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Abstract  Keywords 

In recent years, mathematics educators have frequently stressed 

the necessity of instructing students about models and modeling 

approaches that encompass cognitive and metacognitive thought 

processes, starting from the first years of school and continuing 

on through the years of higher education. The purpose of this 

study is to examine the thought processes of 4th-grade primary 

school students in their modeling activities and to explore the 

difficulties encountered in these processes, if any. The study, of 

qualitative design, was conducted in the 2013-2014 academic year 

at a Foundation School operating under the auspices of a state 

university located in a central city in the Black Sea Region of 

Turkey. A five-week preliminary study was first implemented 

with designated 4th grade students, after which the criterion 

sampling method was used to select three students that would be 

recruited into the focus group. The focus group that was thus 

formed was asked to work on the model eliciting activity of the 

Crime 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 Blum and Ferri modeling cycle. The results of the study 

revealed that over the course of the process, the students tested 

the hypotheses related to daily life that they had set up, generated 

ideas of their own, verified their models by making connections 

with real life, and tried to make their models generalizable. On 

the other hand, the students had difficulty with understanding 

the problem and interpreting the qualitative data. 
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Introduction 

In the technology-based age of information in which we live today, daily life is under the 

influence of constantly changing dynamics and complex systems, particularly in fields which make 

concentrated use of mathematics and technology (engineering, architecture, medicine, statistics, 

economics, etc.) and these complexities make it necessary to create more flexible, creative and even 

more complex solutions for the problems that may be encountered (Lesh & English, 2005). Educating 

individuals that will be able to interpret these complex systems and who have the skills to identify, 

explain, construct, verify, conjecture, predict, and engage in analytical thinking and working in a team 
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has become one of the most important goals of education today (English & Watters, 2004; Eraslan, 

2012). Since it is not possible to know when and which kind of difficulties people will encounter in 

their daily lives or predict what type of needs they will have, each individual in society, in order to 

cope with complex daily problems, needs to be accustomed, beginning in childhood, to confronting 

challenging problems that are closely connected with real life (English, 2011). Modeling activities offer 

students new and enriched opportunities that are introduced to them in the effort to educate 

individuals who will be able to use mathematics effectively in their lives, make the connection 

between mathematics and life situations, cope with challenging problems, produce different solutions 

for problems encountered, and engage in analytical thinking (Blum & Niss, 1991; English & Watters, 

2005; Eraslan, 2012; Lesh & Doerr, 2003). Besides seeking to develop mathematical concepts, the 

primary school program in Turkey also targets the development of some important skills and 

emphasizes in its program description the significance of the skills of problem-solving, 

communicating, reasoning and making connections: "Students learn to solve and analyze problems, 

share their ideas, explain and present arguments, make connections with mathematical concepts both 

within the field itself and also in relation to other disciplines, thus effectively enriching their store of 

mathematical concepts as they study mathematics." (MoNE, 2009, p. 8) The program openly states that 

problem solving is an integral part of the mathematics course and points to its significance and place 

in mathematics instruction.  

That Turkey is behind other countries in educating students that are able to develop the 

higher order skills underlined above has been revealed in the report of the International Association 

for the Evaluation of Educational Achievement (IEA). In international assessments such as TIMSS 

(The Trends in International Mathematics and Science Study) and PISA (Program for International 

Student Assessment), the average performance of Turkish students is much lower than their OECD 

(Organization for Economic Cooperation and Development) counterparts (MoNE, 2005, 2007, 2010, 

2013; OECD, 2003). In particular, according to the results of PISA-2012, mathematics proficiency level 

of Turkish students in the sixth stage, which measures the ability of mathematical modeling, is 1.2 % 

(MoNE, 2013). This rate is far below the OECD average of 3.3 %. For this reason, introducing young 

pupils to modeling activities that portray complex real-life situations, particularly from the early days 

of primary school, and equipping them with high order skills may be an effective method of preparing 

individuals for the age of technology-based informatics (English, 2011; Şahin, 2014).  

A look into the international literature on modeling activities conducted at the primary school 

level reveals that such practices: (a) give students the opportunity to repeatedly express their thought 

processes and to test, review and change their ideas (English, 2011); (b) significantly improve students' 

use of mathematical language, skill in working in a group, engaging in social interaction, reading data 

on a table and using graphs (Watters, English, & Mahoney, 2004); (c) develop metacognition and 

analytical thinking skills (English & Watters, 2004); (d) ensure the elimination of deficiencies of 

conceptual knowledge in young children (English & Watters 2004); and (e) help students to identify 

the main ideas and processes of a problem, prioritize the elements of a problem, discover the 

relationships between its parameters and make mathematical calculations by quantifying qualitative 

data (English, 2007). On the other hand, it has been determined that some students have difficulty 

with (a) interpreting and understanding data given to them in various representative formats (English 

& Watters, 2004), (b) transforming data into different representative formats (English, 2012), (c) 

making systematic presentations of their most recent models (English, 2003), and (d) determining the 

appropriate parameters (Doerr & English, 2003). An investigation into the national literature in the 

field shows that there are a limited number of studies on modeling activities and that these have been 

mostly designed for academic levels that start from middle school up to the last year of university 

(Delice & Kertil, 2015; Doruk & Umay, 2011; Eraslan & Kant, 2015; Kal, 2013; Sandalcı, 2013; Tekin 

Dede & Bukova Güzel, 2013). In this context, only one study was seen in the literature that treats the 

modeling processes of students at the primary school level (Şahin, 2014). The author of this study has 

investigated modeling processes related to a modeling problem selected for 4th grade primary school 
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pupils and examined the difficulties encountered in this process. This qualitative study has shown 

that students work successfully with modeling activities but have trouble with understanding the 

problem and the construction of the model. It is important that research continues so that the gap in 

instruction related to modeling can be filled at the primary school level and it can be determined how 

well primary school children are prepared for middle school, high school and for later in life in terms 

of the task of solving the real-life problems that they will inevitably come across in their professions or 

as ordinary citizens. Meanwhile, in line with the new education system of 4+4+4, mathematical 

modeling has taken its place in the current primary (1-4) mathematics curriculum as one of the six 

basic mathematics skills (MoNE, 2015). In particular, the new curriculum emphasizes that primary 

school students are able to solve the problems in their everyday life in using their own mathematical 

knowledge with the help of mathematical modeling (MoNE, 2015). In addition, during the process of 

modeling, students are able to (a) simplify complex problems in making predictions and assumptions, 

(b) identify quantities in the real-life problems, (c) represent relationships among quantities using 

tables, graphs, and formulas, and (d) analyze relationships in order to make interferences (MoNE, 

2015). It is for this reason that this work seeks to review the modeling processes carried out by 

primary 4th grade pupils and to set forth the difficulties that are encountered in this process while at 

the same time contributing and adding depth to the currently limited literature on this subject.  

Theoretical Framework 

While modeling is the process of creating models through interpreting events and problems 

(identifying, explaining or constructing) and finding patterns and using different schemes to arrange, 

coordinate, systematize and organize the problem in one's mind, models are conceptual systems that 

exist in the student's or problem solver's mind and encompass the equations, diagrams, computer 

programs or concretized representations in the media that they use to solve problems (Lesh & Doerr, 

2003). The relationship between a model and modeling is likened to the relationship between a 

product and a process (Sriraman, 2005). Mathematical modeling in this context is a systematic process 

whereby a mathematical or non-mathematical condition of real life is expressed as it can be expressed 

mathematically, by using numerous metacognitive activities such as analysis, synthesis and 

interpretation (Swetz & Hartler, 1991). Lesh & Doerr (2003) have defined mathematical modeling as a 

stage in the process of creating modeling activities, or rather as a process that is realized during the 

course of modeling activities. For this reason, in its broadest sense, Modeling Activities, differing from 

traditional problems, consist of problems devised to allow pupils to work in small groups where 

group members are asked to produce creative solutions to construct a generalizable model of a 

problem that relies on more than one hypothesis-based solution, contains possible alternative 

solutions, is non-routine and can be associated with real life (Lesh & Doerr, 2003). 

Lesh & Doerr (2003) have emphasized that modeling activities give students the opportunity 

to turn a real-life problem into a mathematical problem, decide on how the problem is to be solved 

and on how to develop ideas, plan, revise and make a decision about whether or not more 

comprehensive thinking is necessary, whether the student's thoughts meet the conditions and 

hypotheses of the problem, thus developing the student's investigative and exploratory skills. 

Students who are confronted with modeling activities must discuss the content of the problem in 

order to be able to reach their goal of solving it (Doyle, 2006). Students spend most of their time in this 

atmosphere of discussion, developing different ways of thinking about related relationships, 

structures and data. In this process, what they change or transform during the course of the activity 

represents their characteristic way of thinking about data. These characteristic ways of thinking, it is 

stressed, lead students into metacognitive thinking about the procedures during the modeling 

activities and direct them into thinking beyond the procedures (Lesh, Lester, & Hjalmarson, 2003). In 

effect, students working with modeling problems influence each other's thinking patterns and become 

involved in a learning process in which metacognitive thinking processes evolve in different 

environments of thought, urging the student to consider more than one multi-faceted alternative and 

cycle. In this process, to which there are critical approaches, the students are also provided with the 

opportunity to give each other feedback about the different models constructed. 
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The goal of the modeling activities is not only to develop models that students will find 

beneficial in their effort to conceptualize their mathematical thoughts and processes, but also to reveal 

their understanding of the problem itself. Lesh & Doerr (2003) have reported that modeling activities 

allow children to make mathematical descriptions, explanations, find the reasons behind the 

explanations and develop their arguments. The models arrived at as a result of these activities are 

constructed on the basis of significant mathematical structures, patterns, arrangements and require 

multiple cycles of interpretation, description, hypothesizing, explanation and reaching conclusions, all 

necessitated by the nature of the progress of the problem-solving (Lesh & Doerr, 2003). One of the 

cycles is represented by the modeling cycle developed by Blum and Ferri (2009) that was used in the 

analysis performed in the study:  

 
Figure 1. Blum & Ferri's (2009) Four-phase Solution Plan for Modeling Problems 

Emphasizing that these steps do not have to occur in linear fashion in a particular order, Blum 

& Ferri (2009) explain the four phases of the modeling cycle as follows: At the understanding the task 

phase, in order to understand a problem that has been taken out of the context of daily life, the 

student performs tasks such as reading, imagining, drawing and reading tables that have been 

designed to bring simplification to the problem at hand. In establishing models, students create the data 

needed, find and recognize the relationship and rules, become aware of the patterns and form a 

hypothesis. In the using mathematics step, the students are expected to determine the appropriate 

mathematical concepts, perform the suitable mathematical operations and thus reach a mathematical 

solution at the end of these operations. The cycle ends with the students' checking the accuracy of 

what they have done, verifying the validity of the model by comparing the result with real life and 

reporting the solution, all of which make up the explaining the results phase, the last in the cycle. The 

order above is not a linear order (understanding the problem, setting up the model, mathematizing, 

explaining the result) but is the order of the thinking processes of the students in the study as they 

analyze the data. 
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Method 

This is a qualitative study that was conducted to use modeling activities to examine modeling 

processes in primary school 4th grade students and to identify the challenges faced in this process, if 

any, along with the reasons for the difficulties. The research design was a case study, using a single 

group and in-depth review and analysis (Merriam, 2013). The case in this study consists of a focus 

group of three individuals who were chosen in the effort to determine thinking processes.  

Study Group 

The study was conducted in a classroom of eighteen 4th grade students in the 2013-2014 

academic year at a Foundation School operating under the auspices of a state university located in a 

central city in the Black Sea Region of Turkey. A preliminary application was performed before the 

actual study commenced. The researcher took an active role as a practitioner-teacher in the process 

while the classroom teacher was observer in the whole process. In this preliminary study, six groups 

of students of three individuals each who were chosen from among the students' own group of 

friends, were given the task of creating a different model every week for five weeks and the students 

were asked to work together on these activities. At the end of the study, each group presented their 

conclusions to the other groups and explained how they had determined the structure of their models. 

Later, a focus group of three students was selected through the sampling technique of criterion 

sampling to take part in the actual study. The criteria below were used to select the groups: care was 

taken to ensure that (a) the students would be able to work in harmony for five weeks; (b) the problem 

could be solved "as a group"; (c) the students had high self-confidence and the ability to freely express 

and verbalize their thoughts. Instead of selecting the students one by one, the actual application was 

carried out by choosing the group that best provided the criteria. 

Data Collection Instruments 

After the preliminary study, the study group of three students that was selected from the class 

with the purposive sampling method was asked to work on the modeling activity of the Crime Problem. 

The Crime Problem was adapted from the study of Doerr and English (2003), and translated into 

Turkish language. Care was taken to ensure that statements in the problem were appropriate to the 

age level of children. This problem consists of a table of data belonging to different crimes occurring in 

twelve cities. The six crimes in the table are divided according to the annual average crime rates of 

crimes of violence and crimes against goods and property. Additionally, another column in the table shows 

the increasing or decreasing trend exhibited in the crime rate in the last 5 years. The students are asked 

to use the data in the table to develop a method which can help them decide on whether the city they 

live in is the safest among the cities displayed and then write a letter explaining how they found this 

method. In particular, they are asked to devise a system that can be used to determine if a particular 

city (e.g., Antalya) on the list of cities is "safe enough" or warrants increased expenditures for the 

police budget. It is expected that although violent crimes against persons have lower overall rates, 

they would be considered more important for decisions about safety than property crimes. Then, the 

students can take this difference into account when assigning new scores or coefficients to each city 

according to its frequency of highest crime ratings among the remaining cities and they can develop a 

generalizable model. 

In the Crime Problem, the students are expected to use the experience they attained from the 

preliminary study and simplify the quantitative data, interpret it, put it in order, analyze and combine 

it, and then make a connection between the qualitative and quantitative data. Moreover, the problem 

is a modeling activity that gives students the opportunity to present the data in different 

representative formats, create a generalizable model that can be derived from different hypotheses 

and one that can be used in other situations. It gives them the chance to prepare a written report on 
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the analyzed data, work in a group and share the results of their work, using their skills to make a 

presentation in written and verbal form (Doerr & English, 2003).  

In the focus group session, which took a total of 90 minutes, a video recording was made and 

then transcribed; the students then engaged in qualitative analysis, relying on their worksheets and 

observation notes to perform this task. Before the focus group session started, the students and their 

families were given information about the study, told that their performance in the activity would not 

be evaluated with a grade in any way, and that their real names and images would not be used. They 

were additionally informed that the study would make an important contribution to developing and 

changing the primary school mathematics curriculum. During the work, no dialogue was carried out 

with the student to advise them or interact with them for any reason. 

Data Analysis 

The mathematical thoughts developed by the 4th grade students in the study during the 

solving of the "Crime Problem" as well as their written responses were analyzed with the method of 

descriptive analysis. Descriptive analysis encompasses the stages of: (a) creating a framework for 

analysis; (b) working with the data according to a thematic framework; (c) identifying the results; and 

(d) interpreting the results (Yıldırım & Şimşek, 2011). For this reason, the thinking processes of the 

primary school 4th grade students in the focus group during the modeling activities were analyzed 

using the modeling cycle developed by Blum and Ferri (2009). To increase the internal reliability or 

credibility of the study, in order to achieve a longer span of interaction with the study group, the 

researcher attended the class as an observer for two weeks before beginning the preliminary study, 

participating in the classroom discussions and interacting with the students. The preliminary study 

was then implemented; this was a five-week period of modeling activities prior to the actual modeling 

activities, conducted to establish an environment of trust in the classroom. To ensure credibility, the 

observation notes taken during the process were evaluated along with the students' worksheets, the 

video analysis and the results reports to create a diversity of data. Furthermore, two colleagues of the 

researcher with doctoral degrees in education and experience in qualitative research from the same 

university were asked to review the processes and categories of the modeling so that a consensus 

could be reached. At the same time, to make sure that the results obtained could be transferred to 

other similar settings, the researchers benefited from the methods of detailed description and 

purposive sampling (Yıldırım & Şimşek, 2011). In detailed description, the setting and the participants 

are identified in rich and intensified detail while results are identified and supported by references to 

the participants' discussions, research notes and documents (Merriam, 2013). 

Results 

Modeling Processes 

The modeling processes of the focus group students in their attempt to construct a model by 

revealing and writing down their mathematical thoughts are described below. The boys in the group 

were given the fictional names of Anıl, Berk and Mahmut.  

Using mathematics: After the modeling activity was passed around to the students, the 

researcher read through the problem with them and the students reviewed the data table. Of the 

students reviewing the data table, Berk expressed his thoughts in this way: 

Berk: We'll add them all together and see. 

Researcher: Why are you adding? 

Berk: Sir, I'll add up all the crimes there are here. If I do half of these, I'll find the one with the lower 

crime rate. I'm going to add them all up. I'm going to look at how much burglary has occurred. 

In the excerpt above, Berk says that he will first find out "how many crimes there are", and then 

"add up" all the numerical values given in each category, thus starting the mathematizing step of the 

process.  
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Establishing the model: After Berk's above thoughts, Mahmut expressed his ideas as below as he 

started to calculate the sum of the crimes in all of the cities in the table (Figure 2):  

Mahmut: What I will do is go over all the crimes... In this order. I'll add up Rize's. I'll do them all this 

way. I'll add up all the cities in this order (pointing to the crimes of violence column). Then I'll compare 

them all. The one that's the lowest is the safest. I'll do the same for the other rows too. Then I'll add up 

the whole row. Then I'll look at the increases (pointing to the crime trends for the last five years 

column). There's very little crime in one city but the crime has increased over the last five years. Then 

that city will drop to the second level, to the third level. But if it's decreasing in a city, if its even twice 

the one before, if it has decreased in five years, then that one will fall down to the second level and be the 

same as the other ones. 

 
Figure 2. Calculating the Total Crime Rates for Each City 

In the excerpts above, Mahmut tries to develop a model by considering more than one factor 

in his calculation. He says first that he will "add up" all of the crime rates in Rize, which is at the top of 

the Cities column and then says that he "will do the same with all [the cities]," showing that his 

approach is similar to Berk's. Mahmut also "adds" the data for the crimes of violence and "compares" 

them to find "the city with the lowest number" of crimes, setting forth the hypothesis that that city is "the 

safest" and evaluating each of the crimes in the main category separately. Besides this, adding the crime 

trends in the last five years column to the process, he says that if a city has an increased crime trend even 

though the crime rate is low, he will take it "down to the second level," in other words, assess it as a less 

safe city, thus explaining how this factor will find a place in the model he is creating. On the other 

hand, even if the crime rate is "twice" that of another province, if there is a decrease in the crime trend, 

he says it will be treated in the same order as the other city, thus emphasizing the importance of the 

"crime trend" factor in the model he is constructing.  

Understanding the task: As Mahmut was trying to develop the model, Anıl was in the process 

too and asking the researcher the concepts he did not understand in the problem:  

Anıl: Sir, I'm going to guess but there's a place I don't understand. It says increasing, decreasing 

(pointing to the crime trend in the last five years column), I didn't understand what that means. 

Researcher: That crime in five years... 

Anıl:But how much did it increase, how much did it decrease? 

Researcher: It has shown an increasing trend. We don't know how much it has increased or decreased. 
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In the excerpts above, Anıl says that he has difficulty understanding the expressions 

"increasing" and "decreasing" in the crime trend in the last five years factor. Instead of solving the issue 

with his friends in the group, he has asked the researcher directly "how much of an increase" or "how 

much of a decrease" there has been. In this stage, it was observed that instead of working together on the 

problem, the members of the group acted independently, trying to find their own individual 

solutions. 

Establishing the model: After overcoming the difficulty he encountered in the understanding the 

problem step, Anıl described the model he developed in this way:  

Anıl: For instance, Antalya's hasn't changed (pointing to the crime trend in the last five years 

column). Then I'll first add Antalya's. Then I'll add the other cities. Because Antalya hasn't changed. 

There are others that are increasing-decreasing. Antalya hasn't changed, so I'll put a 1 on Antalya. I'll 

add all of the good ones and find which one had a lesser crime rate in the last five years first. Then I'll 

find the one that had more.  

In the excerpts above, Anıl first starts to think about the data on the crime trends in the last five 

years. In the data for the crime trends in the last five years, besides increases or decreases, he also "added" 

the data on Antalya, the city where there were no changes and used the total crime rate of this city as a 

reference point (median). Thus Anıl categorized the cities that had a decreasing crime trend as "good." 

After adding the crime rates of the cities designated as "good," Anıl said he would put these in order 

according to the increase and decrease in Antalya, stating that this way he would find the city with the 

lowest crime rate. At this time, Berk was saying that the city of Samsun, which had been mentioned in 

the problem, was not "the safest city" and so he discussed with Mahmut the matter of how to interpret 

"crime trends" as follows:  

Berk: Samsun is not the safest city, sir. See, it has shown an increase (pointing to the increasing crime 

trend). 

Mahmut: No, but this is how we're going to find this. It says annual average values here. We'll 

multiply this by five (pointing to the crime trends in the last five years column). Let's say we'll 

multiply the total of these in Rize (pointing to the crimes in the Rize row) by five. Then we'll find the 

increase in five years. If there is no increase, we'll divide it by five. 

Berk:How's that? That's very silly. Why would you divide it? If there's no increase, it'll remain the 

same. 

Mahmut: No! But it decreases over the five years... 

Berk: No, it doesn't. It does. I don't think that makes any sense... 

Mahmut: Why are you multiplying here for instance? If the annual average value increases this much, 

in five years--you'd have to multiply it, in other words. If it didn't change (pointing to the crime trend 

in Antalya) we'll still multiply. Why would we multiply? It hasn't changed in five years. Over the five 

years. 

Anıl: Do you have a calculator? 

Berk: That's very illogical, right? It's already a lot, if you multiplied by five, it would be even greater. 

Why would you have to multiply it? 

Mahmut: You divide it at the same time. 

Berk: What do you mean--at the same time? You don't know how much it's decreased. 

Mahmut: OK, so divide it by 5. 

Berk: Has it decreased by 40%, 95%? How can I find it by dividing by five? 

Mahmut: Yes, that's right, every year isn't the same. 

Berk: When you multiply by five and then divide by five, you get the same answer! 
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In the excerpts above, Berk has said that Samsun isn't the safest city because of the increase in 

the crime trend. Upon that, Mahmut stresses that on the basis of the "annual average value," in cities that 

have had an increase in the crime trend over the last five years, the total crime rate should be 

"multiplied by 5" and in cases where there is a decrease, it should be "divided by five". Insisting on his 

opinion, Mahmut continues to explain why he multiplied, pointing to the "annual average value" and 

the trend in the last five years. Berk doesn't share Mahmut's opinion and tries to make the point that if a 

city's annual average value is greater than another's, when it is multiplied by five, "it will be greater" 

and this will not do anything but make the values larger. Then Berk says that because the magnitude 

of the falling trend in the table is unknown, it should not be divided by five, and convinces Mahmut 

that multiplying or dividing by five comes out "the same," thus causing Mahmut to give up his model. 

The approach of totaling of each crime rate multiplied by five is an application of the primitive form of 

weighted mean. At this stage, Mahmut has created the mean and weighted mean concepts on his own 

during the process and, pointing out what mathematical calculation he will perform, tries to express 

the concept of trend. 

Using mathematics: At the end of the discussions, the group is unable to reach a joint decision 

about a model and continues to discuss the situation in this way: 

Anıl: To me, I think the best idea coming out from these discussions is mine. I think we should get 

everybody's idea. Then we'll choose the most appropriate among them. Let us all find the answer first. 

But let's not do it one-on-one! 

Mahmut: We're doing them one-on-one now but we'll talk about it. 

Berk: I've already eliminated Aydın's. There are too many crimes. Even if it fell (a decline in the crime 

trend), there are still crimes. 

Berk: And I eliminated Trabzon. 

In the above excerpts, Anıl said that his model was the "best idea" and pointed out that to 

choose "the one that is the most appropriate," everybody had to offer their opinion. The other members of 

the group started to do the calculation of finding the total crime rates by using the model that Berk 

had developed, "adding every value in each column" and finding the answer that way. During all of this, 

Berk, who evaluated the crime rates and compared these with the cities for which he had calculated 

results, said that Trabzon and Aydın "had too many crimes" and should be eliminated.  

Establishing the model: Each group member added the total crime rates for the cities and then 

discussed how to put the crimes in order of importance:  

Anıl: Sir, let me ask you something. Crimes of violence; crimes against goods and property...  

Mahmut: Damage to property is better because the others involve taking a person's life. You can say 

"Better property than a life." That means let crimes of violence be very little. Let there be a lot of crimes 

against property and goods; I'll choose those. I'll choose these first because they're safe; these (pointing 

to crimes of violence) are a worse crime. Robbery is even worse... 

Berk: Right. For instance, they burn up parks all around Turkey; they tear the swings apart. That's 

less. But if someone chopped somebody up with an ax, I wouldn't prefer that to anything else. 

Anıl: For instance, fights break out in the stadiums. They burn down the bleachers; they burn the 

grass... 

Researcher: What are you trying to say? 

Berk: Violence is worse than that! 

Anıl: For instance, there's a Galatasaray-Fenerbahçe match. And Galatasaray wins by, let's say, 12-1. 

The Galatasaray fans tear up the grass. That's a crime too... 

Mahmut: But they don't put them in jail. They just interrogate them and then they leave, swinging 

their arms. 
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Berk: Molestation is a very bad thing. People use force and they can tie people in a corner or they can 

shoot them. Since we don't know this, this is the most important crime (pointing to the crime of 

homicide). 

Mahmut: I'm throwing this out (pointing to the crime of homicide). There is no safety in that. The city 

of Aydın, for example, is good. There's a homicide there only once in a while. 

The excerpts above show that at this stage, the students try to categorize the crimes in the data 

table and evaluate the cities accordingly. In evaluating crimes of violence and crimes against goods and 

property, the students have stressed the importance of “human life" and have declared that crimes 

against goods and property are "more acceptable" than crimes of violence. Thus the students said that 

crimes of violence "should be less" and that crimes against goods and property, although they might signify 

more of a monetary value, if that city has "the lowest number" of crimes of violence, then that city will be 

declared safer. To determine the degree of importance of the crimes in these two categories, the 

students associated the situation with their different daily life situations and evaluated the sub-

categories of these two categories (Homicide, Robbery, Assault&Battery, Burglary, Theft, Auto Theft) in 

order of their importance. The students defined homicide as the most important crime and then turned 

to the table and identified the city of Aydın as "good" or safe because homicide occurred there only "once 

a year”.  

Using Mathematics: Starting off from the model they developed, the students examined the 

homicide rates in the cities and went on with their discussions as below: 

Mahmut: Let's first eliminate Adana. We can eliminate Diyarbakır, and also Trabzon... 

Anıl: Samsun and Malatya have the same total! 

Mahmut: What are you doing (asking Anıl)? Are you adding these (pointing to the column of crimes of 

violence)? 

Anıl: Yeah! 

Mahmut: But Berk is doing the same thing. 

Berk: 76, 99… 

In the excerpts above, Mahmut has stated that he has "eliminated" the cities with the highest 

crime rates in the homicide category, which are Adana, Diyarbakır and Trabzon. Despite the discussions 

above, Anıl has continued to try to calculate the total crime rate in the cities in the model the students 

previously devised. Because his approach was the same as Berk's, the other members of the group 

have ignored him.  

Establishing the model: The members of the group evaluated and categorized the crimes in the 

table (Homicide, Robbery, Assault&Battery, Burglary, Theft, Auto Theft), starting their discussion and 

classifying crimes against goods and property in this way (Table 1):  

Mahmut: Is Auto theft better than burglary? 

Berk: Automobile theft. 

Mahmut: Because in burglary, you could steal something that's worth 130 billion. But purse snatching 

is worse... Because the purse might have a card in it, a house key, a car key. If a thief came and snatched 

a purse, the whole house and the car might go. 

Berk: How will he know which house it is? 

Anıl: But the credit cards have passwords. 

Mahmut: Couldn't you tell which car it is from the car keys? 

Berk: Nope, there are so many Nissans. There's Nissan qushquia. Which one are you going to find? 

Are you going to try the ignition of every car? 

Mahmut: Auto theft is worse because I looked (at the table) and this has been done less (pointing to the 

auto theft column), and so has this (pointing to the purse-snatching column). 
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Berk: Because this is harder (pointing to the auto theft column). This one is easier (pointing to the 

purse-snatching column). 

Mahmut: I think auto theft is the first one, this one (burglary) is second, and this one (purse-

snatching) is third... 

Berk :Is this one (pointing to auto theft) important? 

Mahmut: Yes! 

Berk: Why? 

Mahmut: This is more important... It's very rare. 

Berk: Because it's hard to do. Now, would you go steal a car as you're just casually walking down the 

street? 

Mahmut: They steal them at night. 

Table 1. Classifying Crimes Against Goods and Property 

 

The excerpts above show that the students divided the category of crimes against goods and 

property according to "importance" under the crime sub-categories of burglary, theft (purse-snatching), and 

auto theft. During their discussion, the students expressed their thoughts and formulated their 

arguments frequently by making associations with their daily lives. When Mahmut looked at the table 

and classified the crimes by assuming that "less committed crimes" or "rarely committed crimes" are harder 

to carry out, he qualified them as one being "worse than another. He then put the three categories in 

order, starting from the most difficult to the easiest: auto theft, burglary and purse snatching. Although 

the students defined the crimes in the sub-category according to "importance" as being auto theft, 

burglary and purse snatching, they did not use this new model but instead continued to calculate the 

total crime rates according to city as in the previous model. Mahmut became uneasy when the others 

ignored the model that he had come up with and continued the discussion by saying, 

Mahmut: Hey, you're adding these up now. Aren't you both doing the same thing? You know what we 

should do? Anıl and I will look at these. You're fast;, you do these. Burglary is very rare. Auto theft is 

very rare. Let's find the one that's important, let's find the city where it's rare. Let's look at the other 

crimes in that city. Are the others rare too? If they're not, let's look at the next rare one. If they're all 

good, let's choose this one as the safest city. 

Berk: That's what we're doing. 

Mahmut: So which is the rarest (asking Anıl)? 

Mahmut: Aydın I think is a very nice city. Rize is good too.  

Mahmut: Aydın is the best in homicide, the best in robbing. The best in battery... 
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Researcher: What does "the best" mean? 

Mahmut: That homicide is very rare. Homicide in the last 5 years; it's also in second place in battery 

and it has decreased over the five years... 

Anıl: I think it's Rize! But Rize's is increasing.  

Mahmut: So there are two rare ones. This one (pointing to Aydın) has three or four. This one (the 

province of Aydın) has four rare ones. 

Berk: Mahmut, you do these calculations here. The grand totals. And let me think a bit. 

Berk: Mahmut is right. First of all, Rize isn't the rarest (looking at the table). 

Mahmut: It's not the rarest because this one (Aydın province) has four rare ones. 

Berk: Wait a minute, wait a minute. Aha--"13". How did you find Rize (in the auto theft column)? 

Didn't you see the "13"? Van! That's (14) wrong. "160" in burglary and purse snatching is right! Yes, 

and so is this (pointing to the burglary column). This is right (looking at the third column) too. This 

one could be too (marking Eskişehir in the second column)... Yes, he's right. Aydın is the best.  

Mahmut, who assigned the jobs to the others in the excerpts above, emphasized that the 

"important" crime was the one that was the "rarest" meaning that their task was to find the city where 

these "important crimes" were committed the least. Then, looking at the crime rates in the other 

categories, he asserted that in "the other crimes," they would choose the "rarest" one as the safest city. 

The students then made a verbal comparison of each city in terms of the crime rates in each category 

and sub-category according to which one was "the best" where robbery and battery were rarest, in other 

words, naming Aydın as the city with the lowest crime rates. Also, Mahmut stated that the reason for 

this was that in the sub-categories of homicide and assault&battery, since its crimes had the lowest rates 

(respectively, homicide:1 and battery:2), and crime was on a downward trend in the last five years, Aydın 

was the safest city. Anıl however, was hesitant about Rize because although it was found to be the 

safest city, it had a rising crime rate. Mahmut pointed out that Aydın had "three rare crimes" (homicide:1, 

robbery:2 burglary:50) and that three of the six sub-categories in this city represented the least number 

of crimes. As a result of these discussions, Berk calculated the total crime rates of both main categories, 

and then left his calculations to go back to the table. He stressed that he agreed with Mahmut and said 

that Aydın was "the best" meaning that the students had now chosen this city to be the safest. 

Additionally, a review of Table 1 given above shows that the crimes of violence and crimes against goods 

and property have been placed in order of importance and that the most important crimes are "crimes of 

violence". The crimes in the sub-categories have also been placed in order of importance, designated by 

the values 1, 2 and 3. 

Explaining the results: In the report they wrote about the model they had developed (Figure 3), 

the students explained their model as follows: 

Berk: The best city here is Aydın because it has the least number of homicides compared to the other 

cities. 

Mahmut: It has the fewest number of crimes... 

Berk: There are fewer assaults and fewer burglaries and there has been a decrease in total over the five 

years. When you add up all of the crimes, I'll think about the average. Where's my calculation sheet? If 

you look at the average, Aydın... Wait, let me calculate it first. Mahmut, you haven't added these up. 

Add it up and let me do the calculation. Let me explain on this (pointing to the data table). For example, 

homicide is less here and that's why Aydın has won. Robbery is less and burglary is less and they have 

decreased. But in Samsun, the police commissioner has said it's the safest but it's not. It's one of the 

three best but not the best. It's very bad here--there's a "4", a "2", a "3", an "8". It's way behind 

(Samsun). With "16" it's not terribly behind but it's in the middle, "83" is the same too. In the middle, 

that is. 

Anıl: Samsun has a "257"--how can you call it in the middle? 

Berk: There's a "177". Look, it's second. 
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Anıl: But you're saying it's in the middle. 

Berk: OK, it's in second place, it's in the middle. 

Anıl: There's nothing higher than "257." 

Berk: “451”, “497”, “299”, “499”, “304”. 

Anıl: Is "299" more? 

Berk: Yes. 

Anıl: Then it's more than “257.” Because there's not much difference between "257" and "299." 

Berk: But look at the other figures, there's a difference. Now let's put these in order (the total crimes in 

the cities on the worksheet). According to the sum, Aydın is in 3rd or 4th place but homicide, robbery, 

etc. is more important for us. The crimes here are more. The important crimes are less in Aydın. Here, 

for example, Adana is "107" (the crime of robbery) but let's look at Aydın--it's "2." There's "105" of a 

difference between them. 

Mahmut: Homicide, for example, is “1”. The crime rate is decreasing, for instance (pointing to the rate 

in the city of Aydın). Who knows? Maybe the next time it will be zero (homicide rate). 

  

Figure 3. Results Report in Turkish and English 

 

In the excerpts above, the students try to explain the written report that they have been 

working on. The students explain that in their order of the total crimes in the cities, Aydın is in "3rd or 

4th place" but since Aydın has the least crime rates in the "most important crimes" model that they 

developed, they state that they chose Aydın as the safest city. They put the crimes of homicide, robbery 

and burglary in order verbally in relation to the other cities and they chose the province of Aydın, the 

city that had the lowest rates in these crimes. The students also took into consideration the crime trends 

in the last five years factor and saw that the city of Aydın is "1" in homicide but that this trend had 

decreased and because of this decrease, homicide "could be zero", proving that Aydın is the safest city. 

By not choosing the city of Samsun as the safest province, they stress that this city is "somewhere in the 

middle." Although during the calculations they say they will"think of" taking the "average" of the 

crimes, they do not actually do this in their calculations. 

Summary Analysis of the Modeling Process 

In their process of creating a mathematical model for the Crime Problem, the group of 4th grade 

students, Berk, Anıl and Mahmut, first of all start with reading the problem and trying to understand 

it. After the reading, the idea that all the data must be collected was introduced and the students start 

off with the first step of mathematizing. Two out of the group act on this thought and start to add the 

annual average crime rates of each city while their friend Mahmut, another member of the group, does 

not carry out this operation, trying to develop another model. He evaluates the three main categories 
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on the data sheet (crimes of violence, crimes against goods and property and crime trends) separately, stating 

that, having added all the data for the crimes of violence, the city with the lowest rate will be the safest 

city. Mahmut says he will do the same for the crimes against goods and property and after determining 

the cities with the lowest total crime rates, he states that he will have to also look at the crime trends. 

He says that if there is an increase in the crime trend of the city that is first among the cities with the 

lowest total crime rates, the first choice will be another city with a decreasing crime trend and the 

lowest crime rate. At this point, Anıl interrupts his addition calculation and says that he is having 

difficulty developing a model because he does not understand the category of crime trends. Instead of 

discussing this in the group, he asks the researcher questions and tries to understand the problem in 

that way. After he is satisfied, Anıl also takes into consideration the changes in the crime trend in 

addition to any increases and decreases there might be (in the city of Antalya) and accepts this city's 

total crime rate as an average. By taking into consideration only those cities whose crime trends have 

decreased, in other words, Anıl has ignored the cities with increasing crime trends and after finding the 

total crime rates of these cities, has put the cities with decreasing crime rates in order with reference to 

Antalya.  

Mahmut joins the discussion with another idea and, referring to the fact that the data are 

annual values, says that in the case of an increase in the crime trend of the last five years, the values 

should be multiplied by 5 and when there is a decrease, they should be divided by 5. Berk opposes this 

idea and says that when we talk about crime trends, we cannot know for sure the amount of increase or 

decrease and so directly multiplying averages by five is not right and serves no purpose other than to 

increase the magnitude of the values. Although concepts such as arithmetic mean and weighted averages 

have not been taught to this age group, it was these mathematical concepts that were in effect being 

explained by the students during the model constructing activity. In other words, the student was 

expressing a notion that had actually not yet been learned, namely that a weighted average should be 

used, showing that the student had already created his own conceptual system. Berk continued to 

explain, asserting that multiplying and dividing by the same number would yield the same result, 

convincing Mahmut to give up on his model.  

In the continuation of the discussions, the students go on with finding the total of the cities' 

annual average crime rates and, because of its high total crime rate and despite the decrease in the 

crime trend, the students eliminate the cities of Aydın and Trabzon. During these calculations, Anıl 

starts a different discussion and all of the group members express their opinions. The students 

evaluate the two main crime categories (crimes of violence and crimes against goods and property) 

according the degree to which these crimes are damaging for people. In this case, to choose the safest 

city, they say, crimes of violence must be at the lowest level and so they treat this as the primary 

assessment criterion. In determining the degree of importance of the crimes in these two categories, 

the students associate the situation with their different daily life situations and evaluate the sub-

categories of these two categories (Homicide, Robbery, Assault&Battery, Burglary, Theft, Auto Theft) in 

order of their importance. Assigning scores to the crimes, starting from those that are the most 

damaging to human life to the ones that are the least damaging, they choose homicide as the most 

important (No. 1) crime. Thus, they return to the table and choose Aydın as the safest province because 

homicide occurs in that city only once a year. Accordingly, they first eliminate the cities in the 

provinces column (Adana, Trabzon and Diyarbakır) that have the highest crime rates as compared to 

homicide. Mahmut however has tried to develop their model to categorize the sub-categories of the 

category of crimes against goods and property, that is burglary, theft (purse-snatching), auto theft to classify 

them separately according to their degree of importance. During their discussion, the students 

frequently make a connection with their daily lives, expressing their thoughts and arguments. In 

addition, the students examine the sub-categories of the category of crimes against goods and property 

(burglary, purse-snatching, auto theft) according to the magnitude of the numerical values. The students 

look at the annual averages and because the crime of auto theft is lower than the other values, they 

assess this crime as a crime that is hard to carry out and thus put the crimes in the sub-category in 

order of importance as automobile theft, burglary and purse-snatching. Although the students have set up 
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a different model, they do not use the new one and continue to search for the total rates of the crimes 

in the cities in their previous hypothesis.  

Uncomfortable with this process and because the model he set up was ignored, Mahmut states 

that they would have to find the city where the crimes of homicide, robbery, and assault that were 

determined as important crimes were at the lowest level. Making a verbal comparison of each 

province in terms of the crime rates in each category and sub-category, they name Aydın as the best 

city, where crimes of robbery and assault are at the lowest levels. Also, Mahmut states that the reason 

for this is that in the sub-categories of homicide and assault&battery, since its crimes had the lowest rates 

(crime rates respectively 1 and 2), and crime was on a downward trend in the last five years, Aydın is the 

safest city. While Anıl however is hesitant about Rize being the safest province (in 4th place among the 

cities with the lowest total crime rates) because of the increase in its crime trend, Mahmut points out 

that in three of the six sub-categories (homicide:1, robbery:2, burglary:50), the crimes with the lowest 

rates were in Aydın. As the end of these discussions, Berk calculates the total crime rates in both main 

categories and then leaves his calculations to go back to the table. He says that he agrees with Mahmut 

that Aydın is the safest city. Thus, the students do not consider the total crime rates and reject these 

models, deciding that according to the criteria they determined, Aydın is the safest city despite the fact 

that its total crime rate does not make it the city with the lowest crime rates (it lies in 5th place). At the 

end of the process, the group wrote the letter requested of them explaining why Samsun was not the 

safest city and how they chose Aydın, thus completing their results report.  

It was observed that during the process, the students gave themselves frequent breaks, drifted 

away from the subject at hand many times while they were making associations with daily events, left 

the group to work independently during the discussions as they were mathematizing or tried to quiet 

down the group members in this period. The researcher therefore had to step in frequently and try to 

get the distracted group members back into the process without influencing them in any way. In the 

moments when the students strayed away from the topic, the researcher asked questions to get the 

students to concentrate. Because of the length of time the work took, from time to time the students 

were given a break so they could return to a more productive process. 

Discussion and Conclusion and Suggestions 

This study was carried out with a focus group of primary school 4th grade students who 

worked on a Crime Problem, striving to reach a result in a nonlinear cyclical process which showed 

how they used many of their cognitive and metacognitive thinking processes. During the problem-

solving process, at each stage, the students tried out hypotheses that they associated with everyday 

life, produced ideas, tested the accuracy of their models by making associations with real life and even 

tried to generalize the models through that association. Moreover, the crime problem forced the 

students to communicate and also created an atmosphere in which they could explain their own 

mathematical thoughts, share and relate how they could use their models, defend the justification of 

their own opinions, try to convince the other members of the group of that justification and refresh 

their thoughts by sharing ideas with the others in the group. For the length of the process, the students 

considered many hypotheses and tried to find patterns, mathematize relationships and principles 

while also engaging in higher level mathematical thought processes in order to explain, analyze, 

construct and reason. On the other hand, it was seen that the students encountered some difficulties in 

the process.  

In the first step of the modeling process, understanding the task, the students had difficulty 

interpreting the qualitative data in the data table that described the crime trend factor, one of the main 

categories of the problem, in terms of symbolic increases and decreases. In particular, they could not 

understand how the magnitude of the increases and decreases could be determined nor the concept of 

trend. Similarly English and Watters (2004) stress in their study that students find it hard to 

understand and interpret various formats and representations. At this point, another noteworthy 

result was that the students decided to move into the mathematical calculations directly without fully 
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understanding the problem. A study by Şahin (2014) too has reported that students focused on solving 

a problem without understanding its wording. The reasons for this difficulty have been suggested as 

stemming from the fact that students do not usually find an environment in or outside of school to 

work together on these types of activities where they can generate new ideas and gather experience in 

defending their arguments (Blum & Ferri, 2009; Eraslan & Kant, 2015; Şahin, 2014). This is because 

these types of activities are, contrary to the single-solution routine problems presented to them in the 

curriculum, focused on urging them to think in depth on what they have already learned so that they 

may understand, generalize and develop solutions.  

Especially at the beginning of the group work, as in Şahin's (2014) study, the students 

experienced difficulty with focusing and had to have frequent breaks. It was seen that some students 

could not focus during the group discussion, that they wanted the group to be quiet, and that they left 

the group to go to another corner of the classroom to work on their own. In these situations, the 

researcher stepped in frequently, asking the students to focus on the problem and stressing the 

importance of generating ideas by working and reaching a solution together. The students were 

encouraged to express their ideas more explicitly and write their thoughts down. While the students 

were working together, the difficulties they experienced slowed down the process and delayed the 

development of the modeling. It was seen that primary school students displayed the need for more 

interventions compared to students at higher levels; similar results have been reported by the 

instructors in the study of Watters et al. (2004).  

In the establishing model step, the students produced many different hypotheses and were 

successful in developing suitable models based on the hypotheses, creating a model that could be 

generalized to apply to all data, producing a valid model that made the connection between real life 

and mathematics. Instead of using customary mathematical operations to reach the result, the 

students assigned meanings to the data and decided upon which factors were important and of more 

value in their process of modeling. Many hypotheses were explored throughout the process, the 

unsuitable models were eliminated and the model that was developed was reviewed and a 

nonmathematical, subjective method was used to obtain a generalizable model. As in the study by 

Doerr and English (2003), the students realized that the model should be generalizable and so they 

used the required strategies to achieve this. In parallel to the results attained by Şahin and Eraslan 

(2014), the students frequently associated their hypotheses with their daily lives in an attempt to verify 

their models and make them more meaningful.  

In the using mathematics step, the students developed their model, reviewing their data by 

performing simple mathematical operations such as addition, multiplication, and putting into order 

on the basis of quantity. The students, as in the study by English (2007), identified the important 

factors in the problem in order of priority, explored the relationship between the factors, put the data 

in order and, differing from the mentioned study, put the factors in order on the basis of a scoring 

system. Moreover, although the concepts of arithmetic mean and weighted average had not been taught 

previously, as in the studies of Doerr and English (2003) and English and Watters (2004), the students 

explained these concepts in their discussion and created their own conceptual system. When the 

students of this age group were working on a generalizable model, contrary to students at higher 

levels, they could not have been expected to formulate their model mathematically but instead to 

express themselves verbally or write up each step of their mathematical thought process. In this study, 

the focus group did verbally explain their models and how they used the mathematical concepts.  
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As to the results explaining step, the students successfully reported in the letter they wrote the 

factors they considered in developing their model, how they assessed these factors and the cause and 

effect relationship involved in their ascertaining why the city they lived in was not the safest city. At 

the same time, it was seen in the report that although there was no mathematical demonstration of the 

model they developed, they had been able to express the steps in the creation process verbally.  

When the task of modeling is given to students of younger ages, we see that this experience 

gives them the opportunity to develop their ideas, try out hypotheses, review their ideas and 

rearrange them, use the data with different methods and observe that they attempt to solve a problem 

using different approaches and then are able to explain the different methods they used. It is because 

of this that a discussion environment inevitably ensues and it is seen from the study data how 

students are influenced by each other's thoughts and proceed to develop their model. In studies that 

report similar results (English & Watters, 2005; English, 2007, 2010; Mousoulides & English, 2008), it 

has been asserted that the skills needed to succeed at modeling are some of the most characteristic 

qualities of professionals in real life and are the qualities that experts seek in fields such as 

engineering, economics, industry and business administration. It is emphasized that to be most 

effective, these skills need to be developed early on in life. For this reason, students gain valuable 

experience if they are introduced to modeling activities in a learning environment that can help them 

to use the language of mathematics to interpret real life situations at early ages. Modeling activities 

may thus be included in primary and middle school programs in an uninterrupted fashion. It can be 

seen that there are no activities in the present curriculums that are conducive to creating such 

environments. It may be suggested therefore that the elective applied mathematics course in the middle 

school first year program be extended to encompass years 1-4. Also, in order to ensure that students 

realize the relationship between mathematics and other disciplines, the use of interdisciplinary 

modeling activities starting from primary school may offer students the opportunity to develop a 

positive attitude toward mathematics (English, 2013). If, in the time that the elective applied 

mathematics course is spread out into all of the primary school years, each unit in the primary school 

mathematics textbook could be revised with the addition of at least one modeling activity, students 

may be given the chance to gain experience in this respect. Providing students with instruction in 

mathematical modeling at early ages will contribute greatly to their creativity, high level thinking 

skills, their communication skills as well as to their social development. 

The results of this study are limited to the modeling activity on the thought processes 

involved in solving the Crime Problem tackled by a focus group of three primary school 4th-grade 

students. New research on mathematical modeling activities conducted to broaden the presently 

limited volume of Turkish literature on the subject should be expanded to include students in pre-

school and all levels of primary school. Modeling processes should be examined, how knowledge on 

modeling develops and changes over time should be investigated, and the ways in which modeling 

may help to change negative thoughts and opinions about mathematics should be explored. 
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Appendix 

The Crime Problem: Samsun Police Headquarters told the Ministry of Treasure that the 

budget for the police department does not need to be increased. The polis chief said, ‘Samsun is one of 

the safest cities in the country and our data proves it!’.  However, Police Headquarters’ critics do not 

believe him.  They think that Samsun is not very safe compare to other cities and that the Ministry of 

Treasure should increase the budget for the police. The Ministry of Treasure has asked you to help 

them decide if Samsun is one of the safest cities in the country.  You need to develop a method that the 

Ministry of Treasure can use to decide if Samsun is or is not a safe city.    Tell the Ministry of Treasure 

what you decided and how you arrived at your decision.  

The Polis Department’s data table shows each city’s average annual rates for six serious 

crimes: murder, robbery, assault, burglary, theft, and automobile theft for the latest five years for 

which data are available.  These rates are per 100.000 people.  The rates are divided into violent and 

property categories and a total rate for each of these categories is given below.  The last column 

indicates the crime trend over the previous five years.   

 

 

 

 

 

 

 

 

 

 

 


