koymaktadir (Baloglu Demir, 2022;
Mercan, 2020).

TAT’1n ayirt ediciliginin orijinal testin ayirt etme giicil ile paralel oldugu, ori-
jinal testin 6grencilerin test performansina gore ilkokul 5. Simif diizeyinde bes , 4.
Sinif diizeyinde ise iki grubu (yiiksek ve diisiik performans) ayirt edebildigi tespit
edilmistir (Zaqoot vd., 2019a). Bunun ayni sira TAT in giivenirligine iligkin aras-
tirma sonuglari iki boyutta ve testin genelinde tutarli bir 6l¢iim sagladigini ortaya
koymaktadir.

Arasgtirma sonuglari, TAT1n ilkokul 4. siif 6grencilerinin temsilsel akicilik
becerilerini dl¢cen gegerli ve giivenilir bir 6l¢me aract oldugunu goéstermektedir.
Bununla birlikte, testin yap1 gecerligine iligskin ¢aliymalar AFA ve DFA ile sinirh
olup; kriter ve uyum gegerligine iliskin aragtirmalarin yapilmasi 6nerilmektedir.
Bunun yani sira giivenirlik ¢aligmast kapsaminda yalnizca Kuder Richardson 20
yontemi uygulanmis olup, diger giivenirlik kestirimlerinin uygulandig arastirma-
larin yapilmasi onerilmektedir. Aragtirma kapsaminda kullanilan temsil tiirleri 4.
sinif diizeyinin temsil bilgisi ile smnirli olup; ¢izgi, pasta grafigi gibi farkli temsil
tiirlerini icermemektedir. Bu noktada farkli temsil tiirlerini de igerecek sekilde, tist
siniflarin temsilsel akicilik becerilerini 6l¢meye yonelik yeni 6l¢me araglar: gelisti-
rilebilir. Ogrencilerin temsilsel akicilik becerileri, ¢esitli degiskenler (6rn., cinsiyet,
akademik basar1) agisindan incelenebilir. Testin farkli 6zelliklere sahip 6grencile-
rin temsilsel akicilik diizeylerini 6l¢mek tizere kullanilmasi, testin 6l¢me giiciine
katk: sunacaktr.

Tesekkiir ve Agiklamalar

Caligmamiza katk: saglayan tiim 6grencilere tesekkiir ederiz.
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THE REPRESENTATIONAL FLUENCY TEST FOR
PRIMARY SCHOOL STUDENTS

ABSTRACT

The representational fluency test assesses the representational fluency skills of
primary school students. This paper aimed to adapt the test to Turkish. Repre-
sentational fluency is the ability to make sense of and make connections between
representations. The original test consists of 25 multiple-choice items. It includes
nine competencies: identifying items, relating graphics to the real world, detect-
ing time-dependent trends and changes, switching between representations, col-
lecting data from multiple representations, understanding relationships and con-
nections, comparing one change with another, making sense of representations,
and associating different types of representation. The study was conducted in the
2021-2022 academic year in Diizce, Tiirkiye. The sample consisted of 384 fourth-
grade primary school students; 207 for exploratory factor analysis (112 girls and 95
boys) and 177 (90 girls and 87 boys) for confirmatory factor analysis. Exploratory
factor analysis was performed based on the tetrachoric correlation matrix using
Factor 10.3.1. The results showed that the test had a two-factor structure: meaning
and connection. Confirmatory factor analysis was performed using the weight-
ed least squares method on the asymptotic covariance matrix through Lisrel 8.51.
The results verified the exploratory factor analysis two-factor structure. The test
has moderate difficulty and high discrimination. The KR-20 internal consistency
coeflicient indicates a high level of reliability for the overall test (.84) and its sub-
scales (.85 and .70). The 21-item test is a valid and reliable measurement tool that
is compatible with the primary school curriculum and can be used to measure the
representational fluency skills of fourth-grade primary school students.

Keywords: Multiple Representations, Representational Fluency, Test, Science, Math.

B
ILKOKUL OGRENCILERINE YONELIK TEMSILSEL AKICILIK TESTI
Oz:

Bu aragtirmanin amaci, ilkokul 6grencileri icin gelistirilen Temsilsel Akicilik
Testini Tiirk kiiltiirtine uyarlamak ve testin psikometrik 6zelliklerini incelemektir.
Temsilsel akicilik, farkls temsil tiirlerini anlamlandirma ve temsiller arasinda bag-
lant1 kurabilme becerisi olarak ifade edilmektedir. Orijinal formu ¢oktan se¢meli
25 maddeden olusan test, temsilsel akiciliga iliskin dokuz yetkinlik alan1 icermek-
tedir. Bunlar; 6gelerin tanimlanmasi, grafiklerin gercek yasamla iliskilendirilmesi,
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zamana bagl egilim ve degisimin tespit edilmesi, bir degisimi digeriyle karsilas-
tirma, temsil anlamlandirma, farkli temsil tiirlerini iliskilendirebilme, temsiller
arasi gecis yapabilme, birden fazla temsilden veri toplayabilme, iligki ve baglantiy:
anlayabilmedir. Aragtirma 2021-2022 egitim 6gretim yilinda Diizce ilinde 6grenim
goren ilkokul 4. sinif 6grencileri ile yuritilmigtiir. Testin faktor yapisina iligkin
caligmalar farkli calisma gruplariyla yiiriitiilmis olup, agimlayici faktor analizi i¢in
207 (112:kiz, 95:erkek) ve dogrulayici faktor analizi icin 177 (90:kiz, 87:erkek) 6g-
renci aragtirmaya katilmistir. Factor 10.3.1 programi araciligiyla, tetrakorik kore-
lasyon matrisine dayali olarak ger¢eklestirilen agimlayici faktor analizi sonucunda,
Temsilsel Akicilik Testinin anlam ve baglanti seklinde iki faktorlii bir yapiya sahip
oldugu tespit edilmistir. Lisrel 8.51 programi araciliiyla asimptotik kovaryans
matrisi Gizerinden, agirlikli en kiigiik kareler yontemi kullanilarak gerceklestirilen
dogrulayici faktor analizi sonuglari, agimlayici faktor analizi ile kesfedilen iki fak-
torlil yapinin dogrulandigini gostermektedir. Madde analizi ¢caligmalari sonucun-
da testin orta diizeyde giicliik ve yiiksek diizeyde ayiriciliga sahip oldugu tespit
edilmigstir. Testin hesaplanan KR-20 i¢ tutarlilik katsayisinin testin geneli (.84) ve
alt boyutlari (.85 ve .70) igin yiiksek diizeyde giivenirligi isaret ettigi tespit edilmis-
tir. Aragtirma kapsaminda uyarlamasi yapilan 21 maddelik Temsilsel Akicilik Tes-
tinin, ilkokul mifredatiyla uyumlu ve ilkokul 4. Sinif diizeyinde temsilsel akicilik
diizeyinin 6l¢imiinde kullanilabilecek, gegerli ve giivenilir bir 6l¢gme araci oldugu
sonucuna ulagilmistir.

Anahtar Sézciikler: Coklu Temsil, Temsilsel Akicilik, Ilkokul, Test, Fen,
Matematik

2

INTRODUCTION

A representation symbolizes something through someone’s eyes (Fonger, 2019).
Representations organize and elaborate complex information and make data visible
to help us understand it faster (Daniel et al., 2018). Research shows that students
who interact with the right representations learn faster (Ainsworth, 2006). Drey-
fus (1991) defines using representations in education as a process involving four
consecutive stages: using one representation, using more than one representation,
making links between parallel representations, and integrating the representations.
Ainsworth (1999) argues that multiple representations have three functions (Fig-
ure 1): complementing, constraining, and constructing. Complementing refers to
the process in which learners benefit from the advantages of multiple representa-
tions, regardless of the characteristics of the tasks and their individual differences.
Constraining is ensuring that students use familiar and explicit representations to
prevent misinterpretation. Constructing is the ability to use different types of rep-
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resentations to abstract and generalize the inherent properties of learning objects
and recognize relationships between representations (Ainsworth, 1999).

Figure 1. Functional Taxonomy of Multiple Representations (Ainsworth, 1999)
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Kullanuminin
Islevleri

Tamamlayic: Rol

Topamionet | |Tamamiayia Bigi Soyutlama
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Farkliliklar Orlaiaiile] Ontolojiklestirme

Strateji Somutlastirma

Multiple representations enrich the abstract aspects of concepts. They also need
to make connections between easy and accessible representations and abstract rep-
resentations (e.g., between an added sentence or a picture and an abstract formula)
to deepen learning (Vogt et al., 2020). Students both learn multiple representations
and participate in learning processes using them (e.g., science education). Howev-
er, they often know little about representations (Ainsworth, 2006). Therefore, cur-
ricula should go beyond teaching standard representations and include principles
and strategies that involve innovative representational practices (diSessa, 2004).
Students need to be supported with strategies and resources that enable them to
interpret and make sense of multiple representations and thus develop deeper
learning (Nichols, Gillies, et al., 2016). The more students study multiple repre-
sentations, the more they develop reasoning skills, which help them become more
competent in math and science courses (Zaqoot et al., 2019b).

REPRESENTATIONAL FLUENCY

Fluency is one€’s ability to express oneself easily and switch between spoken and
written language. Today, researchers use fluency in a broader context, including
different types of representations from other disciplines (Vieira et al., 2016). Rep-
resentational fluency is defined as one’s ability to make sense of representations and
switch between them (Taramopoulos & Psillos, 2019). In a broader sense, Vieira
et al. (2016) define fluency as the ability to grasp the equivalence of knowledge in
different forms of expression (different representations), to read knowledge pre-
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sented by different representations, to transform knowledge from one represen-
tation to another, and to learn from one representation and apply it to another.
Fonger (2019) defines representational fluency as the ability to create and inter-
pret multiple representations and switch and make connections between them. To
achieve that, one needs to know which representation may show and explain what,
use representations as justifications, and make meaningful connections between
multiple representations (Sandoval et al., 2000). Fonger (2019) argues that creat-
ing, interpreting, and making connections are essential components of meaningful
representational fluency. By making connections between different representa-
tions, learners can develop an understanding of the essence and different aspects
of concepts (Even, 1998).

Bieda and Nathan (2009) approach representational fluency from a math learn-
ing perspective and define it as the ability to work with representations and switch
between them. From a math education perspective, representational fluency is the
ability to switch between representations, make sense of different representations
about math topics, and generalize different representations (Zbiek et al., 2007).
Researchers emphasize the importance of representational fluency for meaning-
ful learning and math instruction (Bieda & Nathan, 2009; Fonger, 2019). Empir-
ical research shows that students make sense of math topics when they engage in
learning processes by making connections between multiple forms of representa-
tion (Zbiek et al., 2007). Researchers view representational fluency as a catalyst for
mathematical inquiry (Zbiek et al., 2007) and a fundamental practice enhancing
math learning processes (Selling, 2016). Knowing the reasons and types of repre-
sentational fluency allows us to learn and justify math knowledge (Bieda & Nathan,
2009). Delice and Kertil (2015) maintain that students who lack representational
fluency skills have difficulty modeling math topics. Students need to recognize the
inherent properties of math objects presented in various types of representations in
order to make connections between representations (Fonger, 2019).

From the perspective of science education, representational fluency is the
ability to interact with knowledge in one type of representation and to transform
procedural and conceptual knowledge from one type of representation to anoth-
er (Nichols et al., 2016). Multiple representations help students learn science top-
ics (Lemke, 2004). Therefore, teachers should deliver science lectures in such a
way that students can effectively interpret, explain, and construct representations
(Nichols, Gillies, et al., 2016). However, teachers should have more than a vast rep-
ertoire of multiple representations. In other words, they should focus on helping
their students develop the skills they need to use and associate representations and
switch between them (Moore et al., 2018).

Science education is a process in which different modes are transformed and
evaluated. Communication through visuals, graphs, models, diagrams, and simu-
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lations in scientific processes is based on the receiver’s ability to make sense of vi-
sual inputs consistent with scientific thinking (Daniel et al., 2018). In other words,
while the ideas about scientific processes and all reasoning practices are related to
the use of representations, the success of science education and meaningful learn-
ing depends on whether students develop agency (Nichols, Gillies, et al., 2016).

Representational competence is generally associated with science education
and STEM practices related to multiple representations (Daniel, 2018). Represen-
tational competence focuses on sets of representations specific to a domain (phys-
ics, chemistry, biology, etc.) and refers to competence concerning these isolated
representations (M. Hill et al., 2014). While representational competence is static,
representational fluency refers to students’ ability to move smoothly within and
across representations to enhance learning (Daniel et al., 2018). Students need to
understand specific types and properties of representations and use them to reason
and explain scientific concepts and generalize meanings based on their inferences
(Nichols, Gillies, et al., 2016). The construction of scientific knowledge and the
practices of scientific language require flexibility in working with representations,
that is, representational fluency (Nichols, Gillies, et al., 2016).

The unique aspect of representational fluency is that it is an interdisciplinary
threshold that involves the fluent use of discipline-specific representations (M. J.
Hill, 2015). Representational fluency is critical in developing deep conceptual un-
derstanding (Taramopoulos & Psillos, 2019). If a learner can explain and present
the same thing through different representations and switch between them, he/she
can see rich relationships together, develop better conceptual understanding, gain
an in-depth understanding, and solve problems (Even, 1998). Representational flu-
ency is essential to conceptual understanding (Gunpinar & Paper, 2016) and prob-
lem-solving skills (Nistal et al., 2009). Representational fluency enables students
to move back and forth between realistic (cosmos) and abstract worlds (models)
and use the right representation to solve problems (Taramopoulos & Psillos, 2019).
Representational fluency is critical in developing communication and conceptual
flexibility necessary for solving real-life problems (Lesh & Zawojewski, 2007). Rep-
resentational fluency is critical for meaningful learning. Therefore, if we can deter-
mine whether students have representational fluency skills, we can enrich learning
activities and design different teaching methods and programs (Fonger, 2019).

LITERATURE ON REPRESENTATIONAL FLUENCY

Researchers have investigated how students develop representational fluency
skills, what problems they encounter with representational fluency, and how they
can use multiple representations effectively (Fonger, 2019; Bieda & Nathan, 2009;
Selling, 2016). Research also examines representational fluency as an instructional
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approach (Li et al., 2022; Moore et al., 2013). These studies focus on specific sub-
jects and topics (algebra, chemistry, physics, etc.).

Researchers focusing on representational fluency from a math education per-
spective associate it with the Cartesian coordinate system (Bieda & Nathan, 2009),
modeling (Delice & Kertil, 2015), and linear equations (Fonger, 2019). Some re-
searchers integrate representational fluency in science education, such as natural
disasters (Nichols, Gillies, et al., 2016) and electric circuits (Taramopoulos & Psil-
los, 2019). These researchers recruit preservice teachers (Delice & Kertil, 2015),
classroom teachers (Nichols, Stevenson, et al., 2016), university students (Gulkilik,
2021; Moore et al., 2013), high school students (Taramopoulos & Psillos, 2019),
and middle school students (Bieda & Nathan, 2009; Ceuppens et al., 2018; Li et
al., 2022).

Representational fluency is often included indirectly in tests using various types
of representations, but it rarely becomes the primary objective of a test (Ceuppens
et al., 2018). Measurements of representational fluency are mainly conducted in
the form of rubrics (Nichols, Stevenson, et al., 2016), activity and researcher re-
cords (Delice & Kertil, 2015), and task-based interviews (Altindis, 2021; Gulkilik,
2021; Nichols, Gillies, et al., 2016). Researchers aiming to develop measurement
tools for representation fluency focus on specific subjects, such as math (Ceuppens
et al., 2018), chemistry (Stieft & McCombs, 2006), and physics (Hill et al., 2014;
Festiana et al., 2020; Handayani & Masrifah, 2021). However, there is only one
instrument to measure primary school students’ overall representational fluency
skills (independent of any topic or subject).

Zaqoot et al. (2019a) developed the Representational Fluency Test (RFT) to
measure the representational fluency of primary school students. The test consists
of 25 multiple-choice items requiring primary school knowledge. The test is not
about a specific topic but includes the most common types of representations in
science, math, and the Singapore national exam [Primary School Leaving Exam-
ination (PSLE)] (Zaqoot et al., 2019b). It addresses nine competency domains re-
lated to representational fluency: identifying items, relating graphics to the real
world, detecting time-dependent trends and changes, comparing one change with
another, making sense of representations, associating different types of representa-
tion, switching between representations, collecting data from multiple representa-
tions, understanding relationships and connections (Zaqoot et al., 2019a). In this
context, we can state that the RFT has a comprehensive perspective on representa-
tional fluency. This paper provides detailed information about the RFT in the data
collection tools section.

Turkish researchers have addressed representational fluency through limited
dimensions, such as transition (Baloglu Demir, 2022; Cetin, 2016; Giirbiiz & Sa-
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hin, 2015), transfer (Mercan, 2020) and transformation (Delice & Kertil, 2015).
They structure the measurement tools for specific courses and subjects and recruit
middle and high school students and preservice teachers. They use task-based in-
terviews and rubrics to analyze data (Baloglu Demir, 2022; Cetin, 2016; Delice &
Kertil, 2015; Giirbiiz & Sahin, 2015; Mercan, 2020). Ergan and Ozsoy (2021) exam-
ined what kind of representations fourth-grade elementary school students used
to solve problems but did not measure representational fluency. At this point, we
can state that very few researchers have focused on primary school students. If we
employ qualitative research methods, we can examine students’ representational
fluency levels in-depth. However, qualitative research methods are impractical in
classroom settings and large groups because they take too much time to conduct
(Daniel et al., 2018). Therefore, quantitative measurement tools provide a signifi-
cant advantage in measuring representational fluency.

The representational fluency test adapted by Ertuna (2013) is the only mea-
surement tool in the Turkish literature to measure 4th-7th grade students’ ability
to associate symbolic and graphical representations of fractions. The test is not
limited to a specific topic and consists of items on length, area, number line, and
fraction models in the form of sets. Therefore, we can state that researchers focus
on representational competence and representational flexibility rather than repre-
sentational fluency. Representational competence is using representations specific
to a particular domain (M. Hill & Sharma, 2015), while representational flexibility
is choosing the right representation to solve problems (Nistal et al., 2009). In this
context, we can state that we need an instrument to measure representational flu-
ency because only a few Turkish researchers address the representational fluency of
primary school students. Ayyildiz and Cansiz Aktas (2021) focused on representa-
tion studies conducted recently in Tiirkiye and reported two critical findings. First,
primary school students are the least represented group. Second, diverse sample
groups have low inter-representational skills. Expressing concepts in different rep-
resentations is a specific objective of the math curriculum in Turkey [Ministry of
National Education (MNE), 2018]. National central exams also pose questions on
representations and inter-representational association (Unal & Eroglu, 2021). The
Trends in International Math and Science Study (TIMSS) also aim to assess stu-
dents’ ability to make connections between different types of representations and
use them to solve problems (Mullis et al., 2021). Therefore, we first need valid and
reliable measurement tools to identify the current situation to help primary school
students develop representational fluency skills.

In this context, we think we should adapt the RFT to Turkish because it ad-
dresses representational fluency skills from a comprehensive perspective and pro-
vides general measurement without reducing it to a specific subject area at the
primary school level. Therefore, this study aimed to establish the Turkish validity
and reliability of the test and determine its psychometric properties.
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METHOD

Research Model

This study adopted a descriptive survey model (quantitative research method)
to adapt the RFT to Turkish culture to determine primary school students’ repre-
sentational fluency levels.

Study Group

This study was conducted in Diizce province in the 2021-2022 academic year.
The study population consisted of all fourth-grade primary school students in
Diizce. The sample consisted of 384 participants: 207 for exploratory factor anal-
ysis (EFA) (112 girls and 95 boys) and 177 (90 girls and 87 boys) for confirma-
tory factor analysis (CFA). Participants were recruited using criterion sampling,
which is a purposive sampling method. The inclusion criteria were (1) achieving
the learning outcomes related to the math course data learning area and (2) vol-
unteering. Comrey and Lee (1992) offered a rating scale for adequate sample sizes
in factor analysis: 100 = poor, 200 = fair, 300 = good, 500 = very good, and 1000 or
more = excellent. Therefore, the sample was large enough for both EFA and CFA.

Data Collection Tools

Data were collected using the RFT developed by Zaqoot et al. (2019) to mea-
sure the representational fluency of fourth- and fifth-grade primary school stu-
dents. The test consists of 25 multiple-choice items that include the most common
graphs and diagrams in science and math courses in the Singapore primary school
curriculum. Zaqoot et al. (2019) identified nine competency domains related to
representational fluency, which were identifying items (Items 1 and 2), relating
graphics to the real world (Items 2 and 3), detecting time-dependent trends and
changes (Items 4 and 14), comparing one change with another (Items 5, 6, 7, 8,
and 15), making sense of representations (Items 9, 10, 11, 12, and 23), associating
different types of representation (Items 13, 21, 22, 23, and 24), switching between
representations (Items 17 and 25), collecting data from multiple representations
(Items 16, 17, 22, 23, and 24), understanding relationships and connections (Items
18, 19, 20, and 22). Some items are included in different competency domains at
the same time. Therefore, the competency domains are not subscales. The test con-
sists of a single dimension covering all competency domains. The domains “iden-
tifying items” and “relating graphics to the real world” were not included in the
analyses because they were answered correctly by all participants. They were used
only to motivate the participants and to identify those who responded carelessly
(Zaqoot et al., 2019a). The CFA analysis conducted by Zaqoot et al. (2019a) verifies
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that the test has acceptable goodness of fit indices and a one-factor structure (RM-
SEA = 0.077, GFI= 0.979, AGFI=0.928, and TLI=0.954.). In addition, reliability
and validity analyses show that the test significantly predicts students’ science and
math performance (Zaqoot et al., 2019a).

The test includes line graphs, bar graphs, flow graphs, tables, chains, and flow
charts (Zaqoot et al., 2019a). Primary school graph types are included in learn-
ing processes as tables, tally tables, frequency tables, figures, objects, and column
graphs in the data learning area within the scope of the math curriculum In Tiirki-
ye (MNE, 2018). Line graphs in some items are included in the curriculum at the
seventh-grade level (MNE, 2018). Therefore, we aimed to modify and adapt the
test to the curriculum and Turkish culture. In this context, we kept the competency
domains and converted the line graphs into bars and figures. We converted thir-
teen items with line graphs into bars and figures, but we kept the question stems
and answers as they were. We removed four of the thirteen items because they
contained the same type of representation. We modified the remaining nine items
and included 12 original items in the test to be translated into Turkish. Finally, we
developed a 21-item representational fluency test (RFT-TR).

The first three items of the RFT evaluate how students identify various visual
elements (e.g., selecting the image showing the dog) and how they connect to real
life (e.g., selecting the heaviest of the animals in the images). All our participants
also answered the first three items of the RFT-TR correctly. Therefore, we used
those items to motivate them, but we did not include that data in the validity and
reliability analyses. We conducted validity and reliability analyses on the 18-item
RFT-TR. In the RFT-TR, correct answers are scored 1, while incorrect answers and
option E are scored 0. In the RFT, which is structured as a multiple-choice test, the
first four options include possible answers, while the last option (E) is “E: I cannot
answer by looking at ....... (type of representation)” regarding the relevant repre-
sentation contained in the item. The last option aims to determine whether the
student gave the wrong answer because he/she misinterpreted the representation
or because he/she did not know about it (Zaqoot et al., 2019a).

Data Collection Tools

First, we contacted Wisam M. R. Zaqoot and obtained his permission to adapt
the RFT to Turkish. One expert from outside the field (a translation and interpret-
ing graduate) and two experts from within the field (academics in educational sci-
ences) with a good command of English independently translated the original test
into Turkish. We examined the three versions and found them to be compatible.
Therefore, we created a draft. The same experts then translated the Turkish draft
into English. We compared those versions with each other and with the original
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form. Thus, we developed the Turkish version. Up to this point, we did not modify
the original test except for linguistic modifications.

Some items in the original scale are incompatible with the primary school
curriculum. Therefore, we changed their representation type while keeping the
question stem and response options the same. A field expert and three experts
(academics in educational sciences) who had previously developed measurement
tools examined the final 21-item version. They checked the scale for compatibility
and intelligibility. We revised the items based on expert feedback and conducted
a pilot study with six fifth-grade middle school students. We recruited fifth-grade
students because some types of multiple representations in the test (bar graphs) are
included in the fourth-grade primary school curriculum. Regardless of the lack of
knowledge about representation types, we received substantial feedback on com-
prehensibility and revised the test accordingly.

Data were collected for the validity and reliability of the RFT-TR on fourth-
grade primary school students. An exploratory factor analysis (EFA; n= 207) was
conducted for two reasons. First, some items in the RFT were adapted, while some
were transformed. Second, the RFT-TR had fewer items than the RFT. For con-
firmatory factor analysis (CFA), we contacted a different group from the initial
sample and tested the fit of the structure revealed by the EFA. Since we collected
EFA and CFA data at different times, we did not combine them. We calculated item
difficulty and discrimination indices based on the CFA data. We used the KR-20
internal consistency coefficient to estimate the internal consistency of the RFT-TR.
Table 1 shows the stages followed for the development process of the RFT-TR.

Table 1.The Development of the RFT-TR

Obtaining permission Contacting Wisam M. R. Zaqoot and obtaining permission to
adapt the scale.

Preparing the Turkish Version Translating the original scale from English into Turkish and
then back into English. Obtaining expert opinions on the items
added to the Turkish version

Validity Applying EFA and first-order CFA

Item Analysis Examining item difficulty and discrimination indices

Reliability Calculating KR-20 internal consistency coefficient
Data Analysis

Within the scope of the RFT-TR, correct answers were scored as 1, while incor-
rect and blank answers were scored as 0. Some questions in the RFT-TR contain
representations from the middle school curriculum (e.g., line graphs). Therefore,
we changed some questions in the original test and added representations from the

OMU EFD, 2022, Cilt 41, Say1 2, Sayfa 563-604



Elif GUVEN DEMIR Gk

primary school curriculum. We decided to re-examine the factor structure of the
test for three reasons. First, we made modifications to the representations. Second,
the RFT-TR had fewer items than the RFT. Third, we thought cultural adaptation
might have effects on the items. Therefore, EFA was used to determine the con-
struct validity of the test.

An exploratory factor analysis based on the tetrachoric correlation matrix was
conducted because test scores are categorically scored 1-0 (Kan, 2011; Savalei et
al,, 2015). The exploratory factor analysis based on the tetrachoric correlation ma-
trix was performed using the Factor 10.3.1 package developed by Rovira I. Virgili
University. Skewness and kurtosis values were examined. Since these values were
within the +1 limits, it was concluded that the data did not deviate excessively
from a normal distribution (Biytkoztiirk et al., 2010). Mardias skewness kurto-
sis test was used to determine the assumption of multivariate normality (Romeu
& Ozturk, 1993). The Kaiser-Mayer Olkin (KMO) coefficient should be greater
than 0.50, which is the minimum acceptable level, while Bartlett’s test of sphericity
should be statistically significant (Field, 2018; Kaiser, 1974).

In the exploratory factor analysis, principal component analysis and oblique
rotation method were used based on the idea that the factors are related to each
other (Hair et al., 2018; Karaman, 2015; Yashioglu, 2017). Eigenvalues above one are
taken into account (Field, 2018; Yashioglu, 2017), but the researcher can increase
this threshold value (Bityiikoztiirk, 2002). In addition, minimum factor loadings
should be between 0.30 and 0.40 (Hair et al., 2018; Field, 2018). Accordingly, the
criteria of >1 eigenvalue and >0.30 factor loadings were taken as the basis.

A confirmatory factor analysis was conducted using Lisrel 8.51 in order to test
the appropriateness of the EFA factor structure. RFT-TR responses are converted

into categorical data as 1 and 0. The CFA analysis was performed using the Weight-
ed Least Squares method on the asymptotic covariance matrix ($imsek, 2007).

Ethical Considerations

The study followed all the rules outlined by the Higher Education Institutions
Scientific Research and Publication Ethics Directive.

The Name of the Ethics Committee: Diizce University Scientific Research and
Publication Ethics Committee

Date: 26.05.2022

No: 2022/295
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RESULTS

Exploratory Factor Analysis Results

The minimum sample for an EFA should be 100 (P. Kline, 1994). A sample be-
tween 100 and 200 is adequate in cases where the number of variables is not very
large. Therefore, we can state that our sample (N: 207) was adequate for an EFA.

The skewness kurtosis values ranged from -1 to +1. Mardia’s skewness kurtosis
test was significant (x2=26.78, sd=1140, p<.05). The Kaiser-Meyer-Olkin (KMO)
measure of sampling adequacy was used to determine whether the sample was
adequate, while Bartlett’s test of sphericity was used to determine whether the
correlation between the items was adequate for factor analysis (Watkins, 2021).
The KMO was 0.90, for which Bartlett’s test of sphericity was significant (x2=2293.
sd=153, p<.001) (Kaiser, 1974), indicating sampling adequacy and correlation be-
tween the items for factor analysis.

The exploratory factor analysis revealed two factors with eigenvalues above 1.
Table 2 shows the eigenvalues and factor loadings.

Table 2. EFA Results for RFT-TR

1. Factor 2. Factor
Item No  Factor Loading Item No Factor Loading Item No  Factor Loading
1 0.35 7 0.90 9 0.76
2 0.89 8 0.84 10 0.73
3 0.90 13 0.93 11 0.34
4 0.80 16 0.33 12 0.55
5 0.79 17 0.77 14 0.31
6 0.43 18 0.83 15 0.54
Eigenvalue: 8.44 Eigenvalue: 1.78
Variance explained: 46% Variance explained: 10%
Total variance: 56%

The RFT-TR has a two-factor structure (Table 2). The subscale “meaning” has
12 items, the factor loadings of which range from 0.33 to 0.93. This subscale ex-
plains 46% of the total variance. The subscale “connection” has six items, the factor
loadings of which range from .31 to .76. This subscale explains 10% of the total
variance. In exploratory factor analysis, loadings of 0.60 and above are high, while
loadings between 0.30 and 0.59 are moderate (Biiyiikoztiirk, 2002). Eleven items
in the RFT-TR have high loadings, while seven have moderate loadings. Hair et al.
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(2018) state that a total variance of 60% and slightly less is satisfactory for social
sciences. Therefore, the total variance explained (56%) indicates a satisfactory re-
sult regarding the construct validity of the RFT-TR.

When the EFA factors were analyzed in terms of the items loaded and the com-
petencies measured in the RFT, we decided that it would be theoretically appro-
priate to name the subscales (factors) as “meaning” and “connection”” It is possible
to categorize the competency domains defined by Zaqoot et al. (2019) regarding
representational fluency within the scope of the RFT as “meaning (creating and
interpreting meaning)” and “connection (making connections between different
representations).” The subscale “meaning” encompasses the competencies “iden-
tifying items,” “relating graphics to the real world,” “detecting time-dependent
trends and changes,” “comparing one change with another,” and “making sense
of representations.” The subscale “connection” encompasses the competencies “as-
sociating different types of representation,” “switching between representations,”
“collecting data from multiple representations,” and “understanding relationships
and connections” Accordingly, the items of the subscale “meaning” are about ex-
tracting and interpreting meaning in tables, diagrams, loop diagrams, figures, and
bar charts. The subscale “connection” items are about interpreting information
from different representations and making connections. Figure 2 shows a sample

item that involves using different representations that require making connections.

Figure 2. An Item From the Subscale “Connection”

in yasam déngiisii gosteri ir. Birebir aymi zelliklere sahip olan A, B ve C

bitkileri ile bir deney . Bu bi in yasam dé G her bitkiye
gdsterilen uygulamalar yapiliyor.
/'Sx
Bitki
Car) () [ =—
B T
5 .

Birkag ay sonra ise geliyor.

@@@ﬂdd

aylar

Bitkilerin boyu

Yukarida belirtilenlere gére asagidaki uygulamalardan hangisi geng bir bitkinin daha hizh bir sekilde
y ir bitkiye b saglar?
A. Su miktarnn artirmak

B. Isik miktarini artirmak

€. Besin vermek

D. Butdn uygulamalar esit duzeyde etki eder.
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Confirmatory Factor Analysis Results

A first-level CFA was conducted to determine the appropriateness of the EFA
two-factor structure. First of all, T values and error variances were analyzed. While
significant T values indicate a model’s acceptability, the error variances level is im-
portant in terms of the explanatory power of the items (Capik, 2014). The RFT-TR
items have T values of 6.4 to 25.6, which are significant at 0.01 (>2.58, Schumack-
er & Lomax, 2010). The items have error variances of 0.25 to 0.85. The subscale
“meaning” items have factor loadings of 0.40 to 0.82, while those of the subscale
“connection” have factor loadings of 0.38 to 0.86. According to Comrey and Lee
(1992), a factor loading >0.70 is excellent, > 0.63 is very good, >0.55 is good, >0.45
is appropriate, and >0.32 is weak. The T values, error variances, and factor loadings
indicate that the RFT-TR has no problematic items.

The goodness of fit indices was examined to determine the adequacy of the
model. Modifications were made between two theoretically overlapping items (17
and 18) to strengthen the fit indices. Both items include a transition between rep-
resentations from diagrams to graphs. The goodness of fit indices after the mod-
ification indicates a good fit according to the levels recommended by R. B. Kline
(2016) [x2/sd = 1.6, RMSEA = 0.060, GFI= 0.95, CFI1=0.91, AGFI=0.93]. The re-
sults confirm the EFA two-factor structure of the RFT-TR. Figure 3 presents the
path diagram showing the CFA two-factor structure of the RET-TR.

Figure 3. Path Diagram

&-55
%6 alg

Chi-Square=218.47, df=133, P-value=0.00000, RMSEA=0.060
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There is a positive correlation between the subscales “meaning” and “connec-
tion” (r=.65, p<.05) (Figure 3).

Item Analysis

Following the CFA, item analysis was conducted separately for the two sub-
scales. The “upper- and lower-27 percent rule” was used to determine the difficulty
and discriminatory power of the items. Table 3 shows the item analysis indices for

the two factors of the RFT-TR.

Table 3. Item Analysis Results

Meaning Connection
Item Item Difficulty Item Discrimination Item Item Difficulty Item Discrimination
No Index Index No Index Index
1 0.65 0.52 13 0.51 0.72
2 0.51 0.85 14 0.44 0.85
3 0.75 0.45 15 0.48 0.60
4 0.66 0.66 16 0.51 0.89
5 0.60 0.75 17 0.47 0.83
6 0.56 0.79 18 0.42 0.68
7 0.68 0.62
8 0.52 0.87
9 0.53 0.85
10 0.42 0.77
11 0.52 0.79
12 0.55 0.72
Mean 0.58 0.72 Mean 0.47 0.76

The subscale “meaning” items have difficulty indices of 0.42 to 0.75 (mean:
0.58). The items of the subscale “connection” have difficulty indices of 0.42 to 0.51
(mean: 0.47) (Table 3). A difficulty index ranges from 0 to 1, while the mean diffi-
culty index is 0.50 (Gtiler, 2017). Therefore, the two subscales have moderate dif-
ficulty. The items of the subscale “meaning” have discrimination indices of 0.45 to
0.87, while those of the subscale “connection” have discrimination indices of 0.60
to 0.89. The results show that both factors have high levels of discriminatory power
(Ebel & Frisbie, 1991).

https:/doi.org/10.7822/omuefd1159780 d



m itkokul Ogrencilerine Yonelik Temsilsel Akicilik Testi

Reliability

Kuder-Richardson’s (KR-20) reliability coeflicient was used to determine in-
ternal consistency (Erkus, 2017) because the RFT-TR is scored in two categories
(1-0). Table 4 shows the internal consistency coeflicients for the overall RET-TR
and its subscales.

Table 4. KR-20 Internal Consistency Coefficient Results

KR-20 Internal Consistency Coefficient

Meaning 0.85
Connection 0.70
Overall 0.84

The total scale has a KR-20 internal consistency coefficient of 0.84, while the
subscales “meaning” and “connection” have KR-20 internal consistency coefficients
of 0.85 and 0.70, respectively. A KR-20 coeflicient ranges from 0 to 1, with higher
scores indicating higher internal consistency. A score higher than 0.70 indicates an
acceptable level of internal consistency (Thompson, 2010). The results show that
the subscale “meaning” has a relatively low but acceptable level of internal consis-
tency, while the subscale “connection” has a high level of internal consistency.

DISCUSSION, CONCLUSION, AND RECOMMENDATIONS

Zaqoot et al. (2019a) developed the Representational Fluency Test (RFT) to
measure the representational fluency of primary school students. This study adapt-
ed the test to Turkish (RFT-TR) to measure the representational fluency skills of
primary school fourth-grade students. The exploratory factor analysis shows that
the RFT-TR has a two-factor structure. The nine competency domains identified
by Zaqoot et al. (2019a) are compatible with the factor structure of the RFT-TR.
The two subscales (meaning and connection) encompass those nine competen-
cy domains. The items of the subscale “meaning” address only one representation
that students are supposed to interpret, make sense of, and infer. The items of the
subscale “connection” address multiple representations between which students
are supposed to make connections. The competency domains identified by Zaqoot
et al. (2019b) and the emphasis on meaning and connection in their definitions
of representational fluency support the factor structure of the RFT-TR. When
viewed through representational fluency, Fonger (2019) argues that conceptual
understanding has two essential components (meaning and connection) and that
meaningfulness can be achieved by creating, interpreting, and connecting repre-
sentations in a way that includes those two components in representational fluen-
cy. In their definitions of representational fluency, researchers also emphasize the
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importance of recognizing the meaning of representations and making connec-
tions between them (Bieda & Nathan, 2009; Sandoval et al., 2000; Taramopoulos &
Psillos, 2019; Zbiek et al., 2007).

The confirmatory factor analysis verifies the EFA two-factor structure as a
model. The item analysis shows that the RFT-TR has medium difficulty and high
discrimination. The items of the subscale “connection” have a higher difficulty level
than those of the subscale “meaning?” This is probably because the items of the sub-
scale “connection” require making connections between multiple representations.
Zaqoot et al. (2019a) also found that the correct response rate of items containing
more than one representation was lower than other items. Research also shows that
students have difficulty switching between representations (Baloglu Demir, 2022;
Mercan, 2020).

The RFT-TR has as much discriminatory power as the RFT. The RFT can dis-
tinguish five groups at the fifth-grade level and two groups at the fourth-grade
level (high and low performance) based on test performance (Zaqoot et al., 2019a).
The results also show that the RFT-TR is a reliable measurement tool with two
subscales.

The RFT-TR is a valid and reliable instrument that measures the representa-
tional fluency skills of fourth-grade primary school students. However, only EFA
and CFA were performed to measure the construct validity. Therefore, researchers
should also establish the criterion and concurrent validity of the test. In addition,
only the Kuder Richardson 20 method was used for reliability. Therefore, further
research is warranted to make other reliability estimations. The test contains rep-
resentations appealing to only fourth-grade students. In other words, it does not
include different types of representations, such as lines, pie charts, etc. Therefore,
researchers should develop instruments with different types of representations to
measure the representational fluency skills of upper grades. They should also in-
vestigate the effect of demographic characteristics (gender, academic performance,
etc.) on students’” representational fluency skills. If we use the test to measure the
representational fluency of students with different characteristics, we can make it
more robust than it is now.
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