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ABSTRACT 
For more than forty years, mathematical modeling has assumed 
great importance in the educational field. The growing interest in 
modeling is related to students' need to understand and use 
mathematics in daily life and the ineffectiveness of traditional 
mathematics teaching to achieve success. This strategy of 
focusing on real-world problems and bringing them to the world 
of mathematics so they can be solved has evolved from the 
increased interest in modeling. Based on several studies, 
researchers say that the method of teaching mathematics to 
students promotes and maintains the motivation for their learning 
and the study of professional careers related to science, 
technology, engineering, and mathematics. The purpose of this 
paper is to present the results of a literature review on 
mathematical modeling in the educational field. Information was 
obtained about authors with the greatest number of publications 
on the subject, the most cited articles, the journals with the 
greatest number of publications, and the types of participants in 
the studies analyzed. Classifications of the research articles 
reviewed were done in accordance with the theoretical 
perspectives of mathematical modeling and with their purpose in 
mathematics education. A total of 70 articles were analyzed from 
which it was found that 50% of the studies start with a theoretical 
educational theoretical perspective; the use of modeling as a 
vehicle to teach Mathematics was found in 96% of the studies; the 
other 4% consider modeling as a purpose. 
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1. Introduction 
In this world where the development of information and 
technology occurs rapidly, students are expected to be trained in 
the field of mathematics in such a way that they can formulate 
effective solutions to face real problems and make effective use of 
the mathematics in everyday life [1]. In this way, they will be able 
to identify the significant relationship that exists between reality 
and mathematics [2]. In general, students often question what 
mathematics is used for, as they often consider that this discipline 
is only used in school and does not relate to activities of daily 
living [3]. According to Hernández-Martínez and Vos [4], several 
studies found that students consider mathematics boring, and 
they give greater importance to other subjects of study because 
they believe that the usefulness of mathematics only resides in the 
classroom and exams.       
The ignorance about the application of mathematics outside of 
school is observed throughout the different educational levels. At 
professional levels, it is common to observe the difficulty of 
graduates to apply mathematics in their work environment [5]. In 
school, mathematics becomes the object of study while in the 
workplace, it is a tool used by the professional to develop his 
activities [6].          
This need to understand and use mathematics in everyday life and 
the ineffectiveness of traditional teaching have led some 
educators to consider the study of mathematical modeling as a 
teaching strategy [3] because it can develop skills to solve 
problems of mathematics in reality, is able to promote and 
maintain the motivation of students in the study of mathematics 
and can encourage the student to choose to study a career related 
to science and technology [7].      

∗ Mathematical Modeling in the Educational Field: a Systematic Literature Review 
†Jaqueline Acebo Gutiérrez 
Permission to make digital or hard copies of part or all of this work for personal or 
classroom use is granted without fee provided that copies are not made or 
distributed for profit or commercial advantage and that copies bear this notice and 
the full citation on the first page. Copyrights for third-party components of this 
work must be honored. For all other uses, contact the owner/author(s). 
TEEM’19, October 16-18, 2019, León, Spain.  
© 2018 Copyright held by the owner/author(s). 978-1-4503-0000-0/18/06...$15.00 
https://doi.org/10.1145/1234567890 



TEEM 2019, October, 2019, León, Spain                                                                                                                                      Acebo et al.                                                                        
 

 

 

Due to the effectiveness of mathematical modeling as a teaching 
strategy and the fact that it has been proven that it can be 
developed at all educational levels in most curricular contents [8], 
interest in its integration into the teaching of mathematics has 
grown in recent decades [9].            
This study arises from the importance of mathematical modeling 
in the educational field and the need for continuing research about 
it. Therefore, this study focused on carrying out a systematic 
review of the literature on modeling in the educational field based 
on a descriptive analysis. The objective focuses on providing an 
overview of the studies in this field. The research questions were 
established based on recommendations that Velasquez [10] 
proposes and are: 
▪ How many studies are there in the Scopus and Web of 

Science databases between the years 2012 to 2019? 
▪ Who are the authors with the most publications in the area? 
▪ What are the most cited articles in the area? 
▪ What is the geographical distribution of the authors? 
▪ What are the journals with the most publications in the 

area?  
▪ What are the main research topics? 
▪ What were the modeling perspectives commonly chosen in 

the studies? 

2. Mathematical Modeling 
Mathematical modeling is the process of presenting real-world 
problems or situations in mathematical terms and relationships to 
understand and find solutions to these problems [11, p. 25]. To 
explain the modeling process, experts in the subject do it through 
a modeling cycle [7]. Among them, we can mention researchers 
who focus on the cognitive processes of the student, as in the case 
of Blum and Leiss [12]. 
Figure 1 shows this cycle where the student, as a first step, must 
understand the problem through a mental representation, which 
is called a "situational model" and simplify and structure the 
problem to build a real problem and thus be able to solve it. The 
problem will be translated into a mathematical model. It will be 
necessary to work with calculations and equations. In this stage, 
it is necessary to have certain mathematical competencies and 
knowledge about different types of representations.  
Once the mathematical model is resolved, the result will be 
interpreted and validated with the real world. If its validation is 
not possible, it will be necessary to return to the previous phases 
to make adjustments [13]. 

 

Figure 1: Blum and Leib modeling cycle [12] 

For Rodríguez and Quiroz [14], mathematical modeling is 
considered as a cyclical process in which four domains are 
recognized; namely, the real, the pseudo-concrete, the physical, 
and the mathematical domains. In order to relate the real domain 
to the mathematical domain, activities are proposed that establish 
a problem of the real world that, upon understanding it, the 
students transform into a physical model and from there to a 
mathematical model which solves the problem; the solution will 
be validated and, if it is necessary, the required changes must be 
made. Figure 2 shows the model based on an educational 
perspective. 

 

Figure 2: Rodríguez Mathematical modeling cycle [14] 
 

The term “mathematical modeling” is used worldwide, and expert 
opinions agree that mathematical modeling should be 
implemented in the classroom [15]. However, researchers have 
different considerations for modeling. Their discrepancies arise 
from different definitions, frameworks, research focus, and 
implications [16]. Kaiser and Sriraman [15] developed a 
classification for the different perspectives of mathematical 
modeling according to definitions and objectives. This 
classification is shown below in Table 1. 

Table 1: Mathematical modeling perspectives [15] 
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Another classification of mathematical modeling is in relation to 
its purpose in the teaching of mathematics [17]. Mathematical 
models are constructed to be used as "means or vehicles" with the 
purpose of introducing other curricular material at the same time 
or using them as "content" with the purpose that the students 
solve real problems of great importance in their environments, 
thereby, learning and applying modeling skills [18]. 

3. Methodology 
Currently, the exponential increase in the amount of information 
available on the Internet requires the use of strategies that 
guarantee quality and relevance in the selection of information 
[19].  According to García-Peñalvo [20], the systematic review of 
literature is a type of literature review that is based on a 
systematic process to collect and analyze research studies. It is an 
exhaustive search of relevant studies on a topic, so it offers very 
useful information and has the advantage of being replicated and 
thus being able to verify the conclusions reached. 
This present systematic review of the existing literature on 
mathematical modeling studies was carried out using descriptive 
content analysis. Later, the studies were interpreted with a critical 
view based on thematic content analysis. The process of the search 
in the databases is presented in the PRISMA flow [21] at figure 3. 
 

 

Figure 3: PRISMA Flow adapted from (21) 

3.1 Identification and Screening 
 
For the systematic review of the literature on mathematical 
modeling in the educational field, two databases were chosen: 
Scopus and Web of Science (WOS) because, the first one is 
considered the largest database of citations and literature 
abstracts; and both have access to a significant amount of high 
impact documents. In Scopus 410 documents were found and in 
WOS 132. 
This search was carried out by establishing the search terms 
"mathematical modeling" or "mathematical modeling" and 
"education" in the author's title, summary or keywords. In 

addition, inclusion and exclusion criteria were established and are 
shown in Table 2. 

 

Figure 4: Exclusion and Inclusion criteria 

The search strings for Scopus databases Scopus and WOS are: 
 

Scopus 
(TITLE-ABS-KEY ("mathematical modelling" OR "mathematics 
modelling") AND TITLE-ABS-KEY (education)) 
AND DOCTYPE (ar OR cp) AND PUBYEAR > 2011 AND PUBYE
AR < 2020 AND (LIMIT-TO (LANGUAGE, "English") OR LIMIT-
TO (LANGUAGE, "Spanish")) 

 
Web of Science Core Collection 
You searched for: TOPIC: ("mathematical modelling" OR 
"mathematics modelling") AND TOPIC: (Education) AND 
LANGUAGE: (English OR Spanish) AND DOCUMENT TYPES: 
(Article OR Proceedings Paper)  

Timespan: 2012-2019. Indexes: SCI-EXPANDED, SSCI, 
A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI.  

 
The results of the databases were recorded in spreadsheets to 
review duplicate documents and discard them. The result was 69 
repeated documents. Therefore, a total of 473 remained.  

3.2 Eligibility and Included documents 
 
The results of the databases were recorded in spreadsheets to 
review duplicate documents and discard them. The result was 69 
repeated documents. Therefore, a total of 473 remained.  
The search was refined by reviewing each document looking if the 
main topic of the work was about mathematical modelling in 
Education. The selections were made in those where appeared the 
words of “mathematical modeling” or when the words were 
separated, both appeared in the titles. Also documents with titles 
included terms such as "mathematics modeling", "real world 
problems", model eliciting activities, reality-based tasks, solving 
task real-life context, since they are very common terms in 
mathematical modeling. In addition, the abstract was analyzed, 
the author's keywords, references related to mathematical 
modelling and the topic prominence were reviewed to be sure of 
its main topic. 
The selection of documents from both databases, Scopus and Web 
of Science, that meet the established criteria reached the amount 
of 150. These references can be found in the following link: 
http://cort.as/-PRxb 

http://cort.as/-PRxb
http://cort.as/-PRxb


TEEM 2019, October, 2019, León, Spain                                                                                                                                      Acebo et al.                                                                        
 

 

 

To answer the research questions, each of them were analyzed. 
The following section shows the results of the analysis. 

4. Results 
From the systematic search, after the discrimination of the 
articles, 127 of these were reviewed, and the findings are shown 
below. These results are presented in response to the research 
questions established at the beginning. 

How many studies are there in the Scopus and Web of 
Science databases between the years 2012 to 2019? 

Of the total documents reviewed, 91 were found in the Scopus 
database and 67 in Web of Science, 31 documents are repeated.  
It is also observed that 56% of the studies were published between 
2017 and 2019. Table 2 shows the distribution by year. The 
information shows the numbers and percentages of articles for 
each database and those that appear in both. 
 
 

Table 2: Distribution of articles by year 

 

Who are the authors with the most publications in the 
area? 

In relation to the authors with the highest number of published 
articles, the Turks were highest with an average of four 
publications. Figure 5 shows the information on this. 

 
 

 

Figure 5: Authors with the most articles published 

 

What are the most cited articles in the area? 
The most cited articles have a range of 24 to 6 citations. Table 3 
shows the author, the title, the year of publication, the source of 
publication, and the number of citations. 

What is the geographical distribution of the authors? 
Figure 6 shows the countries with the most publications on 
mathematical modeling in the educational field of this data 
research. 

Table 3: Most cited articles 

Author Title Year Publication # 

D. H. A. Diefes, J. 
S. Zawojewski, M. 
A. Hjalmarson, M. 
E. Cardella [22] 

A framework for 
analyzing feedback in a 
formative assessment 

system for mathematical 
modeling problems 

2012 Journal of 
Engineering 
Education 

24 

P. Frejd, C. 
Bergsten [23] 

Mathematical modelling 
as a professional task 

2016 Educational 
Studies in 

Mathematics 

15 

N. Mentzer N, T. 
Huffman, H. 
Thayer [24] 

High school student 
modeling in the 

engineering design 
process 

2014 International 
Journal of 

Technology 
and Design 
Education 

9 

K. Vorhoelter; G. 
Kaiser; R. B. Ferri 

[25] 

Modelling in Mathematics 
Classroom Instruction: 

An Innovative Approach 
for Transforming 

Mathematics Education 

2014 Transforming 
Mathematics 
Instruction: 

Multiple 
Approaches 

and Practices 

8 

C. O. Anhalt, R. 
Cortez [8] 

Developing 
understanding of 

mathematical modeling in 
secondary teacher 

preparation 

2016 Journal of 
Mathematics 

Teacher 
Education 

7 

B. Riyanto; R. I. I. 
Zulkardi-

Putri,Darmawijoyo 
[26] 

Mathematical modeling in 
realistic mathematics 

education 

2018 Journal of 
Physics: 

Conference 
Series 

7 

M. G. Didis, A. K. 
Erbas, B. 

Cetinkaya B, E. 
Cakiroglu, C. 
Alacaci [27] 

Exploring prospective 
secondary mathematics 

teachers’ interpretation of 
student thinking through 
analyzing students’ work 

in modelling 

2016 Mathematics 
Education 
Research 
Journal 

6 

K. E. D., Ng [28] Teacher Readiness in 
Mathematical Modelling: 

Are There Differences 
Between Pre-service and 

In-Service Teachers? 

2013 ZDM-
Mathematics 

education 

6 

     
 
 

0 1 2 3 4 5

E. Cakiroglu

M. Bosch

B. Barquero

C. Alacaci

A. K. Erbas

B. Centinkaya

Authors with the highest number of 
articles
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Figure 6: Geographical distribution of the authors 

What are the journals with the most publications in the 
area?  

The total number of journals in which the reviewed articles were 
published is 68. Table 4 shows the journals that have three to nine 
publications, which represent 12% (8) of the total number of 
journals; they provide 48 articles representing 38% of the total 127 
publications. The 79 remaining journals have two or a single 
publication each. 

Table4: Journals with literature review publications 

JOURNALS # 

ZDM - MATHEMATICS EDUCATION 9 

JOURNAL OF PHYSICS: CONFERENCE SERIES 8 

INTERNATIONAL PERSPECTIVES ON THE 
TEACHING AND LEARNING OF MATHEMATICAL 
MODELLING 

7 

TEACHING MATHEMATICAL MODELLING 
CONNECTING TO RESEARCH AND PRACTICE 

7 

EURASIA JOURNAL OF MATHEMATICS SCIENCE 
AND TECHNOLOGY EDUCATION 

6 

PROCEDIA SOCIAL AND BEHAVIORAL SCIENCES 5 

PROCEEDINGS OF THE NINTH CONFERENCE OF 
THE EUROPEAN SOCIETY FOR RESEARCH IN 
MATHEMATICS EDUCATION CERME9 

3 

PRIMUS 3 

 

What are the main research topics? 
The topics of the publications that were reviewed are shown in 
Table 5; most of them correspond to the Social Sciences. 

Table 5: Publication subjects 

Subject Articles 

Social Science 64 

Mathematics 43 

Education 28 

Computer Sciences 19 

Engineering 17 

Physics and Astronomy 11 

What were the modeling perspectives commonly chosen 
in the studies? 
The analysis of the investigations was carried out in relation to 
the Theoretical Perspectives of Mathematical Modeling proposed 
by Kaiser and Sriraman [15]. Table 6 shows the number of studies 
that were carried out from each perspective. 

Table 6: Number of studies from each perspective 

Perspectives Studies 

Realistic or applied 10 

Contextual 6 

Educational 84 

Sociocritical 5 

Epistemological or theoretical 19 

Cognitive 3 
 

 

Realistic or applied 

These articles are about development and application of modeling 
activities and experiments in topics such as weather conditions, 
social programs in education, physical education and sports, and 
social protection, economics, computer support and food security. 
We studied the interactions of teachers who worked collectively 
to pose and solve a modeling problem, the students' experiences 
on the relevance of modeling activities, and the characterization 
of mathematical models by professional designers of 
mathematical models.  
 
An example of studies: 
“Why do I have to learn this?” A case study on students’ 
experiences of the relevance of mathematical modeling 
activities. Hernandez-Martinez, P. y Vos, P. (4).  Design of 
mathematical modeling activities for a mathematics course for 
engineering students. In addition to real-life activities, students 
attended a conference presented by an employee of an engine 
company who uses mathematical modeling in his work and a 
modeling evaluation to solve real problems through collaborative 
work. This study is based on the theory of cultural-historical 
activity (CHAT), which analyzes how individuals are involved in 
activities within social environments. 
 

Contextual 

Studies about the process of mathematics teaching and practical 
applications, the use of modeling in a context close to reality, the 
contextual links between science and mathematics and their 
relation to problem-solving, and students' conceptual 
understanding. Innovative projects are described for the 
integration of modeling in the classrooms, the framework as an 
approach to support the independent modeling processes of the 
students.  
 
 

Turkey, 
16

China, 
13

Spain, 12
Germany

, 11

USA, 11

Indonesia, 8

Brazil, 6

Sweden, 
6

Australia, 5
United 

Kingdom
, 5
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An example of studies: 
 
Competencia matemática de los alumnos en el contexto de 
una modelización: aceite y agua. Búa, J., Fernández, M. y 
Salinas M. (29). This research studies the presence of 
mathematical modeling processes and the influence of the context 
of these problems on the resolutions proposed by Secondary 
Education students; it introduces the problems of estimation of 
large quantities. It also studies the relationships between the 
strategies proposed by the students and the contexts of word 
problems, and the modeling of the situations posed. It concludes 
that the context can influence the proposed resolutions made by 
the students and that this type of problem can be used to introduce 
the modeling in the classrooms. 
 

Educational 

In relation to students, we reviewed articles highlighting the use 
of digital technologies in the teaching and learning of 
mathematical modeling and the identification of effective tasks to 
be used in the activities of curricular program topics. 
In relation to teachers, the studies focus on how teachers acquire 
pedagogical knowledge and modify it to create modeling in class, 
among other things.  
 
An example of studies: 
Understanding Prospective Teachers’ Mathematical 
Modeling Processes in the Context of a Mathematical 
Modeling Course. Zeytun, A. S., Cetinkaya, B., y Erbas, A. K. 
(3). This paper investigates how prospective teachers develop 
mathematical models while they engage in modeling tasks. The 
study was conducted in an undergraduate elective course aiming 
to improve prospective teachers’ mathematical modeling abilities 
while providing them with pedagogical knowledge for the 
integration of modeling tasks into their future classroom 
practices. 

Sociocritical 

The study purposes were to determine the processes that will 
contribute to the teaching of general educational values and the 
values of mathematical education that emerge during the 
experiences that students have when working with mathematical 
modeling activities. Other topics such as teachers who worked 
collectively in posing and solving a modeling problem through 
a closed group on the social network Facebook. 
 
An example of studies: 
Mathematical Modeling Activities as a Useful Tool for 
Values Education. Doruk, B. K. (31). The research in this study 
was worked considering that education about values is crucial, 
being one of the factors to reach success in education in a broader 
sense and in mathematics education in a particular sense. The 
objective of this research was to determine in detail the processes 
that will contribute to the teaching of general educational values, 
mathematical values and mathematical educational values that 
emerge during the experiences that students (6th and 7th grade) 
obtain when working with mathematical modeling activities. 

 

Epistemological or theoretical 

These researchers study the importance of teachers´ knowledge 
about student thinking and the role of examining students' work 
in various contexts to develop a knowledge base on student 
thinking in modeling activities. Also, the characterization of 
mathematical modeling in mathematical topics focused on 
mathematical activities, levels of complexity, and metacognitive 
processes, among others.  
 
An example of studies: 
The incidence of 'applicationism' in the integration of 
mathematical modeling in university teaching of natural 
sciences. Barquero, B., Bosch, M., & Gascón, J. (32). Recent 
research on the teaching and learning of mathematical modeling 
highlights the existence of strong institutional constraints on the 
widespread and long-term diffusion of modeling practices in 
current educational systems. The study of these constraints and 
the way new teaching proposals can overcome them seem to be 
an unavoidable step for research in mathematics education. 
Within the framework of the Anthropological theory of the 
didactic, a hierarchy of levels of didactic co-determination is 
proposed as a tool to detect and analyze the emergence of these 
constraints and to know at what level it is necessary to act to 
improve the conditions for mathematical modeling so it can be a 
normalized activity. The problem focuses on the special case of 
the teaching of mathematics by Natural Science faculties, paying 
particular attention to the constraints arising from the ‘dominant 
epistemology’ in their institutions. 

 

Cognitive 

These authors study how engineering students approach the 
problems of mathematical modeling and how they can learn to 
deal with such problems. The modeling cycle of the modelers and 
their diversities in their modeling progress are investigated.  

 
An example of studies: 
Investigating and developing engineering students’ 
mathematical modeling and problem-solving skills. 
Wedelin, D., Adawi, T., Jahan, T. y Andersson, S. (33). This 
study is based on the question: How do engineering students 
approach mathematical modeling problems and how can they 
learn to deal with such problems? In the context of using a 
qualitative case study approach in a course in mathematical 
modeling and problem solving, the authors discuss the empirical 
results in relation to a framework for mathematical thinking and 
the notion of cognitive apprenticeship. 

5. Conclusions 
According to the results of the literature review, it can be observed 
that the subject of mathematical modeling is of global interest. 
The data tells us about the growth in the number of articles. In 
addition, we can see the most representative authors and 
countries in the six-year range that appear, at least, in the two 
databases used.  
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In this analysis, it was possible to recognize that, in spite of the 
great interest that exists for mathematical modeling due to its 
effectiveness as a strategy for the teaching of mathematics, there 
are significant difficulties for its integration in the classroom. One 
of the problems is that teachers find it difficult to implement 
because of the lack of knowledge about modeling. In addition, 
there are difficulties in working in real contexts and the design of 
activities. Another barrier is the difficulty to work in an 
interdisciplinary way at school. 
We conclude that studies on these difficulties can be corroborated 
so that educational innovations in mathematics and mathematical 
modeling can occur. Considering the advantages of mathematical 
modeling, we recommend focusing strongly on action research in 
this field. 
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