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Matematik Ogretmen Adaylarinin Matematiksel Modelleme
Deneyimleri: Modelleme Dongiisii Asamalari, Zorluklar ve Modelleme

Rotalar1’

Muhammet SAHAL', Ahmet Siikrii OZDEMIR?

Ozet

Matematiksel modelleme karmagsik gercek yasam problemlerinin ¢oziimii icin
matematik egitiminde one ¢ikan arastirma alanlarindan biridir. Caliymanin
amact  ortaokul matematik oOgretmeni adaylarimin  hangi  modelleme
asamalarint  deneyimlediklerini, modelleme asamalarinda karsilastiklar:
zorluklart ve modelleme déngiilerinde ortaya ¢ikan rotalari incelemektir. Bu
baglamda durum c¢alismasi ile yiiriitilen aragtirmada yirmi bir ortaokul
matematik égretmeni adayr gruplar halinde ii¢ modelleme problemi iizerinde
calismistir. Katilmcilarin not defterlerinden, ¢oziim izleme gsablonlarindan,
ses ve video kayitlarindan elde edilen veriler icerik analizi yontemiyle analiz
edilmistir ve “modelleme rotalarini” goriiniir kilan modelleme dongiisiine
aktarilmigtir. Gruplarda ortaya ¢ikan modelleme rotalarinin ¢ogu “diizensiz”
ve “tamamlanmis” kategorisinde degerlendirilmistir. Modelleme rotalarinda
o6gretmen adaylarimin “durumun zihinsel temsili”, “gercek model olusturma”
ve “matematiksel ¢oziim/sonug” asamalarinda basarili olduklar: gériilmiistiir.
Modelleme déngiilerinde en fazla atlanan asamalarin “matematiksel model”,
“gercek sonuglart yorumlama” ve “dogrulama” asamalart oldugu ortaya
ctkmustir. Ayrica atlanan agsamalardan matematiksel “model asamasina” dair
ogretmen adaylarmin zorluk yasadiklarini belirttikleri goriiliirken; “gercek
sonuglart yorumlama” ve “dogrulama” asamalarina dair zorluk yasadiklarini
belirten herhangi bir ifade goriilmemistir. Calismadan elde edilen sonuglarin
ogretmen adaylarinin egitiminde matematiksel modelleme uygulamalarina 151k
tutacagr ve karsuasilan zorluklara iligkin literatiire katkida bulunacag
diistiniilmektedir.
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Matematik egitiminde; elestirel diisiinme, problem ¢6zme, is birligine dayali ¢alisma,
farkl1 durumlara uyum saglama, inisiyatif alma, etkili iletisim kurma ve bilgiyi farkli
baglamlarda kullanma becerilerine sahip bireyler yetistirmek hedeflenmektedir.
Ogrencilerin 6grenme siirecinde aktif olmasi, bilgiye ulasma yollarini arastirmasi, yeni
bilgileri eski bilgiler lizerine insa etmesi ve Ozellikle gercek yasamla iliskilendirme
yapmasi gerektigi matematik 6gretim programinda da vurgulanmaktadir (Milli Egitim
Bakanligi [MEB], 2018). Bu becerilerin kazandirilmasi i¢in 6gretimin yeni ve daha
yiikksek standartlarla uygulanmasi gerekmektedir (Wagner, 2008). Son yillarda
matematik egitimi alanindaki degisimler geleneksel 6gretim yontemlerinden daha etkili
ogretim metotlarina olan ilgiyi ve talebi artirmistir. Ogretim siireclerinde 6grencilerin,
ist diizey matematiksel diisiinme becerilerini uygulamalarina olanak saglayacak
karmasik, acik uglu gorevlerle deneyim yasamalart 6nerilmektedir (Doerr ve English,
2006). Bu anlamda matematiksel modelleme, 6grencilerin matematik ve gercek hayat
arasinda iliski kurmalari, agik uclu gorevlerde matematiksel kavramlar1 ve iligkileri
kullanmalar1 ve grup ¢alismalarinda tartisarak fikirlerini 6ne slirme ve savunma igin
onemli bir ara¢ olarak one ¢ikmaktadir (Deniz ve Akgiin, 2016; Tiirker Biber ve Yetkin
Ozdemir, 2021). Ciinkii matematiksel modellemenin temelinde yatan ana fikir
matematik ile karmasik olan gercek diinya arasinda ¢ift yonlii bir iliskinin var oldugu
diistincesidir (Borromeo Ferri, 2006). Bununla birlikte ac¢ik uglu matematiksel
modelleme problemlerinin grup calismalariyla ¢éziimii belli diizeyde matematiksel
icerik bilgisinin yani sira matematiksel diisiinme ve etkili iletisim becerilerini de
gerektirmektedir.

Matematiksel Modelleme

Matematiksel modelleme, 6grencilerin hem giinliik hayatlarinda hem de geleceklerinde
onemli bir role sahiptir (Ulusal Matematik Ogretmenleri Konseyi [NCTM], 2000).
Amerika Birlesik Devletleri, Avustralya, Almanya, Giiney Afrika, Danimarka ve
Hollanda gibi bir¢ok iilkede matematiksel modellemeye miifredatta yer verildigi
goriilmektedir (Ferrando ve Albaraccin, 2019; Julie, 2020; Kaiser ve Brand, 2015; Niss,
2010; Schukajlow ve digerleri, 2015; Stillman ve digerleri, 2013). Matematiksel
modelleme etkinlikleri sayesinde Ogrenciler, diisiincelerini agik¢a ifade etme ve
dogrulama, is birligi i¢inde calisma, farkli ¢6ziim yollarim1 arastirma ve sonuglarin
gerekcelendirme firsati elde etmektedirler (English ve Mousoulides, 2015; Simon ve
Cox, 2019; Stohlmann ve Yang, 2021; Yenmez ve Erbas, 2022; Zawojewski, 2010). Bu
acidan matematiksel modelleme uygulamalarinin okul matematiginde daha fazla yer
almasi gerektigi one siiriilebilir. Ancak matematik siniflarinda matematiksel modelleme
etkinliklerinin istenilen diizeye ulasmadig1 sdylenebilir (Blum, 2015; Kaygisiz ve Senel,
2023).

Matematiksel modelleme, gercek yasam ile matematiksel diinya arasindaki iliskilerin
kurulmasinda 6ne ¢ikan arastirma alanlarindan biridir (Borromeo Ferri, 2006; 2018).
Lesh ve Doerr (2003) matematiksel modellemeyi ger¢ek yasam problemi ile baslayan,
bu problemden elde edilen ¢ikarimlarin matematiksellestirilerek analiz edildigi,
¢Oziimiin gergek yasam durumuna gore yorumlandigi ve bu asamalarin yeniden
diizenlenebildigi bir silire¢ olarak tanimlamistir. Matematiksel modelleme problemleri,
farkli varsayimlara (Blum, 2011; Stillman, 2015), ¢coklu ¢oziimlere ve sonuglara olanak
saglayan (Leong, 2012) ve iist diizey diisiinme becerilerini gerektiren (Chang ve
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digerleri, 2019; Zawojewski, 2010) karmasik acik u¢lu gorevler olmalar1 (Simon ve
Cox, 2019) bakimindan klasik ders kitabi1 problemlerinden ayrilir. Bu baglamda,
matematiksel modelleme etkinlikleri hem o6grenciler hem de ogretmenler i¢in zorlu
gorevlerdir (Blum, 2015).

Matematiksel modelleme problemlerinin farkli ¢6ziim yollar1 igermesi nedeniyle,
Ogrencilerin bazi Ongdriilemeyen zorluklarla karsilagtiklar1 anlarda uygun sekilde
desteklenmeleri gerekir (Alwast ve Vorholter, 2022). Bu destegi saglayacak
ogretmenlerin lisans donemlerinde, modelleme etkinligi ile ugrasan 6grencilerin gesitli
asamalarda nasil desteklenebilecegi konusunda yetkin olmalar1 gerekmektedir (Wessels,
2014). Bu nedenle, Ogretmen egitimi programlarinda, Ogretmen adaylarinin
modellemeye iliskin igerik ve pedagojik alan bilgilerini gelistirmelerine olanak taniyan
ortamlarin sunulmasi énemlidir (Anhalt ve Cortez, 2016). Bunun yani sira 6gretmen
adaylarinin modelleme problemleri iizerinde bagimsiz ¢alismalarina olanak saglayan
gorevlerle karsilasmalar1 gerektigi vurgulanmistir (Maal3, 2007). Nitekim Berry (2002)
matematiksel modelleme problemlerini yiirlitecek herkesin oncelikle bu siiregleri
deneyimlemesi gerektigini belirtmistir. Ayrica modelleme asamalarindaki engelleri
asmak i¢in kritik 6neme sahip izleme ve diizenleme gibi iist-bilissel becerilerin gelisimi
icin ilk elden deneyim biiyilkk 6neme sahiptir (Vorholter, 2018). Tiim bu bilgiler
1s181nda, Ogretmen adaylarinin lisans yillarinda matematiksel modelleme asamalarini
deneyimlemelerinin ve modelleme dongiisii iizerindeki gecisler konusunda fikir sahibi
olmalarinin iist-bilissel becerilerinin gelisimine katki saglayacak ve ileride 6grencilerine
daha iyi rehberlik etme firsat1 sunacagi soylenebilir.

Kuramsal Cerceve

Matematiksel modelleme gergcek diinya ile matematik arasinda cift yonlii gecisleri
iceren karmasik bir siire¢ olarak tanimlanmistir (Borromeo Ferri, 2018; Blum, 2002).
Karmagik biligsel ve {iist-biligsel eylemler iceren matematiksel modelleme siire¢lerini
tanimlamak ve idealize etmek i¢in "modelleme dongiisii" ad1 verilen gesitli diyagramlar
Onerilmistir. Literatiirde farkli arastirmacilar tarafindan 6nerilen modelleme dongiileri
arasinda farkliliklar olsa da modellemenin dongiisel bir siire¢ oldugu, dongiideki
asamalar arasindaki gecislerde esneklik olabilecegi ve gecilen asamalarin tekrar gézden
gecirilebilecegi hususlarinda fikir birligi bulunmaktadir (Borromeo Ferri, 2006; 2011;
Kaiser ve Brand, 2015; Lesh ve Doerr, 2003; Stillman ve digerleri, 2010). Ornegin
Borromeo Ferri (2018) modelleme dongiilerini, degiskenleri ve iliskileri belirleme,
matematiksellestirme, yorulama ve dogrulama gibi matematiksel modelleme
yeterliklerini igeren ve modelleme siirecini tanimlamak ve izlemek i¢in bir yap1
saglayan ¢ok yonlii biligsel araglar olarak tamimlamaktadir. Sekil 1°de sunulan
Borromeo Ferri’ye (2006) ait modelleme dongiisii modelleyicilerin matematiksel
modelleme agamalarindaki gecislerini ayrintili olarak incelemeye firsat sunmaktadir. Bu
bakimdan ¢alismada Ogretmen adaylarinin modelleme siireglerini  izlemek ve
degerlendirmek i¢in Borromeo Ferri’ye (2006) ait modelleme dongiisii kullanilmistir.
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Sekil 1

Borromeo Ferri (2006) 'ye ait modelleme dongiisii

Ekstrd Matematiksel Bilg]

i 1. Anlama
\/\ Matematiksel 2. Basitlestirme/Yapilandirma
Gerpak Motes -y - Model (Ekstra matematiksel bilgiyi
Ekstra Matematiksel - kullanma)
bikgi g 3. Matematilkksellestirme
Gergek . 1 Durumun (Elkstra matematilksel bilgive
e P B " gy
Durum ~~ Zihinsel Temsili giiclii bir sekilde ihtivac
g duyulur)
4. Matematilksel calisma,

Gergek | . Matematiksel  birevsel matematiksel

Sonuglar \\_,__./ sonuglar veterlikleri kullanma
: 5. Yorumlama

Gergeklik Matematik 6. Dogrulama

Borrome Ferri (2006) tarafindan 6nerilen modelleme dongiisiine gore, bir modelleme
problemi ile ugrasan kisi ger¢ek durum (GD), durumun zihinsel temsili (DZT), ger¢ek
model (GM), matematiksel model (MM), matematiksel sonug(lar) (MS), gercek
sonug(lar) (GS) asamalarindan gegtikten sonra tekrar durumun zihinsel temsiline
donerek alti asamada siireci tamamlar. ikinci ve {i¢lincii asamalara geciste ekstra
matematiksel bilgi (EMB) s6z konusudur. Modelleme dongiisiinde gergek sonug ve
durumun zihinsel temsili asamalarinin karmasik bir formda oldugunu, gercek model ve
matematiksel model asamasindaki durumun daha formal bir yapiya sahip olmaya
basladigini, matematiksel sonug(lar) ve gergek sonug(lar)da gercek durum ve durumun
zihinsel temsilinin kesinlestigini simgeleyen isaretleri goérmek de miimkiindiir.
Modelleme dongiisiinde hareket eden bir Ggrencinin problemi anlamlandirmasi,
karmasik durumu basitlestirmesi ve yapilandirmasi, degiskenleri ve aralarindaki
iliskileri formal olarak ifade ederek matematiksel diinyaya gecis yapmasi, ¢oziimleri
gerceklestirmesi, elde ettigi matematiksel sonuglart yorumlamasi ve son olarak
degerlendirme yoluyla siireci dogrulamasi (D) beklenir (Borromeo Ferri, 2018). Bu
siirecin 1idealize edildigi gibi sirali ve hiyerarsik bir sekilde ilerlemedigi birgok
arastirmaci tarafindan vurgulanmistir (English ve digerleri, 2016; Eraslan, 2012; Leiss
ve digerleri, 2019; Maal}, 2006). Biligsel bir ara¢ olan modelleme dongiileri ayni
zamanda etkili bir degerlendirme aracidir (Borromeo Ferri, 2018).

Caliysmanin Onemi ve Amaci

Tiim modelleme dongiileri, problem tanimi, {iriin gelistirme, test etme ve diizenlemeyi
icermeleri bakimindan ortak noktalar1 barindirmaktadir (Simon ve Cox, 2019). Biligsel
stirecleri modelleyen bu diyagramlarin degerlendirme ve egitim materyalleri gibi farkli
amaclar i¢in etkili araglar olarak kullanilabilecegi de belirtilmistir (Borromeo Ferri,
2018; Lesh ve Doerr, 2003). Modelleme problemlerinde ¢6ziim siirecinin hiyerarsik bir
yol izlememesi nedeniyle, ¢oziim siireci bir taslak ile baglamakta ve bu taslagin tekrar
tekrar gozden gecirilmesi ve yeniden diizenlenmesi ile olgunlasmaktadir (Arlebick ve
Doerr, 2018; Lesh ve Lehrer, 2003). Dolayisiyla nihai ¢oziime ulasana kadar
modelleme dongilisiindeki ¢esitli asamalarin tekrarlanmasi ya da asamalara birka¢ kez
geri doniilmesi s6z konusu olabilir. Borromeo Ferri (2007) modelleme dongiisiiniin
cesitli asamalarina gore ortaya cikan bireysel modelleme siirecini ifade etmek igin
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“modelleme rotas1 (individual modeling route)” kavramini kullanmistir. Bilissel
modelleme dongiileri, problemle ugrasan bir kisinin dongii lizerinde nasil bir rota
izleyebilecegini agiklamaktan ziyade bir modelleme probleminin ideal ¢6ziimiinii temsil
etmektedir (Niss ve Blum, 2020). Literatiirde bireysel modelleme rotalarina iliskin
teorik ve uygulamali ¢alismalar (Blum ve Borromeo Ferri, 2009; Borromeo Ferri, 2010;
Doerr ve digerleri, 2017; Ramirez-Montes ve digerleri, 2021; Sol ve digerleri, 2011;
Taspinar Sener, 2017) bulunmakla birlikte, 6gretmen adaylarinin bireysel modelleme
rotalarina odaklanan az sayida uygulamali arastirma bulunmaktadir. Bununla birlikte
Ogretmen adaylariyla  gerceklestirilen caligmalarda matematiksel ~—modelleme
asamalarinda uygun yaklasimlarin  sergilenip sergilenmedigi ve modelleme
asamalarinda yasanan giicliikler incelenmistir (Albayrak ve Tarim, 2022; Bukova
Giizel; 2011; Deniz ve Akgiin, 2018; Duran ve digerleri, 2016; Hidiroglu ve digerleri,
2018; Karahan ve Ergene, 2023; Kaya ve Kesan, 2022; Tekin Dede ve Yilmaz, 2013;
Yilmaz ve Tekin Dede, 2016). Sol vd. (2011), bu diizenli modelleme dongiilerine iliskin
farkli katilimci gruplartyla daha detayli uygulama c¢aligmalarinin yapilmasi gerektigine
dikkat ¢ekmistir.

Lisans diizeyindeki mesleki gelisimi etkileyen aktiiel uygulamalarin, meslek hayatina
basladiktan sonra tatil donemlerinde veya kisitli programlarda verilen egitimlerden ¢ok
daha faydali oldugu ifade edilmistir (Seving ve Lesh, 2018; Stillman, 2015). Modelleme
dongiistindeki geri doniislerle ve tekrarli asamalarla farklilasan bireysel modelleme
rotalarinin goriiniir kilinmasi 6zellikle 6gretmen egitimindeki matematiksel modelleme
uygulamalarma katki saglayacaktir. Bu nedenle c¢alismanin, matematik Ogretmen
adaylarinin matematiksel modelleme probleminin ¢oziim siirecinde hangi asamalarda
zorlandiklar1 konusuna katki sunmasinin yani sira; dongii lizerindeki modelleme
rotalarini incelemesi bakimindan modelleme dongiilerinin nasil kullanilacagi konusunda
hem 6gretmen egitimindeki uygulamalara hem de literatiire 151k tutmasi beklenmektedir.
Bu baglamda calismanin amaci, matematik Ogretmen adaylarinin matematiksel
modelleme dersi kapsamindaki matematiksel modelleme problemlerinin ¢éziim
stireclerindeki bireysel modelleme rotalarini, bireysel modelleme rotalar iizerinde hangi
matematiksel modelleme asamalarimi deneyimlediklerini incelemek ve hangi
asamalarda zorlandiklarini ortaya c¢ikarmaktir. Bu ama¢ dogrultusunda su arastirma
sorularina cevap aranmistir:

e Matematik Ogretmen adaylar1 (MOA) modelleme etkinliklerinde hangi
modelleme dongiisii asamalarint deneyimlemislerdir?

e Matematik 6gretmen adaylart (MOA) modelleme déngiisiiniin  hangi
asamalarinda zorluk yagsamislardir?

e Matematik dgretmen adaylarmm (MOA’nin) ¢dziim siireglerindeki modelleme
dongiilerinde hangi modelleme rotalar1 ortaya ¢ikmistir?

Yontem
Arastirma Modeli

Bu ¢alismada nitel arastirma modellerinden durum calismasi benimsenmistir. Durum
caligmasi, arastirmacinin bir ya da daha fazla kisinin dahil oldugu bir program, vaka ya
da faaliyeti derinlemesine inceledigi bir arastirma desenidir (Creswell, 2009; s.13). Bu
calismada, MOA'nin ¢dziim siireclerinde modelleme déngiisiinde izledikleri bireysel
modelleme rotalarini, deneyimledikleri modelleme asamalarini ve hangi asamalarda
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zorlandiklarin1 derinlemesine incelemeye olanak saglamasi nedeniyle durum c¢alismasi
yontemi benimsenmistir.

Calisma Grubu

Arastirma, Tiirkiye’de bir devlet iiniversitesinde 6grenim goren 21 ortaokul matematik
ogretmen aday1 ile gerceklestirilmistir. Calisma 2019-2020 akademik yili giiz
doneminde gerceklestirilmistir. Arastirmanin katihmcilari OA1, OA2,... ve OA21,
goniilliiliik esasina dayali olusturulan tiger kisilik gruplart ise G1, G2,... ve G7 olarak
kodlanmistir. Ogretmen adaylarmin higbiri daha énce matematiksel modelleme ile ilgili
bir ders almamistir. Dolayisiyla bu konuda herhangi bir deneyimleri yoktur. Caligma
grubunun belirlenmesinde amacl 6rnekleme yontemi kullanilmistir. Amaglh 6rnekleme
yonteminde arastirma sorularina 151k tutacak ve bilgi agisindan derinlemesine ve zengin
bir analize olanak saglayacak durumlar se¢ilmektedir (Patton, 2002). Katilimcilara ve
calisma sirasinda dahil olduklar1 gruplara iliskin demografik bilgiler Tablo 1'de
sunulmustur.

Tablo 1

Uygulamaya Katilan MOA 'na ait Bilgiler
Kod (Cinsiyet) Grup
OA 4(K), OA 9(K), OA 20(K) Grup 1
OA 1(K), OA 11(K), OA 16(K) Grup 2
OA 8(K), OA 10(K), OA 18(K) Grup 3
0A 2(K), OA 13(K), OA 15(K) Grup 4
OA 5(K), OA 6(E), OA 12(K) Grup 5
OA 7(K), OA 14(E), OA 21(K) Grup 6
OA 3(K), OA 17(K), OA 19(K) Grup 7

K: Kadin, E: Erkek

Uygulama

Calismanin uygulanmasi uzun soluklu bir arastirmanin pargasidir. Lisans diizeyinde bir
matematiksel modelleme dersinde katilimcilar, Borromeo Ferri (2018) tarafindan
onerilen “teori”, “uygulama”, “teori ve uygulama”, “sunum” ve “degerlendirme” olmak
iizere bes boliimden olusan teorik bir ¢erceve kapsaminda bir egitim siirecine dahil
edilmistir. Birinci arastirmaci, egitim siirecinin teorik egitimi igeren ilk bolimiinii
yonetmistir. MOA, teorik boliimii takip eden uygulama béliimii olan galigmanin ikinci
boliimiinde, goniillii olarak olusturduklar1 gruplarda modelleme problemleri {izerinde
bagimsiz olarak calismiglardir (bkz. Sekil 2). Arastirmaci, uygulama siirecinde bir
rehber olarak gérev yapmis ve katilimcilardan gelen sorulari yanitlamistir. MOA’ndan
gelen sorulara verilen yanitlar, onlari belli bir ¢6zme yonlendirmemek igin dikkatle
verilmistir. Arastirmaci katilimcilardan gelen sorulara “Biitiin ihtimalleri gbz Oniinde
bulundurdunuz mu?”, “Gerekli olan biitlin bilgilere eristiginizi diisiiniiyor musunuz?”,
“Bu varsayiminmizi nasil gerekcelendirebilirsiniz?”, “Olusturdugunuz matematiksel
modelin problem durumunu temsil ettigini diislinliyor musunuz?” gibi belirli bir ¢dziime
ya da sonuca isaret etmeyen cevaplar verilmistir. Katilimcilarin ¢6ziim stiregleri videoya
kaydedilmis ve her grubun diyaloglari ses kaydina almmistir. MOA'na yanlis
coziimlerini ya da ¢oziim defterlerinin degistirilmesi gereken kisimlarini silmemeleri
sOylenmistir. Sayfalarin degistirmek istedikleri boliimlerine "vazgecildi" ve "bu bolimii
degistirdik" gibi notlar yazmalar istenmistir. Calismanin uygulama asamasi ii¢ hafta
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siirmiis ve bu siire boyunca MOA her hafta farkli modelleme problemleri iizerinde
calismislardir. MOA modelleme problemlerinin ¢oziim siirecinde hesap makinesi ve
gerekli bilgilere ulasmak i¢in internet kullanimi1 konusunda kisitlanmamislardir.
Gruplara modelleme problemlerinin ¢6ziimii i¢in 60 dk siire taninmis, ek siire isteyen
gruplara ek silire verilmis ve ¢Oziim siireci sona erdikten sonra 45 dk biiyiik sinif
tartismasma ayrilmistir. Ek olarak uygulama sonrasinda o6gretmen adaylarindan
modelleme dongiisiiniin en ¢ok zorlandiklart asamasini/asamalarini yazmalar1 ve
nedenini agiklamalari istenmistir.

Veri Toplama Araclan

Calismada Borromeo Ferri’ye (2006) ait modelleme dongiisii kullanildig1 i¢in, yine ayni
aragtirmaciya ait “Saman Balyas1 Problemi” (Borromeo Ferri, 2006) ve “Yakit Problemi
(Hopa)” (Blum ve Borromeo Ferri, 2009) secilmistir. Tekin Dede ve Yilmaz’a (2013)
ait “Yakit Deposu Problemi” ise 6gretmen adaylarinin bir model olusturma etkinligiyle
deneyim yasamalar1 amaciyla secilmistir. Problemlerin uygulama siirecine dahil
edilmesinde uzman goriisiine bagvurulmustur.

Sekil 2
Calismada kullanilan modelleme problemleri

Saman Balyas: Problemi

Resimde gordiginiz saman balyalarindan
bir tanesinin yarigap: sizce ne kadardir?
Saman balyalarinin  olusturdugu yiginin
yerden yiksekligini bulunuz.

m Yakit Deposu Problemi
—. WMeS s Arazi gezilerinden birinde arag sofori

Yakit Problemi (Hopa)

Ahmet Bey Hopa'da ikamet etmektedir.
2016 model Hyundai i20 marka arabasina
Benzin almak igin sizce Batum’a gegmesi
kirlh midir? Tdm ¢ozUmlerinizi belirtiniz.
Eger Ahmet Bey Artvin'de ikamet ediyor
olsaydi herhangi bir farklilik olur muydu?

— “<= olan Ali Bey, ¢ok buyiik sikinti gektigi
bir konuyu Ziraat Fakiiltesinde 6gretim
tiyesi olan Mehmet Bey ile paylasir.

Konu yakit gostergesi ile ilgilidir. Aracin yakit gostergesinin bozuk oldugunu ve

yakitin yol icin yeterli olup olmayacagini kestiremedigini soyler. Ciinki yol

uzerinde yakit alabilecegi herhangi bir istasyon yoktur ve yakitin bitmesi
durumunda arazide mahsur kalacaktir. Ali bey bu sikintiyi gidermek igin ¢ok basit
bir aragla yakit durumunu 6grenip 6grenmeyecegini sorar:

“Mehmet bey acaba elime bir gubuk alsam ve bu gubugu yakit deposuna dik

olarak batirsam. Cubugun islak kismina bakarak depomda kag litre yakit kaldigini

6grenebilir miyim? Benim igin dyle bir model gelistirmenizi istiyorum ki, gubugun

1slak kismini 6lgtiglimde depomda kag litre yakit kaldigini hesaplayabileyim.”

Arastirma kapsaminda kullanilan modelleme problemlerinin ¢6ziim siirecine iliskin
veriler, 6gretmen adaylarinin defterlerinden, ¢6zlim izleme sablonlarindan ve aralarinda
gecen diyaloglarin transkripsiyonlarindan elde edilmistir. Gruplar modelleme
problemlerinin ¢dziimlerini ¢dziim defterlerine yaznuslardir. Ayrica, MOA ndan grup
olarak nihai ¢0ziim yollarm1 ve sonucglarimi tek bir ¢oziim izleme sablonunda
raporlamalar1 istenmistir. Calismadaki ¢6ziim izleme sablonu altt asamadan
olusmaktadir: Modelleme dongiisiindeki asamalara uygun olarak "gercek sonucu ifade
etme", "gercek model olusturma", "matematiksel model olusturma”, "matematiksel
¢Oziim stireci", "matematiksel sonug(lar)" ve "gercek sonug(lar)" olmak iizere alti
asamadan olusmaktadir. MOA matematiksel modelleme egitiminin teorik bdliimiinde
modelleme dongiilerindeki asamalara iliskin egitim almiglardir. Problem ¢6zme
stirecleri kamera ile video kaydma alinmis ve grup i¢i diyaloglari ortaya ¢ikarmak
amaciyla her gruptan ayri ayri ses kaydi alinmistir. Coziim defterleri, ¢6ziim izleme
sablonlari, ses ve video kayitlarindan elde edilen veriler Borromeo Ferri'nin (2006)
modelleme dongiisiine aktarilarak her bir grup i¢in modelleme rotalar1 ortaya
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cikarilmistir. Uygulama sonrasinda, MOA’nin zorlandiklar1 asamalar hakkindaki
diistincelerini ortaya ¢ikarmak i¢in agik uglu ankette yer alan "Modelleme problemlerini
¢ozerken hangi asamada zorlandiginizi ayrintili olarak belirtir misiniz? Liitfen nedenini
de belirtiniz." sorusunu cevaplamalari istenmistir.

Verilerin Analizi

Katilimcilarin modelleme problemlerinin ¢6ziim siireclerinden elde edilen veriler igerik
analizi yontemi ile analiz edilmistir. Icerik analizi, verilerin belirli bir kurala gére daha
az icerik kategorilerine aktarildigi sistematik ve tekrarli bir teknik olarak
tanimlanmaktadir (Weber, 1990). Temel tutarliliklar1 ve anlamlar1 belirlemek i¢in ¢ok
fazla miktardaki nitel verileri indirgeme ve anlamlandirma c¢abasini ifade etmek i¢in
kullanilmaktadir (Patton, 2002, s. 453). Veri kodlama ve kategorizasyon siirecine
gecmeden Once analiz birimleri, analizde kullanilacak kodlar ve olusturulacak
kategoriler belirlenmelidir (Cohen ve digerleri, 2007). Not defterlerinden, ¢6ziim izleme
sablonlarindan ve grup diyaloglarindan elde edilen veriler diiz yesil ok, diiz kirmiz1 ok,
kesikli yesil ok ve kesikli kirmizi ok olarak kategorize edilmis ve modelleme
dongiistindeki asamalar arasindaki gecislere aktarilmistir. Bu kategoriler, Bukova
Glizel’in (2011) Borromeo Ferri’nin (2006) modelleme dongiisiindeki asamalari
degerlendirmek i¢in kullandig1 "tam performans", "zayif performans", "yanlis
performans" ve "gerceklestirilmedi" kategorilerini iceren yaklasimina uygun olarak
belirlenmistir (s.24). Bukova Giizel’in (2011)’in degerlendirme yaklasiminda hangi
modelleme asamalarinin gerceklestirilip gergeklestirilmedigini anlamak miimkiindiir.
Modelleme dongiisiinde numaralandirilmis renkli oklar kullanilarak hangi asamalarin
gerceklestirildiginin tespit edilmesinin yani sira dongiideki geri doniislerin, tekrarli
asamalarin ve izlenen yolun belirlenmesi amaclanmaktadir. Bukova Giizel’in (2011)
siiflandirmasindaki "tam performans" diiz okla, "zayif performans" ve '"yanlis
performans" kesikli okla temsil edilmistir. Modelleme dongiistindeki ileri gegisler yesil
renkle, geri doniisler ise kirmizi renkle gosterilmistir. Coziim silirecinin  hangi
asamasinda oldugunu belirlemek i¢in oklar numaralandirilmistir. Bu sekilde aym
modelleme problemi i¢in farkli katilimcilarda hangi dongiilerin ortaya ¢iktigi, ¢6ziim
stirecinde hangi modelleme asamalarinin deneyimlendigi ya da farkli problemlerde ayni
katilimeilar i¢cin modelleme dongiilerinin nasil degistiginin goriilmesi amaglanmistir.
(Coziim siirecinde modelleme dongiisii iizerindeki hareketleri goriiniir kilmak igin
kullanilan siniflandirma Tablo 2’de sunulmustur.

Tablo 2
Katilimcilarin Modelleme Déngiisiinde Yer Alan Asamalara Gegislerinin Analizinde Kullanilan
Siniflandirma

Kategoriler fleri Gegis Geri Gegis
Asamalar arasindaki gecis basaril bir sekilde

. . ﬁ —
gerceklesmistir.

Asamalar arasindaki ge¢is ger¢eklesmis ancak
gereklilikler yeterli diizeyde ortaya

koyulamamis veya yanlis olarak ortaya -— = = €= = = =
koyulmustur.
Asamalar arasinda gecis ger¢eklesmemistir. Ok yok Ok yok

ar yardimiyla ortaya c¢ikan modelleme rotalar1 “diizenli tamamlanmi iizenli
Oklar yardimiyla ortaya ¢ik dell talar1 “d li t 1 ”od 1
tamamlanmamis”, “diizensiz tamamlanmis” ve “diizensiz tamamlanmamis”
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kategorilerine gore incelenmigtir. Modelleme dongiisiindeki asamalar ideal bir sekilde
siral1 ve hiyerarsik bir sekilde tamamlandiysa modelleme rotasi diizenli; ¢oziim
stirecinde modelleme asamalarina doniisler gerceklestirildiyse veya bazi asamalar
atlandiysa diizensiz kategorisinde degerlendirilmistir. Bununla birlikte gercek duruma
ait problemin ¢6ziim silirecinde modelleme dongiisiindeki asamalar tamamlanarak tekrar
ger¢ek duruma geri doniis gergeklestiyse modelleme rotasi tamamlanmis; fakat herhangi
bir asamada tikaniklik yasanarak dongiisel rota olusmadiysa tamamlanmamis olarak
degerlendirilmistir.

Veri toplama isleminin ardindan ses kayitlar1 transkripsiyona tabi tutulmus, video
kayitlar1 ise es zamanli izlenerek veri analizine gecilmistir. Transkripsiyon islemlerinin
ardindan birinci yazar c¢oziim defterlerinden, ¢6ziim izleme sablonlarindan ve
transkripsiyonlardan elde edilen tiim verileri gbzden gegirerek gruplarin modelleme
dongiisli boyunca gergeklestirdikleri olast gecisleri tespit etmistir. Ardindan bu gegisler
Tablo 2'deki kategorilere gore yeniden diizenlenmistir.

Calismanin Gecerligi ve Giivenirligi

Nitel arastirmalarda gegerlilik, bulgularin dogrulugunun kontrol edilmesi, giivenirlik ise
calismada kullanilan yaklasimlarin diger arastirmacilarla tutarli olmasi anlamima gelir
(Gibbs, 2007). Nitel ¢aligmalarda gecerligin saglanmasi i¢in katilimer teyidi, veri
cesitlemesi, dogrudan alinti, detaylandirma ve uzman goriisii gibi 6nlemlerin alinmast;
giivenirligin saglanmasi i¢in ise degerlendiriciler arasindaki uyumun incelenmesi ve
aragtirmacinin roliinlin agiklanmasi gerekmektedir (Creswell ve Miller, 2000; McMillan
ve Schumacher, 2014). Bu dogrultuda ¢aligmada katilimci teyidi gergeklestirilmis, farkl
veri toplama araglar1 kullanilmis, ¢oziimlerden ve diyaloglardan dogrudan alintilar
yapilmis, arasgtirmacinin rolii ve uygulama siireci detayli bir sekilde agiklanmaya
calisilmigtir. Ayrica, arastirmacilar ve bagimsiz bir uzman, yinelemeli ve siirekli bir
prosediir araciligityla modelleme rotalarin1 ortaya ¢ikarmaya ¢alismistir. Birinci
arastirmaci ilk asamada yedi grubun {izerinde calistigi ii¢ probleme ait modelleme
dongiilerinde 174 gecis belirlemistir. Ikinci asamada, ikinci yazar ve matematiksel
modelleme konusunda bagimsiz bir uzman, her bir problem icin rastgele segilen iki
modelleme dongiisii lizerinde 44 gecisi kontrol etmistir. Bu asamada kodlayicilar arasi
giivenirlik %88,63 olarak bulunmus ve kabul edilebilir olarak degerlendirilmistir (Miles
ve Huberman, 1994). Ugiincii asamada, kodlayicilar bir araya gelmis ve gruplarin
modelleme dongiilerindeki rotalar1 iizerinde anlasmaya varmustir. MOA’ nin hangi
asamalarda zorlandiklarina dair yazili yanitlarina iligkin betimsel istatistikler de
sunulmustur.

Bulgular

Ogretmen Adaylarimin Deneyimledikleri Modelleme Dongiisii Asamalarina iliskin
Bulgular

Gruplarin modelleme problemleri icin dongiideki asamalari tamamlama durumlari
Tablo 3'te sunulmustur. G3 ve G7 disindaki tiim gruplarin i¢ matematiksel modelleme
problemi i¢in dongiideki tiim modelleme asamalarin1i en az bir kez sergiledikleri
goriilmektedir.
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Tablo 3
Modelleme Déngiilerinde MOA tarafindan eksik birakilan asamalar
Gl G2 G3 G4 G5 G6 G7
Saman Balyasi v v MS,GS,D GS GS 4 MM,
GS
Yakit Problemi MM MM MM, D v MM MM MM
(Tirkiye)
Yakit Deposu GS GS,D MM,GS,D MM, GS, MM, GS GS MM,
Problemi D GS,D

v': Grup, modelleme dongiisiindeki tiim agamalara gegis yapmustir.
MM: Matematiksel Model, MS: Matematiksel Sonug(lar), GS: Gergek Sonug(lar), D: Dogrulama

G1 incelendiginde, Saman Balyas1 Probleminde dongiiyli tamamladigi goriilmektedir.
Ancak Yakit Probleminde (Tiirkiye) matematiksel model olusturma ve Yakit Deposu
Probleminde ger¢ek sonuglara yorumlama asamalarini tamamlayamamislardir. G5'in
Saman Balyasi Probleminde gercek sonuglart yorumlama asamasmi ve Yakat
Probleminde (Tirkiye) matematiksel model olusturma asamasini tamamlayamadigi
tespit edilmistir. Buna karsin, Yakit Probleminde (Tirkiye) gercek sonuglara
yorumlama ve Saman Balyasi Probleminde matematiksel model olusturma asamalar
tamamlandigindan, iki matematiksel modelleme problemi birlikte ele alindiginda tim
asamalarin en az bir kez deneyimlendigi anlagilmaktadir. Benzer sekilde G2, G4 ve G6,
matematiksel modelleme problemlerinin {Ui¢ii birlikte degerlendirildiginde, modelleme
dongiistindeki tiim asamalar1 en az bir kez deneyimledikleri goriilmektedir. Ancak
G3'in lic matematiksel modelleme probleminin higbirinde de dogrulama siirecine
gecmedigi, G7'nin ise matematiksel bir model olusturmadigi gdzlemlenmistir. Ote
yandan, matematiksel model olusturma ve matematiksel sonuglari ger¢ek sonuglara
yorumlama asamalari yirmi bir modelleme dongiisiiniin on birinde; dogrulama asamasi
yirmi bir modelleme dongiisiiniin besinde ve matematiksel sonu¢ asamasi ise bir
modelleme dongiisiinde eksik kalmistir.

Ogretmen Adaylarinin Zorlandiklari Modelleme Déngiisii Asamalariyla Tlgili
Gériislerine iliskin Bulgular

MOA’nin ii¢ matematiksel modelleme probleminin ¢6ziim siireglerinde hangi
matematiksel modelleme dongiisii asamasinda zorlandiklarina iliskin goriisleri Tablo
4’te sunulmustur.

Tablo 4
MOA 'min Modelleme Déngiisiinde Zorlandiklar: Asamalara Iliskin Goriisleri
Modelleme Dongiisii Asamalari
Durumun zihinsel temsili
Gergek model
Matematiksel model
Matematiksel sonug(lar)
Gergek sonug(lar)
Dogrulama
Zorluk yagamadim

NOOHISCD-&"“

Tablo 4'e gore, uygulama sonrasinda MOA, siirecin en zor kisminin matematiksel bir
model olusturma asamast oldugunu belirtmislerdir. Katilimcilar matematiksel

10
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modelleme problemleri sekil ve ¢izim gibi geometrik temsiller icermedigi i¢in, denklem
ya da formiil kuramadiklar1 i¢in ya da matematiksel olarak ifade etmekte zorlandiklar
icin matematiksel model olusturamadiklarin1 ifade etmiglerdir. Matematiksel modelin
olusturulmasinin yani sira gercek model olusturma ve durumun zihinsel temsili
asamalarinda da zorluklar yasandigi ortaya cikmistir. MOA gercek modelin
olusturulmasinda yasanan zorluklar1 geometrik bir temsil veya gésterim arayiginda olma
ya da ¢izim becerilerinin zayif olmasi gibi nedenlere baglarken durumun zihinsel
temsilinde yasanan zorlugun nedeni olarak ise problemin anlagilmasindaki giicliige
deginmisglerdir. Modelleme dongiilerindeki bu asamalar1 atlamis olsalar da higbir
katilimer gergek sonuglar ve dogrulama asamalarinda zorluk ¢ektigini ifade etmemistir.

Ogretmen Adaylarinin Modelleme Rotalarina iliskin Bulgular

Bu boliimde, {ic matematiksel modelleme probleminin ¢oziim siireclerini gdsteren
modelleme dongiilerine ait siiflandirmanin yani sira grup ic¢i diyaloglardan ve
MOA’nin yazili ¢6ziimlerinden 6rnekler sunulmustur.

Saman Balyast Probleminde Iliskin Bulgular

Alt1 grup (G1, G2, G4, G5, G6, G7) Saman Balyas1 Probleminde modelleme dongiisiinii
tamamlarken, bir grup (G3) dogrulama asamasini eksik birakarak dongiiyii
tamamlayamamistir. Tablo 5, gruplarin Saman Balyasi Problemine ait modelleme
rotalariin siniflamasini gostermektedir.

Tablo 5
Saman Balyasi Problemi I¢in Gruplarin Modelleme Rotalar
Tamamlanmis Tamamlanmamis
Diizenli G2, R
Diizensiz G1, G4, G5, G6, G7 G3

Modelleme rotalarinin 6zellikleri incelendiginde, sadece G2'nin modelleme rotasinin
diizenli formda oldugu, diger gruplarin modelleme rotalarinin ideal olan dongilideki gibi
hiyerarsik ve sirali bi¢gimde ilerlemedigi gortilmiistiir. Sekil 3'te G2'nin Saman Balyasi
Problemine ait tamamlanmis ve diizenli formdaki tek ornek olan modelleme rotasi
sunulmustur.

Sekil 3
G2 ’nin Saman Balyasi1 Problemine ait modelleme rotasi

11
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G2'ye ait Sekil 3'teki modelleme rotasinin ideal modelleme dongiisiindeki gibi ilerledigi
goriilmektedir. G2'deki katilimcilar resimdeki kisinin boyuna uygun hareket ederek
saman balyasinin yari¢apina ulasabileceklerini varsaymis ve ardindan durumun zihinsel
temsiline gegiste saman balyasi yigminimn yiiksekligini hesaplamay1 planlamiglardir. Ug
sira oldugunu varsaydiklar1 saman balyalarini1 birbirine teget daireler gibi diisiinerek
yiiksekligi gosteren gergek modeli, ¢izdikleri tiggenin agirlik merkezinden gecen dogru

parcast ve dairelerin merkezlerini birlestirerek kurgulamislardir. G2, "2rv3 + 2r"
olarak olusturduklari matematiksel modelde kisinin tahmini boyundan hareketle r yerine
52 koyarak matematiksel sonuca ulagmistir. Ardindan matematiksel sonucun 284 cm'ye
esit oldugunu belirterek modelleme dongiisiiniin  gergek sonuglar asamasini
tamamlamiglardir. Son olarak, G2'deki 6gretmen adaylar1 resimdeki kisinin ytliksekligini
saman balyas1 yiginimin yiiksekligi ile karsilastirarak sonuclart sorgulamislardir. G2,
siralt ve hiyerarsik formdaki modelleme dongiisiinii 67 dakikada tamamlamistir.

Sekil 4
G2’nin Saman Balyast Problemine ait gercek modeli ve matematiksel ¢oziimii

5 R

G2'de dogrulama asamasinda katilimecilar arasinda asagidaki diyalog gerceklesmistir:

OA16: Buldugumuz sonu¢ olduk¢a mantikli. Ciinkii altin oran yardimiyla bulduk.
Kadinin boyundan yola ¢ikarak hesapladik. Yanlig oldugunu diisiinmiiyorum.

OAl: Saman balyalarimn yiiksekligini yaklasik 3 metre bulduk.
OA16: Ortalama insan boyu saman balyasinin boyunu geciyor. Ciinkii 104 cm.

OAl: Insan boyunun yarist kadar dedik. Insan boyunun saman balyasinin yarisi kadar
oldugunu soylemistik. Saman balyasi icin 284 cm bulduk. Kadinin boyunun 1,63 metre
oldugunu varsaydik. Hakli oldugumuzu diigiiniiyorum. Yani kadin ayaga kalktiginda
vaklasik olarak saman balyalarinin yarisina ulasiyor, degil mi?

OAIG6: Evet, ulasryor.
OAll: Yarigapt ne kadar bulduk?

OA16: 52 cm bulduk. Bir saman balyasin: diisiiniirsek yiiksekligi 104 cm. Kadinin boyu
da 1,63 metre. Bana gére bir saman balyasinin yiiksekligi 1,63 metreyi gecmez. Bana
gore buldugumuz sonug¢ mantiklL.

OAl: Yani kadin bir saman balyasindan daha uzun.

OAI6: Bitti o zaman.

12
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Sekil 5
G2’nin Saman Balyast Problemine Ait Sonu¢ Raporu
Kodcn ¥ Cogw bic s Mo ba,(:jaunu\ bwU(\dM
“U=zo 0 arbtr. Zu Nurum (S)erc.et ha\t/af(a\

ZHGRJ&O(

Yakit Problemine (Tiirkiye) Iliskin Bulgular

Tablo 6, gruplarin Yakit Problemine (Tirkiye) iliskin ¢6ziim siireclerini yansitan
modelleme rotalarinin 6zelliklerini géstermektedir. Alt1 takimin (G1, G2, G4, G5, G6 ve
G7) modelleme dongiisiinii tamamladigi, bir takimin (G3) ise ¢O0zliim siirecini
sonlandiramadig1 goriilmiistiir.

Tablo 6
Yakit Problemi (Tiirkiye) I¢cin Gruplarin Modelleme Rotalar
Tamamlanmig Tamamlanmamis
Diizenli - -
Diizensiz Gl1, G2, G4, G5, G6, G7 G3

Gruplarin modelleme rotalarinin ideal modelleme dongiisii gibi sirali ilerlemedigi tespit
edilmistir. Gruplar ¢oziim siirecinde bir veya daha fazla asamay:1 atlamis veya bazi
asamalara birka¢ kez geri donmiistiir. Verilere dayanarak (ayrica bkz. Tablo 3),
matematiksel modelin olusturulmast asamasmin en sik atlandigi problemin Yakit
Problemi (Tiirkiye) oldugu ortaya ¢ikmistir. Modelleme dongiilerinde gercek modelin
olusturulmasi1 asamasindan sonra tiim gruplar matematiksel bir sonuca ulagmak icin
matematiksel islemlere girismistir. Sadece G4 ¢6ziim silirecinin sonunda matematiksel
bir model olusturmustur. G6 ise yaptiklar islemlerden ve bulduklari sonuglardan yola
cikarak matematiksel bir model olusturmaya caligmis ancak basarisiz olmustur. Coziim
stireci G4 ve G6 tarafindan yaklasik 50 dakikada tamamlanmistir. Sekil 6'da G4 ve
G6'nin modelleme rotalar1 sunulmustur.

Sekil 6
G4'iin (solda) ve G6 'nin (sagda) Yakit Problemine (Tiirkiye) ait modelleme rotalari
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fo .
1

———

Go ::\ ——
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4

o
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4

G4 ve G6'nin modelleme rotalarinin diizensiz oldugu goriilmektedir. Her iki grubun da
durumun zihinsel temsiline gegerek problemi anladiklar1 ve gerekli varsayimlari
yapmay1 basardiklar tespit edilmistir. Bunu takiben probleme uygun ger¢ek modeller
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kurulmustur. Matematiksel model olusturma asamasini atlayarak sonuca ulagmak igin
bazi matematiksel islemler iizerinde calismiglardir. G6 "gidis maliyeti +
dolum maliyeti + donus maliyeti" formiilii yerine
"gidis maliyeti + dolum maliyeti — doniis maliyeti" formiiliine uygun
matematiksel ¢oziim yaparak hata yapmistir. G6 iiyelerinden OA21, doniis maliyetini
neden ¢ikardiklarini sorgulamis ve arkadaslarini uyararak "Ama hepsini toplamamiz
lazim. Ug maliyet var: kalkis, dolum ve varis. Varis maliyetini de dahil etmemiz lazim."
demistir. OA 14 bu uyaridan sonra formiilde mantiksal bir hata oldugunu baslangigta
kabul etmistir. Ancak, OA7 ve OA14 daha sonra OA21'i, satin aldiklar1 benzini zaten
harcadiklar1 i¢in doniis yolunda harcanan yakit maliyetinin ¢ikarilmas: gerektigine ikna
etmistir. OA21 ikna edildikten sonra hatal1 formiile uygun olarak matematiksel islemler
yapilmis ve matematiksel sonuca ulasilmistir. Matematiksel sonucun ardindan G6
dogrulama siirecine girmis ve matematiksel sonucun mantiklt olup olmadigini
inceleyerek besinci gegiste gergek sonu¢ asamasina ilerlemistir. Bu agsamada ulastiklari
sonucun makul olduguna karar vermislerdir. Benzer islemleri problemin ikinci kismina
uygulayarak siireci tekrar gozden gecirmislerdir. Son olarak matematiksel bir model
olusturmak igin ¢aba sarf etmisler ancak basaramadiklar icin vazge¢mislerdir. OA14
hesap makinesinde bazi hesaplamalar yaparak "Tamam, harcadigim litre bu degil mi?
Benzin fiyatim1 litre ile ¢arparsam seyahat maliyetimi elde ederim." ifadelerini
kullanmistir. Ancak hesap makinesindeki sonu¢ kendilerininkinden farkli ¢ikmuistir.
Ciinkii 100 km i¢in kabul ettikleri ortalama yakit tiiketimini 1 km i¢in tiiketilen yakat
olarak kabul ederek farkinda olmadan hata etmislerdir. OA14, "Kar mantikli ama neden
boyle ¢ikt1?" diyerek saskinligini dile getirmistir. Bunun iizerine matematiksel modeli
kurmaktan vazgegmislerdir. Ote yandan G4, matematiksel sonuglar ile dogrulama
asamalar1 arasinda kismen hiyerarsik bir yol izlemistir. G4'teki katilimcilar problemin
iki boliimi i¢in bulunan sonuglar1 karsilastirarak makul olup olmadiklarini
sorgulamiglardir. Problemin sonuglarinin benzin satin almak i¢in kat edilen mesafe
arttikca daha az kar elde edildigi fikrini destekledigi sonucuna varmislardir. Son olarak,
¢Ozliim siireclerine dayanarak matematiksel bir model olusturmuslar ve bir maliyet
dagitim tablosu olusturmaya karar vermislerdir (bkz. Sekil 7). Matematiksel modelin
olusturulmas: sirasinda G4 asagidaki tartismay1 yapmustir:

OA13: Matematiksel modele ne yazacagiz?
OA2: Grafige ne yazacagiz, litre mi benzin mi?

OAl5: Mesela ben soyle bir grafik olusturdum. Benzinin litresi ve fiyati... Ama ikisini
nastil birlestirebiliriz? Ama bir saniye bekleyin! Biz bir litre benzinin fiyatini hesapladik.
Béyle yapmamiza gerek yok ki. Carparak zaten bulabiliriz.

OA2: Yapabiliriz... tablo. Bunu grafige dokmeyelim.
OAlS5: Evet.

OA13: Nasil tablo yapacagiz?

OA2: Soyle yapalim. Mesela Tiirkiye, Batum...

OA13: Tiirkive ve Batum yazabiliriz. Burada benzinin litre fiyatim yazabiliriz.
Tiirkiye'de su kadar, Batum'da bu kadar.

OA15: Tamam, bu kadar. Burada 6,9 ve burada 5,1. Tiirkiye ve Batum'un yanina litreyi
de burada verecegiz. Mesela bu béliimde 1,83 yazacagiz ve TL’yi (Tiirk Lirasi)
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acgiklayacagiz. Alternatif olarak daha once hesapladigimizi da yazabilirviz. Tamam,
orada litreyi kilometre ile ¢carpacagiz. Bu da TL olsun.

Sekil 7
G4iin Yakit Problemine (Tiirkiye) ait matematiksel modeli .
| srie Ratuem
|r4 62 St M
f 6.9 s 4
:_I_-Q‘ 12,83 3, L8+
3 5 20,% 15,3
T 382 | 26,35 | 13,68

Yakit Deposu Problemine Iliskin Bulgular

Tablo 7, Yakit Deposu Probleminin ¢6ziim siireglerinde gruplarin modelleme rotalarinin
ozelliklerini gostermektedir. Ug grubun (G1, G5 ve G6) modelleme ddngiisiinii
tamamladigi, dort grubun (G2, G3, G4 ve G7) modelleme dongiisiinii yarim biraktigi
ortaya ¢ikmistir. Yakit Deposu Probleminin ¢dziim siirecinde yer alan tiim gruplarin
modelleme rotalarinin diizensiz oldugu tespit edilmistir.

Tablo 7
Yakit Deposu Problemi Icin Gruplarin Modelleme Rotalar:
Tamamlanmis Tamamlanmamig
Diizenli - -
Diizensiz Gl1, G5, G6 G2, G3, G4, G7

Tablo 3, tiim gruplarin ¢6ziim silirecinde matematiksel sonucun gercek sonuclara
yorumlanmasi asamasini atladigini gostermektedir. Katilimcilar ¢6ziim siirecinin higbir
asamasinda matematiksel sonuglarin gergek hayatta ne anlama gelebilecegi konusunda
yorumlama yapmamiglardir. Sekil 8'de diizensiz ve tamamlanmamis bir modelleme
dongiisti 6rnek olarak sunulmustur.

Sekil 8
G7’nin Yakit Deposu Problemine ait modelleme rotasi

/fff

GD Z@_’
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Sekil 8'de gosterilen G7'nin modelleme rotasinda, katilimcilarin matematiksel model
olusturma, ger¢ek sonuglara yorumlama ve dogrulama siireglerine girmedikleri
goriilmektedir. G7'deki MOA, 1, 2 ve 3 numarali oklarla gosterildigi gibi, durumun
zihinsel temsiline gecis i¢in fazla zaman harcamistir (33 dakika). Gegis slirecinde grup
iiyeleri yakit depolart hakkinda daha fazla bilgi edinmek i¢in internette bir yakit deposu
sokiim videosu izlemis ve yakit deposunu aragtan sokerek yakitin seviyesini anlamaya
dayali bir fikir gelistirdikleri i¢in problem kapsaminin disina ¢ikmislardir. Problem
durumunu anlamak i¢in uzun tartismalar yapmiglardir. Sekil 9'da gosterilen gergek
modeli insa ettikten sonra grup iiyeleri, 74 litre oldugunu varsaydiklar: yakit deposunun
boyutunu belirlemek i¢in matematiksel hesaplamalara yonelmislerdir.

Sekil 9
G7’nin Yakit Deposu Problemine ait gercek modeli

2. Gergek Modelin Insas:
e pump” e
\

v bom

N don

Bu asamada, MOA’nin hacim birimlerini litre ve metrekiipe ¢evirmekte zorlandiklar,
gerceklik ilkesine aykiri olarak pi sayisim1 3 olarak kabul ettikleri ve bazi hacim
hesaplamalarinda hata yaptiklart ortaya c¢ikmustir. Ornegin, OA 17 silindirin
yiiksekliginin tabanin gevresine esit oldugunu iddia etmis, bunun iizerine OA19 onu bu
hatas1 konusunda uyarmistir.

KOA17: Tamam. Yaklasiyoruz. Hissediyorum. Burada r diyelim, burada da 2mr
diyelim. Bildigimiz matematiksel o6zellikleri yazdik. Simdi nereye gegiyoruz? Simdi
hacmi bulacagiz. Bunun hacmini nasil yazacagiz? Silindirin hacmini yazalim.

OA3: r?h.

OA17: higin 2mrr demistim.

OA19: Bence burada bir hata var. Bakin.

OA3: Hayir, hayir o ¢evreydi.

OA17: Haywr yanhs degil. A¢iliyor.

OA19: Agiliyor ama bu onun ¢evresi dedigimiz kisim degil.
OAl7: Evet, oyle.

OA19: Haywr, degil. Bunu actiginizda denk gelmiyor.

OA17: Ahh, tamam! Matematik elden gidiyor su anda. Tamam. mr?h demistik. T ne
kadar ¢ikiyor? 0,074 metrekaip.

OA3: Aynen oyle.

0A17: w'nin 3 oldugunu varsayal:m. m icin 3 diyelim. 0,074 bolii 3 yapal:m. 0,0245
diyorum. Tamamdr.

OA3: Tamam, yuvarlarsaniz tam olarak 47 eder.
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Bunu ardindan, grup iyeleri yakit deposunu dikdortgen prizma olarak varsayarak
gercek modellerini degistirmis, ancak tekrar vazgecerek Sekil 10'da gdsterilen depo
sekline gore ilerlemeye karar vermislerdir. Bir siire matematiksel hesaplamalarla
ugrastiktan sonra ¢oziimden vazgecmeye karar vermislerdir. G7, ¢ubugun islaklig: ile
depodaki yakit miktar1 arasinda bir baglanti bulmaya yonelik herhangi bir girisimde
bulunmamistir. Yalnizca hacim birimleri arasindaki dontistimler ve tankin hacmiyle
ilgili matematiksel hesaplamalar Sekil 10'da gosterildigi gibi ¢6ziim defterlerinde yer
almistir. G7 ¢oziim i¢in 80 dakikadan fazla zaman harcamustir.

OA17: Bence vazgecelim.

OA3: Bence de.

OA17: Ashinda vazgegcmek istemiyorum ama neyse.
OA19: Ne yapacagiz?

OAI17: Hichir sey bulamadik, o yiizden hicbir sey yazmayacagiz. Yani "bulamadik”
yazacagiz.

OA17: Gergek modeli kuramadigimizi yaziyorum.
OA19: Bence gercek modeli kurduk ama matematiksel modeli kuramadik.

OA17: Aa evet! Tamam, bu iyi. Su sekli ¢izelim o zaman.

OA17: Matematiksel modeli olusturamadik.
OA19: Yani matematiksel bir sonu¢ yok.

Sekil 10
G7’nin Yakit Deposu Problemine ait ¢oziimii
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Bulgularin Ozetlenmesi

Gruplar {i¢ problemin ¢oziimiinii genel olarak 30 dakika ile 80 dakika arasinda degisen
siirelerde tamamlamistir. Saman Balyas1 ve Yakit (Tiirkiye) problemlerinde durumun
zihinsel temsiline gegiste daha az zaman harcarken, Yakit Deposu Probleminde MOA
problemi ¢6zmek i¢in harcadiklar1 siirenin neredeyse yarisinda problem durumunu
anlamak icin caba sarf etmislerdir. Tablo 3'teki veriler, modelleme dongiisiinde
gruplarin en fazla atladifi asamanin Yakit Deposu Probleminde oldugunu
gostermektedir.

Calismanin  bulgulari, modelleme dongiisiinlin en ¢ok atlanan asamalarinin
matematiksel model olusturma, matematiksel sonuglarin ger¢ek sonuglara
yorumlanmas1 ve dogrulama kisimlar1 oldugunu gostermistir. MOA matematiksel bir
model olusturmada bazi zorluklar yasadiklarini bildirirken yazili belgelerinde veya
konugsmalarinda yorumlama ve dogrulama asamalarinda zorlandiklarina dair herhangi
bir ifadeye rastlanmamistir. Ote yandan, yirmi bir modelleme rotasinda matematiksel
sonu¢ asamasina ulasilamayan sadece bir modelleme rotasi tespit edilmistir. Hemen
hemen tiim gruplar dogru ya da yanlis bir matematiksel sonuca ulagmig ve hepsi ¢6ziim
stireclerinde matematiksel hesaplamalar yapmistir. Bununla birlikte, bazi gruplar
matematiksel hesaplamalar i¢in ¢ok fazla zaman harcamis, bazilar1 islemlerde takilmis
bazilar1 ise problemleri c¢ozerken hesaplamalarda hata yapmistir. Dolayisiyla
matematiksel modellemenin birden fazla asamadan olusan biitiinciil yapisini takip
etmekte zorlanmislardir.

MOA’ nin ¢oziim siireglerini goriiniir kilan modelleme rotalar1 diizenli-tamamlanmis,
diizensiz-tamamlanmis ve diizensiz-tamamlanmamis olmak {izere ii¢ kategoride
degerlendirilmistir. Diizenli-tamamlanmis formdaki tek modelleme rotasina sahip olan
G2, tek denemede tiim asamalara gecis yaparak, Saman Balyasi Probleminin
¢oziimiinde ideal modelleme dongiisiine benzer bir yol izlemistir. Modelleme rotalarinin
cogu diizensiz-tamamlanmis kategorisindedir. Ayrica, ili¢ problemden ortaya cikan
modelleme rotalarimin  yaklasik {igte biri  diizensiz-tamamlanmamis  olarak
siniflandirilmistir. Diizenli-tamamlanmamis modelleme rotas1 bulunmamaktadir. Ozetle,
gruplarin modelleme rotalarinin hiyerarsik ve sirali olmadigi goriilmiistiir. Modelleme
dongiisiiniin bazi asamalarina bir veya birden fazla kez geri doniildiigii gézlemlenmistir.
Modelleme dongiisiiniin farkli asamalar1 ideal dongiide oldugu gibi birbirini sirayla
takip etmemistir.

Tartisma

Bu c¢aligma, MOA’nin modelleme déngiisii asamalarma iliskin deneyimlerini ve
karsilagtiklar1 zorluklar1 ortaya ¢ikarmak ve ii¢ modelleme probleminin ¢6zim
stireclerinde izledikleri modelleme rotalarinin ozelliklerini  belirlemek amaciyla
yapilmistir.

MOA nin modelleme dongiisii basamaklarina iliskin bulgular, G3 ve G6 disindaki tiim
gruplarin Borromeo Ferri’nin (2006) modelleme dongiisiindeki tiim asamalarin1 en az
bir kez deneyimlediklerini gdstermistir. Gruplarin bir problemde ger¢eklestirmedikleri
asamay1 bagka bir problemde gerc¢eklestirdikleri goriilmiistiir. Ayrica, ayni1 problem igin
bir grubun bagariyla tamamladigi asamay1 bagka bir grup tamamlayamamistir. Bu
sonuclar, ayni problemin farkli kisilerde farkli modelleme asamalarina ya da farkh
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problemlerin ayni kiside farkli modelleme agamalarina hitap ettigini gostermektedir.
Baska bir deyisle, 6grenciler aynm1 problem igin farkli ¢oziimler uygulayabilmekte ve
modelleme dongiilerinde farkli agamalari takip edebilmektedir. Boylece farkli sonuglar
elde edilebilmektedir. Nitekim Yakit Probleminde (Tiirkiye) gruplarin farklh
varsayimlara dayanarak farkli sonuglar elde ettigi goriilmiistir. Bu husus diger
problemler icin de gegerlidir. Matematiksel modelleme problemlerindeki eksik bilgiler
ve Ogrencilere hazir bilgilerin verilmemesi varsayimlarda bulunmay: gerektirmektedir
(Blum ve Leil}, 2007; Chang ve digerleri, 2019). Maall (2010) farkli varsayimlarin
problemin ¢oziim yollarint ya da sonuglari g¢esitlendirecegini belirtmistir. Literatiirde
matematiksel modelleme problemlerinin dogas1 geregi farkli ¢6ziim yollar1 ve
matematiksel sonuclar icerdigine dikkat ¢ekilmektedir (Bukova, Giizel, 2011; Diefes-
Dux ve digerleri, 2012; English ve Watters, 2004; Schukajlow ve digerleri, 2015;
Wessels, 2014). Literatiirde var olan ¢alismalara dayanarak, caligmadan elde edilen
sonuglarin bu ¢alismalarin sonuglariyla uyumlu oldugu s6ylenebilir.

MOA durumun zihinsel temsiline ge¢me, gercek model olusturma ve matematiksel
¢Oziim siirecini yiiriiterek matematiksel sonuca ulagsma asamalarini tamamlamislardir.
Durumun zihinsel temsiline gecis asamas1 olan problemi anlamlandirmada MOA’nin
basarili olduklari sdylenebilir. Ogretmen adaylariyla yiiriitiilen calismalarda benzer
sekilde katilimcilarin problemi anlama basamaginda basarili olduklari sonucuna
ulasilmistir (Albayrak ve Tarim, 2022; Bukova Giizel, 2011; Ciltas ve Isik, 2013; Duran
ve digerleri, 2016; Kaya ve Kesan, 2022; Sen Zeytun, 2013; Tekin Dede ve Yilmaz,
2013).

Tim gruplar dogru olsun ya da olmasin matematiksel bir sonu¢ elde etmis ve her
problemde matematiksel hesaplamalar yapmistir. Katilimecilarin higbiri matematiksel
modelleme konusunda deneyim sahibi degildir. MOA’nin &yle ya da boyle
matematiksel bir sonuca ulasma egilimi, tiim okul seviyelerini kapsayan sonu¢ odakli
egitim sistemiyle ilgili olabilir. Tiirkiye'de hem lise hem de {iniversite diizeyine gegmek
icin bliylik 6l¢ekli merkezi sinavlar uygulanmaktadir. Bu merkezi siavlar klasik test
kitaplarina benzer sekilde ¢oktan se¢meli kapali u¢lu sorulardan olusmaktadir. Ayrica,
lisans diizeyinden sonra MOA min devlet okullarinda matematik Sgretmeni olarak
atanabilmeleri i¢in merkezi bir smavdan yeterli puan almalar1 gerekmektedir.
Literatiirdeki arastirmalar, standartlastirilmis biiylik dlgekli merkezi sinavlarin sonug
odaklt bir egitim anlayisin tetikledigini ve simavlara yonelik teknik calismalarin
miifredattaki igerigin yerini alma egiliminde oldugunu gostermektedir (Etsey, 1997,
Hess; 2002; Stecher, 2002). Bu nedenle, MOA ¢bziim siireclerinde matematiksel
hesaplamalara ve sonuglara asir1 odaklanabilmektedirler. Nitekim baz1 gruplar
matematiksel islemlere asir1 zaman ayirdiklart i¢in matematiksel modellemenin
biitiinctil yapisin1 fark edememislerdir. Dolayisiyla matematiksel model olusturma
asamasinin  atlanmasindaki etkenlerden biri de katilimcilarin  matematiksel
hesaplamalara olan egilimi olabilir.

Calismanin bir diger énemli bulgusu yorumlama ve dogrulama asamalan ile ilgilidir.
Neredeyse tiim gruplar her li¢ problem i¢in iic asamayr da deneyimlemis olsa da
modelleme dongiilerinde cogunlukla matematiksel model olusturma ve gergek sonuglara
gore yorumlama ve ardindan dogrulama asamalarinin eksik kaldigi goriilmiistiir. Bu
durum, Ogretmen adaylarinin matematiksel model olusturma, gercek sonucglara gore
yorumlama ve dogrulama asamalarinda zorlandiklarinin bir gostergesi olabilir. Dongiide
matematiksel model olusturma asamasi, verilen durumun temsillerinin kullanildig1 ve

19



PAUEFD, 63, 1-31 [2024] M. Sahal ve A. S. Ozdemir https://doi.org/10.9779/pauefd.1340106

gergeklikten matematiksel diinyaya gegisin saglandigi kisimdir (Borromeo Ferri, 2006).
Matematiksel modellemenin merkezinde yer alan bu asama dongiideki en zorlu
asamadir (Berry, 2002; Kaiser, 2005; Stillman, 2015). Benzer sekilde bazi ¢alismalarda
da 6gretmen adaylarinin matematiksel model olusturma asamasinda zorlandiklar1 ortaya
konmustur (Albayrak ve Tarim, 2022; Ciltas ve Isik, 2013; Deniz ve Akgiin, 2018;
Duran ve digerleri, 2016; Eraslan, 2012; Shahbari ve Tabach, 2020; Sen Zeytun, 2013).

Modelleme dongiisiindeki gercek sonug(lar) asamasi, matematiksel sonug(lar)in
matematiksel olmayan baglamlarda yorumlanmasini, daha genis baglamlara
genellemeler yapilmasini ve matematiksel dil kullanilarak iletisim kurulmasini gerektirir
(Blum ve Kaiser, 1997). Ornegin, G2 iiyelerinin aralarinda gegen diyalogdan, gercek

hayattan yola ¢ikarak "104 + 104+/3 cm" olarak bulduklari bir saman balyasinin gapini
284 cm olarak kabul ettikleri anlasilmaktadir. G3, G4, G5 ve G7’nin ise Saman Balyas1
probleminde elde ettikleri sonuglarin gercek hayatta hangi uzunluga karsilik
gelebilecegine dair herhangi bir yorumda bulunmamislardir. Ozellikle Yakit Deposu
Probleminde hi¢cbir grubun gercek sonug(lar) asamasina gecis yapmadiklart goze
carpmaktadir. Bu durum arastirmada kullanilan problemlerin yapisiyla ilgili olabilir.
Arastirmada kullanilan ilk iki problem modelleme dongiisiinii ortaya atan Borromeo
Ferri’ye ait iken, Yakit Deposu Problemi Tekin Dede ve Yilmaz (2013) tarafindan
model olusturma etkinligi olarak tasarlanmistir. Aragtirmalar, 6gretmen adaylarinin
matematiksel sonuglar1 gercek hayata uyarlamakta zorlandiklarin1 ve farkli baglamlara
uyarlamakta yetersiz kaldiklarin1 benzer sekilde ortaya koymustur (Blum, 2011; Bukova
Glizel, 2011; Bukova Giizel ve Ugurel, 2010; Ciltas ve Isik, 2013; Hidiroglu vd., 2018;
MaaB, 2006; Sen Zeytun, 2013; Sen Zeytun ve digerleri, 2017; Tekin Dede ve Yilmaz,
2013). Ornegin Ciltas ve Istk (2013) 6gretmen adaylarmin matematiksel sonuclari
gercek hayata yorumlamada giigliik ¢ektikleri sonucuna ulagmislardir. Benzer sekilde
Bukova Giizel ve Ugurel (2010)’e ait calismada da gretmen adaylarinin genel anlamda
matematiksel sonuglar1 gergek yasama uyarlamada sikinti yasadiklari goriilmiistiir. Sen
Zeytun vd. (2017) 6gretmen adaylarinin ¢ogu durumda ulastiklart sonuglar1 gergek
hayat baglamalarina yorumlamadiklar1 sonucuna ulagsmislardir. Bukova Giizel (2011)
ogretmen adaylarinin modelleme siirecinde en fazla zorlandiklar1 agamalardan birinin
yorumlama kismi oldugunu ifade etmistir. Tekin Dede ve Yilmaz (2013) da 6gretmen
adaylarimin bulduklari matematiksel sonuglarin gercek hayatta ne alama geldigini
sorgulamadiklar1 sonucuna ulagmislardir.

Calismanin bulgulari, 6gretmen adaylarinin dogrulama asamasina gegiste matematiksel
model olusturma ve gercek sonuglara yorumlama asamalarina gore daha basarili
olduklarin1 ortaya koymustur. Blum ve Kaiser (1997) problem durumuna alternatif
¢Oziimler sunmak ve ¢6zlim siirecini kontrol etmek olmak {izere iki tiir dogrulamadan
bahsetmistir. Grup i¢i diyaloglardan da goriilecegi lizere katilimcilar ¢oziim siirecini
kontrol ederek dogrulamiglardir. Tekin Dede ve Yilmaz (2013) ve Yilmaz ve Tekin
Dede’ye (2016) ait ¢aligmalarda da 6gretmen adaylarinin ¢éziimlerini kontrol ederek
dogrulama yaptiklar1 goriilmiistiir. Ancak bu c¢alismadaki 6gretmen adaylarinin ¢oziim
defterlerinde ve sonug raporlarinda alternatif ¢oziimlerin yer almadig tespit edilmistir.
Bu durum, problem durumuna farkli ¢oziimler sunmanin degisime karsi oldukca
direnc¢li olmasindan kaynaklanmis olabilir (Aydin Gii¢ ve Baki, 2019; Schukajlow ve
digerleri, 2015). Ciinkii ilkokuldan itibaren klasik test kitab1 problemlerinin ¢6ziimiinde,
merkezi sinavlarin da etkisiyle, 68rencilerde sonuca ulastiktan sonra alternatif ¢éziim
arama egiliminin diisiik oldugu sdylenebilir. Bunun yani sira, MOA 21 modelleme
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dongiisliniin 16’sinda ¢oziimlerini kontrol ederek dogrulama asamasinin diger tiirlinii
gergeklestirmislerdir. Bu sonug, 6gretmen adaylarinin modelleme siirecinde dogrulama
yapmadiklari veya dogrulama basamaginda zorlandiklar1 sonuglarina ulasan Bukova
Gtizel (2011), Duran vd. (2016), Hidiroglu vd. (2018), Kaiser vd. (2010), Karahan ve
Ergene (2023), Kaya ve Kesan (2022) ve Sen Zeytun’un (2013) calismalariyla
celismektedir. Sen Zeytun (2013) 6gretmen adaylarinin ¢ogunun bulduklar1 sonucun
dogruluguna inandiklar1 i¢in ¢6ziime geri donerek kontrol etme geregi duymadiklar
sonucuna ulasmistir. Bu ¢alismadaki 6gretmen adaylarinin aksine Bukova Giizel (2011),
Duran vd. (2016) ve Kaiser vd.’ne (2010) ait ¢aligmalarda 6gretmen adaylarinin
dogrulama siireclerinde zorluk yasadiklar1 belirtilmistir. Calismadan elde edilen
dogrulamaya iliskin bu sonug, aragtirmada kullanilan ¢6ziim izleme sablonundan
kaynaklanmis olabilir. Ciinkii sablonda yer alan boéliimler, katilimcilarin ¢6ziim
stirecinde neler yaptiklarini tekrar diisiinmelerini ve ¢dziim siirecinde hangi asamada
olduklarinin farkinda olmalarin1 saglamis olabilir. Schukajlow vd. (2015) ¢6ziim
stirecini takip etmek icin gelistirdikleri problemi anlama, matematigi arama, matematigi
kullanma ve sonuglari aciklama olmak {izere dort basliktan olusan benzer bir sablonun
Ogrencilerin organizasyon, detaylandirma, kontrol ve planlama stratejilerine katki
sagladigi sonucuna ulasmislardir. Ote yandan, modelleme ddngiisiiniin en ¢ok atlanan
asamalariyla ilgili olarak, MOA matematiksel model olusturma asamasinda
zorlandiklarinmi bildirmislerdir. Ancak, sasirtict bir sekilde, gercek sonuglara yorumlama
ve dogrulama asamalarini atlayan katilimcilar da dahil olmak iizere katilimcilarin higbiri
bu asamalarda zorlandiklarin1 belirtmemislerdir. Ger¢ek sonuglara yorumlama
asamasina basariyla ilerleyen MOA gbz oOniine alindiginda, herhangi bir zorluk
belirtmemeleri tutarli gorinmektedir. Gergek sonuglara yorumlama asamasina
gecemeyen MOA’nm bu asama hakkinda zorlandiklarma dair herhangi bir yorumda
bulunmamalarinin olas1 bir nedeni, herhangi bir zorluk yasayip yasamadiklarinin
farkinda olmamalar1 olabilir. Zbiek ve Conner (2006) 6grencilerin ¢oziim siireclerinde
matematiksel sonuglart gercek sonuglara yorumlamamalarini, 6grencilerin bunu
bilingalt1 bir eylem olarak yapma ihtimaline baglamistir. Borromeo Ferri (2006) de
modelleme dongiisiindeki dnemli asamalardan biri olan gercek sonuglara yorumlama
asamasina gegisin her zaman bilingli bir sekilde yapilmadigina dikkat cekmistir. Benzer
sekilde, bu ¢alismadaki katilimcilarin higbiri dogrulama asamasinda zorluk yasadigini
belirtmemistir. Borromeo Ferri (2006)’ye gore ¢ofu birey matematiksel islemleri
dogrulama olarak algiladigr i¢in "igsel-matematiksel dogrulama" yapmaktadir.
Dogrulama ile ilgili bulgunun bir diger nedeni de iist-bilissel boyutla ilgili olabilir.
Ciinkii dogrulama, ¢6ziim siirecinin izlenmesi ve diizenlenmesi anlamina geldigi igin
iist-bilis ile ayn1 zamanda ger¢eklesmektedir (Schukajlow ve digerleri, 2021). Sol vd.
(2011) de dogrulama asamasindaki basarisizligin olasi nedenlerinden birinin farkindalik
eksikligi olabilecegini dne siirmektedir. Modelleme dongiisii boyunca ilerleyen MOA
ile dogrulama hakkindaki goriisleri arasindaki tutarsizlik, ¢oziim siireci ve elde edilen
matematiksel sonuclar hakkindaki "her sey yolunda" diisiincesine baglanabilir. Bir kisi
sonuglart "her sey yolunda" olarak kabul ederse modelleme dongiisiinde ilerlemeye
devam etmektedir (Czocher, 2018). Baska bir deyisle, ¢6ziim siirecindeki kisiler
Goos’un (2002) onceki asamalara donmeyi ve diizeltici eylemlerde bulunmay1
gerektiren tst-biligsel "kirmizi bayrak" durumlarini fark edememistir. Yani ¢aligmada
yer alan MOA’nin gergek sonuglara yorumlama ve dogrulama asamalari acisindan {ist-
biligsel bosluklar1 olabilir. Ancak bu sonuglar bu ¢alisma i¢in dikkatle yorumlanmalidir.
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Calismadaki MOA’nin neredeyse tiim modelleme rotalari, katilimcilarm sirali ve
hiyerarsik olarak ilerlememesi nedeniyle diizensiz olarak degerlendirilmistir. Ayrica,
modelleme dongiilerinin ¢ogunun tamamlandigr goriilmistir. Tamamlanmamis
modelleme dongiilerinin higbiri diizenli bir rotaya sahip degildir. Baska bir deyisle,
calismada diizenli-tamamlanmamus rotalar ortaya ¢ikmamustir. Bu sonug, MOA’nin
¢Oziim siirecine iliskin varsayimlarini revize etmek i¢in modelleme dongiisiinde
tikandiklar1 asamalardan bir 6nceki agamaya geri donmeleri ile agiklanabilir. Bu geri
dontisler modelleme rotalarini diizensiz hale getirmektedir. Ayrica, durumun zihinsel
temsiline gecisi yapilandiramayan gruplarin, diizenli ya da diizensiz rotalar izleyerek
dongiiniin diger asamalarina basarili bir sekilde gegemedikleri gézlemlenmistir (tiim
problemlerde G3, Yakit Deposu Probleminde G7). Problem durumlaria iliskin
varsayimlarin mantik c¢ergevesinde yapilmamasi ve degiskenlerin belirlenememesi
gruplarin  diger asamalara gecisini engelleyebilmektedir. Ornegin, diizensiz-
tamamlanmamis modelleme rotalarina sahip G3, resimdeki kisi yardimiyla saman
balyasinin yaricapini bulmak icin bir fikir gelistirmis, matematiksel modeli "4r/3 +
2r" seklinde kurgulamis ancak matematiksel model ile problem durumu arasinda bir
baglanti kuramamistir. Yakit Probleminde (Tiirkiye), Tirkiye ile Batum arasindaki
sinirt  gecmek iicretsiz olmasma ragmen, sinir gecis Ucretini de dahil ederek
matematiksel sonuca “zarar” olarak ulasan tek grup G3 olmustur. Her iki problemde de
G3 iiyeleri problem durumunu eksik ya da yanls yapilandirmistir. Ote yandan, bazi
gruplarin varsayim ve degiskenleri uygun sekilde tanimlayabilmek iizere durumun
zihinsel temsili asamasina gegmek i¢in bir veya daha fazla deneme yapmasi gerekmistir
(Saman Balyasi Probleminde G4 ve G6). Bu girisimler, modelleme rotalarini ¢éziimiin
en basindan itibaren sirali ve hiyerarsik olmaktan uzaklastirmistir. Hidiroglu vd. (2018)
modelleme siirecinde ileriki basamaklarda uygun yaklasim sergilemek icin Onceki
basamaklarda uygun yaklasim sergilemeye gerek olmadigi sonucuna varmislardir. Bu
sonuca uygun olarak caligmaya katilan 6gretmen adaylarimin durumun zihinsel temsili
asamasinda uygun varsayimlarda bulunmasalar bile ileriki basamaklara iliskin
performans sergiledikleri goriilmiistiir. Ancak ayn1 durumun modelleme rotalar1 i¢in
gecerli olmadigi sOylenebilir. Borromeo Ferri (2006), modelleme problemlerinde
Ogrencinin bazi tercihler yaptigini, bu tercihlere gére hareket ederek bazi asamalara
odaklanip digerlerini goz ardi edebildigini, baz1 asamalarda fikrini degistirebildigini ve
dolayisiyla siirecin sirali olmadigim1 belirtmistir. Bu nedenle modelleme rotalari
Czocher'in (2016) kendi ifadesiyle "kendine 6zgii" hale gelmektedir. Bu baglamda,
caligmanin sonuglart modelleme dongiilerinin sirali, hiyerarsik ve ardisik bir sekilde
ilerlemedigini 6ne siiren ¢alismalarla uyumludur (Blum ve Borromeo Ferri, 2009; Blum
ve Leiss, 2007; English ve digerleri, 2016; Leiss ve digerleri, 2019; Lesh ve Lehrer,
2003; Maal3, 2006).

Sonug¢

Bu c¢alismada katilimcilarin modelleme problemlerin ¢oziim siireglerinde hangi
modelleme asamalarimi deneyimledikleri, hangi asamalar1 goz ardi ettikleri,
tekrarladiklar1 ya da geri dondiikleri modelleme dongiisiinde goriiniir hale gelmistir. Her
bir modelleme dongiisiinde farkli rotalar izlenmistir. Ortaya ¢ikan modelleme
dongiilerinden genel bir Oriintii ¢ikarmanin zor oldugu sdylenebilir. Ciinkii katilimcilar
modelleme siirecleri boyunca kendilerine 6zgii bir yol izlemektedir (Czocher, 2016).
Ancak sonuglar, modelleme dongiisiiniin ger¢ek sonuglar ve dogrulama asamalarini
atlayan gruplar igin iist-bilissel bir bosluga isaret etmektedir. MOA gercek sonuglara
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yorumlama ve dogrulama asamalarinda zorluk ¢ektiklerini bildirmemislerdir. Bununla
birlikte, literatiirde isaret edilen matematiksel model olusturma, ger¢ek sonuglara
yorumlama ve dogrulama asamalarindaki zorluklarin MOA igin gecerliligini korudugu
sonucuna varilabilir. Bu asamalarda yasanan zorluklar diger asamalarin atlanmasina yol
acmakta ve modelleme rotalarin1 diizensiz hale getirmektedir. Modelleme dongiisiiniin
tamamlanmasinin 6niindeki engellerden biri de baslangigtaki problem durumuna geri
doniis olarak ifade edilen dogrulama asamasinda karsilasilan zorluktur. Bu agidan farkli
katilimcilarla, sonuglarin yorumlanmasi ve dogrulama asamalari ile birlikte iist-bilissel
stirecleri de dikkate alan ¢alismalar yapilabilir. Bununla birlikte modelleme rotalarini
etkileyen faktorler de gelecek caligmalarda incelenebilir.

Siirhiliklar

Calisma, secgilen modelleme gérevleri ile smirhdir. MOA’nin belirli modelleme
problemlerine ait ¢oziim siiregleri bu ¢aligmanin odak noktasidir. Bu modelleme
problemlerinin dongiiler yardimiyla degerlendirilmesi amaglanmistir. Modelleme
problemleri agik ug¢lu sorular oldugu i¢in modelleme dongiilerindeki rotalar farkl
problemlerde degisiklik gosterebilir. Modelleme dongiilerindeki rotalar, etkinligi
diizenleyen kisinin ve MOA nin talepleri, kapasiteleri, miidahale tarzlari ve deneyimleri
gibi bir¢ok faktore bagli olabilir.

Etik Kurul lzin Bilgisi: Bu arastirma, Marmara Universitesi Egitim Bilimleri
Enstitiisii Arastirma ve Yayin Etik Kurulu’'nun 11/11/2020 tarihli 2020-8-20 sayili ve
2020/101 protokol numaralt karari ile alinan izinle yiiriitiilmiistiir.

Yazar Cikar Catismasi Bilgisi: Yazarlarin beyan edecegi bir ¢ikar ¢catismast yoktur.

Yazar Katkisi: Yazarlar ¢calismaya esit diizeyde katki saglamistir.
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Abstract

Mathematical modeling is one of the prominent research areas in mathematics
education for solving complex real-life problems. This study aims to reveal the
mathematical modeling phases performed by pre-service mathematics
teachers, the phases they have difficulties, and the modeling routes they follow
in modeling cycles. In this case study, twenty-one pre-service mathematics
teachers worked in groups on three modeling problems. We obtained the data
from student notebooks, solution tracking templates, and audio and video
recordings. We analyzed them using content analysis and transferred them to
the modeling cycle, allowing us to see “modeling routes”. Most modeling
routes were “irregular” and “completed.” In the modeling routes, pre-service
mathematics teachers were successful in terms of “mental representation of
the situation”, “creating the real model”, and “mathematical result(s)”. The
most skipped phases in the modeling cycles were “creating a mathematical
model,” “interpreting the real results,” and the “validation” phases.
Furthermore, while they reported difficulties in “creating the mathematical
model,” none of the pre-service mathematics teachers reported in the
“interpretation” and “validation” phases. The study results are expected to
shed light on mathematical modeling applications in the education of pre-
service teachers and contribute to the literature on the difficulties encountered.
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Introduction

Mathematics education prepares individuals to be critical thinkers and problem solvers,
open to collaborative work, taking initiatives, communicating effectively, and
implementing mathematical knowledge in diverse contexts. In the Turkisk K-12
mathematics curriculum, skills related to real life, such as being active through the
learning process, being able to search for access to information, not taking presented
knowledge just as it is, and connecting learned knowledge with real-world are also
emphasized (Ministry of National Education [MoNE], 2018). Teaching activities
should be designed with new and higher standards according to 21st-century skills
(Wagner, 2008). Recent developments in mathematics education have increased the
demand and attention to effective methods rather than traditional approaches. Moreover,
it is suggested that students should engage in complex and open-ended tasks that allow
them to apply high-level mathematical thinking (Doerr & English, 2006). In this
respect, mathematical modeling comes to the fore as an essential tool for students to
make connections between mathematics and real life, to use mathematical concepts and
relationships in open-ended tasks, and to put forward and defend their ideas by
discussing them in group work (Deniz & Akgun, 2016; Turker et al., 2021). The main
idea underlying mathematical modeling is that there are transitions back and forth
between mathematics and the complex real world (Borromeo Ferri, 2006). In addition,
solving open-ended mathematical modeling problems through group work requires a
certain level of mathematical content knowledge, mathematical thinking,
and effective communication skills.

Mathematical Modeling

Mathematical modeling is crucial in students' daily lives and futures (National Council
of Teachers of Mathematics [NCTM], 2000). Most countries such as the United States,
Australia, Germany, South Africa, Denmark, and Holland included mathematical
modeling, which is advocated to be integrated into the curriculum (Ferrando &
Albaraccin, 2019; Julie, 2020; Kaiser & Brand, 2015; Niss, 2010; Schukajlow et al.,
2015; Stillman et al., 2013). Through mathematical modeling activities, students have
the opportunity to express and defend thoughts, work collaboratively, investigate
different ways of solutions, and justify results (English & Mousoulides, 2015; Simon &
Cox, 2019; Stohlmann & Yang, 2021; Yenmez & Erbas, 2022; Zawojewski, 2010). In
this respect, mathematical modeling practices should occur more in school mathematics.
However, it can be stated that modeling activities have not reached the desired level in
mathematics classrooms (Blum, 2015; Kaygisiz & Senel, 2023).

Mathematical modeling is one of the outstanding research areas that establishes the
relationships between real life and the mathematical world (Borromeo Ferri, 2006;
2018). Lesh and Doerr (2003) defined mathematical modeling as a process that starts
with a real-life problem, in which the inferences from this problem are analyzed by
being mathematized, the solution is interpreted into the real-life situation, and these
phases can be rearranged. Mathematical modeling problems differ from classical
textbook problems in that they are complex, open-ended tasks (Simon & Cox, 2019)
that allow different assumptions (Blum, 2011; Stillman, 2015), multiple solutions, and
multiple outcomes (Leong, 2012), and high-level thinking styles (Chang et al., 2019;
Zawojewski, 2010). Mathematical modeling activities are demanding tasks for students
and teachers (Blum, 2015).
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Because mathematical modeling problems include different solution paths, students
must be supported appropriately when facing incalculable difficulties (Alwast &
Vorholter, 2022). For this reason, mathematics teachers need to be supported in their
undergraduate years to be competent in how modelers can be supported in various
modeling phases (Wessels, 2014). Therefore, teacher education programs should be
designed with settings that allow pre-service teachers to develop their content and
pedagogical knowledge about modeling (Anhalt & Cortez, 2016). In addition, pre-
service teachers should be prepared through classes that teach mathematical modeling
tasks and opportunities to work independently in modeling processes (Maal3, 2007).
Hence, Berry (2002) emphasized that anyone who will conduct mathematical modeling
activities should first experience these processes. First-hand experiences, on the other
hand, are crucial for metacognitive skills such as monitoring and organizing, which help
overcome obstacles during the modeling phases (Vorholter, 2018). In summary,
experiencing pre-service teachers’ mathematical modeling phases during their
undergraduate years will contribute to developing their metacognitive skills. It will
provide the opportunity to provide better guidance to their students.

Theoretical Framework

Mathematical modeling is a complex process involving bidirectional transitions
between the real world and mathematics (Borromeo Ferri, 2018; Blum, 2002). Various
diagrams called "modeling cycles" have been proposed to describe and idealize
mathematical modeling processes involving complex cognitive and metacognitive
actions. Although there are distinctions between the modeling cycles suggested by
different researchers in the literature, there is a consensus that modeling is a cyclical
process, that there may be flexibility in transitions between the phases in the cycle, and
that the phases that are passed through can be reviewed again (Borromeo Ferri, 2006;
2011; Kaiser & Brand, 2015; Lesh & Doerr, 2003; Stillman et al., 2010). For instance,
Borromeo Ferri (2018) describes the modeling cycles as versatile cognitive tools that
provide a structure for describing and tracking the modeling process, including
mathematical modeling competencies such as determining variables and relations,
mathematization, interpreting, and validation. Borromeo Ferri's (2006) modeling cycle,
presented in Figure 1, allows for a detailed examination of modelers' transitions in the
mathematical modeling phases. Therefore, Borromeo Ferri's (2006) modeling cycle was
used in the study to monitor and evaluate the modeling processes of pre-service
teachers.
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Figure 1
The Modeling Cycle of Borromeo Ferri (2006).
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According to the modeling cycle put forward by Borromeo Ferri (2006), an individual
dealing with a modeling problem goes through the phases of the real situation, mental
representation of the situation (MRS), real model (RM), mathematical model (MM),
mathematical result(s) (MR), real result(s) (RR), and then turns back to the mental
representation of the situation and completes the process in the six phases. Extra
mathematical knowledge (EMK) exists in the transition to the second and third phases.
It is also possible to see the signs symbolizing that the real result and mental
representation of the situation in the modeling cycle are in a complex form, that the
situation in the real model and the mathematical model phase has started to have a more
formal structure, and that real situation and mental representation of situation have
become definite in mathematical result(s) and real result(s). A student acting in the
modeling cycle is expected to make sense of the problem, simplify and configure the
complex situation, make a transition to the mathematical world by expressing formally
the variables and the relations between them, realize solutions, interpret the
mathematical results obtained, and finally to validate (V) the process through
assessment (Borromeo Ferri, 2018). Many researchers stated that the modeling process
does not proceed sequentially and hierarchically as idealized (English et al., 2016;
Eraslan, 2012; Leiss et al., 2019; Lesh & Lehrer, 2003; Maal}, 2006). Modeling cycles
are both a cognitive tool and a practical assessment tool (Borromeo Ferri, 2018).

The Importance and Purpose of the Study

All modeling cycles converge, including problem definition, product development,
testing, and editing (Simon & Cox, 2019). It has also been stated that these diagrams
model cognitive processes and can be used as practical tools for different purposes, such
as assessment and training materials (Borromeo Ferri, 2018; Lesh & Doerr, 2003).
Because modeling problems do not follow a hierarchical way, the solving process starts
with a draft and maturates by repeatedly reviewing and reorganizing this draft (Arlebick
& Doerr, 2018; Lesh & Lehrer, 2003). Therefore, repeating various phases in the
modeling cycle or returning to the phases several times can come into question until a
satisfactory solution is reached. Borromeo Ferri (2007) used the “modeling route”
concept to explain the individual modeling process that emerges according to the
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various phases of the modeling cycle. Cognitive modeling cycles represent the ideal
solution to a modeling problem rather than explaining the route a real modeler can
follow on the cycle (Niss & Blum, 2020). While there are theoretical and empirical
studies on individual modeling routes in the literature (Blum & Borromeo Ferri, 2009;
Borromeo Ferri, 2010; Doerr et al., 2017; Ramirez- Montes et al., 2021; Sol et al., 2011;
Taspinar Sener, 2017), there are a few empirical researches focus on individual
modeling routes of pre-service teachers. In addition, studies conducted with pre-service
teachers examined whether appropriate approaches were performed and the difficulties
experienced in the mathematical modeling phases (Albayrak & Tarim, 2022; Bukova
Guzel, 2011; Deniz & Akgun, 2018; Duran et al., 2016; Hidiroglu et al., 2018; Karahan
& Ergene, 2023; Kaya & Kesan, 2022; Tekin Dede & Yilmaz, 2013; Yilmaz & Tekin
Dede, 2016). Sol et al. (2011) pointed out that more detailed empirical studies should be
conducted with different participant groups regarding these regular modeling cycles.

It is stated that actual practices that affect professional development at the
undergraduate level are much more beneficial than the training given during vacation
periods or in limited programs after starting professional life (Seving ve Lesh, 2018;
Stillman, 2015). Making visible the individual modeling routes differentiated by
turnbacks and repetitive phases in the modeling cycle will contribute to mathematical
modeling practices, especially in teacher education. For this reason, the study is
expected to contribute to the issue of the phases at which pre-service mathematics
teachers have difficulties in the solution process of mathematical modeling problems, as
well as to shed light on both the practices in teacher education and the literature on how
to use modeling cycles in terms of examining the modeling routes on the cycle. In this
context, the study aims to examine the individual modeling routes of pre-service
mathematics teachers in the solution processes of mathematical modeling problems
within the scope of the mathematical modeling course, which mathematical modeling
phases they experience on individual modeling routes, and to reveal which phases they
have difficulty in. In line with this purpose, the following research questions were
sought:

e Which modeling cycle phase(s) did the pre-service mathematics teachers
(PSMTSs) experience in modeling activities?

e Which phases of the modeling cycle did pre-service mathematics teachers
(PSMTs) have difficulties?

e Which modeling routes emerged in the modeling cycles during pre-service
mathematics teachers’ (PSMTs’) solution processes?

Method
Research Design

A case study, one of the qualitative research models, was adopted in this study. The case
study is a research design in which the researcher conducts an in-depth investigation of
a program, case, or activity in which one or more people are involved, in-depth
(Creswell, 2009; s.13). In this study, the case study method was adopted because it
enables an in-depth examination of the individual modeling routes that PSTs follow in
the modeling cycle in their solution processes, the modeling phases they experience, and
at which phases they have difficulties.
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Participants

The research was conducted with 21 PSMTs studying at a state university in Turkey.
The study was carried out in the fall semester of the 2019-2020 academic year. The
participants in the current study were coded as PST1, PST2,..., and PST21, and groups
formed voluntarily were coded as T1, T,2,..., and T7. None of the PSTs administered
any course related to mathematical modeling, so they had no experience. The purposive
sampling method was used to determine the study group. In the purposive sampling
method, cases are selected that illuminate the research questions and allow for an in-
depth and rich analysis in terms of information (Patton, 2002). Demographic
information about the participants and the groups they were involved in during the study
is presented in Table 1.

Table 1

Codes and Information of PSTs Participating in the Implementation

Kod (Cinsiyet) Group
PST 4(F), PST 9(F), PST 20(F) Group 1
PST 1(F), PST 11(F), PST 16(F) Group 2
PST 8(F), PST 10(F), PST 18(F) Group 3
PST 2(F), PST 13(F), PST 15(F) Group 4
PST 5(F), PST 6(M), PST 12(F) Group 5
PST 7(F), PST 14(M), PST 21(F) Group 6
PST 3(F), PST 17(F), PST 19(F) Group 7

F: Female, M: Male

Implementation

The implementation of the study is a part of long-term research. In a mathematical
modeling course at the undergraduate level, participants were involved in a training
process within the scope of a theoretical framework proposed by Borromeo Ferri
(2018), which consists of five parts: “theory”, “practice”, “theory and practice”,
“presentation”, and “evaluation”. The first researcher led the first part of the training
process, which included theoretical instruction. The PSTs worked independently on
modeling problems as part of a group formed voluntarily by them in the second part of
the study, which is the implementation section following the theoretical section (see
also Fig. 2). The researcher served as a guide during the implementation process and
answered the questions from the participants. Answers to the questions from the PSTs
were given with caution so that the solution did not follow a predetermined path. The
researcher responded to questions from the participants that did not point to a specific
solution or conclusion, such as "Have you considered all possibilities?" "Do you think
you have accessed all the necessary information?”, "How can you justify this
assumption?"”, "Do you think the mathematical model you created represents the
problem situation?". The participants’ solution processes were videotaped, and each
group's dialogues were audiotaped. PSTs were instructed not to erase false solutions or
parts of the solution notebooks that needed to be changed. In the sections of pages that
they wanted to change, they were asked to write notes like "abandoned™ and "we have
changed this part." The study's implementation phase lasted three weeks, during which
PSMTs worked on different modeling problems each week. PSTs were not restricted to
using calculators and the Internet to access the necessary information during the
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solution process of the modeling problems. The groups were given 60 minutes to solve
the modeling problems, providing additional time to the groups that requested, and 45
minutes were allocated for a whole-class discussion after the solution process ended. In
addition, after the implementation, the pre-service teachers were asked to write down
the phase(s) of the modeling cycle with which they had the most difficulty and explain
why.

Data Collection Tools

Since the modeling cycle of Borromeo Ferri (2006) was used in this study, the "Straw
Bale Problem™ (Borromeo Ferri, 2006) and the "Filling up Problem™ (Blum &
Borromeo Ferri, 2009) by the same researcher were selected. The "Fuel Tank Problem™
by Tekin Dede and Yilmaz (2013) was selected for pre-service teachers to experience a
model eliciting activity. Expert opinions were obtained for the inclusion of problems in
the implementation.

Figure 2
Modeling Problems Used in the Study

), Straw Bale Problem (Borromeo Ferri, 2007):
SN what is the radius of one of the straw bales
gl vou see in the picture?

8 Find the haight of the pée of straw bales above
the ground.

Fuel Tank Problem (Tekin Dede & Yimaz, 2013k
’. - Filling Up (Turkey) (Adapted from Blum & Borromeo All, who was a driver in one of the field trips, shares an issue he suffered
Ferri, 2009): greatly with Prof. Mehmet, a faculty member at the Faculty of Agriculture
Ahmet lives in Hopa {Turkey). Do you think it would The isswe is about the fuel gauge. He tells that the fuel gauge of the vehicle
be profitable 10 go 1o Batumi 1o buy gasoline for is broken and he cannot predict whether the fuel wil sufficient for the
2016 model Hyundai 20 car? Indicate all yous road. Because there is no station on the road where it can get fuet and if
P solutions. if Ahmet was residing in Artvin (Turkey), the fuel runs out, It will be stranded in the field. All asks if he will learn the
would there be any difference? fuel situation with a very simple 100l 1o solve this problem:
“Me Mohmet, ¥ | take a stick in my hand and dip it vertically into the fuel
tank, Can | find out how many liters of fusl are left in My tank by looking at
the wet part of the stick? | want you to develop such & moded for me that
when | measure the wet part of the rod, | can caiculate how many liters of
fuel are left in my tank ™

The data on the solution process of the problems determined within the scope of the
research was obtained from the notebooks of the PSTs, the solution tracking template,
and the transcriptions of the dialogues between them. Groups wrote down the solutions
to the modeling problems on solution notebooks. Furthermore, PSMTs were asked to
report the ultimate solution paths and results as a group on a solution-tracking template.
The solution tracking template in the study consists of six phases: expressing the real
result, constructing the real model, constructing the mathematical model, mathematical
solution process, mathematical result(s), and real result(s) compatible with the phases in
the modeling cycle. PSTs received training on the phases in the modeling cycles in the
theoretical part of the mathematical modeling course. Problem-solving processes were
videotaped and audiotaped to reveal in-group dialogues. Data from solution notebooks,
solution tracking templates, and audio and video recordings were transferred to
Borromeo Ferri's (2006) modeling cycle to reveal modeling routes for each group. After
the implementation, to reveal PSTs' thoughts about phases that they had difficulty with,
they were asked to answer the following question in the open-ended questionnaire:
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“Can you please indicate in detail which phase you have difficulty solving the modeling
problems? Please also state the reason.”

Data Analysis

The data obtained from the solution processes of the modeling problems of the
participants were analyzed using the content analysis method. Content analysis is a
systematic and iterative technique in which data is transferred to lesser content
categories according to a specific rule (Weber, 1990). It is used to express the effort to
reduce and make sense of qualitative data to determine basic coherences and meanings
by taking large amounts of qualitative material (Patton, 2002, p. 453). Before
proceeding to the data coding and categorization process, the analysis units, the codes to
be used in the analysis, and the categories to be created should be determined (Cohen et
al.,, 2007). The data from the notebooks, solution tracking templates, and group
dialogues were categorized as straight green, straight, red, and dashed, green, and red
arrows and transferred to the transitions between phases in the modeling cycle. These
categories were determined by the approach of Bukova Guzel (2011) to evaluate the
phases in the modeling cycle of Borromeo Ferri (2006), which includes the categories of
“full performance”, “poor performance”, “false performance” and “not performed” (p.
24). It is possible to understand which modeling phases are performed or not in the
assessment approach of Bukova Guzel (2011). It is aimed to determine which phases are
performed by using the numbered colored arrows in the modeling cycle, as well as to
identify the returns in the cycle, iterative phases, and the route followed. In Bukova
Guzel's classification (2011), “full performance” is represented by a straight arrow,
“poor performance” and “false performance” is represented by a dashed arrow. Forward
transitions in the modeling cycle are shown in green; returns are shown in red. The
arrows are numbered to indicate which stage of the solution process they are in. In this
way, it was aimed to see which cycles appeared in different participants for the same
modeling problem, which modeling phases were performed during the solution process,
or how the modeling cycles changed for the same participants in different problems.
The categorization used to make the movements on the modeling cycle visible in the
solution process is presented in Table 2.

Table 2

Classification Used in the Analysis of Participants' Transition to Phases in the Modeling Cycle
Categories Forward transition Backward transition
The transition between the phases was
successful. — D E—
The transition between the phases occurred, but
the requirements were not adequately performed e == == =P €= = = =
or were performed incorrectly.
There was no transition between phases. No arrow No arrow

The modeling routes displayed by the arrows were categorized as “regular-
completed”, “regular-uncompleted”, “irregular-completed”, and “irregular-
uncompleted”. If the phases of the modeling cycle were completed respectively and
hierarchically, the modeling route was evaluated as regular-completed; however, if the
group performed backward transitions to particular phases or skipped some phases, the
modeling route was evaluated as irregular. In addition, if the phases in the modeling
cycle were completed during the solution process of the real situation problem and a
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return to the real situation was performed, the modeling route was considered complete;
however, if the cyclic route was not formed due to difficulties at any phase, it was
considered incomplete.

Following the data collection, audio recordings were transcribed while video recordings
were watched simultaneously before proceeding to the data analysis. After the
transcription processes, the first author reviewed the data obtained from solution
notebooks, solution tracking templates, and transcriptions to identify possible transitions
that groups go through the modeling cycle. These transitions were reorganized based on
the categories in Table 2.

Validity and Reliability of the Study

In qualitative research, validity means checking the accuracy of the findings, and
reliability means that the approaches used in the study are consistent with other
researchers (Gibbs, 2007). Measuring participant confirmation, triangulation, direct
quotation, elaboration, and expert opinion is necessary to ensure validity in qualitative
studies. To ensure reliability, it is necessary to examine the compatibility between the
evaluators and to explain the role of the researcher (Creswell & Miller, 2000; McMillan
& Schumacher, 2014). In this respect, participant confirmation was carried out in the
study, different data collection tools were used, direct quotations were made from the
solutions and dialogues, and attempts were made to explain the role of the researcher
and the practice process. In addition, the authors and an independent expert used an
iterative and continuous process to reveal modeling routes. The first researcher
determined 174 transitions on the modeling cycles belonging to three problems on
which seven groups worked in the first phase. In the second phase, the second author
and an independent expert on mathematical modeling checked 44 transitions on two
randomly selected modeling cycles for each problem. Intercoder reliability was found to
be %88.63 at this stage, which is considered adequate (Miles & Huberman, 1994). In
the third phase, coders agreed on the groups' routes on the modeling cycles. Descriptive
statistics about PSMTs’ written responses about which phases they struggled with were
presented.

Findings

Findings Related to the Modeling Cycle Phases Experienced by PSTs

The findings of completing the phases in the cycle for the modeling problems of the
groups are presented in Table 3. It is seen that all groups except G3 and G7 performed
all of the modeling phases in the cycle for the three problems.

Table 3
Phases which were left incomplete by PSTs in the Modeling Cycles
Gl G2 G3 G4 G5 G6 G7
Straw Bale v v MR,RR,V RR RR v MM,
RR
Filling up MM MM MM, V 4 MM MM MM
(Turkiye)
Fuel Tank RR RR,V MM,RR,V MM,RR, MM,RR RR MM,
Vv RR, V

v': The group completed all transitions on the modeling cycle.
MM: Mathematical Model, MR: Mathematical Result(s)RR: Real Result(s), V: Validation
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It is seen that G1 completed the cycle in the Straw Bale Problem based on Table 3.
However, it is seen that G1 had difficulties creating a mathematical model in the Filling
Up (Turkey) and interpreting the real results in the Fuel Tank Problem. It is determined
that G5 did not complete the phase of interpreting the real results in the Straw Bale
Problem and the mathematical model phase in the Filling Up (Turkey). On the contrary,
since the phases of interpreting the real results in the Filling Up (Turkey) and creating a
mathematical model in the Straw Bale Problem were completed, it is understood that all
phases were experienced at least once when the two mathematical modeling problems
were considered together. Similarly, when all three mathematical modeling problems of
G2, G4, and G6 are evaluated together, it is seen that they also experienced all the
phases in the modeling cycle at least once. However, it was observed that G3 did not
move into the validation process in any of the three mathematical modeling problems,
and G7 did not create a mathematical model. On the other hand, the mathematical
model and interpreting mathematical results to the real results phases were missing in
11 modeling cycles out of 21; the validating phase was missing in five modeling cycles
out of 21, and the mathematical result phase was missing in one modeling cycle.

Findings Related to PSTs’ Opinions on the Modeling Cycle Phases that They Have
Difficulties with

Table 4 presents the opinions of PSTs on which mathematical modeling cycle phase
they had difficulty in the solution processes of the three mathematical modeling
problems.

Table 4
PSTs’ Opinions on the Phases of the Modeling Cycle they have difficulty with
Phases of the modeling cycle
Mental representation of the situation
Real model
Mathematical model
Mathematical Result(s)
Real Result(s)
Validation
I had no difficulties

NOOI—‘SCDA"‘

According to Table 4, the most challenging part of the process, which PSTs report, was
creating a mathematical model after the implementation. They argued that they could
not construct a mathematical model because mathematical modeling problems did not
include geometric representations like figures and drawings, because they could not set
up an equation or formula, or because they struggled to express mathematically.
Following the construction of the mathematical model, it was revealed that there were
difficulties in the mental representation of the situation and the real model phases.
While PSTs claimed that difficulties in constructing the real model were related to
reasons such as being in search of a geometrical representation or illustration or having
poor drawing skills, they addressed the difficulty in understanding the problem as the
reason for the difficulty in the mental representation of the situation. Even though they
skipped these phases in the modeling cycles, no PSMTs reported difficulties in the real
results and validating phases.

10
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Findings Related to the Modeling Routes of PSTs

This section presents the categorization of the modeling cycles that show the solution
processes of three mathematical modeling problems and instances from intra-group
dialogues and PSTs’ written solutions.

Findings Related to the Straw Bale Problem

Six groups (G1, G2, G4, G5, G6, G7) completed the modeling cycle in the Straw Bale
Problem, whereas one group (G3) failed to complete the cycle by leaving the validation
phase incomplete. Table 5 categorizes groups’ modeling routes belonging to the Straw
Bale Problem.

Table 5
Modeling Routes of Groups for the Straw Bale Problem
Completed Uncompleted
Regular G2, -
Irregular Gl1, G4, G5, G6, G7 G3

When the characteristics of modeling routes were examined, it was seen that only the
modeling route of G2 was found to be in sequential form, as the modeling routes of
other groups did not proceed hierarchically and respectively like the ideal one. Figure 3
shows G2’s modeling route belonging to the Straw Bale Problem, the only modeling
route in a completed and regular form.

Figure 3
Modeling route of G2 belonging to the Straw Bale Problem
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It is seen that the modeling route in Figure 3, which belongs to G2, proceeds as in the
ideal modeling cycle. PSTs in G2 assumed they could reach the straw bale’s radius by
following the person's height in the picture. Then, they planned to calculate the height of
the straw bale pile in the transition to the mental representation of the situation. They
viewed straw bales, which they assumed to be three rows, as tangential circles and
constructed the real model, which led them to the height by drawing on the location of
the center of gravity of the triangle that they built, thereby adding the center of the
circles. G2 reached the mathematical result by substituting 52 for r acting on the

person's height in the mathematical model, which is constructed as “2rv/3 + 2r”. After
that, they completed the modeling cycle's real results phase by stating that the
mathematical result equals 284cm. Finally, PSTs in G2 questioned the results by

11
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comparing the height of the person to the height of the straw bale pile. In 67 minutes,
G2 completed the modeling cycle, which they followed sequentially and hierarchically.
Figure 4

The real model and the mathematical solution of the Straw Bale Problem of G2

In G2, the following dialogue took place between the participants in the validation
phase:

PST16: The result that we have found is quite sensible. Because we found it with the
help of the golden ratio. We calculated it from the woman’s height. I do not think it is
false.

PSTI: We found the straw bales’ height to be nearly 3 meters.

PST16: The average human height outpaces the straw bale’s height. Because it is 104
cm.

PST1: We said a human height is half a straw bale. We found 284cm for the straw
bales. We assumed the woman’s height was 1.63m. I think we are right. I mean, when
the woman stands up, she reaches approximately half of the straw bales’ height, doesn’t
she?

PST16: Yes, she does.
PST11: How much did we find the radius?

PST16: We found it 52 cm. If we consider a straw bale, its height is 104 cm. The
woman’s height is 1.63m also. In my opinion, one straw bale’s height does not overtake
1.63m. From my point of view, the result that we have found is making sense.

PST1: So, the woman is taller than a straw bale.
PST16: It is over then.
Figure 5

G2’s final report on the Straw Bale Problem

(The woman was taller than a straw bale’s height. This situation coincides with real life.)

12
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Findings Related to the Filling Up Problem

Table 6 shows characteristics of modeling routes of groups that reflect the solving
processes relating to the Filling Up (Turkiye) Problem. It was seen that six groups (G1,
G2, G4, G5, G6, and G7) completed the modeling cycle, and one team (G3) failed to
bring the solution process to an end.

Table 6
Modeling Routes of Groups for the Filling Up (Turkiye)
Completed Uncompleted
Regular - -
Irregular Gl, G2, G4, G5, G6, G7 G3

It was determined that the modeling routes of groups did not proceed sequentially,
unlike the ideal modeling cycle. Groups skipped one or more phases or returned to some
phases in the solution process several times. Based on the data (also see Table 3), it was
discovered that Filling Up (Turkiye) is the problem in which the construction of the
mathematical model phase was the most frequently skipped. After constructing the real
model phase in the modeling cycles, all the groups engaged in mathematical operations
to reach a mathematical result. Only G4 formed a mathematical model at the end of the
solving process. G6 attempted to build a mathematical model based on their operations
and the results they found, but they failed. The solution process was completed in about
50 minutes by G4 and G6. Figure 6 shows the modeling routes of G4 and G6.

Figure 6

Modeling routes of G4 (on the left) and G6 (on the right) Belonging to Filling Up (Turkiye)
Problem

It can be seen that the modeling routes of G4 and G6 take an irregular path. It was
determined that both groups understood the problem by proceeding to the situation's
mental representation and making the required assumptions. The real models, which are
appropriate for the problem, were built. They worked on some mathematical operations
to obtain the result by skipping the construction of the mathematical model phase. G6,
on the other hand, made a mistake by performing mathematical calculations using the
"departure cost + fillig up cost — arrival cost” formula instead of the
“departure cost + fillig up cost + arrival cost” formula. PST21, one of the G6
members, questioned why they subtract the arrival cost and warned friends, saying,

13
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“But we need to sum up all of them. There are three costs: departure, filling up, and
arrival. We must include the arrival cost.” PST14 initially accepted that there was a
logical error in the formula after that warning. However, PST7 and PST14 later
persuaded PST21 that the cost of fuel spent on the way back should be subtracted since
they had already spent the gasoline they bought. After PST21 was persuaded, they
performed mathematical operations in compliance with the faulty formula and reached
the mathematical result. Following the mathematical result, G6 got into the validation
process and progressed to the real result in the fifth transition by examining whether or
not their mathematical result made sense. At this stage, they decided that their result
was reasonable. They reviewed the process again by applying similar operations to the
second part of the problem. Finally, they tried to create a mathematical model but gave
up because they could not build it. PST14 performed some calculations on the
calculator, saying, “OK. Isn't that the liter I spent? If I multiply the gasoline price by the
liter, I obtain my travel cost.” However, the calculator's result differed from theirs
because they considered the average fuel consumption they accept for 100 km as the
fuel consumed for 1 km. PST14 expressed his confusion, saying, “The profit makes
sense, but why did it turn out that way?” Following that, they gave up on constructing
the mathematical model. G4, on the other hand, followed a partially hierarchical route
between the mathematical results and the validation phases. The participants in G4
questioned whether or not the results, which were found for two parts of the problem,
were reasonable by comparing them. They concluded that the problem's results
supported the idea that the greater the distance traveled to purchase gasoline, the less
profit made. Finally, based on the solving processes, they created a mathematical model.
They decided to form a cost allocation sheet (also see Fig. 7). During the construction of
the mathematical model, G4 had the following discussion:

PST13: What are we going to write on the mathematical model?
PST2: What will we write on the graph, liter or gasoline?

PSTI5: For example, I created a graph like this. The liter of gasoline and price...
However, how can we combine both? However, wait for a second! We calculated the
price of one liter gasoline. So, there is no reason to do so. We can already find it by
multiplying.

PST2: We can do... the table. Let us not graph this.

PST15: Yes.

PST13: How are we going to make a table?

PST2: Let us do it this way. For example, in Turkey and Batumi...

PST13: We can write Turkey and Batumi. Here, we can write down the liter price of
gasoline. This is how much it costs in Turkey and how much it costs in Batumi.

PST15: All right, that is it. Ok. 6.9 over here and 5.1 over here. We will give the liter
here, in Turkey, and Batumi. For example, in this section, we will write 1,83 and
explain TL (Turkish Lira). Alternatively, we can write down the previously calculated
one. Okay, we will multiply liters by kilometers over there. Let this be the TL.

14
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Figure 7

G4’s mathematical model for the Filling Up (Turkiye) Problem
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Findings Related to the Fuel Tank Problem

Table 7 presents features of groups’ modeling routes in solving the Fuel Tank Problem.
While three groups (G1, G5, and G6) were determined to complete the modeling cycle,
it was revealed that four groups (G2, G3, G4, and G7) left the modeling cycle
incomplete. Modeling routes of all groups involved in solving the Fuel Tank Problem
were found to be irregular.

Table 7
Modeling Routes of Groups for the Fuel Tank Problem
Completed Uncompleted
Regular - -
Irregular G1, G5, G6 G2, G3, G4, G7

Table 3 shows that all groups skipped interpreting the mathematical result to the real
results phase in the solution process. The participants did not interpret what the
mathematical results might mean in real life at any phase of the solution process. In
Figure 8, a modeling cycle, which is irregular and incomplete, is presented as an
instance.

Figure 8
Modeling Route of G7 Belonging to the Fuel Tank Problem

15
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In the modeling route of G7, shown in Figure 8, it is seen that the participants did not
engage in constructing the mathematical model, interpreting the real results, and the
validation processes. The PSTs in G7 spent significant time transitioning to the mental
representation of the situation, as indicated by arrows 1, 2, and 3. (33 minutes). During
the transition period, group members watched an online fuel tank dismantling video to
learn more about fuel tanks. They went beyond the scope of the problem because they
developed an idea to understand the fuel level by removing the fuel tank from the
vehicle. They had lengthy discussions to comprehend the problem situation. After
building the real model shown in Figure 9, team members turned their hands to
mathematical calculations to determine the fuel tank size, which they assumed to be 74
liters.

Figure 9
The Real Model Of the Fuel Tank Problem of G7
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In this phase, it was revealed that the PSTs had difficulties converting the volume units
in liters and cubic meters, assumed the pi as 3 in contradiction to the reality principle,
and made mistakes in some volume calculations. For example, PST17 claimed that the
height of the cylinder is equal to the base's perimeter. Hence, PST19 warned her about
the mistake.

PST17: Ok. We are getting closer. | feel it. Let us say r here and 2zr here. We wrote
down mathematical properties that we know. Where do we switch now? Now, we are
going to find the volume. How do we write the volume of this? Let us write down the
volume of the cylinder.

PST3: nr?h.

PST17: I said 2nr for h.

PST19: I think we have a mistake here. Look.

PST3: No, no, it was the perimeter.

PST17: No, it is not wrong. It opens up.

PST19: It opens up, but this is not the part we call its perimeter.
PST17: Yes, it s.

PST19: No, it is not. When you open up this, it does not fit.

PSTI17: Ahh, all right! Mathematics is going under right now. Ok. We said wr*h. How
much does T come out? 0.074 cubic meters.

PST3: Exactly.

16
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PSTI17: Let's assume 7 is 3. Let's say 3 for x. Let’s do 0,074 divided by 3. I say 0,0245.
All right.

PST3: Okay, it's exactly 47 if you round it up.

Following that, group members changed their real model by assuming the fuel tank as a
rectangular prism. However, they renounced again and proceeded according to the tank
shape in Figure 10. After contending with the mathematical calculations for a while,
they abandoned the solution. G7 did not show any attempt to find a link between the
wetness of the stick and the amount of fuel in the tank. Solely, conversions between
volume units and the mathematical calculations about the tank volume took place in
their solution notebook, as shown in Figure 10. G7 spent more than 80 minutes on the
solution.

PST17: | think we should give up.

PST3: | think so too.

PST17: | don't want to give up, but whatever.
PST19: What will we do?

PST17: We could not find anything so we won't write anything down. I mean, we will
write "we could not find."

PST17: 1 am writing down that we could not build the real model.

PST19: | think we built the real model, but we could not construct the mathematical
model.

PSTI17: Oh, no! Okay, that is fine. Let’s draw that figure.

PST17: We could not create the mathematical model.
PST19: So, there is no mathematical result.

Figure 10

The Solution of G7’s Belonging to the Fuel Tank Problem
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Summary of the Findings

Groups completed solutions for three problems ranging from 30 minutes to 80 minutes
in general. While they spent less time in transition to the mental representation of the
situation of the Straw Bale and Filling Up (Turkey) problems, PSTs made an effort to
understand the problem situation almost half of the time that they spent solving the
problem, in the Fuel Tank Problem. Data in Table 3 shows that the fuel tank problem
mostly caused the phases in the modeling cycle in which groups dropped out.

The study's findings showed that the most skipped phases of the modeling cycle are
creating a mathematical model, interpreting mathematical results to the real results, and
validating parts. While PSTs reported some difficulties constructing a mathematical
model, there was no expression in their written documents or conversations that they
struggled with the interpretation and validation phases. On the other hand, only one
modeling route was determined in 21 modeling routes, and the mathematical result
phase was not reached. Almost all groups reached a mathematical result, true or false,
and they all performed mathematical calculations during solution processes.
Nonetheless, some teams spent a significant amount of time on the mathematical
calculations; some got stuck in operations, whereas others made mistakes in the
calculations while solving problems. Therefore, they had trouble monitoring the holistic
structure of the mathematical modeling, which consisted of multiple phases.

The modeling routes that make PSTs’ solution processes visible were evaluated in three
categories: regular-completed, irregular-completed, and irregular-uncompleted. G2,
which had the only modeling route in a regular-completed form, followed a path similar
to the ideal modeling cycle in the solution of the Straw Bale Problem by transitioning to
all phases in one try. The majority of the modeling routes were irregular-completed. In
addition, nearly one-third of the modeling routes, which emerged from three problems,
were classified as irregular-uncompleted. There are no modeling routes that are regular-
uncompleted. In summary, the modeling routes of the groups were found to be
nonhierarchical and non-sequential. It was observed that some phases of the modeling
cycle were returned once or more than once. Different phases of the modeling cycle did
not follow each other sequentially as in the ideal cycle.

Discussion

The present study aims to reveal PSTs’ experiences with modeling cycle phases and the
challenges they encounter and determine the characteristics of their modeling routes in
the solving processes of three modeling problems.

The findings related to the first research question showed that all teams experienced all
phases of Borromeo Ferri’s (2006) modeling cycle at least one time except G3 and G6.
It was seen that groups performed the phase another problem that they did not perform
in any problem. Furthermore, for the same problem, another group may skip the phase
that one group completed successfully. These results indicate that the same problem
addresses different modeling phases in different people or different problems address
different modeling phases in the same person. In other words, students can apply
different solutions for the same problem and follow different phases in the modeling
cycles. Thus, different results can be obtained. For example, in Filling Up (Turkiye), it
was seen that the groups got different results based on different assumptions. This point
was also valid for the results of other problems. Incomplete information in mathematical
modeling problem situations and not providing detailed information to students
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necessitate making assumptions (Blum & Leif3, 2007; Chang et al., 2019). Maal} (2010)
stated that the different assumptions will diversify the solution to the problem or the
results. It has been pointed out in the literature that mathematical modeling problems
inherently involve various solutions and mathematical results (Bukova Guzel, 2011;
Diefes-Dux et al., 2012; English & Watters, 2004; Schukajlow et al., 2015; Wessels,
2014). Based on the studies in the literature, it can be said that the results obtained from
the study are compatible with the results of the other studies in the literature.

The PSTs completed the moving into the mental representation of the situation,
constructing the real model, and reaching the mathematical result by carrying out the
mathematical solution process. It can be said that PSTs were successful in
understanding the problem, which is the phase of transition to mental representation of
the situation. Similarly, studies conducted with pre-service teachers concluded that the
participants were successful in understanding the problem step (Albayrak & Tarim,
2022; Bukova Guzel, 2011; Ciltas & Isik, 2013; Duran et al., 2016; Kaya & Kesan,
2022; Sen Zeytun, 2013; Tekin Dede & Yilmaz, 2013).

All groups obtained a mathematical result, whether or not true, and performed
mathematical calculations in any case. None of the participants had any experience with
mathematical modeling. The tendency of the PSTs to reach a mathematical result one
way or another may be related to the result-oriented education system, which involves
all school levels. In Turkey, large-scale centralized exams are applied to advance high
school and university levels. These central exams consist of multiple-choice closed-
ended questions similar to the classic textbooks. Furthermore, PSTs must get enough
scores from a centralized exam after the undergraduate level to be
appointed mathematics teachers in state schools. Research in the literature showed that
standardized large-scale central exams trigger a result-oriented education approach and
that technical studies on exams tend to replace the content in the curriculum (Etsey,
1997; Hess; 2002;  Stecher, 2002). Therefore, PSTs might excessively focus
on mathematical calculations and results during solving. Some groups failed to notice
the holistic structure of mathematical modeling due to excessive time spent on
mathematical operations. Thus, one of the factors in skipping the creation of a
mathematical model phase may be the tendency of participants to use mathematical
calculations.

Another important finding of the study is related to the interpretation and validation
phases. Although nearly all groups experienced all three phases for all three problems, it
was seen that mostly the phase of creating a mathematical model and interpreting the
real results and then the validation phases were missing in the modeling cycles. This
may indicate that PSTs have difficulties in creating mathematical models, interpreting
real results, and validating them. The creation of the mathematical model phase in the
cycle is the part where the representations of the given situation are used, and the
transition from reality to the mathematical world is provided (Borromeo Ferri, 2006).
This phase, which is at the center of mathematical modeling, is the most challenging in
the cycle (Berry, 2002; Kaiser, 2005; Stillman, 2015). Similarly, some studies revealed
that PSTs have difficulties in creating a mathematical model phase (Albayrak & Tarim,
2022; Ciltas & Isik, 2013; Deniz & Akgun, 2018; Duran et al., 2016; Eraslan, 2012;
Shahbari & Tabach, 2020; Sen Zeytun, 2013).
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The real result(s) phase in the modeling cycle requires the interpretation of the
mathematical result(s) into non-mathematical contexts, generalizing to larger contexts,
and communication with the use of mathematical language (Blum & Kaiser, 1997). For
example, it was understood from G2’s dialogue that they acknowledged 284 cm as the

one straw bale’s diameter that they found as “104 + 104+/3 cm” by interpreting based
on real life. G3, G4, G5, and G7 did not make any interpretations about the length of the
straw bale that might correspond to real life. Particularly in the Fuel Tank Problem, it is
remarkable that none of the groups transitioned to the real result(s) phase. This may be
related to the structure of the problems used in the study. While the Straw Bale and
Filling Up (Turkiye) problems used in the study belong to Borromeo Ferri, who
introduced the modeling cycle, the Fuel Tank Problem was designed by Tekin Dede and
Yilmaz (2013) as a model eliciting activity. Studies revealed that PSTs have difficulties
in interpreting the mathematical results into real life and are insufficient in adapting the
difference to contexts (Blum, 2011; Bukova Guzel, 2011; Bukova Guzel & Ugurel,
2010; Ciltas & Isik, 2013; Hidiroglu et al., 2018; MaaB}, 2006; Sen Zeytun, 2013; Sen
Zeytun et al., 2017; Tekin Dede & Yilmaz, 2013). For instance, Ciltas and Isik (2013)
concluded that pre-service teachers had difficulty interpreting real-life mathematical
results. Similarly, Bukova Guzel and Ugurel (2010) found that pre-service teachers had
difficulties adapting mathematical results to real life. Sen Zeytun et al. (2017) concluded
that in most cases, pre-service teachers did not interpret their results in real-life
contexts. Bukova Guzel (2011) stated that the interpretation phase is one of the most
challenging stages in the modeling process. Tekin Dede and Yilmaz (2013) also
concluded that pre-service teachers did not question the meaning of the mathematical
results they found in real life.

The study's findings revealed that PSTs were more successful in transitioning to the
validation phase than in the transition to creating mathematical models and interpreting
the real result(s). Blum and Kaiser (1997) mentioned two types of validation: offering
alternative solutions to the problem situation and controlling the solution process. As
seen from the in-group dialogues, the participants validated the solution process by
controlling it. Tekin Dede and Yilmaz (2013) and Yilmaz and Tekin Dede (2016) also
found that pre-service teachers validated their results by controlling the solutions.
However, it has been determined that there are no alternative solutions in the solution
notebooks and result reports. This may be because offering different solutions to the
problem is highly resistant to change (Aydin Guc & Baki, 2019; Schukajlow et al.,
2015). Because of the effect of central exams, it can be said that the tendency of
students to look for alternative solutions after reaching a solution has been low in
solving classical textbook problems since primary school. Despite this, PSTs performed
the validation phase in 16 modeling cycles out of 21 by controlling their solutions. This
result contradicts the results of the studies of Bukova Guzel (2011), Duran et al. (2016),
Hidiroglu et al. (2018), Kaiser et al. (2010), Karahan and Ergene (2023), Kaya and
Kesan (2022), and Sen Zeytun (2013). Sen Zeytun (2013) concluded that most of the
pre-service teachers did not feel the need to go back and check the solution because they
believed that the result they found was correct. In contrast to the PSTs in this study,
Bukova Guzel (2011), Duran et al., Doruk and Kaplan (2016), and Kaiser et al.,
Schwarz and Tiedemann (2010) reported that pre-service teachers had difficulties in the
validation phase. This result may be due to the solution tracking template used in the
research. The sections in the template may have allowed the participants to think again
about what they did during the solution process and to be aware of what phase they

20



PUJE, 63, 1-31 [2025] M. Sahal & A. S. Ozdemir https://doi.org/10.9779/pauefd.1340106

were at in the solution process. Schukajlow et al. (2015) concluded that a similar
template consisting of four titles: understanding the problem, searching for
mathematics, using mathematics, and explaining the results, which they developed to
track the solution process, contributed to the organization, elaboration, control, and
planning strategies of the students. On the other hand, relating to the most skipped
phases of the modeling cycle, PSTs reported difficulty creating the mathematical model.
However, surprisingly, none of the participants reported difficulties in these stages,
including those who skipped the interpretation to the real result(s) and validation
phases. Given the PSTs who successfully proceeded with interpretation to the real result
phase, it seems consistent that they did not state any difficulty. One possible reason
PSTs could not proceed to interpretation and did not comment on this phase may be that
they were unaware of whether they were experiencing any difficulties. Zbiek & Conner
(2006) shed light on this situation by mentioning that the reason why modelers do not
present the mathematical and real results in the solution processes can be doing these as
a subconscious action. Borromeo Ferri (2006) also pointed out that the transition from
the mathematical results to the real results, which is one of the critical phases in the
modeling cycle, is not always done consciously. Similarly, none of the participants in
this study reported having difficulty with the validation phase. According to Borromeo
Ferri (2006), most individuals do “inner-mathematical validation” because they perceive
mathematical operations as validation. Another reason for the finding concerning the
validation might be related to the metacognitive aspect. Because the validation occurs at
the same time as metacognition in that it means monitoring and organizing the solution
process (Schukajlow et al., 2021). Sol et al. (2011) suggest that one of the possible
reasons for the failure in the validation phase could be a lack of awareness. The
inconsistency between PSTs moving through the modeling cycle and their opinions on
the validation might be attributed to the “all is well” idea about the solution process and
obtained mathematical results. If a modeler acknowledges outcomes as “all is well”,
he/she keeps proceeding in the modeling cycle (Czocher, 2018). In other words,
modelers could not recognize Goos’ (2002) metacognitive “red flag” situations, which
required returning to previous phases and taking corrective actions. That is to say, PSTs
who took part in the study might have metacognitive gaps in interpreting the real results
and validation phases. However, these results need to be interpreted with caution for
this study.

Almost all modeling routes of the PSTs in the study were evaluated as irregular since
participants did not proceed sequentially and hierarchically. Furthermore, most of the
modeling cycles were completed during the solution processes. None of the
uncompleted modeling cycles had a regular route. That is, regular-uncompleted did not
exist in the study. This result may be explained by PSTs’ returns from phases that they
are blocked to the previous phases in the modeling cycle to revise their acceptances
relating to the solution process. These returns make the modeling routes irregular. In
addition, it was observed that the groups, that couldn’t structure the moving to the
mental representation of the situation, were unable to pass through other phases of the
cycle successfully by tracking regular or irregular routes (e.g. G3 in all problems, G7 in
the Fuel Tank Problem). Failure to make assumptions concerning problem situations
within reason and to identify variables might obstruct groups' transition to other phases.
For instance, G3, which has irregular-uncompleted modeling routes, developed an idea
to find the straw bale’s radius with the help of the person in the picture, constructed the

mathematical model as “4rv3 + 2r” but couldn’t establish a connection between the
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mathematical model and the problem situation. Despite crossing the border between
Turkey and Batumi being free, by including the crossing border fee, G3 was the only
group that reached the mathematical result as loss unlike others in the Filling Up
(Turkiye) Problem. In both problems, members of G3 structured the problem situation
absently or improperly. In the meantime, some groups required one or more attempts to
transition to the mental representation of the situation phase to identify assumptions and
variables appropriately (e.g. G4 and G6 in the Straw Bale problem). These attempts
distract the modeling routes from being sequential and hierarchical from the very
beginning of the solution. Borromeo Ferri (2006) pointed out that in modeling
problems, a modeler makes some choices, by acting according to these preferences, an
individual can focus on some phases and ignore others, change his or her mind in some
phases, and therefore the process is not sequential. For this reason, modeling routes
become “idiosyncratic” as Czocher (2016) explained in her own words. In this regard,
the results of the study are in line with the studies which suggest that modeling cycles
do not proceed in a sequential, hierarchical, and sequential way (Blum & Borromeo
Ferri, 2009; Blum & Leiss, 2007; English et al., 2016; Leiss et al., 2019; Lesh & Lehrer,
2003; Maal3, 2006).

Conclusion

In the current study, which modeling phases the participants performed in the solution
processes of the problems and which phases they ignored, repeated, or returned to
became visible in the modeling cycle. Various routes were followed in each modeling
cycle. It can be stated that it is difficult to derive a general pattern from the emerging
modeling cycles because modelers follow an idiosyncratic path through modeling
processes (Czocher, 2016). The results, however, may indicate a metacognitive gap for
groups that skip the modeling cycle's real results and validation phases. PSTs did not
report that they had difficulty interpreting the real results and the validation phases.
Nonetheless, we can conclude that challenges in creating the mathematical model,
interpreting the real results, and the validation phases, as pointed out in the literature,
remain relevant for PSTs. Difficulties in these phases lead to skipping other phases and
irregular modeling routes. One of the obstacles to completing the modeling cycle is the
difficulty encountered during the validation phase, which is expressed as a return to the
problem situation at the beginning. In this respect, studies with different participants
that take into consideration the interpretation of the results and the validation phases
along with metacognitive processes can be done. In addition, the factors affecting the
modeling routes can also be examined in future studies.

Limitations

Chosen modeling tasks limit the study. This study focused on the solution processes of
specific modeling tasks of the PSTs. It is aimed to assess these modeling tasks with the
help of cycles. Modeling cycles may vary in different tasks, as modeling tasks are open-
ended questions. The routes in the modeling cycles may depend on many factors, such
as the demands, capacities, intervention styles, and experiences of the organizer of the
activity and the PSTs.

Ethical Approval: This research was conducted with the permission of the Marmara
University Institute of Educational Sciences Research and Publication Ethics
Committee with decision number 2020-8-20 and protocol number 2020/101 dated
11/11/2020.
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Appendices
Table 8
Modeling Routes of Groups for the Straw Bale Problem
Group 1 Group 3

3

SN

MM: 4r\/3+2r MR: 776 cm (5 sira) MM: 4r\/3+2r MR: Yok (3 sira)

Group 4 Group 5

rf/?

bt D \ “:1—’Z<\
- -
MM: 4ry/3+2r  MR: 232+/3+116 cm MM: 2rv/3+2r MR: 150v/3+150 cm
(5 rows) (3 rows)
Group 6 Group 7
B¢ *;’; )\
MM: 5r+r/6 MR: 321,8 cm (4 sira) MM: Yok MR: 323,89 cm
(5 rows)
Table 9
Modeling Routes of Groups for the Filling Up (Turkiye)
Group 1 Group 2
= BN
SS
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MM: Yok MR: Hopa: +75,5 TL MM: Yok MR: Hopa : +29,84 TL
Artvin: +47,43 TL Artvin: +4,96 TL

Group 3 Group 5

u;'}—‘_‘::zi \ m;@ﬁ.z(

- ‘\—//W i
MM: Yok MR: Hopa : -23,92 TL MM: Yok MR: Hopa : +80,31 TL
Artvin: -37,14 TL Artvin: +66,86 TL

Group 7

(f/? @
&‘i\

MM: Yok MR: Hopa : +79,06 TL
Artvin: +51,32 TL
Table 10
Modeling Routes of Groups for the Fuel Tank Problem
Group 1 Group 2

MM: 5/3x MR: 1 cm wetness 1,7 | MM: MR: 1 mm wetness 1,73
fuel. y=x.1230/450 km road.
Group 3 Group 4

(//ﬁ\\
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MM: Yok MR: Dimensions of the MM: Yok MR: 20v/3 cm wetness
Tank = 40x50x40 cm 37 | fuel.
Group 5 Group 6
X g }{{% ’
- \/ T . \_/ 3
MM: Yok MR: 1 cm wetness 2 | MM: MS: 1 cm wetness 1,818
fuel. Liters=x.1,8180 | fuel.
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