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Ozet

Bu c¢alismada, bir ilkokul doérddncd sinif  ogrencisinin
matematiksel modelleme yeterliklerinin degerlendirilmesine
yonelik saglanan ayrintili - geri  bildirimlerin, 6grencinin
modelleme  yeterliklerinin  gelisimine  etkisini  incelemek
amaglanmistir. Arastirmada, buatuncul tek durum deseni
kullanilmistir. Arastirmada veri toplama araci olarak goreve
dayali mulakat (task-based interview) yontemi kullaniimistir.
Ilkokul dérdinct  sinif  6grencisinin hem  arastirmanin
baslangicindaki ve sonundaki duzeyini belirlemede hem
arastirma sdrecince ogrencinin  modelleme yeterliklerinin
gelisimini ag¢iklamada Tekin Dede ve Bukova Guzel (2018)
tarafindan olusturulan Modelleme Yeterlikleri Degerlendirme
Rubrigi (MYDR) kullanilmistir. Arastirmanin baslangicinda
ogrencinin  bilissel matematiksel modelleme yeterlikleri
degerlendirildiginde, problemi anlama, sadelestirme,
yorumlama ve dogrulama yeterliklerini sergilemede gucltkler
yasadigi belirlenmistir. Sureg sonunda ogrencinin
matematiksel modelleme yeterlikleri degerlendirildiginde
problemi  anlama, sadelestirme, matematiksellestirme,
matematiksel olarak c¢alisma, yorumlama ve dogrulama
yeterliklerinde gelisimler oldugu belirlenmistir. Bir baska
deyisle ilkokul dérduncu sinif 6grencisine her bir matematiksel
modelleme yeterliklerine ydénelik saglanan ayrintili  geri
bildirimler sayesinde &grencinin modelleme yeterliklerinde
gelisim oldugu goralmustdar.
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Giris

Matematiksel modelleme, gercek dunyadaki bir durumu
matematiksel hale getirme, matematiksel sonucunu elde etme ve
elde edilen matematiksel sonucu gercek yasam baglaminda
yorumlayarak gerceklesen dongusel bir surectir (Lesh ve Doerr, 2003).
Matematiksel Modelleme EgJitiminde Dederlendirme ve Ogretim
Yénergeleri (Guidelines for Assessment & Instruction in Mathematical
Modeling Education [GAIMME], 2016) raporuna gore, matematiksel
modelleme gdrevleri her zaman basit veya kesin bir ¢dézim ile
sonuclanmamaktadir (Bliss ve Libertini, 2016). Bu nedenle,
matematiksel modellemede, degerlendirme zorlayicidir ancak sureci
destekleyici 6nemli bir unsur oldugu da unutulmamaldir. Asempapa
ve Foley (2018) matematiksel modellemede degerlendirmenin rolunun
kritik ve karmasik olduguna deginerek, 6gretmenlerin ve matematik
egitimcilerinin ortak sorusunun, matematiksel modelleme surecinin
nasil degerlendirilecegi oldugunu belirtmektedirler.

Matematiksel modellemede degerlendirmenin neden yapilmasi
gerektigi ve nasil yapllabilecegini sekillendirmek icin
degerlendirmenin amaclarini gdzden gecirmek gerekir. Ulusal
Arastirma Konseyi'ne (National Research Council [NRC], 2001) gore, U¢
temel degerlendirme amaci bulunmaktadir: (a) 6grenci 6grenmesine
yardimci olma (bicimlendirici degerlendirme), (b) bireysel basariyi
olcme (bzetleyici degerlendirme) ve (c) program degerlendirme.
Matematiksel modellemede degerlendirmeyi bu amaclarla ele
aldigimizda, bicimlendirici degerlendirmenin, 6grencilerin modelleme
yeterliklerini  gelistirme icin  katki saglayacagini soyleyebiliriz.
Bicimlendirici degerlendirme, o6gretme ve &grenme faaliyetlerini
degistirmek icin geri bildirim olarak kullanilacak bilgiler saglamaktadir
(Asempapa ve Foley, 2018; Black ve Wiliam 1998). Bicimlendirici
degerlendirme kullanan ogretmenlerle ilgili yapilan arastirmalarda,
ogrenci basarisinda artislara neden olan degisiklikler oldugu
vurgulanmaktadir (Black ve digerleri, 2004). CUnku bicimlendirici
degerlendirmeler, 6grenmeyi desteklemektedir. Boylece 6gretmenler
ve ogrenciler, bireyin ilerleme duzeyini ve gelisiminin nasil oldugunu
belirleyebilmektedir. Bu kapsamda bicimlendirici degerlendirme
tdrlerinden olan geri bildirim, éne ¢ikmaktadir. Geri bildirim, 6grenci
ogrenmesini  gelistirmek amaclyla ogrencinin dusuUncesini veya
davranisini degistirmeyi amacglayan ve bu dogrultuda &grenciye
iletilen bilgiler olarak tanimlanmaktadir (Shute, 2008). Model
olusturma etkinliklerinin  karmasik yapisi ve sure¢ icerisinde
ogrenciden beklenen yuksek bilissel gérev talepleri nedeniyle
ogrencilere hem surec¢ icerisinde hem de sure¢ sonrasindaki
cozumlerine yoénelik bicimlendirici geri bildirimler verilmesi gerektigi
vurgulanmaktadir (Asempapa ve Foley, 2018; Besser ve digerleri, 2013;
Besser ve digerleri, 2015; Diefes-Dux ve digerleri, 2012; Levy ve digerleri,
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2016; Wake, 2010). Bu anlamda modelleme sUrecinde geri bildirimlerin
sistematik bir butunluk icerisinde nasil saglanabilecedi ve 6grencilerin
modelleme yeterliklerinin gelisimine katki saglayip saglamadigi,
arastirllmasi gereken bir husus olarak karsimiza c¢ikmaktadir. Bu
dogrultuda bu calisma, ilkokul 6grencilerinin modelleme yeterliklerini
gelistirmek bir baska deyisle 6grencilerin modelleme yapabilmesine
yardimci olmak icin bicimlendirici degerlendirme turlerinden olan
ayrintil geri bildirimin, degerlendirme surecine dahil edilmesine
odaklanmaktadir.

Ogrencilerin, matematigi gercek yasam ile iliskilendirme becerilerini
bir baska deyisle matematik okuryazarligi becerilerini olcmeyi
hedefleyen PISA (Programme for International Studen Assessment-
Uluslararasi  Ogdrenci Degerlendirme  Programi) uygulamalari,
matematiksel model ve modelleme  sureclerini onemle
vurgulamaktadir. En son gerceklestirilen PISA 2022 sonuglarina goére
ogrencilerin matematiksel modeller olusturduklari ve elde ettikleri
sonuclari  gercek yasam baglaminda degerlendirdikleri  “Ust
performans duzeyinde (besinci ve altinci yeterlik duzeyleri)” yer alan
Ulkemizdeki 6grenci oranlari %5.4 olarak ifade edilmistir (Organisation
for Economic Co-operation and Development [OECD], 2023a, 2023b).
Bu oranlarin, Ust performans duzeyi icin OECD ortalamasinin (%9)
altinda yer aldigi gérulmektedir (OECD, 2023a, 2023b). Bu sebeple
ogrencileri ilkokul déneminden itibaren gercek yasam problem
durumlarini iceren matematiksel modelleme etkinlikleri ile karsi
karslya getirmenin onemi ortaya c¢ikmaktadir (Carlson ve digerleri,
2016; English, 2012; Watters ve diderleri, 2004). ilkokul matematik dersi
ogretim programinda (Milli Egitim Bakanligi [MEB], 2018) o6grencilerin
matematik okuryazarligini gelistirmeye yénelik amac¢ ve kazanimlar
yer almasina ragmen cogu matematik veya sinif 6gretmeni nadiren
matematik derslerini, égrencilerin gunluk yasamiyla iliskilendirmeyi
denemektedir (Steen ve digerleri, 2007). Bu nedenle &grenciler,
matematik ve gunlUk yasam arasinda baglanti kuramamakta (Tran ve
Dougherty, 2014) ve o&grendikleri bilgileri karsilastiklari problem
durumlarina uygulama firsatini  kacirmaktadirlar (Verschaffel ve
digerleri, 1999). Bu baglamda matematiksel modelleme 6grencilerin,
matematigin dunyaya katilimini ve anlayisini nasil destekledigini
gérmelerine yardimci olarak matematik okuryazarligini
gelistirmektedir (Carlson ve digerleri, 2016; Sahin, 2019).

Ilkokul dénemi cocuklari ile matematiksel modellemeye iliskin sinirli
calismaya ulasiimistir (Canbazoglu ve Tarim, 2021, Canbazoglu-
Albayrak ve Tarim, 2023; Sahin, 2019; Sahin ve Eraslan, 2016, 2017; Ulu,
2017). Canbazoglu ve Tarim (2021) tarafindan yapilan c¢alismada,
ilkokulda model olusturma etkinliklerinin uygulanabilmesi icin bir
ogretim sureci ortaya koyulmus ve bir model olusturma etkinliginin
uygulama sureci ele alinmistir. Canbazoglu-Albayrak ve Tarim (2023),
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Sahin (2019), Sahin ve Eraslan (2016, 2017) ile Ulu (2017) tarafindan
yapilan calismalarda ise model olusturma etkinligi ile calisan ilkokul
ucuncu ve dorduncu sinif égrencilerinink matematiksel modelleme
surecleri ve karsilastiklari guclukler ortaya koyulmaya calisiimistir.
ilkokul dénemine iliskin sinirh  sayida vyapilan arastirmalar
incelendiginde, calismalarin odak noktasinin modelleme sureci ve bu
surecte yasanan guclukler oldugu ortaya cikmaktadir. Bu ¢alismalarda
(Canbazoglu-Albayrak ve Tarim, 2023; Sahin, 2019; Sahin ve Eraslan,
2016, 2017; Ulu, 2017) ilkokul o6grencilerinin problemi anlama,
matematiksellestirme, gercek sonuclar elde etme, yorumlama ve
dogrulama sureclerinde zorluklar yasadigi sonucuna ulasiimistir.
Yapilan calismalar sonucunda ilkokul &grencilerinin matematiksel
modelleme sureclerinde ve yeterliklerinde guclukler yasadiklari
belirlenmis olmasina ragmen, ilkokul 6grencilerinin belirlenen bu gibi
gucluklerin farkinda olup olmadiklari, eksikliklerinin nedenleri ve bu
eksiklikleri giderme Uzerine tartisilmadigr ortaya cikmistir. Bir baska
deyisle ilkokul &égrencilerinin modelleme yeterliklerini gelistirmeye
yonelik calisma/lara rastlanilmamistir. Ayrica ayrintili geri bildirimin
bireyin 6grenmesinde ve performansi Uzerinde pek c¢ok etkKisi
olmasina ragmen, ilkokul &grencilerinin matematiksel modelleme
yeterliklerinin gelistiriimesi surecinde ayrintili geri bildirimin etkisinin
incelendigi ulusal ve uluslararasi alanyazinda herhangi bir ¢calismaya
rastlaniimamistir. Bu eksiklik g6z 6nune alindiginda matematiksel
modelleme etkinliklerinin  ilkokul ddneminde uygulanmasinin
yayginlastiriimasi, sinif égretmenlerine 6grenme-égretme surecinde
yararlanabilecekleri ornek uygulamalarin saglanmasi ve ilkokul
ogrencilerinin modelleme  yeterliklerinin gelisimine  yonelik
calismalarin yapilmasi ile alanyazindaki dnemli bir eksikligi giderecegi
dusunulmektedir. Bu dogrultuda bu calismada, bir ilkokul dérduncu
sinif ogrencisinin matematiksel modelleme yeterliklerinin
degerlendiriimesine yonelik saglanan ayrintih  geri bildirimlerin,
ogrencinin modelleme yeterliklerinin gelisimine etkisini incelemek
amaclanmistir. Bu amac¢ dogrultusunda asagidaki sorulara yanit
aranmistir:

1. Bir ilkokul dorduncu sinif 6grencisinin modelleme yeterliklerinin
degerlendirilmesine yonelik saglanan ayrintili geri bildirimlerin,
ogrencinin modelleme yeterliklerinin gelisimine etkisi nasildir?

2. SUre¢ boyunca saglanan ayrintili geri bildirimlerin icerigi
nasildir?

Teorik Cerceve
Bilissel Matematiksel Modelleme Yeterliginin Degerlendirilmesi

Bilissel modelleme, matematiksel modelleme etkinliklerinin ¢ézUmu
sirasinda dgrencilerin zihinlerinde olusan bilissel yapilarin ve sureclerin
neler oldugunu aciklamaya calisan matematiksel modelleme
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perspektiflerinden biridir (Kaiser ve Srirman, 2006). Matematiksel
modelleme yeterligi, belirli bir bagdlamda bireyin kendiliginden
bagimsiz ve icsellestirmis bir bicimmde, matematiksel modelleme
sUrecinin tum yonlerini yurutebilmesidir (Blomhgj ve Jensen, 2003).
Matematiksel modelleme yeterliklerinin belirlenmesinde, modelleme
surecini aciklayan modelleme donguleri ele alinmaktadir (Blomhoj,
2011). Bu calismada ilkokul o6grencisinin matematiksel modelleme
yeterliklerini  incelemek amaciyla Borromeo Ferrinin  (20006)
matematiksel modelleme sureci kullaniimistir (Bkz. Sekil 1).

Sekil 1

Bilissel Modelleme Yaklasimina Ait Modelleme Déngusu (Borromeo Ferri,
2006)

Ek Matematiksel Bilgi (EMB) 3

_ /\C) —
Ek Matematiksel Gilgi (EMB) \J

1. Problemi Anlama

ry
stirme (Ek
matematiksel bilgileri

Z’;“i 1 [ 4 derinlemesine kullanma)
> Zihinsel 4. Matematiksel Olarak Cahsma
Gerek Durum Gisterimi (Bireysel matematiksel
vetenekleri kullanma)
8 5. Yorumlama
6. Dogrulama
SereEt D D Matematiksel Sonuclar
Sonuglar \—/
5
GERCEKLIK MATEMATIK

Modelleme déngusunde bilissel modelleme yeterlikleri problemi
anlama, problemi sadelestirme, matematiksellestirme, matematiksel
olarak  calisma, yorumlama ve dogrulama yeterliklerinden
olusmaktadir. Modelleme surecinde ilk olarak o6grenciler tarafindan
problem durumu anlamlandiriimakta ve durumun zihinsel bir
gosterimi yapilandiriimaktadir (Borromeo Ferri, 2006). Durumun
zihinsel gosteriminden gercek modele geciste, verilen durum
sadelestirilmekte, yapilandiriimakta, daha net bir duruma getirilmekte
ve problemin ¢ézUmu igin varsayimlar ve gerekenler yapilmaktadir
(Borromeo Ferri, 2006). Ogrencilerin sdzIU ifadelerine dayali olarak
olusturulan gercek modelden matematiksel modele gecis,
matematiksellestirme basamagdi olarak adlandirilmaktadir (Borromeo
Ferri, 2006). Ogrenciler, sekiller, grafikler ve denklemler aracilidiyla
kendi gosterimlerini olusturarak matematiksel model/ler ortaya
cikarmaktadirlar (Borromeo Ferri, 2006). Matematiksel olarak calisma
(aritmetik islemleri yapma, tablo okuma, vb.) surecinde, 6grenciler
modelleme  yeterliklerini kullanarak modellerin ¢cozumunu
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gercgeklestirmekte ve matematiksel sonuclar elde etmektedir
(Borromeo Ferri, 2006). Sonuclarin yorumlanmasi sureci, matematiksel
sonucglardan  gercek sonuclara  gecilmesini  gerektirmektedir
(Borromeo Ferri, 2006). Gercek sonuclarin elde edilmesinden sonra
ogrenciler gercek yasam deneyimlerinden yararlanarak, gercek
sonuclar ile kendi zihinsel goésterimleri arasindaki uyumun kontrol
edilmesi baglaminda dogrulama sureci gerceklesmektedir (Borromeo
Ferri, 20006).

Ogrencinin model olusturma etkinligi suresince gerceklestirdigi
eylemler bu basamaklara gére degerlendirilmis ve bu surecteki
yeterlikleri geri bildirimin odak noktasini olusturmustur. Bir baska
deyisle &grenciye modelleme dodngusundeki her bir yeterlik
basamagina gdre surec icerisinde ve sonrasinda ayrintili geri bildirim
verilerek, bilissel modelleme yeterliklerindeki eksiklerinin farkina
varmasina ve gelistirilmesine calisiimistir. Bu dogrultuda modelleme
déngusunde bilissel modelleme yeterlikleri problemi anlama,
problemi sadelestirme, matematiksellestirme, matematiksel olarak
calisma, yorumlama ve dogrulama yeterliklerinden olusmaktadir.

Ayrintili Geri Bildirim

Bicimlendirici degerlendirme turlerinden olan geri bildirim, é6gretmen
tarafindan 6grencinin performansi veya kavrayisiyla ilgili bilgiler ortaya
cikarma olarak tanimlamaktadir (Hattie ve Timperley, 2007). Bu
baglamda geri bildirim, bireyin performansinin bir sonucudur (Diefes-
Dux ve digerleri, 2012). Geri bildirim, bireyin 6grenme sureci ve
performansi Uzerinde onemli bir rol oynadigi ortaya cikmaktadir
(Besser ve digerleri, 2013, Besser ve digerleri, 2015; Greefrath ve
Vorhdélter, 2016; Shute, 2008; Wake, 2010). Geri bildirimin temel amaci,
matematiksel icerik alanlarinda (6rnegin, sayilar ve islemler, geometri,
olcme, veri isleme) veya genel becerilerde (6rnegin, problem ¢cézme,
modelleme, aritmetik islemler yapma) 6grenci bilgilerini, becerilerini
ve anlayislarini arttirmak olarak dusunulmektedir (Black ve Wiliam,
1998).

Kulhavy ve Stock (1989) etkili geri bildirimin égrenciye, dogrulama ve
ayrintill geri bildirim (detaylandirma) olmak Uzere iki tur bilgi
sagladigini belirtmistir. Dogrulama, bir cevabin dogru olup olmadigi ile
ilgili o6grenciye verilen geribildirimdir. Ayrintili geri bildirim, geri
bildirimin bilgilendirici yonunu vurgularken, ogrenciyi dogru bir
cevaba yonlendirmek icin ilgili ipuclari saglamaktadir. Ornegdin ayrintili
geri bildirim; konuyu ele alabilir, yaniti ele alabilir, belirli hatalari
tartisabilir, calisiimis &érnekler verebilir veya &grenciye rehberlik
saglayabilir (Shute, 2008). Ayrica ayrintili geribildirim genellikle
ogrencinin  soylemleri, eylemleri ve cevaplari dogrultusunda
aciklamalar yapma ve nasil olmasi gerektigi hakkinda 6grenciye bilgi
saglamaktadir. Bu tur sdylemlere, eylemlere ve cevaplara dzgu geri
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bildirimin, ogrenci basarisini, 0ozellikle 6grenme verimliligini,
dogrulama geri bildirim turinden daha fazla artirdigi yénunde
calismalar bulunmaktadir (Corbett ve Anderson, 2001; Mory, 2004;
Shute ve digerleri, 2007). Ayrica hedefe yodnelik geri bildirimler,
ogrencilerin  6grenme ve gorev performanslarini  artirmaktadir
(Asempapa ve Foley, 2018; Diefes-Dux ve digerleri, 2012; Greefrath ve
Vorholter, 2016; Shute, 2008; Wake, 2010). Bu dogrultuda bu
calismada, model olusturma etkinligi suresince ve sonrasinda
ogrenciye bilissel modelleme yeterliklerine goére ayrintili  geri
bildirimler saglanmistir. Bu geri bildirimler, 6grenciden beklenen
bilissel modelleme yeterligini gdstermediginde veya eksik
gosterdiginde o alandaki yeterligini ortaya ¢cikarmaya ve kazandirmaya
yonelik olmustur.

Yontem

Arastirmada bir ilkokul dordUncu sinif 6grencisinin  matematiksel
modelleme yeterliklerinin degerlendirilmesine yonelik ayrintili geri
bildirimlerin, 6grencinin modelleme yeterliklerinin gelisimini nasil
etkiledigi sorusuna yanit arandigl i¢in butuncul tek durum deseni
tercih edilmistir. Butuncul tek durum deseni, daha 6nce hi¢ kimsenin
calismadigr veya ulasamadigl durumlar, butuncul tek durum deseni
kullanilarak calisabilir (Yin, 2017). Boéyle durumlarin calisiimasi ile
birlikte daha sonraki arastirmacilar icin daha 6nce bilinmeyen belirli
bir konunun goérunur olmasi ve daha sonra yapilacak arastirmalara
temel olusturmasi ya da yol gdéstermesi acisindan énemlidir (Yildirim
ve Simsek, 2016). ilkokul &grencilerinin bilissel matematiksel
modelleme yeterliklerinin gelistiriimesine yonelik daha dnce yapiimis
bir calismanin bulunmamasi, elde edilecek dokuUmanlar ile daha
sonraki calismalara yol gdsterici olmasi acisindan arastirmada,
butuncul tek durum deseni kullaniimistir. Sekil 2'de goruldugu gibi
baglam olarak “bir ilkokul dérdUncu sinif 6grencisi”, durum olarak
“bilissel matematiksel modelleme yeterliklerinin gelistirilmesi” ele
alinmistir. Son olarak arastirmanin etik gerekleri dogrultusunda ilgili
Universitenin etik komisyonunun 13.07.2020 tarihli 16/1 sayili karari ile
alinan izinle arastirma gerceklestirilmistir.
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Sekil 2

Arastirmanin Buatuncul Tek Durum Deseni Modeli (Yin'den, 2017, s. 8
uyarlanarak gorsellestirmistir.)

Baglam
Bir ilkokul DordUncd Sinif

Ogrencisi

BUtUncul Tek Durum

Durum
Bilissel Matematiksel
Modelleme Yeterliklerinin
Gelistirilmesi

Katilimci

Arastirma 2020-2021 egitim ogretim yilinda gerceklestiriimistir.
Katilimci, Turkiye'nin guneyinde yer alan ve orta sosyo-ekonomik
duzeydeki bir devlet okulunda égrenim géren ilkokul dérduncu sinif
ogrencisidir. Devlet okulunun belirlenmesi surecinde tipik durum
ornekleme kullanilmistir. Bu sekilde sira disi olmayan ortalama
(Yamane, 2009) tipik bir okul belirlenmistir.  Katilimcinin
belirlenmesinde ise olcut &rnekleme ydéntemi kullaniimistir. Bu
calismada olcut olarak, model olusturma etkinlikleri ile deneyimi
olmayan bir 6grenci ile calisiimistir. Ogrencinin matematik basarisi ise
ortalama duzeydedir. Bu sekilde genel bir durum yansitilmaya
calisiimistir. Veri toplama sureci 2020 yilinda gergeklestirilmistir. Bu
zaman diliminde pandeminin yeni ortaya ¢cikmasi ve diger 6grencilerin
yuz yuze goérusme surecindeki endiseleri sebebiyle ebeveyni ve
cocugu gonullu olan bir 6grenci ile calisiimistir.

Katilimcinin, gercek kimliginin desifre edilmemesi icin kod ad olarak
“O" harfi kullanilmistir. O, 10 yasinda bir kiz 6grencidir. Okul 6ncesi
egitim almistir. Okul sonrasi égrenim gordugu okulda etut saatine
katilmaktadir. Etut saatine katilmasindaki amacg¢, anne ve babasi
calistigiicin okulun bitis saatinde onu okuldan alamamasidir. Bir baska
deyisle  &grencinin herhangi bir  basarisiz  oldugu  ders
bulunmamaktadir. Etut saatinde cogunlukla 6devlerini yapma, ders
tekrari gibi etkinlikler yapilmaktadir. Son olarak 6grencinin matematik
dersi akademik basarisi iyi durumdadir.

Veri Toplama Araglari

Arastirmada, matematik egitimi nitel arastirmalarinda bir bireyin veya
bir grup 6grencinin mevcut ve gelismekte olan matematiksel bilgi ve
problem c¢cdzme davranislari hakkinda bilgi edinmek icin kullanilan
goreve dayall mulakat (task-based interview) yontemi kullaniimistir.
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Bir klinik mulakat bicimi olan goreve dayali mulakat, bireyin bir gorev
ortami ile etkilesime girebilecegi sekilde tasarlanmaktadir (Goldin,
2000). Bu dogrultuda bu calismada, 6grenciye model olusturma
etkinlikleri verilerek bir gorev Uzerinde ¢alismasi saglanmis, dgrencinin
modelleme yeterligi ve gelisimi belirlenmeye calisiimistir. Ayrica
ogrencinin tum modelleme surecleri, ses kayit cihazi ve video kamera
ile kayit altina alinmistir. Video ve ses kaydinin neden alindigi
ogrenciye ilk uygulamada aciklanmis ve égrenci videodan olumsuz
anlamda etkilenmemistir.

Goreve dayall mulakat surecinde Restaurant (Doerr ve English, 2003),
Elmali Turta (Tekin Dede, 2015) ve Okulda Zaman (Maal3 ve Mischo,
2011) problemleri, 6n &lcim ve son olcum sureclerinde kullanilimistir.
Asil uygulama surecinde ise Fasulye Problemi (English ve Watters,
2005), Akaryakit [stasyonu (Tekin Dede, 2015) ve Saman Balyasi (Tekin
Dede, 2015) kullaniimistir. Kullanilan matematiksel modelleme
problemlerinin ilgili oldugu égrenme alanlari (MEB, 2018) Tablo T'de
sunulmustur. Ayrica uygulanan matematiksel modelleme problemleri,
Ek A'da sunulmustur.

Tablo 1
Matematiksel Modelleme Problemlerinin Ogrenme Alanlari

Matematiksel )
Uygulama Siireci Modelleme Ogrenme Alanlari
Problemleri

Dogal Sayilarla Toplama
Restaurant Islemi
Veri Toplama ve
Degerlendirme
Dogal Sayilarla Toplama
ve Carpma Islemi

On Olcum ve Son
Olcum

Elmall Turta

Okulda Zaman Zaman Olcme
Dogal Sayilarla Toplama
Fasulye Problemi Islemi

Veri Toplama ve
Degerlendirme
Asil Uygulama Akaryakit istasyonu Dogal Sayilarla Toplama
ve Carpma Islemi
Dogal Sayilarla Carpma
Islemi
Uzunluk Olcme

Saman Balyasi

Veri Toplama Sireci

llkokul dérdinct sinif  dgrencisinin - matematiksel modelleme
yeterliklerinin gelisimini belirleyebilmek icin U¢ farkli model olusturma
etkinligi (Restaurant, EImali Turta ve Okulda Zaman) 6n 6lcum ve son
dlcum olarak surecin basinda ve sonunda kullaniimistir. On élcim ve
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son ol¢cum surecinde égrenciden, belirlenen Ug farkll model olusturma
etkinligini c¢coézmesi istenmistir. On dlcim sureci tamamlandiktan
sonra asil uygulama suUrecine gecilmistir. Asil uygulama bir baska
deyisle 6grenciye geri bildirimlerin saglandigi surecte dégrencinin, her
hafta bir model olusturma etkinligi Uzerinde calismasi saglanmis ve
toplamda U¢ farkli model olusturma etkinligi (Fasulye Problemi,
Akaryakit istasyonu ve Saman Balyasi) ile Uc haftalik asil uygulama
sureci tamamlanmistir (Bkz. Sekil 3). Bes haftalik veri toplama sureci,
ders disi bir etkinlik olarak birinci arastirmaci tarafindan Cukurova
Universitesi’'nin Egitim Fakultesi toplanti salonunda
gerceklestirilmistir. Ogrenciye matematiksel modelleme problemlerini
¢cozmesi icin Carlson ve digerlerinin (2003) onerdigi gibi sure
sinirlamasi olmadan ¢ézmesi istenmistir. Her bir etkinlik ortalama 45-
60 dakika sUrede gerceklestirilmistir.

Sekil 3

Veri Toplama Sdreci

+Ebeveyn +Restaurant +Fasulye +Restaurant
1zin +Elmah Turta Problemi +Elmah Turta
Formu +Okulda +Gerr +Okulda
+Goniillia R Ta D Bildirim Zaman
Katihmae Verme
Onam +Akaryakit
Formu istasyonu
+Gers
Bildirim
Verme
+Saman
Balyas1
+Gerr
Bildirim
Verme

Uygulama suresince bilissel modelleme déongustne gore égrencinin
problemi nasil anladigini, varsayimlarini nasil olusturdugunu, nasil
modeller olusturacagini ve olusturdugu modelleri nasil ¢dzecegini,
buldugu sonucu nasil yorumlayacagini ve dogrulayacagini ifade
etmesi istenerek, soylemleri dogrultusunda nasil ilerledigine dair
ogrenciye ayrintili geri bildirimler verilmistir. Ardindan her bir surec¢
sonunda, 6grenci ¢cézUmunu tamamladiktan sonra yazili ¢dézUm kagidi
arastirmaci tarafindan alinmistir. Daha sonra 6grencinin yazili ¢6zim
kagidi, arastirmacilar tarafindan Borromeo Ferrinin  (2006)
calismasindaki modelleme surecine gore degerlendirilerek, 6grenciye
bir sonraki calisma baslamadan iki gun &nce birinci arastirmaci
tarafindan ayrintili geri bildirimler saglanmistir. Bu sayede bilissel
modelleme yeterlikleri dogrultusunda sUrec icerisinde ve sonrasinda
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ogrencinin modelleme yeterliklerinin farkina varmasi ve geri bildirim
saglanan modelleme yeterlik alanindaki gelisimi saglanmaya
calisiimistir. Bu sekilde uygulanan etkinliklerle birlikte bes haftalik veri
toplama sureci tamamlanmistir.

Veri Analizi

Ilkokul dérdincu sinif 6grencisinin hem arastirmanin baslangicindaki
ve sonundaki duzeyini belirlemede hem arastirma surecince
ogrencinin . modelleme yeterliklerinin gelisimini aciklamada Tekin
Dede ve Bukova Guzel (2018) tarafindan olusturulan Modelleme
Yeterlikleri Degerlendirme Rubrigi (MYDR) kullaniimistir. MYDR'nin
boyutlari, Borromeo Ferri'nin (2006) calismasindaki “problemi anlama,
sadelestirme, matematiksellestirme, matematiksel olarak c¢alisma,
yorumlama, dogrulama” modelleme yeterliklerinden olusmaktadir.
MYDR'den en fazla 25 puan alinirken, en az O puan alinabilmektedir.
Bu dogrultuda degerlendirme sonucunda 6grenci yeterlik duzeyleri O-
6 puan arasli icin “modelleme yeterligine sahip degil”; 7-12 puan arasi
icin “bir élcude modelleme yeterligine sahip”; 13-21 puan arasl igin
“kabul edilebilir dlcude modelleme yeterligine sahip” ve 22-25 puan
arasi icin  “ust duzey modelleme yeterligine sahip” olarak
degerlendirilmistir (Tekin Dede ve Bukova Guzel, 2018). Bununla
birlikte MYDR'nin gecgerlik ve guvenirlik calismalari icin Miles ve
Huberman'in (2016) uyusum yuzdesi hesaplamasindan yararlaniimistir.
Gecgerlik ve guvenirlik calismalari sonucunda uyusum yuzdesi %88.8
olarak hesaplanan MYDR'nin gecerli ve guvenilir olduguna karar
verilmistir.

MYDR ile analizler gerceklestirilirken &grencinin problem c¢dzme
sureci, transkriptler ve c¢cdzUm kagitlari iki arastirmaci tarafindan
birlikte incelenmistir. Verilerin analizi surecinde kodlayicilar arasi
guvenirlik formulu (Miles ve Huberman, 2016) kullaniimis ve iki
kodlayici arasindaki guvenirlik % 91 olarak hesaplanmistir. Miles ve
Huberman (1994), iyi bir nitel guvenirlik icin kodlamanin guvenirliginin
en az % 80 uyum duzeyinde olmasi gerektigini belirtmektedir. Bu
kapsamda kodlayicilar arasi guvenirligin yuksek ciktigi belirlenmistir.
Ayrica 6grencinin hem yazili ¢ézUm sureci kagitlarindan gorsellere
hem de goruslerinden dogrudan alintilara yer verilmistir.

Bulgular
On Ol¢ciim Matematiksel Modelleme Yeterligi

Ogrenciye ilk olarak Restaurant, Elmali Turta ve Okulda Zaman
problemleri yazili olarak verilmis ve 6grencinin bu problemleri ¢cdzmesi
istenerek  baslangictaki  matematiksel modelleme  yeterlikleri
belirlenmistir. OJrencinin baslangictaki matematiksel modelleme
yeterlikleri Tablo 2'de yer almaktadir.
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Tablo 2
On Olcim Matematiksel Modelleme Yeterligi

Model Olusturma Etkinlikleri

Duzeyler Restaurant Elmali Turta Okulda Zaman
Problemi Anlama 2 0 1
Problemi 1 2 1
Sadelestirme

Matematiksellestirme 4 0 0
Matematiksel Olarak 4 0 0
Calisma

Yorumlama 3 2 2
Dogrulama 0 0 0
Toplam 14 4 4

ilkokul dérdlUnct sinif 6grencisinin én dlcum  bilissel modelleme
yeterlik duzeyi degerlendirildiginde, Restaurant probleminden 14
puan alarak “kabul edilebilir élcide modelleme yeterligine sahip.”;
Elmali Turta ve Okulda Zaman problemlerinden 4 puan alarak
“modelleme yeterligine sahip degil.” olarak belirlenmistir.

Ayrintii Geri Bildirimlerin Saglandigi Matematiksel Modelleme
Sureci

On élcum surecinden sonra Fasulye Problemi, Akaryakit [stasyonu ve
Saman Balyasi problemleri ile ayrintili geri bildirimlerin saglandigi
ogrencinin  modelleme yeterliligi gelisimi ortaya koyulmustur. Bu
dogrultuda égrencinin her bir model olusturma etkinligi surecindeki
modelleme yeterlikleri, ayri ayri ele alinarak butunsel bicimde
sunulmustur.

“Fasulye Problemi” Matematiksel Modelleme Yeterligi Streci

Tablo 3'te ogrencinin ilk etkinlik olarak gerceklestirilen Fasulye
problemindeki matematiksel modelleme yeterliklerine iliskin
duzeylerine ve bu duzeyler dogrultusunda aldigl puanlara yer
verilmistir.

Tablo 3

“Fasulye Problemi” Modelleme Yeterligi Sureci

Duzeyler Fasulye Problemi Fasulye Problemi
Soru 1 Soru 2

Problemi Anlama 2 0

Problemi 2 0

Sadelestirme

Matematiksellestirme 2 0

Matematiksel Olarak 4 0

Calisma

Yorumlama 3 0

Dogrulama 0 0
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Tablo 3
“Fasulye Problemi” Modelleme Yeterligi Streci (devam)
Toplam 13 o

Tablo 3'te goruldugu gibi ogrenci her iki problem baglaminda
degerlendirildiginde toplamda 13 puan alarak “modelleme yeterligine
sahip degil.” olarak degerlendirilmistir. Fasulye probleminin birinci
sorusunda ogrencinin, problemi anladigini gosteren ifadelere yer
verdigi ancak verilenleri ve istenenleri belirleme sUrecinde gereksiz
degiskenleri de ele aldidi belirlenmistir. OJrenci, problemde sadece
onuncu haftanin verilerini kullanarak matematiksel modele ulasmak
yerine Uc¢ ayri haftanin verilerini kullanarak matematiksel modele
ulasmaya calismistir. Ogrenci, problemde iki farkli fasulye yetistirme
kosulu oldugunu ve bu kosullar altindaki her haftanin agirliklarini
kullanarak problemi ¢cozecegini ifade ederek bir 6lcude kabul edilebilir
bir varsayimda bulundugu gorulmustur.

Arastirmaci: Ne dusunutyorsun?

O: Simdi iki tane fasulye yetistirme kosulu var. Bunlardan
birini kullanarak en iyi fasulyeyi yetistirmeye calisiyorlar.
Hangisi oldugunu verileri kullanarak bulmaya ¢calisacagim.

Arastirmaci: Simdi ne yapacaksin? Ne dusunuyorsun?

O: Simdi hangisinin daha agir oldugunu mu bulmaya
calisiyoruz?

Arastirmaci: Ne diyordu soruda?

O: Burada kg yaziyor kilogram yazdigi icin agirhidi
bulacagim.

Arastirmaci: Sence bunu nasil bulabilirsin?

O: Simdi hepsini teker teker her sirayi toplayacadim. Sira bir,
sira iki, sira dg, sira dortteki agirliklarinin hepsini
toplayacagim. Sonra karsilastirma yapacagim.

Matematiksellestirme sUrecinde 6grencinin, bir 6lcude kabul edilebilir
varsaylimlara dayali dogru matematiksel modelleri olusturdugu ve
olusturdugu matematiksel modelleri kullanarak dogru matematiksel
¢cozume ulastigr boylece matematiksel olarak calisma surecini
gerceklestirdigi belirlenmistir. Bu sUrecte &grenci, fasulyelerin gun
Isiginda ve gdlgedeki her haftalik agirligini toplayarak hesaplamalar
yapmis ve karsilastirma yaparak gun i1siginin daha fazla arun verdigini
ifade etmistir.

Arastirmaci: Bu buldugun sonucglar hangisi i¢cin?
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O: Gunes isigindaki. Ardindan gdélgedeki verileri de

toplayacagim sonra karsilastirma yapacagim. Mektup

olarak mi yazacagim?

Arastirmaci: Problemde ne diyor?

O: Mektup olarak. ... Simdi gélgede yetisenleri de ayni sekilde

topladim. Ayni islemleri yaptim ve karsilastirdim.

Arastirmaci: Karsilastirmanin sonucunda ne buldun peki?

O: Karsilastirmamin sonucunda gun isiginin daha buyuk,

daha agir oldugunu daha fazla drdn verdigini buldum.
Resim 1

Matematiksellestirme ve Matematiksel Olarak Calisma Sdrecglerine Dair
Cozum Kagidindan Bir Kesit
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Yorumlama yeterliginde 6grencinin sadece gun 1sigl ve golgedeki
agirlik toplamlarini karsilastirarak sonucu buldugu bir baska deyisle
sadece sayisal sonuclari  karsilastirma yaptigr icin elde ettigi
matematiksel ¢c6zumu gercek yasam baglaminda eksik bir sekilde
yorumladigi belirlenmistir. Ancak 6grencinin herhangi bir dogrulama
yaklasiminda bulunmadigi gérulmustar.

Resim 2

Yorumlama Surecine Dair Cozum Kagidindan Bir Kesit
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Fasulye probleminin ikinci sorusunun ¢d6zUm surecinde égrencinin
problemi anlamadigini gosteren ifadelere yer verdigi, yanls
varsayimlarda bulundugu, matematiksel model olusturamadigr ve
matematiksel bir ¢6zum yaklasimi ortaya koyamayarak bilissel
modelleme yeterliklerinden herhangi birini yerine getiremedigi
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belirlenmistir. Problemde haftalar arasindaki agirliklara gore bir 6runtu
bulmasi gerekirken, &égrencinin on ikinci hafta ile onuncu hafta
arasindaki farktan yola cikarak bir ¢ézum yolu bulmaya calistigi
gorulmustur. Ancak 6grenci, bu farkin her hafta icin gecerli olmadigini
fark ettigi ve nasil c¢dzecegini bulamadigl icin  problemi
cozemeyecegini sdylemesi ile sure¢ tamamlanmistir.

Arastirmaci: [kinci sorumuz da ne diyor?

O: “Gun 1siginda ve gdélgede fasulyelerin 12. hafta sonunda
agirliklarini tahmin ediniz ve bu tahmini nasil yaptiginizi Ali
Amcaya bir mektupla aciklayiniz.” Simdi 6gretmenim hepsi iki
farkli oluyor. Mesela gun isiginda 13’e, 2 eklersem Sira T
bulabilirim.

Arastirmaci: Niye 13’e, 2 ekliyorsun?

O: CUnku 10. haftada bdyle olmus. Bize 12. haftayi soruyor. 12 ile 10
arasindaki fark 2 oldugu icin 2 ekliyorum.

Arastirmaci: Neden béyle dusundun?
O: Cunku é6gretmenim, Aaaa. Hayir, dyle degilmis.
Arastirmaci: Ne éyle degilmis? Oyle olmayan ne?

O: Hepsi dyle olmuyor. Nasil bulacadimi bilmiyorum mesela
ogretmenim 10. haftadan 12'yi bulmak icin 2 eklerim. Cunkud 10 ile
12'nin farki 2 ama burada 8 ile 10 farki 2 olmasina ragmen 2
eklememis.

Arastirmaci: Kag¢ eklemis?

O: Hepsi degisiyor 6gretmenim. Burada 1 eklemis, burada 3
eklemis.

Arastirmaci: O zaman nasil ¢ézebilirsin?
O: DUstnuyorum. ... Bulamadim égretmenim.
“Akaryakit istasyonu” Matematiksel Modelleme Yeterligi Siireci

Tablo 4'de &grencinin, ikinci etkinlik olarak gerceklestirilen Akaryakit
[stasyonu problemindeki matematiksel modelleme yeterliklerine
iliskin duzeylerine ve bu duzeyler dogrultusunda aldigi puanlara yer
verilmistir.

Tablo 4
“Akaryakit Istasyonu” Modelleme Yeterligi Sireci
Duzeyler Akaryakit istasyonu

Problemi Anlama

Problemi Sadelestirme

Matematiksellestirme

Matematiksel Olarak Calisma

WA ININ|N

Yorumlama
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Tablo 4

“Akaryakit [stasyonu” Modelleme Yeterligi Streci (devam)
Dogrulama 6
Toplam 19

Tablo 4'te géruldugu gibi 6grenci bu problemden 19 puan alarak
‘kabul edilebilir &6lcude modelleme yeterligine sahip.” olarak
degerlendirilmistir. Akaryakit istasyonu probleminde o6grencinin,
problemi anladigini gosteren ifadelere yer verdigi, verilenleri ve
istenenleri bir dlcude belirleyebildigi ancak aralarinda iliski kurmada
gucluk yasadigl belirlenmistir. Problemin ¢ézUmu icin varsayimlar
olusturma surecinde, evin yanindaki Cukurova’dan mi yakit almak
daha karl yoksa 10 km uzakliktaki Seyhan'a mi gitmek daha karli bunu
belirlemeye calismistir. Bunu belirlerken depoda kalan yakit miktarinin
ne kadar oldugunu bilmedigi icin bir ¢celiski yasayarak bir dlctde kabul
edilebilir varsayimlarda bulunmustur. Ogrenci Hyundai i20 arabasini
secmis ve arabanin 10 km'de harcadigi yakit miktari 2 litre oldugu icin
arabanin deposunda kalan yakit miktarinin 2 litre oldugunu bir baska
deyisle benzin istasyonuna gidecek kadar yakit oldugunu varsayarak
matematik dunyasina gecis yapmistir. Ancak dogrulama surecinde, bu
varsayiminda hata yaptigini fark ederek hatasini duzeltmistir.

Arastirmaci: Problemde ne ifade ediyor?

O: Benzinimiz bitmek Uzereymis. Bizim hemen bir yakit
doldurmamiz gerekiyormus. Bir benzin istasyonu bulmamiz
gerekiyormus. Hangisine gidecegimize karar veremiyormusuz.
Bir evimizin yaninda benzin istasyonu varmis, bir de evimizden 10
km uzakta varmis. Sectigimiz arabaya gore hangisinden daha
karli cikariz?

Arastirmaci: Hangisini se¢cmek istersin?

O: Hyundai i20. 2 litre benzin. 45 litre yakit deposu. ... Tablo var.
Marka ve modellere goére arabalar var. Bunlarin 10 km’'de
harcadigi ortalama yakit miktarr var. Yani uzaktaki benzinlige
giderse harcayacagi yakit miktari. Yakit deposunda ise 45 litre
benzin var.

Arastirmaci: Arabanin yakit deposunda 45 litre benzin mi var
diyorsun?

O: Hayir. Yakit toplaminin 45 litre oldugunu séyldyorum. ... Ama
yakiti bitmek Uzere. Ama ne kadar bittigi yazmiyor Kki.

Arastirmaci: Soru da ne diyordu?

O: Depomuzu tamamen doldurmak icin nereden yakit
alacaginiza karar veremiyoruz. Ama ne kadar kalmis ki onu
bilmiyoruz.
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Arastirmaci: Hyundai i20 ne ile ¢alisiyormus?

O: Benzin ile ¢calisiyor. Eger 10 km uzakliktaki Seyhan’a giderse 2
litre benzin kaybedecek.

Arastirmaci: Evet. O zaman ne yapacaksin?
O: Doldurmamiz lazim.
Arastirmaci: Bizden ne istiyordu soruda?

O: Yakit depomuzu tamamen doldurmak. Yakit depomuz 45 litre.
O yuzden ek fiyat olacak. Ondan dolayr bence Cukurova’dakine
gidebiliriz. Ama ne kadar oldugunu bilmiyorum.

Arastirmaci: Neyin ne kadar oldugunu bilmiyorsun?

O: Arabamizin yakiti bitmek tzere diyor. Ama sadece bitmek
uzere diyor. Ne kadar oldugunu séylemiyor Ki. ... Simdi séyle
yapabilir miyiz? Tamamen bitmis gibi kabul edemeyiz dimi?

Arastirmaci: Sen nasil istersen. Soruda ne diyordu?

O: ... Cukurova mi daha karli Seyhan mi karli diye soruyor. ... Ikisini
karsilastirmam gerek.

Arastirmact: Ikisini karsilastirmak icin ne yapacaksin?
O: Ikisini de hesaplayacadim.
Arastirmmact Tamam.

O: Simdi eger Cukurova'ya giderse bir sey kaybetmiyor. Ama ne
kadar oldugunu bilmedigimiz icin su an.

Arastirmaci: Ne kadar oldugunu bilsen ne yapardin ne kadar
oldugunu bilmesen ne yapardin? Cozum varsayimi olusturmayi
sen sececeksin. Tamam diyelim ki ne kadar oldugunu biliyoruz.
Bu senin ¢ozUm varsayimin olamaz mi?

O: O zaman gidecek kadar yakitimiz var. Simdi 2 litremiz olsun.
Iki litrenin tamami da gitsin. O zaman 45 litrenin tamamini da
doldurmamiz gerekiyor. O zaman benzin ile ¢calistigi icin simdi
Seyhan'a gitti.

Matematiksellestirme sUrecinde 6grencinin, bir 6lcude kabul edilebilir
varsaylma dayall dogru matematiksel modelleri olusturdugu ve dogru
olusturulan matematiksel modelleri kullanarak dogru matematiksel
¢cozUme ulastigr boylece matematiksel olarak c¢alisma sdrecini
gerceklestirdigi belirlenmistir. Bu surecte 6grenci, Cukurova'dan yakit
aldiginda ne kadar 6deme yapacagini belirleyebilmek icin aracin yakit
deposu miktari olan 45 litre ile Cukurova'daki 1 litre benzin fiyati olan 5
TLyi carparak bir matematiksel model olusturmustur. Ayni
matematiksel modeli Seyhan'dan yakit aldiginda ne kadar 6deme
yapacagini belirleyebilmek icin 45 litre ile Seyhan'daki 1 litre benzin
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fiyati olan 4 TL'yi carparak bir matematiksel model olusturmustur.
Olusturdugu matematiksel modellerin  ¢ézUm sUreci sonunda
Cukurova'dan yakit aldiginda 225 TL édeme yapacagdini, Seyhan'dan
yakit aldiginda ise 180 TL 6deme yapacagini ifade etmistir. Ancak
dogrulama surecinde, Seyhan'dan yakit aldiginda ayni zamanda gidis-
donus yakitini da hesaplamasi gerektigini fark etmistir. Bunun icinde
Seyhan'a gittiginde 10 km'de harcanan ortalama yakit miktarinin
sectigi araba olan Hyundai i20 icin 2 litre oldugunu belirlemis ve gidis-
doénus toplamda 4 litre benzin harcanacagini belirtmistir. Bundan
dolay! 4 litrelik benzin fiyatini hesaplamak i¢cin 4 litre ile Seyhan'daki
benzin fiyati olan 4 TL'yi carparak gidis-donus maliyetini bulmustur.
Ardindan Seyhan'dan yakit aldiginda toplamda ne kadar odeme
yapacagini belirleyebilmek icin toplam yakit deposu maliyeti olan 180
TL ile gidis-ddnus maliyeti olan 16 TL'yi toplayarak 196 TL &deme
yapacagini gostermistir.

O: 45 ile 4’4 carpacadiz. Ka¢ TL verecedimizi bulacadiz. ...
Carptim. 180 TL. Bir de Cukurova'yi bulmamiz lazim.
Cukurova’da benzin kaybolmayacak diyelim. Simdi o zaman
45 ile 5'i carpacagiz. 225 TL.

Arastirmaci: Tamam. Sence hangisi daha karli?
O: Hesaplara gére Seyhan daha karll.

Arastirmacit: Tamam ¢arpma isleminde bir sikinti yok benim
anlamadigim nokta su kafama takilan. Simdi bir evimiz var.
Arabamizin deposunu doldurmak istiyoruz. Iki secenedimiz
var. Biri Cukurova evimizin yakinindaki, digeri de 10 km
uzakliktaki Seyhan. Bizim depomuzda da bir miktar benzin
var. Biz yakit depomuzun hepsini doldurmak istiyoruz.
Seyhan’a gittim. Ama evim Cukurova’da.

O: Seyhan’dan eve dénmem lazim. Aaaa evet bir de gidis
doénus olacak. O zaman gidis-dénlus hesaplamamiz
gerekiyor. Gidisimiz 10 km doénusimduzde 10 km olacak. O
zaman gidiste 2 litre dénuste de 2 litre olacak. O zaman
depomuzun tamamen dolu olmasini istedigi icin gidis ve
dénuste de benzin almamiz lazim o boslugu doldurmamiz
lazim. 4 litreyi hesaplamak icin Seyhan'da 4 TL, 4 ile 4'U
carpacagim. Sonra 180 ekleyecegim.

Arastirmaci: Peki. Yap bakalim.
O:180’%e 16 eklersek 196 TL.

Arastirmaci: Evet. O zaman sence Seyhan mi yoksa
Cukurova mi daha karli?

O: Simdi yine de Seyhan daha karl.
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Resim 3

Matematiksellestirme ve Matematiksel Olarak Calisma Surecine Dair
Cozum Kagidindan Bir Kesit

&>,
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Yorumlama yeterliginde 6grencinin, elde edilen dogru matematiksel
¢ozUmU gergek yasam baglaminda eksik bir sekilde yorumladigi
belirlenmistir. Ogrencinin, Seyhan ve Cukurova'ya yapacadi édemeleri
karsilastirarak bir baska deyisle sadece elde ettigi sayisal sonuclari
karsilastirarak yorumlama yaklasiminda bulunmustur. Dogrulama
yeterliginde ise ilk defa dogrulama yaklasiminda bulunmus ve
olusturdugu varsayiminda hata yaptigini belirleyerek, varsayimini
duzeltmis ve yeni matematiksel modeller olusturmustur. Ogrenci, ilk
basta olusturdugu varsayiminda, arabanin yakit deposunda Seyhan’a
gidebilecek kadar benzin kaldigi varsayimini yapmis ve ddénus yakitini
da hesaplamasi gerektigine dair bir varsayim olusturmamistir. Ancak
surec¢ icerisinde arastirmacinin 6grenciye sagladigl geri bildirimler ve
bunun dogdrultusunda ogrencinin gercgeklestirdigi  yeni ¢6zum
varsayimlari ve fikirler dogrultusunda ogrenci, Seyhan'dan yakit
aldiginda gidis ve donus maliyetini de hesaplamasi gerektigini fark
etmistir. Bundan dolayl en basta olusturdugu varsayimini duzelterek
Seyhan'a giderken ve Seyhan'dan doénerken de yakit harcayacagini
bundan dolayl arabanin yakit deposunun tamamen dolabilmesi icin
gidis-donus yakit miktarini da hesaplamasi gerektigini fark ederek bir
varsayimda bulunmustur. Ardindan olusturdugu varsayim
dogrultusunda gidis-dénus yakit maliyetini hesaplamak i¢cin gerekli
matematiksel modeller olusturmus ve matematiksel c¢dzUmlerini
gerceklestirmistir.

Arastirmaci: Peki sence sonucun dogru mu yanlis mi?
O: Bir dakika 6gretmenim. Dogrulama yapacadim.
Arastirmaci: Tamam, bekliyorum.

O: Problem de hangi benzin istasyonu secersek daha karli
cikabiliriz  diyordu sectigimiz arabaya goére. Cukurova
evimizin yakininda Seyhan 10 km uzaklikta.

Arastirmaci: Sence Seyhan'a gittigimizde benzin
harcayacak miyiz harcamayacak miyiz?
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O: Seyhan’a gidersek harcayacadiz.

Arastirmaci: O zaman yakit deposunu tamamen doldurmus
oluyor muyuz?

O: Evet doldurmus oluyoruz ama burada Seyhan’'dakiler 4
TL, Cukurova’dakiler 5 TL.

Arastirmaci: Tamam ama Seyhan kag kilometre uzaklikta?
O: 10.

Arastirmacli: Oraya nasil gidecegiz? On kilometrelik benzin
nerede?

O: 2 litre benzin gerekiyormus. Iki litremiz varmis diyelim.
Arastirmaci: Hii sen o sekilde varsayim olusturdun.

O: Evet. Ona gdre carpim yaptim simdi de dogrulama
yapiyorum.

(Carpma islemimi kontrol ediyor.)

O: Seyhan'dan eve dénmem lazim. Aaaa evet bir de gidis
dénus olacak. O zaman gidis-dénlus hesaplamamiz
gerekiyor. Gidisimiz 10 km doénusimuzde 10 km olacak. O
zaman gidiste 2 litre dénuste de 2 litre olacak. O zaman
depomuzun tamamen dolu olmasini istedigi i¢cin gidis ve
dénuste de benzin almamiz lazim o boslugu doldurmamiz
lazim. 4 litreyi hesaplamak icin Seyhan'da 4 TL, 4 ile 4'U
carpacagim. Sonra 180 ekleyecegim.

Arastirmaci: Problemi ¢ézum surecini en basindan itibaren
bana ézetleyebilir misin?

O: Simdi iki tane akaryakit istasyonumuz var. Biri evimizden
10 km uzaklikta ve 2 litreye goturuyor. Bir de evimizin
yaninda var. Hangisinin daha karli oldugunu sectigimiz
arabaya goére hesaplamamizi istivor ama bunun bir de
doénudsu var. Onu da hesaplamamizi istiyor. Hangisi daha
karli olabilir bunu bulacagiz. Ben de buradan Hyundai i20
arabasini sectim. Basta Seyhan’inkini hesapladim. Dizel
degil de benzin oldugu icin Seyhan'da benzin 4 TL. Simdi
arabamizin toplam yakit deposu 45 It. O ylUzden 45 ile 4'U
carptim 180. Ama bunun birde doéndsu var. Onu da
hesapladim 4 ile carptim. Cunku giderken 2, dénerken 2 litre
benzin gidiyor. 4 ile 4’G carptim 16. 180’'nin ustune ekledim.
196 oldu. Sonra Cukurova’ninkini hesapladim. 45 ile 5'i
carptim. 225 buldum. Seyhan daha karli cikti. Ik basta
varsayim yapacagimi anlamadim. Arabamizin yakiti bitmek
Uzere ama onun ne kadar oldugunu belirtmesi gerektigini
dusundum varsayim yapacagimi anlamadim sonradan
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anladim ona goére ilerledim ve problemi ¢cézmustum ki
donus yolu oldugunu fark ettim ona gore tekrar ¢cozdim.

“Saman Balyasi” Matematiksel Modelleme Yeterligi Stireci

Tablo 5'de 6grencinin Uguncu etkinlik olarak gerceklestirilen Saman
Balyasi problemindeki matematiksel modelleme yeterliklerine iliskin
duzeylerine ve bu duzeyler dogrultusunda aldigli puanlara yer
verilmistir.

Tablo 5
“Saman Balyasi Problemi” Modelleme Yeterligi Sureci
Duzeyler Saman Balyasi

Problemi Anlama

Problemi Sadelestirme

Matematiksellestirme

Matematiksel Olarak Calisma

Yorumlama

Dogrulama

MEICIENEN I

Toplam

Tablo 5'te géruldugu gibi 6grenci bu problemden 23 puan alarak “Ust
duzey modelleme yeterligine sahip.” olarak degerlendirilmistir. Saman
balyasi probleminde &grencinin, problemde verilenleri kendi
cUmleleriyle ifade edebildigi, problemde verilenleri sekil cizerek
gosterebildigi ve bu verilenlere gére problemde neler istendigini
yorumlayabildigi belirlenmistir. Problemdeki resimde yer alan
insandan yola cikarak, saman balyalarinin yuksekligini
hesaplayabilecegini bir baska deyisle resimdeki insanin boyu ile
saman balyalarinin yuksekligi arasinda bir iliski kurarak gercekgi bir
varsaylimda bulunmustur.

Arastirmaci: Problemde ne diyor bize?

O: Bes saman balyasi bulunmakta en altta. Bir Ust
siraya gecildiginde her defasinda bir saman balyasi
eksiliyormus. O zaman alttan uste dogru 5, 4, 3, 2, 1 tane
saman balyasi siralanmaktaymis. Buna goére yiginin
yuksekligini soruyor.

(Saman balyalarinin seklini giziyor.)
Arastirmaci: Burada kag¢ sira var?

O: 5 sira var. Simdi bunlarin hepsinin bir ylksekligi
olmasi lazim. O zaman simdi varsayimda bulunacagim
ogretmenim. Ama nasil bulunacagim? Hig sayi
vermemis Ki.

Arastirmact: Probleme bir daha bak. lyice incele tim
verilenleri.
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O: Tamam. (Problemi tekrar okuyor ve inceliyor.) ...
Resimde biri var. Samanda duran.

Arastirmaci: Evet.

O: O zaman... (DUsUnuyor.) Mesela yaklasik bir insanin
boyutuna gére mi dusunecegim saman balyalarini?

Arastirmacl: Problemin ¢ézumu sen de. Sen nasil
¢cozersen.

O: Tamam o zaman. Samanda duran biri var. 1.50
olabilir.

Arastirmaci: Ne 1.50 olabilir? Neden 1.507?
O: Bir arkadasimin boyu idl.

Arastirmaci:  Resimdekini  bir ¢ocuk olarak mi
dusundun?

O: Aslinda resimdeki cocuk degdil o zaman bir insanin
boyutu, bir bayagun boyutu 1.70 olsa. O zaman simdi
bir buyuk olarak dusunelim. Bu (kadin) arasinda
durmus. O zaman bir saman balyasi 1.70 oluyor. Boyle
dusunecegim. Resimdeki kadinin yuksekliginden yola
ctkacagim.

Matematiksellestirme surecinde &grencinin, gergcek¢i varsayimlara
goére dogru matematiksel modelleri olusturdugu ve dogru olusturulan
matematiksel modelleri kullanarak dogru matematiksel c¢dzume
ulastigl boylece matematiksel olarak calisma surecini gerceklestirdigi
belirlenmistir. Bu surecte 6grenci, bir insanin boyunu 170 cm olarak
varsaymistir. Saman balyalari asagidan yukariya dogru 5 sira olarak
yerlestirildigi icin 170 ile 5'i carparak saman balyalarinin yuksekligini
hesaplamistir. Bdylece 6grenci problemi matematiksel acidan ¢6zmus
ve gercek yasam sonucunu da bulmus sayllmaktadir.

O: O zaman bir insanin boyutu, bir yetiskinin boyutu 1.70
olsa. .. O zaman bir saman balyasi 170 oluyor. Boyle
dusunecegim. Resimdeki kadinin yuksekliginden yola
ctkacagim. 5 sira var. 5 sira saman balyalarinin yuksekligi. O
zaman 170 ile 5'i carpacagim. Ve 850 cm buldum.
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Resim 5

Matematiksellestirme ve Matematiksel Olarak Calisma Surecine Dair
Cozum Kagidindan Bir Kesit

Yorumlama yeterliginde 6grencinin, elde edilen dogru matematiksel
¢cO6zumu gerc;ek yasam baglaminda eksik bir sekilde yorumladigi
belirlenmistir. Ogrenci ulastigi matematiksel ¢ézUm dogrultusunda
kismen gercek yasam sonucunu bulmus sayilsa da saman balyalarinin
Ustten alta dogru birbirlerine uyguladigi basincin artmasi ile bir cokme
meydana gelecegini ve bundan dolayl buldugu yukseklikten daha az
cikacagini  belirtmedigi icin elde ettigi sonucu gercek yasam
baglaminda eksik bir sekilde yorumlamistir. Dogrulama yeterliginde
ise 6grenci, surecin en basindan itibaren yaptiklarini gézden gecirerek
dogrulama yeterliliginde bulunmustur. Bu baglamda &grenci,
problemi yeniden anlamlandirarak bunu so6zlU olarak ifade etmistir.
Ardindan olusturdugu varsayimi degerlendirerek matematiksel
modelini ve yaptigr tum islemleri yeniden kontrol etmistir. Ayrica
ogrenci, problemde kendisinden buldugu sonucu yazili olarak veya bir
mektup ile ifade etmesini istemedigi halde tum surecini yazil olarak
ifade etme isteginde bulunarak bir de tum modelleme surecini yazili
olarak ifade etmistir.

Arastirmaci: Bu buldugun sonucun. Simdi ne yapacaksin?
O: Dogrulamaaaa. (YUksek sesle ifade etti.)
Arastirmaci: Nasil dogrulama yapacaksin?

O: Bir daha c¢ézecegim. Simdi size anlatacadim
ogretmenim. Burada sekilde en alt sirada 5 saman balyasi
bulunmaktadir diyor. Bir ust siraya gecildiginde her
defasinda bir saman balyasi eksilmekte yani 5, 4, 3, 2, 1 tane
saman balyasi kalmaktadir. Buna goére tum yiginin
yuksekligini yaklasik olarak hesaplayiniz diyor. Bu saman
balyasinin seklini ¢izdikten sonra 5 sira oldugunu buldum
yuksekliginin. Bu kadina bir uzunluk yukseklik verdim. Bu
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kadinin yuksekligini saman balyasi boyu ile iliskilendirdim.
Sonra ikisini ¢arptim. Yani 170 kadinin boyu ve saman
balyasinin yluksekligi 5 sira. O yuzden yuksekligi 5. Ve 850 cm
buldum.

Arastirmacl: Dogru mu ¢ézdun sence?
O: Evet.
Arastirmaci: Buldugun 850 cm ne?

O: Seyin uzunlugu. Saman balyasinin, tim yiginin uzunlugu.
Simdi arkasina yazili olarak mi ifade edecegim?

Arastirmaci: Sen bilirsin.

O: Bir daha bir dogrulama yapacadim. Carpimi kontrol
edecegim.

Arastirmaci: Et bakalim.

O: 7 kere 5, 35. 5, 3 daha 8. 850. Tamam, dogru bulmusum.
Islemimi kontrol ettim. Simdi arkasina yazili olarak ifade
edecegim.

(Yorumunu yazil olarak ifade ediyor.)
Resim 6

Yorumlama Surecine Dair Cozum Kagidindan Bir Kesit

Son Ol¢ciim Matematiksel Modelleme Yeterligi

Ogrenciye son olarak Restaurant, Elmali Turta ve Okulda Zaman
problemleri yazili olarak verilmis ve 6grencinin bu problemleri ¢cdzmesi
istenerek sUre¢ sonundaki matematiksel modelleme yeterlikleri
belirlenmistir. OJrencinin sdre¢ sonundaki matematiksel modelleme
yeterlikleri Tablo 6'da yer almaktadir.
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Tablo 6
Son Olcim Matematiksel Modelleme Yeterligi

Model Olusturma Etkinlikleri

Duzeyler Restaurant Elmal Turta Okulda Zaman
Problemi

Problemi Anlama 4 4 3

Problemi 3 3 2

Sadelestirme

Matematiksellestirme 4 4 1

Matematiksel Olarak 4 4 2

Calisma

Yorumlama 3 4 2

Dogrulama 6 6 4

Toplam 24 25 14

ilkokul dérduncd sinif 6grencisinin son délcim  bilissel modelleme
yeterlik duzeyi degerlendirildiginde, Restaurant probleminden 24
puan alarak “Ust duzey modelleme yeterligine sahip.”; Elmali Turta
probleminden 25 puan alarak “ust duzey modelleme yeterligine
sahip.” ve Okulda Zaman probleminden 14 puan alarak “kabul
edilebilir 6lcude modelleme yeterligine sahip.” olarak belirlenmistir.

Siire¢c Boyunca Saglanan Ayrintili Geri Bildirimlerin icerigi

Ilkokul dérdincl sinif 6grencisine, modelleme déngusundeki her bir
yeterlik basamagdina gdre uygulama sureci ve sonrasinda ayrintili geri
bildirim verilerek, bilissel modelleme yeterliklerindeki eksiklerinin
farkina varmasina ve gelistirilmesine calisiimistir. Bu dogrultuda
saglanan geri bildirimlerin iceriginin nasil oldugu, U¢ uygulama
boyunca ayri ayri ele alinarak sunulmustur.

Fasulye Problemi (Birinci Uygulama) Geri Bildirimi

Fasulye probleminin birincisi sorusu icin verilen geri bildirimde,
ogrenciye problemi anladigini gdsteren ifadelere yer verdigi ancak
verilenleri ve istenenleri belirleme surecinde gereksiz degiskenleri de
ele aldigi belirtilmistir. Altinci, sekizinci ve onuncu haftanin verileri ile
matematiksel modeller olusturmaya baslamasi sebebiyle gereksiz
degiskenleri ele aldigi sdylenmistir. Ayrica problemi anlama surecinde,
problemde verilenlerin ve istenenlerin neler oldugunu ve bunlar
arasindaki iliskileri yazili olarak ifade etmesi gerektigi belirtilmistir.
Ardindan ¢o6zum asamasina gecmeden oOnce verilenlerden ve
istenenlerden yola cikarak problemi nasil cozecegdine dair varsayimlar
olusturmasi gerektigi sdylenmis boylece problemi sadelestirme sureci
gerceklestirecegi belirtilmistir. Problemi sadelestirme yeterligine
yoénelik olarak kendisinin, iki farkli fasulye yetistirme kosulu altindaki
her haftanin agirliklarini kullanarak problemi ¢cdzecedini ifade etmesi
nedeniyle bir &lcude kabul edilebilir bir varsayimda bulundugu
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belirtiimistir. Matematiksellestirme yeterliginde aslinda sadece
onuncu hafta verilerini kullanarak veya gun isiginda ve goélgede
haftalik olarak kilo miktarlarini karsilastirarak da modelleme sUrecinin
gergeklestirebilecegi ancak olusturdugu matematiksel modellerde
herhangi bir hata olmadigi belirtiimistir. Matematiksel olarak calisma
yeterliginde ise olusturdugu matematiksel modelleri dogru olarak
¢o6zdugu ifade edilmistir. Yorumlama yeterliginde elde ettigi sonuclara
dayall olarak sadece sayisal karsilastirmalar yaptigi ifade edilmistir.
Bunun yerine buldugu sayisal sonuclarin gercek yasam baglaminda
ne anlama geldigini ifade etmesi gerektigi boylece elde ettigi
matematiksel ¢dzUmu gercek yasam baglaminda yorumlamis
olabilecegdi belirtilmistir. Elde ettigi matematiksel ¢dzUmu gercek
yasam baglaminda dogru yorumlamanin su sekilde olabilecedi
soylenmistir: “En uygun isik kosulu, gun isigidir. Cunkud érnegin birinci
siradaki bitkinin altincr haftada gun isigindaki agirligr 9 kg, gdlgede 5
kg’'dir. Sekizinci haftada gun isigindaki agirligi 12 kg, golgede 9 kg'dir.
Onuncu haftada ise gun isigindaki agirligi 13 kg, gdlgede 15 kg'dir.
Bunu diger siradaki bitkiler icin de inceledigimizde, gun isiginda kilo
artis miktari daha fazladir. Bundan dolayi en uygun isik kosulu, gun
isigidir. Veya her bir hafta ne kadar fasulye miktari oldugunu
belirleyerek de gun isiginin daha ¢ok Grun sagladigini bulabiliriz.
Ornedin gun isigi onuncu hafta 13+14+18+17=62 kg; gdlge onuncu
hafta 15+14+12+13=54 kg.". Ayrica problemde istenen Ali Amca'ya
mektup yazilmasi gorevinin, nasil yapilmasi gerektigi aciklanmistir.
Bunun icin mektupta problemde verilenleri ve istenenleri yazarak
mektuba baslamasi, belirledigi degdiskenlerden problemi nasil
¢c6zdugu, neden bu c¢6zum yolunu tercih ettigini ve elde ettigi
sonucun ne anlama geldigini yazmasi gerektigi belirtilmistir. Son
olarak dogrulama yeterliginde ise herhangi bir yaklasim sergilemedigi
ifade edilmistir. Dogrulama surecinde, problemde verilenleri ve
istenenleri belirleyerek problemi tam olarak anlayip anlamadigini,
olusturdugu varsayimlari, matematiksel modelleri ve matematiksel
modellerin ¢cézUmunNU, elde ettigi matematiksel sonucun problemde
istenilen cevabi karsilayip karsilamadigini ve bu sonucun gergek
yasamda ne anlam ifade ettigini kontrol etmesi eger bir hata varsa
duzeltmesi gerektigi  belirtilmistir. Boylece bundan sonraki
problemlerinde dogrulama yaklasimini nasil yapmasi gerektigine
yoénelik aciklamalarda bulunulmustur.

Fasulye probleminin ikinci sorusu icin verilen geri bildirimde,
ogrencinin uygulama surecinde problemi ¢ézemedigi icin problemi
nasil anlamlandirmasi gerektigi ifade edilmistir. Bunun icin problemde
gun i1siginda ve godlgede haftalik olarak dort ayri siradaki kuru fasulye
bitkisinin agirliklarin verildigi ve bu agirliklara gore on ikinci haftanin
agirhiginin - bulunmasinin istendigini belirterek problemi anlama
surecini gerceklestirebilecegi ifade edilmistir. Ardindan problemi
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sadelestirme yeterligine yoénelik arastirmaci tarafindan problemin
¢OzUmu icin varsayimlar olusturulmustur. Bu dogrultuda gun isiginda
ve goblgede altinci, sekizinci ve onuncu haftanin agirliklari arasindaki
degisime bakilarak  bir ¢dzUm  varsayimi olusturulabilecegdi
belirtilmistir. Matematiksellestirme yeterliginde &grenciye, haftalar
arasindaki agirlik degiskenlerinden yola c¢ikilarak bir 6runtu oldugu
fark ettirilmistir. Haftalar arasindaki agirlik farklarindan yola c¢ikilarak
oruntuler olusturulmus ve gun 1s1g1 ve golgedeki fasulyelerin on ikinci
hafta agirhgi bulunarak matematiksel olarak calisma yeterligi 6grenci
ile birlikte gerceklestirilmistir. Yorumlama yeterliginde buldugumuz
agirliklart gercek yasam baglaminda nasil yorumlayabilecegimiz
tartisiimistir. Dogrulama yeterliginde, verilenleri ve istenenleri dogru
belirleyip belirleyemedigimiz, ¢dzum varsayimimiz, olusturulan
oruntuler, hesaplamalar ve elde ettigimiz matematiksel sonucun
gercek yasam baglamindaki yorumu kontrol edilerek sureg
tamamlanmistir.

Akaryakit istasyonu Problemi (ikinci Uygulama) Geri Bildirimi

Akaryakit istasyonu probleminde &grenciye, problemi anladigini
gosteren ifadelere yer verdigi, verilenleri ve istenenleri bir olcude
belirleyebildigi ancak aralarinda iliski kurmada guc¢luk yasadigi
belirtilmistir. Problemi anlama ve ¢6zumu i¢in varsayimlar olusturma
sUrecinde, evin yanindaki Cukurova'dan mi yakit almak daha karli
yoksa 10 km uzakliktaki Seyhana mi gitmek daha karli bunu
belirlemeye calistigl ancak depoda kalan yakit miktarinin ne kadar
oldugunu bilmedigi i¢cin bir celiski ve gucliuk yasadigi sdylenmistir.
Daha sonra dogrulama surecinde gercek¢i varsayimlar olusturarak,
hatasini duzelttigi ifade edilmistir. OJrencinin olusturdugu gercekgi
varsayimlarin farkina varmasini saglamak icin neleri gbz 6nunde
bulundurdugu yeniden tartismaya acimistir.  Ornedin vyakit
deposunda ne kadar miktar benzin kaldigina yénelik bir varsayimda
bulundugu sdylenmistir. ilk énce “Yakit depomuzu tamamen
doldurmak. Yakit depomuz 45 litre. O yuzden Seyhan'a giderse ek
fiyat olacak. Bence Cukurova'dakine gidebiliriz.”  varsayimini
olusturdugu ardindan “Gidecek kadar yakitimiz var.” varsayimini
olusturarak matematiksellestirme surecine gectigi ifade edilmistir.
Matematiksellestirme surecinde égrencinin, bir dlcude kabul edilebilir
varsayimlara gore dogru matematiksel modelleri olusturdugu
soylenmistir. Ancak ilk olusturdugu matematiksel modelde sadece
Cukurova'dan ve Seyhan'dan yakit aldiginda ne kadar o6deme
yapacagini hesapladigl, Seyhan'a giderken ve Seyhan'dan dénerken
deponun bosalacagini ve bundan dolay! yakit deposunun tamamen
dolmayacagini gdz ardi ettigi ifade edilmistir. Cunku Seyhan'a
giderken ve Seyhan'dan doénerken yakit deposunun Hyundai i20'yi
sectigi icin 10 km'de toplamda gidis-donus 4 litre bosalacagini ve o
boslugun dolmasi gerektigi sdylenmistir. Bu durumu fark ettikten
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sonra yaptigi matematiksel modelin dogru oldugu belirtilmistir.
Yorumlama yeterliginde ise, elde edilen dogru matematiksel ¢cozUmu
gercek yasam baglaminda eksik bir sekilde yorumladigi sdylenmistir.
Kendisinin sadece sayisal karsilastirma yaparak “Seyhan daha karli
ciktl” ifadesinde bulundugu ve bundan dolayl eksik bir sekilde
yorumlama yaptigi ifade edilmistir. Elde ettigi matematiksel ¢c6zumu
gercek yasam baglaminda dogru yorumlamanin su sekilde olmasi
gerektigi belirtilmistir: “Cukurova’dan yakit almamiz durumunda
yapacagimiz odemenin 225 TL, Seyhan'dan yakit almamiz
durumunda yapacagimiz édemenin 196 TL oldugu bulunmustur.
Buna gore bizim Seyhan’a gidip yakit almamiz daha karli olacaktir.
Ayrica bu asamada harcanan zaman, hava Kirliligi, hava sartlari gibi
ek faktorler de gbéz onunde bulundurularak elde edilen ¢cézumu
tekrardan yorumlayabiliriz. 10 km uzakliktaki bir yere gitmek hatta
gidip geri dénmek, bu surecteki yorgunluga, atmosfere salinan
gazlara, havanin yagisli olmasi durumunda yasanabilecek sikintilara
deger mi?" bu baglamda dusundugumde elde ettigimiz ¢dzumu
gercek yasam baglaminda dogru bir sekilde yorumlamis olacagimiz
ifade edilmistir. Bu sefer dnceki problemlerden farkli olarak ilk defa
dogrulama yeterliliginde bulundugu ve dogrulama yeterliliginde
bulunmasli sayesinde dogru matematiksel modele ve ¢6zume ulastigi
sOylenmistir.

Saman Balyasi Problemi (Ugiincii Uygulama) Geri Bildirimi

Saman balyasl probleminde 6grencinin, problemde verilenleri kendi
cUmleleriyle ifade edebildigi, problemde verilenleri sekil cizerek
gosterebildigi ve bu verilenlere gbére problemde neler istendigini
yorumlayabildigi bdylece problemi tam olarak anlamlandirabildigi
soylenmistir. Problemdeki resimde yer alan insandan yola cikarak,
saman balyalarinin yuksekligini hesapladigini bir baska deyisle
resimdeki insanin boyu ile saman balyalarinin yuksekligi arasinda bir
iliski kurarak gercek¢i bir varsayimda bulundugu ifade edilmistir.
Matematiksellestirme surecinde &grencinin, gercekci varsayimlara
gore dogru matematiksel modelleri olusturdugu ve dogru olusturulan
matematiksel modelleri kullanarak dogru matematiksel c¢dzume
ulastigl boylece matematiksel olarak calisma surecini gerceklestirdigi
soylenmistir. Yorumlama yeterliginde ise, elde edilen dogru
matematiksel ¢c6zumu gercek yasam baglaminda eksik bir sekilde
yorumladigi sdylenmistir. Ulastigi matematiksel ¢c6zum dogrultusunda
kismen gercek yasam sonucunu bulmus sayilsa da saman balyalarinin
Ustten alta dogru birbirlerine uyguladigi basincin artmasi ile bir cokme
meydana gelecedini ve bundan dolay! buldugu yukseklikten daha az
cikacagini  belirtmedigi icin elde ettigi sonucu gercek yasam
baglaminda eksik bir sekilde yorumladigi égrenciye ifade edilmistir.
Dogrulama yeterligine yonelik olarak ise sUrecin en basindan itibaren
yaptiklarini gozden gecirdigi, problemi yeniden anlamlandirarak bunu
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sozlU olarak ifade ettigi, olusturdugu varsayimi degerlendirerek
matematiksel modelini ve yaptigi tum islemleri yeniden kontrol ettigi
soylenmistir. Ayrica, problemde kendisinden buldugu sonucu yazili
olarak veya bir mektup ile ifade etmesini istemedigi halde tum
surecini yazili olarak ifade ettigini bdylece yorumlama surecini
gerceklestirdigi belirtilmistir. Son olarak Tablo 7'de ayrintili geri
bildirimin uygulama surecinde nasil kullanildigina dair genel bir
cerceve sunulmustur.

Tablo 6
Ayrintili Geri Bildirimin Uygulama Surecindeki Kullanimi

Olciitler Ayrintili Geri Bildirim

Problemi Anlama e Problemi anlamadigini veya bir Olcude
anladigini  gosteren ifadelere yer verme,
verilenleri ve istenenleri belirleyememe veya
bir olcude belirleyebilme ve aralarinda iliski
kuramama/yanlis iliski kurma durumlarinda
ogrenciye, problemi dogru bir sekilde
anlamadiginin  ifade edilmesi, problemi
tekrardan okumasi ve kendi cumleleriyle ne
anladigini ifade etmesinin istenmesi. Eger bu
yeterligi gerceklestiremezse problemi nasil
anlamasini gerektiginin ifade edilmesi.

e Problemi tam olarak anlamlandirildigini
gosteren ifadelere yer verme, verilenleri ve
istenenleri belirleme ve aralarinda iliski kurma
durumlarinda 0ogrenciye, problemi dogru
anladiginin ifade edilmesi ve bir sonraki
asamaya gecilmesi.

Problemi e Problemi sadelestirmeme veya bir o&lcude
Sadelestirme sadelestirme, gerekli/gereksiz  degiskenleri
belirlememe veya bir olcude belirleme ve
yanlis varsayimlarda veya bir olcude kabul
edilebilir varsayimlarda bulunma durumlarinda
ogrenciye, ¢6zdugu problem durumuna gdére
beyin firtinasi yapmasini sagdlayacak sorular

sorulmasi ve gercekgi varsayimlarda
bulunmasinin saglanmasi. Eger bu yeterligi
gerceklestiremezse nasil gercekgi
varsayimlarda bulunabileceginin aciklanmasi.
e Problemi sadelestirme, gerekli/gereksiz
degiskenleri belirleme ve gercekgi
varsayimlarda bulunma durumlarinda,

ogrenciye varsayiminin problemin ¢ézumu icin
gecerli oldugunun ifade edilmesi ve bir sonraki
asamaya gegilmesi.
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Tablo 6

Ayrintili Geri Bildirimin Uygulama Sdrecindeki Kullanimi (devam)

Matematiksellestirme e Matematiksel model/ler olusturmama veya
eksik/hatal matematiksel model/ler
olusturma durumlarinda ogrenciye,
olusturdugu mMatematiksel modelin
problemin  ¢ézUmud4  i¢cin  dogru  olup
olmadidina dair beyin firtinasi yapmasini
saglayacak sorular sorulmasi ve gercekci
varsayimlara gore gerekli matematiksel
model/leri dodru bir sekilde olusturmasinin
saglanmasi. Eger bu yeterligi
gerceklestiremezse nasil gercekgi
varsayimlara goére matematiksel model/ler
olusturabileceginin gdésterilmesi.

e Gercekgi varsayimlara goére gerekli
matematiksel model/leri dodru bir sekilde
olusturma, model/modelleri aciklama ve
birbiriyle iliskilendirme durumlarinda
ogrenciye, olusturdugu Mmatematiksel
modelin dogru oldugunun ifade edilmesi ve
bir sonraki asamaya gecilmesi.

Matematiksel Olarak e Matematiksel ¢6zUm sunmama, olusturulan
Calisma matematiksel modelleri yanlis ¢6zme veya

yanlis matematiksel modeli ¢ozmeye calisma
durumlarinda &grenciye, ¢dzUm surecini
sorgulatmaya yodnelik sorular sorulmasi,

hatalarinin farkina vardirilmasi ve
matematiksel modeli dogru ¢dzmesinin
saglanmasi. Eger bu yeterligi
gerceklestiremezse olusturulan
matematiksel modelin nasil

¢Ozulebilecegdinin gosterilmesi.

e Dogru olusturulan matematiksel model/leri
kullanarak dogru matematiksel ¢dzUme
ulasma durumlarinda 6grenciye, ¢cézUmunun
dogru oldugunun ifade edilmesi ve bir
sonraki asamaya gecilmesi.
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Tablo 6

Ayrintili Geri Bildirimin Uygulama Sdrecindeki Kullanimi (devam)

Yorumlama e Elde edilen matematiksel ¢cézumu gercek
yasam baglaminda yanlis yorumlama veya hig
yorumlamama, elde edilen dogru
matematiksel ¢cdzuUMU gercek yasam

baglaminda eksik bir sekilde yorumlama
durumlarinda 6grenciye, baska nasil sekillerde
yorumlayabilecegi sorularak gercek yasam
baglaminda yorumlama yeterligini ortaya
cikarilmasinin saglanmasi. Eger bu yeterlidi
gerceklestiremezse elde edilen dogru
matematiksel ¢cdzuUMU gercek yasam
baglaminda nasil dogru bir sekilde
yorumlayabileceginin aciklanmasi.

e Elde edilen dogru matematiksel ¢dzUmu
gercek yasam baglaminda dogru bir sekilde
yorumlama durumlarinda ogrenciye,
yorumunun gergek yasam  baglaminda
oldugunun ifade edilmesi ve bir sonraki
asamaya gecilmesi.

Dogrulama e Dogrulama yaklasiminda bulunmama veya
yanlis dogrulama yapma, kismen/bir oélcude
dogrulama yaklasiminda bulunma, hatalar
belirlenmesine ragmen bu hatalari
duzeltmeme veya belirlenen hatalari bir élcude
duzeltme durumlarinda 6grenciye, dogrulama
yaklasiminin dogru olmadiginin ve nasil olmasi
gerektiginin buldurulmaya calisiimasi ve ifade
edilmesi. Eger bu yeterligi gerceklestiremezse
nasil  dogrulama yaklasiminda bulunmasi
gerektiginin ifade edilmesi.

e Dogrulama yaklasiminda bulunma, belirlenen
hatalari duzeltme durumlarinda &grenciye,
dogrulama yaklasiminin dogru oldugunun
ifade edilmesi ve sUrecin tamamlanmasi.

Tartisma ve Sonug¢

Problemi anlama yeterliginde ogrencinin, ilk haftada problemi
anlamlandirmadan, gerekli-gereksiz  degiskenleri  belirlemeden
dogrudan matematik dunyasina gecis yaptigi goérulmustur. Ancak bu
yeterlige yonelik saglanan ayrintili  geri  bildirimler sayesinde
ogrencinin ilerleyen haftalarda artik problemi anlayarak okudugu,
verilenleri ve istenenleri belirleyebildigi, aralarinda iliski kurabildigi ve
bu dusuncelerini yazil olarak ifade edebildigi belirlenmistir. English ve
Watters'in (2004) arastirmasinda bu yas grubundaki ogrencilerin
cesitli format ve temsillerde sunulan veriyi anlamada ve yorumlamada
zorlandigr sonucuna ulasiimistir. Bu yas grubundaki (10 yas)
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ogrencilerle yapilan benzer calismalarda da &grencilerin problemi
durumunu anlamlandirma sUrecinde guc¢luk yasadiklarini ortaya
koymaktadir (Sahin, 2019; Sahin ve Eraslan, 2016). Benzer sekilde bu
arastirmada da &grencinin, problemi anlama surecinde guUgluk
yasamasina ragmen, problemi anlama yeterlige yonelik saglanan
ayrintili geri bildirimler sayesinde gelisim gésterdigi gdérulmustur. Bu
dogrultuda yapilan arastirmalar, 6gretme ve 6grenme faaliyetlerini
degistirmek icin ayrintili geri bildirimin etkili bilgiler sagladigini
vurgulamaktadir (Asempapa ve Foley, 2018). Paralel olarak égrenciye
verilen modelleme sureci bilgisinin, modelleme yeterliklerinin gelisimi
uzerinde olumlu bir etkisi oldugu belirtilmektedir. (Maal3, 2006; Kaiser
ve digerleri, 2010).

Farkli yas gruplarindan ogrencilerle yapilan pek cok calismada,
ogrencilerin problem durumuna uygun varsayim olusturmakta ve
problemi sadelestirmekte gucluk yasadiklarini vurgulamaktadir (Blum,
2015; Chan ve digerleri, 2012; Haines ve Crouch, 2007; Maaf, 2006).
Benzer sekilde bu arastirmada da 6grencinin, problemi sadelestirme
surecinde zorlanmasina ragmen bu yeterlige yonelik saglanan ayrintili
geri bildirimler sayesinde gelisim gosterdigi gorulmustur. Bu tur
sdylemlere, eylemlere ve cevaplara 6zgu ayrintii geri bildirimin,
ogrenci basarisini, 6zellikle 6grenme verimliligini daha fazla artirdigi
yoénunde calismalar bulunmaktadir (Corbett ve Anderson, 2001; Mory,
2004, Shute ve digerleri, 2007). Bir baska deyisle belirli bir amaca ve
hedefe yonelik ayrintili geri bildirimler, dgrencilerin 6grenme ve gdrev
performanslarini artirmaktadir (Asempapa ve Foley, 2018; Diefes-Dux
ve digerleri, 2012; Greefrath ve Vorholter, 2016; Shute, 2008; Wake,
2010).

Matematiksellestirme ve matematiksel olarak calisma yeterliginde
ogrencinin, ilk haftalarda bir dlcude kabul edilebilir varsayimlara dayali
dogru matematiksel modeller olusturduklari, son haftalarda ise
gercekci  varsayimlara goére dogru matematiksel  modeller
olusturduklari belirlenmistir. English (2007), 8-9 yas araligindaki
cocuklarla gerceklestirdigi  modelleme calismasinda, bu yas
grubundaki ogrencilerin  nitel veriyi nicellestirebildigini ifade
etmektedir. Benzer sekilde bu arastirmada da surecin sonuna dogru
ogrencilerin sozel ifadeleri giderek matematiksellesmis ve gercekci
varsayimlara uygun olan matematiksel modeller olusturmustur. Bu
kapsamda model olusturma etkinliklerinin karmasik yapisi ve sureg
icerisinde &grenciden beklenen yuksek bilissel gédrev talepleri
nedeniyle 6grencilere hem surecg icerisinde hem de sUre¢ sonrasindaki
cozumlerine yoénelik bicimlendirici geri bildirimler verilmesi gerektigi
vurgulanmaktadir (Asempapa ve Foley, 2018; Besser ve digerleri, 2013;
Besser ve digerleri, 2015; Diefes-Dux ve digerleri, 2012; GAIMME Raporu,
2016; Levy ve digerleri, 2016, Wake, 2010). Geri bildirim, ogrenci
ogrenmesini  gelistirmek amacliyla &grencinin dusuUncesini veya
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davranisini degistirmeyi amacglayan ve bu dogrultuda &grenciye
iletilen bilgiler olarak tanimlanmaktadir (Shute, 2008). Modelleme
surecinde de o&grencilere saglanacak bir destek olarak geri
bildirimlerin, modelleme yeterliklerin gelisimine katki sagladigi
goérulmustur. Bu dogrultuda arastirmada da &grenciye saglanan
ayrintili geri bildirimler sayesinde ilerleyen haftalarda ogrencinin
dogrulama yeterligini kazanmasi sayesinde olusturdugu matematiksel
modellerin ¢6zUmu surecindeki hatalarini fark ettigi ve bu hatalarini
duzelterek modelleri dogru olarak ¢ézdugu gorulmuastuar.

Geri bildirimin temel amaci, matematiksel icerik alanlarinda (6rnegin,
sayllar ve islemler, geometri, 6lcme, veri isleme) veya genel becerilerde
(6rnegin, problem ¢ézme, modelleme, aritmetik islemler yapma)
ogrenci bilgilerini, becerilerini ve anlayislarini arttirmay! saglamaktir
(Besser ve digerleri, 2013, Besser ve digerleri, 2015; Greefrath ve
Vorhoélter, 2016; Shute, 2008; Wake, 2010). Geri bildirim, uygun olmayan
problem ¢6zme stratejilerini, islem hatalarini veya kavram yanilgilarini
duzeltmek icin o6grenciye yararl olabilecek bilgiler saglamaktadir
(Mason ve Bruning, 2001, Mory, 2004; Narciss ve Huth, 2004). Bu
anlamda bu calismada, model olusturma etkinlikleri suresince
ogrenciye hem surec¢ icerisinde hem de sure¢ sonunda ihtiyag
duydugu alanlarda (problemi anlama, varsayim olusturma, problem
¢cbzme stratejisi belirleme, model olusturma, islem hatalari, kavram
yanilgilari, yorumlama, dogrulama) ayrintili geri bildirim saglanarak
modelleme yeterlikleri gelistirilmistir. Hedefe yonelik sdylemlere,
eylemlere ve cevaplara 6zgu geri bildirimin, 6grenci basarisini, dzellikle
ogrenme artirdigr yonunde calismalar bulunmaktadir (Corbett ve
Anderson, 2001, Mory, 2004; Shute ve digerleri, 2007). Ayrica hedefe
yénelik  geri  bildirimler, o6grencilerin  6grenme ve  gobrev
performanslarini artirmaktadir (Asempapa ve Foley, 2018; Diefes-Dux
ve digerleri, 2012; Greefrath ve Vorholter, 2016; Shute, 2008; Wake,
2010).

Yorumlama yeterliginde &grenciye bu yeterlige iliskin ayrintili geri
bildirimler verilmesine ragmen yine de bu yeterligi sergilemekte
zorlandigr goérulmustur. Bununla birlikte yorumlama yeterligi
kapsaminda degerlendirilen sonucu yazili olarak ifade etme surecinde
ogrencinin ilk haftalarda elde ettigi matematiksel ¢6zume nasil
ulastigini yazili olarak ifade edemedigi ancak ilerleyen haftalardaki
problem durumlarinda istenmemis olmasina ragmen kendiliginden
bu eylemi gerceklestirdigi gdérulmustur. Benzer sekilde bu yas grubu
ile yapilan calismalarda da ogrencilerin elde ettikleri matematiksel
sonucu Yyazili bir forma dénusturmede gucluk yasadiklarl ifade
edilmektedir (English, 2006; English ve Watters, 2004, 2005; Sahin,
2019). Bu baglamda yapilan calismalar o6grencilerin  modelleme
problemleri Uzerinde calisirken, kendi modellerini
yorumlayabilecekleri ve gercek hayat durumu ile modellerini
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yorumlayabilecekleri ortamlarin saglanmasi gerektigini
vurgulamaktadir (Blum ve Borremeo Ferri, 2009; Haas ve digerleri,
2020; Suh ve digerleri, 2021). Ayrica geribildirimin, ozellikle calisilan
konu Uzerindeki deneyimi az olan ve karmasik bir problem c¢dzme
gorevi ile karsilasan dusuk yetenekli 6grencilerin, bilissel yukunu
azalttigi vurgulanmaktadir (Moreno, 2004, Paas ve digerleri, 2003).

Dogrulama yeterliginde &grencinin, ilk haftalarda bu yeterligi hig
gerceklestirmedigi ancak ilerleyen haftalarda bu yeterlige yonelik
saglanan ayrintili geri bildirimler sayesinde dogrulama yeterligini
gosterdigi  belirlenmistir. Hem uygulama surecinde hem surecg
sonunda arastirmaci tarafindan 6grenciye sadece islem hatalarini
dedil problemi dogru anlayip anlamadigl, ¢dzum varsayimlarini,
olusturdugu matematiksel modelin dogrulugunu, matematiksel
¢cozumlerinde islem hatasi yapip yapmadigini kontrol etmesi
gerektigine dair geri bildirimler verilmistir. Bu geri bildirimler
sayesinde 0Ogrencinin  dogrulama yeterliginde gelisim oldugu
belirlenmistir. OJrencinin bu yeterligi kazanmasi ile hatalarini fark
ettigi ve bu hatalarini duzelterek matematiksel modellerini dogru
olarak ¢6zdugu gorulmustur. Amaca ve hedefe yonelik saglanan geri
bildirimlerin, uygun olmayan problem c¢dézme stratejilerini, islem
hatalarini ve kavram yanilgilarini duzeltmek icin &grenciye yararli
bilgiler sagladigini vurgulayan calismalar bulunmaktadir (Mason ve
Bruning, 2001; Mory, 2004, Narciss ve Huth, 2004). Cunku
bicimlendirici degerlendirme, bireyin gelisimini ve sure¢ icerisinde
hala gelistiriimesi gereken yoénlerin olup olmadigini ortaya koymasinin
yani sira bireye mevcut durumunu anlama ve farkindalik kazanmada
destek olmaktadir (Black ve digerleri, 2004).

Oneriler

Bu calisma ile bir ilkokul dérduncu sinif 6grencisine her bir modelleme
yeterliklerine yonelik saglanan ayrintili geri bildirimler sayesinde
ogrencinin modelleme yeterliklerinde gelisim oldugu gorulmustar. Bu
calismanin sonugclarl butuncul tek durum deseni olarak bir 6grenci ve
bes haftalik bir uygulama ile sinirlidir. Benzer bir calisma deneysel veya
baska arastirma yontemleri ile gerceklestirilerek karsilastirmali
calismalar yapilabilir. ilkokul dérdinct sinif égrencisi ile yapilan bu
calismada kullanilan model olusturma etkinlikleri ve ayrintil geri
bildirimler, ilkokul donemindeki farkl sinif duzeylerine uygulanarak
karsilastirmali calismalar yapilabilir. Bu calismada Borromeo Ferri'nin
(2006) bilissel matematiksel modelleme yeterlikleri kapsaminda
degerlendirme yapilmistir. Baska calismalarda daha farkli modelleme
dénguleri ele alinarak &grencilerin modelleme  yeterlikleri
degerlendirilebilir ve gelistirilebilir.  Ayrica baska calismalarda
matematiksel modelleme yeterliklerinin gelisiminde etkili olabilecek
daha farkli 6gretim ve 6grenme yollari denebilir.
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Yazar Cikar Catismasi Bilgisi: Yazarlarin beyan edecedi bir c¢ikar
catismasi yoktur.

Yazar Katkisi: Yazarlar calismanin tum kisimlarina esit dizeyde katki
saglamislardir.

Kaynakc¢a

Asempapa, R. S, & Foley, G. D. (2018). Classroom assessment of mathematical
modeling tasks. Education Research Highlights in Mathematics,
Science and Technology, 6, 1-20.

Besser, M., Blum, W., & Klimczak, M. (2013). Formative assessment in every-
day teaching of mathematical modelling: implementation of written
and oral feedback to competency-oriented tasks. G. Stillman, W. Blum,
J. Brown ve G. Kaiser (Eds.), Teaching mathematical modelling:
Connecting to research and practice (pp. 469-478) icinde. Springer.
https://doi.org/10.1007/978-94-007-6540-5_40

Besser, M., Blum, W., & Leiss, D. (2015). How to support teachers to give
feedback to modelling tasks effectively? Results from a teacher-
training-study in the Co2CA project. In G. Stillman, W. Blum ve M. S.
Biembengut (Eds.), Mathematical modelling in education research
and practice: Cultural, social and cognitive influences (pp.151-160).
Springer. https://doi.org/10.1007/978-3-319-18272-8

Black, P., & Wiliam, D. (1998). Inside the black box: Raising standards through
classroom assessment. Phi Delta Kappan 80(2), 139-148.

Black, P., Harrison, C,, Lee, C., Marshall, B., & Wiliam, D. (2004). Working inside
the black box: Assessment for learning in the classroom. Phi Delta
Kappan, 86(1), 9-21.

Bliss, K., & Libertini, J. (2016). What is mathematical modeling? InS. Garfunkel
& M. Montgomery (Eds.), GAIMME: Guidelines for assessment &
instruction in mathematical modeling education (pp. 7-21). Society for
Industrial and Applied Mathematics SIAM.

Blomhgj, M. (2011). Modelling competency: Teaching, learning and assessing
competencies-Overview. In Kaiser, G., Blum, W., Borromeo Ferri, R., &
Stillman, G. (Eds.), Trends in Teaching and Learning of Mathematical
Modelling (pp. 343-347). Springer. https://doi.org/10.1007/978-94-007-
0910-2_34

Blomhgj, M., & Jensen, T. H. (2003). Developing mathematical modelling
competence: Conceptual clarification and educational planning.
Teaching Mathematics and its Applications, 22(3), 123-139.
https://doi.org/10.1093/teamat/22.3.123

63


https://doi.org/10.1007/978-94-007-6540-5_40
https://doi.org/10.1007/978-3-319-18272-8
https://doi.org/10.1007/978-94-007-0910-2_34
https://doi.org/10.1007/978-94-007-0910-2_34
https://doi.org/10.1093/teamat/22.3.123

PAUEFD, 62, 29-71 [2024] B. Canbazoglu Albayrak ve E. Bukova Glzel https://doi.org/10.9779/pauefd. 1290603

Blum, W. (2015). Quality teaching of mathematical modelling: What do we
know, what can we do? In S. J. Cho (Ed.), Proceedings of the 12th
international congress on mathematical education: Intellectual and
attitudinal challenges (pp. 73-96). Springer. https://doi.org/10.1007/978-
3-319-12688-3

Borromeo Ferri, R. (2006). Theoretical and empirical differentiations of phases
in the modelling process. ZDM, 38(2), 86-95.
https://doi.org/10.1007/BF02655883

Blum, W., & Borromeo Ferri, R. (2009). Mathematical modelling: Can it be
taught and learnt?. Journal of Mathematical Modelling and
Application, 1(1), 45-58.

Canbazogdlu, H. B. ve Tarim, K. (2021). ilkokulda matematiksel modelleme icin
bir d3retim sureci. Dokuz Eylul Universitesi Buca Egitim Fakultesi
Dergisi, (51), 210-225. https://doi.org/10.53444/deubefd.82536]

Canbazoglu Albayrak, H. B. ve Tarim, K. (2023). ilkokul dénemi 6grencilerinin
bilissel matematiksel modelleme yeterlikleri. SDU International
Journal of Educational Studies, 10(1), 1-21.
https://doi.org/10.33710/sduijes.1191490

Carlson, M. A, Wickstrom, M. H., Burroughs, E. A, & Fulton, E. W. (2016). A case
for mathematical modeling in the elementary school classroom. In C.
R. Hirsch & A. R. McDuffie (Eds.), Mathematical modeling and
modeling mathematics (pp. 121-129). National Council of Teachers of
Mathematics.

Carlson, M., Larsen, S., & Lesh, R. (2003). Integrating a models and modeling
perspective with existing research and practices. In R. Lesh & H. Doerr
(Eds), Beyond constructivism: Models and modeling perspectives on
mathematics problem solving, learning, and teaching (pp. 465-478).
Lawrence Erlbaum Associates.

Chan, C. M. E,, Ng, K. E. D., Widjaja, W., & Seto, C. (2012). Assessment of primary
5 students' mathematical modelling competencies. Journal of Science
and Mathematics Education in Southeast Asia, 35(2), 146-178.

Corbett, A. T., & Anderson, J. R. (2001). Locus of feedback control in computer-
based tutoring: Impact on learning rate, achievement and attitudes. In
Jacko, J.,, Sears, A., Beaudouin-Lafon, M. & Jacob, R. (Eds.), Proceedings
of ACM CHI'2001 Conference on Human Factors in Computing
Systems (pp. 245-252). ACM Press. https://doi.org/10.1145/365024.365111

Diefes-Dux, H. A,, Zawojewski, J. S., Hjalmarson, M. A,, & Cardella, M. E. (2012). A
framework for analyzing feedback in a formative assessment system
for mathematical modeling problems.Journal of Engineering
Education, 101(2), 375-406. https://doi.org/10.1002/].2168-
9830.2012.tb00054%.x

Doerr, H. M, & English, L. D. (2003). A modeling perspective on students'
mathematical reasoning about data.Journal for Research in
Mathematics Education, 34(2), 10-136.
https://doi.org/10.2307/30034902

64


https://doi.org/10.1007/978-3-319-12688-3
https://doi.org/10.1007/978-3-319-12688-3
https://doi.org/10.1007/BF02655883
https://doi.org/10.53444/deubefd.825361
https://doi.org/10.33710/sduijes.1191490
https://doi.org/10.1145/365024.365111
https://doi.org/10.1002/j.2168-9830.2012.tb00054.x
https://doi.org/10.1002/j.2168-9830.2012.tb00054.x
https://doi.org/10.2307/30034902

PAUEFD, 62, 29-71 [2024] B. Canbazoglu Albayrak ve E. Bukova Glzel https://doi.org/10.9779/pauefd. 1290603

English, L. (2012). Data modelling with first-grade students. Educational
Studies in Mathematics, 81(1), 15-30. https://doi.org/10.1007/s10649-011-
9377-3

English, L. D. (2006). Introducing young children to complex systems through
modeling. In M.  Chinnappan, P.  Grootenboer & R.
Zevenbergen (Eds.), Proceedings of the 29th Annual Conference of the
Mathematics Education Research Group of Australasia (pp. 195-202).
MERGA Inc.

English, L. D. (2007). Interdisciplinary modelling in the primary mathematics
curriculum. In J. Watson & K. Beswick (Eds.), Mathematics: Essential
Research, Essential Practice (pp. 275-284). MERGA Inc.

English, L. D., & Watters, J. J. (2004). Mathematical modelling with young
children. International Group for the Psychology of Mathematics
Education, 2, 335-342.

English, L. D., & Watters, J. J. (2005). Mathematical modeling in third-grade
classrooms. Mathematics Education Research Journal, 16, 59-80.
https://doi.org/10.1007/BF03217401

Goldin, G. (2000). A scientific perspective on structures, task-based interviews
in mathematics education research. In R. Lesh & A. E. Kelly (Eds.),
Research design in mathematics and science education (pp. 547-
590). Lawrence Erlbaum Associates, Inc., Publishers.

Greefrath, G., & Vorholter, K. (2016). Teaching and learning mathematical
modelling: Approaches and developments from German speaking
countries. Springer Nature. https://doi.org/10.1007/978-3-319-45004-9

Haas, B., Kreis, Y., & Lavicza, Z. (2020). Connecting the real world to
mathematical models in elementary schools in
Luxemburg. Proceedings of the British Society for Research into
Learning Mathematics, 40(2), 1-6.

Haines C., & Crouch R. (2007). Mathematical modelling and applications:
Ability and competence frameworks. In W. Blum, P. L. Galbraith, H. W.
Henn, & M. Niss (Eds.), Modelling and applications in mathematics
education (pp. 417-424). Springer. https://doi.org/10.1007/978-0-387-
29822-1_46

Hattie, J., & Timperley, H. (2007). The power of feedback. Review of
Educational Research, 77(1), 81-112.
https://doi.org/10.3102/003465430298487

Kaiser, G., & Sriraman, B. (2006). A global survey of international perspectives
on modelling in mathematics education. ZDM, 38(3), 302-310.
https://doi.org/10.1007/BF02652813

Kaiser, G., Schwarz, B, & Tiedemann, S. (2010). Future teachers’ professional
knowledge on modeling. In R. Lesh, P. L. Galbraith, C. R. Haines & A.
Hurford (Eds.), Modeling students’ mathematical modeling
competencies (pp. 433-444). Springer. https://doi.org/10.1007/978-1-
4419-0561-1_37

65


https://doi.org/10.1007/s10649-011-9377-3
https://doi.org/10.1007/s10649-011-9377-3
https://doi.org/10.1007/BF03217401
https://doi.org/10.1007/978-3-319-45004-9
https://doi.org/10.1007/978-0-387-29822-1_46
https://doi.org/10.1007/978-0-387-29822-1_46
https://doi.org/10.3102/003465430298487
https://doi.org/10.1007/BF02652813
https://doi.org/10.1007/978-1-4419-0561-1_37
https://doi.org/10.1007/978-1-4419-0561-1_37

PAUEFD, 62, 29-71 [2024] B. Canbazoglu Albayrak ve E. Bukova Glzel https://doi.org/10.9779/pauefd. 1290603

Kulhavy, R. W., & Stock, W. (1989). Feedback in written instruction: The place
of response certitude. Educational Psychology Review, 1(4), 279-308.
https://doi.org/10.1007/BF01320096

Lesh, R. A, & Doerr, H. M. (2003). Foundations of a models and modeling
perspective on mathematics teaching and learning. In R. A. Lesh & H.
Doerr (Eds.), Beyond constructivism: Models and modeling
perspectives on mathematics problem solving, learning, and
teaching (pp. 3-34). Lawrence Erlbaum Associates Publishers.

Levy, R, Zbiek, R. M., Galluzzo, B., & Long, M. (2016). Mathematical modeling in
the early and middle grades: Prekindergarten through grade 8. In S.
Garfunkel & M. Montgomery (Eds.), GAIMME: Guidelines for
assessment & instruction in mathematical modeling education (pp.
23-43). Society for Industrial and Applied Mathematics SIAM.

Maaf3, K. (2006). What are modelling competencies? ZDM, 38(2), 113-142.
https://doi.org/10.1007/BF02655885

Maaf3, K, & Mischo, C. (2011). Implementing modelling into day-to-day
teaching practice-The project STRATUM and its framework. Journal
Fir Mathematik-Didaktik, 1(32), 103-131. https://doi.org/10.1007/s13138-
010-0015-x

Mason, B. J., & Bruning, R. (2001). Providing feedback in computer-based
instruction: What the research tells us. Center for Instructional
Innovation, University of Nebraska-Lincoln.

Miles, M. B, & Huberman, A. M. (2016). Qualitative data analysis: An
expanded sourcebook. Sage Publications.

Milli Egitim Bakanhgi [MEB]. (2018). ilkokul matematik (1-4. Siniflar) dersi
ogretim programi. Ankara: Talim Terbiye Baskanhgi Yayinlari.

Moreno, R. (2004). Decreasing cognitive load for novice students: Effects of
explanatory versus corrective feedback in discovery-based
multimedia. Instructional Science, 32, 99-113.
https://doi.org/10.1023/B:.TRUC.0000021811.66966.1d

Mory, E. H. (2004). Feedback research review. In D. Jonassen (Ed.), Handbook
of research on educational communications and technology (pp. 745-
783). Lawrence Erlbaum.

Narciss, S., & Huth, K. (2004). How to design informative tutoring feedback for
multimedia learning. H. M. Niegemann, D. Leutner & R. Brunken (Eds.),
Instructional design for multimedia learning (pp. 181-195). Waxmann.

National Research Council [NRC] (2001). Adding it Up: Helping Children Learn
Mathematics. Washington, DC: National Academy Press.

Organisation for Economic Co-operation and Development [OECD]. (2023a).
PISA 2022 assessment and analytical framework. Paris. OECD
Publishing.

Organisation for Economic Co-operation and Development [OECD]. (2023b).
PISA 2022 results (Volume |[): The state of learning and equity in
education. Paris: OECD Publishing.

66


https://doi.org/10.1007/BF01320096
https://doi.org/10.1007/BF02655885
https://doi.org/10.1007/s13138-010-0015-x
https://doi.org/10.1007/s13138-010-0015-x
https://doi.org/10.1023/B:TRUC.0000021811.66966.1d

PAUEFD, 62, 29-71 [2024] B. Canbazoglu Albayrak ve E. Bukova Glzel https://doi.org/10.9779/pauefd. 1290603

Paas, F., Renkl, A., & Sweller, J. (2003). Cognitive load theory and instructional
design: Recent developments. Educational Psychologist, 38, 1-4.
https://doi.org/10.1207/S15326985EP3801_1

Shute, V. J. (2008). Focus on formative feedback. Review of Educational
Research, 78(1), 153-189. https.//doi.org/10.3102/0034654307313795

Shute, V. J,, Hansen, E. G.,, & Almond, R. G. (2007). An assessment for learning
system called ACED: Designing for learning effectiveness and
accessibility. ETS Research  Report  Series, 2007(2), i-45.
https://doi.org/10.1002/j.2333-8504.2007.tb02068.x

Steen, L. A, Turner, R, & Burkhardt, H. (2007). Developing mathematical
literacy. Modelling and applications in mathematics education: The
14th ICMI study (pp. 285-294). Springer US.

Suh, J,, Matson, K, Seshaiyer, P., Jamieson, S., & Tate, H. (2021). Mathematical
modeling as a catalyst for equitable mathematics Instruction:
Preparing teachers and young learners with 2Ist century
skills. Mathematics, 9(2),162. https://doi.org/10.3390/math9020162

Sahin, N. (2019). ilkokul 4. sinif 6grencilerinin bilissel modelleme yeterliklerinin
belirlenmesi ve degerlendiriimesi. [Doktora tezi, Ondokuz Mayis
Universitesi]. Ulusal Tez Merkezi.

Sahin, N. ve Eraslan, A. (2016). ilkokul 6grencilerinin modelleme slrecleri: Suc
problemi. Egitim ve Bilim, 41(183), 47-67.
http://dx.doi.org/10.15390/EB.2016.6011

Sahin, N. ve Eraslan, A. (2017). Fourth-grade primary school students’ thought
processes and challenges encountered during the butter beans
problem. Educational Sciences: Theory & Practice, 17(1), 105-127.
https://doi.org/10.12738/estp.2017.1.0038

Tekin Dede, A. (2015). Matematik derslerinde &grencilerin  modelleme
yeterliklerinin gelistiriimesi: Bir eylem arastirmasi. [Doktora tezi, Dokuz
Eylul Universitesi]. Ulusal Tez Merkezi.

Tekin-Dede, A. ve Bukova-Guzel, E. (2018). A rubric development study for the
assessment of modeling skills. The Mathematics Educator, 27(2), 33-

72.
Tran, D. & Dougherty, B. J. (2014). Authenticity of mathematical
modeling. The Mathematics Teacher, 107(9), 672-678.

https://doi.org/10.5951/mathteacher.107.9.0672

Ulu, M. (2017). Examining the mathematical modeling processes of primary
school 4th-grade students: Shopping problem. Universal Journal of
Educational Research, 5(4), 561-580.
https://doi.org/10.13189/ujer.2017.050406

Verschaffel, L, De Corte, E., & Vierstraete, H. (1999). Upper elementary school
pupils’ difficulties in modeling and solving nonstandard additive word
problems involving ordinal numbers. Journal for Research in
Mathematics Education, 30(3), 265-285. https://doi.org/10.2307/749836

67


https://doi.org/10.1207/S15326985EP3801_1
https://doi.org/10.3102/0034654307313795
https://doi.org/10.1002/j.2333-8504.2007.tb02068.x
https://doi.org/10.3390/math9020162
http://dx.doi.org/10.15390/EB.2016.6011
https://doi.org/10.12738/estp.2017.1.0038
https://doi.org/10.5951/mathteacher.107.9.0672
https://doi.org/10.13189/ujer.2017.050406
https://doi.org/10.2307/749836

PAUEFD, 62, 29-71 [2024] B. Canbazoglu Albayrak ve E. Bukova Glzel https://doi.org/10.9779/pauefd. 1290603

Wake, G. (2010). Modelling and formative assessment pedagogies mediating
change in actions of teachers and learners in mathematics
classrooms. In V. Durand-Guerrier, S. Soury-Lavergne & F. Arzarello
(Eds.), Proceedings of CERME 6 (pp. 2086-2095). Institut Francais de
Education.

Watters, J. J., English, L. D., & Mahoney, S. (2004). Mathematical modeling in
the elementary school. American Educational Research Association
Annual Meeting (pp. 1-12). San Diego.

Yamane, T. (2009). Temel érnekleme yontemleri. Literatur Yayincilik.

Yildirim, A. ve Simsek, H. (2016). Sosyal bilimlerde nitel arastirma yontemleri.
(10. Baski). Seckin Yayincilik.

Yin, R. K. (2017). Durum calismasi arastirmasi uygulamalari (I. Gunbayi, Cev.).
Nobel Akademik Yayincilik.

Ek A. Uygulanan Matematiksel Modelleme Problemleri
RESTAURANT PROBLEMiI

McDees restauranti yodneticisi, insanlara “Neden McDees'i tercih
ediyorsunuz?” sorusunu sorarak insanlarin McDees'e gelmelerinin en
onemli 5 sebebini bulmaya calismaktadir. Bunun icinde 10 Kkisi ile
anket yapmistir. insanlar, “patates kizartmasi, hamburger, cocuk
menuleri, hizli olmasi ve fiyat” durumlarina gdére dnem derecelerini
1'den 5'e kadar puanlamislardir. 1 puan, en dusuk; 5 puan ise en yuksek
onem derecesidir. Asagidaki tabloda anket sonuclari gosterilmektedir.

GOREVINiz

Asagidaki verileri kullanarak insanlarin tercih nedenlerini, en
onemliden en oOnemsize dogru siralayan bir liste olusturmaniz
gerekmektedir. Ayrica McDees yoOneticisine sisteminizin nasil
calistigini aciklamalisiniz.

Patates Hamburger Cocuk Hizh Fiyat
Kizartmasi Menuleri Olmasi
Musteri 1 1 3 2 5 4
Musteri 2 4 3 1 2 5
Musteri 3 2 1 5 3 4
Musteri 4 2 3 5 4 1
Musteri 5 1 2 4 3 5
Musteri 6 3 4 5 1 2
Musteri 7 4 5 1 3 2
Musteri 8 1 2 5 3 4
Musteri 9 2 3 4 1 5
Musteri 10 2 1 5 4 3
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ELMALI TURTA PROBLEMI

Hafta sonu siniftan birka¢c arkadasini evine davet eden Seving,
annesinden arkadaslari icin meshur elmali turtasini yapmasini istiyor.
Evde hi¢c elma kalmadigini fark eden annesi Sevin¢'ten 3 kg elma alip
gelmesini istemistir. EIma almak icin Sevinc'in iki secenegdi vardir:

1.Secenek: Evinin hemen yanindaki manavda yarim kg elma 1 TL'dir.

2.Secenek: Evinden biraz uzakliktaki pazarda 1 kg elma 1 TL'dir. Fakat
pazar uzak oldugu icin mutlaka herhangi bir ulasim aracina (otobus,
dolmus veya metro) binmesi gerekmektedir.

Sizce Sevin¢'in . hangi secenegi sec¢mesi mantikll  olacaktir?
Dusuncelerinizi nedenleriyle aciklayiniz.

DIPNOT: Adana'da herhangi bir ulasim aracina (otobus, dolmus veya
metro) binerse;

Ozel halk otobuslerinde kartsiz binisler 4 TL.
Kentkart ile 6zel halk otobusleri ve dolmuslar, siviller i¢in 3 TL.
Kentkart ile 6zel halk otobusleri ve dolmuslar, 6grenciicin 2 TL.
Belediye otobusleri ve metro, sivil i¢in 2 TL.
Belediye otobusleri ve metro, 6grenci icin 1 TL.

OKULDA ZAMAN PROBLEMiI

Deniz okulda cok fazla zaman gecirdigini dusinmekte ve “Okulda
zaman naslil geciyor anlamiyorum! Neredeyse yilin ¢cogunu okulda
geciriyorum.” demektedir. Bu durum hakkinda ne dusunuyorsunuz?
Siz de yilin cogunu okulda gecirdiginizi mi dusunuyorsunuz? Gerekli
hesaplamalari yaparak Deniz'in hakli olup olmadigini bulunuz.

FASULYE PROBLEMiI

Ciftci Ali Amca, fasulye yetistirirken hangi isik kosulunun daha iyi bir
tercih olduguna karar vermeye calismaktadir. Ciftci Ali Amca, karar
verirken yardimi olacagini dusundugu icin fasulye bitkisini yetistiren
Ciftciler Birligi'ni ziyaret etmis ve iki farkh i1sik kosulu kullandiklarini
goérmustur. iki farkli isik kosuly;

e Fasulyeleri acik havada gun isiginda yetistirme
e Fasulyeleri sadece gdlge altinda yetistirme

Ciftciler Birligi on hafta sonunda, fasulyelerin agirligini 6lgmus ve kayit
etmislerdir. GUn 1si1ginda ve gdlgede olmak Uzere dort (4) sira fasulye
yetistirmislerdir.
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GUN ISIGINDA

Fasulye Bitkisi 6. Hafta 8. Hafta 10. Hafta
Siral 9 kg 12 kg 13 kg
Sira 2 8 kg 1 kg 14 kg
Sira 3 9 kg 14 kg 18 kg
Sira 4 10 kg 1M kg 17 kg
GOLGEDE
Fasulye BitkKisi 6. Hafta 8. Hafta 10. Hafta
Siral 5 kg 9 kg 15 kg
Sira 2 5 kg 8 kg 14 kg
Sira 3 6 kg 9 kg 12 kg
Sira 4 6 kg 10 kg 13 kg
GOREVINiz

1. Yukaridaki verileri kullanarak fasulye yetistirirken en ¢ok urunu
alabilmek icin tercih edilecek en uygun isik kosulunu seciniz ve
neden bunu tercih ettiginizi Ali Amcaya bir mektupla agiklayiniz.

2. GUn 1siginda ve godlgede fasulyelerin 12. Hafta sonunda
agirhklarini tahmin ediniz ve bu tahmini nasil yaptiginizi Ali
Amcaya bir mektupla aciklayiniz.

AKARYAKIT iISTASYONU PROBLEMI

Arabanizin yakiti bitmek Uzere ve deponuzu tamamen doldurmak icin
nereden yakit alacadginiza bir tdrlU karar veremiyorsunuz. Eviniz
Cukurova'da ve yakit almak icin iki secenegdiniz var. Birinci secenek
hemen evinizin yanindaki akaryakit istasyonu iken, ikinci secenek
evinizden 10 km uzakliktaki Seyhan'da bulunan bir akaryakit
istasyonudur. Bu iki akaryakit istasyonlarindaki yakitlarin 1 litre fiyatlari
soyledir:

1litre benzin fiyati 1litre dizel fiyati
Cukurova 5TL 4TL
Seyhan 4TL 3TL

Asagidaki tablodan sectiginiz bir araba markasini géz &nunde
bulundurarak, Cukurova'dan mi yoksa Seyhan'dan mi yakit almanizin
daha karli olacagina karar veriniz.

?
Marka/Model 10 km'de Harcar.ian Ortalama Yakit Yakit
Miktar Deposu
v & 3 litre (Benzin) 42 litre
Toyota Yaris
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2 litre (Benzin) 45 litre
Hyundai i20
o
a— 4 litre (Benzin) 40 litre
Mini Cooper
] == 1litre (Dizel) 50 litre

el 3 o

Sekilde en alt sirada 5 saman balyasi bulunmaktadir. Bir Ust siraya
gecildiginde ise her defasinda bir saman balyasi eksilmektedir. Bir
baska deyisle alttan Uste dogru 5, 4, 3, 2 ve 1 tane saman balyasi
siralanmaktadir. Buna gore tum yiginin yuksekligini yaklasik olarak
hesaplayiniz.
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Introduction

Mathematical modeling is a cyclical process of mathematicizing a
real-world situation, obtaining its mathematical result, and
interpreting the obtained mathematical result in the context of real
life (Lesh & Doerr, 2003). According to the 2016 report Guidelines for
Assessment and Teaching in Mathematical Modeling Education
(GAIMME) (Bliss & Libertini, 2016), mathematical modeling tasks do not
always result in a simple or precise solution. Therefore, in
mathematical modeling, assessment is challenging, but it should not
be forgotten that it is an important element supporting the process. In
this sense, Asempapa and Foley (2018) point out that the role of
assessment in mathematical modeling is critical and complex, and
further state that the common question of teachers and mathematics
educators is how to evaluate the mathematical modeling process.

In mathematical modeling, it is necessary to review the purposes of
assessment in order to shape why assessment should be done and
how it can be done. According to the National Research Council (NRC,
2001), there are three elementary assessment purposes: (a) assisting
student learning (formative assessment), (b) measuring individual
success (summative assessment), and (c) program assessment. When
we consider assessment in mathematical modeling for these
purposes, we can say that formative assessment will contribute to the
development of students’ modeling competencies. Formative
assessment provides information to be used as feedback to change
teaching and learning activities (Asempapa & Foley, 2018; Black &
Wiliam, 1998). In this vein, research on teachers using formative
assessment emphasizes that there are changes that lead to increases
in student achievement (Black et al, 2004). Thus, teachers and
students can determine the level, type and amount of the individual's
progress. In this context, feedback, which is one of the formative
assessment types, stands out. Feedback is defined as information that
aims to change the student’s thinking or behavior in order to improve
student learning, and is conveyed to the student accordingly (Shute,
2008). Due to the complex structure of model-eliciting activities and
the high cognitive task demands expected from the student during
the process, it is emphasized that students should be given formative
feedback regarding their solutions both during and after the process
(Asempapa & Foley, 2018; Besser et al., 2013; Besser et al.,, 2015; Diefes-
Dux et al, 2012; Levy et al, 2016). In this sense, how feedback can be
provided with systematic integrity during the modeling process and
whether it contributes to the development of students’ modeling
competencies is an issue that needs to be investigated. In this regard,
this study focuses on the inclusion of elaborated feedback, which is a
formative assessment type, in the assessment process in order to
improve the modeling competencies of an elementary school student.
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PISA (Programme for International Student Assessment) applications,
which aim to measure students’ ability to relate mathematics to real
life, in other words, their mathematical literacy skills, foreground
mathematical models and modeling processes. According to the
latest PISA 2022 results, the rate of students in our country at the
“upper performance level (fifth and sixth competence levels)”, where
students create mathematical models and evaluate the results they
obtain in the context of real life, is expressed as 5.4% (Organization for
Economic Co-operation and Development [OECD], 2023a, 2023b).
These rates appear to be below the OECD average (9%) for the top
performance level (OECD, 2023a, 2023b). For this reason, the
importance of exposing students to mathematical modeling activities
that include real-life problem situations, starting from the elementary
school period, becomes evident (Carlson et al, 2016; English, 2012;
Watters et al, 2004). Although the elementary school mathematics
course curriculum (Ministry of National Education [MNE], 2018)
includes goals and achievements to improve students’ mathematical
literacy, most mathematics or elementary school teachers rarely try to
relate mathematics lessons to students’ daily lives (Steen et al., 2007).
Thus, students cannot make connections between mathematics and
daily life (Tran & Dougherty, 2014), and miss the opportunity to apply
the knowledge they have learned to the problem situations they
encounter (Verschaffel et al, 1999). In this context, mathematical
modeling can improve mathematical literacy by helping students to
see how mathematics supports their participation in and
understanding of the world (Carlson et al., 2016; Sahin, 2019).

There have been a limited number of studies with a focus on the
mathematical modeling competencies of elementary school children
(Canbazoglu & Tarim, 2021; Canbazoglu Albayrak & Tarim, 2023; Sahin,
2019; Sahin & Eraslan, 2016, 2017; Ulu, 2017). To illustrate, in the study
conducted by Canbazoglu and Tarim (2021), a teaching process was
put forward for the implementation of model-eliciting activities in an
elementary school, and the implementation process of a model-
eliciting activity was discussed. Additionally, in the studies conducted
by Canbazoglu Albayrak and Tarim (2023), Sahin (2019), Sahin and
Eraslan (2016, 2017), and Ulu (2017), it was attempted to reveal the
mathematical modeling processes and the difficulties of third and
fourth-grade elementary school students working with the modeling
activity. When the limited number of studies on the elementary school
period are examined, it becomes clear that the focus of the studies is
the modeling process and the difficulties experienced in this process.
In the relevant studies (Canbazoglu Albayrak & Tarim, 2023; Sahin,
2019; Sahin & Eraslan, 2016, 2017; Ulu, 2017), it was concluded that
elementary school students had difficulties in understanding the
problem, mathematizing, obtaining real results, interpreting and
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validating it. As a result of these studies, although it was concluded
that elementary school students had difficulties in mathematical
modeling processes and competencies, it was revealed that whether
elementary school students were aware of such difficulties, the
reasons for their deficiencies and how to eliminate these deficiencies
were not discussed. In other words, no studies have been found to
improve the modeling competencies of elementary school students.
In addition, although elaborated feedback has many effects on an
individual's learning and performance, no study has been found in the
national and international literature examining the effect of
elaborated feedback on the development of mathematical modeling
competencies of elementary school students. Considering this niche
in the relevant, it is thought that an important gap in the literature will
be filled by disseminating the application of mathematical modeling
activities in the elementary school period, providing sample
applications that elementary school teachers can use in the learning-
teaching process, and conducting studies on the development of
modeling competencies of elementary school students. Accordingly,
this study aimed to examine the effect of the elaborated feedback on
developing the mathematical modeling competencies of a fourth-
grade student. To this end, the current study aims to answer the
following research questions:

1. What is the impact of the elaborated feedback on developing
the mathematical modeling competencies of a fourth-grade
student?

2. What is the content of the elaborated feedback provided
throughout the process?

Theoretical Framework
Assessment of Cognitive Mathematical Modeling Competence

Cognitive modeling is one of the mathematical modeling perspectives
that attempts to explain the cognitive structures and processes that
occur in students’ minds during the solution of mathematical
modeling activities (Kaiser & Srirman, 2006). Mathematical modeling
competence is the ability of an individual to carry out all aspects of the
mathematical modeling process independently and is internalized in
a certain context (Blomhgj & Jensen, 2003). To determine
mathematical modeling competencies, modeling cycles that explain
the modeling process are considered (Blomhoj, 2011). In this study,
Borromeo Ferri's (2006) mathematical modeling process was used to
examine the mathematical modeling competencies of elementary
school students (See Figure 1).
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Figure 1

Modelling Cycle under a Cognitive Perspective (Borromeo Ferri, 2006)

Extra-mathematical knowledge
(EMK) 2
/_wglhematical 1 Understanding the task
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real model 2 Simplifying/Structuring the
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real situation
&) 4 Warking mathematically,
using individual mathematical
real O mathematical competencies
results results
\_/ 5 Interpreting
. 5 -
Reality Mathematics 6 Validating

In the modeling cycle, cognitive modeling competencies consist of
understanding the task, simplifying the task, mathematizing, working
mathematically, interpreting and validating. In the modeling process,
students first make sense of the problem situation and construct a
mental representation of the situation (Borromeo Ferri, 2006). In the
transition from the mental representation of the situation to the real
model, the given situation is simplified, structured, made clearer, and
assumptions and requirements are made to solve the problem
(Borromeo Ferri, 2006). The transition from the real model created
based on students’' verbal expressions to the mathematical model is
called the mathematizing step (Borromeo Ferri, 2006). Students create
mathematical model/s by creating their own representations through
figures, graphs and equations (Borromeo Ferri, 2006). In the process of
working mathematically (performing arithmetic operations, reading
tables, etc), students solve models using their modeling
competencies, and obtain mathematical results (Borromeo Ferri,
2006). The process of interpreting the results requires moving from
mathematical results to real results (Borromeo Ferri, 2006). After
obtaining the real results, students benefit from real-life experiences
and a validation process takes place in the context of checking the
compatibility between the real results and their mental
representations (Borromeo Ferri, 2006).

The actions taken by the student during the model-eliciting activity
were evaluated according to these steps, and their competencies in
this process were the focus of feedback. In other words, by giving
elaborated feedback to the student during and after the process
according to each competency step in the modeling cycle, efforts
were made to help her become aware of her deficiencies in cognitive
modeling competencies and improve these deficit areas. In this
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regard, cognitive modeling competencies in the modeling cycle
consist of understanding the task, simplifying, mathematizing,
working mathematically, interpreting and validating.

Elaborated Feedback

Feedback, one of the formative assessment types, is defined as
revealing information about the student's performance or
understanding of student performance by the teacher (Hattie &
Timperley, 2007). In this context, feedback is a result of the individual's
performance (Diefes-Dux et al., 2012). It turns out that feedback plays
an important role in the individual's learning process and performance
(Besser et al,, 2013; Besser et al., 2015; Greefrath and Vorholter, 2016;
Shute, 2008; Wake, 2010). The primary purpose of feedback is
considered to be to increase student knowledge, skills, and
understanding in mathematical content areas (e.g., numbers and
operations, geometry, measurement, data manipulation) or general
skills (e.g., problem solving, modeling, performing arithmetic
operations) (Black & Wiliam, 1998).

In this vein, Kulhavy and Stock (1989) state that effective feedback
provides two types of information to the student: validating and
elaboration. Verification is the feedback given to the student about
whether an answer is correct or not. Elaboration, on the other hand,
emphasizes the informative aspect of the feedback while providing
relevant clues to guide the student to find the correct answer. For
example, elaborated feedback may include covering the topic,
addressing the answer, discussing specific errors, providing previously
studied examples, or providing guidance to the student (Shute, 2008).
In addition, elaborated feedback generally provides explanations in
line with the student’s statements, actions and answers, and offers
information to the student about how specific actions should be
carried out. In this sense, there are a number of studies indicating that
feedback specific to such discourses, actions and answers, increases
student success, especially learning efficiency, more than validating
feedback (Corbett & Anderson, 2001; Mory, 2004, Shute et al., 2007). In
addition, targeted feedback increases students’ learning and task
performance (Asempapa & Foley, 2018; Diefes-Dux et al, 2012;
Greefrath & Vorhoélter, 2016; Shute, 2008; Wake, 2010). Accordingly, in
this study, elaborated feedback was provided to the student according
to her cognitive modeling competencies during and after the model-
eliciting activity. This feedback was aimed at revealing and helping the
student to gain proficiency in the relevant field when she did not
demonstrate the cognitive modeling competence expected from her
or did not demonstrate the relevant competence completely.
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Method
Research Design

In the study, a single case-holistic design was adopted because the
answer to the question of how the elaborated feedback affected the
mathematical modeling competencies of a fourth-grade student was
sought. Single case-holistic design, situations that no one has studied
or reached before, can be studied using the single case-holistic design
(Yin, 2017). It is important to study such situations in order to make a
previously unknown subject visible to future researchers and form a
basis or guide future research (Yildirm & Simsek, 2016). Since there
was no previous study on the development of cognitive mathematical
modeling competencies of elementary school students, the single
case-holistic design was used in the research in order to provide
guidance for further studies with the documents to be obtained. As
seen in Figure 2, “a fourth-grade elementary school student” was used
as the research context and “developing cognitive mathematical
modeling competencies” was used as the case. In line with the ethical
requirements of the research, the research was carried out with the
permission of the ethics commission of the relevant university with
the decision dated 13.07.2020 and numbered 16/1.

Figure 2

Single Case-Holistic Design Model of the Research (Adapted from Yin (2017,
p. 8).

Context
A Fourth-Grade Elementary School

Case
Developing Cognitive
Mathematical Modeling
Competencies

Single Case-Holistic

Participants

The research was conducted in the 2020-2021 academic year. The
participant was a fourth-grade elementary school student studying at
a public school in the south of Turkey, with a medium socio-economic
level. Typical case sampling was used in the process of identifying the
public school. In this way, an average, not extraordinary (Yamane,
2009), typical school was chosen. In addition, a criterion sampling
method was employed to reach the participants. As a criterion in this
study, a student who had no experience with model-eliciting activities
was included in the study. The student's mathematics achievement
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was at an average level. In this way, an attempt was made to reflect a
general situation. The data collection process was carried out in 2020.
During this period, due to the new emergence of the pandemic and
the concerns of the other students about the face-to-face meeting
process, a student and her parent, both of whom volunteered to
participate in the study, were included in the study.

The letter “S” was used as a code name to ensure confidentiality of the
participant. S was a 10-year-old female student. She received pre-
school education and attended after-school study hours at her school.
The purpose of attending after-school study was due to the fact that
her parents could not pick her up from the school at as they worked.
In other words, there was no course in which the student failed. The
activities such as doing homework and reviewing lessons were mostly
done during study hours. Finally, the student’'s academic success in
mathematics was at an acceptable level.

Data Collection Tools

In the study, the task-based interview method, which is used in
qualitative research in mathematics education to obtain information
about the current and developing mathematical knowledge and
problem-solving behaviors of an individual or a group of students, was
employed. Task-based interview, as a form of clinical interview, is
designed in a way that the individual can interact with a task
environment (Goldin, 2000). In this respect, in this study, the student
was given model-eliciting activities and required to work on a task,
and in this way the modeling competence and student progress was
tried to be detected. In addition, all modeling processes of the student
were recorded with a voice recorder and video camera. The reason for
the video and audio recording was explained to the student in the first
application, and the student was not negatively affected by the video.

During the task-based interview process, Restaurant (Doerr & English,
2003), Apple Pie (Tekin Dede, 2015) and Time in School (Maal3 &
Mischo, 2011) problems were used in the pre-measurement and post-
measurement processes. In the actual application process, Butter
Beans (English & Watters, 2005), Fuel Station (Tekin Dede, 2015) and
Straw Bale (Tekin Dede, 2015) were used. The learning areas to which
the mathematical modeling problems used are relevant (MNE, 2018)
are presented in Table 1. Additionally, the applied mathematical
modeling problems are presented in Appendix A.
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Table 1
Learning Areas of Mathematical Modeling Problems

Mathematical

Application Process Modeling Problems

Learning Areas

Addition with Natural
Numbers
Data Collection and
Pre- Measurement and Evaluation
Post-Measurement Addition and
Apple Pie Multiplication with
Natural Numbers
Time in School Time Measuring

Restaurant

Addition with Natural
Numbers
Data Collection and
Evaluation
Addition and
Fuel Station Multiplication with
Natural Numbers
Multiplication with
Straw Bale Natural Numbers
Length Measuring

Butter Butter Beans

Actual Application

Data Collection Process

In order to reveal the development of mathematical modeling
competencies of the fourth-grade elementary school student, three
different model-eliciting activities (Restaurant, Apple Pie and Time in
School) were used as pre-measurement and post-measurement at the
beginning and at end of the process. During the pre-measurement
and post-measurement processes, the student was asked to solve
three different model-eliciting activities. After the pre-measurement
process was completed, the actual application process started.

In other words, during the process of providing feedback to the
student, the student was required to work on a model-eliciting activity
every week, and the three-week actual application process was
completed with three different model-eliciting activities (Butter
Beans, Fuel Station and Straw Bale) in total (See Figure 3). The five-
week data collection process was carried out by the first researcher as
an extracurricular activity in the meeting room of Cukurova
University's Faculty of Education. The student was asked to solve
mathematical modeling problems without a time limit, as suggested
by Carlson et al. (2003). Each activity took an average of 45-60 minutes.
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Figure 3

Data Collection Process

+Parental +Restaurant +Butter Beans +Restaurant

Consent Form +Apple Pie Problem +Apple Pie
+V0]L‘m.teer +Time in +Giving +Time in
Participant School Elaborated School
Consent Form Feedback
+Fuel Station
+Giving
Elaborated
Feedback
+Straw Bale
+Giving

Elaborated
Feedback

During the application, according to the cognitive modeling cycle, the
student was asked to express how she understood the problem, how
she formed her assumptions, how she would create models and how
she would solve the models she created, and how she would interpret
and validate the result she found. Besides, elaborated feedback was
given to the student on how she was progressing in line with her
statements. Then, at the end of each process, after the student
completed her solution, the written solution sheet was taken by the
researchers. Then, the student’s written solution paper was evaluated
by the researchers according to the modeling process in Borromeo
Ferri's (2006) study, and elaborated feedback was provided to the
student by the first researcher two days before the next study cycle
started. In this way, it was aimed to ensure that the student became
aware of the modeling competencies during and after the process in
line with the cognitive modeling competencies, and improved the
modeling competency area for which feedback was provided. With
the activities implemented in this way, the five-week data collection
process was completed.

Data Analysis

The Rubric for the Assessment of Modeling Skills (RAMS) developed by
Tekin Dede and Bukova Guzel (2018) was employed to detect the level
of the fourth-grade elementary school student at both the beginning
and end of the research, and to explain the progress of the student’s
modeling competencies throughout the research process. The
dimensions of RAMS consist of the modeling competencies of
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“understanding the problem, simplifying, mathematizing, working
mathematically, interpreting, validating as in Borromeo Ferri's (20006)
study. While a maximum of 25 points can be obtained from the RAMS,
the minimum point is 0. Accordingly, as a result of the assessment,
student proficiency levels between 0-6 points are “not having
modeling competence”; for scores between 7-12, “have some degree
of modeling competence”; for scores between 13-21, “have an
acceptable level of modeling competence” and for scores between 22-
25 “high level modeling competence”, as evaluated by Tekin Dede and
Bukova Guzel (2018). In addition, Miles and Huberman’'s (2016)
agreement percentage calculation was used for the validity and
reliability of the RAMS. As a result of the validity and reliability analyses,
it was found that the RAMS, whose agreement percentage was
calculated as 88.8%, was valid and reliable.

While analyzing the data through the RAMS, the student’s problem-
solving process, transcripts and solution papers were examined by the
two researchers. During the data analysis process, the inter-coder
reliability formula (Miles & Huberman, 2016) was used and the
reliability between two coders was calculated as 91%. Miles and
Huberman (1994) state that for good qualitative reliability, the
reliability of coding should be at least 80% agreement level. In this
context, it was found that the inter-coder reliability was high. In
addition, the visuals illustrating the student’s written solution process
papers and some of her direct quotes representing her opinions were
also included.

Findings
Pre-Measurement Mathematical Modeling Competence

First, the student was given the Restaurant, Apple Pie and Time in
School problems in written form, and she was asked to solve these
problems, with the aim to detect her initial mathematical modeling
competencies. The student's initial mathematical modeling
competencies are listed in Table 2.
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Table 2
Pre-Measurement Mathematical Modeling Competency Level of the
Student

Model Eliciting Activity

Levels Restaurant Apple Pie Time in
School
Understanding the 2 0 1
Problem
Simplifying 1 2 1
Mathematizing 4 0 0
Working Mathematically 4 0 0
Interpreting 3 2 2
Validating 0 0 o]
Total 14 4 4

When the pre-measurement cognitive modeling competence level of
the fourth-grade elementary school student was evaluated, it was
found that she received 14 points from the Restaurant problem,
indicating an acceptable level of modeling competence. However, she
received 4 points from the Apple Pie and Time in School problems,
indicating not having modeling competence.

Mathematical Modeling Process with Elaborated Feedback

After the pre-measurement process, the progress of the student's
modeling proficiency was revealed, with elaborated feedback
provided through the Butter Butter Beanss Problem, Fuel Station and
Straw Bale problems. In this regard, the student's modeling
competencies in each model-eliciting activity process were discussed
separately and presented in a holistic manner.

Mathematical Modeling Competence Process: Butter Beans
Problem

Table 3 indicates the student’s levels of mathematical modeling
competencies in the Butter Beans problem, which was performed as
the first activity, and provides the scores she received for these levels.

Table 3
Mathematical Modeling Competence Process: Butter Beans Problem
Butter Beans Problem Butter Beans Problem

Levels Question 1 Question 2
Understanding the 2 0
Problem

Simplifying 2 0
Mathematizing 2 0
Working 4 0
Mathematically

Interpreting 3 0
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Validating 0 0
Total 13 0

As seen in Table 3, when the scores are evaluated in the context of
both problems, the student received a total of 13 points, implying “not
having modeling competence”. In the first question of the Butter
Beans Problem, it was found that the student included some
expressions showing that she understood the problem, but these
expressions also included some unnecessary variables in the process
of detecting what was given and what was required. In the problem,
instead of reaching the mathematical model by using only the data of
the tenth week, the student tried to reach the mathematical model by
using the data of three different weeks. It was observed that the
student made a somewhat acceptable assumption by stating that
there were two different bean growing conditions in the problem, and
that she would solve the problem by using the weights of each week
under these conditions.

Researcher: What are you thinking?

S: Now, there are two bean growing conditions. They are
trying to grow the best beans using one of these. I'll try to
find out which one is using the data.

Researcher: What will you do now? What are you thinking?
S: Now, we are trying to figure out which one is heavier?
Researcher: What did it say in the question?

S: It says kg here, so | will find the weight since it says
kilograms.

Researcher: How do you think you can find this?

S: Now, | will collect them all, each row one by one. I'm going
to add up all the weights in row one, row two, row three, row
four. Then, | will compare.

It was observed that during the mathematizing process, the student
created correct mathematical models based on acceptable
assumptions to some extent, and reached the correct mathematical
solution by using the mathematical models she created, thus, carrying
out the mathematical working process. In this process, the student
made calculations by adding up the weight of the beans for each
week in daylight and shadow, and by comparison, stated that daylight
yields more.

Researcher: For which of these results are you obtaining?

S: In sunlight. Then, | will collect the data in the shadow and
then make a comparison. Will | write it as a letter?
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Researcher: What does the problem say?

S: As a letter. .. Now, | collected those that grow in the
shadow in the same way. | did the same operations and
compared them

Researcher: So, what did you find as a result of the
comparison?

S: In my comparison, | found that daylight is bigger and
heavier, and yields more products.

Picture 1

A Section from the Solution Paper on Mathematizing and Working
Mathematically Processes
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In terms of interpreting competence, it was found that the student
reached the result only by comparing the weight sums in daylight and
shadow, in other words, she interpreted the mathematical solution
she obtained in an incomplete way in the context of real life because
she only compared the numerical results. However, it was observed
that the student did not take any validating approach.

Picture 2

A Section from the Solution Paper on the Interpreting Process
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It was revealed that during the solution process of the second
guestion of the Butter Beans Problem, the student made some
statements showing that she did not understand the problem, made
wrong assumptions, could not create a mathematical model, or could
not fulfill any of the cognitive modeling competencies by not being
able to put forward a mathematical solution approach. While the
student was supposed to find a pattern in the problem based on the
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weights between the weeks, it was observed that she tried to find a
solution based on the difference between the twelfth week and the
tenth week. However, the process was completed when the student
realized that this difference was not valid for every week, and said that
she could not solve the problem because she could not find how to
solve it.

Researcher: What does our second question say?

S: “Estimate the weight of the beans at the end of the 12th
week in daylight and shade, and explain it in a letter to
Uncle Ali about how you made this estimate.” Now my
teacher, they are two different things. For example, if | add 2
to 13 in daylight, I can find Row 1.

Researcher: Why do you add 2 to 137

S: Because that'’s what happened at week 10. It asks us
about the 12th week. Since the difference between 12 and 10
is2 | add 2.

Researcher: Why did you think so?
S: Because My teacher, oh wow. No, it wasn't like that.
Researcher: What's not like that? What is not so?

S: Not all of them work like that. | don’t know how to find it.
For example, my teacher, | add 2 to find 12 from the 10th
week. Because the difference between 10 and 12 is 2, but
here, although the difference between 8 and 10 is 2, it did
not add 2.

Researcher: How many did it add?

S: All of them changes, teacher. Here it added 1, here it
added 3.

Researcher: Then, how can you solve it?
S:I'm thinking. ... | couldn’t find, teacher.
Mathematical Modeling Competence Process: Fuel Station

Table 4 shows the student's levels of mathematical modeling
competencies in the Fuel Station problem, which was performed as
the second activity, and prvides the scores she received for these
levels.
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Table 4

Mathematical Modeling Competence Process: Fuel Station
Levels Fuel Station
Understanding the Problem 2
Simplifying 2
Mathematizing 2
Working Mathematically 4
Interpreting 3
Validating 6
Total 19

As seen in Table 4, the student received 19 points from this problem
and was evaluated as having acceptable level of modeling
competence. In the Fuel Station Problem, it was found that the
student included some expressions showing that she understood the
problem, was able to determine what was given and perform what
was required to some extent, but had difficulty in establishing a
relationship between them. In the process of creating hypotheses to
solve the problem, she tried to determine whether it would be more
profitable to buy fuel from Cukurova, which was next to the house, or
to go to Seyhan, which was 10 km away. While deciding on this issue,
she experienced contradiction because she did not know how much
fuel remained in the tank and made somewhat acceptable
assumptions. The student chose the Hyundai i20 car and moved into
the world of mathematics by assuming that since the amount of fuel
consumed by the car in 10 km was 2 liters, the amount of fuel
remaining in the tank of the car was 2 liters, in other words, there was
enough fuel to go to the fuel station. However, during the validating
process, she realized that she had made a mistake in this assumption
and corrected her mistake.

Researcher: What does it mean in the problem?

S: We're about to run out of gas. We needed to refuel
immediately. We needed to find a fuel station. We couldn’t
decide which one to go to. There was a fuel station next to
our house, and there was also a fuel station 10 km away
from our house. Depending on the car we choose, which one
will be more profitable?

Researcher: Which one would you like to choose?

S: Hyundai i20. 2 liters of gasoline. 45-liter fuel tank. ... there is
a table. There are cars according to brands and models.
These have the average amount of fuel consumed per 10
km. That is, the amount of fuel it will consume if he goes to
the distant fuel station. There is 45 liters of gasoline in the
fuel tank.

44



PUJE, 62,29-71[2024] H.B.Canbazoglu Albayrak & E. Bukova Guzel https://doi.org/10.9779/pauefd.1290603
Researcher: Are you saying there are 45 liters of gasoline in
the fuel tank of the car?

S: No. | say the total fuel tank is 45 liters. ... But it's about to
run out of fuel. But it doesn’t say how much it consumed.

Researcher: What did the question say?

S: We can’t decide where to buy fuel to fill our tank
completely. But we don’t know how much is left.

Researcher: What was the Hyundai i20 powered by?

S: It runs on gasoline. If he goes to Seyhan, which is 10 km
away, he will lose 2 liters of gasoline.

Researcher: Yes. What will you do then?
S: We need to fill it up.
Researcher: What did the question want from us?

Q: Filling our fuel tank completely. Our fuel tank is 45 liters.
That's why there will be an additional price. That's why |
think we can go to the one in Cukurova. But | don’'t know
how much.

Researcher: You don’t know how much of what?

Q: It says our car is about to run out of fuel. But it just says
it's almost over. It doesn’t say how much. ... Now can we do it
like this? We can't just accept it as if it's completely over, can
we?

Researcher: As you wish. What did the question say?

S.... It asks whether Cukurova or Seyhan is more profitable. ...
I need to compare the two.

Researcher: What will you do to compare the two?
S: 1 will calculate both.
Researcher: Okay.

S: Now if he/she goes to Cukurova, he/she doesn't lose
anything. But right now we don’t know how much.

Researcher: What would you do if you knew how much?
What would you do if you didn’'t know how much? You
choose to hypothesize the solution. Okay, let's say we know
how much it is. Couldn’t this be your solution assumption?

S: Then, we have enough fuel to go. Now, let's have 2 liters.
Let all two liters to go. Then, we need to fill all 45 liters. Since
it was running on gasoline at that time, he now went to
Seyhan.
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It has been found that in the mathematizing process, the student
creates correct mathematical models based on acceptable
assumptions to some extent, and reaches the correct mathematical
solution by using correctly created mathematical models, thus
carrying out the working mathematically process. In this process, the
student created a mathematical model by multiplying the fuel tank
amount of the vehicle, 45 liters, by the price of 1 liter of gasoline in
Cukurova, 5 TL, in order to determine how much she would pay when
she bought fuel from Cukurova. She created the same mathematical
model by multiplying 45 liters by 4 TL, which is the price of 1 liter of
gasoline in Seyhan, to determine how much she would pay when she
bought fuel from Seyhan. At the end of the solution process of the
mathematical models she created, she stated that she would pay 225
TL when she bought fuel from Cukurova, and 180 TL when she bought
fuel from Seyhan. However, during the validating process, she realized
that when she bought fuel from Seyhan, she also had to calculate the
round-trip fuel. When she went to Seyhan, she determined that the
average amount of fuel consumed per 10 km was 2 liters for the car
she chose, the Hyundai i20, and stated that a total of 4 liters of
gasoline would be consumed for the round trip. Therefore, to calculate
the price of 4 liters of gasoline, she found the round-trip cost by
multiplying 4 liters by the gasoline price in Seyhan, which is 4 TL. Then,
in order to detect how much she would pay in total when she bought
fuel from Seyhan, she added the total fuel tank cost of 180 TL and the
round-trip cost of 16 TL, and showed that she would pay 196 TL.

S: We will multiply 45 by 4. We will find out how much TL we
will give. .. | multiplied. 180 TL. We also need to find
Cukurova. Let's say that gasoline will not be consumed in
Cukurova. Now, then, we will multiply 45 by 5. 225 TL.

Researcher: Okay. Which one do you think is more
profitable?

S: According to the calculations, Seyhan is more profitable.

Researcher: Okay, there is no problem with multiplication,
what | don’t understand is this. We have a house now. We
want to fill the tank of our car. We have two options. One is
in Cukurova, near our house, and the other is Seyhan, 10 km
away. We also have some gasoline in our tank. We want to
fill our entire fuel tank. | went to Seyhan. But my home is in
Cukurova.

S: I have to return home from Seyhan. Oh yes, there will also
be a round trip. Then, we need to calculate the round trip.
Our journey will be 10 km and our return will be 10 km. Then,
there will be 2 liters on the way out and 2 liters on the way
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back. Then, since we want our tank to be completely full, we
need to buy gasoline on the way back and forth to fill that
gap. To calculate 4 liters, 4 TL in Seyhan, | will multiply 4 by
4. Then, I'll add 180.

Researcher: Okay. Do it.
S:Ifwe add 16 to 180, it is 196 TL.

Researcher: Yes. Then, do you think Seyhan or Cukurova is
more profitable?

S: Still, Seyhan is more profitable now.

Picture 3

A Section from the Solution Paper on the Process of Mathematizing and
Working Mathematically
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In terms of interpreting competence, it was observed that the student
interpreted the obtained correct mathematical solution incompletely
in the context of real life. She approached the interpretation by
comparing the student’'s payments for Seyhan and Cukurova, in other
words, by comparing only the numerical results she obtained. In
validating competence, she approached validation for the first time
and determined that she made a mistake in her assumption,
corrected her assumption and created new mathematical models. In
her initial assumption, the student made the assumption that there
was enough gasoline left in the fuel tank of the car to go to Seyhan
and did not make the assumption that she needed to calculate the
return fuel. However, during the process, in line with the feedback
provided by the researcher to the student and the new solution
assumptions and ideas made by the student, she realized that she had
to calculate the round-trip cost when she bought fuel from Seyhan.
Therefore, she corrected her initial assumption and made an
assumption by realizing that she would consume fuel while going to
Seyhan and returning from Seyhan, and therefore she needed to
calculate the round-trip fuel amount in order to fill the car's fuel tank
completely. Then, in line with the assumption she made, she created
the necessary mathematical models to calculate the round-trip fuel
cost and realized the mathematical solutions.
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Researcher: So, do you think your result is right or wrong?
S: Wait a minute, teacher. | will verify.
Researcher: OK, I'm waiting.

S: The problem was that whichever fuel station we choose;
we can make more profit depending on the car we choose.
Cukurova is near our house, Seyhan is 10 km away.

Researcher: Do you think we will consume gasoline or not
when we go to Seyhan?

S: If we go to Seyhan, we will consume it.
Researcher: Then, do we fill the fuel tank completely?

S: Yes, we can fill it in, but the ones in Seyhan are 4 TL, the
ones in Cukurova are 5 TL.

Researcher: OK, but how many kilometers away is Seyhan?
S:10.

Researcher: How do we get there? Where is the gasoline for
ten kilometers?

S: 2 liters of gasoline are required. Let's say we have two
liters.

Researcher: Well, you made an assumption like that.
S: Yes. | multiplied accordingly and now I'm verifying.
(Checking the multiplication.)

S: I have to return home from Seyhan. Oh yes, there will also
be a round trip. Then, we need to calculate the round trip.
Our journey will be 10 km and our return will be 10 km. Then,
there will be 2 liters on the way out and 2 liters on the way
back. Then, since we want our tank to be completely full, we
need to buy gasoline on the way back and forth to fill that
gap. To calculate 4 liters, 4 TL in Seyhan, | will multiply 4 by
4. Then, I'll add 180.

Researcher: Can you summarize the process of solving the
problem for me from the very beginning?

S: Now, there are two fuel stations we can go to. One is 10
km away from our house and consumes 2 liters. There is also
another one next to our house. It asks us to calculate which
one is more profitable according to the car we choose, but
there is also a round trip to this. It expects us to calculate
that, too. We will find out which one might be more
profitable. So, | chose the Hyundai i20 car from here. |
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calculated Seyhan’s cost first. Since it is gasoline, not diesel,
gasoline costs 4 TL in Seyhan. Now, the total fuel tank of our
car is 45 liters. That's why | multiplied 45 by 4 to get 180.
However, there is also a way back from there. | calculated
that and multiplied it by 4. Because it consumes 2 liters of
gasoline while going and 2 liters on the way back. |
multiplied 4 by 4 to get 16. | added it to 180. It became 196.
Then, | calculated the one for Cukurova. | multiplied 45 by 5. |
found 225. Seyhan turned out to be more profitable. At first, |
didn’t realize | had to make assumptions. Our car is about to
run out of fuel, but | thought it should indicate how much, |
didn’t realize | had to make assumptions, but later | realized
it, proceeded accordingly and solved the problem when |
realized there was a way back, so | solved it again.

Mathematical Modeling Competence Process: Straw Bale

Table 5 indicates the student’s levels of mathematical modeling
competencies in the Straw Bale problem, which was performed as the
third activity, and provides the scores she received for these levels.

Table 5
Mathematical Modeling Competence Process: Straw Bale

Levels Straw Bale

Understanding the Problem

Simplifying

Mathematizing

Working Mathematically

Interpreting

Validating

Nlo|w|»|»|w|w

Total

As seen in Table 5, the student was evaluated as having high level
modeling competence by receiving a total of 23 points from this
problem. In the Straw Bale Problem, it was found that the student
could express the details given in the problem with her own words,
show the issues given in the problem by drawing figures, and interpret
what was asked in the problem based on these given details. Based on
the person in the picture in the problem, she made a realistic
assumption that she could calculate the height of the straw bales, in
other words, by establishing a relationship between the height of the
person in the picture and the height of the straw bales.

Researcher: What does the problem tell us?

S: There are five straw bales at the bottom. When moving to
the next row, one bale of hay was missing each time. At that
time, there were 5, 4, 3, 2, 1 straw bales in a row from bottom
to top. Accordingly, it asks for the height of the pile.
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(Drawing the shape of the straw bales.)
Researcher: How many rows are there?

S: There are 5 rows. Now all of these must have a height. So
now I’'m going to make an assumption, teacher. But how
will | be found? It didn’t give any numbers.

Researcher: Look at the problem again. Examine everything
given thoroughly.

S: OK. (Reading and examining the problem again.) ... there is
someone in the picture. Standing in the hay.

Researcher: Yes.

S: Then... (Thinking.) For example, should | consider straw
bales to be approximately the size of a person?

Researcher: You have to the solution of the problem. How
you solve it.

S: Okay then. There is someone standing in the hay. It could
be 1.50.

Researcher: What could 1.50 be? Why 1.507
S: It was the height of a friend of mine.

Researcher: Did you think of the person in the picture as a
child?

S: Actually, it is not the child in the picture, then it is the size
of a person, even if the size of an adult is 1.70. So now let’s
think about it as an adult. This (woman) stood between.
Then a straw bale is 1.70. | will think like this. | will start from
the height of the woman in the picture.

It was revealed that during the mathematizing process, the student
created the correct mathematical models according to realistic
assumptions and reached the correct mathematical solution by using
the correctly created mathematical models, thus carrying out the
mathematical working process. In this process, the student assumed
that a person’s height was 170 cm. Since the straw bales were placed
in 5 rows from bottom to top, she calculated the height of the straw
bales by multiplying 170 by 5. Thus, the student was considered to
have solved the problem mathematically and found the real life result.

S: Then, if the height of a human being, the height of an
adult, is 1.70. ... Then, a straw bale is 1.70 meters. | will think
like this. | will start from the height of the woman in the
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picture. There are 5 rows. Height of 5 rows of straw bales.
Then, | will multiply 170 by 5. And | found 850 cm.

Picture 5

A Section from the Solution Paper on the Process of Mathematizing and
Working Mathematically

In terms of interpretation competence, it was observed that the
student interpreted the obtained correct mathematical solution
incompletely in the context of real life. Although the student was
deemed to have partially found a real-life result in line with the
mathematical solution she reached, she interpreted the result she
obtained in an incomplete way in the context of real life, since she did
not state that a collapse would occur with the increase in the pressure
applied by the straw bales to each other from top to bottom, and
therefore the height would be less than the height she found. In
validating competence, the student has found validating competence
by reviewing what she did from the very beginning of the process. In
this context, the student reinterpreted the problem and expressed it
verbally. Then, she evaluated the assumption she had created and re-
checked her mathematical model and all the operations she
performed. In addition, although the student was not asked to express
the result she found in the problem in writing or in a letter, she
requested to express her entire process in writing and expressed her
entire modeling process in writing.

Researcher: This is your result. What will you do now?
Q: Validation. (She expressed it out loud.)
Researcher: How will you perform the validation?

Q: I will solve it again. Now, | will tell you, teacher. Here in the
figure it says that there are 5 straw bales in the bottom row.
When moving to the next row, one straw bale is reduced
each time, that is, 5, 4, 3, 2, 1 straw bale remains. Accordingly,
it says, approximately calculate the height of the entire pile.
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After drawing the shape of this straw bale, | found that its
height was 5 rows. | assigned the height for this woman. |
associated this woman's height with the height of a straw
bale. Then, | multiplied the two. Thus, 170 is the height of the
woman and the height of the straw bale is 5 rows. Therefore,
| found the height to be 5. And 850 cm.

Researcher: Do you think you solved it correctly?
Q: Yes.
Researcher: What is 850 cm you found?

Q: The length of the thing. The length of the straw bale, the
entire stack. Am | going to express it in writing on the back
now?

Researcher: As you wish.

Q: | will make another confirmation. [I'll check the
multiplication.

Researcher: Let’s see.

Q: 7 times 5, 35. 5, 3 more 8. 850. OK, | got it right. | checked
my process. Now, | will express it in writing on the back.

(She expresses her comment in writing.)
Picture 6

A Section from the Solution Paper on the Interpretation Process

Post-Measurement Mathematical Modeling Competence

Finally, the Restaurant, Apple Pie and Time at School problems were
given to the student in written form, and the student was asked to
solve these problems to determine her mathematical modeling
competencies at the end of the process. The student’'s mathematical
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modeling competencies at the end of the process are shown in Table
o.

Table 6
Post-Measurement Mathematical Modeling Competence

Model-Eliciting Activity

Levels Restaurant Apple Pie Time in School
Understanding the 4 4 2
Problem

Simplifying 3 3 2
Mathematizing 4 4 1
Working Mathematically 4 4 2
Interpreting 3 4 2
Validating 6 6 4

Total 24 25 14

When the post-measurement cognitive modeling competencies level
of the fourth-grade elementary school student was evaluated, she
received 24 points from the Restaurant problem and was deemed to
have high level modeling competence; by getting 25 points from the
Apple Pie problem, she was labelled as having high level modeling
competence and by getting 14 points from the Time in School
problem, she was labelled as having an acceptable level of modeling
competence.

Content of Elaborated Feedback Provided Throughout the Process

By giving elaborated feedback to the fourth-grade elementary school
student during and after the application process according to each
competence step in the modeling cycle, an effort was made to help
them to realize and develop their deficiencies in cognitive modeling
competencies. The content of the elaborated feedback provided in
this regard is presented separately for the three applications.

Butter Beans Problem (First App) Feedback

In the feedback given for the first question of the Butter Beans
Problem, it was found that the student included some statements
that showed that he/she understood the problem, but also included
some unnecessary variables in the process of detecting what was
given and what was requested. It was said that she handled the
unnecessary variables because she started to create mathematical
models with the data of the sixth, eighth and tenth weeks. It was also
stated that in the process of understanding the problem, it was
necessary to express in writing what was given and required in the
problem as well as the relationships between them. Then, before
moving on to the solution phase, it was stated that the student should
create assumptions about how to solve the problem based on what
was given and what was requested, thus, the process of simplifying
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the problem would be carried out. Regarding her ability to simplify the
problem, it was stated that she made a somewhat acceptable
assumption because she stated that she would solve the problem by
using the weights of each week under two different bean growing
conditions. In the mathematizing competency, it was stated that the
modeling process could actually be carried out by using only the tenth
week data or by comparing weekly weight amounts in daylight and
shadow, but there was no error in the mathematical models created.
As for her working mathematically proficiency, it was stated that she
solved the mathematical models she created correctly. It was stated
that she only made numerical comparisons based on the results she
obtained in terms of interpretation competence. Instead, it was stated
that she should have expressed what numerical results she would find
in the context of real life, so that she could interpret the mathematical
solution she obtained in the context of real life. It was said that the
correct interpretation of the mathematical solution she obtained in
the context of real life could be as follows: “The most suitable light
condition is daylight. Because, for example, the weight of the first row
plant in the sixth week in daylight is 9 kg and in the shadow it is 5 kg.
In the eighth week, its weight in daylight is 12 kg and in the shadow, it
is 9 kg. In the tenth week, its weight in daylight is 13 kg and in the
shadow, it is 15 kg. When we examine this issue for plants in the other
rows, the amount of weight gain is greater in daylight. Therefore, the
most suitable light condition is daylight. Or, by determining how
many beans there are each week, we can find that sunlight produces
more crops. For example, daylight in the tenth week is 13+14+18+17=62
kg, shadow tenth week 15+14+12+13=54 kg.” In addition, it was
explained how the task of writing a letter to Uncle Ali, which was
requested in the problem, should be done. For this purpose, it was
stated that he/she should start the letter by writing what was given
and required in the problem, how she solved the problem from the
variables she determined, why she chose this solution method and
what the result she obtained means. Finally, it was stated that it did
not show any approach to validating competence. In the validating
process, it is necessary to check whether the problem is fully
understood by determining what is given and required in the
problem, the assumptions it has made, the mathematical models and
the solution of mathematical models, whether the mathematical
result obtained meets the desired answer in the problem, and what
this result means in real life. If there is an error, it must be corrected
and stated. Thus, explanations were made about how to approach
validating in future problems.

In the feedback given for the second question of the Bean Problem, it
was stated how the student should make sense of the problem since
she could not solve it during the application process. For this purpose,
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it was stated that the problem could be understood by stating that
the weights of four different rows of dry bean plants were given
weekly in daylight and shadow, and that the weight of the twelfth
week was to be found according to these weights. Then, assumptions
were made by the researcher to solve the problem regarding the
ability to simplify the problem. In this regard, it was stated that a
solution hypothesis could be created by looking at the change
between the weights of the sixth, eighth and tenth weeks in daylight
and shadow. In the mathematicization competency, the student was
made aware that there was a pattern based on the weight variables
between the weeks. The patterns were created based on the weight
differences between the weeks, and the weight of the beans in
daylight and shadow in the twelfth week was found, and working
mathematically proficiency was achieved with the student. It was
discussed how we could interpret the weights we found in
interpretation competence in the context of real life. In the validating
competency, the process was completed by checking whether we
could correctly determine what was given and requested, our solution
assumption, the patterns created, calculations and the interpretation
of the mathematical result we obtained in the real life context.

Fuel Station Problem (Second Application) Feedback

In the fuel station problem, it was stated that the student included
some expressions showing that she understood the problem, that she
could determine what was given and what was required to some
extent, however, she had difficulty in establishing a relationship
between them. It was said that in the process of understanding the
problem and creating hypotheses for its solution, she tried to
determine whether it would be more profitable to buy fuel from
Cukurova next to the house or to go to Seyhan, 10 km away, but she
experienced contradiction and had difficulty because she did not
know how much fuel was left in the tank. It was stated that she later
corrected her mistake by creating realistic assumptions during the
validating process. What the student took into consideration in order
to make herself aware of the realistic assumptions she made was
brought up for discussion again. For example, it was said that she
made an assumption about how much gasoline was left in the fuel
tank. It was stated that she first created the assumption “Filling our
fuel tank completely. Our fuel tank is 45 liters. Therefore, if it goes to
Seyhan, there will be an additional price. | think we can go to the one
in Cukurova.” and then started the mathematizing process by creating
the assumption “We have enough fuel to go”. It was stated that she
started the mathematizing process by creating the hypothesis. It was
also said that in the process of mathematizing, the student created
correct mathematical models according to somewhat acceptable
assumptions. However, it was stated that in the first mathematical
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model she created, she calculated how much she would pay when she
bought fuel only from Cukurova and Seyhan, and ignored that the
tank would be empty on the way to and from Seyhan; therefore, the
fuel tank would not be completely filled. Because it was said that on
the way to Seyhan and on the way back from Seyhan, the fuel tank
would be emptied by a total of 4 liters per 10 km round trip- since the
Hyundai i20 was chosen, that gap had to be filled. After realizing this
situation, it was stated that the mathematical model she made was
corrected. In terms of the interpretation competence, it was said that
she interpreted the correct mathematical solution obtained in an
incomplete way in the context of real life. It was stated that she only
made the statement “Seyhan was more profitable” by making a
numerical comparison and therefore made an incomplete
interpretation. It is stated that the correct interpretation of the
mathematical solution obtained in the context of real life should be as
follows: “It has been found that the payment we will make if we buy
fuel from Cukurova is 225 TL, and if we buy fuel from Seyhan, the
payment we will make is 196 TL. Accordingly, it would be more
profitable for us to go to Seyhan and buy fuel. In addition, at this
stage, we can re-interpret the solution obtained by taking into
account additional factors such as time spent, air pollution, and
weather conditions. Is going to a place 10 km away or even returning
back worth the fatigue in this process, the gases released into the
atmosphere, and the troubles that may occur if the weather is rainy?”
It was stated that when we think about it in this context, we will
correctly interpret the solution we obtained in the context of real life. It
was said that this time, unlike the previous problems, she was able to
verify for the first time and reached the correct mathematical model
and solution thanks to her validating qualification.

Straw Bale Problem (Third Application) Feedback

It was said that in the Straw Bale Problem, the student could express
what was given in the problem with her own words, show what was
given in the problem by drawing figures, and interpret what was
wanted in the problem according to these given, thus making full
sense of the problem. It was stated that she calculated the height of
the straw bales based on the person in the picture in the problem, in
other words, she made a realistic assumption by establishing a
relationship between the height of the person in the picture and the
height of the straw bales. It was said that in the mathematizing
process, the student created the correct mathematical models
according to realistic assumptions and reached the correct
mathematical solution by using the correctly created mathematical
models, thus carrying out the working mathematically process. In
terms of interpretation competence, it was said that she interpreted
the correct mathematical solution obtained in an incomplete way in
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the context of real life. Although she was considered to have partially
found a real-life result in line with the mathematical solution she
reached, it was stated to the student that she interpreted the result
obtained incompletely in the context of real life, since she did not state
that a collapse would occur with the increase in the pressure applied
by the straw bales to each other from top to bottom and therefore the
height would be less than the height she found. Regarding validating
competence, it was said that she reviewed what she did from the very
beginning of the process, re-interpreted the problem and expressed it
verbally, and re-checked her mathematical model and all the
operations she performed by evaluating the assumption she had
created. In addition, it was stated that although she was not asked to
express the result she found in the problem in writing or in a letter,
she expressed her entire process in writing, thus carrying out the
interpretation process. Finally, Table 7 provides a general framework
for how elaborated feedback was used in the application process.

Table 6
Use of The Elaborated Feedback in the Application Process

Criteria Elaborated Feedback

e In cases where the student does not
understand the problem or understands it to
some extent, or is unable to determine what is
given and requested, or is unable to determine
what is given or asked to some extent, and
cannot establish a relationship between
them/establishes a wrong relationship, the
student is asked to read the problem again

Understanding the and express what she understands in her own

Problem words. Expressing how she should understand
the problem if she cannot achieve this
competence.

e By including expressions that show that the
problem is fully understood, determining what
is given and what is required, and establishing
a relationship between them, it is stated to the
student that he/she understands the problem
correctly and moves on to the next stage.

e |In cases of not simplifying the problem or
simplifying it to some extent, not determining
the necessary/unnecessary variables or
determining them to some extent and making
wrong assumptions or acceptable
assumptions to some extent, asking the
student questions that will enable her to
brainstorm according to the problem situation
she is solving and ensuring that she makes
realistic assumptions. Explaining how to make

Simplifying
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realistic assumptions if she cannot achieve this
competence.

e In cases of simplifying the problem, detecting
necessary/unnecessary variables, and making
realistic assumptions, informing the student
that the assumption is valid for the solution of
the problem and moving on to the next stage.

e In cases of not creating a mathematical
model/s or creating incomplete/erroneous
mathematical model/s, asking the student
some questions that will enable her to
brainstorm whether the mathematical model
she created is correct for the solution of the
problem and ensuring that she creates the
necessary mathematical model/s in a correct
figure according to realistic assumptions. If she

Mathematizing cannot achieve this competency, showing how
she can create mathematical model(s)
according to realistic assumptions.

e In cases of <creating the necessary
mathematical model/s in a correct figure
according to realistic assumptions, explaining
the model/models and relating them to each
other, it is stated to the student that the
mathematical model she created is correct
and she proceeds to the next stage.

¢ In cases where the student does not provide a
mathematical solution, solves the
mathematical models incorrectly, or tries to
solve the wrong mathematical model, the
student is asked some questions to revise the
solution process, making her aware of her
mistakes and ensuring that she can solve the

Working mathematical model correctly. Demonstration

Mathematically of how the created mathematical model can
be solved if this competence cannot be
achieved.

e |In cases where the student reaches the correct
mathematical solution by using correctly
created mathematical model/s, it is stated to
the student that the solution is correct and she
proceeds to the next stage.

e In cases of misinterpreting the obtained
mathematical solution in the context of real
life or not interpreting it at all or interpreting

Interpreting the obtained correct mathematical solution in
an incomplete figure in the context of real life,
the student is asked how else she can interpret
the figures in order to reveal her competence
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in interpreting in the context of real life. If she
cannot achieve this competence, explaining
how she can interpret the correct
mathematical solution obtained in the context
of real life.

e In cases where the correct mathematical
solution obtained is interpreted in a correct
figure in the context of real life, the student is
informed that his/her interpretation is in the
context of real life and she proceeds to the
next stage.

e |n cases of not taking a validating approach or
making false validating, taking a partial
validating approach, not correcting the
identified errors, or correcting the identified
errors to some extent; trying to have the
student find out and express how the
validating approach is not correct and how it
should be. Expressing how the validating
approach should be taken if she cannot
achieve this competence.

e In cases of taking a validating approach and
correcting identified errors, it is stated to the
student that the validating approach is correct,
and the process is completed.

Validating

Discussion and Conclusion

It has been observed that the student, in terms of the ability to
understand the problem, directly makes the transitions to the world of
mathematics in the first week, without making sense of the problem
and without determining the necessary and unnecessary variables.
However, thanks to the elaborated feedback provided for this
competency, it was found that in the following weeks, the student was
able to read and understand the problem, determine what was given
and what was required, establish relationships between them, and
express these thoughts in writing. Similarly, English and Watters'
(2004) study claim that students in this age group have difficulty in
understanding and interpreting data presented in various formats and
representations. Relevant studies conducted with students in this age
group (10 years old) also reveal that students have difficulty in making
sense of the problem situation (Sahin, 2019; Sahin & Eraslan, 2016).
Similarly, in this study, it was observed that although the student had
difficulty in understanding the problem, she improved her
competencies thanks to the elaborated feedback provided regarding
her ability to understand the problem. Research conducted in this
direction emphasizes that elaborated feedback provides effective
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information to change teaching and learning activities (Asempapa &
Foley, 2018). In parallel with this claim, it is stated that the modeling
process information given to the student has a positive effect on the
development of modeling competencies (Maal3, 2006; Kaiser et al,,
2010).

A number of studies conducted with students from different age
groups emphasize that students have difficulty in creating hypotheses
appropriate to the problem situation and simplifying the problem
(Blum, 2015; Chan et al, 2012; Haines & Crouch, 2007; Maaf, 2006).
Similarly, in this study, it was observed that although the student had
difficulty in the process of simplifying the problem, she displayed
progress thanks to the elaborated feedback provided for this
competence. There are also certain studies showing that elaborated
feedback specific to such discourses, actions and answers, increases
student success, especially learning efficiency (Corbett & Anderson,
2001; Mory, 2004, Shute et al, 2007). In other words, elaborated
feedback regarding a specific purpose and target increases students’
learning and task performance (Asempapa & Foley, 2018; Diefes-Dux et
al.,, 2012; Greefrath & Vorholter, 2016; Shute, 2008; Wake, 2010).

In terms of mathematizing and working mathematically, it was
revealed that the student created correct mathematical models based
on acceptable assumptions to some extent in the first weeks, and in
the last weeks she created correct mathematical models based on
realistic assumptions. In this vein, English (2007), in her modeling
study with children aged 8-9, states that students in this age group
can quantify qualitative data. Similarly, in this research, towards the
end of the process, the student's verbal expressions became
increasingly mathematical, and she created mathematical models
that were in line with realistic assumptions. In this context, it is
emphasized that students should be given formative feedback
regarding their solutions both during and after the process, due to the
complex structure of model-eliciting activities and the high cognitive
task demands expected from the student during the process
(Asempapa & Foley, 2018; Besser et al., 2013; Besser et al., 2015; Diefes-
Dux et al, 2012; Levy et al., 2010). Feedback is defined as information
that aims to change the student's thinking or behaviors in order to
improve learning, and is conveyed to the student accordingly (Shute,
2008). It has been observed that feedback, as a support provided to
the student during the modeling process, contributes to the
development of modeling competencies. In this regard, thanks to the
elaborated feedback provided to the student in the research, it was
observed that in the following weeks, the student realized the
mistakes she made in the solution process of the mathematical
models she created, and in terms of validating competence, she
corrected her mistakes and solved the models correctly.
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The main purpose of feedback is to increase student knowledge, skills,
and understanding in mathematical content areas (e.g., numbers and
operations, geometry, measurement, data manipulation) or general
skills (e.g., problem solving, modeling, performing arithmetic
operations) (Besser et al, 2013; Besser et al, 2016; Shute, 2010).
Feedback also provides information that can be useful to the student
to correct inappropriate problem-solving strategies, operational errors
or misconceptions (Mason & Bruning, 2001; Mory, 2004, Narciss & Huth,
2004). In this sense, in this study, modeling competencies were
developed by providing elaborated feedback to the student in the
areas she needed both during and at the end of the process
(understanding the problem, creating hypotheses, determining
problem-solving strategies, creating models, operation errors,
misconceptions, interpretation, validating). In this vein, there are a
number of studies indicating that feedback specific to target-oriented
discourses, actions and answers, increases student success, especially
learning (Corbett and Anderson, 2001; Mory, 2004, Shute et al., 2007).
In addition, targeted feedback increases students’ learning and task
performance (Asempapa & Foley, 2018; Diefes-Dux et al., 2012;
Greefrath & Vorholter, 2016; Shute, 2008; Wake, 2010).

Although elaborated feedback was provided to the student regarding
interpreting competence, it was observed that she still had difficulty in
demonstrating this competence. However, in the process of
expressing the process in writing, regarding the result evaluated
within the scope of interpreting competence, it was observed that the
student could not express the process in writing, regarding how she
reached the mathematical solution she obtained in the first weeks,
but in the problem situations in the following weeks, she
spontaneously performed this action even though it was not
requested. Similarly, in the studies conducted with this age group, it is
stated that students have difficulties in converting the mathematical
results they obtain into a written form (English, 2006; English &
Watters, 2004, 2005; Sahin, 2019). Similar studies conducted in this
context emphasize that while students work on modeling problems,
environments where they can interpret their own models should be
provided so that they can interpret their models with real-life
situations (Blum & Borremeo Ferri, 2009; Haas et al., 2020; Suh et al,,
2021). It is also emphasized that feedback reduces the cognitive load of
low-ability students, especially those who have little experience on the
subject being studied and who encounter a complex problem-solving
task (Moreno, 2004; Paas et al., 2003).

In the validating competence, it was revealed that the student did not
achieve this competency at all in the first weeks but developed her
validating competency thanks to the elaborated feedback provided
for this competency in the following weeks. Both during the
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application process and at the end of the process, the researcher gave
feedback to the student about the need to check not only the
procedural errors but also whether she understood the problem
correctly, the solution assumptions, the accuracy of the mathematical
model she created, and whether she made any procedural errors in
her mathematical solutions. Thanks to this feedback, it was found that
the student’s validating competence improved to some extent It has
also been observed that after the student acquires this competence,
she realizes her mistakes and solves her mathematical models
correctly by correcting these mistakes. There are also studies
emphasizing that goal-oriented feedback provides students with
useful information to correct inappropriate problem-solving strategies,
operational errors and misconceptions (Mason & Bruning, 2001; Mory,
2004%; Narciss & Huth, 2004). Because formative assessment not only
reveals the development of the individual and whether there are
aspects that still need to be improved in the process, but also supports
the individual in understanding and gaining awareness about her
current situation (Black et al., 2004).

Suggestions

In this study, it has been observed that the student's modeling
competencies have displayed progress in the course of time thanks to
the elaborated feedback provided to the fourth-grade elementary
school student regarding each modeling competence. However, the
results of this study are limited to one student and a five-week
application as a single case-holistic design. Comparative studies can
be carried out by conducting a similar study using experimental or
other research methods. Also, model-eliciting activities and elaborated
feedback employed in this study conducted with a fourth-grade
elementary school student can be applied to different grade levels in
elementary school, and comparative studies can be conducted. In this
study, the assessment was performed within the scope of Borromeo
Ferri's (2006) cognitive mathematical modeling competencies. In
other studies, students’ modeling competencies can be evaluated and
improved by considering different modeling cycles. In addition, future
studies can employ different teaching and learning methods that may
be effective in developing mathematical modeling competencies.
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Appendix A. Mathematical Modeling Problems Applied
THE RESTAURANT PROBLEM

McDees surveyed 10 people to find out their top 5 reasons for coming
to McDees. The following table shows the results of the survey. You
are required to examine thefollowing data and come up with a master
list that orders the reasons from the most important to least
important. You should explain to the manager of McDees how your
system works.

Fries Burgers Kids's Quickness Price
meals

Customer 1 3 2 5 4
1

Customer 4 3 1 2 5
2

Customer 2 1 5 3 4
3

Customer 2 3 5 4 1
4

Customer 1 2 4 3 5
5

Customer 3 4 5 1 2
6

Customer 4 5 1 3 2
7

Customer 1 2 5 3 4
8

Customer 2 3 4 1 5
9

Customer 2 1 5 4 3
10

APPLE PIE PROBLEM
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Seving invites some of her classmates to her house for the weekend
and asks her mom to make her famous apple pie for her friends.
Realizing that there are no apples left at home, her mother asks Seving
to buy 3 kg of apples. Sevin¢ has two options to buy apples:

Option 1: Half a kg of applesis 1 TL in the greengrocer's shop right next
to her house.

Option 2: 1 kg of apples is 1 TL in the market a little distance from her
house. However, since the market is far away, she has to take any
means of transportation (bus, minibus or metro).

Which option do you think it would be logical for Sevin¢ to choose?
Explain your thoughts with reasons.

NOTE: If you take any means of transportation (bus, minibus or metro)
in Adana;

In private public buses, boarding without a card is 4 TL.
Private public buses and minibuses with Kentkart, 3 TL for civilians.
Private public buses and minibuses with Kentkart, 2 TL for students.
Municipal buses and metro, 2 TL for civilians.
Municipal buses and metro, 1 TL for students.

TIME IN SCHOOL PROBLEM

Deniz thinks that he has spent a lot of time in school, and he says, “l do
not understand how time passes in school! | spend most of the year at
school.” What do you think about this situation? Do you also think that
you spend most of the year at school? Please do the necessary
calculations to determine whether he is right or not.

BUTTER BEANS PROBLEM

Farmer Uncle Ali is trying to decide which light condition is better for
growing beans. Uncle Farmer Ali visited the Farmers' Union, which
grows the bean plant, because he thought it would help him to
decide, and saw that they used two different light conditions. Two
different light conditions are as follows;

e Growing the beans outdoors in daylight
e GCrowing beans only under shade

The Farmers' Union measured and recorded the weight of the beans
after ten weeks. They grew four (4) rows of beans in daylight and
shade.
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Sunlight Shade

Butter Butter

Bean Week 6 Week 8 Week 10 Bean Week 6 Week 8 Week 10

Plants Plants

Row 1 9 kg 12 kg 13 kg Row 1 5 kg 9 kg 15 kg

Row 2 8 kg 11 kg 14 kg Row 2 5 kg 8 kg 14 kg

Row 3 9 kg 14 kg 18 kg Row 3 6 kg 9 kg 12 kg

Row 4 10 kg 11 kg 17 kg Row 4 6 kg 10 kg 13 kg
YOUR TASK

1. Using the data above, choose the most suitable light condition
for growing beans in order to get the best yield, and explain it in
a letter to Uncle Ali, regarding why you chose this condition.

2. Estimate the weight of the beans at the end of week 12 in
daylight and in shade and explain how you made this estimation
in a letter to Uncle Alli.

FUEL STATION PROBLEM

Your car is about to run out of fuel and you can't decide where to buy
fuel to fill your tank completely. Your house is in Cukurova and you
have two options to buy fuel. The first option is a fuel station right next
to your house, while the second option is a fuel station in Seyhan, 10
km away from your house. The prices of 1 liter of fuel at these two fuel
stations are as follows:

1liter gasoline price

1liter diesel price

Cukurova

5TL

4TL

Seyhan

4TL

3TL

Considering a car brand of your choice from the table below, decide
whether it would be more profitable to buy fuel in Cukurova or

Seyhan.
Model Average Fuel Cirr:umptlon per 10 Fuel Tank
\,",”’ 3 liter (Gasoline) 42 liter
Toyota Yaris
R d
2 liter (Gasoline) 45 liter
Hyundai i20
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GIE .

4 liter (Gasoline) 40 liter

Mini Cooper

1liter (Diesel) 50 liter

In the figure, there are 5 straw bales in the bottom row. When moving
to the next row, there is one less straw bale each time. In other words,
there are 5, 4, 3, 2 and 1 straw bales from bottom to top. Calculate the

approximate height of the whole pile.
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