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Abstract. The aim of this study is to identify the effect of mathematical modeling activities applied 
as action plans on the development of students' achievement in solving algebraic verbal problems, 

as well as to investigate the mathematical modeling competencies they use during these 
mathematical modeling activities and the modeling steps they reach. Moreover, the types of 

mathematical modelers that the students demonstrated during this application process were 
examined in the study. The study was conducted as an action research with a total of 15 7th grade 
students in rural areas. It was aimed to reveal the mathematical modeling competencies that 

students achieved during mathematical modeling activities through observations, researcher and 
student diaries, as well as interviews conducted with students. Content analysis was implemented 
to analyze the data. During the study, the mathematical modeling competencies demonstrated by 

the students in each mathematical modeling activity and the mathematical modeling steps they 
reached were identified. As a result of the study, it was confirmed that students' mathematical 

modeling competencies were related to competencies such as general mathematical knowledge or 
verbal comprehension, and it was also revealed that students' mathematical knowledge competence 
could be examined in more detail. It was also observed that students could achieve competencies 

through group work and it was found that students' success in solving the verbal algebraic problems 
generally improved based on their mathematical modeling competencies. 
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Problem solving skill is a skill that we encounter not only in mathematics but in every field 

especially in this day age. In general sense, problems are the questions whose solutions are not 

known in advance and do not have a clear solution (MoNE, 2018). What makes the problem 

different is that it includes special circumstances that have not been encountered previously. 

Situations such as financial crises, earthquakes, negativities generated by population growth, and 

unplanned urbanization can indeed be considered as problems. Particularly in the present century, 

more complex problems are encountered that require knowledge and information from more than 

one discipline to solve. While knowledge of engineering field is required to solve a problem in the 

field of medicine, applying mathematical knowledge in the software world can be represented as an 

example of such situations. Zawojewski and Lesh (2003) stated that the experts in application fields 

where mathematics, science and technology were used intensively, such as engineering, medicine 

and business management, indicated that problem solving constantly changed significantly over the 

past 20 years. 

Muller and Burkhardt (2007) stated that it was of great importance in mathematics curricula 

to teach students the basic skills that they would encounter in their lives or work during their school 

years. In this sense, mathematics education should be provided with the methods best-suited for this 

purpose. In this context, the interaction of future generations with problems related to real life, 

appropriate to their own level, rather than disconnected from the problems of daily life, turn out to 

be all the more important. It is a common target of mathematics educators to enable students to 

interpret real-world problems with figures and equations (Nemirovsky, 1996). Furthermore, as 

emphasized in the mathematics curriculum, "problem solving skills" should be considered within 

the scope of non-routine problems and just routine problems should not be satisfied with (MoNE, 

2013). Non-routine problem situations can often be regarded as real-world problems. In order to 

address these problems at school, mathematical modeling based on real-world problems rather than 

classical problem solving can be debated. What differentiates the mathematical modeling problems 

from the routine verbal problems is that they are the problems that involve mathematization skills 

related to daily life, rather than being a problem that depends on the results found as a result of a 

few operations. 

Mathematical Modeling and Problem Solving  

Broadly speaking, even though models are simply representations of how an event works, 

they are conceptual systems that allow the definition of structures by explaining the elements, 
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relationships between these elements, and operations with some representations (Lesh, Carmona & 

Post, 2002). Therefore, based on this definition, it is possible to say that models are relational and 

connectional structures created using signs and symbols based on situations or events. While the 

normal problem-solving procedure proceeds in a linear way between those given and those goals as 

illustrated in Figure 1, the modeling approach proceeds cyclically by dividing the problem into 

stages. 

 

Figure 1. Information- Processing Perspective in Problem Solving (Zawojevski & Lesh, 2003). 

Mathematical models are formed by establishing mathematical structures, connections and 

relationships over a real situation and transferring this real situation or problem to the mathematical 

world (Berry & Houston, 1995; Lesh & Doerr, 2003). Mathematical models are the reflection of a 

real situation or problem in the world of mathematics. With the connectional, relational and 

structural model obtained through this reflection, the problem at hand is resolved, verified and 

explained. This cycle generates the mathematical modelling.  

According to Blume (1989, p. 93) mathematical modeling is "transforming a problem 

situation into its reflection in the mathematical world, where it can be worked on more 

appropriately than the real world and continuing this cycle." Furthermore, according to the Ministry 

of National Education (2013), mathematical modeling is a method that enables one to easily see the 

relationships between problems in life and to express, classify and generalize these relationships 

using mathematical language. 

Blum and Ferri (2009) stated that the mathematical modeling cycle was important for 

students, 

 Since it was important for students to help them understand the world better,  

 Since it supported mathematical learning (Motivation, concept formation, 

comprehension, support),  
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 Since it contributed to the development of various mathematical competencies and 

appropriate attitudes,  

 Since it contributed to the convenient definition of mathematics.  

Blum and Ferri (2009) explicated the modeling cycle as illustrated in Figure 2. As far as this 

figure is concerned, they referred to a cycle that started from a problem situation in the real world 

and ended with transferring this situation to the mathematical world by applying the mathematical 

knowledge and skills; in other words, a cycle consisting of modeling, interpreting, evaluating it and 

explaining the results. 

 

Figure 2. Mathematical Modeling Cycle in cognitive perspective (Blum & Ferri, 2009; Ferri,  2006). 

At the outset, the problem situation must be comprehended by the problem solver, this is the 

construction of the situation model. After the problem is simplified and structured, a model that is 

more appropriate to the real situation of the problem is created. Particularly, the problem solver 

should be able to define what is worth spending time on (Blum & Ferri, 2009). After a model of the 

problem situation is created, it is essential to use the mathematical knowledge to ensure the 

transition of this real-world problem to the mathematical world. In a problem situation that has been 

made mathematical, mathematical results are obtained by using mathematical relations and 

information. Subsequently, after the obtained results are interpreted and verified, it is expected to 

check the real-world outputs of these mathematical results. At the very end, students are supposed 

to present all the results they have obtained, again using the same situation model they have started 

with. According to Ferri (2006), it is very important that the presentation phase takes place in 

revealing the details of the real-life problem that remains in mind in the next stage after the 

interpretation of the results. 
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Similarly, Silver et al. (1993) stated that there were four main stages of solving word 

problems. In these four stages, the first stage was understanding the structure of the mathematical 

problem, understanding the information given and completing the missing information; in the 

second stage, the appropriate process for solving the given verbal problem, planning the process, 

creating a mathematical plan; implementation of the solution plan created in the third stage; the 

fourth stage was to explain the accuracy of the answer and what it meant with both content and real 

situations. When all these mathematical modeling steps are considered, it is possible to say that 

these steps overlap with the problem solving process. There are similarities between the solutions of 

verbal problems and mathematical modeling activities and competencies needed when solving 

problems with the mathematical modeling approach, these competencies vary depending on each 

stage in the mathematical modelling cycle. 

Mathematical Modeling Competence  

Mischo and Maaß (2012) revealed that the mathematical modeling competencies were the 

skills that students should use when solving problems with mathematical modeling. They revealed 

the impact of mathematical modeling skill's field or domain competencies and ideas and specified 

the necessary skills for each modeling step. As far as the skills listed in Table 1 are concerned, there 

are skills that students should exhibit in each of the modeling steps. These personal factors can be 

overcome with skills corresponding to the Mathematical Modeling steps. They stated that these 

personal factors were related to the modeling steps. Given Table 1, it is indicated that in order to 

understand the model, one should initially have verbal comprehension skills and that this personal 

feature is effective in getting through this step. 

Table 1. 

Modeling Process and Personal Factors Acknowledged to be Relevant  

All steps  Personal factors considered to be related 

Step 1: Creating the model situation 
Verbal comprehension outline, understanding and 

explaining the text 

Step 2: Building a real model 

Establishing logical general knowledge and 

representations, modeling outline and linking the 

general knowledge 

Step 3: Creating a mathematical model Mathematical competence 

Step 4: Finding a solution with a 

mathematical model 

Mathematical competence 

Step 5: Interpreting the mathematical solution Mathematical competence and verbal comprehension 

Step 6: Verification General information 
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Maaß (2006) quoted the mathematical modeling competencies from Kaiser and Blum (1997, 

p. 9) and defined a list of competencies as follows. As seen in Table 1, the competences concerning 

each of the steps in the mathematical modeling process have been revealed, and in Table 2, the 

modeling competencies that must be laid out in the mathematical modeling process are indicated. 

This list is presented in Table 2. 

Table 2. 

Mathematical Modeling Competencies 

1. Competence to understand the 

real situation and build a model 

based on reality 

 Competence to make assumptions for the problem and simplify 

the situation. 

 Competence to identify quantities that affect the situation, 

name them and identify the relevant variables. 

 Competence to establishing the connection between the 

variables 

 Competence to search for accessible information, 

distinguishing between the relevant and irrelevant 

2. Competence to create the 

mathematical models from real 

models  

 

 Competence to mathematize the relevant quantities and the 

relationships between them 

 If necessary, competence to simplify the relationships and 

connections between quantities and reduce their complexity with 

numbers. 

 Competence to choose the appropriate mathematical 

representations and present the situations as Figures  

3. Competence to solve the 

mathematical problems with this 

mathematical model 

 

 Competence to divide the problem into smaller parts, establish 

relationships with similar problems 

 Competence to use heuristic strategies such as rephrasing and 

examining the problem, vary the quantities or appropriate data. 

 Competence to use mathematical knowledge to solve the 

problem. 

 4. Competence to interpret the 

mathematical results in real 

situations 

 Competence to interpret the mathematical results in non-

mathematical contexts, 

 Competence to generalize the solutions developed for a 

specific situation 

 Competence to examine or talk about the solution using 

appropriate mathematical language. 

5. Competence to validate the 

solution 

 Competence to critically check the solution found and make 

reflections 

 Competence to revisit some parts of the model or repeat the 

entire modeling process, if the solution does not fit the situation,  

 Competence to reflect on other ways to solve the problem if 

solutions can be developed differently 

 Competence to question the model in general. 

All of these competencies comprise students' behaviors and problem-solving approaches in 

the mathematical modeling activities. These competencies, which are structured similarly to the 
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characteristics of being a good problem solver, are also considered in mathematical modeling 

activities. Eventually, the competence that students should have is the competence to see the 

relationship of mathematics with daily life, which can be considered as the point that mathematical 

modeling activities aim to reach in the end. 

The mathematical modeling process dealt with in the study was first compiled from the 

studies of Berry and Houston (1995) and Blum and Ferri (2009). The mapping of the essential 

competencies in the mathematical modeling steps was made based on the studies of Mischo and 

Maaß (2012) and Maaß (2006). While the mathematical competencies are examined in three 

sections; Algebraic expression (establishing an equation), Operational (solving the equation) and 

interpreting the solution; the general knowledge is examined in two sections: Daily life knowledge 

and General mathematics knowledge. Similarly, while verbal comprehension competence 

represents understanding the problem, the competence to verify and explain the solution to the 

problem was also investigated within the scope of verbal expression competence. 

Modeler Types 

Students' behavioral patterns in mathematical modeling activities were also considered as the 

modeler types. Kaiser and Maaß (2007) referred to four different modeler types in their study, and 

the scheme identified by Maaß (2006) regarding these modeler types is illustrated in Figure 3. This 

figure presents us the clues about the behavior of students in mathematical modeling activities. The 

modeler types based on the attitudes towards modeling activities and attitudes towards mathematics 

are as follows; 

 

Figure 3. Modeler types based on the modeling competencies (Maaß, 2006). 
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Reality-distant modeler. Although they have positive attitudes towards mathematics, they 

are distanced in connection with reality. As an effective consequence, they build a barrier, mainly 

due to their lack of competence in solving problems related to the mathematical content, where they 

have problems with the structure of real models, their validation and, in part, the interpretation of 

the results. 

Mathematics-distant modeler. These modeler students clearly grant the real-world problems 

a chance and exhibit low success in mathematics classes. These students are very enthusiastic about 

modeling examples. They can build real models and validate the solutions very well, too. There are 

flows in establishing mathematical models, finding mathematical solutions to them, and interpreting 

the complex solutions.  

Reflecting modeler. They have positive attitudes towards the modeling examples as well as 

mathematics itself. They demonstrate appropriate achievement in mathematics. It is very difficult to 

find flaws in the modeling process. 

Uninterested modeler. They are neither concerned with the real world nor with mathematics 

itself. There are errors in their mathematical proficiencies. When solving the modeling problems, 

problems arise in every modeling process. 

The competencies that modelers demonstrate in mathematical modeling activities are also 

significant in the formation of mathematical modeler types. Furthermore, the competencies 

demonstrated by students in mathematical modeling steps differ in each mathematical modeling 

step. All these need to be addressed as a whole. 

Purpose and Significance of the Study 

The purpose of the study is to identify the effect of mathematical modeling activities 

implemented to improve students' achievement in solving verbal problems and thus to augment 

their success in solving the verbal problems. In the study, it is very important to investigate the 

progress of the 7th grade student group in solving the algebraic verbal problems that they 

previously had difficulties with and to identify to what extent and how these difficulties were 

overcome. When the studies conducted with mathematical modeling activities were reviewed, it 

was clear seen that the study groups of those studies, especially nationally conducted ones were 

generally composed of teachers and teacher candidates (Aydın Güç, 2015; Bal & Doğanay, 2014; 

Tuna et al., 2013; Güder, 2013; Karalı, 2013; Şen). Zeytun, 2013; Ural & Ülper, 2013; Tekin Dede 

&Yılmaz, 2013; Hıdıroğlu, 2012; Çiltaş, 2011; Ünveren, 2010; Korkmaz, 2010). In addition to 
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these studies mathematical modeling studies have increased in recent years, especially with 

secondary school students (İnan Tutkun & Didiş Kabar, 2018; Yıldırım & Işık, 2013; Muşlu& 

Çiltaş, 2016; Özgen & Şeker, 2021; Çavuş Erdem & Gürbüz, 2018; Kalaycı, 2017). 

The international studies, on the other hand, includes the mathematical modeling studies 

including primary school level (English, 2002; English & Waters, 2005). It was clearly observed 

that those studies generally attempted to identify the effects of mathematical modeling activities on 

the students’ mathematics achievement and attitudes towards mathematics (Olkun et al., 2009). 

Furthermore, some other studies, on the other hand, focused on the solution of these mathematical 

modeling activities of the students. In these studies, students' behaviors in one or more 

mathematical modeling activities were comprehensively investigated. Nevertheless, previous 

studies either only investigated its effects on the quantities such as achievement and attitude 

quantitatively and experimentally or focused on the solution of mathematical modeling activities. In 

this sense, the present study makes the research distinctive by identifying the mathematical 

modeling competencies that students demonstrate during the mathematical modeling activities. 

When the difficulties in algebraic verbal problems obtained from the researcher's observations and 

the literature (Akgün, 2009; Aydın & Özmen, 2012; Dede, 2004; Llinares & Roig, 2008; Sezgin 

Memnun, 2014; Soylu, 2008;) were compared with the class, it was found that the points to be 

solved were; 1) Students tried to find a solution without understanding the problem, 2) Students had 

difficulty in identifying the unknown and establishing equations; the students failed to mathematize 

a problem, 3) Students operated with unknowns and knowns while solving the equation they 

created, 4) Students did not perceive the solution they found as a realistic solution and did not 

interpret or verify their solutions, 5) Students failed to explain the solution they found. The reason 

why mathematical modeling was chosen to solve these identified problems was that many studies 

confirmed that mathematical modeling activities had a positive effect on teaching problem solving 

(Olkun et al., 2009; Kal, 2013; English, 2002; English & Watters, 2005; English & Sriraman, 

2010). It was indicated by many researchers that mathematical modeling activities were effective in 

teaching mathematics and especially in problem solving (Mousoulides et al., 2008; English & 

Doerr, 2003; Reusser & Stebler, 1997; Lester & Kehle, 2003; Işık & Yıldırım, 2014; Kal, 2013; 

Sandalcı, 2013). This study is significant in terms of not only improving a situation that requires 

intervention in teaching, but also identifying the effects of mathematical modeling activities on 

students in solving the algebraic verbal problems. In this sense, answers to the following questions 

were sought in the study; 
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1)  How do mathematical modeling activities impact the verbal problem solving success of 

the 7th grade students? 

2) What are the mathematical modeling steps that 7th grade students reach during the 

mathematical modeling activities? 

3) How do the mathematical modeling competencies of 7th grade students develop during the 

mathematical modeling activities? 

4) What are the modeler types demonstrated by the 7th grade students during mathematical 

modeling activities? 

 

Method 

Research Model 

Since the purpose of this study was to improve students’ verbal problem solving success and 

identify the effect of mathematical modeling steps on this process, it was implemented through the 

method of action research. The general purpose of action research is to ensure a development and 

change action in which active elements are brought together in the process, based on the existing 

situation where a solution or change is required, and evaluate the functionality of this action (İnan, 

2011).  

Prior to the study, the action process in Table 3 was conducted to establish the current 

situation of the students and aim for a change to improve the success of the students in solving the 

verbal problems due to the low achievement of the students in solving the verbal problems.  

In this sense, in order to overcome the difficulties that the students experienced, especially the 

points where they had particular difficulty were identified through observation and this was 

repeated in a cycle after each action plan. In other words, the content of the mathematical modeling 

activity, which was the other action plan, was established accordingly, based on the observations 

made after each action plan was implemented and the data obtained from the student diaries. While 

implementing this action plan, the action committee met at each stage and the difficulties that could 

be encountered or the results to be achieved for each action plan were discussed and the actions 

were taken after these stages. 
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Table 3.  

Procedure of the Study 

 

Study Group 

The study group consisted of a total of 15 7th grade students studying in a rural area in 

Ankara province. The problem situation in this group was observed by one of the researchers who 

was also a mathematics teacher, leading to the selection of this study group. All these students were 

in the same class.  

Therefore, the students' levels were identified as a result of the achievement test and they 

were allowed to take part in mathematical modeling activities in groups of 3 students. The levels 

students were in were High (H), Medium (M) and Low (L). In creating the levels pre-test were 

considered. According to the pre-testing conducted in three levels, 6 students were classified as 

high, 7 students were classified as middle, and 2 students were classified as low. The students were 

then divided heterogeneously and homogeneously into groups of three, depending on their 

friendship. The students in five groups were placed as H1H2H3, H5H6M3, H4M1L2, M2M5M6 

and M4M7L1.  
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Data Collection Tools  

There was an achievement test administered to the students in an attempt obtain quantitative 

data. This achievement test was administered to the students before and after the research process. 

The content of the achievement test consisted of 10 open-ended questions based on solving the 

algebraic verbal problems. The test was prepared in order to identify the effect of mathematical 

modeling activities on problem solving success, considering the 7th grade problem solving 

achievements. The solution time of the achievement test was 100 minutes, allowing 10 minutes for 

each question. 

Basically, the reason for this was to enable the students to understand and solve the problems 

without time limits. Opinions of two experts were taken for content validity, and the achievement 

test was finalized in line with the recommendations. Such a tool had to be implemented in order to 

quantitatively identify the effect of the application on the students' problem-solving success. The 

reliability of this open-ended test was calculated with the formula Consensus / (Consensus + 

Dissensus) *100, which calculates reliability based on the items of disagreement and agreement 

stated by Miles and Huberman (1994), and it was found that the reliability was 0.84. The scores 

students achieved from this test were classified as low, medium and high, and the students were 

coded and divided into groups accordingly. 

Four mathematical modeling activities, two of which are researchers and two of which are 

adapted from different researchers, were carried out with the students for 6 weeks. Each activity 

was practiced for about 3 lesson hours. 

In addition to the researcher's diary, student diaries and worksheets, the semi-structured 

interviews with students during and after mathematical modeling activities constituted the data 

collection tools of the study. Structured observation was conducted in the study. Before the 

structured observation, the solution process of the students in the mathematical modeling activities 

was observed in the context of the mathematical modeling competencies previously established by 

Mischo and Maaß (2012), which the students had to meet, as well as the mathematical modeling 

steps defined by Blum and Ferri (2006). The reason for choosing this observation method was that 

it provided reliability and validity in collecting the data (Büyüköztürk et al., 2010). 

The researcher's diary consisted of recording students' in-group and individual behaviors and 

solutions during each activity, both in audio and text format. Furthermore, the student diaries were a 

resource that contained individual students' solutions and thoughts about activities, both for 
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themselves and as a group. Similarly, through the semi-structured interviews, it was aimed to 

identify which paths the students followed in the activities, which mathematical connections, 

relationships and symbols they used and why they used them. By conducting semi-structured 

interviews, rich data was provided for the study and students' attention was drawn on the subject. In 

the semi-structured interviews, questions were asked to identify the solution keys that students 

followed in mathematical modeling activities. Asking these questions also contributed to reliability 

in terms of verifying the activity solutions in the student diaries. Furthermore, as a requirement of 

action research, semi-structured interviews were conducted with the students in an attempt to 

establish the activities to be implemented to control the progress of the students, and the modeling 

activities were reviewed accordingly. Through continuous interviews, the students' way of handling 

the problems was analyzed and the problems were arranged accordingly. 

Process 

Four mathematical modeling activities, lasting a total of 6 weeks, were held with the students. 

Students worked with their groups for the activities and made presentations to other groups at the 

end of each activity. Two of the four mathematical modeling activities were developed by the 

researchers and the other two were adapted from the previous mathematical modeling studies.  

Approximately 120 minutes were spent on each activity. In classrooms where mathematical 

modeling activities were applied, students were divided into groups of at least three people in order 

to understand and interpret real situations, develop a model and evaluate with their classmates, and 

the teacher guided them in the process of generating their own knowledge (Türker Biber & Yetkin 

Özdemir, 2015; English & Sriraman, 2010; Lesh & Lehrer, 2003). Hence, mathematical modeling 

activities were carried out by working groups of 3 students. 

All the mathematical modeling activities were planned during the application process and 

planned in line with the mathematical knowledge and interests of the students. Four activities were 

implemented. During and at the end of the activity, students' progress in the mathematical modeling 

steps was recorded as audios. Furthermore, in each activity, the researcher's diary, observation and 

student diaries revealed the steps that the students had difficulty with, and the plan and content of 

the next activity were planned accordingly, by observing and interviewing the students.  Throughout 

their mathematical modeling activities, students kept diaries, and after each activity, student diaries 

were gathered, scrutinized, and sent back to them. The four mathematical modeling activities 

illustrated in Table 6 were prepared or adapted based on the mathematical modeling approach. 
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Table 6.  

Mathematical Modeling Activities İmplemented with the Students 

In mathematical modeling activities, both individual and group interviews were conducted 

with the students, how the activities would be done, the students' interest in the subject of the 

activity, and the weaknesses encountered in other activities were recorded. In this sense, the results 

of each event were shared with the action committee and it was decided how the following event 

should be. The action committee consisted of researchers and two mathematics teachers who have 

master of mathematics education science. During the activities, the students' ability to reach the 

mathematical modeling steps and the mathematical modeling competencies they demonstrated in 

the activities were also examined and the findings were recorded and interpreted. 

Data Analysis 

The analysis of observation data in the study was conducted using content analysis. The 

content analysis framework for observation data was deliberated within the framework of 

mathematical modeling competencies. There are basically two processes in content analysis, which 

are used especially in the analysis of data obtained from observations and interviews. The first of 

these is to identify the categories before starting the analysis and shape these categories based on 

the previously obtained information, theories and experiences. The second is being more familiar 

with the subject thanks to the data collected and new categories emerge as the analysis continues 

(Büyüköztürk et al., 2010). 

Implementation Purpose Duration 

Apple Tree 

Problem 

 

The purpose of this activity was to make students feel that a problem 

situation did not always contain numerical data and develop the skills of 

developing a hypothesis and testing it. 

3 lesson hours 

Speed Problem 
The purpose of this activity was to enable the students to establish the 

speed, distance and time variables in the problem situations. 
3 lesson hours 

Giant's Foot 

 

It is an activity aimed at improving students' skills in identifying the 

unknowns, especially in problems involving the concept of ratio, and 

finding these variables by establishing the ratios. 

3 lesson hours 

Onion Seed 

It was observed that students had difficulty especially in profit and loss 

problems. Moreover, onion farming was carried out in the region where 

the students lived and their families were also interested in agriculture. It 

was intended to be an activity related to daily life that included both 

profit and loss and drew the attention of students. 

3 lesson hours 
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In the literature review, the steps identified by Blum and Ferri (2009) were established as 

understanding the problem, making assumptions, mathematizing, solving the problem, interpreting 

the solution, verifying the solution and explaining-predicting-presenting. It was decided to examine 

the students according to these steps in mathematical modeling. Secondly, the data arranged by 

transcribing the audio recordings were analyzed in line with the framework established above. This 

analysis was implemented in order to identify at what stage of modeling the students were in the 

activities and what competencies they could use. In the second step, the diversification of 

mathematical knowledge, which was one of the mathematical modeling competencies used by 

students in mathematical modeling activities, was established through the observation-interviews 

and the student diaries examined after each activity, and the mathematical modeling step and the 

mathematical modeling competencies essential for this were matched again, as is the case in Table 4 

below, and this new theme was also taken into consideration in the analysis of the data. 

Table 4.  

Mathematical Modeling Steps in the Problem Solving Process and the Required Competencies  

Mathematical Modeling Steps Competencies and Personal Factors to be Used in the 
Step 

1. Understanding the Problem: The real-life 
problem or situation can be understood by the 
solver, and the important data is established 

through selection. 

Verbal comprehension: Understanding and making 
sense of the problem when it is read. Competence to 
understand the real situation. 

2.Making Assumptions: Searching the data in 
the problem situation; mathematical 
relationships, establishing connections and 

creating a simple verbal model for solving the 
problem. 

General Knowledge (General mathematics 
knowledge): Identifying the variables in the problem 
statement using mathematical knowledge, expressing the 

purpose verbally in the form of a simple sentence. 

3.Mathematizing: Turning the established 
verbal model into a mathematical model by 
representing the variables assigned in the 

problem situation such as symbols and shapes. 

Mathematical (Expressing Algebraically - Establishing 
an Equation): Building a model using variables. 
Competence in building models based on reality and 

competence in creating mathematical models from real 
models. 

4. Solving the Problem: Solving the 
established mathematical model with the data in 
the situation or problem. Going back and re-

examining the variables so that assumptions can 
be made again, and making improvements. 

 Mathematical Competence (Operational - Solving the 
Equation): Substituting the numerical values using the 
model constructed by establishing the variables, solving 

the equation constructed with the general mathematical 
knowledge. Competence to solve the mathematical 
problems with this mathematical model. 

5. Interpreting the Solution: Putting the 
solution into words to see to what extent the 

achieved result matches the original problem 
situation. 

Verbal comprehension and ability to express, 
Mathematical competence (Interpreting the Solution): 

Explaining the result verbally by associating it with 
mathematics. Competence to interpret the mathematical 
results in real situations. 
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6. Verifying the Solution: Using the obtained 
mathematical model on other suitable data. 
Again, at this step, one can return to the 

assumption step to make retrospective 
corrections. 

  General Knowledge (General mathematical 
knowledge): Reaching the common results by 
substituting different values into the created model. Do 

not use mathematical knowledge while doing this. 
Solution Validation Competence 

7. Explanation, Reporting: The solver makes 

a general presentation about the solution. They 
can prepare posters and presentations. 

Ability to oneself express verbally, General knowledge 

(Daily life knowledge): Ability to express oneself using 
general mathematical knowledge to explain the operations 
performed. 

Furthermore, the indicators in Table 5 suggested by Maaß (2006) were utilized to identify the 

students' mathematical modeler types. 

Table 5.  

Indicators of mathematical modeler types 

Modeler types Indicators 

Distanced from reality They exhibit a positive attitude towards mathematics 

and a negative attitude towards modeling activities. 

Modeler with Distanced from Mathematics  They are enthusiastic in the modeling activities, but 

their attitude towards mathematics is negative. 

Reflective Modeler They exhibit positive attitudes towards both 
mathematics and mathematical modeling activities. 

Uninterested Modeler 
They have a positive attitude towards neither 

mathematics nor mathematical modeling activities. 

 

Results 

Findings and interpretations were obtained at the activity level and on a group basis.  

The Effect of Mathematical Modeling on Algebraic Verbal Problem Solving Achievement  

A pre-test and post-test were administered to the students in the study group. After the 

implementation, a post-test was conducted to identify the students' competence in order to solve the 

problems after performing mathematical modeling activities. By conducting dependent groups T-

test, it was aimed to identify the effect of mathematical modeling activities on the students' 

achievement in solving the algebraic verbal problems. 

Comparison of the averages of the tests performed before and after the mathematical 

modeling activities is as follows: 
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Table 7.  

Pre-test and Post-test T-test and Dependent Sample Statistics  

 Average N Standard 

deviation 

t p 

Pre-test 24.33 15 20.607 -5.02 0.0001 

Post-test 50.93 15 32.103 

As is clear in Table 7, it is possible to say that there was a significant difference between the 

pre-test and post-test score averages because the p/2 value obtained as a result of the dependent 

sample T-test was smaller than the 0.05 significance value (p = .0001). As far as the results 

obtained here are concerned, it was found that students' achievement in solving the algebraic verbal 

problems differed positively with the mathematical modeling activities.  

 

Mathematical Modeling Competencies Exhibited by the Students in the Mathematical 

Modeling Activities  

Modeling steps were examined when mathematics students participated in mathematical 

modeling activities. These four mathematical modeling activities are prepared according to the 

mathematical knowledge and connections that students have had difficulties in the previous activity. 

Mathematical modeling steps reached by the students in the apple tree activity. The 

apple tree activity, unlike the verbal problems students encountered previously, was an activity that 

did not include specific quantity values and encouraged the students to use variables. In this 

problem, students were expected to make a mathematical solution by taking into account the values 

such as root, trunk and crown width. Figure 4 illustrates the mathematical modeling steps that 

students reached in solving this activity. 
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Figure 4. Mathematical Modeling Steps Reached by the Student Groups in the Apple Tree Problem. 

As the Figure 4 illustrates, none of the student groups managed to reach the final stage of the 

problem. Below are the students' solutions and explanations: 

 

Figure 5. Drawing of the H1H2H3 Group regarding the Apple Tree Problem. 

In Figure 5, which was a joint drawing of the students, the students tried to create a model to 

test their assumptions by drawing two different gardens on the assumption that trees could be large 

or small in daily life, as presented in the problem. The following conversation also demonstrates 

how students used the variables in this mathematization process: 
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''H3: The length between them also varies, but it depends on its length.  

H1: I found the area, sir. It was 300 square meters. I called it n. Then I found  the area of the 

tree, I said it was 9 square meters. I called it x. Something came out, but there are 20 at most 

here. 

H3: The distance would be n/x, as I just said 

A: What do you mean by n? 

H1: n the area. 

H3: Yes. 

H3: Maybe we can actually figure out how many trees will fit. 

H1: No, no, we should develop a formula that includes the distance, not how many trees will 

fit." 

As far as Figure 5 above and the students' explanations are concerned, it is clear that the 

students tried to find out how many trees could fit in a certain area and realized that they needed to 

create a model using the variables in order to do this. It was stated that the students considered the 

area of the garden with the variable "n" and chose to represent the distance between them with the 

variable "x". It was pointed out that the students reached the mathematization stage, but when 

working with these variables, they thought that they obtained the number of trees as a result of 

estimating the area to the distance. With H1's warning, even though the students wanted to develop 

a model for finding distance, they were not successful. Therefore, the H1H2H3 group progressed to 

the "mathematising" stage. 

 

Figure 6. A Model of the Apple Tree Problem from the Worksheet of the M4M7L1 Student Group. 

 Considering Figure 6 above, it is clear that the M4M7L1 group tried to understand and 

simplify the problem from the drawing they made to place the trees in a certain area for the 
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problem. It is possible to say that the students at this stage tried to calculate hypothetically how 

many trees could fit on 1 acre of land. However, it seems that they failed to mathematize the 

solution to the problem.  

Mathematical modeling steps reached by the students in the speed activity. A 

Mathematical Modeling actvity was given to the students in the second week. Students' problem 

solving processes were examined on a group basis. The Mathematical Modeling steps that the 

student groups reached in solving the Speed problem were identified as illustrated in Figure 7. 

 

Figure 7. Mathematical Modeling Steps Reached by the Student Groups in the Speed Activity. 

As Figure 7 illustrates, it is possible to say that the student groups reached higher levels of 

mathematical modeling in the Speed Activity. The details regarding the solutions of the student 

groups are presented below: 

 

Figure 8. Solution for the Activity from M3's Worksheet. 
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The solution made by the H5H6M3 group for the Speed Activity is presented in Figure 8. It is 

clear that the group tried to fill in the missing parts by using ratios, while aiming to create a model 

by establishing an equation. Nevertheless, it was found that the students did not use the same model 

to verify the model. Therefore, it is possible to say that the students only reached as far as the 

problem-solving/mathematical working stage. 

Mathematical modeling steps reached by the  students in the giant's foot activity. The 

giant's foot activity was given to students. The main mathematical concept to be used in solving the problem 

is ratio–proportion. The Mathematical Modeling Steps reached by the Student Groups in solving the Giant's 

Foot problem are illustrated in Figure 9 on a group basis: 

 

Figure 9. Mathematical Modeling Steps Reached by the Student Groups in the Giant's Foot Problem. 

As far as Figure 9 is concerned, it is clear that student groups were able to reach higher levels 

of mathematical modeling compared to the previous activities. It is evident that especially the 

H1H2H3 student group was able to reach the highest level of mathematical modeling step. 

Considering that they could only progress as far as the mathematization step in the Apple Tree 

Activity, it is possible to say that the group exhibited improvement in terms of progress in 

mathematical modeling steps. It is possible to generalize this situation for other groups as well; in 

this problem, the groups reached at least the Problem Solving stage. Some of the solutions offered 

by the groups are listed below: 
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Figure 10. A Section from H3 Student's Diary regarding the Solution of the Problem. 

Figure 10 illustrates a section from H3's diary regarding the solution of the problem. The 

students aimed to develop a model in order to solve the problem by trying to estimate the quantities 

given in the problem with such data as actual arm and foot length. The solution of the other students 

in the group, H1 and H3, shown in Figure 11 below, supports this: 

  

Figure 11. A Section from the Diaries of H1 and H3 on the Solution of the Problem. 

As is clear in Figure 11, it is evident that the students developed mathematical models to 

calculate the variables by establishing a proportional connection between the real data and the data 

of the problem. Furthermore, it is clear to see that they reached the stage of calculating the giant's 

height by verifying the model they created to solve the problem situation in the activity for their 
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own body and foot lengths. Finally, the students explained to their friends how they made this 

calculation and reached the last mathematical modeling step for the solution of the activity. 

The H5H6M3 group's approach to the problem was slightly different. While solving the 

problem, the students started from the area of the shoe. They calculated the ratio between the area 

of the giant shoe and the foot of one of the group members. 

 

Figure 12. H6's Solution for the Giant's Foot Activity. 

As is illustrated in Figure 12, the students first reached the result that the ratio of foot area to 

foot height was 1,5; but when asked how they calculated this area, they stated that they 

contemplated that it could be roughly like this. 

By trying to create a model, they reached the stage of validating the model with their own foot 

measurements, stating that they took the giant's foot area as the product of the giant's foot width and 

height. Figure 13 illustrates a section from H5's diary regarding the solution of the problem: 

 

Figure 13. H5's Explanation for the Giant's Foot Activity. 
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According to this solution in Figure 13, it is evident that H5 tried to develop a method that 

demonstrated that height was related to the foot area, based on the height and foot length of herself 

and her group friends. 

Mathematical modeling steps reached by the students in the onion seed activity. The last 

mathematical modeling activity was prepared by the researcher. The basis for preparing this 

mathematical modeling activity was that onion farming was done in the application area and the 

application area was in a rural area. By preparing a mathematical modeling activity in this way, it 

was aimed to attract the attention of the students and increased their motivation and desires. In this 

mathematical modeling activity, students needed to find the most suitable seed by using the existing 

data and table and following the mathematical modeling steps. The mathematical concepts that 

student groups used extensively in this problem were ratio-proportion, profit-loss, and creating a 

mathematical model using the algebraic expressions. Figure 14 illustrates the mathematical 

modeling steps that the student groups reached in this activity: 

 

Figure 14. Mathematical Modeling Steps Reached by the Student Groups in the Onion Seed Problem. 

As is seen in Figure 14, H1H2H3 student group reached the solution by completing all 

mathematical modeling steps. Nevertheless, it is clear that the M4M7L1 group was able to progress 

as far as the stage of simplifying the problem. Even though they could not reach a solution, it was 

observed that the M4M7L1 Group actively worked on this event. A section of the in-group 

discussions that the students had to solve the activity is below: 

 “M7: In order to be able to solve this problem, we must first find out size of the area to plant 

the seeds and calculate which seed is good. 
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L1: Yes, one by one, okay, let's start with the Yakut first.  

M7: Let's first equalize the grams and get started. 

M4: When 500 grams is 120 liras, 250 grams is equal to double, that’s what we get. So if 500 

grams is 120, wouldn't 1000 grams be 240?''  

It is apparent from the students' conversations that they grasped the problem and tried to 

structure the problem by making assumptions for the solution. 

 

Figure 15. A section from L1's diary regarding the solution of the activity. 

As clear in Figure 15 regarding the solution in L1's diary, the students tried to calculate the 

cost for a specific area by assigning variables using the abbreviations for each seed. Nevertheless, 

even though the students tried to do mathematization in this process, they had difficulty in the 

mathematical operation stage. 

H1H2H3 student group created two different models for this activity.  

 

Figure 16. A Visual of Group H1H2H3’s Effort to Synchronize the Units Attempting to Solve the 

Problem. 
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Figure 16 illustrates that the students tried to create a model that took into account the 

minimum number of grams of each seed type to be planted per acre, the lowest price and the highest 

harvest amount per acre, by making assumptions about the solution of the problem. Students' 

explanations regarding the problem situation are as follows: 

''H1: Alba is 650, Dora is 520, but since the one with the lower price is the more use ful one, 

we will swap the two.  

H3: How about this? If we call the lowest gram x... 

H1: But how about something like this? The lowest gram of this is x, which is low, this is 500, 

and this becomes 600. Now, if the gram is low, the usefulness will increase even more, right? We 

can buy more grams for less money. Let's say you bought 6000 grams for 1 lira, you buy 5000 

grams here. 

H2: It would be better if we could find out how many grams are used per acre.''  

This conversation between the students is an indication that the students used the variable "x" 

and were at a stage of mathematization.  

 

Figure 17. Model and Calculations Developed by the Group from H2's Worksheet. 

As is clear in Figure 17, the students developed a mathematical model in order to solve the 

problem situation and calculated the seed costs required for 1 acre with the help of this model. 
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Figure 18. Mathematical Modeling Steps Reached by the Student Groups during the Implementation 

Process of the Activities. 

 Figure 18 illustrates that the mathematical modeling steps that the student groups 

reached throughout the activities in the implementation process. The mathematical modeling step 

that the student groups reached in the first activity, the Apple Tree Activity, was the mathematising. 

A group of homogeneous and high-achieving students, such as H1H2H3, continuously progressed 

through the stages of mathematical modeling and was able to reach the final stage. On the other 

hand, the M2M5M6 group was a homogeneous group with medium level success, but the highest 

level this group could achieve was the “problem solving”. The H4M1L2 group, as a heterogeneous 

group with students from all levels, reached higher levels and made progress in general.  

 

Figure 19. Percentages of the Students Achieving Mathematical Competence during the Application. 
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As far as Figure 19 is concerned, the mathematical competencies of the 15 students who 

participated in the application during the solution of the four mathematical modeling activities 

improved as the activities progressed. It was found that some competencies were displayed by every 

student in some problems. For instance, while the Verbal Comprehension Competence was 

demonstrated by each and every student in the Giant's Foot Activity, it is possible to say that no 

student exhibited the Procedural and Solution Interpretation competencies in the first activity, the 

Apple Tree Activity. It is clear that the development of students' Verbal Expression and Solution 

Interpretation competencies progressed less during the activities compared to the other 

competencies. 

The data obtained from the semi-structured interviews conducted during the students' 

mathematical modeling activities and after the activity, the researcher's diary, and the transcript of 

the student diaries were analyzed and coded. As a result of this coding, the students' mathematical 

modeler types were established as illustrated in Table 8.  

Table 8. 

Classification of the Students According to the Mathematical Modeler Types  

 

Distanced from 

reality 

Distanced from 

Mathematics 

Modeler 

Reflective Modeler Uninterested Modeler 

Students  M3, M4 M2, M6, M7 
H1, H2, H3, H4, H5, 

H6, M1, L1 
M5, L2 

As is illustrated in Figure 19 and Table 8, according to the mathematical modeling 

competencies of the students revealed in the mathematical modeling activities, it was found that 

most of the students were reflective modelers at the end of the application. It was further revealed 

that while the students with medium and low levels in mathematics were generally distanced from 

reality and distanced from mathematics, the students with high problem-solving achievement were 

in the reflective modeler type.     

Discussion and Conclusion 

The purpose of this study was specified as the application of mathematical modeling activities 

on algebraic verbal problems at the 7th grade level and identifying the effects of the application. 

With this idea underlying the study, the effect of the difficulties experienced by the students in 

solving the algebraic verbal problems on the problem solving situations of students during and after 
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the application of mathematical modeling activities was investigated. Some particular results were 

achieved in the light of the results obtained both during and at the end of the application. 

As far as the quantitative findings are concerned, it was revealed that the achievement of the 

students in solving the algebraic verbal problems in the pre-test and post-test was statistically 

significantly different. It is possible to say that this difference was realized positively with the post-

test average. This result is similar to the results obtained by Işık and Yıldırım (2014) in their study 

with 5th grade students. Furthermore, it was also revealed that the students' pre-test averages were 

quite low (=24.33). This particular result is parallel to the idea stated by Llinares and Roig (2008) 

that students had difficulty in understanding the mathematical structure in verbal problems and that 

this was due to the lack of comprehending the question in the interviews, the operation steps not 

progressing smoothly, and the weaknesses in the operational dimension in lower level students. The 

interviews conducted with the students during the application further revealed that it was seen that 

the students expressed that they had difficulty in performing some of the mathematical operations. 

 The level of progress of the students in the modeling steps reached in the process of 

mathematical modeling activities has increased gradually. Similar to Tekin Dede (2015), it was 

determined that the mathematical modeling competencies shown by the students in the first activity 

were low and therefore they did not progress in the mathematical modeling steps. This is because 

students cannot have experience with mathematical modeling activities have been mentioned in 

many studies (English, 2009; Korkmaz, 2010; Özgen & Şeker, 2021; Deniz & Akgün, 2018, Sarı 

Uzun et. al, 2023). Although it was seen in fewer groups in later activities, especially in the first 

activity Apple Tree activity, it was also seen in similar studies that students struggled because there 

was no numerical data and tried to proceed mathematically without understanding the problem 

(Çoksöyler & Bozkurt, 2021; Canbazoğlu Albayrak & Tarım, 2023). In general, it was seen that 

students had problems in activities, understanding the problem, making assumptions by simplifying 

the problem, expressing it in mathematical language and working mathematically, solving problems 

and interpreting it in a way that is suitable for real life. However, as the activities increased, it was 

found that they could overcome these difficulties and reach to the upper steps (Sandalcı, 2013; 

Şahin, 2014). It was determined that the percentage of mathematical competences reached by the 

students during the mathematical modeling activities increased. For instance, during the first of the 

activities Apple Tree Activity, the verbal expression competencies of the students were 26.67%, 

while this last activity increased to 33.33 %. In addition, it has been determined that the 

competencies that the students have never shown can occur as the activities continue. This result 



Çelikkol, Ö., Kurtuluş, A. (2024) / Investigating Students' Problem Solving Achievements, the Modeling Steps reached and Modeler 

Types in the Process of Mathematical Modeling Activities  

 

 

30 

 

shows that mathematical competences can also be improved during mathematical modeling 

activities. As stated by Altun (2020), mathematical modeling activities are useful in teaching 

mathematical competences. 

Many researchers previously emphasized the importance of students working collaboratively 

in groups in mathematical modeling activities (Türker Biber & Yetkin Özdemir, 2015; English & 

Sriraman, 2010; Lesh & Lehrer, 2003; Blum & Leiß, 2007) and the benefit of working in groups 

was also highlighted by the students in the study, both during the activities and in the interviews 

held afterwards. Even though it is a special case, the fact that not all students were at the same level 

may make it easier to develop daily life knowledge, general mathematical knowledge, such as 

general algebraic expression (establishing equations), operational (equation solving), mathematical 

competencies such as interpreting the solution, and verbal competencies such as verbal expression 

and verbal comprehension. It was observed or expressed by the students that during the application, 

the students positively considered working cooperatively in groups and even managed to improve 

some of their competencies through in-group interactions. This situation is parallel to the view in 

Korkmaz's (2010) study that group activities were significant in terms of knowledge sharing. 

In the study, the problem solving achievement level as a group in the pre-test and post-test 

increased the most in the H4M1L2 group. Nevertheless, the same increase was not observed in the 

M2M5M6 group. The fact that the students' levels were very close caused them not to be able to 

help one another sufficiently in the problem solving process. It is simply because a student's 

weakness in one competence was also observed in another one. In other words, since the students in 

the group did not exhibit the same competence, they approached the solution of the problem in a 

similar way and failed to overcome their weaknesses and share the knowledge and information 

among themselves. That is the reason why the group failed to progress very far. Similarly, this 

group had the least intra-group interaction in the activities and was able to rise to as high as the 

level of problem solving in the mathematical modeling steps. It is possible to say that the reason for 

this may be that the students were at the same level and therefore had similar mathematical 

modeling competencies. Therefore, it is possible to say that working cooperatively in groups in 

mathematical modeling activities provided a positive environment for students' problem-solving 

achievement, but it is possible to say that better results would be achieved if the groups consisted of 

heterogeneous students in terms of achievement level as much as possible. 
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As far as the results obtained from the application process are concerned, it was found that the 

students who displayed mathematical modeling competencies were more favorable for the 

Reflective Modeler type, one of the mathematical modeling types, while the students who did not 

complete the modeling steps in the modeling activities were more of the modeler types who were 

distanced from reality or distanced from mathematics. It is possible to say that knowledge and 

attitudes about both the real world and mathematics are very significant for the students to 

demonstrate their modeling competencies in mathematical modeling activities and complete the 

modeling steps. 

It was found that during the application of the four mathematical modeling activities 

discussed in the study, students were able to climb up the top modeling steps from the first problem 

to the last problem. In general, it was observed that students were able to reach the highest level of 

mathematization in the first problem.  

It is possible to conclude that mathematical modeling activities helped the students make 

connections between the real world and mathematics. It is also possible to add that as the activities 

progressed, the students achieved the mathematical modeling competencies. It was also observed 

that in mathematical modeling problems, students began to approach the problem from different 

perspectives rather than from a single perspective.  

The results show that mathematical modeling activities also lead to the development of 

mathematical competences, the success of verbal algebraic problem solving increases, so 

mathematics teaching can be supported by including these applications in mathematics courses. 
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