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Abstract. This research aims to reveal the development of cognitive modeling competencies of primary school 
teachers candidates throughout their mathematical modeling education. The research was designed as a case 
study. The research was carried out with the participation of 12 primary school teachers candidates. Research 
data were collected online through Microsoft Teams due to the ongoing COVID-19 outbreak conditions. 11 
mathematical modeling activities selected from the literature were used. Research data consisted of the 
answers provided by the primary school teachers candidates within the scope of mathematical modeling 
activities. Data collection tools used were the modeling problems extracted from the literature along with the 
rubric. Research findings revealed that pre-service teachers got the highest and the lowest scores in the lower 
stages of rubric from understanding the problem and the validating dimensions respectively. The second 
dimension in which the pre-service teachers were more frequently successful was the interpreting dimension. 
Their success in the simplifying, mathematizing and working mathematically dimensions were observed as 
rather moderate. The most successful problem of all groups is the Whitewash Problem. Except for one group, 
the most unsuccessful problem of all groups was the Tooth Brushing Problem. 
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Introduction  
 

Mathematics education not only provides individuals various skills necessary to maintain 
their lives but also aims to add them skills that may be updated in accordance with the requirements 
of the age. Although the researchers define the skills of 21st century in different ways, the common 
point of all definitions is the problem solving ability (Aydın, & Derin, 2020). Polya (1997) defined 
problem solving as finding a way to get rid of the difficulties, as well as reaching the result. Problem 
solving, according to Cooper (1986), is trying to find a solution to an unknown question or problem in 
any situation. Schoenfeld (1989) defined problem solving as having the knowledge of how to act 
without knowing the exact way to reach a solution. Yeşilova (2013), on the other hand, expressed 
problem solving as an effort to use previously acquired individual knowledge and skills and to figure 
out what is expected in an unknown situation. Problem solving is a fundamental skill associated with 
all learning domains; it is also a meaningful learning process that expands and deepens mathematical 
knowledge as well as consolidating it (MoNE, 2015). A great emphasis is put on mathematical 
modeling in the UK and it is incorporated as a part of problem solving in the mathematics curriculum 
(Berry, 2002).  

 

Mathematical modeling activities act as an important bridge that provides a transfer 
between school and daily life by expressing the mathematics topics taught in the classroom with 
situations from daily life (Doruk, 2010). Mathematical modeling activities teach students how to use 
mathematical knowledge in the real world (Sriraman, 2005). Incorporating mathematical modeling in 
mathematics education makes it easier for students to learn mathematics and associate it with daily 
life (Asempapa, & Sturgill, 2019; Biembengut, & Hein, 2013). Furthermore, the inadequacy of 
problem solving activities and traditional methods in enabling students to transfer their 
mathematical knowledge to daily life and to improve their problem solving skills and mathematical 
thinking led educators interested in mathematics to work on mathematical modeling (Mousoulides, 
Christou, & Sriraman, 2006).  

 

Mathematical modeling supports the learning of mathematics, helps the development of 
various mathematical abilities and provides a more meaningful learning of mathematics. Bukova 
Güzel and Uğurel (2010) defined mathematical modeling as a method that represents transferring 
the existing or fictionalized problematic situations in areas other than the world of mathematics 
(physics, biology, sociology, politics, art, entertainment etc.) in the language of mathematics and 
trying to find the solution using mathematical knowledge and approaches. Niss (1999) expressed 
mathematical modeling as the combination of one or more mathematical formations designated to 
represent the expectations of real-life situations and the relationship between these formations. 
English and Sriraman (2010) argued that students learn mathematics while working with models. It 
has been emphasized that mathematical modeling activities incorporated in mathematics lessons will 
improve students’ modeling skills (Blum, 2011) and that long-term applications should be planned in 
order to achieve this development (Biccard, & Wessels, 2011).  

 

The incorporation of mathematical modeling in mathematics curriculum will lead to the 
formation of a new learning environment and will soon introduce a new approach to the aims of 
mathematics teaching (D'Ambroiso, 2009). Mathematical modeling that covers the key competencies 
of mother tongue communication, learning to learn, foreign language communication, digital 
competencies, competencies in mathematics, science and technology, social sciences and humanity, 
entrepreneurship, cultural awareness and expression along with 21st century skills and that helps 
students to better understand mathematics and the real world, learn mathematical concepts and 
relate mathematics to other branches of science has already been incorporated in mathematics 
curricula with its features such as being open-ended, not having a definite and single result and 
suggesting different solutions (MoNE, 2018). Incorporating mathematical modeling in curricula is 
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considered as essential for the future of our country. The current educational philosophy and 
approaches should be preserved and mathematical modeling activities should further be applied 
effectively in the lessons in order to help Turkey to catch up with the educational power that will 
guide today's needs as soon as possible (Bukova Güzel, 2021). 

 

Developing students’ modeling competencies is one of the main goals of mathematics 
teaching (Blum, 2011). For this reason, the concept of “modeling competencies” has begun to be 
discussed in modeling studies (Tekin Dede, 2017). Researchers have defined modeling competencies 
based on the steps of the modeling process (Maaß, 2006). Maaß (2006) stated that mathematical 
modeling competencies include the ability and skills to go through the modeling process for the 
purpose and individuals should be willing in this process. In addition, Kaiser and Maaß (2007) defined 
mathematical modeling competencies as the ability to pattern problems covering real-life situations. 
The definitions provided with regard to modeling competencies have indicated that the modeling 
process is represented in all definitions (Tekin Dede, 2017). Although modeling competencies are in 
compliance with the steps of the modeling process, steps alone are not sufficient to describe 
modeling competencies (Maaß, 2006). As cognitive skills should be developed in order to take a step 
in the modeling process steps (Borromeo Ferri, 2010), cognitive modeling competencies may be 
mentioned in parallel with the modeling steps (Bukova Güzel, 2021). Borromeo Ferri (2006) listed 
cognitive modeling competencies as follows. 

 

 

Figure 1. Modeling cycle under a cognitive perspective note. (Borromeo Ferri, 2006). 

 

Understanding the problem step of the cognitive modeling cycle requires individuals to 
define and interpret the problem adapted from real life. Simplifying step requires individuals to 
examine the correlations between the data in the problem, to identify the variables and the 
assumptions for the solution of the problem. Mathematising step requires the formulation of the 
real-life situation. Working mathematically refers to figuring out the problem through developed 
mathematical model/s. Interpreting refers to interpreting model applications and mathematical 
results and associating them with real life situations. Validating requires the confirmation of the 
validity of the model and reproduction of the model when deemed necessary (Hıdıroğlu, & Bukova 
Güzel, 2013; Saka, & Çelik, 2018; Aktaş, 2019). 

 

It is crucial to confront children with real-life complex situations from an early age and to 
create environments where children will have the opportunity to produce original solutions for the 
problematic situations they encounter. Using the mathematical modeling activities beginning with 
primary school will be beneficial in transferring the basic skills aimed at providing the above-
mentioned effective environment within the curriculum (English, 2006). Mathematical modeling 
activities provide an effective and productive environment for students to learn mathematics in 
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primary school (English, 2006). Therefore, it is essential for primary school teachers and primary 
school teachers candidates, who will introduce students to mathematics at an early age, to have 
knowledge about mathematical modeling activities. Primary school teachers, as the persons who will 
mediate the acquisition of the competencies and skills that the curriculum aims to provide, are 
expected to assume significant roles in this regard. Consequently, this research is considered to be 
specific as it investigates the cognitive mathematical modeling competencies of primary school 
teachers candidates. There are prior studies in the literature examining the topic specific to pre-
service secondary school mathematics teachers (Aydoğan Yenmez, & Özpınar, 2017; Deniz, & Akgün, 
2018; Duran, Doruk, & Kaplan, 2016; Eraslan,  2011, 2012; Erdoğan, 2019; Saka, & Çelik, 2018; Şahin, 
& Eraslan, 2019; Tekin Dede, & Yılmaz, 2015; Tuna, Biber, & Yurt, 2013; Ural, 2014; Ural, & Ülper, 
2013) and pre-service high school mathematics teachers (Bukova Güzel, & Uğurel, 2010; Dede, 
Akçakın, & Kaya, 2018; Delice, & Taşova, 2011; Hıdıroğlu, & Bukova Güzel, 2015; Özaltun, Hıdıroğlu, 
Kula, & Bukova Güzel, 2013; Taşova, & Delice, 2012; Yanık, Bağdat, & Koparan, 2017). This research is 
thought to provide contributions to the literature as it examines the mathematical modeling learning 
process of primary school teachers candidates who further teach mathematical modeling for the first 
time, their progress in this process and the solution of mathematical modeling problems. The aim of 
this research is to reveal the cognitive modeling competencies of primary school teacher candidates. 
To search for an answer to the question “What is the current level of mathematical modeling 
competencies of primary school teachers candidates?” constitutes the primary purpose of the study. 

 

Method  

 
This study, which tried to reveal the cognitive modeling competencies of primary school 

teacher candidates, was designed as a case study. Case study is an approach used to seek answers to 
scientific questions (Büyüköztürk, 2019). McMillan (2000) defines case study as a method that 
examines one or more events or interconnected systems whereas Creswell (2012) defines it as a 
research design used in many areas, in particular assessment processes, in which the researcher 
deeply examines a situation, event, process or one or more individuals. 

 
Participants 

 
12 primary school teachers candidates studying at the faculty of education of a state university 

as of the 2020-2021 academic year constituted the participants of the research. Primary school 
teachers candidates participated in the study on a voluntary basis. Primary school teachers 
candidates were classified into four groups consisting of three people each.  In order to ensure the 
homogeneity, the groups were formed by the researchers taking into account the letter grades 
entitled to each pre-service primary school teacher in the “Fundamentals of Primary School 
Mathematics” course. The reason why the grades taken from this course are taken as a criterion is 
that the subject of mathematical modeling is taught within the scope of this course. 

 

The group information of the primary school teachers candidates participating in the research 
is exhibited in Table 1. 
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Table 1. 

Group information of the primary school teachers candidates 

Groups 
Primary school 

teachers candidates 
Fundamentals of Primary 

School Mathematics Scores 
Fundamentals of Primary School 

Mathematics Letter Grades 

1st Group 

PSTC 1 76 BB 

PSTC 2 79 BA 

PSTC 3 56 CC 

    

2nd Group 

PSTC 4 98 AA 

PSTC 5 72 BB 

PSTC 6 62 CB 

    

3rd Group 

PSTC 7 88 AA 

PSTC 8 69 BB 

PSTC 9 54 CC 

    

4th Group 

PSTC 10 89 AA 

PSTC 11 52 DC 

PSTC 12 83 BA 

 
The distribution of the primary school teachers candidates on the basis of their gender is 

exhibited in Table 2.  

 
Table 2. 

Distribution of the primary school teachers candidates on the basis of their gender 

Gender f % 

Female 10 83.33 

Male 2 16.67 

Total 12 100.00 

 
Table 2 data reveals that 10 (83.33%) of the 12 primary school teachers candidates 

participating in the research are female and 2 (16.67%) are male.  

 

The distribution of the primary school teachers candidates on the basis of their high schools 
is exhibited in Table 3.  

 
Table 3. 

Distribution of the primary school teachers candidates on the basis of their high schools 

Type of High School Graduated f % 

Anatolian High School 8 66.67 

Vocational High School of Health Services 2 16.67 

High School 1 8.33 

Social Sciences High School 1 8.33 

Total 12 100.00 

 
Table 3 data reveals that 8 (66.67%) of the 12 primary school teachers candidates 

participating in the research graduated from Anatolian High Schools, 2 (16.67%) graduated from 
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Vocational High School of Health Services, 1 (8.33%) graduated from High School and 1 (8.33%) 
graduated from Social Sciences High School.  

 

The distribution of the primary school teachers candidates on the basis of their 
“Fundamentals of Primary School Mathematics” course Scores, Letter Grades and Grade Point 
Averages (GPA) is exhibited in Table 4. 

 
Table 4. 

Distribution of the primary school teachers candidates on the basis of their “fundamentals of primary 
school mathematics” course scores, letter grades and grade point averages (GPA) 

Primary 
school 

teachers 
candidates 

Fundamentals of Primary 
School Mathematics Scores 

Fundamentals of Primary School 
Mathematics Letter Grades 

GPA 

PSTC 1 76 BB 2.88 

PSTC 2 79 BA 3.40 

PSTC 3 56 CC 3.51 

PSTC 4 98 AA 3.67 

PSTC 5 72 BB 3.42 

PSTC 6 62 CB 3.18 

PSTC 7 88 AA 3.58 

PSTC 8 69 BB 3.55 

PSTC 9 54 CC 3.41 

PSTC 10 89 AA 3.09 

PSTC 11 52 DC 3.75 

PSTC 12 83 BA 3.28 

 
Table 4 data reveals that 3 (25%) of the 12 primary school teachers candidates participating 

in the research scored AA, 2 (16.67%) scored BA, 3 (25%) scored BB, 1 (8.33%) scored CB, 2 (16.67%) 
scored CC and 1 (8.33%) scored DC. The grade point average (GPA) figures of the primary school 
teachers candidates with regard to the 1st, 2nd and 3rd semesters revealed that the GPA of 1 (8.33%) 
of the 12 primary school teachers candidates is between 2.50-3.00, the GPA of 6 (50%) 00) is 
between 3.01-3.50 and the GPA of 5 (41.67%) is between 3.51-4.00.  

 
Data Collection Tools 

 
Model-Eliciting Activities (MEAs) were extracted from the literature and used in the research 

line with the opinions of experts. Model-Eliciting Activities (MEAs) used throughout the 
implementation phase were selected from within the problems found in the literature. Model-
Eliciting Activities (MEAs) were determined in accordance with the primary school teachers 
candidates and applied in order from easy to difficult. Model-Eliciting Activities (MEAs) applied on a 
weekly basis are exhibited in Table 5.  
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Table 5. 

Sequence of the model-eliciting activities (MEAs) applied 

Sequence of 
Application 

Model-Eliciting Activities (MEAs) 

1st Week 

Warm-up Exercises 

Big Foot Problem (Tekin Dede, & Bukova Güzel, 2011) 

Apple Pie Problem (adapted from Schukajlow, Leiss, Pekrun, Blum, Müller, & 

Messner, 2012 by Tekin Dede, 2015) 

  

2nd Week 

Tooth Brushing Problem (Maaß, & Mischo, 2013), 

Uncle Tailor Hikmet Problem (Kal, 2013), 

Team Ranking Problem (Carmona, & Greenstein, 2010) 

  

3rd Week 

Apartment Problem  (Maaß, & Mischo, 2011; adapted by Tekin Dede, 2015), 

Most Convenient Way to the Eiffel Tower (Kal, 2013) 

The Whitewash Problem (Tekin Dede, 2018) 

  

4th Week 

The Highway Problem (Jahnke, 1997; Maaß, 2006) 

The Annual Paper Airplane Contest Problem (English, & Watters, 2005) 

Weather Report Problem (Adapted from Doerr, & English, 2003 by İnan Tutkun, & 

Didiş Kabar, 2018) 

 

The Big Foot Problem and the Apple Pie Problem were solved together with the primary 
school teachers candidates as a warm-up activity within the scope of mathematical modeling 
applications. Thereafter, the problems stated in the table were solved as a group activity, with three 
problems each week. 

 

Procedure 

 
Research data were collected online through Microsoft Teams due to the ongoing COVID-19 

outbreak conditions. Primary school teachers candidates were provided mathematical modeling 
training in four weeks of the six-week training with the purpose to allow them to learn more about 
mathematical modeling activities. The first week of the mathematical modeling training was 
allocated to learning Models and Modeling, Model-Eliciting Activities (MEAs) and the significance of 
modeling at primary school. Thereafter, the groups were asked to go to the Discussion Rooms 
created in Microsoft Teams and to solve the “Big Foot Problem” and “Apple Pie Problem” as part of 
the warm-up exercises. The primary school teachers candidates solved the mathematical modeling 
problems in a group activity. They were allowed to use all kinds of materials in the problem solving 
process. After all the groups completed their problem solving session, they came together at the 
main meeting and discussed their solutions. The first author provided an opportunity for the 
participants to prove their solutions by creating a discussion environment. 

 

In the second week of the training, the participants were explained the role of the teacher in 
mathematical modeling activities. The pre-service primary teachers solved the “Tooth Brushing 
Problem”, “Uncle Tailor Hikmet Problem” and “Team Ranking Problem” within the scope of a group 
activity. After the groups solved the modeling problems, they came together in the main meeting 
and shared their ideas about the problem situation. 

 

In the third week of the training, the participants were explained the significance of the 
group work in mathematical modeling activities and how many people the groups can consist of. 
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Thereafter, the groups met in the Discussion Rooms and solved the “Apartment Problem”, “Most 
Convenient Way to the Eiffel Tower Problem” and the “Whitewash Problem”. In the “Whitewash 
Problem”, unlike the other problems, primary school teachers candidates were asked to prepare a 
poster. Pre-service teachers were left free in the material and program they would use in solving this 
problem as in solving other problems. Pre-service teachers were given one week to prepare their 
posters. The groups which completed their problem solving session came together at the main 
meeting and explained their answers to other group mates. 

 

In the fourth week of the training, the participants were explained the difficulties that can be 
encountered in mathematical modeling activities. Thereafter, the groups met in the Discussion 
Rooms and solved the “Weather Report Problem”, “The Annual Paper Airplane Contest Problem” and 
the “Highway Problem”. After the groups completed their problem solving session, they attended the 
main meeting and discussed their ideas and the solutions about their problem situations with their 
friends in the other groups. Twelve primary school teachers candidates who participated in the 
research precisely completed their work in the data collection process. 

 
Data Analysis 

 
The answers given by the primary school teachers candidates to the problems solved within 

the scope of mathematical modeling were analyzed using the Rubric for Assessment of the Modeling 
Skills [RAMS] developed by Tekin Dede and Bukova Güzel (2014). RAMS has 6 sub-dimensions: 
understanding the problem, simplifying, mathematizing, working mathematically, interpreting and 
validating. Understanding the problem sub-dimension further has 5 levels, simplifying sub-dimension 
has 4 levels, the mathematizing sub-dimension has 4 levels, the working mathematically sub-
dimension has 5 levels, the interpreting sub-dimension has 5 levels and the validating sub-dimension 
has 7 levels. Scoring in RAMS is performed by giving 0 points to Level 1 and 1, 2, 3, 4, 5 and 6 points 
to other levels, respectively. In the light of this information, the highest and the lowest scores that 
can be obtained from RAMS will be 25 and 0 respectively. The levels of competency derived in line 
with the scores obtained from RAMS analyzes are exhibited in Table 6. 

 
Table 6. 

Levels of mathematical modeling competencies 

Score from the Mathematical Modeling 
Problem 

Levels of Mathematical 

 Modeling Competencies 

0 – 6 points Not competent in Mathematical Modeling 

7 – 12 points Somewhat competent in Mathematical Modeling 

13 – 21 points Acceptably competent in Mathematical Modeling 

22 – 25 points Highly competent in Mathematical Modeling 

 
Throughout the assessments with regard to RAMS, the solutions of the groups to 

mathematical modeling exercises were examined. The existence and the degree of existence of each 
sub-dimension were then determined during the examinations. Total scores of the groups were 
calculated upon determining the degrees for all sub-dimensions. In order to confirm the reliability of 
the data analysis, the assessments of the researchers and another expert in the field were compared. 
The ratio of the number of congruent assessments to the total number of assessments [reliability =  
number of agreements/number of agreements + disagreements] was calculated pursuant to Miles 
and Huberman's (1994) Inter-Rater Reliability (IRR). IRR was calculated as 72%. The reliability of the 
data analysis was confirmed as the inter-rate reliability coefficient was over 70%. 
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The analysis of the answers given by the groups at each mathematical modeling proficiency 
level is given in detail below. The tooth brushing problem of the first group is as follows (Figure 2). 

 

 
Figure 2. Group 1's answer to the tooth brushing problem. 

 

When the answers given by the 1st Group to the Tooth Brushing Problem were examined 
according to MYDR, it was seen that the problem was understood to some extent, a relationship 
could be established between what was given and what was requested, and they received 1 point 
from the understanding  the problem competence . It was observed that they had problems in 
identifying necessary-unnecessary variables and they got 0 points from the simplifying competence. 
It was seen that they could not create a mathematical model and they got 0 points from the 
mathematizing competence.  They did not provide a mathematical solution and received 0 points 
from the working mathematically competence. Since the solution created for the problem was 
misinterpreted in the context of real life, they received 1 point from the interpreting competence. It 
was observed that they got 0 points from the validating competence because they did not take the 
validation approach. When the scores obtained were examined, it was observed that the 1st Group 
got a total of 2 points from the Tooth Brushing Problem and did not have modeling competence. The 
highway problem of the third group is as follows (Figure 3). 

 

Figure 3. Group 3'rd answer to the highway problem. 
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When the answers given by the 3rd group to the Highway Problem were examined according 
to MYDR, it was seen that they were successful in determining what was given and what was 
requested and in establishing a relationship between them, and they got 4 points from 
understanding the problem competence. It was observed that they were able to simplify the 
problem, determine necessary-unnecessary variables, and make realistic assumptions, and they got 3 
points from the simplifying competence. They could not create a mathematical model and got 0 
points from the mathematizing competence. It was seen that they did not offer a mathematical 
solution and they got 0 points from the working mathematically competence. Since the solution 
created for the problem was misinterpreted in the context of real life, they received 1 point from the 
interpretating competence. It was observed that they got 0 points from the validating competence 
because they did not take the validation approach. When the scores obtained were examined, it was 
observed that the 3rd Group got a total of 8 points from the Highway Problem and had somewhat 
competent in mathematically modeling. The team ranking problem of the second group is as follows 
(Figure 4). 

 
 

Figure 4. Group 2'nd answer to the team ranking problem. 

 

When the answers of the 2nd group to the Team Ranking Problem were examined according 
to MYDR, it was seen that they understood the problem completely, they were able to establish a 
suitable relationship between them by determining what was given and what was requested, and 
they got 4 points from the understanding the problem competence. It was observed that they were 
able to simplify the problem, identify necessary-unnecessary variables, and make realistic 
assumptions, and they received 3 points from the simplifyinf competence. It was observed that they 
created correct mathematical models in accordance with the assumptions they created and they 
were able to explain the mathematical models they created by associating them with each other, and 
they got 4 points from the mathematizing competence. It was seen that they reached the correct 
mathematical solution by using the mathematical models they created, and they got 4 points from 
the working mathematically competence. Since the correct mathematical solution obtained was 
correctly interpreted in the context of real life, they received 4 points from the interpretating 
competence. It was observed that they got 0 points from the validating competence because they 
did not take the validation approach. When the scores obtained were examined, it was observed that 
the 2nd Group got a total of 19 points from the Team Ranking Problem and had an acceptably 
competent in mathematical modeling When the answers of all groups were examined, it was 
observed that there was no group with highly competent in mathematical modeling. 
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Ethical Procedures 

 
Prior to initiating the research, the ethics committee approval was obtained from the Social 

Sciences and Humanities Scientific Research and Publication Ethics Committee of Manisa Celal Bayar 
University (based on the Meeting Resolution No: 2020/10 dated 29/09/2020).  

 

Results 

 
In this section, the solutions of the primary school teachers candidates to the problems 

posed within the scope of mathematical modeling will be interpreted by prioritizing group success. 
The general table demonstrating total scores of all groups from the sub-dimensions of RAMS was 
interpreted in accordance with the mathematical modeling competency levels given in Table 6.  

 

The scores entitled to 1st Group based on the mathematical modeling problems are exhibited 
in Table 7. 

 

Table 7. 

Scores entitled to 1st group based on the mathematical modeling problems 

1st GROUP 
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Levels of Mathematical 
Modeling Competencies 

Tooth Brushing  1 0 0 0 1 0 2 

Not competent 

in Mathematical Modeling 

Uncle Tailor Hikmet  2 1 0 0 0 0 3 

Team Ranking  2 1 0 0 0 0 3 

Apartment  2 1 0 0 1 0 4 

Eiffel Tower  1 0 0 0 2 0 3 

Whitewash  4 3 3 3 3 0 16 
Acceptably competent  

in Mathematical Modeling 
Highway  4 3 2 3 3 0 15 

Paper Airplane  4 3 2 3 4 0 16 

Weather Report  2 1 0 0 0 0 3 
Not competent  

in Mathematical Modeling 

Total 30 18 7 9 20 0 84  

 
Table 7 reveals that the problems in which the 1st group was most successful were the 

Whitewash Problem and the Paper Airplane Problem. The problem in which the group was not 
successful at the expected level was the Tooth Brushing Problem. The scores obtained from the sub-
dimensions of RAMS revealed that the group got the highest score from understanding the problem 
sub-dimension and the lowest score from the validating sub-dimension. 

 

The scores entitled to 2nd Group based on the mathematical modeling problems are exhibited 
in Table 8. 
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Table 8. 

Scores entitled to 2nd group based on the mathematical modeling problems 

2nd GROUP 
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Levels of Mathematical Modeling 
Competencies 

Tooth Brushing  2 1 0 0 3 0 6 
Not competent  

in Mathematical Modeling 

Uncle Tailor Hikmet   4 3 4 4 4 0 19 

Acceptably competent  

in Mathematical Modeling 

Team Ranking  4 3 4 4 4 0 19 

Apartment  4 2 2 2 3 0 13 

Eiffel Tower  4 3 4 4 4 0 19 

Whitewash   4 3 4 4 4 0 19 

Highway   4 3 4 4 4 0 19 

Paper Airplane    4 3 1 1 2 0 11 Somewhat competent 

 in Mathematical Modeling Weather Report  4 2 0 0 1 0 7 

Total 42 29 23 23 37 0 154  

 
Table 8 reveals that the problems in which the 2nd group was most successful were the Uncle 

Tailor Hikmet Problem, Team Ranking Problem, Eiffel Tower Problem, Whitewash Problem and the 
Highway Problem. The problem in which the group was not successful at the expected level was the 
Tooth Brushing Problem. The scores obtained from the sub-dimensions of RAMS revealed that the 
group got the highest score from understanding the problem sub-dimension and the lowest score 
from the validating sub-dimension. 

 

The scores entitled to 3rd Group based on the mathematical modeling problems are exhibited 
in Table 9. 

 
Table 9. 

Scores entitled to 3rd group based on the mathematical modeling problems 

3rd GROUP  

U
n

d
e

rs
ta

n
d

in
g 

th
e

 p
ro

b
le

m
 

Si
m

p
lif

yi
n

g 

M
at

h
e

m
at

iz
in

g 

W
o

rk
in

g 
M

at
h

e
m

at
ic

al
ly

 

In
te

rp
re

ti
n

g 

V
al

id
at

in
g 

To
ta

l 

Levels of Mathematical Modeling 
Competencies 

Tooth Brushing  1 0 0 0 0 0 1 
Not competent 

in Mathematical Modeling 

Uncle Tailor Hikmet   4 3 4 4 4 0 19 
Acceptably competent in 
Mathematical Modeling 



1029 
 

Team Ranking  1 1 0 0 0 0 2 
Not competent  

in Mathematical Modeling 

Apartment  4 2 2 2 3 0 13 
Acceptably competent 

in Mathematical Modeling 
Eiffel Tower  4 2 3 3 3 0 15 

Whitewash   4 3 4 4 4 0 19 

Highway 4 3 0 0 1 0 8 
Somewhat competent  

in Mathematical Modeling 

Paper Airplane  4 3 3 3 4 0 17 
Acceptably competent 

in Mathematical Modeling 

Weather Report  2 1 0 0 2 0 5 
Not competent  

in Mathematical Modeling 

Total 36 24 20 20 29 0 129  

 
Table 9 reveals that the problems in which the 3rd group was most successful were the Apple 

Pie Problem, Uncle Tailor Hikmet Problem and the Whitewash Problem. The problem in which the 
group was not successful at the expected level was the Tooth Brushing Problem. The scores obtained 
from the sub-dimensions of RAMS revealed that the group got the highest score from understanding 
the problem sub-dimension and the lowest score from the validating sub-dimension. 

 
The scores entitled to 4th Group based on the mathematical modeling problems are exhibited 

in Table 10. 

 

Table 10. 

Scores entitled to 4th group based on the mathematical modeling problems 
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Levels of Mathematical Modeling 
Competencies 

Tooth Brushing  4 3 4 4 4 0 19 
Acceptably competent  

in Mathematical Modeling 

Uncle Tailor Hikmet  3 0 0 0 0 0 3 
Not competent in  

Mathematical Modeling 
Team Ranking 3 2 0 0 1 0 6 

Apartment  3 2 0 0 1 0 6 

Eiffel Tower  4 2 1 1 2 0 10 
Somewhat competent  

in Mathematical Modeling 

Whitewash  4 3 4 4 4 0 19 Acceptably competent  

in Mathematical Modeling Highway  4 3 2 2 4 0 15 

Paper Airplane  4 2 0 0 1 0 7 Somewhat competent 

 in Mathematical Modeling Weather Report  4 2 0 0 2 0 8 

Total 41 25 15 15 27 0 123  

 
Table 10 reveals that the problems in which the 4th group was most successful were the 

Apple Pie Problem, Tooth Brushing Problem and the Whitewash Problem. The problem in which the 
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group was not successful at the expected level was the Uncle Tailor Hikmet Problem. The scores 
obtained from the sub-dimensions of RAMS revealed that the group got the highest score from 
understanding the problem sub-dimension and the lowest score from the validating sub-dimension. 

 

The levels of cognitive mathematical modeling competencies of all groups are exhibited in 
Table 11. 

 

Table 11. 

Levels of cognitive mathematical modeling competencies of all groups 
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1st Group 2 3 3 4 3 16 15 16 3 84 

2nd Group 6 19 19 13 19 19 19 11 7 154 

3rd Group 1 19 2 13 15 19 8 17 5 129 

4th Group 19 3 6 6 10 19 15 7 8 123 

  
Table 11, which contains the data on cognitive mathematical modeling competencies of the 

groups, reveals that the most successful group is the 2nd group and the least successful group is the 
1st group. The Whitewash Problem has been the one most successfully solved by all groups; Tooth 
Brushing Problem and Team Ranking Problem has been the one in which most of the groups were 
not successful. Most striking result is that no group were considered as highly competent in 
Mathematical Modeling as a consequence of the problem solving sessions with the mathematical 
modeling exercises. 

 

Discussion and Conclusion 

 
This research aims to reveal significant conclusions with regard to the cognitive modeling 

competencies of primary school teachers candidates. Each week of this mathematical modeling 
training, primary school teachers candidates were provided information about mathematical 
modeling and they were required to collectively solve problems [Model-Eliciting Activities (MEAs)] 
selected from the literature. The solution methods for the mathematical modeling problems 
revealed that the groups got the highest score from the Understanding the problem step. Similarly, 
Bal and Doğanay (2014) also stated that pre-service teachers’ understanding the problem scores 
have increased at the end of such a training. Canbazoğlu and Tarım (2021), on the other hand, stated 
in their study that primary school teachers candidates were not sufficiently competent in 
understanding the problem step. The reason underlying this difference may be explained with the 
fact that the primary school teachers candidates, as the participants of the research, were familiar 
with Model-Eliciting Activities (MEAs) as they were taught within the scope of “Fundamentals of 
Primary School Mathematics” course.  

 

The second sub-dimension in which the primary school teachers candidates were mostly 
successful was the interpreting step. Contrary to the results herein, Bukova Güzel (2011) stated in 
her study that pre-service mathematics teachers have difficulties in interpreting the problems.  
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The solution methods of the primary school teachers candidates for the mathematical 
modeling problems revealed that the groups got the lowest score from the Validating step. Similar to 
the results herein, Canbazoğlu and Tarım (2021) concluded in their study, in which they examined 
the mathematical modeling processes of primary school teachers candidates, that pre-service 
teachers were not sufficiently competent in the Validating step. Bukova Güzel (2011) also stated in 
her study that pre-service mathematics teachers had difficulties with the Validating step.  

 

The solution methods of the primary school teachers candidates for the mathematical 
modeling problems revealed that the groups of pre-service teachers got a somewhat acceptable 
scores from the Simplifying, Mathematizing and Working Mathematically steps. Contrary to the 
results herein, Ulu (2017) determined, at the end of the studies, that students were able to transform 
the problems into mathematical expressions. This conclusion may be interpreted as an indication 
that students’ mathematizing and working mathematically skills have improved throughout the 
research/training (Ulu, 2017). Bukova Güzel (2011) stated in her study that pre-service mathematics 
teachers were competent in the Simplifying step. Kaygısız (2021) also stated in his study that 
students performed as somewhat competent or acceptably competent in the Mathematizing sub-
dimension. He further stated that the students had sufficient scores without any difficulty with 
regard to the mathematical knowledge competency. In addition Kaygısız (2021) stated that the 
students could not have sufficient scores in the Simplifying sub-dimensions, but the situation 
changed in the following weeks.  

 

The solution methods of the primary school teachers candidates for the mathematical 
modeling problems in this research revealed that the groups of pre-service teachers got the highest 
scores in Understanding the problem step, could not get the expected scores in Mathematizing and 
Working Mathematically steps and got a “0” in the Validating step. Yavuz Mumcu and Baki (2017) 
stated, in their study conducted with high school students, mean scores of the students have 
decreased throughout the study and that the students scored the lowest at the Validating the 
solution step.  

 

Another finding therein was that the mathematical modeling problem in which the groups 
were mostly successful was the Whitewash Problem. For the purpose of the Whitewash Problem, 
students were asked to calculate the amount of paint needed and the cost to be incurred to paint the 
walls of their rooms. The Whitewash Problem is a Model-Eliciting Activity (MEA) that meets the 
criterion of being close to the realities of life as stated in the literature since it refers to a problem 
that pre-service teachers may come up with in real life and will be curious to solve (Tekin Dede, 
2018). Pre-service teachers were asked to paint the rooms where they spent majority of their time 
and to prepare a poster describing this process. Pre-service teachers used mathematics while 
planning to paint their rooms. Thus, they reached the conclusion that “Mathematics Everywhere” in 
life. While deciding on the color and amount of paint to be used and calculating the cost to be 
incurred, pre-service teachers assumed the responsibilities that were otherwise performed by their 
parents. Accordingly, they took a decision through an independent judiciary. In addition, pre-service 
teachers became a part of social life by doing research outside of school (Tekin Dede, 2018). While 
calculating, pre-service teachers considered the walls of their rooms in three-dimensions and then 
moved the assumptions onto a two-dimensional floor while preparing the poster. Thus, they used 
their spatial orientation skills. They reached mathematical solutions by making use of the drawings 
and subsequently interpreted the mathematical solutions by adjusting them to real life conditions. 
Furthermore, pre-service teachers who solved the Whitewash Problem experienced the relationship 
between mathematics and real life and reached the conclusion that mathematics is actually a part of 
our lives. Thus, they also developed a positive attitude towards mathematics. For these reasons, the 
Whitewash Problem differs from other Model-Eliciting Activities (MEAs). The assessment with regard 
to the posters prepared by the groups revealed that one group prepared an 8-page poster while 
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another group prepared a slide. Such a result indicated that the primary school teachers candidates 
did not know what the poster actually meant. Model-Eliciting Activities (MEAs) allowed determining 
missing information of the primary school teachers candidates on other subjects. These deficiencies 
may further be eliminated through interdisciplinary studies. 

 

The mathematical modeling problem that the groups except for the fourth group failed was 
the Tooth Brushing Problem. The Tooth Brushing Problem is a Fermi Problem. The Fermi Problem can 
be defined as the type of exercises in which students are not provided sufficient information for 
deriving a solution however that leads them to think more creatively (Taplin, 2007). Yanbıyık (2016), 
in the study aiming to reveal the modeling skills of primary school teachers candidates using Fermi 
Problems, similarly revealed that the modeling skills of pre-service teachers in Fermi Problems were 
not at the expected level. We further recommend to incorporate activities that require meta 
cognitive skills such as open-ended questions and non-routine problems in the classwork in order to 
improve the competencies of primary school teachers candidates in Fermi problems. The problem 
that the fourth group solved most successfully was the Tooth Brushing Problem. The competence to 
solve mathematical modeling problems may not be attributed to academic success. Students with 
lower academic success may get an outstanding success in mathematical modeling problems. 
Mathematical modeling problems may be a significant opportunity for students with different 
academic achievements. 

 

As a result, it has been observed that primary school teachers candidates could not attain an 
increasing progress in mathematical modeling problems. While pre-service teachers did not have 
sufficient modeling competence at the beginning of the study, they attained an acceptable level of 
modeling competence as the study progressed. However, it was observed that some groups could 
not get the expected success in modeling problems and could not attain the expected modeling 
competence at the end of the study. This may be attributed to the structure of mathematical 
modeling problems. Pre-service teachers who had not worked sufficiently with mathematical 
modeling problems may have difficulties in solving these problems. Or the limited term of such a 
research/training may also affect the expected success. For this reason, it is argued that an increasing 
progress can be achieved with longer-term trainings.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1033 
 

References 

 
Aktaş, S (2019).  Model oluşturma etkinlikleri ile ondalık gösterim öğretiminin 6. sınıf öğrencilerinin akademik başarılarına ve 

matematiğe karşı tutumlarına etkisi [The effect of decimal representation teaching by using model eliciting activities 
on 6th grade students' academic success and attitudes towards mathematics]. [Unpublished Master Thesis]. Gazi 
University. 

Asempapa, R. S., & Sturgill, D. J. (2019). Mathematical modeling: Issues and challenges in mathematics education and 
teaching. Journal of Mathematics Research, 11(5), 71-81. 

Aydın, E. & Derin, G. (2020). Matematik öğretmeni eğitiminde stem - matematiksel modelleme birlikteliğinin problem 
çözme ve modelleme becerilerine etkisi [The influence of STEM - mathematical modeling integration on problem 
solving and modeling skills in mathematics teacher education]. Boğaziçi University Journal of Educatıon, STEM 
Education,  93-121 . 

Aydoğan Yenmez, A., & Özpınar, İ. (2017). Öğretmenlerin farklılaştırılmış öğretim uygulama pratikleri: öğrenim süreci 
üzerine öğretmen ve öğrenci düşünceleri [Teachers' differentiated instructional practices: teacher and student 
opinions on the process]. Trakya University Journal of Education. 7(2), 344-363. 

Bal, A. P., & Doğanay, A. (2014). Sınıf öğretmenliği adaylarının matematiksel modelleme sürecini anlamalarını geliştirmeye 
yönelik bir eylem araştırması [Improving primary school prospective teachers’ understanding of the mathematics 
modeling process]. Educational Sciences: Theory & Practice. 14(4), 1363-1384. 

Berry, J. (2002). Developing mathematical modelling skills: The role of CAS. Zentralblatt für Didaktik der Mathematik-ZDM. 
34(5), 212-220. 

Biccard, P., & Wessels, D. (2011). Development of affective modelling competencies in primary school learners. Pythagoras. 
32(1): 1-9. 

Biembengut, M. S., & Hein, N. (2013). Mathematical modelling: Implications for teaching. In R. Lesh, P. Gailbraith, P. Haines, 
& A. Hurford (Eds.), Modelling students’ mathematical modelling competencies: International perspectives on the 
teaching and learning of mathematical modelling, ICTMA 13 (pp. 481- 490). Dordrecht, The Netherlands: Springer 
Science+Business Media. 

Blum, W. (2011). Can modelling be taught and learnt? Some answers from empirical research. In G. Kaiser, W. Blum, R. 
Borromeo Ferri, & G. Stillman (Eds.), Trends in Teaching and Learning of Mathematical Modelling. International 
Perspectives on the Teaching and Learning of Mathematical Modelling (pp. 15-30). New York: Springer. 

Borromeo Ferri, R. (2010). On the influence of mathematical thinking styles on learners‟ modeling behavior. Journal für 
Mathematik-Didaktik, 31 (1), 99-118. 

Borromeo-Ferri, R. (2006). Theoretical and empirical differentiations of phases in the modelling process. Zentralblatt für 
Didaktik der Mathematik, 38(2), 86-95. 

Bukova Güzel E., & Uğurel I. (2010). Matematik öğretmen adaylarının analiz dersi akademik başarıları ile matematiksel 
modelleme yaklaşımları arasındaki ilişki [The relationship between pre-service mathematics teachers’ academic 
achievements in calculus and their mathematical modelling approaches]. Ondokuz Mayıs University Journal of the 
Faculty of Education. 29(1), 69-90. 

Bukova Güzel, E. (2011). An examination of pre-service mathematics teachers’ approaches to construct and solve 
mathematical modelling problems. Teaching mathematics and its applications: An international journal of the IMA: 
30(1): 19-36. 

Bukova Güzel, E. (Ed.). (2021). Matematik Eğitiminde Matematiksel Modelleme: Araştırmacılar, Eğitimciler Ve Öğrenciler 
İçin [Mathematical modeling in mathematics education: For researchers, educators and students]. Ankara: Pegem 
Akademi Publications. 

Büyüköztürk, Ş., Kılıç Çakmak, E., Akgün, Ö. E., Karadeniz, Ş., & Demirel, F. (2019). Bilimsel araştırma yöntemleri, [Scientific 
research methods in education]. Ankara: Pegem Akademi Publications. 

Canbazoğlu, H. B., & Tarım, K. (2021). Sınıf öğretmeni adaylarının matematiksel modelleme süreçleri: Okulda zaman 
problemi [Mathematical modeling processes of primary school teacher candidates: Time problem at school]. 
EJERCongress 2021, Ege University. 

Cooper, T. (1986). Problem solving, Queensland: Mathematics education, Brisbane College of Advanced Education. 
Creswell, J.W. (2012). Educational research: planning, conducting, and evaluating quantitative research (4. Baskı). Boston: 

Pearson Education Inc. 
D’Ambrosio, U. (2009). Mathematical modeling: cognitive, pedagogical, historical and political dimensions. Journal of 

Mathematical Modeling and Applications. 1(1), 89-98. 
Dede, Y. , Akçakın, V., & Kaya, G. (2018). Ortaokul matematik öğretmen adaylarının matematiksel modelleme yeterliklerinin 

cinsiyete göre incelenmesi: Çok boyutlu madde tepki kuramı [Examining mathematical modeling competencies of pre-
service middle school mathematics teachers by gender: Multidimensional ıtem response theory]. Adıyaman University 
Journal of Educational Sciences. 8(2), 150-169.  

Delice, A., & Taşova, H. (2011). Bireysel ve grup çalışmasının modelleme etkinliklerindeki sürece ve performansa etkisi, 
[Influence of ındividual and group work on the process of and performance in modeling activities]. Marmara 
University Atatürk Education Faculty Journal of Educational Sciences. 34(34), 71-97. 

Deniz, D., & Akgün, L. (2018). İlköğretim okullarının adaylarının geçişlerinin incelenmesi [Investigation of prospective 
secondary mathematics teachers’ mathematical modellling skills]. Mediterranean Journal of Educational 
Research. 12(24), 294-312. 



1034 
 

Doruk, B. K. (2010). Matematiği günlük yasama transfer etmede matematiksel modellemenin etkisi [The effect of 
mathematical modeling on transferring mathematics ınto daily life]. [Unpublished Doctoral Thesis]. Hacettepe 
University. 

Duran, M., Doruk, M., & Kaplan, A. (2016). Matematik öğretmeni adaylarının matematiksel modelleme süreçleri: 
Kaplumbağa paradoksu örneği [Mathematical modeling processes of mathematics teacher candidates: The example 
of tortoise paradox]. Cumhuriyet International Journal of Education. 5(4), 55-71. 

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

English, L. D., & Sriraman, B. (2010). Problem solving for the 21st century. In B. Sriraman & L. D. English (Eds.), Theories of 
mathematics education: Seeking new frontiers–advances in mathematics education (pp. 263–290). New York, NY: 
Springer. 

Eraslan, A. (2011). İlköğretim matematik öğretmenlerinin modelleri oluşturma etkinlikleri ve matematik öğrenimine 
hakkındaki görüşleri [Prospective elementary mathematics teachers’ perceptions on model eliciting activities and 
their effects on mathematics learning]. Elementary Education Online, 10 (1), 365-377. 

Eraslan, A. (2012). İlköğretim matematik öğretmen adaylarının model oluşturma etkinlikleri üzerinde düşünme süreçleri 
[Prospective elementary mathematics teachers’ thought processes on a model eliciting activity]. Educational Sciences: 
Theory & Practice , 12(4), 2953-2970. 

Erdoğan, F. (2019). İlköğretim matematik öğretmeni adaylarının matematiksel modelleme özyeterliklerinin belirlenmesi 
[Determination of mathematical modeling self-efficacy of pre-service elementary mathematics teachers]. Mersin 
University Journal of the Faculty of Education. 15(1), 118-130. 

Hıdıroğlu, Ç. N., & Bukova Güzel, E. (2013). Matematiksel modelleme sürecini açıklayan farklı yaklaşımlar [Different 
approaches clarifying mathematical modeling process]. Bartın University Journal of Faculty of Education. 2(1), 127-
145. 

Hıdıroğlu, Ç., & Bukova Güzel, E. (2015). Teknoloji destekli ortamda matematiksel modellemede ortaya çıkan üst bilişsel 
yapılar [Metacognitive structures occuring in mathematical modelling within a technology enhanced 
environment]. Turkish Journal of Computer and Mathematics Education (TURCOMAT). 6(2), 179-208. 

Kaiser, G. ve  Maaß, K. (2007). Modelling in lower secondery mathematics classroom – Problems and opportunities. In W. 
Blum et. al. (Eds.), Modelling and applications in mathematics education (pp. 99-108). New York: Springer.  

Kaygısız, İ. (2021).  İlkokul 4. Sınıf öğrencilerinin matematiksel modelleme yeterliklerinin incelenmesi: bir öğretim deneyi 
[Examining the mathematical modeling competence of primary school 4th grade students: A teaching experiment]. 
[Unpublished Doctoral Thesis]. Anadolu University.  

Maaß, K. (2006). What are modelling competencies? Zentralblatt Für Didaktik Der Mathematik. 38 (2), 113-142. 
McMillan.J.H.(2000).Educational research fundamentals for the consumer. USA:Longman 
Miles, M. B., & Huberman, A.M. (1994). Qualitative data analysis: An expanded sourcebook. (2nd Edition). Calif. : SAGE 

Publications. 
Ministry of National Education [MoNE]. (2015). Matematik dersi öğretim programı Mathematics curriculum. Ministry of 

Education, [Mathematics curriculum]. Millî Eğitim Bakanlığı [Ministry of Education], Ankara. 
Ministry of National Education [MoNE]. (2018). Matematik dersi öğretim programı [Mathematics curriculum.],. Millî Eğitim 

Bakanlığı [Ministry of Education], Ankara.  
Mousoulides, N., Christou, C., & Sriraman, B. (2006). From problem solving to modelling-a meta analysis. Retrieved 

November 2017. 
Niss, M. (1999). Aspects of the nature and state of research in mathematics education. Educational Studies in Mathematics. 

40(1), 1-24. 
Özaltun, A., Hıdıroğlu, Ç., Kula, S., & Güzel, E. B. (2013). Matematik öğretmeni adaylarının modelleme sürecinde kullandıkları 

gösterim şekilleri [Representations used by mathematics student teachers in mathematical modeling process]. Turkish 
Journal of Computer and Mathematics Education (TURCOMAT). 4(2), 66-88. 

Polya, G. (1997). Nasıl çözmeli? [How to solve] (Çev. Feryal Halatçı). İstanbul: Sistem Publsihin. 
Saka, E., & Çelik, D. (2018). Matematik öğretmeni adaylarının matematiksel modelleme sürecinde bilgisayar kullanımları 

üzerine bir inceleme [A study on the computer usage in mathematical modeling of preservice mathematics 
teachers]. Turkish Journal of Computer and Mathematics Education (TURCOMAT). 9(3), 618-635. 

Schoenfeld, A. H. (1989). Explorations of students mathematical beliefs and behavior. Journal For Research in Mathematics 
Education. 20(4), 338-355. 

Sriraman, B. (2005). Conceptualizing the notion of model eliciting. In M. Bosch (Ed.), Proceedings of the 4th Congress of the 
European Society for Research in Mathematics Education CERME 4 (pp. 1686-1696). Spain: FUNDEMI IQS – Universitat 
Ramon Llull. 

Şahin, N., & Eraslan, A. (2019). . Ortaokul matematik öğretmenlerinin matematik uygulamalarında eğitim öğretimin 
kullanımına yönelik görüşler [Middle-school prospective mathematics teachers' opinions on the use of modeling 
activities at the course of mathematics applications ] . Turkish Journal of Computer and Mathematics Education 
(TURCOMAT). 10 (2), 373-393. 

Taplin, M. (2007), Teaching values through a problem solving approach to mathematics. Retrieved 08.08.2021 from 
http://www.mathgoodies.com/articles/teaching_values.html 



1035 
 

Taşova, H., & Delice, A. (2012). Matematik öğretmeni adaylarının modelleme görevlerindeki performanslarının uzamsal 
görselleştirme yeteneği açısından bir analizi [An analysis of pre-service mathematics teachers' performance in 
modelling tasks in terms of spatial visualisation ability]. Research in Mathematics Education. 14(3), 297-298. 

Tekin Dede, A. (2015). Matematik derslerinde öğrencilerin modelleme yeterliklerinin geliştirilmesi: bir eylem araştırması 
[Developing students' modelling competencies in mathematics lessons: An action research study]. [Unpublished 
Doctoral Thesis]. Dokuz Eylül University.  

Tekin Dede, A. (2017). Modelleme yeterlikleri ile sınıf düzeyi ve matematik başarısı arasındaki ilişkilerin incelenmesi 
[Examination of the relationship between modelling competencies and class level and mathematics achievement]. 
Elementary Education Online, 16 (3), 1201-1219 . 

Tekin Dede, A. (2018). Uzamsal yönelim becerilerini içeren bir gerçek yaşam probleminin çözüm sürecinden yansımalar: 
Badana problemi [Reflections from the solution process of a real life task ıncluding spatial orientation skills: painting 
problem]. the Journal of Buca Faculty of Education, 46, 176-198. 

Tekin Dede, A., & Bukova Guzel, E. (2014). Model oluşturma etkinlikleri: kuramsal yapısı ve bir örneği [Model eliciting 
activities: The theoretical structure and ıts example]. Ondokuz Mayis University Journal of Education Faculty, 33(1), 
123-141. 

Tekin Dede, A., & Yılmaz, S. (2015). 6. sınıf öğrencilerinin bilişsel modelleme yeterlikleri nasıl geliştirilebilir? [How can the 
6th grade students’ modellıng competencıes be developed?]. International Journal New Trends in Arts, Sports & 
Science Education. 4(1), 49-63. 

Tuna, A. , Biber, A. Ç., & Yurt, N. (2013). Matematik öğretmeni adaylarının matematiksel modelleme becerileri 
[Mathematical modeling skills of prospective mathematics teachers]. Gazi University Journal of Gazi Education 
Faculty. 33 (1),  129-146. 

Ulu, M. (2017). İlkokul 4. sınıf öğrencilerinin modelleme süreçlerin incelenmesine yönellik bir odak grup çalışması: alış-veriş 
problemi [A focus group study for examining primary school 4th-grade students’ modeling process: the shopping 
problem]. Journal of Turkish Studies, 12(3): 815-844. 

Ural, A. (2014). Matematik öğretmen adaylarının matematiksel modelleme becerilerinin incelenmesi [Examining 
prospective mathematics teachers’ abilities of mathematical modelling]. Dicle University Journal of Ziya Gökalp 
Education Faculty, 23: 109-140.  

Ural, A., & Ülper, H. (2013). İlköğretim matematik öğretmeni adaylarının matematiksel modelleme ile okuduğunu anlama 
becerileri arasındaki ilişkinin değerlendirilmesi [The evaluation of the relationship between preservice elementary 
mathematics teachers’ mathematical modeling and reading comprehension skills]. Journal of Theoretical Educational 
Science. 6 (2): 214-241. 

Yanbıyık, S. (2016). Sınıf öğretmeni adaylarının matematiksel modelleme becerileri: fermi problemleri uygulamaları 
[Mathematical modelling skills of primary teacher candidates: The practising of fermi problems] . [Unpublised Master 
Thesis]. Gaziosmanpaşa University. 

Yanık, H. B., Bağdat, O., & Koparan, M. (2017). Ortaokul öğretmen adaylarının matematiksel modelleme problemlerine 
yönelik görüşlerinin incelenmesi [Investigating prospective middle-school teachers’ perspectives of mathematical 
modelling problems]. Journal of Qualitative Research in Education. 5(1): 80-101.0 

Yavuz Mumcu, H., & Baki, A. (2017). Matematiği kullanma aktivitelerinde lise öğrencilerinin matematiksel modelleme 
becerilerinin yorumlanması [The interpretation of mathematical modelling skills of high school students in the 
activities of using mathematics]. Ondokuz Mayıs University Journal of Education Faculty, 36(1): 7-33. 

Yeşilova Ö., (2013). İlköğretim 7. Sınıf Öğrencilerinin Problem Çözme Sürecindeki Davranışları ve Problem Çözme Başarı 
Düzeyleri [The seventh-grade students' problem solving behaviours and problem solving achievement levels]. 
[Unpublised Master Thesis]. İstanbul: Marmara University.  

 


