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ABSTRACT

We analyze how sustainability competences are integrated into the
current Spanish primary education curriculum, and specifically in the
area of Mathematics. Using the qualitative content analysis method, we
have analyzed the presence in the curriculum of keywords that are related
to terms involving the GreenComp sustainability competences, organized
into four areas: (1) embodying sustainability values, (2) embracing
complexity in sustainability, (3) envisioning sustainable futures and (4)
acting for sustainability. The results show that: (a) sustainability
competences are mainly present in the subject of Understanding Nature,
Society and Culture, while they are very scarce in Mathematics; (b) the
area of sustainability competences most present in the subject of
Mathematics is embracing complexity in sustainability, while the least
present is embodying sustainability values. Based on the main findings,
we conclude that it is necessary to promote an Agency for Action to
increase the presence of sustainability competences in the mathematics
curriculum.

KEYWORDS: sustainability; education for sustainable development;
sustainability competences; GreenComp; mathematics education; primary
education
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INTRODUCTION

Since the first international calls on sustainability to address social,
environmental and economic crises began to emerge several decades ago
[1-4], Education for Sustainable Development (ESD) has been gradually
incorporated into all educational stages, from early childhood education
to higher education, to promote the development of sustainability skills [5-
9].

To establish a strategy as united as possible, UNESCO [8] initially
suggested 17 Sustainable Development Goals (SDGs) linked to economic
growth, social inclusion and environmental protection. According to this
organization, achieving these goals requires a holistic, inclusive and
transformative education that considers: (a) learning contents and
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outcomes (integration sustainability issues into study plans); (b) pedagogy
and learning environments (learner-focused, action-oriented teaching and
learning through interaction and exploratory learning); (c) the fruits of
learning (promoting competences such as critical and systems thinking,
joint decision-making, taking responsibility for current and future
generations); and (d) social transformation (enabling learners of any age
and in any educational environment, to transform themselves and the
society in which they live). In short, this challenge requires an evolution
from teaching to learning to educate current and future generations on
sustainability.

This paper aims to delve into the first aspect, that is, how sustainability
has been integrated into study plans. More specifically, the focus is on the
integration of sustainability competence in mathematics education, as this
is an emerging research agenda [10,11] that seeks to investigate the
guideline established by UNESCO [8] to provide strategies and resources
that turn mathematics teachers into agents of social change [12]. More
specifically, the main objective of this study is to analyse the presence of
sustainability competences in the Spanish primary school curriculum,
particularly in the area of mathematics.

To this end, taking as a starting point various preliminary studies that
have analyzed how sustainability has been integrated into the curriculum
in general [13,14] and, more specifically, into the mathematics curriculum
[15,16], the purpose of this paper is to determine how sustainability
competences have been integrated into the current primary education
mathematics curriculum in Spain. To this end, the GreenComp European
sustainability competence framework [6] has been taken as a reference,
as it is one of the pillars on which the MEFP [17] itself is based to promote
a certain competency model in keeping with the leading supranational
recommendations [14]. GreenComp is the actual European reference
framework for sustainability competences, providing a common
foundation for learners and guidance for educators. It offers a consensual
definition of what sustainability as a competence entails, addressing the
growing need for people to develop the knowledge, skills, and attitudes
necessary to live, work, and act sustainably. Designed to support lifelong
learning programes, it is applicable to learners of all ages, education levels,
and learning settings, whether formal, non-formal, or informal.
Sustainability competences help learners become systemic and critical
thinkers, develop agency, and form a knowledge base for everyone
concerned about the planet’s present and future.

THEORETICAL FRAMEWORK

Considering the goal of this paper, to provide theoretical support for
the study, we first present the main advances on the emerging research
agenda on Training Mathematics Teachers on Sustainability (TMTS), a
term coined by Alsina [11] to encompass research on mathematics
research that provides new knowledge about this issue. We then describe
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the main findings of various preliminary studies that have analyzed the
presence of sustainability in the mathematics curricula of various
countries [15,16].

Training Mathematics Teachers on Sustainability

Alsina [10,11] notes that, currently, it does not seem to make much
sense to train teachers to teach mathematics if doing so does not have any
effect on the great challenges and transformations of our day. Therefore,
according to this author, both in the initial and ongoing training of
mathematics teachers, the necessary knowledge and tools should be
provided so that teachers can play an effective role as agents of social
change.

This perspective has already begun to generate various research results
in recent years. In the journal Avances de Investigacion en Educacion
Matematica (AIEM), for example, a monograph was published that made
relevant contributions on the knowledge and beliefs of pre-service and/or
in-service teachers in various stages of integrating sustainability into
mathematics education. Briefly, Coles [18] responds to UNESCO’s call for a
new social contract for education in relation to the training of
mathematics teachers. To this end, the author sets out four principles on
which “socio-ecological” practices in mathematics education should be
based: not taking nature as the fixed background of our concerns; avoiding
the epistemological error of taking the individual as a unit of learning;
questioning what is central to our work; and moving towards a dialogical
ethic. Other authors have investigated the development of sustainability
competences mobilized by future mathematics teachers. For example,
Moreno-Pino et al. [19] have analyzed the development of sustainability
competences in 105 pre-service Spanish mathematics teachers from three
different university degrees, showing that the scores of pre-service
secondary school teachers are significantly lower than those of
kindergarten and primary school teachers in all the competences. Garcia-
Alonso et al. [20] have analyzed the impact of a training program for pre-
service secondary mathematics teachers that promotes the design of
mathematical tasks and ESD. Overall, their results show that after the
training, all 15 participants improved the level of achievement in all of the
skills. Elsewhere, Alsina and Silva-Hormadzabal [21] have analyzed the
effect of a previously validated training program, designed from a STEAM
approach, involving 23 in-service Chilean pre-school and primary
education teachers. The results show that, after the training, over half of
the participants reached an advanced level in the SDGs covered by the
program (SDG 5 on Gender Equality and SDG 13 on Climate Action).
Helliwell et al. [22], based on a case study, show how a secondary
mathematics teacher embraces contradictions and resorts to multiple
forms of knowledge during his transformation process in relation to the
teaching of mathematics and climate justice in the context of a small-scale
professional development program. Finally, in this same monograph,
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Vasquez et al. [16] explored the belief system of 11 Chilean primary school
teachers who teach statistics and how it relates to sustainability, showing
that for them, it is a challenge in terms of both mastering the content and
developing skills.

Other recent studies focused on mathematics education have
investigated other issues, such as the role of dialogue as a tool to co-
construct knowledge around sustainability or student perceptions. Zhang
et al. [23], for example, have revealed how mathematics teachers initiate
informal interactions based on shared goals, how they meet expectations
of the dual role of teaching and educational research, and how they
perceive the effects of informal interactions on their teaching practices to
advance toward sustainable professional development. Alsina and
Vasquez [24] have analyzed how the teaching agency of a group of in-
service mathematics teachers is developing on aspects such as knowledge
of sustainability and its connection with the SDGs; sustainability practices;
the links between mathematics education and sustainability; and
obstacles and challenges. The findings reveal that teachers exhibit a
significant lack of knowledge about sustainability and its connection with
the SDGs, making a unique association with issues related to the
environmental crisis, which is the main focus of the sustainability
practices carried out in schools. As for the links between mathematics
education and sustainability, most accept the importance of this
connection, but point to various obstacles and challenges, such as a lack of
knowledge and time, the curriculum itself, and others. The authors
conclude that it is necessary to design training programs focused on these
aspects in order to contribute to the development of the teaching agency,
that is, to the appropriation and reconstruction of new resources to deal
with the challenges involved in mathematics education for sustainability.

In general terms, all these studies show that the TMTS research agenda
is providing relevant data on professional teacher development or teacher
interaction, context and practice, topics that until a few years ago were
addressed exclusively through research in mathematics education, and
which are currently already being studied from an integrated perspective
together with the ESD vision. It is hoped that these findings will provide a
guide both to design the training of mathematics teachers (initial and
permanent) and to design the curricula.

Sustainability and ESD in the Mathematics Curriculum

As noted in the introduction, various preliminary studies have
investigated the integration of ESD into the curriculum in general [13,14]
and, more specifically, into the mathematics curriculum, which is the
focus of this paper [15,16].

Sdiz [14], for example, notes that the Organic Law amending the
Education Law (LOMLOE) [25] aims to establish a renewed legal system
that increases educational and training opportunities for the entire
population, that contributes to improving the educational outcomes of
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students, and that satisfies the widespread demand in Spanish society for
quality education for all. To this end, the law adopts a number of
approaches, some of which recognize the importance of ESD and global
citizenship. Additionally, this same author provides an analysis on the
presence of aspects related to ESD by educational stage, considering that
one of the foundations is, as already noted, GreenComp [6], which is why
we used it as a reference for our study. The report is from Science for
Policy series of the Joint Research Centre (JRC), the European
Commission’s science and knowledge service, which aims to provide
factual scientific support to the Union’s policy-making process. This report
provides an update to sustainability competences, which are grouped into
four areas: (1) embodying sustainability values, (2) embracing complexity
in sustainability, (3) envisioning sustainable futures and (4) acting for
sustainability.

Guardefio and Monsalve [13] describe how ESD has evolved in the
Spanish educational system through laws from 1985 (LODE) [26] to 2020
(LOMLOE) [25], noting that the latter proposes various updates and brings
ESD to light for the first time in the school curriculum, thus responding to
the problems facing society involving the SDGs. At the same time, these
authors also analyze the curriculum of Ireland, noting the longer history
of ESD policies and underscoring the addition of specific subjects, in
addition to promoting a cross-cutting approach, as is the case in Spain.
From this perspective, they point out that:

In the case of “Mathematics”, specific competence number 2 notes that
the analysis involved in problem solving enhances critical reflection from
both a mathematical and a general perspective, valuing aspects related to
sustainability, gender equality, responsible consumption, equity and non-
discrimination ([13], p. 40-41).

Other authors who have specifically analyzed the presence of ESD-
related competences in the mathematics curriculum include, for example,
Vasquez et al. [16]. As indicated, these authors analyze the primary
education curricula of four Latin American countries, Colombia, Costa
Rica, Chile and Mexico, showing that, in general terms, the teaching-
learning process of mathematics is poorly aligned with ESD, with a low
presence of key competences for sustainability. Based on these data, the
authors conclude that these findings represent a roadmap, both for
teacher training institutions and to provide a new educational approach
that, through mathematics education, can be used to promote student
understanding of the different problems (social, economic and
environmental), as well as the measures that must be taken to transform
and work for a more sustainable world. Recently, Tesfamicael and Enge
[15] analyzed the presence of sustainability in the Norwegian mathematics
curriculum, noting that although the mathematics curriculum does not
explicitly incorporate terms such as “sustainability” or “sustainable
development”, which could imply that mathematics and sustainability are
not connected, its six basic elements—exploration and problem solving,
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modelling and applications, reasoning and argumentation, representation
and communication, abstraction and generalization, and mathematical
fields of knowledge—offer opportunities to integrate sustainability
learning.

GreenComp: A Framework for Analyzing Sustainability Competences

As stated, this paper relies on the GreenComp report [6], regarded as
one of the foundations of sustainability [14], as a framework for analyzing
sustainability competences in the Spanish primary education curriculum.
Table 1 shows the two main elements of the framework (scopes and
competences) and provides a description of each competency.

Table 1. Adaptation of the European GreenComp framework of sustainability competences.

Area

Competence

Description

Embodying
sustainability
values

Valuing
sustainability

Supporting
fairness

Promoting
nature

It implies reflecting on personal values and their cultural variability,
connecting them to sustainability. It encourages the clear expression
of one’s own values and critical reflection on thoughts, plans and
actions. The goal is to raise awareness of the diversity of values and
their relevance in ethical and sustainable decision-making.

It involves supporting equity and justice for current and future
generations, learning from past experiences to promote
sustainability. It recognizes the interconnection between
environmental quality, equity and justice, fostering accountability in
collaborative activities and respect for different points of view.

It involves recognizing the interdependence between humans and
nature, promoting respect and empathy towards other species. It
includes knowledge of the components of the natural environment
and fosters contact and connection with nature to cultivate a healthy
relationship and a sense of personal connection.

Embracing
complexity in
sustainability

Systems
thinking

Critical
thinking

Problem
framing

It involves addressing sustainability issues by considering multiple
perspectives and contexts. It facilitates an understanding of the
interaction between elements within and between systems, in
different scales and subject areas. It serves as a tool for evaluating
options, making decisions and intervening, recognizing that parts of
a system can behave differently when separated from it.

It involves critically evaluating information and arguments,
identifying assumptions, and questioning the status quo. It includes
reflection on how personal, social and cultural contexts influence
thinking, especially in relation to sustainability. It empowers learners
to be responsible and cooperative in creating a sustainable world.

It involves formulating challenges as sustainability issues,
considering their difficulty, people, time and place. It focuses on
identifying approaches to prevent, mitigate or adapt to existing
problems, assessing their complexity and key components and
defining measures to address them.
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Table 1. Cont.

Area

Competence

Description

Envisioning
sustainable
futures

Futures
literacy

Adaptability

Exploratory
thinking

It involves planning for sustainable futures, developing alternative
scenarios and identifying actions to achieve them. It requires
imagination, creativity, and assessing the necessary steps. It involves
training to face the challenges of the 21st century, addressing
sustainability. Individuals have to visualize different future
perspectives and design strategies to achieve a desirable future.

It involves promoting the ability to manage transitions and
challenges in complex sustainability situations, making decisions in
the face of uncertainty and ambiguity, while considering risk.
Adaptability requires flexibility to adjust to changes. It empowers us
to face sustainable commitments, weigh options and make decisions,
even in the face of contradictions and future risks.

It involves adopting relational thinking by linking various
disciplines, using creativity and experimentation with innovative
methods. It fosters creativity to plan alternative futures, requiring
cognitive processes and the use of intuition, and it contributes to the
development of creative thinking.

Acting for
sustainability

Political
agency

Collective
action

Individual
initiative

It involves navigating the political system, identifying responsibility
and accountability for unsustainable behavior, and demanding
effective policies for sustainability. It empowers us to positively
influence the collective future, mobilizing us at the political level and
promoting institutional and market changes towards sustainability.

It involves promoting the ability to act collaboratively with other
agents to promote change. This requires coordination, collaboration
and cooperation among peers. Working together towards a common
goal facilitates the achievement of meaningful results for change.

It involves identifying one’s potential for sustainability, recognizing
what actions can be taken. It is related to the desire to act, and it
promotes an entrepreneurial mindset, empowering people to take
the initiative in their lives and improve community and global
perspectives.

METHODOLOGY

In keeping with the goal of our study, which, as indicated, consists of
determining how sustainability skills have been integrated into the
current primary school mathematics curriculum in Spain, we have
adopted a descriptive qualitative approach [27]. We relied on the content
analysis method through the use of syntactic units as a research technique
[28].

Sample and Procedure

The curricular document analyzed is Royal Decree 157/2022 [17], which
lays out the organization and minimum teaching content of primary
education in Spain. In this document, for each area of knowledge of
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primary education (Understanding Nature, Society and Culture, Art
Education, Physical Education, Education on Civic and Ethical Values,
Spanish Language and Literature, Foreign Language, Mathematics and
Religion), specific competences and basic knowledge are defined for the
different cycles: first cycle (ages 6 to 8); second cycle (ages 8 to 10); third
cycle (ages 10 to 12).

The following phases were considered over the course of our research:

1. Establish the syntactic units through a set of exclusionary keywords
that are related to the terms related to sustainability and terms
associated with the four areas of competence of the GreenComp
described in Table 1. To select these keywords, the following were
considered:

a) Propose an initial list of keywords related to the topics addressed.
Keywords were selected from the description given in the GreenComp
document for each of the 12 competencies. The criteria established for
this selection were a maximum of 10 words for each competency and a
minimum of 5 excluding synonym:s.

b) Review of the keywords by three European experts in the field of ESD.

¢) Analyze the curriculum to ensure consistency between it and the
keywords. After the review with the experts, some key words were
eliminated since they did not correspond to the meaning from the
sustainability field. For example, the word “complexity” in the
mathematics curriculum has the meaning of “higher difficulty” while
from sustainability it means “more relationships between elements”.

d) Iincorporate some keywords that were not considered in the first list
and involve the topic in question. The experts recommended revising
the list of words to add synonyms to the selected terms. For example,
initially only the keyword “system thinking” was chosen, but at this
stage other terms such as “systematic perspective” were added.

The final list of words, which constitute the syntactic units used, is
shown in Figure 1.

2. In-depth analysis of Royal Decree 157/2022.

3. Identify in the document the keywords established in phase 1.

4. Analyze the context in which these keywords are used in the document
and the meaning of the sustainability competences that are evidenced
in the area of primary education mathematics.

5. Provide evidence for the descriptive analysis by selecting written
extracts that exhibit the keywords.
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1. Embodying sustainability 2. Embracing complexity in
values sustainability

Values (personal, sustainability)
Empathy / Empathize
Equity / inequity

Collaboration / collaborate

Systems thinking / systematic perspective /
systematic relationships / systematic vision
Critical thinking / critical spirit / critical

analysis / critical reflection
Interdisciplinary / Interdisciplinarity
Global problems

Ecosystem(s) Interaction
+SUSTAINABLE Connection (s)
*SUSTAINABLE Complexity

DEVELOPMENT

*SDG
*SUSTAINABILITY

Acting for 3.Envisioning
sustainability sustainable futures
Future
Social justice Plan [ planning
Collective action Scenario

Uncertainty

Community Risk(s)
Responsibility / responsibly Adaptability / adaptation
Initiative Change(s)

Imagining [ Imagination
Creativity

Figure 1. Syntactic units used in the coding process.

Data Analysis

The data analysis considered the coding of the syntax unit, with scores
assigned based on presence (1) or absence (0). These encodings were
recorded in an MS Excel® spreadsheet to subsequently analyze the
contexts in which they are used in Royal Decree 157/2022 [17].

To ensure the reliability of the coding process, the authors conducted
joint coding sessions.

RESULTS

In keeping with the goal of our study, we first analyzed the presence of
sustainability competences in the curriculum to obtain an initial overview
of their presence in the different areas. We then focused our analysis on
the area of Mathematics.

Sustainability in the Spanish Primary Education Curriculum

The new law, as indicated in the theoretical framework [13,14],
incorporates ESD at every stage of compulsory education. The contents to
be presented in the classroom cover concepts such as education for peace
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and human rights, international understanding and intercultural
education, and education for the ecological transition.

First of all, it should be noted that one of the pedagogical principles of
the curriculum states that in all areas, “equality between men and women,
education for peace, education for responsible consumption and
sustainable development, and education for health, including affective-
sexual health, will be promoted” [17].

Secondly, Annex I of the Spanish curriculum show the exit profile of
students at the end of basic education, a tool that specifies the principles
and purposes of the Spanish educational system for this period, and where
the key competences that students are expected to have developed upon
completing this phase of their training itinerary are defined. This profile
includes “the Sustainable Development Goals of the 2030 Agenda adopted
by the United Nations General Assembly in September 2015” [17]. In fact,
there are references to both sustainability and education on sustainability
in five of the eight key competences included in the exit profile:
Competence in mathematics and science, technology and engineering;
Digital competence; Personal, social and learning to learn competence;
Citizenship competence; Entrepreneurial competence. For example,
“Mathematical competence and competence in science, technology, and
engineering (STEM) involves understanding the world using scientific
methods, mathematical thinking and representation, technology, and
engineering methods to transform the environment in committed,
responsible, and sustainable ways” [17].

By way of summary, Table 2 shows the frequency of sustainability-
related terms that were identified in the Spanish curriculum.

Table 2. Distribution of terms related to sustainability in the Spanish primary education curriculum.

Term f
Sustainable 66
Sustainability 13
Sustainable Development 9
SDG 12

In addition to incorporating sustainability across the key competences,
it also incorporates ESD in all areas through the specific competences and
basic knowledge.

Table 3 shows the terms related to sustainability present in each of the
areas of primary education.
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Table 3. Distribution of terms related to sustainability in the areas of primary education.

Area Sustainable Sustainability Sustainable SDG Total
development

Understanding nature, society and 37 1 3 4 45

culture

Art education 1 0 0 0 1

Physical education 13 2 0 1 16

Civics and ethics 12 1 3 2 18

Spanish language and literature 4 1 0 0 5

Foreign language 1 2 0 1 4

Mathematics 0 0 0 1 1

Table 3 shows that, although references are found in every area, the
primary education curriculum mainly integrates sustainability into the
subjects of Understanding Nature, Society and Culture, Physical Education
and Civics and Ethics. In Mathematics, only one reference was identified:

Of particular interest at present are elements related to data and
information management and computational thinking, which provide
effective tools to face the new scenario posed by the challenges of the 21st
century. In this sense, mathematics plays an essential role in response to
the current social and environmental challenges that students will have to
face in their future, as an instrument to analyze and better understand the
local and global environment, social, economic, scientific and
environmental problems, and to evaluate viable ways of solving them,
thus contributing directly to the Sustainable Development Goals proposed
by the United Nations ([17], p. 92).

Sustainability Competences in the Area of Mathematics of the
Spanish Primary Education Curriculum

As indicated earlier, we have identified the presence of the terms
related to the sustainability competences defined in GreenComp (Figure 1)
throughout the curriculum, and in the area of Mathematics (Table 4).

Table 4. Distribution of terms related to sustainability competences.

GreenComp Area Term All the Mathematics
curriculum area
f f
1. Embodying Values (personal, sustainability) 54 1
sustainability Empathy/Empathize 29 1
values Equity/Inequity 6 0
Justice 9 0
Nature 19 0
Ecosystem(s) 7 0
TOTAL 124 2
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Table 4. Cont.

GreenComp Area Term All the Mathematics
curriculum area
f f
2. Embracing Systems thinking/systematic 7 0
complexity in perspective/systematic relationships/systematic
sustainability vision
Critical thinking/critical spirit/critical 38 8
analysis/critical reflection
Interaction 49 1
Connection(s) 22 15
Interdisciplinary/Interdisciplinarity 13 2
Complexity 0 0
Global problems 1
TOTAL 130 26
3. Envisioning Future 10 5
sustainable Plan/planning 0
futures Scenario 1 1
Uncertainty 18 7
Risk(s) 18 1
Adaptability/adaptation 6 1
Change(s) 20 1
Imagining/imagination 2 0
Creativity 23 1
TOTAL 98 17
4. Acting for Social justice 2 0
sustainability Collective action 0 0
Collaboration/collaborate 18 1
Community 29 0
Responsibility/responsibly 36 6
Initiative 9 3
TOTAL 94 10

The data in Table 4 show that the competences in the field of acting for
sustainability are the least present in the Spanish primary education
curriculum. In the area of Mathematics, the scarce (or almost zero)
presence of terms related to the field of embodying sustainability values is
striking, while the field with the greatest presence in both the entire
Spanish primary education curriculum and in the area of mathematics is
related to embracing complexity in sustainability.
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Analysis of the Content of the Terms of Sustainability Competence in
the Area of Mathematics

Below, we present an example of a math curriculum excerpt that
showcases each of the terms that have been related to the GreenComp
sustainability competences.

Embodying sustainability values

Table 5 shows some fragments of the primary curriculum
corresponding to the area of Mathematics related to the competences in
the field of “embodying sustainability values”.

Table 5. Examples of fragments of the mathematics curriculum related to the fields “Embodying
sustainability values” in the area of primary mathematics.

Term Fragments
Values “The goal of this specific competence is for students to work on the values of respect,
(personal, equality and peaceful conflict resolution, while solving the mathematical challenges

sustainability) proposed, developing skills of effective communication, planning, inquiry, motivation
and trust, in order to create healthy relationships and work environments, for
example, through participation in diverse teams with assigned roles. This allows
building healthy, supportive and committed relationships, strengthening self-
confidence and normalizing situations of coexistence in equality” ([17], p. 105)

Empathy/ “Active, respectful and responsible teamwork, showing initiative, communicating
effectively, valuing diversity, showing empathy and establishing healthy relationships

Empathize i ) .
based on respect, equality and peaceful conflict resolution” ([17], p. 113)

The terms “values” and “empathy”, which are only found once each in
the mathematics curriculum, are related to the supporting fairness
competence. The values promoted are respect, equality and peaceful
conflict resolution, which contribute to the support of equity and justice
for current and future generations. There are no terms related to the other
competences in this field.

Embracing complexity in sustainability

Table 6 shows some fragments of the primary curriculum
corresponding to the area of Mathematics related to the competences
involved in embracing complexity in sustainability.
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Table 6. Examples of fragments of the mathematics curriculum involving “Embracing complexity in
sustainability”.

Term Fragments

Critical thinking/critical “Ensuring the validity of the solutions requires reasoning about the process

spirit/critical followed and evaluating them in terms of their mathematical correctness.
analysis/critical However, critical reflection must also be encouraged regarding the adequacy
reflection of the solutions to the proposed context, and the implications they would

have from various points of view (responsible consumption, health,
environment, etc.)” ([17], p.103)

Interaction “Active participation in teamwork: positive interaction and respect for the
work of others” ([17], p. 108)

Connection “Knowing a variety of strategies makes it possible to confidently deal with
challenges and it facilitates engagement

Recognizing the connection between mathematics and other areas, with real
life or with one’s own experience, increases the mathematical toolkit of
students. It is important that students have the opportunity to experience
mathematics in different contexts (personal, school, social, scientific,
humanistic and environmental) to become accustomed to identifying
mathematical aspects in multiple situations” ([17], p. 104)

Interdisciplinary/ “Learning situations facilitate interdisciplinarity and promote reflection,
Interdisciplinarity criticism, the elaboration of hypotheses and the research task” ([17], p.102)

The terms “interaction”, “connections” and “interdisciplinarity” in the
area of Mathematics relate to the competence of systems thinking. The
curriculum acknowledges that connections between different
mathematical ideas, as well as identifying the mathematics involved in
other areas of everyday life, contributes to interpreting diverse situations
and contexts, providing a global and interrelated view of the world. Such
a vision helps us understand that mathematical ideas are not isolated
elements, but are rather related with one another, giving rise to a whole.

The terms “critical thinking” and other related terms of the
mathematics curriculum are associated with the critical thinking
competence. On the one hand, it encourages observation and reflection in
the understanding of random phenomena in everyday situations; on the
other, it promotes analysis and adaptation of solutions to the proposed
context and the implications they would have from various points of view.
There are no terms related to the sustainability competence of problem
framing.
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Envisioning sustainable futures

Table 7 shows some fragments of the primary -curriculum
corresponding to the area of Mathematics related to the competences
involving envisioning sustainable futures.

Table 7. Examples of fragments of the mathematics curriculum related to “Envisioning sustainable futures”.

Term

Fragments

Future

Scenario

Uncertainty

Risk

Adaptability/

Adaptation

Change

Creativity

“Mathematics plays an essential role in response to the current social and
environmental challenges that students will have to face in their future, as an
instrument to analyze and better understand the local and global environment,
social, economic, scientific and environmental problems, and to evaluate viable
ways of solving them, thus contributing directly to the Sustainable Development
Goals proposed by the United Nations” ([17], p. 100)

“In addition, of particular interest at present are elements related to data and
information management and computational thinking, which provide effective
tools to face the new scenario posed by the challenges of the 21st century” ([17], p.
100)

“Probability as a subjective measure of uncertainty. Recognition of uncertainty in
everyday situations and by conducting experiments” ([17], p.112)

“The choice of strategy and its periodic review during problem-solving involves
making decisions, anticipating the response, following established guidelines,
taking risks and transforming an error into a learning opportunity” ([17], p.103)

“Cognitive flexibility, adaptation and change of strategy if necessary. Assessment of
an error as a learning opportunity” ([17], p.116)

“Cognitive flexibility, adaptation and change of strategy if necessary. Assessment of
an error as a learning opportunity” ([17], p.116)

“Mathematics integrates characteristics such as the mastery of space, time,
proportion, resource optimization, analysis of uncertainty, and the use of digital
technology; and promotes reasoning, argumentation, communication,
perseverance, decision making and creativity” ([17], p. 100)

The term “scenario” is related to the futures literacy competence in
order to contribute to the ability to anticipate alternative scenarios, face
the challenges of the 21st century and achieve more sustainable futures.

In relation to the adaptability competence, the terms “uncertainty”,
“risk”, “adaptation” and “change” have been identified within the
mathematics curriculum. All of them contribute to the development of
personal skills that help adapt to new situations, take risks and accept
error or changes as part of the learning process, and adapt to situations of
uncertainty in everyday situations.

Finally, on the subject of exploratory thinking, the term “future” was
identified more frequently, and “creativity” only once. Of note is the
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presence of computational thinking in the mathematics curriculum as one
of the key skills in the future of students, with abstraction being necessary
to identify the most relevant aspects, and decomposition into simpler tasks
to arrive at possible solutions. Bringing computational thinking into daily
life involves relating the fundamental aspects of computing to the needs
of students. This way, they are prepared for a future that will likely be
more technological, improving their intellectual abilities and making use
of abstractions to solve complex problems.

Acting for sustainability

Table 8 shows some fragments of the primary -curriculum
corresponding to the area of Mathematics related to the competences in
the field of acting for sustainability.

Table 8. Examples of fragments of the mathematics curriculum related to the fields “Acting for

sustainability”.
Term(s) Fragments
Collaboration/  “Collaborate in the distribution of tasks, assuming and respecting the
collaborate individual responsibilities assigned and using simple teamwork strategies

aimed at achieving shared goals” ([17], p. 113)

Responsibility/  “Collaborate in the distribution of tasks, assuming and respecting the
responsibly individual responsibilities assigned and using simple teamwork strategies
aimed at achieving shared goals” ([17], p. 113)

Initiative “Active, respectful and responsible teamwork, showing initiative,
communicating effectively, valuing diversity, showing empathy and
establishing healthy relationships based on respect, equality and peaceful
conflict resolution” ([17], p.113)

The terms related to the field acting for sustainability that are found in
the mathematics curriculum are related to the competences of collective
action and individual initiative, but none in relation to the political agency
competence.

On the one hand, the terms “collaborate”, “responsibility” and
“responsibly” contribute to collective action by fostering coordination,
collaboration and cooperation among peers to solve problems more
effectively. On the other, whenever the term “initiative” is found in the
mathematics curriculum, it is in relation to individual initiative, sensing
one’s own potential and showing initiative to seek solutions or strategies
to the problems posed.

DISCUSSION AND CONCLUSIONS

This paper has analyzed how sustainability and sustainability
competences are integrated into the current Spanish primary education
curriculum [17] and, more specifically, into the area of Mathematics. On
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the one hand, this analysis reflects the fact that, in recent decades, there
has been a growing interest in integrating sustainability into all the
curricular subjects at different educational levels, as a government
response to the need to address social, environmental and economic crises
through educational policies [1-4], and thus promote the development of
sustainability skills in the public [5-9]. On the other hand, the field of
research in mathematics education has been approached for some years
based on the TMTS research agenda, which assumes that, in the current
context, mathematics teachers should have the knowledge and tools
needed to play an effective role as agents of social change [10,11].

It is from this dual perspective that we have analyzed how the Spanish
primary mathematics curriculum is integrating sustainability
competences, since the curriculum is (or should be) a frame of reference
that guides the teaching activity of teachers. To carry out the analysis, we
used the GreenComp report [6] as a reference. This is one of the
foundations of the Spanish curriculum, by relying on the mainstreaming
of sustainability in all areas and educational stages [14].

From this analytical perspective, the first relevant finding is that, in the
current Spanish primary education curriculum, sustainability is promoted
mainly in the subject of Understanding Nature, Society and Culture.
Specifically, a total of 45 references to the syntactic units used in the study
relating to sustainability have been identified in this curriculum, while in
the area of Mathematics, only one such reference was identified. This fact
demonstrates, on the one hand, a clear mismatch between the leading
international guidelines on the presence of sustainability in the
curriculum [4-8], which advocate for its presence in all areas; and, on the
other hand, also some discrepancy with the guidelines of the Spanish
curriculum itself on ESD, since the preamble of the LOMLOE indicates that:

“Education for sustainable development and global citizenship must be
embedded in the educational plans and programs of all compulsory
education, incorporating the knowledge, skills, values and attitudes that
all people need to live a fruitful life, make informed decisions and play an
active role—both locally and globally—when addressing and solving the
problems common to all citizens of the world” ([25], p. 122871).

Although the curriculum indicates that ESD must be present in all
educational plans and programs of compulsory education, the analysis
carried out shows that in some areas, such as Mathematics, this presence
is anecdotal, which matches the findings in curricula from countries such
as Colombia, Costa Rica, Chile and Mexico [16].

A second representative finding is that, in an effort to try to
comprehensively identify how the GreenComp sustainability competences
are integrated [6] into the subject of Mathematics, we have identified
embracing complexity in sustainability as the most present area of the
sustainability competences, with the most recurrent terms being
associated with “critical thinking” and “connections”. This result is not
surprising, since, on the one hand, the Spanish curriculum has a specific
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mathematical competence on “solving problem situations”, which seeks to,
among other purposes, promote “critical reflection on the adequacy of the
solutions to the proposed context and the implications they would have
from various points of view (responsible consumption, health,
environment, etc.)” [17]. On the other hand, there is another specific
competence on “recognizing and using connections between different
mathematical ideas, as well as identifying the mathematics involved in
other areas or in everyday life” ([17], p. 104). By contrast, the least present
field is embodying sustainability values, which is surprising, especially if
we take into account that in the new mathematics curriculum, specific
competences of a socio-affective nature have been added, which describe
the skills to be achieved personally, emotionally, and socially. However,
these competences focus mainly on helping to identify and manage
emotions when confronted with mathematical challenges and building a
positive identity as a mathematics student, but they do not sufficiently
consider other issues such as the role that mathematics plays in solving
problems beyond mathematics; that is, they omit the relevance of its social
value [29].

The third and final finding of our study is that, when conducting an
even more in-depth analysis of the integration of the 12 GreenComp
sustainability competences in the area of Mathematics, we determined
that, from the sum of frequencies of all the terms related to each
competence, eight of them are represented. Those that are most
represented are systems thinking, critical thinking and adaptability; those
that are represented less are supporting fairness and futures literacy; and,
finally, those that are not represented are valuing sustainability,
promoting nature, problem framing and political agency.

In light of these findings, on the one hand, we conclude that the area of
Mathematics can contribute to the development of some sustainability
skills, due to the very nature of mathematical skills, in line with the data
from [15] based on their analysis of the Norwegian mathematics
curriculum. Thus, there is a practically natural relationship between
learning mathematics and sustainability skills related to critical thinking,
systems thinking and the ability to establish connections, both between
knowledge in the area of mathematics, but also in relation to other areas
of knowledge. Similarly, the skills needed to solve mathematical
challenges allow adaptability, a key competence within the ESD
framework, to be developed simultaneously. In this way, we want to
explain and reinforce the existing relationship between the development
of mathematical competences and sustainability competences, and also
establish the need to design new studies that analyze these relationships
more thoroughly so as to provide the educational community with tools
that allow this link to be reinforced.

The study also exhibits certain deficiencies, specifically in terms of
values and their connection with action: although we identified the
presence of terms related to the sustainability competences of both areas
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(values and action), these are scarce or appear with meanings different
from those attributed from the ESD framework. Thus, sustainability
appears as a pretext to solve certain mathematical questions. It is
presented as context, a backdrop against which to solve a challenge, but
the values themselves are not discussed in depth, nor is the students’
ability to propose or carry out actions that contribute to the development
of sustainability reinforced. It is in this sense that it is necessary to lay out
guidelines that allow the establishment of an Agenda for Action, i.e., a set
of previously planned actions aimed at promoting a greater presence of
these sustainability competences in the mathematics curriculum of all
educational stages, since the decisions of the present will determine the
future.

This study has some limitations that should be acknowledged. Firstly,
the analysis is confined to the Spanish primary school curriculum, limiting
the generalizability of the findings to other educational contexts. Future
research could expand this scope by comparing the presence of
sustainability competences in primary school curricula from different
countries, providing a broader perspective on how sustainability is
integrated globally. Additionally, while this study focuses on the curricular
presence of sustainability competences, further research could delve into
practical applications by offering detailed examples and pedagogical
strategies for effectively teaching these competences within the
mathematics classroom. Such examples would provide valuable insights
for educators seeking to incorporate sustainability into their mathematics
teaching practices.

DATA AVAILABILITY

All data generated from the study are available in the manuscript.

AUTHORS’ CONTRIBUTIONS

AA and PL designed the study. AA and MG developed the theoretical
framework. NP was in charge of the methodology. PL. and MG analyzed the
data and wrote the paper with input from all authors.

CONEFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.

FUNDING

This work was carried out as a part of the project SGR 2021 00767,
funded by the Agéncia de Gestid d’Ajuts Universitaris i de Recerca (AGAUR)
of Catalonia (Spain), and the project PID2023-1509620B-100, funded by the
Agencia Estatal de Investigacion of Spain.

J Sustain Res. 2024;6(3):240058. https://doi.org/10.20900/jsr20240058


https://doi.org/10.20900/jsr20240058

Journal of Sustainability Research

20 0f 22

REFERENCES

1.

10.

11.

12.

13.

14.

15.

World Commission on Environment and Development (WCED). Nuestro
futuro comun. Madrid (Spain): Alianza; 1988.

Orr DW. Governance in the Long Emergency: is Sustainability Still Possible?
State of the World 2013. 1st ed. Ohio (US): Island Press; 2013.

Tilbury D. Education for sustainable development: an expert review of
processes and learning. Paris (France): UNESCO; 2011.

UNESCO. Transformar nuestro mundo: la Agenda 2030 para el Desarrollo
Sostenible [Transforming our world: the 2030 Agenda for Sustainable
Development]. Available from: https:/www.mdsocialesa2030.gob.es/agenda

2030/documentos/aprobacion-agenda2030.pdf. Accessed on 9 May 2024.

Spanish.

de Haan G. The development of ESD-related competences in supportive
institutional frameworks. Int Rev Ed. 2010;56(2):315-28.

Bianchi G, Pisiotis U, Cabrera Giraldez M. GreenComp, El marco europeo de
competencias sobre sostenibilidad [GreenComp, the European framework for
competences on sustainability]. Available from: https://doi.org/10.2760
[094757. Accessed on 9 May 2024. Spanish.

Rieckmann M. Future-oriented higher education: which key competences

should be fostered through university teaching and learning? Futures.
2012;44(2):127-35.

UNESCO. Education for Sustainable Development Goals: learning objectives.
Paris (France): UNESCO; 2017.

Wiek A, Withycombe L, Redman CL. Key competences in sustainability: a
reference framework for academic program development. Sustain Sci.
2011;6:203-18.

Alsina A. On Integrating Mathematics Education and Sustainability in
Teacher Training: Why, to What End and How? In: Ortega-Sanchez D, editor.
Controversial Issues and Social Problems for an Integrated Disciplinary
Teaching. Cham (Switzerland): Springer; 2022. p. 9-21.

Alsina A. Mathematics Teacher Education for Sustainability (MTEfS): an
emerging research agenda. Avances Investig Educ Mat. 2023;23:1-4.

Alsina A, Calabuig MT. Vinculando educacién matematica y sostenibilidad:
implicaciones para la formacién inicial de maestros como herramienta de
transformacién social [Linking mathematics education and sustainability:
implications for initial teacher training as a tool for social transformation].
Available from: https://doi.org/10.25267/Rev_educ_ambient sostenibilidad.
2019.v1.i1.1203. Accessed on 9 May 2024. Spanish.

Guardefio M, Monsalve L. Educacién para el desarrollo sostenible en el

curriculum de Espafia e Irlanda [Education for sustainable development in
the curriculum of Spain and Ireland]. Rev Univ Soc. 2024;16(1):30-44. Spanish.
Saiz A. La educacién para el desarrollo sostenible en los curriculos LOMLOE
[Education for sustainable development in the LOMLOE curricula]. Valsain
(Spain): Reeducamar; 2022. Spanish.

Tesfamicael SA, Enge O. Revitalizing Sustainability in Mathematics Education:
The Case of the New Norwegian Curriculum. Educ Sci. 2024;14(2):174.

J Sustain Res. 2024;6(3):240058. https://doi.org/10.20900/jsr20240058



https://doi.org/10.20900/jsr20240058
https://www.mdsocialesa2030.gob.es/agenda2030/documentos/aprobacion-agenda2030.pdf
https://www.mdsocialesa2030.gob.es/agenda2030/documentos/aprobacion-agenda2030.pdf
https://doi.org/10.2760/094757
https://doi.org/10.2760/094757
https://doi.org/10.25267/Rev_educ_ambient_sostenibilidad.2019.v1.i1.1203
https://doi.org/10.25267/Rev_educ_ambient_sostenibilidad.2019.v1.i1.1203

Journal of Sustainability Research

21 0f 22

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Vésquez C, Pifieiro JL, Garcia-Alonso I. What Challenges Does the 21st Century
Impose on the Knowledge of Primary School Teachers Who Teach
Mathematics? An Analysis from a Latin American Perspective. Mathematics.
2022;10(3):391.

Royal Decree establishing the organization and minimum teaching
requirements for Primary Education Act 157/2022, Pub. L. No. 52 BOE (Mar 2,
2022).

Coles A. Hacia una practica socioecoldgica de la formacion del profesorado de
matematicas [Towards a socio-ecological practice of mathematics teacher
training]. Av Invest Educ Matem. 2023;23:19-35. Spanish.

Moreno-Pino FM, Jiménez-Fontana R, Romero-Portillo D. El desarrollo de
competencias para la sostenibilidad en el &rea de didactica de las
matematicas [The development of competencies for sustainability in the area
of mathematics teaching]. Av Invest Educ Matem. 2023;23:37-60. Spanish.
Garcia Alonso I, Sosa-Martin D, Trujillo-Gonzdlez R. Evaluando competencias
en sostenibilidad presentes en propuestas de aula elaboradas por futuros
profesores de matematicas [Assessing sustainability competencies present in
classroom proposals developed by future mathematics teachers]. Av Invest
Educ Matem. 2023;23:61-83. Spanish.

Alsina A, Silva-Hormazabal M. Promoting Mathematics Teacher Education for
Sustainability through a STEAM approach. Avances Investig Educ Mat.
2023;23:105-25.

Helliwell T, Hennessy L, Bushnell, K. Conceptualizando el proceso de
transformacién de un profesor de matematicas en relacién con la ensefianza
de las matematicas y la justicia climatica: la historia de Karl [Conceptualizing
a mathematics teacher's transformation process in relation to mathematics
education and climate justice: Karl’s story]. Av Invest Educ Matem.
2023;23:85-104. Spanish.

Zang S, Zhao W, Cao Y. Toward sustainable professional development: An
investigation of informal interactions among Chinese mathematics teachers.
Front psyschol. 2021;12:681774.

Alsina A, Vasquez Z. Professional development and teacher agency in
Mathematics Teacher Education for Sustainability. Math Ed Res J. 2024:1-24.
doi: 10.1007/s13394-024-00488-y

Organic Law amending Organic Law 2/2006 on Education (LOMLOE) Act
3/2020, Pub L. No. 340 BOE (Dec 30, 2020).

Organic Law regulating the Right to Education (LODE) Act 8/1985, Pub. L. No.
159 BOE (Jul 4, 1985).

Cohen L, Manion L, Morrison L. Research methods in education. 8th ed.
London (UK): Routledge; 2017.

Krippendorff K. Content analysis: an introduction to its methodology. 3rd ed.
Florida (US): Sage Publications; 2013.

J Sustain Res. 2024;6(3):240058. https://doi.org/10.20900/jsr20240058



https://doi.org/10.20900/jsr20240058
https://doi.org/10.1007/s13394-024-00488-y

Journal of Sustainability Research 22 of 22

29. Beltran-Pellicer P, Alsina A. La competencia matemadtica en el curriculo
espafiol de Educacién Primaria [Mathematical competence in the Spanish
Primary Education curriculum]. Margenes. 2022;3(2):31-58. Spanish.

How to cite this article:
Lépez-Serentill P, Alsina A, Gual M, Pincheira N. Integrating Sustainability in Mathematics Education: An Approach
to the Spanish Primary Curriculum. ] Sustain Res. 2024;6(3):e240058. https://doi.org/10.20900/jsr20240058

J Sustain Res. 2024;6(3):e240058. https://doi.org/10.20900/jsr20240058



https://doi.org/10.20900/jsr20240058
https://doi.org/10.20900/jsr20240058

	INTRODUCTION
	Theoretical framework
	Training Mathematics Teachers on Sustainability
	Sustainability and ESD in the Mathematics Curriculum
	GreenComp: A Framework for Analyzing Sustainability Competences

	Methodology
	Sample and Procedure
	Data Analysis

	Results
	Sustainability in the Spanish Primary Education Curriculum
	Sustainability Competences in the Area of Mathematics of the Spanish Primary Education Curriculum
	Analysis of the Content of the Terms of Sustainability Competence in the Area of Mathematics
	Embodying sustainability values
	Embracing complexity in sustainability
	Envisioning sustainable futures
	Acting for sustainability


	Discussion and conclusions
	DATA AVAILABILITY
	Authors’ Contributions
	Conflicts of Interest
	REFERENCES

