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Hazirlama Siireglerinin incelenmesi
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Introduction

There are rapid changes, all over the world, in the mathematical thinking and problem-solving skills
needed outside school. Educational leaders emphasize that students' ability to cope with complex systems
such as interpretation, identification, explanation, structuring, and prediction for success beyond school
should be developed (English, 2008; Gainsburg, 2006). Accordingly, applications for finding mathematical
solutions to real-world problems are increasing. Identifying and understanding the differences between
school mathematics and work-life is very important in terms of giving a new perspective on problem-
solving (English & Sriraman, 2010). Just only engaging traditional problems in school mathematics,
students have been so distanced from thinking that their only goal has been to reach the final result by
performing operations with the numbers given in the problem and hence they do not even try to think
about the realistic aspects of the solution (Buhrman, 2017). In most word problems, reality and reasoning
skills are neglected, and only achieving the result is aimed. However, rather than focusing on the result, it
is necessary to focus on the process and the mathematical relationships in the real world during this
process (Bonotto, 2007). Only in this way can a more appropriate perspective on real life be captured in
mathematics education.

Mathematical modeling is defined by mathematics educators as mathematizing real-life problems and
solving them (Blum & Niss, 1991; Lesh & Zawojwevski, 2007). Problem-solving is among the basic skills of
mathematics education and it is an important element of the curriculum and thus textbooks and
classroom practices (National Council of Teachers of Mathematics [NCTM], 2000; Ministry of National
Education, 2018). Problem-solving skill is not only finding solutions to mathematical problems; at the
same time, it requires adapting to the surrounding environment by overcoming the problems
encountered in real life (Senemoglu, 2005). Mathematical modeling, which means that real-life problems
are mathematized and solved, is defined as a new way of problem solving by mathematics educators
(Blum & Niss, 1991; Lesh & Zawojwevski, 2007). Because of Mathematical Modeling Problems (MMP) are
based on assumptions and interpretation, and that enable different solutions to be produced, are
important tools that will contribute to the development of 21st-century skills (Galbraith, 2018) such as
critical thinking, problem-solving, communication, collaboration and self-management (National
Research Council, 2012) mathematical modeling contributes to the development of critical, reflective,
analytical, creative, and metacognitive thinking skills that are difficult or sometimes impossible to acquire
traditional problems. It provides students with the opportunity to understand the real-world using
mathematics as well as learn school mathematics. Thus, students are motivated by seeing the
functionality of mathematics while developing solutions to real-world problems and can develop a
positive attitude towards mathematics (Blum & Borromeo Ferri, 2009). Besides, MMPs allow teachers to
reveal their students' mathematical thinking and understand them in many ways. Firstly, teachers can
follow what students think during the model preparation process. They can understand what they think
by encouraging students to explain their ideas, as well as encouraging students to self-assess and be
creative by questioning what they do and why. Secondly, if they request a solution report from the
students, they gain the opportunity to analyze these written documents. Thirdly, the students are asked
to present their solutions and their peers are allowed to ask questions to the students who present their
solutions. Thus, both the students who ask questions and the students who make presentations express
themselves, allowing teachers to find out what the students think (Chamberlin & Moon, 2005).

Although teacher competencies such as content knowledge, pedagogical knowledge, and pedagogical
content knowledge are discussed in detail in many fields, research in teacher competencies in
mathematical modeling is limited (e.g. Borromeo Ferri, 2018; Sahin, 2019; Zbiek, 2016). For this reason,
there is a need for programs that will develop teachers' mathematical modeling knowledge and studies
that can guide them. The questions of how to effectively integrate mathematical modeling into school
mathematics or how to deal with this issue in teacher education have not yet been given a clear answer.
The most important reason for this is that standard criteria regarding the competencies that teachers
must possess for effective modeling teaching have not been determined (Borromeo Ferri, 2018).
Nevertheless, a small number of studies have been conducted on how teachers can bring mathematical
modeling into the classroom and the necessary competencies for it (e.g. Borromeo Ferri & Blum, 2009;
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Borromeo Ferri, 2014; Doerr & Lesh, 2011; Garfunkel & Montgomery, 2016). The effective
implementation of MMPs in the learning environment depends on the renewal of the curriculum within
this perspective, using the modeling problems/activities in the teaching tools (textbooks, online learning
platform), and most importantly, making sure that the teachers who are the practitioners of education
have the necessary knowledge and competence (Niss et al., 2007). If a teacher is expected to teach
mathematical modeling, s/he should have a deep and broad teaching knowledge (Ball et al., 2008) as well
as modeling experience (Niss et al., 2007). In the studies on teacher competencies in teaching
mathematical modeling (eg, Blum & Borromeo Ferri, 2009; Borromeo Ferri, 2018), the way to let
prospective teachers and in-service teachers acquire these competencies is to make sure they have
theoretical knowledge and can effectively use the skill of recognizing, solving and creating modeling
problems. Then, the course planning, implementation, and evaluation competencies must be ensured. In
this study, MMP designing process of mathematics teachers participating in a professional development
program that includes the aforementioned teacher competencies were emphasized. In the teaching of
mathematical modeling, which will be examined in detail in the next section, MMP designing component
of the task phase, which is one of the teacher competencies (Borromeo Ferri & Blum, 2009; Borromeo
Ferri, 2014), is the focus of this research. The main purpose of the study is to examine the MMP designing
processes of mathematics teachers. For this purpose, answers to the following questions were sought:

e Are the problems designed by teachers applicable for mathematical modeling problems?
e How did mathematics teachers reflect the mathematical modeling criteria to their problems?

e What are the opinions of mathematics teachers about designing a mathematical modeling
problem?

With the first research question, the problems prepared were examined in terms of mathematical
modeling criteria, whether there was a mathematical modeling problem with the second research
question, how the teachers understood the mathematical modeling criteria and how they reflected this
on their problems, and lastly, with the third research question, the general evaluations of the process,
such as the points that the teachers paid attention to in the problem preparation process and the
difficulties they experienced, were investigated.

Theoretical Framework

The common feature of the studies in which teachers' professional competencies in mathematical
modeling are discussed (e.g. Borromeo Ferri & Blum, 2009; Borromeo Ferri, 2014; Doerr & Lesh, 2011;
Garfunkel & Montgomery, 2016) is that teachers focus on the issues that they need to pay attention to
during classroom practice. However, how that they bring mathematical modeling into the classroom
effectively is closely related firstly to the modeling understanding they developed and then whether
teachers know the theoretical structure of mathematical modeling, recognize the modeling problems and
develop such activities. Therefore, there are competencies that teachers need to be competent about
before and after the implementation as well as during the implementation phase. Borromeo Ferri and
Blum (2009) discussed these competencies that teachers should have in teaching mathematical modeling
in four dimensions: 1) Theoretical dimension, 2) Task dimension, 3) Instruction dimension and 4)
Diagnostic dimension. The competencies that teachers should have consist of different components.
According to Borromeo Ferri (2018), the first competence that teachers should have theoretical
knowledge about the purpose of mathematical modeling, modeling perspectives, modeling cycles, and
types of modeling tasks. The purpose of the task dimension, which is the second competence, is to solve
mathematical modeling problems and to determine the criteria of modeling task. In this dimension, the
answer to the question "What are the criteria that a good mathematical modeling task should have?" is
sought. Teachers need to be able to solve mathematical modeling tasks in accordance with the modeling
process and be able to identify the features that distinguish these problems from traditional problems
and design mathematical modeling tasks. Borromeo Ferri and Blum (2009) defined the ability to
distinguish mathematical modeling problems from traditional problems in the form of cognitive analysis
of activities. Teachers are expected to have this competence to evaluate a problem they encounter
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according to the mathematical modeling criteria and to design mathematical modeling tasks in
accordance with these criteria. The properties defined for mathematical modeling can also be evaluated
as criteria for distinguishing mathematical modeling problems from traditional problems. However, only
having one or more of these features is not enough for a problem to be considered as mathematical
modeling. For example, not every complex and thought-provoking problem that involves real-life
situations or requires many mathematical operations to achieve results can be described as mathematical
modeling.

Another component of having task competence is to be able to design mathematical modeling
problems. Borromeo Ferri (2018) stated that this process is a long and difficult one. On the other hand,
designing a task is an important practice in making sense of mathematical modeling. Although teachers
have sufficient knowledge about mathematical modeling theoretically and can distinguish mathematical
modeling problems from traditional problems, they need to use these competencies effectively while
designing tasks. Preparing mathematical modeling tasks also offers teachers the opportunity to see their
competencies. Although problem designing also contributes to individual learning, it is possible to
experience some difficulties during this process (Ellerton, 2015). For this reason, when teachers are
designing MMPs, what kind of process they have gone through, what they consider, what difficulties they
have, and investigating the causes of these difficulties will provide information about the quality of
classroom practices as well as teachers' mathematical modeling knowledge.

In this study, teachers’ design processes of MMPs were investigated within the scope of task
dimension components of Borromeo Ferri (2018), which is one of the competencies that teachers should
have in teaching mathematical modeling. Teachers designing MMPs in the full knowledge of the
distinctive features of MMPs (cognitive analysis) and offering at least one solution meet all components
of the activity competence. Considering all these, while examining process of designing MMPs, the criteria
that teachers consider while designing problems, the difficulties they faced during the process, and the
suitability of the problems for mathematical modeling were discussed.

Method
Research Design

This study is a multi-case study examining the skills of mathematics teachers about designing MMPs
(Yin, 2003). Each teacher represents a case since the processes of teachers designing MMPs are examined
simultaneously.

Participants

This study was carried out with six mathematics teachers (two females; four males) who had at least
five years of professional experience and had no previous training in mathematical modeling. Criterion
sampling, one of the purposive sampling methods, was used to determine the participants in the study.
The criteria for determining the participants of this study were determined by the researchers and the
first criterion is the professional experience period. Professional experience is important for teachers to
have problem preparation and application competencies. For this reason, it is preferred that teachers
have at least 5 years of professional experience. The second criterion is that teachers (at undergraduate
or graduate level) have not received mathematical modeling training. Although it is not thought that the
teachers' prior knowledge about mathematical modeling will affect the study negatively, it was thought
that the fact that they had not encountered mathematical modeling before would provide an opportunity
to examine the problem preparation process transparently from the first step. The third criterion is that
teachers work in different schools. Since mathematical modeling problems involve real-life situations, it
is predicted that teachers' working in different social environments will diversify their problem
preparation processes, thus providing data diversity. All participants names used in this study are
pseudonymes.
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Data Collection and Implementation Process
The implementation and data collection process of the research, which is a part of this study, lasted 9
weeks. Data were collected through individual interviews, video recordings of training meetings, problem

set evaluation form and problems prepared by teachers. The implementation process of the research,
including the data collection process, is summarized in Table 1.

Table 1.
Implementation Process of the Research

Implementation time Implementation /

No . Content
(avg) Topic name
1 Individual interviews First interviews Teachers' goals and methods of associating
) (45 minutes) real life with mathematics
Individual interviews Teachers’ views on problem designing and
2. . Second interviews their ability to distinguish a MMP they
(60 minutes) .
encountered from traditional problems
Theoretical Mathematical modeling, modeling
3 4 hours dimension of perspectives, modeling process, modeling
) (1 session) mathematical skills, the role of modeling in mathematics
modeling education
. . Mathematical modeling as a new problem-
Cognitive analysis of . .
4 hours . solving approach, properties of MMPs,
4, . mathematical . .
(1 session) modelin features that distinguish mathematical
& modeling from traditional word problems
5 Written homework Problem set Cognitive analysis of modeling problems
) (1 week) evaluation form
. The role of the teacher in teaching
Preparation and . . o
4 hours . mathematical modeling, principles of
6. . practice methods of . . .
(1 session) MMPs problem design and issues to be considered
during the implementation phase
7 Written homework Preparing MMPs Teachers to prepare one MMP |nd|V|d'uaIIy
(2 weeks) and prepare at least one sample solution
- . . . Interviews with teachers about the
Individual interviews Evaluation of
8. . problems they prepared and the problem
(45 minutes) prepared problems L
designing process
9 8 hours Discussion of the Teachers to present the problems and
’ (2 sessions) problems sample solutions they prepared
10 Written homework Finalizing the Finalizing problems by considering class
" (1 week) problems discussions and suggestions

In this study, data belonging to seventh and eighth implementations in Table 1 are taken into
consideration. In other words, the data about the problems designed by the teachers, and the interviews
about the problems were examined. Teachers were asked to prepare the problems individually. At the
end of the given time, individual interviews were made with the teachers, and they were able to evaluate
the problems they prepared and their experiences in the problem preparation process within the
framework of mathematical modeling criteria. Some of the sample questions in the interview form are
“What are the differences between preparing a mathematical modeling problem and preparing other
problems? What properties do you think are indispensable for a problem to be a mathematical modeling
problem? What did you pay attention to while preparing the problem? At which stage did you find it most
difficult? Why? What features of mathematical modeling do you think your problem has? If you want to
make changes to the problem, how would you like to make changes? Why?" is in the form.
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Data Analysis

All audio and visual data of the application have been converted into written documents. First of all,
two of the written records of each interview were randomly selected and the precoding of the transcript
was done independently by the researchers. The purpose of these pre-codings is to determine the codes
that will reveal the characteristics of the teachers that distinguish mathematical modeling from traditional
problems and their thoughts about the problem preparation process. With the coding scheme created as
a result of pre-coding, the main coding stage was started by taking into account the features of
mathematical modeling problems in the literature. Each written record was coded independently by two
researchers, and then the codes were compared. The parts that could not be agreed were discussed by
all researchers and coded in line with the common decision. After the coding scheme was finalized, the
researchers continued with the binary coding and sought the opinion of the third researcher at the point
where they could not agree.

The prepared problems were analyzed according to the codes determined by the researchers in line
with the characteristics of mathematical modeling problems in the literature (Maal}, 2007; Borromeo
Ferri, 2018; Galbraith, 2007; Doerr & Lesh, 2011; Dogan, 2020). These codes can be listed as reality, clarity,
being complex/thoughtful, and modeling (Table 2). In analyzing the problems according to the determined
criteria, the researchers made individual analyzes and the analyzes were evaluated comparatively on the
basis of each criterion. The validity and reliability of the data analyzes was ensured in this way.

Table 2.
Criteria for Mathematical Modeling Problems
Criteria for
Modeling Explanation The guiding questions for the criteria
Problems
. * Does the problem involve a real world
Problem includes a real world . . P
. . situation?
. situation and the problem . L
Reality . . . . ¢ Does the problem situation include
situation overlaps with the reality . . .
e information and explanation that may be
of the individual . S
meaningful to the individual?
Problem is based on assumptions . . .
- . p ¢ |s the problem suitable for interpretation and
and predictions (interpretation) .
Openness assumption?

and open to different and original

. e Are there different solutions to the problem?
solutions

* Does the individual feel the need to use
mathematical ways to solve the problem?

¢ Does the problem cause a feeling of complexity
or helplessness for the individual?

Having implicit mathematics in the
Complexity problem and the individual's desire
or need to solve the problem

Model Solving the problem according to ¢ Can the problem be solved by mathematizating
Eliciting mathematical modeling process the real world situation?

All audio recording of the implementation converted into written documents. Firstly, two of the
transcripts were randomly selected and the transcript was pre-coded independently by the researchers.
The purpose of these precoding is to determine the codes that will reveal the difficulties teachers

38



Sahin, Giirbiiz & Dogan — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 52(1), 2023, 33-70

encounter while preparing mathematical modeling problems and their opinions about the problem
designing process. Each transcript was independently coded by two researchers and then the codes were
compared with each other. The sections that could not be reconciled were discussed by all researchers
and coded in line with the agreed decision. After the coding scheme was finalized, the researchers
continued binary coding and consulted the opinion of a third researcher whenever they could not agree.

Teachers’” comments/reflections on designing mathematical modeling problem are analyzed with
content analysis method and after initial coding the final coding scheme is shown in Table 3. The table
shows each code with explanation of the code and comment/reflection sample for the codes.

Table 3.
Teachers’ Comments/Reflections on Designing Mathematical Modeling Problem

Codes Explanation Quotation

“Traditional problems are much easier. We can
prepare it very quickly in a shorter time but for the
modeling problem, | have thought for over a week
and have barely been able to uncover it. So, the
processes are very different from each other.
Mathematical modeling problems require a much
longer time.” (Merig)

Designing a
mathematical modeling
problem requires a
long time

Time-consuming

“It should be such a real-life situation that there
should not be a single correct result. Problems that
have only one correct result always remain in the
applying stage (on Bloom Taxonomy). When you
follow the methodology, you get a certain single
result. It is necessary to support the child's ability to
comment. ”(Seyhan)

The necessity of
Openness assumptions and
imperative interpretations to

reveal different models

“There are certain learning outcomes that are taken
into account when preparing traditional problems.
There are also outcomes that do not need to be
closely intertwined with daily life. For example, area
calculation... The calculation of the area of a
quadrilateral does not have to be based on a problem
in daily life, but in mathematical modeling, it should
be.”(Firat)

The necessity for the
Real-life imperative  problem to include a
real-life situation

“I could not determine what to ask in the problem.
Yes, there are a lot of problems we face in daily life,

Identifying a Mathematical solution . e .
. .y & I . but what am | going to ask? It was difficult to find a
situation that can availability of a real-life . . . .
.. problem situation that would yield mathematically
be mathematizing problem

different results, as we always focused on one result.
| changed my problem a lot. " (Ayla)

Findings

Research findings are discussed under two headings. In the first part, the designed tasks were
examined according to the modeling criteria. In the second part, the findings of teachers' experiences
regarding MMP designing processes were discussed.

Evaluation of Problems Designed by Teachers According to Modeling Criteria

When the problems prepared by the teachers were examined, it was determined that three of these
were MMPs and three of these were not MMPs. As a result of individual interviews and discussions in
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teacher meetings, two of the problems were updated and rearranged in accordance with mathematical
modeling. The evaluation results of the problems are presented in Table 4.

Table 4.
Evaluation of Problems According to Modeling Criteria

Mathematical modeling criteria
Problem and Designer

Teacher
Reality Openness Complexity Model Eliciting

Wedding Hall (Aras) Yes No Partially No
Radar Problem (Ayla) No No No No

*
Garden House Problem Ves Ves Ves Ves
(Firat)
Car Problem* (Merig) Yes Yes Yes Yes
Electricity Tariff* (Seyhan) Yes Yes Yes Yes
Energy Production from

Y N N N

Waste (Zuihre) es ° ° °
Apricot Gift Package* (Ayla**) Yes Yes Yes Yes
Solid Waste Disposal Facility Ves Ves Ves Ves

(Ziihre**)
*Mathematical modelling problem; **Second version of the problems

When the first versions of the problems seen in Table 4 are analyzed, Aras, Ayla, and Zihre's problems
were not counted as mathematical modeling; but Firat, Meri¢ and Seyhan’s problems were considered as
to be suitable for mathematical modeling. The radar problem designed by Ayla did not fulfil any feature
of mathematical modeling; Zihre's, Energy Production from Waste, is suitable only for real-life; Aras's
problem, Wedding Hall, seems to be partially thought-provoking, although it is suitable for real life.

As a result of evaluations (researcher and expert opinions, individual interviews, and workshop
meetings) teachers were asked to revise the problems. It was asked to strengthen the Garden House, Car,
and Electricity Tariff problems, which were MMPs, by making them more understandable with a few
minor corrections. For Wedding Hall, Radar, and Energy Production from Waste, which were not MMPs,
the teachers were asked to renew or change their problems considering the criticisms made. Thereupon,
Ayla designed a new problem called the Apricot Gift Package. Ziihre renewed the problem of Energy
Production from Waste and changed the name of the problem to the Solid Waste Disposal Facility.

Energy Production from Waste
Our society is increasingly producing garbage, which presents great difficulties in clearing up. In the
process following the accumulation of garbage, methane gas is formed due to decay. Adiyaman
Municipality wants to establish a Solid Waste (garbage) operation facility to both find a solution to
the garbage problem and generate electricity from this gas. It was determined that an average of
350 tons of garbage was generated in one day in Adiyaman. The garbage is estimated to contain
between 40% and 60% organic waste (perishable). 25% of organic waste turns into water. On
average, 56% of the remaining organic waste emits methane gas. From one ton of methane gas,
between 2 kW and 3 kW per hour of electricity is produced. How much electricity can be produced
in a day?
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In the problem, Adiyaman Municipality aims to both eliminate the garbage problem of the city and
use methane gas in electricity production by establishing a solid waste operation facility. The person who
will solve the problem needs to calculate the daily electricity amount that can be produced from the waste
of the city, which has an average daily garbage amount of 350 tons, taking into account the percentages
given in the text.

The problem was designed in accordance with the real-life situation where realistic numerical data are
included. However, it provides only this of the mathematical modeling criteria and is a word problem with
traditional qualities including real-life situations. As can be observed, all the necessary information for the
solution is given in the problem. Therefore, it is a problem that does not allow to provide assumptions
and the creation of different models. While working on a solution, different alternatives can be
mentioned: 1) Using the lower and upper limits of the numerical data ranges, the minimum and maximum
values can also be found as ranges. 2) The amount of organic waste can be calculated at a fixed rate such
that 40% - 60% of the amount of garbage. When calculating the amount of electricity produced in one
hour, it is similarly possible to operate with a fixed value between 2 and 3. The problem has a specific and
linear processing procedure. The person solving the problem is only free to determine numerical values.
The fact that its algorithm is certain does not allow it to be solved in accordance with the modeling process
steps. Zihre was convinced that this problem was not a MMP by taking into account the experience
gained from the meetings where the problems were evaluated and the discussions on her problem. When
the teacher was asked to update her problem, she prepared the Solid Waste Disposal Facility problem
with the same content.

Solid Waste Disposal Facility

Adiyaman Municipality wants to establish a power plant to find a solution to the city's garbage
problem and to use methane gas that is released from the garbage in electricity generation.
Considering that an average of 350 tons of garbage is collected per day, prepare a report about
whether it is necessary to establish such a facility, and include the reasons behind it.

By removing the numerical values and guiding information that prevented the first problem that Zihre
prepared from openness and prevented the assumptions, the problem was turned into a MMP. As it is
seen, in this problem, the student is asked to find a solution to whether a power plant can be established
by taking into account the average amount of 350 tons of garbage per day. The necessity of such a power
plant and what its advantages will be if it is installed requires various assumptions, interpretation, and
calculation. This means that students can mathematize the real-life situation.

Reality

In the individual interviews about problem designing processes, it is seen that the first criterion that
teachers considered when designing a MMP was the real-life situation. Two elements come to the fore in
the mathematization of real-life situations: 1. Teacher experiences, 2. The reality of numerical data. The
teachers took into account their own experiences, interests, daily lives while trying to create problems
inspired by real-life situations. For example, when Seyhan was designing the problem, he was inspired by
an incident that happened to him and turned that problem into a mathematical problem. “This was a very
random thing. This was a problem that we encountered at home in the days before the designing our
MMP. ” he said; when asked for Ayla's problem's starting point, she said: “It was an event that happened

to me... (...) | thought, and then | said, ‘Oh yeah, I've gone through that. | should write about jt’." As it can
be seen from these two instances, the teachers prefer to use their experiences while designing problems.

Besides, the results showed that it is an important factor for teachers to comply with the real values
of numerical data to avoid misleading the students. Ziihre’s getting help from an environmental engineer
for the Energy Production from the Waste problem, Ayla's investigation of the legal speed limit on the
highway in the Radar problem, and Merig's use of current car prices suggests that teachers feel obliged to
base their problems on numerical reality. When the problems and the opinions of the teachers were taken
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into consideration, all problems where teachers consider the real-life criteria except one (Radar Problem)
were observed to have this feature.

Openness

One of the common criteria that the teachers considered when preparing problems was that the
problem is openness. The teachers considered openness as not only allowing different models to emerge
but also to achieve different results. Findings show that this feature (having alternative results) was
fulfilled by some teachers with the emergence of different and unique models in MMPs. From this point
of view, the teachers limited this feature to obtaining numerically different values in the solution. These
teachers interpreted the concept of "variable" in mathematical modeling and the emergence of original
models differently. They believed that the student could use the desired numerical values within a certain
range and that they use different variables, and that the solutions obtained have different numerical
values because teachers think they are different models. For example, obtaining different numerical
results within the percentage ratios given in Zihre's Energy Production from the Waste problem was
interpreted by the teacher as the emergence of different models.

Teachers who believed that the problem was openness, as taking into account different variables,
stated that they considered the emergence of original models while designing the problems. For example,
Seyhan explained that a natural result of mathematical modeling reflecting real life is the emergence of
original solutions with these words: "(...) This is the same in everyday life... You live according to your
choices. Your previous choice will affect the next one. As such, let's say | tried to do something for
everyone's own choices, not just one way (...) " On the other hand, Firat, who considered that the problem
should be open-ended, stated,

“In mathematical modeling, the data, | mean the data in the problem, | realized that it does not lead
you to a clear solution. This is the difference between our classic problems. | think this is one of the biggest
differences... Making a serious amount of interpretation is necessary. As subjective solutions come out in
this way. "

Although the teachers had some incorrect perceptions that the problem should be open-ended, it is
seen in the interviews that they try to design a problem that meets this criterion. However, although three
of the initial problems were open-ended, the other three did not have this feature.

Being complex or thought-provoking

Findings show that teacher did not consider thought-provoking as a clear criterion like suitability to
real life and openness while preparing problems. Aras emphasized in pre-interviews that one of the most
important features of a quality math problem was being thought-provoking and stated that this aspect of
mathematical modeling after the workshop and that this type of problem he was not aware of before
could be more effective than traditional problems because it was especially thought-provoking. However,
when the teacher's explanations about the problem being thought-provoking were examined, such
problems were problems that require attention and cannot be solved in one step. Therefore, according
to the teacher, the definition of being thought-provoking did not meet the thought-provoking feature of
MMPs.

Firat stated that the solution would be difficult in the problems that require too many variables to be
taken into consideration and uncertainty is felt intensely, and this may prevent the student from reaching
the solution by stating the following:

"When | saw the problems of my colleagues (other participant teachers), | thought they asked 'how we
could save the world' (...) You know, it's too open, in limbo, too much uncertainty, too many variables... In
this sense, how clear solutions can be made, actually it is difficult to do. (...) this is an approach that can
improve one's abilities by thinking about these problems."

Therefore, he believed that the problem should be considered as a feature that can be adjusted
according to the characteristics of the students to be thought-provoking. Considering all the problems and
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opinions, it was determined that three of the first problems (Garden House, Car Problem, Electricity Tariff)
were thought-provoking, two of them (Energy Production from Waste, Radar Problem) did not bear this
feature, and one problem (Wedding Hall Problem) was partially thought-provoking. Besides, the last two
problems designed were in line with the thought-provoking criterion.

Model Eliciting

One of the necessary conditions for a problem to be mathematical modeling is to be able to be solved
in accordance with the modeling process. Seyhan was the only teacher who stated that he took into
account the ability to be solved according to the modeling process while designing the problem. Seyhan
stated that he considered about how the problem can be solved in accordance with the modeling process.
When he was asked if he had any difficulties designing the problem, he said:

"No. As my biggest fortune was this: | wrote the steps of modeling in my mind and wrote according to
that, how do | say it, | thought about the modeling steps while thinking or writing the question. | built an
outline for the problem, as | did things for mental modeling, model creation, or transformation before.
Subsequent issues did not take much time."

From this answer, it can be seen that when the teacher designed the problem by considering the
modeling process, this facilitates the problem writing process. There was no evidence that other teachers
directly considered modeling steps when preparing problems. However, teachers' organizing their sample
solutions in accordance with the modeling steps shows that Firat and Merig paid attention to this criterion.
Aras, on the other hand, explains his views on the solution of modeling problems by saying:

“If we say “every solution you offer is correct”, that student will try to find a solution without worrying
about it, but it should be consistent, logical, it should be related to the problem's situation. The result that
emerges should make you happy too. To eliminate an existing problem, what is your opinion and what will
your conclusion be in line with that view?”

According to Aras, each solution needs to be checked logically and its functionality in real life should
be verified. Otherwise, he was worried that the students will offer many solutions that they produce
without thinking too much. In the modeling process, the necessity of keeping the connection of the
problem situation with real-life while creating and solving the model corresponded to the step of
transformation and evaluation. In the interviews, all the problems that were MMPs could be solved in
accordance with the modeling process, even though none of the teachers except Seyhan stated directly
that they have considered this.

Teachers’ Problem Designing Processes

It was observed that the teachers used mathematical modeling concepts in different ways in individual
interviews where they explained the problem preparation processes and in group discussions during the
trainings (Table 5).

Table 5.
Teachers’ Criteria for Evaluating Problem
Modeling Criteria Alternative Expressions of Teachers
Reality Real life, daily life
Openness hypothetical, limited data, freedom of solution, different solutions
Complexity thought provoking, uncertainty, feeling helpless, difficult

When teachers' use of these concepts is evaluated, they sometimes express the same or similar thing;
it has been determined that they sometimes use these concepts in a different sense than they should be.
For example, everyday life is a concept they use to refer directly to real life. However, it has been observed
that some criteria do not reflect the characteristics of mathematical modeling. For example, although the
criteria such as being thought-provoking or complex, the uncertainty in the problem, and the difficulty of
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the problem seem to be the right features to evaluate theoretically, it has been determined that teachers
perceive these features differently, which causes them to make wrong assessments. An example of this
situation is that teacher Aras requires many actions to solve the Wedding Hall problem and that the
teacher associates it with being thought-provoking. It has been observed that such difficulties experienced
individually are eliminated by group discussions, and the concepts are used in accordance with
mathematical modelling.

The opinions of the teachers about the mathematical modeling problem preparation process are
summarized in Table 6.

Table 6.
Teachers’ Comments/Reflections on Designing Mathematical Modeling Problem

Codes Explanation Teacher

Designing a mathematical modeling

. . Ayla, Firat, Merig, Ziihre, Seyhan, Aras
problem requires a long time

Time-consuming

The necessity of assumptions and
interpretations to reveal different Ayla, Firat, Merig, Zihre, Seyhan
models

Openness
imperative

The necessity for the problem to

include a real-life situation Ayla, Firat, Merig, Ziihre, Seyhan, Aras

Real-life imperative

Identifying a
situation that can be
mathematizing

Mathematical solution availability of a

real-life problem Ayla, Firat, Merig, Seyhan

As seen in Table 6, all the teachers agreed that designing mathematical modeling problems is time-
consuming. For the teachers, the most challenging part of this process was to come up with a problem
situation. For example, Ayla said, “This took a lot more time and made me think much more deeply. In the
others (traditional problems), | did not have any problems because the numerical answer could be found
directly, but the process took quite a long time.” Similarly, Merig stated, “../ thought about the modeling
problem for more than a week and | could barely come up with jt.” As these two examples show, finding
a problem context was challenging for the teachers.

Since mathematical modeling problems are open to different interpretations and the solution steps
have a non-linear structure, the teachers encountered an unfamiliar experience in the problem design
process. Firat's comment below reflects the views of other participants.

“I realized that the data in mathematical modeling, that is, the data in the problem, does not lead you
to a clear solution. This is normal and it is the difference between our classical (traditional) problems. |
think it is one of the biggest differences... It is necessary to add a serious interpreation. This is how
subjective solutions emerge.”

The main feature of mathematical modeling problems, based on real-life situations, is the first
criterion that all teachers consider in the problem-designing process. Therefore, they emphasized that
this is both a necessity and a challenging criterion in the process. However, as stated in the following
statements by Firat, finding a real-life situation suitable for mathematization is a complex process:

“The first of my indispensable features was that there was a response in real life. The second was that
it could be translated into the mathematical language. (...) You know, | thought, | thought I'd translate an
event into a mathematical language. | could not do it. (...) Something else happened, | had designed
something before that. (...) Since | am teaching the 8th grade, the subjects | could use exponents and
square root numbers, so | wanted to design something realated to square root numbers. | even designed
it, and then | gave up on it too. That would ask them (students) to lay ready grass in a garden. | even
researched to see if different companies have different things. Because they all produce in the form of a
square, do they all produce in the form of a rectangle? Then | saw that different companies can produce
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in different sizes. | designed a problem with it and then | gave up on it. In fact, if | could finish that problem,
it would have been a better problem.”

When the opinions of the teachers about the criteria and the difficulties they face while designing
MMP were examined, they generally evaluate this process by comparing it with their previous
experiences. Therefore, comparing MMP designing process with the traditional problem designing
process by taking into account the opinions of the teachers is given in Table 7.

Table 7.
Comparison of Teachers” MMP and Traditional Problem Designing Processes
MMP Designing Process Traditional Problem Designing Process
It is time-consuming Can be done in a short time
It has to be a real-life situation It doesn't have to be a real-life situation
Problem condition must be suitable for There is a transfer of the problem situation to
mathematization the language of mathematics
Should be openness Usually aims for a single solution
It is necessary to consider different variables It is enough to use only numerical variables

Many similar problems can be prepared

Requi hinki
equires thinking without thinking too much

Analysis, synthesis and evaluation steps are It is generally intended for the understanding
taken into consideration and implementation step

It was the common view of the all teachers that designing MMPs was a difficult process. The reasons
for the difficulty were presented in Table 7. First of all, designing a MMP is quite a long process for
teachers compared to traditional problem designing. Teachers had difficulty finding ideas first. For
example, Ziihre explained this situation by saying "/ couldn't determine the subject first. In other words, it
took two days to set it down on paper after determining. (...) it took a long time to find an idea.". After
finding the idea, it did not take much time to put it on paper. Aras said that “/t was not very difficult to
write. | just struggled a bit with determining the numbers while writing it down on paper, but it took time
to come up with more ideas. It took a lot of time, not just a little." His words show that he went through
a similar process. The reasons why teachers had difficulty in determining the problem status arise from
the fact that the problem must be from real life and it must be openness. It was not easy for teachers to
design a complex problem that would allow different variables to be considered together. For example,
Firat said,

"There are certain learning outcomes that are taken into account when preparing traditional problems.
There are also outcomes that do not need to be closely intertwined with daily life. For example, area
calculation... The calculation of the area of a quadrilateral does not have to be based on a problem in daily
life, but in mathematical modeling, it should be."

He stated that the necessity that the problem should reflect the real-life situation has challenged him.

One of the findings was that while designing the problems, the learning outcomes were not the
starting points but the real-life situations and even their own experiences. However, the situations that
were the subject of the problem did not emerge suddenly. Each teacher had experienced several
unsuccessful trials. For example, Meric¢ explained this process by saying,

"My first starting point was to translate an event into the language of mathematics. | failed to do that.
| started to write about health and sports problems first. | did some research on this. | also fictionalized the
problem a lot. Someone who wants to do sports and wants to lose weight spends this many calories with
that amount of walk... Then when | develop the problem a little, | gave up when | saw that it was very
similar to the diet problem we had solved before."
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One of the reasons for the difficulties experienced in the problem designing process was related to
the problem openness. Since traditional problems are usually single-solution problems with clear steps,
teachers are specialized in them because they often encounter such problems. Firat used the following
statements regarding the subject:

"I didn't know what to think about for days. Frankly, | could not identify a subject to work on. After a
couple of ideas came up, | couldn't figure out where to get with those ideas. There were times that | gave
up. While designing a normal problem, gains that do not have to be closely intertwined with daily life are
also being checked. Area calculation, for example... The calculation of the area of any rectangle does not
have to be based on a problem in daily life. It would be good, but it remains simpler. The questions | am
used to having always been classic question styles since our studentship."

As it can be understood from Firat’s statement, the fact that real life is not always an important factor
in traditional problems, however, the fact that mathematical modeling is based on real-life was one of the
factors that challenged teachers. However, writing a problem that is open to different variables, thought-
provoking, and therefore requires high-level thinking skills were considered by teachers as the features
that distinguish mathematical modeling from traditional problem designing. In addition, identifying a
situation that can be mathematizing challenged has also been a challenge for teachers.

The difficulties teachers experience while designing mathematical modeling problems and their
reasons are generally like these. However, the compelling of this process did not develop a negative
attitude towards mathematical modeling. It is reasonable that they have not had such problem writing
experience, or even have difficulties arising from the fact that they encountered mathematical modeling
problems for the first time through this project. The findings show that designing a problem is a critical
part of learning mathematical modeling for teachers.

Discussion

In this study, in which teachers' skills in designing MMPs were examined, the findings revealed that
teachers' understanding of mathematical modeling was improved, they could determine the
characteristics that such problems should bear and that they considered these features when designing
MMPs. In this section, it will be discussed how teachers reflect these features in their problems while
preparing mathematical modeling problems.

Mathematics and Real-Life Relationship

The fact that problems based on real-life mathematics lessons are an important feature emphasized
in many studies and curriculums (Bonotto, 2007; Buhrman, 2017, Ministry of National Education, 2018).
However, while associating the real world with mathematics, it should be focused on mathematical
relationships in the real-world (Ball et al., 2008; Bonotto, 2007). Considering the methods of associating
mathematics with real life, it can be said that teachers mostly ignore this situation and display a traditional
and limited attitude. The relevant literature revealed that some of the teachers who gave real-life
examples in their instructions see these examples as a tool that can be used to show mathematics in the
real-life and to increase the motivation of students to the lesson rather than to support learning
(Gainsburg, 2009). Although it is emphasized in the many countries’ curricula, it is also a known fact that
teachers do not allocate enough time to the contextual problems involving real-life situations in their
lessons (Reinke, 2019). It can be said that real-life examples used in this way do not have a decisive role
in solving problems or teaching subjects, and the learning is limited only to the world of mathematics.
However, the relationship between mathematics and the real-world in mathematical modeling is beyond
traditional understanding and both worlds are important for the solution (Bliss et al., 2016).

The fact that teachers emphasized real-life even before they had workshop and the most prominent
feature of modeling problems is that the problems start in the real world, made the teachers considered
this feature first during problem designing. This result is also in line with the works of Borromeo Ferri and
Lesh (2013) that a problem has a realistic content according to prospective teachers and teachers is one
of the features that it should have for mathematical modeling. In this context, it is sufficient for the reality
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that the student understands the current situation can imagine himself/herself inside that situation
(Reinke, 2019). Galbraith (2007) emphasizes the necessity of the real-life connection that should be
considered to be suitable to the life of students while designing MMP. In this study, the real-life
perceptions of teachers did not fully match this definition of reality. Especially when designing problems,
itis noteworthy that the problem situations were suitable for the teachers' own lives rather than students.
In her study, Deniz (2014) found that the most difficult situation for teachers when designing a
mathematical modeling activity is to establish a relationship between mathematics and real life. Also,
organizing the activities in accordance with the student level was another difficulty. One of the reasons
for these difficulties may be that teachers ignore students' reality or do not pay enough attention to it.
Similar results were obtained in this study and it was determined that teachers were inspired by the
events they experienced or witnessed while designing problems. However, it is also possible to come
across studies in which the characteristics of the target audience that will solve the problem are taken
into consideration and efforts are made to design problems that may interest them (e.g. Borromeo Ferri,
2018; Deniz, 2014; Tekin Dede & Bukova Gilizel, 2013). However, Sevinc and Lesh (2018) found that
through the MMPs, pre-service teachers were able to make correct comments about what would be
realistic for students and how realistic context could encourage students to think mathematically. Our
results showed that the teachers participating in this study also shared that notion.

Buhrman (2017) states that traditional problems keep students away from thinking, only to reach the
correct answer in terms of operation, students do not try to see the realistic aspects of the solution.
Considering the results of this study, the similiar situation was valid for teachers as well. During the
implementations using traditional problems, the fact that the problem did not take into account the real-
life connection causes teachers to have difficulty in establishing this relationship while designing MMP.

Openness

One of the most distinctive features that distinguish MMPs from other types of problems is that they
are based on assumptions and preferences (Borromeo Ferri, 2018; Galbraith, 2007). This feature of the
problem requires that the person solving the problem decide on the variables required for the solution,
so those unique solutions (models) are created. In this study, this feature can be considered as the
problem being open to interpretation. The findings obtained for the openness MMPs showed that Aras,
Ayla, and Zihre attributed a different meaning to this feature in the problem designing process. These
teachers think that the problem was open-ended, not because of obtaining different models, but different
results. For example, Ziihre, who designed the Energy Production from Waste Problem, claimed that the
problem was open to original solutions due to different results. Giving numerical values in a certain range
in problems (Being between 40% and 60% etc.) offers students the opportunity to use any value in this
range. The thing that is expected from students is to determine numbers within the given numerical range
and find different results with the same operational procedures. Therefore, there is only translation to
mathematical language for these problems and they are traditional problems. However, mathematization
in mathematical modeling has the meaning of organizing mathematics, not a translation to mathematics
(Jupri & Drijvers, 2016). This conclusion about the fact that teachers did not consider the feature of
openness with the mathematization dimension is one of the important results that distinguishes the
research from other studies on this area.

Being Thought-Provoking/Complex

Lester (1983) describes a mathematical problem as a task that a person wants or needs to find a
solution for and for which s/he does not have a readily accessible procedure that guarantees or
completely determines the solution. Therefore, math problems should be qualified to develop students'
ability to cope with real-life problems and complex systems beyond their school-life rather than solely
being problems of the world of mathematics that can be solved using specific strategies (English, 2008;
Gainsburg, 2006). The fact that a problem makes the students want to solve or feel the need is directly
related to whether the problem situation is complex or thought-provoking. Although this is a feature of
mathematical modeling, not every thought-provoking problem is a MMP. Considering the results of this
research, the teachers considered being thought-provoking in different ways: 1) Being mathematically
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difficult, 2) Different situations or variables should be considered at the same time for the solution (such
as logic problems). They thought that the problems requiring more effort to reach the result (ex. Energy
Production from Waste) were a difficult problem that was open to different solutions. The fact that
because logic problems require thinking, the teachers saw them as mathematical modeling during the
workshop supports these findings. However, there is no study related to this subject in the literature.

The findings of this study show that while designing a MMP, some teachers aim to make students think
by trying to make the problem difficult by increasing the number of mathematical operations or numerical
variables. Although the teachers considered their real-life situations, they disregarded the fact that in
mathematical modeling the relationship between the mathematical world and the real world should not
be broken, and that both worlds are important for a solution. The thought-provoking MMPs are related
to the relationship between the problem situation and the real world. Because society and the
environment are the basis of these problems, so these are complex, disorganized, and realistic problems
(Blum & Borromeo Ferri, 2009). The fact that mathematical modeling is problems that are expected to
clarify complex situations (Lesh & Zawojewski, 2007), creating a feeling of helplessness and insecurity in
the person who solves the problem (Kaiser et al., 2011), implicit involvement of mathematics, requiring
interpretation and generating ideas (Clement, Lochhead & Monk, 1981) complicates the modeling process
and even the implementation process (Clement et al., 1981). However, the research findings show that
teachers who interpreted this feature differently cannot get out of the world of mathematics and try to
complicate the problem mathematically. This result is in line with the literature (Sahin et al., 2017; Sahin
et al., 2018). In their study with prospective teachers, Sahin et al. (2017) found that the prospective
teachers considered traditional problems with multivariate and excessive numerical data as MMPs
because they require excessive thinking.

Mathematical Modeling Problem Designing Process

Problem designing is seen as an important skill that teachers should have (Hospesova & Ticha, 2015).
The results of this research showed that all the teachers participating in the study agree with this idea.
Despite this, the teachers could not take time to design problems because of the concern of
accommodating the high-stake exam system and curriculum; instead, they were found to benefit from
the available resources. However, teachers should not see problem designing as an activity created only
for students. Teachers can diagnose the deficiencies of the students and the difficulties they face by
designing problems suitable for the characteristics and needs of the students in the classroom (English,
1997) and designing a problem is a source of motivation for them too (Chapman, 2012; HoSpesova &
Ticha, 2015). As stated in this study, problem designing is also a learning activity and the teacher who
understands better performs more effective teaching (Chapman, 2012; HosSpesovd & Ticha, 2015).
According to the teachers participating in the research, the best way to understand a topic is to design a
problem about that topic. If a teacher can do this, s/he will both understand the subject better and have
an idea about how the students have learned as mentioned above. The research findings included that
making sample solutions to the problems they designed enables students to gain insight into where and
how they will experience difficulties. Therefore, making sample solutions is an important component of
problem designing for teachers. It can also be said that MMPs being open to many unique solutions make
it a necessity to make sample solutions for teachers. Exemplary solutions expand teachers' repertoire of
comments and enable them to be more successful in evaluating the students' solutions. Like in HoSpesova
& Ticha's (2015) study, it was found in this study that according to teachers, designing problems is an
important but difficult process, they can question their knowledge and that these problems are more
interesting and understandable for students. Specifically, in this study, it was very difficult for teachers to
design a type of problem that they have not encountered before, beyond traditional problems. In the
studies conducted in this field, it is seen that the participants experienced some difficulties in the process
of designing MMPs, as in this study (Borromeo Ferri, 2018; Deniz, 2014; Tekin Dede & Bukova Glizel,
2013).

In problem designing studies, it is generally revealed that teachers do this in a laboratory environment
at the request of the researchers (Crespo, 2003; Lavy & Shriki, 2007; Klinshtern et al., 2015). Therefore,
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although teachers participated in the study voluntarily, they designed problems in appropriate
environments created by the researchers based on their wishes. However, for teachers to gain this skill,
it should be made sure that the teachers first believe that this is a necessity for teaching mathematics
(Blum & Borromeo Ferri, 2009; HoSpesova & Ticha, 2015). Effective teaching of teachers in the
implementation of mathematical modeling is directly related to their ability to design such problems
(Borromeo Ferri, 2018; Blum & Borromeo Ferri, 2009; Kula Unver et al., 2018). Just as they need to be
convinced that this is a need to gain a habit of designing problems, teachers should believe that this is an
effective learning tool to apply MMPs in classrooms. In his study, Glg (2015) concluded that the
prospective teachers' beliefs that mathematical modeling is an effective teaching tool despite the
difficulties experienced in the learning process are effective in the development of modeling
competencies. Therefore, it should first be ensured that teachers and prospective teachers have
information about the role of mathematical modeling in mathematics education. For this, the general and
specific objectives of MMPs should be explained clearly. Within the scope of this study, it is thought that
teachers are provided with mathematical modeling education and they are asked to design problems as
part of the workshop and that they have an important effect on understanding the importance of
mathematical modeling in mathematics education and their general and specific goals. The results
obtained indicate that teachers' perspective towards modeling and teaching competencies are very
important factors in the successful transfer of mathematical modeling to the classroom, as emphasized in
the literature (Borromeo Ferri, 2018; Niss et al., 2007).

Conclusion & Suggestions

In this study, in which mathematics teachers' skills of designing MMPs were examined, some new
results were obtained alongside the results supporting the literature. The fact that problem designing is
part of learning in general and that this is a competence that the teacher should have is one of the results
that are in parallel with the studies in the literature. The fact that designing a MMP is a difficult process
and there are some difficulties, especially in understanding the mathematization of real-life situations and
reflecting it on their implementations, are among the common results encountered in such researches.
For this reason, it should be ensured that teachers have experience in modeling by themselves before
they can apply mathematical modeling in their classes.

One of the competencies that teachers should have in teaching mathematical modeling is the task
dimension, which can be seen as the stage where the theoretical dimension is turned into practice
(Borromeo Ferri, 2018). The theoretical knowledge that teachers acquire about mathematical modeling
effects to directly reflect the modeling perspectives they adapt and shape their practices. However, one
of the most effective methods to reveal teachers' understanding of mathematical modeling is to ask them
to design problems. The results of the research revealed that during the problem designing process, the
teachers realized some features that did not make sense to them in terms of theoretical meaning and
they tried to overcome these learning deficiencies during the problem designing process. Besides,
teachers stated that problem designing had a significant impact on their learning during mathematical
modeling workshop, and also their experience would give their teaching methods a new direction. Making
sample solutions while designing MMPs enabled students to be prepared for possible difficulties, to take
foresight about the measures to be taken to avoid these difficulties or how to intervene when
encountered. One of the most important features of MMPs is that it allows different models to emerge.
Because of this feature, it is a problem-solving approach that is not easy to apply in the classroom.
Therefore, it is a prerequisite for the effective implementation that teachers go to the classroom
prepared. It is thought that if the teacher produces exemplary solutions to the problems s/he has
prepared, this will expand his/her capacity to evaluate alternative solutions. The relationship between
teachers' ability to designing MMPs and their implementation competencies may be one of the research
topics that can be investigated in future studies.
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Tiirkge Siirimui

Giris
Dinyada, okul disinda ihtiyag duyulan matematiksel diislinme ve problem ¢6zme becerilerinde hizli
degisimler yasanmaktadir. Egitim liderleri, 6grencilerin okulun 6tesindeki basariya yonelik yorumlama,
tanimlama, agiklama, yapilandirma ve tahmin etme gibi karmasik sistemlerle basa ¢ikma yeteneklerinin
gelistiriimesi gerektigine vurgu yapmaktadir (Gainsburg, 2006; English, 2008). Buna bagli olarak gercek
diinya problemlerine matematiksel ¢6ziim bulma uygulamalari giderek artmaktadir. Matematik
egitimindeki bu yonelim o6nemli degisiklikleri de beraberinde getirmistir (Hamilton, 2007). Okul
matematigi ile calisma hayati arasindaki farkliliklari belirlemek ve anlamak problem ¢ézmeye yeni bir bakis
acisi kazandirmak agisindan oldukga 6nemlidir (English & Sriraman, 2010). Okul matematiginde kullanilan
geleneksel problemlerde o6grenciler disinmekten o kadar c¢ok uzaklastirilmislardir ki tek amaclari
problemde verilen sayilarla islemler yaparak nihai sonuca ulasmak haline gelmistir ve ¢6ziimin gercek
hayata iliskin yonleri hakkinda distinme c¢abasi gostermemektedirler (Bhurman, 2017). Cogu sozel
problemde gerceklik ve akil yiritme becerileri ihmal edilmekte ve yegane sonuca ulagsmak
hedeflenmektedir. Oysa sonuca degil sirece ve bu siiregte gercek diinyadaki matematiksel
iliskilendirmelere odaklanilmasi gerekmektedir (Bonotto, 2007). Ancak bu sekilde matematik egitiminde

gercek hayata daha uygun bir bakis acisi yakalanabilir.

Problem ¢6zme, matematik egitiminin temel becerileri arasinda yer alan, 6gretim programlarinin ve
dolayisiyla ders kitaplarinin ve sinif uygulamalarinin nemli bir 6gesidir (National Council of Teachers of
Mathematics [NCTM], 2000; Millt Egitim Bakanligi, 2018). Problem ¢6zme becerisi sadece matematiksel
problemlere ¢6ziim bulmayi degil; ayni zamanda gerc¢ek hayatta karsilasilan sorunlarin tstesinden gelerek
yasanilan gevreye uyum saglamayi gerektirir (Senemoglu, 2005: s.536). Gergek yasam problemlerinin
matematiksellestirilerek ¢6ziime ulastirilmasi anlami tasiyan matematiksel modelleme matematik
egitimcileri tarafindan yeni bir problem ¢6zme sekli olarak tanimlanmaktadir (Blum & Niss, 1991; Lesh &
Zawojwevski, 2007). Matematiksel modelleme problemlerinin varsayimlara, yoruma ve farkh olasi
¢ozlimlere dayali olmasi elestirel, yansitici, analitik, yaratici ve metabilissel dislinme gibi 21. Yuzyil
becerilerinin kazanilmasinda geleneksel problemlere kiyasla énemli bir katki saglamaktadir. Ogrencilerin
matematigi 6grenmelerinin yani sira gercek dinyayr matematik ile anlamlandirmalarina firsat sunar.
Boylelikle 6grenciler bir yandan gergek diinya problemlerine ¢dziim (retirken bir yandan matematigin
islevselligini gorerek motive olur ve matematige karsi olumlu tutum gelistirebilirler (Blum & Borrromeo
Ferri, 2009). Ayrica matematiksel modelleme problemleri 6gretmenlere 6grencilerinin matematiksel
diisinmeleri ortaya gikarmalarini ve onlari anlamalarina firsat sunar. Birincisi, 6gretmenler 6grencilerin
model olusturma siirecinde ne distindiklerini takip edebilirler. Modelleme siirecinde 6grencilere sorular
sorarak onlara metabilissel kogluk yapabilirler. Ogrencilere neyi neden vyaptiklarini sorgulatarak 6z
degerlendirme yapmalarini ve yaratici olmalarini sagladiklari kadar 6grencileri fikirlerini agiklamaya tesvik
ederek onlarin ne diisiindiiklerini de anlayabilirler. ikinci olarak dgrencilerden bir ¢6ziim raporu istedikleri
takdirde bu yazili dokiimanlari analiz etme firsati yakalarlar. Uglinciisii, 6grencilerden ¢dziimlerini
sunmalari istenerek akranlarinin sunum yapan 6grencilere soru sorma imkani saglanir. Boylece hem soru
soran 6grencilerin hem de sunum yapan 6grencilerin kendilerini ifade etmeleri 6gretmenlere 6grencilerin
distindiklerini arastirma olanagi verir (Chamberlin & Moon, 2005).

Egitim arastirmalarinda alan bilgisi, pedagojik bilgi ve pedagojik alan bilgisi gibi 6gretmen yeterlikleri
bircok alanda detayli olarak ele alinmasina ragmen, matematiksel modelleme alaninda 6gretmen
yeterliklerine iliskin bu tir arastirmalar oldukga sinirli sayidadir (6rn., Borromeo Ferri, 2018; Sahin, 2019;
Zbiek, 2016). Bu sebeple 6gretmenlerin matematiksel modelleme bilgilerini gelistirecek programlara,
onlara rehberlik edebilecek c¢alismalara ihtiyag duyulmaktadir. Matematiksel modellemenin okul
matematigine etkili bir sekilde nasil entegre edilecegi ya da 6gretmen egitiminde bu konunun nasil ele
alinacagi sorularina heniiz net bir cevap verilememistir. Bunun en 6nemli sebebi etkili modelleme 6gretimi
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icin 6gretmenlerin sahip olmalari gereken yeterliklere iliskin standart kriterlerin belirlenmemis olmasidir
(Borromeo Ferri, 2018). Buna ragmen az sayida da olsa 6gretmenlerin matematiksel modellemeyi sinifa
nasil tastyabilecekleri ve bunun igin gerekli yeterlikler Gizerine galismalar yapilmistir (6rn., Borromeo Ferri
& Blum, 2009; Borromeo Ferri, 2014; Doerr & Lesh, 2011; Garfunkel & Montgomery, 2016). Matematiksel
modellemenin 6grenme ortamina etkili bir sekilde tasinmasi ise 6gretim programlarinin bu ¢ercevede
yenilenmesine, ders araglarinda (ders kitaplari, c¢evrim i¢ci 0Ogrenme platformu) modelleme
problemlerine/etkinliklerine yer verilmesine ve en 6nemlisi egitimin uygulayicisi olan 6gretmenlerin
gerekli bilgi ve yeterlige sahip olmalarina baglidir (Niss et al., 2007). Eger bir 6gretmenden matematiksel
modellemeyi 6gretmesi bekleniyorsa onun derin ve genis bir 6gretme bilgisine sahip olmasi kadar (Ball et
al., 2008) modelleme deneyiminin olmasi da gerekmektedir (Niss et al.,, 2007). Matematiksel
modellemenin 6gretiminde 6gretmen yeterlikleri tizerine yapilan ¢alismalarda (6rn., Blum & Borromeo
Ferri, 2009; Borromeo Ferri, 2018; Zbiek, 2016) 6gretmen adaylari ve 6gretmenlere bu yeterlikleri
kazandirmanin yolunun teorik bilgiye sahip olma, modelleme problemlerini tanima, ¢6zme ve olusturma
becerisini etkili kullanmaktan gectigi vurgulanmaktadir. Daha sonra dersi planlama, uygulama ve
degerlendirme yeterlikleri gelmektedir. Bu ¢alismada da yukaridaki 6gretmen yeterliklerini iceren bir
mesleki gelisim programina katilan matematik 6gretmenlerinin matematiksel modelleme problemi
hazirlama becerileri Gizerinde durulmustur. Sonraki bélimde detayli olarak incelenecek olan matematiksel
modellemenin 6gretiminde 6gretmen yeterliklerinden (Borromeo Ferri & Blum, 2009; Borromeo Ferri,
2014) etkinlik boyutunun matematiksel modelleme problemi hazirlama bileseni arastirmanin odagini
olusturmaktadir. Calismanin temel amaci matematik 6gretmenlerinin matematiksel modelleme problemi
hazirlama becerilerini arastirmaktir. Bu amag dogrultusunda su sorulara cevap aranmistir:

e Ogretmenlerin hazirladiklari problemler matematiksel modellemeye uygun mudur?
e Ogretmenler matematiksel modelleme kriterlerini hazirladiklari problemlere nasil yansittilar?
e Ogretmenlerin matematiksel modelleme problemi hazirlama siirecine iliskin goriisleri nelerdir?

Arastirma sorularindan ilki ile hazirlanan problemlerin matematiksel modelleme dlgltleri agisindan
incelenerek matematiksel modelleme problemi olup olmadigi, ikinci arastirma sorusu ile 6gretmenlerin
matematiksel modelleme 6lgutlerini nasil anladiklari ve bunu problemlerine nasil yansittiklari, son olarak
liciincU arastirma sorusu ile 6gretmenlerin problem hazirlama sirecinde dikkat ettikleri hususlar,
yasadiklari zorluklar gibi surecin genel degerlendirmeleri arastiriimistir.

Kuramsal Cerceve

Matematiksel modelleme alaninda 6gretmenlerin mesleki yeterliklerinin ele alindigi calismalarin (6rn.,
Borromeo Ferri & Blum, 2009; Borromeo Ferri, 2014; Doerr & Lesh, 2011; Garfunkel & Montgomery, 2016)
ortak ozelligi, matematiksel modellemenin sinifta uygulanma asamasinda 6gretmenlerin dikkat etmeleri
gereken hususlara odaklanmalaridir. Ancak 6gretmenlerin matematiksel modellemeyi sinifa etkili bir
sekilde tasimalari benimsedikleri modelleme anlayisi basta olmak lzere matematiksel modellemenin
teorik yapisini bilmeleri, modelleme problemlerini taniyabilmeleri, bu tir etkinlikler gelistirmeleri ile
vakindan ilgilidir. Dolayisiyla 6gretmenlerin uygulama asamasi kadar bu asamaya ge¢meden Once ve
uygulamadan sonra da yetkin olmalari gereken yeterlikler vardir. Borromeo Ferri ve Blum (2009)
matematiksel modellemenin 6gretiminde O6gretmenlerin sahip olmalari gereken bu yeterlikleri doért
boyutta ele almistir: 1) Teorik boyut, 2) Etkinlik boyutu, 3) Ogretim boyutu ve 4) Tanilama/teshis boyutu.
Ogretmenlerin sahip olmalari gereken yeterliklerin farkli bilesenlerden olustugu gériilmektedir. Borromeo
Ferri'ye (2018) gore 6gretmenlerin sahip olmasi gereken ilk yeterlik matematiksel modellemenin amaci,
modelleme perspektifleri, modelleme dongiileri ve modelleme etkinliklerinin tirleri hakkinda teorik
bilgiyve sahip olmayi kapsamaktadir. ikinci yeterlik olan etkinlik boyutunun amaci ise matematiksel
modelleme etkinliklerini ¢cdzme ve modelleme etkinligi kriterlerini belirleyebilmedir. Bu boyutta esas
olarak “lyi bir matematiksel modelleme etkinliginin sahip olmasi gereken kriterler nelerdir?” sorusuna
cevap aranir. Ogretmenlerin matematiksel modelleme etkinliklerini modelleme siirecine uygun olarak
¢Ozebilmeleri ve bu etkinlikleri geleneksel problemlerden ayiran 6zellikleri belirleyebilmeleri ve
matematiksel modelleme etkinlikleri hazirlayabilmeleri gerekir. Borromeo Ferri ve Blum (2009)

52



Sahin, Giirbiiz & Dogan — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 52(1), 2023, 33-70

matematiksel modelleme etkinliklerini geleneksel problemlerden ayirt etme becerisini etkinliklerin biligsel
analizini yapabilme seklinde tanimlamislardir. Ogretmenlerin kargilastiklari bir problemi matematiksel
modelleme kriterlerine gore degerlendirebilmeleri ve bu kriterlere uygun matematiksel modelleme
etkinligi hazirlayabilmeleri icin bu yeterlige sahip olmalari beklenmektedir. Matematiksel modelleme igin
tanimlanan o6zellikler ayni zamanda matematiksel modelleme etkinliklerini geleneksel problemlerden ayirt
etmek icin birer kriter olarak da degerlendirilebilir. Ancak bu 6zelliklerin birini veya birkagini tasimasi bir
problemin matematiksel modelleme olmasi icin yeterli degildir. Ornegin, gercek yasam durumu igeren ya
da sonuca ulagsmak igin bircok matematiksel islem yapmayi gerektiren karmasik ve dusindurici her
problem matematiksel modelleme olarak nitelendirilemez.

Etkinlik yeterligine sahip olmanin diger bileseni matematiksel modelleme etkinligi hazirlayabilmektir.
Borromeo Ferri (2018) bu siirecin uzun ve zor bir siire¢ oldugunu belirtmistir. Ote yandan etkinlik
hazirlamak matematiksel modellemeyi anlamlandirmada &nemli bir uygulamadir. Ogretmenler her ne
kadar teorik olarak matematiksel modelleme hakkinda yeterli bilgi sahibi olsalar ve matematiksel
modelleme etkinliklerini geleneksel problemlerden ayirt edebilseler de bu yeterliklerini etkinlik
hazirlarken etkili bir sekilde kullanmalari gerekmektedir. Matematiksel modelleme etkinligi hazirlamak,
ayni zamanda Ogretmenlere kendi yeterliklerini gérebilme firsati sunar. Problem hazirlama bireysel
o6grenmelere de katki saglamakla birlikte bu siiregte birtakim zorluklar yasanmasi muhtemeldir (Ellerton,
2015). Bu nedenle 6gretmenlerin matematiksel modelleme problemleri hazirlarken nasil bir slirecten
gectikleri, neleri dikkate aldiklari, ne gibi zorluklar yasadiklari ve bu zorluklarin nedenlerinin arastiriimasi
o6gretmenlerin matematiksel modelleme bilgileri kadar sinif i¢i uygulamalarinin niteligi hakkinda da bilgi
verecektir. Literatirde problem hazirlarken yasanan zorluklar problemlerin ¢ok fazla ve mantikh
dustinmeyi gerektirmesi, zaman alici olmasi, 6grencilerin dlisinmelerini saglamayi gerektirmesi (karmasik
olmasi) seklinde siralanabilir (Ellerton, 2015).

Bu calismada 6gretmenlerin matematiksel modelleme problemi hazirlama becerileri Borromeo
Ferri'nin (2018) matematiksel modellemenin O6gretiminde 6gretmenlerin sahip olmalari gereken
yeterliklerden etkinlik boyutu bilesenleri kapsaminda incelenmistir. Ogretmenlerin matematiksel
modelleme problemlerinin ayirt edici o6zelliklerini bilerek (bilissel analiz) matematiksel modelleme
etkinlikleri hazirlamalari ve en az birer adet ¢6ziim 6nerisi sunmalari etkinlik yeterliginin tim bilesenlerini
karsilamaktadir. Tim bunlar géz 6niinde bulundurularak 6gretmenlerin matematiksel modelleme
problemi hazirlama becerileri incelenirken problem hazirlarken dikkate aldiklari kriterler, siireg iginde
yasadiklari zorluklar ve problemlerin matematiksel modellemeye uygunlugu tartisiimistir.

Yontem
Arastirma Deseni

Bu calisma, matematik 6gretmenlerinin matematiksel modelleme problemi hazirlama becerilerinin
incelendigi bir coklu durum calismasidir (Yin, 2003). Ogretmenlerin matematiksel modelleme problemi
hazirlama siregleri ayni anda incelendigi icin her 6gretmen bir durumu temsil etmektedir.

Katilimcilar

Bu ¢alisma en az 5 yillik mesleki deneyime sahip olan ve daha 6nce matematiksel modelleme hakkinda
herhangi bir egitim almamis olan alti matematik 6gretmeni (ikisi kadin; dordi erkek) ile ylrGtilmustar.
Arastirmada katilimcilarin  belirlenmesinde amagli 6rnekleme yodntemlerinden oOlglit 6rnekleme
kullanilmistir. Bu arastirmanin katilimcilarinin belirlenmesindeki olgltler arastirmacilar tarafindan
belirlenmistir ve ilk 6l¢it mesleki deneyim siiresidir. Mesleki tecriibe 6gretmenlerin problem hazirlama ve
uygulama yeterliklerine sahip olmalari agisindan dnemlidir. Bu nedenle 6gretmenlerin en az 5 yillik bir
mesleki deneyime sahip olmalari tercih edilmistir. ikinci 6lgiit 8gretmenlerin (lisans veya yiiksek lisans
diizeyinde) matematiksel modelleme egitimi almamis olmalaridir. Ogretmenlerin matematiksel
modelleme hakkinda 6nbilgi sahibi olmalarinin galismayi olumsuz yonde etkileyecegi disiiniilmese de
matematiksel modelleme ile daha dnce karsilasmamis olmalarinin ilk adimdan itibaren problem hazirlama
siirecinin seffaf bir sekilde incelenmesi firsati sunacagi distiniilmistiir. Uclincii 6lgiit 6gretmenlerin farkli
okullarda goérev yapmalaridir. Matematiksel modelleme problemleri gercek hayat durumlarini
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barindirdigindan 6gretmenlerin farkl sosyal cevrelerde gérev yapmalarinin problem hazirlama sireglerini
cesitlendirecegi, dolayisiyla veri zenginligi saglanacagl oOngorulmustir. Calismada gegen isimler
O0gretmenlerin gergek isimleri degildir.

Veri Toplama ve Uygulama Siireci

Bu calismanin bir pargasi olan arastirmanin uygulama ve veri toplama stireci 9 hafta sirmustdr. Veriler
bireysel gorismeler, egitim toplantilarinin video kayitlari, problem seti degerlendirme formu ve
o0gretmenlerin hazirladiklari problemler aracihigiyla toplanmistir. Veri toplama siireci de dahil olmak tzere
arastirmanin uygulama sureci Tablo 1'de 6zetlenmistir.

Tablo 1.
Arastirmanin Uygulama Siireci
No. Uygulama Uygulama/Konu adi icerik
siresi (ort)
1. Bireysel ilk gérismeler Ogretmenlerin gergek hayat ile matematigi
goriismeler iliskilendirme amag ve yontemleri
(45 dakika)
2. Bireysel ikinci gériismeler Ogretmenlerin problem hazirlama hakkindaki
gorismeler gorisleri ve karsilastiklari bir matematiksel
(60 dakika) modelleme problemini geleneksel problemlerden
ayirt etme becerileri
3. 4 saat Matematiksel Matematiksel modelleme, modelleme perspektifleri,
(1 oturum) modellemenin teorik modelleme siireci, modelleme becerileri,
boyutu modellemenin egitimdeki roli ve dnemi
4, 4 saat Matematiksel Yeni bir problem ¢ézme yaklasimi olarak
(1 oturum) modellemenin bilissel matematiksel modelleme, matematiksel modelleme
analizi problemlerinin 6zellikleri, matematiksel modellemeyi
geleneksel problemlerden ayiran ozellikler
5. Yazili ev 6devi Problem seti Karsilasilan problemlerin matematiksel modelleme
(1 hafta) degerlendirme formu ozelliklerine gore bilissel analizinin yapiimasi
6. 4 saat Matematiksel Matematiksel modellemenin 6gretiminde
(1 oturum) modelleme problemi 6gretmenin roli, problem tasarlama prensipleri ve
hazirlama ve uygulama uygulamada dikkat edilmesi gereken hususlar
prensipleri
7. Yazili ev 6devi Matematiksel Ogretmenlerin bireysel olarak birer adet
(2 hafta) modelleme problemi matematiksel modelleme problemi hazirlamalari ve
hazirlama en az bir adet 6rnek ¢6ziim yapmalari
8. Bireysel Hazirlanan problemlerin  Ogretmenler ile hazirladiklari problemler ve problem
goriismeler degerlendirmesi hazirlama siireci hakkinda goriismeler yapilmasi
(45 dakika)
9. 8 saat Problemlerin Ogretmenlerin hazirladiklari problemleri ve drnek
(2 oturum) tartisilmasi ¢6z(im Onerilerini sunmalari
10, Yazili ev 6devi Problemlere son Sinif tartismalari ve dnerilerin dikkate alinarak

(1 hafta)

seklinin verilmesi

problemlere son seklinin verilmesi

Bu calismada Tablo 1’'deki son dort uygulamaya ait olan veriler dikkate alinmistir. Yani, 6gretmenlerin
hazirladiklari problemler, problemler hakkinda yapilan gériismeler ve problemlerin sunuldugu toplantilara
ait veriler incelenmistir. Ogretmenler problemleri bireysel olarak hazirlamalari istenmistir. Verilen siire
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sonunda 6gretmenlerle bireysel gorismeler yapilarak hazirladiklari problem ve problem hazirlama
surecine iliskin deneyimleri matematiksel modelleme kriterleri gergevesinde degerlendirmeleri
saglanmistir. Gérlisme formunda yer alan 6rnek sorulardan bazilari “Matematiksel modelleme problemi
hazirlamak ile diger problemleri hazirlamak arasinda nasil farkhliklar vardir? Bir problemin matematiksel
modelleme problemi olmasi icin hangi 6zelliklerin vazgecilmez oldugunu disliniyorsunuz? Problemi
hazirlarken nelere dikkat ettiniz? En ¢ok hangi asamada zorlandiniz? Neden? Sizce probleminiz
matematiksel modellemenin hangi 6zelliklerini tasiyor? Problemde degisiklik yapmak isterseniz nasil
degisiklikler yapmak istersiniz? Neden?” seklindedir.

Etik Kurul izin Bilgileri

Bu calismaya Erciyes Universitesi Sosyal ve Beseri Bilimler Etik Kurulu tarafindan 23.02.2016 tarihli 12
belge numarasi ile etik onay verilmistir. Ayrica arastirmanin Milli Egitim Bakanhgi Temel Egitim Genel
Mudirligi’nce 04.03.2016 tarihli ve 70297673-605-E.2596795 sayil Yasal izin Belgesi bulunmaktadir.

Verilerin Analizi

Uygulamaya ait tiim sesli ve gériintili veriler yazili dokiimanlara dénistiiriilmistir. Oncelikle her
gorismeye ait yazih kayitlardan rastgele ikisi secilmis ve transkriptin 6n kodlamasi arastirmacilar
tarafindan bagimsiz bir sekilde yapilmistir. Bu 6n kodlamalarin amaci 6gretmenlerin matematiksel
modellemeyi geleneksel problemlerden ayiran o6zellikleri ve problem hazirlama siireci hakkinda
diisiincelerini ortaya koyacak kodlarin belirlenmesini saglamaktir. On kodlamalar sonucu olusturulan
kodlama semasi ile birlikte matematiksel modelleme problemlerinin literatiirde yer alan 6zellikleri dikkate
alinarak ana kodlama asamasina gecilmistir. Her yazili kayit iki arastirmaci tarafindan bagimsiz olarak
kodlanmis daha sonra kodlar karsilastiriimistir. Uzlasma saglanamayan bolimler tiim arastirmacilar
tarafindan tartisilmis ve ortak karar dogrultusunda kodlanmistir. Kodlama semasina son sekli verildikten
sonra arastirmacilar ikili kodlamalara devam etmis ve uzlasamadiklari noktada Uglincu arastirmacinin
gorisiine bagvurmuslardir.

Hazirlanan problemler literatlirde yer alan matematiksel modelleme problemlerinin 6zellikleri (MaaR,
2007; Borromeo Ferri, 2018; Galbraith, 2007, Doerr & Lesh, 2011; Dogan, 2020) dogrultusunda
arastirmacilar tarafindan belirlenen kodlara gore analiz edilmistir (Yildirrm ve Simsek, 2016). Bu kodlar
gerceklik, aciklik, karmasik/diisiindiiriicii olma, model olusturma seklinde siralanabilir (Tablo 2).
Problemlerin belirlenen kriterlere gore analiz edilmesinde arastirmacilar bireysel analizler yapmis ve
yapilan analizler her kriter bazinda karsilastirmali olarak degerlendirilmistir. Veri analizlerinin gegerlik
guvenirligi bu sekilde saglanmigtir.

Tablo 2.
Matematiksel Modelleme Problemlerinin Ozellikleri

Matematiksel
modelleme Aciklama Kriterler icin rehber sorular
kriterleri

e Problem gercek yasam karsilasilan bir

Problemin gercek yasam durumu durumu iceriyor mu?
Gergeklik icermesi ve problem durumunun e Problem durumu uygulama grubu igin anlamli
bireyin gercekligiyle 6rtismesi olabilecek sekilde bilgiyi ve agiklamay igeriyor
mu?

Problemin varsayimlara ve
tahminlere (yorumlamaya) dayali
olmasi ve farkli ¢oztimlere agik
olmasi

e Problem yorumlamaya, varsayim
olusturmaya uygun bir yapida mi?
e Problemde farkh ¢éziimler ortaya gikiyor mu?

Aciklik
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e Birey problemi ¢ozmek icin matematiksel
yollar kullanma ihtiyaci hissediyor mu?

e Problem bireyde karmasik veya garesizlik
hissi uyandiriyor mu?

Matematigin problemde 6rtik yer
almasi ve problemin kiside ¢6zme
ihtiyaci veya arzusu yaratmasi

Karmasiklik

Problemin matematiksel
Model .

modelleme siirecine uygun . . R,
Olusturma . . matematiksellestirilmesi ile ¢ézilebiliyor mu?
¢Ozulebilmesi

Problem gergek yasam durumlarinin

Matematiksel modelleme problem hazirlama siirecine iliskin 6gretmen gorisleri icerik analizine tabi
tutulmustur. On kodlamalardan sonra arastirmacilarin bir araya gelerek olusturduklari kodlama semasi

Tablo 3’te verilmistir.

Tablo 3.

Ogretmenlerin Matematiksel Modelleme Problemi Hazirlama Siireci Hakkindaki Gériisleri

Kodlar Aciklama Ornek Ogretmen Goriisii
“Geleneksel problemler ¢cok daha kolay.
. Daha kisa siirede ¢cok hizli hazirlayabiliriz
Matematiksel AT
. ama modelleme problemi igin bir haftadan
modelleme problemi I
Zaman alici fazla diisiindiim ve zar zor ortaya

hazirlamanin uzun
zaman gerektirmesi

cikarabildim. Yani siiregler birbirinden ¢ok
farkli. Matematiksel modelleme problemleri
cok daha uzun zaman gerektirir.” (Merig)

Acik olma zorunlulugu

Farkh modeller ortaya
¢ikarmak i¢in problemde
varsayimlarin ve
yorumlarin gerekliligi

“Tek bir dogru sonucu olmayan gergek bir
yasam durumu olmalidir. Yalnizca bir dogru
sonucu olan problemler her zaman
uygulama asamasinda kalir (Bloom
Taksonomisinde). Metodolojiyi takip
ettiginizde, belirli bir tek sonug elde
edersiniz. Cocugun yorum yapabilme
yetenedini desteklemek gerekir.”(Seyhan)

Gergek yasam zorunlulugu

Problemin gergek yasam
durumu icermesi

“Normal problem hazirlarken belli
kazanimlarimiz var. Genel itibariyle
istedigimiz kazanimlari éigecek sekilde olan
testler, sinavlar, sorular hazirhyoruz. Cok zor
olmuyor. Giinliik hayatla ¢ok da fazla i¢ ice
olmasi gerekmeyen kazanimlar da
yoklaniyor. Alan hesabi mesela... Herhangi
bir dértgenin alaninin hesaplanmasi igin ¢ok
da giinliik hayatin icinde olan bir probleme
dayanmasi gerekmiyor. Olsa iyi olur ama
daha basit kaliyor. Matematiksel
modellemede 6yle degil.” (Firat)

Matematiksellestirilebilecek
bir durum belirleme

Gergek yasam
durumunun problem
durumunun kendisi
olmasi ve
matematiksellestirilerek
¢Ozulebilmesi

“Problemde ne soracagimi belirleyemedim.
Evet, glinliik hayatta karsilastigimiz birgok
sorun var ama ben ne soracagim? Her
zaman tek bir sonuca odaklandigimiz igin
matematiksel olarak farkli sonuglar verecek
bir problem durumu bulmak zordu. Ben
problemimi ¢cok degistirdim." (Ayla)
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Bulgular

Arastirma bulgulan iki baglk altinda ele alinmistir. ilk bélimde, hazirlanan problemler modelleme
kriterlerine gére degerlendirilmistir. ikinci bélimde ise 6gretmenlerin matematiksel modelleme problemi
hazirlama sireglerine iliskin deneyimlerine ait bulgular incelenmistir.

Ogretmenlerin Hazirladiklari Problemlerin Modelleme Kriterlerine Gére Degerlendirilmesi

Ogretmenlerin hazirladiklari problemler incelendiginde, ticiiniin matematiksel modelleme problemi
oldugu, Uglinlin ise matematiksel modelleme problemi olmadigi tespit edilmis, yapilan bireysel
gorismeler ve Ogretmen toplantilarindaki tartismalar sonucunda problemlerden ikisi glincellenerek
matematiksel modellemeye uygun sekilde diizenlenmistir. Problemlerin degerlendirme sonuglari Tablo
4’te sunulmustur.

Tablo 4.
Ogretmenlerin Hazirladiklari Problemlerin Modelleme Kriterlerine gére Degerlendirilmesi

Matematiksel modelleme kriterleri

Problemin adi ve hazirlayan

6gretmen Gergeklik Acikhik Karmagsiklik Model olusturma
E:ril';; Salonu Evet Hayir Kismen Hayir
Radar Problemi (Ayla) Hayir Hayir Hayir Hayir
- >

Bahce Evi Problemi Evet Evet Evet Evet
(Firat)

Araba Problemi* (Merig) Evet Evet Evet Evet
Elektrik Tarifesi* (Seyhan) Evet Evet Evet Evet
fzoﬁpl:f:) Enerji Uretimi Evet Hayir Hayir Hayir
Hediyelik Kayisi Paketi*

(Ayla**) Evet Evet Evet Evet
Kati Atik Bertaraf Tesisi*

(Ziihre**) Evet Evet Evet Evet

*Matematiksel modelleme problemi; **Problemlerin ikinci versiyonu

Tablo 4’te goruldigli problemlerin ilk versiyonlari analiz edildiginde Aras, Ayla ve Ziihre 6gretmenlerin
problemlerinin matematiksel modelleme olmadigi; Firat, Meri¢ ve Seyhan 6gretmenlerin problemlerinin
ise matematiksel modellemeye uygun oldugu tespit edilmistir. Ayla 6gretmenin hazirladigi Radar
probleminin matematiksel modellemenin hicbir 6zelligini saglamadigi; Ziihre 6gretmenin Copten Eneriji
Uretimi probleminin sadece gercek yasama uygun oldugu; Aras dgretmenin Digiin Salonu probleminin ise
gercek yasama uygun olmasiyla birlikte kismen dislindirici oldugu gortlmektedir.

Yapilan degerlendirmeler sonucunda (arastirmaci ve uzman gorisleri, bireysel gériismeler ve galistay
toplantilari) 6gretmenlerden problemleri revize etmeleri istenmistir. Matematiksel modelleme problemi
olan Bahge Evi, Araba ve Elektrik Tarifesi problemlerinin birkag kiiciik dizeltme ile daha anlasilir hale
getirilerek giiglendirilmesi istenmistir. Matematiksel modelleme problemi olmayan Diiglin Salonu, Radar
ve Coépten Enerji Uretimi problemleri icin ise sorumlu dgretmenlerden yapilan elestirileri géz 6niinde
bulundurarak problemlerini yenilemeleri ya da degistirmeleri istenmistir. Bunun Uzerine Ayla 6gretmen
Hediyelik Kayisi Paketi adli yeni bir problem hazirlamistir. Ziihre 6gretmen ise Cépten Enerji Uretimi
problemini yenileyerek problemin adini Kati Atik Bertaraf Tesisi olarak degistirmistir.
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Copten Enerji Uretimi

Toplumumuz tasfiyesi bliylik zorluklar iceren ve gittikge artan oranda ¢op uretmektedir.
Copun birikmesini izleyen siiregte curtiimeyle birlikte metan gazi olusmaktadir. Adiyaman
Belediyesi hem ¢dp sorununa ¢6zim bulmak hem de olusan bu gazdan elektrik Gretmek
amaciyla Kati Atik (¢op) isletme tesisi kurmak istemektedir. Adiyaman’da bir giinde ortalama
350 ton ¢op ciktigl belirlenmistir. Coplerin %40 ila %60 arasinda organik atik (bozunabilen)
ihtiva ettigi tahmin edilmektedir. Organik atiklarin %25’lik kismi suya donlismektedir. Geri kalan
organik atiklarin ortalama %56’sI metan gazi ¢ikarmaktadir. Bir ton metan gazindan bir saatte
2 kw ile 3 kw arasinda elektrik tGretimi yapilmaktadir. Bir glinde ne kadar elektrik tretilebilir?

Copten Enerji Uretimi probleminde Adiyaman Belediyesi bir kati atik isletme tesisi kurarak hem sehrin
¢Op sorununu ortadan kaldirmayr hem de agiga ¢ikan metan gazini elektrik tretiminde kullanmayi
hedeflemektedir. Problemi ¢6zen kisiden istenen ise metinde verilen oranlari dikkate alarak glnlik
ortalama ¢6p miktari 350 ton olan sehrin atiklarindan Uretilebilecek giinlik elektrik miktarini
hesaplamasidir.

Problem gercekgi sayisal verilerin yer aldigi gercek yasam durumuna uygun olarak hazirlanmistir.
Ancak matematiksel modelleme kriterlerinden sadece bunu saglamaktadir ve gergcek yasam durumu
iceren geleneksel nitelikleri tasiyan sozel bir problemdir. Dikkat edilirse ¢6ziim igin gerekli tiim bilgiler
problemde verilmistir. Dolayisiyla varsayimlara ve farkli modellerin olusturulmasina imkan vermeyen bir
problemdir. Coziim yaparken farkh alternatiflerden bahsedilebilir: 1) Sayisal veri araliklarinin alt ve st
sinirlari kullanilarak minimum ve maksimum degerlerler yine aralik seklinde bulunabilir. 2) Organik atik
miktari, ¢op miktarinin %40-%60’1 olacak sekilde sabit bir oran izerinden hesaplanabilir. Bir saatte Uretilen
elektrik miktari hesaplanirken de benzer sekilde 2 ile 3 arasinda sabit bir deger ile islem yapilabilmesi
mimkindar. Farkh sayisal sonuglarin ortaya g¢ikmasini 6zgiin modeller olarak degerlendirmek dogru
degildir. Problemde belirli ve dogrusal bir islem prosedir( vardir. Problemi ¢ézen kisi sadece sayisal
degerleri belirleme konusunda 6zgiir birakilmistir. Algoritmasinin belli olmasi modelleme siirecinin
basamaklarina uygun olarak ¢o6zilmesine de imkan vermemektedir. Zihre 6gretmen, problemlerin
degerlendirildigi toplantilardan edindigi deneyim ve kendi problemi tzerine yapilan tartismalari dikkate
alarak bu problemin matematiksel modelleme problemi olmadigina ikna olmustur. Ogretmenden
problemini glincellenmesi istendiginde ayni icerige sahip olan Kati Atik Bertaraf Tesisi problemini
hazirlamistir.

Kati Atik Bertaraf Tesisi

Adiyaman Belediyesi sehrin ¢op sorununa ¢ézim bulmak ve ¢dpten agiga ¢ikan metan gazini
elektrik Gretiminde kullanabilmek amaciyla bir enerji santrali kurmak istemektedir. Glinde
ortalama 350 ton ¢bp toplandigini géz 6niinde bulundurarak béyle bir tesisin kurulmasinin
gerekli olup olmadigini gerekgeleriyle yazdiginiz bir rapor hazirlayiniz.

Zihre 6gretmen hazirladigl ilk problemin agik uglu olmasini engelleyen, varsayimlarin éniine gecen
sayisal degerleri ve yonlendirici bilgileri kaldirilarak problemi bir matematiksel modelleme problemine
donustirilmastar (Sekil 3). Goraldugu gibi bu problemde Adiyaman’in glinde ortalama 350 ton ¢op
miktarini dikkate alarak bir enerji santralinin kurulup kurulamayacagina 6grencinin ¢6zim Uretmesi
isteniyor. BoOyle bir santralin gerekliligi ve kuruldugu takdirde avantajlarinin neler olacagl c¢esitli
varsayimlarda bulunmayi, yorumlamayi ve hesaplanmayi gerektirmektedir. Bu da 6grencilerin gergek
yasam durumunu matematiksellestirmeleri anlamina gelmektedir.

Gergeklik

Problem hazirlama siiregleri hakkinda yapilan bireysel gériismeler ve problemlerin degerlendirildigi
genel grup tartismalarinda matematiksel modelleme problemi hazirlarken 6gretmenlerin dikkate aldiklari
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ilk  kriterin gercek yasam durumu oldugu gorilmustir. Gergek yasam  durumlarinin
matematiksellestirilmesinde iki unsur én plana ¢cikmaktadir: 1. Ogretmen deneyimleri, 2. Sayisal verilerin
gercekligi. Ogretmenlerin gercek yasam durumlarindan esinlenerek problem olusturmaya calisirken kendi
deneyimlerini, ilgi alanlarini, giinliik hayatlarini dikkate aldiklar tespit edilmistir. Ornegin Seyhan’in
problemi hazirlarken kendi basina gelen bir olaydan esinlendigini, yasadigi bir sorunu dogrudan probleme
donistlirdiguint “Bu ¢ok tesadiifi bir sey oldu. Hazirlamadan 6nceki giinlerde evde bizzat karsilastigimiz
bir problem oldu.” seklinde ifade etmesi; Ayla’nin problemin gikis noktasi soruldugunda ise “Basima gelen
bir olay olmasi... (...) Diisiindiim sonra “Aaa evet bunu ben yasadim. Niye yazmiyorum.” dedim.” seklinde
bir agiklama yapmasi 6gretmenlerin problem hazirlarken deneyimlerinden faydalanmayi tercih ettiklerini
gostermektedir.

Ayrica problemlerde kullandiklari sayisal verilerin 6grencileri yaniltmamak amaciyla gercek degerlere
uygun olmasinin 6gretmenler icin 6nemli bir faktér oldugu tespit edilmistir. Zihre'nin Copten Enerji
Uretimi problemi igin bir cevre mithendisinden yardim almasi, Ayla’nin Radar probleminde otobandaki
yasal hiz sinirini arastirmasi, Meri¢’in glincel otomobil fiyatlarini kullanmasi 6gretmenlerin problemlerini
sayisal gerceklige dayandirma zorunlulugu hissettiklerini disiindiirmektedir. Problemler ve 6gretmen
gorisleri dikkate alindiginda 6gretmenlerin gergek yasam kriterini dikkate aldiklar biri hari¢ (Radar
Problemi) tim problemlerin bu 6zelligi tasidigi gorulmistar.

Acikhk

Ogretmenlerin problem hazirlarken dikkate aldiklari ortak kriterlerden biri problemin agik uclu
olmasidir. Ogretmenler acik uglu olmayi farkli modellerin ortaya gtkmasina imkan vermenin disinda bir de
farkh sonuclar elde etme seklinde ele almislardir. Elde edilen bulgular bu 6zelligin (alternatif sonuglara
sahip olma) bazi 6gretmenler tarafindan matematiksel modelleme problemlerindeki farkli ve 6zgiin
modellerin ortaya ¢ikmasiyla eslestirildigini gdstermektedir. Bu agidan bakildiginda 6gretmenlerin bu
ozelligi ¢ozimde sayisal olarak farkl degerler elde etmeyle sinirladiklari dislinilmektedir. Bu 6gretmenler
matematiksel modellemedeki “degisken” kavramini ve buna bagli olarak 6zgiin modeller ortaya ¢ikmasini
farkli yorumlamaktadir. Ogrencinin belirli bir aralik icinde istenilen sayisal degerleri kullanabilmesini farkli
degisken kullanmak oldugunu disilindukleri, elde edilen ¢oziimlerin sayisal degerlerinin farkli olmasini ise
farkli modeller olarak gordiikleri sdylenebilir. Ornegin, Zithre’nin Cépten Enerji Uretimi probleminde
verilen yuzdelik oranlar dahilinde farkli sayisal sonuglar elde edilmesi 6gretmen tarafindan farkh
modellerin ortaya ¢ikmasi seklinde yorumlanmistir.

Problemin agik uglu olma 6zelligini, farkh degiskenleri dikkate almak seklinde disiinen 6gretmenler
problem hazirlarken &zgiin modellerin ortaya c¢ikmasini dikkate aldiklarini belirtmislerdir. Ornegin,
Seyhan’in matematiksel modellemenin gercek yasami yansitmasinin dogal bir sonucu olarak 6zgiin
¢O6zumlerin ortaya ¢iktigini “(...) giindelik hayatta da bu béyle... Siz secimlerinize gére yasarsiniz. Bir nceki
seciminiz bir sonrakini etkileyecektir. Ha béyle olunca da tamamen yani nasil desem tek bir dogruya yénelik
degil de herkesin kendi segcimlerine yénelik bir seyler yapmaya ¢alistim (...)” s6zleriyle ifade etmistir. Firat
ise gorismeler sirasinda “Matematiksel modellemede veriler yani problemin icindeki veriler, sunu fark
ettim seni net ¢é6zlime gé6tiirmiiyor. Bizim klasik problemlerden farki bu. Bence en biiyiik farklardan birisi
bu... Ciddi anlamda bir yorum katmak gerekiyor. Zaten 6zgiin ¢6ziimler de bu sekilde ortaya ¢ikiyor.”
seklinde yaptigi agiklama ile problemin agik uglu olmasini dikkate aldigi gérilmektedir.

Ogretmenlerin problemin acik uglu olmasi gerektigine yonelik bir takim yanlis algilari olsa da bu kritere
uygun bir problem hazirlama gayretinde olduklari yapilan gériismelerde agik¢a gorilmektedir. Bununla
birlikte ilk hazirlanan problemlerin Giglinlin acik uglu olmasina ragmen diger li¢linlin bu 6zelligi tasimadigl
belirlenmistir.

Karmagikhk/Diisiindiiriicii olma

Bulgular 6gretmenlerin problem hazirlarken gergek yasam ve agik uglu olmasini dikkate aldiklari kadar
karmasik yani duslindlricti olmasini net bir kriter olarak ele almadiklarini gostermektedir. Aras
6gretmenin egitim Oncesi yapilan gorliismelerde kaliteli bir matematik probleminin tasimasi gereken en
onemli 6zelliklerden birinin diisiindiirtici olmasi oldugunu vurgulamis ve egitimden sonra matematiksel
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modellemenin bu yoniinin kendisini cezbettigini, daha 6nce farkinda olmadigl bu problem tiirinin
ozellikle diistiindiriicl oldugu icin geleneksel problemlerden daha etkili olabilecegini ifade etmistir. Ancak
O0gretmenin problemin dislindurici olmasi ile ilgili agiklamalari incelendiginde bu tir problemlerin dikkat
gerektiren, tek adimda c¢6zlilmeyen problemler oldugu anlasilmaktadir. Dolayisiyla 6gretmene goére
problemin disindirici olma tanimi matematiksel modelleme problemlerinin distindiiriici olma
ozelligini karsilamamaktadir.

Firat 6gretmen, c¢ok fazla degiskenin dikkate alinmasini gerektiren ve belirsizligin yogun derecede
hissedildigi problemlerde ¢6ziimin zorlasacagini  hatta bu durumun ¢6ziime ulagiimasini
engelleyebilecegini dislindigund,

“Diger 6gretmen arkadaslarimin problemlerini gériince diinyayi nasil kurtaririz diye anladim {(...) Hani
cok ucu acgik, cok muallakta, cok belirsizlik, ¢ok fazla degiskenler... Bu anlamda nasil net ¢éziimler yapilabilir
ya da yapilmasi zor yani. (...) kesinlikle insanin bu problemler (istiinde diisiinerek yetilerini gelistirebilecek
bir yaklasim bu. Ama iste...”

seklinde belirtmistir. Bu nedenle problemin distindirici olmasini 6grencilerin 6zelliklerine goére
ayarlanabilir nitelikte bir 6zellik olarak dikkate alinmasi gerektigine inanmaktadir. Tim problemler ve
gorisler dikkate alindiginda hazirlanan ilk problemlerden Uguniin (Bahge Evi, Araba Problemi, Elektrik
Tarifesi) diisiindiiriicii nitelikte oldugu, ikisinin (Cépten Enerji Uretimi, Radar Problemi) bu &zelligi
tasimadigi, bir problemin ise (DUglin Salonu Problemi) kismen distindirici oldugu tespit edilmistir.
Ayrica hazirlanan son iki problemin de dislindlrici olma kriterine uygun oldugu gérilmistir.

Model olusturma

Bir problemin matematiksel modelleme olabilmesi igin gerekli sartlardan biri de modelleme siirecine
uygun olarak ¢o6zilebilmesidir. Problem hazirlarken modelleme siirecine uygun ¢o6zilebilmesini dikkate
aldigini dile getiren tek 6gretmen Seyhan olmustur. Seyhan 6gretmen problemi hazirlarken modelleme
siirecine uygun olarak nasil ¢ozilebilecegini disinmektedir. Gérismede “Problemi yazma asamasinda
zorluk yasadiniz mi?” sorusuna su sekilde cevap vermistir:

“Hayir. Zaten en biiyiik sansim su oldu: modellemenin basamaklarini zihnimde gegirerek ona gére
yazdigim icin, nasil desem soruyu diisiiniirken ya da yazarken modelleme basamaklarini diisiinerek
yazdim. Zihinsel model olusturma, model olusturma ya da dénliistiirmeye yénelik seyler yaptigim icin
problemin ¢atisini kurdum. Sonraki meseleler pek fazla zamanimi almad:.”

Ogretmenin bu cevabindan modelleme siirecini diisiinerek problemi hazirlamasinin problem yazma
sirecini kolaylastirdigi gorilmektedir. Diger 6gretmenlerin problem hazirlarken dogrudan modelleme
basamaklarini dikkate aldiklarina yonelik bir bulguyla karsilagilmamistir. Ancak 6gretmenlerin 6rnek
¢ozlimlerini modelleme basamaklarina uygun sekilde diizenlemeleri Firat ve Meri¢ 6§retmenin bu kritere
dikkat ettiklerini gostermektedir. Aras 6gretmen ise modelleme problemlerinin ¢d6zimdi ile ilgili olarak
goruslerini,

“Eger “senin sunacadin her ¢éziimiin dogrudur” dersek o ¢ocuk hi¢ umursamadan diisiinmeden bir
¢6ziim bulmaya ¢alisacaktir ama tutarli olacak, mantikli olacak, o problem durumu ile ilgili olacak. Ortaya
¢cikacak sonug seni de mutmain edecek. Var olan bir problemi ortadan kaldirmak igin senin gériisiin nedir
ve o gériistin dogrultusunda senin ¢ikaracadgin sonug ne olacak.”

seklinde dile getirmistir. Ogretmene gére ortaya koyulan her ¢éziim mantik siizgecinden gegcirilmeli,
gercek hayattaki islevselligi kontrol edilmelidir. Aksi takdirde 06grencilerin {izerinde dislinmeden
Urettikleri birgok ¢6zim oOnerisi sunacaklarindan endise etmektedir. Modelleme siirecinde, model
olustururken ve c¢ozerken problem durumunun gercek hayatla baginin koparilmamasi gerekliligi
donistiirme ve degerlendirme basamagina karsilik gelmektedir. Yapilan goriismelerde Seyhan harig hicbir
ogretmenin dikkate aldiklarini dogrudan belirtmeseler de matematiksel modelleme problemi olan tiim
problemlerin modelleme siirecine uygun ¢ozillebildigi tespit edilmistir.
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Ogretmenlerin Problem Hazirlama Siireglerinin Genel Degerlendirmesi
Ogretmenlerin problem hazirlama siireglerini anlattiklari bireysel gériismelerde ve egitimler

sirasindaki grup tartismalarinda matematiksel modelleme kavramlarini farkh sekillerde kullandiklari
gorilmustur (Tablo 5).

Tablo 5.
Ogretmenlerin Problem Dederlendirme Kriterleri
Modelleme Kriterleri Alternatif kullanim sekli
Gergeklik gercek yagam, glinlik hayat
Aciklik varsayimlara dayali, sinirli veri, ¢6ziim 6zgurlig, farkli ¢goziimler
Distindirici/karmasik olma disunduricu, belirsizlik, garesizlik hissi yaratma, zor olma

Ogretmenlerin bu kavramlari kullanma bigimleri degerlendirildiginde bazen ayni ya da benzer seyi
ifade ettikleri; bazen de olmasi gerekenden farkli bir anlamda bu kavramlari kullandiklari belirlenmistir.
Ornegin, giinliik hayat dogrudan gercek yasami isaret etmek icin kullandiklari bir kavramdir. Ancak bazi
kriterlerin matematiksel modellemenin &ézelliklerini yansitmadigi gériilmiistiir. Ornegin disiindirici ya
da karmasik olma, problemdeki belirsizlik durumu, problemin zor olmasi gibi kriterler teorik olarak
degerlendirme yapmak icin secilen dogru ozellikler gibi goriinse de 6gretmenlerin bu 6zellikleri farkh
algilamalari sonucu bunun yanlis degerlendirmeler yapmalarina sebep oldugu tespit edilmistir. Aras
O0gretmenin Diglin Salonu probleminin ¢6zimi igin birgcok islem yapmayi gerektirmesi 6gretmen
tarafindan dislindiiriici olma ile iliskilendirmesi bu duruma ornek olarak verilebilir. Bireysel olarak
yasanan bu tir zorluklarin grup tartismalariyla ortadan kalktigi, kavramlarin matematiksel modellemeye
uygun sekilde kullanildigi gérialmustir.

Ogretmenlerin matematiksel modelleme problemi hazirlama siireci hakkindaki goriisleri Tablo 6.’da
Ozetlenmistir.

Tablo 6.
Ogretmenlerin Matematiksel Modelleme Problemi Hazirlama Siireci Hakkindaki Gériigleri
Kodlar Agiklama Ogretmenler
Matematiksel modelleme problemi Ayla, Firat, Merig, Zihre,
Zaman alici . .
hazirlamanin uzun zaman gerektirmesi Seyhan, Aras
Farkl I k k igi
) arkli modeller ortaya g¢ikarmak igin Ayla, Firat, Meric, Zihre,
Acik olma zorunlulugu problemde varsayimlarin ve yorumlarin
I Seyhan
gerekliligi
Gercek yasam zorunlulugu !Droblem.in gercek yasam durumu Ayla, Firat, Merig, Zihre,
icermesi Seyhan, Aras
. L Gergek yasam durumunun problem
Mat tiksellestirilebilecek
atematikseliestiriebtiece durumunun kendisi olmasi ve Ayla, Firat, Merig, Seyhan

bir durum belirleme . L e .
matematiksellestirilerek ¢ézllebilmesi

Tablo 6 incelendiginde tiim 6gretmenlerin matematiksel modelleme problemi hazirlama siirecinin
zaman alici olmasi konusunda hem fikir olduklari goriilmektedir. Problem hazirlamanin zaman alici
olmasina yonelik veriler 6zellikle problem durumu olusturacak bir fikir bulma asamasinda 6gretmenleri
zorladigi soylenebilir. Ayla’nin “Bu ¢ok daha fazla zaman aldi ¢ok daha derin diisinmeme neden oldu.
Obiirlerinde (geleneksel problemlerde) sayisal cevap direk bulunabildigi igin sikinti yasamiyordum da
bunda siire¢ bayadi uzun siirdii.” seklindeki ifadeleri ile Meri¢’in “...modelleme problemi igin bir haftadan
fazla diisiindiim ve zar zor ortaya ¢ikarabildim.” s6zleri bu duruma 6rnek bulgular arasinda yer almaktadir.

Matematiksel modelleme problemlerinin farkh yorumlara acik, ¢6ziim adimlarinin dogrusal olmayan
bir yapiya sahip olmasi nedeniyle 6gretmenlerin problem hazirlama siirecinde alisik olmadiklari bir
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deneyim yasamalarina sebep olmustur. Firatin bu konu hakkindaki asagidaki yorumu diger
katilimcilarinda goériistini yansitir niteliktedir.

“Matematiksel modellemede veriler yani problemin icindeki veriler sunu fark ettim seni net ¢bziime
g6tiirmiiyor. Normal bizim klasik problemlerden farki bu. Bence en bliylik farklardan birisi... Ciddi anlamda
bir yorum katmak gerekiyor. Zaten 6znel ¢éziimler bu sekilde ortaya ¢ikiyor.”

Matematiksel modelleme problemlerinin en temel 6zelligi olan gercek yasam durumuna dayali olmasi
tim o6gretmenlerin problem hazirlama sirecinde ilk dikkate aldiklari kriterdir. Dolayisiyla problem
hazirlama sirecinde bunun hem bir gereklilik hem de kendilerini zorlayan bir kriter oldugunu
vurgulamislardir. Bununla birlikte 6zellikle matematiksellestirmeye uygun bir gercek yasam durumu
bulmanin zorlayici bir siire¢ oldugu Firat’in su agiklamalarindan anlagiimaktadir:

“Vazgecilmez 6zelliklerimden ilki giinliik hayatta bir karsihdin olmasiydi. Ikincisi matematik diline
cevrilebiliyor olmasiyd.. (...) Hani sey diye diisiindiim bir olayr matematik diline cevireyim diye diisiindim.
Ceviremedim. (...) Bir sey daha oldu ondan énce de bir sey tasarlamistim ben. (...) Ben 8. siniflarin dersine
girdigim icin orada da hazirlayabilecedim konular (slii sayilar, karekéklii sayilar oldugu igin karekdklii
sayilardan bir sey tasarlamak istedim. Hatta onu da tasarladim da sonra ondan da vazgegtim. Onda da bir
bahgeye hazir ¢cim sereceklerdi. Farkli firmalarin farkh seyleri var mi diye arastirdim hatta. Ciinkii hepsi
kare seklinde mi liretiyor, hepsi dikdértgen seklinde mi liretiyor. Sonra baktim ki farkli firmalar farkl
ebatlarda (retebiliyormus. Onunla ilgili bir problem tasarladim sonra vazgeg¢tim ondan. Aslinda onu
gGétiirebilseydim sonuna kadar o daha iyi bir problem olabilirdi.”

Ogretmenlerin matematiksel modelleme problemi hazirlarken dikkate aldiklari kriterler ve
karsilastiklar zorluklar hakkindaki gorisleri incelendiginde bu siireci genellikle 6nceki deneyimleriyle
karsilastirarak degerlendirdikleri ortaya ¢ikmistir. Bu nedenle 6gretmen gorisleri dikkate alinarak
matematiksel modelleme problemi hazirlama sirecinin geleneksel problem hazirlama siireci ile
karsilastirilmasi Tablo 7’de verilmistir:

Tablo 7.
Ogretmenlerin Matematiksel Modelleme Problemi ile Geleneksel Problem Hazirlama Siireglerinin
Karsilastiriimasi

I\/‘I‘aternatlksel Modelleme Problemi Hazirlama Geleneksel Problem Hazirlama Siireci

Siireci

Zaman alicidir Kisa surede yapilabilir

Gergek yasam durumu olmak zorundadir Gergek yasam durumu olmak zorunda degildir

Problem durumu matematiksellestirmeye uygun Problem durumunun matematik diline

olmalidir aktarilmasi s6z konusudur

Acik uglu olmaldir Genellikle tek ¢oziime yoneliktir

Farkli degiskenleri dikkate almak gerekir Sadece sayisal degiskenler kullanmak yeterlidir

Diisiinmeyi gerektirir Cok fazla distinmeden birgok benzer problem
hazirlanabilir

Analiz, sentez ve degerlendirme basamaklari Genellikle kavrama ve uygulama basamagina

dikkate alinir yoneliktir

Matematiksel modelleme problemi hazirlamanin zor bir slire¢ oldugu tiim Ogretmenlerin ortak
gorisudir. Zor olmasinin nedenleri Tablo 7’de acik bir sekilde gériilmektedir. Oncelikle, matematiksel
modelleme problemi hazirlama 6gretmenler igin geleneksel problem hazirlamaya gére oldukga uzun bir
siire¢ oldugu sdylenebilir. Ogretmenler ilk olarak, fikir bulma konusunda zorlanmislardir. Ornegin, Ziihre,
bu durumu “Ben énce konuyu belirleyemedim. Yani bunu belirledikten sonra iki giin siirdii kdgida dékmek.
(...) bir fikir bulmak uzun siirdii.” seklinde dile getirmistir. Fikri bulduktan sonra ise bunu kagida dokmek
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cok fazla zamanlarini almamistir. Ogretmenlerin problem durumunu belirlemelerinde zorlanmalarinin
nedenleri problemin gercek hayattan ve agik uglu olmasi gerektiginden kaynaklanmaktadir. Ayni anda
farkli degiskenlerin bir arada dusuiniilmesini saglayacak karmasik bir problem hazirlamak 6gretmenler igin
kolay olmamustir. Ornegin, Firat,

“Normal problem hazirlarken belli kazanimlarimiz var. Genel itibariyle onlari 6icecek sekilde testler,
sinavlar, sorular hazirliyoruz. Cok zor olmuyor. Orada giinliik hayatla ¢ok da i¢ ice olmasi gerekmeyen
kazanimlar da yoklaniyor. Alan hesabr mesela... Herhangi bir dértgenin alaninin hesaplanmasinin giinliik
hayatin icinde olan bir probleme dayanmasi gerekmiyor.”

diyerek baglayan agiklamasinda problemin gergek hayat durumunu yansitmasi gerekliliginin kendisini
zorladigini ifade etmistir.

Ogretmenlerin problemlerini hazirlarken c¢ikis noktalari kazanimlar degil gercek yasam durumlari
oldugu hatta kendi deneyimleri oldugu elde edilen bulgulardan biridir. Ancak probleme konu olan
durumlar da birden ortaya ¢cikmamistir. Her 6gretmen birkag basarisiz deneme siireci yasamistir. Ornegin
Meric bu slreci anlatirken,

“Benim ilk ¢cikis noktam bir olayr matematik diline cevirmekti. Ceviremedim. Aslinda ilk énce saglikla ve
sporla ilgili problem yazmaya basladim. Bunun igin bir seyler arastirdim. Bayadi da problemi kurguladim.
Spor yapmak isteyen ve kilosunu diistirmek isteyen biri su kadar yiirtiylisle su kadar kalori harciyor falan...
Sonra problemi biraz ortaya ¢ikarinca bizim daha énce ¢ézdiigiimiiz diyet problemine ¢ok benzedigini
gdlriince vazgegtim.”

ifadelerini kullanmistir. Diger 6gretmenlerin de benzer problem hazirlama 6ykistine sahip olduklari
saptanmistir.

Problem hazirlama siirecinde yasanan zorluklarin nedenlerinden biri de problemin agik uglu olmasiyla
ilgilidir. Geleneksel problemler genellikle islem adimlari belli olan tek ¢6ziimli problemler oldugu igin
O0gretmenler bu tur problemlerle siklikla karsilagmalarindan dolayr uzmanlastiklari séylenebilir. Firat
o6gretmen konuyla ilgili olarak asagidaki ifadeleri kullanmistir:

“Giinlerce neyin iizerine diisiinecedimizi de bilmiyordum. Uzerine calisacadim bir konu belirleyemedim
acgikgasi. Bir iki fikir olustu sonra o fikirleri nereye ulastirabilecegimi kestiremedim. Vazgectigim durumlar
oldu. Normal problem hazirlarken giinliik hayatla ¢ok da i¢ ice olmasi gerekmeyen kazanimlar da
yoklaniyor. Alan hesabi mesela... Herhangi bir dértgenin alaninin hesaplanmasinin giinliik hayatin iginde
olan bir probleme dayanmasi gerekmiyor. Olsa iyi olur ama daha basit kaliyor. Aliskin oldugum sorular
6grenciligimizden beri hep klasik soru tarzlari.”

Firat 6gretmenin bu sézlerinden de anlasilacagl lizere geleneksel problemlerde gercek yasamin her
zaman 6nemli bir unsur olmamasi buna karsin matematiksel modellemenin gercek yasama dayali olmasi
o6gretmenleri zorlayan faktorlerden biri olmustur. Bununla birlikte farklh degiskenlere acik, diistindirici
ve dolayisiyla st diizey dislinme becerilerini kullanmayi gerektiren bir problem yazmak 6gretmenler
tarafindan matematiksel modellemeyi geleneksel problem hazirlamadan ayiran 6zellikler olarak
gorulmistir.

Tartisma

Ogretmenlerin matematiksel modelleme problemi hazirlama becerilerinin incelendigi bu arastirmada
elde edilen bulgular 6gretmenlerin matematiksel modelleme anlayislarinin olustugu, bu tiir problemlerin
tasimasi gereken Ozellikleri belirleyebildikleri ve matematiksel modelleme problemi hazirlarken bu
ozellikleri dikkate aldiklari tespit edilmistir. Bu bolimde ogretmenlerin matematiksel modelleme
problemleri hazirlarken bu 6zellikleri problemlerine nasil yansittiklari tartisilacaktir.

Matematik — Gergek Yasam iliskisi
Matematik derslerinde problemlerin gercek yasama dayali olmasi bir¢ok galismada ve Ogretim

programlarinda vurgulanan énemli bir 6zelliktir (Bonotto, 2007; Buhrman, 2017; MEB, 2018). Matematik
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ile gergcek dunya iliskilendirilirken ise gercek diinyadaki matematiksel iliskilere odaklaniimahdir (Ball et al.,
2008; Bonotto, 2007). Ogretmenlerin matematigi gercek yasamla iliskilendirme yéntemleri géz 6éniine
alindiginda cogunlukla bu durumu goéz ardi ettikleri, geleneksel ve sinirl bir tutum sergiledikleri
soylenebilir. Yapilan arastirmalar (6rn., Gainsburg, 2008, 2009; Pierce & Stacey, 2006) derslerinde gercek
yasamdan ornekler veren 6gretmenlerin bir kismi bu 6rnekleri 6grenmeyi desteklemek amacindan ziyade
matematigin gercek hayata uygunlugunu gostermek ve 6grencilerin derse olan motivasyonlarini artirmak
icin kullanilabilecek birer arag olarak gérmektedir. Birgok tlkenin 6gretim programinda vurgulanmasina
ve 6gretmenlerin buna yodnlendirilmesine ragmen gercek yasam durumlari iceren baglamsal problemlere
derslerinde yeterince yer vermedikleri de bilinen bir gergektir (Reinke, 2019). Bu sekilde kullanilan gergek
yasam Ornekleri problemlerin ¢éziminde ya da konularin 6gretiminde belirleyici bir role sahip olmadigi,
6grenme alaninin sadece matematik dilinyasiyla sinirh kaldigi soylenebilir. Oysa matematiksel
modellemedeki matematik ile gercek diinya arasindaki iliski geleneksel anlayisin 6tesindedir ve her iki
diinya da ¢6zim icin 6nemlidir (Bliss et al., 2016).

Ogretmenlerin egitim almadan 6nce dahi gercek yasama vurgu yapmalari ve modelleme
problemlerinin en belirgin 6zelliginin problemlerin gergek diinyada basliyor olmasi problem hazirlarken
o0gretmenlerin ilk olarak bu 6zelligi dikkate almalarina neden olmustur. Bu sonug Borromeo Ferri ve Lesh’in
(2013) galismalari ile de uyusmaktadir. Arastirmacilarin elde ettikleri sonuglara gére, 6gretmen adaylar
ve 6gretmenlere gore bir problemin gergekgi bir icerige sahip olmasi matematiksel modelleme olmasi igin
tasimasi gereken 6zelliklerinden biridir. Burada kastedilen gergeklik kisinin bireysel hayati degil; verilen
durumun hayatin akisina uygunlugudur. Ogrencinin var olan durumu anlamasi bu baglamda kendini
verilen olayda hayal edebilmesi gercgeklik icin yeterlidir (Reinke, 2019). Galbraith (2007) matematiksel
modelleme problemi hazirlarken dikkat edilmesi gereken gergek yasam baglantisinin 6grencilerin hayatina
uygun olmasinin gerekliligine vurgu yapmaktadir. Bu ¢alismada ise 6gretmenlerin gergek yasam algilarinin
bu gergeklik tanimiyla tam olarak uyusmadigi séylenebilir. Ozellikle problem hazirlarken, problem
durumlarinin 6grencilerden ziyade 6gretmenlerin kendi hayatlarina uygun olmasi dikkat cekmektedir.
Deniz (2014) calismasinda Ogretmenlerin matematiksel modelleme etkinligi hazirlarken en c¢ok
zorlandiklari durumun matematik ile gergcek yasam arasinda iliski kurmak oldugunu tespit etmistir. Ayrica
etkinliklerin 6grenci seviyesine uygun sekilde diizenlenmesi de yasanan zorluklardan biridir. Bu zorluklarin
nedenlerinden biri 6gretmenlerin 6grencilerin gergekligini gbz ardi etmeleri ya da buna yeterince dikkat
etmemeleri olabilir. Bu arastirmada da benzer sonuglar elde edilmis ve 6§retmenlerin problem hazirlarken
kendi yasadiklari ya da taniklik ettikleri olaylardan esinlendikleri belirlenmistir. Ancak literiirde problemi
¢6zecek hedef kitlenin 6zelliklerinin dikkate alindigi, onlarin ilgisini ¢ekebilecek problemler hazirlanmaya
caba gosterildigi calismalara da rastlamak mimkindir (6rn., Borromeo Ferri, 2018; Deniz, 2014; Tekin
Dede & Bukova Giizel, 2013). Bununla birlikte Sevinc ve Lesh’in (2018) calismalarinda matematiksel
modelleme etkinlikleri araciligiyla, 6gretmen adaylarinin 6grenciler icin neyin gercek¢i olacagini ve
gercekei baglamin 6grencileri matematiksel diisinmeye nasil tesvik edebilecegi hakkinda dogru yorumlar
yapabildiklerini tespit etmislerdir. Benzer bir durumun bu galismaya katilan 6gretmenler icin de gegerli
oldugu disiiniilmektedir.

Buhrman (2017) geleneksel problemlerin 6grencileri dislinmeden uzaklastirdigini sadece islemsel
olarak dogru cevaba ulasmak amaciyla 6grencilerin ¢d6zimiin gergekci yonlerini géormeye gayret
etmediklerini belirtmektedir. Bu ¢alismanin sonuglarina bakildiginda benzer durumun 6gretmenler igin de
gecerli oldugu gorilmektedir. Geleneksel problemlerle uygulama yaparken problemin gercek yasam
baglantisini dikkate almamalarinin 6gretmenlerin matematiksel modelleme problemi hazirlarken bu
iliskiyi kurmakta zorlanmalarina sebep oldugu séylenebilir.

Acikhk

Matematiksel modelleme problemlerini diger problem tirlerinden ayiran en belirgin 6zelliklerden biri
varsayimlara ve tercihlere dayali olmasidir (Borromeo Ferri, 2018; Galbraith, 2007). Problemin bu 6zelligi
¢6zlim icin gerekli olan degiskenlere problemi ¢ézen kisinin karar vermesini gerektirir ve boylece 6zgiin
¢6zumler (modeller) ortaya cikar. Bu ¢alismada problemin acik (uglu) olmasi seklinde ele alinan bu 6zellik
problemin yoruma agik olmasi seklinde de degerlendirilebilir. Matematiksel modelleme problemlerinin
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acik uglu olmasina yonelik elde edilen bulgular problem hazirlama siirecinde Aras, Ayla ve Zihre
O0gretmenlerin bu 6zellige farkl bir anlam yuklediklerini gdstermektedir. Bu 6gretmenlerin problemin agik
uglu olmasini farkl modellerin degil, farkli sonuglarin elde edilmesi seklinde dustindukleri tespit edilmistir.
Ornegin, Copten Enerji Uretimi problemini hazirlayan Ziihre farkli sonuglar elde edilmesinden dolayi
problemin 6zgiin ¢éziimlere acik oldugunu iddia etmistir. Problemlerde sayisal degerlerin belirli bir
aralikta verilmesi (%40 ile %60 arasinda olma gibi.) 6grencilere bu aralikta herhangi bir deger alma firsati
sunmaktadir. Ogrencilerden beklenen verilen sayisal aralik dahilinde sayilar belirleyerek ayni islemsel
prosedurlerle farkli sonuglar bulmalarndir. Dolayisiyla bu problemler igin sadece matematiksel dile
aktarma s6z konusudur ve bunlar birer geleneksel problem niteligindedir. Oysa matematiksel
modellemede matematiksellestirme, bir matematik diline geviri eylemi degil matematigi dizenleme
anlami tasimaktadir (Gavemeijer, 1997; Jupri & Drijvers, 2016). Ogretmenlerin acik uglu olma &zelligini
matematiksellestirme boyutuyla ele almamis olmalarina iliskin bu sonug arastirmayi bu konuda yapilan
diger calismalardan ayiran 6zgiin sonuglardan biridir.

Karmasik veya Disiindiiriicii Olma

Bir problemin ayirt edici 6zelligi ¢6zim ihtiyaci hissettirmesidir (Lester, 1983). Dolayisiyla matematik
problemleri belirli stratejilerle ¢oziilebilecek ve sadece matematik diinyasina ait problemler olmaktan
ziyade Ogrencilerin okulun otesindeki gercek yasama iliskin ve karmasik sistemlerle basa ¢ikma
yeteneklerini gelistirecek nitelikte olmalidir (English, 2008; Gainsburg, 2006). Bir problemin 6grencilerde
¢6zme istegi ya da ihtiyaci hissettirmesi ise problem durumunun karmasik ya da dislindlrici olmasiyla
dogrudan iliskilidir. Her ne kadar bu matematiksel modellemenin bir 6zelligi olsa da diisiindiirticti olan her
problem matematiksel modelleme problemi degildir. Bu arastirmanin sonuglari dikkate alindiginda
O6gretmenlerin dusltindurtct olmayi farkl sekillerde degerlendirdikleri goértlmustiir: 1) Matematiksel
olarak zor olma, 2) Coziim igin ayni anda farkli durum ya da degiskenlerin dusuniilmesi gerektigi (mantik
problemleri gibi). Sonuca ulagsmak icin daha fazla gaba sarf etmeyi gerektiren problemlerin (6rn., Copten
Enerji Uretimi) farkh ¢éziimlere acik, zor bir problem oldugunu disiinmiislerdir. Egitimler sirasinda da
ogretmenlerin mantik problemlerini disinmeyi gerektirdigi icin matematiksel modelleme olarak
gormeleri bu bulgular desteklemektedir. Bununla birlikte literatiirde bu konuya iliskin bir ¢alismaya
rastlanmamistir.

Bu arastirmanin bulgulari matematiksel modelleme problemi hazirlarken bazi 6gretmenlerin problemi,
matematiksel islem sayisini ya da sayisal degiskenleri artirarak zorlastirmaya calisarak o6grencileri
diisinmeye sevk etmeyi amagladiklarini géstermektedir. Ogretmenler her ne kadar gercek yasam
durumlarini dikkate almis olsalar da matematiksel modellemedeki matematik diinyasi ile gergek diinya
arasindaki iliskinin kopmamasi, ¢6ziim icin her iki diinyanin da 6nemli oldugu gerekliligini géz ardi ettikleri
soylenebilir. Matematiksel modelleme problemlerinin distindiricl olmasi problem durumunun 6zellikle
gercek dilinya ile olan iliskilisiyle ilgilidir. Clinkii bu problemlerin temelinde toplum ve cevre vardir,
dolayisiyla bunlar karmasik, daginik ve gercekgi problemlerdir (Blum & Borromeo Ferri, 2009; Garfunkel &
Montgomery, 2016). Matematiksel modellemenin karmasik durumlara acikhk getirmesi beklenen
problemler olmasi (Lesh & Zawojewski, 2007), problemi ¢6zen kiside caresizlik ve giivensizlik hissi
yaratmasi (Kaiser et al., 2011), matematigin ortik olarak yer almasi, yorumlamayi ve fikir Gretmeyi
gerektirmesi (Borromeo Ferri, 2006; Clement et al., 1981) modelleme siirecini ve hatta uygulama strecini
zorlastirmaktadir (Clement et al.,, 1981). Ancak arastirma bulgulart bu 6zelligi farkh yorumlayan
o6gretmenlerin matematik dinyasindan c¢ikamadiklarini, problemi matematiksel olarak zorlastirarak
karmasik hale getirmeye calistiklarini gdstermektedir. Bu sonug arastirmacilarin yaptigi farkh arastirma
sonuglari ile de paralellik géstermektedir (Sahin et al., 2017; Sahin et al., 2018). Sahin ve arkadaslari (2017)
o6gretmen adaylari ile yaptiklari galismalarinda ¢ok degiskenli ve fazla sayisal verinin yer aldigi geleneksel
problemleri dislindiirici oldugu icin matematiksel modelleme problemi olarak degerlendirdiklerini tespit
etmislerdir.

Matematiksel Modelleme Problemi Hazirlama Siireci

Problem hazirlama, 6gretmenlerin sahip olmalari gereken 6nemli bir beceri olarak gorilmektedir
(Hospesova & Ticha, 2015). Bu arastirmanin sonuglari da ¢alismaya katilan tiim 6gretmenlerin bu fikre
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sahip oldugunu goéstermektedir. Buna ragmen 6gretmenlerin merkezi sinav sitemi ve mifredati yetistirme
kaygisiyla problem hazirlamaya vakit ayiramadiklari; bunun yerine mevcut kaynaklardan faydalandiklari
gorulmistir. Oysa 6gretmenlerin problem hazirlamayi sadece 6grenciler igin olusturulan birer etkinlik
olarak gdérmemeleri gerekir. Ogretmenler siniftaki 6grencilerin &zelliklerine ve ihtiyaglarina uygun
problemler hazirlayarak onlarin eksikliklerini ve karsilastiklari zorluklari tanilayabilecekleri gibi (English,
1997; Harel et al., 2006) problem hazirlamak kendileri i¢in de bir motivasyon kaynagidir (Chapman, 2012;
Hospesova & Ticha, 2015). Bu galismada da ortaya koyuldugu gibi problem hazirlama ayni zamanda bir
6grenme faaliyetidir ve daha iyi anlayan 6gretmen daha etkili bir 6gretim gergeklestirir (Chapman, 2012;
Hospesova & Ticha, 2015). Arastirmaya katilan 6gretmenlere gore bir konuyu anlamanin en iyi yolu o konu
hakkinda problem hazirlamaktir. Eger bir 6g§retmen bunu gergeklestirebiliyorsa hem konuyu daha iyi anlar
hem de yukarida belirtildigi gibi 6grencilerin nasil 6grendikleri hakkinda fikir sahibi olur. Hatta arastirma
bulgulari arasinda hazirladiklari problemlere 6rnek ¢oéziimler yapmanin 6grencilerin nerede ve nasil
zorluklar yasayacaklarinda bir dngoérii kazanmalarini sagladigi yer almaktadir. Dolayisiyla 6gretmenler igin
ornek ¢o6zim yapmak problem hazirlamanin 6nemli bir bilesenidir. Matematiksel modelleme
problemlerinin birgok 6zgiin ¢6ziime agik olmasinin 6gretmenlerde 6rnek ¢6ziim yapmayi bir ihtiyag haline
getirdigi de sdylenebilir. Ornek ¢dziim yapmak dgretmenlerin yorum repertuarini genisletir ve 6grencilerin
¢ozlimlerini degerlendirmede daha basarih olmalarini saglar. HoSpesova ve Tichda’nin (2015)
calismalarinda oldugu gibi bu arastirmada da 6gretmenlerin problem hazirlamanin énemli fakat zor bir
siire¢ oldugu, kendi bilgilerini sorgulayabildikleri, bu problemlerin 6grenciler icin daha ilgi ¢ekici ve anlasilir
oldugu yéniinde bulgular elde edilmistir. Ozel olarak bu ¢alismada, geleneksel problemlerin &tesinde daha
once kendilerinin de karsilagsmadiklari tiirde bir problem hazirlamak 6gretmenleri oldukc¢a zorlamistir. Bu
alanda yapilan galismalarda katilimcilarin matematiksel modelleme problemi hazirlama siirecinde bu
¢alismada oldugu gibi birtakim zorluklar yasadiklari gérilmektedir (Borromeo Ferri, 2018; Deniz, 2014;
Tekin Dede & Bukova Guizel, 2013).

Problem hazirlama c¢alismalarinda genellikle arastirmacilarin istegi lzerine 6gretmenlerin bir
laboratuvar ortaminda bunu yaptiklari ortaya koyulmaktadir (Crespo, 2003; Klinshtern et al., 2015; Lavy
& Shriki, 2007). Dolayisiyla katilimcilar ¢calismaya her ne kadar gonilli katilmis olsalar da arastirmacilar
tarafindan hazirlanan uygun ortamlarda ve onlarin istekleri dogrultusunda problem hazirlarlar. Ancak
O0gretmenlere bu becerinin kazandirilmasi icin dncelikle 6gretmenlerin bunun matematik 6gretimi igin bir
gereklilik olduguna inanmalari saglanmalidir (Blum & Borromeo Ferri, 2009; HoSpesova & Tichd, 2015).
Matematiksel modellemenin uygulanmasinda 6gretmenlerin etkili bir 6gretim yapmasi bu tir problemler
hazirlama yeterligine sahip olmalariile dogrudan iliskilidir (Blum & Borromeo Ferri, 2009; Borromeo Ferri,
2018; Kula Unver et al., 2018). Nasil ki problem hazirlama aliskanhgi kazanmalari igin dncelikle bunun bir
ihtiyac olduguna ikna edilmeleri gerekiyorsa matematiksel modelleme problemlerinin siniflarda
uygulanabilmesiicin de 6gretmenlerin bunun etkili bir 6grenme araci olduguna inanmalari gerekmektedir.
Guc¢ (2015) de yaptigl calismada 6gretmen adaylarinin 6grenme siirecinde yasanan zorluklara ragmen
matematiksel modellemenin etkili bir 6gretim araci olduguna yonelik inanglarinin modelleme
yeterliklerinin gelismesinde etkili oldugu sonucuna varmistir. Dolayisiyla 6gretmenlerin ve 6gretmen
adaylarinin 6ncelikle matematiksel modellemenin matematik egitimindeki roli hakkinda bilgi sahibi
olmalarisaglanmalidir. Bunun i¢in matematiksel modelleme problemlerinin genel ve 6zel amaglari eksiksiz
bir sekilde anlatilmalidir. Bu ¢alisma kapsaminda 6gretmenlere matematiksel modelleme egitimi verilerek
ve egitimin bir pargasi olarak problem hazirlamalari istenerek 6gretmenlerin matematiksel modellemenin
matematik egitimindeki 6nemini, genel ve 6zel amaclarini anlamalarini saglamada 6nemli bir etkiye sahip
oldugu distntlmektedir. Elde edilen sonuglar alan yazinda vurgulandigi gibi (Borromeo Ferri, 2018; Niss
et al.,, 2007; Zbiek, 2016) matematiksel modellemenin basarili bir sekilde sinifa tasinmasinda
ogretmenlerin modellemeye bakis agisi ve 6gretme yeterliklerinin olduk¢a 6nemli faktorler oldugunu
gostermektedir.

Sonug ve Oneriler

Matematik 6gretmenlerinin matematiksel modelleme problemi hazirlama becerilerinin incelendigi bu
calismada literatiirti destekleyen sonuglarla birlikte 6zglin sonuglara da ulasiimistir. Problem hazirlamanin
genel olarak 6grenmenin bir pargasi oldugu ve bunun 6gretmenin sahip olmasi gereken bir yeterlik olmasi
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literatUrdeki calismalarla paralellik goésteren sonuglardandir. Matematiksel modelleme problemi
hazirlamanin zor bir siire¢ olmasi, 6zellikle gercek yagsam durumlarinin matematiksellestiriimesini anlama
ve bunu uygulamalarina yansitma noktasinda birtakim gugliukler yasanmasi yine bu tir arastirmalarda
karsilasilan ortak sonuglar arasindadir. Bu nedenle 6gretmenlere derslerinde matematiksel modellemeyi
uygulama yeterligi kazandirilmadan 6nce onlarin bireysel olarak modelleme konusunda deneyim sahibi
olmalari saglanmalidir.

Ogretmenlerin matematiksel modellemenin 6gretiminde sahip olmalari gereken yeterliklerden etkinlik
boyutu, teorik boyutun pratige donlstUraldigi asama olarak gorllebilir (Borromeo Ferri, 2018).
Ogretmenlerin matematiksel modelleme hakkinda edindikleri teorik bilgiler, benimsedikleri modelleme
perspektifleri uygulamalarina dogrudan yansitacaklari, uygulamalarini sekillendirecek etkiye sahiptir.
Bununla birlikte 6gretmenlerin matematiksel modelleme anlayislarini ortaya c¢ikaracak en etkili
yontemlerden biri onlardan problem hazirlamalarini istemektir. Arastirma sonuglari 6gretmenlerin teorik
olarak anlamlandiramadiklari, eksik ya da yanlis 6grendikleri 6zellikleri problem hazirlama sirecinde fark
ederek 6grenme eksikliklerini giderme cabasi gosterdiklerini ortaya koymustur. Ayrica 6gretmenler
matematiksel modelleme egitiminde problem hazirlamanin 6grenmeleri tizerinde dnemli bir etkiye sahip
oldugu kadar 6gretim yontemlerine de yon verecek deneyimler yasadiklarini belirtmislerdir. Matematiksel
modelleme problemi hazirlarken 6rnek ¢oézimler yapmalari 6grencilerin yasayacaklari muhtemel
zorluklara hazirlikli olmalari, bu zorluklarla karsilasiimamasi icin alinacak énlemler ya da karsilasildiginda
nasil mudahale edecekleri hakkinda 6ngori kazanmalarini saglamistir. Matematiksel modelleme
problemlerinin en 6nemli 6zelliklerinden biri farkli modellerin ortaya ¢ikmasina imkan saglamasidir. Bu
ozelligi nedeniyle sinifta uygulanmasi kolay olmayan bir problem ¢ézme yaklasimidir. Dolayisiyla
dgretmenlerin derse hazirlikli gitmesi etkili uygulamalar icin bir énkosuldur. Ogretmenin hazirladig
problemlere oOrnek ¢oziimler Uretmesi uygulama sirasinda karsilasacagl alternatif c¢ozimleri
degerlendirebilme kapasitesini genisletecegi diisiiniilmektedir. Ogretmenlerin matematiksel modelleme
problemi hazirlama becerisi ile uygulama yeterlikleri arasindaki iliski, bundan sonra yapilacak ¢alismalarda
incelenebilecek arastirma konularindan biri olabilir.

Yazar Katki Orani
Yazarlar, calismaya esit oranda katki sunmuslardir.
Etik Beyan

“Yiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesinde’ yer alan tim kurallara
uyulmus ve ydnergenin ikinci bolimiinde yer alan “Bilimsel Arastirma ve Yayin Etigine Aykiri Eylemlerden”
higbiri gerceklestirilmemistir.

Catisma Beyani

Yazarlar ¢alisma kapsaminda herhangi bir kurum veya kisi ile ¢ikar ¢catismasi bulunmadigini beyan
etmektedirler.
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