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ABSTRACT: The purpose of this qualitative study is to examine mathematical modeling processes of 4" year
middle school students while working on a model eliciting activity, the Summer Job Problem, and to determine
the difficulties encountered in the processes. This research was conducted in a middle school in a small county of
a large city along the Black Sea Region of Turkey. Participants were 4" year middle school students in a state
school. After a six-week preliminary study implemented on 24 students who had not experienced modeling before,
the criterion sampling method was used to select three students that would be recruited into the focus group. The
focus group was asked to work on the model eliciting activity of the Summer Job Problem and the entire process
was recorded on video. A written transcript was made of the video recording, after which the recording and the
students' worksheets were analyzed using the modeling cycle. The results of the study revealed that students
expressed their ideas through discussions with students in the process, developed different assumptions and they
appropriately could do mathematical calculations. On the other hand, students had difficulties (a) to interpret the
data tables, (b) to identifying the variable of intensity, (c) use the main factors at the data tables and develop
assumptions which includes these main factors, (d) justify the developed model.
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INTRODUCTION

The problems we face in the world become more complex considering the innovations and spread of technology.
Especially educators in different disciplines emphasize that success only in school is not enough and it is important
to train students who are able to overcome problem situations that include complex systems in order to achieve
success beyond school (Lesh & Doerr, 2003). One of the things that can be used for this is mathematical modeling
which includes model creation, analysis and correction (Lesh & Zawojewski, 2007; Romberg, Carpenter, &
Kwako, 2005). NCTM’s book “Principles and Standards for School Mathematics” (2000) emphasizes the need for
the approach of modeling and that students should utilize mathematical models to show and understand numerical
relationships from the pre-school period to the final year of high school. Mathematical modeling takes part in the
school curricula starting from elementary school in various countries including Germany, the United States,
Australia, the United Kingdom, Sweden and the Netherlands (Ng & Lee, 2015). Considering the updated middle
school (5-8th grades) (MEB, 2013) mathematics curriculum, it may be seen that it encourages the improvement of
the problem-solving capabilities of the students while promoting conceptual learning, being confident in operations
and communicating with their mathematical knowledge. While focusing especially on problem-solving skills, it
“approaches learning as an active process, emphasizes the need for students to take part in the learning process as
active participants, and therefore projects that students will become subjects of their own learning process” (MEB,
2013). In this context, class environments where students can conduct investigations and questioning, establish
communication, think critically, develop reasoning, share their opinions easily and present different solution
methods should be established. In order to establish such learning environments, open-ended questions and
activities that provide autonomy to students should be utilized and students should be provided with opportunities
to study mathematics. The previous statement clearly describes how and in what kind of environment students are
expected to solve problems. The curriculum emphasizes the need for the establishment of environments that make
it possible for students to solve problems, develop different ways of representation of concepts and the
relationships among these, discover mathematical relationships and improve their communication and reasoning
skills. Therefore, in this study, modeling processes of 4" grade students were investigated with the help of model
eliciting activities which include complex real-life situations, and the parts where the students experienced
difficulties were determined.

When the national literature is reviewed, it is seen that the research on model eliciting activities is rare, but

increasingly popular (Doruk and Umay, 2011; Delice and Kertil, 2015; Eraslan and Kant, 2015; Kal, 2011;
Sandalci, 2013; Sahin and Eraslan, 2016; Sahin and Eraslan, 2015; Sahin, 2014; Tekin-Dede and Bukova-Gizel,
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2013; Tekin-Dede and Yilmaz, 2015). Due to the limited amount of research on the stages where students
experience difficulties in the solution processes of model eliciting activities, the most general research question
was determined as “what are the difficulties 4th-year middle school students face in processes of mathematical
model eliciting?” in the light of the information in the literature, and the secondary issues were determined as the
following in the data collection and analysis process:

1.  Which thought processes 4th-year middle school students use during the activity of mathematical model
eliciting?
2. Which difficulties 4th-year middle school students face in processes of mathematical model eliciting?

Theoretical Framework

Modeling, according to Lesh and Doerr (2003), is the act of organizing, coordinating, systematizing and ordering
problem situations in the mind and finding a pattern, and eliciting models by using different schemes in the mind,
in the process of interpreting (defining, explaining or establishing) events and problems. Models are conceptual
systems that take part in equations, diagrams, software or other materialized representative media held in mind or
applied in practice by students or problem-solvers (Lesh & Doerr, 2003).Mathematical modeling in this framework
is the process of expressing a mathematical or non-mathematical real life situation in terms of mathematics, and it
is a systematic process which includes various metacognitive activities such as analysis, synthesis and
interpretation (Swetz & Hartzler, 1991). Lesh and Doerr (2003) defined mathematical modeling as a stage of model
eliciting or a process that takes place during activities of model eliciting. Therefore, in the most general sense,
Model Eliciting Activities are not general problems that are solved with a number or word at the end, but are
problem situations that contain possible different solutions, which represent non-routine/complex real life
situations, require individuals to mathematically interpret this situation, and describe or formulate the process of
method mathematically, in order to help individuals who will benefit from this issue make decisions (Mousoulides,
2007; Lesh & Zawojewsky, 2007; Eraslan, 2011).

English and Lesh (2003) emphasized that the most important thing in modeling problems, as opposed to traditional
problems, is not only reaching a goal, but the information that allows expression of the purpose and the possible
steps of the solution. Lesh and Doerr (2003) stated that modeling problems are activities where students improve
their research and discovery skills which contain transformation of real life problems into mathematics problems,
planning how these problems are solved and ideas are developed, and making decisions on whether the ideas need
revision or scope expansion and whether the ideas satisfy the conditions and assumptions given in the problem.
Students spend most of their times developing various ways to think about relevant relationships, structures,
systems and information. In this case, they actually change or transform their own characteristic ways of thinking
regarding the data during the activity (Lesh & Doerr, 2003). In this study, in order to successfully explain students’
ways of thinking during model eliciting activities, OECD (2013) mathematization process and the modeling cycle
by Blum (1996) were used together.

Real World Prob.statement B Mathematical Model

4 A

A C
3
Complex real life situation D . Mathematical Results
e ——
Real World Mathematical World

Figure 1. Modeling Cycle

They explained the cognitive processes that take place while transitioning between the steps on the modeling
process above as the following: A: In transition from the complex real life situation to the Real-world problem
statement: it is aimed to understand, simplify and make simplified assumptions about the problem and interpret
the context. B: In transition from the Real-world problem statement to the mathematical model: team members
are expected to determine the variables to be contained in the algebraic model, create a symbolic formula and form
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hypotheses that are related to the simplified assumptions they made in the process of understanding the problem.
C: In transition from the mathematical model to the mathematical results: they are expected to apply the suitable
symbolic formula and decide on the suitable mathematical operations, use mathematical tables for computation
and obtain mathematical results that allow interpretation of the solutions. D: In transition from the mathematical
results to the complex real life situation: it is aimed that the process comes back to the point it started, meaning,
what is given and what is requested are compared, mathematical outputs are interpreted, the conclusion is approved
and reported if the results are satisfactory, and the process is repeated if they are not.

METHOD

This is a qualitative study which aims to analyze model eliciting processes of 4" year middle school students, and
determine and explain the reasons for the problems that may arise, if there are any. The study was designed as a
case study, which is described as thoroughly investigating and analyzing a group or an event. The case approached
in this study is to determine the mathematical modeling processes of three 4™ year middle school students regarding
the Summer Job Problem.

Study Group

This study was implemented at a state school with low socio-economic level in a small district of a metropolitan
city in the Black Sea Region. The implementation was made at a 4" grade middle school class with twenty students.
Firstly, before the main study, groups of three or four students were given a different model eliciting activity to
work on every week for six weeks. While the researcher took an active role in this preliminary study as an
implementer-teacher in the class who operated activities in person, the teacher of the class did not intervene. At
the end of six weeks, the focus group of three students to be included in the main study was established using the
criterion sampling technigue, which is in scope of the method of purposive sampling. The following criteria were
used to establish the group: the students were (a) able to work together in harmony during the six weeks, (b)
talkative, self-confident and able to freely express thoughts, (c) academically successful.

Data Collection Tools

Following the six-week preliminary study which featured different model eliciting activities in the literature, the
Summer Job Problem model eliciting activity was implemented with the group chosen from the class by the method
of purposive sampling. The Summer Job Problem was adapted to Turkish from Johnson and Lesh’s (2003) study.
The Summer Job Problem is a model eliciting activity that allows students to use their skills of interpreting
mathematical and scientific information presented in the form of text and diagrams; reading data tables; analyzing
and representing data; forming hypotheses on these, preparing a written report on the analyzed data; being able to
work in groups and share the solutions reached at the end of the work (Johnson and Lesh, 2003). The focus group
implementation which lasted a total of 90 minutes was video-taped; the data were sorted out, and analyzed
qualitatively along the students” work-sheets.

Data Analysis

The mathematical ideas developed and written responses presented by the 4™ grade middle school students in the
study during the solution of the Summer Job Problem were analyzed using the method of descriptive analysis.
Descriptive analysis consists of the stages of: (a) establishing a framework for descriptive analysis, (b) processing
the data based on the thematic framework, (c) describing the findings, and (d) interpreting the findings (Yildirim
and Simsek, 2011). Therefore, the thought processes of the 4" grade middle school students in the focus group
interview on model eliciting activities were analyzed using the modeling cycle adapted by the researchers (figure
1).

FINDINGS

The three students in the focus group were given the pseudonyms Sila, Nur and Veli, while this section provides
the discussion examples that reflect the difficulties they experienced in the processes.

A: Complex Real Life Situation™> Real World Problem Statement

While students are transitioning from the complex real life situation to the real-world problem statement, they are
expected to understand the problem, simplify it, come up with simplified assumptions and interpret contexts. The
following discussion reflects the difficulty the students faced in this stage:
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Sula: is it the amount of things she sold, | do not get it

Nur: look, | found it, let me explain the table. Gizem, for example, sold this much in a day or a month or
whatever when she was busy or earned this much money

Stla: but look, Merve sold 34 of the goods when not busy and earned 765 TL of money

Nur: Sila, these are not goods (products)

Sula: Oh. How? But it says busy time. Where did it say it?

Nur: look, it is based on hours and months

Stla: it says hours and months here, says very low average. | do not get if the hours fell behind

According to the discussion above, Sila thought of the working duration as the “quantity of goods” while Nur
stated that it was not the quantity of goods, but number of hours. This shows that the students found it difficult to
understand the working times table they were given. It is seen that the students were not able to thoroughly interpret
the real-life situation and they could not “understand” that the hours in the table were the totals of the amounts
workers spent working in different times.

B: Real World Problem Statement .

Mathematical Model

While group members are transitioning from the real-world problem statement to the mathematical model, they
are expected to determine the variables to be included in the algebraic model, create a symbolic formula and form
hypotheses based on the simplified assumptions they made during the process of understanding the problems. The
students formed the following hypotheses in this stage.

Veli: now, for me, the time is not important. I think the ones earning the highest amount of money should
be the best

Nur: but what is expected of us?

Sula: but Veli, it is based on the time they work

Veli: we are going to find the best 3 employees

Sula: Veli, they earn based on the time they work. So, one earns 300 million working for 1 hour, another
earns 300 million working for half an hour. Which one?

Veli: okay, I think we will find both the one who brings and the one earns the highest amount of money
Sula: we will also find the one who brings the highest amount of money in the shortest time.

According to the text above, two different approaches were used in determining the main variable. The first
hypothesis was Veli’s “time is not important, the one who brings the highest amount of money should be the best”,
and the other one was Sila’s “when it is low, the one who brings the highest amount of money in the shortest time
should be the best.” In this case, it is seen that the students used variables of being busy and working time
interchangeably. It is seen that Sila’s proposal used the statements of being less busy and short time
interchangeably. However, Sila’s approach was still more comprehensive than the first one as it contained both
variables. Upon Sila’s proposal, they decided to calculate the average monthly amount of money earned as the
following:

Stula: let us try to find it

Nur: we just had to understand the table

Veli: it seems the man did not want to do anything in August

Nur: now, | am saying it, what are you doing now?

Sula: let us do this part first. 474

Nur: 474 874 406 (Ali’s earnings in June)

Sila equals, divided by 3, equals 584. Let us not include the decimals, ‘kurus’ (currency subunit) is not
important. This is all June

Nur: there may be a problem later

Sula: let us look at Ahmet. 1047 plus

Stla: but we will find both the one who works full-time and the one who works part-time
Nur: and not everyone here has the same working hours

Veli: but, is it working hours?

Nur: yes, it is the hours worked

The discussion above shows that while students did not “understand the question”, they tried to make sense of it
through a set of mathematical operations. Sila calculated the average money earned that she calculated for the
worker Gizem in the month of June, for Ali this time. At this moment, they preferred to exclude the decimals of
results and round them into integers. While the calculations made below contained the sub-variables of June, July
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and August, the students acted in compliance with Sila’s proposal to firstly find the averages of the data with high,
medium and low density in steps, and then find the average of the three months.

C: Mathematical Model > Mathematical Results

In the stage of transition from the mathematical model to the mathematical results, students are expected to
implement the suitable symbolic formula and decide on the suitable mathematical operations, use mathematical
tables for calculation and obtain mathematical results that will allow interpretation of the solutions. The decision
on the number of people they needed to choose as part-time and full-time and the calculations regarding these were
discussed by the group members like the following:

Veli: now, how many groups will this be?

Nur: three

Veli: seriously, three groups

Nur: not

Sula: we will divide it into three groups

Nur: but 6 people will work on the thing

Sula: 3 people part-time, 3 people full-time, and the rest will be excluded
Veli: no, three people part-time

Nur: look a little, three full-time, three part-time... oh, correct

Veli: did you get it, Nur?

Nur: we do not need three of them. No need for three

Stla: alright, we will divide them into three groups and dismiss the remaining three. They are the surplus.
There is one left. | can make the histogram or you do it

The students stated that they need to divide the workers into three groups by focusing on the presumption that they
should choose the one with the highest earnings in the shortest time. These three groups were part-time workers,
full-time workers and workers who would not work. As a result of discussions, while they agreed on using a
scoring system to determine the workers, they faced difficulties in the necessary calculations. As a result, they
combined the three months by taking the averages of the averages they previously found for the months of June,
July and August. The students, who preferred to simplify their data by reducing the number of variables,
determined the group gaps among the average earnings of the workers and their magnitudes. The students noticed
that they had a miscalculation after they divided the workers into three groups, but they were only able to confirm
the calculation of the average working time in three months. Later on, they tried to develop a scoring scheme to
analyze both types of data (average earnings and working time). Their discussion at that moment was the
following:

Sula: look, now, one point each, one point. | will allocate the highest points to the ones in the first group
Veli: give highest points to these?

Sula: it will be three, two, one, and we will add these

Veli: why?

Nur: these are the ones who worked the least

Sula: there are 3 points, 2 points, 1 point. Let us add these. How many points does Ahmet have? 1 point
from here, 2 points from here.

Veli: 4

Stla: addition of two and one makes four?

Veli: three, three

Sula: Gizem has 1 point from here and 1 point from there. Gizem equals 2. Gizem has 2 points. Selim has
1 point here and 1 point there. Selim also has 2 points. Zeynep has 2 points from here and 3 points from
here. Zeynep equals 5

Veli: this scoring system has good mathematics. | am glad | found a scoring system

As seen from the discussion above, contrary to the presumption of “choosing the one with the highest earnings in
the shortest time” that the students had agreed before, they gave three points to both the workers who worked the
longest hours and the ones who earned the most, while reducing the points for others, resulting in a scoring system
which also includes 2 points and 1 point.
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D: Mathematical Results > Complex Real Life Situation

Among the three groups established in this stage, while assigning scores to the groups in the working times table,
the students disagreed the most on the group to assign the highest score (3 points). Sila suggested assigning 3
points to the ones who worked the least, while Veli suggested assigning 3 points to the ones who worked the most;
they discussed the issue as the following:

Veli: just a second, look at this, there should not be confusion

Nur: the shortest time

Veli: just a second, why so? | am telling you, let us give higher scores to ones who work the most. They
will work full-time. They should be the ones who work the most

Nur: but the one who makes the most in the shortest time makes more profit

Veli: but how will they work full-time? They should earn the most by working the longest

Nur: not the longest, but the shortest

Veli: but look, one will be part-time and the other will be full-time, is it not about that?

Nur: look, we are saying...

Veli: okay, go on

Nur: who would be more advantaged? Someone who writes the longest in the shortest time, or the longest
time?

Sila: Veli, now there is Ayse and Ahmet. One day, Ayse...

The quotes above show that the students discussed by presenting two different approaches while assigning scores
to working times. While Sila and Nur suggest assigning 3 points to ones who work for the “shortest times”, Veli
suggests assigning 3 points to the ones who work for the “longest times” as full-time workers should be the ones
who work the most. However, later on, Veli is not insistent on his opinion and conforms to the decision of other
group members. Then, the issue of creating different models for selecting part-time and full-time workers was
discussed by the group members as the following:

Veli: okay, okay. | get what you are saying, but | was talking about a different thing. | was talking about
full-time

Sula: Veli was talking about full-time, but we cannot find part-time if we do this thing for full-time

Nur: but it becomes meaningless here, look, the method we found is different

Sula: so, if we do the full-time, part-time...

Veli: I get what you are saying, I get it. What I was saying was...

The discussion above shows that the students thought they should sue different methods to determine the workers
who would work full-time and part-time. However, it is seen that they accepted the previous assumption instead
of creating a new model or symbolic formula. In other words, it was observed that the students saw the limitations
and insufficiencies of the model they created by questioning it, but they did not create a new model by going back
to the process of model eliciting. Later, they created a table by giving 3 point to the group with the least amount
of working time. According to this table, the students determined that 5-point workers were full-time workers and
3-point workers were ones that would not work. However, they found it difficult to determine the third worker to
work full-time, as well as workers who would work part-time. Later on, Veli gave the paper to the others and asked
them to decide. Nur took the paper and decided on the workers as a result of the discussion with her peers:

Veli: you find this last thing, I could not find it. I cannot comment

Nur: stop, stop. Let me take these 5-point ones for at least a minute

Veli: never mind it, find this other side

Nur: the one you and | made will be different. Is Fatih not the last one? Fatih, the 4-point ones... Where
is Selim? This will be the last one. Who is before Selim? Gizem. This one also gone

Veli: go down starting with high scores

Nur: keep quiet a little, Veli. You should have done it, then. Gizem, Ahmet. This will come before, and
this one after. Then other 4-point ones...

Nur: Selim. Why did you put down Ayhan? Ayhan does not have 4 points. Why did you write his name to
the top? Look, it is the last one from the start. You got it right. Ayhan, Selim, Gizem. It is done

The quotes above show that Nur determined the workers who would work only by looking at the tables, without
developing any strategy. In other words, it is seen that the students were not able to interpret the situation they
encountered by going back to the complex real life situation while deciding on workers with the same score,
improve their models by forming new assumptions, or create alternative models. The group members approved
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the result without any discussions after determining the workers as in the process above, and completed this activity
by creating a written report.

CONCLUSION

The results obtained from the groups during the model eliciting process show that 4" grade middle school students
face some difficulties in the process of mathematical model eliciting. In the transition stage from the complex real
life situation to the real-world problem statement, the students found it difficult to make sense of the variables in
the problem and tried to understand the problem over one variable by simplifying the data. In this stage, the
students experienced difficulties in the stage of understanding the problems as reported in the studies Blum and
Leif (2007) and Sol et al. (2011). The students especially had difficulties in making sense of the concept of being
busy and the relationship between the money earned and the hours worked. In order to overcome this difficulty,
the students tried to understand the problem by repeatedly re-reading the problem and the data table. A set of
mathematical relationships were sought among the data and simplified assumptions were formed regarding the
criteria to be analyzed collectively.

In the next stage of transitioning from the real-world problem statement to the mathematical model, the students
had difficulty in developing a model by approaching all variables comprehensively and determine the main
variable. As also reported in the studies of Blum and Leiff (2007) and Schapp et al. (2011), this situation shows
that the students were not able to use or relate all variables. Hypotheses were related to real life and the ones that
were not found relevant were not accepted as true. As in Kaiser’s (2007) and Blum and Leif’s (2007) studies, the
students experienced difficulties in establishing a suitable model and structuring that model.

In the stage of transitioning from the mathematical model to the mathematical results, the group members made
various mathematical calculations on the models they created. They noticed the operation mistakes they made,
related their results to real life, and dismissed their operations and hypotheses in cases where those were found
unrealistic. The students found it difficult to use the given variables together, and they obtained mathematical
solutions which represented the real-life situation by mathematical calculation towards discovering the
relationships among the components of the given variables. Because they experienced difficulty in using the data
collectively, they determined a scoring scheme as an analysis criterion by simplifying the data. The students,
regarding the difficulty in grouping the workers based on this criterion, developed an unsystematic solution and
completed the process. This may be caused by the students’ desire to reach a solution quickly, without spending a
sufficient amount of time to understand and analyze the problem (Blum and Ferri, 2009).

In the stage of transition from the mathematical results to the complex real life situation, the group members did
not choose to check or question whether the established groups are correct or not. This situation is in parallel with
Kaiser’s (2007) and Galbraith and Stillman’s (2006) results that students find it difficult to interpret the
mathematical results they obtained for real life. The group members chose to accept the solution as it is, without
reviewing the model. This approach shows that, in similarity to Maa’s (2007) study, the students were not aware
that the model’s validity needed to be established.

Consequently, during the modeling process, the group members experienced difficulties in understanding the
problem to develop models suitable for the real-life situation, discovering the relationships among the components
of the qualitative variable, relating all variables to each other, forming hypotheses suitable for the data, creating
the suitable model based on these hypotheses, and establishing a connection between real life and mathematics by
establishing the validity of the model. One reason for this may be the effects on the modeling process by personal
characteristics of the group members such as habits based on previous experiences that shape their ways of
mathematical thinking, attitudes towards mathematics, and creative thinking skills (Chamberlin, 2004; Ferri,
2011). Additionally, students’ expectations from the activity and whether they find the activity interesting or not,
are shown among the factors that affect this process (Schoenfeld, 1992). When the work of the students during
modeling activities was analyzed, it was observed that mathematical modeling activities have a very strong aspect
which contributes to students’ communication skills and provides opportunities for them to improve these aspects
of theirs. When modeling activities are implemented in the form of team work, students show behaviors in the
form of asking critical questions, expressing, defending and proving opinions, and persuading their peers
(Zawojewski, Lesh and English, 2003). Additionally, when students express their ideas during the solution of the
problem, they actually take part in a different activity which gradually assesses their own ways of thinking.
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RECOMMENDATIONS

It is seen that a modeling approach is adapted for the Mathematical Applications course put in place in 2012, and
similarly structured activities are covered to achieve the modeling activities of the course. However, it is seen in
the results of the conducted research that these activities and the course itself fall short of the expectations. This
situation shows the necessity of in-service training for teachers who are the implementers of this program towards
the purposes, outcomes and necessity of model eliciting activities. Moreover, inclusion of mathematical modeling
skills among basic skills in the primary school (1-4" grades) mathematics curriculum necessitates the expansion
of mathematical modeling classes in teacher training programs to also include primary school teachers.
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