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Abstract
Mathematical modelling is a dynamic research field. This article presents a systematic literature review of recent devel-
opments in mathematical modelling from an international perspective. In identifying relevant modelling perspectives, we
draw on the goals of modelling and the characteristics of modelling tasks as our theoretical foundation and analyzed recent
modelling research in terms of (1) the attributes of studies, including geographical distribution, participants, methodological
approaches, and conceptual frameworks; (2) the goals of modelling, characteristics of tasks, and perspectives on modelling;
and (3) the relationships between modelling perspectives and study attributes. Focusing on studies concerning students from
early childhood to secondary school, we identified 4045 initial publications, from which we selected and analyzed 108 peer-
reviewed journal articles and ICTMA book chapters published between January 2020 and April 2024. The analysis revealed
significant interest in mathematical modelling across a range of perspectives and, in particular, an emphasis on formative
goals related to the development of modelling competence. Authenticity and cognitive richness also emerged as key char-
acteristics of modelling tasks. Additionally, we noted that the educational modelling perspective defined by a combination
of formative goals and cognitively rich tasks emerged as a prominent focal point within recent modelling research. A key
finding of the review was that further research is needed on under-explored nuances of each modelling perspective, such as
upper-secondary students within the educational perspective. Our findings also highlighted the need for theory development
to connect the various conceptual frameworks in modelling.

1 Introduction

Educational systems worldwide acknowledge the impor-
tance of mathematical modelling, as evidenced by its incor-
poration into curricula internationally. The importance as-
signed to modelling is due to its role in supporting problem
solving related to personal, work, and civic life and as a key
capability that underpins science, technology, engineering,
and mathematics (STEM) careers (Siller et al., 2024). Al-
though there is consensus regarding the importance of ad-
dressing modelling in curricula and in mathematics teach-

ing and learning practice within schools, there is no univer-
sal understanding of modelling. Moreover, there are diverse
purposes and goals for the teaching and learning of mod-
elling and the essential characteristics of the tasks necessary
for achieving these goals remains a matter of contention –
issues that require further research to bring coherence to the
field.

The importance of mathematical modelling is also re-
flected in the increasing number of special issues of peer-
reviewed journals and literature reviews related to mod-
elling research. Previous literature reviews on mathemati-
cal modelling education have been based on: contributions
presented at conferences (English et al., 2016), identifica-
tion of themes emergent from the content of articles in
special issues of journals (Carreira & Blum, 2021), mod-
elling competencies (Cevikbas et al., 2022), the role of dig-
ital technologies (Cevikbas et al., 2023), cognitive perspec-
tives (Schukajlow et al., 2023a), approaches to instruction
(Borromeo Ferri, 2018), and broad overviews of modelling
research (Niss & Blum, 2020). These reviews were often
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broad syntheses of research rather than systematic reviews.
While such syntheses have merit, they are dependent on the
authors’ knowledge, which is likely to be stronger in some
areas than others, and the reasons for inclusion are not al-
ways transparent. Systematic reviews, on the other hand,
make use of transparent processes and provide detailed de-
scriptions of the methodological approaches used. The aim
of such reviews is to provide more complete coverage of
a field and to ensure replicability of results. This article
adopts an approach consistent with that of a systematic re-
view.

Diverse approaches have been used in modelling research
to distinguish between and describe different perspectives
on modelling (e.g., Frejd & Bergsten, 2018; Geiger, 2013;
Mousoulides et al., 2007). In this article, we adopted two
conceptual lenses to analyze international perspectives on
modelling. Kaiser and Sriraman (2006) described modelling
perspectives according to their epistemological foundations
and geographical origins. Historically, perspectives on mod-
elling have encompassed a broad range of global research
drawn from various scientific traditions—often originating
in specific countries or regions with shared languages—but
it is uncertain how perspectives on mathematical modelling
are represented in the current research landscape. Blum
(2015) more formally anchored these perspectives in goals
of modelling and characteristics of modelling tasks, with
specific combinations defining a specific perspective, thus
further developing Kaiser’s and Sriraman’s conceptualiza-
tion. To identify perspectives, we use Blum’s (2015) formal
classification. We apply Kaiser and Sriraman’s (2006) ty-
pology to examine and discuss perspectives in relation to
other factors, such as their geographical distribution. We
focused modelling research conducted on early childhood
to secondary school students. To focus on the most re-
cent modelling research we, included studies published be-
tween January 2020 and April 2024 that investigated the
teaching/learning of modelling across school levels. The
overarching objective of this literature review is to pro-
vide insight into various perspectives on mathematical mod-
elling and their alignment with different goals and char-
acteristics of modelling tasks. The subgoals were as fol-
lows:

1. To provide an overview of recent modelling research.
2. To identify the frequency of goal/task combinations, con-

firming their alignment with perspectives described in the
literature or recognize those that differ.

3. To analyze whether the perspectives differ in terms of ge-
ographical distribution, participants, methodological ap-
proaches, and conceptual frameworks.

4. To identify new or less-explored areas of recent mod-
elling research.

2 Theoretical background and current
research landscape

2.1 Modelling Research: Geographical Distribution,
Participants, Methodological Approaches, and
Frameworks

Mathematical tasks with a connection to reality are defined
as modelling tasks when their solutions require substantial
translation processes between the real-world and mathemat-
ics (Schukajlow et al., 2023a). The solution process for mod-
elling tasks is comprised of the development of models and
the selection and application of mathematical procedures
relevant to the description of the real-world situation. Math-
ematical modelling is closely related to other notions related
to solving problems in the real world, such as numeracy or
mathematical literacy. The different ways of thinking about
the application of mathematics emerged as responses to di-
verse mathematical demands in society over time and were
thus developed to serve different goals, leading to differ-
ent traditions in research (Geiger et al., 2022). Modelling
emerged from the problem-solving contexts in engineering
which is typically described as a cyclic process involving
the translation of real-world situations into a mathemati-
cal problem, the solution of this mathematical problem, the
translation of this idealized mathematical solution into the
original problem context to ascertain its fit, and the revision
of all these steps if the solution requires further refinement.
Numeracy, however, evolved from concerns in society about
the capacity of citizens to use mathematics to respond to
problems in personal, civic and work life. The concept of
numeracy has evolved over time to include critical capabili-
ties, such as those needed to detect mis/dis-information that
makes use of mathematics as evidence. Literature written
from a numeracy perspective does not generally include de-
scriptions of specified processes that lead to a solution, but
rather identifies the capabilities employed in addressing a
situation. This means that to engage in numeracy activity,
aspects generally associated with modelling may or may not
be used as the chosen approach is situated in the particulars
of a problem or circumstance. For example, it might not be
necessary to formally identify assumptions or validate solu-
tions in certain circumstances. Numeracy activities are of-
ten socially constructed, while modelling has tended to take
a more cognitive direction. However, over time, some of the
differences between numeracy activities and modelling have
become less distinct, with both approaches being used to ad-
dress similar issues. Thus, research regarding these different
subfields should be seen as complementary, since both ap-
proaches aim to use mathematics to address real-world prob-
lems, despite their different origins (see for example Geiger
& Schmid, 2024).

An important line of research related to mathematical
modelling is the solving of word problems. Word problems
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are commonly defined as verbal descriptions of problem
situations presented in a scholastic context. They involve
one or more questions, the answers to which can be deter-
mined by applying mathematical operations to the numeri-
cal data provided in the problem statement or derived from
it (Verschaffel et al., 2020). Situations described in word
problems usually involve highly specific conditions and can
therefore be solved through the application of straightfor-
ward mathematical operations and procedures (although the
so-called problematic word problems (p-problems) are ex-
ceptions). Thus, word problems do not require students to
simplify situations, make realistic assumptions, or structure
and validate solutions (Kaiser, 2017; Niss et al., 2007), as is
the case for modelling problems, leading some scholars to
see word problems and modelling tasks as conceptually dis-
tinct. Other researchers have viewed word problems as spe-
cific (albeit potentially oversimplified) forms of modelling
tasks (Verschaffel et al., 2020) and have included them in
the broader field of modelling research. In this study, we
adopted a broad conceptualization of modelling to capture
various modelling perspectives. However, we did only in-
clude studies when the authors framed their research un-
der modelling. Accordingly, we searched for studies that
claimed to analyze modelling and did not explicitly include
word problems or numeracy problems in the search terms.

Previous literature reviews have emphasized the diver-
sity of modelling education research, noting contributions
across all continents (Preciado Babb et al., 2023), but they
have highlighted the significant influence of certain coun-
tries/regions on modelling discourse. For instance, Preciado
Babb et al. (2023) reported that Germany, the United States,
and Australia were the top three countries contributing to
the field, collectively accounting for about half of the to-
tal number of publications. In a further review relating to
secondary school mathematical modelling, Stohlmann et al.
(2016) found that studies generally originated from the same
three countries. This contrasted with studies related to pri-
mary school students, which came predominantly from Aus-
tralia and the United States, with German studies being far
less frequent (Stohlmann & Albarracín, 2016).

Although mathematical modelling is of interest to re-
searchers across all educational levels (e.g., Geiger & Frejd,
2015; Schukajlow et al., 2018), most studies have been con-
ducted on secondary school students (e.g., 45% in the liter-
ature review on modelling competencies by Cevikbas et al.
(2022) and 33% in the literature review by Preciado Babb
et al. (2023)). That said, different countries/regions tend to
focus on different groups of participants in modelling re-
search. For example, in Brazil, there is a strong focus on
the postsecondary level (24.3%), particularly on teachers
(18.9%) (Preciado Babb et al., 2023).

Methodological approaches also differ in the literature.
Schukajlow et al. (2018), for example, reported a signifi-
cant lack of quantitative studies, particularly concerning the

International Conference on the Teaching of Mathematical
Modelling and Applications (ICTMA) books, with only 7%
of researchers applying quantitative methods, compared to
92% applying qualitative methods, and 1% using mixed-
methods approaches. Cevikbas et al. (2022), in a further
literature review of modelling competencies, reported quite
different findings, with most researchers (32%) using quan-
titative methods, followed closely by qualitative approaches
(27%), with only a few employing alternative approaches,
such as theoretical, overview/survey, or design-based meth-
ods. These differences may stem from the different foci
(modelling research vs. research on modelling competen-
cies) in these literature reviews, highlighting the importance
of understanding the context of such reviews.

Studies on mathematical modelling have often been
based on distinct frameworks (e.g., Geiger et al., 2022; Lesh
& Doerr, 2003; Niss & Blum, 2020). In this review, we fo-
cused on conceptual frameworks that considered analyti-
cal reconstructions of the modelling process (Niss & Blum,
2020, p. 14), including modelling cycles. Modelling cycles
are based on activities that involve understanding real-world
situations, making realistic assumptions, simplifying ini-
tially complex real-world problems, developing mathemati-
cal models, interpreting mathematical results in light of the
initial real-world problems, and validating the results against
real-world situations (Borromeo Ferri, 2006; Kaiser, 2017).
These activities are generally depicted as an iterative cycle
that can be employed to develop models of varying com-
plexity and adjust initial assumptions to achieve solutions
that best fit specific situations with the necessary degree of
precision. There are, however, different versions of the mod-
elling cycle, which vary in what they emphasize in the rela-
tionship between the real world and mathematics, and which
key activities need to be employed to address specific prob-
lems. Geiger and Frejd (2015) observed this diversity in ap-
proaches to modelling, noting increasing diversity over time
regarding the conceptual frameworks used to anchor papers
and a strong emphasis on modelling cycles and modelling
competencies, often without a proper theoretical grounding.

In summary, the findings of previous literature reviews
raise questions about the geographical distribution of stud-
ies, the origin of participants, and the diverse methodologi-
cal approaches and conceptual frameworks used in interna-
tional modelling research.

2.2 Modelling Goals

Julie (2019) described two types of modelling goals, mod-
elling as content and modelling as a vehicle. Modelling as
content focuses on teaching modelling approaches to de-
velop students’ capabilities to solve real-world problems.
Modelling as a vehicle means engaging in the modelling
process to learn mathematical content. According to Niss et
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al. (2007), both approaches are required for effective learn-
ing to take place.

The purposes and goals of modelling have been explored
by other scholars (Galbraith, 2012; Kaiser & Sriraman,
2006). Blum (2015) has distinguished between four main
modelling goals:

• pragmatic goals
• formative goals
• cultural goals
• psychological goals

In a broad sense, pragmatic goals align with modelling
as content, whereas the other goals align with modelling
as a vehicle. Pragmatic goals emphasize the importance
of teaching modelling in schools to enable learners to use
mathematics to understand and solve real-world problems.
From this perspective, learning should mirror the way mod-
elers, in practice, work without prescriptive mathematical
knowledge or procedures (Julie, 2002). Formative goals
highlight the role of modelling in developing competen-
cies, particularly those related to modelling, as well as oth-
ers, such as mathematical problem-solving and mathemat-
ical reasoning. Cultural goals include cultural emancipa-
tory goals and cultural mathematical goals. Cultural eman-
cipatory goals emphasize the role of modelling in support-
ing students’ abilities to understand and critically evalu-
ate real-world phenomena. Cultural mathematical goals fo-
cus on theory-oriented objectives within mathematics. They
highlight that modelling is part of mathematics, and teach-
ing modelling contributes to a comprehensive understanding
of mathematics as a science. Psychological goals comprise
goals related to motivation and sense-making, and those re-
lated to mathematical learning. Psychological goals related
to motivation and sense-making are concerned with how
modelling real-world connections can enhance students’ in-
terest in and perceived relevance of learning mathematics.
Psychological goals related to mathematical learning focus
on using real-world connections through modelling to struc-
ture knowledge and facilitate the comprehension and reten-
tion of mathematical concepts over time. As far as we could
determine, previous literature reviews have not considered
the goals researchers assigned to modelling.

Kaiser and Sriraman (2006) differentiated between prag-
matic-utilitarian goals (corresponding to pragmatic goals),
subject-related goals (corresponding to psychological goals
related to mathematical learning), psychological goals (cor-
responding to psychological goals related to motivation
and sense-making), pedagogical goals (including formative
goals and cultural emancipatory goals), and theory-oriented
goals (corresponding to cultural mathematical goals) (see
Table 10 in the Appendix). This classification of modelling
goals presented in the literature highlights the multifaceted
nature of modelling, reinforcing its significance in both
mathematical learning and real-world contexts.

2.3 Characteristics of Modelling Tasks

Different characteristics can be distinguished in modelling
tasks at both the theoretical (e.g., Galbraith & Stillman,
2006) and empirical levels (e.g., Czocher, 2017; Krawitz
et al., 2024). Blum (2015), for example, identified five task
characteristics that are necessary for achieving the goals of
modelling:

• authenticity
• cognitive richness
• epistemological richness
• motivational or illustrative
• mathematical richness

Authentic tasks are based on real-world contexts, such
as those associated with genuine social or environmental is-
sues or phenomena (Vos, 2011). Tasks can originate from
contexts such as industry, economics, health, and science.
These tasks must be constructed in a way that appears cred-
ible to experts working in a relevant area, even if some-
what simplified (Niss & Blum, 2020; Palm, 2008). Cognitive
richness relates to the need for modelling problems to en-
gage students in cognitive processes. Cognitively rich tasks
should make significant cognitive demands, such as when
tasks are open-ended (Schukajlow et al., 2023b). Epistemo-
logical richness characterizes problems that are designed to
provide insight into the nature of mathematics as a science.
Real-world connections are less important in this category,
with some scholars arguing that some types of intramathe-
matical tasks meet the description of modelling. For exam-
ple, graphs can be considered as models of linear equations,
with solutions to some problems represented by their inter-
section(s) (Garcia et al., 2006). That said, most researchers
in the field recognize that the defining characteristic of math-
ematical modelling is the connection between mathematics
and the real world (Borromeo Ferri, 2006; Kaiser, 2017).
The motivational or illustrative characteristics of modelling
problems provoke students’ interest, motivation, positive
emotions, or provide meaning for mathematics education
due to their real-world connections. Dressed-up word prob-
lems can also serve this purpose. Mathematical richness re-
lates to the possibility of developing conceptual depth for
specific mathematical knowledge or ideas. In one of the lim-
ited number of studies on task characteristics, Cevikbas et
al. (2022) identified characteristics that relate to two of the
presented categories: authenticity (assessed via terms such
as “authentic” and “realistic”) and epistemological richness
(assessed in terms of “intramathematical modelling”). We
found no other reports of task characteristics in previous lit-
erature reviews concerning mathematical modelling.
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2.4 Modelling Perspectives as a Combination of
Goals and Task Characteristics

Goals for teaching and learning modelling, along with the
characteristics of modelling tasks, form the basis of the fol-
lowing six modelling perspectives (Blum, 2015):

• applied modelling (pragmatic goals, authenticity)
• educational modelling (formative goals, cognitive rich-

ness)
• sociocritical modelling (cultural goals, authenticity)
• epistemological modelling (cultural goals, epistemologi-

cal richness)
• pedagogical modelling (psychological goals, motiva-

tional or illustrative)
• conceptual modelling (psychological goals, mathematical

richness)

Each of these perspectives relates to specific conceptual
frameworks.

Applied modelling is connected to pragmatic goals as it
is related to solving practical problems in the real world.
The use of authentic modelling tasks is considered essential
for achieving this goal. Studies that take an applied mod-
elling perspective often use conceptual frameworks based on
the modelling cycle, encompassing the processes of mathe-
matising, working mathematically, interpreting, validating,
and, in some cases, the reporting solutions (e.g., Haines et
al., 2000).

Educational modelling is aimed at improving students’
modelling competencies. Cognitive richness is a crucial task
characteristic of studies conducted from this perspective.
Educational modelling can also focus on fostering specific
subcompetencies, making nuanced conceptual frameworks
particularly valuable. For instance, pre-mathematizing pro-
cesses, which involve learners’ understanding and process-
ing of real-world situations, involve distinguishing between
a real situation, a situation model (a mental model of the
real situation), and a real model (a simplified and struc-
tured version of the situation) (e.g., the cycle from Blum
& Leiss, 2007). Additionally, metacognitive competencies
are considered especially important (Stillman, 2011), with
the modelling cycle, in its simplified form, serving as a
metacognitive tool that fosters students’ modelling compe-
tencies and provides support for monitoring their solution
processes (Durandt et al., 2022).

Sociocritical modelling is a perspective based on cultural
emancipatory goals and the use of authentic examples. It
emphasizes the role of modelling in the service of critical
or emancipatory thinking and action. In this sense, mod-
elling can be used to initiate, support, or challenge claims
and arguments made by individuals, institutions, govern-
ments, industries, and individuals or groups within society
at large (Geiger, 2024). The use of authentic tasks is consid-
ered particularly important in achieving these aims. Maaß

et al. (2023) extended Blum and Leiss’s (2007) modelling
cycle by adding steps for discussing potentially contradic-
tory results, drawing conclusions, and making decisions to
establish a framework for research from this perspective.
However, some scholars have questioned the use of mod-
elling cycles as conceptual frameworks for research from
this perspective (Barbosa, 2006), and others, such as Skovs-
mose and Greer (2012), have argued that research on mod-
elling should include critiques of models when considering
the role of mathematics in society.

Epistemological modelling emphasizes cultural mathe-
matical goals and considers epistemologically rich tasks as
key to effective implementation. In contrast to other perspec-
tives, frameworks used in epistemological modelling do not
necessarily begin the modelling process with a real-world
situation and may even omit the distinction between the real
world and mathematics (Arrieta & Díaz, 2015).

Pedagogical modelling focuses on psychological goals
and emphasizes the use of motivating or illustrative tasks.
The authenticity of the situation is less important and may
even concern an imagined world (Lesh & Doerr, 2003).
Conceptual frameworks aligned with pedagogical modelling
place less emphasis on differentiating cognitive processes
(e.g., differentiating between understanding and simplify-
ing) than other perspectives (Borromeo Ferri, 2006). In-
stead, the focus is on the process of model development
through sequences of model transformations, aiming to en-
gage students in thinking about models, working with them,
and applying them to different contexts (Lesh & Doerr,
2003).

Conceptual modelling is connected to educational mod-
elling, because it also emphasizes psychological goals but
focuses more on mathematical learning content; therefore,
the use of mathematically rich tasks is particularly impor-
tant.

Kaiser and Sriraman’s (2006) typology, the origin of the
notion of ‘modelling perspectives’, describes six modelling
perspectives that align with those presented above, although
the researchers used different terminology. The researchers
distinguished between realistic modelling (corresponding
to applied modelling), educational modelling, which they
further divided into educational–didactical modelling (cor-
responding to educational modelling) and educational–
conceptual modelling (corresponding to conceptual mod-
elling), sociocritical modelling, epistemological modelling,
and contextual modelling (corresponding to pedagogical
modelling). Kaiser and Sriraman (2006) emphasized that
these perspectives align with different modelling goals but
allow a single goal to contribute to multiple perspectives.
Pedagogical goals, for example, play a role in educational–
didactical modelling, educational–conceptual modelling,
and sociocritical modelling (see Table 10 in the Appendix).
Thus, rather than serving as strict classification criteria, as in
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Table 1 Search strings for data collection

Database Search string

Scopus TITLE (model*) AND TITLE-ABS (math* AND model*) AND PUBYEAR > 2019 AND (LIMIT-TO ( SRCTYPE, “j” ) ) AND
(LIMIT-TO ( SUBJAREA, “PSYC”) OR LIMIT-TO (SUBJAREA, “SOCI”) ) AND (LIMIT-TO ( LANGUAGE, “English”))

WoS (TI=(model*) AND (AB=(model* AND math*) OR TI=(model*AND math*))) AND (LA==(“ENGLISH”) AND PY==(“2024”
OR “2023” OR “2022” OR “2021” OR “2020”) AND SJ==(“PSYCHOLOGY” OR “EDUCATION EDUCATIONAL
RESEARCH”))

ERIC title:model* AND ((+abstract:model* math*) OR (+title:model* math*))

Limit search to publications since 2020

Blum’s (2015) formal characterization, the modelling goals
in this framework are used to describe (rather than define)
a perspective. In addition, Kaiser and Sriraman (2006) em-
phasized the significance of task characteristics, such as the
use of authentic tasks, although they did not provide a classi-
fication for different task characteristics. Instead, they based
their typology on the epistemological roots of various per-
spectives. For instance, they grounded realistic modelling
in Anglo-Saxon pragmatism (e.g., Pollak, 1969), based ed-
ucational modelling on scientific–humanistic approaches
(e.g., De Lange, 1987), and drew epistemological modelling
from anthropological theory (Chevallard, 2007). Sociocriti-
cal modelling is closely related to the ethnomathematical ap-
proach (D’Ambrosio, 1985; Orey & Rosa, 2021), which ex-
amines the role of mathematics in society (Barbosa, 2006),
whereas contextual modelling originates from the American
problem-solving debate and the theory of model-eliciting
activities (Lesh & Doerr, 2003).

In addition to the six modelling perspectives, the cog-
nitive modelling perspective is concerned with understand-
ing and describing the cognitive and metacognitive activi-
ties involved in the modelling process (Kaiser & Sriraman,
2006; Schukajlow et al., 2023a; Stillman, 2011). Some re-
searchers have considered it a meta-perspective (Schukajlow
et al., 2023a). Unlike other perspectives, it is not tied to spe-
cific learning and teaching goals, and it does not emphasize
any specific characteristics of modelling tasks. Thus, we ex-
cluded this perspective from our literature review.

Since the evolution of modelling perspectives is rooted
in various scientific traditions, often originating in specific
countries or geographies with shared languages, the distri-
bution of current perspectives on modelling tends to mir-
ror the regional traditions from which they emerged. In to-
day’s increasingly globalized scientific landscape, it remains
an open question whether these historical roots continue to
shape the geographical distribution of modelling perspec-
tives or new trends and perspectives may have been estab-
lished. For instance, through a literature review on mod-
elling perspectives, Preciado Babb et al. (2023) identified
a global emphasis on educational modelling, as well as
regional foci (e.g., pedagogical modelling in the United
States and sociocritical modelling in Brazil), although the

researchers did not differentiate between the goals and char-
acteristics of modelling tasks. Consequently, the connec-
tions between modelling perspectives and modelling goals
and characteristics appear to be under-researched.

3 Research Questions (RQs)

The following RQs guided our systematic literature review
of mathematical modelling research:

RQ1: What are the characteristics of recent modelling
research in terms of geographical distribution, participants,
methodological approaches, and conceptual frameworks?

RQ2: a) What goals for teaching and learning modelling,
b) what characteristics of modelling tasks are described in
recent research, and c) which perspectives on modelling
emerge from these goals and tasks?

RQ3: How do the identified perspectives on modelling in
recent research differ with respect to geographical distribu-
tion, participants, methodological approaches, and concep-
tual frameworks?

4 Methodology of the Systematic Literature
Review

4.1 Data Collection

We conducted the systematic literature review in accor-
dance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (Page et
al., 2021). We collected data from Web of Science (WoS)
and Scopus—the most comprehensive scientific databases
(Chadegani et al., 2013)—and from Education Resources
Information Center (ERIC), which is a particularly impor-
tant for the field of education. To identify relevant studies,
we used search strings to receive articles with “model*” in
the title and “math*” and “model*” in the title or abstract
(Table 1). We focused on recent modelling research and
therefore limited the search to journal articles in the social
sciences or psychology, published since 2020, and written in
English (see IC3 and IC5 in Table 2). Given the vast amount
of research on modelling, we chose to limit our literature re-
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Table 2 Inclusion and exclusion criteria

Inclusion criteria (IC) Exclusion criteria (EC)

IC1: Primary research focus on mathematical modelling in the
context of mathematics education

EC1: Primary research focus not on mathematical modelling in the context
of mathematics education

IC2: Focus of the study on learners from early childhood education
up to secondary school

EC2: Focus not on learners from early childhood education up to
secondary school (e.g., other educational levels or teachers)

IC3: Studies published in English EC3: Studies published in languages other than English

IC4: Studies published in journal articles indexed in Scopus, WoS,
ERIC, or the ICTMA books

EC4: Studies not published as journal articles, not indexed in any database
included in IC3, and not published in the ICMTA books.

IC5: Studies published since 2020 EC5: Studies published earlier than 2020

view to learners from early childhood education through to
upper secondary school (see IC2 in Table 2). We conducted
the search on April 22, 2024.

4.2 Inclusion and Exclusion Criteria

We established inclusion criteria (IC) and exclusion criteria
(EC) to determine eligible studies for our literature review,
as listed in Table 2.

4.3 Selection Process

The search yielded 4045 records, from which we eliminated
725 duplicates were eliminated, resulting in 3320 remain-
ing records. We screened the abstracts, titles, and keywords
of these records, which resulted in the further exclusion of
3043 records due to EC1. We retrieved the remaining 277
reports. For 10 reports, no full text was available, resulting
in 267 reports. In addition, we decided to include studies
from the ICTMA books, given ICTMA’s significant impor-
tance for research on mathematical modelling. At the time
of the search, two ICTMA books had been published since
2020 (Leung et al., 2021; Stillman et al., 2020), compris-
ing 99 chapters. We assessed the journal articles from the
digital databases, together with the ICTMA chapters, for el-
igibility. EC1 led to the exclusion of 6 journal articles and
one ICTMA chapter, EC2 led to the exclusion of 182 journal
articles and 62 ICTMA chapters, and EC3 led to the exclu-
sion of 7 journal articles, resulting in a total of 108 papers
(72 journal articles and 36 ICTMA chapters) included in the
literature review. The flowchart presented in Fig. 1 illustrates
the selection process.

4.4 Data Analysis

As the unit of analysis, we selected single research items
(either journal articles or chapters from the ICTMA books)
and developed a coding scheme to categorize the publica-
tions included in the literature review.

Coding of geographical distribution, participants, method-
ological approaches, and conceptual frameworks To an-
swer RQ1, we coded the study characteristics, such as

geographical distribution (including continents and coun-
tries/regions), participants, methodological approaches (in-
cluding research approaches and study designs), and frame-
works (Table 3).

Coding of modelling goals, characteristics of modelling
tasks, and self-reported perspectives To systematically an-
alyze the modelling perspectives for RQ2, we deductively
coded the modelling goals and characteristics of modelling
tasks (see descriptions of categories and examples in Ta-
ble 4 and the electronic supplementary material). We as-
signed modelling perspectives according to the identified
goals of modelling and characteristics of modelling tasks.
In addition, we inductively coded the authors’ self-reported
perspectives.

The first author conducted the coding. For the more chal-
lenging categories of modelling goals and characteristics
of modelling tasks, 19% of the publications (n = 21) were
double-coded by both the first and second authors, with sat-
isfactory interrater agreement (Cohen’s κ of 0.61 for mod-
elling goals and 0.81 for characteristics of modelling tasks).
Discrepancies were discussed and resolved until a consensus
was reached.

5 Results

5.1 Analysis of Geographical Distribution,
Participants, Methodological Approaches, and
Frameworks

In summary, authors from 6 continents and 33 countries/re-
gions contributed to the 108 publications. Figure 2 depicts
the distribution of publications according to the continents
of the authors’ affiliated institutions.

The largest numbers of publications were written by au-
thors with affiliations in Europe (n = 59, 55%), followed
by Asia (n = 29, 27%) and North America (n = 20, 19%).
The distribution of countries/regions is presented in Table 5.
Most publications were written by authors with affiliations



200 J. Krawitz et al.

Fig. 1 Flowchart of the selection process

Table 3 Coding scheme for geographical distribution, participants, methodological approaches, and conceptual frameworks

Category Subcategories Short description

Year 2020 to 2024 Year of publication

Country/region Countries/regions of the participating authors’
affiliated institutions

If several authors from one country/region participated, the
country/region was counted only once. If authors from different
countries/regions contributed to a publication, each
country/region was credited with one publication. No distinction
was made based on the authors’ positions (e.g., first or second
author).

Participants Preschool Since there is no international consensus on year levels (e.g.,
year levels assigned to high school), we based our coding on the
participants’ actual year level.
If multiple populations were targeted, each population was
coded separately, yielding 127 populations across all
publications.

Year levels 1–6 (“Elementary school”)

Year levels 7–10 (“Lower secondary school”)

Year levels 11–13 (“Upper secondary school”)

Research approaches Qualitative If both qualitative and quantitative methods were used, the study
was assigned to the mixed-methods categoryQuantitative

Mixed methods

Study design Case study Study designs differentiated based on Jha (2024).
If multiple studies with different study designs were reported,
each design was coded separately, yielding 118 study designs
across all publications.

Design-based research

Descriptive (no intervention, e.g., correlational
studies)

Quasi-experimental

Experimental

Conceptual frameworks See electronic supplementary material for the
results of the inductive coding

Inductive coding of conceptual frameworks by coding the
references to frameworks as used by the authors in the studies.
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Table 4 Short version of the coding scheme for modelling goals, characteristics of modelling tasks, and self-reported perspectives

Category Subcategories Short description

Modelling goals Pragmatic goals Understanding real world situations

Formative goals Fostering competencies

Cultural goals (emancipatory) Supporting critical thinking about mathematics in society

Cultural goals (mathematics) Structuring both mathematical and nonmathematical fields

Psychological goals (motivational and
sense-making)

Motivating and providing a sense of purpose

Psychological goals (learning) Enhancing the learning of mathematical content

No or other goals mentioned No goal mentioned or a goal different to the above goals mentioned

Mixed goals Different goals presented without emphasizing which one was the most
important.

Characteristics of
modelling tasks

Authenticity Genuine real-world contexts

Cognitive richness Challenging students’ modelling activities

Epistemological richness Shedding light on mathematics as a scientific discipline.

Motivational or illustrative Motivation or illustration purposes (could also be dressed-up word
problems)

Mathematical richness Mathematical richness to make mathematical topics more
comprehensible

No modelling task presented or mixed
characteristics

No example presented, no important task characteristics mentioned, or
various characteristics mentioned without highlighting which one was the
most important or the primary focus.

Self-reported
perspectives

See Sect. 5.2 for the results of the inductive
coding

Inductive coding of the modelling perspectives that authors attributed to
their own research.

Fig. 2 Distribution of publications based on the continents of affili-
ation of at least one author (a single publication could have authors
from multiple continents)

in Germany (n = 29, 27%) and the United States (n = 19,
18%) (Table 5).

Considering the participants, the results showed that
more than half the studies focused on lower secondary
school students (Year levels 7–10; n = 70, 65%), followed
by studies focusing on upper secondary school students
(Year levels 11–13; n = 29, 27%), and a similar number
focusing on elementary school students (Year levels 1–6;
n = 26, 24%). Very few studies (n = 2, 2%) focused on
early childhood education.

Table 5 Frequencies and percentages of publications based on the
countries/regions of affiliation of at least one author

Country/region n

Germany 29 (27%)

USA 19 (18%)

Turkey 9 (8%)

Australia 8 (7%)

South Africa 7 (6%)

Spain 6 (5%)

Norway 5 (4%)

China; Japan 4 each (3 each)

Brazil, Portugal, Sweden, Switzerland 3 each (2 each)

Denmark, Indonesia, Israel, Morocco,
South Korea, Chinese Taipei, Vietnam

2 each (2 each)

Austria, Cananda, Costa Rica,
Cyprus, France, Greece, Italy, Korea,
Mexico, the Netherlands, New
Zealand, Palestine, Thailand

1 each (1 each)

Note. The total exceeds 100% because multiple countries/regions
could contribute to a single publication.

To analyze the methodological approaches, we coded
whether the researchers used qualitative, quantitative, or
mixed methods. The majority of publications fell under the
qualitative research approach (n = 63, 58%), with fewer
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Fig. 3 Distribution of publications by study design (a single publica-
tion could include multiple studies with different designs)

publications using quantitative methods (n = 27, 25%) or
mixed methods (n = 18, 17%).

Additionally, the analysis of the study designs (Fig. 3)
showed that about half of all studies were case studies (n =
59, 55%). Descriptive studies comprised the second-largest
category (n = 33, 31%), followed by quasi-experimental
studies (n = 12, 11%), experimental studies (n = 12, 11%),
and a small number of design-based studies (n = 2, 2%).

In addition, we captured the conceptual frameworks re-
ferred to in the publications. In total, we identified 23 differ-
ent conceptual frameworks. Blum and Leiss’s (2007) mod-
elling cycle was the most frequently cited framework (n =
18, 17%), but a large number of other frameworks high-
lighted the diversity in the field. Nearly half of the publi-
cations (n = 52, 48%) could not be assigned to one concep-
tual framework category because several frameworks were
addressed without highlighting which was primarily used
(n = 24, 22%), no conceptual framework was mentioned
(n = 23, 21%), or frameworks from other fields of research
were applied to modelling (n = 5, 5%). A full list of the con-
ceptual frameworks is given in the electronic supplementary
material.

5.2 Analysis of Modelling Goals, Characteristics of
Modelling Tasks, and Perspectives

All modelling goals described in Sect. 2.2 were identified
in the publications (Table 6), with formative goals appear-
ing more frequently than others. Formative goals primarily
focused on fostering modelling competence, although some
studies also aimed to enhance other competencies or skills,
such as creativity (Özbek & Cho, 2023). In contrast to the
other types of goals, cultural goals (both emancipatory and
those related to mathematics) were mentioned only rarely
(Table 6).

Furthermore, we found that a significant number of pub-
lications either did not specify any goals or referred to other
modelling goals that did not align with those outlined in
Sect. 2.2. Some of these other modelling goals were re-
lated to general or practical teaching objectives that were

Table 6 Frequencies and percentages of modelling goals

Modelling goals n Example

Pragmatic 16 (15%) Jablonski (2023)

Formative 24 (22%) Beckschulte (2020)

Cultural emancipatory 5 (5%) Edelen et al. (2020)

Cultural mathematics 3 (3%) Dickes et al. (2020)

Psychological (motivational
and sense-making)

16 (15%) Jung and Brady (2023)

Psychological (learning) 11 (10%) Kafetzopoulos and
Psycharis (2022)

No or other 20 (19%) Huffman and Mentzer
(2021)

Mixed 13 (12%) Albarracín et al. (2023)

Table 7 Frequencies and percentages of characteristics of modelling
tasks

Characteristics of
modelling tasks

n Example

Authenticity 30 (28%) Vos and Frejd (2020)

Cognitive richness 29 (27%) Beckschulte (2020)

Epistemological richness 4 (4%) Yvain-Prébiski (2021)

Motivating or illustrative 15 (14%) Ärlebäck and Frejd (2021)

Mathematical richness 11 (10%) Kafetzopoulos and
Psycharis (2022)

No or mixed 19 (18%) Chamberlin and Parks
(2020)

not exclusively focused on learning mathematics. For in-
stance, some modelling goals aimed to address the diver-
sity of learners in class by including modelling tasks (Ay
& Ostkirchen, 2021) or to promote learning across domains
(Huffman & Mentzer, 2021).

Regarding the characteristics of modelling tasks (Ta-
ble 7), authenticity and cognitive richness were most fre-
quently identified as the primary task characteristics. Epis-
temological richness was only rarely highlighted as an im-
portant task characteristic.

Furthermore, to address the question of which modelling
perspectives (RQ2c) were most frequently addressed in re-
cent modelling research, we analyzed the co-occurrence of
modelling goals and characteristics of modelling tasks (Ta-
ble 8).

The cells highlighted in dark gray represent the six mod-
elling perspectives that emerged from the studies (based on
goals and tasks). In total, 52 publications (48%) matched
one of the modelling perspectives described by Blum (2015)
and Kaiser and Sriraman (2006). The applied modelling per-
spective (pragmatic goals, authenticity) was noted in 8 pub-
lications (7%) (e.g., Jablonski, 2023), the educational mod-
elling perspective (formative goals, cognitive richness) in 17
publications (16%) (e.g., Lu & Kaiser, 2022), the sociocrit-
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Table 8 Co-occurrence of modelling goals and characteristics of mod-
elling tasks

Characteristics of modelling tasks

Aut Cog Ep Mot Mat No Total

Goals

Pragmatic 8 4 1 0 1 2 16

Formative 1 17 0 1 0 5 24

Cultural emancipatory 5 0 0 0 0 0 5

Cultural mathematics 0 0 3 0 0 0 3

Psychological motivation 1 1 0 13 0 1 16

Psychological learning 4 0 0 1 6 0 11

No or other 7 4 0 0 1 8 20

Mixed 4 3 0 0 3 3 13

Total 30 29 4 15 11 19 108

Note: Aut = Authenticity, Cog = Cognitive richness, Ep = Epistemo-
logical richness; Mot = Motivating or illustrative; Mat = Mathematical
richness; No = No modelling task presented or mixed characteristics

ical modelling perspective (cultural emancipatory goals, au-
thenticity) pedagogical in 5 publications (5%) (e.g., Edelen
et al., 2020), epistemological modelling (cultural mathemat-
ics, epistemological richness) in 3 publications (3%) (e.g.,
Dickes et al., 2020), the pedagogical modelling (psycholog-
ical goals related to motivation or illustration) in 13 pub-
lications (12%) (e.g., Jung & Brady, 2023), and the con-
ceptual modelling perspective (psychological goals related
to learning, mathematical richness) in 6 publications (6%)
(e.g., Kafetzopoulos & Psycharis, 2022). Thus, all perspec-
tives were represented, with educational modelling and ped-
agogical modelling being more dominant than the others.

In addition, two new combinations of modelling goals
and characteristics of modelling tasks appeared (highlighted
in light gray in Table 8), indicating an inductive enrichment
of modelling perspectives. Pragmatic goals co-occurred in
4 publications (4%), with cognitive richness as the primary
task characteristic, and psychological learning goals co-
occurred in 4 publications (4%), with authenticity as the pri-
mary task characteristic (e.g., Brunet-Biarnes & Albarracín,
2024).

The combination of pragmatic goals with cognitive rich-
ness as a characteristic of modelling tasks can be seen as
a blend of applied and educational perspectives. This ap-
proach emphasizes the need to address the specific cogni-
tive demands of modelling in the classroom by focusing on
cognitively rich tasks, rather than emphasizing the impor-
tance of authentic tasks to prepare students for solving prob-
lems in the real world. We labeled this perspective “practical
modelling”. For example, Cohen-Nissan and Kohen (2023)
examined a five-day online summer camp for ninth graders
designed to introduce students to mathematics within the
tech industry. Although the primary goals aligned with prag-

Table 9 Numbers and percentages of self-reported perspectives and
their alignment with Blum’s (2015) terminology

Self-reported
perspective

n Related to perspective
(Blum, 2015)

Realistic modelling 4 (4%) Applied modelling

Educational modelling 2 (2%) Educational modelling

Ethnomodelling 2 (2%) Sociocritical modelling

Sociocritical modelling 2 (2%) Sociocritical modelling

Contextual modelling 1 (1%) Pedagogical modelling

Models and Modeling 10 (9%) Pedagogical modelling

Cognitive modelling 5 (5%) Cognitive modelling

matic modelling goals—preparing students for future citi-
zenship, careers, and scientific issues in life—cognitive rich-
ness was the defining characteristic of the modelling tasks.
These tasks were designed to develop specific subcompeten-
cies (e.g., understanding real-world situations or identifying
mathematical models) and aimed to provide students with a
comprehensive understanding of the modelling process.

The combination of psychological learning goals and au-
thenticity suggests a perspective holding that the authentic-
ity of tasks is crucial for achieving the goal of enhancing
the learning of mathematical content through modelling. We
labeled this perspective “experiential modelling”. For ex-
ample, Brunet-Biarnes and Albarracín (2024) stated: “We
chose mathematical modelling activities to promote stu-
dents’ conceptual learning of mathematics,” which we coded
as a psychological learning goal. The authors also em-
phasized the importance of authenticity, arguing that tasks
should be familiar and drawn from students’ everyday lives
to support the learning of mathematical concepts: “During
the mathematics learning process, students must have the
opportunity to develop and apply mathematical concepts and
procedures in situations close to their own reality so that
they understand the abstract concepts that describe them”
(Brunet-Biarnes & Albarracín, 2024).

In addition to the perspectives resulting from modelling
goals and the characteristics of modelling tasks according
to our analysis, we captured perspectives explicitly named in
these publications by the authors themselves as self-reported
perspectives (Table 9). We found self-reported perspectives
in 26 of the 108 analyzed publications.

The most frequently reported perspective was the Models
and Modeling perspective (e.g., Aguilar, 2021) based on the
theoretical Modelling Eliciting Activities (MEA) approach
(Lesh & Doerr, 2003), related to the pedagogical perspective
in our typology.

5.3 Analysis of the Relationship Between Study
Attributes and Modelling Perspectives

Regarding geographical distribution, the results showed
that some countries/regions contributed to various perspec-
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tives, while others contributed primarily to a single per-
spective. The United States had publications assigned to
four perspectives—applied, educational, epistemological,
and pedagogical modelling, with most focusing on peda-
gogical modelling (n = 4, 31% of publications with this
perspective, 21% of total publications from this country/re-
gion). Australia contributed to applied educational, and con-
ceptual modelling, with a particular emphasis on conceptual
modelling alongside Japan (n = 2, 33% of publications in
this perspective, 25% of total publications from this coun-
try/region). Publications from Germany predominantly fo-
cused on educational modelling (n = 8, 47% of publications
with this perspective, 28% of total publications from this
country/region), whereas publications from Brazil primarily
contributed to sociocritical modelling (n = 2, 40% of publi-
cations with this perspective, 67% of publications from this
country/region). An overview of the geographical distribu-
tion of perspectives is shown in Table 11 in the appendix.

The distribution of participant groups across the mod-
elling perspectives showed that the general focus on lower
secondary school students applied only to educational mod-
elling (n = 10, 56% of publications with this perspective,
36% of publications on lower secondary students) and ped-
agogical modelling (n = 7, 44% of publications with this
perspective, 25% of publications on lower secondary stu-
dents). The sociocritical perspective had a relatively strong
focus on upper secondary school students (n = 3, 50% of
publications with this perspective, 21% of publications on
upper secondary students), considering, for example, index-
ical discourse analysis for business profitability problems
(Lewis & Manouchehri, 2020). Applied modelling (n = 4,
44% of publications with this perspective, 24% of publica-
tions on elementary school students) and conceptual mod-
elling (n = 3, 50% of publications with this perspective,
18% of publications on lower secondary students) had a rel-
atively strong focus on elementary school students. For ex-
ample, in a study conducted according to the conceptual per-
spective, English (2023) examined how elementary-grade
students engaged in modelling within STEM learning and
developed key conceptual understandings of statistical con-
cepts, such as variation and covariation. An overview of the
distribution of participants across perspectives is presented
in Table 12 in the Appendix.

The distribution of methodological approaches showed
that studies focusing on educational modelling differed from
other modelling perspectives. Regarding educational mod-
elling, a more balanced distribution of research approaches
was evident among the publications exhibiting this perspec-
tive: qualitative (n = 7, 41%), quantitative (n = 7, 41%), and
mixed methods (n = 3, 18%). In contrast, other perspec-
tives primarily focused on qualitative research. Compared
to other perspectives, educational modelling included more
descriptive studies (n = 11, 61% of publications with this
perspective, 65% of all publications using descriptive study

designs) and experimental studies (n = 3, 17% of publica-
tions with this perspective, 75% of all publications using ex-
perimental study designs), with fewer case studies (n = 3,
17% of publications with this perspective, 10% of all case
study publications). Table 13 in the Appendix provides an
overview of methodological approaches by perspective.

Analyzing the relationships between modelling perspec-
tives and conceptual frameworks revealed that the perspec-
tive of educational modelling authors most often referred
to multiple conceptual frameworks without specifying a pri-
mary focus (n = 7, 41% of educational modelling publica-
tions). The second most common reference was to Blum and
Leiss’s (2007) modelling cycle (n = 3, 18% of educational
modelling publications). Regarding pedagogical modelling
multiple conceptual frameworks (n = 4, 31% of pedagogi-
cal modelling publications) were referenced as often as Lesh
and Doerr’s (2003) conceptual framework (n = 4, 31% of
pedagogical modelling publications). Regarding the other
perspectives, due to the small number of publications per
perspective and conceptual framework, no clear connection
could be identified.

6 Discussion and Future Directions

The number of journal articles published in the past four
years reflects a strong interest in modelling research compa-
rable to that of other key competence-related topics in math-
ematics education, such as proof and proving (Stylianides
et al., 2024). The geographical distribution of these publica-
tions across continents and countries revealed contributions
from countries/regions worldwide, while also highlighting
a particularly strong interest from researchers in Europe,
and confirming the findings of earlier literature reviews (Ce-
vikbas, 2022; Preciado Babb et al., 2023; Stohlmann et al.,
2016).

Most studies were small-scale and were conducted using
qualitative research approaches. For instance, the number of
experimental studies was relatively low compared to case
studies and descriptive studies. Given the challenge of es-
tablishing credible knowledge in education, this review sug-
gests that larger-scale studies are needed, but this would re-
quire a more balanced approach to the use of qualitative and
quantitative approaches in line with a previous literature re-
view (Schukajlow et al., 2018).

Most of the studies were conducted using qualitative re-
search approaches. In contrast to the high number of case
studies and descriptive studies, the number of experimental
studies was relatively low. Given the importance of diverse
research methodologies, this result highlights the need for
more controlled studies on mathematical modelling in line
with a previous literature review (Schukajlow et al., 2018).

Formative goals for the teaching/learning of modelling
were most frequently mentioned, indicating that the focus
of many researchers is on fostering students’ competencies.
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Although modelling competence was a major focus (e.g.,
Beckschulte, 2020), other competencies or capabilities, such
as creativity (Özbek & Cho, 2023), were also identified. The
finding that other competencies were also addressed sug-
gests that modelling research contributes to discourses in
other fields, such as creativity or STEM education research.
In terms of the characteristics of the modelling tasks, au-
thenticity and cognitive richness were most frequently iden-
tified. This aligns with previous literature reviews of mod-
elling competencies (Cevikbas et al., 2022), which have
indicated that the characteristics of being realistic or authen-
tic were frequently mentioned by authors when discussing
tasks.

Our findings also showed that all the modelling perspec-
tives identified by Kaiser and Sriraman (2006) and Blum
(2015) are evident in recent research even though mostly not
explicitly acknowledged by the authors themselves. Educa-
tional modelling, followed by pedagogical modelling, was
the most frequently observed perspective, whereas episte-
mological modelling was rarely evident. This finding sug-
gests that the theoretical basis of the epistemological mod-
elling perspective needs further examination to understand
why it is rarely empirically represented. One possible ex-
planation for this observation is that the combination of the
characteristics of cultural goals and epistemological rich-
ness may not capture this perspective effectively and may
require retheorization. Two additional combinations were
identified in our review, in addition to those of goals and
characteristics: pragmatic goals with cognitively rich prob-
lems (titled practical modelling); and psychological learn-
ing goals with authentic problems (titled experiential mod-
elling). This finding suggests that nuances of already the-
orized perspectives exist. The practical modelling perspec-
tive emphasizes the importance of cognitive richness when
designing tasks that require students to solve problems
in the real world (e.g., Cohen-Nissan & Kohen, 2023).
Experiential modelling, by contrast, highlights authentic-
ity as a key characteristic of tasks aimed at supporting
students’ understanding and acquisition of mathematical
knowledge through connections to personal real-world ex-
periences (e.g., Brunet-Biarnes & Albarracín, 2024). These
findings highlight the importance of exploring new perspec-
tives in modelling, in this case by analyzing the role of cog-
nitive richness in achieving pragmatic goals and task authen-
ticity in attaining psychological learning goals. This means
that future research should seek to elaborate further on how
the characteristics of tasks contribute to the achievement of
specific modelling goals.

An analysis of self-reported perspectives (i.e., the per-
spectives to which authors explicitly referred in their contri-
butions) revealed a different picture from the analysis based
on modelling goals and tasks, with the Models and Mod-
elling perspective (Lesh & Doerr, 2003, related to pedagogi-
cal modelling) being the most frequently referenced. An ex-

planation for this finding is that the theoretical foundation
of this perspective is stronger compared to others, includ-
ing an explicit description of its background. In contrast, re-
searchers working on other perspectives less often explicitly
referred to a perspective. These findings suggest that fur-
ther theorization is needed regarding perspectives to explore
the unique features of each perspective (see, for example,
(Schukajlow et al., 2023a,b)).

The findings related to geographical distribution revealed
an emphasis on particular perspectives in different coun-
tries/regions, such as Germany’s emphasis on educational
modelling and Brazil’s emphasis on sociocritical modelling.
The geographical origins of some perspectives were also ev-
ident. For example, the epistemological modelling perspec-
tive, which emerged in Romance-language-speaking regions
(Kaiser & Sriraman, 2006), was reflected in publications
from France and Canada. However, the distribution also re-
vealed a more globalized picture, with countries such as the
United States and Australia contributing to various mod-
elling perspectives.

The distribution of groups of participants (e.g., across
sectors in education) revealed notable gaps. It is not sur-
prising that only limited modelling research has focused on
early childhood education, as few international curricula in-
clude expectations that this age group will engage with mod-
elling activities. More surprisingly, no studies on the upper
secondary sector have focused on the applied and concep-
tual modelling perspectives. In contrast, studies related to
sociocritical modelling were found relatively often for this
population. These findings extend the notion of local trends
identified by Preciado Babb et al. (2023) by linking specific
perspectives to school levels. This issue requires further re-
search to establish why different aspects of modelling are
unevenly emphasized across upper secondary mathematics
education.

Additionally, the distribution of the research approaches
and study designs identified in this review revealed differ-
ences between the perspectives. This might explain the dif-
ferences between the findings in previous literature reviews
(Cevikbas et al., 2022; Schukajlow et al., 2018). Educational
modelling has a stronger focus on quantitative research and
experimental studies than other perspectives. This may be
due to the specific interest of this perspective in identi-
fying interventions that can improve modelling competen-
cies. However, other perspectives could also benefit from
more quantitative research, particularly based on experimen-
tal and quasi-experimental studies, as these study designs
would provide complementary insights into additional op-
portunities for modelling research.

Additionally, differences between perspectives were ev-
ident in the distribution of research approaches and study
designs. This aligns with the variations in findings between
research on modelling competencies (Cevikbas, 2022) and
a broader literature review on modelling (Schukajlow et al.,
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2018). We found that educational modelling had a stronger
focus on quantitative research and experimental studies
compared to the other perspectives. This may be due to the
specific focus of this perspective on improving modelling
competencies—leading to the implementation of interven-
tions designed to achieve this goal. We can only speculate
on why other studies appeared to employ quantitative ap-
proaches less often. This may well be aligned with the par-
ticular research questions being addressed. Future research
might gain further insights into these perspectives by em-
ploying more balanced (qualitative, quantitative, and mixed
methods) research methodologies and conducting more ex-
perimental studies to complement current approaches.

Our results also showed that studies aligned with the ed-
ucational modelling perspective, identified by goal and task
characteristics, most often drew on Blum and Leiss’s (2007)
modelling cycle as conceptual framework. In contrast, ped-
agogical modelling appeared to most often refer to the con-
ceptual framework by Lesh and Doerr (2003), validating the
theoretical background of this perspective. However, the au-
thors often referred to multiple conceptual frameworks in
their investigations, indicating, in the best-case scenario, an
awareness of the diversity of conceptual lenses that might
be used in modelling research, and in the worst case, a lack
of understanding about the important alignment of research
questions with both conceptual frameworks and method-
ological approaches. The choice of a conceptual framework
and a methodological approach should be guided by the spe-
cific focus of the respective study (Kaiser, 2017). It is pos-
sible that the diversity of conceptual frameworks used in
modelling research reflects the different foci of investigative
work, indicating the theoretical richness of the field (Geiger
& Frejd, 2015). This positive message must be tempered,
however, by our finding that, despite some clustering, most
conceptual frameworks were referenced in only single pub-
lications, which may indicate a low consensus regarding the
application of theory.

While this diversity of perspectives may support rich dis-
cussions based on different perspectives on modelling, it
also suggests that it is challenging to bring these perspec-
tives together and focus on the “big” problems in the field.
Such an endeavor should begin by developing a mutual
awareness and understanding of conceptual differences and
the reasons behind these differences. Although the source
of this diversity is probably the cultural and historical dif-
ferences among conceptual frameworks, many conceptual
frameworks share similarities, including key modelling ac-
tivities, such as mathematizing, and differ mainly in spe-
cific activities or in slight variations in the way activities
are labeled. This might explain why we found numerous au-
thors referring to multiple frameworks, especially when ana-
lyzing specific modelling activities for mathematizing (e.g.,
Stillman & Brown, 2014). It is obvious that research stud-
ies must be anchored in theory, and this can be achieved

by employing one or more frameworks, although the use of
multiple frameworks increases the risk of theoretical clut-
ter, making the coherence of findings harder to establish.
This observation, as an outcome of our review of the lit-
erature, suggests that there is merit in researchers investigat-
ing what different conceptual frameworks, as they are used
in modelling, have in common and in what ways they dif-
fer. A deeper understanding of these commonalities and dif-
ferences is an important first step in developing a coherent
theoretical perspective that extends across the field, perhaps
leading to an overarching framework that connects different
conceptual frameworks while highlighting the unique fea-
tures of each. Over time, future researchers might link this
overarching framework to more general theories of teaching
and learning—an important connection if curriculum devel-
opers and policymakers are to see the value of modelling
within mathematics teaching and learning.

7 Strengths and Limitations

In this systematic literature review, we followed the
PRISMA guidelines to ensure broad coverage of the field
of modelling and the replicability of the results. However,
this approach also has limitations, since it relies on the se-
lection of search terms that do not always capture all pub-
lications aligned with the theme of a literature review and
the coverage of relevant topics in available databases. One
important limitation of this literature review is, that we did
not explicitly addressed research related to aspects of mod-
elling, such as studies on numeracy, mathematical literacy,
or word problems. Some studies on these aspects might have
been important for modelling even if the authors use other
terms. Integrating these and other related research areas by
including the respective search terms in future reviews will
significantly enrich the findings. Furthermore, adopting a
more dynamic approach to conducting literature reviews,
such as those based on open science (Angerer et al., 2024),
could enhance communication among researchers, provide
deeper insights into the review process, and promote the ad-
vancement of scientific discourse.

In our systematic literature review, we included publi-
cations on learners from early childhood education through
upper secondary school. This decision allowed us to main-
tain a broad scope while keeping the number of publica-
tions manageable. As a result, the literature review empha-
sized the learning of mathematical modelling rather than
the teaching of it. However, the groups of participants vary
across different perspectives (Preciado Babb et al., 2023),
and a different distribution of perspectives might emerge
if all educational levels, including university students and
teachers, were considered. Future research should explore
whether perspectives on modelling differ between learning
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and teaching contexts. Additionally, our analysis included
only studies published in English. The results—particularly
regarding geographical distribution—might differ if studies
published in other languages were also analyzed.

Modelling perspectives were identified in our review
based on the goals of modelling and the characteristics of
modelling tasks. This allowed us to analyze these perspec-
tives in relation to others, such as various modelling cycles
and geographical distributions. However, other characteris-
tics could be used to identify modelling perspectives. For
example, Blum (2015) suggested to include the type of mod-
elling cycle as a third component alongside the goals and the
tasks, and Kaiser and Sriraman (2006) recommended con-
sidering the epistemological background and geographical
origins when identifying perspectives.

Additionally, we limited the scope of our literature re-
view to studies published between January 2020 and April
2024. We did this to capture the most recent research on
modelling and to keep the number of publications manage-
able, particularly given the extensive coding of modelling
goals and task characteristics required. However, we recom-
mend that future literature reviews should focus on single
perspectives without restricting the timeframe, allowing for
an analysis of the trends and developments of single per-
spectives over a longer period.

8 Contributions to the Special Issue on
International Perspectives on
Mathematical Modelling

We analyzed the contributions published in this special is-
sue regarding the goals of modelling and the characteristics
of modelling tasks. This analysis resulted in the identifica-
tion of various perspectives on modelling. In this section, we
present the perspectives and themes addressed in the articles.

The applied modelling perspective is absent from the
contributions to this special issue. Educational modelling is
addressed in six articles. Based on this perspective, teach-
ing approaches were explored, including method-integrative
and teacher-directive approaches (Lindl et al., in press) as
well as a teaching approach that included using a solu-
tion plan (Vogelsanger-Holenstein et al., 2025). Addition-
ally, obstacles faced by teachers when implementing mod-
elling were examined (Yang et al., 2025). Other contribu-
tions of the educational perspective focused on the relation-
ship between modelling and creativity (Lu et al., 2025) or
metacognition (Vorhölter, 2025; Zhu et al., 2025). The so-
ciocritical modelling perspective is addressed in three con-
tributions, focusing on the notion of fairness in modelling
(Ärlebäck & Frejd, 2025), examining various enablers of
modelling (Geiger et al., 2025), and analysing the contri-
butions of African mathematical knowledge to the develop-
ment of a pedagogical action for ethnomodelling (Oray et
al., 2025). In contrast, the epistemological modelling per-

spective is not represented in the contributions. Three con-
tributions addressed the pedagogical modelling perspective,
focusing on assumption-making when solving Fermi prob-
lems (Albarracín & Ärlebäck, 2025), openness in respect
to students’ motivation (Wiehe et al., 2025), and the spatial
modelling of young learners (English, 2025). The perspec-
tive of conceptual modelling was identified for Roan et al.
(2025) who examined task classification systems for multi-
plication tasks. The practical modelling perspective, newly
identified in our study, is addressed by Kohen (2025) with
a focus on STEM education. Ten contributions could not be
assigned to any specific perspective, as they do not explicitly
describe a modelling goal, do not detail the characteristics of
modelling tasks, or employ combinations of goals and task
characteristics that do not align with the previously iden-
tified modelling perspectives. Among these contributions,
the following topics are prominent: problem posing (Fer-
rando et al., 2025; Sevinc, 2025; Leikin et al., 2025); mod-
elling with technology, including video problems (Da Rocha
Canedo et al., in press); explanatory videos (Cevikbas et al.,
2025); solving modelling problems with the use of digital
tools (Quarder et al., 2025); the role of analogies in knowl-
edge transfer (Saeki et al., 2025); teaching tactics to support
modelling (Stillman & Brown, 2025); and preservice teach-
ers’ self-efficacy (Ikeda et al., 2025).

The distinct perspectives and topics addressed by the con-
tributors to this special issue highlight the diversity of mod-
elling research and its connections to broader educational
and societal goals.

9 Conclusion

Based on our systematic literature review, we conclude that
modelling research is a thriving field with significant diver-
sity in goals, tasks, and international perspectives. This liter-
ature review revealed that all perspectives on modelling sug-
gested by Blum (2015) and Kaiser and Sriraman (2006) are
represented—albeit with varying degrees of prominence—
in recent discourse on mathematical modelling. Addition-
ally, we identified two new perspectives—practical mod-
elling and experiential modelling—which emerged from the
combination of pragmatic goals with cognitively rich tasks
and psychological learning goals with authentic tasks.

The need to synthesize research emphasizes the impor-
tance of conducting systematic literature reviews on each
perspective. Empirical work is essential for each modelling
perspective, with particular emphasis on under-researched
populations, such as upper secondary students, based on
the educational perspective and early childhood populations
across all perspectives. Important theoretical work is needed
to advance theory regarding perspectives on mathematical
modelling and to develop an integrative framework that con-
nects the various conceptual frameworks of modelling.
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Appendix

Table 10 Perspectives and goals according to the typologies by Blum (2015) and Kaiser and Sriraman (2006)

Perspectives (Goals) according to Blum (2015) Perspectives (Goals) according to Kaiser and Sriraman (2006)

Applied modelling (Pragmatic goals) Realistic modelling (Pragmatic-utilitarian goals)

Educational modelling (Formative goals) Educational - didactical modelling (Pedagogical and subject-related
goals)

Socio-critical modelling (Cultural emancipatory goals) Socio-critical modelling (Pedagogical goals)

Epistemological modelling (Cultural mathematical goals) Theoretical modelling (Theory-oriented goals)

Pedagogical modelling (Psychological goals, related to motivation
and sense-making)

Contextual modelling (Subject-related and psychological goals)

Conceptual modelling (Psychological goals, related to mathematical
learning)

Educational - conceptual modelling (Pedagogical and subject-related
goals)

Table 11 Perspectives and countries/regions of authors’ affiliations

Perspective Countries/regions Frequency Total number of
publications

Applied Australia, Germany 2 each 8

Cyprus; Norway; Spain, Sweden; Chinese Taipei; Thailand; USA; Vietnam 1 each

Educational Germany 8 17

Australia 4

China; USA 2 each

Austria; Japan; Netherlands; South Africa; Switzerland; Chinese Taipei 1 each

Socio-critical Brazil; USA 2 each 5

Norway 1

Epistemological USA 2 3

Canada; France 1 each

Pedagogical USA 4 13

Sweden; Turkey 2 each

Italy; Japan; Mexico; New Zealand; South Africa; Spain 1 each

Conceptual Australia; Japan 2 each 6

Greece; Portugal 1 each

Table 12 Distribution of
participant groups among
modelling perspectives

Note. In total, 61 participant
groups were analyzed across 52
publications, as some studies
focused on multiple populations.

Learners’ population

Preschool Elementary
school

Lower secondary
school

Upper secondary
school

Total

Perspective

Applied 0 4 5 0 9

Educational 0 3 10 5 18

Socio-critical 0 1 2 3 6

Epistemological 0 2 2 2 6

Pedagogical 1 4 7 4 16

Conceptual 1 3 2 0 6

Total 2 17 28 14 61
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Table 13 Distribution of study
designs among modelling
perspectives

Note. In total, 55 study designs
were used across 52
publications, as some
puplications reported multiple
studies featuring different study
designs.

Study design

Case
study

Design based
research

Descriptive
study

Quasi-experimental
study

Experimental
study

Total

Perspective

Applied 5 0 1 1 1 8

Educational 3 0 11 1 3 18

Socio-critical 4 0 1 0 0 5

Epistemological 2 0 1 0 0 3

Pedagogical 11 1 2 0 0 14

Conceptual 6 0 1 0 0 7

Total 31 1 17 2 4 55
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