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Abstract 
The engineering skills required for the 21st century and the green transition go beyond technical knowledge. 
Sustainability problems are multidimensional and require consideration of multiple perspectives. Empathy 
plays a fundamental role in enabling the development of more humanistic and socially constructed skills 
required to act for sustainability. It is an essential element of human-centred design and ethical behaviour, 
as well as engineering teamwork, engagement with diverse stakeholders, and ability to work in intercultural 
settings. Engineers must relate to the needs of the primary user and empathise with those (in)directly 
affected by their decisions. This highlights the importance of helping engineering students cultivate and apply 
empathy. However, little research has explored the influence of students’ empathy on education outcomes 
for sustainable development. 
The paper presents an overview of key publications in education for sustainable development (ESD) - the first 
step of a state-of-the-art review which is part of a larger study on empathic engineering education for 
sustainable development. The overview is guided by the research question “How is empathy described and 
framed in current sustainable education policies and frameworks?”. The paper provides a time-framed 
overview of the current policies and educational frameworks and identifies directions for future work on 
embedding empathy in engineering education for sustainable development. 
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1 Introduction 
The United Nations’ Sustainable Development Goals (SDGs) were established in 2015 as a response to the 
urgent and global environmental, social, and economic challenges and built on the lessons learned from the 
Millennium Development Goals (MDGs), which were in place from 2000 to 2015. The SDGs have important 
implications for engineering and engineering education, as engineering plays a critical role in addressing 
many of the complex global challenges the world is currently facing. Engineers are essential in developing 
sustainable solutions for issues such as clean energy, water and sanitation, infrastructure, and climate 
change. Consequently, engineering education must equip future engineers with the knowledge, skills, and 
ethical grounding necessary to contribute effectively to sustainable development. This education goes 
beyond providing technical expertise – integrating the SDGs into engineering education involves embedding 
principles of sustainability, ethics, and social responsibility into the curriculum. This includes fostering 
interdisciplinary collaboration, promoting a holistic understanding of the societal impacts of engineering 
decisions, and encouraging empathy and engagement with diverse stakeholders. It requires an appreciation 
of various perspectives and an understanding of individuals' backgrounds and experiences.  
 
The competences required for the 21st century and the green transition go beyond technical knowledge 
(Beagon et al. 2022). They span across different disciplines and bring to the fore the ability to collaborate 
with multiple stakeholders, consider different perspectives, and understand people with diverse 
backgrounds and experiences (Segal, 2018). In this sense, empathy plays a fundamental role in enabling the 
development of more humanistic and socially constructed competences required to act for sustainability. 
 
In engineering education, the focus on sustainability has led to a body of initiatives focused on tackling global 
challenges. However, most of the engineering programs focus exclusively on technical solutions and tend to 
overlook the interpersonal and social dimensions of sustainable development (Andrade & Tomblin, 2018). 
Today, more than ever, engineers need empathy to address the 21st-century global challenges. Empathy – 
the ability to understand a person from his or her frame of reference rather than one’s own, their feelings, 



 

perceptions, and thoughts – is an essential element of human-centred design and ethical behaviour, as well 
as of effective work in teams, engagement with diverse stakeholders, and ability to work in intercultural 
settings. Alarmingly, studies show a decrease in engineering students' interest in public welfare over the 
course of their education (Cech, 2014), with students being less 'person-oriented' compared to practicing 
engineers (Bairaktarova & Pilotte, 2020). Empathy, which involves understanding others from their 
viewpoint, is essential for cultivating the humanistic and socially constructed skills necessary for 
sustainability. It is integral to human-centred design, ethical conduct, teamwork, stakeholder engagement, 
and working in intercultural environments. In sustainable design, engineers must empathize with both the 
primary users and those indirectly impacted by their decisions, as sustainability challenges are complex and 
require consideration of multiple viewpoints. However, despite the importance of empathy, little research 
has explored the influence of students’ empathy on education outcomes for sustainable development. The 
current paper describes a study that is part of a larger research project on empathic engineering education 
for sustainable development. It presents an initial overview of empathy and sustainable education. This 
overview will inform a larger state-of-the-art review guided by two research questions: RQ1. “How is 
empathy described and framed in current sustainable education policies and frameworks?” and RQ2. “What 
empathy approaches and interventions are used in engineering education?”.  This state-of-the-art review will 
provide a time-framed review of the current policies, educational frameworks, and identifies to inform 
directions for future work on embedding empathy in engineering education for sustainable development.  
The overview presented in this paper addresses RQ1. 

2 Literature review 

2.1 Education for Sustainable Development (ESD)  
Education for Sustainable Development (ESD) is an educational approach that aims to empower learners with 
knowledge, skills, values and attitudes to address interconnected global issues such as climate change, 
biodiversity loss, poverty and inequality (UNESCO, 2024a). It has been led by UNESCO (United Nations 
Educational, Scientific and Cultural Organization) since the United Nations Decade of Education for 
Sustainable Development (from 2005 to 2014), and then followed by the Global Action Programme (from 
2015 to 2019). In 2019, UNESCO proposed a new framework for ESD, covering the period between 2020 to 
2030 – the ESD for 2030 (UNESCO, 2020). 
 
ESD is focused on the integration of sustainability principles throughout learning processes. As an educational 
approach, ESD encompasses three learning domains - cognitive, socio-emotional, and behavioural. Climate 
change education, and a broader approach encapsulated in the concept of greening education, are important 
elements of ESD. ESD is an element of SDG 4, Quality Education, target 4.7, “By 2030, ensure that all learners 
acquire the knowledge and skills needed to promote sustainable development, including, among others, 
through education for sustainable development and sustainable lifestyles, human rights, gender equality, 
promotion of a culture of peace and non-violence, global citizenship and appreciation of cultural diversity 
and of culture’s contribution to sustainable development” (United Nations, n.d.) with the following indicators 
“Extent to which (i) global citizenship education and (ii) education for sustainable development are 
mainstreamed in (a) national education policies; (b) curricula; (c) teacher education and (d) student 
assessment”.  
 
These frameworks emphasize the importance of equipping future engineers with the skills and knowledge 
necessary to address complex global challenges related to sustainability. For example, engineering programs 
now embed sustainability principles through innovative teaching approaches like challenge-based learning 
(CBL) and interdisciplinary collaboration. This includes teaching students about sustainable design, 
renewable energy, resource management, and the social and environmental impacts of engineering 



decisions. Moreover, accreditation bodies such as EUR-ACE and ABET have revised their requirements to 
include sustainability competencies. Engineering programs are now required to demonstrate how they 
prepare students to contribute to sustainable development. This has prompted institutions to align their 
educational objectives with sustainability goals, ensuring that graduates possess the necessary skills to 
address sustainability challenges. 
 
Education for sustainable development in engineering education has benefited from interdisciplinary 
collaborations that focus on ethical and social responsibility. Sustainability issues are multifaceted and 
require input from different disciplines to understand the interconnectedness of social, economic and 
environmental factors better. At the same time, considering the needs and perspectives of multiple 
stakeholders is essential for understanding how engineering decisions could have direct or indirect impacts 
on them (Bairaktarova et al., 2024). This requires a human-centred approach for developing sustainable 
solutions. 
 
Empathy plays a pivotal role in these human-centred approaches, enabling engineers to genuinely 
understand the needs, concerns, and perspectives of diverse stakeholders affected by their work. By 
developing empathic capabilities, engineers can better anticipate the social and environmental impacts of 
their designs, identify potential unintended consequences, and create solutions that truly serve community 
needs rather than merely technical requirements. This empathic foundation facilitates more inclusive 
decision-making processes and ultimately leads to more equitable, contextually appropriate, and sustainable 
outcomes. 

2.2 Empathy 
In engineering education, empathy has emerged as a critical component of professional development, 
particularly in its connection to ethical decision-making and responsible practice (Hess et al. 2021; Strobel et 
al., 2013). While engineering has traditionally emphasized technical competence, growing recognition of the 
social impacts of engineering work has led to increased attention to empathy as a core professional skill 
(Walther et al, 2017). Notably, most studies have relied upon definitions of interpersonal empathy, as 
suggested by the frameworks which have been mostly used for empathy measurement in EER (Baligar, et al., 
2024). 
 
In the context of sustainable design, engineering students must not only relate to the needs of the primary 
user but also empathize with those indirectly affected by their decisions (Lehtonen et al., 2019). Sustainability 
problems are multidimensional and require consideration of multiple perspectives (Lönngren et al., 2016). 
Empathy is the foundational ‘people skill’ needed more than ever in engineering education for sustainable 
development. However, to date, little research has explored the influence of students’ empathy on the 
outcomes of sustainable education. 
 
The larger study, of which this overview is one of the foundational steps, will use Elizabeth Segal's concept 
of Social Empathy, which extends beyond interpersonal empathy (which includes affective response, 
affective mentalizing, self-other awareness, perspective-taking, and emotion regulation) to include 
contextual understanding and macro-perspective taking (Segal, 2018—two components essential for 
sustainability education). Social empathy involves understanding the lived experiences of people and 
communities different from our own, recognizing the impact of historical, structural and systemic factors. 
This broader perspective taking, applied to larger social groups and communities, can help build positive 
engagement (Segal, 2018). Segal's social empathy framework provides a more comprehensive approach to 
understanding the broader social, economic, and environmental systems, making it particularly relevant for 
addressing complex sustainability challenges. 



 

3 Methodology 
State-of-the-art reviews aim to present a comprehensive coverage of the existing literature on more current 
matters and are usually presented in a narrative format but can also make use of tables. They are particularly 
useful for identifying potential new avenues for research (Booth et al., 2012; Grant & Booth, 2009).  In this 
overview, and to identify relevant and current frameworks and policies in education for sustainable 
development, we searched the publication databases of two main organisations: The European Union, as the 
research project involves two European universities; and the United Nations. We considered documents that 
were explicit about frameworks, competencies and skills required for ESD 2020-2030, and that were 
published after 2019. The following documents and reports were included in this stage: 
 

3.1 UNESCO Greening curriculum guidance 

This guidance was designed to help individuals, institutions and organizations promote a holistic approach to 
climate change and sustainability education, for different age groups. It draws on the Education for 
Sustainable Development (ESD) for 2030 framework and offers guidance on how to integrate climate change 
into the educational curriculum at all levels of education and across all subjects – it's a foundational tool for 
greening education. The main part of this document includes key concepts, topics and learning outcomes for 
different age groups, ranging from K-12 to 18+. Despite its focus on climate change, the document “follows 
a holistic approach with climate change as the entry point to addressing environmental, social and economic 
aspects of sustainable development (UNESCO, 2024b, p.21). Greening education is organised in six key 
concepts with respective topics and learning outcomes, as listed in Table 1. 
 

Table 1. Greening education key concepts 
Key concept Topics 
1. Climate science 1.1. Weather, climate and climate change 

1.2. Greenhouse gases 
1.3. The carbon cycle 
1.4. The water cycle 
1.5. Avoiding pollution and conserving resources 
1.6. Renewable energy  

2. Ecosystems 
and 
biodiversity 

2.1. Natural environment: ecosystems and biodiversity  
2.2. The evolution of biodiversity over time and in the future 
2.3. Ecosystems, biodiversity and ecosystem services 
2.4. Human relation to nature: domestication and agriculture 
2.5. Human-induced biodiversity loss and its consequences 
2.6. Reconnecting to nature and protecting it 

3. Climate justice 3.1. Contemporary manifestations 
3.2. Social determinants 
3.3. Historical economic and political processes 
3.4. Transformed futures 

4. Resilience-
building 

4.1. Social impacts of climate change 
4.2. Navigating climate impacts: strategies for safety and resilience 
4.3. Climate anxiety and constructive coping 
4.4. Strength and interconnectedness 
4.5. Urgency and community action 
4.6. Tacking climate mis/disinformation 

5. Post-carbon 
economies 

5.1. Economic growth and development 
5.2. The circular economy and everyday life 



5.3. Climate change and our economies 
5.4. Energy consumption and carbon emissions 
5.5. Our roles in a post-carbon economy 

6. Sustainability 
lifestyles 

6.1. Engagement with nature 
6.2. Renewable energy use 
6.3. Responsible consumption 
6.4. Sustainable living spaces 
6.5. Sustainable mobility 
6.6. Sustainable diets 
6.7. Sustainable waste practices 

 

3.2 The Inner Development Goals 

The Inner Development Goals framework was launched in 2022 to address the slow progress towards 
achieving the Sustainable Development Goals (SDGs). While the SDGs offer a comprehensive framework for 
tackling global sustainability issues, the IDGs recognize that achieving these goals requires more than just 
technical or policy solutions. It requires a different mindset focusing on attitudes, values and skills of human 
growth and development that lead to change effectively. The framework includes five dimensions (Being, 
Thinking, Relating, Collaborating, Acting) with a total of 23 skills (IDG, 2021). 

 

3.3 GreenComp – the European sustainability competence framework 

To help promote learning on environmental sustainability, the European Union (EU) published the 
GreenComp – a framework that identifies a set of sustainability competences. It aims “to help learners 
develop knowledge, skills and attitudes that promote ways to think, plan and act with empathy, 
responsibility, and care” for the planet and public health (Bianchi et al, 2022). The GreenComp is organized 
in 4 areas, which one with 3 competences: 

1. Embodying sustainability values: 1.1. Valuing sustainability; 1.2. Supporting fairness; 1.3. 
Promoting nature 

2. Embracing complexity in sustainability: 2.1. Systems thinking; 2.2. Critical thinking; 2.3. Problem 
framing 

3. Envisioning sustainable futures: 3.1. Futures literacy; 3.2. Adaptability; 3.3. Exploratory thinking 
4. Acting for sustainability: 4.1. Political agency; 4.2. Collective action; 4.3. Individual initiative 

 

3.4 UNESCO Education for Sustainable Development – a roadmap 

This publication builds on the previous roadmap for 2015-2019 (Global Action Programme), and outlines 
UNESCO’s steps in addressing sustainable development challenges through education in five main areas: 
advancing policy, transforming learning environments, building capacities of educators, empowering and 
mobilizing youth, and accelerating local level actions. In this document, ESD is considered to be critical to 
address SD4 (Quality Education), in particular of target 4.7, “By 2030, ensure that all learners acquire the 
knowledge and skills needed to promote sustainable development, including, among others, through 
education for sustainable development and sustainable lifestyles, human rights, gender equality, promotion 
of a culture of peace and non-violence, global citizenship and appreciation of cultural diversity and of 
culture’s contribution to sustainable development” (UNESCO, 2020, p.14). 



 

4 Findings 

4.1 UNESCO Greening curriculum guidance 

In this document, empathy is clearly stated as a key competence for sustainability, part of a broader 
collaboration competency, “the abilities to learn from other; to understand and respect the needs, 
perspectives and actions of others (empathy); to understand, relate to and be sensitive to others (empathic 
leadership); to deal with conflicts in a group; and to facilitate collaborative and participatory problem-
solving” (UNESCO, 2024b, p.182). Empathy as social and emotional learning was referenced multiple types 
for education of pre-18 individuals. For 18+ it was mentioned in two specific suggested activities: 

• Topic 4.2. Navigating climate impacts: strategies for safety and resilience. “Key idea: there are 
specific activities than we can undertake for emergency responses risk reduction, mitigation and 
adaptation”. At a social and emotional dimension, “learners should be able to enhance empathy for 
communities especially vulnerable to climate impacts and understand the importance of collective 
action in keeping everyone safe” (UNESCO, 2024b, p.109). 

• Topic 4.3. Climate anxiety and constructive coping. “Key Idea: It is important to work together in 
addressing climate anxiety”. At a social and emotional dimension, “learners should be able to 
demonstrate qualities like resilience, hope, empathy and assertiveness, essential for leadership in 
the face of climate challenges” (UNESCO, 2024b, p. 111). 

4.2 The Inner Development Goals  

The skill empathy and compassion is placed under Relating – Caring for Other and the World, as is defined as 
the “ability to relate to others, oneself and nature with kindness, empathy and compassion and the intention 
to address related suffering (…) Empathy here is understood to be the capacity to relatively accurately 
understand and feel into what other people feel, whereas compassion adds the quality of wanting to relate 
to other people with benevolence.” (IDG, 2021, p.19). The framework includes other skills related to 
definitions of empathy, such as perspective skills (Thinking – Cognitive Skills), “skills in seeking, understanding 
and actively making use of insights from contrasting perspectives” (IDG, 2021, p.16), and self-awareness 
(Being – Relationship to Self), “ability to be in reflective contact with own thoughts, feelings and desires; 
having a realistic self-image and ability to regulate oneself” (IDG, 2021, p.14). Other skills were suggested to 
be associated with empathy and compassion in the framework, namely connectedness (Relating) “having a 
keen sense of being connected with and/or being a part of a larger whole, such as a community, humanity 
or global ecosystem” (IDG, 2021, p.18), humility (Relating), “being able to act in accordance with the needs 
of the situation, without concern for one’s own importance” (IDG, 2021, p.19). 

4.3 GreenComp – the European sustainability competence framework 

‘Empathy’ is mentioned explicitly in competence promoting nature (1.3), which “is about developing empathy 
towards the planet and showing care for other species” (Bianchi et al, 2022, p.18), and as an attitude “shows 
empathy with all life forms” (Bianchi et al, 2022, p.42).It was also mentioned in competence problem framing 
(2.3) as a key attitude, “listens actively and shows empathy when collaborating with others to frame current 
and potential sustainability challenges” (Bianchi et al, 2022,p.22 and p.45). Moreover, Empathy is one of the 
9 lifelong learning skills and is defined as one of the attitudes to develop ‘Problem framing’: “listens actively 
and shows empathy when collaborating with others to frame current and potential sustainability challenges” 
(Bianchi et al, 2022, p.22). 

4.4 UNESCO Education for Sustainable Development – a roadmap 

Empathy, along with solidarity and action-taking, is identified as a key competence in ESD, “Its (ESD) 
particular emphasis on competencies related to empathy, solidarity and action-taking can help advance SDG 
4 towards the future where education contributes not only to the successes of individuals, but also to the 
collective survival and prosperity of the global community” (UNESCO, 2020, p.14). In the roadmap, empathy 



is placed under the social and emotional learning dimension of ESD, with the other dimensions being 
cognitive learning and behavioural learning. The social and emotional learning dimension is defined as “build 
core values and attitudes for sustainability, cultivate empathy and compassion for other people and the 
planet, and motivate to lead the change” (UNESCO, 2020, p. 17). One of the reflections of the framework for 
the implementation of ESD is the need for transformative action, “An experiential exposure to the realities 
provides them (learners) with a deeper connection with the issue, which can also lead to an empathic 
connection to those affected by the said realities. Empathy can turn into compassion if the exposed realities 
bear relevance to the learners’ own lives and their sense of identity” (UNESCO, 2020, p.57). 

5 Discussion 
Our analysis underscores the critical role of empathy in addressing the multifaceted challenges of sustainable 
development. Existing frameworks often provide a narrow understanding and conceptualization of empathy, 
focusing predominantly on its emotional and relational aspects. However, empathy encompasses significant 
cognitive, social, emotional and behavioural dimensions that are essential for a comprehensive approach to 
ESD. This perspective aligns with Segal’s multi-component definition of social empathy – a transformative 
framework that expands interpersonal empathy into social justice. According to Segal (2011, 2018), empathy 
must include structural awareness, recognizing how history, culture, public policies, political attitudes, and 
social structure shape our capacity for empathy. Moreover, social empathy is associated with pro-social 
behaviour, political reform and collective action aimed at reducing inequality, positionings it as a powerful 
tool (Segal, 2011, 2018; Sochacka et al., 2021; Howcroft & Mercer, 2022, 2024; Howcroft et al., 2025).  

UNESCO (2020) emphasises that education should: (i) equip learners with values, attitudes and behaviours 
for sustainability; (ii) promote transformative learning, including empathy and systems thinking; and (iii) 
cultivate interpersonal skills to collaboratively address global challenges. Empathy is increasingly recognized 
as a core competency in engineering education for sustainable development (ESD), especially when aligned 
with global frameworks like UNESCO’s ESD Roadmap and the IDGs. Their emphasis on empathy-related skills 
can help promote SDG 4, in which education contributes not only to individual success but also to collective 
survival and prosperity. At the same time, there is a shift from a narrow focus on access and quality—often 
measured through learning outcomes—toward a broader emphasis on learning content and its contribution 
to social and planetary sustainability. In this way, ESD connects SDG 4 with all other SDGs (UNESCO, 2020). 

According to Segal's framework (2011, 2018) and UNESCO's Agenda (2019, 2020, 2024a, 2024b), empathy is 
crucial to address the global education agenda envisioned by SDG 4, in which ESD occupies a prominent place. 
It is aligned with UNESCO's priority areas for action, as suggested in Table 2. 

Table 2. Empathy and UNESCO’s priority areas 
Priority Area Role of Social Empathy 

Advancing Policy Empathy informs inclusive, human-centred policies 

Transforming Learning Enables participatory, experiential education 

Empowering and Mobilization of Youth 
Build interpersonal networks through 
understanding others and their social-historical 
contexts 

 

Engineering solutions inevitably have an impact on people and ecosystems. By incorporating empathy into 
engineering education, we can ensure that future engineers are better equipped to understand the diverse 



 

needs of stakeholders; design inclusive, ethical, and sustainable technologies; and consider the long-term 
social and environmental implications of their work. Empathy is a critical skill for the 21st century engineers, 
as it enhances a deeper understanding of users’ needs, foster creativity, and supports the development of 
ethical reasoning (Howcroft & Mercer, 2024; De Zoysa et al., 2024; Howcroft et al., 2025). Despite its 
importance, empathy-based pedagogies remain an underexplored area within engineering education 
research (Howcroft & Mercer, 2024).  

While a few initiatives have embedded empathy within engineering curricula (e.g., Walther et al., 2017; 
Sochacka et al., 2021; Howcroft & Mercer, 2022, 2024), further opportunities exist to integrate social 
empathy—a deeper and more nuanced understanding of systemic inequalities and diverse lived 
experiences—into pedagogical frameworks. Such integration is essential for cultivating engineers as socially 
responsible change agents. Adopting definitions of social empathy, as proposed by Segal (2018), can enhance 
our understanding and application of empathy in educational contexts. This approach aligns with the 
Greening Curriculum Guidance, which emphasizes the importance of exploring the “sociopolitical and 
psychosocial dimensions of climate change is crucial for cultivating green life skills such as empathy” 
(UNESCO, 2024b, p.28). 

For engineering education, this implies a need for more research on theories and models of empathy towards 
the planet. Understanding how empathy can be integrated into engineering curricula will help future 
engineers develop the skills necessary to address global sustainability challenges. Researchers and 
practitioners must examine their own institutions' experiences and practices to identify knowledge gaps and 
opportunities for improvement. Collaborative and cooperative studies are essential for advancing the field 
of engineering education. By sharing insights and strategies, the broader community can work together to 
foster a more holistic and empathic approach to sustainable development. This collective effort will not only 
enhance educational outcomes but also contribute to a more sustainable and equitable future. 
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