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Abstract

The aim of this study is to identify prospective secondary mathematics teachers’ opinions about the
mathematical modeling method and the applicability of this method in high schools. The case study
design, which is among the qualitative research methods, was used in the study. The study was
conducted with six prospective secondary mathematics teachers who were taking a “teaching practice”
course. In the “Teaching Practice” course, mathematical modeling method was introduced to these
selected prospective teachers and activity examples appropriate to this method were presented to them.
Then, the prospective teachers prepared examples similar to the activity examples that were presented
to them, and they implemented these examples in the schools where they served their internship. The
semi-structured interview and observation forms were used as data collection tools in the study. An
attempt was made to identify prospective secondary mathematics teachers’ opinions about
mathematical modeling method and the applicability of this method via interviews, whereas an attempt
was made to identify their efficacy in application the mathematical modeling method via observations.
Descriptive analysis and content analysis methods were used in analyzing the data. In view of the
study, it was found that many of the prospective teachers correctly understood what mathematical
modeling meant, but they were not able to fully implement this method in classrooms. When the
prospective teachers’ opinions about classroom applications of the mathematical modeling method
were examined, it was observed that the reasons for the experienced difficults are the fact that there
was not enough time and classroom management was difficult. As for the positive aspects of
mathematical modeling, the prospective teachers stated that the mathematical modeling set forth the
applicability of mathematics in daily life. Furthermore, all prospective teachers stated that they
consider featuring problems that involve this method in their own courses in the future, but some of
them stated that they would not be able to use it since its application is difficult and time consuming.
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Introduction

Today, where science and technology are rapidly developing, in order for individuals to cope
with these developments, they must have equipment with which they can interpret the information and
utilize it in their daily lives. The quality of education given to students, and the presented problem
solving experiences, hold importance for raising individuals with these qualities. In this respect,
among the aims of the high school mathematics education program in our country are developing the
mathematical knowledge, thinking, skills and attitudes that students will need in discovering today and
the future, and solving daily life problems that they encounter and associating these with other
disciplines (Ministry of National Education [MEB], 2011). However, since mathematics is given in the
classrooms as an abstract pile of rules that is unrelated to daily life and that must be memorized, most
students do not know how they may encounter the subjects which they study in mathematics in daily
life and the functions of these subjects in daily life, and they regard mathematics as only a course that
is given in school. Featuring real life problems in mathematics courses can ensure overcoming such
difficults and fulfilling the objectives of the teaching program. For this reason, it is important for
students to solve mathematics problems, which help them understand the relationship between daily
life and mathematics, in mathematics teaching (Kaiser, 2005). Mathematical modeling has a
significant role in forming the relationships between mathematics and daily life problems. This is
because mathematical modeling is the process of solving real life problems (Ozer-Keskin, 2008).
Models and modelling perspective requires a process of modelling in which the students go under the
cycles of model construction, evaluation and revision to develop a mathematical model in the face of a
given problem (Chan, 2009). Mathematical modeling has been viewed from various perspectives in
the mathematics education literature (Greer, 1997; Gravemeijer, 1999; Lesh and Doerr, 2003; Van den
Heuvel-Panhuizen, 2003) A focus on mathematical modeling involves three important shifts in the
approach to the teaching and learning of mathematics, namely, in (1) the nature of the quantities and
operations that are useful, (2) the use of contexts that will elicit the creation of useful systems (or
models), and (3) the development and refinement of such models in ways that are generalisable (Doerr
and English, 2003)

The concepts of the mathematical model and mathematical modeling are concepts that are
frequently confused with each other. Mathematical model is to imitate reality using mathematical
language (Bender, 1978). Mathematical concept segments such as variables, constants, functions,
inequalities, formulas and graphs can be given as examples of mathematical models (Meyer, 1984).
On the other hand, mathematical modeling is to simplify and abstract real life problems or to
transform these problems into a mathematical form (Ozturan-Sagirl, Kirmaci & Bulut, 2010). In other
words, mathematical modeling is the process of carrying the problem situations, which exist or which
are built in the areas outside the mathematics world, to the mathematics world and transforming these
problem situations into mathematical terms and mathematical solutions (Giizel & Ugurel, 2010;
Perrenet & Zwaneveld, 2012). Modeling problems differ from routine problems as they require deep
and high mathematical thinking and they are based on richer information in terms of content (Eric,
2010). According to Ozer-Keskin (2008), the stages in the mathematical modeling process are as
follows: understanding the problem, selecting the variables, forming the model, solving the problem
and interpreting the solution in terms of real life. Each of these stages interacts with the other.
Moreover, these stages do not have to follow a linear order. The kinds of mental activity that
individuals engage in as modellers attempt to make the transition from one modelling stage to the next
are given by the broad descriptors of cognitive activity 1 to 7 in Figure 1(Stillman, Galbraith, Brown
& Edwards, 2007).
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Figure 1. Modelling Process.

The light arrows that are in the reverse direction to the modelling cycle are included to
emphasise that the modelling process is far from linear, or unidirectional, and to indicate the presence
of reflective metacognitive activity (Maal3, 2006).

Mathematical modeling is a principled activity that has both principles behind it and methods
that can be successfully applied. The principles are over-arching or meta-principles phrased as
questions about the intentions and purposes of mathematical modeling. These meta-principles are
almost philosophical in nature. These methodological modeling principles are also captured in the
following list of questions and answers (Dabbaghian, 2015):

* Why? What are we looking for? Identify the need for the model.

* Find? What do we want to know? List the data we are seeking.

* Given? What do we know? Identify the available relevant data.

» Assume? What can we assume? Identify the circumstances that apply.

* How? How should we look at this model? Identify the governing physical principles.

* Predict? What will our model predict? Identify the equations that will be used, the
calculations that will be made, and the answers that will result.

* Valid? Are the predictions valid? Identify tests that can be made to validate the model, i.e., is
it consistent with its principles and assumptions?

* Verified? Are the predictions good? Identify tests that can be made to verify the model, i.e.,
is it useful in terms of the initial reason it was done?

* Improve? Can we improve the model? Identify parameter values that are not adequately
known, variables that should have been included, and/or assumptions/restrictions that could be lifted.
Implement the iterative loop that we can call “model-validate-verify-improve-predict.”

» Use? How will we exercise the model? What will we do with the model?

This list of questions and instructions is not an algorithm for building a good mathematical
model. However, the underlying ideas are key to mathematical modeling, as they are key to problem
formulation generally.
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The modeling process is regarded as a problem solving activity that is appropriate to the
purpose of mathematics teaching (Kertil, 2008). Mathematical modeling also plays a great role in
making students good citizens and ensuring that they participate in social developments (Blum &
Ferri, 2009). This is because mathematical modeling increases the creativity of students, affects their
attitudes towards problem solving, helps them understand mathematical concepts and ensures that they
have a better understanding of the world (Blum, 2002; Blum & Ferri, 2009; Kim & Kim, 2010). In
modeling activities, students typically work in small groups where they are required to develop
shareable products that contain mathematical representations and explanations (English, Fox &
Watters, 2005; Fox, 2006; Eric, 2010). As a result, students’ skills in using mathematical language,
and their mathematical communication skills, increased in the mathematical modeling process.
Mathematical modeling assists teachers in recognizing mathematical thinking, skills and the abilities
of their students (Fox, 2006). The effect of prospective mathematics teachers’ knowledge and skills in
mathematical modeling and the mathematical modeling method on prospective mathematics teachers’
academic success, self-regulation, learning mathematics, beliefs on mathematics and problem solving
skills were examined in many studies conducted with prospective mathematics teachers (Erarslan,
2011; Ciltag, 2011; Giizel & Ugurel 2010; Kertil, 2008; Lingefjard, 2002; Ozer-Keskin, 2008;
Ozturan-Sagirli, 2010; Tiirker, Saglam & Umay, 2010).

Many countries tend to feature the mathematical modeling in their teaching programs.
However, only several modeling examples are featured in mathematics courses and almost none of the
teachers has experience in mathematical modeling (Blum &Ferri, 2009; Frejd, 2012; Kawasaki,
Moriya, Okabe & Maesako, 2012). Furthermore, many teachers are not aware of mathematical
modeling and its importance in teaching (Ciltag, Deniz, Akgiin, Isik and Bayrakdar, 2011; Siller &
Kuntze, 2011). Apart from these studies, Kaiser and Schwarz (2006) offered this opportunity to
prospective teachers in their study, in which they examined prospective teachers’ ability to implement
the mathematical modeling in schools, and they concluded that complicated modeling examples could
be implemented in schools. In another study of theirs, Schwarz and Kaiser (2007) focused on the
mathematical modeling activities conducted by prospective teachers in schools, and they examined the
experiences of prospective teachers regarding modeling in schools in terms of the given examples. In
their study, Ferri and Blum (2009) examined prospective teachers’ opinions on the modeling process
and the difficulties that they experienced throughout this process.

Therefore, it is important to introduce the mathematical modeling method, which has a
significant place in mathematics teaching, to prospective teachers in their undergraduate study, and it
is also important for them to find the opportunity to implement this method in schools. Otherwise, the
integration of mathematical modeling into courses may become difficult. To reveal prospective
mathematics teachers’ efficacy in application the mathematical modeling method will provide
significant information in enabling prospective teachers to realize where they fall short and identifying
what they may encounter during application this method in their classrooms in the future.

What makes our study different is the fact that there is no study identifying prospective
mathematics teachers’ opinions on the applicability of this method and which examines their efficacy
in application their acquired mathematical modeling skills in the classroom environment in
consideration of the mathematical modeling method and the current high schools in our country
following the mathematical modeling teaching that is offered to prospective mathematics teachers.

In this study, it is aimed to identify prospective secondary mathematics teachers’ opinions
about the mathematical modeling method and the applicability of this method in high schools.

Method
Research Design
In this study, the courses in the teaching practice were observed using the semi-structured

observation form in order to identify prospective mathematics teachers’ efficacy in application the
mathematical modeling method, and interviews were conducted with the prospective teachers about



International Journal of Progressive Education, Volume 11 Number 2, 2015
© 2015 INASED 61

the applicability of the mathematical modeling method. When looked at from this perspective, case
study design, which is among the qualitative research methods, was taken as basis in this research.
This is because case study is a method in which one or more situations, environments or other
interdependent systems are examined in detail (McMillan, 2000); a current phenomenon is studied in
its own real life framework; and the questions “how” and “why” are examined in cases where the
researcher has little control over the situations (Yin, 2002).

Participants

The convenience sampling technique, which is among the purposive sampling methods, was
used in selecting the participants. The convenience sample is to choose the case that is near and easily
accessible (Yildirim & Simsek, 2008). The research was conducted with six prospective teachers who
were studying on the high school mathematics teaching program and who were taking a teaching
practice course. Two of the prospective teachers are females and four are males. The prospective
teachers were given the codes Al, A2,..., A6 in order to keep their identities confidential.

Instrument and Process

The semi-structured interview and semi-structured observation forms were used as data
collection tools in the research. An attempt was made to identify prospective mathematics teachers’
opinions about mathematical modeling method and the applicability of this method via conducted
interviews. Modeling efficacy requires that the modeling processes are conducted in a suitable manner
(MaaB, 2006). That is to say, it is important to follow the steps in the mathematical modeling process.
For this reason, an attempt was made to identify the prospective teachers’ efficacy in application the
mathematical modeling method in the classrooms by considering the mathematical modeling stages
(understanding the problem, selecting the variables, forming the model, solving the problem and
interpreting the solution in terms of real life) via conducted classroom observations. Furthermore, it is
aimed to verify the conducted interviews with observations. The interview questions, which were
featured in the studies of Aydin (2008), Ciltas (2011), Ciltas et al. (2011), Doruk (2010), Lingefjérd
(2007), Ozer-Keskin (2008) and Ozturan-Sagirli (2010), were tested in preparing the interview
questions whereas the studies of Ciltas et al., (2011), Ozer-Keskin (2008) and Ozturan-Sagirli (2010)
were used in preparing the observation form. While preparing the observation forms and interview
forms, these forms were checked by two experts and revisions were made in order to make them suit
our purpose. The study was implemented in the “Teaching Practice” course in the spring semester of
the 2011-2012 academic year. In this application, firstly six prospective teachers were selected. The
mathematical modeling method was introduced to these selected prospective teachers for five weeks
and activity examples that involved mathematical modeling method were presented to them. The
prospective teachers were divided into groups of two in the performed activities. Group members
firstly tried to solve the activity individually for approximately five minutes and then they studied as a
group for approximately 15 minutes. Guidance was avoided as much as possible while giving
feedback to the students in order to enable them to reach the results on their own. The prospective
teachers shared the results, which they obtained, on the blackboard. While the prospective teachers
were presenting the results that they obtained, it was observed that some groups reached the same
results through different ways. Following the activities, a discussion was made regarding prospective
teachers’ preparing mathematical modeling activities and application these activities in schools. In this
process, each prospective teacher prepared two activities that involved problems for mathematical
modeling method in the teaching practice courses, and they implemented these activities in the schools
where they served their internship. Prospective teachers’ efficacy in application their activities in
accordance with the mathematical modeling method in high school classrooms was observed.

Data Analysis

Content analysis and descriptive analysis methods were used in analyzing the data obtained
from the interviews and observations conducted in order to identify prospective secondary
mathematics teachers’ opinions about mathematical modeling method and their efficacy in application
this method in schools. The data obtained from the conducted interviews was transcribed in the same
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day. The category and code list was formed for the content analysis of the transcribed data. The
frequencies of these codes were identified. While forming the codes, all transcripts were initially read
individually, then question by question, and lastly codes, categories and frequencies were identified.
Then, these transcripts were read individually again, and an attempt was made to examine prospective
teachers’ opinions in a holistic manner. Frequencies signify the number of prospective teachers who
have each opinion. The formed category-code list was checked by researchers who are experts in their
fields, and revisions were made to some codes. In the conducted coding, it was observed that the ratio
of harmony among the researchers were considerably close to each other. Moreover, the reliability of
the study was maintained by giving excerpts from the data that was obtained from the interviews.
Classroom observations were conducted for the purpose of identifying prospective teachers’ efficacy
in application this method. The data obtained from the observations were analyzed via descriptive
analysis by paying attention to the stages within the mathematical modeling process. Data was
collected from more than one data sources, and obtained data was checked by two expert researchers
in order to maintain the internal validity of the study. An attempt was made to identify the features of
the participants and the process in detail in order to maintain the external validity. An attempt was
made to give the obtained results in accord with the data in order to maintain the internal reliability of
the conducted study. Data collection tools, raw data, the coding performed on the analysis results and
reporting were checked by an expert researcher in order to maintain the external reliability of the
study.

Results

This section sets forth the findings obtained from the data that was collected via the semi-
structured interviews conducted with prospective secondary mathematics teachers and semi-structured
observations. The questions within the semi-structured interviews were studied in this section. Each
participant was given a number in order to keep the identities of the participants confidential. This
numbering was formed in the form of A, for the prospective teachers.

Categories, codes and frequencies regarding the codes, which were obtained from the analysis
of interview data, are given in Table-1.

Table 1. Categories, codes and frequencies regarding prospective mathematics teachers’ opinions

Category Code Frequency
mathematical model equation 2
function 1
relationship between 2

mathematics and daily life
mathematical solution to daily | 3
life problems

mathematical modeling process
mathematical solution to daily 1

life problems

method in application application the mathematical 4

mathematical modeling process | modeling steps

mathematical modeling mathematical solution to daily | 2

problems and other life problems

mathematics problems comprehensive 3
interesting 2
difficult 3
not prototype 2
the same with other activities 1

its applicability in high school | applicable 3
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not applicable 3
contributions of application relationship between 2
process mathematics and daily life
preparing for the course 2
application the mathematical 3
modeling
communication 1
classroom management 1
permanent learning 1
different perspective 2
difficulties experienced in time 3

school applications

classroom management 2

number of students per 2
classroom
student level

structure of the groups
no difficult

Mathematics teaching in mathematical modeling course
universities applicability of mathematics

use in the future plan to use it
plan to use it rarely

W W[N] =] =] =

positive aspects of educational
mathematical modeling applicability of mathematics
interesting

N N|W| N

active participation

The answers given by the interviewed prospective teachers regarding the meaning of the
mathematical model concept were coded under the “Mathematical Model” category as follows:
equation, function, relationship between mathematics and daily life, mathematical solution to daily life
problems.

The opinion of A6, who thinks that the mathematical model is an equation or a function, is as
follows:

“The mathematical model can be regarded as — how can I say — an equation that has been
actually mentioned under the given formula till now. As students, we learned it not with a
mathematical model but with questions in the form of writing a function related to it or writing a
general statement related to it or finding its formula.”

The opinion of Al for the code “relationship between mathematics and daily life”, which was
studied to form a relationship between mathematics and daily life, of the mathematical model is as
follows:

“In my opinion, in order to associate the mathematical model with daily life, we must not only
ask questions and find solutions but also contemplate on how to add something from daily life and
how to model daily life mathematically. For instance, we can liken a function to a factory.”

Here, Al regarded the mathematical model as associating mathematics with daily life.
However, he was not able to give the definition of the mathematical model in his statement. That is
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because he thought of the mathematical model as “likening a function to a factory”. It is clear that this
example does not fit into mathematical model examples.

While defining the mathematical model, many prospective teachers without knowing
described mathematical modeling. For instance, the opinion of A3, who thinks that the mathematical
model is the mathematical solution to daily life problems, is as follows:

“I think that the mathematical model is a way of gemerating solutions for the real life
problems by translating them into mathematical language.”

When the applications of the prospective teachers were observed, it was seen that they used
equations, formulas, tables and figures as mathematical models. For instance, in his first application,
Al used a graph, which presented year-based population growth, as a mathematical model.

The answers given by the interviewed prospective teachers regarding the meaning of
mathematical modeling concept were coded under the “Mathematical Modeling” category as follows:
process and mathematical solution to daily life problems.

The opinion of A3, who thinks that the mathematical modeling is a process, is as follows:

“In my opinion, we can define mathematical modeling as the process of preparing the
mathematical model, that is to say, the process of modeling.”

The opinion of A2, who thinks that the mathematical modeling is the mathematical solution to
daily life problems, is as follows:

“The mathematical model is the equation that we draw, but modeling is to express and solve a
daily life problem with mathematical expressions.”

In view of these statements, it was observed that the prospective teachers define mathematical
modeling as the process of solving real life problems.

Since it was considered in the conducted interviews that the answers given by the prospective
teachers about the meaning of the mathematical model actually defined mathematical modeling, they
were asked whether the mathematical model and mathematical modeling are the same thing. The
prospective teachers stated that these concepts are indeed different from each other. The opinion of
A3, who defined the mathematical model and mathematical modeling in a similar way on this subject,
is as follows:

“The mathematical model and mathematical modeling are not the same thing. The
mathematical model can be a function or a rule whereas mathematical modeling is a level and a
process.”

When we look at this statement, it can be stated that he could distinguish between the concepts
of the mathematical model and mathematical modeling, but he was confused since these concepts are
very similar to each other.

When the above given statements were examined, it was observed that the prospective
teachers were generally able to define mathematical modeling. However, it was witnessed in the
conducted observations that they were not able to fully use this in classroom applications. In the
classroom observations and in two applications, which were performed in order to reveal prospective
teachers’ efficacy in application the mathematical modeling activities, we can say the following
regarding the use of mathematical modeling by the prospective teachers:

For the first application, it was observed that only two (Al and A2) of the six prospective
teachers were able to fully implement mathematical modeling. Furthermore, it was observed that one
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prospective teacher (AS) did not fully implement mathematical modeling whereas three prospective
teachers (A3, A4 and A6) had inadequacies. It was observed that those inadequacies resulted from the
fact that they were not able to interpret the formed model in terms of real life. For the second
application, it was also observed that only two (A1l and A3) of the six prospective teachers were able
to fully implement mathematical modeling. It was observed that three prospective teachers (Al, A4
and AS5) were not able to implement mathematical modeling whereas one prospective teacher (A6)
implemented it with deficiencies. When we look at both applications, we can state that only A2 was
able to fully implement mathematical modeling in both of them.

The answers given by the interviewed prospective teachers regarding the method of
application mathematical modeling process were coded under the “method of application
Mathematical Modeling Process” category as follows: application the mathematical modeling steps.

The prospective teachers were not able to fully express the mathematical modeling steps. The
opinion of A5, who thinks that these steps are composed of understanding the problem, selecting the
variable and forming the mathematical model, is as follows:

“First of all, it is absolutely important to understand the question. We evaluate the data. Then,
we try to understand in what kind of an order it functions. Then, as I have just stated, we try to
transform this order into a form from which we can move towards a generalization by creating a
formula or a function.”

The opinion of A2, who thinks that the steps of mathematical modeling are to select a variable
and then to make a certain generalization, is as follows:

“Firstly, variable selection is important. After selecting the appropriate variable, I try to
substitute it into the expression several times, that is to say, for several values. I try it for real values.
Then, I check whether I can reach a generalization from the results that I tried.”

In the conducted classroom observations, it was observed that the majority of the prospective
teachers did not fully use the steps followed in the mathematical modeling process. Among the
prospective teachers, A1, A3 (first application), A4 (second application), A5 and A6 (first application)
followed the steps of understanding the problem, selecting the variables, understanding the
mathematical model and solving the mathematical model from among the mathematical modeling
steps, but they did not perform the step of interpreting the mathematical model in terms of real life.
A2, A3 (second application), A4 (first application) and A6 (second application) followed these steps.
In view of these findings, we can state that the prospective teachers generally had deficiencies in the
step of interpreting in terms of real life from among the steps of mathematical modeling. Furthermore,
it was observed that the prospective teachers, who were not able to fully define the steps of
mathematical modeling, followed these steps in the application process. Thus, it can be stated that the
prospective teachers indeed knew these steps, but they were not able to fully define them.

The answers given by the interviewed prospective teachers regarding the comparison between
mathematical modeling activities and other activities were coded under the “Problems in Mathematical
Modeling Activities and Other Mathematics Problems” category as follows: mathematical solution to
daily life problems, comprehensive, interesting, difficult, not cliché and same with other activities.

The opinion of A4, who thinks that the problems in mathematical modeling activities are more
difficult when compared to other mathematics problems, is as follows:

“In the problems of mathematical modeling it is a little more difficult to identify the similar
variables. We may find some clues from there according to the problem.”

The opinion of Al, who thinks that the problems in mathematical modeling activities are not
cliché, is as follows:
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“There are certain cliché in problem solving. This is not the case with mathematical modeling.
We form the model on our own. However, when you come across a problem, the solving process of
this problem is cliché. It is done directly by us. It can be performed even if we really do not understand
the logic behind it.”

The opinion of A2, who thinks that the problems in mathematical modeling activities are more
comprehensive when compared to other mathematics problems, is as follows:

“I mean they are similar in some subjects. For instance, they are similar in the calculation of
turn of work days of nurses and doctors in the subject of modes. However, the mathematical model
can generate problems from much larger, much more comprehensive and much more different fields.
Problems in some subjects in schools are similar to this, but we cannot state that they are exactly the
same.

The opinion of A3, who thinks that the problems in mathematical modeling activities are the
mathematical solution to real life problems and they are interesting when compared to other
mathematics problems, is as follows:

“Of course, mathematical modeling activities are more effective compared to other activities
and other problem solving activities. That is because the things which are solved with models are the
problems that we come across in real life. They can attract more attention from students and appeal to
their needs more.”

According to the above-mentioned findings, the prospective teachers stated that the problems
in mathematical modeling activities are more interesting, comprehensive and related to daily life when
compared to other mathematics problems. However, A6 stated, as written below, that the problems in
mathematical modeling activities are the same thing as other mathematics problems:

“No, I think there is no difference among them. The other ones are also activities. That is to
say, we were doing the same thing in other problems. However, we did not know that its name was
mathematical modeling until now. We were finding a generalization or a function.”

The answers given by the interviewed prospective teachers regarding the contributions the
mathematical modeling method process had made to them were coded under the “Contributions of the
Application Process” category as follows: relationship between mathematics and daily life, preparing
for the course, application the mathematical modeling, communication, classroom management,
permanent learning and different perspective.

The opinion of Al, who states that the application process guides them into thinking
differently and contributes to forming a real life relationship, is as follows:

“First of all, the mathematical modeling method enabled me to think differently. We have a
habit that dates back to high school. We follow certain steps and suggest a solution when we come
across a cliché problem. However, when we come across a question or an activity in mathematical
modeling, we look for what it wants from us and what we must do. It associates mathematics with real
life through real life problems.”

The opinion of A3, who states that the application process contributes to classroom
management and mathematical modeling application, is as follows:

“What is a model? What is modeling? What must be taken into account while performing
modeling or while application modeling or the model in the classroom? How can I maintain
classroom order, classroom discipline and classroom management while performing modeling? I have
learned these kinds of things. It benefitted me in such things. In other words, I have learned how to
give a course with a different method. It benefitted me this way.”
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The opinion of A6, who states that the application process facilitates coming to the course
prepared and teacher-student communication as well as student-student communication, is as follows:

“For instance, it enables us to maintain a healthier communication with the students during
that process. The communication between me and the students as well as the communication among
them are strengthened.”

“It motivated me to come to the course prepared. That is what all teachers do in our time. It is
something beyond the sense of giving the course with what you know already instead of preparing for
the course at all. You try to accomplish something and you make an effort in doing so. In its
preparation stage, you undoubtedly contemplate whether or not the student can reach a solution about
ir.”

The opinion of A2, who states that the application process contributes to permanent learning
and forming the relationship between mathematics and daily life, is as follows:

“I mean mathematics is an abstract thing in terms of what you know. You know many things,
but you do not use these things in real life. However, I realized with the model that we could indeed
solve all our daily life problems by knowing mathematics. It maintains permanence in what we learn.
We can transfer what we know to daily life. In other words, we learn for living. I have found it more
applicability and useful.”

In this statement, A2 expressed that the application of the mathematical modeling method in
schools contributes to forming the relationship between the mathematics course and daily life, thereby
maintaining a permanent learning.

A2’s opinion shows parallelism with the opinion of the high school students in the group who
stated that they learned more permanently by seeing the applicability of the mathematics course in
daily life right after the applications when we asked them what they thought of these applications.

When the answers given by the interviewed prospective teachers on whether or not they will
use the mathematical modeling method in their courses were examined, it was observed that all of
them stated that they would use this method in their courses. However, when the given statements
were examined, it was observed that the frequency of the use of this method could change. The data
obtained from the interviews were coded under the “future use” category as follows: I plan to use it
and I plan to use it rarely. All prospective teachers stated that they would use this method in their
courses in the future.

A3, who plans to use the mathematical modeling method in his courses in the future, stated the
following:

“Yes, I plan to use it. That is because I do not want the students to perceive mathematics as
something that is disconnected with daily life, that has no relation with daily life, and as if someone
formed a range of rules for them to experience difficulty. I want them to realize that mathematics is a
branch of science that can be utilized within daily life and in every field of life. I plan to use the
modeling method for them to become more effective and more active in the courses.”

Here, A3 stated that the reason for using the mathematical modeling is that the students
realized that mathematics has a relationship with daily life and they became more active in the course
during this process.

A4, who plans to use the mathematical modeling method rarely in his courses in the future,
stated the following:

“I think I will use it very rarely. That is because it would slow the curriculum. I mean we were
able to solve only two questions. Besides, it is a little difficult to prepare. If there are suitable subjects
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in the future, I can perform it since I think that it functions very well. Moreover, we were able to
discuss only two questions due to its difficult application while we normally solve ten questions in a
normal course hour. Although it has options, I think I will not use it very much since it progresses
slowly.

A4 stated that he would use the mathematical modeling very rarely in the future since its
process is time consuming and its application is difficult.

Since the prospective teachers stated the positive aspects of the mathematical modeling in the
conducted interviews, a category named “positive aspects of the mathematical modeling” was formed.
Educative, applicability of mathematics, interesting and active participation codes are featured in this
category.

The opinion of A4, who thinks that the mathematical modeling is interesting and it ensures
active student participation, is as follows:

“It attracts more attention than a teacher solving problems on the blackboard. It makes the
student participate in the course more.”

The opinion of Al, who thinks that the mathematical modeling is easily educative, is as
follows:

“There are some concepts that the students experience difficulty in learning. However, I think
we can convey these concepts more comfortably to the student by performing mathematical
modeling...”

The opinion of A3, who thinks that the mathematical modeling is practicable in daily life, is as
follows:

“I do not want the students to perceive mathematics as something that is disconnected to daily
life, that has no relation to daily life, and as if someone formed a range of rules for them to experience
difficulty. I want them to realize that mathematics is a branch of science that can be utilized within
daily life and in every field of life.”

Apart from the opinions of the prospective teachers, when the students in the study group were
asked what they thought of this application right after the conducted classroom observations, they
stated that they found the applications generally entertaining, enjoyable, motivating, exciting, useful
and educative. Furthermore, they stated that such activities must be performed from time to time; they
can visualize some subjects in their minds more clearly and they understand them better when they see
that they are used in real life. Lastly, they stated that working in groups is very useful.

In view of the feedbacks from students and the conducted observations, we can state that the
applications of the prospective teachers had positive aspects such as revealing the applicability of
mathematics and attracting the attention of students.

In accordance with the analysis of the prospective teachers’ opinions, the difficults
experienced in school applications of mathematical modeling method were coded under the “Difficults
Experienced in School Applications” category as follows: classroom management, student level,
number of students per classroom, time, structure of the groups and no difficult.

A2 stated the difficults that he experienced in school applications regarding the number of
students per classroom, student levels and structure of the groups as follows:

“For instance, the number of students in the classroom, for which we were responsible, was
high. We were able to check their answers one by one. However, I do not know what will happen when
the number exceeds 20. That is to say, it is difficult to find the mistakes of each of five groups. There is
another issue regarding the groups. Let’s say that we formed the groups randomly. These groups must
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be heterogeneous, and students must be accustomed to group work. For instance, only one student
performed all activities in a group of ours while the other two students stated that they were looking at
what he wrote. They talked, but they did not write anything. Thus, those two students remain
completely passive in the course. We perform this application in order for the students to become
active. However, since the students are not accustomed to this application, they say that they have an
answer as a group, but they do not make an effort to write; they just talk. Moreover, the course
becomes considerably unproductive for passive students. That is because the application depends on
the solution of the teacher. All students talk concurrently. The student profile is important. The
efficacy and classroom management skills of the teacher is very important. A teacher’s good command
of the application beyond his field knowledge is also important. I was not able to do it, for instance. I
think that I experienced many problems because of that.

In the conducted observations, it was witnessed that A2, A4 and A5 experienced difficulty in
classroom management, particularly in maintaining silence in the classroom. Moreover, it was
observed that the applications were generally time consuming. The opinion of A2 on this issue is as
follows:

“Yes, I experienced great difficulty, particularly in planning the duration of the course. It
takes a lot of time to present the subject, to feature simple problems that a normal student can
understand and to move on to the modeling. The preparation stage of the modeling also takes a very
long time. The physical conditions of the school are also not suitable for group work. It takes 5-6
minutes for the students to form the groups. That’s it. I think it is difficult to implement in crowded
classrooms considering students’ discussions, reaching a verdict and explaining that verdict.”

The opinion of Al, who stated that he did not experience difficulty in the classroom
applications, is as follows:

“I did not experience much difficulty in the classroom while application the activities.”

However, when the application of A1 was observed, it was seen that he experienced a great
difficulty in switching between subjects.

When the above given statements were examined, it was observed that only one prospective
teacher (A1) stated that he did not experience difficulty in mathematical modeling applications. The
prospective teachers stated the difficults that they experienced as follows: high number of students per
classroom, difficulty of classroom management and the fact that not all students participated in the
activities due to the structure of the groups. Apart from these, they stated that the difficult that they
most frequently experienced was the fact that it was time consuming to implement this method.

The answers given by the interviewed prospective teachers regarding the applicability of
mathematical modeling method in high schools were coded under the “Its Applicability in High
schools” category as follows: applicable and not applicable.

The opinion of A3, who thinks that the mathematical modeling can be implemented in high
schools, is as follows:

“I think it can be implemented. Why? Because it does not require an extra cost. It is just that
the classrooms are rendered into group order if the collaborative teaching technique is to be used.
However, there is a problem here: teacher efficacy. As long as teacher efficacy is at a level to
implement the modeling, curriculums and physical structure of the classrooms are convenient to do
this. Everything is convenient. This model can be implemented.”

The opinion of A2, who thinks that the mathematical modeling cannot be implemented in high
schools, is as follows:

“The mathematics course hour is limited. I served my internship in the school for two years.
During these two years, I observed that teachers were in a rush to complete the subjects. Besides, our
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system is based on examinations and since this modeling type does not come up in examinations, this
method is not used by our teachers at all.”

A2 stated that this method could not be implemented in high schools since the problems
appropriate to this method are time consuming and they do not come up in the examinations.

Prospective teachers’ opinions on the nature of the education that must be given in universities
in order for prospective teachers who will be mathematics teachers in the future to use the
mathematical modeling method at some point were collected under the “Mathematics Education That
Must Be Given in Universities” category. The codes mathematical modeling course and applicability
of mathematics are featured in this category.

Here, the code mathematical modeling course is discussed with the idea that the mathematical
modeling course and its applications must be featured in the education given in universities whereas
the code applicability of mathematics is discussed with the idea that the applicability of mathematics
in daily life must be emphasized.

A3 stated the following about featuring mathematical modeling course and its applications in
universities:

“We learn all subjects in theory in universities, but an education must be given towards
further practice. I do not know whether or not the modeling can be a separate course. However, |
believe that the prospective teachers themselves must implement this method in the classrooms so that
they can see the advantages and disadvantages of this method, whether or not it can be implemented,
and how it can be implemented. After all, theoretical information does not serve any purpose. It must
be put into practice. Thus, education must be oriented towards practice.

Here, A3 stated that the information about the mathematical modeling in universities must be
oriented towards practice rather than being theoretical information.

Al stated the following about emphasizing the applicability of mathematics in daily life in
universities.

“As I said, if mathematics is given in universities not only as the meanings of countless
subjects but also to reveal what it tries to tell us, we can further facilitate the mathematical modeling
process. For instance, what is function? We must know that it does not only consist of a definition. We
must know where it can be used in daily life...”

As can be observed from the above given statements, Al stated that not only mathematical
concepts but also how they are used in daily life must be explained in universities.

Conclusion and Discussion

It is important to earn the prospective teachers this efficacy in order for the mathematical
modeling method, which has an important place in mathematics teaching, to be implemented in high
school education at the desired levels and to serve its purpose. Therefore, this study examined
prospective teachers’ opinions about mathematical modeling and their efficacy in application this
method.

According to the findings obtained from the interviews that were conducted with the
prospective teachers after classroom applications, it was revealed that prospective teachers regard the
mathematical models as equations, functions, the relationship between mathematics and daily life and
mathematical solution to daily life problems. As stated by Meyer (1984), we can argue that many of
the prospective teachers regard the mathematical models as mathematical concept segments such as
variables, functions, equalities and inequalities. However, when A1’s example, in which he explained
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the mathematical model as associating mathematics with daily life, was examined, it was observed that
he likened a mathematical concept to a real life condition, and that was not an appropriate example to
mathematical model concept. When the school applications of the prospective teachers were observed,
it was seen that they used equations, formulas, graphs, tables and figures as mathematical models.
When the statements given by the prospective teachers regarding the mathematical modeling were
examined, it was found that they regarded the mathematical modeling as a process and mathematical
solution to daily life problems. When the statements given by the prospective teachers were examined,
it was observed that they agreed with the opinion of Ozturan-Sagirli (2010) which stated that
mathematical modeling represented solving real life problems via mathematical terms. When the
statements given by the prospective teachers regarding the mathematical model and the mathematical
modeling were examined, it was observed thatthe mathematical modeling while giving the definition
of the mathematical model.

Although the prospective teachers were able to define the mathematical modeling, they were
not able to fully implement it in classroom applications. According to the findings obtained from the
observations, only one out of six prospective teachers exhibited a more suitable last application than
first application in terms of mathematical modeling. It was observed that the deficiencies of the
prospective teachers in presenting the activities in the classroom were generally experienced in
interpreting the mathematical model into real life.

The prospective teachers stated that the problems in the mathematical modeling activities were
more comprehensive, interesting, difficult, not clichéd and related with daily life when compared to
other mathematics problems. Only one prospective teacher stated that these activities are the same as
ordinary problems. In his study, Bonotto (2010) concluded that mathematical modeling problems
increase students’ interest in the course and make it easy for them to form a relationship with life
outside the school. On the other hand, in his study, English (2006a) concluded that modeling activities
are real life problems that attract the interest of students, and these problems are more comprehensible
for students. Similarly, in his study, Fox (2006) concluded that students take an interest in complicated
and difficult modeling activities.

In the conducted interviews, it was observed that the application contributed to the prospective
teachers as follows: forming a relationship between mathematics and daily life, coming to course
prepared, increasing communication in classroom environments, maintaining permanent learning,
application the mathematical model in classroom and thinking differently. In his study conducted in
order to determine whether or not mathematical modeling increased communication, English (2006b)
observed that students freely expressed their opinions in written and verbal forms, and he stated that
this condition provided the students with communication skills. Regarding the positive aspects of the
mathematical modeling, the prospective teachers stated that it was interesting, it maintained active
student participation, it was easily educative and it ensured the applicability of mathematics in daily
life. When the student groups were asked what they thought of these activities after the completion of
the activities, they stated that the activities were enjoyable, entertaining, assisting in permanent
learning and motivating. In his study, Frejd (2012) concluded that the mathematical modeling holds an
important place for students to learn the applicability of mathematics in daily life. Furthermore, it was
concluded in some studies that prospective teachers (Zbiek & Conner, 2006) and students were
motivated in the mathematical modeling process (Ferrucci & Carter, 1999).

In the interviews conducted regarding the difficults that were experienced in application the
mathematical model, it was observed that these difficults were mostly due to inadequate time whereas
other difficults were as follows: high number of students per classroom, difficult classroom
management, low student level in the group and homogeneous structure of the groups. It was observed
in the conducted observations that the prospective teachers experienced difficults in classroom
management and transition between subjects, and their application, was time consuming. In their
studies, Schwarz and Kaiser (2007) and Blum (1991) stated that it was time consuming to implement
the mathematical modeling activities. In their study, Ikeda and Kaiser (2005) stated that teachers had
trouble since they had little previous experience in modeling. In their study, Blum and Ferri (2009) the
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application of mathematical modeling was difficult for both teachers and students due to disputes on
education and the space among daily school applications.

The prospective teachers, who participated in the interviews, thought that the mathematical
modeling method could be or could not be implemented in high schools. In his study, Kaiser (2005)
concluded that it was possible to implement complicated modeling examples in schools. In their study
conducted with prospective teachers, Kaiser and Schwarz (2006) concluded that the mathematical
modeling could be implemented in schools. The prospective teachers who thought that it could not be
implemented stated that this method could not be implemented in high schools due to the fact that it
was time consuming and the problems appropriate to this method were not asked in the examinations.
In their study conducted to determine whether or not the examples appropriate to mathematical
modeling were asked in the examinations, Kawasaki et al. (2012) stated that the mathematical
modeling were not appropriate to the examinations in their countries, and the mathematical modeling
must be effectively implemented by paying attention to the educational traditions.

When they were asked whether or not they would use this method in their courses in the
future, the prospective teachers stated that they would want to use this method due to its applicability
in daily life. However, some prospective teachers stated that they would use this method very rarely
since the method was time consuming and classroom management was difficult. In the conducted
interviews, the prospective teachers stated that courses on the application of mathematical modeling
must be given in universities for the mathematics teachers of the future and the place of mathematics
course in daily life must be emphasized. In the research conducted to determine the role of
mathematical modeling in Japan and Germany, Ikeda and Kaiser (2005) found that teachers in Japan
did not plan to use such applications in the future whereas teachers in Germany planned to use such
applications more as such examples are given in the examinations more.

Although the prospective teachers found the opportunity to learn the mathematical modeling
method in this process, it was observed that some difficults were experienced and the prospective
teachers had some deficiencies. The reasons for these difficults can be listed as follows: the
prospective teachers and students encountered such an application for the first time, the number of
students per classroom was very high in high schools and there were many subjects in a special
mathematics course. A content in which the prospective teachers can learn and implement the
mathematical modeling must be featured in the faculties of education for the prospective teachers in
order for mathematical modeling, which helps our students associate mathematics with real life, to be
implemented better in schools and for prospective teachers to correct their deficiencies. In order to
bring these accomplishments to high schools, the intensity of curriculums and the number of students
per classroom must be reduced. As also stated by Eric (2010), more studies are required in this field in
order to maintain a proper balance among modern and traditional approaches; to establish a connection
between theory and practice; and to raise teachers.

References

Aydin, H. (2008). Ingiltere de égrenim goren ogrencilerin ve 6gretmenlerin matematiksel modelleme
kullammina yonelik fenomenografik bir ¢alisma. Unpublished master’s thesis, Gazi
University, Ankara.

Bender, A. E. (1978). An introduction to mathematical modeling. New York: Wiley.

Blum, W. (1991). Applications and modelling in mathematics teaching — a review of arguments and
instruction aspects. M. Niss, W. Blum, & 1. Huntley (Edt.), Teaching of mathematical
modelling and applications (s.10-29). New York: Ellis Horwood.

Blum, W. (2002). ICMI Study 14: Applications and modelling in mathematics education- Discussion
document. Educational Studies in Mathematics, 51(1/2), 149-171.



International Journal of Progressive Education, Volume 11 Number 2, 2015
© 2015 INASED 73

Blum, W., & Ferri, R. B. (2009). Mathematical modeling: Can it be taught and learnt? Journal of
Mathematical Modeling and Applications, 1(1), 45-58.

Bonotto, C. (2010). Engaging students in mathematical modelling and problem posingactivities.
Journal of Mathematical Modeling and Applications, 1(3), 18-22.

Chan, E. C. M. (2009). Mathematical Modelling as Problem Solving for Children in the Singapore
Mathematics Classrooms. Journal of Science and Mathematics Education in Southeast Asia,
32 (1), 36-61.

Ciltas, A. (2011). Dizi ve seriler konusunun matematiksel modelleme yoluyla 6gretiminin ilkogretim
matematik ogretmeni adaylarmmin  dgrenme ve modelleme becerileri iizerine etkisi.
Unpublished doctoral dissertation, Atatiirk University, Erzurum.

Ciltas, A., Deniz, D., Akgiin, L., Isik, A., & Bayrakdar, Z. (2011). [lkogretim ikinci kademede gorev
vapmakta olan matematik ogretmenlerinin matematiksel modelleme ile ilgili goriislerinin
incelenmesi. Paper presented at the meeting of 10th Matematik Symposium, Istanbul.

Doerr, H., & English, L. D. (2003). A Modeling perspective on students’ mathematical reasoning
about data. Journal of Research in Mathematics Education, 34(2), 110-136.

Doruk, B. K. (2010). Matematigi giinliik yasama transfer etmede matematiksel modellemenin etkisi.
Unpublished doctoral dissertation. Hacettepe University, Ankara.

English, L. D., Fox, L. J., & Watters, J. J. (2005).Problem posing and solving with mathematical
modeling, Teaching Children Mathematics, 156-163.

English, L. D. (2006a, Temmuz). Introducing young children to complex systems through modeling.
Paper presented at the meeting of 29th Annual Conference of the Mathematics Education
Research Group of Australasia, Canberra.

English, L. D. (2006b). Mathematical modeling in the primary school: children's construction of a
consumer guide. Educational Studies in Mathematics, 63(3), 303-323.

Eraslan, A. (2011). Ilkogretim matematik 6gretmen adaylarinin model olusturma etkinlikleri ve
bunlarin matematik 6grenimine etkisi hakkindaki goriigleri. Elementary Education Online,
10(1), 364-377.

Eric, C. C. M. (2010). Tracing primary 6 students' model development within the mathematical
modelling process. Journal of Mathematical Modelling and Application, 1(3), 40-57.

Ferri, R. B., & Blum, W. (2009). Mathematical modelling in teacher education — experiences from a
modelling seminar http://fractus.uson.mx/Papers/CERME6/wgl 1.pdf#page=7 [12 Mart 2013]

Ferrucci, B. J., & Carter, J. A. (1999). Mathematical modeling, technology and the environment.
http://math.unipa.it/~grim/Jferruccicarter.PDF [6 Mart 2013]

Fox, J. (2006). A justification for mathematical modelling experiences in the preparatory classroom.
P. Grootenboer, R. Zevenbergen, & M. Chinnappan (Edt). 29th Annual Conference of
Mathematics Education Group of Ausralasia i¢inde (' s.s 221-228). Australia: Canberra.

Frejd, P. (2012). Teachers’ conceptions of mathematical modelling at Swedish Upper Secondary
school. Journal of Mathematical Modelling and Application, 1(5), 17-40.

Gravemeijer, K. (1999). How emergent models may foster the construction of formal mathematics,
Mathematical Thinking and Learning 1, 155-177.

Greer, B. (1997). Modeling reality in mathematics classrooms: The case of word problems, Learning
& Instruction 7, 293-307.

Giizel, E. B., & Ugurel, L. (2010). Matematik 6gretmen adaylarinin analiz dersi akademik basarilart ile
matematiksel modelleme yaklasimlart arasindaki iliski. Ondokuz Mayis Universitesi Egitim
Fakiiltesi Dergisi, 29(1), 69-90.



International Journal of Progressive Education, Volume 11 Number 2, 2015
© 2015 INASED 74

Ikeda, T., & Kaiser, G. (2005). The role and the relevance of applications and modelling in Japan and
Germany — a comparative study. http://www.erzwiss.uni-hamburg.de/Personal/GKaiser/pdf-
publist/ikeda-kaiser _earcome.pdf [6 Mart 2013]

Kaiser, G. (2005). Mathematical modelling in school- examples and experiences.
http://www.erzwiss.uni-hamburg.de/personal/gkaiser/pdf-publist/16 _Kaiser.pdf [6 Mart 2013]

Kaiser, G., & Schwarz, B. (2006). Mathematical modelling as bridge between school and university.
Zentralblatt Fiir Didactik Der Mathematic, 38 (2), 196 — 208.

Kawasaki, T., Moriya, S., Okabe, Y., & Maesako T. (2012).The problems of mathematical modelling
introduction on mathematics education in Japanese school. Journal of Mathematical
Modelling and Application, 1(5), 50-58.

Kertil, M. (2008). Matematik 6gretmen adaylarinin problem ¢ézme becerilerinin modelleme siirecinde
incelenmesi. Unpublished master’s thesis, Marmara University, [stanbul.

Kim, S. H., & Kim, S. (2010). The effects of mathematical modeling on creative production ability
and self-directed learning attitude. Asia Pasific Education Review. 11, 109-120. doi:
10.1007/512564-009-9052-x

Lesh, R.A. & Doerr, H. (2003). Foundations of a Models & Modeling Perspective on Mathematics
Teaching and Learning’, in R.A. Lesh and H. Doerr (eds.), Beyond constructivism: A models

and modeling perspective on mathematics teaching, learning, and problem solving, Erlbaum,
Mahwah, NJ, pp. 3-34.

Lingefjard, T. (2002). Mathematical modeling for preservice teachers: a problem from anesthesiology.
International Journal of Computers for Mathematical Learning, 7(2), 117-143.

Lingefjard, T. (2007). Mathematical modelling in teacher education- necessity or unnecessarily, W.
Blum, P. L. Galbraith, H. W. Henn & M. Niss (Ed.), Modelling and applications in
mathematics education: 14 th ICMI Study (pp. 333-340), New York: Springer.

Maal, K. (2006). What are modeling competencies? ZDM, 38(2), 113-142.

McMillan, H. J. (2000). Educational research: fundamentals for the consumer (3rd ed.). New York:
Longman.

Meyer, W. J. (1984). Concepts of mathematical modeling. New Y ork: McGraw-Hill.

Milli Egitim Bakanhig (2011). Ortaégretim Matematik Dersi (9-12. Smflar) Ogretim Programu.
http://ttkb.meb.gov.tr/program.aspx?islem=1&kno=86 [14 Ocak 2012]

Ozer Keskin, O. (2008). Ortaégretim matematik égretmen adaylarmin matematiksel modelleme
yapabilme  becerilerinin  gelistirilmesi iizerine bir arastirma. Unpublished doctoral
dissertation. Gazi University, Ankara.

Ozturan Sagirh, M. (2010). Tiirev konusunda matematiksel modelleme yonteminin ortaégretim
ogrencilerinin akademik basarilar: ve oz-diizenleme becerilerine etkisi. Unpublished doctoral
dissertation, Atatiirk University, Erzurum.

Ozturan Sagirli, M., Kirmaci, U., & Bulut, S. (2010). Tiirev konusunda uygulanan matematiksel
modelleme ydnteminin ortadgretim &grencilerinin akademik basarilarma ve ozdiizenleme
becerilerine etkisi. EUFBED - Fen Bilimleri Enstitiisii Dergisi, 3(2), 221-247.

Perrenet, J., & Zwaneveld, B. (2012). The many faces of the mathematical modeling cycle. Journal of
Mathematical Modelling and Application, 1(6), 3-21.

Schwarz, B., & Kaiser, G. (2007). Mathematical modelling in school—experiences from a Project
integrating school and university. http://www.mathematik.uni-
dortmund.de/~erme/CERMESb/WG13.pdf [12 Mart 2012]




International Journal of Progressive Education, Volume 11 Number 2, 2015
© 2015 INASED 75

Siller, H. S., & Kuntze, S. (2011). Modelling as a big idea in mathematics — Knowledge and views of
pre-service and in-service teachers. Journal of Mathematical Modelling and Application, 1(6),
33-39.

Stillman, G., Galbraith, P., Brown, J., & Edwards, L. (2007). A framework for success in implementing
mathematical modelling in the secondary classroom. Mathematics: Essential Research,
Essential Practice, 2, 688-697.

Tiirker, B., Saglam, Y., & Umay, A. (2010). Preservice teachers’ performances at mathematical
modeling process and views on mathematical modeling. Procedia Social and Behavioral
Sciences, 2, 3099-3103.

Van den Heuvel-Panhuizen (2003), The didactical use of models in realistic mathematics education:
An example from a longitudinal trajectory on percentage, Educational Studies in Mathematics
54,9-35.

Yildirim, A., & Simsek, H. (2008). Sosyal bilimlerde nitel aragtirma yontemleri (7. Baski) Ankara:
Segkin Yayincilik.
Yin, R. K. (2002). Case study research design and methods (3. baski). London: Sage Publication.

Zbiek, R. M., & Conner, A. (2006). Beyond motivation: exploring mathematical modeling as a
context for deepening students’ understandings of curiicular mathematics. Educational Studies
in Mathematics, 63, 89—112. doi: 10.1007/s10649-005-9002-4



