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Ozet — Bu arastirma, matematiksel modelleme etkinliklerine dayali §grenme ortaminda 6grencilerin matematiksel
bilgilerindeki degisime iliskin sonuclar sunmaktadir. Yedinci smifta 6grenim goéren 6 Ogrenciyle (13 yas)
ylriitillen arastirmada, alan 6lgme konusunun kazanimlarina yonelik olarak hazirlanan 8 adet matematiksel
modelleme etkinligi uygulamalari, video ve ses kayitlari, 6grenci ¢dzliim raporlari ve aragtirmaci notlar: araciligryla
incelenmistir. Uygulama siirecindeki verileri desteklemek amaciyla, 6ncesinde ve sonrasinda 6grencilerle bireysel
goriismeler gergeklestirilmistir. Arastirmada elde edilen sonuglar, matematiksel modelleme yontemiyle yapilan
Ogretimin G6grencilerin alan 6lgme bilgi ve becerilerini 6nemli dlgiide destekledigi yoniindedir. S6z konusu
gelisimin, matematiksel modelleme siirecinde ortaya ¢ikan 6grenme firsatlari yoluyla desteklendigi sonucuna
ulasiimigtir. Ogrencilerin alan dlgme bilgi ve becerilerinin gelisiminde birim kare kavraminin olusmasi ve alan
O0leme bagintisinin birim kareyle iliskilendirilerek agiklanmasi, bir lokomotif etkisi olusturmustur. Sonuglar,

matematiksel modelleme uygulamalarinin 6gretim programinda yer almasi gerektigini gosterir niteliktedir.

Anahtar kelimeler: alan 6l¢gme, matematiksel modelleme, 6grenme ortami

Sorumlu yazar: Zeynep Cavus Erdem, zcavuserdem@hotmail.com. Bu arastirma birinci yazarin
“Matematiksel modelleme etkinliklerine dayali 6grenim siirecinin alan 6lgme konusu baglaminda incelenmesi”
isimli doktora tezinden tretilmistir. Ayni zamanda ‘4. Uluslararas1 Tirk Bilgisayar ve Matematik Egitimi

Sempozyumu’nda sozIii bildiri olarak sunulmus ve tam metin formatinda yayinlanmaistir.

Genis Ozet
Giris
Matematik Ogretimin amaci, sadece okul ortami degil, okul ortammin disinda da

matematigi kullanabilen, uygulayabilen ve sorgulayabilen &grencilerin yetistirilmesini
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saglamaktir (MEB, 2018). Bunu saglamanin yollarindan biri ise matematiksel modellemedir.
Matematiksel modelleme, gercek yasamda karsilasilan bir problem durumunun matematiksel
yollarla ¢oziime ulastirilip elde edilen ¢6ziimiin yorumlandig1 ve degerlendirildigi bir siirectir
(Lesh ve Doerr, 2003). Matematiksel modelleme yoluyla Ogrenciler, gercek yasamdaki
matematigi kesfederek, matematigin yasamdan ayri bir disiplin olmadigini, yasamla i¢ ige
oldugunu gorme firsat1 yakalar. Matematige gercek hayatta nasil ihtiya¢ duyuldugunu fark eder
(Borromeo Ferri, 2018). Bu nedenle son yillarda matematiksel modelleme uygulamalarinin
Ogretim programlarinda yer almasinin 6nemi sik¢a vurgulanmaktadir. Ortaokul matematik
Ogretim programinda matematiksel modellemenin yer almadigi, modellemenin somutlastirma
ve gorsellestirme olarak ifade edilen “matematigi modelleme” olarak yorumlandig:
goriilmektedir (MEB, 2018; Cavus Erdem, Dogan, Giirbiiz ve Sahin, 2017). Matematiksel
modellemenin tilkemiz 6gretim programlarinda yer almasi ve dogru bir sekilde ele alinmasi i¢in
matematiksel modellemenin 06grencilerin matematiksel gelisimlerine etkisini arastiran
calismalarin yapilmasi 6nem kazanmaktadir. Bu nedenle matematiksel modelleme etkinlikleri
dayal1 6grenme ortaminin incelendigi bu calismanin, bu anlamda literatiire katki saglayacagi

diistiniilmektedir.
Yontem

Durum c¢alismasi yontemiyle yiiriitiillen arastirmanin g¢alisma grubunu, arastirmaci
tarafinda kolay ulasilabilir olmasi yoniiyle belirlenen bir okulda 6grenim goéren ve amagh
orneklem yontemiyle secilen 6 tane yedinci sinif 6grencisi olusturmaktadir. Tiim veri toplama
araglar1 6gretim programda yer alan, alan 6l¢gme konusunun kazanimlari dikkate alinarak
gelistirilmistir. Calismada, 6grencilerin bilgilerinde degisim olup olmayacagini net bir sekilde
gozlemlemek i¢in Ogrencilerle uygulama Oncesi ve sonrasi bireysel goriismeler
gerceklestirilmistir.  Uygulama siireci 8 adet matematiksel modelleme etkinligi ile
ylrtitiilmiistiir. Verilerin analizinde gomiilii teori kodlama (grounded coding) yontemi
kullanilmis ve rubrikle degerlendirme yapilmistir. Arastirmada tiim veriler toplandiktan sonra,
verilerin tamamu transkript edilmistir. Transkriptlerin tamamlanmasinin ardindan kodlama
siirecine gecilmistir. Oncelikle toplanan veriler arastirmacilar tarafindan ayri ayri kodlanmus,

sonrasinda kodlar karsilastirilarak kod birligine varilmis ve kodlama siirecine devam edilmistir.

Bulgular
Arastirmada uygulama oOncesi bazi 6grencilerde alan kavraminin iki uzunlugun (en ve

boy) carpimi sonucunda elde edilen sayisal bir deger olarak olustugu, alan 6lgmenin temel
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kavramlarindan biri olarak birim kare kavraminin olusmadigi, bunun sonucu olarak
Ogrencilerin alan 6lgme birimlerini tanimlamada ve birimler arast doniistimde eksiklikleri
bulundugu belirlenmistir. Ucgen (dik acil1 iiggen harig) ve paralelkenarin alanii hesaplarken,
yanlis stratejiler kullanan ve hatali islemler yapan 6grencilerin, ayn1 zamanda, kenar uzunlugu
ile alan arasindaki iligkiyi fark edemedikleri belirlenmistir. Uygulama sonrasi 6grencilerin alan
kavramint dogru bir sekilde acikladigi ve alani kaplama olarak ifade ettikleri belirlenmistir.
Tim O6grencilerin ¢okgenlerin alan1 dogru bir sekilde hesaplayabildigi, hatta kare, dikdortgen
ve liggenin alan bagintisini birim kare yardimiyla agikladigi, baz1 6grencilerin ise bunlara ek
olarak paralelkenar ve yamugun alan bagimntisin1 da agiklayabildigi belirlenmistir. Ogrencilerde
yasanan gelismenin, matematiksel etkinlikleriyle mesgul olurken gerceklestigi ve bu
gelismenin bilgilerin hatirlanmasi (¢agrilmasi), modelleme siirecinde ortaya ¢ikan 6grenme
firsatlar1 yoluyla degerlendirilmesi ve bunun sonucu olarak bilginin degistirilmesi veya

pekistirilmesi seklinde gerceklestigi bulgularina ulasilmistir.
Tartisma, Sonuc ve Oneriler

Arastirmada matematiksel modellemeye dayali 6grenme ortaminda, 6grencilerin
ogrenme firsatlar1 yoluyla gelisme sagladigi sonucuna ulasilmustir. Ogrencilerin bilgilerini
degerlendirmesine ortam saglayan 6grenme firsatlar1 bireysel kesifler, akran is birligi veya
rehberligi ya da ogretmen rehberligi seklindedir. Ogrencinin disardan hi¢ biri miidahale
olmadan sadece model olusturma siirecinde kesfettigi matematiksel anlayislar arastirmada
bireysel kesif olarak ifade edilmistir. Lesh ve Doerr (2003), 6grencilerin giiclii, paylasilabilir
modeller olustururken kavramsal yapilarimi farkinda olamadan gbézden gecirdigini ifade
etmektedir. Ogrencilerin bilgileri smamalarindaki bir diger etken akran faktoriidiir.
Matematiksel modelleme etkinliklerinde, grup i¢inde Ogrencilerin bilgileri sunmasi ve
karsisindaki bireyin bilgilerine ulagmasi, model olusumu i¢in bilginin grup iyelerinin
onaymdan gegerek kullanilmasi dogal bir karsilastirma ve degerlendirme siirecini barmdirir.
Akran degerlendirmesi olarak ifade edebilecegimiz bu durum 6grenciye rehberlik etmesi
konusunda oldukg¢a 6nemlidir (Lesh ve Harel, 2003). Bu ¢alismada da grup tiyelerinin, model
olusturma siirecindeki agiklamalart ve modeli degerlendirme basamaginda diger grup
tiyelerinin agiklamalarinin 6grencilerin 6grenmelerinde etkileyici oldugu tespit edilmistir.
Calisma bulgular1 ayrica ogrencilerin gelisimlerini ve 6grenmelerini destekleyen bir diger
faktoriin 6gretmen rehberligi oldugunu gostermistir. Modelleme etkinliklerinde 6gretmen,
bilgiyi aktaran bir kaynak olmanin Otesinde, bir rehber gorevi iistlenmektedir (Dunne ve

Galbraith, 2003; Arlebick, Doerr ve O’Neil, 2013). Modelleme etkinlikleri, gerek geleneksel

NEF-EFMED Cilt 15, Say1 1, Haziran 2021/ NFE-EJMSE Vol. 15, No. 1, June 2021



Cavus Erdem, Z. & Giirbiiz, R. 65

olmayan ¢oziimler gerektirdiginden, gerek ¢Oziim esnasinda ortaya c¢ikan Ogrenci
diyaloglarindan dolayi, 6grencilerin hem matematiksel bilgileri hem de matematik anlayislari
hakkinda derinlemesine bilgi ¢ikarmaya destektir (Brown ve Edwards, 2011). Burada
O0gretmenin dogru zamanda dogru sorularla 6grenci agiklamalarina ulagmasi, derin bir
degerlendirmenin yani sira dgrencilerin bilgilerini gézden gegirmelerine ve hatalarini fark
etmelerine olanak tanimaktadir. Calismada 6grencilerin durumu gozlemleyen ve gerektiginde
kritik sorularla 6grencilerin muhakemelerini harekete gegiren arastirmaci, benzer bir 6gretmen
rolii istlenmistir. Arastirmacinin 6grencilere yonlendirdigi kritik sorular, hem 6grencilerin
diistincelerini daha derin bir sekilde agia ¢ikarmaya ve 6grenmenin ne diizeyde olustugunu
belirmeye yardimci olmus, hem de etkinlikte fark edilmeyen noktalar1 ve matematiksel iligkileri
gormede tetikleyici bir rol listlenmistir.

Calismadan elde edilen sonuglar matematiksel modelleme etkinliklerine dayali 6grenme
ortaminin 6grencilerin 6grenmeleri destekleyici firsatlar sundugunu gostermistir. Matematiksel
modellemenin sagladigi katkidan faydalanabilmek ve uygulamalari &grenme ortamina
tastyabilmek igin, 6gretim programinda matematiksel modelleme uygulamalarina yer verilmesi
onemlidir. Bu anlamda matematiksel modellemenin 6grenmeye etkisini arastiran ¢alismalarin,
bununla birlikte modelleme siirecinde Ogrenmenin nasil gerceklestigi, matematiksel
kavramlarin olusumunu nasil etkiledigiyle ilgili arastirmalarin artirilmasi1 6nem kazanmaktadir.
Bu nedenle arastirma sonuglar1 dikkate alinarak, matematiksel modellemenin matematik
ogrenimindeki etkisini arastiran ¢alismalarin artirilmasi ve dgretim programinda modelleme

uygulamalarina yer verilmesi gerektigi onerilebilir.
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Abstract — This study aimed to examine change in students' mathematical knowledge in a learning environment
based on mathematical modeling activities. The study conducted with six students (13-year-old) and examined the
seventh graders’ eight mathematical modeling activities prepared for the acquisition of the area measurement
subject through applications, video and sound recordings, student solution reports, and researcher notes. To support
the data in the implementation process, individual interviews were held with the students. The findings of the study
revealed that teaching through mathematical modeling method supports students' area measurement knowledge
and skills significantly. This development is supported through learning opportunities that arise in the
mathematical modeling process. The formation of the unit square concept in the development of students’ area
measurement knowledge and skills and the explanation of the area measurement relation by associating it with the
unit square created a locomotive effect. The findings of the study showed that mathematical modeling applications

should be included in the curriculum.

Key words: area measurement, learning environment, mathematical modeling.
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Introduction

The purpose of teaching mathematics is to train students who can use, apply, and question
mathematics in and out of school environment (Ministry of National Education [MEB]), 2018).
One of the way to achieve this aim is mathematical modeling. In its most general form,
mathematical modeling can be defined as the process of solving real-life problems using
mathematics (Niss, Blum & Galbraith,2007). In this process, which involves creating a solution
using mathematical structures and operations and evaluating the functionality of the solution,

an individual can see the opportunity to comprehend that mathematics is not a discipline
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separate from life but is intertwined with life itself, and realizes how mathematics is needed in
real life (Borromeo Ferri, 2018). Therefore, the importance of mathematical modeling
applications has frequently been emphasized in the curriculum, international reports recently
and research articles (National Council of Teachers of Mathematics [NCTM], 2000; Common
Core State Standards for Mathematics [CCSM], 2011, Kaiser, 2020). It is also seen that
mathematical modeling is handled as concrete material usage in some curricula and textbooks
(Cavus Erdem, Dogan, Gurbuz, Sahin, 2017). However, mathematical modeling consists of a
much more comprehensive structure. Mathematical modeling needs to be handled correctly in
the curriculum. Because the goals in mathematics education programs can be achieved through
mathematical modeling, it is expressed in modeling studies (Cavus Erdem, 2018). Besides, it is
emphasized in studies that mathematical modeling has effect on the creation and deepening of
mathematical concepts and information (Blum & Borromeo Ferri, 2009; Dogan, Gurbuz, Cavus
Erdem & Sahin, 2019; Park, Park, Park, Cho & Lee, 2013). Thus, it is important to conduct
studies investigating the effect of mathematical modeling on students’ mathematical

development to include and address mathematical modeling in the curriculum correctly.

There are few studies examining the effect of mathematical modeling on individuals’
mathematical knowledge and skills (Stohlmann , DeVaul, Allen, Adkins, Ito, Lockett & Wong,
2016). The literature review shows that the majority of studies conclude that mathematical
modeling affects students’ learning positively (Harel & Lesh, 2003; Park et al.2013). Dunne
and Gabrailth (2003) examined the effect of a curriculum created with mathematical modeling
activities on the development of students' mathematical concepts and skills. The researchers
argued that mathematical modeling provides students with important opportunities to know
how it is beyond knowing something and is a very effective tool to test the accuracy of students’
knowledge gained through traditional teaching methods. Harel and Lesh (2003), in their study
with three students with low academic success, examined conceptual changes of students during

the application process of modeling activity in mathematics.

Their findings revealed that there were conceptual change and development in students
and mathematical modeling effectively served this purpose. Park et al. (2013) argued that
mathematical modeling activities provided discovery and conceptual developments related to
the subject in their research and claimed that mathematical modeling has a facilitating role in
learning. Arlebick, Doerr & O'Neil (2013) claimed that students provided improvement on the
subject but had difficulty interpreting some situations. The researchers, addressing the
difficulties experienced conceptually and contextually, stated that mathematical modeling
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activities contribute to the mathematical development of the students, and therefore suggested
that further explanatory research should be conducted, especially on the subject. Freeman
(2014) argued that mathematical modeling activities do not make a big difference compared to
traditional teaching and do not affect students’ attainment significantly. According to the
findings of these studies, it would be safe to say that the algebraic issues are prioritized. More
studies are required to examine the effect of mathematical modeling on mathematics teaching
(Stohlmann et al., 2016). This study, in this sense, aimed to examine the learning environment
based on mathematical modeling activities, including one of the areas of geometry sub-learning.
Therefore, the study aimed to answer the following research question: “Are mathematical
modeling activities an effective method in teaching the subject of field measurement?”. This
study investigated students’ knowledge of area measurement at pre-implication and post-

implication and their explanations during the implementation of activities.
Theoretical Framework
Mathematical Modeling as a Tool for Teaching Mathematics

Studies on mathematical modeling showed that modeling is defined differently and used
for different purposes (Galbraith, 2012; Kaiser & Sriraman, 2006). The use of mathematical
modeling to teach and reinforce mathematical concepts is the approach in which modeling is
considered a tool (Galbraith, 2012). As the mathematical structures and concepts targeted in the
problems used in this approach create a requirement for students, it is aimed to provide more
meaningful learning. Examples of perspectives adopting this approach in the literature are
educational modeling and contextual modeling (model and modeling perspective [MMP])
perspectives defined by Kaiser and Sriraman (2006). Although there are fundamental
differences in the meaning attributed to modeling activities between these two perspectives,
both include the idea that mathematical concepts can be taught through mathematical modeling
activities (Abassian, Safi, Bush & Bostic, 2020).

In this research, the approach in which mathematical modeling is adopted as a tool and
some issues highlighted in the aforementioned approaches were taken into consideration in
research design. Mathematical modeling activities are considered realistic, complex, and open-
ended problems with a set of principles (Dogan, 2020; Gurbuz, et al., 2019; Lesh &
Zawojewski, 2007; Sahin, 2019; Sahin, Dogan, Cavus Erdem, Gurbuz & Temurtas, 2019),
however, it might be simpler and closed-ended when it is used as a tool for teaching
mathematics (Bukova Giizel, Dede, Hidiroglu, Kula Unver & Ozaltun Celik, 2016). This issue
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adopted by the educational modeling approach was considered while designing activities in the
research, and mathematical modeling activities were designed in a more structured way (Table
2). Another approach proposed by Lesh and Doerr (2003), the MMP, takes mathematical
modeling as a tool. According to this approach, students develop important mathematical and
conceptual structures while engaging in modeling activities. The features emphasized by the
researchers dealing with the topics mentioned in their research in a much deeper way and the

features taken into consideration in this research design can be listed as follows:

According to MMP, an individual in mathematical modeling activities explains the
problem’s situation with his own experiences and creates his/her model with his conceptual
structures. If a person first creates the model and then examines it, his/her thinking can be
changed in basic ways, and this change in the individual can be observed through external
representations and models used in the modeling process. This study, in this sense, examined
mathematical structures and models in the modeling processes to determine how the students

achieved the desired goals with modeling activities.

MMP proposes applying mathematical modeling activities with groups of three or four
students, explaining this on cognitive and social bases. In any case, it is not always possible for
an individual to handle and interpret a subject with all its components. Researchers argued that
it would be appropriate to carry out applications by forming groups because of the same concept
being perceived and interpreted differently by different people and the individual not being
aware of the details while looking at the big picture or not being able to see the big picture while
focusing on the details. Based on this idea, mathematical modeling activities in this study were

applied to groups of three students.
Concept of and Measurement of Area

In this study, mathematical modeling activities are designed to include the gains of the
measurement subject. The area measurement, which is considered one of the important topics
of the geometry-learning field, determines how many of a limited plane will be covered by the
same type and appropriate measurement unit (Reynolds & Wheatley, 1996). To understand area
measurement, it is essential to comprehend the area and measurement correctly, as these two
concepts are different from each other in the area measurement, and two concepts can be mixed
and the students with no sufficient knowledge about the area interpret the area concept as the
area measurement (Huang & Witz, 2013). The area is a certain amount that covers the surface

of a limited area, and the purpose of area measurement is to determine this amount (Baturo &
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Nason, 1996). Simon and Blume (1994) stated that the area measurement should be handled in
two different stages as evaluating the area as a limited region and determining the amount of
this area. The first stage involves understanding that the area is a planar region and conceptually
interpreting the area. The second stage includes being able to determine the amount of the
region. Baturo and Nason (1996) emphasized that it is very important to correctly understand
the measurement tool, the unit, in determining this amount. Likewise, Outhred and Mitchelmore
(2000) stated that systematic counting comes to the fore in covering the region with the same
type of unit and determining the unit amount. As a result of covering a rectangle with a suitable
and identical unit, it is necessary to turn it into a systematic count to calculate how many units
are on each line and how many lines are available, because it is very important to see the
column-row coordination and correlate this with the product of the edge lengths in the transition
of the area measurement to the product (Huang & Witz, 2013). Thus, students can understand

the multiplication process in the area formula conceptually (Outhred & Mitchelmore, 2000).

Another important concept in learning area measurement at a conceptual level is
conservation. Conservation includes information on how changing the shape and dimensions
of a surface will change the surface area. The concept of field conservation is generally
neglected in teaching (Stephan & Clements, 2003). However, ensuring conservation in
measurement is very important for conceptual development (Lesh & Carmona, 2003). Studies
reported that students have difficulty in accepting that the area remains the same when they cut
a certain area and rearrange it to create another shape (Lehrer, 2003). Therefore, the concept of
the area, the concept of the unit, and the conservation of the area should be gained basically for
the teaching of the subject measurement. Then, teaching the area relations by repeating the units
should be targeted. In this research, while the mathematical modeling activities were being
designed and the order of implementation of the activities, the aforementioned issues were
being taken into consideration, an application aimed at creating the perception for the students
that the area is a region, covering this region with standard and non-standard units, and then the

transition to the area relation.
Method
Research Method

Due to the in-depth analysis of the learning environment, a case study method is adopted
in this study. In the most general sense, the purpose of a case study is to examine and describe

a case in its real context (Yin, 2009). In this study, a case study is considered an instrumental
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case. The instrumental case study aims to provide an idea about a subject and make a
generalization, and a limited situation is selected from the population to achieve this goal. The
situation under consideration serves as a tool to reach general information in this type of
research. This study aimed to obtain general findings of the learning environment based on

mathematical modeling; therefore, the instrumental case study was adopted.
Participants

The study group consists of six seventh-grade students (13-year- old) who study at a
school that can be easily accessible by the researchers. The participants of the study were
selected through a purposeful sampling method. In the selection process, students’ knowledge
levels regarding the subject of area measurement were taken into consideration. The subject of
area measurement is included in the mathematics curriculum from the third grade of primary
school (MEB, 2018), and therefore, it is considered that the application group has preliminary
information on the subject. Based on this assumption, in the first stage, a form titled “Area
Knowledge Evaluation Form” was developed by the researchers and applied to determine the
students’ prior knowledge on the subject. The form was applied to 160 people and six students
(three girls, three boys) who were randomly identified among the student groups that were
determined to have incomplete knowledge due to the application, and the study group was
formed. Students were coded under the following names: Serhat, Mehmet, Ali, Meral, Esma,

and Pelin.
Data Collection Tools

Different data collection tools were used in this study. The main tools are mathematical

modeling activities and interview forms made before and after the implementation.
Interview Forms

Semi-structured individual interviews were conducted with students before and after the
implementation. To create the interview questions, a literature review has been conducted (Hart,
1981; Orhan, 2013), and some basic concepts and achievements regarding area measurement
have been taken into account (MEB, 2018). The questions are arranged to reveal how students
define the area, the ability to measure the area of polygons, knowledge of area conservation,
unit square information, and area-perimeter-edge length relation. Two sample questions related

to forms are presented in Table 1.
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Table 1. Sample Questions from Pre-Interview and Last Interview Form

Pre- interview form Last interview form

Q.3. Consider a rectangle. How does the Q.4. Think of a square. When two units

rectangle’s area change when its length of increase a square’s side length and decrease the

all sides is doubled? Please explain. other side’s length, does it change the area?
(the table continues)

Q.5. Yasemin cut a rectangular paper in Q.3. A rectangular paper given in Figure 1
Figure 1, as shown in Figure 2. She thenslid  below is cut slightly on both sides, as shown in
the cut piece to the right of the rectangle to Figure 2, folded in the opposite direction to the
form Figure 3. In your opinion, how does side where it was cut, and Figure 3 is formed.
the area of the 3rd Shape change? Please In your opinion how does the area of the 3rd
explain. Shape change?

x» Seidl 1 Sekdl2 Seldl 3

= X I
<
‘} ¢ ]

Sekil 1 Sekil 2 $ekil 3

After the interview forms were developed, two mathematics education experts were
shown, and their ideas were taken, and revised accordingly. After the arrangements, the
implementation was carried out with four students determined for the pilot study in the ‘‘Area
Knowledge Evaluation Form’’ application group. As a result of the implementation, one of the

questions was revised according to the expert opinion, and the interview forms were finalized.
Mathematical Modeling Activities

One of the eight activities, another data collection tool used in the application process,
and seven mathematical modeling activities were created based on the literature review (Doruk,
2010). The following points were taken into account during the designing the activities: a) The
problematic situation given in the activity is in a way that the context of real-life can make sense
of the students with their past experiences, and the real-life situation coincides with the reality
of the student (Lesh et al.,2000; Maal3, 2006), b) As aiming to teach mathematical concepts is
a primary goal, the problem is more structured rather than completely open-ended in events
(Bukova Giizel, et al., 2016).
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The developed activities are designed to support both conceptual and operational
information on area measurement. The ‘‘Recycling Adventure Event,”” “‘Patchwork Pillow,”’
and ‘‘Swimming Pool’’ problems are designed both to improve the unit square concept and to
support operational information related to area measurement, to make the area feel like a
covering. “Kamil's Sheep” and “Almond Claim” events emphasize the protection of the area
and the relationship between the area-perimeter-edge length and support these achievements.
“School Party,”” “Halva with Cheese,”” and “Inheritance Sharing” activities are designed to
highlight the ability to measure the area. While determining the application order of the
activities, a sequence was followed considering the conservation, unit square, expressing a
region with different unit squares, the conversion of units, and measuring the area of polygons.
Although the activities are designed to support different concepts related to the area, it is
considered that they would function as a whole in gaining the area concept and area
measurement skills and will support the development of other achievements in the area apart
from the targeted activities. The activities were revised according to expert opinion and

finalized as a result of the pilot implementation. One exemplary activity is presented in Figurel.

Recycling Adventure Problem
Mrs. Avse 1s planning to contribute to her household income by
covering the old used materials leftover from household chores with

fabric and selling them as ornaments. To mcrease the contribution,

she wants to use the fabrics she will cover with the minimum

number of materials. However, she has no idea how many pieces of - ‘_...-"'
fabric that should be used to cover the materials. She asks for help

from vou, as a mathematician, in this matter. Your task 1s to develop a measuring tool (unit)
that will identify the piece of fabric covering the tin can that 1s given to vou. Indicate in detail

what aspects yvou considered when developing the measuring tool.

Figure 1. Mathematical Modeling Activity

Applications were recorded through a video camera and voice recorder. In the research,
students’ activity solution papers and researchers’ notes consist of the other data collection

tools.
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Data Analysis

The data analysis of this research was performed in the following two stages: an
embedded theory coding method (grounded coding) and a rubric evaluation method. In the first
stage, all data were analyzed through the embedded theory coding method that requires creating
categories and continuous comparison to analyze the data (Jones & Alony, 2011). In this
approach, the following three main coding stages were employed to analyze the data through
coding: open, axial, and selective coding. The data analysis process of the study was as follows:
After all the data were collected, they were transcribed first, and then empowerment method
was applied to the data (Ellis et al.,2016). All of the video and sound recordings of each
application were watched again, taking into account the transcript text of that application, and
were enriched with verbal expressions, gestures, attitudes, drawings, and images. Some
transcripts were individually coded by the researchers. After the coding, the researchers
compared and evaluated the codes together. For the compatibility between the codes, Miles and
Huberman’s (1994) intercoder reliability formula (Compatible codes / [ Compatible codes +
Incompatible codes] x100) was applied, and it was determined that they were 84%, 80%, and
82% for the first interview, the event, and the last interview, respectively. Incompatible codes
were evaluated, associated with codes with the same meaning according to the situation, and
new codes were created according to the situation. In axial coding, related codes are collected
under the same title. As a result of selective coding, two important titles emerged, and data

analysis was performed separately under these two titles.

The first topic is related to the students’ area measurement knowledge and skills. *‘Area
Concept and Area Measurement Knowledge Evaluation Rubric’’ has been developed with the
codes obtained. In this way, the data collected in the preliminary interview and the final
interview were evaluated according to the developed rubric, and it was aimed to examine the
change in students’ knowledge by supporting the rubric assessment with student explanations.
The rubric consists of five main titles and 11 subtitles. Each subtitle is rated within itself
(Appendix A). The students’ explanations in the pre-interview and the last interview were
graded according to rubrics by taking into account their development in the process. The second
title emerging in the analysis process is related to the learning environment based on
mathematical modeling activities. The codes and sample explanations are discussed in the

results section of the study.
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Results
Results Related to Students’ Area Measurement Knowledge and Skills

In this research, the changes in students' area measurement knowledge and skills were
presented through the findings obtained from the pre-interview and the final interview and the
solution reports they presented during the modeling process. The students’ scores from the
evaluation rubric based on their pre-interview and final interviews’ responses are presented in
Table 2.

Table2. Students’ Scores from the Evaluation Rubric in the Pre-Interview and Final Interview
Form

Concept of area and area Serhat  Ali Pelin Meral Mehmet Esma

measurement skill HS 5 ’I: PP LR P L RPL
Perception of area concept 3 3 3 3 3 1 3 13 3 3 3 3
Area computing perception 4 1 4 1 4 2 3 03 1 3 0 3
Unit square 5 1 5 0 4 0 4 014 0 4 1 4
Area measurement units 5 1 5 2 5 2 4 14 1 4 0 4
and conversion of units

Area conservation 1 1 1 1 1 0 1 01 0 1 1 1
Ability to calculate area of 9 1 2 1 2 1 2 12 1 9 1 2

square and rectangle
Ability to calculate the area
of a triangle

Ability to calculate the area
of the parallelogram

Side length - area relation 2 0o 2 0 2 0 2 02 0o 2 0 2

Circumference- aed , 4 2 1 2 0 1 01 0 1 0 1
relationship

Area_- _ circumference 2 1 1 1 1 0 1 01 0 1 0 1
relationship

TOTAL

(0-6) unsatisfactory

(7-13) fairly unsatisfactory

(14-20) partially 33 11 31 11 29 7 26 426 7 26 7 26
satisfactory

(21-27) fairly satisfactory

(28-33) satisfactory

* HS: Highest score possible , P: Preliminary interview, L: Last interview,

Table 2 shows that the students’ knowledge about the subject has reached a sufficient
category as a result of the application process. Although an individual difference has been
observed in the students’ development, it can be said that the learning environment based on

mathematical modeling activities has a positive effect on all students’ scores. To examine the
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development of the students more clearly, sample explanations are presented based on their

answers to the questions in the preliminary and final meetings (Table 3).

Table 4 Sample Explanations of the Interviews

Category

Example explanation from the
preliminary interview

Example explanation from the last
interview

Perception
of area
concept

Researcher: What comes to your
mind when you think of the area,
Pelin?

Pelin: The product of the width
and length of something.
Researcher: Can you show me
the area here, where is the area
here? (on the square)

Pelin: This part, like that (she
shows by drawing the width and
length of the shape. Area is equal
to the product of two sides.

Researcher: What comes to your mind
when you think of the area, Pelin?
Pelin: This is where something takes up,
its interior.

Researcher: Well, will there be areas of
irregular shapes?

Pelin: Yes, there is a place it occupies,
but we cannot find it.

Unit square

Ali: As it is a square, 5 times 5 is
25 cm?.

Researcher: Well, can you show
me this 25 cm? here?

Ali: 25 cm? is inside the area.
Researcher: Can you explain it a
little more? Can you show what
quantity is 25, that is 25 cm??
Ali: No.

Researcher: Why?

Ali: (nodding “‘I don't know’’).

Researcher: Can you draw me a square
with an area of 16 br??

Ali: Yes, | can draw. It would be 4
laterally and 4 vertically. So, that’s what
you see here.

Area
conservation
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Meral: I think it doesn’t change.
Researcher: Why is that?

Meral: Because it moves the
amount it cut here.

Researcher: What if | paste it
above?

Meral: When we paste it above, it
may change. Because its height is
expanding. We cannot calculate
it because this is (cut length) a
curve. I don’t know, perhaps it

might change that way.

Meral: It adds the ':E:
same amount to

itself there. This part comes on top of the
bottom.

Researcher: So, does the area change?
Meral: | think the area gets smaller. It
overlaps, and the bottom overlaps as
well. I think the area is decreasing.
Researcher: How much does it decrease
then?

Meral: As much as the shape of this
(filling the area).

(the table is continues)
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Table 3. Continuation of ...

5m

_,.f_,v' »:5 J ;%Qt,(

Esma: If here is 5 m and here is

Esma: To find
the trapezoid
area, we should
complete  the
rectangle and
completed places.
Researcher: What lengths should be
known?

/N

e

then subtract these

ﬁzzaremen 10 m, then here is 6 m. Now Esma: For this place, the base of the
t skill (calculatlng),_we multiply 6 by 5. shape must _be known. We also need to
We also multiply 30 by 10. know the height of the shape.
Researcher: Why? Researcher: Can you show where you
Esma: The thing here is 5 m, call the base?
these two are not equal. As it is Esma: The base needs to be known, but
not equal, we cannot multiply these two parts need to be known.
only one. We have to multiply all (triangle bases on the sides). And this
three. middle piece. In total, there are three
lengths for the base.
Researcher: Does the area of a Researcher:
rectangle change, if its side When the side
lengths double? length of a ".
Serhat: When it is doubled, we square is "
use 4 cm for 2 cm and 8 cm for 4 increased by 3 ‘
cm. One of the areas is 8 and the times,  how
other 32, enlarges 4 times. many  times
Researcher: So, why is it 4 times does the area increase?
Area- side larger? Why is that? Serhat: We can find it by using
length Serhat: Why could it be? value.
relationship  Teacher, 4, hmm, I don't know.  Researcher: | want you to do it

Researcher: Okay. Then what
happens if the side lengths triple?
Serhat: The area becomes 3 times
larger.

without using a value.

Serhat: If a becomes 3a. I t will be
3a. The other side will be 3a
(drawing the shape).

Serhat: We divide this place by 3.
(divides for 7s). Then we can see
that 9 of these can fit inside.
Becomes 9 times bigger.

Although the pre-application levels of the students differed, the examples were presented

over the same student to observe the development of the students more clearly. Considering all

the examples, it would be safe to say that the concept of space was formed as a numerical value

obtained by multiplying two lengths (width and length) in some students before the application

(n = 2), and the concept of the unit square did not occur as one of the basic concepts of area

measurement (n = 4). The findings of the analysis revealed that students have deficiencies in

defining area measurement units, and conversion of units (n = 6), and some students think that

Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
Necatibey Faculty of Education, Electronic Journal of Science and Mathematics Education



78 Matematiksel Modelleme Etkinliklerine Dayalt Ogrenme Ortaminin incelenmesi
Investigation of Learning Environment Based on Mathematical Modeling Activities

the area changes depending on the shape without changing the quantity (n = 3). When
calculating the area of the triangle (except the right-angled triangle) and the parallelogram, it
can be said that students using wrong strategies and perform erroneous operations (n = 6) also
did not notice the relationship between side length and area (n = 6). In the explanations after
the application, it has been observed that the students correctly explain the concept of space and
express the area as a covering one (n = 6). It has been observed that all students can correctly
calculate the area of the polygons, and even explain the area relation of the square, rectangle,
and triangle with the help of unit square (n = 6).Also, some students can explain the area relation
of the parallelogram and trapezoid (n = 2). Table 4 shows that all students have conservation.
The change in students’ knowledge can be seen from the models and solution reports that
emerged during the modeling process. The solution report of the students in the first activity is

presented in Figure 2.
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Figure 2. First Activity Solution Report

In the first activity, students were asked to find the maximum area they can create a 100-
m fence. Students’ solution report shows that there is an error in their knowledge. When
calculating the triangle area, the students miscalculated the area taking into account one length
of the sides instead of the height. At the same time, it is seen that the students expressed the
measurement result with the wrong unit. This activity aimed for students to realize the
relationship between the sides and circumference length. The next activity has the same
purpose. The students reported that the circumference of the two rectangles with the same area
at the stage they presented their solutions might be different. This is a mathematical
development for students who think that the perimeter of the rectangles whose area is equal

before the application will also be equal (n = 4), and this can be regarded as one of the first
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improvements during the modeling activities application process. In the next activity, students
were asked to determine the amount of fabric that would cover a can. In the activity in which
students used a spotted (polka dot) piece of fabric, they expressed the amount of fabric in unit
squares. In this activity, an important progress by the students has been observed and it was
seen that students expressed the area using the unit square. In this activity, students expressing
the area with only unit squares started to express the same area with different units in the next
activity. In this activity, students showed the area of the same area in both cm? and m?, and
they also showed the measurement result in m? correctly. Although it was not aimed to include
in the activity outcomes, as a result of the question directed by the researcher while students
discuss their models, they discovered the relationship between m? and cm? and wrote the result
they found in m?. Considering the incorrect student explanations regarding the relationship
between the standard measurement units, this can be considered an important development. In
the last activities aimed at the development of the students’ area measurement skills, it is seen
that the students started to calculate the area of the polygons correctly. The solution report

regarding the seventh activity is presented as a sample calculation in Figure 3.
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Figure 3. Solution Report Regarding the Seventh Activity

In the seventh activity, the students were asked to divide the six fields among the three
siblings in the fairest way. As shown in Figure 3, the students correctly calculate the area of all
polygons, including the trapezoid, parallelogram, and triangle. Students used the parallelogram to

find the trapezoidal field area and measured the area by converting the trapezoid to a
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parallelogram. It is considered that it is an important progress that students correctly calculate the

trapezoid area they have not encountered before. At the same time, students who can only

calculate the area of the right triangle before the application (n = 6), who measure the area of the

parallelogram incorrectly (n = 6), show that the area measurement skills of the students have

improved because they made correct calculations during the application process.

Results Related to the Learning Environment Based on Mathematical Modeling Activities

Results from the research show that mathematical modeling activities significantly affected

students’ learning. Student explanations regarding the learning of the unit square concept will be

presented to show how the situation in question has been handled. The third mathematical

modeling activity of the research applied for the unit square concept is “Recycling Adventure,”

as shown in Table 2. During the application process, students were given an activity and asked to

evaluate individually for five minutes and then create a model with their groups. The dialogue

between students at this stage is as follows (Figure 4).

Meral: What do we do now, any i1deas?

Mehmet: Let’s find out how much fabric we have.
Look, there are gaps here. Let’s say 1 cm for each gap.
Pelin: No, it will probably be more than 1 cm_ it cannot
be 1 cm. Let’s think Okay, vou will take it as a unit.
Mehmet: OK, anyway, ['ll make myv calculation
(counting the width and length of the fabric). You tell
me, 1 m? equals to 1000 cm?, right?

Pelin: Yeah. It was 1000 cm?. But why do you multiply to find the amount of
fabric?

Meral: No, I think it was 100 cm?®. 1 m? equals to 100 cm?.

Mehmet: No. It was 1000 cm?®. Sides came out to be 22 c¢m and 19 em. It makes
4180 when I multiply. It is 4 m?.

Figure 4. Student Descriptions Regarding the Third Activity

The explanations that the students try to transform the problem into the language of

mathematics also show that they try to remember their existing knowledge. The dialogues show

that the students made both true and false statements. It is the correct approach that Pelin sees

the distance between the two spots as a unit, and Mehmet multiplies the sides to determine the

amount of fabric. Also, it is seen that students misunderstood the relationship between square

meters and square centimeters. The most important point that attracts our attention here is that

the students shared their information and presented it to the peer’s evaluation. At this stage, it

has been determined that the emergence of situations enabling students to evaluate their

knowledge is very important in the realization of learning. The findings of the study show that
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students have the opportunity to learn by evaluating their knowledge a) individually, b) through
peer guidance, and c) through teacher guidance. Some samples for these three situations will be

presented below.

Peer guidance can be expressed as the development that the students have due to the
explanations of his group friend. Dialogues between the students to find the amount of fabric
they determined in the activity will be presented as an example of peer guidance. As mentioned
above, Mehmet considered the distance between the two spots 1 cm, while Pelin stated that the
distance between the two spots was more than 1 cm and accepted the range as 1 unit and showed
a correct approach. This acceptance of Pelin played a supportive role in learning the concept of
the unit square. A sample dialog for this situation is presented below.

Pelin: Yes, the unit square is a unit square because each gap is a unit.

Researcher: So, can you show me the unit square here?

Pelin: Look, teacher, this is a unit square (draws a side length).

Researcher: Can you show me how it is exactly?

Pelin: This is the unit (side length- =—= ). The product of these two is a unit square.
(shows two unit lengths - **° ),

Meral: The product of these sides becomes a unit square (pointing the sides)

Pelin: Teacher, these two lengths and the product of these units will be a unit square.
Meral: I think just here (square) is a unit square.

Researcher: Well, Meral, can you show me the cm2?

Meral: Then it becomes a square with its sides being 1 cm.

Researcher: Pelin, what do you think?

Pelin: | think it makes more sense to consider it as a unit square, or rather it looks like
that.

It appears that the knowledge of the unit square concept of Pelin, Mehmet, and Meral
before the application is insufficient (Table 4). Pelin’s explanations to determine the amount of
fabric that will cover the tin can show that she maintains her incorrect perception. Expressing
the distance between the two spots on the fabric as one unit and the unit square as the length of
the two units, Pelin questioned her knowledge after Meral’s explanation. It seems that Meral
explained the concept of the unit square correctly. The fact that she defined a square centimeter
correctly supports the idea that she learned the unit square correctly. The dialogue given above

may not be sufficient to show that learning process has been completed, especially for Pelin,
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but in the continuation of the solution process, it has been determined that both students
addressed the unit square correctly. Some examples will be presented below. Meral’s influence
on Pelin’s concept of learning can be expressed as peer guidance. Likewise, Pelin’s acceptance
of the distance between two spots as a unit affected Meral’s learning. Although the occurrence
of Meral’s development has not been fully reflected in the activation process, it is thought that

it is effective to associate the unit length with the square region.

The situations in which the students made progress in the activity solution process without
any external intervention can be considered as individual discovery (interaction with the

activity). An example of an explanation for this situation is given below:

Researcher: What did you guys do?

Serhat: We calculated the area of the piece of fabric. These gaps can only be 1 cm anyway.
Esma: We took a centimeter as an estimate.

Ali: It would be 1,3 cm. More than 1 cm.

Researcher: Well, if you accept that it is not 1 cm, then how will you express it?

(They think for a while)

Ali: We would follow the unit calculation.

Serhat: Yes, it makes sense, we’ll do it that way. Eleven units, this here is four units.
Friends, the area is 44 unit squares.

Ali: Yes, this was a nice progress.

Researcher: How did you decide that it is a unit square?

Ali: Now, because we don’t know the size of this square, we called it a unit, when we
calculate it, it looks like a square shape anyway. When we multiply this side with that
side, it becomes the square of a unit. For this reason, it is a unit square. Yeah, of course,

that’s very good indeed.

All in all, Ali uses correct expressions regarding the concept of the unit square. The
explanations of Ali, who could not explain the concept of the unit square before the application,
showed that he discovered the concept of the unit square upon accepting it as a unit between
two spots. Ali’s interaction with the activity allowed him to establish a mathematical
relationship, and the situations that occurred in this way in the research were named individual
discovery. In the modeling process of the students, the questions asked by the researchers were
another factor supporting the development of the students, except for the conversations they

had with their group friends and when they noticed individually. A sample dialogue that arises
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with the questions asked by the researchers to the students who determined the area of the fabric
is presented below (Figure 5).

Researcher: Friends, wvou said that by
multiplying 11 by 4, yvou found the area of this
fabric as 44 unit squares. Can vou show me
here without multiplying to get 447

Mehmet: For example, here (first row) there
are 11 squares, in this order, there are 11, 44
in total.

Researcher: So, why are we multiplying the
sides?

Pelin: Because, teacher, there are four 11s. For example, as there are four lines
longitudinally and 11 lines transversely, we multiply 4 with 11, hence 44
Researcher: Can you draw a rectangle with
a long side of § cm and a short side of 2 cm iy
to show its area in the unit square? 1
Meral: Isn't it like this7 If we divide it by 2 sttt
transversely, we divide it into 8 parts ! S f
longitudinally. It becomes 16 cm?.
Ali: T think she’s doing 1t correctly.
Researcher: Then what do those squares represent?
Pelin: It represents a square of 1 cm.

Figure 5. An Example of an Explanation for Teacher Guidance

The dialogue shows that the students explain the area relation of the rectangle by
associating it with the unit square. The questions posed by the researcher played a supportive
role in establishing this relationship. To fully reveal and reinforce the knowledge of the
students, the correct answer to the second question asked by the researcher supports the idea
that they have learned the unit square, which is one of the basic concepts of the area
measurement. Conversion information between the students who learned the concept of the unit
square was carried out in the next mathematical modeling activity. In the “Patchwork Pillow”
modeling activity, the students were asked to determine the amount of each color fabric for the
pillow cover. The students found the area of the different color fabrics used on the pillow cover
in both unit square and square centimeters. The researcher then asked the students to express
the results in m? to observe the change in their unit transformation knowledge. Mehmet, tried

to explain the conversion of units algebraically (Figure 6).
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Researcher: If I ask vou to write this in m?, how can
you write 1t7 r,
Esma: Ladder calculation.

Serhat: Then, we will convert cm to m. We were going
up two steps when converting it to meters. If we add R o .
two zeros. :
Meral: No, if we delete two zeros.

Mehmet: There is also something like 1 m?, 1,000 ecm?.
Meral: Becomes 100. Because 1 m 15 100 cm.
Mehmet: Okay. but it has a square. 1 m® is 1,000 cm?.
For example, do you think m and m? are the same?
Serhat: No, it wouldn’t be the same.

Mehmet: Look, this 1s a m. This 1s m x m. See if this 15 100, 100 times 100 makes
10.000. Oocooh, I was absurd.

Figure 6. Student Descriptions Regarding the Unit Transformation

The ladder calculation, which teachers frequently apply in teaching the conversion of
measurement units and coverts the relationship of the measurement units with their lower and
upper counterparts into a visual form, was the first method students have applied. While the
students explained and evaluated their knowledge, Mehmet questioned whether two units were
different and tried to explain the difference between the two algebraically. Based on Mehmet’s
approach and the correct calculation he made, Serhat and Ali tried to find the conversion by

doing some mathematical calculations (Figure 6).

Serhat: Let’s draw a shape. When it continues
from the calculation that Mehmet said, it
turns out to be 10,000, Let’s show it on the |
figure. /
Ali: T did it. Can [ say my opinion? Because I [
found 10,000,

Pelin: I think 1t’s 10,000 as well

Al If 1 m equals 100 cm, I calculated 1t as
its square. As it 1s a square of 1 m, it becomes
100 x 100, which equals to 10,000.

Esma: He found the correct result, and I think it 1s very reasonable.
Serhat: We thought so too. Here 1s 1 m_ if we
multiply 1 by 1, it becomes 1 m square. For
example, if we convert 1 m to 100 cm, this
contains 100 cm in 1 m. If we divide this part
into 100 pieces hike this (he draws a line parallel
to the bottom of the square). One hundred pieces
come on top of each other. This 15 1 m in the
sathe way, as a square (drawing another line
parallel to the other side). So, there 15 a total of
10,000 of these squares here. (The little square indicated by the red circle)

Alifnin CozUumo

Figure 7. An Example of an Explanation for Teacher Guidance
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The explanations showed that students explained the conversion of units in both algebraic
and geometrical ways. Students did the unit conversion not by heart, but using the unit square
and explaining the measurement units algebraically. This development, which was achieved by
the students on the subject of area measurement, was supported by the question directed by the
researcher and Mehmet’s guiding explanation. Teacher and peer guidance, one of the learning
opportunities that emerge in mathematical modeling activities, is observed in the dialogues

given above.

Discussion, Conclusions and Suggestions

The results of the study show that mathematical modeling is effective in teaching the
basic concepts of area measurement subjects such as unit square, area conservation, area
measurement, and gaining skills. It would be appropriate to examine the results consistent with
the literature (Dunne & Gabrailth, 2003; Park et al., 2013), both from the viewpoint of the
applied method, that is mathematical modeling, and the subject taught. Considering the role of
mathematical modeling in the said development, it can be said that activities offer important
opportunities for students to question and evaluate their knowledge. The students’ activation of
their knowledge to form a model and its evaluation by interacting with the activity, peers, and
teacher (researcher) involves a natural learning process. The first step in the exchange of
information carried out through learning opportunities is remembering the information. In
modeling activities, students engage in intensive cognitive activities and, thus, take an active
role (Blum & Niss, 1991). For this reason, while trying to mathematicise the real-life situation
and solve the model in the activities, the students run (remember) their existing knowledge and
share it with their group friends. Information sharing within the group also includes a natural
evaluation process. In this way, the students who reached the information of their group friends
and presented their information to the approval of their peers had the opportunity to notice their
incorrect information. Group support (Harel & Lesh, 2003), which is very important in guiding
the student, was expressed as peer guidance in the research. Ng (2011) claimed that students
are significantly influenced by group members in understanding modeling activity, interpreting
context, using mathematical knowledge, and reasoning. In addition to Ng’s (2011) findings, the
results of this study also showed that students outside the group also have an impact and guide
students. During the evaluation phase, students had the opportunity to evaluate and improve
their knowledge, where they presented and discussed their models in the classroom. Hitt and
Gonzalez-Martin (2015) argued that other students undertook the duty of a locomotive in the
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modeling process and prepared the ground for learning. The study results showed that students
both in and out of the group guide students to access new information.

Another learning opportunity that supports students’ development in a mathematical
modeling environment is determined as teacher guidance. In modeling activities, the teacher
acts as a guide, rather than a source of knowledge (Arlebick et al.,2013; Dunne & Galbraith,
2003). The fact that the teacher reaches the student explanations with the right questions at the
right time allows students to review their knowledge and realize their mistakes as well as an in-
depth assessment. The researcher, who observed the students’ situation in the research and
mobilized the students’ reasoning with critical questions when necessary, assumed the role of
a similar teacher. Critical questions directed by the researcher helped reveal students’ thoughts
more deeply and determine the level of learning and played a triggering role in seeing the points
and mathematical relationships that were not noticed in the activity. The explanation of the
rectangle’s area relation by linking the rectangle with the unit square is an example of this
situation. Hitt and Gonzalez-Martin (2015) explained this as the institutionalizing role of the
teacher. The researchers claimed that the teacher’s statements in the mathematical modeling
activities to support the students’ mathematical understanding emerging in the process and
explaining the mathematical relations after the activity would increase the permanence of the
learning. The results of the research are also in line with this idea.

One of the last learning opportunities is the changes that the student experiences due to
interaction with the activity and is expressed as an individual discovery. Individual discovery
is the mathematical insights that the students discover in the model building process only
without any external intervention, such as peer or teacher guidance. In the process that students
unconsciously review their conceptual structure (Lesh & Doerr, 2003), it is thought that they
see the whole by combining the parts and, thus, construct mathematical understanding. It should
be noted that the learning opportunities that arise during the research process are not
independent of each other. It is thought that other learning opportunities have an impact on the
realization of each. Learning is considered a long and complicated process, and the process has
evolved through the synchronous operation of the three opportunities that emerged in the
research.

When students’ development is evaluated based on area measurement, it is possible to
say that the third activity is a turning point. In the activity where some students got acquainted
with the unit square concept and associated the unit square with the area relation of the
rectangle, students mathematically comprehended why two lengths are multiplied in the area

relation. The students’ comprehension of the area relation by associating it with the unit square
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was also observed during the mathematical explanation of the area relation of the triangle in the
same activity. As Harel and Lesh (2003) stated, student transferred the mathematical
understanding that emerged in the model. These findings, which are also parallel with the
explanations of Stephan and Clements (2003) and Zacharos (2006), showed that the concept of
the unit square is very important for the area measurement subject, because covering the interior
of a polygon with a unit square will naturally create the perception that the area is a region. At
the same time, associating the number of unit squares covering the region with the area relation
will enable the structuring of area measurement as reported by Stephan and Clements
(2003).The results of the research showing that the perception of the students who perceive the
area as ‘‘width x height’’ before the application has changed and turned into area conservation,
also confirms the idea that the unit square is an effective tool in overcoming the learning
difficulties in the width x height aspect (Kamii & Kysh, 2006). The mathematical structuring
of the students’ area relation also contributed to the development of the area measurement skill
naturally. It also made it easier for them to understand how to convert the standard area
measurement units to cm? or m?,

To summarize, the support of mathematical modeling activities is carried out through
the opportunities it offers. Achieving all this development is possible with mathematical
modeling activities by the concept and acquisition hierarchy of the subject planned to be taught.
Besides, although there are opportunities to support learning in this research, it is not explained
how learning occurs in the students’ minds during the mathematical modeling process. Also,
research results are limited to the subject of area measurement. To show whether mathematical
modeling is an effective tool for teaching mathematics, it is recommended to conduct further

studies in different learning areas and conduct studies that detail the modeling process’ learning.
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Appendix A:
Concept of Area and Area Measurement Information Evaluation Rubric
Levels Description
Level 0 Not making a statement about the concept of

(0 points)  the area or making a false statement.
Thinking the concept of area as a numerical

'(f"i'i nlt) value obtained by multiplying the width and
Perception of area concept P height of the shape. (width x height perception)
Level 2 Seeing the concept of area as the place
(2 points) occupied by shape and thinking it only a
property of smooth shapes.
Level 3 Thinking the concept of area as the place
(3 points)  occupied by an object.
Level O Not making a statement about the area

(0 points)  calculation or having a wrong perception.
Thinking the area of a shape as the product of

I(_le\églinlt) two sides that i_n_tersect without looking for a
90-degree condition.
Level 2 Thinking the area of a shape as the product of
(2 points)  the shape’s base and the height of the base.
Area computing A mathematical explanation of the area
perception Level 3 computing relations of the rectangle.

(3 points)  (explaining relations by associating them with
unit squares.)
A mathematical explanation of the area
calculation relations of all polygons.
Level 4 (explaining relations by associating them with
(4 points)  unit squares.)

Perceptions of the concept of area

Level O Not making a statement about the concept of
(0 points)  unit square or making a false statement.
Measuring and expressing the area of polygons

Level_ 1 area intersect with 90 degrees on all sides, in
(1 point) ;
square units.

Level 2 Measuring and expressing the area of the

(2 points)  rectangle with unit squares of different sizes.

Level 3 Measuring and expressing the areas of all
@ (3 points)  polygons in square units.
s Unit square Level 4 Measuring and expressing the area of a
2 g (4 points)  polygon with unit squares of different sizes.
= Level 5 Measuring and expressing the area of a
)

(5 Points)  polygon in a nonstandard unit.
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Not making a statement about the area

Level 0 ; X
- measurement units and using the area
(0 points) o
measurement unit incorrectly.
Level 1 Using the area measurement unit correctly.
Area measurement units (1 point)
and conversion of units Level 2 Defining area measurement units correctly and
(2 points)  algebraically, but not geometrically.
Level 3 Correctly defining the area measurement units
(3 points)  geometrically.
Level 4 Converting the area measurement units.
(4 points)
Level 5 Ability to explain the conversion of area
(5 Points)  measurement units mathematically.
> Level O Not having area conservation.
S - Area conservation (0 points)
52 (AC) Level 1 Having area conservation.
Ow (1 point)
Level 0 Inability to calculate areas of square and
- (0 points)  rectangle or incorrect calculation.
,:;t:ahty 01EO (;glg:rlste ;ES Level_ 1 Correct calculation of the areas of the square
rectangle (1 point) and rgctangle. _
Level 2 Creating the area relation of the square and
(2 points)  rectangle and explaining them mathematically.
Level 0 Inability to calculate the area of the triangle or
_ (0 points) incorrect calculation.
i Level 1 Correct calculation of the area of the right
é (1 point) triangle.
g Ability to calculate the Level2 Correct calculation of the area of all triangles.
3 area of the triangle (2 points)
2 Level 3 Calculating the area of triangles by taking
o (3 points)  different sides as the base.
g Level 4 Creating the area relation of the triangle and
< (4 points)  explaining mathematically.
Level O Inability to calculate the area of the
(0 points)  parallelogram or miscalculation.
Ability to calculate the I(_le\é(cejli nlt) Correct calculation of the parallelogram area.
area of the parallelogram Level 2 Calculating the area by taking different sides of
(2 points)  the parallelogram as the base.
Level 3 Creating the area relation of the parallelogram
(3 points)  and explaining mathematically.
Level O Failure or misrepresentation of the relationship
3 (0 points)  between side length and area.
& Level 1 Explaining the relationship between side
L - - length and area in a limited way (by way of
ES (1 point) examples)
0 = :
g g Side length-area relation Level_ 2 Generalizing the relationship between side
T o (2 points)  length and area.
<2
g @
e
(2]
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Level O Not being able to create different polygons
(0 points)  with the same circumference.
Level 1 Ability to create different polygons with the

Circumference- area (1 point) same perimeter.

relationship . .
Level 2 Fro_m polygons with th(_e same circumference,
(2 points) seeing the area grow with the convergence of

the side lengths.

Level 0 Not being able to create different polygons
(0 points)  with the same area.
Level 1 Creating different polygons with the same

Area- circumference (1 point) area.

relationship From the polygons with the same area, being
Level 2 able to see that the circumference increases
(2 points)  with increasing distance of the sides from each

other.
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