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The International Association for the Evaluation of Educational Achievement (IEA)
is an independent nongovernmental nonprofit cooperative of national research
institutions and governmental research agencies that originated in Hamburg,
Germany in 1958. For over 60 years, IEA has developed and conducted high-quality,
large-scale comparative studies in education to support countries’ efforts to engage
in national strategies for educational monitoring and improvement.

IEA continues to promote capacity building and knowledge sharing to foster
innovation and quality in education, proudly uniting more than 60 member
institutions, with studies conducted in more than 100 countries worldwide.

IEA’s comprehensive data provide an unparalleled longitudinal resource for
researchers, and this series of in-depth peer-reviewed thematic reports can be used
to shed light on critical questions concerning educational policies and educational
research. The goal is to encourage international dialogue focusing on policy matters
and technical evaluation procedures. The resulting debate integrates powerful
conceptual frameworks, comprehensive datasets and rigorous analysis, thus
enhancing understanding of diverse education systems worldwide.
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Series Editors’ Foreword

IEA’s mission is to enhance knowledge about education systems worldwide and to
provide high-quality data that will support education reform and lead to better
teaching and learning in schools. In pursuit of this aim, it conducts, and reports on,
major studies of student achievement in literacy, mathematics, science, citizenship,
and digital literacy. These studies, most notably TIMSS, PIRLS, and ICCS, are well
established and have set the benchmark for international comparative studies in
education.

The studies have generated vast datasets encompassing student achievement, dis-
aggregated in a variety of ways, along with a wealth of contextual information,
which together contain considerable explanatory power. The numerous reports that
have emerged from them are a valuable contribution to the corpus of educational
research.

Valuable though these detailed reports are, IEA’s goal of supporting education
reform needs something more: a deep understanding of education systems and the
many factors that bear on student learning, gained through in-depth analysis of IEA
global datasets. IEA has long championed such analysis and facilitates scholars and
policymakers in conducting secondary analysis of our datasets. So, we provide soft-
ware such as the International Database Analyzer to encourage the analysis of our
datasets and support numerous publications, including a peer-reviewed journal—
Large-scale Assessment in Education—dedicated to the science of large-scale
assessment and to publishing articles that draw on large-scale assessment databases.
We also organize a biennial international research conference to nurture exchanges
between researchers working with IEA data (https://www.iea.nl/our-conference).

The IEA Research for Education series represents a further effort by IEA to capi-
talize on our unique datasets, so as to provide powerful information for policymak-
ers and researchers. Each report focuses on a specific topic and is produced by a
dedicated team of leading scholars on the theme in question. Teams are selected on
the basis of an open call for tenders; there are two such calls a year. Tenders are
subject to a thorough review process, as are the reports produced (full details are
available on the IEA website).


https://www.iea.nl/our-conference

vi Series Editors’ Foreword

This report revisits the theme of environmental sustainability. A previous volume
in the series, number 16 published in 2025, focused on students’ knowledge and
willingness to act pro-environmentally. The focus here is on learning for sustain-
ability in the European context.

The report is framed within the European Union policy context for environmen-
tal sustainability learning and the Trends in International Mathematics and Science
Study (TIMSS). The European sustainability competence framework, known as
GreenComp, was published in 2022 and provides a comprehensive platform for
scrutinizing learning for sustainability in schools. TIMSS is a large-scale interna-
tional assessment that has measured student achievement in mathematics and sci-
ence at grades four and eight every 4 years since 1995 and collects information on
a wide range of contextual variables. The test battery provides comprehensive cov-
erage of mathematics and science curricula, including many items relating to stu-
dents’ understanding of the environment; these range from biodiversity and food
chains to deforestation, pollution, and natural hazards. An Environmental Awareness
Scale based on these items was constructed for the 2019 and 2023 assessments.

The distinctive contribution of this report is its pulling together of perspectives,
and empirical data, from TIMSS and GreenComp, alongside Sustainable
Development Goal 4.7. Through mapping the GreenComp onto the TIMSS 2023
questionnaires and conducting insightful analyses of TIMSS 2023 data, it offers a
detailed and richly contextualized account of European students’ sustainable envi-
ronmental learning and the factors associated with it. The country comparisons
embedded within the study provide a valuable source of stimulus for reflection and
action at national policy, school, and classroom levels.
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Chapter 1 )
The European Sustainability Competence <o
Framework (GreenComp): Introducing

the Context for Investigating Learning

for Environmental Sustainability

Vv o2

Guia Bianchi (), Ulrike Pisiotis, and Paulina Korsnakova

1.1 Introduction

Humankind has coined many terms to describe the current alarming state of
planetary health. The discourse has evolved from describing complex and interre-
lated environmental and social challenges as “wicked problems” (Murgatroyd,
2010), to talking about broader concepts such as “Anthropocene” or “Technocene”
(Lépez-Corona & Magallanes-Guijén, 2020); or referring to a “triple planetary cri-
sis” (United Nations Framework Convention on Climate Change [UNFCC], 2022)
or “polycrisis” (Lawrence et al., 2024), and discussing the distress caused by envi-
ronmental problems with concepts such as “eco-anxiety” (Coffey et al., 2021) or
“solastalgia” (Albrecht et al., 2007). Terms are not scarce, nor is our knowledge about
how humans are contributing to accelerating these problems and interconnected cri-
ses. For example, 2024 was the warmest year recorded in Europe, following the
already exceptionally warm 2023, with average temperatures exceeding 1.5 °C above
pre-industrial levels (Copernicus Climate Change Service, 2025; European
Environment Agency, 2024).
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Despite such information, moving from awareness and knowledge to taking
action is not straightforward. Multiple factors contribute to this gap, and learning
has a vital role to play in addressing it. Lifelong learning is necessary to promote
lasting changes (Bianchi, 2020; United Nations Educational, Scientific and Cultural
Organization [UNESCO], 2021) and advance sustainability transitions (Sterling,
2010). Learning for sustainability is therefore crucial for the present and future of
our planet (Bianchi et al., 2022) to foster the kind of critical thinkers and ethical
problem-solvers needed to promote a sustainable society (Sipos et al., 2008).
Learning for sustainability is defined as learning that “aims to nurture a sustainabil-
ity mindset from childhood to adulthood with the understanding that humans are
part of and depend on nature. Learners are equipped with knowledge, skills and
attitudes that help them become agents of change and contribute individually and
collectively to shaping futures within planetary boundaries” (Bianchi et al.,
2022, p. 13).

Moreover, the green transition is transforming economies, with profound changes
in technology, production, services, consumption, and investment. Upskilling and
reskilling are essential for Europe to maintain its competitiveness and thrive in a
low-carbon economy. The European Commission’s 2024 foresight report considers
climate change and environmental degradation as “an existential threat to the
European Union and to the world” (European Commission, Directorate-General for
Research and Innovation, 2024, p. 3). It further describes the necessary transition
towards greener and more sustainable economies as “a game changer in the
[European Union] labor market alongside digitalization and automation” (p. 3) and
notes that “skill needs will change with impacts far beyond the key occupations
driving them, affecting all economic sectors” (p. 3).

The Union of Skills, the European Union’s overarching strategy on skills
development and lifelong learning, adopted in March 2025, seeks to address
evolving skill needs and enhance Europe’s competitiveness, including in achieving
a successful green transition and circular economy (European Commission, 2025).
The foundation of the Union of Skills is education and training as embodied in the
European Education Area (EEA). This European Union policy and cooperation
framework aims to build more resilient and inclusive national education and
training systems among European Union Member States.

The EEA provides support by offering resources and tools to European Union
countries and education stakeholders to support their efforts in improving teaching
and learning. GreenComp, the European reference document on sustainability com-
petences, published in January 2022, is one such resource, developed by the
European Commission (Bianchi et al., 2022). It aligns with the Sustainable
Development Goals (SDGs), particularly Target 4.7 of SDG 4 on quality education,
in both objective and content.

This chapter first introduces the overall European Union approach to skills and
education. It then describes competence-based education with particular emphasis
on learning for sustainability and sustainability competences. Following this, the
GreenComp framework, and how it has been applied by users since its publication,
is presented. A brief introduction to the International Association for the Evaluation
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of Educational Achievement (IEA) Trends in International Mathematics and Science
Study (TIMSS) provides a basis for discussion of whether and how TIMSS 2023
data can be mapped to GreenComp. Finally, an overview of the following chapters
in this volume which review TIMSS 2023 data through the lens of learning for sus-
tainability is presented, highlighting the current landscape of achievements in
Europe and informing the future development of TIMSS questionnaires.

1.2 European Education Area (EEA)

In line with the Treaty on the Functioning of the European Union (European Union,
2012), education and training policies are the responsibility of the European Union
Member States (Art. 165). The European Union’s role is primarily supportive and
complementary to the efforts of the Member States. It manifests itself through col-
laboration, the development of reference tools, and the sharing of best practices
among Member States within the EEA or its predecessor, the Strategic Framework
for European Cooperation in Education and Training. Taking an integrated approach,
the EEA aims to: enhance synergies with other relevant initiatives, including the
European Research Area and the Bologna Process; monitor progress towards
achieving the EEA through relevant targets and indicators; and, foster the integra-
tion of education and training into the European Semester process, the European
Union’s economic and fiscal policies coordination framework. Cooperation between
Member States in education and training is encouraged and implemented through
the Open Method of Coordination to coordinate national policies and promote
mutual learning, to address common challenges.

The European Union provides funding for education and training initiatives
through various programmes—notably, Erasmus+, which supports student and staff
exchanges, cooperation between educational institutions, and the development of
innovative educational practices. The European Union further supports research and
data collection to inform policy decisions and improve education and training
systems, including studies conducted by the Eurydice network and other bodies.

The EEA is a shared vision of the 27 Member States of the European Union:
Austria, Belgium, Bulgaria, Croatia, Cyprus, the Czech Republic, Denmark,
Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, the Netherlands, Poland, Portugal, Romania, the
Slovak Republic, Slovenia, Spain, and Sweden. One of the overarching dimensions
of the EEA is supporting the association of the Western Balkans: Albania, Bosnia
and Herzegovina, Kosovo,! Montenegro, the Republic of North Macedonia, and
Serbia. This region will also be explored in this volume.

!'This designation is without prejudice to positions on status, and is in line with UNSCR 1244/1999
(United Nations, 1999) and the International Court of Justice (ICJ) Opinion on the Kosovo declara-
tion of independence (ICJ, 2010).
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1.3 European Union Skills and Education Policy

The Draghi Report on the future of European competitiveness (Draghi, 2024)
warned that without decisive action on productivity, investment and skills develop-
ment, Europe risks losing its global competitiveness, particularly in strategic sectors
such as clean technology, artificial intelligence and advanced manufacturing.
According to the report, basic numeracy and literacy skills are crucial for a thriving
and competitive economy but not enough to cope with and shape a rapidly evolving
socioeconomic context. The report emphasizes that “society must develop aware-
ness, practices and skills to function in a more sustainable and circular fashion”
(p- 257), which would lead towards a green transition into a more resilient future.

Similarly, the European Commission 2024-2029 political guidelines stress the
importance of enhancing skill levels across the European Union through lifelong
learning by building a Union of Skills which will boost European competitiveness
and align workforce capabilities with the needs of the green and digital economy
(European Commission, 2024). The Union of Skills is intended to build on actions
developed under the EEA (European Commission, 2025, p. 6), the European
Union’s policy and cooperation framework since 2020.

1.3.1 Competence-Based Education in Europe

Competence-based learning forms the basis for education and training policies in
the European Union. It focuses on what is learned, rather than what has been taught,
thus putting learners at the center. Competences comprise knowledge, skills and
attitudes (Council of the European Union, 2018, pp. 1-13).

A competence-based education that helps learners develop sustainability skills
based on knowledge and attitudes can help promote responsible action and stimu-
late willingness to take or demand action at local, national and global levels.
Developing sustainability competences enables learners to overcome the cognitive
dissonance that comes from knowing about an issue but lacking the intention,
willingness or ability to act.

The European sustainability competence framework, GreenComp, both results
from and reinforces the shift to competence-based education across Europe.
European Union policy support for competence-based education can be traced back
to 2006 when the Recommendation of the European Parliament and of the Council
on key competences for lifelong learning (Council of the European Union, 2006)
was adopted by European Union Member States. According to the Recommendation,
“Competences are defined ... as a combination of knowledge, skills and attitudes
appropriate to the context. Key competences are those which all individuals need
for personal fulfilment and development, active citizenship, social inclusion and
employment” (Council of the European Union, 2006, p. 13).
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At the time, eight key competences were defined which were updated in 2018
(Council of the European Union, 2018) to comprise the following:

* Literacy competence

* Multilingual competence

e Mathematical competence and competence in science, technology and
engineering

» Digital competence

» Personal, social and learning to learn competence

 Citizenship competence

» Entrepreneurship competence

* Cultural awareness and expression competence

The adapted and revised version of the Recommendation, adopted by European
Union Member States in 2018, maintained the original 2006 key competences in
number (eight) but extended their scope to reflect changes in society, technology,
and the labor market (Council of the European Union, 2018). For example,
“communication in the mother tongue” with a focus on reading and writing became
“literacy competence” with a broader meaning including critical thinking and media
literacy. “Communication in foreign languages” became “multilingual compe-
tence,” including the dimension of intercultural understanding. “Mathematical
competence and basic [emphasis added] competences in science and technology”
was changed to “mathematical competence and competence in science, technology
and engineering.” The “learning to learn” competence with a focus on independent
learning was updated to “personal, social and learning to learn competence” and
covers well-being and self-regulation.

The competences are considered equally important. Transversal skills such as
critical thinking, problem solving, creativity, and communication are embedded
throughout the key competences.

In some Member States, the 2006 Recommendation and the 2018 update initiated
the shift from content- and knowledge-based education to competence-based educa-
tion. In others, it strengthened this process already underway, which is why it is
regarded as a catalyst “towards competence orientation” across Europe (European
Commission, Directorate-General for Education, Youth, Sport and Culture,
2022, p. 10).

The time elapsed since the first Recommendation has allowed for clarification of
what this shift towards a competence approach in teaching and learning means and
what it does not. It does not mean a renunciation or even neglect of knowledge.
Rather, knowledge is a set component of any competence and comprises “the facts
and figures, concepts, ideas and theories which are already established and support
the understanding of a certain area or subject” (Council of the European Union,
2018). At the same time, knowledge is not an end in itself but part of a wider com-
petence that enables the learner to apply theoretical knowledge in practice and in
other contexts. A competence-based education is thus both wider and deeper than a
predominantly knowledge- and content-centered approach. Knowledge in such an
understanding is complemented by skills, which are defined “as the ability and
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capacity to carry out processes and use the existing knowledge to achieve results.”
The third component is attitudes, which are described as “the disposition and
mind-sets to act or react to ideas, persons or situations” (Council of the European
Union, 2018). A competence-based approach to learning thus involves what has
been described in other contexts—notably, related to learning for sustainability—as
the head (knowledge), the heart (attitudes) and the hand (skills). This holistic way
of addressing learning and the learner is an important prerequisite for learners to
engage in learning for sustainability and develop sustainability competences (Sipos
et al., 2008).

Similar to transversal skills such as critical thinking, sustainability was not
referenced as a separate (key) competence in either the 2006 or the 2018
Recommendations. Instead, it was included as a cross-cutting concern that mani-
fested itself particularly within the STEM (science, technology, engineering, and
mathematics), citizenship and entrepreneurship competence. Thus, while duly
acknowledged, sustainability could be perceived as secondary in relation to other
competences due to competing subject aims and priorities within curricular
documents.

This perceived undervaluation of sustainability competences is reflected in
learning outcomes that lean towards content and knowledge but less so to skills and
attitudes, thus not fully engaging in the holistic approach that is conducive to learn-
ing for sustainability (Sterling, 2001). A survey of more than 22,000 young people
(15-35 years old) carried out in 23 European Union countries in October and
November 2020 confirms that young people in Europe are very worried about cli-
mate change and its consequences (Dunne & Bijwaard, 2021). At a global scale, a
study on climate anxiety which polled 10,000 young people (16-25 years old) in ten
countries? found that nearly six in ten young people were very or extremely worried
about climate change (Hickman et al., 2021).

Knowledge deficiencies or a lack of awareness is, however, not the reason for
young people’s eco-anxiety. The 2020 European Union survey confirms that climate
deniers among young people are in fact a small minority; more than eight out of ten
young Europeans (83%) consider humans and human activity to be the main cause
of climate change (Dunne & Bijwaard, 2021). Results from the Organisation for
Economic Co-operation and Development (OECD) PISA® 2018 cycle showed that
79% of 15-year-olds are fully aware of climate change and global warming
(Schleicher, 2021). In contrast, only an average of 57% believe they can do
something about climate change. In many European Union countries, including
Austria, Estonia, Germany, Hungary, Latvia, Romania, the Slovak Republic, and
Slovenia, that figure was lower than 50% (Schleicher, 2021). This perceived lack of
empowerment and agency among young people (Schleicher, 2021), when it comes
to addressing climate change and other sustainability-related challenges, leaves

2The study covered Australia, Brazil, Finland, France, India, Nigeria, the Philippines, Portugal, the
United Kingdom and the United States of America.

3PISA = Programme for International Student Assessment.
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education systems and schools with an important task—to support young people in
developing competences and agency to tackle climate change and environmental
degradation.

Policies and decisions at political and corporate levels, in conjunction with
familial and peer influences, significantly shape young people’s perception of their
role in addressing the climate crisis. It might indeed be hard or impossible to delin-
eate the precise shares influencing their experience and opinion. However, given
that a large majority of young people finds themselves in school or education more
generally, education systems and institutions have an important role to play for stu-
dents to develop sustainability competences and take action. A recent pan-European
study showed that all “European countries include the topic of sustainability in their
curricula, and sustainability competences are cross-curricular in the majority of
education systems” (European Commission, European Education and Culture
Executive Agency, 2024, p. 10). Despite this, more needs to be done when it
comes to teaching specific competences—notably, with regard to futures or sys-
tems thinking—and monitoring how learning for sustainability is implemented in
schools (European Commission, European Education and Culture Executive
Agency, 2024).

The strong link between sustainability competence and embedding learning for
sustainability in teaching and learning is highlighted by different surveys. Results
from IEA’s 2022 International Civic and Citizenship Education Study (ICCS)
include insights into students’ attitudes and behaviors related to sustainability and
environmental issues, which are part of the broader focus on global citizenship. A
majority of students expressed strong concern about environmental issues, such as
climate change, pollution, and loss of biodiversity. Countries that integrated envi-
ronmental education into their civic and citizenship curricula tended to show higher
levels of student awareness and engagement (Schulz et al., 2025).

A Flash Eurobarometer survey on the views of young people (aged 15-30) from
2019, revealed that many young people (41%) consider that school is failing to give
them an adequate understanding of climate change, the environment, and how to
live and act more sustainably (European Commission, Directorate-General for
Education, Youth, Sport and Culture, 2019). Higher education students who partici-
pated in a 2021 survey by Students Organizing for Sustainability (SOS) International
thought that tertiary education is the sector that has encouraged them the most so far
to “think and act to help the environment and other people” (SOS International,
2021). However, only 26% of respondents thought that sustainable development has
been covered in depth by their course (SOS International, 2021).

This is of concern as Europe cannot afford wasted talent or disengagement of
young people when it comes to initiating and contributing to positive change in
society. Involving students in meaningful ways in education and training requires
learner-centered pedagogies and can ultimately contribute to developing learners’
feelings of “ownership” towards sustainability (Gayford, 2008), which is crucial for
positive action.
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1.3.2 Learning for Sustainability

To define what sustainability competences are, it is first necessary to define
sustainability and learning for sustainability.

Sustainability is often defined using the definition of sustainable development
cited in the 1987 Brundtland Report, as development that “meets the needs of the
present without compromising the ability of future generations to meet their own
needs” (Brundtland, 1987, Chapter 2, para. 1). This definition is not only widely
recognized but also has the advantage of being concise and intuitive; it defines in
plain language what is, in reality, a complex concept.

In fact, sustainability can have different meanings in different contexts and
different interpretations depending on factors such as time, location and groups of
people involved (Bianchi, 2020; Jickling & Wals, 2012; Molderez & Ceulemans,
2018). Furthermore, although sustainability and sustainable development are often
used interchangeably, they bear important conceptual differences. Sustainability is
a long-term goal, while sustainable development refers to the means and pathways
to achieve progress in sustainable ways (UNESCO, 2021). Sustainability involves
respecting other species, taking care of the environment while making positive
impacts, and being just and fair to members of societies. It is not, or not only,
about finding processes or technologies to allow humans to live as usual; it
requires a different mindset, one that can help address the problems humans have
created.

Thus, sustainability can be understood as “prioritizing the needs of all life
forms and of the planet by ensuring that human activity does not exceed planetary
boundaries” (Bianchi et al., 2022, p. 12).

Learning for sustainability aims to empower learners to become positive agents
of change, take the initiative and inspire other people to make positive impacts in
society and in the economy. In other words, this type of learning goes beyond pre-
paring learners for the labor market but enables them to become engaged and
responsible citizens who contribute to a resilient society (OECD, 2018). Learning
for sustainability is therefore associated with transformative learning, where the aim
is not to transfer concepts to learners but to enable a third order learning by engag-
ing both individuals (for example, teachers and learners), institutions (for example,
schools) and the context in which they operate (for example, the local community)
through a holistic approach.

Learning for sustainability can therefore be defined as “the holistic and
interdisciplinary learning experiences that enable learners to embody sustainabil-
ity values, vision, and mindset” (European Commission, Directorate-General for
Education, Youth, Sport and Culture, 2024a, p. 9). Similarly, GreenComp defines
learning for sustainability as learning that, “aims to nurture a sustainability mindset
from childhood to adulthood with the understanding that humans are part of and
depend on nature. Learners are equipped with knowledge, skills and attitudes that
help them become agents of change and contribute individually and collectively to
shaping futures within planetary boundaries” (Bianchi et al., 2022, p. 13).



1 The European Sustainability Competence Framework (GreenComp): Introducing... 9

Learning for sustainability focuses on global problems such as climate change or
biodiversity loss. However, how these global problems are framed and addressed
must be place-based, reflecting the context where learners live, operate, work, vote
and contribute to society.

Learning for sustainability and education for sustainable development are
interrelated and mutually reinforcing; both aim to enable learners to acquire the set
of sustainability competences that are “needed to live more sustainably, in changing
patterns of consumption and production, in embracing healthier lifestyles and in
contributing—both individually and collectively—to a more sustainable economy
and society” (Council of the European Union, 2022, p. 2).

1.3.3 Sustainability Competences

The importance of identifying and embedding sustainability competences in
education and training for sustainability is well acknowledged in academic and
wider public discourse. At the same time, the vocabulary used is neither clear nor
consistent. In this chapter, the terminology used in documents by the European
Commission is followed.

As noted earlier, competence goes beyond knowledge alone and embeds skills
and attitudes. Knowing is complemented by the possibility of acting on this knowl-
edge (skills) and having the intention to act (attitudes). In this context, skills are an
important subset of competences. When it comes to sustainability in the context of
the European Union, sustainability competences is a concept used more for educa-
tion, whereas green skills is used for training, employment and the so-called green
jobs (Bianchi, 2020). This distinction is particularly useful to measure and evaluate
demand and supply of skills, and what skills are needed for green jobs. Yet, from a
sustainability viewpoint, it is rather limiting. Sustainable professionals of today and
tomorrow should not only perform a job in a more eco-friendly way—thus acquir-
ing certain skills or green skills—but also need to know why they should be doing
it and have the intention to favor a more green behavior over a non-green one if the
aim is to fully embrace a sustainable economy and society. Systems thinking and
futures literacy help reveal the bigger picture of why one action should be favored
over another (for example, using a refillable coffee cup versus recycling a coffee
paper cup).

Moving on to what sustainability competences are, in the literature there is
some convergence over what competences people need to possess to contribute to
sustainability problems and opportunities. Indeed, sustainability competences
have been typically studied within higher education (Brundiers et al. 2021; Wiek
et al., 2015), but less so in other contexts (Bianchi, 2020), such as in primary
education (Vesterinen & Ratinen, 2024). It has therefore been recognized that a
competence framework for sustainability for lifelong learning and adaptable to
different learning settings was lacking (Bianchi, 2020), in line with European
Union policy documents calling for its development.
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1.3.4 GreenComp

Despite broad agreement among scholars and practitioners on the importance of
embedding sustainability and sustainability competences into educational curricula,
the literature has lacked a shared direction and common understanding of a compe-
tence framework for sustainability, and specifically one for lifelong learning
(Bianchi, 2020).

The adoption of the European Green Deal in 2019 (European Commission,
2019), the European Commission’s strategy to become the first climate-neutral con-
tinent, marked a collective shift by decision-makers to embed sustainability in all
policies and provided momentum to develop effective policies and guidance on
learning for sustainability, including GreenComp.

GreenComp is embedded in the Council Recommendation on learning for green
transition and sustainable development adopted in June 2022 (Council of the
European Union, 2022). It is also part of an ecosystem of competence frameworks
that the Commission has published since 2013 and marks an intentional shift
towards sustainability education and competences following the ambitions
announced in the European Green Deal.

Previous competence frameworks stemmed from the European Union policy on
key competences for lifelong learning. These include frameworks on digital compe-
tences, DigComp (Vuorikari et al., 2022); entrepreneurial competences, EntreComp
(Bacigalupo et al., 2016); and personal, social and learning-to-learn competences,
LifeComp (Sala et al., 2020).

The aim of GreenComp is to promote “a sustainability mindset by helping users
develop the knowledge, skills and attitudes to think, plan and act with empathy,
responsibility, and care for our planet” (Bianchi et al., 2022, p. 2). It seeks to foster
a common understanding for learners and education and training professionals
regarding sustainability competences. It therefore provides a reference framework
for designing teaching and learning activities to develop sustainability
competences.

1.3.4.1 GreenComp Development

GreenComp is the result of consensus building based on a mixed method research
process. A diverse group of approximately 75 experts and stakeholders was con-
sulted at different phases of the framework’s development (Table 1.1) to obtain their
feedback and progressively reach a consensus. The group included experts on sus-
tainability education and lifelong learning from academia and research institutions,
youth representatives, educators, policy representatives from European Union
Member States, and nongovernmental organizations.
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Table 1.1 Phases of the Q3-Q4 2020 Scoping studies
GreenComp development Q12021 First proposal
April 2021 Expert workshop
Q22021 Feedback elaboration
Q32021 Proposal update

September 2021 | Expert workshop
Q3-Q4 2021 Framework refinement
October 2021 Stakeholder workshop
January 2022 Publication
Source: Based on Figure 1. Main steps to

develop GreenComp in Bianchi et al
(2022, p. 8)

1.3.4.2 GreenComp Structure

The goal of GreenComp is to empower learners towards action taking based on
sustainability values to create different futures while embracing complexity.
GreenComp is divided into four competence areas, each subdivided into three
competences (Table 1.2). Taken together, these 12 competences (re)construct the
definition of sustainability.

As part of the framework, its authors developed knowledge—skills—attitudes
statements for each of the 12 competences. The aim was threefold. First, to
describe the sustainability competences by elaborating on their knowledge, skills
and attitudes components. Second, to further refine the competences by including
input from the involved experts and users on these statements. Third, to make the
framework more practice-oriented, by providing approximately 15 statements per
competence.

The 12 competences in GreenComp are “interrelated and interconnected and
should be treated as parts of a whole ... GreenComp implies that sustainability as a
competence is made of 12 building blocks” (Bianchi et al., 2022, p. 15). To illustrate
this, GreenComp uses the metaphor of pollinators: bees represent the competences
related to Area 4, acting for sustainability; plants that will bloom flowers as Area 3,
envisioning sustainable futures; the beehive as Area 1, embodying sustainability
values; and pollen and nectar, connecting all these actors, as Area 2, embracing
complexity in sustainability. This metaphor highlights the interdependencies of the
12 competences, showing that they are fundamental to the survival of the whole
ecosystem (Fig 1.1).

1.3.4.3 GreenComp in Practice
Since its publication in January 2022, there has been tremendous interest in the

framework. It is being used in teacher education programs, curriculum design, the
development of learning material, schools, and Erasmus+ and Horizon Europe
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Table 1.2 The 4 competence areas and 12 competences, and their definitions, in GreenComp

Area 1. Embodying
sustainability values

1.1 Valuing
sustainability

To reflect on personal
values, and identify
and explain how
values vary among
people and over time,
while critically
evaluating how they
align with
sustainability values
1.2 Supporting
fairness

To support equity and
Jjustice for current and
future generations and
learn from previous
generations for
sustainability

1.3 Promoting nature
To acknowledge that
humans are part of
nature; and to respect
the needs and rights of
other species and of
nature itself in order
to restore and
regenerate healthy
and resilient
ecosystems

Area 2. Embracing
complexity in
sustainability

2.1 Systems thinking
To approach a
sustainability problem
from all sides; to
consider time, space
and context in order
to understand how
elements interact
within and between
systems

2.2 Critical thinking
To assess information
and arguments,
identify assumptions,
challenge the status
quo, and reflect on
how personal, social
and cultural
backgrounds influence
thinking and
conclusions

2.3 Problem framing
To formulate current
or potential
challenges as a
sustainability problem
in terms of difficulty,
people involved, time
and geographical
scope, in order to
identify suitable
approaches to
anticipating and
preventing problems,
and to mitigating and
adapting to already
existing problems

Area 3. Envisioning
sustainable futures

3.1 Futures literacy
To envision alternative
sustainable futures by
imagining and
developing alternative
scenarios and
identifying the steps
needed to achieve a
preferred sustainable
future

3.2 Adaptability

To manage transitions
and challenges in
complex sustainability
situations and make
decisions related to the
future in the face of
uncertainty, ambiguity
and risk

3.3 Exploratory
thinking

To adopt a relational
way of thinking by
exploring and linking
different disciplines,
using creativity and
experimentation with
novel ideas or methods

Area 4. Acting for
sustainability

4.1 Political agency
To navigate the
political system,
identify political
responsibility and
accountability for
unsustainable
behavior, and
demand effective
policies for
sustainability

4.2 Collective action
To act for change in
collaboration with
others

4.3 Individual
initiative

To identify own
potential for
sustainability and to
actively contribute to
improving prospects
for the community
and the planet

Source: Based on Table 1. GreenComp areas, competences, and descriptors in Bianchi et al.

(2022, pp. 14-15)

projects. A report published by the European Commission in 2024 traced the uptake
of the framework across education sectors and analyzed in 12 in-depth case studies
how GreenComp was adapted to specific contexts and needs, what challenges arose
when applying it, and what lessons are to be learned from those cases (European
Commission, Directorate-General for Education, Youth, Sport and Culture, 2024b).
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Fig. 1.1 Visual representation of GreenComp. Source: Reproduction of Figure 3. Visual represen-
tation of GreenComp from Bianchi et al. (2022, p. 16)

Another 2024 study (European Commission, European Education and Culture
Executive Agency, 2024) mapped how green competences are integrated in
“national regulations or other official top-level education documents, such as cur-
ricula, guidelines or similar steering documents” (p. 23) in primary and general
secondary education in 39 European countries. Elements of systems thinking
were found in most school curricula, when looking at the “interaction between
humans and nature across space and time” (p. 37). However, regarding the core
components of systems thinking identified in GreenComp—such as synthesis,
emergence, interconnectedness, feedback loops or cascade effects—no curricula
examples could be found (p. 37). Similarly, and even with a broader definition of
futures literacy, the study found that this “competence is the least present in
European curricula” (p. 39).

As of July 2025, Google Scholar indexed 653 citations of the GreenComp
framework in academic articles, book chapters and monographs, excluding
translated versions of the report.

To support the uptake of GreenComp, the European Commission has established
a community of practice on the Education for Climate Coalition platform, providing
a forum for exchange, resources and sharing of knowledge.*

*Accessible at: https://education-for-climate.ec.europa.eu/community/GreenCompCommunity
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1.4 Introduction to the TIMSS Assessment of Science
Education and Environmental Awareness

TIMSS is a large-scale international student assessment that has been conducted
every four years since 1995. It evaluates the mathematics and science achievement
of students in the fourth and eighth grades across participating education systems
and over time allows for monitoring trends in student achievement and the context
of learning.

From the beginning, TIMSS adopted a curricular model (see Chap. 4) connecting
the assessment content with students’ opportunities to learn in school and ensuring
that the test measures how well students have mastered the material taught in their
national curricula.

To ensure trend comparability, TIMSS has consistently aimed for a balanced
representation of the three science content domains—Ilife science, physical science,
and Earth science—and the three cognitive skills domains—knowing, applying, and
reasoning. While at the policy level countries experienced a shift from content- and
knowledge-based education to competence-based education over time (European
Commission, 2012), applying and reasoning were always part of the TIMSS
framework in addition to the third cognitive domain of knowing. The balance has
remained relatively stable since 1995. For example, in TIMSS 2023, the target dis-
tribution for fourth grade science content domains was 45% for life science, 35%
for physical science, and 20% for Earth science; and for cognitive skills domains,
40% for knowing, 40% for applying, and 20% for reasoning (Mullis et al., 2021).
The only change since TIMSS 2003 occurred in the science cognitive domains with
5% fewer items in applying and 5% more items in reasoning (Mullis et al., 2003).

Each domain includes specific topic areas that are age-appropriate for
fourth- and eighth-grade students. Environmental topics have been integrated across
the science content domains in ways that reflect both natural systems and human
impact and connect scientific principles to real-world environmental challenges.

Environmental content in life science (or biology for the grade eight students)
typically includes topics assessing students’ understanding of the interconnected-
ness of life and how organisms interact with each other and their environment
(ecosystems and food chains) and exploring how species survive in different habi-
tats and the importance of biodiversity (adaptations and biodiversity). It also
includes topics such as deforestation, pollution, and conservation efforts (resources
and human impact on living systems).

Earth science covers environmental content related to Earth’s systems (water
cycles, soil, and atmospheric processes), natural hazards (earthquakes, floods, and
their environmental consequences), weather and climate, and natural resources.

The availability of items assessing students’ understanding of the environment
was reviewed by the TIMSS & PIRLS International Study Center to construct an
environmental awareness scale based on a wide range of topics specified in the
TIMSS 2019 science assessment framework (Mullis & Martin, 2017). The TIMSS
2019 environmental awareness scale was based on 33 environmental items at the



1 The European Sustainability Competence Framework (GreenComp): Introducing... 15

fourth grade and 41 environmental items at the eighth grade (for further details, see
Yin & Foy, 2021). TIMSS 2023 built on this foundation by supplementing the
TIMSS 2023 assessment framework with the TIMSS 2023 Environmental Attitudes
and Behaviors Framework (Reynolds & Komakhidze, 2022) outlining how stu-
dents’ attitudes toward the natural environment, as well as their enactment of
environmentally responsible behaviors, parents’ behaviors, school policies, and
teaching practices will be represented in TIMSS 2023 student, home, school, and
teacher questionnaires.

In all, 72 education systems participated in TIMSS 2023. Of these, 23 are from
the EEA and 6 are from the Western Balkan area (Table 1.3). All 6 of the Western
Balkan participants are candidates for European Union accession. Out of the 23

Table 1.3 EEA and Western Balkan education systems in TIMSS 2023 with grade four and eight
datasets

TIMSS 2023 participant Grade four Grade eight EEA Western Balkan
Albania (] (]

Austria [ )
Belgium (Flemish)

Belgium (French)
Bosnia and Herzegovina
Bulgaria

Cyprus

Czech Republic
Denmark

Finland

France

Germany
Hungary

Ireland

Italy

Kosovo

Latvia

Lithuania

Malta

Montenegro
Netherlands

N. Macedonia, Rep. of
Poland

Portugal

Romania

Serbia

Slovak Republic
Slovenia

Spain

Sweden



16 G. Bianchi et al.

education systems from the EEA, only 1 (Austria) did not collect data for the grade
four population while 10 did not collect data for the grade eight population. The 6
Western Balkan education systems collected data only for the grade four population.
This available internationally comparable data will be used across the following
chapters. Not all chapters will use all the data available and most of the chapters will
focus on the grade four data representing 29 education systems (22 European Union
participants, with Belgium covered by two education systems, Flemish and French,
and 6 Western Balkan participants). Grade four data provide better coverage of the
education area targeted by this publication. In addition, this data includes some
information collected from parents, which improves data coverage within the
targeted area. It is important to note, however, that grade eight data were already
examined in a previous volume in this series focusing on willingness to act
pro-environmentally based on TIMSS 2019 and ICCS 2016 (Isac et al., 2025).

1.5 GreenComp Representation in TIMSS
2023 Questionnaires

TIMSS 2023 questionnaires were developed based on the TIMSS 2023 framework
which was complemented by the TIMSS 2023 Environmental Attitudes and
Behaviors Framework referenced in the previous section. While Chap. 2 will pro-
vide further insights into how these frameworks relate to other theoretical
frameworks linked to science, environmental and sustainability education (includ-
ing GreenComp), this section will focus on the approach to mapping GreenComp
using the TIMSS questionnaire data, explaining the item selection process and not-
ing the choices made to reach the results. The results of the mapping will be used in
Chap. 3, which analyzes TIMSS 2023 data and creates a baseline for measuring
education’s critical role in preparing learners to acquire the knowledge, skills, val-
ues, and attitudes needed to address climate change and promote sustainable ways
of living.

Since GreenComp and the TIMSS 2023 frameworks were developed
independently, the available TIMSS scales measuring factors or constructs do not
directly relate to the GreenComp areas or competence definitions. For example,
TIMSS 2023 adapted the two-dimensional Model of Ecological Values, based on
the Theory of Ecological Attitude, by including two broader dimensions of environ-
mental attitudes: preservation and utilization (Reynolds & Komakhidze, 2022).
Some items linked to preservation corresponded with GreenComp Area 1, embodying
sustainability values (in particular, 1.3, promoting nature), while others correspond
with Area 4, acting for sustainability (in particular, 4.2 or 4.3, depending on whether
they relate to a collective action or individual initiative).

However, all TIMSS items were developed to collect useful information or
reflect current research. This allows for use of the more granular data behind the
singular items used to measure students’ environmental attitudes and
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environmentally responsible behaviors (student questionnaire); parenting practices
embedded in parents’ environmental attitudes and behaviors (home questionnaire);
and teachers’ attitudes, competence, and practices shaping the classroom context
(teacher questionnaire) as outlined in the TIMSS 2023 Environmental Attitudes and
Behaviors Framework (Reynolds & Komakhidze, 2022).

GreenComp areas outlined by the competence descriptors are further supported
by statements describing knowledge, skills, and attitudes (see Appendix 2 in Bianchi
et al., 2022), which provide deeper guidance and aid understanding of higher levels
of the framework. On this basis, the present analysis focused on three of the four
available questionnaires linked to the grade four population, collecting responses
from students, their parents, and teachers. While students’, parents’ and teachers’
responses offered input at a personal level—providing a glimpse of their attitudes,
values, and activities—school principals were only asked for information pertinent
to schools’ emphasis on environmental sustainability within school policies and
practices.

The first step involved selecting TIMSS 2023 questions containing relevant
items. Full wording of the selected items, embedded within the questions from
which they were drawn, is available in the chapter appendix. Next, each selected
item was attributed to one of the four GreenComp areas, and the most appropriate
competence was noted. Results were then compared and differences reconciled.

One example that illustrates the challenges and choices involved in the mapping
comes from the home questionnaire (Table 1.4). Question 9 asked, “How often do
you or someone else in your home do these things with your child?” The question
included five items, with the response categories every day, almost every day,
sometimes, and never. Several items related to more than one GreenComp area,

Table 1.4 GreenComp mapped to the TIMSS 2023 home questionnaire, Question 9

TIMSS home questionnaire, Q9

items GreenComp area (competence)

(a) Discuss environmental
problems

Area 2. Embracing complexity in sustainability (within the
2.2 Critical thinking, but also 2.1 System thinking or 2.3
Problem framing)

(b) Read or watch information
about environmental problems

(c) Show him/her how to use less
resources to help the natural
environment

(d) Spend time in nature

(e) Encourage him/her to take
action to protect the natural
environment

Area 4. Acting for sustainability (4.3 Individual initiative)
and

Area 2. Embracing complexity in sustainability (2.2
Critical thinking)

Area 4. Acting for sustainability (4.3 Individual initiative)
and

Area 1. Embodying sustainability values (1.3 Promoting
nature)

Area 1. Embodying sustainability values (1.3 Promoting
nature)

Area 4. Acting for sustainability (4.3 Individual initiative)
and

Area 1. Embodying sustainability values (1.3 Promoting
nature)
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requiring decisions about which alignment to prioritize. For example, while the
item “Read or watch information about environmental problems” could involve
cognitive processes as described in Area 2, their presentation could only happen
during discussions on environmental problems (Area 1). Nevertheless, this is an
activity based on personal choice (individual initiative that could be linked to politi-
cal agency) more aligned with GreenComp Area 4 than Area 1. In addition, it was
not always possible to pinpoint one specific competence within some areas, so map-
ping remained on the level of areas, with some understanding on the coverage of
their competence descriptors (Table 1.4).

Ultimately, not all GreenComp areas were covered by the items (specifically, there
was no coverage of Area 3), meaning it was not possible to create a comprehensive
GreenComp representation using TIMSS 2023 data from parents.

The teacher questionnaire provided more suitable items (ten items compared to
the five in the home questionnaire) and covered all of the GreenComp areas. Area 3,
envisioning sustainable futures, was linked to the item “Having students predict the
outcomes of experiments or investigations” through competence descriptor 3.3,
exploratory thinking. Here, however, a novel challenge was presented: While
parents were acting as they pleased (there is no curriculum parents are supposed to
obey), it was not clear from the teachers’ responses whether they could be consid-
ered as a record of their personal characteristic, or compliance with the curricular
requirements.

Finally, GreenComp representation was created using the student questionnaire,
establishing 10 connection points provided by three items in Area 1, two in Area 2,
one in Area 3, and four in Area 4 (Table 1.5). These results will be used in the Chap.
3 analysis.

1.6 Learning for Sustainability in This Volume

The following chapters of the volume provide several views on sustainability using
different sets of TIMSS 2023 data. Chapter 2 focuses on important discussions
regarding sustainability and explores how the concepts of sustainability and envi-
ronmental sustainability competence intertwine with science education. It addresses
efforts to measure environmental sustainability, providing an overview of the land-
scape for sustainability skills assessment created by three frameworks: the European
sustainability competence framework (GreenComp), an environmental sustainabil-
ity competence toolbox, and the TIMSS 2023 Environmental Attitudes and
Behaviours Framework. Using the grade four data from TIMSS 2023, Chap. 3
employs latent class analysis to explore patterns in students’ ecological engagement
and examines variations in these patterns across gender and education systems from
the European Union and Western Balkan participants in TIMSS 2023. It is based on
the GreenComp representation in the TIMSS 2023 questionnaires, as outlined in
this chapter, and provides a baseline assessment of environmental sustainability
engagement among the assessed education systems. Chapter 4 explores the wealth
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Table 1.5 GreenComp mapped to the TIMSS 2023 grade four student questionnaire

Student
questionnaire item
code
GreenComp (as available in
area Competence TIMSS database) Item text
1 1.3 Promoting | ASBGI11A I care about the protection of plants and
nature animals
1 1.3 Promoting | ASBGI11C I enjoy finding out what kinds of plants
nature and animals live in my surrounding area
1 1.3 Promoting | ASBG11D I enjoy being in nature
nature
1 1.3 Promoting | ASBG12F I tell my friends when they are doing
nature things that harm the environment
2 2.2 Critical ASBSO8H My teacher asks me to show what I
thinking have learned
2 2.3 Problem ASBS07G Science teaches me how things in the
framing world work
3 3.3 Exploratory | ASBS06 In science lessons, how often does your
thinking teacher ask you to conduct science
experiments?
4 4.3 Individual ASBGI12A I try to reuse things
initiative
4 4.3 Individual ASBG12B I try to use less resources
initiative
4 4.2 Collective ASBGI12E I try to participate in group activities to
action help the environment

of TIMSS 2023 data at three levels of analysis. The first level involves the
comparison of prescribed content in national curricula, outlining opportunities for
students to learn about sustainability. The second level focuses on how extensively
these topics are taught in classrooms. The third level assesses students’ knowledge,
awareness, and understanding of environmental sustainability. Chapter 5 examines
how environmental sustainability is taught in primary science classrooms.
Recognizing that teaching is a highly contextualized activity, the authors highlight
two education systems—Italy and the Netherlands. Chapter 6 investigates school
organizational factors in effective education for sustainable development within
primary schools, emphasizing the whole school approach as a key enabler of
sustainable change. The chapter discusses the implications of its findings for
restructuring school organizational practices to align them with sustainability
education policies, such as GreenComp and SDG 4, providing input for future
assessments to better capture the holistic and process-oriented nature of the whole
school approach. Finally, Chap. 7 combines TIMSS 2023 data with information
obtained in the Sustainable Development Report 2024 (Sachs et al., 2024), which
provides details on responsible production and consumption, waste and wastewater
management, biodiversity protection, and other environmental sustainability issues
in communities within countries. This chapter creates a more comprehensive



20 G. Bianchi et al.

picture of where students live and what can affect their worldview (knowledge,
values, and attitudes). While all of the chapters are unique in their approach, data
use, and limitations, they point towards similar conclusions that challenge
expectations.

Appendix: Overview of the Questions from Different TIMSS
2023 Questionnaires Aligning with GreenComp,
with the Selected Items Shown in Bold

Student Questionnaire

Gl11
How much do you agree with these statements? Fill one circle for each line.
Agree a lot/Agree a little/Disagree a little/Disagree a lot

(a) I care about the protection of plants and animals

(b) It makes me sad when nature is destroyed

(c) I enjoy finding out what Kinds of plants and animals live in my
surrounding area

(d) I enjoy being in nature (e.g., <forests, parks, deserts>)

(e) Addressing climate change should be a high priority

G12
How often do you do these things to help the natural environment?
Fill one circle for each line.
Every day/Almost every day/Sometimes/Never

(a) Itry to reuse things (e.g., <bags, bottles>)

(b) Itry to use less resources (e.g., <water, food>)

(c) I'talk about how to help the environment (e.g., <saving water, picking up trash>)

(d) I'try to learn about environmental problems (e.g., <climate change, endangered
animals>)

(e) Itry to participate in group activities to help the environment

(f) Itell my friends when they are doing things that harm the environment

MS6

In science lessons, how often does your teacher ask you to conduct science
experiments?

Fill one circle only.

At least once a week/Once or twice a month/A few times a year/Never

MS7

How much do you agree with these statements about learning science?
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Fill one circle for each line.
Agree a lot/Agree a little/Disagree a little/Disagree a lot

(a) Ienjoy learning science

(b) I wish Idid not have to study science

(c) Science is boring

(d) Ilearn many interesting things in science

(e) Ilike science

(f) I'look forward to learning science in school

(g) Science teaches me how things in the world work
(h) Ilike to do science experiments

(i) Science is one of my favorite subjects

MS8
How much do you agree with these statements about your science lessons?
Fill one circle for each line.
Agree a lot/Agree a little/Disagree a little/Disagree a lot

(a) My teacher makes it clear what we should learn in each lesson
(b) My teacher is easy to understand

(c) My teacher has clear answers to my questions

(d) My teacher is good at explaining science

(e) My teacher does a variety of things to help us learn

(f) My teacher explains a topic again when we don’t understand
(g) My teacher gives me helpful feedback on my work

(h) My teacher asks me to show what I have learned

(i) My teacher asks me to explain my answers

Home Questionnaire

How often do you or someone else in your home do these things with your child?

Check one circle for each line.
Every day/Almost every day/Sometimes/Never

(a) Discuss environmental problems (e.g., <climate change, endangered

animals>)

(b) Read or watch information about environmental problems (e.g., <climate

change, endangered animals>)

(c) Show him/her how to use less resources (e.g., <water, energy>) to help the

natural environment
(d) Spend time in nature (e.g., <forest, parks, deserts>)
(e) Encourage him/her to take action to protect the natural environment

21
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Teacher Questionnaire

TS2

In teaching science to the students in this class, how often do you ask them to do
the following?

Check one circle for each line.

Every or almost every lesson/About half the lessons/Some lessons/Never

(a) Listen to me explain new science content

(b) Observe natural phenomena such as the weather or a plant growing and describe
what they see

(c) Watch me demonstrate an experiment or investigation

(d) Read their textbooks or other resource materials

(e) Memorize facts and principles

(f) Do field work outside the class

(g) Work in mixed ability groups

(h) Work in same ability groups

TS3

How much emphasis do you place on the following when teaching science to
students in this class?

Check one circle for each line.

A lot/Some/None

(a) Encouraging students to ask questions about scientific phenomena

(b) Having students predict the outcomes of experiments or investigations

(c) Having students create representations (e.g., models, graphs) to explain
scientific phenomena

(d) Having students use scientific concepts to explain phenomena

(e) Having students conduct experiments (hands-on or virtually)

TS4

How often do you do the following when teaching this class?

Check one circle for each line.

At least once a week/Once or twice a month/A few times a year/Never or
almost never

(a) Develop students’ positive attitudes toward the natural environment

(b) Encourage students to use less resources (e.g., <water, energy>)

(c) Discuss how student actions in and outside of school can help the natural
environment

(d) Discuss environmental issues (e.g., <climate change, endangered animals>)

TS5

Do you do these things to teach students about environmental issues and
sustainability? Check one circle for each line.

Yes/No
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(a) Take students to visit natural areas (e.g., <a pond or meadow>)

(b) Have students participate in environmentally responsible activities (e.g.,
<pick up trash>)

(c) Have students do research or projects on a particular environmental topic
(e.g., <pollution, climate change>)

(d) Provide opportunities for students to participate in outdoor environmental
education programs outside of school
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Chapter 2 )
Sustainability, Environment e
and Competencies to Act: Road Ahead

for Science Education Across Europe

Jelena RadiSi¢ and Erik Knain

2.1 Setting the Stage

From a scientific viewpoint, it is widely recognized that human activity is driving
major environmental challenges, including climate change, loss of biodiversity, and
unsustainable consumption patterns. These challenges are intertwined with sys-
temic and economic structures within society, as well as geopolitical developments,
each of which causes turmoil in its own right. Adding to this complexity is a rapidly
diminishing window of opportunity to avert potentially catastrophic tipping points
(Intergovernmental Panel on Climate Change [[PCC],2018,2023; Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services [IPBES], 2019).
Thus, societies are confronted with the necessity for rapid and deliberate transitions
towards sustainable pathways. IPBES acknowledges that both small-scale and
large-scale changes can contribute to transformative change. It emphasizes that such
change can be facilitated through cultural narratives and by altering dominant social
norms, facilitating transformative learning processes, co-creating new knowledge,
and weaving together different knowledge systems, worldviews, and values that
recognize human—nature interdependencies and ethics of care (IPBES, 2024, p. 8).
The crises pose profound challenges to education in general and science education
in particular (Hodson, 2003; Tasquier et al., 2022), involving not only conceptual-
izing which competencies are vital for society today, but also recognizing that these
competencies must evolve as new sustainable pathways that emerge in a rapidly
changing world. Therefore, new competencies must not only accommodate change
but also promote it. Such understanding has progressed alongside efforts within
policy and assessment to evaluate competencies relevant to sustainability,
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particularly focusing on its environmental aspects and the skills required for social
actions addressing sustainability challenges.

This chapter provides a concise overview of how understandings of and signifi-
cant discussions on environmental sustainability have changed over time and
explores how current ideas connect with science education, influencing views and
expectations in this field, especially regarding transformative change. Additionally,
the chapter examines the concept of environmental sustainability competence and
the initiatives to measure it (such as GreenComp), while adapting these to educa-
tional contexts (such as the Environmental Sustainability Competence Toolbox).
The chapter concludes with an analysis of the Trends in International Mathematics
and Science Study (TIMSS) 2023 Environmental Attitudes and Behaviors
Framework and the interplay among the three frameworks in shaping the landscape
for sustainability assessment.

2.2 From Environmental Education to Education
for Transformative Change

One of the crucial challenges faced by mankind was articulated by the United
Nations Brundtland Commission, which stated: “Humanity has the ability to make
development sustainable to ensure that it meets the needs of the present without
compromising the ability of future generations to meet their own needs” (Brundtland,
1987, Chapter 2, para. 1). This statement already indicates that making development
sustainable is a complex concept that interconnects environmental, social, and eco-
nomic aspects (United Nations, 2015). The complexity of these challenges affects
the very nature of the problems and their potential solutions, rendering them
“wicked,”! as they are deeply embedded in social, economic, and political systems
and are characterized by contradictions, uncertainties, and the absence of straight-
forward solutions (Rittel & Webber, 1973), which can result in conflicting interests
(Bostrom et al., 2018). The idea of development being sustainable and multifaceted
is clearly articulated in the 2030 Agenda for Sustainable Development (United
Nations, 2015), which encompasses 17 distinct Sustainable Development Goals
(SDGs). The conceptual development stemming from the Brundtland definition rep-
resented a significant historical expansion of previous notions of nature and envi-
ronmental preservation that were foundational to the modern environmental
movement (Carson, 1962). By incorporating social and economic dimensions into
discussions and understanding on how to make development sustainable, the largely
United Nations-driven education for sustainable development (ESD) movement has

' A wicked problem involves multiple stakeholders with sometimes conflicting views, lacks a clear
or mutually agreed problem statement, has no confirmed solutions, and may suffer from incom-
plete or missing knowledge. The problem can be entangled with assessments of risk, values, and
ethics, and efforts to resolve it may alter the problem itself, leading to the emergence of new issues
(Murgatroyd, 2010).
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placed relatively more emphasis on localities and people. In contrast, environmental
education (EE) focuses on the protection and enhancement of the environment
(Pavlova, 2013). The inclusion of economic aspects in development has raised con-
cerns about reducing poverty through economic development, leading to critiques
of the ESD agenda for promoting unsustainable economic growth and being part of
a neoliberal educational framework (Hickel, 2021; Jickling & Wals, 2008). A later
concept, that of sustainability or sustainability education, can be viewed as an
attempt to integrate both the EE and the ESD agendas, emphasizing the pursuit of a
sustainable world without committing to specific conceptualizations of the pro-
cesses to achieve it.

Recently, the concept of transformative change has gained prominence within
the United Nations, particularly through the IPCC. The IPCC focuses on climate
change mitigation and adaptation, while the IPBES emphasizes preserving nature
and ecosystems. The United Nations Environment Programme (UNEP) has echoed
this sentiment, stating: “Only a system-wide transformation will achieve well-being
for all within the Earth’s capacity to support life, provide resources and absorb
waste. This transformation will involve a fundamental change in the technological,
economic and social organization of society, including world views, norms, values
and governance” (UNEP, 2021, p. 15). These developments reflect a growing
emphasis on and understanding of the intricate dynamics within the areas outlined
in the Brundtland definition. They effectively represent the concept of the
Anthropocene. Humans have emerged as a planetary force reshaping the major life-
supporting systems on a human timescale in the Anthropocene, contrasting with the
geological timescale that characterizes the Holocene (Latour, 2017). This situation
intertwines nature, worldviews, and economic paradigms.

With its emphasis on the interrelations between natural and societal systems and
the need for deep-rooted change, the transformative change agenda can be viewed
as an integration of both EE and ESD, sharing themes of lifelong learning, inclusion
of social, environmental, and economic realms, collaboration between formal and
informal learning, participatory learning, and higher-order thinking skills (Pavlova,
2013). The scope of the challenge it presents to education is profound. Transformative
change education (TCE) challenges the curriculum to include competencies and
perspectives that question and confront the more transmissive mode of teaching
disciplinary knowledge, and ultimately, who and what education is for. TCE also
presents a challenge for teachers who may be unfamiliar with teaching students
future-oriented competencies, which poses a challenge for teacher education. The
depth of the challenge extends beyond individual teachers; it encompasses the
schools as organizations and professional communities. A common theme in educa-
tional policy documents advocates for schools to engage with the local community
and collaborate with both formal and informal education providers, as well as
involve students in real-life challenges.

The whole school approach (WSA) movement has emerged from an interest that
extends beyond learning about sustainability confined to the classroom and embraces
learning experiences through action in all aspects of school life (Mathie, 2024). The
WSA is also notable for incorporating a multitude of experiences, perspectives, and
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skills in the best interests of students by engaging multiple stakeholders, including
learners, parents, teachers, support staff, school leaders, community members, and
service providers (United Nations Educational, Scientific and Cultural Organization
[UNESCOY], 2024a). The WSA significantly overlaps with open schooling as a strat-
egy to foster collaboration between schools and out-of-school agencies. Open
schooling refers to initiatives where schools collaborate with out-of-school entities
such as enterprises, museums, universities, nongovernmental organizations, and
municipalities to support students’ inquiries into real-life sustainability challenges,
aiming for community well-being (United Nations, 2015). Open schooling collabo-
ration shows encouraging results in developing students’ agency and their capacities
for future thinking. A rare quantitative study in this area found a positive relation-
ship between students’ experiences in school of influencing society and their self-
perceived action competence, which comprises knowledge of action possibilities,
confidence in one’s influence, and willingness to act (Torsdottir et al., 2024).
Providing students with opportunities to connect scientific knowledge with resources
for managing complexity and decision-making involving practical, personal, and
political capabilities is also important for fostering their sense of agency (Tasquier
et al., 2022); however, students have also been shown to express fragmented views
about their abilities to effect change as actors in society (Rgkenes et al., 2025).

The development described above, which emphasizes change and decision-
making in real-life contexts, has been accompanied by efforts to identify sets of
competencies regarded as generic across various settings, suitable for addressing
issues that typically exist at the intersection of science and society, encompassing
both political and ethical concerns. This approach demands a more comprehensive
view of knowledge that does not separate scientific culture from humanistic culture
(Hoffman, 2015). In the field of science education, the science, technology, and
society movement (Aikenhead, 1994) was an influential push towards relating sci-
ence education to societal and humanistic concerns (see the following section for an
overview of different systems across Europe). Using a later conceptual framework
by Sjostrom and Eilks (2018), it resembles Vision 3 of scientific literacy, which
ultimately represents a science education with an overtly political dimension, “aim-
ing at dialogical emancipation and socio-ecojustice, and emphasises transdiscipli-
narity, philosophical values, and praxis-oriented global citizenship” (Sjostrom &
Eilks, 2018, p. 77). Vision 3 builds upon the work of Roberts (2011), which was
originally based on aims, or “emphases,’ regarding the purposes of science educa-
tion in curriculum documents in Canada and the United States of America. Roberts
later grouped one set of aims into Vision I, focusing on scientific content and pro-
cesses for later application, and another set of aims into Vision 2, addressing the
applicability of scientific knowledge in everyday life and society (Roberts, 2011).
While both visions are legitimate and can be found in nearly any broad school sci-
ence curriculum, they compete for attention and may be in tension. Vision 3 is no
different, with its emphasis on values, political aspects, and justice. Whereas Vision
2 challenges Vision 1 by emphasizing the everyday relevance and application of
scientific knowledge and methods of inquiry, Vision 3 presents a more profound
challenge by actualizing the deep economic and systemic fabrics of society, thereby
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bringing a political dimension to education. For instance, one implication of the
concept of the Anthropocene is that the world can no longer be viewed as a passive
container; in Hickel’s (2021) words, as “a backdrop against which the human story
plays out” (p. 78). Hickel argues that during the Enlightenment, the container view
of the world led to the alienation of humans from the land and the objectification of
nature, allowing ecosystems to become resources for an endless economic growth
paradigm, which ultimately resulted in their degradation. Tapping into recurrent
themes, particularly in the Nordic discourses on sustainability in education,
degrowth is seen to necessitate reimagining the future role of schools towards an
educational focus prioritizing sustainability, prudent resource use, and reshaping
community values. This involves critical examination of ecological and economic
systems, cultivating cooperative and communal competencies and knowledge, fos-
tering values such as simplicity, conviviality, care, and a movement away from ide-
ologies centered on the economic growth imperative (Berg-Brekkhus & Werler,
2024). Articulating the aims of Vision 2 and 3 of science education does not, by
itself, provide answers to how to teach them. The development of students’ scien-
tific literacy and the importance of exploring and incorporating the societal dimen-
sion of science have been extensively examined in research studies within the field
of socio-scientific issues (SSI) (see, for example, Kolstg, 2001; Sadler et al., 2017).
These issues frequently involve risk and uncertainty as complicating factors (Sadler,
2009), and the relationship between science and society tends to be significant in
teaching. Kolstg (2001) sought to extend beyond simple lists of essential skills for
students in addressing SSI by discussing how various aspects of science are crucial
to SSI. Kolstg identified eight content-transcendent topics, grouped into key areas:
science as a social process, the limitations of science, values in science, and the
critical attitude (see also Funtowicz & Ravetz, 1993).

SSI has been a vital area of focus in science education research, aimed at equip-
ping young people with the civic scientific literacy essential for engaging in demo-
cratic dialogue and action on issues of public interest and decision-making (Herman
et al., 2018; Zeidler et al., 2019). Efforts to synthesize decades of research on SSI
have conceptualized socio-scientific reasoning as encompassing: (1) recognizing
the inherent complexity of SSI; (2) examining issues from multiple perspectives; (3)
appreciating that SSI are subject to ongoing inquiry; and (4) exhibiting skepticism
when confronted with potentially biased information (Sadler et al., 2007). SSI
serves as an effective context for enhancing students’ motivation to learn science
and for developing knowledge and processes that contribute to scientific literacy,
including evidence-based argumentation, consensus building, moral reasoning, and
the understanding and application of scientific knowledge (Evagorou & Nielsen,
2019). However, attributing a proactive meaning to the discussion of controversial
issues may require students to possess the ability to solve complex problems by
drawing on knowledge, values, skills, and attitudes that enable not only positioning
in dialogue but also participation in effective action. This means that the SSI agenda
in science education has grappled with similar challenges to those posed within the
EE, ESD, and transformative change frameworks, specifically regarding the rela-
tionships between knowledge, nature, society, and education that foster capacities
for transformative change.
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2.3 Role of the School in Advocating
for Transformative Change

Education is increasingly acknowledged as a vital long-term strategy for promoting
sustainability (UNESCO, 2024b). Recent decades have seen the rise and develop-
ment of global educational initiatives aimed at this goal, including EE, ESD and
TCE. Each of these initiatives works to either challenge or uphold existing authori-
ties, whether within established institutional frameworks or in opposition to them.
Crucially, they promote a type of education that goes beyond merely sharing knowl-
edge about sustainability. They highlight the significance of experiential learning in
outdoor and real-world settings, which fosters awareness and nurtures pro-
sustainability attitudes. This approach seeks to motivate and enable students to
engage in collective action to tackle sustainability challenges at both local and
global levels. As a result, these types of initiatives offer a framework that fundamen-
tally questions the traditional logic and practices inherent in school curricula,
prompting a reassessment of educational structures and delivery methods.
Recognizing the need for radical transformation in how economies and societies
function to adapt to and mitigate climate change, UNESCO (2024b) calls for a shift
in educational paradigms from predominantly knowledge transfer to also include
social, emotional, and action-oriented learning. Action-based, experiential, and col-
laborative learning is seen as key to motivating and enabling citizens to take climate
action. Thus, the pressing nature of environmental issues has fostered a growing
consensus on the critical need to prepare citizens for sustainable and environmen-
tally friendly actions (Sass et al., 2023). Policymakers, researchers, and educators
are increasingly discussing the competencies necessary to tackle environmental
challenges and the methods to integrate and cultivate these within global educa-
tional systems. The complexities of the EE, ESD, and TCE frameworks particularly
arise when assessing education systems’ engagement with them.

International large-scale assessments (ILSAs), such as TIMSS and the
Programme for International Student Assessment (PISA), provide extensive data on
the knowledge domain of sustainability education (Reynolds & Komakhidze, 2022;
White et al., 2023). In contrast, the International Civic and Citizenship Education
Study (ICCS) offers valuable insights into attitudes and anticipated or intended
behaviors related to sustainability (Damiani et al., 2025). Nevertheless, no single
ILSA addresses all dimensions of any global EE, ESD, or TCE framework. This
lack of cohesion presents a considerable challenge for the international community
in its efforts to measure and monitor progress on this vital issue. Part of the chal-
lenge is the very notion of competence.

The Definition and Selection of Competencies (DeSeCo) project emerged as an
interdisciplinary effort aimed at defining key generic functional competencies and
outlining the nature of these competencies needed for individuals to act and achieve
their objectives in specific contexts. DeSeCo aimed to inform (then) future ILSA
projects. According to the DeSeCo project (Rychen & Salganik, 2003), competence
(a) is the ability to master a complex challenge, (b) manifests in the actions of
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individuals in specific settings, and (c) is shaped by the characteristics of the task,
challenge, or activity, for instance, the orchestration of attitudes, values, and skills
that make effective social action possible.

The situated nature of competence is thus part of the challenge in measuring it.
Individual competencies are context-dependent and situated, as they arise from the
interaction between individuals and their physical and social environments.
Therefore, competent action relies on the ability to adapt one’s abilities to the spe-
cifics of the current situation while considering social motives and interests.
Furthermore, any given concept of competence may be interpreted as either closely
related to the situational context or more generic. The notion of action competence
serves to illustrate this point. Action competence refers to an educational approach
that is critical of moralistic tendencies, engages with democratic and participatory
ideas in teaching, is problem-oriented and interdisciplinary, acknowledges potential
conflicts of interest, and emphasizes lifestyle and living conditions (Jensen &
Schnack, 2006; see also Sass et al., 2020). In DeSeCo, action competence is consid-
ered one of several key competencies. Mogensen and Schnack (2010) agree on cer-
tain points of DeSeCo, noting that competencies do not exist independently of
context. However, it is still a category mistake to discuss action competence as
being on the same level as other competences. Rather, it represents the sum of edu-
cational activities and goals that contribute to action competence as a broad educa-
tional vision at the level of Bildung.

A distinctive aspect of TIMSS is its connection to the science curricula of the
participating education systems, addressing the complex nature of intended and
enacted curricula. While the release of TIMSS data after each cycle attracts multiple
empirical endeavors, countries also describe their systems alongside the extensive
volume of data collected in each cycle. This includes a focus on subject curricula
and other elements such as teacher professional development, compiled in the com-
prehensive TIMSS encyclopedia. The latest volume, published in 2024, provides an
updated overview of whether sustainability, the environment, or agency is recog-
nized in the national curricula of participating education systems across Europe,
across the two grades TIMSS is administered, and how the intricacies of the EE,
ESD, and TCE frameworks communicate with each other, if at all, within the
intended curriculum (Reynolds et al., 2024).

Among the TIMSS 2023 participating education systems across Europe, based
on the TIMSS encyclopedia records alone (Reynolds et al., 2024), almost all science
curricula include at least the environmental aspect of sustainability (the exceptions
are Albania, Bosnia and Herzegovina, Hungary and Kosovo) (Table 2.1). Moreover,
the environmental aspect, in the context of preserving and safeguarding nature, is
generally the most prominent aspect across the observed curricula. Simultaneously,
the broader concept of sustainability is also widely present, although it may not
always include all its aspects, such as preserving the environment, addressing social
issues, making informed decisions, and shaping worldviews or visions for the
future. In some cases, such as Norway, sustainability is also an interdisciplinary
topic that connects various domains.
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Table 2.1 Overview of the science curriculum in European education systems

Grade four

Grade eight

Education system

bilit;

(broadly)

Envirc
focus

Transformative
change

bility
(broadly)

Envirc 1
focus change

Transformative

Albania

Austria

Belgium (Flemish)

Belgium (French)

Bosnia & Herzegovina

Bulgaria

Croatia

Cyprus

Czech Republic

Denmark

Estonia

Finland

France

Germany

Greece

Hungary

Iceland

Ireland

Italy

Kosovo

Latvia

Lithuania

Malta

Moldova

Montenegro

Netherlands

N. Macedonia, Rep. of

Norway*

Poland

Portugal

Romania

Russian Federation

Serbia

Slovak Republic

Slovenia

Spain

Sweden

Switzerland

Turkiye**

Ukraine

Notes: The shaded area indicates a European country that did not participate in TIMSS 2023 either
with one or both target grades. Sustainability broadly refers to concepts related to preserving the
environment, as well as social issues such as the future of communities and making informed deci-
sions. It may emphasize worldviews and visions for the future. Environmental protection pertains
to issues associated with safeguarding nature (e.g., common pollutants affecting the environment
and the impact of human actions). Transformative change involves significant alterations, whether
on a small or large scale, across various areas of society, along with the competencies needed to
effect change, which might include values and worldviews
“Norway tests students in grades five and nine
"Turkiye assesses students in grades five and eight



2 Sustainability, Environment and Competencies to Act: Road Ahead for Science... 35

Notably, a transformative framework involving the competencies needed to
effect change, which might include values and worldviews, whether on a small or
large scale, has penetrated school curricula (specifically, in Belgium [Flemish],
Denmark, Finland, and Germany) (Table 2.1). However, this aspect still seems to
pose a challenge for many countries. Its sparse visibility may very well reflect the
varying levels of agency students possess across different education systems (Uitto
et al., 2015). Monitoring and evaluating education that emphasizes transformative
change and social action is, however, a significant challenge and must go beyond a
simple focus on educational achievement to include values, ideologies, worldviews
and political orientation as important for capability for action (UNESCO, 2024a).

Conversely, even if transformative change is intended in the curriculum, its
enactment may still hinder its true nature. As policy has moved towards empower-
ing students to take purposeful action (European Commission, Directorate-General
for Education, Youth, Sport and Culture, 2022; UNESCO, 2020, 2024a), teaching
that promotes action-oriented activities (Sass et al., 2023; Sinakou et al., 2019) will
logically lead to the development of action competence (Sass et al., 2020) and the
enactment of the transformative framework. However, if the teacher chooses which
real-world problems the students will work on without a joint endeavor with the
students, it will hinder the essence of the process and the intentions of the intended
curriculum. Ultimately, this contributes to students potentially having fragmented
views about their ability to effect change as societal actors (Rgkenes et al., 2025).

2.4 Measuring Sustainability Competence

The integration of environmental, economic, and social aspects of sustainable
development into school education has gained international significance, bolstered
by the initiatives of various global organizations (European Commission,
Directorate-General for Education, Youth, Sport and Culture, 2022; UNESCO,
2020). A prime example is UNESCO, which has actively promoted sustainability in
educational systems. Initiatives such as the UN Decade of Education for Sustainable
Development (2005-2014) (Buckler & Creech, 2014) and the ongoing Education
2030 Agenda (UNESCO, 2016) are instrumental in encouraging educational sys-
tems worldwide to embed ESD as a core component at all levels of education and in
fostering competencies that enable young people to take action for sustainability.
In Europe, this emphasis is reflected in the Strategic Framework for European
Cooperation in Education and Training towards the European Education Area
(2021-2030) (Council of the European Union, 202 1) and the European Commission’s
2022 proposal on learning for environmental sustainability (European Commission,
Directorate-General for Education, Youth, Sport and Culture, 2022). Moreover, the
European sustainability competence framework, GreenComp, centers on competen-
cies related to environmental sustainability (Bianchi et al., 2022). These initiatives
have generated new momentum for implementing education concerning the
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environment and sustainability, marking a significant step in the evolution of educa-
tional policies towards a more sustainable future.

Despite a notable global rise in sustainable education (SE) policies and practices,
it is evident that many education systems still do not incorporate SE in a systematic
manner (see Sect. 2.3). Various studies have pointed out several challenges in differ-
ent education systems, including the establishment of effective learning goals and
suitable SE opportunities, the gathering of reliable data, and the creation of strong
measurement tools to assess and monitor SE learning outcomes and processes
(European Commission, Directorate-General for Education, Youth, Sport and
Culture, 2022; Evans et al., 2012; Stepanek Lockhart, 2018; Taylor et al., 2019).
Additionally, there is an acknowledged shortage of comparative data that would
support empirical monitoring and evaluation of the effects of these educational
strategies across nations, despite sustained efforts of ILSAs in contributing to these
(Damiani et al., 2025; von Davier et al., 2024; White et al., 2023).

In the following section, three frameworks are examined, each attempting to
address sustainability or sustainability with a focus on its environmental compo-
nent. These include GreenComp (Bianchi et al., 2022), the Environmental
Sustainability Competence Toolbox (Borgonovi et al., 2022a), and the TIMSS 2023
Environmental Attitudes and Behaviors Framework (Reynolds & Komakhidze,
2022). Notably, the frameworks discussed do not constitute an exhaustive list of all
available frameworks, nor is it the intention to provide a comprehensive review of
them, as this exceeds the aim of this chapter. Instead, three frameworks are pre-
sented, developed with different objectives, all situated within the education domain,
even though not all are specifically designed for educational purposes. Ultimately,
each framework represents a significant effort to capture and assess sustainability
competence. They are explored in relation to EE, ESD, and TCE frameworks and
visions of science, particularly Vision 2 and Vision 3.

2.4.1 GreenComp

Against the backdrop of the European Green Deal (European Commission, 2019),
the European Skills Agenda for Sustainable Competitiveness, Social Fairness and
Resilience (European Commission, 2020a), Achieving the European Education
Area by 2025 (European Commission, 2020b) and the EU Biodiversity Strategy for
2030 (European Commission, Directorate-General for Environment, 2021), a
European sustainability competence framework, GreenComp, was developed by the
European Commission’s Joint Research Centre team (Bianchi et al., 2022). The
framework was conceived to empower individuals and communities to contribute to
societal and environmental well-being.

GreenComp relies on the idea of sustainability, defining it as “prioritising the
needs of all life forms and of the planet by ensuring that human activity does not
exceed planetary boundaries” (Bianchi et al., 2022, p. 12). Similarly, sustainability
competence was defined as a competence that “empowers learners to embody
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sustainability values, and embrace complex systems, in order to take or request
action that restores and maintains ecosystem health and enhance justice, generating
visions for sustainable futures” (p. 12).

GreenComp outlines 12 competencies organized into four interconnected areas:
(1) embodying sustainability values, including the competencies valuing sustain-
ability, supporting fairness and promoting nature; (2) embracing complexity in sus-
tainability, including the competencies systems thinking, critical thinking and
problem framing; (3) envisioning sustainable futures, including the competencies
futures literacy, adaptability and exploratory thinking; and (4) acting for sustain-
ability, including the competencies political agency, collective action and individ-
ual initiative. For a more comprehensive overview of the framework please see
Chap. 1.

With its emphasis on values, complexity and action, GreenComp aligns with
Vision 3 and SSI, and at the same time emphasizes EE’s concern for ecosystems and
all life forms, including but not limited to humans. This is a significant shift from
the human-centered Brundtland definition. It also does not address development,
which makes it different to both ESD and transformative change conceptualiza-
tions, although one only needs to compare the current situation and the sustainable
condition set by the definition to recognize that development and transformative
change are required (for example, for the area acting for sustainability). Furthermore,
GreenComp includes competencies like systems thinking, critical thinking, and
problem-solving, along with skills in areas such as moral reflection. SSI has been
regarded as a valuable entry point for sustainability education (Herman et al., 2018),
providing opportunities to explicitly negotiate the multiple dimensions of complex
environmental issues that involve ethical, political, and ideological considerations
(for example, the unequal impacts of climate change).

However, frameworks like GreenComp point out potential shortcomings in the
SSI approach, particularly the necessity to cultivate capabilities for not only think-
ing about but also taking action regarding these issues. Thus, the GreenComp
framework highlights competencies that are less frequent in the SSI literature, such
as political agency, collective action, and envisioning futures as distinct areas of
competence.

2.4.2 Environmental Sustainability Competence Toolbox

Developed by the Organisation for Economic Co-operation and Development
(OECD), the Environmental Sustainability Competence Toolbox serves as a practi-
cal framework aimed at providing individuals with the necessary knowledge, skills,
attitudes, and behaviors to tackle environmental challenges and promote sustainable
development (Borgonovi et al., 2022a).

Using the GreenComp framework as a basis, Borgonovi et al. (2022b) integrate
it with the OECD’s PISA framework and data to evaluate students’ environmental
sustainability competence and explore the factors associated with this competence.
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Several factors must be considered to understand the OECD Toolbox. First,
GreenComp articulates its definition of sustainability education through four com-
petence areas, each encompassing a mix of knowledge, skills, and attitudes.
Secondly, GreenComp broadly defines environmental sustainability competencies
without delving into specific measurement issues. Notably, PISA began examining
environmental awareness, attitudes, and behaviors in 2006 (OECD, 2006), prior to
GreenComp’s development. Consequently, PISA’s operationalization of these
aspects serves as a proxy for some competencies outlined in GreenComp. It should
be recognized, though, that the knowledge dimension measured by PISA is not
tuned towards sustainability competencies; rather, the “foundational levels in envi-
ronmental sustainability competence” include that students achieve at least a profi-
ciency level 2 in the PISA science test (OECD, 2023). Finally, it is important to note
that attitudes and actual behavior are distinct yet interrelated concepts, which is why
PISA also emphasizes measuring this connection (Borgonovi et al., 2022b).

Combining the GreenComp and PISA measures has resulted in the first
GreenComp area, embodying sustainability values, being assessed through caring
about the environment (Borgonovi et al., 2022b). The second area, embracing com-
plexity in sustainability, is evident in awareness of environmental issues and science
proficiency, while the third area, envisioning sustainable futures, is expressed
through environmental optimism and environmental self-efficacy. Finally, the fourth
area, taking action for sustainability, is demonstrated by environmental behavior. It
is clear that a 1:1 correspondence was not established; however, given PISA’s strong
emphasis on students’ application of scientific knowledge in life and society, aligned
with Vision 2 and several elements represented in Vision 3, it represents an interest-
ing attempt to operationalize and measure some elusive concepts. At the same time,
aligning PISA measures with GreenComp reveals the subtle evolution of PISA
measures, particularly between the 2015 and 2018 cycles. The former emphasizes
the environmental focus in the measures, while the latter centers on global aspects,
thus shifting more toward the ESD and TCE frameworks.

2.4.3 The TIMSS 2023 Environmental Attitudes
and Behaviors Framework

The current climate crisis has profoundly shaped the development of ILSAs, shift-
ing their focus to sustainability, particularly its environmental component (Reynolds
& Komakhidze, 2022; White et al., 2023). As global discourse around environmen-
tal issues has intensified, so too has the need for educational assessments that tackle
these critical topics. TIMSS 2019 addressed this growing urgency by retroactively
adding an environmental scale, reflecting the heightened attention to environmental
education in the international arena (Yin & Foy, 2020). With TIMSS 2023, the
Environmental Attitudes and Behaviors Framework was introduced, which will be
addressed in more detail given the overall organization and focus of this volume as
well as the more comprehensive nature of the framework.
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Traditionally, TIMSS has evaluated the environmental knowledge of students in
fourth and eighth grades as part of its science assessment. For several cycles, the
assessment has incorporated topics concerning the human impact on the environ-
ment and the use of natural resources. In TIMSS 2019, the evaluation of students’
understanding of environmental issues was formalized with the introduction of the
TIMSS 2019 environmental awareness scales (Yin & Foy, 2020). By identifying
relevant items from the TIMSS 2019 science assessment that focus on environmen-
tal awareness, cognitive scales were constructed to gauge this awareness among
fourth and eighth graders, strongly aligned with the EE framework.

Multiple studies demonstrate that addressing societal, political, and environmen-
tal issues necessitates a broader understanding of scientific facts (Olsson et al.,
2022; Rieckmann, 2017; Wals, 2011). Acquiring knowledge does not inevitably
result in practice changes; rather, such changes emerge when individual knowledge,
thinking and attitudes are addressed (Glasman & Albarracin, 2006; Kollmuss &
Agyeman, 2002; Macintyre et al., 2024; Olsson et al., 2022; Uitto et al., 2015; Vare
& Scott, 2007). Classrooms and schools provide ideal environments for children to
gain this knowledge (Olsson et al., 2022; Uitto et al., 2015). Moreover, teaching
methods that encourage and nurture positive transformations in students’ knowl-
edge, attitudes, and behaviors are regarded as essential facilitators in this journey
(Buckler & Creech, 2014). The TIMSS Environmental Attitudes and Behaviors
Framework encompasses many of the above-mentioned elements, focusing on stu-
dents, classrooms, schools, and the home environment.

Concerning students, the framework addresses both student attitudes and behav-
iors. The assessment of attitudes utilizes the two-dimensional Model of Ecological
Values, which stems from the Theory of Ecological Attitude (Bogner & Wiseman,
1999, 2006; Wiseman & Bogner, 2003). This theory identifies two main dimensions
of environmental attitudes: preservation and utilization. Preservation indicates a
person’s commitment to conserving and protecting nature, while utilization reflects
the belief that natural resources exist for human exploitation, with faith in science
and technology to resolve environmental challenges (Reynolds & Komakhidze,
2022). Students aligned with preservation typically enjoy nature and prioritize safe-
guarding natural areas. In contrast, those aligned with utilization often view nature
as a resource for human gain and trust that scientific progress will address environ-
mental issues. Assessment of attitudes shows a clear environment focus pertinent to
EE and a focus on human needs, like the early Brundtland definition, unlike
GreenComp. Preservation items are included in the student questionnaire for both
fourth and eighth graders, whereas utilization is assessed solely for eighth graders.

Students’ environmentally responsible behaviors include simple practices that
individuals can adopt in various situations, like reusing items or alerting peers about
actions that harm the environment. Thus, students are asked to report how often they
perform these behaviors (Reynolds & Komakhidze, 2022). However, choices in
developing behavior items were also shaped by the notion that children often have
limited decision-making power and agency, with their ability to exert control differ-
ing across educational settings, cultures, and home backgrounds (Uitto et al., 2015).
However, if unchallenged, this premise can hinder the development of action
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competence (Sass et al., 2020). A positive relationship between students’ experi-
ences in school of influencing society and their self-perceived action competence,
which comprises knowledge of action possibilities, confidence in one’s influence,
and willingness to act (Torsdottir et al., 2024), indicate that the premise can be chal-
lenged by educational innovation, thus strengthening the TCE framework at school.

Regarding the school context, the TIMSS framework encompasses school poli-
cies and practices as well as classroom contexts that include teaching practices,
attitudes, and competencies (Reynolds & Komakhidze, 2022). The framework
acknowledges that a shared vision and a schoolwide approach to sustainability edu-
cation can provide direction for teachers and promote collaboration in integrating
sustainability into educational processes, a concept widely recognized in various
studies (Breiting et al., 2005; Higgs & McMillan, 2006; Mathar, 2015; Tasquier
et al., 2022). Additionally, such school practices are observed to significantly influ-
ence student actions and their development of action competence (Mathar, 2015;
Olsson et al., 2022), thus supporting overall ESD goals. The TIMSS 2023 school
questionnaire collects information on schools’ emphasis on environmental sustain-
ability for both fourth- and eighth-grade students. Principals are requested to indi-
cate the extent to which their school participates in various activities that promote
environmental sustainability (for example, reviewing school practices, encouraging
relevant professional development for teachers).

The classroom context emphasizes teaching practices, attitudes, and competen-
cies of teachers. Research indicates that students exposed to more active and inter-
active teaching methods—such as classroom discussions, research projects,
hands-on activities, and outdoor environmental programs—show greater awareness
of environmental issues, more positive attitudes toward the environment, and engage
in environmentally responsible behaviors more frequently (Boeve-de Pauw et al.,
2015; Rgkenes et al., 2025; Uitto et al., 2015). Likewise, studies reveal that teach-
ers’ motivation and recognition of education’s role in advancing sustainability sig-
nificantly impact the effectiveness of sustainability education (Bertschy et al., 2013;
Espinet et al., 2015; Varela-Losada et al., 2021). In line with this perspective, the
TIMSS 2023 teacher questionnaire (Reynolds & Komakhidze, 2022) collects data
on the techniques science teachers employ to educate students about sustainability
and the degree to which they promote environmentally responsible behavior.
Regarding teachers’ attitudes and competencies, they express agreement on the pri-
ority of environmental and sustainability education in schools, alongside involve-
ment in and the necessity for professional development to incorporate these topics
into their teaching. Data is gathered from science teachers of both fourth and
eighth grades.

Finally, the home context emphasizes parental practices (Reynolds &
Komakhidze, 2022), highlighting that parents are key socialization agents for their
children. Consequently, they significantly influence the development of their chil-
dren’s environmental attitudes (Leppidnen et al., 2012). Simultaneously, studies
indicate that parents’ environmental concerns and behaviors affect their children’s
environmental attitudes and actions (Grgnhgj & Thggersen, 2009; Meeusen, 2014).
TIMSS 2023 collects data on these direct socialization pathways through the home
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questionnaire. Parents of fourth-grade students are asked to report how frequently
they participate in various activities with their child.

Overall, when considering the Environmental Attitudes and Behaviors
Framework and the tension between EE, ESD, and TCE frameworks, current opera-
tionalizations strongly align with the EE and ESD elements; however, TCE is much
less evident, particularly from the perspective of students. Considering the curricu-
lar element that dominates the TIMSS study and findings from the brief analyses of
the science curricula in participating countries, the dominance of EE and ESD is not
surprising. At the same time, the question arises as to what kind of operationaliza-
tions are needed in the TIMSS framework that would allow capturing TCE more
comprehensively.

2.4.4 Linking the Frameworks

The comparison of the three frameworks highlights their common focus on environ-
mental attitudes, knowledge, and pro-environmental actions, though their prioritiza-
tion of these elements varies. Here, their alignment with SDGs, relevance to formal
education, and assessment is also examined (Table 2.2).

GreenComp distinctly emphasizes systems/futures thinking and civic engage-
ment, such as futures literacy and political agency, alongside values-driven compe-
tencies like fairness and care for nature (Bianchi et al., 2022). The OECD Toolbox
places a unique focus on the emotional aspect, addressing youth’s feelings and aspi-
rations regarding the environment, as well as essential twenty-first century skills,
including collaboration and digital/financial literacy (Borgonovi et al., 2022a).
TIMSS organizes its framework according to the perspectives of survey respon-
dents—students, parents, teachers, and principals—and utilizes a two-factor preser-
vation/utilization attitude model (Reynolds & Komakhidze, 2022), which is not
reflected in the other frameworks.

Overlaps exist in the emphasis on concern for the environment and the planet,
reflected in GreenComp’s nature promotion, TIMSS’s preservation attitudes, and
OECD’s pro-environmental values. Additionally, they share a focus on grasping
complex cause-and-effect relationships, evident in GreenComp’s systems thinking
and OECD’s cognitive scale. While both GreenComp and OECD regard compe-
tences as comprehensive combinations of knowledge, skills, and attitudes, TIMSS
emphasizes attitudes and behaviors alongside distinct contextual factors.

GreenComp notably creates a clear connection to SDG target 4.7 (ESD), while
also addressing SDG 12 (responsible consumption) and SDGs 14-16 (promoting
nature and justice and strong institutions). Although the OECD Toolbox does not
explicitly connect to the SDGs, it highlights SDG 4 (quality education) and SDG 13
(climate action) as significant. Finally, TIMSS is driven by global objectives, with
the introduction to its framework referencing the SDGs and the Paris Agreement as
justification. The questionnaire items correspond with SDG 13 and SDG 4.7.
Additionally, by evaluating school initiatives and teaching practices, it reinforces
SDG 4 and SDG 17 (global partnerships in education).
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Table 2.2 Comparison of the three frameworks

Aspect

Alignment
with SDGs

Emphasis on
EE, ESD and
TCE

Assessment

Relevance to
formal
education

Pedagogical
approaches

GreenComp

— Explicitly references
SDG 4.7

— Implicitly relates to
SDGs 12, 14, 15 and 16

— Very strong ESD focus:
explicitly includes social
justice (fairness) and care
for nature in its
competences

— Aims for transformative
learning—acting for
sustainability (political
agency, collective action)
and futures literacy
encourage systemic
change

— No specific assessment
tool is built in;
GreenComp is a reference
framework

— Designed for all levels
and settings (“any learning
context”)

— Can inform classroom
objectives and cross-
curricular projects on
sustainability

— Competence-based,
learner-centered approach
— Remains
non-prescriptive

OECD toolbox

— Not formally linked to
SDGs

— Implicitly relates to
SDGs 4 and 13

— Primary focus is on
EE

— Highlights pro-
environmental attitudes,
knowledge and
behaviors

— Transformative
aspects are limited; does
not explicitly address
the role of education in
transformation

— Utilizes the existing
PISA framework and
questionnaires to infer
competencies

— Emphasizes how
questions on the PISA
student questionnaire
serve as specified
dimension indicators

— Focused with regards
to upper-secondary
education (around age
15) as it utilizes PISA
data for 15-year-olds

— Does not propose
instructional methods

— Adopts a
developmental,
child-centered lens to
interpret PISA data

— Highlights transferable
skills (e.g.,
collaboration) that align
with the twenty-first
century competency
framework
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TIMSS 2023
environmental
framework

— Directly motivated by
global goals

— Survey items align with
SDG 13 and 4.7

— Implicitly relates to
SDGs 4 and 17

— Strong EE/ESD
orientation

— Highlights the potential
of participatory
instruction to promote
change

— Transformative change
is implied (whole school
and teacher capacity
items)

— Entire framework is a
measurement tool

— Questionnaire items
(for students, parents,
teachers, principals) to
measure attitudes and
behaviors

— Directly tied to grades
four and eight

— Developed for formal
school assessments

— Indicators cover
classroom teaching
(science instruction),
whole school practices,
and home impact on
school-age learners

— Includes items on
active learning and
teacher practices (e.g.,
inquiry, projects) but
does not prescribe
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Building on the earlier discussion of EE, ESD, and TCE, it is clear that
GreenComp stands out as the most comprehensive framework for ESD and trans-
formative change. It effectively weaves together environmental, social, and ethical
dimensions, incorporating agency-oriented skills such as political agency, collective
action, and adaptability—empowering learners to become change-makers (Bianchi
et al., 2022). The OECD Toolbox (Borgonovi et al., 2022a) addresses several rele-
vant aspects of ESD, including values, behaviors, and collaboration, but it is less
comprehensive regarding systems thinking and fairness, focusing primarily on psy-
chological and skill-based metrics. TIMSS excels in EE and aligns with ESD prin-
ciples by considering factors involving schools and teachers, but it falls short in
explicitly promoting transformative pedagogy; it evaluates current attitudes and
actions without offering guidance on their development. Overall, GreenComp offers
the most extensive range of sustainability competencies, particularly those associ-
ated with systemic change, while the Toolbox and TIMSS concentrate more on
environmental attitudes and behaviors (Reynolds & Komakhidze, 2022).

While the analyzed frameworks were created for different aims, all are relevant
to formal education. GreenComp mainly serves as a policy and reference frame-
work, suitable for various levels and environments where learners are present.
Furthermore, it can inform classroom objectives and interdisciplinary projects
focused on sustainability. The Toolbox primarily targets upper secondary levels
within education systems participating in PISA; however, the identified competen-
cies are also applicable to lower secondary education as they represent outcomes
from prior schooling. Similarly, TIMSS is associated with specific age groups, par-
ticularly grades four and eight. Some countries have implemented slightly different
target grades (for example, Norway tests grades five and nine since the 2015 TIMSS
cycle). The framework incorporates formal school assessments, including TIMSS
context questionnaires, which feature indicators related to classroom teaching (sci-
ence instruction), schoolwide practices, and home influences on school-age learn-
ers, thus making it clearly pertinent to formal education. Further, students’
assessments on mathematics and science are clearly linked to the school curriculum,
unlike PISA.

While none of the frameworks provide direct pedagogical guidance, common
principles can be identified across all of them, even though they remain non-
prescriptive. GreenComp emphasizes a competence-based and learner-centered
approach. It advocates for interdisciplinary and systems approaches, such as foster-
ing critical systems/futures thinking and civic engagement, but does not mandate
specific methods. The OECD Toolbox relies on its analytical and data-driven nature,
adopting student-centered lenses. While pedagogy remains open, it emphasizes the
importance of education in developing environmental competence, highlighting
transferable skills which align with the twenty-first century competency framework.
In a manner akin to Toolbox, TIMSS also relies on its data, particularly regarding
context. For instance, TIMSS 2023 featured items on active learning and teacher
practices (such as inquiry and projects) but refrained from dictating specific peda-
gogies. Nonetheless, the accompanying rationale highlights established ESD meth-
ods: interactive, participatory instruction, modeling sustainable behaviors, and
implementing whole school approaches.
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2.5 Final Remarks

This chapter aims to offer a brief overview of critical discussions surrounding sus-
tainability and the assessment of environmental sustainability. The chapter explored
the concept of education for sustainability, highlighting the transition towards trans-
formative change and how the evolving understanding of sustainability relates to its
application within education, specifically in science. The next section delves into
the assessment of sustainability, recognizing that it should be both comprehensive
and informative for diverse stakeholders. This chapter does not intend to exhaus-
tively address these topics, as they would necessitate an entire volume; instead,
several essential points have been emphasized.

Firstly, shifting towards sustainable societies necessitates not only technical
solutions but also a significant reorientation of social practices and livelihoods.
Achieving this shift requires rethinking the objectives, content, competencies and
purpose of education that would lead to such a society (Wals, 2011). Additionally, it
is essential to cultivate understandings of sustainability that are part of capabilities
for social action and can be integrated into various contexts that foster sustainable
lifestyles, democratic engagement, active participation in socio-political matters,
and human well-being (Cebrian et al., 2025; Hodson, 2003; Tasquier et al., 2022).
The path briefly sketched, starting with Brundtland’s (1987) conceptualization
towards the idea of EE (Pavlova, 2013) and later ESD and sustainability education
and/or TCE (Hickel, 2021; Tasquier et al., 2022), show how deeply engaged differ-
ent actors were and still are in comprehensively addressing sustainability and how
the topic penetrates education, policy, politics and everyday lives.

This brings forward the second point: the deeper the integration of ESD and
transformative change into the formal educational system, and the greater the invest-
ment from governments and civil societies in this field, the more attention is directed
towards assessing the effectiveness and efficiency of such contributions (Costa
et al., 2024). Current endeavors through ILSA’s offer a glimpse of how sustainabil-
ity competence is showcased across the world; however, this glimpse is limited
because not all countries and economies are part of such assessments. Even when
they are, each assessment captures different aspects (for example, OECD’s Toolbox
and PISA constructs compared to TIMSS Environmental Attitudes and Behaviors
Framework). Additionally, from the perspective of EE, ESD, and TCE, assessments
still have difficulties capturing transformation and change. At the same time, assess-
ment is ultimately a balancing act between the comprehensiveness of the conceptu-
alization and the extent to which certain choices make assessments more complex
and, thus, possibly less feasible.

Next, in discussing education as an arena for students to become equipped with
competences that allows them to tackle real-life challenges for change-making, an
important consideration is whether the idea of education is situated within the
school walls alone or extended to opportunities for students to enact their action
competence at the crossroads of formal, non-formal, and informal educational pro-
viders (United Nations, 2015). While it is known that the right knowledge and atti-
tudes may foster an action to occur (Glasman & Albarracin, 2006; Kollmuss &
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Agyeman, 2002; Macintyre et al., 2024; Olsson et al., 2022; Uitto et al., 2015; Vare
& Scott, 2007), when schools engage students in community well-being initiatives
while cooperating with local stakeholders, this fosters students’ sense of agency
(Tasquier et al., 2022) and confidence in their influence and willingness to act
(Torsdottir et al., 2024).

Finally, this has significant implications for teachers and their daily practices in
promoting sustainability, as teachers’ sense of self-efficacy in undertaking this chal-
lenging task (Boeve-de Pauw et al., 2022) should hold equal importance to students
demonstrating their action competence. Research indicates that students exposed to
more active and interactive teaching methods develop a greater awareness of envi-
ronmental issues and are more likely to engage in environmentally responsible
behaviors (Boeve-de Pauw et al., 2015; Rgkenes et al., 2025; Uitto et al., 2015).
However, facilitating and orchestrating such activities requires teachers to possess a
broader range of competencies, which necessitates adequate training not just for
novice teachers. Therefore, when discussing the need to rethink the objectives, con-
tent, competencies, and purpose of science education (Wals, 2011), this rethinking
must take place at all levels and should inclusively engage all participants in the
process that shapes where education happens, how it unfolds, and what is assessed.
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Paulina Korsinakova, Tahira Ali Qadri, and Wangqiong Ye

3.1 Introduction

Building upon the conceptual mapping of Trends in International Mathematics and
Science Study (TIMSS) 2023 items to the GreenComp framework outlined in Chap.
1, this chapter adopts an empirical perspective to examine how students’ reported
behaviors and attitudes, as captured through the TIMSS 2023 context question-
naires, correspond to the sustainability competences defined in GreenComp. Briefly,
the outcomes of the mapping in Chap. 1, which provide the foundation for the anal-
ysis conducted in this chapter, are presented and extended by exploring what the
data reveal about the prevalence and distribution of sustainability-relevant disposi-
tions among students across the European Education Area and partner education
systems in the Western Balkans.

The overarching aim of this study is to assess the extent to which existing TIMSS
questionnaire data can be interpreted in light of the GreenComp competence areas.
In doing so, the study contributes to the broader objective of integrating sustainabil-
ity considerations into the monitoring and evaluation of educational outcomes.
More specifically, the study focuses on the attitudes, values, and behaviors of stu-
dents that correspond to the four GreenComp competence areas: embodying
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sustainability values, embracing complexity in sustainability, envisioning sustain-
able futures, and acting for sustainability (Bianchi et al., 2022). By leveraging the
TIMSS 2023 context questionnaire data, the analysis investigates whether and how
these competences are reflected in students’ self-reported experiences, perspectives,
and learning environments. The focus on grade four students provides insight into
early patterns of engagement with sustainability-related concepts, as well as the
potential influence of home and school environments in shaping these orientations.

TIMSS is one of the longest-running international large-scale assessments,
implemented by the International Association for the Evaluation of Educational
Achievement (IEA). The study monitors trends in students’ achievement in mathe-
matics and science at the fourth and eighth grades, with assessments conducted
regularly every four years since 1995. In addition to achievement tests that monitor
international trends in mathematics and science, capturing the breadth of these sub-
jects as they are taught in the participating education systems, TIMSS collects rich
contextual data through extensive background questionnaires administered to
national curriculum specialists and the school principals, students, teachers, and
(for grade four students) parents. These questionnaires capture a wide range of
information on the contextual factors at school and home which are associated with
learning and students’ attainment (Mullis et al., 2021).

From the perspective of sustainability education, TIMSS offers valuable opportu-
nities to examine the conditions under which students acquire sustainability-related
knowledge, develop environmentally friendly attitudes, and participate in ecologi-
cally responsible behaviors. For instance, the TIMSS 2023 context questionnaires
included items on student enjoyment of nature, discussions about environmental
issues at home and at school, instructional emphasis on conservation and biodiver-
sity, and behavioral practices such as saving resources and reusing materials (Mullis
et al., 2021). These data allow researchers to explore educational environments that
support the development of sustainability competences and to examine cross-national
patterns of engagement and equity in sustainability-related learning outcomes.

Although TIMSS is not explicitly designed to assess sustainability education, it
is well positioned to contribute meaningfully to this field, particularly when inter-
preted through the lens of the GreenComp framework. GreenComp outlines a mul-
tidimensional vision of sustainability learning, built upon 12 interdependent
competencies (Bianchi et al., 2022).

To explore the potential of TIMSS in capturing sustainability as a competence
described by GreenComp, this study introduces the construct of sustainability
engagement as its central analytical focus. Sustainability engagement is used to
describe young (grade four) learners’ interest and participation in, and attitudes
toward, activities that support environmental stewardship and responsible interac-
tion with natural systems. This construct is intentionally framed in alignment with
the GreenComp framework. As operationalized in this study, sustainability engage-
ment encompasses both affective dimensions (for example, enjoyment of nature,
belief in protecting living systems) and behavioral components (for example,
resource-saving practices, participation in environmental activities). It reflects a
learner’s emerging capacity to connect with nature, think critically about environ-
mental issues, and participate actively in sustainability-related actions, elements
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broadly consistent with GreenComp areas such as embodying sustainability values
and acting for sustainability, and specific competencies such as promoting nature.

The focus on sustainability engagement is also grounded in educational literature
that emphasizes the importance of early behavioral and motivational pathways in
the development of sustainability literacy and agency (Boeve-de Pauw et al., 2015;
Olsson et al., 2016). Rather than focusing on knowledge acquisition or specific
behavioral outcomes, as might be possible using TIMSS data, this more general,
overarching concept follows the GreenComp narrative. In the present study, sustain-
ability engagement is assessed through a selection of TIMSS 2023 questionnaire
items that have been conceptually linked to GreenComp competences, enabling an
empirical analysis of how early patterns of engagement vary across student popula-
tions and national contexts.

The study applies a structured methodology to measure and analyze sustainabil-
ity engagement using TIMSS 2023 grade four student, home and teacher context
questionnaire data. A subset of relevant items was selected based on conceptual
alignment with GreenComp. Descriptive statistical analyses (means and standard
deviations) provide an overview of item-level trends, followed by a latent class
analysis (LCA) to identify distinct profiles of student sustainability engagement.
These latent profiles are then examined across TIMSS 2023 participating education
systems within the European Education Area and the Western Balkan region to
explore cross-national similarities and differences in the manifestation of sustain-
ability competences.

In addition to identifying student profiles, the chapter investigates the role of
parents and teachers in shaping students’ orientations toward sustainability. Drawing
on additional items from the context questionnaires, the extent to which students
perceive encouragement and support for sustainability-related activities at home
and at school is explored. These findings are situated within broader discussions of
how educational environments can foster the development of sustainability compe-
tences among learners.

The chapter is structured as follows:

* Section 3.2 reiterates the GreenComp framework and provides a brief overview
of the analysis carried out in Chap. 1 and its results.

¢ Section 3.3 describes the data sources, outlines the criteria for item selection and
recoding, and presents the analytical strategy, including the use of LCA, used in
the present study.

» Section 3.4 presents the empirical findings, including descriptive statistics and
latent class profiles, followed by an examination of their distribution across edu-
cation systems and the role of contextual factors such as parental and teacher
influence.

* Section 3.5 discusses the implications of the findings for educational monitoring,
assessment design, and the integration of sustainability competences into large-
scale international assessments.

* Section 3.6 concludes the chapter by summarizing key insights and suggesting
directions for future research and policy development in the field of sustainabil-
ity education.
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3.2 Conceptual Frameworks Underpinning the Linking

3.2.1 Overview of the GreenComp Framework

The development of a European sustainability competence framework is one of the
policy actions undertaken to promote learning on and for sustainability in the
European Union. As education systems around the world increasingly seek to
respond to urgent global challenges such as climate change, biodiversity loss, pov-
erty, food insecurity, economic imbalances and social inequalities, there is growing
recognition of the necessity to embed sustainability in education. The European
sustainability competence framework—GreenComp—was developed by the
European Commission to serve as a guiding reference for education and training
systems in developing curricula, pedagogies, and learning outcomes that foster
sustainability-oriented learning across lifelong education pathways in European
Union Member States (Bianchi et al., 2022). It provides a non-prescriptive, adapt-
able structure that supports both formal and informal educational contexts, contrib-
uting to the European Green Deal’s broader vision of a climate-neutral and
environmentally sustainable Europe (European Commission, 2019). Designed to be
inclusive of all learners regardless of age or educational sector, GreenComp pro-
vides a shared understanding of the knowledge, skills, and attitudes that constitute
competence in sustainability (Bianchi et al., 2022).

Rather than prescribing curricular content or assessment models, GreenComp
offers conceptual clarity and actionable guidance for educators, policymakers, and
curriculum developers. Its premise is that education for sustainability requires a
transformative shift that moves beyond knowledge acquisition to encompass the
cultivation of values, behavioral dispositions, and a capacity for action. The frame-
work’s architecture reflects this integrated perspective, promoting lifelong learning
goals that encourage learners to adopt sustainability as both a personal ethic and a
societal responsibility (Bianchi et al., 2022).

3.2.1.1 Overview of the GreenComp Competence Areas

The GreenComp framework is organized into four interconnected competence
areas, each comprising three specific competences (Table 3.1). These 12 compe-
tences are further elaborated and organized according to a knowledge—skills—atti-
tudes structure, which aligns with widely accepted educational theory and
frameworks (Bianchi et al., 2022).

These competencies are intentionally overlapping and interdependent, capturing
the multidimensional and systemic nature of sustainability. As such, they are adapt-
able to various educational settings and cultural contexts (Bianchi et al., 2022).

While GreenComp is non-assessable in a standardized sense, it offers a concep-
tual frame for evaluating the extent to which learners are exposed to or demonstrate
sustainability-related competences. Its structure supports curriculum development,
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Table 3.1 GreenComp framework areas, competences and descriptors

Area Competence Descriptor
1. Embodying sustainability 1.1 Valuing Understanding and appreciating the
values sustainability significance of sustainable development

Focuses on personal values and
ethical foundations of
sustainability

1.2 Supporting
fairness

1.3 Promoting
nature

Promoting social and intergenerational
equity

Valuing biodiversity and ecological
systems

2. Embracing complexity in 2.1 Systems Understanding interdependencies in

sustainability thinking natural and social systems

Develops the ability to perceive 2.2 Critical Evaluating claims and assumptions

and analyze complex thinking within sustainability debates

sustainability issues 2.3 Problem Constructing and deconstructing
framing sustainability problems from multiple

perspectives
3. Envisioning sustainable 3.1 Futures Exploring plausible and preferred
futures literacy futures

Fosters learners’ ability to think
creatively and anticipate future
scenarios

3.2 Adaptability

3.3 Exploratory

Adjusting one’s thinking and behavior to
changing conditions

Imagining alternative solutions and
pathways

4. Acting for sustainability 4.1 Political Participating in democratic processes for

Encourages action-taking at agency sustainability

individual and collective levels 4.2 Collective Collaborating with others for shared
action sustainability goals
4.3 Individual Taking personal responsibility and
initiative action

Source: Based on Table 1. GreenComp areas, competences, and descriptors in Bianchi et al.
(2022, pp. 14-15)

teacher education, and learning environment design, offering clear guidance for
integration across subject areas, especially science education where themes of envi-
ronmental awareness, resource use, and systems thinking are already embedded.

3.2.2 TIMSS Framework in Light
of Sustainability Engagement

TIMSS offers a comprehensive framework for assessing educational outcomes and
learning contexts in mathematics and science at both the grade four and grade eight
levels. TIMSS is administered every 4 years and includes two major components:
achievement assessments and contextual questionnaires. The achievement tests
evaluate students’ knowledge and skills (applying and reasoning) in mathematics
and science, while the questionnaires collect information from students, teachers,
school principals, and curriculum experts to provide a holistic view of the condi-
tions influencing mathematics and science learning.
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The TIMSS assessment framework in science (Mullis et al., 2021) includes con-
tent domains such as life science (biology), physical science (chemistry and phys-
ics), and Earth and environmental science, topics that naturally lend themselves to
sustainability-oriented exploration. These align conceptually with elements of sus-
tainability science and can be seen as precursors to sustainability competences as
defined in GreenComp and similar frameworks (Boeve-de Pauw et al., 2015). In
mathematics, domains such as data and chance, measurement, and geometry sup-
port the development of analytical, modeling, and problem-solving skills that are
key to systems thinking and sustainability reasoning. The cognitive domains (know-
ing, applying, and reasoning) assessed across both subjects mirror competencies
promoted in sustainability education, including evidence-based inquiry, critical
thinking, and the ability to analyze complex interrelated systems.

Beyond cognitive testing, TIMSS is distinctive for its rich contextual informa-
tion. The context questionnaires for students, teachers, and schools provide exten-
sive data on learning environments, instructional practices, resource availability,
curricular focus, student engagement, and home support systems (Mullis et al.,
2021). For instance, at both grade levels, TIMSS gathers student self-reports on sci-
ence interest, enjoyment of nature, resource-saving behaviors, and perceptions of
school emphasis on environmental topics. Teachers are asked about their instruc-
tional focus, use of inquiry-based practices, and perceived curricular priorities.
School leaders report on access to resources, emphasis on academic excellence, and
school climate. Parents, in the home questionnaire (grade four only), provide infor-
mation on sustainability-related behaviors at home and encouragement given to
children to act responsibly toward nature (Mullis et al., 2021).

While TIMSS was not explicitly designed to measure sustainability education,
many of its contextual items reflect these dimensions, such as valuing biodiversity,
participating in nature-based learning activities, and experiencing pedagogical
approaches that address real-world environmental issues. Moreover, TIMSS contex-
tual data capture broader ecological and social conditions that influence learning,
including parental support, teacher practices, and school-level emphasis on sustain-
ability themes. As such, TIMSS provides a unique empirical foundation for examin-
ing how education systems foster the development of sustainability-related
competencies among young learners.

The multi-layered structure of TIMSS provides numerous entry points for inter-
preting data in relation to the GreenComp framework. Both the mathematics and
science assessments contain content and skills applicable to the development of
sustainability competences. Likewise, of greater relevance to this chapter, the con-
textual questionnaires capture affective, behavioral, and environmental factors that
influence the formation of sustainability-oriented attitudes and values. This chapter
leverages this potential by interpreting selected TIMSS items through the
GreenComp lens, in order to assess how sustainability-related values, behaviors,
and learning conditions manifest among grade four students across diverse educa-
tion systems. This approach aligns with emerging efforts to mainstream sustainabil-
ity within assessment and monitoring systems (Brundiers et al., 2021; United
Nations Educational, Scientific and Cultural Organization [UNESCO], 2021).
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3.2.3 Observing Students’ Sustainability Engagement Through
TIMSS Questionnaire Data

TIMSS focuses on assessing students’ achievement in mathematics and science at
grades four and eight, while the GreenComp sustainability competence-related
framework does not stipulate specific competences linked to science or mathemat-
ics education. Although certain science content areas, such as those related to eco-
systems, energy, environmental changes, and human impact, are indirectly linked to
sustainability, these concepts are embedded within a disciplinary science frame-
work and are not explicitly developed from a sustainability-oriented perspective.
While links between selected assessment items and areas 2 (system thinking, criti-
cal thinking, problem framing) and 3 (adaptability and exploratory) of the
GreenComp framework could be established, the grade four core assessment offers
limited opportunities to identify overlaps with sustainability-related concepts.

On the other hand, the TIMSS 2023 student context questionnaire provides sev-
eral useful constructs and question clusters that can be leveraged as proxies to infer
attitudes, beliefs, and behaviors related to nature, environment-friendly disposi-
tions, and sustainable practices.

In relation to the grade four student questionnaire, it offers two questions, each
with an extensive set of items, that stand out for their direct relevance to sustainability-
related constructs (Table 3.2).

The first question (ASBG11A-E) probes students’ emotional and affective con-
nection to nature. Statements such as “I care about the protection of plants and
animals,” “It makes me sad when nature is destroyed” and “Addressing climate
change should be a high priority” reveal students’ empathy, concern for biodiver-
sity, and early-level environmental consciousness and relate to attitudes toward
nature and environment values.

The second question (ASBG12A-F) measures frequency of pro-environmental
actions, including reuse and resource conservation, environmental discussions, par-
ticipation in environmental group activities, and peer correction of unsustainable
behavior. These items reflect both personal agency and developing social responsi-
bility, corresponding to skills and behavioral competencies in sustainability. They
allow researchers to analyze student engagement with sustainability as action, not
just attitude. These correspond to self-reported sustainable practices of students at
an early age.

Content available within the grade four student questionnaire focuses on devel-
opmentally appropriate constructs such as empathy, emotional connection to nature,
and simple environmentally friendly actions. These questions reflect concrete,
observable behaviors and attitudes that are meaningful and measurable at the pri-
mary education level.

Since grade four items offer broad cross-cultural relevance and interpretability,
the questions in the grade four student questionnaire are ideally suited for construct-
ing foundational indicators of sustainability engagement grounded in the affective
and behavioral domains. By emphasizing universally accessible themes such as
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Table 3.2 Questions within TIMSS 2023 grade four student questionnaire that help assess
students’ sustainability engagement
ASBG11A-E: How much do you agree with these statements?
Fill one circle for each line.
Agreea |Agreea |Disagreea |Disagreea

Statement lot little little lot
(a) I care about the protection of plants and (0] (0] (0] (0]
animals

(b) It makes me sad when nature is destroyed | O (0] O O
(c) I enjoy finding out what kinds of plants (0] (6] (6] (0]
and animals live in my area

(d) I enjoy being in nature (e.g., forests, (6] (6] (0] (6]
parks, deserts)

(e) Addressing climate change should be a (0] (6] (6] (6]
high priority

ASBG12A-F: How often do you do these things to help the natural environment?
Fill one circle for each line.
Every | Almost

Statement day every day | Sometimes | Never
(a) I try to reuse things (e.g., <bags, bottles>) | O O (0] O
(b) I try to use less resources (e.g., <water, (0] (0] (0] (0]
food>)

(c) I talk about how to help the environment | O (0] (0] (6]
(e.g., <saving water, picking up trash>)

(d) I try to learn about environmental (0] (0] (0] (0]
problems (e.g., <climate change, endangered

animals>)

(e) I try to participate in group activities to (0] (0] (0] (0]
help the environment

(f) I tell my friends when they are doing (0] (0] (0] (0]

things that harm the environment

caring for nature and conserving resources, the questionnaire enables alignment
with GreenComp across diverse education systems.

Therefore, the mapping exercise described in the next section, along with the
subsequent analysis that forms the core of this chapter, draws on the grade four
context questionnaires. These are considered most suitable for providing a clear and
insightful exploration of students’ sustainability engagement as reflected in the
TIMSS 2023 data.
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3.2.4 Mapping TIMSS 2023 Context Questionnaire Items
to the GreenComp Framework

As covered in Chap. 1, a systematic item mapping process was undertaken to iden-
tify TIMSS 2023 grade four student, teacher and home questionnaire items that
align with the GreenComp competence areas. The school questionnaire was
excluded from this exercise due to its institutional, rather than personal, focus. The
granular, item-level data available in the student, teacher, and home questionnaires
provided a comprehensive basis for interpretation through the lens of the GreenComp
framework.

The mapping involved thematic review of grade four questionnaire items to iden-
tify content aligned to the GreenComp areas, relevant to the concept of sustainabil-
ity engagement. Then, each selected item was assigned to a GreenComp competence
area using the framework’s competence definitions to establish conceptual align-
ment. The individual mapping decisions were revisited and any discrepancies were
reconciled through discussion.

Some selected items plausibly corresponded to more than one GreenComp area,
while others revealed gaps in area representation (for example, overlaps between
areas 4 and 1 or 4 and 2 while Area 3 was not represented in the home question-
naire). In addition, it was also challenging to pinpoint a specific competence within
each area, where closer alignment would have been possible.

The resulting mapping revealed that a substantial number of items across all
three questionnaires aligned with each of the GreenComp competence areas
(Table 3.3; for a detailed overview of the mapped items, see Chap. 1, Sect. 1.5). The
results of the mapping enable the presentation of complete GreenComp profiles for
grade four students using TIMSS 2023 student questionnaire data only. This is pos-
sible because it remains at a higher level. However, this could not be repeated for
parents (due to missing indicators for Area 3) or teachers (due to ambiguity in
whether responses captured professional or personal attitudes and behaviors). This
mapping forms the basis for the statistical analyses, including the development of
latent class profiles described in the following sections.

This approach demonstrates how existing international assessment data can be
repurposed to explore sustainability competences, an emerging priority in global
education policy and research (Bianchi et al., 2022; United Nations Economic
Commission for Europe, 2012).

3.3 The Present Study

This study employed LCA to explore patterns in students’ sustainability engage-
ment and examines variations across education systems. Furthermore, to better
understand the underlying mechanisms of students’ sustainability engagement, the
study investigated the influence of both parental and teacher sustainability engage-
ment. Specifically, it addressed the following research questions:
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Table 3.3 Conceptual mapping of TIMSS 2023 questionnaire items to GreenComp
competence areas

GreenComp competence areas

Area 1. Area 2. Area 3.

Embodying Embracing Envisioning Area 4.
TIMSS 2023 | sustainability complexity in sustainable Acting for
source values sustainability futures sustainability

Student questionnaire items

ASBGI1A [ ]

ASBGL11C [ J

ASBGI11D [ )

ASBGI2A

ASBG12B

ASBGI2E

ASBGI2F [}

ASBS06 [ J
ASBS07G )

ASBSO08H )

Home questionnaire items

ASBHO09A [ J

ASBHO09B* [ ] [ J
ASBH09C* @ [ J
ASBH09D [ )

ASBHO9E* @ [ J
Teacher questionnaire items

ATBS02F* o o

ATBS03A )

ATBS03B [ J

ATBSO3E? [ ] [ J

ATBS04A
ATBS04C*
ATBSO05A
ATBS05B*
ATBSO05C* [ J [ J
ATBS05D* o [ J

Note: “Item was mapped to more than one competence area

1. How many distinct classes of sustainability engagement can be identified among
students and what does it reveal about the level of their engagement?

2. Do students’ sustainability engagement classes vary meaningfully by educa-
tion system?

3. To what extent does parental and teacher environmental engagement predict stu-
dents’ class membership?
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3.3.1 Method
3.3.1.1 Sample and Procedure

TIMSS 2023 assessed students corresponding to the fourth and eighth years of for-
mal schooling in participating systems. The study employed a two-stage stratified
cluster sampling design to achieve nationally representative samples. In the first
stage, schools were randomly sampled within each participating education system,
typically using probability proportional to size sampling based on enrollment data. In
the second stage, intact classrooms within selected schools were sampled, and all
students in those classrooms were invited to participate. The use of intact classrooms
was particularly relevant for this study, as it allowed for the analysis of classroom-
level influences on students’ sustainability engagement alongside other factors.

The participation targets required by participating systems required at least 85%
coverage of the national student population. While exclusions were permitted for
students with severe disabilities, significant language barriers or for those attending
schools in geographically inaccessible areas, the total exclusion rates were kept
below 5% in most participating systems to ensure broad population coverage (von
Davier et al., 2024).

This study utilized TIMSS 2023 grade four data from student, home, and teacher
questionnaires. From these questionnaires, 25 items were chosen based on the map-
ping exercise as outlined in Sect. 3.2.4 and in Chap. 1. Of these, ten items focused
on students’ sustainability engagement, five addressed parental involvement in sus-
tainable and environmental activities, and ten were connected to teachers’ environ-
mental engagement.

Next, the data for these 25 items were examined among European participants in
TIMSS 2023 grade four, encompassing education systems from the Mediterranean
and Balkans, through Western, Central and Nordic European regions. Due to the
design of the questionnaire and administrative challenges, student items typically
have less than a 15% missing rate among most European participants, whereas the
missing rates for home and teacher items are significantly higher.

To optimize the utilization of the available data, it was structured into three dis-
tinct datasets (Table 3.4). The first dataset comprises 10 student questionnaire items
collected from 25 European participants, each with a missing data rate of less than
15% for these items.

The second dataset is a subset of the first, including 13 European participants who
also have less than 15% missing data on home questionnaire items. The third dataset
is formed from a different selection of nine European participants from the first data-
set, all with less than 15% missing data on teacher questionnaire items (Fig. 3.1).

Given the relatively high non-response rates in parental questionnaires in TIMSS,
and in line with methodological recommendations that suggest missing data below
15% can be considered acceptable (see, for example, Schlomer et al., 2010;
Tabachnick & Fidell, 2013), a 15% missingness threshold was applied to determine
variable inclusion. The 15% missingness threshold was applied to these items to
ensure data quality while maintaining sufficient sample sizes for the analysis. This
threshold represents a widely accepted balance in educational research, minimizing
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Table 3.4 Participants in three datasets

Dataset 1 Dataset 2 Dataset 3

Student (N) 164,574 76,253 37,177

Female (%) 49.6 49.9 49.8

Descriptions | 25 participants, 10 13 participants, 5 home |9 participants, 10 teacher
student items (<15% items (<15% missing) items (<15% missing)
missing)

Participants

Bulgaria

Cyprus

Czech
Republic

Denmark
Finland
Germany
Hungary
Ireland
Italy
Kosovo
Latvia
Lithuania
Montenegro
Netherlands
Norway
Poland
Portugal
Romania
Serbia

Slovak
Republic
Slovenia

Spain
Sweden
Belgium
(Flemish)
Belgium
(French)
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teachers on class
membership

Fig. 3.1 A conceptual map presenting how datasets were prepared and used in analyses
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potential bias due to item non-response while preserving representativeness across
participating education systems. International large-scale assessments such as
TIMSS and PISA routinely monitor item-level missing data and often consider
thresholds between 10 and 20% during data processing and quality control
(Organisation for Economic Co-operation and Development [OECD], 2017; von
Davier et al., 2024). Furthermore, literature on international assessment data empha-
sizes that maintaining low levels of missing background data is critical for ensuring
reliable secondary analyses and minimizing bias (Little & Rubin, 2019; Rutkowski
& Rutkowski, 2010).

3.3.2 Measures
3.3.2.1 Student Sustainability Engagement

Student sustainability engagement was assessed using ten items. One item asked
students about the frequency with which they conduct experiments, with responses
ranging from 4 (at least once a week) to 1 (never). Five items required students to
express their level of agreement with statements like “I enjoy being in nature,” using
a scale from 4 (agree a lot) to 1 (disagree a lot). The remaining four items explored
the frequency of students’ sustainability behaviors, such as “I try to reuse things,”
with options from 4 (every day) to 1 (never). All items were coded such that higher
values indicate greater sustainability engagement (Table 3.5).

3.3.2.2 Parents’ Environmental Engagement

Parents’ environmental engagement was represented using five items that assessed
the frequency of their interactions with children on environmental topics (for exam-
ple, discussing the environment). Responses ranged from 1 (never) to 4 (every day),
with all items coded so that higher scores reflected greater environmental
engagement.

3.3.2.3 Teachers’ Environmental Engagement

Teachers’ environmental engagement was represented using ten items. One item
assessed how frequently teachers asked students to engage in fieldwork, with
responses ranging from 1 (never) to 4 (every or almost every lesson). Three items
measured the extent to which teachers emphasized behaviors such as conducting
experiments, using a scale from 1 (not at all) to 3 (a lot). Two items captured the
frequency of teaching activities like developing positive attitudes, rated from 1
(never or almost never) to 4 (at least once a week). The remaining four items asked
whether teachers addressed topics such as participating in environmental activities,
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Table 3.5 Descriptive statistics

Dataset Item ID Item label

Dataset 1: | ASBS06 | SCNHOW OFTEN CONDUCT
Student EXPERIMENTS

items (10) | ASBS07G | SCNAGREE\SCIENCE TEACHES ME

ASBS08H | SCNAGREE\TEACHER ASKS TO
SHOW

ASBG11A | GEN\AGREE\PROTECTION OF
PLANTS AND ANIMALS

ASBG11C | GEN\AGREE\LEARN ABOUT
PLANTS AND ANIMALS

ASBG11D | GEN\AGREE\ENJOY BEING IN
NATURE

ASBG12A | GEN\HELP ENVIRONMENT\REUSE
THINGS

ASBG12B | GEN\HELP ENVIRONMENT\SAVE
RESOURCES

ASBG12E | GEN\HELP ENVIRONMENT\
PARTICIPATE IN ACTIVITIES

ASBGI12F | GEN\HELP ENVIRONMENT\TELL
FRIENDS

Dataset 2: | ASBHO9A  GEN\HOW OFTEN\DISCUSS
Home ENVIRONMENT

items (5) | ASBH0YB | GEN\HOW OFTEN\READ
INFORMATION

ASBHO09C | GEN\HOW OFTEN\SAVE
RESOURCES

ASBHO09D  GEN\HOW OFTEN\TIME IN
NATURE

ASBHO9E  GEN\HOW OFTEN\ENCOURAGE
ACTION

Dataset 3: | ATBS02F | SCINASK STUDENTS\DO FIELD
Teacher WORK

items (10) | ATBS03A | SCNEMPHASIS\ASK QUESTIONS

ATBS03B | SCNEMPHASIS\PREDICT
OUTCOMES

ATBSO03E | SCNEMPHASIS\CONDUCT
EXPERIMENTS

ATBS04A | SCNTEACHING\DEVELOP
POSITIVE ATTITUDES

ATBS04C | SCNTEACHING\DISCUSS ACTIONS

ATBSO05A | SCNTEACH ISSUES\VISIT
NATURAL AREAS

ATBS05B | SCNTEACH ISSUES\PARTICIPATE
ACTIVITIES

ATBS05C | SCNTEACH ISSUES\RESEARCH
TOPICS

ATBS05D | SCNTEACH ISSUES\OUTDOOR
PROGRAMS

Note: SD standard deviation

Mean
2.51

3.41
3.17

3.63

3.28

3.59

291

2.81

243

2.73

2.29

2.11

2.88

2.59

2.74

2.39

2.78
2.64

2.35

3.74

3.56
1.76

1.87

1.76

1.54

SD
1.05

0.81
0.94

0.66

0.89

0.7

0.91

0.98

1.08

1.06

0.65

0.62

0.81

0.72

0.82

0.75

0.43
0.51

0.56

0.52

0.63
0.43

0.33

0.43

0.5

Skew
0.02

-1.35
—0.88

-2.03

-1.06

-1.82

-0.24

-0.26

0.21

-0.17

0.94

0.86

-0.05

0.63

0.17

0.69

-1.56
-0.89

-0.09

-1.96

-1.13
-1.23

-2.26

-1.19

-0.14

67

Kurtosis
-1.19

1.19
-0.25

4.17

0.21

-0.99

-1.03

-1.23

-1.26

0.97

1.88

-0.61

-0.93

0.06

1.06
-0.54

-0.75

3.21

0.24
-0.49

3.09

-0.57

-1.98
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coded as 1 (no) or 2 (yes). All items were coded so that higher values reflected
greater environmental engagement.

3.3.3 Statistical Analysis

Data were prepared using R software version 4.0.2 (R Core Team, 2019). The
poLCA package (Linzer & Lewis, 2011) was used to identify latent classes of stu-
dents’ sustainability engagement, while the nnet package (Ripley, 2022) was
employed to examine the influence of parents’ and teachers’ environmental engage-
ment on students’ class membership. Missing data were addressed through listwise
deletion, with both packages excluding cases with missing values in any of the
variables included in the analysis (Lund & Ritz, 2025), resulting in models esti-
mated on complete cases only. To account for the hierarchical structure of students
nested within classrooms, a cluster bootstrap procedure was applied, treating class-
rooms as the clustering units when analyzing the influence of teachers (Lezhnina &
Kismihok, 2022).

Specifically, the study first conducted an LCA on Dataset 1 (which included 25
participating education systems) to classify students’ sustainability engagement
using the poLCA package (Fig. 3.2). Comparisons across models of the following fit
indices were used to decide the appropriate number of latent classes: the Akaike
Information Criterion (AIC), the Bayesian Information Criterion (BIC), the sample-
size adjusted BIC (SABIC), and the Lo—Mendell-Rubin likelihood ratio test (LMR).
Parsimony and theoretical meaningfulness were also considered (Nylund
et al., 2007).

This step aimed to uncover distinct patterns of students’ sustainability engage-
ment across education systems, allowing for a more nuanced understanding of how
students cluster based on their behavioral and attitudinal responses. Identifying
these latent classes provides a foundation for examining whether and how external
factors—particularly parental and teacher engagement—are associated with

| AsBS06 | |ASBS07G| [AsBso0sH| |ASBG11A| [ASBG11C]

Latent
class

ASBG11D| [ASBG12A| [ASBG12B| |ASBG12E| [ASBG12F

Fig. 3.2 A conceptual model of latent class analysis on student sustainability engagement
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students’ membership in different engagement profiles. In the next step, the extent
to which parents’ and teachers’ ecological engagement predicted students’ likeli-
hood of belonging to each latent class was investigated.

The latent classes derived from this step served as the foundation for the subse-
quent phases. In the second step, the LCA results raised additional questions regard-
ing the potential role of environmental engagement at home and in the classroom in
shaping students’ class membership. To address these questions, contextual data
from parents and teachers were incorporated in the final phase. Specifically, paren-
tal and teacher environmental engagement variables were examined using multino-
mial logistic regression models to explore their association with students’ class
assignments.

Because the home and teacher questionnaire items had substantial missing data,
and the education systems represented in Dataset 2 and 3 differed from those in
Dataset 1, the LCA was conducted only once using Dataset 1. Each student was then
assigned to their most likely latent class based on this initial analysis, and their class
membership information was saved into Dataset 2 and 3 for subsequent analyses,
avoiding the need to rerun LCA on datasets with more missing data or a different
composition of participating education systems.

The influence of parents’ environmental engagement on students’ class member-
ship, examined using multinomial logistic regression, was implemented with the
nnet package on Dataset 2. Finally, the influence of teachers’ environmental engage-
ment on students’ class membership also using multinomial logistic regression with
an added cluster bootstrap procedure to account for the nesting of students within
classrooms, was explored using Dataset 3.

3.4 Results

3.4.1 Classes of Students’ Sustainability Engagement
3.4.1.1 Identifying Classes of Students’ Sustainability Engagement

When performing LCA using Dataset 1 to identify emerging latent classes that
describe the level of sustainability engagement among grade four students, distinct
student profiles emerged. This enabled the assignment of each student included in
the analysis to a respective class. However, before making these assignments, it was
important to evaluate whether the identified classes were statistically robust and
could be considered valid representations of the patterns observed in the data.
Based on the model fit indices (Table 3.4), the three-class solution was selected
as the optimal model for identifying classes of students’ sustainability engagement.
Although the fit indices (AIC, BIC, and SABIC) continue to decrease with addi-
tional classes, the most substantial improvement occurs between the two-class and
three-class models. This suggests that the three-class model offers a meaningful
increase in model fit. Furthermore, while the two-class model has the highest
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Table 3.6 Model fit indices for latent class analysis

LMR
Model | AIC BIC SABIC Entropy | Smallest class % | p-value
2-class | 3,088,674.00 | 3,089,275.00 | 3,089,278.00 | 0.72 47.77 0.00
3-class | 3,049,468.00 | 3,050,374.00 | 3,050,378.00 | 0.69 19.60 0.00
4-class | 3,031,931.00 | 3,033,143.00 | 3,033,146.00 | 0.70 9.18 0.00
S-class | 3,021,884.00 | 3,023,402.00 | 3,023,405.00 | 0.64 7.02 0.00
6-class | 3,016,863.00 | 3,018,686.00 | 3,018,689.00 | 0.63 5.57 0.00

Notes: N = 164,574; AIC Akaike’s Information Criterion; BIC Bayesian Information Criterion;
SABIC Sample-Adjusted BIC; LMR Lo—Mendell-Rubin

entropy (0.72), the three-class solution still maintains a reasonably high entropy
(0.69), indicating acceptable classification quality. Importantly, the three-class solu-
tion avoids the issue of very small class sizes seen in models with more than three
classes—such as the four-class model, which includes a class with only 9.18% of
the sample. Given the balance between improved model fit, classification precision,
and meaningful class sizes, the three-class model was deemed the most parsimoni-
ous and interpretable solution (Table 3.6).

3.4.1.2 Description of the Three Classes of Students’
Sustainability Engagement

Three latent classes were derived from students’ responses to the ten selected items
representing sustainability engagement of students (Fig. 3.3). As is common in
LCA, the classes reflect distinct patterns of engagement, ranging from low to high
levels of engagement with sustainability related behaviors, attitudes, and activities.
Class 1, comprising the smallest proportion of students (19.6%), is marked by con-
sistently low scores across all indicators of sustainability engagement taken into
consideration. This group was labeled Less Engaged to reflect its limited involve-
ment in environmental sustainability related activities. In contrast, Class 2, repre-
senting 35.65% of the sample, exhibited the highest scores across all ten items,
indicating strong engagement; this group was labeled Highly Engaged. Finally,
Class 3 included the largest proportion of students (44.75%) and displayed moder-
ate scores across all items, suggesting a balanced pattern of involvement.
Accordingly, this group was labeled Moderately Engaged.
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Fig. 3.3 Plots of three latent classes across ten items

3.4.2 Variation in Latent Classes by Education Systems
and Gender

3.4.2.1 Class Membership Across Education Systems

A clear cross-system pattern emerged in the distribution of students across the three
sustainability engagement classes (Fig. 3.4). Substantial variation was observed in
the proportion of students assigned to each class, reflecting differing levels of sus-
tainability engagement among students across education systems.

Class 1, representing students with low sustainability engagement, showed a sig-
nificant degree of variation across education systems. Nordic education systems
such as Denmark (40.11%), Norway (35.02%), and Sweden (34.27%) had the high-
est proportions of students in this least-engaged class. Similarly, many Western
European education systems like Belgium (Flemish) (31.19%) and the Netherlands
(39.56%) also had more than 30% of their students in this category. In contrast,
several Eastern and Southern European education systems had much lower propor-
tions of students in Class 1, such as Bulgaria (9.70%), Montenegro (8.28%), and
Portugal (6.20%). Notably, Kosovo had the lowest percentage in Class 1, with only
5.15% of students falling into the Less Engaged profile. These patterns suggest a
possible disconnect between traditionally high-performing or economically
advanced systems and students’ personal engagement with environmental issues.
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Fig. 3.4 Latent class distribution by education system. Note: Education systems are ranked from
highest to lowest in Class 2 (Highly Engaged)

Class 2 represents the most ecologically engaged group and is particularly domi-
nant in some of the newer or economically transitioning education systems
(European Commission, 2008; OECD, 2024). The highest proportions of Class 2
students were found in Bulgaria (54.82%), Kosovo (73.29%), Montenegro (66.43%),
and Portugal (57.18%). Additionally, Romania, Serbia and Spain each had over
50% of their student populations in Class 2. In contrast, education systems such as
Belgium (Flemish) (19.91%), Denmark (12.87%), and Sweden (17.05%) showed
notably lower proportions in this Highly Engaged group. These results may indicate
a stronger focus on environmental issues in school curricula or community initia-
tives in some transitioning economies, or alternatively, differing interpretations of
environmental engagement across cultural contexts.

Class 3, the Moderately Engaged profile, was the largest group in many Western
and Northern European education systems. For example, in Finland (52.07%),
Norway (50.20%), and Sweden (48.68%) the majority of students fell into this
group. Similarly, the Czech Republic, Germany, and Italy also showed large shares
of Moderately Engaged students. This pattern suggests that while students in these
education systems may not exhibit the highest levels of sustainability engagement,
a substantial number demonstrate at least a moderate commitment. Interestingly, in
education systems with very high Class 2 proportions, such as Kosovo and
Montenegro, the proportion of Class 3 students was notably lower (21.55% and
25.28%, respectively), indicating a clear contrast between high and low engagement
levels in those contexts.
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3.4.2.2 Class Membership Across Gender

Analysis of class membership by gender revealed a consistent pattern across educa-
tion systems (Table 3.7): girls were disproportionately represented in the more
engaged sustainability profiles—Class 2 (Highly Engaged) and Class 3 (Moderately
Engaged)—while boys were overrepresented in Class 1 (Less Engaged). For exam-
ple, in education systems like Finland and Sweden, over 54% of students in Class 2
were girls, and over 55% in Class 3. A similar trend was observed in education
systems such as Lithuania, Norway, Poland, and Slovenia, where the percentage of
girls in Class 2 ranged from approximately 51 to 54%, and in Class 3 from 53 to
56%. Conversely, boys constituted the majority in Class 1 across nearly all educa-
tion systems—often exceeding 60%, such as in Germany (60.43%), Hungary
(58.02%), and Kosovo (63.54%). These findings suggest that, across diverse national
contexts, girls tend to show higher sustainability engagement than boys, with a con-
sistent gender gap in favor of girls in the more engaged latent classes (Table 3.7).

Table 3.7 Class membership across gender

Class 1 Class 2 Class 3
Education system Girl (%) |Boy (%) |Girl (%) |Boy (%) |Girl(%) |Boy (%)
Bulgaria 32.85 67.15 49.87 50.13 48.77 51.23
Cyprus 35.56 64.44 51.40 48.60 54.24 45.76
Czech Republic 34.47 65.53 51.64 48.36 54.67 45.33
Denmark 47.40 52.60 53.51 46.49 53.68 46.32
Finland 36.01 63.99 54.97 45.03 55.30 44.70
Germany 39.57 60.43 51.34 48.66 53.27 46.73
Hungary 41.98 58.02 50.66 49.34 52.45 47.55
Ireland 36.34 63.66 51.19 48.81 53.93 46.07
Ttaly 44.48 55.52 46.11 53.89 53.52 46.48
Kosovo 36.46 63.54 50.47 49.53 49.80 50.20
Latvia 38.98 61.02 49.78 50.22 55.85 44.15
Lithuania 35.53 64.47 53.33 46.67 53.40 46.60
Montenegro 37.04 62.96 50.07 49.93 48.67 51.33
Netherlands 47.23 52.77 49.51 50.49 57.52 42.48
Norway 43.00 57.00 50.98 49.02 56.63 43.37
Poland 35.87 64.13 53.74 46.26 53.93 46.07
Portugal 36.23 63.77 50.83 49.17 51.07 48.93
Romania 37.46 62.54 53.27 46.73 53.04 46.96
Serbia 36.53 63.47 52.70 47.30 51.81 48.19
Slovak Republic 42.37 57.63 49.71 50.29 51.35 48.65
Slovenia 35.74 64.26 48.98 51.02 55.68 44.32
Spain 39.30 60.70 51.45 48.55 49.56 50.44
Sweden 44.49 55.51 54.89 45.11 56.81 43.19
Belgium (Flemish) | 44.58 55.42 47.04 52.96 52.00 48.00

Belgium (French) 42.08 57.92 50.94 49.06 55.01 44.99
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Table 3.8 Parents’ influence on students’ class membership

Class 2 Class 3

vs. Class | SE vs. Class | SE

1 (Class | p-value |1 (Class | p-value

(log-odds) | 2) (Class 2) | (log-odds) | 3) (Class 3)

Intercept | -1.934 0.059 | <0.001 -0.516 0.056 | <0.001

DISCUSS ASBHO09A | 0.156 0.024 | <0.001 |0.15 0.023 | <0.001
ENVIRONMENT
READ ASBHO09B | 0.289 0.025 | <0.001 |0.117 0.024 | <0.001
INFORMATION
SAVE ASBHO09C | 0.142 0.016 | <0.001 |0.092 0.016 | <0.001
RESOURCES
TIME IN NATURE | ASBH09D | 0.192 0.017 | <0.001 |0.147 0.017 < 0.001
ENCOURAGE ASBHO9E | 0.311 0.017 | <0.001 0.1 0.016 | <0.001
ACTION

Note: SE standard error

3.4.3 Parents’ Influence on Students’ Class Membership

The results indicate that parental involvement plays a significant role in predicting
students’ sustainability engagement class membership (Table 3.8). Compared to
students in Class 1 (Less Engaged), those in Class 2 (Highly Engaged) and Class 3
(Moderately Engaged) were more likely to have parents who frequently engaged in
pro-environmental behaviors with them. All five parental variables—discussing
environmental issues, reading information, saving resources, spending time in
nature, and encouraging action—were positively and significantly associated with
higher class membership (p < 0.001 across all comparisons).

Among these predictors, parental encouragement to take action showed the
strongest association with Class 2 membership (log-odds = 0.311), followed by
reading environmental information (log-odds = 0.289). Similar but slightly smaller
effects were found for Class 3, suggesting that while these parental behaviors influ-
ence both moderate and high engagement, their impact is most pronounced for stu-
dents in the Highly Engaged group. These findings underscore the important role of
parents in shaping students’ sustainability awareness and engagement through
active involvement and environmental dialogue at home.

3.4.4 Teachers’ Influence on Students’ Class Membership

The multinomial logistic regression analysis examined the influence of science
teaching practices on students’ sustainability engagement class membership, com-
paring Class 2 (Highly Engaged) and Class 3 (Moderately Engaged) against Class 1
(Less Engaged) (Table 3.9). For Class 2, when teachers emphasized asking ques-
tions (f = —0.09, p = 0.03) and predicting outcomes (f = —0.06, p = 0.04), students
were slightly less likely to be highly engaged. In contrast, practices involving dis-
cussing actions (# = 0.27, p = 0.00), visiting natural areas (f = 0.14, p = 0.00),
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Table 3.9 Teachers’ influence on students’ class membership

Class 2 Class 3
vs. Class vs. Class
1 SE 1 SE
(log- (Class |p-value | (log- (Class | p-value
odds) 2) (Class 2) | odds) 3) (Class 3)
Intercept | -1.91 0.28 0.00 0.04 0.04 0.28
ASK STUDENTS\DO | ATBSO02F | 0.33 0.21 0.12 0.06 0.05 0.21
FIELD WORK
EMPHASIS\ASK ATBS03A | -0.09 0.04 0.03 0.01 0.04 0.83
QUESTIONS
EMPHASIS\ ATBS03B | -0.06 0.03 0.04 -0.12 0.07 0.07
PREDICT
OUTCOMES
EMPHASIS\ ATBSO3E | 0.09 0.06 0.13 -0.02 0.05 0.75
CONDUCT
EXPERIMENTS
TEACHING\ ATBS04A | -0.06 0.05 0.23 0.11 0.08 0.20
DEVELOP
POSITIVE
ATTITUDES
TEACHING\ ATBS04C | 0.27 0.06 0.00 0.01 0.07 0.84
DISCUSS ACTIONS
TEACH ISSUES\ ATBSO05A | 0.14 0.05 0.00 0.22 0.06 0.00
VISIT NATURAL
AREAS
TEACH ISSUES\ ATBSO05B | 0.15 0.05 0.00 0.07 0.05 0.12
PARTICIPATE
ACTIVITIES
TEACH ISSUES\ ATBS05C |0.11 0.04 0.01 0.38 0.06 0.00
RESEARCH TOPICS
TEACH ISSUES\ ATBSO05D | 0.19 0.05 0.00 0.14 0.05 0.00
OUTDOOR
PROGRAMS

Note: SE standard error

participating in environmental activities (f = 0.15, p = 0.00), teaching research top-
ics (f = 0.11, p =0.01), and organizing outdoor programs (f = 0.19, p = 0.00) were
positively and significantly associated with high engagement. These results suggest
that hands-on, applied learning experiences, such as outdoor and research-based
activities, are more effective in fostering students’ sustainability engagement than
purely classroom-based questioning strategies.

When comparing Class 3 (Moderately Engaged) to Class 1 (Less Engaged),
fewer teaching practices were significantly associated with higher sustainability
engagement. The most notable predictor was teaching research topics (f = 0.38,
p = 0.00), which showed a strong positive relationship with moderate engagement.
In addition, visiting natural areas (f = 0.22, p = 0.00) and organizing outdoor
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programs (= 0.14, p = 0.00) was also significantly related to higher odds of being
in Class 3. Other teaching practices, such as asking questions, conducting experi-
ments, or discussing environmental actions, did not significantly differentiate Class
3 from Class 1. These findings suggest that while more intensive hands-on or
inquiry-based teaching strategies may not consistently distinguish Moderately
Engaged students, exposure to research-related and outdoor learning experiences
plays an important role in elevating environmental involvement above the lowest
engagement group.

3.5 Discussion

This chapter examined the sustainability engagement of grade four students in 25
European Education Area and Western Balkan education systems using TIMSS
2023 data, interpreted through the lens of the GreenComp framework for sustain-
ability competencies. Through LCA, cross-national comparisons, and regression
modeling, the study identified three student profiles and the influence of home and
school environments on their sustainability engagement. The findings reveal signifi-
cant variation across the European Education Area and its Western Balkans neigh-
borhood, demographic subgroups and in relation to familial and pedagogical
contexts, offering important insights into the broader dynamics of sustainability
education.

3.5.1 Profiles of Student Sustainability Engagement

The LCA identified three meaningful patterns of student engagement with sustain-
ability topics and behaviors. The Highly Engaged group (35.7%) reflected students
with strong pro-environmental attitudes and frequent sustainability behaviors, while
the Moderately Engaged group (44.8%) demonstrated intermediate levels of
engagement, suggesting some awareness and participation but without consistent
depth. The Less Engaged group (19.6%) displayed low scores across both affective
and behavioral dimensions of sustainability engagement.

These distinctions support a developmental view of sustainability learning,
wherein attitudes and behaviors evolve in tandem with cognitive, emotional, and
contextual inputs. Students in the Highly Engaged group may be experiencing early
internalization of sustainability values, potentially reinforced by supportive home
and school environments. The presence of a sizable Moderately Engaged group
further indicates that many students occupy a transitional space, open to sustain-
ability messages but perhaps lacking consistent reinforcement or opportunities
for action.
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Emerging research emphasizes that emotional connection to nature may play a
key role in developing sustainability engagement (Otto & Pensini, 2017). Positive
affective experiences, such as joy, fascination, and comfort in natural settings, have
been shown to foster “significant life experiences” (Chawla, 1998) that promote
enduring pro-environmental values and behaviors (Ernst & Theimer, 2011). As
such, liking nature may often precede caring about nature, and ultimately motivate
action. These emotional experiences may serve as an essential foundation upon
which cognitive understanding and behavioral competencies can build. Students in
the Highly Engaged group may thus reflect early internalization of sustainability
values, likely reinforced not only by knowledge and social support, but also by posi-
tive emotional experiences with nature. This underscores the importance of ensur-
ing that sustainability education integrates direct experiences with nature as a means
of fostering emotional agency, and long-term commitment to sustainability action
(Ardoin et al., 2019).

3.5.2 Cross-National and Demographic Patterns
3.5.2.1 Variation Across Education Systems

Substantial variation emerged in the distribution of engagement profiles across edu-
cation systems. Interestingly, education systems typically associated with strong
educational performance and higher levels of economic development, such as
Denmark, the Netherlands, and Norway, had larger proportions of Less Engaged
students. In contrast, higher levels of engagement were observed in Southern and
Eastern European contexts, such as Bulgaria, Kosovo, Montenegro, and Portugal.

This pattern may reflect differences in how sustainability behaviors are embed-
ded into daily life across contexts. The nature of sustainability learning and its inter-
action with socio-technological contexts must be explored. In some education
systems, sustainability-related practices, such as energy conservation, water man-
agement or waste reduction, are increasingly integrated into the design of public
infrastructure, technology, and service provision (such as automated lighting, cen-
tralized heating systems, efficient water regulation, or organized waste collection).
These systemic solutions may reduce the frequency with which individuals, includ-
ing students, are required to make active choices regarding resource use in their
everyday routines (Shove, 2010; Stern, 2000). In other contexts, where such struc-
tural solutions are less common or widespread, sustainability behaviors may remain
more directly tied to individual practices and family routines, creating more fre-
quent opportunities for students to engage in sustainability-related actions and dis-
cussions (Boeve-de Pauw et al., 2015).

Inaddition, some highly developed systems may primarily integrate sustainability-
related topics in science, geography or social studies curricula as knowledge
domains, rather than as personal, behavioral or engagement-oriented instruction.
This knowledge-oriented approach, emphasizing understanding over action, may
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develop cognitive understanding without necessarily translating into personal
behavioral engagement, especially if students perceive sustainability as an over-
arching societal responsibility rather than a personal one (Olsson et al., 2016).

Moreover, in many transitioning economies, students may encounter more visi-
ble and immediate sustainability challenges in their environment necessitating swift
action and a heightened awareness of and engagement with sustainability-related
systems.

3.5.2.2 Gender Differences

Across almost all education systems, somewhat more girls than boys were found in
the Highly Engaged and Moderately Engaged classes, while boys were somewhat
more frequent in the Less Engaged group. This pattern aligns with longstanding
findings in environmental education literature, which suggest that girls are more
likely to internalize communal and care-oriented values, including environmental
stewardship.

This trend reinforces the importance of gender-responsive sustainability educa-
tion. Although the GreenComp framework does not explicitly address gender, the
competencies it emphasizes—such as critical thinking, collaboration, and personal
responsibility—may resonate differently with boys and girls depending on peda-
gogical framing and socialization. Addressing gender gaps in sustainability engage-
ment may require not only inclusive curricular content but also differentiated
instructional strategies that foster relevance and agency for all students. In addition,
these patterns underscore the potential to channel girls’ strong engagement with
sustainability topics into greater participation in STEM (science, technology, engi-
neering, and mathematics) education and professions, where such competencies are
increasingly essential for addressing complex environmental and ecological chal-
lenges. At the same time, by intentionally aligning sustainability topics with STEM
learning, education systems may be able to transform existing interest into long-
term participation, helping also to close persistent gender gaps in STEM fields.

3.5.2.3 Parental Education and Home Contexts

While TIMSS did not directly measure parental education, its likely correlation
with home-based sustainability practices was evidenced in the regression analysis
in this study. Prior research has repeatedly demonstrated that parental education
correlates strongly with student academic achievement, largely through mecha-
nisms of cognitive stimulation, language exposure, and enriched learning environ-
ments (Mullis et al., 2020; Yang Hansen & Gustafsson, 2016). In the domain of
sustainability education, however, these cognitive mechanisms may be comple-
mented, and in some cases superseded, by value-based processes. Numerous studies
have shown that higher parental education is associated with stronger pro-
environmental attitudes, greater ecological concern, and more frequent sustainable
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behaviors at home (Franzen & Vogl, 2013; Lee et al., 2020; Zelezny et al., 2000).
These value orientations likely shape not only what children know about sustain-
ability, but also how they prioritize, internalize, and act on sustainability issues
(Chawla & Cushing, 2007; Stevenson et al., 2013).

This dual role of parental education—as both a provider of knowledge and a
transmitter of values—may be particularly relevant for sustainability engagement,
which requires the integration of cognitive, affective, and behavioral competencies
(Bianchi et al., 2022; UNESCO, 2020). While parallels with academic achievement
exist, sustainability learning entails additional socio-emotional dimensions, includ-
ing empathy, moral reasoning, and future-oriented thinking (Boeve-de Pauw et al.,
2015; Olsson et al., 2016). Thus, the observed association between parental educa-
tion and students’ sustainability engagement underscores the importance of home-
school partnerships that not only address knowledge gaps but also support the
development of pro-environmental values and agency, particularly for students
whose home environments may offer fewer such opportunities.

3.5.3 The Role of Parents in Shaping Engagement

Parental environmental engagement emerged as a significant predictor of students’
likelihood to be in the more engaged classes. Specifically, parental behaviors such
as discussing environmental topics, spending time in nature, saving resources, and
encouraging children to take action were strongly associated with higher levels of
student engagement. This finding aligns with well-established research in educa-
tional and environmental psychology demonstrating that parents serve as both role
models and facilitators in the development of children’s environmental values,
behaviors, and knowledge (Chawla & Cushing, 2007; Evans et al., 2018; Grusec &
Hastings, 2015).

These findings reinforce ecological socialization theory, which indicates that
children’s values and behaviors are shaped through daily interactions within their
proximal environments (Grusec & Davidov, 2007). In the context of sustainability,
parents influence children not only through direct instruction but also through mod-
eling pro-environmental behaviors, communicating value-driven narratives, and
providing experiential learning opportunities (Evans et al., 2018). Parental practices
that combine behavioral modeling with dialogic engagement, such as conversations
about environmental problems or encouraging pro-environmental actions, appear
particularly influential in fostering children’s emerging sense of sustainability
agency, an essential competence embedded in the GreenComp domain acting for
sustainability. Importantly, this study contributes to a growing body of research that
positions parents as key co-educators in the development of children’s sustainability
competences. More broadly, such parental involvement may contribute to children’s
developing understanding of sustainability not only as a set of individual behaviors,
but as an integrated concept involving environmental, social, and economic dimen-
sions (Bianchi et al., 2022; United Nations, 2015). Through everyday practices and
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conversations, parents help children make sense of complex interconnections
between resource use, collective responsibility, and long-term consequences,
thereby laying an early foundation for systems thinking and future-oriented
decision-making, both central pillars of sustainability competence frameworks
(Boeve-de Pauw et al., 2015; Wiek et al., 2011).

These findings carry important implications for sustainability education practice
and policy. While schools serve as central venues for formal learning, many aspects
of sustainability competence may develop more effectively when learning is
extended into the home environment through family-based activities, school-home
partnerships, and community engagement initiatives (Barr, 2007; Evans et al., 2018;
Wals, 2015). Educational policies aiming to broaden the reach of sustainability edu-
cation should consider integrated approaches that actively involve families in sus-
tainability learning, ensuring that both knowledge and values are nurtured from
multiple sources of influence during students’ formative years.

3.5.4 The Role of Teachers and Teaching Practices

The influence of teaching practices on environmental engagement was both signifi-
cant and nuanced. The most impactful pedagogies were experiential and context-
rich, including outdoor learning, participation in environmental programs, and
project-based activities. These were positively associated with high levels of sus-
tainability engagement, consistent with constructivist theories of learning (Piaget,
1972; Vygotsky, 1978), which emphasize that meaningful learning occurs when
students actively engage with authentic, real-world contexts and construct personal
understanding through interaction and reflection.

Experiential approaches provide opportunities for students to develop multiple
dimensions of sustainability competencies, especially those covered in GreenComp,
such as problem-solving, responsibility, and connection with nature. As previous
research has shown, authentic learning environments foster students’ motivation,
agency, and self-efficacy in addressing complex sustainability challenges (Boeve-de
Pauw et al., 2015; Evans et al., 2012). Moreover, outdoor and project-based pedago-
gies engage students both cognitively and affectively, facilitating deeper emotional
connections to sustainability topics that serves as a prerequisite for behavioral
change (Ardoin et al., 2019).

In contrast, the study found that more traditional classroom strategies, such as
asking questions or predicting outcomes, had weak or negative associations with
engagement. This suggests that pedagogical mode may matter as much as content:
didactic approaches may not be sufficient to foster deep engagement with sustain-
ability issues, particularly among younger learners who benefit from embodied and
participatory experiences. Active, embodied, and participatory strategies appear
better suited to cultivating the motivation and skills associated with sustainability.

Interestingly, several strategies showed stronger effects for students in the Highly
Engaged class compared to the Moderately Engaged, hinting at a threshold effect:
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once students are meaningfully engaged, certain pedagogical inputs may further
amplify their involvement. However, raising students from low to moderate engage-
ment may require broader structural and systemic interventions, such as fostering a
supportive school climate, embedding sustainability throughout the curriculum,
providing equitable access to nature experiences, and strengthening home—school—-
community partnerships (Evans et al., 2012; UNESCO, 2017).

Collectively, these findings underscore that teaching for sustainability is both
pedagogically and systemically demanding. While active, experiential practices are
demonstrably effective, their implementation often depends on teacher training,
curriculum flexibility, institutional support, and cultural contexts that value student
agency and participatory learning. As such, advancing sustainability education
requires not only pedagogical innovation but also organizational commitment to
fostering whole school approaches that create enabling environments for both
teachers and students.

3.5.5 Linking Student Performance
and Sustainability Engagement

This chapter, by taking a first step in identifying how sustainability engagement is
represented in TIMSS questionnaires, offers a way forward in bridging comparative
large-scale assessments and sustainability frameworks.

An important area for future research lies in examining how students’ sustain-
ability engagement profiles relate not only to their achievement in science subjects
but also to their broader environmental literacy. While this chapter has focused on
interpreting TIMSS 2023 questionnaire items through the lens of the GreenComp
framework, the inclusion of achievement data could provide a more comprehensive
understanding of the interaction of cognitive, affective, and behavioral dimensions
of sustainability competence.

Further support for this perspective comes from the recent TIMSS Insights
report, Environmental Awareness in TIMSS 2023: Patterns in Achievement,
Attitudes, Behaviors, and Contexts, which presents cross-national analyses of stu-
dents’ knowledge about environmental issues, their attitudes and behaviors toward
sustainability, and how these relate to science achievement, and home and school
contexts (Bookbinder et al., 2025). The report highlights that student engagement in
sustainability-related behaviors varies considerably across education systems and
does not consistently align with science achievement patterns. For instance, some
high-performing education systems in science report comparatively modest levels
of environmental action among students, while others with lower academic perfor-
mance show stronger behavioral engagement (Bookbinder et al., 2025). These find-
ings suggest that while strong science achievement may provide a necessary
foundation for sustainability engagement by contributing to knowledge and reason-
ing skills, it is not sufficient on its own. Environmental literacy, values-based educa-
tion, and opportunities for experiential engagement also play an important role in
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fostering students’ capacity and motivation to act sustainably. Future research could
build on this insight by exploring how these three dimensions (achievement, envi-
ronmental literacy, and behavioral dispositions) interact to shape students’ pre-
paredness for sustainability-oriented thinking and action.

3.6 Conclusion

This chapter explored how international large-scale assessment data, specifically
the TIMSS 2023 grade four context questionnaires, can be leveraged to operational-
ize the GreenComp framework and assess students’ sustainability engagement lev-
els. Through a systematic item mapping and empirical analysis, the study identified
how selected TIMSS 2023 student, home, and teacher questionnaire items reflect
the core GreenComp competence areas, offering new insights into early patterns of
sustainability-related dispositions among young learners across education systems
in the European Education Area and Western Balkans.

At the core of this study is the construct of sustainability engagement, which was
defined as students’ reported interest and participation in, and attitudes toward,
behaviors that support environmental sustainability. This includes both affective
aspects (such as enjoyment of nature) and behavioral aspects (such as resource-
saving practices and participation in environmental activities), aligned conceptually
with GreenComp domains.

Using LCA, the study identified three distinct profiles of student sustainability
engagement: Less Engaged, Moderately Engaged, and Highly Engaged. These pro-
files illustrate the multifaceted and developmental nature of sustainability compe-
tences, integrating affective, behavioral, and contextual dimensions that evolve
through students’ interactions with their educational and home environments. The
cross-national variation observed in the distribution of these engagement profiles
underscores how sustainability competences are shaped by diverse curricular, cul-
tural, and socioeconomic factors.

Notable gender patterns emerged across participating education systems, with
girls exhibiting relatively higher sustainability engagement than boys. These results
call for approaches in sustainability education that foster inclusivity, motivation,
and agency for all learners. Such approaches may also serve as a pathway for
enhancing girls’ interest and participation in STEM fields, where sustainability-
related competences are increasingly relevant.

The findings further highlight the influential role of parents and teachers in shap-
ing students’ sustainability engagement. Parental behaviors such as discussing envi-
ronmental issues, demonstrating pro-environmental practices, and encouraging
children to take sustainability actions were strong predictors of higher engagement
levels. Similarly, pedagogical approaches that integrate experiential, outdoor, and
project-based learning were positively associated with students’ engagement,
emphasizing the value of authentic learning contexts that foster emotional connec-
tion to nature, agency, and active participation.
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While the study provides important empirical contributions, several aspects war-
rant careful consideration. First, the analysis was based on a subset of participating
education systems for which sufficiently complete data were available across stu-
dent, home, and teacher questionnaires. This restriction, though necessary to ensure
data quality and minimize bias due to missing responses, suggests that the findings
of this study should not be generalized to the full set of TIMSS participating educa-
tion systems. It remains possible that the latent class structure or the strength of
contextual influences may have differed if the analysis was conducted on a full set
of data. Second, while the study identifies associations between parental and teacher
engagement and student outcomes, the cross-sectional nature of TIMSS data rules
out any causal inferences. Counterfactual analyses, such as evaluating how students
with similar characteristics might have engaged under different home or teaching
conditions, were not feasible within the scope of this study due to data design con-
straints. Future research would benefit from longitudinal or quasi-experimental
designs to more rigorously examine these dynamics.

In addition, while the selected TIMSS items offered useful entry points for cap-
turing aspects of sustainability engagement, they were not originally designed to
comprehensively measure GreenComp competences. Certain GreenComp areas,
particularly those emphasizing systems thinking, political agency, or future-oriented
reasoning, were underrepresented in this study. As international assessment pro-
grams consider ways to integrate sustainability monitoring into their frameworks,
intentional alignment with competence-based models like GreenComp would allow
for more comprehensive, rigorous, and culturally inclusive exploration.

Despite these constraints, this chapter demonstrates the feasibility and value of
repurposing existing international large-scale assessment data available in TIMSS
2023 to inform policy and practice in sustainability education. The association of
the GreenComp framework to TIMSS data provides a promising approach for
advancing educational monitoring in this emerging domain. By offering an empiri-
cally grounded perspective on how young learners engage with sustainability, the
study aims to contribute to ongoing policy dialogues, support curriculum develop-
ment, and underscore the importance of fostering the knowledge, values, and behav-
iors essential for a sustainable future.
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Chapter 4 )
Attaining Knowledge on Environmental e
Sustainability: Knowledge

and Understanding of Environmental
Sustainability Revealed by TIMSS 2023

Data in European Education Systems

Barbara Japelj Pavesi¢ » and Jure Novak

4.1 Introduction

Sustainable development has become a critical priority for contemporary societies.
The United Nations’ 2030 Agenda established goals towards sustainable develop-
ment that address social, economic, and environmental challenges, including ending
hunger and poverty, protecting natural resources, promoting sustainable production
and consumption, and reducing inequality (United Nations, 2015). One highly effec-
tive approach to achieving these goals is sustainable education (Krayneva et al.,
2021), as emphasized by the United Nations Educational, Scientific and Cultural
Organization (UNESCO) in Education for sustainable development: A roadmap
(UNESCO, 2020). Within this framework, environmental sustainability is a key
domain and is the central focus of this chapter and volume.

The topic of environmental sustainability is most commonly integrated into the
science curriculum in schools. Therefore, examining learning opportunities and out-
comes in science education in schools across different regions can provide critical
perspectives into environmental sustainability education.

The research literature offers valuable insights into education for environmental
sustainability and the teaching of specific environmental topics across different edu-
cation systems and educational levels. Education systems often compare their
approaches and practices when introducing new strategies, as seen in a comparative
study of education for sustainable development in Croatia, Montenegro and Serbia
(Vukic et al., 2021). However, there is limited evidence on students’ environmental
knowledge, particularly in the early years of education. For instance, a study from
Momete and Momete (2021) attempting to develop a method for tracking progress
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in education for sustainable development across the European Union, focusing on
how education systems are meeting Sustainable Development Goals, included
information about environmental knowledge. European Union education systems
were grouped into higher and lower achievers based on educational indicators.
However, the primary knowledge indicators used did not specifically assess sustain-
ability knowledge, competencies, or attitudes. Instead, they measured the general
science competencies of 15-year-old students as reported in the Organisation for
Economic Co-operation and Development’s PISA! study (Momete & Momete,
2021). A recent systematic review of studies on environmental sustainability com-
petencies in primary education (Cebridn et al., 2025) examined existing approaches
and tools assessing sustainability competencies but did not address student knowl-
edge directly. The review identifies a range of pedagogical strategies used to assess
knowledge, competencies and outcomes, primarily within interdisciplinary environ-
mental learning activities for students in different age groups. It highlights the need
for greater evidence to inform educators about the current state of education for
environmental sustainability with regard to student knowledge and competences
(Cebrian et al., 2025).

Key predictors of environmentally responsible behavior include attitudes and social
norms, both of which are expected to be closely linked to environmental knowledge,
according to educational research (Reynolds & Komakhidze, 2022). Increased knowl-
edge can enhance motivation for engagement, while active participation can, in turn,
deepen knowledge. The overarching goal of education for environmental sustainability
is to equip students—and future adults—with the knowledge and motivation needed to
take action in preserving the environment and promoting sustainability. Consequently,
the relationship between knowledge acquired in school and the development of atti-
tudes is crucial. Baierl et al. (2024) found that students’ attitudes toward nature influ-
enced the levels of knowledge they gained and retained. Earlier research also
demonstrated that students’ motivation for environmental engagement varies accord-
ing to age and school grade level (Lieflinder & Bogner, 2014). To develop effective
strategies for fostering long-term motivation, it is essential to understand how knowl-
edge shapes engagement and how these dynamics differ across education systems and
cultural contexts from an early age.

In Chaps. 1 and 2 of this volume, existing and emerging opportunities to learn envi-
ronmental sustainability are examined through GreenComp, the reference framework
for sustainability competences in the European Union, alongside additional frame-
works available across Europe (Bianchi et al., 2022). Understanding the relationship
between knowledge and attitudes—while considering the opportunities students have
to learn—represents a crucial next step in developing effective strategies to enhance
sustainability education and promote a deeper understanding of environmental issues.

The central purpose of this chapter is to explore how education for environmental
sustainability is implemented in European education systems, based on research of
student knowledge. In 2023, most European education systems took part in the Trends

'PISA = Programme for International Student Assessment.
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in International Mathematics and Science Study (TIMSS) 2023, which assessed
students’ environmental knowledge and attitudes, and factors influencing their learn-
ing opportunities. TIMSS is a complex curriculum-based study which collects evi-
dence from multiple sources while maintaining connections between them, enabling
the interpretation of all collected data to the measured student achievement within
representative samples from each participating education system.

4.1.1 The TIMSS Curriculum Model Behind the Data
on Education for Environmental Sustainability

Among international large-scale assessments, TIMSS 2023 is the most extensive
curriculum-based study of science knowledge (von Davier, Kennedy, et al., 2024).
Conducted in 4-year cycles, TIMSS measures students’ knowledge, based on a
selected set of contents and topics that students in all participating education sys-
tems are generally expected to have the opportunity to learn in school (achieve-
ment data). In addition to achievement data, TIMSS collects contextual data to
explain differences in students’ learning opportunities and measured knowledge.
The contextual data is gathered from multiple sources—including national repre-
sentatives, schools, teachers and students—through questionnaires and national
reports. The focus of this chapter is specifically on environmental achievement
and curricular data for the target population of grade four students in European
education systems.

4.1.2 Contents of Environmental Achievement Tests

For each study cycle, the participating education systems together select contents
and topics that form the basis of the common achievement tests. These are docu-
mented in the TIMSS assessment frameworks (Mullis et al., 2021) and are used to
develop the assessment items that make up the student achievement tests. In TIMSS
2023, there were 44 assessment items aligned with 14 environmental sustainability
topics (Table 4.1).

4.1.3 Curricular Data

TIMSS is structured around three curricular levels: the intended curriculum, the
implemented curriculum, and the attained curriculum (Fig. 4.1). At each level, dif-
ferent data on environmental sustainability are collected in a way that allow them to
be related to student achievement, which is the focus of the study.
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Table 4.1 Environmental contents assessed in TIMSS 2023

Content

Topics

Earth science

ES/
ECH/1A

ES/
ECH/2A
ES/
ECH/2B
ES/
ECH/3B

ES/
ECH/1B

ES/
ECH/1C

Physical characteristics of the Earth system: Recognize that Earth’s surface is made
up of land and water in unequal proportions (more water than land) and is surrounded
by air; describe where fresh and salt water are found

Earth’s resources: Identify some of Earth’s resources that are used in everyday life
(e.g., water, wind, soil, forests, oil, natural gas, minerals)

Earth’s resources: Explain the importance of using Earth’s renewable and
nonrenewable resources responsibly (e.g., fossil fuels, forests, water)

Earth’s history: Recognize that some remains (fossils) of animals and plants that
lived on Earth a long time ago are found in rocks and ice and make simple deductions
about changes in Earth’s surface from the location of these remains

Weather and climates on Earth: Describe how weather (i.e., daily variations in
temperature, humidity, precipitation in the form of rain or snow, clouds, and wind)
can vary with geographic location

Weather and climates on Earth: Describe how average temperature and precipitation
can change with the seasons and location; recognize that the average temperature on
Earth has increased over the last century and some effects of this increase on Earth’s
physical characteristics (e.g., ocean levels have increased, ice caps have melted,
rivers have dried up, deserts have grown bigger)

Life science

LS/
Eco/1A
LS/
Eco/2A

LS/
Eco/2B

LS/
Eco/2C

LS/
Eco/2D
LS/
Eco/3A
LS/
OEI/3A

Common ecosystems: Relate common plants and animals (e.g., evergreen trees,
frogs, lions) to common ecosystems (e.g., forests, ponds, grasslands)

Relationships in simple food chains: Recognize that plants need (sun)light, air, and
water to provide energy for life processes (i.e., growth and repair, movement, and
reproduction); explain that animals eat plants or other animals to get the food they
need to supply energy for life processes (i.e., growth and repair, movement, and
reproduction)

Relationships in simple food chains: Complete a model of a simple food chain using
common plants and animals from common ecosystems, (e.g., a forest, a desert, a
river, an ocean)

Relationships in simple food chains: Describe the roles of living things at each link in
a simple food chain (e.g., plants produce their own food; some animals eat plants,
while other animals eat the animals that eat plants)

Relationships in simple food chains: Identify common predators and their prey and
describe their relationships

Competition in ecosystems: Recognize and explain that some living things in an
ecosystem compete with others for resources (e.g., food, light, space)

The impact of humans on the environment: Recognize that human behavior has
negative and positive effects on the environment (e.g., negative effects of air and
water pollution, positive effects of reducing air and water pollution); provide general
descriptions and examples of the effects of pollution on humans, plants, and animals

Physical science

PS/
EN/IA

Common sources and uses of energy: Identify sources of energy (e.g., the Sun,
flowing water, wind, coal, oil, gas), and recognize that energy is needed for
movement and transportation, manufacturing, heating, lighting, and powering
electronic devices
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Descriptions of national curricula

Source: national chapters in TIMSS
2023 encyclopedia

Education systems' list of topics from
the TIMSS framework which are
included in national curriculum for
Intended curriculum: the target student population

contents intended to be taught to Source: curriculum questionnaire

students of target population (most
often listed in national curricula)

Education systems' list of assessment
items whose content is covered by
national curriculum for the target

student population

Source: TCMA data

Teachers' reports whether topics
were taught or not to students
by the specific grade

Source: teacher questionnaire

TIMSS

curricular data 1.Implemented curriculum:

2.contents taught to classes of
students participating in the study, Ve ~N
confirmed by their teachers

Teacher reports about teaching
practices related to environmental
sustainability

Source: teacher questionnaire

Student achievement

Source: score on environmental

. . knowledge scale
1.Attained curriculum: E

2.contents learned by students,
assessed by tests

3. attitudes of students, assesed by
questionnaires for students

Student preparedness for
environmental activities

Students valueing environmental
preservation

Source: student questionnaires

Fig. 4.1 Model of data sources for teaching the environmental sustainability contents

The intended curriculum refers to the topics intended to be taught in schools and is
based on information collected on the national level. Each participating education sys-
tem is asked to provide a national chapter to the TIMSS 2023 encyclopedia (Reynolds
et al., 2024), presenting an overview of their mathematics and science education. The
chapters follow a similar structure and, among other information, provide summaries
of the science curriculum up to grade four and grade eight. These summaries offer a
broad perspective on the national curricula, beyond the specific environmental
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sustainability topics examined in TIMSS. Further, education systems’ responses
to the curriculum questionnaire (Reynolds et al., 2024), report whether each specific
topic from the TIMSS framework is included in the national curriculum for all stu-
dents, advanced students, or not included at all. More precise data are also collected
through the Test Curriculum Matching Analysis (TCMA) (Fishbein et al., 2025), in
which education systems report whether the contents or topics of each assessment
item used in the study are explicitly covered in their national curricula.

The implemented curriculum refers to the topics actually taught in schools and is
measured through teachers’ responses on whether students had the opportunity to
learn each topic from the TIMSS framework before participating in the TIMSS
assessment. For environmental sustainability topics, science teachers of participat-
ing students indicated, in their teacher questionnaire, whether each topic had been
taught in previous years, during the year of assessment, or had not yet been taught.
Data are reported as the percentage of students who have been taught each topic in
previous years, in the assessment year, or not at all, by education systems.

The attained curriculum refers to what students actually learned and can
demonstrate. In relation to environmental sustainability, it is observed at the student
level through scores students achieved on the scale of environmental knowledge (von
Davier, Fishbein, et al., 2024). These scores can be compared between students who,
according to teacher reports, had been taught specific content and those who had not.
In addition, teacher reports about teaching practices related to environmental sustain-
ability added insight into how students’ knowledge and attitudes are developed.

Students’ preparedness for environmental activities was evaluated based on
self-reported engagement in environmentally responsible behaviors. Environmental
awareness was assessed by asking students about their feelings toward nature, with
responses used to construct the Students Value Environmental Preservation scale
(von Davier, Kennedy, et al., 2024).

4.1.4 Student Achievement in Environmental Knowledge

Focusing on student achievement, students’ achievement in environmental
knowledge can be examined by education system. This reveals relatively large differ-
ences between systems, with no clear geographic pattern apparent on the scale
(Table 4.2).
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Table 4.2 Mean student score on the scale of environmental knowledge

Education system Mean SE Education system Mean SE

Poland 556.91 (2.56) Serbia 517.03 (3.26)
Finland 543.10 (3.37) Germany 512.85 (3.19)
Ireland 536.17 (3.94) Spain 510.15 (2.64)
Denmark 535.70 (3.58) Slovak Republic 509.00 (4.46)
Hungary 533.07 (4.24) Latvia 503.78 (3.48)
Bulgaria 532.60 (5.84) France 495.70 (4.03)
Sweden 527.70 (3.81) Belgium (Flemish) 491.70 (3.56)
Romania 525.40 5.97) Belgium (French) 482.74 (3.09)
Lithuania 520.47 (3.32) Cyprus 479.67 (3.18)
Czech Republic 520.15 (3.07) Albania 478.18 (6.25)
Slovenia 520.02 (3.03) Montenegro 465.20 (2.59)
Netherlands 518.91 (3.05) Bosnia and Herzegovina 448.45 (5.07)
Portugal 518.39 (3.64) N. Macedonia, Rep. of 436.86 (5.64)
Italy 517.06 (2.72) Kosovo 402.39 (4.08)

Table average: 504.98 (0.75)

Note: SE, standard error
4.1.5 Aim of the Study

The aim of this chapter is threefold. First, it introduces the reader to the complex
landscape of TIMSS curricular and achievement data. Second, it presents the results
of analyses that explore patterns, relationships and comparisons in environmental
sustainability education across European education systems. Finally, the chapter
seeks to provide insight into students’ opportunities to learn about environmental
sustainability, their knowledge and attitudes toward it, and the relationship between
these factors.

4.1.6 Research Questions

The main research questions addressed in this study are:

1. How do national curricula, teaching approaches, and student outcomes in
education for environmental sustainability vary across European education
systems?

2. How do the prescribed content and the content taught relate to student outcomes?

3. Is higher student environmental knowledge linked to more positive attitudes
toward environmental sustainability?

4. Are there groups of European education systems that share similarities in
teaching approaches, student knowledge, and attitudes toward environmental
sustainability?
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4.2 Data Sources and Methods

The data sources for this study consisted of national reports and three TIMSS 2023
datasets from participating European education systems. Analysis was conducted of
TIMSS 2023 encyclopedia chapters, curricular data, and achievement and attitudinal
data of grade four students, along with teacher-reported data, across 28 education
systems: Albania, Belgium (Flemish), Belgium (French), Bosnia and Herzegovina,
Bulgaria, Cyprus, the Czech Republic, Denmark, Finland, France, Germany,
Hungary, Ireland, Italy, Kosovo, Latvia, Lithuania, Montenegro, the Netherlands, the
Republic of North Macedonia, Poland, Portugal, Romania, Serbia, the Slovak
Republic, Slovenia, Spain, and Sweden.

4.2.1 Intended Curricula

The analysis of intended curricula involved four steps:

1. Extracting information on environmental sustainability contents in science
curricula from the national chapters of the TIMSS 2023 encyclopedia.

2. Reviewing data from the curricular questionnaire to determine which observed
environmental sustainability topics were covered for all students, some students,
or not at all in national curricula.

3. Analyzing TCMA data to compare education systems by assessment items, with
regard to whether their content was covered in national curricula. To identify pat-
terns across education systems, hierarchical clustering using the Ward method
was applied, highlighting similarities between systems in including environmen-
tal sustainability contents in their curricula.

4. Relating coverage of environmental sustainability content in intended curricula
with student mean achievement in environmental knowledge, by educa-
tion system.

4.2.2 Implemented Curricula

The analysis of implemented curricula involved three steps:

1. Comparing the extent of topics taught, as reported by teachers, by
education system.

2. Relating information about topics taught with student achievement in
environmental knowledge. Student groups were compared based on whether
they had been taught the topics before or during the assessment year, or not
yet, analyzing differences in group size and mean achievement.
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3. Reviewing teacher reports on the use of teaching practices related to
environmental sustainability and linking them to student achievement. Patterns
of promoting environmental activities by education system were examined:

(a) Frequency of engagement in specific activities in lessons, such as developing
students’ positive attitudes toward the natural environment, encouraging
resource conservation (for example, water, energy), discussing how students’
actions inside and outside of school can help the environment, and address-
ing environmental issues like climate change and endangered species.

(b) Involvement of students in activities like visiting natural areas, participating
in environmentally responsible actions (for example, picking up trash), con-
ducting research or projects on environmental topics (for example, pollution,
climate change), and providing opportunities for students to engage in out-
door environmental education programs outside of school.

4.2.3 Attained Curricula

The analysis of attained curricula focused on student attitudinal and achievement
data. TIMSS was designed to assess students’ attitudes toward the natural environ-
ment and their engagement in environmentally responsible behaviors. Students were
asked two sets of questions: how much they agree with specific statements about
their relationship with the natural environment, and how frequently they take actions
to help it. The responses to the first set of statements were used to create the Students
Value Environmental Preservation scale, with an international mean score of 10
points. The second set of questions provided data on the frequency of students’ envi-
ronmental activities.

To explore the connection between attitudes toward environmental sustainability
and environmental knowledge, the following analyses were conducted:

* Correlation analyses between environmental knowledge and student attitudes
toward environment.

» Aregression analysis of the Students Value Environmental Preservation scale and
achievement in environmental knowledge.

* Comparisons between education systems of students’ actual engagement in
environmentally friendly activities.

To ensure accurate calculations, TIMSS-prescribed procedures were followed for
computing mean student achievement, using the International Association for the
Evaluation of Educational Achievement (IEA) IDB (International Database)
Analyzer (IEA, 2021) with SPSS (IBM, 2021) to correctly handle plausible values
for achievement scales and account for sampling errors (Fishbein et al., 2025).
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4.3 Results

4.3.1 Level of Intended Curricula

4.3.1.1 Extracting Information on Environmental Sustainability Content
in Science Curricula

The review of national science curricula from the TIMSS 2023 encyclopedia
(Reynolds et al., 2024) provides a general overview of intended curricula for teach-
ing environmental sustainability (Table 4.3). There is a notable degree of variation in
education systems’ reports. In some systems, topics are allocated to different grades,
others report only the general contents requested by grade four.

Table 4.3 Summary of content prescribed in national curricula related to environmental awareness
and sustainability

Education Summary from TIMSS 2023 encyclopedia on environmental awareness and
system? sustainability topics included in national curricula
Poland The core curriculum emphasizes the need to organize activities that support

perceiving the natural environment and exploring it, learning the values and
inter-relationships of components of the natural environment, learning the
values and norms that source a healthy ecosystem, and developing behaviors
resulting from these values

Finland Building a Sustainable Future unit: Students study biodiversity, climate
change, and its mitigation; sustainable use of natural resources; promoting
health; caring for one’s own cultural heritage; living in a multicultural world;
and the global well-being of humanity now and in the future. Students take part
in a collaborative project in which they practice participation and involvement
at the local or global level

Ireland Environmental Awareness and Care is one of four content strands, subdivided
into three units
Environmental Awareness: identify positive aspects of natural and built
environments; identify the interrelationship of living and nonliving elements of
local and other environments; become aware of the importance of Earth’s
renewable and nonrenewable resources; recognize how people’s actions affect
their environment; come to appreciate the need to conserve resources
Science and the Environment: begin to explore and appreciate the application
of science and technology in familiar contexts; identify some ways in which
science and technology contribute positively to society; recognize and
investigate human activities that have positive and negative effects on local and
wider environments
Caring for the Environment: examine a number of ways in which the local
environment could be improved or enhanced; identify and discuss a local,
national, or global environmental issue; realize that there is a personal and
community responsibility for taking care of the environment

Denmark The science subject should develop students’ understanding of human
interaction with nature and encourage them to engage and act in ways that
support sustainable development

Hungary Integrated Natural Sciences subject: explaining the importance of a sustainable
lifestyle by using examples, interpreting the role of tradition in building a
harmonic connection with nature

(continued)
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Table 4.3 (continued)

Education
system?

Bulgaria

Sweden

Romania

Lithuania

Czech
Republic

Slovenia

Netherlands

Portugal
Italy

Serbia

Germany

Spain

Summary from TIMSS 2023 encyclopedia on environmental awareness and
sustainability topics included in national curricula

Identify common environmental pollutants; identify human actions that can
affect the balance of nature and describe possible courses of action for
environmental protection

Grades four to six: Nature and Environment as part of core content—human
dependence on and impact on nature, with links to the use of natural resources,
sustainable development, and ecosystem services; nature as a resource and our
responsibilities when using it

Grades three to four: General aim—develop an interest in and feel responsible
for environmental sustainability; curriculum knowledge standard—Basic
competencies in science and technology: exhibit interest in one’s own health
and in a clean environment; apply basic rules for personal hygiene and rules for
responsible behavior toward the environment

Humans and Nature content area: recognize that the environment and natural
phenomena (sunlight, air, and water) help sustain life

Diversity of Nature thematic area with Conservation and protection topic:
human responsibility toward the environment, conservation, and protection of
the environment; waste disposal; natural and ecological disasters

Grades one to three: environmental pollution, consequences of pollution on
living things, waste management, pollutants of water, soil, air, energy saving,
environmental management

The eight core objectives are focused on natural science, technology, and
health-related topics. They provide a general overview of skills and knowledge,
including having an investigative attitude toward nature, connecting theories
and models with practical work, and promoting sustainability

One of six themes: discovering relations between nature and society

Grade three: Man, Living Things, and the Environment content area—
recognize needs in different living organisms, similar to those of humankind,
with respect to their environment; and, Observing and Experimenting in the
Field content area—observe and understand the environmental changes
generated by nature (e.g., sunlight, weathering, water) and by humankind (e.g.,
urbanization, cultivation, industrialization)

Grade three: Expected outcomes—illustrate with examples responsible and
irresponsible attitudes of humans toward the environment; explain how
recycling helps to preserve nature

Environment and Sustainability topic: identify possibilities for waste
prevention and prepare a guidebook for this purpose; investigate and discuss
the importance and use of resources and test their careful use (e.g., water,
energy, soil, air, paper)

The Living Things content block with topics: relationship between living
things; characteristics and components of an ecosystem

From the 2023-2024 academic year, Knowledge of the Natural, Social, and
Cultural Environment subject with topic: identify the causes and consequences
of human intervention in the environment from social, economic, cultural,
technological, and environmental perspectives in order to improve one’s ability
to face problems and to implement sustainable lifestyles that are consistent
with respect for, care for, and the protection of people and the planet

(continued)
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Table 4.3 (continued)

Education
system?
Slovak
Republic

Latvia

France

Belgium
(Flemish)

Belgium
(French)

Cyprus

Albania
Montenegro

Bosnia &
Herzegovina
N. Macedonia,
Rep. of

Kosovo

Summary from TIMSS 2023 encyclopedia on environmental awareness and
sustainability topics included in national curricula

Under theme Plants, the topics: germination, vegetative reproduction,
conditions for plant growth, effects of water and light on plants, diversity of
plants, pollinators, lifespan of plants, effects of environmental changes

Interaction of Man and Environment subject, with topics: Learn to identify
protected natural objects in the nearest vicinity, acknowledge experience to
care for living beings and be aware of the necessity of taking care of living
beings, observe the norms of behavior in nature (e.g., protected areas), learn to
safely collect mushrooms and herbs

New (2022): What are natural resources and how are they used? Raise
awareness of renewable and non-renewable natural resources, how they can be
used, and the need to conserve them

Grades four to six: Each of four main themes, (1) Matter, Movement, Energy,
Information; (2) Living Things, Their Diversity, and Their Functions; (3)
Technical Materials and Objects; and (4) Planet Earth—Living Beings in Their
Environment enables the construction of concepts or notions that find their
application in education for sustainable development. The theme Planet
Earth—Living Beings in Their Environment includes the topic: identify issues
related to the environment

Nature domain: The students can independently perform basic actions in the
care of animals and plants in their environment; The students show in their
behavior a willingness to handle waste, energy, paper, food, and water carefully
in their class and school; The students can illustrate with concrete examples
from their environment how people deal with the environment positively and
negatively; The students can illustrate with concrete examples from their
environment that conflicting interests often underlie environmental problems;
The students show respect and care for nature, understanding that human needs
depend on the natural environment

Knowledge domain of People and the Environment: The main objective is to
act in an informed manner for the benefit of all people and science teaching
contributes to the development of skills. Environmental education
(management, conservation, protection, use of resources and destruction,
pollution, etc.) should not be certified but rather focused on constantly raising
awareness

Life Science subject: Cyprus ecosystems and the importance of their
conservation

Sustainability contents are not explicitly mentioned

Life cycles topics: understand the correlation between people’s activities and
pollution; understand man’s impact on water conservation and consumption;
understand the importance of protecting the air

Sustainability contents are not explicitly mentioned

Natural resources and their protection (natural resources, air, water, soils,
forests, mineral resources, coal, oil, natural/terrestrial gas, sun, water, wind,
non-renewable sources of energy, renewable energy sources, recycling)

Sustainability contents are not explicitly mentioned

Note: *Education systems are ordered according to the national mean student achievement in envi-
ronmental knowledge; see Table 4.2. If a grade is not mentioned, it is reporting grade four results
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4.3.1.2 Reviewing Data from the Curricular Questionnaire: Topics
from the TIMSS Framework Intended to be Taught

The analysis of coverage of observed environmental sustainability contents from the
TIMSS framework in national curricula shows more comparable results (Tables 4.4
and 4.5). For some topics, education systems reported combined coverage of sets
of topics.

Summaries of coverage of environmental sustainability content in national
curricula reveal distinct approaches across education systems to integrating envi-
ronmental topics into curricula. While a few systems do not explicitly mention
environmental content in the TIMSS 2023 encyclopedia, nearly all education sys-
tems emphasize teaching the importance of care for the natural environment,
understanding human impact on nature, addressing pollution and waste manage-
ment, and fostering positive attitudes toward sustainability. Although the term
sustainability is not explicitly used in many national reports, it is likely incorpo-
rated in school teaching, given that the reports are summaries and may not capture
all details.

Regarding content and topics from the TIMSS framework, some are intended
to be taught in most education systems, at least to advanced students (for example,
positive and negative impacts of humans on the environment), while others appear
in only a few systems (for example, competition in ecosystems, and fossils and

Table 4.4 Life and physical science topics reported by education systems as included in
curriculum

Relationships in

The positive simple food

and negative Plants and chains; LS/
Topics as impacts of animals in Eco/2A, LS/ Competition | Common
reported by humans on the | common Eco/2B, LS/ in sources of
education environment; ecosystems; | Eco/2C, LS/ ecosystems; | energy;
systems® LS/OEI/3A LS/Eco/1A | Eco/2D LS/Eco/3A | PS/EN/1A
Poland Advanced None All None None
Hungary All All None None All
Finland All None All None None
Slovenia All All None None None
Belgium Advanced Advanced Advanced None Advanced

(Flemish)

— Education systems where all observed topics are intended to be taught to all students:
Albania, Bulgaria, Denmark, France, Germany, Italy, Kosovo, Latvia, Lithuania, Montenegro,
Portugal, Romania, Serbia, Spain, and Sweden

— Education systems where competition in ecosystems is not intended to be taught to any
students and four other topics to all students: Belgium (French), Bosnia and Herzegovina,
Cyprus, the Czech Republic, Ireland, the Republic of North Macedonia, and the Slovak
Republic

Notes, “Education systems are ordered according to the national mean student achievement in
environmental knowledge; see Table 4.2. All: taught to all students; advanced: taught to advanced
students only; none: not taught. The Netherlands was excluded from the analysis
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Table 4.5 Earth science topics reported by education systems as included in curriculum

Earth’s How weather Earth’s rising
renewable and | can vary across | average
Physical non-renewable | geographic temperatures and
Topics as reported | characteristics of | resources; ES/ | locations and results of this
by education Earth; ES/ ECH/2A, ES/ seasons; ES/ change; ES/
systems® ECH/1A ECH/2B ECH/1B ECH/1C
Finland None None All None
Ireland None All None None
Hungary All All None None
Czech Republic All All All Advanced
Slovenia All None All None
Germany All All All Advanced
Spain All None All None
Slovak Republic All None All None
France All All None All
Belgium (Flemish) | All Advanced All Advanced
Belgium (French) All None All None
Bosnia and All None All Advanced
Herzegovina
N. Macedonia, Rep. | All All None None
of
Kosovo All All All None

— Education systems where all observed topics, including fossils, are intended to be taught to
all students: Denmark, Italy, and Romania

— Fossils and what they show about Earth’s history are not intended to be taught to any students
in all other education systems

— All four topics except fossils and what they show about Earth’s history were taught in Latvia,
Lithuania, Portugal, Serbia and Sweden

— All three topics except fossils and Earth’s rising average temperatures and results of this
change are taught in Bulgaria, Cyprus, Kosovo and Montenegro

— All five topics were not intended to be taught to any students in Albania and Poland

Notes. “Education systems are ordered according to the national mean student achievement in
environmental knowledge; see Table 4.2. All: taught to all students; advanced: taught to advanced
students only; none: not taught. The Netherlands was excluded from the analysis

what they show about Earth’s history). Overall, the Earth science topics are less
frequently included in national curricula compared to life and physical science
topics. In almost one third of education systems, more than half of the Earth sci-
ence topics (three or more out of five) are not covered in the national curri-
cula at all.

The least taught topic (after fossils) is Earth’s rising average temperature and
results of this change, which is directly linked to the environmental sustainability
problem of climate change. This topic is taught in only 9 education systems to all
students, in 4 education systems to advanced students, but in 14 education sys-
tems to no students at all. In Finland and Ireland, general climate change content
is explicitly included into their summaries of curriculum, but as a specific topic it
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is marked as not intended to be taught to the same population of students, reveal-
ing the potential differences in transforming national curricula into teaching of
specific content.

4.3.1.3 Analyzing Test Curriculum Matching Analysis (TCMA) Data:
Assessment Items’ Content Coverage in National Curricula

The third and most precise source of information about intended curricula is the
national list of assessment items identified as being covered in each national cur-
riculum, meaning that students are intended to be taught the content and concepts
that are needed to solve items correctly. Of the 28 education systems,
2 systems—Bulgaria and Cyprus—did not provide data for this analysis. For the
remaining 26 education systems, content coverage for each of the 44 items form-
ing the environmental knowledge scale was analyzed. Education systems were
then grouped into four distinct clusters based on similarities in intention to teach
the contents of the environmental knowledge scale items:

— The largest cluster—with the greatest number of shared scale items intended to
be taught—includes half of the education systems: Belgium (French), Bosnia
and Herzegovina, Denmark, France, Germany, Ireland, Italy, Lithuania,
Montenegro, the Republic of North Macedonia, Portugal, Romania, Serbia,
and Sweden.

— The second cluster includes four education systems: the Czech Republic, Latvia,
the Netherlands, and Spain.

— The third cluster includes three education systems: Albania, Finland, and the
Slovak Republic.

— The fourth cluster—with the fewest number of shared scale items intended to be
taught—includes five education systems: Belgium (Flemish), Hungary, Kosovo,
Poland and Slovenia.

The assignment of education systems to clusters shows no geographical pattern (for
example, Latvia and the Netherlands appear in the same cluster) and no direct rela-
tionship to mean student achievement (for example, Albania and Finland appear in
the same cluster).

In general, the results align with education systems’ reports on coverage of
content and topics in national curricula. Systems in the fourth cluster tend to report
less intended teaching of environmental topics, as reflected in their curriculum anal-
ysis reports (Tables 4.4 and 4.5). For example, Poland reported almost all TIMSS
topics were not intended to be taught, while Belgium (Flemish) indicated that almost
all topics were intended for advanced students only.

However, not all education systems in this group show consistent results from
the two analyses. For example, the Czech Republic reported that almost all
TIMSS topics were covered by the curriculum, including sources of energy, yet
items asking about the use of these sources of energy were not identified as being
intended to be taught. This discrepancy highlights the potential problem of
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overgeneralization: curriculum documents may specify broad content areas, while
the specific concepts tested by individual items are not always intended to be
taught. This suggests that while parts of the observed topics might be presented to
students, the full scope of the content may not be consistently included, under-
scoring limitations in the precision of curriculum descriptions and assessments.

Reviewing the item coverage for one education system from each cluster,
focusing on items that differ in coverage between clusters, provides further insight
into the characteristics of each cluster (Table 4.6).

4.3.1.4 Relations to Student Achievement

The analysis of student knowledge indicated that mean national student achievement
in environmental knowledge is not directly related to the number of items covered in
the curricula of education systems (Fig. 4.2). In general, the mean achievement of
education systems in Cluster 4, which cover the fewest items, is not lower than the
mean achievement of education systems in Clusters 2 or 3, which cover a larger
number of items and concepts in their curricula. For example, Poland has the highest
achievement but covers almost the fewest items. Finland shows coverage of 31 items
and achieves a high score of over 500. Italy and the Republic of North Macedonia
have the highest coverage of items, yet there is a large difference in student environ-
mental knowledge between the two systems (Fig. 4.2).

The results clearly indicate that simply covering content in the curriculum does
not always lead to higher student knowledge.

4.3.2 Level of Implemented Curricula
4.3.2.1 Comparing the Extent of Topics Taught in Schools

Implemented curricula—the contents actually taught in classes—were measured
through teachers’ reports indicating when topics from the TIMSS framework were
taught to their assessed students.

The results reveal that, in many education systems, teachers report different levels
of curriculum coverage than national reports. For topics that national reports indi-
cated were not intended to be taught, teachers confirmed teaching them to notable
percentages of students (Table 4.7). The opposite pattern was also observed: content
listed in national curricula was reported by teachers as not being taught to large frac-
tions of students.

For example, Finland, Poland and Spain reported that their national curricula
cover the teaching of relationships in simple food chains while Hungary and
Slovenia do not. In practice, teachers in Poland reported that 86% of students
were taught this content in the years before grade four and almost all remaining
students learned this content in grade four. In contrast, in Spain, almost 40% of
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Table 4.6 Items and their content coverage by curricula

Item Topic Coverage |LVA |CZE |FIN |POL
SE81168 Why plastic objects dangerous 26 1 1 1
SE81077 Plant in the cupboard dies 26 1 1 1
SE81036 Decrease air pollution in a city 24 1 1 1
SE81044 Harmful and helpful human activities |24 1 1 1
SE81202 Location of salt water 24 1 1 1
SE71071 Mice increase after trees are cut down | 24 1 1 1
SE81055 Human activities that help or harm the | 24 1 1

environment

SE81920B | Disadvantages to farming near a river | 24
SE81920A | Advantages to farming near a river 24

1
1
SE71201 What covers Earth’s surface 23 1 1
SE61069 Plants make their own food 22 1 1 1
SE81079 Grassland food chain 22 1 1
SE71063 Animals that live in the desert 20 1 1 1
SE81080 Animals found in a desert 20 1 1 1
SE81238 Effects of increase in Earth’s 20 1 1
temperature
SE81054 Connection between habitat and ape | 20 1 1
population
SE81204 Source of water for a desalination 20 1 1
plant
SE81070 Predators and prey on the savanna 19 1 1 1
SE61116 Temperature graphs 19 1 1 1
SE81239 Place that with hot, dry weather 19 1 1 1
SE71081 Animal that competes with giraffe for | 19 1 1 1
food
SE61124 Recycle products made of metal 19 1 1
SE81212 Renewable and non-renewable sources | 19 1
of energy
SE81207B | Energy transformed by turbines 18 1 1
SE81207A | Energy captured by turbines 18 1
SE71220 Tropical plant fossil in cold 10 1
environment
SE71222 Fish fossil in the desert 9 1

Notes: CZE, Czech Republic; FIN, Finland; LVA, Latvia; POL, Poland; 1, the item is covered by
the education system. Coverage refers to the number of education systems which reported the
item’s content as covered by national curricula. The coverage of all items by each education system
is provided in Table 4.11

students were reportedly not taught this content in schools, according to their
teachers. Similarly, teachers in Finland reported that about a quarter of students
were not taught the content by the time of the TIMSS assessment. In Hungary,
where this content is not covered in the national curriculum, the content was nev-
ertheless taught to 62% of students. In Slovenia, where this content is also not
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Fig. 4.2 Similar education systems by coverage of items’ contents and student environmental
knowledge

Table 4.7 Percentage of students being taught two topics by their teachers in selected
education systems

Relation- Relation-
ships in Common ships in Common
Topics | simple sources of Topics | simple sources of
Education | taught in | food chains | energy Education | taught in | food chains | energy
system schools | % % system schools | % %
Belgium | Before |49.3(5.5) |12.0(3.2) |Finland Before |47.7(3.7) [29.0(3.3)
(Flemish) | This 29.2 (4.7) |55.5(4.7) This 249 (3.2) |45.6(3.7)
year year
Notyet |21.5(4.0) |3244.3) Notyet |27.4(3.5) |253(3.0)
Hungary | Before |32.0(3.3) |13.9(2.3) |Poland Before |86.1(2.4) |43.0(4.0)
This 39.5(3.0) [39.6(3.6) This 13.524) 55439
year year
Notyet |28.4(3.2) [46.5@3.7) Notyet | 0.4 (0.4) 1.6 (0.7)
Slovenia | Before |25.4(3.8) |21.4(3.0) | Spain Before |21.1(3.3) |11.2(2.2)
This 5594.5) |725@3.2) This 41.0(3.8) |49.544)
year year
Notyet |18.7(3.1) 6.2 (1.7) Notyet |37.9(3.2) |39.4(3.8)

Notes: Standard errors appear in parentheses. Due to rounding some values may seem inconsistent.
The results for all education systems are in Table 4.16
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covered in the national curriculum, teachers reported that only 19% of students
had not been taught the content by the time of the TIMSS assessment. In Belgium
(Flemish), this content was intended to be taught to advanced students only, but
teachers reported that just 22% of non-advanced students were not taught about
relationships in simple food chains.

Additionally, while common sources of energy are not part of the national curricula
in Finland, Poland, and Slovenia, only 25% of students in Finland, 2% in Poland, and
6% in Slovenia were reported by teachers as not being taught the topic. In contrast, the
majority of students in these education systems received instruction on energy sources
either in the assessed or preceding year, according to teacher reports.

4.3.2.2 Topics Taught and Student Achievement

The percentages of students who were taught (before and in grade four) and not
taught were examined in relation to their mean achievement across the whole set of
content areas and topics on environmental sustainability. Unexpectedly, the differ-
ences in mean achievement between the two groups were statistically significant in
only a few cases across topics and education systems. For the topics of physical
characteristics of Earth and Earth’s rising average temperatures, the mean achieve-
ment of students not being taught these topics was lower than the achievement of
students being taught these topics—though this pattern appeared in only 3 of the 28
education systems for each topic. In one education system (Kosovo), students not
being taught these topics scored higher than students who were reported as having
been taught them (Table 4.8).

The percentages of students not taught these topics were again lower than
expected based on the reports on intended curricula. Although the topic of Earth’s
rising average temperatures was reported as not included in the national curricula of
many education systems, teachers in systems such as Albania, Bulgaria, Finland,
Hungary, Ireland, the Republic of North Macedonia and Spain, reported that the
majority of students had been taught this content. Conversely, in Belgium (French),
Cyprus, Montenegro, Poland, the Slovak Republic, and Slovenia, the majority of
students were reported as not having been taught this content.

Similar declines in coverage of intended curricula were observed for the topic of
physical characteristics of Earth, which was reported as not being included in the
national curricula of education systems such as Albania, Finland, Ireland and Poland.
However, the percentage of students not receiving instruction on this topic was rela-
tively low in these systems. In Albania, 50% of students were not taught this content,
whereas the figures were considerably lower in Finland (15%), Ireland (25%), and
Poland (22%).

Most education systems reported high mean achievement among students
learning life science and physical science topics, either in the assessment year or



106

B. J. Pavesi¢ and J. Novak

Table 4.8 Teaching of earth science topics and students’ environmental mean scale scores in
education systems where difference is significant

Education
system

Belgium
(Flemish)

Bulgaria

Hungary

Kosovo

Montenegro

Slovak

Republic

Slovenia

Before
This
year
Not yet
Before

This
year
Not yet
Before
This
year
Not yet
Before
This
year
Not yet
Before
This
year
Not yet
Before
This
year
Not yet
Before
This
year
Not yet

Earth science: Physical
characteristics of Earth

%
8.8 (2.5)
23.0 (3.6)

68.2 (3.8)
34.2 (3.6)
55.9 (3.5)

9.9 (2.0)
21.9 (3.5)
60.1 (4.1)

18.0 (3.3)
22.5 (3.6)
51.2(4.3)

26.3 (3.8)
18.0 (2.4)
55.7 (2.9)

26.3 (2.9)
31.3(3.0)
25.3(2.9)

433 (3.2)
23.4(2.8)
47.8 (3.7)

28.8 (3.2)

Mean
495.1 (6.5)
502.8 (5.7)

487.7 (4.0)
565.3 (8.8)
522.8 (9.7)

491.5 (25.8)
537.1(10.8)
534.2 (5.6)

523.9(9.3)
404.8 (7.3)
394.4 (6.0)

415.9 (6.6)
463.6 (6.3)
466.9 (3.5)

464.3 (5.1)
522.4 (6.6)
508.5 (9.6)

499.6 (6.9)
528.6 (5.0)
517.9 (3.5)

517.9 (4.2)

Sig.

*

*

Earth science: Earth’s rising
average temperatures and results of
this change

% Mean Sig.
45(1.5) 1499.2 (12.1)
503 (4.1) 4949 (5.2)

452(42) | 487.6(5.2)
15.4(2.9) |552.6(17.1)
36.9 (4.1) |535.1(11.2)

47.7(43) |529.8(9.7)
7.8(1.8) |564.0(8.3)
484 (4.1) |535.8(5.3)

438 (4.0) 5244(7.4) |*
125(2.6) 3922 (5.7)
48.0 (4.4) 3923 (6.5)

39.6 (4.3) 4174 (5.6) | *
4.1(0.8) |452.3(11.1)
21.5(2.4) | 479.7 (5.6)

74525) | 462426) | *
11.1 (2.0) |531.8(9.5)
30.5(2.6) |518.8(7.0)

583 (3.1) 499.6(4.9) |*
3.0(1.1) |519.0(10.8)
28.6 (3.3) | 524.5 (4.1)

68.4 (3.5) |518.9(3.3)

Notes: Standard errors appear in parentheses. Due to rounding some values may seem inconsistent.

The results for all education systems are in Table 4.17

*Significant difference between the mean scale scores at the time of teaching

prior. However, these differences were statistically significant in just a few cases.
Education systems with the highest mean achievement for at least one topic—where
students were taught the material either in the assessment year or in the previous
year—include Montenegro, the Republic of North Macedonia, Portugal, and the
Slovak Republic. It should be noted that students may also acquire knowledge about
environmental sustainability outside of school settings.
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4.3.2.3 Teachers Providing Opportunities to Learn
Environmental Sustainability

Science teachers estimated how often they used four specific approaches when
teaching environmental sustainability in their lessons: (1) develop students’ positive
attitudes toward the natural environment, (2) encourage students to use less resources,
(3) discuss how student actions in and outside of school help the natural environ-
ment, and (4) discuss environmental issues. On average, teachers in all participating
education systems reported using the four observed activities at least once a week or
once or twice a month (see Table 4.18).

The frequency patterns of these approaches showed no clear association with the
mean achievement of students. The most commonly practiced activity was develop-
ing students’ positive attitudes toward the natural environment, reported as being
practiced at least weekly in 20 out of 28 education systems. In half of the education
systems, teachers also reported weekly encouragement for students to use fewer
resources. Discussions about students’ actions and environmental issues were less
frequent, although these practices appear most directly related to teaching sustain-
ability content.

Part of teaching sustainability is to engage students in specific activities. Education
systems with high student achievement were more likely to include such engage-
ment in activities or practice actions at the local level in their intended curricula, as
indicated in the first part of the study. The proportions of students engaged in the
four activities, as reported by teachers, varied significantly across education
systems—from nearly all students to less than half (Fig. 4.3).
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Fig. 4.3 Percentages of students whose teachers reported using different activities to teach about
environmental issues and sustainability, by education system
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In most education systems, the most common activity is involvement in
environmentally responsible activities and the least common activity is providing
opportunities to participate in outdoor environmental education programs outside of
school. In Albania, Bulgaria, the Republic of North Macedonia, Romania, and the
Slovak Republic, more than 70% of students were engaged in all four activities. In
contrast, in France and the Netherlands, fewer than 50% of students participated in
three of the four activities. It is worth noting that the percentages of students whose
teachers reported engaging them in environmentally responsible activities is not
aligned with intended curricula in all education systems. For example, Denmark and
Ireland intend to include students into local environmental activities but their per-
centages of students engaged in those activities by their science teachers are not
among the highest. The data clearly show the need for more information about who
at the school is responsible for engaging students, and how schools engage them, in
activities that most likely happen outside classes.

The significant differences in students’ environmental knowledge between those
who were or were not provided opportunities to participate in these activities are
found in the following education systems (difference in number of points)*:

(a) Take students to visit natural areas: the Slovak Republic (16) and
Germany (20).

(b) Have students participate in environmentally responsible activities: Spain
(12), Denmark (19), Montenegro (21), Bosnia and Herzegovina (38), and
Bulgaria (61).

(c) Have students do research or projects on a particular environmental topic (e.g.,
pollution, climate change): Denmark (11), the Czech Republic (12), Hungary
(20), Kosovo (28), and Bulgaria (94).

(d) Provide opportunities for students to participate in outdoor environmental
education programs outside of schools: Germany (19), the Republic of North
Macedonia (29), Romania (36), and Albania (42).

In general, education systems where a positive relationship is observed between
participation in activities and student achievement are primarily located in Eastern
Europe and the Dinaric region. These include Albania, Bosnia and Herzegovina,
Bulgaria, the Czech Republic, Hungary, Kosovo, Montenegro, the Republic of North
Macedonia, Romania, and the Slovak Republic. In Western Europe, similar patterns
are found in Denmark, Germany, and Spain.

An unexpected finding is the notably low percentage of students in Western
Europe who are provided with opportunities to participate in outdoor environmental
education programs outside of school. The data does not indicate whether such pro-
grams are unavailable outside of school or if teachers are simply not responsible for
directing students to them. This underscores the need for further investigation into
the opportunities available for students outside school to gain a fuller understanding
of the situation.

2See Tables 4.12, 4.13, 4.14, and 4.15 for differences in achievement in environmental knowledge
between students participating or not in environmental teaching activities provided by teachers for
all education systems.



4 Attaining Knowledge on Environmental Sustainability... 109

4.3.3 Level of Attained Curricula
4.3.3.1 Attitudes Toward Environment and Environmental Knowledge

The research question regarding attitudes was whether higher student knowledge is
linked to more positive attitudes. Higher knowledge could lead to greater apprecia-
tion of nature or, conversely, more positive attitudes could motivate students to learn.
However, the correlation analysis (Table 4.9) reveals that, in the observed education
systems, environmental knowledge is less than moderately linked to student atti-
tudes. Only a few correlations reached at least a moderate level (0.20 and higher).
The notable exception is “Addressing climate change should be a high priority,”
which is moderately positively correlated with students’ environmental knowledge
in 11 education systems. In general, the strongest correlations were found in
Denmark, followed by Belgium (Flemish) and Italy. Denmark, Italy, and Romania
were the education systems that confirmed all the environmental content topics as
being part of their national curricula. In contrast, Belgium (Flemish) reported that
nearly all topics were taught only to the advanced students.

Correlations between achievement and agreement with the other three attitudinal
statements are very weak or absent in the majority of education systems. Only in a
few education systems is higher achievement linked to higher agreement, and this
pattern differed across the three statements.

Nevertheless, the regression analysis shows that the Students Value Environmental
Preservation scale scores—derived from their agreement to the statements in
Table 4.9—generally predict environmental knowledge in all education systems,
except four: Bosnia and Herzegovina, Poland, Serbia, and Slovenia (Table 4.10).
The strongest association between valuing environmental preservation and

Table 4.9 The correlations between environmental knowledge and student attitudes toward
environment

Addressing climate change should be a high priority

Education Education Education

system Corr. | SE system Corr. | SE system Corr. | SE

Denmark 0.27 | (0.03) | Ireland 0.23 | (0.04) | Germany 0.20 | (0.02)

Belgium 0.25 | (0.02) | France 0.20 | (0.02) | Spain 0.20 | (0.02)

(Flemish)

Italy 0.25 |(0.04) Bulgaria 0.20 | (0.05) | Lithuania 0.20 | (0.03)

Finland 0.24 | (0.02) | Netherlands 0.20 | (0.03)

I care about the protection of It makes me sad when nature is

plants and animals destroyed I enjoy being in nature
Education Education

Education system | Corr. | SE system Corr. | SE system Corr. | SE

Belgium (Flemish) | 0.20 | (0.03) | Italy 0.23 |(0.03) | Sweden 0.24 |(0.02)

Slovak Republic 0.20 | (0.04)  Kosovo 0.21 |(0.02) | Finland 0.20 | (0.03)

Notes: SE, standard error. Correlations lower than 0.20 are not shown. Due to rounding some val-
ues may seem inconsistent
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Table 4.10 Regression of association between Students Value Environmental Preservation scale
and achievement in environmental knowledge

Constant Students Value Environmental Preservation
Education system B sep ty B seg | b bse |t t, )4
Bulgaria 4143 367 |11.3 |11.0 |02 3.1 (0.1 36 |37 |p<0.05
Albania 4140 284 146 |67 |0.1 |25 |00 |27 |27 |p<0.05
Bosnia and 4756 |21.8 |21.8 |23 |00 2.1 (00 1.1 |1.1 |p>0.1
Herzegovina
Slovak Republic 4374 1200 |219 |75 |01 |19 (00 39 |43 |p<0.05
Italy 4179 155 269 |97 |02 |15 (00 64 |64 |p<0.05
Romania 487.1 169 289 |37 |0.1 |15 |00 |25 |25 |p<0.05
Denmark 4594 150 (306 |85 |02 |14 |00 |59 |61 |p<0.05
Ireland 4499 |159 |282 |84 |02 14 (00 62 |63 |p<0.05
Lithuania 452,1 163 |27.8 |68 |01 14 (00 48 |49 |p<0.05
Slovenia 500.6 | 14.0 |358 2.1 |00 |14 (00 |14 |14 |p>0.1
N. Macedonia, 3268 |149 |22.0 |111 |02 |13 |00 |84 |85 |p<0.05
Rep. of
Hungary 4534 146 |310 |81 |02 |13 00 63 |67 |p<0.05
Sweden 4563 129 (355 |77 |02 |13 |00 |58 |6.1 |p<0.05
Kosovo 3325 (139 (239 69 (02 |13 |00 |54 |59 |[p<0.05
Portugal 468.7 | 134 |350 |47 |01 |13 00 35 |35 |p<0.05
Serbia 4973 133 |375 |22 |00 1.3 (00 1.6 |1.6 |p>0.1
France 4017 138 292 |96 |02 |12 |00 |78 |83 |p<0.05
Latvia 4554 |13.8 |329 |50 |01 1.2 |00 41 |44 |p<0.05
Belgium (Flemish) [399.6 |10.3 |38.8 |9.1 |02 |1.I |00 86 |93 |p<0.05
Finland 4718 120 (393 |75 |02 1.1 |00 |69 |74 |p<0.05
Cyprus 4393 128 344 |39 |0.1 |1.1 |0.0 3.5 |35 p<0.05
Belgium (French) 3924 |11.1 |355 |9.0 |02 |1.0 |00 |86 |87 |p<0.05
Germany 4318 | 11.0 391 |84 |02 1.0 |00 |84 |90 |p<0.05
Netherlands 462.9 87 |535 |59 |02 |09 |00 (68 |70 |p<0.05
Poland 543.9 87 624 |14 |00 (09 |00 1.6 1.6 p>0.1
Montenegro 404.1 94 1431 |63 |01 08 |00 |77 |7.6 |p<0.05
Czech Republic 476.7 75 1638 |45 |0.1 08 |00 |57 |57 |p<0.05
Spain 443.8 86 |51.6 |65 |02 |07 |00 |92 |10.1 p<0.05

environmental knowledge is observed in Bulgaria, followed by Albania and the
Slovak Republic. The weakest association is seen in the Czech Republic, Montenegro
and Spain.

Students were asked to report on their actual activities to help save the
environment, including: reuse things and reducing resource usage (for example,
water, food); discussing ways to help the environment (for example, saving water,
picking up trash); learning about environmental problems (for example, climate
change, endangered species); participating in group activities to help the environ-
ment; and, informing friends when they are doing things that harm the environment.
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Fig. 4.4 Frequency of student actions: reuse and use less resources

All these activities require a specific level of knowledge to be performed, therefore
they are regarded as part of the attained curriculum.

In general, students reported engaging in these activities relatively often (Figs. 4.4,

4.5, and 4.6). The percentage of students who never participated in the observed
activities is low in most education systems. The most common activity reported is
reusing things, while the least common is participating in group activities to help the
environment.
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Fig. 4.5 Frequency of student actions: talk and learn about environment

Reusing items is most frequently reported by students in Kosovo, Montenegro,
and Albania, while students in Bulgaria, Belgium (French), and Kosovo are the most
likely to try to use fewer resources, with around 70% of students engaging in these
behaviors every day or almost every day. On the other hand, students in Belgium
(Flemish), Denmark, the Netherlands, and Sweden—education systems within the
European Union—report the lowest rates of reusing and using less resources.

Students report trying to learn about the environment and discuss caring for it
most often in Balkan education systems and least often in Scandinavian and Western
European education systems including Denmark, Finland and the Netherlands
(Fig. 4.6). Students are most likely to participate in group activities and warn their
friends about environmental mistakes in Albania, Bosnia and Herzegovina, Kosovo,
the Republic of North Macedonia, and Montenegro with more than half of students
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Fig. 4.6 Frequency of student actions: activities in groups and warning friends

engaging in these behaviors every day and an additional 20% almost every day. In
contrast, education systems like Belgium (Flemish), Denmark, Finland, the
Netherlands, and Sweden report that less than a third of students participate in these
activities every day or almost every day (Fig. 4.6).

4.4 Discussion

This study of intended, implemented, and attained curriculum in the area of
environmental knowledge aimed to address four key research questions.
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The findings provide an affirmative answer to the first research question—whether
national curricula, teaching practices, and student outcomes related to education for
environmental sustainability vary across European education systems. A review of sum-
maries of national curricula presented in the TIMSS 2023 encyclopedia reveals that the
extent and structure of environmental topics included in national curricular documents
and intended to be taught vary across education systems.

In general, the study of intended curricula reveals that European education
systems do not uniformly cover essential aspects of environmental sustainability.
Topics related to living nature are better covered than physical sciences. For exam-
ple, the sustainable use of energy and climate change are not taught in a third to more
than half of the education systems. However, the positive and negative impacts of
humans on the environment are taught across all of Europe in every observed educa-
tion system in this study.

There are differences in the contents requested to be taught by grade four and
approaches to teaching environmental sustainability. Some education systems
focused their curriculum on developing positive attitudes, values and behaviors
toward environmental issues (Belgium, Finland, Ireland, Poland), while others
outline specific contents to be taught (Italy, Latvia, the Slovak Republic). In
France, teachers are requested to identify issues related to environment when
teaching basic science concepts. In some systems, focus is given to use of
resources and protecting the environment (Germany), while others primarily sup-
port fostering investigative attitudes toward nature and teaching environmentally
responsible behaviors (the Czech Republic, the Netherlands, Portugal) or devel-
oping responsibility for environmental sustainability (Romania). Several educa-
tion systems also explicitly require students to develop an understanding of human
interaction with nature (Bulgaria, Denmark, Montenegro, Portugal, Sweden) with
a particular focus on pollution, recycling and waste management to preserve
nature (Serbia, Slovenia). Spain, by contrast, emphasizes teaching general inter-
actions between living things.

Education systems with the highest mean achievement differ from others in
that their curricula explicitly encourage student engagement or practice participa-
tion in activities of caring for the environment on local levels. However, the avail-
able curricular descriptions are general and are open to interpretation regarding
how content is taught in schools. It is likely that these curricula are supported by
additional teaching materials and instructions which were not observed in
this study.

One of the aims of this study was to identify exemplary practices across Europe.
Finland, Ireland, and Poland stand out as education systems with clearly defined and
explicit environmental education goals within their curricula. For example, Finland’s
curriculum states:

Building a Sustainable Future: Students study biodiversity, climate change, and its
mitigation; sustainable use of natural resources; promoting health; caring for one’s own
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cultural heritage; living in a multicultural world; and the global wellbeing of humanity now
and in the future. Students take part in a collaborative project in which they practice partici-
pation and involvement at the local or global level.

Poland and Ireland directly request teaching of environmental awareness and to
develop values. Poland emphasizes:

... learning the values and interrelationships of components of the natural environment,
learning the values and norms that source a healthy ecosystem, and developing behaviours
resulting from these values.

Ireland specifies in the main content of the Environmental Awareness unit:

...identify positive aspects of natural and built environments; identify the interrelationship of
living and nonliving elements of local and other environments; become aware of the impor-
tance of Earth’s renewable and non-renewable resources; recognize how people’s actions
affect their environment; come to appreciate the need to conserve resources; ... identify
some ways in which science and technology contribute positively to society; recognize and
investigate human activities that have positive and negative effects on local and wider envi-
ronments ... caring for the Environment, examine a number of ways in which the local
environment could be improved or enhanced; identify and discuss a local, national, or global
environmental issue; realize that there is a personal and community responsibility for taking
care of the environment.

Ireland’s curriculum statements go beyond the list of observed topics in this study,
emphasizing activities and higher-order cognitive skills encouraging students to
appreciate, investigate, problem-solve, discuss, and take responsibility for environ-
mental care. The structure aligns with key competencies such as critical thinking,
community participation, and interdisciplinary connections—competencies widely
recognized as essential for educators to address sustainability challenges (Corres
et al., 2020).

Given their explicit curricular emphasis and high student achievement, these
education systems provide positive examples of intended curricula for teaching
environmental sustainability.

Variations in how environmental sustainability content is taught across education
systems is also evident in their reports on topics assessed in TIMSS. While most
education systems confirmed that these topics are taught to all students—consistent
with the TIMSS aim of assessing knowledge acquired in school—some systems did
not cover certain topics. Two topics were omitted in the majority of education sys-
tems: fossils and competition in ecosystems, which are most likely addressed in
higher grades than grade four. Moreover, the issue of Earth’s rising average
temperatures and climate change was reported as not intended to be taught to any
students in more than half of the 28 education systems and in 4 systems was reserved
for advanced students, despite many systems acknowledging environmental issues
in their curricula.

Overall, the analysis of inclusion of specific topics across curricula reveals that,
when asked about the teaching of specific topics, education systems report a higher
degree of intended coverage than might be inferred from the general curriculum



116 B. J. Pavesi¢ and J. Novak

documents. This finding underscores the need for further investigation into the cur-
ricular foundations of student knowledge.

A review of the linkage between Sustainable Development Goals and education
outcomes (Kioupi & Voulvoulis, 2019) found that the most relevant pedagogies for
fostering sustainability competencies engage the cognitive (head), psychomotor
(hands), and affective (heart) domains. While all three domains are present across
the observed education systems, all three are not present in each. Effective strategies
include problem-based learning, active learning, community service learning, criti-
cal emancipatory pedagogy, place-based environmental education, ecojustice educa-
tion, community learning, and traditional ecological knowledge. However, evidence
from TIMSS show that many of these elements are already integrated into European
curricula.

The examination of implemented curricula and the relationship with intended
curricula topics, topics taught by teachers, and student achievement provides pos-
itive findings. The answer to the second research question—how knowledge is
linked to content taught in schools—is not straightforward. On average, the
achievement of students who had not yet been taught specific content was not
lower than the achievement of students who had been taught the topics before tak-
ing the assessment. This suggests that students also acquire knowledge about
environmental topics outside the classroom. Only in some education systems, and
only for some topics, was the achievement of students who had not been taught
the content lower than the achievement of students who had already been intro-
duced to these concepts.

A positive finding of the analysis is that teachers across the European education
systems reported teaching more topics than were explicitly outlined in curricular
documents. There are only a few cases of education systems where notable percent-
ages of students were reported not to have been taught some contents which are part
of the prescribed curricula. It should also be noted that TIMSS assessments were
administered several months before the end of school year, leaving teachers time to
teach some concepts after reporting them as not yet taught.

The findings underscore the importance of involvement of teachers in teaching
the content they believe students need to be taught. While it is important that
teachers are well-informed about the content they are expected to teach, they also
need support and autonomy to quickly adapt their instruction to meet students’
growing learnings needs, including areas beyond the scope of the national
curriculum.

Across Europe, there are significant differences in implemented teaching content.
In some education systems, the curriculum is demanding, yet item coverage reported
after assessments is low (for example, in Belgium [Flemish]). A comparative study
of curricula from four Eastern European education systems—the Czech Republic,
Estonia, Poland, and Slovenia—highlighted substantial differences in the breadth of
learning outcomes and topics (Kdcovsky et al., 2021). For example, Slovenia’s
highly detailed curriculum contains six times as many learning outcomes as the
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much briefer Czech curriculum for the same science subjects; however, higher-order
cognitive goals remain largely absent from Slovenia’s curriculum compared to other
examined curricula.

The main findings regarding attained curricula indicate differences in student
achievement in environmental knowledge that do not reveal systematic patterns
according to geographic or other characteristics of the observed education
systems.

Within attained curricula, students’ attitudes toward nature are also considered, as
these are assumed to develop alongside learning about environmental topics.
Findings about the relationship between environmental awareness and achievement
highlight the importance of teaching environmental content. The weak or nonexis-
tent correlations between students’ agreement with statements about enjoying nature
and their achievement suggest that students appreciate nature regardless of their
knowledge or learning opportunities. A more systematic pattern emerges in students’
agreement with the statement, “Addressing climate change should be a high prior-
ity.” While the relationship between this belief and achievement remains weak, it is
consistently observed in most education systems. Unlike other statements related to
enjoying nature, this one requires students to understand the concept of climate
change and the meaning of priority—both of which must be explicitly taught and
can explain stronger links to achievement than agreements with other statements.
The strongest relationship is found in Belgium (Flemish), Denmark, Finland, and
Italy. In Finland, climate change is part of the curriculum and in the other three edu-
cation systems the curriculum requires the development of students’ understanding
of environmental problems and of the interaction between humans and nature. This
suggests that higher levels of environmental knowledge may strengthen the link
between attitudes and knowledge, particularly when some conceptual understanding
is needed to form an opinion about the issue.

Furthermore, the Students Value Environmental Preservation scale, based on
students’ agreement with environmental statements, was found to predict higher
environmental knowledge in all education systems except four. The strongest asso-
ciations were observed in Albania, Bulgaria, and the Slovak Republic—systems that
differ substantially in their mean achievement levels but are all located in Eastern
Europe. In general, the development of positive attitudes toward nature appears to
play an important role in enhancing students’ knowledge.

Unexpected patterns emerge in student reports of their actual engagement in
environmental activities requiring some knowledge. The highest percentages of stu-
dents—over 70%—who actively try to save resources, learn about the environment,
and participate in environmental activities daily or almost daily are found in Balkan
and Eastern European education systems, including some that are not European
Union members. These systems may be particularly active in environmental initia-
tives as part of their efforts to join the European Union, frequently participating in
large-scale projects with other European nations. For example, a study comparing
four European education systems (Kovach et al., 2021) found that in Serbia, many
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schools take part in the Eco-Schools program, a global initiative involving 56,000
schools. Additionally, many Eastern European and Balkan schools engage in green
projects run by nongovernmental organizations or under the Erasmus program such
as the Education for Climate Community.’

In contrast, Scandinavian education systems report significantly lower student
participation in environmental activities, with fewer than a third of students engag-
ing in them daily or almost daily. While the present study does not provide explana-
tions for the lower involvement of younger students in Scandinavian education
systems, it highlights the need for further research.

Finally, regarding the growing trend of gender differences in science achievement
and attitudes in TIMSS, the majority of results across the education systems in this
study did not differ by gender. This finding aligns with previous research, such as the
study by Lieflander and Bogner (2014), which examined gender and age differences
in environmental awareness. Their study concluded that environmental education is
more effective in fostering pro-environmental attitudes in younger students (aged
9-10) than in older students, and that gender does not necessarily influence the
development of such attitudes.

4.5 Limitations of the Study

This study aimed to address gaps in research regarding the relationships between
teaching, knowledge, and the development of attitudes toward environmental
awareness, particularly among young children and through cross-national com-
parisons of education systems. While the study utilized multiple sources of data,
each source has inherent limitations, particularly when combined. One limitation
is that the TIMSS study does not provide data for all European Union member
education systems or for all non-European Union education systems. The find-
ings of this study are limited to the education systems participating in TIMSS
with their grade four student populations. The primary source, the curricula
summaries in the TIMSS 2023 encyclopedia (Reynolds et al., 2024), are not in a
comparable form. The curricular documents have been, for most systems, sum-
marized into general overviews, which can lead to an underestimation of pre-
scribed content. Some systems may include more environmental topics in
teaching through national policies, such as school rules for saving resources or
separating waste. Then, some teachers may underreport the teaching of a topic if
they have not completed it. Future studies with a specific focus on environmental
contents are needed to reveal the full extent of differences across Europe. Finally,
the indices and sets of questions on sustainability used in this study were devel-
oped a few years before the data collection in 2023. As environmental

3 Accessible at: https://education-for-climate.ec.europa.eu/community/
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sustainability is a rapidly evolving issue, the relevance of some concepts may
have shifted. To accurately capture the current situation in Europe, future studies
should develop new or adapted questions, statements, and variables to capture
emerging issues.

Unexpected findings also emerged regarding student behaviors, such as students
reusing materials. Interestingly, some economically strong education systems exhib-
ited lower rates of reuse among students. While economic factors may partially
explain this, the available data do not allow for a detailed analysis or overview of the
extent of recycling across the education systems, highlighting the need for future
research to more comprehensively address the issue.

4.6 Conclusion

The TIMSS data on education for environmental sustainability, which includes
information on environmental knowledge, attitudes, student activities, and content
taught, provides a valuable, though complex, source for comparing education systems
across three levels of curricula—intended, implemented, and attained—revealing
important insights.

In summary, national curricula, teaching approaches, and student outcomes in
education for environmental sustainability vary across European education sys-
tems. The national curricula show large differences in the presentation and scope
of content intended to be taught, including topics and expected learning outcomes,
ranging from direct content knowledge of environmental issues to engagement of
students in activities and practical actions to care for nature. Teachers report dif-
ferent levels of coverage of the topics from their national curricular documents; in
general, they frequently teach more than is indicated in official curricula. Student
outcomes vary across Europe, although these differences do not follow clear geo-
graphic patterns.

The comparison of national curricula and mean achievement reveals that
education systems emphasizing understanding of environmental issues and student
engagement in practical activities at the local level, tend to show higher student
knowledge. An unexpected finding is that students who had not yet been taught spe-
cific content demonstrated knowledge levels comparable to students who had been
taught these in science classes. This indicates that environmental concepts are also
learned outside science classes—reporting of content taught in science may not fully
capture learning that occurs elsewhere, even in school.

Another unexpected result was that higher student knowledge is generally not
directly linked to basic positive attitudes like enjoyment of nature; low achieving
students also expressed enjoyment of nature and care for living beings. Higher
achievement is, however, linked to general environmental awareness, complex atti-
tudinal scales, and attitudes towards issues that require understanding and
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knowledge, such as climate change. Therefore, the answer to the third research ques-
tion—whether higher student environmental knowledge is linked to more positive
attitudes toward environmental sustainability—is affirmative: more positive com-
plex attitudes and opinions about specific issues are linked to higher knowledge in a
large number of education systems.

In relation to the fourth and final research question—addressing whether groups
of European education systems share similarities in teaching approaches, student
knowledge, or attitudes toward environmental sustainability—no clear geographical
pattern in environmental knowledge and national curricula was identified. However,
greater student engagement in environmental activities was observed in the eastern
part of Europe than in the western part.

The teaching of environmental content across Europe varies; however, some
education systems may serve as models for others in developing their goals and cur-
ricular documents, with respect to particular aspects of environmental education.
Some show strengths in national curricular documents, others in engagement of stu-
dents in environmental activities. The findings suggest that more frequent teaching
and learning activities lead to greater knowledge, stronger connections between atti-
tudes, and better preparedness among young students for environmental preserva-
tion activities. However, certain content areas—such as green energy, renewable
resources, and climate change, which are widely discussed in public media—are still
not systematically included in the curriculum of most education systems. The avail-
able sources also lacked data which would allow for greater understanding of the
existing reports about intended curricula and, in particular, the rationale for includ-
ing specific content, practical activities implemented in schools, and the responsi-
bilities of teachers and schools to provide and engage students in activities outside
schools. More precise national descriptions would support future research on the
inclusion of students in environmental actions.
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Table 4.12 Differences in achievement in environmental knowledge between students
participating or not in environmental teaching activities by teachers: visiting natural areas

Take students to visit natural areas (e.g., a pond or meadow)

Yes

Education system

Finland 97.30
Albania 95.13
Lithuania 91.66
Bosnia and Herzegovina | 90.68
Latvia 90.18
Slovak Republic 87.32
Romania 86.97
Slovenia 86.97
Belgium (Flemish) 86.61
Montenegro 86.34
N. Macedonia, Rep. of 84.17
Czech Republic 82.30
Serbia 81.70
Germany 81.14
Denmark 80.45
Kosovo 76.83
Spain 75.78
Poland 75.17
Bulgaria 73.20
Hungary 71.13
Sweden 70.54
Italy 67.87
Cyprus 63.27
Portugal 60.13
Belgium (French) 57.46
France 46.48
Ireland 46.46
Netherlands 39.46

Note: SE, standard error

(% of students) | SE

(0.97)
(1.73)
(2.36)
(2.36)
(1.98)
(2.44)
(3.04)
(2.52)
(3.05)
(2.30)
(2.88)
(2.72)
(3.04)
(2.76)
(3.50)
(3.67)
(2.13)
(3.38)
(3.09)
(4.06)
(3.75)
(3.06)
(3.41)
(3.14)
(3.41)
(4.47)
(4.25)
(5.32)

Mean

543.17
478.29
519.73
447.18
503.63
506.89
522.34
519.43
490.61
465.05
437.38
520.20
517.74
516.69
534.61
400.48
510.54
556.68
526.74
536.57
528.71
519.68
481.29
520.06
485.03
498.43
540.01
525.40

SE
(3.35)
(6.41)
(3.55)
(5.21)
(3.65)
(4.64)
(6.39)
(3.13)
(3.64)
(2.73)
(6.03)
(3.48)
(3.55)
(3.31)
(4.02)
(5.05)
(2.88)
(2.54)
(7.50)
(5.13)
(4.96)
(3.39)
(3.99)
(4.23)
(4.25)
(6.02)
(5.19)
(4.50)

Diff.
(yes/no) | SE
11.08 (12.54)
13.67 (18.77)
8.93 (12.04)
15.88 (10.58)
1.53 (8.74)
15.88 (7.44)
23.49 (16.28)
4.47 (4.60)
7.23 (7.15)
3.95 (6.66)
3.93 (14.24)
1.29 (7.66)
3.59 (8.21)
20.35 (10.12)
4.40 (7.73)
8.83 (9.32)
1.79 (5.69)
1.16 (5.66)
21.74 (12.29)
12.37 (10.95)
3.74 (7.58)
7.21 (5.44)
5.02 (6.23)
4.08 (5.52)
5.70 (6.43)
5.09 (7.00)
6.92 (6.78)
10.71 (5.74)

*Significant difference between the mean scale scores at the time of teaching

Sig.
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Table 4.13 Differences in achievement in environmental knowledge between students
participating or not in environmental teaching activities by teachers: participating in environmentally

responsible activities

Education system
Bulgaria

Romania

Kosovo

Slovak Republic
Hungary

Albania
Montenegro
Bosnia and Herzegovina
Lithuania

Serbia

Slovenia

N. Macedonia, Rep. of
Finland

Belgium (Flemish)
Belgium (French)
Poland

Latvia

Czech Republic
Italy

Portugal

Spain

Denmark
Germany

Ireland

France

Cyprus

Sweden
Netherlands

Have students participate in environmentally responsible activities

(e.g., pick up trash)

Yes

(% of students) | SE
98.94 (0.78)
98.74 (1.25)
98.67 (0.98)
97.73 (0.94)
97.54 (1.08)
96.07 (2.88)
94.09 (0.94)
93.65 (2.61)
9291 (1.70)
92.87 (1.83)
92.32 1.72)
90.40 (2.62)
86.74 (2.10)
85.47 (3.18)
83.32 (2.42)
83.08 (2.76)
81.70 (3.39)
81.63 (2.76)
81.13 (2.60)
80.78 (2.63)
79.91 (2.26)
79.74 (3.38)
78.59 (2.84)
76.37 (3.46)
74.44 (3.05)
72.27 (3.04)
71.58 (3.65)
61.07 (5.25)

Mean

531.93
525.06
402.97
508.22
533.41
478.63
467.08
446.26
519.81
518.67
519.54
438.54
543.13
492.44
483.48
555.45
504.45
520.25
517.47
517.83
507.77
539.34
514.79
534.81
495.21
480.27
527.59
520.00

SE
(6.01)
(6.04)
(4.07)
(4.47)
(4.32)
(6.38)
(2.81)
(5.28)
(3.27)
(3.38)
(3.07)
(5.56)
(3.35)
(3.88)
(3.40)
(2.69)
(3.89)
(3.64)
(2.93)
(3.54)
(2.91)
(3.94)
(3.63)
4.27)
(4.77)
(3.68)
(5.01)
(4.39)

Diff.
(yes/
no)

60.61
48.38
29.93
16.74
8.26
21.50
37.85
8.50
22.27
7.29
18.63
1.94
5.98
4.63
8.95
2.45
1.95
0.56
3.16
11.63
19.21
9.08
6.31
2.26
2.99
0.04
2.80

Note: SE, standard error; —, result not reported because estimation is not reliable
*Significant difference between the mean scale scores at the time of teaching

SE
(11.88)
(65.76)
(15.59)
(26.13)
(16.03)
(8.30)
9.33)
(13.78)
(13.22)
6.11)
(22.39)
(5.97)
(12.44)
(9.63)
(6.29)
(7.46)
(6.00)
(6.75)
(6.71)
(5.20)
(6.26)
(8.79)
(8.66)
(8.22)
(7.46)
(6.82)
(7.27)

Sig.

*

*

*k
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Table 4.14 Differences in achievement in environmental knowledge between students
participating or not in environmental teaching activities by teachers: doing research or projects

Education system
Romania
Albania

N. Macedonia, Rep.

of

Portugal
Kosovo

Serbia

Bulgaria

ITtaly

Spain

Bosnia and
Herzegovina
Ireland

Slovak Republic
Montenegro
Lithuania
Germany
Sweden
Denmark
Slovenia
Finland

Poland

Cyprus

Latvia

Hungary

France

Belgium (Flemish)
Czech Republic
Belgium (French)
Netherlands

Have students do research or projects on a particular environmental topic
(e.g., pollution, climate change)

Yes

(% of students)
96.94

94.94

92.15

92.10
91.43
89.59
86.92
83.96
76.37
74.48

73.49
72.50
72.36
67.10
64.42
62.99
61.34
61.34
57.33
57.11
54.29
54.16
50.63
44.49
43.85
42.52
39.10
37.90

Note: SE, standard error
*Significant difference between the mean scale scores at the time of teaching

SE

(1.59)
(2.69)
(2.15)

(1.93)
(2.61)
(2.26)
(2.42)
(2.47)
(2.40)
(4.04)

(3.13)
(2.92)
(2.41)
(3.71)
(3.49)
(4.42)
(4.34)
(3.22)
(3.20)
(3.38)
(3.90)
(3.88)
(3.98)
4.27)
(3.83)
(3.04)
(3.47)
(4.65)

Mean

525.68
480.46
437.81

518.74
404.71
517.17
544.89
517.20
509.75
449.15

537.45
508.58
466.98
518.59
517.59
527.06
539.79
519.31
545.43
557.11
481.03
504.61
542.99
500.66
496.27
526.84
480.57
523.67

SE
(6.05)
(6.47)
(5.71)

(3.66)
(4.26)
(3.33)
(5.75)
(2.89)
(3.17)
(6.17)

(4.42)
(5.41)
(2.98)
(3.99)
@11
(5.43)
(3.76)
(3.70)
.11
(3.66)
(4.24)
(4.97)
(6.06)
(5.56)
(5.57)
(4.56)
(5.71)
(5.29)

Diff.
(yes/
no)
9.21
29.81
13.39

3.85
27.63
0.86
94.23
2.71
0.73
1.90

4.31
1.18
4.46
5.72
13.27
1.47
11.15
1.82
5.98
0.33
3.47
1.81
20.23
9.47
8.37
11.95
3.78
7.67

SE

(1.71)
(16.06)
(23.64)

(13.92)
(12.40)
(10.71)
(23.70)
(7.63)
(5.11)
(8.91)

(5.80)
(8.77)
(6.87)
(6.20)
(6.85)
(1.73)
(5.16)
4.27)
(5.10)
(4.41)
6.21)
(6.47)
(8.95)
(6.95)
(5.95)
(4.33)
(7.15)
(6.36)

Sig.
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Table 4.15 Differences in achievement in environmental knowledge between students
participating or not in environmental teaching activities by teachers: participating in programs
outside of school

Provide opportunities for students to participate in outdoor environmental
education programs outside of school

Yes Diff.
Education system (% of students) | SE Mean SE (yes/no) | SE Sig.
Romania 9.70 (2.36) 52349 | (6.27) | 36.08 (12.92) | *
Bulgaria 78.22 (3.39) |540.43 | (6.47) 31.62 (23.73)
Albania 76.45 (5.35) |488.90 |(6.64) 42.26 (18.45) | *
N. Macedonia, Rep. | 74.87 (3.28) 42945 |(6.03) 29.09 (12.45) | *
of
Slovak Republic 72.23 (3.24) 1507.78 | (5.08) 4.04 (7.15)
Kosovo 69.53 (4.00) 400.57 |(5.21) 5.69 (8.66)
Poland 69.38 (3.80) 556.07 |(2.77) 2.93 (5.62)
Lithuania 69.27 (3.47) 519.72 | (3.85) 2.44 (6.97)
Montenegro 67.86 (2.15) 468.35 |(3.05) 8.59 (5.30)
Bosnia and 63.37 (5.62) 455.14 | (5.24) |17.68 (8.92)
Herzegovina
Serbia 62.94 (3.55) 516.79 |(3.98) 0.79 (6.29)
Czech Republic 60.83 (3.25) 1521.39 | (3.99) 3.63 (4.49)
Ttaly 60.41 (3.27) |517.70 | (2.95) 0.86 (5.67)
Denmark 59.35 (4.30) 53771 | (4.28) 5.50 (5.70)
Cyprus 56.41 (3.48) 1476.36 |(4.42) 7.07 (7.01)
Hungary 55.28 (4.40) 539.02 |(5.54) |13.46 (9.52)
Portugal 54.11 (3.37) 519.10 |(3.79) 1.45 (5.34)
Spain 51.71 (2.70) |508.77 | (3.56) 2.50 (4.57)
Slovenia 51.01 (3.58) |519.31 | (4.06) 1.45 (3.93)
Latvia 47.63 (4.29) |505.24 | (5.18) 2.80 (6.78)
Sweden 41.16 (4.44) |529.58 | (4.87) 3.36 (7.48)
Belgium (French) 36.06 (3.52) 48524 |(5.21) 4.13 (6.75)
Germany 28.20 (3.59) 52626 |(6.17) | 18.65 (7.53) | *
Finland 27.30 (2.62) |539.34 | (5.20) 4.86 (5.18)
France 27.13 (3.58) 1500.82 |(6.04) 7.02 (6.92)
Ireland 24.23 (2.84) 54482 |(7.60) |11.24 (8.09)
Belgium (Flemish) | 22.60 (3.36) 488.35 | (7.97) 4.17 (8.13)
Netherlands 19.91 (4.09) 509.56 |(8.12) |11.67 (9.20)

Note: SE, standard error
*Significant difference between the mean scale scores at the time of teaching
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Table 4.16 Percentage of students being taught two life science topics by their teachers

Education
system

Albania

Belgium
(Flemish)

Belgium
(French)

Bosnia and
Herzegovina

Bulgaria

Cyprus

Czech
Republic

Before
This
year
Not yet

Before
This
year
Not yet

Before
This
year
Not yet

Before
This
year
Not yet

Before
This
year
Not yet

Before
This
year
Not yet

Before
This
year
Not yet

Relation-
ships in
simple
food
chains

%
23.54.7)
48.4 (5.8)

28.1 (4.8)

49.3 (5.5)
29.2 (4.7)

21.5 (4.0)

69.1 (3.1)
30.4 (3.1)

0.5 (0.5)

68.3 (3.1)
26.4 (3.3)

5.4(1.8)

29.5 (2.7)
56.8 (3.1)

13.7 (2.3)

33.1 3.8)
47.2 (4.8)

19.7 (3.7)

44.1 (2.9)
46.3 (3.0)

9.5 (1.6)

Common

sources of
energy

%

24.7 (4.5)
45.1 (5.5)

30.2(5.5)

12.0 (3.2)
55.54.7)

32.4(4.3)

17.2 2.7)
81.4 (2.8)

1.4 (0.7)

11.5@2.1)
66.2 (3.2)

223 2.7)

9.2(1.9)
69.4 (3.2)

21.4 (2.8)

14.2 (2.6)
55.3 (4.2)

30.4 (4.2)

15.7 (2.4)
52.0 (3.5)

32.3(3.3)

Education
system

Kosovo

Latvia

Lithuania

Montenegro

Netherlands

N. Macedonia,

Rep. of

Poland

Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet

Relation-
ships in
simple
food
chains

%

74.5 (2.9)
239 (2.9)

1.7 (0.8)

272 (2.4)
64.1 (2.4)

8.7(1.5)

12.7 (3.9)
52,6 (5.8)

34.8 (5.6)

6.6 (1.7)
85.5 (2.6)

7.9(2.2)

82.9 (2.4)
13.6 (2.3)

3.5(1.0)

26.2 (4.2)
62.7 (5.0

11.1 (4.1)

86.1 (2.4)
13.5 (2.4)

0.4 (0.4)

Common

sources of
energy

%

324 (3.2)
65.0 (3.3)

2.6 (0.8)

6.8 (1.4)
81.0(2.4)

12.2 (2.0)

123 (3.3)
66.0 (5.9)

21.6 (4.8)

3.0(1.2)
212 (2.9)

75.8 (2.9)

29.4 (2.8)
574 (3.2)

13.2(2.3)

42.1(5.3)
55.0 (5.6)

2.9(1.9)

43.0 (4.0)
55.4 (3.9)

1.6 (0.7)

(continued)
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Table 4.16 (continued)

Education

system

Denmark Before
This
year
Not yet

Finland Before
This
year
Not yet

France Before

This
year

Not yet

Germany Before
This
year
Not yet

Hungary Before
This
year
Not yet

Ireland Before
This
year
Not yet

Italy Before

This
year
Not yet

Relation-
ships in
simple
food
chains

%

47.0 (4.0)
30.2 (3.7)

22.8 (3.5)

477 (3.7)
24.9 (3.2)

274 (3.5)

68.5 (3.6)
17.8 2.7)

13.7 (2.8)

36.0 (4.0)
36.7 (3.8)

27.3 (3.0)

32.0(3.3)
39.5 (3.0)

28.4 (3.2)

33.9 (4.5)
43.8 (4.2)

223 (3.4)

44.4 (3.9)
272(3.2)

28.4 (3.7)

Common

sources of

energy

%
8.5(1.9)

62.3 (4.0)

29.2 (3.6)

29.0 (3.3)
45.6 (3,7)

25.3 (3,0)

20.1 (3,1)
64.3 (4.0)

155(3.2)

22.9(3.2)
69.5 (3.4)

7.6 (1.5)

13.9 (2.3)
39.6 (3.6)

46.5 (3.7)

16.9 (3.1)
79.9 (3.5)

3.2(2.0)

35.0 (4.1)
23.9 (3.3)

41.0(3.9)

Note: Standard errors appear in parentheses

Education
system

Portugal

Romania

Serbia

Slovak

Republic

Slovenia

Spain

Sweden

B. J. Pavesi¢ and J. Novak

Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet

Relation-
ships in
simple
food
chains

%

18.8 (2.4)
57.1 (3.4)

24.1 (3.3)

27.9 (3.2)
24.5 (2.8)

47.6 (3.4)

33.1 3.0)
42.0 (2.7)

24.9 (2.3)

15.6 (3.3)
68.8 (3.9)

15.6 (3.1)

254 (3.8)
55.9 (4.5)

18.7 (3.1)

21.1 (3.3)
41.0 (3.8)

37.9(3.2)

23.7 3.0)
43.0 (3.3)

333(3.2)

Common
sources of
energy

%

36.6 (3.0)
36.1 (3.0)

27.3(3.2)

7.9 (2.1)
78.3 (2.9)

13.8 (2.3)

24.5 (2.4)
52.6 (3.2)

22,9 (2.4)

3.9(1.6)
499 (4.1)

46.2 (4.0)

21.4 (3.0)
72.5 (3.2)

6.2 (1.7)

112 (2.2)
49.5 (4.4)

39.4 (3.8)

7.9(1.8)
24.0 (2.8)

68.1(3.2)
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Table 4.16 (continued)

Education
system

Albania

Belgium
(Flemish)

Belgium
(French)

Bosnia and
Herzegovina

Bulgaria

Cyprus

Czech

Republic

Denmark

Finland

Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet

Relation-ships
in simple food

chains
%
23.5
48.4

28.1

49.3
29.2

21.5

69.1
304

0.5

68.3
26.4

54

29.5
56.8

33.1
47.2

19.7

44.1
46.3

9.5

47.0
30.2

22.8

47.7
24.9

27.4

SE
“.7
(5.8)

4.8)

(5.5)
)

(4.0)

@3.1)
3.1

0.5)

@3.1)
(3.3)

(1.8)

Q2.7
@3.1)

(2.3)

(3.8)
(4.8)

3.7

(2.9)
(3.0)

(1.6)

(4.0)
3.7

(3.5)

3.7
(32)

(3.5)

Common
sources of
energy
% SE
24.7 4.5)
45.1 (5.5
30.2 (5.5
12.0 3.2)
55.5 4.7
324 4.3)
17.2 2.7
814 2.8)
1.4 0.7)
11.5 2.1
66.2 3.2)
22.3 2.7
9.2 (1.9)
69.4 3.2)
214 (2.8)
14.2 (2.6)
553 “4.2)
30.4 “4.2)
15.7 2.4)
52.0 3.9)
32.3 3.3)
8.5 (1.9)
62.3 4.0)
29.2 3.6)
29.0 3.3)
45.6 3,7
253 3,0)

Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet

Relation-ships
in simple food

chains
%
74.5
23.9

1.7

27.2
64.1

8.7

12.7
52.6

34.8

6.6
85.5

7.9

82.9
13.6

3.5

26.2
62.7

86.1
13.5

0.4

18.8
57.1

24.1

27.9
24.5

47.6

SE
29
(2.9

(0.8)

2.4)
2.4

(1.5)

(3.9)
(5.8)

(5.6)

(1.7
(2.6)

(2.2)

2.4)
2.3)

(1.0)

4.2)
(5.0)

@.1)

(2.4)
2.4)

0.4)

2.4)
(3.4)

(3.3)

(3.2)
2.8)

3.4)

129
Common
sources of
energy
% SE
324 3.2)
65.0 3.3)
2.6 (0.8)
6.8 (1.4)
81.0 2.4)
12.2 2.0)
12.3 3.3)
66.0 (5.9)
21.6 4.8)
3.0 (1.2)
21.2 2.9)
75.8 2.9)
29.4 (2.8)
57.4 3.2)
13.2 2.3)
42.1 (5.3)
55.0 (5.6)
2.9 (1.9)
43.0 4.0)
55.4 3.9
1.6 0.7)
36.6 3.0)
36.1 3.0
27.3 3.2)
7.9 2.1
78.3 2.9)
13.8 2.3)

(continued)



130

Table 4.16 (continued)

Education
system

France

Germany

Hungary

Ireland

Italy

Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet

Relation-ships
in simple food

chains
%
68.5
17.8

13.7

36.0
36.7

27.3

32.0
39.5

28.4

33.9
43.8

223

44.4
272

28.4

SE
(3.6)
2.7

(2.8)

(4.0)
(3.8)

(3.0)

(3.3)
(3.0)

(32)

4.5)
(4.2)

(3.4)

(3.9
(3.2)

3.7

Common
sources of
energy
% SE
20.1 3,1
64.3 4.0)
15.5 3.2)
229 3.2)
69.5 3.4)
7.6 (1.5)
139 2.3)
39.6 3.6)
46.5 3.7
16.9 3.1
79.9 3.5)
3.2 2.0)
35.0 4.1
239 3.3)
41.0 3.9

Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet
Before
This
year
Not
yet

B. J. Pavesi¢ and J. Novak

Relation-ships
in simple food

chains
%
33.1
42.0

24.9

15.6
68.8

15.6

254
55.9

18.7

21.1
41.0

379

23.7
43.0

333

SE
(3.0)
2.7

(2.3)

(3.3)
3.9)

3.1

(3.8)
4.5)

3.1

(3.3)
(3.8)

(3.2)

(3.0)
(3.3)

(3.2)

Common
sources of
energy
% SE
24.5 2.4)
52.6 3.2)
22.9 2.4)
39 (1.6)
499 4.1)
46.2 4.0)
21.4 3.0)
72.5 3.2)
6.2 (1.7)
11.2 2.2)
49.5 4.4)
394 3.8)
7.9 (1.8)
24.0 (2.8)
68.1 3.2)
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Table 4.17 Teaching of Earth science topics and students’ environmental mean scale scores

Earth science: Earth’s rising

Earth science: Physical average temperatures and results of
Education characteristics of Earth this change
system % SE | Mean  SE Sig. | % SE |Mean SE Sig.
Albania Before | 33.7 | (5.6)|489.0 | (10.5) 25.1 (5.5)472.4 | (18.3)
This |21.5 |(4.3)/490.5(10.2) 29.2 (5.4)/487.9/(9.9)
year
Not 449 [(5.8)]465.9(11.8) 45.7 (4.9)476.9 | (8.1)
yet
Belgium Before | 8.8 |(2.5)]495.1(6.5) 4.5 (1.5)499.2 | (12.1)
(Flemish) This [23.0 |(3.6)|502.8 | (5.7) 50.3 (4.1)| 4949 (5.2)
year
Not 68.2 |(3.8)487.7|(4.0) |* 452 (4.2)487.6|(5.2)
yet
Belgium Before | 8.5 |(2.1)|475.4(13.7) 7.8 (1.6) | 473.9 | (11.1)
(French) This 18.5 (3.0)|472.9 | (6.3) 239 (3.0)|477.5 | (6.6)
year
Not 73.0 |(3.2)|485.7|(3.5) 68.3 (3.1) 4852/ (3.9)
yet
Bosnia and Before | 13.5 | (3.5)|456.0 | (9.8) 0.8 (0.7) | 487.0 | (49.7)
Herzegovina This | 41.4 |(5.8)|456.7 | (6.9) 14.7 (3.4)4534/(094)
year
Not 45.1 [(5.7)]439.1| (8.6) 84.5 (3.4)447.0|(54)
yet
Bulgaria Before |34.2 | (3.6) | 565.3 | (8.8) 15.4 (2.9)]552.6|(17.1)
This |559 |(3.5)|522.8|(9.7) 36.9 (4.1)[535.1|(11.2)
year
Not 9.9 |(2.0) 491.5 (25.8)|* 477 (4.3)529.8|(9.7)
yet
Cyprus Before | 36.1 |(3.2) |483.5| (4.4) 12.0 (2.6) | 487.2 | (10.7)
This 13.9 | (2.4) 1 493.5 (12.6) 24.1 (2.9) 472.3 | (6.4)
year
Not 50.0 |(3.6) 473.1|(4.8) 63.8 (3.2) | 481.3 | (3.6)
yet
Czech Republic | Before | 16.7 | (2.4) | 516.0| (5.9) 44 (1.0) | 512.4 | (8.8)
This |63.4 |(2.9)|521.6 | (3.6) 29.1 (3.0)|519.8 | (5.8)
year
Not 19.9 |(2.6)|518.1|(4.7) 66.5 (3.0)/519.3 | (3.1)
yet
Denmark Before | 20.9 |(3.6) |541.1 | (7.0) 12.9 (2.8) 15334 |(7.4)
This | 44.7 |(4.6)|536.5 | (4.6) 543 (4.1)538.2|(4.9)
year
Not 344 |(4.2)533.2|(5.6) 32.8 (4.0)| 5345/ (5.6)
yet

(continued)
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Table 4.17 (continued)

Earth science: Earth’s rising

Earth science: Physical average temperatures and results of

Education characteristics of Earth this change

system % SE | Mean | SE Sig. | % SE |Mean SE Sig.

Finland Before | 29.7 |(2.8)|550.0 | (4.5) 9.9 (1.8) | 540.8 | (8.0)
This | 47.9 |(3.5)|541.9 | (4.6) 37.1 (2.6) | 548.1 | (4.6)
year
Not 224 [(2.8)|534.1|(5.7) 53.1 (2.5)]539.4 | (3.7)
yet

France Before | 27.1 |(3.2)|496.8 | (6.0) 5.8 (2.7)507.0 | (19.5)
This |35.5 |(3.8)496.5 (5.7) 322 (3.3)/493.2 | (4.2)
year
Not 37.4 |(4.3)]494.7 | (6.9) 62.0 (3.9)496.3 | (5.4)
yet

Germany Before | 19.7 | (3.3)|515.1 | (6.9) 239 (3.2) 511.5 | (5.5)
This |37.4 | (3.5)|521.2/(5.1) 37.0 (3.4)|518.7|(5.8)
year
Not 42.8 |(3.5)]507.7|(5.6) 39.1 (3.5)]508.6 | (5.3)
yet

Hungary Before |21.9 | (3.5)|537.1 | (10.8) 7.8 (1.8)564.0 | (8.3)
This | 60.1 |(4.1)|534.2(5.6) 48.4 (4.1)535.8/(5.3)
year
Not 18.0 (3.3)/523.9/(9.3) 43.8 (4.0)|5244|(74) |*
yet

Ireland Before | 26.5 |(3.5)|537.5|(5.8) 13.2 (2.6)523.4 | (11.0)
This 489 |(4.4)[536.4(5.9) 68.8 (3.3)540.5 | (4.6)
year
Not 247 |(3.8)]533.1(6.6) 18.0 (3.0)| 528.3 | (6.7)
yet

Italy Before | 28.3 |(3.1)|518.6 | (4.5) 12.9 (2.3)509.6 | (8.2)
This |60.4 |(3.6)|5159 (3.9 57.2 (3.9)|521.7|(3.5)
year
Not 11.3 | (2.1)]523.1|(7.6) 29.9 (3.7)|512.9 | (5.8)
yet

Kosovo Before | 22.5 |(3.6) |404.8 | (7.3) 12.5 (2.6)392.2 | (5.7)
This |51.2 |(4.3)394.4 (6.0) 48.0 (4.4)392.3|(6.5)
year
Not 26.3 |(3.8) 4159 (6.6) |* 39.6 (4.3)|4174 | (5.6) |*
yet

Latvia Before | 52.3 | (4.3)|505.5 | (4.5) 21.7 (3.3)/510.9 | (5.8)
This 11.7 |(2.6)|505.8|(9.4) 20.9 (3.5)]508.3 | (7.8)
year
Not 36.0 |(3.9)]500.5 | (5.6) 57.4 (4.1)500.2 | (4.6)
yet

(continued)
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Table 4.17 (continued)

Earth science: Earth’s rising

Earth science: Physical average temperatures and results of

Education characteristics of Earth this change

system % SE | Mean | SE Sig. | % SE |Mean SE Sig.

Lithuania Before | 52.2 | (3.5)|522.2 | (4.6) 342 (3.2)|518.7 | (6.3)
This 452 |(3.6)|518.0 | (4.8) 50.8 (3.7)]521.5/(3.9)
year
Not 2.6 |(1.0)534.2 | (16.0) 14.9 (2.6) | 521.8 | (7.6)
yet

Montenegro Before | 18.0 |(2.4)|463.6 (6.3) 4.1 (0.8) |452.3 | (11.1)
This |55.7 |(2.9)]466.9 (3.5) 21.5 (2.4)479.7 | (5.6)
year
Not 263 [(2.9)]464.3|(5.1) 74.5 (2.5) 14624 | (2.6) |*
yet

Netherlands Before | 19.0 | (4.5)|528.0 | (6.7) 6.0 (2.3)1497.9 | (15.2)
This |41.1 [(5.3)|514.8  (4.2) 60.5 4.7)522.0|(3.7)
year
Not 39.9 |(4.7)519.1|(5.2) 335 (4.3)|517.3 | (5.6)
yet

N. Macedonia, | Before |22.2 |(3.2) 426.9|(10.3) 17.0 (2.9)427.4 | (11.1)

Rep. of This | 64.3 |(3.6)|439.6 | (6.7) 533 (4.1)435.7 | (7.8)
year
Not 13.5 | (2.4)442.7 | (16.5) 29.7 (3.5)]446.0 | (10.8)
yet

Poland Before | 4.8 |(1.6)|552.2(10.3) 0.8 (0.8) | 539.8 | (0.0)
This | 79.9 |(3.5)|557.6(2.8) 12.5 (2.3)555.1|(54)
year
Not 153 |(3.1)|555.6|(7.1) 86.7 (2.5)557.4 | (2.6)
yet

Portugal Before | 35.0 | (3.3)|512.8|(5.1) 36.7 (2.7)1514.0 | (5.3)
This |63.1 (3.3)|521.9 (4.4) 52.8 (2.9)]520.3 | (4.3)
year
Not 1.9 |(1.1) 491.8|(10.4) 10.5 (2.0)|522.0/(10.9)
yet

Romania Before | 40.0 |(5.2)|530.4 | (7.3) 25.7 (4.5)]524.0|(74)
This |52.3 |(4.8)|521.5(7.8) 68.1 4.7)527.3|(7.2)
year
Not 7.7 |(2.7)527.6 | (23.6) 6.2 (2.4)512.9/(20.8)
yet

(continued)
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Table 4.17 (continued)

Earth science: Earth’s rising

Earth science: Physical average temperatures and results of

Education characteristics of Earth this change

system % SE |Mean  SE Sig. | % SE |Mean  SE Sig.

Serbia Before | 57.2 | (4.0)|519.1 | (3.9) 22.5 (3.0)|517.6 | (4.9)
This [22.2 | (3.4)|5149(7.2) 25.8 (3.5) 5159 (6.5)
year
Not 20.6 |(3.1)514.0|(6.7) 51.6 (4.1)|518.8 | (4.7)
yet

Slovak Before |31.3 |(3.0)|522.4 | (6.6) 11.1 (2.0)|531.8|(9.5)

Republic This |25.3 | (2.9)|508.5 (9.6) 30.5 (2.6)518.8 | (7.0)
year
Not 43.3 (3.2)]499.6 | (6.9) 583 (3.1)/499.6 | (4.9) |*
yet

Slovenia Before | 23.4 | (2.8)|528.6|(5.0) 3.0 (1.1) 519.0 | (10.8)
This |47.8 | (3.7)|517.9  (3.5) 28.6 (3.3)5245|(4.1)
year
Not 28.8 |(3.2)/5179|4.2) |* 68.4 (3.5)518.9/(3.3)
yet

Spain Before |39.3 | (3.2)|511.2 | (3.5) 19.7 (2.3)508.1 | (4.3)
This |53.4 | (3.1)|508.0 | (3.7) 58.5 (2.9)|512.1 | (3.6)
year
Not 72 |(1.4) 519.7 | (7.2) 21.7 (2.3)506.8 | (4.1)
yet

Sweden Before | 8.9 |(1.9)|535.4(7.2) 7.4 (2.3)527.41(9.5)
This |53.5 |(4.5)]524.8 | (4.6) 52.9 (4.1)5342/3.9)
year
Not 37.6 |(4.4)535.7|(5.2) 39.7 (4.3)5242/(5.2)
yet

Note: Standard errors appear in parentheses
*Significant difference between the mean scale scores at the time of teaching
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Table 4.18 How often teachers do environmental activities in classes and student environmental
knowledge

Develop students’ Discuss how student Discuss

positive attitudes Encourage actions in and outside of | environ-
Education toward the natural students to use | school help the natural | mental
system environment less resources | environment issues
Poland @ O O O
Finland @ O O O
Ireland O ® O O
Denmark O @] O O
Hungary @ @ @® O
Bulgaria O @ ® O
Sweden (@) @) @) @)
Romania @® @ ® @®
Lithuania @ @ O O
Czech @ @] O O
Republic
Slovenia [O) @® @® O
Netherlands (@) O O O
Portugal @ @ @ O
Ttaly @ @ O] @®
Serbia @ @ ® O
Germany @® O @) O
Spain @ @ @ O
Slovak @ @ O O
Republic
Latvia ® @) @) O
France (@) @] O O
Belgium O O O O
(Flemish)
Belgium O O O O
(French)
Cyprus @ O ©) ®)
Albania O O O O
Montenegro ® ® @ @)
Bosnia and @® @ @ O
Herzegovina
NM @® @® @® @
Macedonia,
Rep. of
Kosovo @® O ® @®
Table average | @ O O O

Notes: Education systems are ordered according to the national mean student achievement in envi-
ronmental knowledge; see Table 4.2; @, at least once a week; O, once or twice a month (Other
possible options were a few times a year, or never/almost never.)
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Chapter 5 )
Teaching Environmental Sustainability e
in the Science Classroom: Lessons

from and for the TIMSS Environmental
Framework

Jelle Boeve-de Pauw (), Michiel van Harskamp @), Wanda Sass @),
Elisa Caponera @), Riccardo Pietracci (9, and Laura Palmerio

5.1 Introduction

The previous chapters of this volume have illustrated how environmental knowl-
edge is operationalized in the Trends in International Mathematics and Science
Study (TIMSS) 2023 and how education systems differ in terms of their students’
environmental knowledge and achievement scores. Environmental education, how-
ever, concerns more than environmental knowledge, and several authors have
defined differences within environmental knowledge (as learning goals for environ-
mental education) that are of particular interest. These differences highlight, for
instance, that beyond theoretical knowledge of environmental issues (for example,
knowing what causes ocean acidification), more applied forms of knowledge, per-
taining to the impact of choices people make on the environment (for example,
knowing how personal or collective mobility contributes more or less to environ-
mental pollution), are also important to consider as outcomes of sustainability edu-
cation (Roczen et al., 2014). Besides knowledge, sustainability education typically
focuses on attitudinal and behavioral student outcomes, and data from international
large-scale assessments have been used before to study how these differ between
and within education systems (Boeve-de Pauw & Van Petegem, 2010; Coertjens
etal., 2010; Gong & Zheng, 2021; Isac et al., 2025; List et al., 2020). Using TIMSS
2023 data, this chapter focuses on activities that primary school teachers report
implementing in the (science) classroom, specifically related to teaching
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environmental sustainability, to explore how these teaching activities could contrib-
ute to students’ attitudes and behaviors.

Previous studies within single education systems show how teaching approaches
that teachers deploy in the (science) classroom can have an impact on their students’
environmental attitudes and behaviors (Boeve-de Pauw & Van Petegem, 2018;
Yeung, 2004). Often, studies that establish such connections between what teachers
do in the classroom (teaching activities and/or approaches) on the one hand and
student outcomes in terms of environmental attitudes and behaviors on the other, are
performed in specific educational contexts and using specific samples that do not
allow findings to be generalized to the level of education systems. The TIMSS data
and the associated environmental framework present a unique opportunity to go
beyond such specific educational contexts and explore issues at the education sys-
tem level. The potential of these data to contribute to the wider research fields of
environmental and sustainability education are explored.

The current chapter, therefore, focuses on the data that were collected using the
teacher surveys within TIMSS, concerning the activities teachers deploy to bring
environmental sustainability into their (science) education. After describing this
information for the education systems that are included in the current volume, data
about teachers’ reported activities is connected to students’ environmental attitudes
and behaviors as captured in the TIMSS 2023 student questionnaires. The aim is to
explore the potential of these data to contribute to the wider research fields of envi-
ronmental and sustainability education. To achieve this, relevant sections of the
TIMSS questionnaires are first presented, followed by a description of how contem-
porary research, specifically in the field of sustainability education, understands the
goals of and approaches to such activities.

5.1.1 The TIMSS 2023 Environmental Attitudes
and Behaviors Framework

In TIMSS 2023, attitudes and behaviors are assessed using the student question-
naire, with all items based on the TIMSS 2023 Environmental Attitudes and
Behaviors Framework (Reynolds & Komakhidze, 2022). To measure students’
environmental attitudes, TIMSS 2023 draws from the two-dimensional Model of
Ecological Values, which is based on the Theory of Ecological Attitudes (Bogner &
Wiseman, 1999, 2006; Wiseman & Bogner, 2003). TIMSS 2023 items that build on
this model include, for example, “I care about the protection of plants and animals”
and “Addressing climate change should be a high priority,” reflecting an individual’s
endorsement of conservation and protection of nature. Both these example items
can be found in question G11 in the student questionnaire. Students are asked to
indicate how much they agree with such statements. Those students whose attitudes
are aligned with preservation are likely to enjoy spending time in nature and care
about the protection of natural areas. Measuring environmentally responsible
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behavior is identified as a complex task by the TIMSS 2023 framework, as children
in primary education tend to have limited agency in making decisions and their abil-
ity to exercise control likely varies substantially across education systems, cultures,
and households. Due to these complications, TIMSS 2023 student questionnaire
items measuring students’ environmentally responsible behaviors reflect relatively
simple practices that are accessible to students across a variety of contexts. Examples
include: “I try to reuse things (e.g., bags, bottles...)” or “I tell my friends when they
are doing things that harm the environment,” which are both part of question G12 of
the student questionnaire. Students indicate how often they engage in these
behaviors.

The TIMSS 2023 Environmental Attitudes and Behaviors Framework also high-
lights the importance of the classroom context (Reynolds & Komakhidze, 2022). It
notes that students who experience more active and interactive teaching methods—
such as classroom discussions, research projects, hands-on activities, excursions in
nature, outdoor environmental programs—demonstrate higher awareness about
environmental issues, more positive environmental attitudes, and more frequent
environmentally responsible behavior, based on insights from research literature
(see, for example, Boeve-de Pauw et al., 2015; Krnel & Naglic, 2009).

These classroom activities are the main focus of the current chapter and are
examined through three questions in the TIMSS 2023 teacher questionnaire
(Table 5.1). One question (S6) deals with the extent to which teachers perceive that
education for environmental sustainability should be a priority in schools. The two
other questions focus on the concrete activities that teachers report doing in their

Table 5.1 Questions S6, S4 and S5 from the grade four TIMSS teacher questionnaire
Stem and items Response options

S6 | How much do you agree or disagree that education about environmental |—Agree a lot
sustainability should be a priority for schools? — Agree a little
— Disagree a little
— Disagree a lot

S4 | How often do you do the following when teaching this class? — At least once a

a. Develop students’ positive attitudes toward the natural environment | week

b. Encourage students to use less resources (e.g., <water, energy>) — Once or twice a

c. Discuss how student actions in and outside of school can help the | month

natural environment — A few times a

d. Discuss environmental issues (e.g., <climate change, endangered year

animals>) — Never or almost
never

S5 | Do you do these things to teach students about environmental issues and | — Yes
sustainability? - No
a. Take students to visit natural areas (e.g., <a pond or meadow>)
b. Have students participate in environmentally responsible activities
(e.g., <pick up trash>)
c. Have students do research or projects on a particular environmental
topic (e.g., <pollution, climate change>)
d. Provide opportunities for students to participate in outdoor
environmental education programs outside of school
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classrooms or school. Question S4 asks how often teachers perform activities that
develop their students’ positive attitudes towards the natural environment, or how
often they discuss environmental issues in class. Question S5 asks whether teachers
perform certain activities with their students—for instance, taking them to visit
natural areas (for example, a pond or meadow), or conducting research projects on
a particular environmental topic (for example, pollution or climate change)—using
a yes or no response format.

The inclusion of these topics in both the student and teacher questionnaires
enables exploration of how teaching environmental sustainability in primary school
science classrooms is related to students’ environmental attitudes and behavior.

It should be noted that, in contemporary research—particularly in the field of
sustainability education—understandings of both learning goals and teaching
approaches have evolved over the past decades. This evolution partially overlaps
with the operationalization of the TIMSS 2023 Environmental Attitudes and
Behaviors Framework (Reynolds & Komakhidze, 2022), but important differences
exist that must be considered when exploring the potential that TIMSS presents for
advancing the field of sustainability education.

5.1.2 From Behavior to Action, and from Teaching Activities
to Action-Oriented Learning

Environmental education has traditionally been concerned with shaping pro-
environmental behavior, while considering knowledge and attitudes as a means to
achieve this goal (Macintyre et al., 2024). However, with the transition to sustain-
ability education, this normative perspective of having learners make the “right”
choice, has shifted the focus away from teaching the “right” behaviors. Emphasis
has moved from promoting environmental behavior towards empowering learners
in deliberate action taking, including fostering willingness to act (see, for example,
United Nations Educational, Scientific and Cultural Organization [UNESCO],
2020) and adopting a learner-centered approach to teaching (European Commission,
Directorate-General for Education, Youth, Sport and Culture, 2022). An example of
this shift in focus from more closed behavioral outcomes to more open-ended
action-taking outcomes can be seen in the European sustainability competence
framework, GreenComp (Bianchi et al., 2022). As described elsewhere in this vol-
ume, GreenComp adopts acting for sustainability as one of its four competence
areas, with three underlying competences integrated into it: individual initiative,
collective action and political agency (Bianchi et al., 2022, p. 25). In this frame-
work, a key goal for sustainability education is to encourage and invite learners to
take action rather than perform pre-defined behaviors.

How behavior and action are understood fundamentally shapes their relation to
education. Within sustainability education, an action is defined as a voluntary
behavior—one that individuals or groups choose freely, rather than being forced
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upon them by others, including peers, parents, or educators. Furthermore, action
differs from a mere activity in that it is directed towards a certain goal. This goal is
typically aiming to contribute to finding solutions to so-called “wicked problems,”
which involves different or conflicting perspectives on how to solve a complex
problem (Jensen, 2000; Jensen & Schnack, 2006; Mogensen et al., 2009). If educa-
tion aims to empower students so that they are well-equipped for taking action (as
defined here), a desired learning outcome is action competence. Sass et al. (2020)
defined action competence as the ability to find or create relevant knowledge, the
willingness (that is, passion and commitment) to contribute to solving a wicked
problem, and the self-efficacy for doing so (that is, having confidence in one’s own
capacities and in the impact of taking a certain action). In line with its focus on
action rather than behavior, the GreenComp framework emphasizes learners’ will-
ingness to act as an important empowering facet of sustainability education:

Individual initiative relies on someone knowing what types of action are possible, having
confidence in their own potential to influence change (internal locus of control), and being
willing to act. ... However, individual initiative does not only rely on opportunities for
action and someone’s self-awareness and self-efficacy. It also has a strong attitudinal
aspect — the willingness to act (Bianchi et al., 2022, p. 27).

If education is to foster students’ action competence, it should be action-oriented.
An action-oriented educational approach firmly embeds education at school within
the (local) society around it (Sinakou et al., 2019; Varela-Losada et al., 2016).
Students work on real-world wicked problems they select together with the teacher.
Consequently, they learn alongside the teacher by doing—for instance, by trying
out a certain action and learning from mistakes (Sass et al., 2023). The process can
be supported through joint critical reflection on factors that influenced the action,
positively or negatively (Knippels & van Harskamp, 2018). Ultimately, this approach
may foster a learning process in which students focus on opportunities rather than
on unalterable detrimental conditions (Hasslof & Malmberg, 2015; Sinakou
et al., 2019).

In a science education context, action-oriented science education resonates with
Sjostrom and Eilks’ (2018) Vision 3 on scientific literacy. Whereas Vision 1 empha-
sizes epistemology, dealing with the scientific understanding of concepts, and Vision
2 relates to everyday-life contexts and the usefulness of science, Vision 3 concerns
science education for transformation. Both Vision 2 and Vision 3 highlight the rel-
evance of science and scientific information in societal issues, such as sustainability,
but “if Vision [2] focuses on everyday-life relevance, Vision [3] focuses more on
problematized relevance for critical citizenship and sustainability” (Sjostrom &
Eilks, 2018, p. 78). In this sense, action-oriented science education for sustainabil-
ity, with its open-ended and participatory character, aligns closely with Vision 3 on
scientific literacy.

Defining action in this way has consequences for the selected content and the
action-oriented educational approach. It means, for example, that activities selected
by the teacher alone—such as having students perform a scientific experiment—
cannot be considered action-oriented unless students participate in selecting the
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experiment and in applying it to learn about an issue that matters to them.
Additionally, there should be conflicting perspectives on how to solve the problem
or perform the task. The operationalization of sustainability teaching in the TIMSS
2023 teacher questionnaires (as presented in the previous section of this chapter)
touches on several aspects related to the distinction between teaching “activities”
and “action-oriented” teaching and learning. After presenting the empirical parts of
this chapter, the discussion will return to these lenses and reflect on how they could
present further opportunities to leverage TIMSS for advancing understanding of
teaching and learning for environmental sustainability in education systems across
Europe and beyond.

5.1.3 Research Questions

The current chapter aims to use TIMSS 2023 data to explore how teachers report
integrating sustainability education into their classrooms and how this relates to
their students’ environmental attitudes and behaviors. In comparing education sys-
tems, this chapter addresses two guiding questions:

1. What do teachers report about their science education practices regarding envi-
ronmental sustainability?

2. What is the association between these teaching practices and students’ environ-
mental attitudes and behaviors?

Based on exploration of these issues through the TIMSS 2023 Environmental
Attitudes and Behaviors Framework (Reynolds & Komakhidze, 2022), the chapter
reflects on the opportunities for TIMSS to offer insight into action and action-
orientation across education systems in future cycles. If seized, these opportunities
may further underscore the relevance of TIMSS data for practitioners, researchers,
and policymakers that are involved in monitoring and evaluating sustainability
education.

While the analyses concern all selected education systems for this volume,
results for Italy and the Netherlands are highlighted specifically to provide concrete
examples. These two systems were selected because the recently published Eurydice
report shows that they adopt substantially different approaches concerning how sus-
tainability competences are embedded in the top-level curricula (European
Commission/EACEA [Education, Audiovisual and Culture Executive Agency]/
Eurydice, 2024). The report indicates that Italy incorporates sustainability compe-
tences mainly in a cross-curricular fashion (valuing sustainability), in citizenship
education (for example, adaptability, individual and collective action), and in sub-
jects such as languages or arts (for example, promoting nature, systems thinking).
In contrast, the Netherlands includes only one sustainability competence (political
agency) in the top-level curriculum and only in citizenship education. In this chap-
ter, these selected case education systems and their differences will serve as illustra-
tive examples to help make findings concrete, rather than to imply causal
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relationships between top-level curricula, teacher choices, and student
performance.

5.2 Methodology

5.2.1 Sample

The analyses presented in this chapter were conducted on TIMSS 2023 data for
grade four students. TIMSS employs a two-stage sampling design (for a detailed
description, see von Davier et al., 2024). Of the 29 selected education systems, 4877
schools participated in the study (see Chap. 1 for the selection process of education
systems). The overall student sample comprised 139,335 students, of whom 49.60
percent were female. The average age of the students was 10.35 years (standard
deviation = 0.57). This sample is representative of the fourth-grade students across
education systems.! The overall student sample was representative of more than
4,100,000 students in the target population across education systems. In addition,
7564 teachers who taught science in the classes of the participating schools were
also involved. Most teachers (85.7%) were female.? In terms of age distribution,
82.2 percent of teachers were between 30 and 59 years of age. Of the teachers, 26.3
percent reported science as their major field of study. It should be noted that the
sample design did not allow for estimating the characteristics of the teacher popula-
tion since the teachers included in this study were not a representative sample of the
national teaching population: TIMSS selects a representative sample of students in
fourth grade in each participating education system, and all teachers who teach
these selected students are involved in the survey.* As TIMSS employs a classroom-
based sampling strategy, the resulting data may not be generalizable to the entire
population of teachers within an education system.*

5.2.2 Variables

In order to answer the research questions, questions S6, S4, and S5 from the teacher
questionnaire (see Table 5.1) were selected for analysis, as they align most strongly
with the concept of action-orientation (Reynolds & Komakhidze, 2022). These

'In Norway, students were assessed in the fifth grade. Romania did not satisfy guidelines for
sample participation rates.
2Based on the number of teachers who responded to the question regarding their gender.

3Generally, teachers in the fourth grade are not specialized science teachers but rather classroom
teachers.

“For this reason, student weights will always be used in the following analyses.
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questions collect data on the topics of teacher prioritization of sustainability in their
education, frequency of performed sustainability education activities, and incorpo-
ration of particular sustainability education activities, respectively.

The student pro-environmental attitude scale was calculated by International
Association for the Evaluation of Educational Achievement (IEA) researchers (Yin
& Reynolds, 2024). The scale comprised five items assessing students’ attitudes
towards the environment: “I care about the protection of plants and animals,” “I
enjoy finding out what kinds of plants and animals live in my surrounding area,” “I
enjoy being in nature (e.g., <forests, parks, deserts>),” “It makes me sad when
nature is destroyed,” and “Addressing climate change should be a high priority.”
Students were required to indicate their level of agreement or disagreement on a
4-point Likert-type scale, ranging from agree a lot to disagree a lot. The internal
consistency of the scale was deemed adequate, with a median Cronbach’s alpha of
0.68 across education systems.

In a similar fashion, a new scale for student pro-environmental behaviors was
constructed, based on students’ answers to questions asking about the frequency of
doing six things related to helping the natural environment (reusing things, saving
resources, talking about how to help the environment, learning about environmental
problems, participating in activities to help the environment, and telling friends
when they are doing things that harm the environment). Students had to respond on
a 4-point Likert-type scale ranging from never to every day. To estimate this scale,
a procedure similar to that used in the IEA TIMSS assessments was used (von
Davier et al., 2024). Specifically, a partial credit model analysis was conducted
using Mplus (Muthén & Muthén, 2017), applying an item response theory model.
The scale scores derived from the partial credit model calibration were subsequently
transformed into a standardized metric with a mean of 10 and a standard deviation
of two. The scale’s internal consistency, measured using Cronbach’s alpha, was
satisfactory (median across education systems = 0.79).

Initially, each education system contributes equally to the dataset by using stu-
dent “senate weights,” which total 500 across all student data within country.
However, cases with missing responses to one or more items were excluded from
the analysis without any adjustments to the corresponding weights. Consequently,
education systems with a higher proportion of missing data may end up contributing
less to the final analysis than those with more complete responses.

Similarly, a teacher scale based on teachers’ answers to the four questions in S4
was estimated, using the student senate weights. The Cronbach’s alpha for the
teacher scale S4 was satisfactory (median o across education systems = 0.84), so
this scale was deemed internally valid. The S5 items appeared heterogeneous and
did not imply a latent construct. This was confirmed by the low Cronbach’s alpha
value (a < 0.60).

5Cases with missing values in one or more items were excluded from the analysis. For scale cali-
bration, each education system contributed data weighted by “senate weights,” ensuring a total
weight of 500 per education system’s student dataset.
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5.2.3 Analytical Strategy

For all analyses presented herein, the student weight for both student and teacher
variables were utilized, in accordance with the methodology employed by IEA, as
only the student sample can be considered representative. The education system-
specific descriptive analyses, encompassing both teacher and student variables pre-
sented above, were conducted using the IEA IDB (International Database) Analyzer
software (IEA, 2021), developed by the IEA Data Processing and Research Center
for analyzing data from all IEA surveys, employing adapted macros provided by
IEA TIMSS.

To investigate the relationship between the teacher variables and students’ atti-
tude and behavior scales, a multi-step approach was implemented. In the initial
phase, for the two sample education systems, Italy and the Netherlands, as well as
for all participating education systems, the mean scores for each item in S4 and S5
of the teacher questionnaire were calculated. Subsequently, the mean scores for the
two teacher scales were computed: one pertaining to the topics taught, and the other
to the set of environment-related activities. Lastly, considering all education sys-
tems, the relationship between the individual teacher items and the two teacher
scales with students’ attitude and behavior scales were examined. To quantify these
associations, single regression analyses were conducted, using the IEA IDB
Analyzer. Furthermore, for descriptive purposes, national tertiles were computed
for the S4 scale and student attitudes and behaviors scores compared across the
teacher tertile groups. Due to the large sample size TIMSS 2023 presents, it was
decided to accept statistical significance at the level of p > 0.01 (Lantz, 2013).

5.3 Results

The first research question concerns teachers’ perspectives on sustainability educa-
tion in science education. To answer this question, the analysis examines the extent
to which teachers prioritize sustainability education, as well as the educational
activities they employ during sustainability education. In TIMSS 2023, these areas
are covered by variables S6, S4, and S5. The figures in this section represent the
proportion of students whose teachers gave the corresponding answers.

The data from S6 reflects the extent to which teachers think sustainability educa-
tion should be prioritized in their school (Fig. 5.1). The data show that a vast major-
ity of students in all education systems have teachers who see sustainability
education as at least a partial priority of their teaching. Even in the education system
with the biggest proportion of students with teachers who feel that sustainability
education should not be a priority (the Netherlands), there is still a substantially
larger proportion of students with teachers who think it should be a priority.
Differences can, however, be found in the level of agreement within this subgroup
of teachers who think sustainability education should be prioritized. The percentage
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Fig. 5.1 Percentage of students whose teachers consider teaching environmental sustainability in
schools a priority. Note: Data are from S6

of students whose teachers only agree a little with prioritizing sustainability educa-
tion ranges from one percent of the total (Albania) to 67.2 percent (the Netherlands),
with a relatively even spread of education systems in between these extremes.
Concerning the two case education systems, almost all Italian students (99.4%)
have teachers who agree with prioritizing sustainability education, whereas in the
Netherlands, 85.3 percent of teachers agree at least a little that sustainability educa-
tion should be prioritized.

Next, the analysis considers how often teachers report incorporating sustainabil-
ity education activities in their teaching, making use of data from S4 (Fig. 5.2). The
different sustainability education activities are more often incorporated by Italian
teachers than by Dutch teachers. However, teacher responses vary slightly across
the four activities: Italy reports the highest levels for some items but somewhat
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Fig. 5.2 Percentage of students whose teachers report on the question: “How often do you do

this?”. Note: Data is from S4

lower for others; conversely, the Netherlands reports the lowest levels for some
items but somewhat higher levels for others.

The final question from the teacher questionnaire used to answer the first research
question is S5, which concerns whether teachers report doing certain educational
activities during sustainability education (Fig. 5.3). These activities range from tak-
ing students to natural areas to having students do research about environmental
topics. Concerning the two case systems, Dutch students have teachers who report
doing these activities less frequently than some colleagues in other European educa-
tion systems. For some activities, Italian students have teachers who also report
lower averages, but for other activities (for example, having students do research or
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b. Have students participate in environmental
responsible activities
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Fig. 5.3 Percentage of students whose teacher reports on the question: “Do you do this?”. Notes:
Data is from S5. For item d (“Provide opportunities for students to participate in environmental
education programs outside of school”), no data were recorded in Norway

projects on a particular environmental topic; Fig. 5.3b), Italian teachers report doing
this more often than most of their European colleagues.

Means for individual items in questions S4 and S5 indicate that Italy has higher
percentages than the Netherlands in all instances (Table 5.2). For S4, a scale score
was also calculated, but due to low internal reliability this was not done for the items
of question S5. For the items in S4, the means approach the maximum, meaning
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Table 5.2 Teacher answers on questions S4 and S5; means of teacher responses for individual
items and overall scales for Italy, the Netherlands, and the selected education systems overall;
including their association with the students’ reported values and behaviors
Education systems in focus | Selected education systems
Relationship | Relationship

with with
Teacher answers students’ students’
(weighted by values behaviors
students) Italy Netherlands | Overall (x=0.68) (x=0.79)
Topics taught Mean | SD | Mean| SD | Mean | SD Mean (SE) SD (SE)

related to (SE) | (SE) | (SE) | (SE) | (SE) | (SE)

environment (S4)

Develop students’ | 2.85 | 042 | 2.15 | 0.75 | 2.60 | 0.56 | 0.01(0.00) | 0.01(0.01)
positive attitudes | (0.03) | (0.04) | (0.08) | (0.05) | (0.01) ' (0.01)

toward the natural

environment

(item S4-a)

Encourage 278 | 0.51 | 2.09 | 0.86 | 245 | 0.66 | 0.01(0.00) | 0.01(0.00)
students to use less | (0.03) | (0.04) | (0.09) | (0.06) | (0.01) | (0.01)

resources (€e.g.,

<water, energy>)

(item S4-b)

Discuss how 2.77 | 0.51 1.75 | 0.83 | 2.36 | 0.65 | 0.01(0.00) | 0.01 (0.00)
student actions in | (0.03) | (0.04) | (0.09)  (0.04) | (0.01)  (0.01)

and outside of

school can help

the natural

environment

(item S4-c)

Discuss 2.68 | 0.56 | 1.85 | 0.76 | 2.21 0.70 | 0.02 (0.00) | 0.01 (0.00)
environmental (0.03) | (0.03) | (0.09) | (0.04) | (0.01) | (0.01)

issues (e.g.,

<climate change,

endangered

species>) (item

S4-d)

Scale of Topics 11.26 | 1.53 | 851 | 2.15 | 997 | 1.77 | 0.02(0.00) | 0.02(0.00)
taught related to | (0.09) | (0.09) | (0.25) | (0.15)| (0.03) | (0.02)

environment (0 =

0.84)

(continued)
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Table 5.2 (continued)

Education systems in focus | Selected education systems
Relationship | Relationship

with with
Teacher answers students’ students’
(weighted by values behaviors
students) Italy Netherlands | Overall (a=0.68) (a=0.79)

Activities related | Yes SD Yes SD Yes SD Yes (SE) SD (SE)
to environment (SE) | (SE) | (SE) | (SE) | (SE) | (SE)

(S5)

Take students to 0.68 | 047 | 039 | 049 | 0.76 | 0.39 | 0.02 (0.00) | 0.02 (0.00)
visit natural areas | (0.03) | (0.01) | (0.05) | (0.01) (0.01) | (0.00)

(e.g., <a pond or

meadow>) (item

S5-a)

Have students 0.80 | 040 | 0.62 | 049 | 0.86 | 0.32 | 0.02 (0.00) | 0.01 (0.00)
participate in (0.03) | (0.02) | (0.05) | (0.01)| (0.00) | (0.01)

environmentally

responsible

activities (e.g.,

<pick up trash>)

(item S4-b)

Have studentsdo | 0.83 | 0.37 | 0.38 | 049 | 0.68 | 0.42 | 0.02(0.00) | 0.02(0.01)
research or (0.02) | (0.02) | (0.05) | (0.01) | (0.01) | (0.00)
projects on a

particular

environmental

topic (e.g.,

<pollution,

climate change>)

(item S5-c)

Provide 0.59 | 0.49 0.2 | 040 | 0.54 | 0.46 | 0.02(0.00) | 0.02(0.01)
opportunities for | (0.03) | (0.01) | (0.04) | (0.03) | (0.01) ' (0.00)
students to

participate in

outdoor

environmental

education

programs outside

of school) (item

S5-d)

Sum of Activities | 2.93 | 1.09 | 1.58 | 1.13 | 2.82 | 0.99 | 0.03(0.00) | 0.03 (0.00)
related to (0.07) | (0.04) | (0.12) | (0.06) | (0.01) | (0.01)

environment

The difference between Italy and the Netherland are significant for all items and scale scores
() standard errors in parenthesis
Standard errors <0.01 are reported as (0.00)
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that, on average, Italian students have teachers who perform the discussed activities
at least once a week. The Dutch averages, in contrast, more closely resemble once
or twice a month. In all cases except S5-d (“Provide opportunities for students to
participate in outdoor environmental education programs outside of school”), the
standard deviation of the mean in the Netherlands is higher than that of Italy or of
the selected education systems overall, reflecting greater variation in teacher
responses within the Netherlands (Table 5.2).

The second research question concerns the association between the extent to
which teachers encourage environmentally responsible behavior among students,
and the environmental values and behaviors of their students. Concerning the asso-
ciations between the teacher items of S4 and S5 with student values and behaviors,
almost all of the slopes for individual items were significant, albeit negligible (see
Cohen, 1988) (Table 5.2). These associations were calculated while retaining infor-
mation at education system level. This means that with these data no association
could be found for the educational activities that teachers employ and student envi-
ronmental values and behaviors.

Next, the analysis explored the significance of the associations between teachers’
responses to the constructed scale for environmental topics taught (S4) and student
pro-environmental attitudes and behaviors. To review relationships between teacher
topics taught and student environmental attitudes and behaviors, tertiles for the
teacher topic taught index were computed and student environmental attitudes and
behaviors averages were then compared across these tertile groups.

For student pro-environmental attitudes, in all but two education systems
(Finland and Spain), no significant association could be found with teacher self-
reported environmental topics taught (Fig. 5.4a). A similar pattern was found for the
association between teacher responses to the constructed topics taught scale (S4)
and student behavior (Fig. 5.4b). For one education system (Romania), a significant
and positive association was found, whereas all other associations were not
significant.

5.4 Discussion

In line with the sustainability education research community and international bod-
ies such as the United Nations (United Nations, 2015) and the European Union
(European Commission, Directorate-General for Education, Youth, Sport and
Culture, 2022), international large-scale assessments such as TIMSS acknowledge
the value of sustainability education to foster student empowerment for taking
action towards a more sustainable future. Even though TIMSS was not initially
designed to tap into sustainability education implementation topics, it now includes
a focus on relevant environmental knowledge since the introduction of its
Environmental Awareness Framework in 2019. The 2023 cycle reinforced this focus
and added the Environmental Attitudes and Behaviors Framework (Reynolds &
Komakhidze, 2022). This growing focus on environmental knowledge, attitudes,
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Fig. 5.4 Associations between teacher responses to the environmental topics taught scale (S4) and
student pro-environmental (a) attitudes and (b) behaviors. Note: Dark shading marks significant

associations

and behaviors resonates with the sense of urgency for climate action induced by
increasingly undeniable effects of climate disruption on human life conditions
(Intergovernmental Panel on Climate Change, 2023). Thus, TIMSS is answering
calls for providing high-quality comparative data that enable education systems to
monitor and evaluate the effects of educational strategies at a cross-national scale
(Buckler & Creech, 2014), similar to ongoing efforts in other international large-
scale assessments such as PISA and ICCS.®
The current chapter aims to support TIMSS in this endeavor by critically exam-
ining the 2023 cycle’s alignment with relevant insights from recent empirical
research findings regarding the potential for action-oriented sustainability education
to foster students’ competence to take action for the environment. Therefore, the
overarching question guiding this chapter is whether the TIMSS data, which are
high-quality from a statistical and measurement point of view, can help measure
what is relevant for enabling education systems to monitor the environmental atti-
tudes and behaviors of students and evaluate teachers’ educational approaches for
empowering students to contribute to building a sustainable future.
In this final section of the chapter, the research questions are revisited and
addressed in light of the results of the analyses. Throughout, the selected variables’

SPISA = Programme for International Student Assessment; ICCS = International Civic and
Citizenship Education Study.
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alignment with the definitions of action (Jensen & Schnack, 2006; Mogensen et al.,
2009; Sass et al., 2020) and an action-oriented educational approach (Sinakou et al.,
2019; Varela-Losada et al., 2016) is examined. The chapter concludes with some
recommendations to further strengthen future TIMSS cycles for monitoring and
evaluation of sustainability education.

5.4.1 Educational Activities Reported by Teachers

The analyses show that, for all of the European education systems included in this
volume, a vast majority of teachers report that, in their opinion, teaching environ-
mental sustainability should be a priority in schools. Differences between education
systems are slight (ranging from 85.3% in the Netherlands to 100% in Albania;
Fig. 5.1) and may be affected by differences in how strongly teachers express opin-
ions (Zaller & Feldman, 1992) or tied to actual differences in the perceived priority
that teachers ascribe to this issue. Regardless of possible nuances in the extent to
which they agreed, the findings suggest there is a strong consensus on the impor-
tance of sustainability education among the participants in TIMSS. There is great
support for prioritizing sustainability education across all European education sys-
tems selected for this volume. It should be noted that teachers express their support
for prioritizing sustainability “at school,” which does not necessarily imply that they
think this is a priority for science education. They may feel that it is the school’s
broader responsibility to address sustainability throughout the curriculum or even
through a whole school approach (Holst, 2023). The current operationalization of
question S6 does not allow differentiation between these diverse interpretations.

When examining the activities teachers report actually implementing in their
(science) education, differences between education systems become more evident.
This raises questions regarding how strong teacher support for prioritizing environ-
mental sustainability manifests itself in classroom practices. Given the nature of the
data used in these analyses, the causes of such differences cannot be determined
with certainty and can only be speculated upon. Possible explanations include
whether teachers and schools have sufficient freedom, resources, opportunities for
professional development and learning in teacher or school communities, and time
to implement relevant class practices (Rushton & Walshe, 2025; Taylor et al., 2019).
Reports such as those by Eurydice (Learning for sustainability in Europe: Building
competences and supporting teachers and schools) highlight the great diversity in
top-level curricula for integrating environmental sustainability across education
systems (European Commission/EACEA/Eurydice, 2024). Considering that, based
on the Eurydice analyses, Italy focuses more strongly on sustainability education
across different subjects and even in a cross-curricular fashion, whereas the
Netherlands hardly incorporates sustainability in the curriculum at all, these differ-
ent teacher responses may be at least partially explained by the place sustainability
education and sustainability competences hold in top-level curricula.
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An additional consideration is whether the educational activities included in the
TIMSS 2023 cycle enable measuring action-oriented sustainability education
implementation, or whether aspects of action-oriented sustainability education
remain uncovered by the current TIMSS questionnaire. Teachers might also employ
other practices in their teaching that align just as well or even better with the defini-
tion of an action-oriented educational approach as defined in sustainability educa-
tion research. This thought will be revisited later in this discussion section.

When analyzing how often and which environmental sustainability activities are
included by teachers in their science education, interpretation of the results becomes
less straightforward. The results show that, depending on the particular activity,
education systems rank higher or lower in comparison to each other. The question-
naire items regarding teaching activities included the frequency (item S4 in the
teacher questionnaire; see Fig. 5.2 and Table 5.2) of developing students’ positive
attitudes towards the natural environment (the item with the highest mean value
overall across all included education systems) or discussing environmental issues
such as climate change and endangered animals (the item with the lowest mean
value overall across all included education systems). Another question assessed
whether teachers implemented activities (question S5 in the teacher questionnaire;
see Fig. 5.3 and Table 5.2) such as having students participate in environmentally
responsible activities (for example, picking up trash) (the item with the highest
mean score overall) or providing opportunities for students to participate in outdoor
environmental education programs outside school (the item with lowest mean score
overall). Focusing on Italy and the Netherlands, the sorted data show Italy ranking
between eighth and first position across S4 items regarding frequency (Fig. 5.2),
and the Netherlands ranging from second-to-last position for frequency of develop-
ing students’ positive attitudes to sixth-to-last position for frequency of encouraging
students to use less resources (for example, water or energy).

These examples illustrate that no clear pattern emerges in the different education
systems’ relative scores across the different activities, suggesting that the activities
are too diverse to form an overall scale. The unsatisfactorily low Cronbach’s alpha
value for a potential scale that would group the S5 items, supports this interpreta-
tion. The items in S5 are not aligned in such a way as to assume they jointly measure
a single construct; in other words, they do not have a convincingly high internal
validity. Looking at the individual items (Table 5.1)—which concern diverse activi-
ties such as visiting natural areas, having students perform environmentally friendly
activities, and having students do research on environmental topics—illustrates why
this might be the case. Moreover, there may be a discrepancy between what teachers
report doing and how students actually experience what happens at school.
Therefore, it would be valuable to also include students’ perspectives on what edu-
cational approaches are implemented in the science classroom (Isac et al., 2022;
Sass et al., 2023; Trevifio & Carrasco, 2025). Additionally, a greater focus on scale
design, including a minimum of three conceptually related items per scale to avoid
under-identification of the subconstruct (Brown, 2015), would further strengthen
TIMSS data. Future TIMSS cycles may find inspiration for newly validated scales
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in work by Sass et al. (2023, 2024) and, which directly address the topic of action-
oriented sustainability education.

When reflecting on the alignment of the current TIMSS items with the frame-
work of action-oriented sustainability education, a final consideration arises. The
current items tap into activities selected by the teacher rather than actions regarding
wicked problems that are co-decided on by students (see, for example, item S4-c,
Table 5.1). Action-oriented sustainability education refers to an educational
approach that encourages students to engage in actions (learning by doing) focused
on finding solutions to real-world controversial problems (Sinakou et al., 2019;
Varela-Losada et al., 2016). Previous empirical work shows that openness in educa-
tional activities appears to foster students’ action competence (Sass et al., 2023).
Current studies provide examples of how to write items that emphasize the volun-
tary character of action and participatory character of action-oriented sustainability
education, resulting in potential items such as, “At our school, we decide together
with the teacher what we need to learn in order to contribute to solving a local cli-
mate problem” (after Sass et al., 2024). Similarly, regarding the need to embed
sustainability education in the local community for it to be consistent with action-
oriented teaching, scales might include items such as the extent to which students
agree their school encourages them to “organize an action in their local community
for a good life for everyone without damaging the planet” or to “collaborate on pro-
environmental actions” (after Sass et al., 2023).

5.4.2 Associations Between Reported Teacher Activities
and Attitudes and Behaviors of Students

When comparing education systems, the results suggest no associations between
the frequency nor the type of educational activities that teachers include in their
teaching on the one hand, and student environmental attitudes and behaviors on the
other. Slopes for all individual items in S4 and S5 were negligible for both the case
systems of Italy and the Netherlands and for the aggregated overall mean of the
selected education systems. While just a single positive and significant association
could be found between environmental topics taught (S4) and student pro-
environmental behaviors (for Romania, see Fig. 5.4b), this association was nonsig-
nificant for all other education systems. Similarly, the number of environmental
topics taught (S4) was positively associated with student environmental attitudes in
two education systems (Finland and Spain, see Fig. 5.4a), whereas it was nonsignifi-
cant in all other selected education systems. Even though the 2024 Eurydice report
shows that the Italian curriculum has a strong sustainability competence focus, and
teachers report doing sustainability education activities in their lessons more often
(S4/S5), no significant association could be found with environmental attitudes or
behaviors of the students in Italy. The same lack of significant associations between
teaching activities and student outcomes was found in the Netherlands, where the
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top-level curriculum does not contain a strong focus on sustainability competences.
In this respect it might be interesting, in follow up studies, to explore explanations
for the positive association between teacher activities and student environmental
attitudes or behaviors in Finland, Spain, or Romania, which are moderately positive
(as shown in Fig. 5.4). For example, is that positive relationship associated with
teaching methods (such as student-directed activities or community-focused educa-
tion) or the requirement to teach specific environmental topics?

The overall findings contrast with empirical research findings described in the
literature which suggest an action-oriented teaching approach helps foster students’
action competence (Sass et al., 2023; Torsdottir et al., 2024). This discrepancy war-
rants closer scrutiny regarding the extent to which the proposed teaching activities
in TIMSS 2023 align with action-oriented educational approaches as defined in the
research literature. First, attention is directed to the alignment of TIMSS S5 items
concerning teachers’ implementation of certain educational activities within the
context of environmental sustainability in science education. The empirical findings
presented in the results section (Fig. 5.3) revealed that these items focus on activi-
ties rather than actions. Taking students to visit natural areas, providing opportuni-
ties for students to participate in outdoor environmental education programs outside
of school, having students participate in environmentally responsible activities, and
having students do research or projects on a particular environmental topic all imply
choices made by the teacher rather than the students. Consequently, these are activi-
ties, rather than voluntary student behaviors. Therefore, they cannot be considered
as opportunities for student action or as supporting students to develop their action
competence. The phrasing “have students do” and “have students participate in”
certain activities reflects a strongly teacher-directed approach, whereas action, and
hence also action-oriented teaching, necessitates recognition of and opportunities
for student-led initiative and co-decision-making. Replacing, for example, “Have
students participate in environmentally responsible activities” with “Provide stu-
dents with opportunities to participate in environmentally responsible activities”
might move these items closer to the notion of action-oriented teaching.

Drawing on the principles of action-orientation, in addition to offering students
opportunities to make choices collaboratively with peers and jointly with the
teacher, activities should also reference contributing to solving wicked problems
rather than being limited to activities such as taking students to visit natural areas.
Revisiting the teacher-led activities and student behavior scales to align them more
closely with the notions of teachers’ action-oriented educational approaches and
student action, respectively, could enhance the informative value of future TIMSS
cycles for education systems’ monitoring and evaluation efforts. Empirically vali-
dated instruments such as the Self-Perceived Action Competence for Sustainability
questionnaire (SPACS; Olsson et al., 2020) and the Action Competence in
Sustainable Development Questionnaire (ACiSD-Q; Sass et al., 2020; van Harskamp
et al., 2024) may provide useful models, as they address voluntary student behavior
aimed at contributing to a more sustainable future by tackling real-world prob-
lems—reflecting action—through learning by doing both within and beyond the
school context—reflecting action-oriented educational approaches (Sinakou et al.,
2019; Varela-Losada et al., 2016).
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5.5 Conclusions

One of the main contributions of this chapter is that it reveals extensive support for
sustainability education among teachers in all the TIMSS education systems
included in the current volume. The analyses further demonstrated that this support
is not consistently translated into concrete, impactful sustainability education, and
that the TIMSS operationalization could be refined to better align with current
understandings of action, action competence, and action-oriented teaching and
learning.

Considering all results presented in this chapter, a concluding reflection is that
the findings do not fully resonate with empirical evidence in the broader field of
sustainability education. This may be due to the fact that, while TIMSS gathers data
on the frequency of educational activities, it does not provide insight into the quality
of those educational activities: more does not necessarily mean more effective. For
example, a teacher may discuss the relevance of environmental protection multiple
times per month or per week, but if this is not done effectively, it is unlikely to pro-
duce meaningful learning outcomes, such as increased pro-environmental action
taking, attitudes, or behaviors among students. Future TIMSS cycles would benefit
from incorporating measures that capture both quality and quantity of sustainability
education. Such an approach would align more closely with the progression from
Vision 1 (understanding science), through Vision 2 (scientific literacy and applica-
tion in daily life), toward Vision 3 for science education (science for transformation)
(Sjostrom & Eilks, 2018).

In summary, TIMSS provides statistically high-quality data that can support edu-
cation systems in monitoring the implementation of action-oriented sustainability
education. The utility of TIMSS data would be further enhanced if additional scales
were more closely aligned with the existing body of research literature on action
(complementing the current TIMSS scales of environmental attitudes), action com-
petence, and action-oriented sustainability education approaches in the science
classroom (Bianchi et al., 2022; UNESCO, 2020). This chapter closely examined
the sustainability education teaching variables available in the TIMSS 2023 data,
and a similar exercise for a closer examination of student action in the TIMSS 2023
behavior scale is recommended. Adding items that emphasize action-oriented teach-
ing and learning to future TIMSS questionnaires, as discussed above, would enable
education systems to monitor both teacher practices and the development of stu-
dents’ action competence. Such information would provide education systems with
high-quality, reliable and valid data, thereby leveraging TIMSS to support the effec-
tive implementation of sustainability education policies and practices.
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Chapter 6 )
The Role of School Organizations e
in Promoting Sustainability

Inés Garcia-Bohoérquez (), Dries Verhelst ¢, Fernando Martinez-Abad @),
and Camilo Ruiz

6.1 Introduction

The climate crisis—alongside interconnected environmental challenges such as
biodiversity loss, resource depletion, and pollution—poses profound risks to
ecosystems, economies, and human well-being (Intergovernmental Panel on
Climate Change, 2023). Achieving sustainability, and interconnected goals such as
decarbonization of the economy, requires a fundamental transformation in how
societies think, learn, and act in relation to the environment (European Commission,
2019). The growing urgency, together with the shifting attention away from these
global environmental challenges due to an increased focus on defense, geopolitical
tensions and economic instability, demonstrates the even larger need for education
that enables students to take informed action for a sustainable future for all. In this
context, education is an essential tool to achieve the goals of sustainability. It equips
individuals and communities with the knowledge, values, and skills needed to navi-
gate uncertainty, make informed decisions, build resilience, and collectively shape
more sustainable futures (United Nations Educational, Scientific and Cultural
Organization [UNESCO], 2022, 2024).
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Global frameworks such as the Sustainable Development Goals (SDGs)
(particularly SDGs 4.7 and 12.8), the European sustainability competence frame-
work (GreenComp), and related concepts like climate and action competence
emphasize the central role of education in equipping students with the knowledge,
values, skills, and agency needed to address environmental and climate crises
(Bianchi et al., 2022; United Nations, 2015). Among these, GreenComp stands out
as a comprehensive framework that defines sustainability competence as a core
competence for lifelong learning in the twenty-first century. It outlines four inter-
connected areas: embodying sustainability values, embracing complexity, envisioning
sustainable futures, and acting for sustainability. Together, these areas reflect the
diverse capabilities young people need to thrive and lead in a rapidly changing
world (Bianchi et al., 2022; Wals et al., 2024).

While these frameworks provide a clear vision for sustainability education, the
responsibility for translating these policy objectives into practice falls largely on
schools. They are increasingly recognized not only as sites for learning but also as
communities that can foster environmental responsibility and sustainable behaviors
in children from a young age (White et al., 2023). Schools are not simply a vehicle
for curricular content; they are complex and dynamic organizations whose struc-
tures, resources, and organization influence educational outcomes (Mogren et al.,
2019; Scott, 2013). One example of the decisive role schools plays in advancing the
goals of education for sustainable development (ESD) is the whole school approach
(WSA), which offers a comprehensive model for embedding sustainability into the
core functions of educational institutions. The WSA integrates sustainability into
all dimensions of school life: leadership and governance, teaching and learning,
community engagement, school operations, and the school’s culture.

Research using international large-scale assessments, such as those conducted
by the International Association for the Evaluation of Educational Achievement
(IEA) and the Organisation for Economic Co-operation and Development (OECD),
reinforces the importance of school-level factors, such as organizational structures,
resource availability, and objectives, in shaping educational outcomes (Boeve-de
Pauw et al., 2015; Klieme & Nilsen, 2022; List et al., 2020; Verhelst et al., 2022).
More specifically, the organizational characteristics also determine whether educa-
tional institutions can effectively create and improve environmental competencies
(Sass et al., 2020).

6.1.1 Study Contribution and Rationale

In recent decades, education for sustainability has gained prominence, becoming an
explicit component of educational policy and curricula across Europe (UNESCO,
2017). Despite recent political backlash in some contexts, such as the withdrawal of
the United States of America from the Paris agreement and the relaxation of
decarbonization goals in Europe, the role of education in promoting sustainabil-
ity, supporting environmental protection, and contributing to decarbonization
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remains widely recognized. However, empirical research exploring how schools
shape student outcomes—particularly in primary education and across diverse
national contexts—remains limited (Verhelst et al., 2023). Addressing this gap, this
chapter advances the call for further research by conducting a secondary analysis of
data from the 2023 Trends in International Mathematics and Science Study (TIMSS).

This study aims to identify practices at the level of school organization that could
facilitate desirable outcomes of ESD, as well as barriers that may limit or prevent
their implementation. The analysis focuses on how school characteristics linked to
a WSA to sustainability education can facilitate the development of both environ-
mental knowledge and attitudes. Using the ESD-effective school framework
developed by Verhelst et al. (2020, 2024), attention is given to the influence of
factors such as shared vision, adaptability, supportive relationships, and collective
efficacy. This framework examines how factors such as academic emphasis, resource
shortages, sense of belonging, and parental engagement are related to sustainability
outcomes.

The results from this research can support schools in integrating sustainability
into their daily operations and teaching practices, and provide evidence to inform
policymakers, school leaders, and educational stakeholders. Strengthening these
connections will help create supportive environments that foster not only academic
success but also environmental responsibility and sustainability among students.

6.1.2 Research Questions

This research examines the relationships between school-level characteristics and
students’ environmental knowledge and attitudes. While some studies in this vol-
ume focus on the influence of educational policy (see Chap. 2) and the role of
student engagement, the current analysis emphasizes the role of the schools them-
selves. Given that general frameworks like ESD and GreenComp are related to
competences (including knowledge and attitudes), this study investigates the
differences between these two factors across education systems.

Within the scope of the ESD-effective school framework, this chapter explores
how structural and resource-related factors such as the availability of science
materials, school size, and geographical location may influence the promotion of
sustainability education within schools. Through this, the aim is to identify the
organizational variables that most effectively foster a WSA to sustainability. In
addressing these aims, the chapter is guided by the following research questions:

1. How do knowledge, attitudes and school emphasis on sustainability vary across
education systems among fourth-grade students?

2. How do different variables within the school organization, as described in the
ESD-effective school framework, relate to students’ environmental knowledge?

3. How do different variables within the school organization, as described in the
ESD-effective school framework, relate to students’ environmental attitudes?
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The analysis presented emphasizes the potential for school organizations to adapt to
and advance the policy shifts towards sustainable education. By exploring how
school-level factors are interlinked and connected to student outcomes, this chapter
paves the path for a deeper understanding of how educational institutions can play
a transformative role in empowering future generations to act sustainably and
responsibly.

6.2 ESD-Effective School Framework

Competences related to sustainability (GreenComp, climate and action
competences) highlight the need to go beyond knowledge about sustainability
(Borgonovi et al., 2022). While knowledge is essential, research highlights that atti-
tudes and emotions play a crucial role in fostering sustainable behaviors (Ballegeer
et al., 2024). Schools must integrate these affective dimensions with active partici-
pation and values. A school’s organizational environment, including its leadership,
resources, and engagement with students and parents, shapes the extent to which
sustainability competencies develop.

The WSA represents a transformative model for embedding sustainability into
the core of educational institutions. Rather than treating sustainability as an isolated
subject in the curriculum or a one-off project, the WSA integrates sustainability into
all dimensions of school life: leadership and governance, teaching and learning,
community engagement, school operations, and school culture and values.

This approach responds to a growing consensus in education and sustainability
research that addressing complex, systemic challenges—such as climate change,
biodiversity loss, and social inequality—requires educational responses that are
themselves systemic and integrated. The WSA aligns with the goals of frameworks
like SDG 4.7 and GreenComp by fostering sustainability competences through
participatory learning environments, cross-curricular integration, and schoolwide
coherence (Mathie & Wals, 2022).

Importantly, the WSA encourages schools to become living laboratories of
sustainability. This means engaging not just in curricular reform but also in organi-
zational and relational transformation—reconfiguring how schools operate, how
decisions are made, and how the school interacts with its wider community. Schools
applying a WSA “walk the talk” by aligning their physical infrastructure (for exam-
ple, energy use, waste, food) and their social infrastructure with the sustainability
values they aim to promote (Verhelst et al., 2024).

The power of WSA lies in its capacity to develop competencies such as systems
thinking, complexity handling, ethical reasoning and empathy, care, reflexivity, and
hope. It embraces the notion that students must not only learn about sustainability
but learn to live sustainably—within ecological boundaries and guided by ethical
and democratic values.
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Ultimately, the WSA recognizes that “education-as-usual” is insufficient in the
face of planetary challenges. It calls for a reorientation of schooling itself—toward
being a driver of social transformation and ecological regeneration.

Understanding how students develop these competences requires robust,
comparable data on both what they know and their attitudes regarding the environ-
ment. TIMSS 2023 introduces a dedicated Environmental Attitudes and Behaviors
Framework (Reynolds & Komakhidze, 2022), alongside its traditional science
assessment, enabling the measurement of both environmental knowledge (through
cognitive science items) and environmental attitudes and behaviors through
contextual questionnaires.

To operationalize the WSA in real educational settings, it is essential to identify
the organizational conditions that enable its implementation. Drawing on Verhelst
et al. (2020), the ESD-effective school framework identifies eight critical
school-level characteristics (Fig. 6.1). At the foundational level, the interplay
between school resources and sustainable leadership creates the conditions neces-
sary for six core organizational dimensions: pluralistic communication, supportive
relationships within and beyond the school, collective efficacy, adaptability,
democratic decision-making, and a shared vision. Together, these factors form an
enabling school culture for effective sustainability education.

Appendix 6.1 includes a table mapping these characteristics to relevant scales
from the TIMSS 2023 school context questionnaire, providing a way to explore how

Supportive
Relations

.J

Democratic
Decision
Making &

Collective
Efficacy

~ School Resources

Fig. 6.1 ESD-effective school framework. Source: Reproduction of Fig. I1: a representation of the
framework for an ESD-effective school from Verhelst et al. (2020, p. 13)
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schools across education systems foster, or fail to foster, an environment conducive
to sustainability competence development. While several of the characteristics are
covered by the TIMSS 2023 school questionnaire, some characteristics of the
framework are not reflected.

These characteristics are interconnected, and they shape schools’ organizational
culture. Establishing such an enabling context may not only be crucial for the
effective implementation of a WSA but be a necessary condition to achieve
impactful sustainability education.

However, school organization and resources can also be affected by other
external factors such as the location and socioeconomic context. This discussion has
gained increasing relevance due to the ongoing climate crisis (Chap. 7). Previous
studies have shown that urban and rural settings may differ in terms of students’
environmental knowledge and attitudes. For instance, research suggests that these
differences are often shaped by varying degrees of exposure to environmental
issues, disparities in resource availability, and the contextual relevance of
sustainability education across different localities (Echazarra & Radinger, 2019;
Strello et al., 2025).

6.3 Methodology

The analyses in this chapter use TIMSS 2023 secondary data, focusing specifically
on the contextual and outcome variables related to environmental education. This
approach allows for the exploration of associations between school organizational
factors and students’ environmental knowledge and attitudes across multiple
European education systems.

6.3.1 Data Source and Sample Description

Data were drawn from the TIMSS 2023 international database, using fourth grade
student achievement data and contextual data from the school questionnaire. For the
broader cross-system analysis, the focus is on fourth-grade student data, with
particular attention to variables measuring environmental knowledge and attitudes,
as well as school-level organizational factors.

TIMSS uses a stratified two-stage cluster sampling design where schools are
randomly selected within specified strata. Next, random classes are sampled within
the selected schools. The use of weights ensures that the selected samples are
representative of the national populations of fourth-grade students (von Davier
et al., 2024).

TIMSS data are collected from fourth-grade students, their teachers, school
principals, and parents. These datasets allow for an analysis of how different
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learning environments shape environmental competences and enable cross-national
comparisons, particularly within the European context.

The cross-national analysis in this chapter includes fourth-grade data from 28
education systems within the European Education Area and the Western Balkans,
specifically: Albania, Belgium (Flemish), Belgium (French), Bosnia and
Herzegovina, Bulgaria, Cyprus, the Czech Republic, Denmark, Finland, France,
Germany, Hungary, Ireland, Italy, Kosovo, Latvia, Lithuania, Montenegro, the
Netherlands, the Republic of North Macedonia, Poland, Portugal, Romania, Serbia,
the Slovak Republic, Slovenia, Spain, and Sweden. This chapter uses the data
from the school questionnaire and student context questionnaire, and students’
achievement data (Mullis et al., 2021; Reynolds & Komakhidze, 2022).

6.3.2 Variables and Operationalization

The study included the following variables: students’ environmental knowledge and
attitudes assessed using the Environmental Awareness Achievement scale and
Students Value Environmental Preservation scale from the student achievement test
and the student context questionnaire, respectively (von Davier et al., 2024), and
contextual factors drawn from the TIMSS 2023 school questionnaire (Table 6.1).
These variables were operationalized in alignment with the ESD-effective school
framework (Annex 6.1).

For clearer comparative analysis between urban and rural areas and to increase
statistical power within subgroups, schools have been grouped into two main
categories: schools in more urbanized areas and schools in more rural areas.

Table 6.1 Variables included in the study drawn from TIMSS 2023 school and student
questionnaires

Variable type | Category Variable(s) Description/source
Independent | Background/ ACBGO5A, People in area and immediate school
variables contextual factors | ACBGO5B surroundings
Resources ACBGSRS, Instruction affected by science
ACBGO08, resource shortage and resource
ACBGI11C availability including science labs,

equipment and facilities
School emphasis | ACBG13A-H Shared vision, schoolwide approach,

on sustainability teach to appreciate nature and act,
community engagement and teacher
support
Criterion Environmental ASSENVO Environmental knowledge (scale from
variables outcomes cognitive test items)
ASGDVEP Environmental attitudes (scale on

valuing environmental preservation)
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6.3.3 Analytical Procedures

The main data analyses were conducted using the IDB (International Database)
Analyzer, developed by the IEA for international large-scale assessments (IEA,
2021). This ensures proper use of the plausible values and weights which are com-
mon in TIMSS data. To address the first research question, descriptive statistics
were used to explore cross-national differences in students’ environmental knowl-
edge, attitudes, and school-level emphasis on sustainability. In addition, the
intraclass correlation (ICC) was calculated using the WeMix package in R (Bailey
et al., 2025; Huang, 2024). To address the second and third research questions,
Pearson correlations examined associations between school organizational factors
and student outcomes, with attention to both statistical significance and practical
relevance (Cohen, 1988). All analyses followed TIMSS sampling and weighting
procedures to ensure valid inferences (Johansone, 2024). Given the exploratory
nature of the research questions, the analyses were used to identify patterns and
relationships, rather than to test specific hypotheses.

6.4 Results

6.4.1 Environmental Knowledge and Attitudes

This section presents cross-system differences in students’ environmental
knowledge and attitudes and explores how school-level emphasis on sustainability
varies among participating education systems.

Environmental knowledge (ASSENVO) reflects students’ science performance
related to environmental topics,! whereas environmental attitudes (ASDGVEP)
were measured using the Students Value Environmental Preservation scale.?

Denmark, Finland, Ireland, and Poland stand out for high levels of environmental
knowledge, while Bosnia and Herzegovina, Kosovo, and the Republic of North
Macedonia score the lowest (Fig. 6.2a). Interestingly, the pattern is reversed for
environmental attitudes: Albania, Bulgaria, and Romania show the strongest
pro-environmental attitudes, whereas Denmark, Finland and Sweden—despite their
high knowledge levels—rank lower in this domain (Fig. 6.2b).

This contrast in score values suggests that knowledge and attitudes do not always
align. For example, Nordic education systems perform well in knowledge but less
so in attitudes, while several Eastern European education systems show the oppo-
site. The average environmental attitudes score is 10.14, with a relatively narrow
range (9.0-11.0), and the average knowledge score is 504, indicating generally
positive knowledge and attitudes across education systems.

The comparative analysis of school emphasis on environmental education across
European education systems (Fig. 6.3 and Fig. 6.4) reveals a consistent regional

!'Scale with a set mean of 500 and a standard deviation of 100.
2Scale with a mean of 00 and a standard deviation of 00 within the subsample of education systems.
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Fig. 6.4 School emphasis on sustainability: ACBG13E-ACBG13H

divide. Eastern and Southeastern European education systems—such as Albania,
Kosovo, and Romania—demonstrate significantly higher levels of emphasis across
nearly all examined dimensions, including strategic practices (for example, review-
ing environmental initiatives, fostering a shared vision), community engagement,
and student participation. In contrast, Western and Northern European education
systems—such as Denmark, Germany, the Netherlands, and Sweden—tend to rank
lower, especially in structural and institutional aspects like encouraging teachers or
implementing a schoolwide approach.

In addition, the ICC for the different education systems for both environmental
knowledge (ASSENVO0) and environmental attitudes (ASDGVEP) (Table 6.2)
shows that the variance in these variables by school level differs greatly across
education systems. In general, the school level tends to explain less variance in
environmental knowledge than it does in attitudes. Despite the differences between
education systems, the school level seems to play an important part in explaining
differences in students’ outcomes related to environmentalism, especially regarding

environmental knowledge.
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Table 6.2 ICC for ICC value
?z‘/sig(g;]n\?g;al kélor’flteige Education system ASSENVO | ASDGVEP
and attitudes

(ASDGVEP) for the different Bulgaria 0.589 0.185

education systems Slovak Republic 0.405 0.104
Hungary 0.353 0.056
Romania 0.299 0.058
Germany 0.293 0.64
Albania 0.280 0.64
N. Macedonia, Rep. of | 0.273 0.081
Belgium (Flemish) 0.239 0.054
Kosovo 0.239 0.050
Lithuania 0.219 0.042
Bosnia and Herzegovina | 0.205 0.032
Sweden 0.195 0.038
Cyprus 0.188 0.037
Spain 0.184 0.064
Belgium (French) 0.182 0.047
Serbia 0.180 0.066
Ireland 0.175 0.026
Czech Republic 0.173 0.032
Montenegro 0.171 0.037
Italy 0.169 0.044
Portugal 0.169 0.037
France 0.163 0.041
Finland 0.149 0.044
Netherlands 0.149 0.028
Latvia 0.144 0.054
Denmark 0.132 0.054
Poland 0.095 0.033
Slovenia 0.055 0.035

While variables like “teach to appreciate” and “teach how to take action” receive
generally higher ratings across the board (Figs. 6.3 and 6.4), even here the East—
West gap persists. The Belgium (Flemish) case specifically illustrates a pattern of
moderate-to-low emphasis across both strategic and participatory dimensions, sug-
gesting that while environmental values may be acknowledged, they are not strongly
embedded in schoolwide practices or supported through staff empowerment. These
findings highlight potential areas for policy attention, particularly in education
systems where structural support and participatory strategies for environmental
education remain underdeveloped.
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6.4.2 Relation Between the School Area and Environmental
Knowledge and Attitudes

This section explores how the geographic location of schools—urban versus rural—
affects students’ environmental knowledge and attitudes. Building on the prior anal-
ysis of cross-system differences in environmental knowledge, this section focuses
specifically on the role of school setting. The original dataset categorized schools
into five types (Rural, Small Town, Mid-City, Suburban, and Urban), which were
recodified into two broader groups: rural (Rural and Small Town) and urban
(Mid-City, Suburban, and Urban). This simplification allows for a clearer compari-
son of students’ environmental literacy across these two contexts. To quantify these
differences, the average environmental knowledge and attitude scores were calcu-
lated for each education system and school area type. Confidence intervals were
also computed to assess the reliability of the observed gaps.

The urban—rural gaps in students’ environmental knowledge and attitudes across
European education systems were examined (Fig. 6.5). Environmental knowledge
is measured on a science performance scale using item response theory, where the
international mean is typically centered around 500, while environmental attitudes
is measured on a more compressed scale derived from student responses to the
Students Value Environmental Preservation scale.

Regarding urban—rural gaps in environmental knowledge (Fig 6.5a), education
systems like Bulgaria, Hungary, and the Slovak Republic show pronounced gaps
favoring urban areas, with urban students scoring higher than their rural peers. On
the other hand, France, Ireland, and Portugal display smaller or even slightly
reversed gaps, with rural students scoring slightly better. Additionally, education
systems including the Czech Republic, Finland, the Republic of North Macedonia,
and Slovenia display only modest differences in environmental knowledge between
urban and rural students. This indicates a more equitable educational context, where

Urban-Rural Environmental Knowledge Gap by Country Urban-Rural Environmental Attitudes Gap by Country

Fig. 6.5 Urban-rural gaps in environmental knowledge and attitudes across European education
systems. Note: Red tones indicate education systems where urban students perform better, and
blue tones indicate education systems where rural students perform better
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school location does not substantially influence students’ environmental knowledge.
Belgium presents a nuanced picture, with differences between its Flemish and
French communities. In terms of environmental knowledge, both communities
show relatively small urban—rural gaps. The Flemish community displays a slight
urban advantage, while the French community appears nearly balanced.

Regarding urban—rural gaps in environmental attitudes (Fig. 6.5b), a more
complex and less uniform picture is revealed. While education systems like Finland
and Lithuania exhibit a moderate urban advantage in environmental attitudes, with
urban students expressing more concern about environmental preservation, the
trend is not consistent across the continent. Notably, Serbia demonstrates a strong
rural advantage, with rural students reporting significantly more pro-environmental
attitudes than their urban peers. This pattern is also visible, although less intensely,
in education systems like France, Portugal, and Spain, suggesting that in certain
contexts, rural students may develop a deeper connection to nature and environmen-
tal values. In Belgium, the French community shows a more noticeable rural advan-
tage in environmental attitudes while the Flemish community shows minimal
differences in attitudes between urban and rural areas, indicating a more balanced
attitudinal profile.

Overall, the influence of school location on environmental knowledge and
attitudes is neither uniform nor straightforward across Europe. In some education
systems, particularly Eastern Europe, urban students appear to benefit more in terms
of environmental knowledge, potentially due to greater access to educational
resources or extracurricular opportunities. In contrast, the distribution of environ-
mental attitudes is more mixed, with some rural areas—such as in Serbia and parts
of Western Europe—showing higher environmental attitudes.

6.4.3 School Emphasis on Sustainability and the Relationship
with Knowledge and Attitudes

Various school emphasis dimensions, such as shared vision (SSV), whole school
approach (WSA), and teacher encouragement (ENT), are moderately to strongly
correlated with each other (ranging from 0.44 to 0.71) (Fig. 6.6). This suggests that
schools that place a significant emphasis on one aspect of environmental education
tend to prioritize others as well, implying a coherent or integrated approach to
promoting environmental awareness and education within the institution.
However, when examining the relationship between these school emphasis
variables and students’ environmental attitudes, the findings show very weak or no
significant correlations (ranging from —0.01 to —0.02) (Fig. 6.6). This weak asso-
ciation implies that a school’s strategic focus on environmental education does not
have a strong impact on how students perceive or think about environmental issues,
at least not as measured by the environmental attitudes (ASDGVEP) tool. This
could suggest that school-level organizational factors play a limited role in shaping
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Correlation Matrix for School Emphasis vs ASGVEP/ASSSENVO0
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Fig. 6.6 Correlation matrix between school emphasis on sustainability and knowledge/attitudes.
Notes: ENVK students’ environmental knowledge, VEP students’ environmental attitudes, SPP
school promotes participation, SPC school promotes community involvement, ENT teacher
encouragement, TAC teach how to take action, TAP teach to appreciate environment, WSA whole
school approach, SRP school reviews practices, SVV school shared vision

students’ environmental attitudes, with personal, familial, or societal influences
potentially having a stronger effect.

An interesting observation is the small negative correlation between
environmental knowledge (ENVK) and environmental attitudes (VEP), with a value
of —0.14 (Fig. 6.6). While the relationship is not strong, it suggests that students
with more environmental knowledge may have slightly less idealistic attitudes
towards environmental issues. This could indicate that a higher level of knowledge
does not necessarily lead to more optimistic or positive views, or it may suggest
that idealistic attitudes do not always correlate with accurate environmental
understanding. Alternatively, this inverse relationship might reflect cultural differ-
ences in how knowledge and attitudes towards environmental issues are formed and
expressed.
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6.4.4 School Resources and the Relationship
with Environmental Knowledge and Attitudes

This section examines how students’ perceptions of school resources relate to their
environmental knowledge and attitudes across education systems. Analysis of the
correlation between student knowledge and perceived school resources across edu-
cation systems, reveals a generally positive but consistently low relationship
(Fig. 6.7). In all cases, the correlations remain below (.15, indicating only weak
associations.

These findings suggest that while there is a modest tendency for students in
better-resourced schools to demonstrate higher knowledge levels, the strength of
this relationship is minimal across all education systems. A correlation of 0.10, even
if statistically significant, reflects only a very weak association in practical terms.
Compared to the typically weaker correlations between attitudes and knowledge,
the slightly more consistent significance here points to a somewhat stronger link
between resources and cognitive outcomes.

Nonetheless, the small magnitude of all correlations cautions against attributing
student learning outcomes to school resources alone.

When examining the relationship between students’ perceptions of school
resources and their attitudes across various education systems (Fig. 6.8), while
Bulgaria, France, Hungary, Ireland, and the Republic of North Macedonia report
positive and statistically significant correlations, these correlations are notably weak
(below 0.10). Most education systems exhibit non-significant correlations, indicat-
ing no discernible or consistent linear relationship between perceived school
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Fig. 6.7 Correlation plot between school resources and knowledge by education system. Note:
* Indicates p < 0.05
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Fig. 6.8 Correlations between school resources and attitudes by education system. Note:
* Indicates p < 0.05

resources and student attitudes. This points to the influence of other factors—such
as teaching quality, peer relationships, or curriculum content—that may play a
stronger role in shaping students’ environmental attitudes.

6.5 Discussion

This chapter set out to explore how school-level variables relate to student outcomes
in environmental knowledge and attitudes across European Education Area and
Western Balkans education systems. The exploratory nature of this analysis using
TIMSS 2023 data allowed identification of patterns and relationships between
school-level variables and student outcomes, as a first step in investigating the
nature of the role of the schools within the TIMSS environmental awareness frame-
work. The following sections will go over the main findings of this study, related to
the urban—rural differences, the limiter role of the school-level organizational vari-
ables and the school resources. Afterwards, the implications for future assessment
and policy will be discussed.
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6.5.1 Key Findings

A key finding of this study is the cross-national variation in both environmental
knowledge and attitudes among fourth-grade students across the European
Education Area and Western Balkans. Intriguingly, a weak negative correlation was
observed between environmental knowledge and environmental attitudes. This
counterintuitive result aligns with previous research of TIMSS and International
Civic and Citizenship Education Study (ICCS) data (Isac et al., 2025; Kollmuss &
Agyeman, 2002). In addition, the ICC indicates that the role of the school organiza-
tion in explaining variance in the outcome variables related to environmentalism
differs across education systems. Several factors might contribute to this discon-
nect. One possible explanation lies in the nature of knowledge assessed by TIMSS
2023, which focusses primarily on cognitive science items. These might not fully
capture environmental attitudes. Furthermore, cultural contexts across the diverse
nations studied may play a significant role in shaping how environmental attitudes
are formed, valued, and expressed, independent of formal knowledge. Education
efforts around sustainability should aim to cultivate not only robust environmental
literacy but also engagement and action-oriented learning contextualized to the
local context of the student, as envisioned by frameworks like GreenComp.

6.5.1.1 Urban-Rural Differences in Environmental Outcomes

The analysis of urban versus rural school settings reveals a complex and
non-uniform landscape across Europe regarding environmental knowledge and atti-
tudes. In several Eastern European education systems, urban students demonstrated
higher levels of environmental knowledge. This could be attributed to potentially
greater access to diverse educational resources, specialized science instruction, or
extracurricular environmental programs often concentrated in urban areas. In con-
trast, the pattern for environmental attitudes was more varied, with some rural areas,
such as in Serbia, exhibiting stronger environmental attitudes. This may stem
from rural students having more direct and frequent interactions with the natural
environment or other factors which may need to be investigated with more detail.

The divergence between knowledge and attitudes in these different settings is
particularly interesting and further correlations with other factors could be studied
in the future. Although the gap between urban and rural setting is high in some
education systems (eastern education systems show a relative larger gap in environ-
mental knowledge) and small in others (France and Spain have a relative smaller
gap in environmental attitudes). Nevertheless, this gap does not have a direct rela-
tion to the mean values in these education systems, indicating that other contextual
factors may be of importance.
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6.5.1.2 Limited Role of School-Level Organizational Variables

A second interesting finding of this chapter is the limited explanatory power of
school-level organizational factors when it comes to students’ environmental knowl-
edge and attitudes. Correlations between the emphasis placed by schools on
environmental issues and the outcomes in student knowledge or attitudes is very
low. While schools that prioritize certain sustainability aspects (for example, having
a shared vision or encouraging teachers) tend to do so across other dimensions as
well—suggesting internal coherence in their organizational culture—this internal
alignment does not seem to translate into significantly higher student outcomes.
This disconnect raises questions about the mechanisms through which school-level
strategies and characteristics influence student learning or affective development in
the field of sustainability.

6.5.1.3 School Resources and Environmental Outcomes

Third, the role of school resources, measured through indicators such as access to
science equipment or materials, was found to have a weak but consistently positive
correlation with environmental outcomes. Across education systems, this relation-
ship was slightly stronger in the case of environmental knowledge than attitudes but
never exceeded modest levels of correlation. This suggests that while having
resources may facilitate more effective teaching in science and environmental
domains, it is far from a determining factor. Attitudes may be more strongly influ-
enced by social, cultural, and familial variables beyond the reach of school
provisioning.

6.5.2 Implications for Future Assessment and Policy

The most probable explanation for these unexpected observations is that TIMSS
2023 is an academic achievement-focused assessment; it primarily captures cogni-
tive outcomes, particularly those aligned with scientific knowledge and reasoning.
This narrow cognitive orientation limits the framework’s ability to fully represent
the multidimensional competences outlined in frameworks such as the WSA. The
framework emphasizes not just knowledge, but values, attitudes, agency, and the
capacity for systemic thinking, competencies that are often developed through
schoolwide processes and participatory practices not directly measured by TIMSS
(Nusche et al., 2024).

While this chapter’s exploratory approach enabled a broad examination of the
relationships between school-level variables and student outcomes, it also inher-
ently limits the strength of the conclusions that can be drawn. Future research
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could build on this foundation by exploring how the TIMSS 2023 variables and
the environmental awareness framework align with established models in
environmental and sustainability education, such as the ESD-effective school
framework or the WSA. Additionally, the international comparisons presented in
this chapter warrant further investigation, particularly through the assessment of
measurement invariance across the constructs within the TIMSS environmental
awareness framework.

The WSA, which promotes a holistic and process-oriented vision of sustainability
education, emphasize the transformation of school culture, leadership, community
engagement, and student empowerment. Its core logic is not primarily about what
students know, but about how they live and act within learning environments that
model sustainability in everyday practice. Although the ESD-effective school
framework tries to use the items from the TIMSS 2023 assessment to understand the
relationship between school organization and sustainability knowledge and atti-
tudes, the nature of the assessment or the selection of items does not show important
correlations.

Based on this misalignment, and taking into account previous studies that did
find positive correlations between school-level variables and student outcomes in
sustainability education (Boeve-de Pauw & Van Petegem, 2018; Verhelst et al.,
2022), it is recommend that future assessments should address not only individ-
ual cognitive outcomes, but also the institutional and pedagogical processes that
underpin sustainability learning. Integrating tools that capture the transforma-
tional dimensions of the WSA, such as leadership for sustainability, collaborative
decision-making, and values-driven community engagement, would offer a more
comprehensive picture of how environmental competences are fostered in
schools.

This chapter underscores the need to conceptualize schools as complex systems
whose potential to foster environmental competence extends beyond curricular con-
tent or resource allocation. As shown in the analysis, neither school emphasis on
sustainability nor the availability of resources alone can account for variations in
student attitudes or knowledge. What appears to matter more are the organizational
dynamics and cultural patterns within schools—shared vision, collective efficacy,
adaptability, and supportive relationships—that shape how sustainability is embed-
ded and lived in everyday school life. A more nuanced understanding and measure-
ment of these processes is crucial for education systems seeking to prepare learners
for the environmental challenges of the twenty-first century.
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Appendix (Table 6.3)

Table 6.3 Mapping of ESD-effective school characteristics to TIMSS 2023 items

Characteristic of an ESD- Related scales from the TIMSS 2023 school context
effective school questionnaire

Sustainable leadership N/A

School resources Scale “instruction affected by science resource shortage”
Pluralistic communication N/A

Supportive relations « This school encourages teachers to learn about teaching

environmental sustainability
* This school promotes environmental sustainability within
the community
* This school promotes participation in networks or projects
related to environmental sustainability

Collective efficacy « This school teaches students to appreciate the natural
environment
« This school teaches students how to take action to protect
the natural environment

Adaptability This school regularly reviews its practices to make them more

environmentally sustainable

Democratic decision-making | N/A

Shared vision « This school has a shared vision about its role in supporting
environmental sustainability
* There is a schoolwide approach to teaching environmental
sustainability to students
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7.1 Introduction

As stated in a vast body of literature, our planet faces significant challenges,
including climate change, habitat and ecosystem destruction, and pollution of air,
water, and soil caused by human activities (see, for example, Richardson et al.,
2023; Rockstrom et al., 2009). Long-term, unprecedented environmental
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degradation has led to the development of the concept of sustainable develop-
ment, aimed at ensuring the protection of Earth’s resources and ecosystems for the
next generations.

In 2015, the United Nations established the Sustainable Development Goals
(SDGs) to create a universal framework that addresses the world’s most pressing
challenges (United Nations, 2015). The SDGs serve as a blueprint for governments,
businesses, and civil society to align and monitor their policies and actions toward
common goals. This alignment helps maximize the impact of efforts and resources,
fostering collaboration and innovation across sectors.

Education for sustainable development is embedded into SDG 4 to foster a more
aware and capable generation that can drive innovation, promote responsible citi-
zenship, and build a sustainable and resilient future for all. Considering this, it is
unsurprising that efforts are being made at local, national, and international levels to
identify the knowledge, skills, values, and attitudes that could enable students to
contribute to achieving the SDGs.

The Trends in International Mathematics and Science Study (TIMSS) 2023, in
addition to testing students’ knowledge in key cognitive domains, also introduced
questionnaires that focus on students’ environmental attitudes and behaviors. The
inclusion of these affective and behavioral questions provides a unique opportunity
to study students’ environmental knowledge, values, and attitudes together with
other information collected about participating countries' and their progress toward
sustainability.

In this chapter, the complex picture of seven culturally different European
countries is presented: Albania, Austria, Bosnia and Herzegovina, the Czech
Republic, Hungary, the Slovak Republic, and Sweden (Fig. 7.1). To do this, infor-
mation from TIMSS 2023 is reviewed alongside information obtained from the
Sustainable Development Report 2024 (Sachs et al., 2024).> The Sustainable
Development Report 2024 provides additional details on responsible production
and consumption, waste and wastewater management, biodiversity protection, and
other environmental sustainability issues in the communities of these seven coun-
tries, offering a more accurate picture of the context in which students live and the
factors that may shape their worldviews (including their knowledge, values, and
attitudes). Building on the assumption that students’ worldviews are shaped by the
wider community and the environment in which they live, it enables a more in-depth
understanding of results related to the TIMSS 2023 Environmental Attitudes and
Behaviors Framework.

' Although TIMSS, and this volume, refers to participants as education systems, in this chapter the
terms countryl/countries are used because much of the chapter deals with national-level social,
economic, and environmental indicators.

2Since 2016, the global Sustainable Development Report has offered the latest data to monitor and
compare the progress of all United Nations Member States toward achieving the SDGs. The report
is based on data collected by leading international organizations and is prepared by a group of
experts in the field of sustainable development. This report serves as a basis for discussions on
sustainable development at both political and scientific levels.
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Fig. 7.1 Countries included in the present study

The following research questions guide the analysis in this chapter:

1. What patterns of knowledge and attitudes can be identified among students in
the seven analyzed countries, based on the TIMSS 2023 data?

2. What patterns in community environmental sustainability achievements (for
example, related to waste and wastewater management, climate action, biodiver-
sity protection) can be identified across the seven analyzed countries that may
affect students’ knowledge and attitudes?

7.2 Study Background

7.2.1 Sustainability Worldview

Sustainable development is a notion widely accepted as necessary for the
development of society. It can be seen as a shared worldview construct that embraces
a diversity of views in collaborative research and the co-production of knowledge
related to sustainable development (de Vries, 2019; Van Opstal & Hugé, 2013). De
Vries describes the need to balance the individual and society and to balance the
material with the immaterial to achieve such a shared worldview (de Vries, 2019).
It requires finding a balance between meeting the needs of one’s personal life within
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a family or community and the responsibility to share in the broader development of
a whole society. This also involves balancing material needs—as sources of comfort
and pleasure—with spiritual values, which can offer meaning that excessive mate-
rial wealth may fail to provide. Additionally, Van Opstal and Hugé (2013) note that
people need cognitive, perceptual, and affective maps to orient themselves toward
sustainable development.

Hedlund-de Witt (2012) describes worldview as a system of five overlapping
dimensions: ontological (basic presumptions on the nature of reality), epistemologi-
cal (modes of knowledge), axiological (particular values), anthropological (the
nature of human beings and their position in the universe), and societal (how society
is organized). This definition aligns with other conceptualizations of worldview
found in the literature (for example, Koltko-Rivera, 2004; Rigolot, 2018).

Given that worldview is a multidimensional concept, answering the research
questions guiding this chapter requires an understanding of what knowledge is,
what shapes human values and attitudes, and the influence of society. Therefore,
how knowledge, values and attitudes, and societal context—concepts which do not
have universally accepted definitions—are understood in the present chapter is
addressed. From a methodological perspective, this clarification is also essential, as
it justifies the selection of the sources used for the descriptive analysis.

Just as the definition of worldview is complicated, so is the definition of
knowledge. Some authors see knowledge as justified true belief (Janouskova et al.,
2020), while others see it as an idea believed or entertained as plausible by a person
regardless of its objective correctness, or a multi-polar paradigm composed of ratio-
nal, emotional, and spiritual dimensions of knowledge (Bolisani & Bratianu, 2018;
Taber, 2019). In the present chapter, knowledge is understood as well-understood
(scientific) concepts that correspond with the current understanding of existing facts
(objects, phenomena, and processes) (Janouskova et al., 2020). It is recognized that
knowledge emerges through an ontological process, in which individuals construct
understanding by evaluating both their own presumptions and the perspectives of
others (see, for example, Rosida et al., 2023). However, to achieve sustainability
goals, people must make informed and responsible decisions. Therefore, knowledge
must be based on a proven theory, principle, or law. Incorrect knowledge misleads
the public and policymakers, causing poor decisions that undermine genuine sus-
tainability efforts. This diverts resources from effective solutions and undermines
public trust, ultimately slowing progress towards sustainability goals.

Another important worldview dimension is the axiological dimension, which
represents particular values. According to Rokeach (1968, 1973) and Schwartz and
Bilsky (1987), values guide, motivate, and influence attitudes and behaviors. Values
determine what people attend to, how they evaluate various aspects of the situation,
and what alternatives they consider, affecting their actual behavior.

According to psychologists, there are several types of values (De Groot & Steg,
2008; Schultz, 2002; Steg & De Groot, 2012). In this study, environmental values
are the central focus. Values related to pro-environmental beliefs, norms, intentions,
and actions are divided into three categories: egoistic values, leading persons to act
in their interest; altruistic values, reflecting a concern with the welfare of others;
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and biospheric values, reflecting a key problem with the quality of nature and the
environment (De Groot & Steg, 2008; Schultz, 2002; Steg & De Groot, 2012). Since
environmental values reflect a form of self-nature connection—referring to a deep
sense of connection to the natural environment and the belief that nature is a funda-
mental part of individual identity (see, for example, Martin & Czellar, 2017)—they
encompass not only the axiological but also the anthropological dimensions of
worldview.

Several studies have explored the relationships between these values and
pro-environmental behavior. In literature, altruistic and biospheric values give rise
to pro-environmental behavior, while egoistic values are often suggested to result in
resistance or active opposition to environmental protection (Snelgar, 2006). Other
researchers report that the psychological distance of environmental problems (such
as climate change and local pollution) moderates the relationship between egoistic
values and pro-environmental attitudes and behavior (Lou et al., 2024).

Although some authors state that values influence behavior indirectly via
behavior-specific beliefs, preferences, attitudes, and norms (Steg & De Groot,
2012), it makes sense that there are attempts to measure them. By understanding
values, it can be better predicted how individuals and groups might act in different
situations, especially around issues like sustainability. This insight helps design
interventions and policies that align with people’s core motivations, making positive
behavior change more likely.

Additionally, societal context (including, for example, family, community, and
social media) plays a crucial role in worldview development. It affects
understandings of the dynamic world and moral standards (Ajzen, 1991;
Chwialkowska et al., 2020; Koltko-Rivera, 2004; Quimby & Angelique, 2011;
Van Opstal & Hugé, 2013). Families are primary agents of socialization, instilling
knowledge and values related to environmental care and sustainability in children
and adolescents (Palacios Madero et al., 2023). Later, peers and other community
members provide a sense of belonging and help shape social identity. This
interaction is neither fully private nor public (Gilchrist, 2013). Social media has
emerged in recent years as a new, significant aspect of societal context with
social media platforms creating global virtual communities (see, for example,
Swigger, 2013).

According to van Egmond and de Vries (2011), value orientation in society can
be divided into two dimensions, contrasting between individual versus collective
and im-materialistic (religious) versus materialistic (worldly). In their view,
“Development is sustainable if some balance between material and immaterial and
between individualist and collective values can be maintained. In this definition,
sustainable development is identical to maintaining ‘human dignity,” where human
dignity coincides with the adjusted definition of the integral worldview” (van
Egmond & de Vries, 2011, p. 866). However, finding such a value balance in demo-
cratic societal systems is as tricky as defining the exact content of the concept of
sustainable development.

TIMSS presents a unique opportunity to investigate students’ knowledge, values,
and attitudes toward the natural environment. It can explain how family, school,
community, educational curricula, and societal attitudes and actions toward
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environmental issues influence students. Although several studies have shown that
there is no straightforward, linear relationship between environmental knowledge,
values, attitudes, and actual pro-environmental behavior, this does not diminish the
importance of examining these factors (see, for example, Pe’er et al., 2007).

7.2.1.1 Environmental Knowledge Tested in TIMSS 2023

Since environmental topics have been included in most countries’ curricula, these
topics have been a part of the TIMSS survey since 1995 and are outlined in the
TIMSS science framework. The TIMSS 2023 science framework, analyzed in this
study, is structured around content domains. For the fourth grade, the TIMSS 2023
science framework establishes three content domains: life science, physical science,
and Earth science. For the eighth grade, four content domains are determined: biol-
ogy, chemistry, physics, and Earth science (Centurino & Kelly, 2021).

Each of these content domains includes several major topic areas, and each topic
area in turn contains one or more topics. Each topic is further described by specific
objectives that represent the students’ expected knowledge, abilities, and skills
assessed within each topic (Centurino & Kelly, 2021).

Environmental topics are covered in the topic area of ecosystems. In this topic
area, fourth-grade students must demonstrate basic knowledge of communities,
food relationships (for example, distinguish between predator and prey), and com-
petition. Environmental topics are also represented in the topic area of organisms,
environment, and their interaction. In this topic area, students should show their
knowledge of the positive and negative impacts of human activity on the essential
components of the environment (water, soil, air). Students should also be able to
provide general descriptions and examples of the effects of pollution on humans,
plants, and animals. Environmental topics are also covered in the topic areas of
forms of energy and energy transfer, and Earth’s physical characteristics, resources
and history. Here, students should be able to identify energy sources, including
renewable sources, and their responsible use in everyday life. Environmental topics
are also included in the topic area of Earth’s weather and climates. The content of
this area specifically focuses on students’ ability to explain how changes in the
Earth’s average temperature in recent periods have impacted its physical properties.
For example, ocean levels have risen, glaciers have melted, rivers have dried up, and
deserts have expanded (see Centurino & Kelly, 2021; von Davier, Kennedy,
et al., 2024).

Environmental topics are also a part of eighth-grade curricula. It mirrors the
TIMSS fourth-grade students’ survey. Here, students must demonstrate their under-
standing of the concept of ecosystems (such as, the flow of energy in ecosystems,
relationships among populations of organisms in an ecosystem, factors affecting
population size in an ecosystem, and human impact on the environment).
Environmental topics are also covered in the topic area of Earth’s processes, cycles,
and history, where students should be able to demonstrate knowledge, for example,
of how the environment has changed over long periods, give evidence for climate
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changes, or demonstrate the ability to interpret data or maps of weather patterns.
Environmental topics are also included in the topic area of Earth’s resources, their
use and conservation. This area includes topics such as natural resource manage-
ment, focusing on water resources and land use. It emphasizes students’
understanding of renewable and non-renewable energy sources, including their
advantages and disadvantages, their knowledge of the waste management hierarchy,
and their awareness of the sustainable use of water resources and landscapes.
Environmental topics are also included in the topic area of Earth’s structure and
physical features, with a focus on the importance and availability of freshwater
resources, as well as the carbon cycle (see Centurino & Kelly, 2021; von Davier,
Kennedy, et al., 2024).

7.2.1.2 Environmental Attitudes in TIMSS 2023

The above-described knowledge and abilities cover what needs to be known and
understood to support the achievement of the SDGs in an informed way. Due to the
increasing urgency to achieve the SDGs, TIMSS 2023 used student questionnaires
that measure fourth- and eighth-grade students’ attitudes toward the natural envi-
ronment and their enactment of environmentally responsible behaviors. TIMSS
2023 draws from the two-dimensional Model of Ecological Values to measure stu-
dents’ environmental attitudes. This model is based on the Theory of Ecological
Attitude (Reynolds & Komakhidze, 2022). This theory distinguishes two types of
attitudes: preservation and utilization. Preservation reflects an individual’s endorse-
ment of conservation and protection of nature. Utilization demonstrates an individ-
ual’s endorsement of human use of natural resources and the environment (Reynolds
& Komakhidze, 2022). Reynolds and Komakhidze (2022) build on the theory of
Wiseman and Bogner (2003), which sees individuals with utilization attitudes as
those who see nature as serving human purposes and place trust in human innova-
tion and progress to address environmental challenges. In contrast, individuals
aligned with preservation attitudes will likely value spending time in nature and
prioritize protecting natural areas.

The TIMSS 2023 survey of students’ pro-environmental values was conducted
using context questionnaires.® Students were scored based on how much they agreed
with six statements about environmental preservation, using the Students Value
Environmental Preservation scale (see Fig. 7.2). The scale is divided into three cat-
egories. Students who very strongly value environmental preservation scored at or
above the cutoff, meaning they mostly agreed with three statements and slightly
agreed with the other three. Students who somewhat value environmental preserva-
tion scored at or below the cutoff, meaning they slightly agreed with three

3The TIMSS 2023 context questionnaire scales are created using the Rasch partial credit model
(PCM). Scores calculated using the PCM calibration are converted to a scale with an average of 10
and a standard deviation of two. This scale is divided into high, medium, and low regions using two
cutoff points. Each region is linked to specific content interpretations based on the most likely
response categories associated with those cutoff points (von Davier, Fishbein, et al., 2024).
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* Item not included in scale at the fourth grade

Fig. 7.2 Students value environmental preservation scale

statements and slightly disagreed with the other three. The remaining students
strongly value environmental preservation (von Davier, Kennedy, et al., 2024).

7.2.2 Information Provided by SDGs Indicators as Context
Jor Worldview

As stated, worldview combines knowledge, values, and societal context. TIMSS
2023 explores students’ understanding of environmental concepts and identifies
their pro-environmental attitudes. The focus is therefore on the environmental
pillar—that is, environmental sustainability—within the broader concept of sustain-
able development. The extent to which environment (the place people live) influ-
ences attitudes toward that environment must also be explored. Many academic
publications emphasize that both the social and natural environment shape
knowledge, attitudes, and values, and thus, worldview.

One crucial aspect shaping people’s worldview is direct experience with nature.
People living in rural or pristine natural environments may develop a deeper con-
nection to nature through direct interaction. Berenguer et al. (2005) showed that
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urban residents adopt more values of environmental responsibility but exhibit fewer
pro-environmental attitudes and behavioral intentions. In contrast, rural residents
demonstrate stronger attitudes toward environmental responsibility and greater con-
sistency in their intentions to protect the environment. More recent studies (for
example, Garner, 2017; Goula et al., 2015) have not found such clear differences.
However, differences exist; for example, the attractiveness of certain environmental
elements varies between urban- and rural-originated students, depending on feel-
ings of familiarity or the need to escape from anxiety or monotony (Goula et al.,
2015). In many countries, the distinction between rural and urban areas is blurred,
partly because people commute to cities for work and, conversely, people from cit-
ies have relatively easy access to nature outside the city (Garner, 2017; Goula
et al., 2015).

There are countries, however, where the differences in pro-environmental
attitudes between people in rural and urban areas are pronounced, partly due to the
remoteness of many rural areas. In the People’s Republic of China, rural residents
are less concerned about the environment than their urban counterparts, especially
with respect to pollution, nature conservation, and global environmental degrada-
tion. At the same time, rural residents tend to focus more on problems related to
agricultural production (for example, land erosion or desertification) (Yu, 2014).

Studies generally show that attitudes are shaped by the problems of the
surrounding area, such as air quality or noise in cities, land degradation in rural
areas, and overall access to information. Cultural, spiritual, and socioeconomic
status factors play a significant role (Franzen & Vogl, 2013; Ignatow, 2006). The
reasons for certain attitudes towards environmental sustainability may be egoistic,
altruistic, or biospheric. However, they usually reflect the actual or foreseeable
environmental problems individuals experience or fear (Schultz, 2002).

Assuming that the state of the environment influences, to some extent, attitudes
towards it, then the state of the environment in each country provides important
context for understanding how students’ values and attitudes are formed.
International reports that review progress toward environmental sustainability using
carefully selected environmental indicators allow for comparable information
across countries. Since all of the countries analyzed in this chapter are part of SDG
progress assessment, the 2024 Sustainable Development Report (Sachs et al., 2024)
is particularly useful, as it includes such indicators and provides information on
trends in achieving these goals for the analyzed countries.

7.3 Methodology

To identify patterns of knowledge and attitudes based on TIMSS 2023 data
(addressing the first research question), and patterns linked to community environ-
mental sustainability achievements (that may affect students’ knowledge and atti-
tudes) (addressing the second research question) seven countries are examined in
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this analysis: Albania, Austria, Bosnia and Herzegovina, the Czech Republic,
Hungary, the Slovak Republic, and Sweden.

7.3.1 Country Selection

The fundamental differences between these countries allow observation of whether
variables such as students’ knowledge, values and attitudes differ according to
socioeconomic levels or environmental sustainability achievements.

Austria and Sweden, with strong pro-environmental policies and high rankings
in the Sustainable Development Report 2024 (Sachs et al., 2024), serve as bench-
marks for effective sustainability efforts. Despite following European Union
policies, the Czech Republic, Hungary, and the Slovak Republic face some public
skepticism about climate change, with ongoing debate about prioritizing economic
benefits over environmental protection. Albania and Bosnia and Herzegovina, with
weaker policies and lower rankings in the Sustainable Development Report 2024,
reflect challenges tied to socioeconomic constraints and governance.

Including TIMSS 2023 rankings adds another layer to the analysis, as these
rankings reflect differences in education systems and student achievement in
science, which is closely linked to environmental knowledge.

The selected countries, with differing results in TIMSS, offer valuable insights
into the relationship between knowledge, pro-environmental values, and the unique
national contexts that approach environmental issues in varied ways. These differ-
ences help identify patterns in how education quality and achievement influence
students’ environmental awareness and attitudes. Additionally, the analysis reveals
how national perceptions of the urgency to address environmental challenges shape
pro-environmental values. By comparing countries with contrasting approaches
to sustainability, the study uncovers the interplay between education, values, and
societal priorities in addressing environmental problems.

7.3.2 Method and Variable Selection

Descriptive analysis is used to answer the research questions. Patterns in
worldviews or environmental perceptions are context-dependent, as outlined in the
theoretical part of this study. The descriptive method enables identification of initial
trends or relationships in knowledge, values, and sustainability achievements which
can later be tested with inferential statistics.

Emphasis is placed on selecting appropriate variables. TIMSS provides robust
data on students’ environmental knowledge and attitudes. As such, data on students’
knowledge were taken from TIMSS 2023 environmental items and data on students’
attitudes and behavior from the TIMSS 2023 context questionnaire.
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Several data sources contribute to SDG indicators and can be used to describe
environmental sustainability. These include the Global Indicator Framework for the
Sustainable Development Goals (United Nations, 2017), indicators provided by the
SDG Tracker from Our World in Data (2024), the Sustainable Development Report
(Sachs et al., 2024), and Eurostat’s report on the European Union’s progress toward
the SDGs (European Union, 2023).

For this study, a group of experts in environmental sustainability indicators were
asked to analyze the available indicator sets. The goal of this analysis was to select
an appropriate indicator set that provides comprehensive information on the envi-
ronmental sustainability of the countries analyzed. Experts selected the Sustainable
Development Report (Sachs et al., 2024) because it transforms indicators into val-
ues that enable straightforward and meaningful comparisons across the evaluated
countries. The report also demonstrates more clearly the trends in achieving targets
within countries. At the same time, the environmental indicators provide a good
description of any environmental problems identified in the countries that could
shape environmental attitudes (see Appendix 7.1).

7.3.3 Additional Information for Analysis

As outlined in the study background, worldview related to sustainability is a multi-
dimensional concept influenced by a range of factors. In addition to insights into
students’ knowledge, values, and attitudes, and the environmental context of each
country, data on economic and social factors are considered equally important
(these are presented in the country profiles in Sect. 4). This perspective aligns with
recommendations from an expert group to include social or economic context in
cases where social and economic sustainability may conflict with environmental
sustainability.

7.4 Country Profiles: Overall Information
and SDGs Achievement

Country profiles offer a vital context for interpreting survey results by connecting
students’ environmental knowledge and attitudes to their countries’ broader socio-
economic and environmental conditions. By highlighting each country’s unique
economic and ecological realities, these profiles allow for a more comprehensive
understanding of how national contexts shape students’ perspectives and awareness
of environmental issues.

Additionally, the profiles reveal disparities between countries, shedding light on
why students from different regions may display varying levels of environmental
awareness and varying degrees of pro-environmental values. Including
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country-specific data ensures a nuanced analysis that avoids overgeneralization,
respects differences, and accounts for the diverse challenges and priorities that
influence global environmental knowledge and attitudes.

The following section presents the profiles of the individual countries included in
the analysis, summarizing key economic, social, and environmental indicators.
Supplementary data on environmental quality in each country is provided in
Appendix 7.1.

As noted, the analysis compares countries with contrasting approaches to
sustainability. The order of country profiles therefore follows the groupings
outlined in Sect. 3.1 on the selection of the countries.

7.4.1 Albania

Albania is located in Southeastern Europe and has a population of approximately
2.79 million. As of 2023, the services sector constitutes the largest portion of
Albania’s gross domestic product (GDP), accounting for approximately 48 percent
of the total. This sector encompasses various industries, including tourism, banking,
telecommunications, and retail. Tourism, in particular, has been a significant con-
tributor, with over 6.4 million tourists visiting Albania in 2019. The industrial sector
represents about 21 percent of GDP, while agriculture accounts for approximately
18 percent. Albania is rich in natural resources (chromium, copper, nickel) and has
oil and gas (Patos-Marinza oil field is one of Europe’s largest onshore oil fields).
Albania’s primary energy source is hydropower (Central Intelligence Agency
[CIA], 2024a).

In the overall ranking of 167 countries included in the Sustainable Development
Report 2024 (Sachs et al., 2024), Albania ranks 42nd. According to the report,
major challenges remain in wastewater treatment (water pollution from industrial
and domestic effluents) and ocean protection. Although the fisheries sector does not
contribute significantly to GDP (approximately 0.3%), the long coastline along the
Adriatic and Ionian Seas provides excellent conditions for marine fishing. While the
fisheries sector is economically relatively small, it is important from a sociopolitical
point of view because it is often located in areas of high unemployment and socio-
economic needs (Eurofish, 2023). Fishing is a sensitive issue linking environmental
and social sustainability.

Terrestrial and coastal ecosystem biodiversity is at risk. Given that Albania is a
tourist destination for both summer and winter recreation, tourism must be devel-
oped following the principles of environmental sustainability to avoid disturbing
biodiversity (Vejsiu & Stafasani, 2017). The mining industry can also have adverse
effects on biodiversity. Ensuring the protection of terrestrial ecosystems remains
one of the country’s significant environmental challenges (CIA, 2024a).

Air pollution and access to improved water sources are also significant
challenges. All of these major challenges can affect people’s attitudes towards the
environment (CIA, 2024a; Sachs et al., 2024).
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7.4.2 Bosnia and Herzegovina

Bosnia and Herzegovina, situated in Southeastern Europe, has a population of 3.12
million people. Estimates from 2023 show that the services sector (retail trade and
restaurants) constitutes the largest portion of Bosnia and Herzegovina’s GDP,
accounting for approximately 56 percent of the total (CIA, 2024b). The economy
also relies on industry—mining and the export of metals (steel, coal, iron ore, lead,
zinc, manganese, bauxite), textiles, tobacco products, and wooden furniture (23% of
the total GDP). Agriculture accounts for approximately 18 percent of the GDP, but
one third of its land is cultivated or in pasture (CIA, 2024b; International Trade
Administration, 2024).

Bosnia and Herzegovina ranks 50th among the 167 countries in the Sustainable
Development Report 2024 (Sachs et al., 2024). Among the major challenges is inad-
equate anthropogenic wastewater treatment and limited sites for disposing of urban
waste. On the other hand, the production of municipal solid waste (kg/capita/day)
meets SDGs (CIA, 2024b).

Bosnia and Herzegovina also faces major challenges in decreasing CO,
emissions from fossil fuel combustion. Most CO, emissions are in the energy sector,
and coal is the predominant fossil fuel burned (International Trade Administration,
2024). Burning fossil fuels and other industrial activities are associated with poor
air quality, reflected in elevated concentrations of PM, 5. Air quality remains one of
the major challenges for the country (CIA, 2024b).

Bosnia and Herzegovina, like Albania, faces a significant challenge in protecting
terrestrial areas that are important for biodiversity. Bosnia and Herzegovina is part
of the Dinaric Alps, one of Europe’s biodiversity hotspots. The country harbors
numerous endemic species and diverse ecosystems. For now, the government’s
focus is on improving people’s quality of life. Industrial development, resource
extraction, intensive agriculture, and urbanization are seen as one way to achieve
this. This creates conflicts between economic needs and biodiversity protection
(CIA, 2024b).

7.4.3 Czech Republic

The Czech Republic is situated in Central Europe and has a population of 10.89
million. As of 2023, the services sector constitutes the largest portion of the Czech
Republic’s GDP, accounting for approximately 59.8 percent of the economy. These
services reflect the Czech Republic’s position as a modern, developed economy
with a strong emphasis on trade, tourism, and innovation; an even larger share of the
service sector in GDP is projected in the coming years. The industrial sector follows
in importance, accounting for about 30.2 percent of GDP. Key industries include
automotive manufacturing, engineering, and electronics. The agriculture sector rep-
resents a smaller share, around 1.6 percent of GDP, and the agricultural land area
continues to decline (CIA, 2024c¢).
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The Czech Republic ranks 12th among the 167 countries in the Sustainable
Development Report 2024 (Sachs et al., 2024). One of the major challenges of the
Czech Republic is its high carbon footprint, which is caused by its heavy reliance on
coal and natural gas for energy and heating, as well as energy-intensive industries.
Transportation emissions and a slower transition to renewable energy also play sig-
nificant roles. The quality of air and waste production remains a challenge. However,
in the last 35 years, the environment has significantly improved, particularly in air
and water quality (Cenia, 2008; Cenia, 2022); some of these environmental improve-
ments are shown in Appendix 7.1.

7.4.4 Hungary

Hungary is situated in Central Europe and has a population of 9.59 million. The
services sector plays a significant role in Hungary’s economy, followed by industry,
with agriculture contributing a smaller portion. Agriculture accounts for approxi-
mately 4.7 percent of GDP, industry for 24.3 percent, and the services sector makes
up the remainder. The automotive sector is particularly prominent in the industry.
Other important industries include electronics, pharmaceuticals, and food process-
ing. Although the share of agriculture is very low, land used for farming covers 53
percent of the country’s territory (CIA, 2024d).

Hungary ranks 20th among the 167 countries in the Sustainable Development
Report 2024 (Sachs et al., 2024). Its relatively high carbon footprint is primarily due
to its reliance on fossil fuels for energy production. Hungary’s strong industrial sec-
tor, particularly energy-intensive industries like automotive manufacturing, contrib-
utes significantly to greenhouse gas emissions. CO, emissions remain a major
challenge. Like the Czech Republic and the Slovak Republic, the air quality in
Hungary does not meet SDG standards, as indicated by the annual mean of PM,
concentration. While Hungary has a network of national parks and protected areas,
managing terrestrial sites that are important to biodiversity remains a challenge
(Csékvidri et al., 2021; Government of Hungary, 2023).

7.4.5 Slovak Republic

The Slovak Republic is a country in Central Europe with 5.42 million inhabitants.
The service sector drives GDP, accounting for 56.5 percent of the economy. The
industrial sector focuses on automotive manufacturing. The country is notable for
being the world’s largest per capita car producer, with significant automobile assem-
bly plants. The industrial sector accounts for 32.7 percent of GDP, bolstered by
foreign IT, telecommunications, and outsourcing investment. Agriculture makes up
a smaller share, at two percent (CIA, 2024e).
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The Slovak Republic ranks 21st among the 167 countries in the Sustainable
Development Report 2024 (Sachs et al., 2024). Similar to the Czech Republic, the
Slovak Republic’s major challenge is its high carbon footprint. The country relies
significantly on fossil fuels, particularly coal and natural gas, for electricity and heat
generation. Hard energy-intensive industries, particularly steel production and auto-
motive manufacturing, contribute significantly to the country’s carbon emissions
(CIA, 2024e). The quality of air and access to improved water sources remain chal-
lenges. In the Slovak Republic, access to piped water is particularly difficult in rural
areas, due to historical underinvestment, geographical obstacles, and high costs of
extending infrastructure. Air quality is a problem due to emissions from industrial
activities, domestic heating with coal and wood, and vehicle pollution, particularly
in urban areas (Organisation for Economic Co-operation and Development
[OECD], 2025).

7.4.6 Austria

Austria is a largely mountainous landlocked country in South-Central Europe with
a population of 9.11 million. Austria’s economy is primarily driven by the services
sector, which accounts for over 70 percent of its GDP. Industry contributes around
28 percent, with strong sectors like machinery, vehicles, and chemicals. Agriculture
is a minor industry, making up about one percent of the GDP. This economic struc-
ture reflects Austria’s focus on advanced industries and a well-developed service
economy (CIA, 2024f).

Austria ranks sixth among the 167 countries in the Sustainable Development
Report 2024 (Sachs et al., 2024). Although Austria is renowned for its natural beauty
and environmental awareness, like many developed nations it still faces its share of
environmental challenges. As in other developed countries, CO, emissions remain a
major challenge. CO, emissions are dominated by the burning of fossil fuels for
energy production and industry. As in other developed countries, air quality remains
a challenge; however, there is a positive trend toward better air quality. The
recycling rate over the years 2015-2019 increased (European Environment Agency,
2022); however, the total amount of municipal waste also increased. Austria—along
with Belgium, the Czech Republic, Denmark, Germany, Italy, Luxembourg, the
Netherlands, and Slovenia—is one of the countries that is on track to meet 2025
targets in this area (European Environment Agency, 2022). Yet, like the Czech
Republic, it is ranked in the Sustainable Development Report as a country with
remaining challenges in the amount of non-recycled waste (Sachs et al., 2024).

Protected terrestrial areas in Austria are crucial for biodiversity but face
challenges like habitat fragmentation, climate change, and conflicts with land use.
Tourism and invasive species put additional pressure on ecosystems. The area pro-
tected in terrestrial and freshwater sites to maintain biodiversity remains a signifi-
cant challenge. While the general public mostly enjoys the manifold benefits of
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conservation, such as the protection of landscapes and ecosystems and conservation
of flagship species, and the contribution to the national natural and cultural heritage,
the local population might stand disproportionately high costs in terms of restric-
tions to economic development (such as land use restrictions for commercial or
residential purposes) (Withalm & Getzner, 2018).

7.4.7 Sweden

Sweden is a country located on the Scandinavian Peninsula in Northern Europe.
Forests, lakes, and rivers dominate the landscape, but there is significant variation in
landscape, temperature, and natural resources, which affects conditions for, for
example, industry and agriculture. As of 2022, Sweden’s GDP was comprised
of approximately 1.5 percent from agriculture, 24 percent from industry, and
63 percent from services. This distribution reflects Sweden’s advanced economy,
emphasizing services and industrial production (CIA, 2024g).

Sweden ranks second among the 167 countries in the Sustainable Development
Report 2024 (Sachs et al., 2024). Despite being one of the top ranked countries in
the report, Sweden faces several environmental challenges. The major challenges
relate to biodiversity, specifically protected areas in terrestrial, freshwater, and
marine sites. The main reason is that traditional methods of farming and forestry,
which once benefited many species, are now rarely used. Heavy nutrient loads and
commercial fisheries adversely affect several marine and coastal environments
(Naturvardsverket, 2024; Weitz et al., 2015). Sweden aims to integrate marine and
water policies more effectively by balancing ecosystem protection with human
needs, ensuring the preservation of biodiversity while maintaining a high quality of
life for those relying on natural resources, such as fishers and coastal communities
(Weitz et al., 2015). However, the process is relatively slow.

7.5 Country Profiles: TIMSS 2023 Environmental
Awareness Results

In this section, TIMSS 2023 results on the environmental knowledge of grade four
and grade eight students are presented.* It is important to note that each topic area
includes a different number of items in the TIMSS test booklets, and the difficulty
of the items also varies.’

4Not all countries participated in TIMSS 2023 with both grades. Albania, Bosnia and Herzegovina,
and the Slovak Republic participated only for grade four. Austria participated only for grade eight.
The Czech Republic, Hungary, and Sweden participated in both grade four and grade eight.
3Information about the difficulty of TIMSS 2023 environmental items is provided in Appendix 7.2
and 7.3.
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Despite these differences, reporting the percentage of students’ success in each
topic area within a country is still meaningful. It provides a basic overview of how
students performed across the various components of the TIMSS test. These per-
centages can serve as performance benchmarks within a class, region or country and
help identify students’ strengths and weaknesses in relation to the curriculum. As
such, they offer valuable input for further analysis and for considering potential
instructional interventions. However, the results must be interpreted with regard to
the structure and difficulty of the different test sections.

Where appropriate, students’ scores on specific items are compared with those
from other countries. Such comparisons are valid because the same items were used
across all countries.

7.5.1 Albania

The average score for fourth-grade students in Albania in overall science was 491
points, while their average score in environmental knowledge was 483 points
(Table 7.1). In both overall science and environmental knowledge, students’ average
scores reached the Intermediate International Benchmarks in TIMSS 2023.
However, the average score in environmental knowledge is statistically significantly
lower than their overall science score.

Students answered correctly on 73 percent of items in the topic area of forms
of energy and energy transfer. This topic area is represented by just two items
dealing with energy transfer in turbines. In contrast, the share of students with the
correct responses was lower in items dealing with organisms, environment, and
their interactions (44%) and Earth’s physical characteristics, resources, and his-
tory (46%). The most difficult item for students was identifying the benefit of
using sunlight or wind to produce electricity (Item ID SE71213): only 8.4 percent
of students answered correctly. Although this item was so difficult that it was
classified as too difficult to anchor, students from two other countries

Table 7.1 Science and environmental knowledge achievement (grade four)

Average scale score

Average science achievement 491 (4.5)

Average environmental knowledge 483 (5.4)

Topic area Average percent correct across items
Earth’s physical characteristics, resources, and 46

history

Earth’s weather and climates 56

Ecosystems 49

Forms of energy and energy transfer 73

Organisms, environment, and their interactions 44

Note: Standard errors appear in parentheses
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analyzed—Hungary and Sweden—achieved better results (41% and 24.6%,
respectively). Another difficult item required identifying the ecosystem where liv-
ing things are found (Item ID SE71080). Only 10.2 percent of students in Albania
answered correctly, compared to higher shares in all other countries included in
this analysis. However, it is important to note that this is a difficult item, classified
at the advanced anchor level.

As in most other countries assessed in this study, the most substantial stated
pro-environmental values in Albania are associated with high levels of environmental
knowledge (Table 7.2). However, it is interesting to note that Albania’s fourth grad-
ers have the highest proportion of students reporting to very strongly value attitudes
toward environmental issues among all countries evaluated. In contrast, only about
two percent of students report pro-environmental values and attitudes at a low level
(somewhat value).

Most students in Albania are from lower or middle socioeconomic status
groups (Table 7.3). Similar to other countries in this study, higher economic status
corresponds with higher success rates in solving environmental items. However,
students’ pro-environmental attitudes as reflected in the Students Value
Environmental Preservation scale are similar across all socioeconomic status
groups. Likewise, the percentage of students who enjoy being in nature is similar
across these groups. It is worth noting that, among the countries evaluated in this
study, fourth graders in Albania have the highest proportion of students enjoying
being in nature.

Table 7.2 Students valuing environmental preservation (grade four)

Very strongly Strongly Somewhat

value value value
Percent of students 77 (1.3) 21 (1.1 A
Average environmental knowledge (average | 494 (5.5) 475 (8.5) 393

scale score)

Notes: Standard errors appear in parentheses. * Although fewer than two percent of students in this
region fall into this group, the average scale score is reported for information purposes

Table 7.3 Home socioeconomic status (grade four)

Socioeconomic status

Higher Middle Lower
Percent of students 12 (1.7) 39 (2.9) 48 (3.4)

Average environmental knowledge (average scale 513 (12.8) 486 (8.6) 468 (7.8)
score)

Students Value Environmental Preservation 11.2 (0.17) 11.2 (0.07) |10.8(0.12)
(average scale score)
I enjoy being in nature (percent of students who 84 (3.6) 86 (1.9) 82 (2.3)

agree a lot)

Note: Standard errors appear in parentheses



7 Exploring the Link Between Sustainability Success and Student Knowledge... 207

Table 7.4 Science and environmental knowledge achievement (grade four)

Average scale score

Average science achievement 448 (3.7)

Average environmental knowledge 446 (4.3)

Topic area Average percent correct across items
Earth’s physical characteristics, resources, and 42

history

Earth’s weather and climates 46

Ecosystems 41

Forms of energy and energy transfer 64

Organisms, environment, and their interactions 38

Note: Standard errors appear in parentheses

7.5.2 Bosnia and Herzegovina

Fourth graders in Bosnia and Herzegovina scored an average of 448 points in overall
science, while their achievement in environmental knowledge was almost the same,
with an average score of 446 points (Table 7.4). This corresponds to achievement at
the Low International Benchmarks in TIMSS 2023 on both scales. In Bosnia and
Herzegovina, 64 percent of students correctly answered items related to forms of
energy and energy transfer. Challenging items were related to the topic areas of
organisms, environment, and their interactions, and ecosystems. For example, a sig-
nificant gap emerged on an item involving the relationship between two organisms
in a food web, with only 7.1 percent answering correctly (Item ID SE81075).
Among the countries analyzed, Sweden had the second-lowest score on this item
(17.3%). However, this item is classified as advanced. Fourth graders from Bosnia
and Herzegovina also scored relatively low on items related to human activities that
help or harm the environment compared to the other countries analyzed. While
more than 50 percent of students answered the item correctly across all assessed
countries—and nearly 70 percent in Sweden—only 37 percent of students in Bosnia
and Herzegovina succeeded (Item ID SE81055). However, this item was also
anchored at a high level.

Bosnia and Herzegovina stands out among the countries examined in this study,
as students’ knowledge shows little variation regardless of whether they report to
very strongly value, strongly value, or somewhat value environmental preservation
(Table 7.5). However, 97 percent of fourth graders report very strongly value or
strongly value on environmental preservation. This makes Bosnia and Herzegovina
the second country, after Albania, with the lowest proportion of students reporting
somewhat value on environmental preservation (3%).

The gap in environmental knowledge among students in Bosnia and Herzegovina
varies considerably based on socioeconomic status (Table 7.6). There is a 96-point
difference between students from the higher socioeconomic status group and those
from the lower socioeconomic status group. Similar to Albania, there is no differ-
ence in the value placed on environmental preservation, as reflected in the Students
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Table 7.5 Students valuing environmental preservation (grade four)

Very strongly Strongly Somewhat

value value value
Percent of students 61 (1.4) 36 (1.3) 3(0.4)
Average environmental knowledge (average | 452 (4.9) 451 (6.3) 454 (15.8)

scale score)

Note: Standard errors appear in parentheses

Table 7.6 Home socioeconomic status (grade four)

Socioeconomic status
Higher Middle Lower
Percent of students 20 (1.7) 48 (1.8) 32 (2.5)

Average environmental knowledge (average scale 504 (8.0) 463 (5.6) 408 (10.4)
score)

Students Value Environmental Preservation (average | 10.3 (0.13) | 10.2 (0.07) | 10.3 (0.08)
scale score)

I enjoy being in nature (percent of students who agree |78 (1.7) 79 (1.8) 80 (3.5)
alot)

Note: Standard errors appear in parentheses

Table 7.7 Science and environmental knowledge achievement (grade four)

Average scale score

Average science achievement 526 (2.3)

Average environmental knowledge 519 (3.1)

Topic area Average percent correct across items
Earth’s physical characteristics, resources, and 48

history

Earth’s weather and climates 62

Ecosystems 60

Forms of energy and energy transfer 82

Organisms, environment, and their interactions 49

Note: Standard errors appear in parentheses

Value Environmental Preservation scale, between these groups. Likewise, the
preference for being in nature is the same across all socioeconomic groups.

7.5.3 Czech Republic

In both overall science and environmental knowledge, fourth-grade students’
average scores meet the Intermediate International Benchmarks in TIMSS 2023.
However, their achievement in environmental knowledge (average score 519) is sta-
tistically significantly lower than their overall science achievement (average score
526) (Table 7.7).
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Fourth graders from the Czech Republic answered 82 percent of items correctly
in the topic area of forms of energy and energy transfer. They outperformed students
in all other countries analyzed in the topic area of ecosystems. They achieved 48
percent correct answers in the topic area of Earth’s physical characteristics,
resources, and history, and 49 percent in the topic area of organisms, environment,
and their interactions.

Like their peers in Albania, Bosnia and Herzegovina, and the Slovak Republic,
fourth graders in the Czech Republic also struggled with solving the item on the
benefits of using sunlight or wind to produce electricity, with only 10 percent cor-
rect answers (Item ID SE71213). This outcome is surprising, especially compared
to the significantly better achievement of students in Sweden and Hungary. Similar
to students in other countries, they faced difficulties when solving the item about the
relationship between damaged habitats and the populations of specific organisms
(Item ID SE81054), with only 11.9% succeeding. However, it should be noted that
this item was classified as too difficult to anchor. It is surprising that students from
the Czech Republic performed relatively poorly in describing both the negative and
positive impacts of human activities on the environment (Item ID SE81044); 75.4
percent of students succeeded, compared to 82.8 percent of students from Hungary
and 90.6 percent of students from Sweden. This item was anchored at a low level.

Like fourth graders, eighth graders from the Czech Republic demonstrated
statistically significantly weaker achievement in environmental knowledge than
overall science achievement, with an average score of 517 points in environmental
topics versus 527 points in overall science (Table 7.8). Eighth-grade students
answered 60 percent of items correctly in the topic area of ecosystems. Eighth grad-
ers faced troubles when solving problems related to the topic area of Earth’s
processes, cycles, and history, performing significantly worse than students from
Austria or Sweden in solving the items dealing with evidence for global climate
change or the formation of natural resources. Eighth graders also struggled with
solving problems in the topic area of Earth’s resources, their use, and conservation,
with only half of the students answering correctly. Compared to students in other
countries analyzed in this study, students from the Czech Republic were notably
less successful, particularly in solving the adverse effects of fertilizer (Item ID
SE62235). However, this item is classified as advanced.

Table 7.8 Science and environmental knowledge achievement (grade eight)

Average scale score

Average science achievement 527 (2.0)

Average environmental knowledge 517 (2.1)

Topic area Average percent correct across items
Earth’s processes, cycles, and history 45

Earth’s resources, their use and conservation 50

Earth’s structure and physical features 65

Ecosystems 60

Note: Standard errors appear in parentheses
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Table 7.9 Students valuing environmental preservation (grades four and eight)”

Very strongly value | Strongly value Somewhat value
Grade4 |Grade8 |Grade4 |Grade8 |Grade4 |Grade38
Percent of students 51(1.0) | 30(0.7) | 43(0.9) | 54(0.7) 5(0.3) | 16(0.5)

Average environmental 527 (3.5) 1530(2.7) 516 (3.2) |515(2.3) 494 (6.2) | 504 (3.7)
knowledge (average scale
score)

Notes: “A direct comparison between fourth and eighth graders is complicated, as the groupings
are based on different cut-off points. Standard errors appear in parentheses

Table 7.10 Home socioeconomic status/home educational resources (grades four and eight)

Home socioeconomic status/home educational resources

Higher/Many Middle/Some Lower/Few

Grade 4 Grade 8 Grade 4 Grade 8 Grade 4 | Grade 8
Percent of students 47 (1.1) 32 (1.0) 48 (1.0) 53 (0.8) 5(0.4) 15 (0.8)

Average environmental | 553 (4.4) 558 (2.4) 509 (3.7) |510(1.9) |462(7.2) |456 (4.6)
knowledge (average
scale score)

Students Value 9.9 (0.05) 9.6 (0.04) 9.7 (0.05) |9.3(0.03) |9.5(0.12) 8.8 (0.05)
Environmental

Preservation (average

scale score)

I enjoy being in nature | 68 (0.9) 56 (1.0) 66 (1.2 46 (1.0) 62(3.3) [39(1.7)
(percent of students
who agree a lot)

Note: Standard errors appear in parentheses

When examining the pro-environmental values of fourth graders, approximately
half of students report very strongly value (Table 7.9). Another 43 percent report
strongly value, and only five percent exhibit low pro-environmental values (some-
what value). Among eighth graders, 30 percent of students report to very strongly
value environmental preservation, while 54 percent report strongly value. In both
fourth and eighth grades, students’ average scores decline slightly, accompanied by
a corresponding decrease in their concern for the environment.

The socioeconomic status of both fourth and eighth graders is linked to their
level of environmental knowledge, with students from higher socioeconomic back-
grounds demonstrating better environmental knowledge (Table 7.10). The Students
Value Environmental Preservation scale scores, for students in both grades, follows
a similar trend. However, in grade eight, there is a more pronounced difference
between the students from higher and lower socioeconomic groups compared to
grade four.

Grade-four students from the Czech Republic display similar pro-environmental
values across all socioeconomic groups. The proportion of students who agree a lot
that they enjoy spending time in nature is approximately the same across all three
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socioeconomic groups. The differences among socioeconomic groups are not
statistically significant. Fourth graders enjoy spending time in nature significantly
less than their peers in Albania and Bosnia and Herzegovina.

Eighth graders’ preference for spending time in nature differs significantly
from that of fourth graders. Eighth graders from the higher socioeconomic status
group are less likely to spend time outdoors than fourth graders from the lower
socioeconomic status group. The difference in eighth graders’ preference for
spending time in nature decreases as their socioeconomic status rises. The gap
between groups is 10 and seven percentage points, respectively.

7.5.4 Hungary

Hungary stands out among the countries analyzed, as the achievement of fourth
graders in environmental knowledge (average score 534) is statistically significantly
higher than their science achievement (average score 524) (Table 7.11). In both
overall science and environmental knowledge, students’ average scores meet the
Intermediate International Benchmarks in TIMSS 2023. Students achieved good
results in the topic area of forms of energy and energy transfer, with 81 percent suc-
cessfully solving the items. They also achieved good results in the topic area of
Earth’s weather and climates with 68 percent correct responses. The topic area of
organisms, environment, and their interactions proved particularly challenging,
with just 49 percent of students responding correctly. For example, within this topic
area, students found it difficult to solve an item related to reducing air pollution in
cities (Item ID SE81036), with only 26.8 percent achieving success. However, it
should be emphasized again that this is an item considered too difficult to anchor.
Unlike fourth graders, eighth graders in Hungary have a slightly lower average
score in environmental knowledge (518 points) compared to their overall science
score (522 points) (Table 7.12). However, this difference is not statistically signifi-
cant. In both overall science and environmental knowledge, students’ average scores
meet the Intermediate International Benchmarks in TIMSS 2023. Students faced

Table 7.11 Science and environmental knowledge achievement (grade four)

Average scale score

Average science achievement 524 (3.2)

Average environmental knowledge 534 (3.8)

Topic area Average percent correct across items
Earth’s physical characteristics, resources, and history 55

Earth’s weather and climates 68

Ecosystems 58

Forms of energy and energy transfer 81

Organisms, environment, and their interactions 49

Note: Standard errors appear in parentheses
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Table 7.12 Science and environmental knowledge achievement (grade eight)

Average scale score

Average science achievement 522 (3.3)

Average environmental knowledge 518 (3.7)

Topic area Average percent correct across items
Earth’s processes, cycles, and history 45

Earth’s resources, their use and conservation 56

Earth’s structure and physical features 53

Ecosystems 59

Note: Standard errors appear in parentheses

Table 7.13 Students valuing environmental preservation (grades four and eight)”

Very strongly value | Strongly value Somewhat value
Grade4 | Grade8 |Grade4 |Grade8 |Grade4 Grade 8
Percent of students 59(1.0) | 43(1.0) | 36(0.9) | 46(0.9) 5(0.4) 11 (0.6)

Average environmental |549 (3.6) | 534 (3.7) |522(5.2) |515(4.5) 483 (8.9) 483 (7.4)
knowledge (average
scale score)

Notes: * A direct comparison between fourth and eighth graders is complicated, as the groupings
are based on different cut-off points. Standard errors appear in parentheses

significant difficulty with items in the topic area of Earth’s processes, cycles, and
history. As in other countries, the lowest success rate was observed in an item deal-
ing with the impact of volcanic activity on the Earth’s climate (Item ID SE82325).
Eighth graders in Hungary had the lowest percentage of correct answers on evi-
dence for global climate change (Item ID SE82327) among all the countries
assessed, with only one third providing the correct answer. It should be mentioned
again that the first item (Item ID SE82325) was classified as too difficult to anchor,
and the second (Item ID SE82327) as a high-level item.

As in other countries analyzed, higher levels of knowledge are associated with
stronger pro-environmental values in Hungary (Table 7.13). Among fourth graders,
59 percent report to very strongly value environmental preservation, a higher pro-
portion than in the Czech Republic, the Slovak Republic, and Sweden. Among
eighth graders, the proportion of students who reported to very strongly value envi-
ronmental preservation decreases, while it increases for those who reported strongly
value and somewhat value.

Students in both fourth and eighth grades from the higher socioeconomic status
group demonstrate better environmental knowledge than those from the middle or
lower socioeconomic status groups (Table 7.14). Among fourth graders, the gap
between students from the higher and lower socioeconomic status groups is 135
points; a similar gap was found for eighth-grade students, at 137 points. Higher
levels of knowledge are also connected to stronger pro-environmental values, as
seen in the Students Value Environmental Preservation scale scores. As students
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Table 7.14 Home socioeconomic status/home educational resources (grades four and eight)

Home socioeconomic status/home educational resources

Higher/Many Middle/Some Lower/Few

Grade 4 Grade 8 Grade 4 Grade 8 | Grade 4 Grade 8
Percent of students | 47 (1.9) 42 (1.4) 40 (1.7) 41 (1.2) | 13(1.7) 17 (1.4)
Average 584 (4.3) 565 (3.1) |536(5.2) 508 (3.0) | 449 (13.0) | 428 (6.2)
environmental
knowledge
(average scale
score)
Students Value 10.5 (0.05) | 10.2 (0.05) |10.2 (0.07) 9.8 (0.04) /9.7 (0.19) | 9.1 (0.08)
Environmental
Preservation
(average scale
score)
I enjoy being in 77 (1.1) 64 (1.3) 74 (1.8) 60 (1.0) | 74 (2.9) 42 (2.4)
nature (percent of
students who
agree a lot)

Note: Standard errors appear in parentheses

Table 7.15 Science and environmental knowledge achievement (grade four)

Average scale score

Average science achievement 521 (3.3)

Average environmental knowledge 509 (4.4)

Topic area Average percent correct across items
Earth’s physical characteristics, resources, and 45

history

Earth’s weather and climates 60

Ecosystems 57

Forms of energy and energy transfer 79

Organisms, environment, and their interactions 46

Note: Standard errors appear in parentheses

reach grade eight, the preference for spending time in nature decreases. Eighth
graders from higher socioeconomic backgrounds are likely to spend time outdoors,
whereas those from lower socioeconomic backgrounds are less inclined to do so.
The difference between these two groups is 22 percentage points.

7.5.5 Slovak Republic

Fourth graders in the Slovak Republic scored an average of 521 points in overall
science, while their average score in environmental knowledge was 509 points
(Table 7.15), meeting the Intermediate International Benchmarks in TIMSS 2023.
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However, their achievement in environmental knowledge is statistically significantly
lower than their overall science achievement. Fourth graders performed well in the
topic area of forms of energy and energy transfer, achieving a success rate of 79
percent. Fourth graders found it most challenging to solve problems in the topic
areas of Earth’s physical characteristics, resources, and history, and organisms,
environment, and their interactions. Fewer than a third of students could answer the
question about how the farm impacts the fields in the near area, which was the
second-lowest result among the countries assessed in this study (Item ID SE81076).
Students also struggled to solve the question of reducing air pollution in a city (Item
ID SE81036). Only 21.4 percent of students answered the item correctly, marking
again the second-lowest result among the countries analyzed. However, it should be
noted that the first item (Item ID SE81076) is classified as advanced, and the second
(Item ID SE81036) as too difficult to anchor.

The pro-environmental values of fourth graders in the Slovak Republic closely
resemble those of their peers in the Czech Republic. Students’ environmental values
vary, with 52 percent reporting very strongly value, 42 percent strongly value, and
six percent somewhat value on environmental preservation (Table 7.16). As in the
other countries, a connection is observed between the level of knowledge and
the pro-environmental values declared. The higher the students’ knowledge, the
stronger their stated pro-environmental values.

The relationship between environmental knowledge and socioeconomic status
among fourth graders in the Slovak Republic is consistent with findings from other
countries. Students from the higher socioeconomic status group scored higher on
item solving tasks (Table 7.17). It is worth noting that the knowledge gap between

Table 7.16 Students valuing environmental preservation (grade four)

Very strongly | Strongly Somewhat

value value value
Percent of students 52 (1.3) 42 (1.1) 6(0.5)
Average environmental knowledge (average scale | 523 (4.9) 503 (5.5) 462 (12.5)

score)

Note: Standard errors appear in parentheses

Table 7.17 Home socioeconomic status (grade four)

Socioeconomic status
Higher Middle Lower

Percent of students 33(1.3) 48 (1.2) 18 (1.2)
Average environmental knowledge (average scale score) | 555 (4.0) | 514 (4.3) |415(11.2)
Students Value Environmental Preservation (average 9.9 (0.06) 9.9 (0.06) |9.2(0.17)

scale score)

I enjoy being in nature (percent of students who agree a |70 (1.6) 77 (1.1) 69 (3.4)
lot)

Note: Standard errors appear in parentheses
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students from the highest and lowest socioeconomic groups is 140 points in
TIMSS 2023.

Students from high and middle socioeconomic groups express relatively high
pro-environmental values (reported as very strongly value), as indicated by the
Students Value Environmental Preservation scale. However, students from the
lower socioeconomic status group report values of only 0.8 points lower, which is
a positive finding. Interestingly, students from high and low socioeconomic groups
enjoy spending time in nature equally. In contrast, students from the middle
socioeconomic group tend to enjoy being in nature more than their peers from
both high and low socioeconomic groups.

7.5.6 Austria

Only eighth-grade students participated in the TIMSS 2023 survey in Austria.
However, this information is relevant to the study as Austria is one of the countries
with a firm pro-environmental policy. Understanding the scientific and environmen-
tal knowledge and pro-environmental values that students in Austria possess is
valuable.

The average science achievement of eighth-grade students was relatively higher
than their average environmental knowledge (Table 7.18). In both overall science
and environmental knowledge, students’ average scores meet the Intermediate
International Benchmarks in TIMSS 2023.

Students in Austria encountered certain difficulties when solving the item related
to the effects of air pollution (Item ID SE82068B). The item was successfully solved
by 26.8 percent of students. They also performed somewhat worse than other
eighth-grade students included in this study on an item concerning the role of organ-
isms in the energy pyramid (Item ID SQ82LO01), with 54.4 percent correct answers.
Both items fall under the topic area of ecosystems. On the other hand, students in
Austria ranked among the best in the analyzed countries in more complex problems
in this area requiring reasoning; for example, evaluating climate data or explaining
high temperatures in city centers (Item ID SE72720). This item, categorized under

Table 7.18 Science and environmental knowledge achievement (grade eight)

Average scale score

Average science achievement 512 (2.4)

Average environmental knowledge 501 (3.3)

Topic area Average percent correct across items
Earth’s processes, cycles, and history 48

Earth’s resources, their use and conservation 50

Earth’s structure and physical features 55

Ecosystems 53

Note: Standard errors appear in parentheses
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Table 7.19 Students valuing environmental preservation (grade eight)

Very strongly Strongly Somewhat

value value value
Percent of students 33(0.8) 49 (0.9) 18 (0.8)
Average environmental knowledge (average 526 (4.3) 502 (3.4) 464 (6.2)

scale score)

Note: Standard errors appear in parentheses

Table 7.20 Home educational resources (grade eight)

Home educational resources

Many Some Few
Percent of students 36 (1.1) 44 (0.9) 19 (1.0)
Average environmental knowledge (average scale 550 (3.0) |498(3.3) |418(6.8)

score)

Students Value Environmental Preservation (average 9.8 (0.05) |9.3(0.05) |8.9(0.09)
scale score)

I enjoy being in nature (percent of students who agree a |51 (1.4) 45(1.4) 36 (2.0)
lot)

Note: Standard errors appear in parentheses

the topic area of Earth’s processes, cycles, and history, was classified as too difficult
to anchor.

As in other countries, the level of science and environmental knowledge
corresponds to the strength of pro-environmental values in Austria (Table 7.19). The
expressed strength of pro-environmental values among eighth-grade students in
Austria is comparable to that of their peers in the Czech Republic. One third of the
students report to very strongly value environmental preservation, while the
majority express strongly value. Nearly one fifth of the students report low
pro-environmental values (somewhat value).

As with eighth graders in the Czech Republic and Hungary, socioeconomic
status in Austria is reflected in home educational resources (Table 7.20). For
students in Austria, higher socioeconomic status is associated with higher levels of
environmental knowledge. Additionally, higher socioeconomic status increases the
inclination to enjoy being in nature. Pro-environmental attitudes, as measured by
the Students Value Environmental Preservation scale, decrease proportionally with
socioeconomic status and environmental knowledge.

7.5.7 Sweden

In both overall science and environmental knowledge, fourth-grade students’
average scores meet the Intermediate International Benchmarks in TIMSS 2023.
However, their achievement in environmental knowledge (average score 526) is
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Table 7.21 Science and environmental knowledge achievement (grade four)

Average scale score

Average science achievement 533 (3.2)

Average environmental knowledge 526 (3.6)

Topic area Average percent correct across items
Earth’s physical characteristics, resources, and 51

history

Earth’s weather and climates 65

Ecosystems 57

Forms of energy and energy transfer 80

Organisms, environment, and their interactions 58

Note: Standard errors appear in parentheses

Table 7.22 Achievement and knowledge (grade eight)

Average scale score

Average science achievement 521 (2.9)

Average environmental knowledge 534 (3.8)

Topic area Average percent correct across items
Earth’s processes, cycles, and history 53

Earth’s resources, their use and conservation 53

Earth’s structure and physical features 51

Ecosystems 64

Note: Standard errors appear in parentheses

statistically significantly lower than their overall science achievement (average
score 533) (Table 7.21).

Similar to students in other countries included in this study, students in Sweden
solved the items included in the topic area of forms of energy and energy transfer
with high success. Students faced the most significant challenges in some items in
the topic area of Earth’s physical characteristics, resources, and history. Their
achievement on an item about the disadvantages of farming near a river (Item ID
SE81920) was the second lowest among the evaluated countries. However, this item
was classified as advanced.

Unlike fourth graders, eighth graders have a significantly higher average score in
environmental knowledge (534 points) compared to their overall science score (521
points) (Table 7.22). Eighth-grade students performed well on items in the topic
area of ecosystems, achieving the best results among the countries analyzed in the
study. Students in Sweden performed relatively well on challenging reasoning
items, such as evaluating why climate data was incorrect (Item ID SE62211B).
Despite only 11.4 percent answering correctly, they ranked among the most suc-
cessful participants across the countries with eighth-grade data. This item was
classified as too difficult to anchor.
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Table 7.23 Students valuing environmental preservation (grades four and eight)”

Very strongly value Strongly value Somewhat value
Grade4 |Grade8 |Grade4 Grade 8 Grade 4 | Grade 8
Percent of students 40(1.0) | 28(1.1) | 48(0.9) | 46(0.9) 13(0.6) | 26(1.0)

Average environmental | 542 (4.7) | 559 (4.7) | 524 (4.6) |546(4.7) 493 (6.3) 504 (5.1)
knowledge (average
scale score)

Notes: *A direct comparison between fourth and eighth graders is complicated, as the groupings
are based on different cut-off points. Standard errors appear in parentheses

Table 7.24 Home socioeconomic status/home educational resources (grades four and eight)

Home socioeconomic status/home educational resources

Higher/Many Middle/Some Lower/Few
Grade4 |Grade8 |Grade4 |Grade8 |Grade4 |Grade38
Percent of students 55(1.8) |42(1.5) |39(1.4) |43(1.1) 6 (0.6) 15(0.7)

Average environmental 565(3.2) [592(3.8) 502 (4.3) |511(3.6) |449(6.5) 449 (5.7)
knowledge (average scale
score)

Students Value 9.5 (0.06) | 9.5 (0.06) | 9.1 (0.05) | 9.0 (0.05) | 8.7 (0.17) | 8.7 (0.10)
Environmental

Preservation (average

scale score)

I enjoy being in nature 53(1.4) |42(1.4) |43(1.7) [30(1.3) |38(3.4) | 23(1.9
(percent of students who

agree a lot)

Note: Standard errors appear in parentheses

Students in Sweden demonstrate a clear link between environmental knowledge
and pro-environmental values—the greater their knowledge, the stronger their values
(Table 7.23). Eighth graders’ pro-environmental values are similar to those of their
peers in the other countries analyzed, while the proportion of fourth graders
expressing to very strongly value environmental preservation is among the lowest.

In Sweden, students in both fourth and eighth grades from the higher
socioeconomic status group demonstrate better environmental knowledge than
those from the middle or lower socioeconomic status groups (Table 7.24). The gap
between fourth graders from higher and lower socioeconomic groups is 116 points,
while for eighth graders, it increases to 143 points—the largest difference observed
among all surveyed countries. It is also worth noting that the proportion of children
in the high and middle socioeconomic groups who like to spend time in nature is the
lowest in all countries surveyed, among both grade four and eight students.
Furthermore, their pro-environmental attitudes, as reflected in the Students Value
Environmental Preservation scale, are somewhat lower than those in other coun-
tries. The scale values for eighth-grade students are approximately similar to those
in the Czech Republic.
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Fig. 7.3 Average environmental knowledge of grade four students from higher and lower socio-
economic status groups. Note: SES Socioeconomic status

7.6 Results

This study aimed to identify patterns of knowledge and attitudes among students
based on the TIMSS 2023 survey conducted in Albania, Austria, Bosnia and
Herzegovina, the Czech Republic, Hungary, the Slovak Republic, and Sweden.
There is a clear relationship between socioeconomic status and environmental
knowledge among fourth-grade students across all analyzed countries (see Fig. 7.3).
Students from higher socioeconomic backgrounds tend to exhibit greater levels of
environmental knowledge, as reflected in their average scores.

In most countries analyzed, a relationship exists between socioeconomic status,
knowledge, and pro-environmental values for fourth-grade students, as reflected in
the Students Value Environmental Preservation scale. Higher socioeconomic status
background and, consequently, higher levels of knowledge are associated with
slightly higher values on this index. The exception is Bosnia and Herzegovina,
where fourth graders from different socioeconomic groups show no variation in
their Students Value Environmental Preservation scale scores.

A similar relationship exists between socioeconomic status and environmental
knowledge among eighth graders in the countries analyzed: students from higher
socioeconomic status backgrounds tend to demonstrate more significant levels
of environmental knowledge. Additionally, there is a significant difference in
pro-environmental values across different socioeconomic groups, as measured by
the Students Value Environmental Preservation scale.

A notable trend observed exclusively among eighth graders in the countries
analyzed is that a decline in pro-environmental values, as measured by the Students
Value Environmental Preservation scale, corresponds to a significant decrease in
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Fig. 7.4 Proportion of students reporting to very strongly value environmental preservation
(grades four and eight)

their interest in spending time in nature. This pattern is not evident among fourth
graders.

In every country included in the analysis that assessed fourth and eighth graders,
the proportion of fourth graders demonstrating strong pro-environmental values
(reported as very strongly value) was greater than that of eighth graders (see
Fig. 7.4). Conversely, the proportion of fourth graders demonstrating low pro-
environmental values (reported as somewhat value) was lower than that of eighth
graders. Although the comparison of fourth and eighth graders is complicated due
to groupings of the results on different cut-off points, it is important to mention so
that more detailed analyses of changes in student values can be carried out in
the future.

This study also aimed to identify patterns associated with community
achievements in environmental sustainability—such as waste and wastewater man-
agement, climate action, biodiversity protection, and other factors reflected in the
Sustainable Development Report—that could shape students’ knowledge and
attitudes.

The Sustainable Development Report 2024 (Sachs et al., 2024) covers 17 goals
and their sub-indicators, ranging from poverty reduction to gender equality, which
may dilute the focus on environmental-specific indicators. Focusing solely on envi-
ronmental indicators, every country analyzed faces specific environmental
challenges that may influence students’ knowledge and pro-environmental attitudes.

However, the Sustainable Development Report reflects the wealth of individual
countries in socioeconomic indicators, thus the socioeconomic status of the coun-
tries’ population. When examining students’ socioeconomic status in the analyzed
countries, it becomes evident that Albania and Bosnia and Herzegovina differ sig-
nificantly from the other four countries where the science and environmental knowl-
edge survey of fourth graders was conducted. Therefore, significant differences in a
country’s ranking in the Sustainable Development Report can suggest lower levels
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of students’ knowledge, as this analysis indicates that knowledge is closely linked
to students’ socioeconomic status. On the other hand, as the results from the coun-
tries analyzed show, fourth graders in countries with a lower ranking in the
Sustainable Development Report and a higher proportion of students from lower
socioeconomic backgrounds tend to have stronger pro-environmental values and a
greater preference for spending time in nature. Other socioeconomic indicators or
indices could serve as effectively as the Sustainable Development Report.

However, combining the Sustainable Development Report or its specific
indicators with TIMSS can help pinpoint environmental issues not being addressed
in a given country while also revealing gaps in students’ knowledge needed to
understand the problem or its solutions. In all the countries analyzed, major envi-
ronmental problems are evident, and students show low success rates in solving
related items.

7.6.1 Challenges in Air Pollution Items

Air pollution in urban areas is a challenge shared by all countries analyzed. However,
fourth graders found it difficult to answer questions about reducing city air pollu-
tion. Albania had the highest success rate, with 34.9 percent of students giving cor-
rect answers. In comparison, around 20 percent of students in the Slovak Republic
answered correctly, while Bosnia and Herzegovina recorded the lowest rate at just
13.1 percent. It should be noted here that the item dealing with air pollution reduc-
tion (Item ID SE81036) was classified as too difficult to anchor.

Eighth graders solved the item related to air pollution and its impact on animal
health (Item ID SE82068B) and none of the analyzed countries saw a success rate
above 50 percent. Students from the Czech Republic performed the best, with a
success rate of 46.1 percent in this item, classified as advanced.

7.6.2 Challenges in Biodiversity Items

Biodiversity conservation is another significant challenge for many countries in this
study, including Albania, Bosnia and Herzegovina, Hungary, and Sweden. Several
TIMSS items related to ecosystems, organisms, the environment, and their interac-
tions focus on biodiversity. However, students generally struggled with these items,
particularly those involving food webs (Item ID SE81075). The best achievement in
this item, classified as advanced, came from the Slovak Republic, where 26.1
percent of students provided correct answers.

Similarly, items requiring students to explain the relationship between
environmental damage and its impact on organism populations (Item ID SE81054)
also proved challenging. In this item, only Albania achieved nearly a third of the
correct answers, while Sweden ranked second with just under a fifth of the correct
answers. Due to the generally low number of correct answers, the item was
considered too difficult to anchor.
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Eighth graders also solved items related to food relationships within ecosystems.
Most of the items were anchored at a low level, and the students completed them
without any major difficulties. Eighth graders struggle with more complex items
that require higher-level reasoning, such as understanding how changes in the popu-
lations of organisms that have a food relationship affect each other (Item ID
SE82071). None of the countries achieved a success rate higher than 50 percent in
this item, anchored as high, with students in Sweden performing the best at 47.8
percent correct answers.

7.6.3 Challenges in Climate Change Items

Climate change represents a significant challenge for many countries, including
those analyzed in this study. Consequently, numerous TIMSS eighth grader items
are dedicated to exploring this topic, focusing on its causes and effects on the natu-
ral environment and human society. Eighth graders’ success in solving more com-
plicated climate-related issues are below optimal levels. For instance, an item
requiring students to demonstrate knowledge of the carbon cycle, specifically car-
bon sequestration, was completed most successfully by students in Sweden, with
34.5 percent answering correctly. In contrast, students from the Czech Republic
performed the poorest among the analyzed countries, with only 21.2 percent correct
answers. This item (Item ID SE72063) was considered too difficult to anchor.

There is also an interesting relationship between the average environmental
knowledge scores of eighth graders and their perception of the urgency of climate
change, its environmental and societal impacts, and the need to address these issues.
In the two countries where eighth-grade students’ average environmental knowl-
edge scores matched or exceeded their overall science scores—Hungary and
Sweden—a higher proportion strongly agreed that addressing climate change
should be a high priority (see Fig. 7.5).

| Addressing climate change
Environmental Knowledge . _—
Countr should be a high priority

v Average Difference from [|Percent of Students (Agree a
Scale Score | Qverall Score Lot)
Sweden 534 A 55%
Hungary 518 56%
Czechia 517 v 49%
Austria 501 v 46%

A 'V Subscale score significantly different from overall score
A 'V Subscale score significantly different from overall score

Fig. 7.5 Environmental knowledge and the priority of addressing climate change among
eighth-grade students
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The low success rate of students in the selected countries on items related to
floods and their impact on drinking water supplies (Item ID SE82273A) is particu-
larly notable. Eighth graders in the Czech Republic, for example, achieved only a
22.1 percent success rate on this item, which is anchored at the advanced level—40
percentage points lower than their peers in Sweden. This outcome is striking given
that floods, as a consequence of climate change, are relatively frequent in the Czech
Republic and often result in significant economic damage to affected areas. The
poor performance of students from the Czech Republic on a topic so directly
relevant to their local environment is both unexpected and puzzling.

7.6.4 Variations in Student Success in Difficult
Environmental Items

The results presented reveal an intriguing phenomenon that warrants further
investigation in the context of national curricula. Several items addressing environ-
mental issues—topics of importance to many countries—are anchored at high,
advanced, or even too difficult to anchor levels. In grade four, these items account
for 62 percent of all environmental items, and in grade eight, they make up 68 percent.
Items classified as too difficult to anchor make up nearly one fifth of all items in
both grades.

Fourth graders struggle to identify examples of air pollution in cities (Item ID
SE81036), the benefits of using sunlight or wind to generate electricity (Item ID
SE71213), or why an increase in farmland area could lead to a decline in animal
populations (Item ID SE81054). However, there are significant differences in suc-
cess rates between countries. For example, on the item related to the benefits of
using sunlight or wind to generate electricity (Item ID SE71213), the success rate
among students from Hungary is 35.5 percentage points higher than that of their
peers in Bosnia and Herzegovina.

Eighth-grade students in this study found it challenging to explain why
temperatures are higher in city centers (Item ID SE72720), evaluate a conclusion
about climate based on a single week of weather observations (Item ID SE62211B),
or consider the carbon cycle in the context of carbon storage in wood (Item ID
SE72063). Once again, significant differences in student success rates across
countries were observed for certain items. For example, for an item dealing with
the urban heat island effect (Item ID SE72720), the success rate of students from
Austria was 18.9 percentage points higher than that of students from the Czech
Republic. For an item dealing with the carbon cycle (Item ID SE72063), the suc-
cess rate of students from Sweden was 12.3 percentage points higher than that of
students from the Czech Republic.

These results prompt reflection on the observed differences and an exploration of
their possible causes, which may be linked to the national or school curriculum or
to teachers’ approaches to teaching these topics.
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7.7 Discussion and Conclusion

In the theoretical section of this chapter, one conception of worldview shaping
decision-making was described as comprising five overlapping dimensions: onto-
logical (fundamental assumptions about reality), epistemological (ways of acquir-
ing and validating knowledge), axiological (core values), anthropological (views on
human nature and humanity’s role in the universe), and societal (how society is
structured) (Hedlund-de Witt, 2012). These dimensions are closely related to how
individuals and societies engage with sustainable development. This analysis
explored the knowledge levels of fourth and eighth graders, their pro-environmental
values, and their socioeconomic status. Moreover, the study highlighted the envi-
ronmental challenges faced by the analyzed countries, emphasizing the critical link
between worldview, decision-making, and sustainability.

This study revealed a relationship between socioeconomic status and level of
environmental knowledge within the countries analyzed. Students from higher
socioeconomic status backgrounds tend to demonstrate better environmental knowl-
edge. This finding aligns with results from several other studies (for example,
Buchmann, 2002; Finders et al., 2021; Lareau, 2011; Waters et al., 2021). Further,
among the countries analyzed, a connection was observed between students’ level
of knowledge and their declared pro-environmental values. Higher knowledge
scores were associated with stronger pro-environmental values. This finding is also
consistent with results from other studies (for example, Chankrajang & Muttarak,
2017; Meyer, 2015).

However, while these patterns hold within a country, they may not apply across
different countries. For example, fourth-grade students in Albania in the lower
socioeconomic status group have an average environmental knowledge score of
468, but their Students Value Environmental Preservation scale score is 10.8. Only
fourth-grade students in Hungary with an average environmental knowledge nearly
100 points higher reach a comparable value, and these students belong to a higher
socioeconomic status group. Similarly, fourth-grade students in the Czech Republic
and the Slovak Republic have identical Student Value Environmental Preservation
scale scores of 9.9, but their average environmental knowledge scores are signifi-
cantly higher, and these students also come from higher socioeconomic back-
grounds. Thus, knowledge is not the sole factor influencing pro-environmental
values. Based on this analysis, it can be hypothesized that the high pro-environmental
values observed among students from Albania and Bosnia and Herzegovina may be
attributed to the widespread appreciation of spending time in nature. However, sev-
eral other factors may influence pro-environmental values, as highlighted in the
study background, including, cultural perspectives (for example, human role in the
universe), environmental degradation and its societal impact, and a societal
emphasis on economic growth (see, for example, Post & Meng, 2018).

Each country has environmental indicators that highlight its environmental
issues. This study found no direct relationship between students’ knowledge,
pro-environmental values, and the countries’ rankings in the Sustainable
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Development Report 2024. However, by combining environmental indicators with
students’ TIMSS scores, environmental topics where students may have gaps in
understanding can be identified, and these could be addressed by emphasizing those
topics in the curriculum.

This study showed that students can succeed in some items classified as difficult,
as evidenced by the comparison of results across countries. These countries may
serve as sources of inspiration regarding the intended or implemented curriculum.
However, there are also items classified as too difficult to anchor, where students
generally struggle to succeed. This presents an opportunity to explore how complex
topics can be made more accessible to learners.

Furthermore, while knowledge alone does not guarantee the adoption of
pro-environmental behavior, it undoubtedly plays a key role in making informed
decisions, particularly when considering the potential impact of one’s choices on
the natural environment.

This study confirmed many of the findings from existing research and revealed
new areas that warrant further exploration in environmental education. For example,
it would be intriguing to investigate whether the pro-environmental values of
eighth-grade students, compared to fourth-grade students, tend to decline as their
focus shifts more toward finding their place in society. As students grow older, they
may become more preoccupied with social and personal issues, potentially reducing
their interest in environmental matters. Alternatively, it would be worth exploring
whether a decline in pro-environmental values reflects the perceived complexity of
translating these values into action. As students mature, they may recognize the
challenges and limitations in addressing environmental issues, leading to a more
nuanced or cynical view of the feasibility of meaningful environmental change.
Understanding these dynamics could help shape more effective educational strate-
gies that support the development of sustained pro-environmental values and
behaviors at different stages of schooling.
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Appendix 7.2: Anchor Level of TIMSS 2023 Environmental
Items, Grade Four

Item ID

SE61015
SE61069
SE71063
SE71065
SE71069
SE71071
SE71076
SE71080
SE71081

SE81042
SE81070
SE81073
SE81075
SE81077
SE81079
SE81080
SE81083
SE81085

SE81085
SE81036

SE81044

SE81054

SE81055

SE81076

SE81168

SE81207A

SE81207B

SE61124

SE71201

SE71213

Content

domain

Life science
Life science
Life science
Life science
Life science
Life science
Life science
Life science
Life science

Life science
Life science
Life science
Life science
Life science
Life science
Life science
Life science
Life science

Life science
Life science

Life science
Life science
Life science
Life science
Life science
Physical

science
Physical

science
Earth science

Earth science

Earth science

Topic area

Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems

Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems

Ecosystems
Organisms, environment, and their
interactions

Organisms, environment, and their
interactions

Organisms, environment, and their
interactions

Organisms, environment, and their
interactions

Organisms, environment, and their
interactions

Organisms, environment, and their
interactions

Forms of energy and energy transfer
Forms of energy and energy transfer

Earth’s physical characteristics,
resources, and history
Earth’s physical characteristics,
resources, and history
Earth’s physical characteristics,
resources, and history

Anchor level
High
Intermediate
High

High
Advanced
Advanced
Intermediate
Advanced
Advanced

Low

Intermediate

High

Advanced
Intermediate
Advanced

Low

Intermediate
Intermediate (1 of 2

points)

High (2 of 2 points)
Too difficult to anchor
Low

Too difficult to anchor
High

Advanced
Intermediate
Intermediate

Low

Too difficult to anchor

Intermediate

Too difficult to anchor
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Item ID
SE71214

SE71220

SE71222

SE71223

SE81200

SE81202

SE81204

SE81212

SE81920A

SE81920B

SE61116
SE71237
SE81238
SE81239

Content

domain

Earth science

Earth science

Earth science

Earth science

Earth science

Earth science

Earth science

Earth science

Earth science

Earth science

Earth science
Earth science
Earth science
Earth science

Topic area

Earth’s physical characteristics,

resources, and history

Earth’s physical characteristics,

resources, and history

Earth’s physical characteristics,

resources, and history

Earth’s physical characteristics,

resources, and history

Earth’s physical characteristics,

resources, and history

Earth’s physical characteristics,

resources, and history

Earth’s physical characteristics,

resources, and history

Earth’s physical characteristics,

resources, and history

Earth’s physical characteristics,

resources, and history

Earth’s physical characteristics,

resources, and history

Earth’s weather and climates
Earth’s weather and climates
Earth’s weather and climates
Earth’s weather and climates

Anchor level
High

Advanced
High

Low

High

Low

Too difficult to anchor
Advanced
Advanced
Advanced
High
High

Low
Low

Appendix 7.3: Anchor Level of TIMSS 2023 Environmental

Items, Grade Eight

Content
Item ID domain
SE62089 Biology
SE62091A | Biology
SE62091B | Biology
SE72063 Biology
SE72066 Biology
SE72074 Biology
SE72082 Biology
SE72086 Biology
SE72460 Biology
SE82060 Biology
SE82060 Biology
SE82064 Biology

Topic area

Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems
Ecosystems

Anchor level
Advanced
Intermediate
Intermediate

Too difficult to anchor
High

High

High

Low

High

Low (1 of 2 points)
High (2 of 2 points)
Intermediate
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Item ID
SE82068A
SE82068B
SE82070
SE82071
SE82075
SE82077
SE82080
SE82273A
SE82273B
SE82902
SQ82L01
SQ82L02A
SQ82L02B
SQ82L04A
SQ82L04B
SQ82LO7A
SQ82L07B
SQ82L0%A
SQ82L09B
SE62177
SE62180
SE62211A
SE62211B
SE62243

SE62243
SE72323
SE72720
SE82323
SE82325
SE82327
SE82331
SE82333
SE82335
SE82721
SE62190

SE62235
SE72345

SE72345

Content
domain

Biology
Biology
Biology
Biology
Biology
Biology
Biology
Biology
Biology
Biology
Biology
Biology
Biology
Biology
Biology
Biology
Biology
Biology
Biology
Earth science
Earth science
Earth science
Earth science
Earth science

Earth science
Earth science
Earth science
Earth science
Earth science
Earth science
Earth science
Earth science
Earth science
Earth science
Earth science

Earth science
Earth science

Earth science

Topic area

Ecosystems

Ecosystems

Ecosystems

Ecosystems

Ecosystems

Ecosystems

Ecosystems

Ecosystems

Ecosystems

Ecosystems

Ecosystems

Ecosystems

Ecosystems

Ecosystems

Ecosystems

Ecosystems

Ecosystems

Ecosystems

Ecosystems

Earth’s processes, cycles, and history
Earth’s processes, cycles, and history
Earth’s processes, cycles, and history
Earth’s processes, cycles, and history
Earth’s processes, cycles, and history

Earth’s processes, cycles, and history
Earth’s processes, cycles, and history
Earth’s processes, cycles, and history
Earth’s processes, cycles, and history
Earth’s processes, cycles, and history
Earth’s processes, cycles, and history
Earth’s processes, cycles, and history
Earth’s processes, cycles, and history
Earth’s processes, cycles, and history
Earth’s processes, cycles, and history
Earth’s resources, their use and
conservation

Earth’s resources, their use and
conservation

Earth’s resources, their use and
conservation

Earth’s resources, their use and
conservation

S. Janouskova et al.

Anchor level

High

Advanced

Low

High

High

High

Intermediate
Advanced

Advanced

High

Intermediate

Low

Low

Low

High

Intermediate
Intermediate
Intermediate
Advanced

Advanced

High

High

Too difficult to anchor
Intermediate (1 of 2
points)

High (2 of 2 points)
High

Too difficult to anchor
Too difficult to anchor
Too difficult to anchor
High

Intermediate

High

Advanced
Intermediate

High

Advanced

Intermediate (1 of 2
points)

Too difficult to anchor
(2 of 2 points)
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Content

Item ID domain Topic area Anchor level

SE72348 Earth science | Earth’s resources, their use and Low
conservation

SE72349 Earth science | Earth’s resources, their use and High
conservation

SE82099 Earth science | Earth’s resources, their use and Advanced
conservation

SE82340 Earth science | Earth’s resources, their use and Intermediate
conservation

SE82341 Earth science | Earth’s resources, their use and Too difficult to anchor
conservation

SE82343 Earth science | Earth’s resources, their use and High
conservation

SE82346A | Earth science | Earth’s resources, their use and High
conservation

SE82346B | Earth science | Earth’s resources, their use and High
conservation

SE82347 Earth science | Earth’s resources, their use and Too difficult to anchor
conservation

SE62022 Earth science | Earth’s structure and physical features | Advanced
SE82233 Earth science | Earth’s structure and physical features | High
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