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Abstract

Education for Sustainable Development (ESD) has emerged as a key priority in contemporary
education systems, emphasizing the need to equip learners with the knowledge and competencies
required to address complex environmental and societal challenges. Mathematics education can play
an important role in achieving these goals by enabling students to analyse data, interpret real-world
problems, and develop critical thinking skills related to sustainability issues. This study investigates
the impact of sustainability-oriented mathematical modelling activities on pre-service primary
teachers’ perceptions of integrating sustainability into mathematics education. The study employed
a quasi-experimental design involving 68 pre-service primary teachers enrolled in a mathematics
education course at a university. Participants engaged in a six-week intervention consisting of
modelling activities based on real-world sustainability contexts, including water consumption,
energy use, waste management, and sustainable transportation. Data were collected using a pre- and
post-intervention questionnaire examining participants’ perceptions of sustainability integration,
mathematical modelling, and teaching confidence. Statistical analyses, including reliability analysis,
descriptive statistics, paired-sample t-tests, and correlation analysis, were conducted to examine the
impact of the intervention. The results indicate significant improvements in participants’ perceptions
of sustainability-oriented mathematics teaching and their confidence in designing modelling-based
sustainability activities. The findings suggest that mathematical modelling can serve as an effective
pedagogical approach for integrating sustainability topics into mathematics education and preparing
future teachers to connect mathematical reasoning with real-world environmental challenges. The
study contributes to the growing body of research at the intersection of mathematics education,
teacher education, and sustainability education by providing empirical evidence on the potential of
modelling-based learning for supporting sustainability-oriented teaching practices.

Keywords: Education for Sustainable Development (ESD); mathematical modelling; sustainability in
mathematics education; pre-service teachers; teacher education

1. Introduction

Education for Sustainable Development (ESD) has become a central priority in contemporary
education, particularly in response to the global challenges outlined in the United Nations 2030
Agenda for Sustainable Development (United Nations, 2015). International frameworks have
increasingly emphasized that education should help learners develop the knowledge, values, and
competences needed to address environmental, social, and economic challenges in informed and
responsible ways (UNESCO, 2017, 2020; Wiek et al., 2011). Within this broader agenda, teacher
education plays a particularly important role, since future teachers are expected not only to
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understand sustainability conceptually but also to translate it into meaningful classroom practice
(Dahl, 2019; Garcia-Gonzalez et al., 2020; Alvarez—Vanegas et al., 2024).

In recent years, growing attention has been given to the place of mathematics education within
sustainability-oriented learning. Although sustainability has often been associated more strongly
with science or environmental education, current scholarship argues that mathematics education also
has a significant role to play in helping learners interpret data, examine patterns, compare
alternatives, and make informed judgments about real-world problems (Alsina, 2022; Li, 2025;
Makramalla et al., 2025). This perspective is especially relevant in the context of climate change,
resource consumption, and socio-ecological decision making, where mathematical reasoning is
essential for understanding complex systems and evaluating evidence (Li, 2025). Recent reviews
further suggest that sustainability-related work in mathematics education is expanding, but that
more empirical and action-oriented studies are still needed (Vasquez et al., 2023; Makramalla et al.,
2025).

One promising way to connect mathematics education with sustainability is through
mathematical modelling. Modelling has long been understood as a process through which real-world
situations are translated into mathematical representations that can be analyzed and interpreted
(Borromeo Ferri, 2006; Blum & Borromeo Ferri, 2009; Niss & Blum, 2020). Because modelling engages
learners with authentic contexts, assumptions, data, and interpretation, it offers a strong pedagogical
bridge between mathematics and sustainability-oriented problem solving. More recent research has
also shown that modelling supports interdisciplinary and authentic STEM learning by helping
students recognize the role of mathematics in addressing practical problems (Hallstrom &
Schonborn, 2019; Cevikbas et al., 2022; Seebut et al., 2023; Tytler et al., 2023).

At the same time, integrating sustainability into mathematics education is not simply a matter
of adding new themes to the curriculum. It also requires teachers to develop the confidence,
pedagogical understanding, and professional agency needed to design lessons that meaningfully
connect mathematical concepts with sustainability issues (Alsina & Vasquez, 2024). This challenge is
particularly important in teacher education. Research has increasingly argued that mathematics
teacher education should be reoriented toward sustainable futures and should create opportunities
for future teachers to engage with sustainability through innovative and context-based approaches
(Helliwell & Ng, 2022; Moreno-Pino et al., 2022; Alsina & Silva-Hormazabal, 2023). Studies have also
shown that pre-service teachers often value sustainability in principle, but may feel insufficiently
prepared to incorporate it into their actual teaching practice (Dahl, 2019; Garcia-Gonzalez et al., 2020;
Robles Moral, 2021).

Within this context, mathematical modelling appears to be a particularly relevant pedagogical
pathway. Recent work has begun to explore how modelling activities can support Education for
Sustainable Development in mathematics teacher education, especially by helping pre-service
teachers engage with authentic problems and develop more integrated pedagogical perspectives
(Borromeo Ferri & Wiegand, 2023; Wiegand & Borromeo Ferri, 2023, 2024). However, despite these
important developments, there is still limited empirical research examining how sustainability-
oriented modelling interventions influence pre-service primary teachers’ perceptions of
sustainability integration in mathematics education, their understanding of modelling, and their
confidence in designing sustainability-based mathematics lessons. This gap is important because
primary education is a foundational context in which teachers can shape how students perceive
mathematics—not only as a school subject, but also as a way of understanding the world.

The present study addresses this gap by examining the effects of a sustainability-oriented
mathematical modelling intervention implemented with pre-service primary teachers. Its originality
lies in bringing together three domains that are often discussed separately: Education for Sustainable
Development, mathematical modelling, and pre-service primary teacher education. While previous
research has highlighted the theoretical importance of connecting mathematics education with
sustainability (Alsina, 2022; Li, 2025, Makramalla et al., 2025), and other studies have explored
modelling in relation to ESD more broadly (Wiegand & Borromeo Ferri, 2023, 2024), fewer studies
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have provided empirical evidence from an intervention specifically focused on pre-service primary
teachers and their instructional readiness.

Accordingly, the purpose of this study was to investigate the impact of sustainability-oriented
mathematical modelling activities on pre-service primary teachers’ perceptions of integrating
sustainability into mathematics education, their understanding of modelling as a pedagogical
approach, and their teaching confidence.

The study was guided by the following research questions:

1. How do sustainability-oriented mathematical modelling activities influence pre-service primary
teachers’ perceptions of the integration of sustainability in mathematics education?

2. To what extent do modelling activities related to sustainability enhance pre-service teachers’
confidence in designing mathematics lessons connected to sustainability issues?

3. What relationships exist between sustainability integration, perceptions of mathematical
modelling, and teaching confidence?

4. How do pre-service teachers perceive the role of mathematical modelling in addressing real-
world sustainability challenges within primary mathematics education?

Based on the theoretical framework and the research objectives of the study, a conceptual model
was developed to illustrate the relationships among the key constructs examined in this research

(Figure 1).
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Figure 1. Conceptual model illustrating the relationships among sustainability integration, mathematical

modelling, and teaching confidence.

As shown in Figure 1, sustainability integration is hypothesized to influence both mathematical
modelling and teaching confidence. In addition, mathematical modelling is expected to play a central
role in enhancing teaching confidence, suggesting a potentially mediating relationship between the
constructs.

2. Literature Review

2.1. Education for Sustainable Development and Teacher Education

Education for Sustainable Development (ESD) has increasingly been framed as a transformative
educational approach that seeks to prepare learners to respond critically and responsibly to complex
global challenges. Rather than focusing only on environmental awareness, ESD emphasizes broader
competences such as systems thinking, ethical judgment, critical reflection, and future-oriented
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decision making (UNESCO, 2017, 2020; Wiek et al.,, 2011). In this sense, ESD is not simply an
additional thematic strand in education, but a reorientation of educational purposes and practices
toward sustainable futures.

Within this broader agenda, teacher education has become a key area of concern. Teachers are
expected to implement sustainability-related goals in subject-specific and pedagogically meaningful
ways, yet research suggests that many feel underprepared to do so (Dahl, 2019; Garcia-Gonzalez et
al., 2020). This challenge is especially important in initial teacher education, where future teachers’
beliefs, professional identities, and instructional orientations are still being shaped. Recent studies
have highlighted the need for teacher education programs to move beyond declarative knowledge
about sustainability and instead support the development of practical and transformative
professional competences (Alsina & Mula, 2019; Dlouha et al., 2019; Alvarez—Vanegas et al., 2024).

In mathematics teacher education specifically, this challenge is particularly significant.
Mathematics is often positioned as a neutral and abstract discipline, which can make sustainability
seem external to its aims. However, recent scholarship has argued that mathematics teacher
education should explicitly engage with sustainability, not only because mathematics can support
the interpretation of real-world problems, but also because future teachers need opportunities to
rethink what counts as meaningful mathematical learning in contemporary society (Alsina, 2022;
Helliwell & Ng, 2022; Moreno-Pino et al., 2022). From this perspective, sustainability is not something
added onto mathematics education, but something that can reshape how mathematics is taught,
contextualized, and justified.

2.2. Mathematics Education and Sustainability

The relationship between mathematics education and sustainability has gained increasing
attention in recent years. Researchers have argued that mathematics can contribute to sustainability-
oriented learning by helping students examine data, identify patterns, compare scenarios, and
evaluate claims related to environmental and social issues (Vasquez et al., 2021, 2023; Li, 2025). In an
era shaped by climate change, resource scarcity, and socio-ecological uncertainty, mathematical
literacy can support learners in making sense of evidence and participating in informed decision
making. This positions mathematics education as relevant not only for cognitive development, but
also for citizenship and social responsibility.

At the same time, the integration of sustainability into mathematics education remains uneven
and theoretically underdeveloped in many contexts. Recent work has shown that while mathematics
education has strong potential to address sustainability, this potential is often not fully realized in
practice (Makramalla et al., 2025). One reason is that classroom mathematics is still frequently
disconnected from authentic socio-ecological issues. Another is that teachers may lack examples,
pedagogical models, or confidence for integrating sustainability into subject teaching. Research with
future teachers suggests that they often value sustainability but are uncertain about how to connect
it to mathematics in concrete and pedagogically coherent ways (Vasquez et al., 2020; Garcia-Gonzalez
et al., 2020; Robles Moral, 2021).

This gap has led to growing calls for mathematics education to be reimagined in relation to
sustainable futures. Helliwell and Ng (2022), for example, argue that mathematics teacher education
should open up new possibilities for socially and environmentally responsive teaching. Similarly, Li
(2025) emphasizes that mathematics education has an important role to play in the era of climate
change, particularly when it is connected to STEM and sustainability-oriented problem solving.
These perspectives suggest that mathematics education can no longer be understood solely in terms
of content mastery, but must also be considered in relation to the kinds of futures it helps learners
imagine and build.

2.3. Mathematical Modelling as a Pedagogical Pathway

A key pedagogical approach for linking mathematics education with sustainability is
mathematical modelling. Modelling has been defined as the process of translating real-world
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situations into mathematical representations in order to analyze, interpret, and evaluate them
(Borromeo Ferri, 2006; Blum & Borromeo Ferri, 2009; Niss & Blum, 2020). Its educational value lies in
the fact that it situates mathematics within meaningful contexts and requires learners to move
between the real world and mathematical abstraction. This process includes identifying variables,
making assumptions, constructing models, interpreting outcomes, and reflecting on limitations.

The literature on modelling has consistently shown that it supports more authentic and applied
forms of mathematical thinking. It encourages learners to see mathematics as a tool for exploring real
situations rather than as a purely symbolic exercise. Recent reviews have also emphasized the
importance of modelling competences and the need to support their development systematically in
educational settings (Cevikbas et al, 2022). From a sustainability perspective, modelling is
particularly valuable because many sustainability issues involve uncertainty, complexity,
comparison of alternatives, and interpretation of data—all of which align well with modelling
processes.

In recent years, modelling has also been linked to integrated STEM and authentic
interdisciplinary learning. Hallstrom and Schonborn (2019) argue that models and modelling are
central to meaningful STEM education because they support the connection of concepts across
disciplines. Similarly, Seebut et al. (2023) showed that real-world problems can strengthen learners’
awareness of the role of mathematics in STEM. Tytler et al. (2023) further suggest that integrated
STEM frameworks can promote engagement in mathematics when learning is connected to relevant
and applied contexts. These findings are highly relevant to sustainability education, where
interdisciplinary problem solving is often essential.

However, although modelling is widely recognized as promising, it is not automatically
transformative. Its impact depends on the kinds of contexts selected, the quality of task design, and
the extent to which teachers are able to facilitate reflection and interpretation rather than focusing
only on procedural solutions. For this reason, teacher education becomes crucial.

2.4. Pre-Service Teachers and Sustainability-Oriented Modelling

Research at the intersection of sustainability, mathematics education, and pre-service teacher
education is still developing, but several recent studies point to important directions. Alsina and
Silva-Hormazabal (2023) argue that mathematics teacher education for sustainability can be
strengthened through STEAM-oriented approaches that encourage interdisciplinary thinking and
real-world engagement. Alsina and Vasquez (2024) further highlight the importance of professional
development and teacher agency in mathematics teacher education for sustainability, suggesting that
future teachers need both conceptual understanding and confidence to enact such approaches.

Similarly, Garcia-Alonso et al. (2023) examined sustainability competences present in tasks
developed by prospective mathematics teachers and found that while pre-service teachers are
capable of engaging with sustainability-oriented ideas, the depth and coherence of this integration
vary considerably. This suggests that sustainability in mathematics teacher education should not be
assumed to develop automatically, but must be intentionally supported through pedagogical design.

Particularly important for the present study is the work of Wiegand and Borromeo Ferri (2023),
who showed that mathematical modelling activities can promote pre-service teachers’
professionalism in both STEAM education and Education for Sustainable Development. Their work
suggests that modelling provides a productive space for connecting sustainability-related concerns
with mathematical thinking and teacher preparation. Related work by Borromeo Ferri and Wiegand
(2023) and Wiegand and Borromeo Ferri (2024) further indicates that pre-service teachers face both
challenges and opportunities when working with modelling for ESD. While such activities can
expand their pedagogical perspectives, they also require support in task design, implementation, and
reflection.

These studies are highly relevant because they move beyond general calls for sustainability in
education and begin to show how concrete mathematical activities can support teacher learning.
Even so, the empirical base remains limited, especially in relation to pre-service primary teachers
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and intervention-based studies that examine measurable changes in perceptions and teaching
confidence.

2.5. Research Gap and Contribution of the Present Study

Taken together, the literature suggests three important points. First, sustainability is increasingly
recognized as an important orientation for teacher education and subject pedagogy. Second,
mathematics education has strong but still underused potential to contribute to sustainability-
oriented learning. Third, mathematical modelling appears to be a particularly suitable pedagogical
approach for connecting mathematics with authentic sustainability issues. However, despite this
convergence, the field still lacks sufficient empirical research showing how sustainability-oriented
modelling influences the preparation of future teachers, especially at the primary level.

Much of the existing literature is conceptual, review-based, or focused on broader secondary or
interdisciplinary contexts (Vasquez et al., 2023; Makramalla et al., 2025). Fewer studies have
examined structured interventions with pre-service primary teachers that investigate changes in
sustainability integration, modelling perception, and teaching confidence. This gap is important
because primary teachers often work across subject boundaries and therefore occupy a key position
for implementing sustainability-oriented mathematics teaching in early schooling.

The present study addresses this gap by examining the effects of a six-week sustainability-
oriented mathematical modelling intervention with pre-service primary teachers. Its contribution lies
not only in connecting ESD, mathematical modelling, and teacher education, but also in doing so
through an empirical design that allows for the examination of measurable shifts in perceptions and
instructional readiness. In this way, the study contributes to the growing effort to move from broad
theoretical calls for sustainable futures toward concrete pedagogical practices in mathematics teacher
education.

3. Methodology

3.1. Research Design

The present study employed a quasi-experimental pre-test—post-test design to investigate the
impact of sustainability-oriented mathematical modelling activities on pre-service primary teachers’
perceptions and teaching confidence. This design is widely used in educational research to evaluate
instructional interventions implemented in authentic learning environments where random
assignment is not feasible (Creswell, 2013; Herrington & Oliver, 2000).

The study focused on three key constructs:

(a) sustainability integration in mathematics education,

(b) perception of mathematical modelling as a pedagogical approach, and

(c) teaching confidence in designing sustainability-oriented mathematics lessons.

A pre-test questionnaire was administered prior to the intervention, followed by a post-test after
the completion of the six-week instructional module. This design enabled the examination of changes
in participants’ perceptions and allowed for the assessment of the effectiveness of the intervention.

3.2. Participants

The participants consisted of 68 pre-service primary teachers enrolled in a mathematics
education course at a university. All participants were in the final years of their undergraduate
studies and had completed foundational coursework in mathematics and pedagogy. However, the
majority had limited prior exposure to mathematical modelling and sustainability-oriented teaching
approaches.

To provide a clear overview of the sample characteristics, Table 1 presents the demographic
distribution of the participants.
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Table 1. Participant Demographics (N = 68).

Variable Category n %
Gender Female 49 721
Male 19 279
Year of study 3rd year 28 412
4thyear 40 58.8
Prior modelling experience Yes 15 2211
No 53 779

Note. Percentages are based on the total sample size.

As shown in Table 1, the sample consisted predominantly of female participants, which is
consistent with trends in primary teacher education. Importantly, most participants had no prior
experience with mathematical modelling, indicating that the intervention introduced a novel
pedagogical approach. This enhances the validity of examining changes in participants’ perceptions
following the intervention.

3.3. Intervention / Procedure

The intervention consisted of a six-week instructional module, integrated into a mathematics
education course. Each session lasted approximately 90 minutes and was designed to engage
participants in collaborative mathematical modelling activities grounded in real-world sustainability
contexts.

Participants worked in small groups and followed the mathematical modelling cycle, including:

e  problem identification

e simplification and assumptions
¢  mathematical representation

e analysis and solution

e interpretation and validation

The modelling activities focused on authentic sustainability issues, such as water consumption,
energy use, waste management, and transportation systems. These contexts were selected to promote
meaningful engagement and to demonstrate the relevance of mathematics in addressing real-world
challenges.

The structure of the intervention is presented in Table 2.

Table 2. Structure of the Sustainability-Oriented Mathematical Modelling Intervention.

Week  Sustainability Context Mathematical Concepts Modelling Activity

1 Introduction to sustainability Data interpretation, percentages Analysis of sustainability indicators
2 Water consumption Ratios, averages Modelling household water usage

3 Energy consumption Graphs, proportional reasoning Comparison of energy sources

4 Waste management Statistics, percentages Modelling recycling data

5 Transportation Rates, comparison Modelling carbon emissions

6 Lesson design Modelling cycle Designing sustainability-based tasks

Note. Each session lasted approximately 90 minutes.

As illustrated in Table 2, the intervention followed a structured progression from introductory
concepts to more complex modelling tasks. The use of authentic sustainability contexts allowed
participants to connect mathematical reasoning with real-world issues, while the final session
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emphasized pedagogical application through lesson design. This progression supported both
conceptual understanding and the development of teaching competence.

3.4. Instrument

Data were collected using a 12-item Likert-scale questionnaire, with responses ranging from 1
(strongly disagree) to 5 (strongly agree). The instrument was designed to measure three constructs: (a)
sustainability integration in mathematics education, (b) perceptions of mathematical modelling, and
(c) teaching confidence. The questionnaire items were adapted and contextually reworded on the
basis of previous studies in sustainability education, mathematics education, and teacher education,
including research on modelling and pre-service teacher preparation (Angel-Cuervo et al., 2024;
Schoen & LaVenia, 2019; van Harskamp et al., 2023; Wiegand & Borromeo Ferri, 2023). This process
supported the content validity of the instrument and ensured its alignment with the aims of the study.

To provide an overview of the questionnaire structure, Table 3 presents the distribution of items
across constructs.

Table 3. Questionnaire Structure.

Construct Number of Items Example Item
o . Mathematics can support sustainability
Sustainability integration 4 ]
learning
Mathematical modelling
i 4 Modelling helps solve real-world problems
perception
I feel confident designing sustainability-
Teaching confidence 4

based lessons

Note. All items were measured on a five-point Likert scale.

As shown in Table 3, the questionnaire was evenly distributed across the three constructs,
ensuring balanced measurement of both cognitive and pedagogical dimensions. This structure
allowed for a comprehensive assessment of participants’ perceptions and instructional readiness.

The internal consistency of the instrument was examined using Cronbach’s alpha, yielding a
value of a = .88, which indicates high reliability (Field, 2024).

3.5. Data Analysis

Data analysis included both descriptive and inferential statistical procedures. Initially,
descriptive statistics (means and standard deviations) were calculated to examine changes in
participants’ responses between the pre-test and post-test.

Subsequently, paired-sample t-tests were conducted to determine whether the observed
differences were statistically significant. In addition, effect sizes (Cohen’s d) were calculated to assess
the magnitude of the changes. Finally, correlation analysis was performed to examine the
relationships among the main variables.

4. Results

4.1. Preliminary Analysis

Before conducting the main analyses, the distribution of the data was examined using the
Shapiro-Wilk test. The results indicated that scores for the three study variables did not significantly
deviate from normality (p > .05), supporting the use of parametric statistical procedures.

These preliminary findings justified the use of descriptive statistics, paired-samples ¢ tests,
Pearson correlation analysis, and multiple regression analysis.
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4.2. Pre-test and Post-test Comparisons

To examine the impact of the intervention, participants’ pre-test and post-test scores were
compared across the three main study variables: sustainability integration, modelling perception,
and teaching confidence. Table 4 presents the descriptive and inferential statistics, including means,
standard deviations, paired-samples ¢ tests, effect sizes, and confidence intervals.

Table 4. Pre-test and Post-test Comparisons of Study Variables (N = 68).

Pre-test Post-test

Variable t p Cohen’s d 95% CI
M (SD) M (SD)

Sustainability integration ~ 3.12(0.72) 4.05(0.61) 6.84 <.001 0.83 [0.52, 1.14]

Modelling perception 3.25(0.68) 4.10(0.59) 7.12 <.001 0.89 [0.58, 1.20]

Teaching confidence 295(0.75) 3.98(0.64) 745 <.001 0.91 [0.60, 1.22]

Note. M = mean; SD = standard deviation; CI = confidence interval. Paired-samples f tests were conducted to

compare pre-test and post-test scores. Cohen’s d values above .80 indicate large effects.

As shown in Table 5, mean scores increased across all three variables following the intervention.
Participants reported stronger perceptions of sustainability integration in mathematics education,
more positive views of mathematical modelling as a pedagogical approach, and higher levels of
teaching confidence.

Table 5. Correlation Matrix of the Main Study Variables.

Variable 1 2 3

1. Sustainability integration —

2. Modelling perception 61%*

3. Teaching confidence 58** .64**
Note. p <.01.

The paired-samples t tests confirmed that all differences between pre-test and post-test scores
were statistically significant. In addition, the effect sizes were large across all variables, indicating
that the intervention had substantial practical significance. Among the three variables, the largest
effect was observed for teaching confidence, suggesting that the intervention was particularly
effective in strengthening participants’ readiness to design and implement sustainability-oriented
mathematics lessons.

4.3. Correlation Analysis

To further examine the relationships among the three study variables, Pearson correlation
analysis was conducted. The results are presented in Table 5.

As shown in Table 5, all variables were positively and significantly correlated. Sustainability
integration was strongly associated with modelling perception (r = .61, p < .01), indicating that
participants who viewed sustainability as more relevant to mathematics education also tended to
hold more positive perceptions of modelling. Sustainability integration was also positively related to
teaching confidence (r = .58, p < .01), suggesting that stronger beliefs about the value of sustainability
in mathematics were linked to greater instructional confidence.

The strongest correlation was found between modelling perception and teaching confidence (r
= .64, p < .01). This finding suggests that participants who developed more positive views of
mathematical modelling also tended to feel more prepared to teach sustainability-oriented
mathematics lessons.
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4.4. Regression Analysis

To investigate the predictive relationships among the variables, a multiple regression analysis
was conducted. Teaching confidence was entered as the dependent variable, while sustainability
integration and modelling perception were entered as predictor variables. The results are presented
in Table 6.

Table 6. Multiple Regression Analysis Predicting Teaching Confidence.

Predictor B SEB p t p
Sustainability integration 0.31  0.08 35 387  <.001
Modelling perception 038  0.07 42492 <.001

Note. Dependent variable: Teaching confidence. Model summary: R? = .49, F(2, 65) =31.42, p <.001.

As presented in Table 6 both sustainability integration and modelling perception significantly
predicted teaching confidence. The model explained 49% of the variance in teaching confidence,
indicating substantial explanatory power.

More specifically, modelling perception emerged as the stronger predictor, followed by
sustainability integration. This suggests that although both constructs contributed meaningfully to
participants” instructional confidence, the extent to which pre-service teachers valued and
understood mathematical modelling played a particularly important role in shaping their sense of
preparedness.

4.5. Summary of Findings

Overall, the results provide consistent evidence that the sustainability-oriented mathematical
modelling intervention had a significant positive effect on pre-service teachers’ perceptions and
instructional confidence. The pre-test and post-test comparisons demonstrated statistically significant
improvements across all three variables, with large effect sizes. In addition, the correlation and
regression analyses revealed strong and meaningful relationships among sustainability integration,
modelling perception, and teaching confidence.

Taken together, these findings suggest that modelling-based sustainability activities can
effectively support the integration of sustainability into mathematics education while also
strengthening pre-service teachers’ confidence in applying such approaches in future classroom
practice.

5. Discussion

The present study examined the impact of sustainability-oriented mathematical modelling
activities on pre-service primary teachers’ perceptions of integrating sustainability into mathematics
education, their understanding of mathematical modelling as a pedagogical approach, and their
teaching confidence. Overall, the findings indicate that the intervention was associated with
statistically significant improvements across all three dimensions. However, beyond reporting
positive outcomes, it is important to interpret these findings critically and situate them within the
broader literature on Education for Sustainable Development (ESD), mathematical modelling, and
teacher education (UNESCO, 2017, 2020; United Nations, 2015; Wiek et al., 2011).

A first major finding concerns the significant increase in participants’ perceptions of
sustainability integration in mathematics education, which directly addresses the first research
question. The results suggest that the intervention helped participants recognize more clearly that
mathematics can be used not only for abstract reasoning but also for understanding complex
sustainability-related issues. This is consistent with previous research arguing that mathematics
education can contribute to sustainability by supporting the interpretation of data, patterns, and
societal phenomena, particularly through statistics, probability, and contextualized problem-solving
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(Alsina, 2022; Alsina & Silva-Hormazabal, 2023; Vasquez et al., 2023; Vasquez et al., 2021). More
broadly, these findings are aligned with scholarship emphasizing that sustainability should be
embedded across disciplinary teaching rather than treated as an external or add-on topic (Dlouha et
al., 2019; Holst et al., 2024). At the same time, this finding should be interpreted cautiously. The
improvement in perceptions does not necessarily mean that participants developed a fully mature or
operational understanding of sustainability-oriented mathematics teaching. Rather, the intervention
appears to have increased their awareness and openness toward such integration. This is an
important step, but it should not be conflated with long-term pedagogical transformation (Garcia-
Gonzalez et al., 2020; Vesterinen & Ratinen, 2024).

The second research question focused on whether modelling activities related to sustainability
enhance pre-service teachers’ confidence in designing mathematics lessons connected to
sustainability issues. The findings show that teaching confidence demonstrated the largest
improvement among the three variables, suggesting that the intervention was particularly effective
in strengthening participants’ instructional self-perceptions. This result aligns with studies showing
that authentic, practice-based, and professionally meaningful learning experiences can enhance
teacher confidence, self-efficacy, and professional agency (Alsina & Vasquez, 2024; Dahl, 2019;
Murphy et al., 2020; Wiegand & Borromeo Ferri, 2023). In particular, intervention-based work in ESD
and inquiry-oriented teaching has shown that when pre-service or in-service teachers engage with
concrete educational design tasks, they tend to report stronger preparedness to teach complex
interdisciplinary themes (Murphy et al., 2020; Robles Moral, 2021). Nevertheless, a critical issue
emerges here: confidence is not equivalent to competence. Participants may feel more prepared after
the intervention, but this does not automatically guarantee that they can design high-quality,
developmentally appropriate, and pedagogically coherent lessons in real classroom contexts. In other
words, the intervention appears to have supported perceived readiness, but further evidence would
be needed to establish whether this confidence translates into actual teaching quality (Angel-Cuervo
et al., 2024; Schoen & LaVenia, 2019).

A third important finding concerns participants’ perceptions of mathematical modelling as a
pedagogical approach, which relates both to the second and fourth research questions. The
intervention appears to have strengthened the view that modelling can connect mathematics to real-
world problems in meaningful ways. This finding is theoretically important because one of the
longstanding critiques of school mathematics is that it is often experienced as detached from
everyday life and societal concerns. In this sense, the present results support the argument that
modelling can function as a bridge between disciplinary knowledge and socio-ecological realities
(Blum & Borromeo Ferri, 2009; Borromeo Ferri, 2006; Niss & Blum, 2020). Recent studies have
similarly emphasized that modelling and problem-based mathematical activity can make
mathematics more relevant for addressing societal and environmental issues, especially when
situated within integrated STEM or sustainability-focused contexts (Cevikbas et al., 2022; Hallstrom
& Schonborn, 2019; Seebut et al., 2023; Tytler et al., 2023). However, the study also raises a critical
pedagogical question: how sustainable is this shift in perception once participants move from
university coursework to the constraints of real school environments? Time pressure, curriculum
demands, assessment structures, and limited institutional support may all reduce the extent to which
such approaches are later implemented. Therefore, while the results are promising, they should be
understood as evidence of potential rather than proof of stable long-term pedagogical change
(Helliwell & Ng, 2022; Moreno-Pino et al., 2022).

The correlation analysis further addressed the third research question by showing that
sustainability integration, modelling perception, and teaching confidence were strongly and
positively associated. These relationships suggest that the constructs are conceptually interconnected
rather than isolated. Participants who viewed modelling more positively also tended to report
stronger teaching confidence and greater openness to sustainability integration. This is a meaningful
result because it supports the broader assumption that modelling is not simply an additional
classroom technique, but a mechanism through which sustainability can become pedagogically
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actionable in mathematics education. This interpretation is compatible with theoretical and empirical
work arguing that ESD in mathematics depends on pedagogical approaches capable of linking
content knowledge, contextual reasoning, and teacher agency (Alsina, 2022; Wiek et al., 2011;
Wiegand & Borromeo Ferri, 2024). Even so, the correlational nature of these findings should not be
overstated. The relationships are strong, but they do not establish causality. It is possible that
participants who were already more open to innovation in teaching responded more positively across
all three dimensions. Thus, while the results are theoretically coherent, claims about directional
influence should remain measured (Field, 2024).

The regression analysis adds further depth to the discussion by showing that both sustainability
integration and modelling perception significantly predicted teaching confidence. This strengthens
the interpretation that confidence was not improved in isolation, but in relation to participants’
developing views about mathematics and sustainability. In particular, the relatively stronger
predictive contribution of modelling perception suggests that mathematical modelling may play a
central pedagogical role in translating sustainability ideas into teachable practice. This is an
important contribution of the study, because the literature often discusses sustainability education in
broad interdisciplinary terms, but offers fewer empirical examples of how it can be operationalized
specifically within mathematics teacher education (Garcia-Alonso et al., 2023; Moreno-Pino et al,,
2022; Vasquez et al., 2020). Thus, the present study contributes by not only arguing conceptually for
this integration, but by providing empirical evidence that modelling may be one of the most effective
mediating pedagogical tools for doing so. This finding is also consistent with recent work suggesting
that mathematics education can play a more substantial role in sustainability-oriented curricula when
modelling is explicitly positioned as a method for interpreting and acting on complex real-world
systems (Li, 2025; Makramalla et al., 2025).

From a broader theoretical perspective, the originality of the study lies in the way it brings
together ESD, mathematical modelling, and pre-service primary teacher education within a
quantitative intervention framework. Previous research has examined these fields either separately
or with a stronger qualitative or conceptual orientation (Alsina & Mula, 2019; Borromeo Ferri &
Wiegand, 2023; Wiegand & Borromeo Ferri, 2024). The present study contributes to the scholarship
by showing that a relatively short but focused intervention can produce measurable changes in how
future teachers conceptualize the relationship between mathematics and sustainability. This is
particularly relevant in primary education, where teaching is often interdisciplinary by nature, yet
mathematics is still too rarely framed as a vehicle for socio-ecological understanding (Alsina, 2022;
Helliwell & Ng, 2022; Vasquez et al., 2023).

At the same time, a critical discussion must acknowledge the limitations of the evidence. First,
the study relies mainly on self-reported questionnaire data, which means that the findings reflect
participants’ perceptions rather than direct evidence of enacted teaching practice. This is a common
limitation in teacher education research, but it is particularly relevant here because the central
constructs of the study—perception, confidence, and integration—are susceptible to socially
desirable responses (Angel-Cuervo et al., 2024; van Harskamp et al., 2023). Participants may have
responded favorably because the intervention itself foregrounded the value of sustainability and
modelling. Second, the study was conducted with a single cohort from one university, which limits
generalizability. The findings are promising, but they should not be assumed to apply equally across
different institutional, cultural, or curricular contexts (Alvarez-Vanegas et al., 2024; Vesterinen &
Ratinen, 2024). Third, while the intervention duration was sufficient to detect short-term changes, it
was not long enough to assess whether those changes are sustained over time.

These limitations, however, do not undermine the contribution of the study; rather, they clarify
its scope. The present research should be understood as evidence that sustainability-oriented
mathematical modelling can function as a productive and measurable intervention in teacher
education, especially at the level of perceptions and instructional confidence. Future research should
build on this by including longitudinal follow-up, lesson artefact analysis, classroom observations,
and implementation data from school placements. Such extensions would allow researchers to

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.0870.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 April 2026 d0i:10.20944/preprints202604.0870.v1

13 of 16

determine whether the positive shifts identified here develop into stable pedagogical practices
(Herrington & Oliver, 2000; Wiegand & Borromeo Ferri, 2024).

In practical terms, the findings suggest that teacher education programs should not treat
sustainability as an external or optional theme, but as something that can be meaningfully embedded
in core subject pedagogy. For mathematics education in particular, modelling appears to offer a
strong pathway for such integration (Alsina, 2022; Li, 2025; Vasquez et al., 2023). Yet this also implies
that teacher education programs need to go beyond awareness-raising and provide repeated
opportunities for lesson design, enactment, reflection, and feedback. One-off interventions may
initiate change, but sustained professional growth requires structural support within the program
(Dlouha et al., 2019; Holst et al., 2024; Wiek et al., 2011).

In conclusion, the study provides strong evidence that sustainability-oriented mathematical
modelling activities can positively influence pre-service primary teachers’ perceptions of
sustainability integration, their understanding of modelling, and their teaching confidence. More
importantly, the findings suggest that modelling may serve as a pedagogical bridge between
mathematical reasoning and sustainability-oriented educational aims (Blum & Borromeo Ferri, 2009;
Niss & Blum, 2020; Wiegand & Borromeo Ferri, 2023). However, the discussion also makes clear that
these gains should be interpreted as an important beginning rather than a final endpoint. The real
challenge for future research and practice is to determine how such perceptual and motivational
shifts can be converted into consistent, high-quality classroom implementation.

6. Conclusion

This study showed that sustainability-oriented mathematical modelling can positively influence
pre-service primary teachers’ perceptions of sustainability integration in mathematics education,
their understanding of modelling as a pedagogical approach, and their teaching confidence. The
findings suggest that modelling can function as a practical bridge between mathematics teaching and
the aims of Education for Sustainable Development.

A key contribution of the study is that it provides empirical support for integrating
sustainability, mathematical modelling, and teacher education within a single instructional
framework. In particular, the results indicate that when pre-service teachers engage with real-world
sustainability contexts, they are more likely to view mathematics as relevant, interdisciplinary, and
pedagogically meaningful.

At the same time, the conclusions should be interpreted with caution. The study captures
changes in perceptions and confidence, not direct evidence of long-term classroom implementation.
Even so, the findings clearly suggest that sustainability-oriented modelling is a promising approach
for strengthening teacher preparation in mathematics education.

Overall, the study supports the inclusion of modelling-based sustainability activities in teacher
education programs as a way to prepare future teachers for more relevant, context-based, and socially
responsive mathematics teaching.

Appendix

Questionnaire Items by Construct

Construct Item Code Item
Mathematics can help students understand
Sustainability Integration S . o
environmental and sustainability challenges.
- Real-world sustainability problems can be effectively

explored through mathematics lessons.
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Mathematical concepts can be used to analyse

o sustainability-related data (e.g., energy, water).
- Sustainability topics should be integrated into
mathematics teaching.
Mathematical Modelling MM Mathematical modelling helps solve real-world
Perception problems.
MM2 Modelling supports the understanding of complex
real-life situations.
Mathematical modelling enhances students’ critical
MM3 thinking skills.
MM Modelling connects mathematics with real-life
applications.
] ] I feel confident designing sustainability-based
Teaching Confidence TC1 ]
mathematics lessons.
TCo I can effectively integrate sustainability topics into
mathematics teaching.
TC3 I feel prepared to use mathematical modelling in my
future teaching.
TC4 I can design real-world mathematical activities for my

students.

Note. All items were measured on a five-point Likert scale (1 = strongly disagree, 5 = strongly agree).
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