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The study aimed to examine the mathematical modeling problems designed by
primary education pre-service mathematics teachers and their views on the design
process. The study was conducted within the scope of the Mathematical Modeling in
Primary Education course (area elective) in the second year of the undergraduate
program of primary education mathematics teaching. In this context, 49 pre-service
teachers participated in the study. The study adopted a qualitative design and its data
consisted of mathematical modeling problems designed by pre-service teachers and
their reports. The data were analyzed using content analysis. The mathematical
modeling problems designed by pre-service teachers were evaluated according to the
mathematical modeling, activity design principles (reality principle, model
construction principle, self-assessment principle, model documentation principle,
model shareability and reusability principle, effective prototype principle). As a result
of the study, it was determined that the pre-service teachers faced difficulties in
designing mathematical modeling problems that satisfied all of the principles. It was
found that the process of designing mathematical modeling enabled the pre-service
teachers to have an idea about the issues they did not know and approach questions
and problems with different perspectives. The teachers stated that designing the
problems was time-consuming and they faced difficulties in establishing mathematical
models and determining subjects.
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Bu ¢alisma, ilkdgretim matematik Ogretmen adaylarinin tasarladiklart matematiksel
modelleme problemleri ve tasarlama siirecine iligkin goriislerini incelemeyi
amaglamaktadir. Calisma, ilkogretim matematik 6gretmenligi lisans programi ikinci sif
(alan igi secmeli ders) Ilkogretimde Matematiksel Modelleme dersi kapsaminda
gerceklestirilmistir. Bu baglamda calismaya 49 6gretmen aday1 katilmustir. Nitel olarak
tasarlanan calismamn verilerini 6gretmen adaylar1 tarafindan tasarlanan matematiksel
modelleme problemleri ve raporlar1 olusturmaktadir. Arastirmamn verileri igerik analizi
kullanilarak ¢oziimlenmistir. Ogretmen adaylarimn tasarladiklar1 matematiksel modelleme
problemleri matematiksel modelleme etkinlik tasarim prensipleri (gerceklilik prensibi,
model olusturma prensibi, 6z degerlendirme prensibi, yap: degerlendirme prensibi, model
genelleme prensibi, etkili prototip prensibi) temel alinarak degerlendirilmistir. Calismanin
sonucunda, Ogretmen adaylarimin tiim prensipleri karsilayacak nitelikte matematiksel
modelleme problemi tasarlamakta giigliikler yasadiklari tespit edilmistir. Matematiksel
modelleme tasarlama siireci 6gretmen adaylarina bilmedikleri konular hakkinda fikir sahibi
olma, soru ve problemlere farkli bakis acilari ile bakabilme noktalarinda farkindalik
kazandirdig tespit edilmistir. Ogretmen adaylar1 problem tasarlamanin zaman almasi,
matematiksel model kurma ve konu belirleme asamalarinda zorlandiklarii belirtmiglerdir.
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Gilintimiiz kosullarinda matematik egitimi, sadece matematigi bilen degil sahip oldugu
matematiksel bilgiyi kullanan, uygulayan ayni zamanda problem ¢dzme becerisine sahip bireyleri
yetistirmeyi hedeflemektedir (Soylu ve Soylu, 2006). Ortaokul matematik dersi 6gretim programina
baktigimizda bireyleri toplumun degisen ihtiyaglarimi karsilayacak sekilde bilgiyi {ireten, iirettigi
bilgiyi hayatta islevsel olarak kullanacak nitelikte yetistirmeyi amaglamaktadir (Milli Egitim Bakanlig1
[MEB], 2018). Bu amagclar dogrultusunda matematiksel bilgi ve becerilerini kullanarak karsilastig1
problemlere ¢oziim {iretebilen, karar verme siirecinde uygun se¢im ve kombinasyonlar olusturabilen

bireyler matematigi bilen ve uygun durumlarda etkili sekilde kullanabilen bireylerdir (Yavuz-Mumcu

ve Baki, 2017).

Geleneksel problem ¢6zme yaklasimlari 6grencilerin gelisimine imkan saglayan karmasik,
dagmik, gercek diinya verilerini kesfetme ve ¢ozmek igin gerekli olan yapi ve siirecleri sinirlandirir
(Hamilton, 2007). Bu yontemin aksine, matematiksel modelleme bireylerin zorlu ama karmasik
verileri anlamli sekilde deneyimlemeleri igin zengin firsatlar sunar (Mousoulides ve English, 2008).
Modelleme algoritma ve sematik hesaplamalardan ziyade matematik egitiminin amaglarim
karsilamann bir yolu olarak gosterilmektedir (Schwarz ve Kaiser, 2007). Bu baglamda matematiksel
modelleme, 6grencilerin rutin olmayan gergek hayat problemleri iizerine yogunlasmalarini saglayarak
matematiksel yapilar olusturma, gelistirme, tekrar gozden gegirme ve baska matematiksel durumlara

genelleyebilmelerine olanak saglar (Doruk, 2011).

Matematigin yamu sira mithendislik, fen, teknoloji gibi alanlar ile de yakindan iliskili (Crouch
ve Haines, 2004) olan matematiksel modelleme gercek diinya ile matematik arasinda bir koprii gorevi
gormektedir (Borromeo-Ferri, 2006; Lingefjard, 2006). Lege (2003) matematiksel modellemeyi gercek
anlamdaki durumlara anlayis kazandirmak ve olaylar1 tahmin etme igin matematiksel terimlerinin
kullanildig1 bir siire¢ olarak tanimlamaktadir. Cheng (2001) matematiksel modellemeyi sorunlara
¢Oziim bulmak amaciyla gercek diinya problemlerini temsil eden bir siire¢ olarak nitelendirmektedir.
Modelleme araciligiyla bir gercek diinya problemi veya durumu basit ve soyut matematik problemine
doniisiir (Cheng, 2001). Ayn1 zamanda g¢evremizdeki {iriin ve siireclerin nasil kullanildigini gérmemiz

i¢in matematik ve bir¢ok disiplini bir araya getiren disiplinler aras1 bir konudur (Lingefjard, 2007).

Gergek diinya problemini ¢dzme cabasi sirasinda bireylerin gelistirdikleri ve kullandiklar:
siiregler matematiksel modelleme siiregleri olarak tanimlanir (Lesh ve Doerr, 2003). Modelleme dogasi
geregi, paylasilabilir bir {iriinii gelistirmek i¢in 6grencilerin kiiciik gruplar halinde ¢alistig1 sosyal
deneyimlerdir. Bu siire¢ boyunca 6grenciler problem bilgilerini yorumlama, uygun kararlar verme,
hipotez, tartisma, karsi iddia sunma, onceki 6grenmeleri uygulama gibi durumlar ile kars: karsiya
kalirlar (English, 2006). Mousoulides, Christou ve Sriraman (2008) modelleme siiregleri ile

matematiksel yetenek arasindaki etkilesimin siirekli ve karsilikli oldugunu ifade etmektedirler. Bu
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bakimdan modelleme problemleri, bireylerin farkli yollardan matematiksel anlam gelisimini
desteklemekte ve farkli Ogrenme sekillerini miimkiin kilmaktadir (English, 2006). Oyle ki,
matematiksel modelleme, beklenen tiim sonuglar elde edilinceye kadar tekrar eden siireci kapsar
(Lesh ve Harel, 2003). Bireyler modelleme problemleri {izerine ¢alistiklar1 ve modelleme dongiileri
boyunca ilerledikce modelleme yetenekleri sekillenir ve gelisir (Mausoulides ve digerleri, 2008).
Voskoglou (2006) bu siiregleri problemin anlasilmasi, matematik olarak ifade etme, ¢6ziim, ¢6ziimiin
kontrolii ve elde edilen sonuglariin yorumlanmasi; Borromeo-Ferri (2006) ise problemin anlasilmasi,
sadelestirme, matematik olarak ifade etme, ¢0ziim, yorumlama ve ¢éziimiin dogrulugunu kontrol

etme olarak ifade etmistir.

Galbraith (2012) okul yasantisi i¢inde matematiksel modelleme becerisinin kazanilmasi
gerektigini belirtmektedir. Cilinkii 6grenciler model olusturarak problem durumu ile ilgili fikir, goriis
ve diisiinceleri yansitabilir ayrica matematiksel bilgilerini kavramsallastiracak ortamlara sahip olurlar
(Sahin ve Eraslan, 2016). Zbiek ve Conner (2006) matematiksel modelleme faaliyetlerinin 6grencilerin
matematigi anlama ve Ogrenme motivasyonlarini olumlu etkiledigini belirtmektedirler. Ek olarak,
matematiksel modelleme problemleri matematiksel kavram, matematik dili ve ispat bilgisinin yam
sira sorgulama ve matematiksel diistinme becerilerinin gelisimini desteklemektedir (Kim ve Kim,
2010). Ornegin, Cheng (2001) matematiksel modelleme problemleri igin asil vurgunun bazen cevabi
bulmaktan ziyade problem ¢6zme siireci oldugunu dile getirmistir. Bu nedenle, derslerinde
matematiksel modellemeye zaman ayiran Ogretmenler Ogrencilerin matematigi 6grenmelerinde
onemli rol oynarlar. Ancak, modelleme siireci hem 6grenciler hem de 6gretmenler icin zor bir siirectir
(Blum ve Ferri, 2009). Ozellikle 6gretmenler igin modelleme baglam1 hakkinda gercek diinya bilgisi ve
actk uglu modellerin daha az Ongoriilebilir olmasindan kaynakli bazi zorluklar yasadiklar
soylenebilir (Cai ve digerleri, 2014). Ogrenciler ise problem durumunu yanls anlamaktan kaynakl
sikintilar yasamaktadirlar. Ogrencilerin problemi matematiksel olarak ifade edebilmeleri igin 6ncelikli
olarak problem durumunu anlamalar1 gerekir. Ciinkii bilgisinin yorumlanmasi, uygun miktarlarmn
secilmesi, yeni miktarlara yol acilabilecek islemlerin belirlenmesi anlamli temsillerin yapilmas: ancak

problem durumunun dogru anlasilmast ile gergeklesir (Lesh ve Doerr, 2003).

Literatiirde Ogretmen, 0gretmen aday1 ve Ogrencilerin matematiksel modellemeye yonelik
goriis, uygulamalar1 ve cesitli degiskenlere baglh olarak etkilerinin arastirildig1 ¢alismalar mevcuttur.
Deniz ve Akgiin (2014) ortadgretim dgrencilerinin matematiksel modelleme yontemi ve bu yontemin
smif iginde uygulanmasina yonelik goriislerini incelemislerdir. Calismanin sonucunda, &grenciler
matematiksel modelleme yontemi ile denklem ve formiil kullanarak giinlitk hayat problemlerinin
nasil ifade edilebilecegini fark ettiklerini belirtmislerdir. Doruk ve Umay (2011) yaptiklar1 ¢alisma
modelleme etkinlikleri ile c¢alisan gruplarin gilinliik yasamlarinda matematik dilini kullanma
diizeylerini bu etkinlikleri kullanmayanlardan yiiksek oldugunu gostermistir. Doruk (2011)

calismasinda ortaokul ogrencilerinin iletisim becerilerini destekleyen deneyimler yasamasinda
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matematiksel modelleme etkinliklerinin etkili oldugu tespit edilmistir. Ciltas ve Isik (2013)
modelleme yoluyla 6gretimin ilkdgretim matematik ogretmen adaylarinin matematiksel modelleme
becerilerine etkisini arastirmislardir. Calisma sonucunda, 6gretmen adaylari modelleme yontemi ile
O0gretime olumlu baktiklar1 ve 6gretmen olduklarinda bu yontemi kullanacaklar1 seklinde goriis
belirtmislerdir. Sahin ve Eraslan (2019) 6gretmen adaylarindan staj yaptiklar1 okulda matematiksel
modelleme etkinlikleri uygulamalarii istemislerdir. Calisma sonucunda ogretmen adaylarinin
matematiksel modelleme hakkindaki goriisleri matematik 0grenimi, bireysel gelisim, matematigin
gercek yasamla iligkisini kavrama ve akademik basariya olumlu katkilar seklinde kategorize
edilmistir. Yavuz-Mumcu ve Baki (2017) lise Ogrencilerin matematiksel modelleme becerilerini
aragtirmiglardir. Ogrencilerin cok sik karsilasmadiklari, alistk olmadiklar1 ve verilerin agikca
verilmedigi problem durumlarinda ¢ok fazla zorlandiklar1 ayrica matematiksel modelleme hakkinda
bilgi eksikliklerinden dolay1 siirecte basarisiz olduklar: tespit edilmistir. Duran, Doruk ve Kaplan
(2016) ilkogretim matematik 6gretmen adaylarinin matematiksel modelleme siireglerini inceledikleri
calismada Ogretmen adaylarmin matematiksel model olusturmada giigliikler yasadiklarmi ortaya
koymustur. Erdogan (2019) ilkogretim matematik 6gretmen adaylarinin matematiksel modellemeye
yonelik ozyeterlilik inanglarinin istenilen seviyede olmadigi ve gelistirilmesi gerektigini
vurgulamaktadir. Bukova-Glizel (2011) calismasinda ortadgretim Ogretmen adaylarmin
olusturduklar1 matematiksel modelleme problemleri ve problem ¢oziimlerinde modelleme siireglerini
ne derece uyguladiklarimi arastirmistir. Arastirmaci ¢alismanin sonucunda, 0gretmen adaylarmin
modelleme siirecini anlamada basarili olduklarm1 ancak yorumlama ve dogrulama asamasinda
zorlandiklarimi tespit etmistir. Tekin-Dede ve Bukova-Giizel (2013a) matematik &gretmenlerinin
model olusturma etkinliklerine iliskin 6n gortisleri ve tasarimlarinin ardindan oraya ¢ikan goriislerini
degerlendirmislerdir. Calisma sonunda 6gretmenler, model olusturma etkinlikleri 6grencilerin ilgisini
¢ekmek ve matematik ile diger disiplinler arasinda baglanti kurmasi nedeniyle derslerde
kullanilabilecegi yoniinde goriis belirtmislerdir. Tekin-Dede ve Bukova-Giizel (2013b) dort matematik
Ogretmeni tarafindan hazirlanan Obezite Problemi adli etkinligi model olusturma etkinlik prensipleri
cercevesinde degerlendirmislerdir. Calismada, Ogretmenlerin gercek yasam durumuna uygun
genellenebilir bir model olusturmaya dikkat ettikleri tespit edilmistir. Deniz ve Akgiin (2016)
matematik Ogretmenlerinin matematiksel model olusturma prensiplerine uygun etkinlikler
tasarlayabilme yeterliliklerini incelemislerdir. Calismanin sonucunda, 6gretmenler gegerlilik ve model
genelleme prensiplerine uygun, 0z degerlendirme prensibini kismen saglayan etkinliler
tasarlamislardir. Sagiroglu (2018) bes lise matematik 6gretmeninin matematiksel modelleme etkinligi
olusturma, uygulayabilme yeterliligi ve matematiksel modelleme ile ilgili goriislerini aragtirmustir.
Calismasinin sonucunda, 6gretmenler modelleme etkinlerine alisik olmamalarindan kaynakli olarak
siire¢ boyunca zorlandiklar: ve etkinlik olusturamadiklar: tespit edilmistir. Bu ¢alismalarin yani sira

yapilan diger calismalarda 6gretmen adaylarinin matematiksel modelleme becerileri ve karsilagtiklar:
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zorluklar1 (Ural, 2014); matematiksel modellemeye iliskin goriisleri (Urhan ve Dost, 2016); modelleme
etkinlikleri baglaminda Ogrenci hatalarina yonelik pedagojik yaklasimlarini (Didis, Erbas ve
Cetinkaya, 2016); matematiksel modelleme farkindaliklar1 (Akgiin, Ciltas, Deniz, Cift¢i ve Isik, 2013);
farkli modelleme tiirleri baglaminda olusturulmus matematiksel modelleme problemlerinin ¢6ziim
basamaklarinda kullandiklar1 gosterim sekillerini (Ozaltun, Hidiroglu, Kula ve Bukova-Giizel, 2013)
arastirilmistir. Yurt disinda, matematik 6gretmen aday1 (Anhalt ve Cortez 2016; Anhalt, Cortez ve
Bennett, 2018; Kaiser, Schwarz ve Tiedemann, 2010; Lingefjard, 2006; Zbiek ve Conner, 2006),
matematik 6gretmeni (Lingefjard ve Meier, 2010; Yu ve Chang, 2011) ve 6grenciler (Crouch ve Haines,
2004; Mousoulides ve digerleri, 2008; Voskoglou, 2006) ile matematiksel modelleme {izerine ¢alismalar

yapmuisglardir.

Matematiksel modelleme iizerine yapilan calismalar genellikle bir problem durumu igin
olusturulan modelleme siireglerinin degerlendirilmesi, matematiksel modellemeye yonelik goriisler
ve kuramsal cerceve iizerine odaklanmaktadir. Matematiksel modelleme etkinligi olusturma ve
tasarlama {izerine yapilan c¢alismalarin ise ortadgretim matematik Ogretmenleri gerceklestirildigi
goriilmektedir. Yapilan bu calisma, literatiirde yapilmis olan ¢alismalardan farkli olarak ilkdgretim
matematik 6gretmen adaylarinin tasarladiklar1 modelleme problemleri ve tasarlama siirecine iliskin
goriislerini incelemeyi amagclamaktadir. Blum ve Ferri (2009) matematiksel modellemenin matematik
egitiminde yogun sekilde tartisilan ve yayilan konulardan biri olmasina ragmen sinif uygulamalar:
igin belirgin bir role sahip olmadigini belirtmektedirler. Kaiser ve Schward (2006) modelleme temelli
bir matematik anlayisim1 tesvik etmek ve okullarda modelleme siireglerini yiiriitebilmek igin,
Ogretmen adaylarinin modelleme Orneklerine agina olmasi gerektigini eger boyle bir tecriibeleri
olmazsa bu tiir 6rnekleri derslere entegre etmekte sikinti yasayabileceklerini belirtmektedir. Bu
calismada, literatiirde yapilan ¢alismalardan farkli olarak oOgretmen adaylarindan kendi
yasantilarindan bir durumu matematiksel modelleme problemine doniistiirmeleri istenmistir.
Boylelikle matematiksel modelleme problemi olusturma tecriibesini deneyimlemeleri ve bu
deneyimin kendilerine nasil bir farkindalik sagladiginin tespit etmeleri amaclanmaktadir. Bu
bakimdan arastirmanin literatiire katki saglayacagi diisiiniilmektedir. Bu amagla yapilan bu
calismada, ilkogretim matematik Ogretmenlerinin olusturmus oldugu matematiksel modelleme

problemlerini degerlendirmek ve siirece iliskin goriislerini incelemek amaglanmistir.
Yontem
Arastirma Modeli

[Ikogretim matematik Ogretmen adaylarinin tasarladiklari matematiksel modelleme
problemlerini degerlendirmek amaciyla betimsel yontem kullanilmigtir. Betimsel arastirmalar, verilen
bir durumu olabildigince tam ve dikkatli bir sekilde tanimlamak amaciyla kullanilmaktadir

(Biiytikoztiirk, Kilig-Cakmak, Akgiin, Karadeniz ve Demirel, 2018).
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Calisma Grubu

Arastirmanin c¢alisma grubunu Ic Anadolu Bolgesinde bir devlet {iniversitesinin Hkégretim
Matematik Ogretmenligi Lisans Programima kayith 49 ogretmen adayr olusturmaktadir.
Katilimcilarin se¢iminde uygun durum oOrneklemesinden kolay ulasilabilir 6rnekleme teknigi

kullanilmistir (Sonmez ve Alacapinar, 2017).
Veri Toplama Araci ve Siireci

Bu galisma, ilkdgretim matematik dgretmenligi 2. sinif miifredatinda yer alan flkdgretimde
Matematiksel Modelleme (alan ici se¢meli ders) dersi kapsaminda gerceklestirilmistir. Calismanin
verilerini 0gretmen adaylar tarafindan hazirlanan matematiksel modelleme problemleri ve raporlar

olusturmaktadir.

Veriler 2018- 2019 egitim gretim yili giiz dénemi toplanmustir. Ilkdgretimde matematiksel
modelleme haftada 2 saat teorik olarak ydiriitiillen bir derstir. Arastirmaci, 12 hafta boyunca
matematiksel modellemenin teorik ve uygulamali kisimlar: tizerinde durmustur. Ders kapsaminda
matematiksel model, matematiksel modelleme, matematiksel modelleme stiireci, matematiksel
modelleme etkinlik tasarim prensipleri, matematiksel modelleme etkinliklerinin ozellik ve
yaklagimlar: tartisilmistir. Ayrica simif igerisinde grup calismasi ve smif igi tartisma yontemleri

kullanilarak matematiksel modelleme 6rnekleri uygulamali olarak ¢oziilmiistiir.

Daha sonra 6gretmen adaylarindan kendi belirledikleri bir konu hakkinda matematiksel
modelleme etkinlik tasarim prensiplerini dikkate alarak matematiksel modelleme problemi
olusturmalari istenmistir. Olusturacaklar: problem i¢in herhangi bir konu ve sinif seviyesi siirlamasi
yapilmamistir. Ayrica olusturduklart problemler igin Ornek bir ¢6ziim yapmalar1 ve problemi
olustururken bagvurduklar1 kaynaklar, problem durumlarmin gercek hayatla baglantisii nasil
kurduklar1 ve siirece iliskin olumlu ve zorladiklari noktalar hakkinda goriislerini igeren rapor

hazirlamalar1 istenmistir. Ogretmen adaylar1 problemleri bireysel olarak hazirlamislardir.
Veri Analizi

Aragtirmanin verileri icerik analizi kullamilarak c¢oziimlenmistir. Ogretmen adaylarmimn
tasarladiklari matematiksel modelleme problemleri Tekin-Dede ve Bukova-Giizel (2014) in
calismasinda yer alan matematiksel modelleme etkinlik tasarim prensipleri (gergeklilik prensibi,
model olusturma prensibi, 6z degerlendirme prensibi, yap: degerlendirme prensibi, model genelleme

prensibi, etkili prototip prensibi) 6l¢iit alinarak analiz edilmistir.
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Tablo 1. Model olusturma etkinlik prensipleri

Prensip Aciklama

Gergeklilik Gercek yasamda anlamli olabilecek durumlar1 igermelidir. Ogrenciler
kendilerinden yardim isteyen gercek bir kisi i¢in model olusturmalidirlar.

Model olusturma Problem durumu iiriin olarak bir kelime ya da say: iiretmek yerine model
olusturmalidir.

Oz degerlendirme Problem durumunun ¢oziimii 6grencilerin grup arkadaslariyla tartisarak
karar almalarina olanak saglamalidir.

Yapi belgelendirme Problem durumunun ¢éziimii 6grencinin tiim diisiincelerini ayrintili olarak
ifade etmesine olanak saglamalidir.

Model genelleme Olusturulan model benzer durumlara genellenebilmeli, yeniden

kullanilabilir ve paylasilabilir olmali.
Etkili prototip Model ileride karsilasilabilecek durumlar icin gegerliligini korumali ve ilk
ornek (prototip) olusturmalidir.

Kaynak: Tekin-Dede ve Bukova-Giizel (2014)

Analiz icin derslerinde matematiksel modelleme etkinliklerini etkin olarak kullanan
matematik dgretmeni ile birlikte calisilmistir. Ogretmen adaylarinin tasarladigi problemler éncelikle
matematiksel model etkinlik tasarim prensiplerine ait basamaklar1 karsiladigi ve karsilamadig:
seklinde bireysel olarak kodlanmistir. Giivenirlilik ¢alismasi icin “giivenirlilik=goriis birligi/ (goriis
birligi + goriis ayriligi) x 100” (Miles ve Huberman, 1994) formiiliine bagvurulmustur. Ayni veri setini
kodlayan uzmanlar, ortaya ¢ikan kodlama benzerlikleri ve farkliliklar1 sayisal olarak karsilastirilarak
bir kodlama yiizdesine ulasilir. Giivenirlilik yiizdesinin en az %70 olmas1 gerekmektedir (Yildirim ve
Simgek, 2011). Iki uzman arasindaki giivenlilik yiizdesi %89 olarak hesaplanmistir. Goriis farkliliginin
olustugu noktalarda uzmanlar tartisarak tekrar degerlendirme yapmislardir. Bu dogrultuda iki

uzmanin degerlendirme sonucu %95 olarak bulunmustur.
Arastirmanin Etik izinleri

Yapilan bu calismada “Yiiksekdgretim Kurumlar: Bilimsel Arastirma ve Yaymn Etigi
Yonergesi” kapsaminda uyulmas: belirtilen tiim kurallara uyulmustur. Yonergenin ikinci boliimii olan
“Bilimsel Arastirma ve Yayin Etigine Aykir1 Eylemler” bashg: altinda belirtilen eylemlerden highiri

gerceklestirilmemistir.
Bulgular

Bu kisimda 6gretmen adaylarinin tasarladiklari matematiksel modelleme problemleri, bu
problemleri tasarlarken yararlandiklari kaynaklar, matematiksel modelleme problemi tasarlama

siirecine iliskin olumlu ve olumsuz goriislerinden elde edilen bulgulara yer verilmistir.

Calismaya katilan 6gretmen adaylarinin hepsi matematiksel modelleme problemini giinliik
yasam baglantisi ile iliskili sekilde tasarlamislardir. @gretmen adaylarinin %63 (f=31) inin tasarladigi
matematiksel modelleme problemi gergeklilik, model olusturma, 6z degerlendirme, yap1
degerlendirme ve model genelleme prensiplerini destekledigi tespit edilmistir. Ancak bu problemler

etkili prototip olma 6zelligini karsilamamaktadir. Tasarlanan bu problemler incelendiginde 6gretmen
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adaylarmin kendi giinliik hayatlarinda karsilasabilecek durumlara uygun problemler tasarlamiglardir
ancak bu problem durumlar1 modelin daha sonra karsilasilabilecek durumlar icin gecerliligini koruma
ve ilk olma 6zelligi tastmamaktadir. Oretmen adaylarmin %20 (f=10) sinin tasarladigi matematiksel
modelleme problemi sadece gerceklilik prensibini karsilamaktadir. Bu problemler, matematiksel
model olusturma prensibini tasgimamasi nedeniyle diger prensipleri saglamamaktadir. Ogretmen
adaylarinin %17 (f=8) inin tasarladig1 matematiksel modelleme probleminde eksikler olmasi: nedeniyle
gerekli prensipleri saglamadig: tespit edilmistir. Asagida calismaya katilan 6gretmen adaylarinin

tasarladiklar1 matematiksel modelleme problemlerinden baz1 6rnekler verilmistir.

Calismaya katilan bir 6gretmen aday1 ortaokul 6grencileri i¢in uzunluklar: 6l¢gme, denklemler
ve ondalik sayilarla islemler konusuna yonelik hazirladign “Kopriide ka¢ ara¢ var?” isimli

matematiksel modelleme problemini asagidaki sekilde tasarlamistir.

“Istanbul Bogazinda bulunan Fatih Sultan Mehmet Kopriisii'niin toplam uzunlugu 1.510
metredir. Bu koprii boyunca ara¢ kuyrugu olustugunu diigiiniirsek koprii iizerinde bir

seritte yaklagik ka¢ arag bulunur?”

Calismaya katilan diger bir 6gretmen aday1 ise lise 6grencilerine yonelik olarak agilar ve oran-
orant1 konulari igin hazirladigl “Giines saati hesaplama” isimli matematiksel modelleme problemini

asagidaki sekilde olusturmustur.

“Giines 1sinlarimin piiriizsiiz bir sekilde diistiigii bir diizlemin orta kismuna dikilen bir
cubuk ile giines 1simlarimn ¢ubugun diizlem idizerindeki hareketine gore saat hesaplamast
yapilir. Diinyanin yoriingesinin elips seklide olmasi, diinyanin donme eksenin egik olmasi

giines saatinin zamani tam ve hatasiz gostermesine engel olabilir.

Bu bilgilerden yola ¢cikarak Ekvator da bulunan giines saati 6glen saat 12.00 yi gosterdigi
act ile Tiirkiye'nin herhangi bir ilinde ayni saatte gisterdigi aci arasindaki fark: bulmaya

yardimci olacak bir model olusturunuz.”

Besinci simif 6grencileri igin uzunluklar1 6lgme ile ilgili kazanimlara yonelik olarak “Ney
se¢cimi” isimli matematiksel modelleme problemini hazirlayan 6gretmen adaymin ornegi asagida

verilmigtir.

Ney iiflemek isteyen Esra Hanim kurslar1 arastirarak kendisine en yakin ney kursuna
kaydin yaptirir. Ney hakkinda yeterli bilgisi olmadi§indan kurs 63retmeninden yardim
alir. Ogretmenin Esra Hanim'a tavsiyesi capt kalin, uzunlugu boyu ile orantil ve saghg
acisindan bagparesi kaliteli malzemeden ve ortalama fiyatta bir neyi tercih edebilece§ini
soylemistir. Asaidaki tablo 2'yi inceleyerek Esra hamma uygun bir ney seciminde

yardimecr olur musunuz?
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Tablo 2. Ney cesitleri ve ozellikleri

Ney ¢esidi Cap Uzunluk Bagpare Fiyat (TL)
Manzur 0,027 m 78 cm Ahsap 600
Kiz 2,4 cm 0,7 m Ahsap 230
Stipiirge 0,22 dm 580 mm Plastik 100
Kiz 23 mm 7 dm Manda boynuzu 250

Not: 1. Baspare neyin dudaga koyulan kismidir. Yapr malzemesine gore saglig: etkilemektedir. 2. Ortalama bir

bayan boyu i¢in en uygun ney boyu 70 cm ve altidir.

Ogretmen adaylarinin  tasarlamis oldugu bu matematiksel modelleme problemleri
Ogrencilerin gercek hayatta karsilasabilecek durumlar1 ortaya koymasi nedeni ile gergeklilik prensibini
saglamaktadir. Problemlerin ¢6ziimii bir matematiksel model olusturmaya yonelik olarak
tasarlandigindan model olusturma prensibini karsilamaktadir. Bu problemlerin ¢6ziim asamalar:
ogrencilerin kendilerini degerlendirme, karar verme, diistincelerini agiklayabilme imkani saglamasi
agisindan 6z degerlendirme ve yap1 belgelendirme prensiplerini karsilamaktadir. Olusturulan
problemlerin smnif seviyeleri dikkate alindiginda bu problemler benzer durumlar i¢in uygulanabilir
olmas1 ve gecerliligini korumasi nedeni ile model genelleme prensibini tasidiklar1 sdylenebilir.

Tasarlanan bu problemler igin etkili prototip prensibi igin degerlendirme yapilmamaistir.

Ogretmen adaylarindan matematiksel modelleme problemlerini tasarlama siirecinde
basvurduklar1 kaynaklar1 belirtmeleri istenmistir. Asagidaki Tablo 3 Ogretmen adaylarmin

problemleri hazirlarken basvurduklar1 kaynaklar hakkinda bilgiler sunmaktadir.

Tablo 3. Ogretmen adaylarmin matematiksel modelleme problemlerini hazirlama asamasinda bagourdugu
kaynaklar

Kodlar f %
Internet 28 37
Derste islenen 6rnekler 17 23
Matematiksel modelleme kitaplar: 10 13
Aile-arkadas-cevre 6 8
Bir ticari isletmenin verileri 5 7
Makaleler 4 5
Matematik ders kitab1 2 3
Dergiler (otomobil, yemek vb.) 2 3
Akademisyenler 1 1
Toplam 75 100

Calismaya katilan Ogretmen adaylarmin geneli matematiksel modelleme problemini
tasarlama siirecinde en fazla Interneti (f=28, %37) kullanmistir. Internet disinda ilkdgretimde
matematiksel modelleme dersinde kullanilan Ornekler (f=17, %23) ve matematiksel modelleme
kitaplarim1 (=10, %13) kaynak olarak kullandiklar1 tespit edilmistir. Bu kaynaklarin yani sira
problemini tasarlama siirecinde 6gretmen adaylar aile, arkadas ve yakin cevrelerinin (f=6, %13)
goriislerine bagvurduklart belirtmiglerdir. Ayrica bir ticari isletmenin verilerini (f=5, %7)
kullandiklarin1 belirten 6gretmen adaylar1 bulunmaktadir. Bu katilimcilar bir ticari isletmenin z-

raporu, bir oyuncak magazasmin iiriinlerinin 6zellikleri, bir lokantanin fiyat listesini problemleri
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olustururken kullandiklarini belirtmislerdir. Ayrica, matematiksel modelleme makaleleri (f=4, %5),
matematik ders kitab1 (f=2, %3), cesitli dergiler (f=2, %3) ve akademisyenler (f=1, %1) problemlerini

olusturma siirecinde basvurduklar1 kaynaklar arasindadir.

[Ikogretim matematik 6gretmen adaylarmin matematiksel modelleme problemi tasarlama
siirecine iliskin olarak goriisleri olumlu ve siire¢ boyunca zorlandiklar1 noktalar olmak tizere iki baslik
altinda toplanmustir. Asagidaki Tablo 4 6gretmen adaylarinin matematiksel modelleme tasarlamaya

yonelik olumlu goriisleri hakkinda bilgiler sunmaktadar.

Tablo 4. Ogretmen adaylarinin matematikse modelleme problemi tasarlama siirecine iliskin olumlu goriigleri

Kodlar f %
Bilmedikleri konular hakkinda fikir sahibi olma 12 19
Matematigin giinliik hayatla baglantisin1 kurma 11 17
Giinliik hayatta karsilasilan problemleri ¢6zmek i¢in yardimci olmast 10 15
Soru ve problemlere farkli bakis agilarindan yaklasma 5 8
Bir probleminin farkli ¢éziim yollarinin olabilecegini fark etme 4 6
Problemlerin farkli sonuglarinin olabilecegini fark etme 4 6
Matematiksel modelleme problemlerinin mantiin1 kavramak agisindan 4 6
yardimc1 olmasi

Diisiinme becerisini gelistirme 4 6
Bir problemin i¢inde farkli durumlarin bir arada olabilecegini fark etme 2 3
Arastirma becerisi 2 3
Matematiksel modelleme problemlerine kars: farkindalik 2 3
Kendini gelistirme 1 2
Merak duygusu 1 2
Hayal giicii 1 2
Yaraticilik 1 2
Toplam 64 100

Ogretmen adaylari matematiksel modelleme problemi tasarlama siirecinin kendilerine
sagladigl en biiyiik avantaji bilmedikleri konular hakkinda bilgi edinmelerine (f=12, %19) firsat
sunmast oldugunu belirtmislerdir. Matematigin giinliitk hayatla baglantis1 (f=11, %17) ve giinliik
hayatta karsilastiklar1 problemleri ¢ozebilme konusunda yardimca (=10, %15) olmak acgisindan
matematiksel modelleme problemlerinin énemine deginmislerdir. Ogretmen adaylari matematiksel
modelleme problemlerinin matematiksel soru ve problemler farkli bakis acilari (f=5, %8) ile
bakmalarini sagladig1 ayn1 zamanda bir problemin farkli ¢oziim yollari (f=4, %6) ve farkli sonuglarinin
(f=4, %6) olabilecegi konusunda farkindaliklarini gelistirdigini belirtmislerdir. Baz1 6gretmen adaylar1
ise kendi problemlerini tasarlamanin matematiksel modelleme mantigin1 kavramaya (f=4, %6)
yardimcr olduguna deginmistir. Ayrica, diisiinme becerisi (f=4, %6), arastirma becerisi (f=2, %3),
merak duygusu (f=1, %2), hayal giicii (f=1, %2) ve yaraticiliklarmin (f=1, %2) gelismesine katki
sagladigini belirtmislerdir. Bazi 0gretmen adaylari ise bu siirecin matematiksel modellemeye olan

farkindaliklarin artirdigindan (f=2, %3) bahsetmislerdir.

Matematiksel modelleme problemi tasarlama siirecinin arastirma becerisi gelisimine katkisi

oldugunu belirten Ogretmen adaylari arastirma yapmanin kendilerinde hissettirdigi olumlu
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duygulara deginmistir. Ogretmen adaylarindan biri matematiksel modelleme problemini olusturmak
icin farkli denemeler yaptigini belirtmistir. Problem olusturma ve problem i¢in uygun ¢6zim
gelistirme asmalarinin matematiksel modelleme problemlerinin amacini anlamak agisindan yararh
olduguna deginmistir. Ogretmen adaylarindan biri ise “Derste yapilan uygulamalarda neden bu
problemler ile ugrasmak zorundayiz diye diisiiniiyordum. Bu tiir sorular simavlarda ¢ikmyor. Gereksiz yere
zaman harcryoruz seklide diisiiniiyordum. Problem yazmak matematiksel modellemenin manti§im kavramama

yardimci oldu.” seklindeki ifadeleri ile stirecin kendisinde yaratig: farkindaliga deginmistir.

“Hangi kresi se¢meli?” seklinde bir matematiksel modelleme problemi hazirlayan 6gretmen
aday1 goriistinii “Gergek hayatta bazi konularda secimler yapmak zorunda kalwyoruz. Bu segimleri bir
matematiksel modelleme problemi ¢ozer gibi ¢ozebiliriz. Konu ile ilgili olasiliklar: belirleyerek her birine bir puan
karsilik getirerek karar verebiliriz.” seklinde ifade ile matematiksel modelleme problemlerini ¢6zmek igin
kullanilan yontemleri se¢im yapmak zorunda kaldigimiz durumlara uyarlayabilecegimize
deginmistir. Bir 6gretmen adayi, basit secimler yaparken bile farkinda olmadan matematiksel islemler

kullanildigin1 matematiksel modelleme problemleri ile fark ettigini ifade etmistir.

Ogretmen adaylarindan ikisi ise matematiksel modelleme problemi olustururken problem
¢ozmenin ne kadar onemli oldugunu ve 6grencilerin kendilerini ¢ok fazla gelistirebileceklerini fark
etmelerine olanak sagladigini belirtmiglerdir. Ogretmen adaylarmdan biri bu konudaki gériisiinii “Bu
problemler gercek hayat problemlerini matematik dili ile ifade etmeyi, karmasik sistem ve yapilari diizenleme ve

coziimleme ayrica zihinsel olarak gelismemize yardim oldugunu diisiiniiyorum.” seklinde belirtmistir.

Ogretmen adaylari matematiksel modelleme problemini tasarlama siirecinde karsilagtiklari
zorluklar hakkinda da goriisler belirtmislerdir. Asagidaki Tablo 5 6gretmen adaylarinin matematiksel

modelleme tasarlama siirecinde karsilastiklari zorluklar hakkinda bilgiler sunmaktadir.

Tablo 5. Ogretmen adaylarinin matematiksel model tasarlama siirecinin zorluklarina iliskin goriisleri

Kodlar f %
Cok fazla zaman almasi 17 29
Matematiksel modeli kurma 12 20
Matematiksel modelleme problemini olusturma 11 19
Arastirma yapmak 5 8
Kaynak yetersizligi 4 7
Olusturdugu problemi sadelestirme siireci 4 7
Problem konusu belirleme 3 5
Matematiksel modelleme ¢6ziim asamalarini saglama 2 3
Sinif seviyesini ayarlama 1 2

Toplam 59 100

Ogretmen adaylari matematiksel modelleme problemi tasarlama siirecinin en olumsuz
yoniiniin ¢ok fazla zaman almasi (=17, %29) oldugunu belirtmislerdir. Tasarladiklar1 problem igin
matematiksel model kurma (f=12, %20) ve matematiksel modelleme problemi olusturma (f=11, %19)
asamalarinda zorlandiklarina deginmislerdir. Bazi 0gretmen adaylar1 ise genis bir arastirma alami

iceren problemler igin verileri nasil diizenlemeleri gerektigi konusundaki belirsizlikten dolay1
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arastirma yapmakta (f=5, %8) zorlandiklarimi ifade etmislerdir. Baz1 6gretmen adaylari (f=4, %?7)
olusturduklar1 problemler ¢ok uzun oldugundan problemi sade ve anlasilir sekilde diizenleme
asamasinda zorlandiklarini belirtmislerdir. Ornegin fiyat listelerine ihtiya¢ duyulan problemler icin
farkli fiyat listelerinin olmasi ve bunlar arasmmdan nasil se¢im yapmalar1 gerektigini belirlemek
konusunda yasadiklar1 zorluklardan bahsetmislerdir. Ayrica, Ogretmen adaylar1 matematiksel
modelleme siirecine iliskin olarak problem konusu belirleme (f=3, %5), matematiksel modelleme
problemi ¢6ziim asamalarini saglama (=2, %3) ve problemin sinif seviyesine uygunlugunu ayarlama

(f=1, %2) asamalarinda zorlandiklarini belirtmislerdir.
Sonug, Tartisma ve Oneriler

Bu calismada ilkogretim matematik Ogretmen adaylarmin tasarladiklar1 matematiksel
modelleme problemi ve siirece iliskin gortiisleri arastirilmistir. Bu baglamda 6gretmen adaylarinin
tasarladiklari matematiksel modelleme problemleri, problemleri tasarlarken basvurduklar: kaynaklar

ve siirecine iliskin goriigleri incelenmistir.

Ogretmen adaylar1 tasarladiklari matematiksel modelleme problemlerinde kendi giinliik
yasamlarinda karsilasabilecek problem durumlarina yer vermislerdir. Bu bakimdan Ogretmen
adaylarinin tasarladiklar1 matematiksel modelleme problemleri incelendigine gerceklilik prensibini
sagladiklar1 tespit edilmistir. Ancak, bazi Ogretmen adaylarmin tasarladiklar1 matematiksel
problemlerde model olusturma prensibini yerine getirmedikleri tespit edilmistir. Model olusturma
prensibinde problem durumu igin bir say1 {iretmek yerine matematiksel bir model olusturulmasi
beklenmektedir (Tekin-Dede ve Bukova-Giizel, 2014). Bu Ogretmen adaylar1 problemlerini
matematiksel model olusturmak yerine bir say1 iiretmeye yonelik hazirlamislardir. Bu bakimdan
ogretmen adaylarinin matematiksel model kurma konusunda bazi eksiklerinin oldugu soylenebilir.
Ural (2014) 6gretmen adaylarinin matematiksel model {iretmekte zorlandigini sdylemektedir. Bunun
sebebini ise 0grencilerin rutin ve matematiksel olarak hazir verilen problemlere alisik olmasi, gercek
yasam durumlarma matematiksel olarak nasil bakmalar1 gerektigi ve bilgiyi transfer etme
becerilerinin gelismemis olmasindan kaynakl olabilecegini ifade etmistir. Sonug olarak, matematiksel
modelleme problemlerinin temel asamalarindan biri olan model olusturma prensibi hakkinda
dgretmen adaylarinin ¢ok yonlii diisiinme becerilerinde eksikliler oldugu sdylenebilir. Ogretmen
adaylarinin tasarladifi problemler icin etkili prototip olma ozelligi ile ilgili degerlendirme
yapilmamistir. Matematik 6gretmenleri ile modelleme etkinlik tasarlama tizerine yapilan diger
calismada da etkili prototip prensibi igin degerlendirme yapmadiklarin tespit edilmistir (Tekin-Dede
ve Bukova-Giizel, 2013b; Deniz ve Akgiin, 2016; Yu ve Chang, 2011). C)gretmen adaylarinin
matematiksel modelleme etkinlikleri icin gerekli olan bu prensipleri tam olarak karsilayamamalari
normal karsilanabilir. Ciinkii, deneyim ve tecriibe gibi faktorlerin bu tiir problemler olusturmak igin

onemli oldugu sodylenebilir. Bu nedenle, 6gretmen adaylarmin yeterli egitmenlik deneyimi olmadig:
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diistintildiigiinde matematiksel modelleme problemlerinde eksikliklerin olmasi normal karsilanabilir.
Deniz ve Akgiin (2016) matematiksel modelleme prensiplerine uygun etkinlikleri hazirlayabilmek i¢in
tecriibe ve yeterince arastirma yapmanin onemli oldugunu vurgulamaktadirlar. English (2006)
Ogrencilerin matematiksel durumlari farkli sekilde yorumlama ve bu durumlar ile ilgili anlayislarini
akranlarmma anlamli sekilde aktarabilmelerine tesvik eden deneyimlerin verilmesinin zorunlu
oldugunu belirtmektedir. Cai ve digerleri (2014) ise 6gretmen adaylarinin modelleme konusunda bilgi
ve anlayislarinin gelisimi i¢in matematiksel modellemeyi deneyimlemeleri gerektigini ifade

etmislerdir.

Ogretmen adaylarinin matematiksel modelleme problemi tasarlama siirecinde en fazla
bagvurduklar1 kaynak Internet olmustur. Giiniimiizde teknolojinin genis kullanim alanindan dolay1
bu sonucun elde edildigi sOylenebilir. Ayrica aile, arkadas, akademisyen, yakin cevre gibi farkh
kisilerin goriislerini de almayi tercih ettikleri goriilmektedir. Doruk (2011) matematiksel modelleme
etkinlikleri sosyal ¢evre ile ilgili baglamlar1 igermesi nedeniyle 6grencilerin fikirlerini tartisma, yakin
ve uzak Kkisilerle iletisim kurmalarinda 6nemli rol oynadigini belirtmektedir. Ayrica bu siiregte dergi,
makale, kitap gibi kaynaklara basvurduklar tespit edilmistir. Bu bakimdan, yapilan bu tiir calismalar

ogrencilerin arastirma sorgulama becerilerine katki sunmak agisindan faydali oldugu s6ylenebilir.

Yapilan bu calismanin sonucunda elde edilen diger bir bulgu, Ogretmen adaylarmin
matematiksel modellemenin matematigin giinlitkk hayatla baglantisin1 kurma ve giinlitk hayatta
karsilagilan problem durumlarina ¢oziim tiiretmek igin yararlanilabilecek bir yontem oldugunu
gormelerine imkan saglamis olmasidir. Benzer sonuglar literatiirde yer almaktadir. Ornegin; Urhan ve
Dost (2016), 6gretmenlerin modelleme etkinliklerinin matematik konular: arasindaki iligkileri anlama
ve matematigin giinliik hayatla iliskilendirmeye onemli katkilar sundugu goriisiinde olduklarin
belirtmislerdir. Deniz ve Akgiin (2014), matematiksel modelleme etkinlikleri sayesinde 6grencilerin
matematigin gilinliik hayatta nasil kullanildigini gorebilmekte ve matematigin giinliik hayattaki
kullanighhigina dair goriislerini etkiledigini tespit etmistir. Yu ve Chang (2011) 6gretmelere dokuz
hafta modelle ile ilgili egitim vermistir. Egitim siirecinin sonunda 6gretmenlerin modellemenin gercek
yasamla iligkisini fark etmek ve problem ¢6zme yeteneklerini gelistirmek agisindan faydali olduguna
ancak matematik derslerinde kullanilmasinin 6niinde bazi engeller olabilecegine inandiklarini tespit
etmistir. Bu goriislerden farkli olarak, Crouch ve Hainse (2004) 6grencilerin matematik diinyas: ile
gercek diinyay1 birbirine baglama konusunda zayif olduklarini dolayisi ile 6grencilerin matematik ve
gercek diinya arasindaki baglantilar1 kurmalarini destekleyecek deneyimlere ihtiya¢ oldugunu
belirtmektedir. Anhalt ve Cortez (2016) 11 6gretmen adayi ile yapmis oldugu deneysel calismanin
sonucunda Ogretmen adaylarinin matematiksel modelleme siirecini anlamak yoniinde ilerleme
kaydetmelerine ragmen gercek hayat baglami arasindaki baglantilar1 kurabilmeleri ig¢in zamanin

gerekli oldugunu sdylemektedirler.
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Matematiksel modelleme problemi tasarlama siireci, 0gretmen adaylarimin bilmedikleri
konular hakkinda arastirma yapma, elde etikleri verileri diizenleme, diisiinme becerisi, yaraticilik,
hayal giicii, kendini gelistirme, merak duygusu gibi becerilerinin gelisimine katki sagladig: tespit
edilmistir. Ayrica problemlerinin farkli ¢6ziim yollarinin olabilecegi ve bir problemin birden fazla
sonucunun olabilecegi konusunda fikir sahibi olmalarina imkan saglamistir. Benzer sekilde, Ozdemir
ve Isik (2015) matematiksel modelleme etkinliklerinin olay ve durumlar karsisinda akil yiiriitme,

yaraticilik becerisi ve matematik bilgilerini i¢sellestirmede yardimci oldugunu belirtmektedir.

Yavuz-Mumcu ve Baki (2017) yapmis olduklar1 calismada Ogrencilerin matematiksel
modellemenin anlamina iliskin bilgi eksiklerinin oldugu sonucuna ulasmistir. Yapilan bu ¢alismanin
O0gretmen adaylarinin kendi matematiksel modelleme problemlerini tasarlamalari1 matematiksel
modelleme kavramini anlamalarina firsat saglamasi agisindan yardimei oldugu soylenebilir. Deniz ve
Akgilin (2014), okullarda Ogrencilerin etkili bir sekilde matematiksel modelleme yontemi igeren
etkinlikler ile karsilasabilmeleri i¢in smif igerisinde etkili bir sekilde uygulayabilen 6gretmenlere

ihtiyac oldugunu ifade etmektedirler.

Calismaya katilan ogretmen adaylarinin ¢ogunun matematiksel modelleme problemi
tasarlama stireci igin fazla zaman harcadiklar1 ayrica problem olusturma, problem igin matematiksel
model kurma, problem konusu belirleme, problem tasarlama asamalarinda zorlandiklar: tespit
edilmistir. Lingefjard (2007) matematiksel modelleme dersinin tasarlanmas: ve uygulanmasinin zor
bir is oldugunu soylemektedir. Cilinkii matematiksel modelleme Ogretme ve degerlendirme
prosediirleri yan1 sira gesitli problem ve konularin {istesinden gelebilmeyi gerektirmektedir. Yapilan
bu calismada Ogretmen adaylarinin matematiksel modelleme tasarlama siirecinde zorlandiklarini
gostermektedir. Duran ve digerleri (2016) Ogretmen adaylarinin matematiksel modelleme
problemlerini ¢6zme siirecinde zorladiklarin tespit etmistir. Akgiin ve digerleri (2013), matematiksel
modelleme etkinlerinin zaman almasi, sinif ortaminda uygulanmasi, dersleri karmasik hale getirmesi
nedeni ile 6gretmenlerin; Yavuz-Mumcu ve Baki (2017) matematiksel bilgi eksiklilerinden kaynakli

olarak 6grencilerin zorlandiklarini tespit etmislerdir.

Ogretmen adaylarinin kendi matematiksel modelleme problemlerini olusturma ile ilgili
deneyimler yasamlarinin énemli oldugu diisiiniilmektedir. Matematiksel modelleme problemlerini
tasarlama siirecinde yasadiklari olumlu ve olumuz durumlar Ogretmen adaylarinin meslek
yasamlarina basladiklarinda tecriibe olarak kendilerine fayda saglayacaktir. Ayrica Ogretmen
adaylarinin matematigin giinlitk yasamda nasil kullanildigi hakkinda farkindaliklarini artmasi

acisindan bu tiir uygulamalarin yapilmasinin énemli oldugu sdylenebilir.
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Introduction

In today’s conditions, mathematics education aims to educate individuals who not only know
mathematics, but also have the ability to use their mathematical knowledge and solve problems
(Soylu and Soylu, 2006). When looking at the middle school mathematics curriculum, it can be seen
that it intends to raise individuals so that they can produce information to meet the changing needs of
society and use that information functionally in life (Ministry of National Education [MoNE], 2018).
For these purposes, individuals who can produce solutions to the problems they face using their
mathematical knowledge and skills, and come up with appropriate choices and combinations in the
decision-making process, are those who know mathematics and can use it effectively in appropriate

situations (Yavuz-Mumcu and Baki, 2017).

Traditional problem-solving approaches limit the structures and processes necessary to
explore and solve complex, dispersed, real-world data that enable students to develop (Hamilton,
2007). In contrast to these approaches, mathematical modeling offers rich opportunities for individuals
to experience challenging, but complex data in a meaningful way (Mousoulides and English, 2008).
Modeling is presented as a way to meet the objectives of mathematics education rather than as
algorithms and schematic calculations (Schwarz and Kaiser, 2007). In this context, mathematical
modeling allows students to focus on non-routine real-life problems, and create, develop, and revise

mathematical structures, and generalize them into other mathematical situations (Doruk, 2011).

Mathematical modeling is closely related to fields such as engineering, science, and
technology (Crouch and Haines, 2004), and serves as a bridge between the real world and
mathematics (Borromeo-Ferri, 2006; Lingefjard, 2006). Lege (2003) described mathematical modeling
as a process in which mathematical terms are used to make sense of situations in real terms and
predict events. Cheng (2001) described mathematical modeling as a process in which real-world
problems are represented to find solutions to problems. Through modeling, a real-world problem or

situation turns into a simple and abstract mathematical problem (Cheng, 2001). It is also an
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interdisciplinary topic that combines mathematics and many disciplines to see how products and

processes around us are used (Lingefjaid, 2007).

The processes developed and used by individuals in an effort to solve real-world problems are
defined as mathematical modeling processes (Lesh and Doerr, 2003). Modeling, by its nature, consists
of social experiences in which students work in small groups to develop a product that can be shared.
During this process, students are faced with situations such as interpreting the problem information,
making appropriate decisions, providing hypothesis, discussions, and counterclaims, and applying
their previous learning (English, 2006). Mousoulides et al. (2008) stated that the interaction between
modeling processes and mathematical ability is continuous and mutual. In this regard, modeling
problems support the development of mathematical meaning for individuals in different ways and
enable different forms of learning (English, 2006). Thus, mathematical modeling covers a process that
is repeated until all of the expected results are obtained (Lesh and Harel, 2003). As individuals work
on modeling problems and make progress through modeling cycles, their modeling capabilities are
formed and developed (Mausoulides et al., 2008). Voskoglou (2006) referred to these processes as
understanding the problem, expressing it in mathematical terms, solving it, verifying the solution, and
interpreting the results, whereas Borromeo-Ferri (2006) described them as understanding the problem,
simplifying it, expressing it in mathematical terms, solving it, interpreting it, and verifying the

solution.

Galbraith (2012) argued that mathematical modeling skills must be acquired at school. This is
because students can create models to reflect their ideas, opinions, and thoughts regarding the
problem situation on and have environments to conceptualize their mathematical knowledge (Sahin
and Eraslan, 2016). Zbiek and Conner (2006) stated that mathematical modeling activities positively
affect the motivation that students have toward understanding and learning mathematics. In addition,
mathematical modeling problems support the development of mathematical concepts, knowledge of
mathematical language and proof, as well as inquiry and mathematical thinking skills (Kim and Kim,
2010). For example, Cheng (2001) expressed that the chief emphasis for mathematical modeling
problems is sometimes placed on the process of solving problems rather than finding the answer.
Therefore, the teachers who spend time on mathematical modeling in their lessons play an important
role in students learning mathematics. However, the modeling process is a difficult procedure for both
the students and teachers (Blum and Ferri, 2009). For teachers, it can be said that they experience some
difficulties due to real-world knowledge of the modeling context and less predictable nature of open-
ended models (Cai et al., 2014). Students, on the contrary, may experience troubles due to
misunderstanding of the problem situation. Students must first understand the problem situation to
express the problem mathematically. This is because a correct understanding of the problem is

essential for interpreting the information, selecting the appropriate amounts, determining the
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operations that can lead to new amounts, and making meaningful representations (Lesh and Doerr,

2003).

In the literature, there are studies on the views and practices of teachers, pre-service teachers,
and students regarding mathematical modeling, as well as various effects that depend on numerous
variables. Deniz and Akgiin (2014) examined the mathematical modeling method and its application
within the classroom. In their study, the students stated that they realized how to express daily life
problems with equations and formulas using the mathematical modeling method. Doruk and Umay
(2011) demonstrated that the level of mathematical language usage in daily life was higher in groups
who worked with modeling activities than in those who did not. Doruk (2011) found that
mathematical modeling activities were effective in ensuring that secondary school students had
experiences that supported their communication skills. Ciltas and Isik (2013) investigated the effect of
teaching through modeling on the mathematical modeling skills of primary education pre-service
mathematics teachers. In their study, the pre-service teachers indicated that they looked positively at
teaching using the modeling method and that they would use this method when they became
teachers. Sahin and Eraslan (2019) asked the pre-service teachers to implement mathematical
modeling activities at their internship school. In their study, the views of pre-service teachers on
mathematical modeling were categorized as mathematics learning, personal development,
understanding the relationship between mathematics and real life, and positive contributions to
academic achievement. Yavuz-Mumcu and Baki (2017) studied mathematical modeling skills of high-
school students. They found that the students experienced great difficulty with problem situations
that they did not encounter frequently or to which they were not accustomed to, and when the data
were not clearly presented, they failed due to the lack of knowledge on mathematical modeling.
Duran et al. (2016) examined the mathematical modeling processes of primary education pre-service
mathematics teachers and revealed that the pre-service teachers faced difficulties in creating
mathematical models. Erdogan (2019) emphasized that the beliefs of self-efficacy in mathematical
modeling of primary education pre-service mathematics teachers were not at the desired level and
should be developed. Bukova-Giizel (2011) examined the mathematical modeling problems developed
by secondary education pre-service teachers and the extent to which they applied modeling processes
in problem solutions, and found that pre-service teachers were successful in understanding the
modeling process, but had difficulty in interpreting and verifying processes. Tekin-Dede and Bukova-
Giizel (2013a) evaluated the views of mathematics teachers regarding model-eliciting activities as well
as their views that came after their designs. At the end of the study, the teachers suggested that
model-eliciting activities could be used in lessons to attract the attention of students and establish
connections between mathematics and other disciplines. Tekin-Dede and Bukova-Giizel (2013b)
assessed the activity called the Obesity Problem, prepared by four mathematics teachers, within the

framework of the model-eliciting activity principles. They found that teachers paid attention to

1546



KEFAD Cilt 21, Say1 3, Aralik, 2020

creating a generalizable model suitable for real-life situations. Deniz and Akgiin (2016) examined the
competence of mathematics teachers for designing activities in accordance with the model-eliciting
principles. In their study, the teachers designed activities that satisfied the validity, model
shareability, and reusability principles and partially satisfied the principle of self-assessment.
Sagiroglu (2018) investigated the views of five high-school mathematics teachers on the ability to
create and implement mathematical modeling activities and mathematical modeling. It was found that
the teachers had difficulty throughout the process and failed to create activities, as they were not
accustomed to the modeling activities. In addition to these studies, the mathematical modeling skills
of pre-service teachers and the challenges they faced (Ural, 2014), their views on mathematical
modeling (Urhan and Dost, 2016), pedagogical approaches to student errors in the context of
modeling activities (Didis et al, 2016), awareness of mathematical modeling (Akgiin, Ciltas et al, 2013),
and representation patterns that they used in the solution steps of mathematical modeling problems
created in the context of different types of modeling (Ozaltun et al, 2013) were investigated as well.
Studies were also conducted abroad on mathematical modeling with pre-service mathematics teachers
(Anhalt ve Cortez 2016; Anhalt et.all, 2018; Kaiser, Schwarz ve Tiedemann, 2010; Lingefjard, 2006;
Zbiek ve Conner, 2006), mathematics teachers (Lingefjard and Meier, 2010; Yu and Chang, 2011), and
students (Crouch and Haines, 2004; Voskoglou, 2006; Mousoulides et al., 2008).

Studies on mathematical modeling usually focus on the evaluation of modeling processes
created for a problem situation, views on mathematical modeling, and theoretical framework. Studies
on creating and designing mathematical modeling activity were conducted with secondary education
mathematics teachers. Unlike the studies in the literature, the present study aimed to examine the
modeling problems designed by primary education pre-service mathematics teachers and their views
on the design process. Blum and Ferri (2009) argued that although mathematical modeling is one of
the topics widely discussed and scaled up in mathematics education, it does not have a prominent role
in classroom applications. Kaiser and Schward (2006) indicated that pre-service teachers must be
familiar with modeling examples to promote a modeling-centered understanding of mathematics and
conduct modeling processes at schools, adding that if they do not have such experiences, they may
have trouble integrating such examples into the courses. Unlike studies conducted in the literature, in
the present study, the pre-service teachers were asked to transform a situation from their own lives
into a mathematical modeling problem. In this way, they were ensured to have the mathematical
modeling problem creation experience and determine what awareness this experience gave to them.
In this regard, it is believed that the present study will contribute to the literature. In the present
study, it was intended to evaluate mathematical modeling problems created by primary education

pre-service mathematics teachers and examine their views on the process.
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Method
Research Model

The descriptive method was used to evaluate the mathematical modeling problems designed
by primary education pre-service mathematics teachers. Descriptive research was used to describe the

given situations as fully and carefully as possible (Biiyiikoztiirk et al., 2018).
Study Group

The study group consisted of 49 pre-service teachers enrolled in the primary education
mathematics teaching undergraduate program of a state university in the central Anatolia region of
Turkey. The convenience sampling technique was used in the selection of the participants (S6nmez

and Alacapinar, 2017).
Data Collection Tools and Process

This study was conducted within the scope of the Mathematical Modeling in Primary
Education course (area elective) in the second-grade curriculum of the primary education
mathematics teaching program. The data of the study comprised mathematical modeling problems

and reports prepared by teacher candidates.

The data were collected in the fall semester of the 2018-2019 academic year. Mathematical
modeling in primary education is a theoretical course that is conducted 2 h a week. For 12 weeks, the
researcher focused on the theoretical and practical parts of mathematical modeling. During the course,
a mathematical model, mathematical modeling, mathematical modeling process, activity design
principles, and the features of mathematical modeling activities and approaches were discussed. In
addition, practical examples of mathematical modeling were solved using group work and in-class

discussion methods in the classroom.

The pre-service teachers were then asked to create a mathematical modeling problem on a
subject that they selected by taking into account the principles of designing mathematical modeling
activities. There were no limitations on the subjects and grade levels for the problem they would
create. In addition, they were told to make a sample solution for the problems that they created and
prepare a report describing the resources that they referred to while creating the problem, and how
they connected problem situations to real life as well as positive points and challenges regarding the

process. The pre-service teachers prepared the problems individually.
Data Analysis

The data of the study were analyzed using content analysis. The mathematical modeling
problems designed by the pre-service teachers were evaluated based on the principles of designing

mathematical modeling activities described by Tekin-Dede and Bukova-Giizel (2014), comprising the
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model construction principle, self-assessment principle, model documentation principle, model

shareability and reusability principle, and effective prototype principle.

Table 1. Model creation activity principles

Principle Explanation

Reality It should include situations that can be meaningful in real life. Students
should create a model for a real person who asks for help from them.

Model construction The problem situation should create a model instead of producing a word
or number as a product.

Self-assessment The solution to the problem situation should enable students to make

decisions by discussing with their group members.

Model documentation = The solution to the problem situation should allow the students to express
all of their thoughts in detail.

Model shareability and ~ The model created should be generalized to similar situations, and it should

reusability be reusable and shareable.
Effective prototype The model must be valid for future situations and create the first instance
(prototype).

Source: Tekin-Dede and Bukova-Giizel (2014)

For analysis, a cooperative effort was made with a mathematical teacher who effectively used
mathematical modeling activities in his/her lessons. The problems designed by the pre-service
teachers were first coded individually to show whether they satisfied the mathematical modeling
activity design principles. The reliability of the study was calculated using the formula: reliability =
agreement/(agreement + disagreement) x 100 (Miles and Huberman, 1994). The experts encoded the
same data set to compare the resulting encoding similarities and differences numerically to obtain a
percentage of encoding. The reliability percentage had to be at least 70% (Yildirim and Simsek, 2011).
The reliability percentage between the two experts was calculated as 89%. The experts discussed and
revaluated the points of disagreement. In this respect, the result of the evaluation by the two experts

was found to be 95%.
Research Ethical Permission

In this study, all rules stated to be followed within the scope of "Directive of Higher Education
Institutions Scientific Research and Publication Ethics" were followed. None of the actions specified
under the second section of the Directive "Scientific Research and Publication Ethics Actions"” have

been carried out.
Findings

In this section, the findings related to the mathematical modeling problems designed by the
pre-service teachers, the resources they used while designing these problems, and their positive and

negative views regarding the mathematical modeling problem design process were presented.

All of the pre-service teachers who participated in the study designed their mathematical
modeling problems in relation to everyday life. The mathematical modeling problems designed by

63% (f=31) of the pre-service teachers complied with the principles of reality, model construction, self-
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assessment, model documentation, and model shareability and reusability. However, these problems
failed to satisfy the principle of an effective prototype. When these problems were examined, it was
found that the pre-service teachers designed the appropriate problems they may encounter in their
daily lives; however, these problem situations failed to be valid prototypes for future cases. The
mathematical modeling problems designed by 20% (f=10) of the pre-service teachers solely satisfied
the principle of reality; however, these problems failed to satisfy other principles because they did not
meet the principle of the model construction. It was found that the mathematical modeling problems
designed by 17% (f=8) of the pre-service teachers did not satisfy the necessary principles due to their
deficiencies. Below are some examples of the mathematical modeling problems designed by the

participating pre-service teachers.

A pre-service teacher who participated in the study designed the following mathematical
modeling problem entitled “How many vehicles are there on the bridge?” for secondary school

students on the topic of measuring lengths, equations, and operations with decimal numbers:

“The total length of the Fatih Sultan Mehmet Bridge over the Bosporus is 1510 m.
Considering that the vehicles formed a tailback along this bridge, how many vehicles are

there in a lane on the bridge?”

Another pre-service teacher who participated in the study formulated a mathematical
modeling problem entitled “Sundial calculation” for high-school students on the topic of angles,

ratios, and proportions, as follows:

“Calculation of the time is carried out according to the movement of the sun's rays on the
plane with a bar planted in the middle of a plane on which the sun’s rays fall smoothly. The
elliptical shape of Earth’s orbit and the tilting axis of the Earth's rotation may prevent the

sundial from showing time fully and accurately.

Based on this information, create a model for calculating the difference between the angle
shown on a sundial at 12.00 at noon in Ecuador and the angle shown at the same time in

any province of Turkey”.

Below is an example of a pre-service teacher who designed a mathematical modeling problem

called “Choosing a reed flute” on the subject of measuring lengths for fifth graders:

“Esra wants to play a reed flute and enrolls in the nearest course. She does not have enough
knowledge of characteristics of a good reed flute, so she gets help from the course teacher.
The teacher’s advice to Esra was that she could choose a reed flute with a thick diameter,
length proportional to her height, and a mouthpiece of quality material for her health, and
which sells at an average price. Can you help Esra choose a suitable reed flute for herself by

examining Table 2 below?”
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Table 2. Types and features of reed flutes

Type Diameter Length Mouthpiece Price (TL)
Manzur 0.027 m 78 cm Wooden 600
Kiz 2,4 cm 0.7 m Wooden 230
Stiptirde 0.22 dm 580 mm Plastic 100
Kiz 23 mm 7 dm Buffalo horn 250

Note: 1. The mouthpiece is the part of a reed flute where the lip rests. Its material may affect health. 2. For an

average female height, the most suitable reed flute length is 70 cm and below.

These mathematical modeling problems designed by the pre-service teachers satisfied the
principle of reality, as they described the situation that students may face in real life. The solution of
the problems was designed to create a mathematical model that satisfied the principle of model
construction. As the solution stages of these problems provided students with the opportunity to
evaluate themselves, make decisions, and explain their thoughts, the principles of self-assessment and
model documentation were met. Given the grade levels of the problems created, these problems were
applicable to similar situations and remained valid, and it can be said that they satisfied the principle
of model shareability and reusability. For these problems, the effective prototype principle was not

evaluated.

The pre-service teachers were asked to specify the resources that they used in the process of
designing mathematical modeling problems. Table 3 below presents the resources used by the pre-

service teachers while preparing the problems.

Table 3. Resources used by pre-service teachers in preparing mathematical modeling problems

Codes f %
Internet 28 37
Examples covered in the course 17 23
Mathematical modeling books 10 13

Family, friends, and close circles 6 8
Data of a business entity 5 7
Articles 4 5
Mathematics textbook 2 3
Magazines (cars, food, etc.) 2 3
Academics 1 1

Total 75 100

In the process of designing mathematical modeling problems, most of the pre-service teachers
who participated in the study used the Internet (f=28, 37%). They also used examples (f=17, 23%) and
mathematical modeling books (f=10, 13%) used in primary education. In addition to these resources,
the pre-service teachers stated that in the process of designing their problems, they resorted to the
views of their families, friends, and close circles (f=6, 13%). Additionally, there were pre-service
teachers who indicated that they used the data (f=5, 7%) of a business entity. These participants stated
that they used the z reading of a commercial enterprise, the characteristics of the products of a toy

store, and the price list of a restaurant while creating problems. Furthermore, mathematical modeling
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articles (f=4, 5%), mathematical textbooks (f=2, 3%), various magazines (=2, 3%), and academics (f=1,

1%) were used.

The views of the primary education pre-service mathematics teachers on the process of
designing mathematical modeling problems were grouped as positive views and challenging points
during the process. Table 4 below presents the information about the positive views of the pre-service

teachers on designing the mathematical modeling.

Table 4. Positive views of pre-service teachers on mathematical modeling problem design process

Codes f %
Having an opportunity to learn about the topics they do not know 12 19
Establishing the connection of mathematics with everyday life 11 17
Helping to solve the problems encountered in everyday life 10 15
Approaching questions and problems from different perspectives 5 8
Realizing that there may be different solutions to a problem 4 6
Realizing that the problems may have different results 4 6
Helping to understand the logic of mathematical modeling problems 4 6
Developing thinking skills 4 6
Realizing that different situations can co-exist in a problem 2 3
Research skills 2 3
Awareness of mathematical modeling problems 2 3
Self-improvement 1 2
A sense of curiosity 1 2
Imagination 1 2
Creativity 1 2
Total 64 100

The pre-service teachers stated that the primary advantage of the mathematical modeling
problem design process was that it provided them with the opportunity to learn about topics that they
did not know about (f=12, 19%). They mentioned the importance of mathematical modeling problems
in terms of the connection of mathematics with daily life (f=11, 17%) and its ability to resolve everyday
life problems (f=10, 15%). The pre-service teachers reported that mathematical modeling problems
allowed them to look at mathematical questions and problems from different perspectives (f=5, 8%), as
well as realize that there may be different solutions to a problem (f=4, 6%) and different results for a
problem (f=4, 6%). Some pre-service teachers mentioned that designing their own problems helped
them to understand the logic of mathematical modeling (f=4, 6%). They also stated that it contributed
to the development of their thinking skills (f=4, 6%), research skills (f=2, 3%), sense of curiosity (f=1,
2%), imagination (f=1, 2%), and creativity (=1, 2%). A few of the pre-service teachers mentioned that

this process increased their awareness of mathematical modeling (f=2, 3%).

The pre-service teachers who stated that the process of designing mathematical modeling
problem contributed to the development of their research skills addressed the positive emotions that
they felt while doing research. One of the pre-service teachers expressed that he/she performed
different experiments to formulate the mathematical modeling problem. He/she maintained that the

stages of formulating a problem and finding appropriate solutions for the problem were useful in
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understanding the purpose of the mathematical modeling problems. One pre-service teacher
described the awareness he/she developed during the process by saying, “I was thinking about why we
had to deal with these problems in the course practices. Exams would not have questions like these. I was
thinking that we were wasting time. Designing problems helped me understand the logic of mathematical

modeling” .

One of the pre-service teachers, who developed a mathematical modeling problem entitled
“Which nursery to choose?” expressed his/her view as follows: “We have to make choices on some issues
in real life. We can solve these choices like a mathematical modeling problem. We can make decisions by
determining the probabilities related to the subject and assigning scores to each of them”. He/she noted that
the method used to solve mathematical modeling problems could be adapted to the situations in
which choices had to be made. A pre-service teacher stated that mathematical modeling problems
made him/her realize that even when making simple choices, mathematical operations were used

unwittingly.

Two of the pre-service teachers articulated that while formulating mathematical modeling
problems, they realized that it was extremely important to solve problems and students could greatly
develop themselves. One of the pre-service teachers said, “I think these problems express real-life problems
in the mathematical language and help us arrange and analyze complex systems and structures, and develop

mentally”.

The pre-service teachers also expressed their views on the challenges that they faced in the
process of designing mathematical modeling problems. Table 5 below presents information about the

challenges that the pre-service teachers faced in the process of designing mathematical modeling.

Table 5. Pre-service teachers’ views on the challenges of the mathematical model design process

Codes f %
Time-consuming 17 29
Establishing a mathematical model 12 20
Creating the mathematical modeling problem 11 19

Doing research 5 8
Shortage of resources 4 7
Process of simplification of the problem 4 7
Determining the problem subject 3 5
Providing mathematical modeling solution stages 2 3
Adjusting the grade level 1 2

Total 59 100

The pre-service teachers stated that the most negative aspect of the mathematical modeling
problem design process was that it was time-consuming (f=17, 29%). They mentioned that they had
difficulty in establishing the mathematical model (f=12, 20%) and creating the mathematical modeling
problem (f=11, 19%) for the problem that they had designed. Some of the pre-service teachers
indicated that they had trouble doing research (f=5, 8%) due to uncertainty regarding how to edit data

for problems that involved a broad field of research. A few of the pre-service teachers (f=4, 7%) said
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that they had difficulty editing the problem to make it simple and understandable because the
problems that they had created were too long. For example, they noted that there were different price
lists for problems in which such lists were needed, and they encountered difficulties choosing
between them. In addition, the pre-service teachers revealed that they faced difficulties determining
the problem topic (f=3, 5%), providing mathematical modeling problem solution stages (f=2, 3%), and

ensuring the suitability of problem for the grade level in question (f=1, 2%).
Conclusion, Discussion, and Recommendations

In the present study, the mathematical modeling problems designed by the primary education
mathematics pre-service teachers and their views on the process were investigated. In this context, the
mathematical modeling problems designed by the pre-service teachers, the resources they used while

designing the problems, and their views on their process were examined.

The pre-service teachers designed mathematical modeling problems by including problem
situations that they may face in their daily lives. In this regard, when the mathematical modeling
problems designed by the pre-service teachers were studied, it was found that they satisfied the
principle of reality. However, it was determined that some of the pre-service teachers failed to satisfy
the principle of model construction in the mathematical modeling problems that they designed. In the
principle of model construction, a model should be created instead of generating a figure number for
the problem situation (Tekin-Dede and Bukova-Giizel, 2014). These pre-service teachers formulated
their problems to produce a figure instead of creating a mathematical model. In this regard, it can be
said that the pre-service teachers had some shortcomings in building their mathematical models. Ural
(2014) stated that the pre-service teachers in their study also had difficulty in mathematical model
construction. He/she indicated that the reason for this was that the students were accustomed to
routine and mathematically ready-made problems; hence, skills for looking at real-life situations
mathematically and transferring knowledge had not been sufficiently developed. As a result, it can be
said there were deficiencies in the multifaceted skills of the pre-service teachers for the principle of
model construction, one of the basic stages of mathematical modeling problems. The principle of
effective prototype was not evaluated for the problems designed by the pre-service teachers. In other
studies of mathematics teachers who designed modeling activities, it was determined that they did
not evaluate the principle of effective prototype (Tekin-Dede and Bukova, 2013b; Deniz and Akgiin,
2016; Yu and Chang, 2011). It may have been seen as normal that the pre-service teachers were unable
to fully meet these principles necessary for their mathematical modeling activities, because factors
such as experience are important for creating such problems. Therefore, the defects in the
mathematical modeling problems can be considered normal, given that the pre-service teachers did
not have sufficient teaching experience. Deniz and Akgiin (2016) emphasized the importance of

experience and adequate research in preparing activities in accordance with the principles of
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mathematical modeling. English (2006) indicated that it was mandatory to provide experiences that
encouraged students to interpret mathematical situations differently and convey their understanding
of these situations to their peers in a meaningful way. Cai et al. (2014) specified that pre-service
teachers should experience mathematical modeling for the development of their knowledge and

understanding of modeling.

In the process of designing mathematical modeling problems, the Internet was the resource
used most frequently by the pre-service teachers. It can be said that this result was due to the
widespread use of technology today. In addition, they preferred to consult different people, such as
families, friends, academics, and close circles. Doruk (2011) indicated that as the mathematical
modeling activities included contexts related to the social environment, they played an important role
in students discussing their ideas and communicating with close and distant people. Moreover, it was
found that they referred to magazines, articles, books, etc. In this regard, it can be argued that such

studies will contribute to the research skills of the students.

Another finding of the present study was that mathematical modeling made it possible for
pre-service teachers to establish the connection of mathematics with daily life and realize that it can be
used to solve the problems encountered in everyday life. Similar results were reported in the
literature. For example, Urhan and Dost (2016) believed that the modeling activities of teachers made
significant contributions to the understanding of the relationships between mathematics topics and
associating mathematics with everyday life. Deniz and Akgiin (2014) found that the students were
able to see how mathematics was used in everyday life as a result of their mathematical modeling
activities, and this affected their views on the usability of mathematics in daily life. Yu and Chang
(2011) taught teachers about the model for nine weeks. At the end of the training process, they found
that the training was useful in making the teachers realize the relationship between modeling and real
life, and improving their problem-solving skills; however, the teachers believed that there might be
obstacles to using them in mathematics lessons. Unlike these views, Crouch and Hainse (2004)
indicated that the students were weak in connecting the mathematical world with the real world, and
therefore, needed experience that would support them in establishing these connections. Anhalt and
Cortez (2016) conducted an experimental study with 11 pre-service teachers and found that although
the pre-service teachers made progress in understanding the mathematical modeling process, they

needed time to establish connections with the real-life context.

It was determined that the process of designing mathematical modeling problems contributed
to the development of the skills of the pre-service teachers, such as doing research on topics that they
did not know, editing the data obtained, thinking skills, creativity, imagination, self-improvement,
and a sense of curiosity. It also allowed them to have an idea that there may be different solutions to

their problems and that there may be more than one result for a problem. Similarly, Ozdemir and Istk
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(2015) indicated that mathematical modeling activities were beneficial for reasoning in the face of

events and situations, creativity skills, and the internalization of mathematical knowledge.

In their study, Yavuz-Mumcu and Baki (2017) concluded that the students lacked knowledge
regarding the meaning of mathematical modeling. It can be said that the present study helped the
teacher candidates to design their own mathematical modeling problems, allowing them to
understand the concept of mathematical modeling. Deniz and Akgiin (2014) stated that teachers
should apply the mathematical modeling model effectively in the classroom so that students can

effectively encounter activities involving the mathematical modeling method in schools.

Most of the pre-service teachers who participated in the study spent a lot of time in designing
mathematical modeling problems and had difficulty in creating problems and mathematical models
for the problem, determining the problem topic, and designing problems. Lingefjard (2007) indicated
that designing and implementing a mathematical modeling course was a difficult task, since
mathematical modeling required teaching and evaluation procedures, as well as the ability to
overcome various problems and issues. The present study demonstrated that the pre-service teachers
faced difficulty when designing mathematical modeling. Duran et al. (2016) found that pre-service
teachers experienced trouble in the process of solving mathematical modeling problems. Akgiin et al.
(2013) determined that teachers had difficulty due to the fact that mathematical modeling activities
took time, were applied in the classroom environment, and complicated the lessons, and Yavuz-
Mumcu and Baki (2017) found that the students had trouble due to their lack of mathematical

knowledge.

It is believed that it is important for pre-service teachers to have experience in creating their
own mathematical modeling problems. Positive and negative situations that they encounter in the
process of designing mathematical modeling problems will benefit them in their professional lives.
Moreover, it can be said that it is imperative for teacher candidates to increase their awareness of how

mathematics is used in everyday life.
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