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Abstract

Purpose — One of the crucial roles of universities is to encourage students to learn about climate change
issues and put strategies into practice to enhance climate literacy. Despite the urgency of the situation,
implementing climate change education in universities has not yet achieved the required success. This study
aims to examine the significance of climate literacy activities and sustainability practices for students on
campus to support them in transferring their knowledge into action.

Design/methodology/approach — This research involved a case study from the University of the West of
England (UWE), Bristol, in the United Kingdom, which serves to investigate inner educational transitions that
efficiently embed climate literacy activities into the curricula. Data collection was designed around semi-
structured qualitative interviews, including postgraduate students and staff, to develop a list of
recommendations for universities to strengthen their students’ climate literacy.

Findings — The findings illustrate that students still face challenges translating their understanding of climate
change science into action. Climate literacy should extend beyond basic knowledge about climate science to
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building students’ skills via activities that will support them in making sound decisions in adapting to climate
change concerns and empower them to create concrete action.

Originality/value — This paper has identified the university’s significant role in developing a teaching and
learning strategy to legitimise climate literacy activities in the curriculum and provide a resource bank of
quality teaching materials to effectively deliver sustainability and climate literacy in all provisions. The
paper’s recommendations are not only beneficial for universities at an institutional level but also for the
individual stakeholders involved, including students and staff.

Keywords Climate literacy, Education for sustainable development, Higher education curricula,
SDG 13: Climate action, SDG 4: Quality education

Paper type Case study

1. Introduction

The Paris Agreement encourages countries to improve climate change education, offering
professional training in climate literacy for students at universities, increasing individual
awareness and motivating public involvement to access climate change information and
scientific knowledge (Horowitz, 2016). In addition, the Paris Agreement calls for the
development of new educational programmes and initiatives in various fields. This would
allow future generations to have a deeper understanding of environmental sustainability and
climate change crises and therefore become equipped to offer innovative solutions for
alleviating climate change issues (Molthan-Hill et al., 2019; Mochizuki and Bryan, 2015).
Several UK institutions have made crucial initial steps in the right direction, but many
challenges remain, and universities need to actively implement different approaches to
enhance climate literacy (Mihaela et al., 2021; Leal Filho et al., 2021).

Shafer (2008) stated that climate literacy recognises the scientific knowledge of climate
science and how having a clear understanding of climate change consequences influences
people’s behaviour and attitude to accelerate significant action for climate change. Therefore,
one key approach to fostering social adaptation to climate change is the knowledge,
experiences and practices of university students in promoting climate action (GP, 2009; Yeh
et al., 2024). Thus, universities should invest in practical activities and training that
interactively develop students’ understanding of climate change and build their climate
emergency literacy skills to respond to climate change risks (Knussen and Yule, 2008).

An integrated approach to climate literacy requires aligning educational frameworks with
internationally recognised standards (Kumar et al., 2025). For instance, the principles of ISO
9000 emphasise the importance of structured processes, continuous improvement (Muleya
et al., 2025), and a systematic approach to quality management. Embedding these principles
into climate literacy frameworks could enhance the coherence and effectiveness of climate
change education by ensuring that the initiatives are systematically implemented, assessed
and improved over time (Taufek, 2025). By applying the ISO 9000 PDCA (Plan-Do-Check-
Act) cycle, universities can focus on continuous improvement and innovation. This method
helps create a more engaging and dynamic learning environment for both students and
educators, moving beyond the limitations of traditional teaching approaches (Orihuela-
Gallardo, 2025; Kayyali, 2025). Gough (2016) mentioned that “Despite efforts over the past
40 plus years, environmental sustainability is still on the margins of the curriculum in most
countries”. Therefore, the universities should use their cultural and social strength to
enhance climate literacy and embed climate change topics in curricula (Leal Filho et al.,
2021). The significant goals of the higher education institutions are typically stated in their
vision and mission, such as advancing knowledge, strengthening society, furthering the
future for the next generation and fostering the capacity to promote proper decisions. The
sustainability activities are not limited to classes and labs for achieving these objectives must



extend beyond the confines of the universities or colleges campuses to the larger
communities (Serafini et al., 2022).

Climate literacy has not effectively developed in institutions despite increased efforts in
the last decade to embed climate change topics into curricula across disciplines and
communication channels (Anderson, 2012; Leal Filho et al., 2021). The most significant
limitations to enhancing climate literacy at universities are the lack of capacity to make
substantial changes and the lack of specialised frameworks, resources, and strategies to put
climate action plans into practice (Molthan-Hill et al., 2022). Therefore, universities must
implement new methods to empower students to participate in climate change activities and
provide professional practical training in climate literacy to enable students to make
informed decisions to improve their quality of life (Cooper et al., 2019; Arto-Blanco et al.,
2017). Masson-Delmotte et al. (2021) stated that it is essential to link information and
scientific knowledge of climate change with social and economic factors. This perspective is
similar to that of Hempel (2014), who believes that climate literacy should incorporate
various disciplines to encourage all students to take action against climate change via
activities and promoting sustainability initiatives. Hempel (2014) mentioned that
“experiential learning, the knowledge of personal and social responsibility and
understanding of the roles of governance and effective communication in climate action” are
keys to “moving from knowledge into action”.

The current study aims to achieve an in-depth understanding of climate literacy and the
university’s mission and action to successfully prepare students to take action and leadership
roles in climate change adaptation and implement mitigation measures to enhance climate
literacy in the future (Reimers, 2021; Cordero et al., 2020). Klapp and Bouvier-Brown
(2021) emphasise that the awareness of developing strategies and approaches to understand
climate change science for university students is no longer debateable; Neenan (2021) stated
that it is yet to be widely used and documented in academic literature. Three objectives were
formulated to achieve this aim; OBJI; Critically review the significance of promoting
climate literacy among students in universities. OBJ2; Examine the importance of students’
activities to combat climate change in university in improving their climate literacy. OBJ3;
Develop a list of recommendations for universities to improve the climate literacy of their
students.

Rousell and Cutter-Mackenzie-Knowles (2020) stated that literature reviews fail to
discuss methods to effectively integrate climate literacy with activities to help students
transfer their knowledge into practice to take action in the fight against climate change. Thus,
this study utilises an abductive approach to move back and forth relative to existing academic
literature regarding the importance of developing climate literacy in universities.
Additionally, this study critically reviews the role of the universities to identify the best
strategies to effectively build learning networks and teaching frameworks to overcome
climate literacy limitations. The steps specified by Spens and Kovacs (2006) are followed in
this study. The abductive approach is conducted: first, a review of existing academic
literature is conducted, second, real-life observations are made (primary data collection), and
third, propositions are suggested based on the existing academic literature and real-life
observations. The qualitative approach is considered suitable. It allows an in-depth
investigation of the significance of enhancing climate literacy to identify the universities’
roles in taking significant steps to create climate literate students for a resilient future.

2. Literature review
The significance of enhancing climate literacy at universities should go beyond enriching
students’ knowledge and understanding of the fundamental concepts of climate change and
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earth science (McCowan et al., 2021; Hempel, 2014). Thus, universities have the potential to
play a significant role in promoting climate literacy by providing practical methods to solve
the climate change problems that our globe faces today (Fantauzzi et al., 2021). For instance,
it is essential to comprehend the various approaches implemented by institutions to develop
new strategies and innovative frameworks to address climate change (Bilodeau et al., 2014;
Barreda, 2018). Although there is an increasing body of work and progress in embedding
sustainability and climate change topics into curricula at universities, many challenges
remain in fostering climate literacy for students (McCowan et al., 2021). Thus, there is an
urgent need to more comprehensively analyse the many types of impacts that institutions
have on the environment and society. Examples include sharing knowledge about climate
change, student participation in sustainability initiatives, delivery of relevant services,
student awareness of the climate crisis and sustainability activities on campus. Hence,
various educational initiatives for climate change have been launched in the last few decades
to enhance climate literacy and build resilience to combat climate change. For instance, the
carbon literacy project at “Manchester University” managed by the “Community Interest
Company Cooler Projects”, and Living Lab techniques are significant initiatives that have
been implemented to improve innovative research, student participation, and active learning
(Molthan-Hill et al., 2022). This type of initiative has significant benefits for students,
empowering them to gain a deeper understanding and knowledge of the consequences of
climate change and providing them with the skills needed to make a substantial change in
developing climate literacy (Helferty and Clarke, 2009).

2.1 The need for new strategies for enhancing climate literacy

Developing climate literacy requires partnership and cooperation to create capable and
skilled teachers who are comfortable covering complex climate change topics and
conducting sustainability activities for students. Therefore, implementing new approaches,
enhancing innovative climate change frameworks, and implementing climate literacy
projects in institutions will facilitate the development of practical skills in adapting to climate
change consequences (Reimers, 2021; Diaconescu, 2024; Reimers, 2024). Institutions must
enhance climate literacy by improving the action competence learning process. This involves
encouraging students to engage in long-term active learning and sustainability activities
interconnected across different disciplines in universities. Thus, students will be capable of
linking numerous complex scientific concepts of environmental and climate knowledge to
take action to address ecological challenges (Bybee, 2008; Shepardson et al., 2011; Afrin and
Saha, 2024). Implementing new strategies in learning and teaching about climate change will
improve students’ behaviour in implementing the climate change knowledge outcomes.
This, in turn, will facilitate students to make sound decisions and create a positive vision of
the future, empowering them to take action both now and in the future (Duan and Fortner,
2005).Thus, institutions should implement sustainability principles into their practices,
frameworks, policies and climate change resources to achieve the significant change of
reaching low or zero carbon institutions (Lukman and Glavic, 2007).

Educational climate change strategies and approaches that seek only to encourage
“analytical thinking” without any connections to potential solutions to climate change
challenges cannot be considered adequate and effective (Vaughter, 2016). Thus, higher
education institutions need to explore alternative techniques because depending only on
students’” knowledge often results in a cognitive gap. In such a situation, students will have a
higher level of conceptual understanding of climate change and potential solutions (learning
to understand), but limited skills and abilities to implement these solutions into action
(learning to do and act via activities) (Ahmadian F.F et al., 2017). Enhancing climate literacy



at universities should not only go beyond preparing only students to understand climate
consequences but also encompass practical training for teachers to boost their confidence in
teaching climate change topics. This will afford them a solid understanding to teach and
develop new learning styles to encourage students to develop their vision (creative thinking)
and evaluate new ideas to make a significant change in enhancing climate literacy (Leal Filho
etal.,2021; McCowan et al., 2021).

2.2 Limitations and obstacles of climate literacy

Recent decades have seen increased attention on how climate literacy is achieved since it has
become a significant phenomenon. However, climate literacy has been dubbed “incomplete”
and “limited” by recent studies because it fails to improve effective networking, students’
participation in climate change activities, implementation of sustainability strategies in action
and sufficient knowledge and experience among students and teachers (Aguaded, 2011;
Lehtonen and Cantell, 2015). Furthermore, the major challenge for teachers is that the subject
matter is so complicated and ambiguous that they are considerably aware of their own lack of
knowledge and understanding of climate change information and various misconceptions
(Ratinen, 2016). Minimising the cognitive gap between climate change knowledge and student
engagement in climate literacy activities and training is more challenging without extensive
efforts from institutions (Cooper et al., 2019). Thus, understanding only fundamental concepts
of climate change science may not always lead to socially and ecologically informed decisions
to achieve significant progress in climate literacy (Schreiner et al., 2005).

The main obstacles facing universities today are financial, logistical, technical, and
political, including “no specific climate change and sustainable development budgets,
unsuitable materials in climate change education, inadequate space and poor
infrastructures for climate change activities and initiatives” (McCowan et al., 2021). Leal
Filho et al. (2021) mentioned that not all higher education institutions are fully equipped to
improve climate literacy, which requires extensive efforts from universities and the
government to promote sustainable campuses and develop students’ understanding of
climate change. Thus, climate literacy activities, curriculum design, climate change courses,
and training in sustainability throughout the range of academic fields are significant areas
that must be enhanced in the future.

2.3 Significance of training teachers in climate literacy education

Universities should enhance climate literacy by providing professional climate literacy
training for teachers and developing appropriate curricula that include sustainability and
climate change science for all disciplines. This will boost their confidence and enthusiasm
for teaching climate change science topics and complex concepts in sustainability (Ennes
et al., 2021). Offering the training to teachers could enrich their experience and prepare them
with sufficient knowledge to confront climate change misunderstandings and enhance their
teaching methods (Drewes et al., 2018; Plutzer et al., 2016). Implementing innovative
teaching and learning styles by investing time and financial resources for teachers will
enhance new visions of various opportunities in teaching students confidently and encourage
students to understand climate change topics and engage in sustainability activities on
campus (Hestness et al., 2014). Therefore, teachers should be familiar with climate science
topics, aware of various teaching styles and willing to implement new strategies in teaching,
such as transformative learning and engagement for climate action (Kubisch et al., 2022).
This will encourage students to develop their skills and competencies for effective
transformative participation in enhancing climate literacy. Dupigny-Giroux (2010) proposed
the significance of promoting transformative learning and engagement for climate action by
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implementing climate literacy initiatives, work-based learning, and sustainability activities.
Such strategies will support professional visions, intellectual development, and the
generation of new ideas for students to overcome the lack of motivation and misconceptions
that come with learning climate science through traditional learning styles. Thus, universities
should take significant steps towards a whole institution’s innovative approach by including
the concepts of experiential learning, reflective thinking, and the development of practical
skills, while promoting knowledge exchange between students and teachers to effectively
implement climate literacy initiatives and sustainability projects on campus. The experiential
learning approach related to climate change effectively connected educational content with
practical and relatable real-world contexts (El-Sabagh, 2021; Kim, 2024) . It empowered
students to comprehend, reflect upon and advocate for environmental stewardship, fostering
a deeper connection to climate change issues in their communities and beyond (Kim, 2024).
The results demonstrated that the experimental group performed statistically significantly
better than the control group (El-Sabagh, 2021).

3. Research approach

A qualitative approach was selected for this research to get a depth understanding of a study
topic rather than anticipated results, as is the case with positivist research (Denzin and Lincoln,
2011). This approach aims to increase knowledge by gaining a better grasp of people’s
knowledge and the values they attribute to those perspectives (Creswell, 2014). Generally,
qualitative research assists in answering the key questions by analysing the main factors, causes
and consequences that impact people’s attitudes and experiences(Denzin and Lincoln, 2011;
Sarhan et al., 2024; Qasem and Alkhawatrah, 2024).Thus, the qualitative method not only helps
in the investigation and analysis of data in a real-world setting but also assists in understanding
the complexities of the actual conditions that may not be addressed by experimental or survey
research (Zainal et al., 2016) . Thus, semi-structured interviews were used in this research to
gain a comprehensive understanding from postgraduate students and staff about the university’s
role in enhancing climate literacy and to develop the study’s findings.

Yin (2017) argues that the case study strategy is a holistic and suitable method to examine
“how” or “why” qualitative research questions. The current study aims to answer the
research questions “why is it essential to promote climate literacy among students in
universities?”, “how do the students’ activities to combat climate change in universities
impact climate literacy?” and “how can universities improve the climate literacy of their
students?”. Therefore, the case study strategy is most suited for primary data collection.
Moreover, climate change and climate literacy are at the forefront of a global conversation
and can therefore be considered contemporary events. This study was conducted at the
University of the West of England (UWE), which has a strong commitment to sustainability
and environmental education. UWE is recognised for its initiatives in embedding
sustainability into its curriculum and campus operations, making it an ideal case study for
this research (Cicmil et al., 2017; Longhurst et al., 2025).

The data for the case study in this research was collected from semi-structured interviews.
Given that there are two predominant stakeholders of higher education at universities, semi-
structured interviews were conducted with 11 postgraduate students from the students’ Union
at UWE and eight staff from the Climate Action Hub, Knowledge Exchange for Sustainable
Education and Environmental Management Department at UWE. The research will utilise an
ideal number of members for each stakeholder group to maintain a balance between
insufficient representation and extremely diversified, skewed or polarised opinions that a
generalisation is not possible (Guest et al., 2006). Since the abduction approach (collecting
secondary data, making real-life observations and suggesting propositions) is used as the



primary research approach for this study, the findings from semi-structured interviews will be
discussed by moving back and forth relative to existing academic literature regarding the
importance of developing climate literacy in universities. Taken together, the results will be
used to propose new insights into the climate literacy framework in higher education.

The data collected from semi-structured interviews was analysed manually using an
Excel spreadsheet to organise and group the responses systematically. This approach allowed
for efficient tracking of patterns and themes, ensuring a clear and replicable process for data
analysis (Mabesele, 2024). The analysis began with transcribing the interviews, after which
the transcripts were reviewed to extract key phrases, recurring ideas, and relevant insights.
These responses were then entered into an Excel sheet, with each row representing a
participant’s input and columns used to categorise the data based on emerging themes. Open
coding was conducted by assigning initial labels to the data, capturing the essence of
participants’ responses (Saldafia, 2021; Saunders et al., 2016). The Excel sheet allowed for
filtering and sorting these codes, helping to identify patterns and clusters of similar ideas
(Salmona and Kaczynski, 2024). As themes became more apparent, responses were grouped
into broader categories aligned with the research questions, such as the university’s role in
promoting climate literacy, the impact of student activities on climate literacy, and strategies
for enhancing climate literacy among students.

According to the research strategy and to meet the study aim and objectives, postgraduate
student participants were selected from the University of the West of the England students’
Union to examine the importance of students’ activities and scientific knowledge (climate
change awareness and understanding) for improving climate literacy. Moreover, the roles
and responsibilities of students in taking action to ensure sustainable practices at the
university were identified. Furthermore, staff participants were selected from the Climate
Action Hub, Knowledge Exchange for Sustainable Education and Environmental
Management Department at the University of the West of England, all of whom had
sustainability, climate change, and climate literacy backgrounds. Staff participation aimed to
critically analyse the university’s role or actions towards improving climate literacy among
students and to identify the kinds of activities and initiatives that best support student
engagement to enhance climate literacy.

4. Findings and discussion

4.1 The significance of climate literacy perceptions, knowledge and awareness of climate action
The student interviews commenced with their perceptions of climate literacy. The
postgraduate student interviewees stated that climate literacy that enables students to take
urgent action requires a clear understanding of the impacts of climate change on local
communities as well as awareness of both the requirements for mitigation and measures for
adaptation. For example, one student from the Environmental Consultancy department said,
“Climate literacy is understanding the essential principles of earth’s climate system, knowing
how to assess scientifically credible information about climate, and communicating about
climate change in a meaningful way”. However, two students stated that climate literacy
should extend beyond basic climate science. One student commented:

Climate literacy is a scientific knowledge that extends beyond the basic and into the functional and
explains elements specific to and surrounding climate change. Additionally, it is how we may
transfer knowledge into practice by having skills to make effective decisions and implement
sustainable solutions for future generations.

Another student from the Environmental Management department reflected the same
perspective:
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Climate literacy awareness is how we educate ourselves on adaptation and mitigation plans to
combat the negative changes and calculate the risks by enhancing communication with
sustainability experts and becoming involved in sustainable forums and webinars to create
awareness. I think it is important to know how to translate our scientific knowledge into action and
to show substantial steps in climate action.

Given the previous points, students require sufficient skills combined with knowledge to
engage confidently in a wide range of sustainability activities to make responsible decisions
in the fight against climate change in the communities (McNeal et al., 2008).

The most common challenges highlighted by the student interviewees were cognitive
gaps in how they could translate climate change information and their understanding into
action, combined with a lack of motivation and skills to take action in alleviating the climate
crisis and implementing novel future solutions. One student from the Civil Engineering
department said:

I am challenged by what I learned about the adaptation and mitigation measures of climate change
and how they could be implemented into action. Also, I do not have the motivation and skills to
participate in any climate literacy workshops and sustainability discussion sessions. So, I think the
climate change discussion sessions or the sustainability activities should be structured as an
interactive activity where students across disciplines would share ideas and learn from each other.

Adding to this, another student reflected on the same barriers to participating in climate
action “I do not have the passion and time to participate in any climate change discussion or
sustainability webinars”. Given this, and in response to the perceptions regarding the
promotion of climate literacy among university students, the staff suggested that it is
essential to understand students’ perceptions, attitudes, and values concerning climate
change to encourage them to take action. Recognising their perspectives might put pressure
on the university to take action and employ innovative teaching and learning strategies while
implementing a wide range of activities to overcome barriers to improving climate literacy
(Wachholz et al., 2014).

Offering another perspective on the impact of climate literacy on students’ behaviour,
attitudes and their desired sustainable future, one staff member from the Climate Action Hub
said:

Theoretically, it will prepare them for a very different future by developing aptitudes,
competencies, skills and capabilities. However, in practice, it is probably too early to see major
impacts on behaviour linked to climate literacy action as today's students are already quite aware
of the climate emergency.

Given this, all staff interviewees agreed that it is crucial for students to continuously gain
new climate science knowledge and boost their skills to address climate change challenges in
their societies to build low/zero carbon institutions. Thus, enhancing climate literacy requires
the implementation of new educational methods ranging from large-scale awareness
programs across disciplines to efficiently encouraging the students to participate in such
programs and become climate literate students (Mochizuki and Bryan, 2015). Adding to this,
one of the staff from the Environmental Management department pointed out:

Actuary life tables tell us that this year’s graduates will have a life expectancy of 60 years’ post-
graduation. That will take them into the 2080s when much of the already committed change to the
climate system will be manifested. They will have to live through these changes, so how will their
higher education prepare them to cope with these issues in their professional and private lives?
Understanding how to live sustainably, including carbon/climate literacy, will be the key to
building a sustainable climate-resilient future, along with a focus on how the university could
implement new strategies to foster climate literacy for students.



Another staff member from the Knowledge Exchange for Sustainable Education argues for
the importance of equipping all students to combat climate change:

It is crucial to make further steps in enhancing awareness of climate literacy by focusing on
practical elements relating to their behaviours, such as food, travel, and energy usage. We want all
students to leave the university empowered, skilled and enthused about taking positive action to
address the crisis by also communicating with sustainability experts about new solutions.

Given the previous points, improving climate literacy will support students in making sound
decisions to face environmental issues and effectively network with the public and
sustainability experts about potential solutions for climate change challenges. However,
students’ perceptions and awareness of climate literacy require comprehension of climate
change at various geographical and temporal dimensions because students who have a
deeper understanding of climate science are more passionate and confident about taking
action to address climate change threats (Leiserowitz et al., 2013; Rebich and Gautier, 2005;
McNeal et al., 2008).

Furthermore, the staff interviewees mentioned that all students must clearly understand
the science behind climate change, the consequences of climate change on their societies,
and how it links to their personal and professional behaviours. Therefore, all students should
have a basic appreciation and practical skills to effectively improve climate literacy. Given
this, one of the staff from the Environmental Management department described the
difference between the actions of the University of the West of England (UWE) and other
institutions in enhancing climate literacy among students, saying:

I think the University of the West of England (UWE) is better than most institutions but many
challenges remain to implementing new strategies for enhancing climate literacy for students and
efficiently embedding climate literacy activities into curricula. Many institutions stick within
narrow disciplinary boundaries and fail to see ramifications across disciplines and provide
insufficient skills for students to transfer their knowledge into practice.

Adding to this, one staff member from the Climate Action Hub showed concern that
universities do not take sufficient further steps to enhance climate literacy:

Universities are complacent and too slow to enhance climate literacy and to respond to changes in
society. So, they need to take responsibility for this problem and ensure students are clear of the
challenges of climate change.

Lorenzoni et al. (2007) highlighted the significant role of the universities in taking
responsibility for preparing students and overcoming the barriers to developing climate
literacy, including a lack of teaching and learning resources, inadequate student skills, and a
lack of suitable frameworks to motivate students to engage in climate action. In line with
this, all the staff interviewees stressed the responsibility of the university to implement new
strategies for improving climate literacy for students and raising awareness of the climate
crisis. Universities should support students to promote adaptation and mitigation measures
against climate change challenges. Additionally, students should understand the impact of
climate change on their lives and the lives of others, what actions they should take, and what
the university needs to do to reduce the effects of climate change.

4.2 The level of student engagement in climate literacy activities

The student interviews delved into any activities or climate literacy training that students
were partaking in to combat climate change and ensure sustainable practices on campus.
Only five students out of 11 responded that they had participated in climate literacy activities,
training, workshops or sustainability initiatives. Interestingly, they expressed their passion
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and motivation for implementing climate literacy initiatives and were involved in a wide
range of climate change activities led by the students’ union to ensure green practices on
campus. One of the students from the Sustainable Development in Practice department
highlighted such experiences:

I am obtaining my MSc in Sustainable Development, and this course teaches us how to implement
green practice and sustainable development initiatives in the university. I am also part of the
university's student-led sustainability committee and student union. I hope my efforts in both
groups and participating in sustainability activities can positively contribute to combatting climate
change and ensuring sustainable practices on campus. I hope these practices may also positively
impact my lifestyle and behaviour.

Consistent with this, all the students who engaged in sustainability or climate literacy
activities such as sustainability clubs or outdoor activities emphasised the significance of
promoting these activities and practices across disciplines to expand their climate science
knowledge and skills in creating new solutions and adapting to the climate crisis in the future
(Leiserowitz et al., 2013).

As the literature review demonstrates, students should not only be seen as victims of
climate change; they should have new visions, skills, and responsibilities to take action to
combat climate change, such as engaging in climate literacy activities to enhance
sustainable practices on campus (Cumiskey et al., 2015). For example, one student from
the Environmental Consultancy department said, “Engaging in climate literacy activities
made me use climate awareness in everyday life, not just at university, and ensured
sustainable practices become a priority in my life”. From another perspective, a student
from Sustainable Development in Practice department discussed the potential barriers to
implementing or enrolling in climate literacy activities:

It takes a lot of work and a lot of people to make a real change. In addition, there are workload
pressures on staff and not everyone is willing to participate or take action to address climate
change threats.

This supports the idea presented by Kalina and Powell (2009), that sustainability activities
(e.g. active learning networks) would positively impact students’ behaviour and attitudes
while upskilling them to holistically understand climate literacy topics, find innovative
solutions and communicate confidently with sustainability experts and scientists. This
will support students in creating new activities and implementing climate literacy
initiatives to ensure green and environment-friendly practices on campus.

Six student interviewees out of 11 from different departments answered that they did not
engage in sustainability or climate literacy activities. They mentioned various barriers to
participating in or implementing sustainability activities, including lack of motivation,
insufficient skills and a cognitive gap between scientific knowledge and engagement in
climate action. Additionally, one participant from the Civil Engineering department spoke
about challenges in participating in activities:

I do not spend much time on campus, and I do not have the motivation to engage in climate
literacy activities due to facing obstacles in finding information and lack of skills to promote
sustainable practices on campus.

Another student talked about the same challenges in engaging in sustainability activities:

Most of the students are busy in their studies and it is therefore difficult to engage them in
activities or attract their attention. So, I think the university should implement innovative and
practical climate literacy activities to encourage all students to participate in climate action.



The experiential learning approach to climate change successfully bridged educational
content with practical, real-world applications. This method enabled students to understand,
critically reflect on, and champion environmental responsibility, strengthening their
engagement with climate change issues both within their communities and on a broader scale
Findings revealed that students in the experimental group outperformed those in the control
group by a statistically significant margin (Kim, 2024; E1-Sabagh, 2021).

Keeping the above observations in mind, the staff interviewees strongly recommended
that all students (across disciplines) participate in activities such as online climate literacy
courses, outdoor activities, interactions with environmental surroundings and climate
literacy training. In addition, students must hear from scientists and sustainability experts on
the importance of taking action to combat the climate change crisis and the consequences of
delayed action. One staff from the Environmental Management department acknowledged
the benefits of embedding climate literacy activities in the curriculum and implementing
comprehensive training to improve climate literacy, saying:

It is crucial to include the climate literacy activities in the curriculum, supported voluntary
sessions on specific issues. In addition, this can include the formal curriculum (workshops,
seminars and lectures, field activities, assessment) and informal voluntary activities and
professional training (scientific training, evidence of impact and examples of innovations linked to
lowering carbon emissions) alongside the Students' Union-led actions.

Given this, it is crucial to equip students with effective climate literacy platforms, activities
within the curriculum, and wide forums for discussion between students across disciplines
and sustainability experts about practical methods to implement innovative solutions in the
future. This will empower students to make significant changes in their life towards a more
sustainable future, such as reducing their emissions and advocating for other individuals or
organisations to reduce their carbon footprint (Lorenzoni et al., 2007; Leal Filho et al., 2021).

4.3 The main skills and resources required for staff to conduct climate literacy activities
The staff interviewees unanimously agreed that to achieve significant steps in enhancing
climate literacy, the university must first fully equip all staff by offering comprehensive
training on climate literacy and offering teaching resource supports. Thus, implementing
climate literacy training or courses will need various resources (e.g. staff training to
legitimise climate literacy as a component of all degrees). In addition, the university should
build sufficient skills for all teachers to conduct activities and teach climate literacy as a part
of the curriculum (Reimers, 2021).During the interview, one of the staff members from the
Environmental Management department recommended that:

It is significant to offer general training packages to all staff such as comprehensive carbon literacy
training, professional association communications, and climate literacy courses. This will overcome
the barriers of insufficient skills for staff in teaching climate change topics or conducting climate
literacy activities.

Another staff member from the Climate Action Hub emphasised that “The most beneficial
resources needed are time and financial resources to roll out comprehensive carbon literacy
training for the staff.”

There was common consent regarding the importance of the decision to encourage all
students across disciplines to engage in climate action activities on campus. Thus, the
university should implement an innovative learning process to support students in thinking
critically and becoming motivated to participate in a wide range of sustainability activities to
adapt to climate emergency issues. Therefore, traditional education that emphasises lecturing,
knowledge of scientific facts and tasks led by teacher instruction contrast dramatically with an
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“Inquiry-oriented approach via activities” (Manolas and Leal Filho, 2011). One of the staff
from Knowledge Exchange for Sustainable Education (KESE) explained the significant
benefits of providing professional training for staff to support them in implementing a creative
learning network for conducting climate literacy activities:

Staff training on conducting climate literacy activities is a prerequisite to building skills, knowledge
and confidence to include these issues alongside the disciplinary content. All disciplines must
consider how their graduates can be given the skills and capabilities to cope with climate change
challenges. Offering examples of how to do it in different contexts, disciplines and levels of study
are essential to foster climate literacy in universities.

Another staff member from the Environmental Management department emphasised the
significance of providing cross-departmental academic resources to build confidence for
teachers: “Internal cross-departmental educational resources are essential to help staff
grasp the subject and become confident”. Thus, building teachers’ skills and confidence is a
radical and critical requirement for enhancing climate literacy and motivating all students to
engage in a wide range of sustainability activities to develop their responsibility and
leadership roles to take action in alleviating climate change consequences (Bell et al., 2010).

This research mainly focused on teaching staff and their role in advancing climate literacy
and sustainability within the university. However, non-teaching staff, such as management
and administrative teams, were not included in this study. That being said, their role is
undoubtedly important. These teams often shape the learning environment in ways that go
beyond the classroom — through policies, resource allocation and the example they set in
their day-to-day work. They can also influence how students and staff engage with
sustainability, serving as leaders and role models. Including non-teaching staff in future
studies could provide a richer understanding of how the entire university community
contributes to student engagement and participation in sustainability activities. Their
involvement would give a more complete picture of how different parts of the institution
work together to address challenges like climate change.

4.4 The role of the university in improving the climate literacy of students

There was also a consensus among the staff that an important responsibility of the university
is to improve climate literacy by embedding climate literacy activities in the context of all
taught courses and institutional operations. During an interview, one of the staff from the
Environmental Management department stated:

It is vital to embed climate change awareness, adaptation and mitigation measures across all
disciplines and departments by promoting partnership across institutions and strengthening
cooperation with international organisations (e.g. United Nations), businesses, schools, and UWE
academics to foster climate literacy on campus. In addition, the need for scientific information and
abilities is nowhere more pressing than in sustainability and climate literacy in universities.

Currently, this is not the case, as the students mentioned that the main barrier is a lack of
clarity on how they could transfer their scientific knowledge into action to promote
sustainable and green practices on campus. There was also a consensus that the main reason
to foster climate literacy is to prepare students to mitigate the climate change crisis and to
have a leadership role in implementing effective decisions in developing urgent new
solutions.

Keeping the above observations in mind, for example, a student from the Environmental
Management department described his experience:



I have been pleasantly surprised by the number of students who care about sustainability practices
(e.g. climate change initiatives) and are eager to do their part to help. However, getting other non-
interested students across disciplines to join in sustainability-driven conversations and climate
change clubs are challenging.

Commenting on this, one of the staff from the Climate Action Hub stressed that universities
have a key responsibility to embed climate literacy in courses to encourage all students to
participate in sustainability activities:

The main role of the university toward improving climate literacy is to take a policy position on it
being a crucial part of embedding climate literacy in all courses and the student experience. This
will motivate students to take action and become involved in climate literacy activities.

Furthermore, Levrini et al. (2021) mentioned that building a bridge between activities and
epistemological knowledge of climate literacy is crucial to developing inquiry practice and
collaborative learning via climate literacy activities. This will encourage all students across
disciplines to be involved in shaping a sustainable future and creating solutions to respond to
the climate change crisis. Figure 1 is a schematic diagram of the main research findings for
the climate literacy framework in higher education, showing the climate literacy activities,
resources for staff, and partnerships.

This study underscores the importance of integrating climate literacy into university
operations and strategies. The linkage to the ISO framework, particularly the structured
approach of the ISO 9000 PDCA (Plan-Do-Check-Act) cycle, provides a valuable pathway
for institutions to systematically embed climate literacy into their policies and practices
(Orihuela-Gallardo, 2025). By aligning with such internationally recognised standards,

Figure 1. Schematic diagram for developing a climate literacy framework in higher education
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universities can enhance their institutional strategies, ensuring that efforts to promote climate
literacy are both effective and sustainable. In the context of higher education, fostering
progressive intellectual capacity building requires a strong emphasis on quality education
(Jackson et al., 2006). Ensuring this quality relies on robust quality assurance and
management systems, which are essential for higher learning institutions to meet the needs of
their primary stakeholders effectively(Aithal and Maiya, 2023). By adopting the ISO 9000
PDCA (Plan-Do-Check-Act) cycle principle, which prioritise continuous improvement and
innovation, universities can create a more dynamic and engaging learning environment for
students and educators alike, surpassing the limitations of traditional “good enough”
educational approaches (Jani, 2011; Kayyali, 2025). Future research could explore the
practical implementation of this framework across diverse institutional contexts, further
contributing to the development of structured approaches to climate education (Jani, 2011;
Sirirattanchit, 2025).

The results of this study were derived from a qualitative approach, which was chosen to
gain in-depth insights into the perceptions and experiences of university staff and students
regarding climate literacy. While the findings provide valuable context-specific information,
it is acknowledged that comparative analysis with studies employing quantitative approaches
could further enrich the understanding of the topic. Quantitative methods could complement
these findings by offering statistical evidence of trends and generalisable outcomes. Future
research could integrate both approaches to explore the intersection of qualitative depth and
quantitative breadth, providing a more holistic perspective on the promotion of climate
literacy in universities.

5. Conclusions and future research

This research demonstrated the importance of promoting climate literacy among students
because it is the youth who will be affected by climate change challenges more than any
other generation. Therefore, the youth are among the groups that most urgently need to know
about promoting climate literacy due to the environmental, economic, and social climate
change consequences that will befall them in the future. Furthermore, the findings illustrated
that students face challenges in translating their understanding of climate change science into
action and lack sufficient skills and motivation to take action. Thus, climate literacy should
extend beyond basic knowledge about climate science to building students’ skills via
activities that will support them in making sound decisions in adapting to climate change
concerns. Therefore, enhancing climate literacy will open up new opportunities and expand
visions to foster student participation in creating climate literacy initiatives on campus and
implement climate literacy projects through future-oriented action.

This study was based on carefully curated subsets of two predominant groups of
stakeholders (students and staff) of higher education at universities in the UK from the
University of the West of England, Bristol (UWE) as a case study for semi-structured
interviews. However, these cannot represent all possible cases. The study sample represents
only a systematic collection of primary data feasible for a cross-sectional study, such as this
one, that provides a snapshot view.

This research has highlighted the importance of implementing climate literacy activities
and sustainability practices for students on campus to support them to transfer their
knowledge into practice in adapting to climate change. Moreover, it identified the
university’s significant role in developing a teaching and learning strategy to legitimise
climate literacy activities in the curriculum and provide a resource bank of quality teaching
materials to effectively deliver sustainability and climate literacy in all provisions. Further
recommendations for higher education institutions include implementing extensive efforts to



explore and develop curriculum design to integrate climate literacy activities in all courses,
considering the workload pressure on the staff, and creating innovative options of new
additional activities to be suitable for all students across disciplines, to increase their
motivation to engage in climate action and implement new project ideas to promote climate
literacy. One limitation of this research is that it focused exclusively on students and staff
from environmental-related programs. Future research could expand the scope by including
participants from non-environmental disciplines or programs. Such an approach would allow
for comparative analysis, offering insights into how perspectives and outcomes differ across
disciplines, thereby enriching the understanding and applicability of the findings. Another
limitation of this study is that it did not account for the timeline of how long students had
been studying their program or participating in the hub. This was due to time constraints
within the research process. Future studies could address this by examining how the duration
of engagement in their programs or hubs influences perspectives and outcomes, providing a
more nuanced understanding of the findings. Additionally, further research is required to
explore the impact of climate literacy on student behaviours, values, and attitudes in the long
term. There is currently very little robust evidence of its impact.
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Abstract

The growing urgency of the climate crisis necessitates innovative educational approaches
to equip people with the knowledge and skills to address climate challenges and be able to
influence policy effectively. Education can be a central asset to promoting climate action, yet
the importance of climate change education has been underexposed in large and influential
assessment reports such as those from the IPCC. This study provides a comprehensive
mapping of the literature on climate change education with a particular focus on the time
period 2008-2023. By combining human coding and natural language processing (NLP)
techniques, we examined a diverse corpus of over 6’000 publications from the peer
reviewed literature. The findings highlight the pivotal role of climate education across various
disciplines and its alignment with critical climate research themes such as adaptation, miti-
gation, disaster risk management, and sustainability. Our analysis reveals three predomi-
nant topics within the literature which are related to effective learning methodologies,
sustainable development education, and the importance of education in adaptation and
resilience. Additionally, we identified emerging themes emphasizing the role of youth as
change agents, the necessity of transformative educational practices and the importance of
energy literacy. Through geoparsing, it was possible to infer country mentions and case
studies. These appeared to be largely skewed towards the English speaking countries and
in particular the United States and United Kingdom, underpinning the urgency of diversifying
research funding and fostering an open data culture. The insights gained from this scoping
review underscore the potential of climate education to not only enhance knowledge but
also to drive community engagement and policy initiatives, thus contributing to broader cli-
mate action efforts. In essence, it suggests fostering innovative educational practices for
cultivating an active and informed society capable of addressing the pressing challenges
posed by climate change. Importantly, this study calls for the integration of climate change
education themes into climate policy-relevant assessment reports.

Introduction

The climate crisis is making headlines every day [1, 2]. The increasing impacts and conse-
quences of the climate risks predicted in the past decades are now a reality almost everywhere
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[3]. The latest IPCC reports emphasize the time-critical dimension of the climate crisis and
that the coming years will be instrumental in securing a climate resilient future for generations
to come [4, 5]. The already noticeable and widespread impacts of climate change have led to
increasing climate anxiety in young generations across the globe [6].

It is not fully clear however how adults and children alike access and consume information
to develop knowledge and understanding to be better equipped to handle these challenges.
Social media platforms, blogs, and a growing number of communication channels have made
it possible for science to have a more immediate, and broader reach and influence outside of
the academic sphere [7-9]. The channels have however also led to the spread of misconcep-
tions and fake news amongst the general public, slowing down positive action [10-12]. Yuan
et al. [13] have analyzed more than 7 million tweets about climate change between 2019-2020
and found that aggressive tweets (although a small proportion of total tweets) were more likely
to be retweeted and politicised.

To counteract misinformation and bolster action, interventions at the level of communica-
tions and education have been deemed essential [14]. Climate change education refers to the
process of teaching and learning about the causes, consequences, and potential solutions to cli-
mate change [3]. Climate change education aims to enhance public awareness, understanding,
and engagement in climate change issues, as well as foster adaptive capacity and support for
climate action [15, 16]. Recent developments in university education are moving in the direc-
tion of including modules on climate change and the climate crisis as part of compulsory study
programmes as a result of activism and public dialogue [17-20]. There are good examples of
initiatives and online platforms that provide a broader scope of resources on climate or climate
focused environmental education. For example, the EU education and training sector focus on
green education https://education.ec.europa.eu/focus-topics/green-education [21] the Office
of Climate Education, under the auspices of UNESCO [22]; or initiatives like the GLOBE
(Global Learning and Observations to Benefit the Environment) Program, supported by US
governmental agencies, which gives students and the public the opportunity to contribute to
observations, research and analysis of global environmental data [23]. Existing successful mod-
els of climate-focused project-based learning have resulted in increased climate awareness and
overall carbon reduction [24]. For example, significant carbon reduction was measured
through student-consumer choices after five years of taking a university climate change course,
indicating that even a small amount of climate change information and awareness introduced
into school curricula has the potential to result in a significant effect [20].

Climate change education is not limited to formal educational systems, such as school and
university curricula but is also present in vocational qualifications and informal settings like
media and social media platforms [19, 25]. Communication and engagement strategies, such
as experiential learning, climate games, and online courses have been described as effective
and useful methods for reaching diverse audiences and fostering climate literacy [7, 26]. Asa
result, research is paying increasingly more attention to the role that education in its different
forms plays on its power to catalyse action and empower citizens [27]. Some studies have
found that although learning leads to knowledge and skills, the type of information and learn-
ing experience can have a profound effect on the outcomes of successful learning and behav-
iour change and whether there is lasting impact; this is especially true for climate change
information where personal relevance to the issue or an engaged learning experience can be
critical to solidifying a lasting change, especially for children and young people [17, 19, 20, 28].

On the other side, there is evidence that climate change education often emphasizes indi-
vidual actions rather than addressing crucial policy actions on climate change as for example
in terms of mitigation and adaptation [27]. Key elements such as the 1.5-degree limit envi-
sioned by policy and extensively addressed in IPCC reports and beyond, as well as climate
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justice, are rarely discussed in educational programs. Along these lines, scholars have reported
the considerable challenges when moving from climate change education to effective climate
action, therefore arguing that there is still a gap and misconceptions within the teaching and
student communities when it comes to climate change [29].

These diverse lines of evidence highlight the contested nature of climate change education
and its relevance across various domains. As a result, the body of literature on climate change
education is diverse and expansive, encompassing reviews that address the importance of giv-
ing children and young people a voice in climate change education [30], the role of health pro-
fessionals in climate change education [31], and the integration of indigenous knowledge [32],
to cite a few.

However, education has, so far, been sidelined in large environmental assessments such as
the recent IPCC reports [3, 33]. The Summary for Policy Makers of the Working Group 2 on
Impacts, Adaptation and Vulnerability [4] mentions “education” four times, whereas the Sum-
mary for Policy Makers of the Working Group 3 on Mitigation [5] mentions it three times.
These summaries are the first policy stop for decision makers and therefore play a key role in
leading to policy changes, which might apply to education policy leading to climate action.
And yet, this angle is rarely explored by climate policy. The marginalisation in influential cli-
mate reports indicates a lack of consideration for educational strategies in bringing to the fore
front the climate discourse, revealing a gap that demands attention.

In this paper we scope the research on climate change and education using systematic map-
ping of the peer-reviewed literature. Systematic mapping is an approach that seeks to give an
overview of an area of research by identifying, categorizing and assessing the existing literature
on a topic [34]. It is different from a systematic review whose scope it is to synthesize evidence,
identifying strengths and weaknesses, usually with a very specific formulated goal [35]. A sys-
tematic mapping gives a high level overview or map of the research area, which helps to iden-
tify gaps and future research directions though visual summaries and mapping of classification
categories [36]. The goal of our study is thus to take stock of the literature and explore the
main themes, contextual influences, and relationships that emerge on a broad and global level
through a systematic mapping. In particular, our scoping review addresses the following
research questions: 1) where do we situate the research on climate education in the context of
the broader climate change research? 2) what can we infer about the scope of such research 3)
what are the main themes, gaps, and identified relationships that merit further attention? and
finally 4) can we draw some conclusions on the links amongst education and climate action?

Owing to the exponentially growing number of publications on climate change, the meth-
ods for systematic mapping of the literature is situated in the context of big data and big litera-
ture [37-39]. This paper is organised as follows. The next section, Methods, describes the
methodological approach for data collection and analysis as well as the data set used in our
analysis. The Results and Discussion sections summarize and discuss the main findings of the
paper, as well as offer some insight on future directions. Finally, we end with Conclusions.

Methods

Systematic reviews and mapping have been valuable assets to synthesize various key topics
from the literature on climate change [40-43]. As the amount of literature on climate change
has increased exponentially, machine assisted assessments of the literature have started com-
plementing human efforts [37]. Machine learning has been used in assessing progress on
human adaptation [38], to map the literature on climate change and health [44], to highlight
global adaptation limits [45], for impact attributions [39] and to give insights on the topology
of climate change research [37]. This paper adds to the mapping of climate change literature
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by focusing on climate change education. The notebooks and data used can be found on
GitHub [46].

Data collection, search and screening

Publications on the Dimensions API https://www.dimensions.ai/ and the Web of Science,
Core Collection https://www.webofscience.com/ were screened based on titles, abstracts and
key words until July 31st, 2023 using the string searches in square brackets [(((climat* AND
chang®) AND education) OR ((global warming) AND education) OR ((climat* AND chang®*)
AND teach™) OR ((global warming) AND teach))]. To be included, publications had to be
indexed in English and be of the type article or book. We excluded records that did not have
an abstract or DOI and removed duplicates. Finally, only papers having both a non null
abstract and DOI were selected. After merging the two database datasets and removing dupli-
cates, 18’162 records were retained for further analysis using human coding of abstracts sup-
ported by supervised learning. Supervised learning is a type of machine learning algorithm
where the model learns to make predictions by being trained on labeled examples [47]. The
algorithm is given a set of input-output pairs, where the inputs are the features or attributes of
the data and the outputs are the corresponding labels or target values. The goal of the algo-
rithm is to learn a mapping between the inputs and outputs, so that it can make accurate pre-
dictions on new, unseen data [48, 49].

In our case, we randomly selected about 10% of the articles in our database of more than
18’000 (i.e. 1776) to create the training and test set. We then proceeded to manually label the
papers as either relevant or non-relevant (eight records had to be removed from the train-test
sample due to unreadable abstracts). Papers on “school environment” or “school climate” were
labelled non-relevant because they had no relation with climate change or global warming. For
some papers the relevance was not immediately clear. These papers often mentioned education
in the context of broader themes or broad policy recommendation such as strengthening edu-
cation or improving capacity without education being a main theme of the paper. In these bor-
derline cases, we decided to examine the full text of the paper. This extra step added a layer of
confirmation to our decision to exclude or reconsider exclusion for those abstracts and titles
that addressed or seemed to address climate change and education in a tangential manner.
Papers were labelled and reviewed separately by different authors until agreement was reached
on their inclusion or exclusion. The final proportion of papers labelled as relevant corre-
sponded to about 40%. It is important to mention here that in line with the scope of the study
being that of big literature mapping, we did not assess the quality/strength of the evidence as it
is often done in a traditional systematic review. We did however follow and record each stage
of our literature selections using the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA). The original PRISMA flow diagram has been adapted to reflect the
combination of human and machine coding and can be found in Fig 1 and S1 File. The
PRISMA checklist is given in S2 File.

Various supervised machine learning techniques were applied for the supervised task using
the Scikit-Learn pipeline [50, 51]. The purpose of a pipeline is to streamline and automate the
workflow of preprocessing data to apply machine learning algorithms. It allows to chain multi-
ple steps together into a single, coherent process. A typical Scikit-Learn pipeline includes steps
such as data preprocessing (e.g., scaling, dealing with missing values), feature extraction, and
finally, the application of a machine learning algorithm. We first employ a selection of pipe-
lines, where each pipeline performs the same set of concatenated steps but each pipeline has a
different classifier [47]. In the first step, a count vectorizer transforms each document in a fea-
ture vector. Afterwards, term-frequency times inverse document frequency (TF-IDF)
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Fig 1. Adapted PRISMA flow diagram. The flow diagram has been adapted to show the combination of human and machine coding.
https://doi.org/10.1371/journal.pclm.0000356.9001

transforms the document-feature matrix to scale down the impact of words (or tokens) which
occur very frequently in a corpus but are not very informative. TF-IDF is a statistical approach
for text mining and information retrieval from a large corpus of documents [52]. Term Fre-
quency (TF) measures how frequently a term (word) appears in a document. It is calculated as
the number of times a word appears in a document divided by the total number of words in
the document. Inverse Document Frequency (IDF) measures how important or rare a word is
across all documents in the corpus. It is calculated as the logarithm of the total number of doc-
uments in the corpus divided by the number of documents that contain the word. A classifier
is then instantiated, the training data are fed through the pipeline, and finally predictions are
made on the test set. Each classifier is trained on about 70% of the data and performance is
tested on the remaining 30%.
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Table 1. This table gives a summary of the performance of each classifer model expressed as precision, recall, F1-score and accuracy.

Multinomial Naive-Bayes

Linear Support Vector Classification
Random Forest

Multi-layer Perceptron Classifier
Nonlinear Support Vector Classification
Climate-GPT-2

https://doi.org/10.1371/journal.pcim.0000356.t001

Precision Recall F1-Score Accuracy
0.72 0.66 0.56 0.66
0.81 0.81 0.81 0.81
0.79 0.79 0.79 0.79
0.80 0.80 0.80 0.80
0.80 0.81 0.80 0.80
0.80 0.81 0.80 0.85

Further to this, a Generative Pre-Trained Transformer GPT-2 for climate change related
topics (climate-GPT-2 models) is used for the supervised task [53]. The difference between the
classifiers and the GPT-2 models lies in their foundational methodologies. Classifiers are based
on traditional machine learning algorithms and require explicit feature engineering. In con-
trast, climate-GPT-2, a decoder transformer, uses the final token of the input sequence to pre-
dict the subsequent token. In climate-GPT-2 architecture the last token of the input sequence
contains all the necessary information for prediction tasks. We utilized this information to
make a prediction in a classification task rather than a generation task. In other words, instead
of using the first token embedding to make a prediction as is normally done in encoder trans-
former models, we used the last token embedding to make a prediction (here in a classification
task).

The performance of each model is assessed using a confusion matrix and classification
report [54]. In a binary classification problem like the one here, the confusion matrix is a
TN FP
FN TP
FP = False Positive and FN = False Negative. The classification report provides the weighted
averages for precision, recall, F1-Score and accuracy, where accuracy is the sum of the true pre-
dicted instances divided by the sum of all instances; precision represents the positive predictive
value and is given by TP divided by the sum of TP and FP; recall represents the true positive
rates and is given by TP divided by the sum of TP and FN. F1-Score is the harmonic mean of
precision and recall. For a dataset like ours which is reasonably well balanced between positive

square matrix of the type ( > where TN = True Negative, TP = True Positive,

and negative instances, accuracy is a good predictor of the model performance. The classifica-
tion report is given in Table 1. Cross-validation with k-folds is also implemented. In this case,
classification is performed on samples of different sets of data for testing and training each
time (or for each fold) [50]. The k-fold increases performance of each classifier by a factor
between 0.02-0.04. Climate-GPT-2 outperforms all other classifiers in terms of accuracy,
whereas the other parameters are similar across all classifiers except Random Forest and Multi-
nomial Naive-Bayes. Therefore, we select Climate-GPT-2 to make predictions on the whole
data corpus.

Data analysis

Our data analysis begins with a bibliographic examination to gain insights into the temporal
distribution of publications, the scope of journals, and the citation patterns. In the subsequent
stage, we leverage the spaCy library for abstract lemmatization. SpaCy is an open-source natu-
ral language processing (NLP) library designed for information extraction from extensive text
corpora [55]. The lemmatized abstracts are then fed into the TF-IDF model for various pur-
poses, such as enabling the visualization of words through word clouds. To map the scope of
the literature we used topic modeling. Topic modeling is a type of unsupervised learning
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method for text mining based on Bayesian probability which extracts meaningful topics from
short and long texts [56, 57]. It requires domain knowledge to make sense of the topic cluster-
ing and it has been successfully deployed for topic mapping of the climate change literature
[37, 39, 44]. Topic modelling allows to cluster the distribution of words into representative
topics [44]. There are different algorithms to implement topic modelling. Here we follow an
approach implemented in [37] and use non-negative matrix factorisation (NMF) [56]. In a
nutshell NMF takes the TF-IDF vectorized text matrix and breaks it down in a feature matrix
which contains the topics and a weight matrix which contains the weights of those topics.
Based on the feature matrix, each abstract is labelled to the topic with the highest weight [58].
To improve the reliability of the topic modelling results, we performed several experiments
where we changed the number of topics, the ngram range in the TF-IDF instantiated model
and the alpha parameters in the MNF. We used this combination to aim at a convergence
between 1) the domain knowledge of the authors refined through an analysis of the abstracts
in the human classification task and 2) the coherence score which measures the relative dis-
tance of words within a topic [59]. The coherence score algorithm predicted 15 as the best
number of topics in our corpus using ngramrange = (1,2). The topic clustering happened to be
relatively robust by changing the regularization parameters alpha_H and alpha_W although
better results were achieved without regularisation where the parameters were set to 0. We
conducted a thorough review of the topics that emerged from our topic modelling, aiming to
identify and categorize significant thematic clusters. We validated the final fifteen clusters
through meticulous reviews within our research team.

T-distributed Stochastic Neighbor Embedding (t-sne) is then employed as a dimensional
reduction technique to visualize the topic scores in a two dimensional space [37, 60, 61]. t-SNE
works by mapping high-dimensional data points to a lower-dimensional space in such a way
that similar data points are modeled as nearby points, and dissimilar points are modeled as dis-
tant from each other. To distill the core ideas of numerous abstracts, making it easier to grasp
the central themes and research directions within each topic, we performed text summarisa-
tion using gpt-4-1106-preview, an OpenAl Large Language model, integrated in the open
source framework LangChain. The approach involves a multi-stage summarisation process
following custom prompts. Clarity and iterative development of prompts is essential to achieve
good results as outlined also in [62]. This technique allows to process large quantities of texts
by initially summarising each small chunk and subsequently merging summaries into one
cohesive summary [63]. To assess the accuracy and reliability of these summaries, we triangu-
late the machine-generated outputs with our domain expertise and insights from the manual
classification tasks.

Finally, Geoparsing was used to collect information on where in the world the studies take
place and how the topics are geographically distributed. Geoparsing is a technique that can
determine the geolocation in unstructured text and has been used previously in the context of
climate change impact attribution [39] and for climate health literature mapping [44]. We
used the open source software Geotext to extract cities and country mentions from text [64].

We use Jupyter Notebook for our classification tasks and analysis. Our scripts are available
on GitHub [46].

Results

After performing the supervised tasks and adding the records screened manually as relevant
(706), a final dataset comprising a total of 6649 papers was retained for all remaining analyses.
The split between relevant and irrelevant papers can be seen in S1 Fig. The dataset with the
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relevant papers contains the following bibliometric information: article title, abstract, list of
authors, publication year, journal title, DOI and number of citations.

Bibliographic and semantic analysis

The literature on climate change education started to appear more markedly around the last
decade of the 20th century and the number of publications has increased by two orders of
magnitude in the past two decades (S2 Fig). The number of publications recorded in 2023 has
a cutoff date on 31st July. Given the steady increase but relatively low number of publications
before 2008, it was decided to focus the rest of the analysis only on papers published between
2008-2023 (Fig 2). This amounts to 6379 papers.

Word cloud visualisations are used to infer the 500 most frequent single words (mono-
grams) (Fig 2, bottom left) and pairs of words (bigrams) (Fig 2, bottom right). Word clouds
are graphical representations of word frequencies, with more frequent words appearing larger

Publications per Year from 2008

1000 1

800 1
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400

Count of Publications

200 1

2008
2009
2010
2011
2012
2013
2014
2015
2016 A
2017 |
2018
2019
2020
2021
2022
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Fig 2. Publication per year and word frequencies. The top plots shows the number of publications per year for the period Jan 2008—July 2023. The
bottom plot shows the word cloud of the first 500 most frequent words (left) and word pairs (left). The size of each word/word pairs indicates the
relative weight from the whole corpus whose frequency is obtained from the TFIDF abstracts lemmatized using SpaCy.

https://doi.org/10.1371/journal.pcim.0000356.9002
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in the cloud. From the single words, student has the highest occurrence (the largest word
shown), followed by environmental, science, study and research. Other words with high occur-
rence are also health, knowledge, teacher, development, school and sustainability. It is worth
noting that although school has a reasonably high occurrence, student and teacher are higher
(with student being by far the highest), university is less frequent, as opposed to research which
scores very high. The word pairs cloud gives insight into key concepts. For example, the preva-
lence of sustainable development can be clearly seen, followed by young people, case study, envi-
ronmental issues. The concept of COVID-19 frequently emerges in the literature examined
within this study. In addition, we have calculated the word frequencies for two time slices, i.e.
1990-2010 and 2011-2023 to explore whether or not any major differences can be inferred.
The results are available in the supplementary material (S3 and S4 Figs) and show good simi-
larity across the word frequency for the two periods, albeit some terms in the first period such
as earth, scientific or model seem to hinge upon a higher prevalence of papers on physical cli-
mate science and education.

In order to infer the influence that specific source titles have on the overall research domain
we look at the number of publications per source title as well as the average number of cita-
tions (Fig 3). To assess who engages with this type of research, the top twenty journals per
number of citations (top panel) and number of papers (bottom panel) are shown. In the cli-
mate focused research, high impact journals such as Climatic Change and Nature Climate
Change score very high in number of citations, as does the topical journal Environmental Edu-
cation Research. However, most of these climate focused titles score relatively low in number
of publications (while the topical journal Environmental Education Research scores high). It
also emerges that both proportion of publications and citations are very scattered with many
titles representing less than 0.5% of the total citations.

Topics and clustering

A summary of the topics obtained via topic modeling, their associated 10 most important
monograms and bigrams obtained from the lemmatized abstracts per topic is shown in Fig 4.
We refer to each topic using word pairs that best capture the keywords. The topics are shown
in descending order from top left to bottom right, according to Fig 5, which shows the propor-
tion of papers per topic and topic trends over time. For the topic analysis, we initially defined a
total of 15 topics (Topics 0-14), however for three clusters it was not possible to define a clear
topic scope from the key words and therefore we classified these topic clusters as undefined
(Topics 3, 8, 9; Topic 3 even included several German terms). These topics, in addition to
Topic 2 (which had keywords related to physical geography), also had low overall counts of
associated documents (with a total number less than 50 over the analysis period 2008-2023,
see also Fig 5 for comparison). Given the relatively small size of these topic clusters, as well as
Topics 3,8,9 being undefined, we did not consider Topics 2, 3, 8, 9 in subsequent analysis.

The proportion of the 11 different topics across our corpus of abstracts, summed over the
analysis period, 2008—2023, is shown in Fig 5, top panel. Overall the most prevalent topics
that make up more than 50% of the data corpus are Topics 10, 4, 5 and 0. The bottom panel of
Fig 5 shows the evolution of the number of abstracts per topic over the analysis period. It can
be seen that several topics experienced an exponential increase from approx. 2016. This is par-
ticularly the case for abstracts of the topics Adaptation_Community (light green), Student_Le-
arning (brown) and Sustainability_Sustainable (dark green) (these topics also correspond to
the top row in Fig 4).

In addition to identifying the keywords for each topic, we provide a text summary of the
main themes in Fig 6.
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Fig 3. Proportion of publications and citations. Top 20 journals based on the number of citations per title (top) and number of papers per title (bottom). For the sake of
clarity only the top 20 journals are shown.

https://doi.org/10.1371/journal.pcim.0000356.g003

To understand the relationship between the topics, we visually render the topic clustering
using t-SNE. This allowed us to explore the structure of our literature and to identify patterns
in our complex dataset of abstracts. Fig 7 illustrates the topic clustering, with each colour rep-
resenting a distinct topic and each dot representing an abstract. For instance, the cluster
labeled Science_Research (blue) contains points that are grouped closely (also some grouped
together as sub-clusters), with the proximity of the dots indicating more similarity in abstract
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Fig 4. Proportion of words per topic. This figure shows the first 10 words associated with each topic based on their prevalence. The
topics are shown in descending order from top left to bottom right, according to Fig 5, top.

https://doi.org/10.1371/journal.pcim.0000356.9004
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Fig 5. Proportion of papers per topic and topic trends over time. This top figure shows the results of applying “argmax” to determine the most likely topic
assignment for a specific paper. The “argmax” operation determines the topic with the maximum probability within a given paper abstract. The bottom figure shows
the number of documents over time per each topic between 2008 and mid-2023.

https://doi.org/10.1371/journal.pcim.0000356.9005

content. Some clusters slightly overlap (especially for Science_Research which overlaps with
several other topics in the center), or where clusters are located near each other, indicating that
their abstracts share similar topic content. For example, Adaptation_Community (light green)
and Disaster_Risk (light brown) are located near each other, suggesting overlap in themes
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Topic Label

Topic Summary

Student_Learning

Key themes identified are the importance of integrating climate change education into curricula, the impact of innovative teaching methods on student understanding and engagement,
the role of technology in enhancing learning outcomes, and the significance of fostering critical thinking skills, scientific literacy, and sustainable practices among students. Additionally,
the discussions underscore the imperative for educational institutions to prioritize climate change education, sustainability, and social responsibility in preparing students to navigate a
rapidly changing world and contribute to positive societal transformation. The findings emphasize the need for interdisciplinary approaches, hands-on learning experiences, and the
integration of sustainability concepts into education to empower students to address complex environmental challenges such as climate change.

Sutainability_Sustainable

Key areas of focus include the imperative for transformative action in response to global challenges, particularly climate change, the critical role of education in promoting sustainable
development and addressing societal issues, and the significance of interdisciplinary approaches in tackling complex problems. Furthermore, abstracts also include the integration of
sustainability principles into various disciplines, the importance of ethical considerations and values in education, and the necessity for community engagement and activism for
sustainable development. The abstracts underscore the interconnectedness of environmental, social, and economic dimensions in fostering a more sustainable and resilient future.

Adaptation_Community

Key areas include awareness in addressing climate change, the pivotal role of community participation in adaptation endeavors, the necessity for stakeholder collaboration and the
significance of cultural heritage. Other themes are climate change impact on vulnerable populations and the need to integrate indigenous knowledge in fostering climate resilience. The
abstracts underscore the challenges inherent in implementing climate change adaptation measures, the criticality of communication strategies in conveying risks and instigating
behavioral change, and the integration of scientific knowledge into policy formulation and decision-making processes.

Science_Research

Key areas include the urgency of climate change mitigation, the importance of transformative education and critical thinking in driving collective impact and the role of education in
promoting scientific literacy and sustainability. Additionally, the abstracts underscore the value of community-driven science, interdisciplinary research partnerships, and the integration of
socio-cultural learning theory in educational interventions. Some abstracts emphasize the impact of societal attitudes, political ideologies, and media communication on climate change
discourse, as well as the potential for innovative approaches in science communication and education.

Environment_Behaviour

Key areas include the imperative of promoting pro-environmental behaviors through education, the influence of individual values and attitudes on sustainable actions, the impact of societal
factors on environmental consciousness. Additionally, the significance of engaging diverse stakeholders, including youth, educators, and communities, in fostering environmental
stewardship and addressing pressing environmental concerns emerges as a central theme. The intersectionality of environmental, social, and economic factors underscores the complexity
of environmental challenges and the necessity for holistic and inclusive approaches to environmental education and advocacy. Ultimately, the findings highlight the urgency of cultivating a
culture of environmental literacy, ethical responsibility, and proactive engagement to advance sustainability and mitigate environmental degradation.

Child_Young

Key areas explore key themes related to climate change education, youth engagement, community development, and environmental awareness. The overarching themes that emerge
include the urgent need to address climate change impacts on vulnerable populations, particularly children, and the importance of education in fostering awareness and action on climate
change, and the role of young people as agents of change. Additionally, ethical considerations, critical thinking, and innovative pedagogical approaches are emphasized as essential
components in promoting environmental stewardship and sustainability. The summaries underscore the interconnectedness of climate change, education, social activism, and
environmental stewardship, advocating for holistic, transformative, and inclusive approaches to addressing the pressing challenges posed by climate change.

Teacher_Science

Key areas include the role of teachers in promoting literacy and the impact of teachers' beliefs on climate change instruction. The critical role of educators in fostering awareness,
knowledge, and action on climate change and among students is highlighted alongside the need for ongoing support, training, and resources to effectively address these complex and
pressing global issues in educational settings. The importance of integrating climate change into the curriculum and the challenges and opportunities in educating students about climate
change are other aspects present in the abstracts. Other themes are the emphasis on critical thinking, evidence-based decision-making, and emotional responses in education, the
multifaceted nature of addressing climate change and the various factors that influence teaching and learning in this critical area. The need for further research is also emphasised as a
way to enhance teacher knowledge and practices in climate change education.

Medical_Health

Key areas identified include the recognition of climate change as a significant threat to human health, the importance of integrating climate change education into health professions
curricula to address planetary health challenges. Additionally, the abstracts emphasize the impact of climate change on vulnerable populations and the need for adaptation and mitigation
strategies as well as the importance of advocacy, leadership, and community partnerships in promoting sustainable healthcare practices. Furthermore, the summaries underscore the
challenges in integrating climate change education into health professions curricula and the need for faculty development and resources to facilitate this integration. The importance of
addressing social determinants of health, equity, and justice in climate change and health education is also highlighted.

Energy_Mitigation

The main themes are the importance of sustainable energy solutions, climate change mitigation, renewable energy technologies, public awareness and behavior towards environmental
issues, stakeholder engagement, energy literacy, transition to low carbon energy sources, policy support, technological innovation and societal engagement. Other abstracts underscore
the urgent need for promoting renewable energy literacy, fostering citizen participation in sustainable energy initiatives, integrating sustainability principles into education and policy-
making efforts, addressing misconceptions about energy, enhancing energy education, and promoting sustainable practices in various sectors. The summaries also emphasize the role of
universities in promoting sustainability, challenges and opportunities in energy education, and the need for global cooperation in addressing energy and climate issues.

Disaster_Risk

Themes include the importance of education and training in disaster management, the impact of natural disasters on vulnerable populations, the need for community involvement in
disaster preparedness, the role of schools in disaster risk reduction, challenges posed by climate change on resilience efforts, integration of climate change adaptation into disaster risk
reduction strategies, value of indigenous knowledge in risk mitigation, significance of early warning systems in disaster response, interdisciplinary approaches. The media's role in raising
awareness is also present.

Game_Gamification

Key areas include the use of games and simulations for educational purposes together with the development and evaluation of serious games for sustainability and climate change
engagement. Other themes encompass the pedagogical potential of games in promoting climate change awareness and sustainable behaviors, the integration of environmental concepts
into education through gamification, the effectiveness of serious games in increasing knowledge and attitudes towards sustainability, the use of gamified decision support systems for urban
planning and climate education, the impact of serious games on learning, social learning, and policy changes, the importance of realism, educational potential, and real-world relevance in
digital entertainment games, as well as the application of gamification principles to motivate individuals towards engaging in sustainable practices and addressing real-world problems.

Fig 6. Condensed topic summaries. This figure shows the condensed topic summaries for the abstracts falling within a given topic category.

https://doi.org/10.1371/journal.pcim.0000356.9006

related to the adaptation community and disaster risk management (we can also see this in the
overlap with the top 10 words from Fig 4, with the word “risk” high in importance for both
topics). Conversely, distinct separation between clusters, such as Medical_Health (light blue)
and Game_Gamification (grey) which are distant to the other clusters (and each other) indi-
cates that these abstracts share little to no overlap in topics (except interestingly, a few other
topics (blue, green, brown dots) which overlap at the edges of the Medical_Health cluster). The
density of points within a cluster can give a rough indication of how extensive or prevalent a
topic is within the dataset. Dense clusters like Teacher_Science (dark pink) suggest a significant
number of documents within this topic have strong overlap, whereas sparser clusters might
indicate that topics are more diluted as they overlap with others clusters. Some topics also have
sub-clusters that are distant from the main cluster but closer or overlapping with other clus-
ters, for e.g. Energy_Mitigation (red), indicating closer similarities across some sub-topics with
other clusters. Overall, we can recognise a pattern that places education related abstracts on
the left of the diagram and more climate related abstracts on the right of the diagram. There
are of course exceptions as for example abstracts that put equal weight on both climate and
education have scattered dots in each section of the diagram. The closer to the center of the
diagram the less the topic prevalence is and we have abstracts that identify less with distinct
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topics. Topic clusters including Energy_Mitigation (red), Game_Gamification (grey) and Medi-
cal_Health (light blue) follow a different pattern altogether being both quite distinct and far
apart from the rest.

The heatmap in Fig 8 shows the correlation between two topics based on the NMF coeffi-
cients. Higher values (closer to 1) indicate that two topics are strongly positively correlated.
For instance, Student_Learning and Teacher_Science have a stronger positive correlation
(0.25), or as we’ve seen in the previous figures, Disaster_Risk and Adaptation_Community
have a strong positive correlation (0.18) indicating that documents that are associated with
adaptation also often address disaster risk concerns. This is also the case for Child_Young and
Game_Gamification (0.14). Conversely, values closer to 0 indicate little to no correlation, while
negative values (if applicable) suggest an inverse relationship. There are overall small positive
(correlations) as well as small negative values (anti-correlation). For example, there is also
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Fig 8. Topic correlation. The heat map shows the Spearman correlation amongst the ten different topics. The heatmap is generated using seaborn and the color and
annotated number within each cell indicate the strength of the correlation [65].

https://doi.org/10.1371/journal.pcim.0000356.9008

positive correlation between Disaster_Risk and Health_Medical (0.15). Those showing anticor-
relation, albeit a weak one, are papers belonging to the cluster Adaptation_Community with
those belonging to the clusters Student_Learning, Science_Research and Sustainability_Sustain-
able. Sustainability_Sustainable is also anticorrelated with Student_Learning (-0.12) and Scien-
ce_Research papers (-0.13). This can be interpreted as a disconnect amongst the research on
sustainability and ESD (education for sustainable development) which in this cluster seems to
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Fig 9. Geographical distribution of studies. The figure shows the geographical distributions of studies based on ISO
country codes.

https://doi.org/10.1371/journal.pcim.0000356.9009

be mainly applied to the university context and more general keywords of science (including
social science) and research on climate change that are associated with Science_Research.

Geographic distribution of studies

To gain better insight into which countries were more actively involved in case studies or liter-
ature on climate change education (and which are lacking), we tagged country mentions in
our analysis. Results are shown in Fig 9 and S5 Fig. Less than 40% of the abstracts however spe-
cifically mention countries and/or location. Among those abstracts that have explicit geoloca-
tions, the large majority are in the United States, followed by the United Kingdom and
Australia (Fig 9 and S5 Fig). It is worth mentioning that the Geotext as setup here does not rec-
ognise political unions such as the European Union (or EU). Therefore, if the EU is mentioned
with no mention of individual countries, it will not be tagged at the country level and is only
identified at the continental level. Most of the countries and world regions are mentioned in at
least one study, however there are noticeable gaps for African countries. The continental distri-
bution (not shown, but can be inferred from Fig 9 and summing over the countries in each
continent) indicates that Asia has the highest proportion of studies, with North America and
Europe sharing a similar proportion, and South America having the least number of studies. It
emerges that again Africa as a continent is poorly represented.

We also take a look at the association of countries with the major clusters of topics. For the
sake of clarity we only show the countries that appear in more than 20 papers (Fig 10). The
United States has the highest score for eight out of the eleven clusters. If we look beyond the
United States, we can also see that Australia and United Kingdom are high for several topics
including Sustainability_Sustainable, and Child_Young (also high for Germany), whereas
Energy_Mitigation is moderately high for China. The Adaptation_Community cluster is high
for many countries beyond the United States, including Bangladesh, Canada, China, Germany,
Indonesia, Nigeria, South Africa, Australia and the UK. The clusters Science_Research, Studen-
t_Learning, Sustainability_Sustainable and Adaptation_Community are in general higher than
average over most countries, and this is also reflected in the overall proportion of papers per
topic (Fig 5).
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Fig 10. Association of countries and clusters. The figure shows the country counts per each of the more prevalent topics. The darker the color, the higher the number of
papers.

https://doi.org/10.1371/journal.pcim.0000356.9010

Discussion

Climate change research is rapidly expanding [66]. In response to the increasing output,
research syntheses in the form of systematic mapping, reviews and/or meta-analyses have
become increasingly popular [37-39, 66]. These studies have benefited from the fast advances
in natural language processing (NLP), which make it possible to process and analyse large cor-
pora at reasonable speed and accuracy [37, 67, 68]. Such advances have been essential to
inform large assessment reports such as those from the IPCC [4].

Our research is situated within this growing trend of research syntheses that make use of
natural language processing (NLP) to make sense of growing literature output [37, 38, 68]. It is
driven by evidence indicating that strengthening climate change education and engagement is
one of six social tipping dynamics crucial for driving disruptive change toward positive societal
transformation [69]. Given the importance of climate change education and an absence of a
systematic and broad assessment of the literature to date, we have performed here a mapping
of the literature on climate change education. Our mapping exercise has illuminated the main
directions (topics and clusters) on the research on climate change education, their prevalence,
intersections and geographical distribution.

From our analysis it emerges that climate change education is well represented in main
stream climate research ranging from climate change adaptation and mitigation to health sci-
ence and sustainability. Looking closer at the semantic analyses, climate education is not exclu-
sively associated with natural science terms or education terms, but other important terms
including community, sustainable, young people, development and health (Fig 2). This diver-
sity is also confirmed by the topic clustering (Figs 4 and 7). These findings align with Callaghan
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et al. [37], which analyzed over 400,000 climate change publications from the Web of Science,
revealing a great diversity of topics. Similarly, another study examined approximately 130,000
international peer-reviewed climate change articles published between 1990 and 2021, and
found a shift from traditional climate science to more interdisciplinary research on impacts
and climate solutions [66] somewhat in line with our results in S3 and S4 Figs. From the tem-
poral evolution of the topics in Fig 5 (bottom panel), 2016 represents a pivotal year in our anal-
ysis in the number of publications across most topics possibly due to crucial developments in
climate policy and international cooperation with the signing of the Paris Agreement and the
creation of frameworks such as UN Sendai Framework for Disaster Risk Reduction and Sus-
tainable Development Goals [70].

Topic modelling and visualisations allowed us to draw some conclusions on the extent to
which specific themes are unique as well as the presence of common themes shown by the
proximity and overlap amongst clusters (Fig 7). These topics are again aligned with the inter-
disciplinarity reported by extant research [37, 66] and underscore a wide array of themes
linked to sustainability, public health, communication, and climate solutions. However, some
patterns are discernible in the relations across topics, as for example there are topics closely
related to education (i.e. Teacher_Science, Student_Learning and Science_Research) and others
where climate change and environmental sustainability are stronger themes (Environment_Be-
haviour, Sustainability_Sustainable, Adaptation_Community, Disaster_Risk). This duality in
the research pattern can also be seen in the bibliometric analysis with papers distributed
amongst climate and education titles, shown in Fig 3. Notwithstanding, there are several
abstracts that span several topics (indicated by the central dots in Fig 7). Meaningful topic
proximity is found between Science_Research and a sub-cluster of Student_Learning given that
both have keywords resonating with the scientific, research and tertiary education enterprise.
However, there are also some themes that emerge from each cluster which are more distinct.

To have a more conceptual and nuanced understanding of each topic, we have used topic
summarisation (Fig 6) which complement the semantic analysis in Figs 4, 5, 7 and 8. From these
summaries, it is possible to infer that abstracts in cluster Science_Research provide a broader per-
spective on the role of education in promoting environmental literacy beyond the classroom,
involving societal and policy dimensions. In contrast, abstracts of Student_Leaning are more
centered on the practical aspects of education, focusing on innovative teaching methods, the
role of technology in enhancing learning, and hands-on learning experiences. Environmental
and behavioural topics have some proximity to both Sustainability_Sustainable and Student_Le-
arning. This proximity hinges on the centrality of education in shaping both environmental
behaviours and education for sustainable development [71, 72]. Two unexpected, separated clus-
ters are Medical_Health, including terms climate health and education related terms and that of
Disaster_Risk in Fig 7. It can be inferred from the key words that Medical_Health is mainly
about climate change literacy, nursing, medical schools and curricula. However, there is a corre-
lation for certain themes as it can be seen in the heatmap (Fig 8). This could be the reasons why
certain papers of Disaster_Risk overlap with the main cluster of Medical Health (Fig 7), which is
also discernible from the summaries, i.e. Medical_Health topics are also concerned with themes
of vulnerability and resilient health systems. In general, the evidence of harm to health from cli-
mate related disasters remains scattered and often focused on weather related displacement,
whereas the large majority of health literature is mostly concentrated on heat health impacts and
vector-borne diseases [73]. Moreover, several key themes emerge that are crucial for under-
standing advancements in research, particularly the role of children as both agents of change
and those most affected by climate change. Firstly, the temporal evolution of the topic Child_-
Young in Fig 5 confirms that this body of literature has gained traction since 2018, which most
probably coincides with the publication of the IPCC special report on 1.5°C [33] which was
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pivotal in inspiring the climate movement [74, 75]. Secondly, summaries for the topic on young
people and children reveal the need to make climate change education more relevant and appli-
cable to young people, while also using it as a tool to prepare them for future challenges.

Although a lot has been published on climate change education, and over many different
domains, as it can be inferred from Figs 2 and 5, climate change education still remains a
niche when it comes to promoting new educational policies which address the climate crisis
[76-78]. This is even more compelling given that community participation, youth engage-
ment, and societal attitudes in driving climate action and promoting sustainability are obvious
themes in our corpus of abstracts in Fig 6 and hence in the literature [30]. Community-driven
initiatives and the influence of political ideologies and media communication are other crucial
areas of focus (see Fig 6). To enhance the effectiveness of climate change education, research
suggests incorporating policy literacy to educate climate-literate citizens capable of engaging
in public-sphere actions [79]. This shift in focus would better align climate change education
with current research discourse and potentially lead to more impactful outcomes [20].

An important caveat to this study is that a lot of the primary literature or material on cli-
mate change education may be classified as other literature types (governmental reports, white
papers, curriculum documents, and the like) rather than as peer reviewed publications or
books [80], as we've addressed here. This is naturally due to the nature of climate change edu-
cation and how this is written about or documented, and dominated by each country’s own
language (it is obviously more useful for teachers, lecturers and educators to have curriculum
documents in their own language). The number of publications is also likely strongly related
to the amount of governmental funding for academics in any given country (as well as the
number of academics working on these topics), where countries that allocate more spending
on these topics will rank higher in number of publications, and will likely also have research
focused on case studies or other methods. For example the US, particularly NSF funding
which tops the list when we look at the top funding agencies and grant amounts for our publi-
cation dataset (S1 Table) and that has a particularly high output of papers associated with the
topic Science_Research (Fig 10). However, whether this increased research investment, output
and country focused evidence have led to increased climate action to mitigate climate change
is difficult to infer. There is certainly evidence of individually or locally motivated actions [81,
82], but a detailed look at the Emission Gap report for the US and the UK concluded that they
are unlikely to meet many of their nationally determined contributions (NDC) targets [83].
For the rich climate education research exposed here to have a stronger resonance at national
and global level, it is essential for influential assessment reports, such as those produced by the
IPCG, to assess the critical role of climate education in both adaptation and mitigation action,
since these reports feed directly into policy making process by informing on policy relevant
science [84]. The inclusion of a dedicated chapter, sub-chapter, or cross-chapter box on cli-
mate literacy would be timely and beneficial as work on the 7th assessment cycle commences.

There are some limitations in the approach used here. First, the mapping of the literature
did not allow to more deeply explore some themes that emerged in the analysis, for example
why certain countries are more prevalent than others or why certain topics are closer to each
other. Secondly, the classification algorithm, although it performs very well, still miss-classifies
a small percentage of the papers. This is a recurrent limitation when doing reviews in big data
fashion, and a topic that has already been highlighted in previous research [37-39]. In the con-
text of extracting semantic information from the body of scientific literature, it is worth men-
tioning that topic modeling does not generate one-hot encodings. This means that although
we assign each paper to its most prominently activated topic, papers could, in reality, be repre-
sented as amalgamations of multiple topics. With that being said, topic modeling remains a
valuable tool for the purpose of content classification, relying on the inherent semantic
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structure uncovered within the corpus. By leveraging the probabilistic distribution of topics
within documents, it enabled us to discern underlying themes and categorize content accord-
ing to their predominant topical associations. This method provides a nuanced and data-
driven approach to organizing and classifying diverse textual information, enhancing our abil-
ity to identify patterns and uncover themes and their potential association from a large corpus.

In order to better assess our progress or impact on climate education on real action or pol-
icy outcomes, further studies would need to broaden the data scope used here. This could
include other relevant literature, in addition to only research papers (as mentioned above), as
well as other relevant datasets to better assess more specific questions related to climate change
education outcomes. For example, a recent study [85] highlights global data availability (and
gaps) that are needed to properly monitor our progress towards the Sustainable Development
Goals (SDGs), including goals on Climate Action and Education. Using the SDG Monitor tool
[86], we see that these goals, in terms of data availability for the period 2010—2023 for 193 UN
Member States, reveal Climate Action to be ranked 16 (out of 17 goals, i.e., second to last) and
Education ranked 12 (with Energy and Health ranked first and second, respectively). A map-
ping of the country level availability however reveals that developing countries tend to have
higher data availability for the Climate Action and Education goals. This highlights data gaps
and availability elsewhere, in addition to the research literature scope used here, which could
complement further analysis, allowing more specific research questions and outcomes to be
addressed.

In terms of methodology, the integration of machine learning and Al supported screening
methods in the analysis of the rapidly expanding body of literature on climate change and edu-
cation can significantly enhance research efficiency and resource allocation. As noted by van
de Schoot et al. [87], these Al methodologies streamline the literature review process, allowing
researchers to focus on synthesizing findings rather than spending excessive time on manual
screening [88]. This capability is particularly crucial given the increasing volume of publica-
tions, where timely access to relevant studies can inform policy and educational practices.
Moreover, the development of “living evidence synthesis platforms,” as discussed by Sietsma
et al. [89] would facilitate the continuous incorporation of newly published research into exist-
ing assessments. To this end, our database of abstracts, semantics and topic classification can
serve as valuable resources for researchers and practitioners interested in climate education
evidence synthesis. However, the use of Al in this context needs to be carefully evaluated since
large language models carry the risk of providing outdated and misleading information. To
this end, expert knowledge combined with machine capability, as we have proposed in this
study, is essential to ensure reliable results [90].

Conclusions

This research provides a global mapping of climate change education literature which com-
bines supervised and unsupervised machine learning methods assisted by human coding of
the abstracts. We manually annotated 1776 papers from a corpus of over 18’000 papers
obtained from the Dimensions and Web of Science database. Using supervised learning we
selected more than 6000 relevant records spanning the past fifteen years, which we then ana-
lysed using text mining techniques such as semantic analysis, topic modeling, text summarisa-
tion and geoparsing [37-39, 44]. Our study reveals that climate change education is an
interdisciplinary field of research embedded in key climate research topics such as climate
change adaptation, disaster risks and education, mitigation and sustainability. In summary, we
find that the bulk of the literature falls within three main topics that deal with 1) student and
learning methods, 2) sustainability and learning/teaching for sustainable development, and 3)
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the pivotal role of education in adaptation and resilience. Furthermore other themes which are
also important include promoting environmental conscious behaviours through education,
the importance of transformative education and critical thinking in driving collective impact,
youth engagement and the role of children/young people as agents of change. The role of
teacher in promoting literacy and awareness is also highlighted. Topics which are also present
are relatively smaller are the importance of education and training in disaster management
and for climate change mitigation and gamification as vehicles to increase knowledge and
awareness. The geographical distributions shows that English speaking countries produce the
largest share of the research literature when it comes to case studies or country mentions. This
could be an interesting topic to investigate further in order to guide policy, by looking more
closely at the share of research funds for climate change education across the globe as well
addressing data deficiencies to complement understanding of climate education outcomes.
Based on our results, we call for a key role for climate education as a crucial lever for climate
action through its potential to enhancing knowledge, fostering engagement and promoting
resilience. We anticipate that the research performed here will not only inspire the broader
research community, as evidenced by previous works on big literature [91, 92], but will also
lead to recognising the importance of incorporating climate education into synthesis and
assessment research relevant to policy making. Last but not least, innovative educational prac-
tices across various levels of society should be made essential for cultivating a proactive and
informed society capable of addressing the pressing challenges posed by climate change.
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Abstract

The concept of climate justice extends traditional environmentalism by emphasizing the social dimensions of
environmental issues. Recently, it has gained much attention due to the growing impacts of climate change, especially
on vulnerable communities that contribute minimally to global emissions. Based on the need for research in this field,
this paper reports on a study that examined how higher education institutions (HEIs) are integrating climate justice into
education, based on a literature review and a set of case studies. These cases highlight actions undertaken by various
HEIs to incorporate climate justice into education across the globe. Based on the increasing number of publications,
the findings show a growing research interest in the topic and reveal that some countries such as the US, the UK,
China, Australia, and Germany have a visible presence in the literature. It also provides a wide range of perspectives on
educational practices in climate justice, including real-world examples of courses implemented in HEls. The findings
reveal that HEIs have significant potential to address climate justice in their educational programs, which may help to
transform students’values and actions despite challenges.
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Fig. 1 Some drivers and tools
to address climate injustice
Source: The authors

1 Introduction

The term ‘climate justice’integrates environmental conservation with human rights and social justice. It views man-
made climate change as not only an environmental problem and technical challenge but also a political and ethical
issue linked to equality, human rights, and social justice [1]. As an example of the appropriateness of this concept,
countries and groups most affected by the consequences of global warming such as people in developing countries,
particularly indigenous communities, women, and children, are often the least responsible for causing it [2, 3].

Climate justice endeavors to distribute the burdens and opportunities of climate change fairly across the globe.
It acknowledges that industrialized nations have historically contributed the most to climate change and therefore
have a greater responsibility for mitigating its effects [4]. The main perpetrators of climate change, industrialized
countries and some emerging economies, not only need to drastically reduce their greenhouse gas emissions but
also assist developing countries in coping with climate change impacts [5] and making the transition to a climate-
neutral, sustainable economy and way of life [6].

Climate justice also intersects with other forms of social justice such as racial, economic, and gender justice,
recognizing that climate impacts are worsened for people facing discrimination [7]. Other features of climate justice
are as follows:

1. It advocates for sustainable development (SD) that satisfies the needs of the present without sacrificing the ability
of future generations to meet their own needs.

2. ltcalls for action at all levels, from local community initiatives to international agreements, recognizing that global
cooperation is essential.

3. It emphasizes the importance of involving all stakeholders, especially those most affected, in decision-making
processes concerning climate change.

Implementing climate justice is a process characterized by significant barriers. Firstly, economic and political
interests, particularly from fossil fuel-based industries, often resist policies that would reduce emissions but harm
profits [8, 9]. Secondly, developing countries claim that they should not bear the same burden for decreasing
emissions as developed countries, which have historically contributed more to climate change [3]. This creates a
challenge in reaching global agreements that are perceived as fair by all parties [10]. Additionally, varying levels
of awareness and attitudes across communities towards climate change make collective action or changes in
lifestyle challenging [11]. Furthermore, climate justice requires integrating environmental policies with other social
and economic policies [12], which can be complex and require coordination across multiple sectors and levels of
government.

Addressing these barriers requires coordinated efforts at the local, national, and international levels, involving
governments, businesses, non-governmental organizations, and communities [1, 13]. As shown in Fig. 1, governments
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and organizations have the capacity to address climate injustice. Governments have authoritative and regulatory
powers to implement specific actions and controls, whereas the latter can independently develop their social
advocacy and community service to contribute to climate justice. As their social functions differ, each has different
drivers and can use different tools to address climate injustice. Governments have more power to sanction practices
that promote climate justice, but their inertia is, in fact, a driver of climate injustice, giving organizations the
opportunity to engage with funding agencies to address inequalities derived from climate change.

Climate justice and education form a multifaceted nexus within the sustainability discourse, emphasizing the
role of equitable education implementation in addressing global climate and environmental challenges. Education
provides citizens and communities with the knowledge, skills, and awareness necessary to empower them to adopt
a more equitable approach to climate action [14].

There is a perceived need for research on the topic of climate justice and its implementation in education. Against
this background, this study aims to examine the extent to which climate justice is implemented by higher education
institutions (HEIs) and to explore their practices in climate justice education. The findings inform and inspire HEls to
enhance their contributions to climate justice education. The specific research questions are as follows:

1. How is the theme “climate justice” discussed in the literature focusing on higher education?
2. What are the practices, including real-world examples, showcasing how climate justice is implemented into education
at HEIs?

To address the research questions, this paper is structured as follows: Sect. 2 identifies the connections between climate
justice and education; Sect. 3 outlines the study’s methods; Sect. 4 presents the results, followed by the discussion in
Sect. 5; and Sect. 6 draws the main conclusions.

2 Climate justice and education

Education can play a key role in situating human rights and social equity at the center of climate action [15, 16]. It can
highlight how marginalized communities—those with less political, economic, or social power—are disproportionately
affected by climate change. When people understand these intersections, they are more likely to support policies that
promote justice and equity in climate responses. In this context, there is an urgent need to inform individuals about the
causes and consequences of climate change, since these cannot be separated from issues of poverty, race, and global
inequality. Table 1 presents the main connections between climate justice and education.

One of the significant advantages of teaching climate justice through education is that it is based on critical
thinking, with an emphasis on participatory learning, leading to the development of civic competencies that
enable individuals to understand the complex relationship between climate change and social justice [17]. This
understanding is essential to develop the agency that motivates people to contribute to climate solutions [18]. It is
a call to the deepest goal of education: a transformative process to change societies.

Table 1 Main connections between climate justice and education

Climate justice component Relevance to education

Empowerment By equipping people with knowledge about climate change, education empowers them to make informed
decisions and take action

Awareness and understanding Education plays a critical role in enhancing awareness and understanding of climate justice and its

importance
Influence on policies Educated populations are more likely to advocate for strong climate policies
The capacity to adapt Education systems can integrate climate justice into curricula, not only teaching about the problem but

also offering practical skills for fostering it
Global and local perspectives  Education can foster a dual perspective: understanding global issues and their local implications

Fairness to future generations By integrating climate justice into educational systems, future generations become better prepared to deal
with the challenges of climate change

Source: The authors
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However, this approach often faces resistance due to the economic implications of the required actions and
ideological concerns, or even skepticism regarding the scientific consensus on climate change. As such, the
incorporation of climate justice into educational curricula requires a balanced interdisciplinary approach that
combines science, social research, and ethics [19]. Its implementation is more effective through experiential project-
based learning as it can facilitate a deeper understanding of the socio-economic dimension of environmental
sustainability [20]. It also involves the development of scientific and socio-cultural educational materials that can
compensate for the previously mentioned resistance [21].

Recent empirical studies have shown how educational institutions contribute to a more equitable understanding
of climate issues [22]. The new curriculum designs based on climate justice principles offer students a better, more
holistic understanding of climate change and its social antecedents and consequences [23]. New challenges of climate
justice education are twofold: first is the need to increase teachers’ knowledge and skills to effectively deliver climate
justice education [20], and second is the need to elevate public policy sensitivity to promote the incorporation of
environmental culture and values into educational settings to foster climate justice [24].

3 Methods

In order to ensure the robustness of the study, two methods were deployed. The first was an assessment of the latest
literature concerning climate change and climate justice in higher education using a bibliometric analysis aimed
at identifying and listing some of the key literature on the topic. It entails a compilation of citations to identify the
impact of various categories on the topic, including the subject matters, periodicals where the papers were pub-
lished, authors"home base, and a set of keywords. Although there are various databases from which the information
could be gathered, the authors selected Scopus due to its comprehensive coverage of peer-reviewed publications.

As a first step, search strings were identified, which entailed relavent terms and the Boolean operators “AND” and
“OR!The terms used for the investigation were: ("climate chang*" OR "climate justice") AND ("higher education” OR
"universit*"). A total of 8,833 papers were initially chosen with the options of “article title, abstract, and keywords”
and all types of papers. In the next phase, the publicaiotn years were limited to the period of 2020-2023 to assess

Table 2 Five major journals

Journal title Number of publications Citations Impact
based on the number of factor
published papers (2020-2023) (2022)

Sustainability 113 656 3.9

International Journal of Sustainability in 25 92 3.1

Higher Education
International Journal of Environmental 22 104 3.2
Research and Public Health
Journal of Cleaner Production 15 209 11.1
Environmental Education Research 13 61 3.2

Source: The authors
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the latest publications on the topic, which returned 2826 documents. In the next step, only peer-reviewed articles
were considered, resulting in 1803 papers. Using “English” as the final criterion for selection, the sample included
1662 publications. The search was conducted on December 15, 2023. As a further step, the data was analyzed based
on the number of publications by year, per journal, country, and subjects. Finally, a co-occurrence analysis of the
keywords was carried out to identify the frequently used keywords on the topic with the support of VOSviewer
software (version 1.6.20). This analysis examines the proximity between two or more terms within a text unit, enabling
the identification of key research topics. Terms that frequently appear near one another are likely to be related and
form thematic clusters based on their co-occurrence patterns (see [25]).

The second method used to complement the bibliometric analysis was an in-depth look at case studies, which
provided examples of specific educational practices in climate justice. Conducted on December 18, 2023, a search for
papers in the English language using the search string (“climate chang*” OR “climate justice”) AND (“higher education”
OR “universit*”) AND (“case stud*”) yielded 148 results for 2020-2023. Then, 11 journal articles that seemed most
suitable for this study were selected. The authors initially planned to select twenty real-world examples of courses/
workshops on climate justice offered at HEIs worldwide; however, they could find only seven of them. Therefore,
four additional case studies focused on learning through participatory action research were added to the seven
case studies. The details of the eleven papers are illustrated in Table 3 in the following 4.2. Analysis of selected case
studies section. All of these case studies that provide real-world examples of initiatives to foster the learning about
climate justice at universities, increased the qualitative depth of the research. For the analysis of these case studies,
the authors focused on the learning objectives, discipline(s), course content, pedagogical approaches, and outcomes
of the courses and workshops under study.

4 Results
4.1 Bibliometric analysis

As seen in Fig. 2, over the period of 2020-2023 there was a noticeable increase in the number of papers published
concerning climate change and climate justice. This attests the increased focus on the topic as part of university research.
The most recent one year from 2022 to 2023 saw the increase from 442 publications (2022) to 504 publications (2023).

The data analysis reveals that the papers have been published in 160 different periodicals. It is noticeable that a
set of five outlets are leading the conversation, particularly Sustainability with 113 papers and 656 citations and the
International Journal of Sustainability in Higher Education with 25 papers and 92 citations (see Table 2 below).

As for the countries, Fig. 3 showcases that authors from the US (with 396 papers) are most widely present in the
literature, followed by the UK (164 papers), China (145 papers), Australia (127 papers), and Germany (108 papers).

Concerning the subject areas, Fig. 4 shows that most of the publications are from the Social Sciences (680),
Environmental Science (607), Agricultural and Biological Sciences (286), Energy (237), and Earth and Planetary Sciences
(209).

As shown in Fig. 5, the result of the term co-occurrence analyis reveals five thematic clusters, with the red and
green clusters being more developed, while others receive less attention. The red cluster includes keywords such
as “food system,”“indigenous knowledge,”“climate justice,”“energy,” and “environmental education."The importance
of indigenous knowledge in new university programs is also emphasized, promoting multidisciplinary approaches
[26]. Notable examples include project-based learning initiatives such as the Isalab Workshop in Valencia [27] and
water management training programs in India [28].

Key aspects of a research-society interaction involve citizen science and co-creation. Examples include ocean
temperature measurements related to seismological activity in Australia [29] and rainwater harvesting in Arizona
[30]. Co-creation extends to university design projects, like the University of Denver’s Center for a Regenerative
Future [31]. These initiatives aim to promote climate justice while addressing students’ expectations [32], including
capitalism’s influence [33] and degrowth approaches [31]. Campuses as living labs and experimental arenas is also
emphasized to propose innovative solutions and raise awareness about food security and sovereignty inequities [34].

The blue cluster connects education, climate change, environmental awareness, science communication, and
health. Innovative educational approaches are emerging to address pressing environmental challenges [35]. Nota-
ble initiatives include the Evolution of Land Plants Garden at University College Dublin, serving as a living outdoor
classroom to enhance students’ understanding of plant evolution. Simultaneously, attention is growing toward the
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Country N Country N Country N Country N Country N

United States 396 Pakistan 48 Austria 30 Czech Republic 21 Colombia 14
United Kingdom 164  South Africa 43 Finland 30 Nigeria 21 Denmark 14

China 145 Turkey 43 Poland 26 Thailand 21 Chile 13
Australia 127 France 40 Saudi Arabia 26 Mexico 20 Ireland 13
Germany 108  Netherlands 37 Iran 24 Belgium 19 Kenya 13

Spain 96 Indonesia 36 Norway 24  New Zealand 19 Ghana 12

Canada 88 Portugal 33 South Korea 24 Greece 17 Jordan 10
Italy 84  Switzerland 33 Sweden 24 Taiwan 16 Romania 10
. Russian .
India 68 Japan 31 Federation 22 Egypt 15 Slovakia 10
Brazil 50 Malaysia 31 Bangladesh 21 Viet Nam 15 Umte.d Arab 10
Emirates

Fig.3 Publications by countries on climate change and climate justice in higher education (2020-2023). * N refers to the number of
publications. The countries with less than 10 publications are not included in this table. Source: The authors

intersection of biodiversity and health within educational settings worldwide [36], particularly in fields like public
health, veterinary sciences, and medicine, though more integration and interdisciplinary collaboration are needed
[37]. Moreover, studies among HEI students in universities of Canada and China shed light on their perceptions and
behaviors regarding environmental issues [38, 39].
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The yellow cluster explores the connection between health and sustainability in higher education. Initiatives like
New York University’s Environmental Health in a Global World [40] exemplify participatory learning, emphasizing

Fig.5 The result of the term co-occurrence analysis. Source: The authors

@ Discover



Research
Discover Sustainability (2025) 6:278 | https://doi.org/10.1007/543621-025-01090-3

interdisciplinary perspectives and empowering students to address diverse environmental challenges.

Nursing education programs have successfully integrated environmental health content, impacting students’educa-
tion and policy engagement [41]. However, medical education still lags in addressing climate change’s health impacts
[42]. Furthermore, while incorporating biodiversity in health education underscores the need for collaboration across
disciplines [36]. Student-driven initiatives like the Planetary Health Task Force at Brown University demonstrate success-
ful integration strategies [43].

The purple cluster emphasizes disaster risk reduction (DRR), resilience, and climate change adaptation (CCA). The
causal relationship between climate change and disaster risk has been assessed and determined by considering exposure,
vulnerability, and the resilience of a population to prepare for, respond to, and recover from its consequences [44].
Chandra et al. [45] articulate that despite the existence of CCA and DRR policies, there may be inadequacies in addressing
non-economic loss and damage, stemming from areas including a lack of knowledge. To illustrate the significance of
education in DRR practices, a community-based DRR program in Ottawa led by young individuals has developed DRR
training modules designed to assist educators [46].

The development of local climate resilience strategies is imperative within communities [47], and climate change
education serves as a pivotal instrument in bolstering their resilience [48]. Nature-based solutions (NbSs) are essential
for reducing and adapting to the effects of climate change [49], which makes them essential to be incorporated into
higher education [50] and campus management.

The green cluster covers SD, carbon footprint, GHG emissions, university campuses, energy efficiency, environmental
impacts, and teaching. The escalating impact of global challenges such as climate change and population growth
underscores the significance of the United Nations' (UN) 17 SDGs in fostering future peace and prosperity, with education
emerging as a central catalyst for achieving these goals, though more attention is needed [51]. For instance, certain
HEIs in Spain and Italy are actively promoting sustainability awareness among students and researchers through the
implementation of environmental policies on university campuses [52].

Furthermore, there is a growing recognition for HEIs to play a more proactive role in addressing the UN SDGs [53],
cultivating sustainability-aware designers [54] and engaging stakeholders. As such, HEls must collaborate with regional
actors to address societal challenges such as energy efficiency and climate change [55].

On the other hand, the carbon footprint resulting from university activities significantly contributes to climate change,
presenting a notable challenge for SD due to the complexity of monitoring and evaluation tools for sustainability within
universities [56]. However, various studies (e.g., Sun et al. [57]) highlight universities’ efforts to quantify and mitigate their
carbon footprint through practices such as aligning academic calendars with holidays [58].

In general, the analysis reveals that universities have a central role as agents of change in the face of global challenges
by integrating sustainability, education, and climate action in their activities. Through higher education, innovative
approaches that combine theory and practice are promoted, fostering connections between local contexts and global
issues. Initiatives such as project-based learning, the inclusion of indigenous knowledge and the implementation
of nature-based solutions are prominent examples of how institutions are moving towards more sustainable and
transformative models. A cross-cutting aspect is the active participation of communities and other stakeholders through
co-creation and citizen science. These practices strengthen the link between universities and society, enriching both
learning and social impact. Climate justice and local resilience emerge as key priorities, highlighting the need for strategies
that address structural inequities while adapting to ecological and social dynamics. In this sense, universities are called to
lead with inclusive, transdisciplinary approaches that integrate diverse perspectives and foster contextualized solutions.

In addition, university campuses are consolidating as experimental spaces for sustainability. Their transformation
into living laboratories allows for testing and scaling innovative solutions, such as carbon footprint reduction and
environmental policy advocacy. However, challenges related to sustainability measurement and management persist,
underscoring the need for more effective tools and broader collaborations. In education, the adoption of multidisciplinary
pedagogical approaches is essential to prepare future generations for complex challenges. From environmental health
to biodiversity, educational programs are evolving to integrate diverse knowledge and encourage action. However, areas
such as medical education require greater attention to fully incorporate climate change impacts into their curricula.
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4.2 Case studies

In this section, we present and discuss a set of eleven papers concerning research on climate justice in education
published in peer-reviewed journals (Table 3). They are divided into two groups: the first group includes case studies of
either courses/workshops offered at HEIs on climate justice (#1-7) while the second group discusses learning through
participatory action research (#8-11).

From an international perspective, a wide range of courses and workshops link climate change and climate justice to
health and health education. Ogunseitan et al. [59] emphasizes the importance of connecting the physical science of
climate change with vulnerability, mitigation, and adaptation concerning health impacts. For example, workshops were
developed in the College of Health Sciences at the University of California—Irvine to foster learning about sustainability,
barriers to incorporating new competencies into courses to train professionals, and theoretical models of curriculum
integration. Strategies for implementing modules and case studies on climate change contents into the relevant curricula
were discussed. One year later, participants presented how they had transformed their courses, discussed best practices,
and shared specific difficulties.

It is important for public health to be guided by integrative thinking from various perspectives and disciplines.
Lansbury et al. [60] stress the urgent need for indigenous knowledge in new university programs. The public health course
“Exploring Wicked Problems in Health”illustrates how integrated thinking from various disciplines can illuminate public
health issues. A course survey revealed strong correlations between interest and curiosity for learning and voluntary
motivation to act, underscoring the importance of fostering students’ intrinsic motivation.

The transformation of students’ values and actions requires the effective integration of climate-health topics into
curricula. Schmeltz et al. [61] highlight problem-based learning pedagogy employed by undergraduate students in
the Department of Public Health at California State University at East Bay to address climate change impacts on local
government organizations and communities. The outcome reveals mutual benefits, including increased knowledge and
better responses to climate change in local communities. Similarly, Capetola et al. [62] present the postgraduate six-week
course “Promoting human and planetary health” at Deakin University in Australia, designed to comprehend global and
local challenges and facilitate the acquisition of knowledge and skills for planning co-benefits for both planetary and
population health.

There has been a tendency for educators in climate and environmental change to focus on the urgency and scale of
the crisis without considering its affective consequences. Thus, there is a need to investigate the affective implications of
the content and instructional methods, the pedagogical approaches for student development of a sense of agency, and
the strategies and practical tools to empower students. Leimbach et al. [63] present a case study of an undergraduate
elective offered in the University of Technology Sydney’s School of Communication in Australia that exposed students to
climate and ecological crises. The pedagogical approach requires deconstructing power structures and encouraging new
ways of viewing the world. Similarly, Bartlett et al. [64] examine how a pedagogical approach to social justice in a climate
justice course increases self-efficacy in college students for tackling climate change. The online course at the University
of Michigan used case studies, historical references, media, and presentations from activists in the local community to
explore the connections between social justice and the environment. Students found that the course contributed to
their sense of self-efficacy for climate solutions, indicating that educating from a justice perspective enhanced their
comprehension of fundamental causes, empathy for others, and the need for collective action. They mentioned other
studies (e.g., Cordero et al. [65]) revealing that students’ voluntary engagement in climate action was low or non-existent
even after taking science courses that covered climate change concepts, mitigations, and consequences. Thus, if the
purpose of education on climate solutions is to prepare students to take true leadership in climate action, it is crucial to
identify the reasons for the disconnect between learning and voluntary action.

Whereas various pedagogies that cover the climate and nature emergency propose solutions to a desired future, Stein
et al. [66] offer an outline for climate education that enhances students’sense of environmental and social responsibility.
They introduce “Facing Human Wrongs,” a licensed creative commons course designed to highlight the significant debt
owed to people on the front lines of climate and nature emergencies, including indigenous communities. The course
emphasizes the importance of reparations in responding to emergencies, with economic justice identified as one
dimension of healing from ecological and social violence.

Two papers provide evidence for the effectiveness of pedagogical strategies focused on research and experience in
fostering environmental awareness and climate action among university students. Marcella and Samofalova [67] applied
Data Driven Learning (DDL) and Research Based Learning (RBL), while Community-Based Research (CBR) is discussed in
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[68]. A feedback questionnaire revealed that a significant percentage of students consider climate change an important
discussion topic and intend to act more conscientiously toward it. CBR was also implemented in a collaborative climate
action plan in Hamilton, New York, involving students from Colgate University as part of a working group alongside
community members and other university actors, to mentor and train students through the environmental studies
curriculum.

Nussey et al. [69] and Lieberknecht et al. [70] explore how universities can contribute to climate justice through
participatory research, ultimately influencing student learning. The first study outlines some initiatives in Brazil, Kenya,
and Fiji to integrate community knowledge into university policies and curriculum design. The second advocates for
transdisciplinary spaces involving community stakeholders as well as students, teachers, and researchers to address the
climate crisis and its effects on marginalized communities, using the initiative “Planet Texas 2050” at the University of
Texas as an example.

These eleven papers illustrate educational practices and learning strategies developed by universities to address the
topic of climate justice. Systematic literature reviews also examine the role of educational institutions in climate justice.
Kinol et al. [71] highlight initiatives like The University of Vermont’s mandatory sustainability course. Trott et al. [23]
explore how educational practices in social sciences incorporate climate justice frameworks.

Several authors explore the integration of climate justice into education in general. Dunlop and Rushton [72] assess
England’s public strategy for climate change and sustainability education, finding that it prioritizes knowledge over
action, lacks ethical considerations, and relies on extracurricular offerings rather than a mandatory curriculum. The
strategy appeared to focus on superficial changes instead of fundamental ones, shifting the responsibility to teachers
without adequate financial support. Meanwhile, Svarstad [73] promotes critical climate education to empower citizens
with the knowledge and skills for responsible action. The Norwegian case study illustrates the consequences of climate
mitigation decisions without considering climate justice across both time and space, underscoring the need for students
to critically analyze such measures.

Fig. 6 Main issues related
to climate justice in study
programs. Source: The
authors
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5 Discussion

The aim of this study was to explore the extent to which universities have addressed climate justice education in recent
years. A comprehensive bibliometric analysis was conducted to explore the relationships between climate justice, climate
change and HEls, revealing the key thematic areas. Subsequently, a detailed examination of case studies was undertaken
to identify specific educational practices in climate justice at HEls.

Both the bibliometric analysis and an in-depth look at case studies revealed that HEIs have a significant potential to
address climate change and climate justice in their education, despite numerous challenges to facilitate a transformation
of students’values and actions. Figure 6 summarizes the main issues related to the inclusion of climate justice as part of
study programs. These elements collectively aim to foster an environment where HEIs can play a pivotal role in advancing
climate justice by educating and empowering the next generation of leaders.

HEIs' proactive role in addressing the UN SDGs and balancing global economic development with the need to
address climate change, has been increasingly recognized. To integrate environmental awareness and climate justice,
HEIs have been using innovative approaches, expanding their academic boundaries. One example of this innovation is
the establishment of co-curricular and interdisciplinary concentrations, such as the focus on planetary health in public
health and medical programs that intertwine environmental considerations with regional health initiatives and explore
the interconnectedness between biodiversity and human health. In fact, such an integration is increasingly recognized
as vital for addressing global health challenges and preparing future healthcare professionals, emphasizing the role of
HEls in cultivating environmentally and socially responsible citizens.

The findings also highlight that viable curricular and pedagogical development is urgently required to integrate
climate change and climate justice topics and competencies across the curriculum into core and elective courses by
connecting the physical science of climate change to the aspects of vulnerability, adaptation, and mitigation. Examples
include incorporating indigenous knowledge into new university programs, creating multidisciplinary and transdiscipli-
nary programs/courses, employing a systems thinking approach, implementing micro-credentials, and providing experi-
ential learning opportunities, such as problem-based learning. This echoes the literature review in an earlier section of this
paper, emphasizing participatory learning to develop civic competencies that enable individuals to understand the com-
plexity of the relationship between climate change and social justice. Some examples of pedagogical innovations focused
on climate change and climate justice are presented in Table 4. These innovations not only educate students about the
topics but also empower them to become active participants in addressing those global challenges. The findings also
emphasize the importance of the affective aspects of education, including fostering students’ intrinsic motivation and
self-efficacy for climate solutions; thus, the emotional implications of the content and instructional methods should be
carefully considered. It is also suggested that educating from a justice perspective increases students’ comprehension
of fundamental causes, empathy, and urgency for collective action as climate change is not only a technical or scientific
problem but also a social, political, and ethical one, requiring a holistic and justice-oriented approach. Therefore, it is
imperative to enhance students’ sense of social and ecological responsibility to better prepare them with the motivation
and affective, relational, and intellectual capacities to play a role in creating a more just world.

Moreover, participatory action research led by universities can help address environmental and climate change
education challenges, considering the knowledge and needs of local vulnerable communities. This approach will
significantly help to raise students’ awareness about climate change, have a positive impact on the implementation of
climate mitigation and resilience strategies, and thereby contribute to achieving long-term climate goals. While several
studies highlight efforts made to achieve learning in climate justice through university initiatives and educational
practices, some researchers point out shortcomings, such as cosmetic and superficial approaches and a lack of critical
perspective in education overall.

6 Conclusions

As shown in the paper, education in climate justice can play an important role in equipping future decision-makers
with the knowledge and skills to address interconnected environmental and social challenges. Through this research,
the authors examined and documented the efforts of some HEls to incorporate climate justice principles and content
into their educational and operational frameworks. The findings suggest recognition among academic researchers and
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their institutions about the urgency of addressing the challenges of climate change and the complexities of coping with
them. However, while climate change has been widely discussed in the literature—often with numerous examples of its
implementation at universities around the world-explicit references to climate justice remain relatively scarce. This paper
aims to contribute to filling the gap in the current literature.

A key aspect of integrating climate justice into academic curricula involves understanding the interrelation between
environmental degradation and social inequality. For example, courses on ecological economics play a crucial role in this
context by examining the trade-offs between economic growth, environmental preservation, and social equity. These
courses may help students grasp the systemic nature of these issues and equip them with the tools to design policies that
balance economic and ecological considerations, fostering a concerted global response. By encouraging critical analysis,
participatory learning experiences, and the cultivation of civic skills, educational initiatives can empower learners to
perceive climate change not just as an environmental issue but as a profound socio-ethical challenge requiring collective,
informed action. The analysis of current educational methodologies within HEIs highlights emerging innovations and
shows the need for a focus on balancing environmental and social responsibility. The results from this study illustrate
some of the ways HEls are incorporating awareness of environmental issues, their relationship with agriculture and food
systems, indigenous perspectives, population health, and the SDGs as a general framework that underscore the need
for climate justice.

This paper has several limitations. First, not all topics related to the theme could be covered because the bibliometric
analysis focuses on the latest literature. This temporal limitation may have resulted in the exclusion of earlier foundational
works that could provide additional historical context and insights. Additionally, a limited set of case studies was analyzed
due to the lack of published real-world examples of courses on climate justice. As a result, the findings may not fully
represent the diversity of teaching modalities used in climate justice education, potentially limiting the applicability
of conclusions to different educational contexts. Restricted access to reliable data on climate initiatives in higher
education also posed a challenge. The analysis was constrained by the availability of data, which may have led to an
underrepresentation of initiatives from institutions that do not widely communicate their climate-related activities.
Finally, given the wide range of perspectives on climate justice, this paper does not capture all possible viewpoints on
the subject, with a potential exclusion, for example, of community-based educational initiatives that have a valuable
impact on climate justice education.

The implications of this paper to theory and practice are as follows: first, the incorporation of climate justice into
university programs appears to be an emerging trend that recognizes the importance of educating students about the
intersection of environmental sustainability, social equity, and policy. Second, the paper provides a valuable addition to
the literature by highlighting the current level of emphasis on climate justice in higher education. It identifies gaps in
existing provisions and offers insights into areas requiring further attention. While visible efforts are being made by some
universities to expand their curricula and research focus to address these interconnected issues, more comprehensive
integration of sustainability learning across all disciplines could enhance this progress. Such an approach would help
ensure that all students, regardless of their field of study, develop an understanding of the intersection between
environmental sustainability and social justice.

There are several research needs on the topic that future studies could address. For instance, research is needed
to explore how universities might offer interdisciplinary and cross-disciplinary courses that integrate aspects of
environmental science, sociology, political science, and economics to study climate justice. Within this scope, courses
on ecological economics are particularly relevant, as they provide critical insights into balancing economic development
with environmental and social justice. Future research could evaluate how these courses could be optimized to address
the unequal impacts of climate change and foster more equitable solutions. Further investigation is also required to
determine how existing courses can examine topics such as the unequal impacts of climate change, ethical considerations
in environmental policies, and strategies for community engagement and empowerment. Moreover, studies are needed
on methods to encourage students to engage in activities that may cater to a better understanding of the impacts of
climate change on vulnerable populations and to evaluate the effectiveness of policy interventions.

In summary, this research highlights the potential of participatory action and community involvement education, with
HEIs playing a role in developing new curricula and training practices that foster values such as inclusivity, collaboration,
and sustainable accountability. However, this educational transformation cannot solely be based on knowledge but also
on embedding a deep acquisition of social and ecological responsibility. In the required social effort to lessen the effects
of climate change, integrating climate justice into educational practices is both ethically significant and strategically
valuable. Furthermore, it is crucial that discussions and actions relating to climate policy consider equity, granting a
voice to those most affected by climate change and environmental degradation, particularly in vulnerable communities.
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Abstract

Background Higher education institutions (HEI) are uniquely positioned to contribute to sustainable development
through education, research, community engagement, and policy influence. In this context, stakeholder engagement
is recognised as an important strategy, since involving diverse groups in decision-making processes, HEIs can harness
a wealth of perspectives, expertise, and resources, fostering more inclusive, innovative, and effective approaches

to sustainability. There is a perceived need for studies that explore the contribution of various stakeholders in higher
education, and suggest ways to optimise their participation in processes. Against this background, this paper

seeks to bridge the gap between theoretical frameworks of stakeholder engagement and practical applications
within the context of sustainable development in higher education.

Results By examining 29 real-world case studies and best practices, this paper provides actionable insights

and guidance for HEIs to enhance their sustainability efforts. Findings from the analysis of cases in Europe, Africa,
Asia, and North and South America were consolidated into ten guidelines for HEIs seeking to promote sustainable
development through stakeholder engagement. The analysis of trends identified three clusters: (i) HEI's role

in sustainable development through stakeholder engagement and Sustainable Development Goals (SDGs); (ii)
human-centred sustainability via transformative learning and community empowerment; and (jii) education

and interdisciplinary approaches to sustainability.

Conclusions The nature of the work performed, and the scope of the activities of HEIs put them in a key position
to drive sustainable development by engaging diverse stakeholders across academic and societal contexts,
including students, faculty, administration, industry partners, and the broader community. Inclusive participation
and interdisciplinary educational programmes that integrate sustainability across curricula are key to effective
stakeholder engagement. In addition, institutional commitment, including strong leadership and strategic policies,
is essential for advancing sustainability initiatives, while partnerships with local communities and industries amplify
the practical impact of sustainability efforts while addressing real-world challenges.
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Introduction

Sustainable development is a multifaceted concept that
demands the integration of economic growth, social
equity, and environmental protection, ensuring that the
needs of the present are met without compromising the
ability of future generations to meet their own needs [73,
77, 80, 84].

The significance of sustainable development lies in its
comprehensive approach to improving the quality of
life for all people without increasing the use of natural
resources beyond the capacity of the environment to
supply them indefinitely [25]. It addresses the global
challenges we face, including poverty, inequality, climate
change, environmental degradation, peace, and justice.
The 2030 Agenda for Sustainable Development, adopted
by all United Nations Member States in 2015, provides a
shared blueprint for peace and prosperity for people and
the planet, now and into the future. At its heart are the 17
SDGs, which are an urgent call for action by all countries
in a global partnership [9, 61, 78].

The intricate balance between the three dimensions
(social, environmental and economic) emphasises the
complexity of achieving sustainability and underscores
the critical need for the engagement of a wide range of
stakeholders. This engagement is not just beneficial but
necessary for fostering a shared vision of sustainability
and for the practical implementation of solutions that are
both effective and equitable [57].

Today, there is an extensive research stream on
stakeholder theory, documenting the benefits of
stakeholder engagement. A stakeholder is defined as any
group or individual that can influence or be influenced
by the achievement of the organisation’s objectives [31].
Further specifying, Savage et al. [23, 67, 68].

Stakeholder engagement in HEIs has become an
increasingly significant topic, as these institutions
continually seek innovative approaches to interact
with and involve both their internal and external
stakeholders [20]. To date, there is a growing research
stream that applies stakeholder analyses to HEIs,
revealing complex findings and diverse applications [75]
[20]. For example, [42, 43] highlight the significance
of knowledge and information sharing, mutual
trust, stakeholder involvement in decision-making,
and interest alignment to strengthen relationships
and create greater value between HEIs and their
stakeholders. In this context, sustainability and its
promotion have become particularly important topics
in the interactions between HEIs and their internal and
external stakeholders [20]. Stakeholder engagement
serves as a key mechanism for driving sustainable
development and aligning the interests of HEIs with
broader societal goals. As universities move towards a
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more sustainable future and reshape their relationship
with their stakeholders, a shift in perspective appears
promising, placing HEIs at the centre of stakeholder
engagement. This reshaping of relationships is not only
crucial for fostering sustainability but also necessary
to differentiate themselves from other HEIs, positively
setting them apart and ensuring long-term success. This
need for differentiation underscores the importance of
reshaping stakeholder relationships, aligning them with
sustainability goals. As a result of their critical role in
education, research, and societal interaction, HEIs are
uniquely positioned to engage stakeholders and act as
catalysts for sustainable development, as highlighted
by [20]. Figure 1 depicts a conceptual framework
illustrating the role of HEIs in stakeholder engagement
for sustainable development.

Key stakeholders in sustainable development include
national governments, local authorities, the private
sector, civil society, HEIs and the general public.
Each group has a unique role to play and a vested
interest in the sustainability of economic, social, and
environmental systems, which can be described as
follows:

(a) National governments are responsible for creating
policies that drive sustainable development. They
can enact laws that protect the environment,
support social equity, and foster economic growth
that benefits all layers of society. These, in turn, are
implemented by local governments, which oversee
the steps needed to realise government policies [26,
39].

(b) The private sector (businesses) contributes
by adopting sustainable practices that reduce

Fig. 1 Framework for promoting sustainability through stakeholder
engagement in HEIs. Source Authors own creation
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environmental impacts and by innovating new
technologies and solutions for sustainable
development  challenges.  Corporate  social
responsibility (CSR) initiatives can also support
social and environmental goals [53, 65].

(c) Civil society organisations (CSOs), including non-
governmental organisations (NGOs), community
groups, play an important role crucial role in
advocating for sustainability, educating the public,
and holding other stakeholders accountable [1, 5,
70].

(d) HEIs undertake research, foster education on
sustainable development via teaching programmes
and foster critical thinking on its processes [4, 71].

(e) The general public influences sustainable
development through consumer choices, political
participation, and community involvement

(i.e., active participation of local stakeholders in
decision-making, planning, and implementation
of sustainability initiatives). Public awareness and
education on sustainability issues are essential for
driving change from the bottom up [29, 58].

The need for such a broader stakeholder engagement is
based on the fact that sustainable development challenges
are complex and interrelated. Engaging a diverse group
of stakeholders brings in a wide range of perspectives,
knowledge, and expertise, leading to more innovative
and effective solutions [84]. There is another, practical
reason, for a broader stakeholder engagement: the
responsibility for sustainable development does not lie
with any single entity. By involving various stakeholders,
a sense of shared responsibility and collective action may
be promoted, which is more likely to result in significant
and lasting changes [24, 28, 57].

Moreover, engaging stakeholders in the decision-
making process increases the legitimacy of sustainability
initiatives. It also ensures that different interests are
considered, leading to greater buy-in and support from
the community, which is critical for the successful
implementation and longevity of sustainability projects
[24, 57].

But to succeed, stakeholder engagement on sustainable
development needs to be inclusive, transparent, and
structured [12]. This involves a broader understanding
of who the stakeholders are, their interests, and how they
are affected by sustainable development initiatives is the
first step in engaging them effectively. Also, it needs to be
based on building partnerships and networks, creating
platforms for collaboration among different stakeholders
[57]. This can leverage resources, expertise, and
influence, making sustainable development efforts more
successful. Moreover, ensuring that all stakeholders have
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access to information and opportunities to participate in
discussions and decision-making processes is important
[24, 40]. Finally, to yield the expected benefits, there is
a need to regularly assess the outcomes of stakeholder
engagement and sustainability initiatives. This helps in
learning and adapting strategies as needed. Providing
feedback to stakeholders also keeps them informed and
involved [15, 72].

The path to sustainable development is complex and
challenging, requiring the collective effort of all segments
of society [54]. The engagement of stakeholders is not just
a strategic approach to achieving sustainability goals but
a necessity for ensuring that the development is inclusive,
equitable, and capable of meeting the needs of both
present and future generations. Through collaborative
efforts, open communication, and shared responsibilities,
we can work towards a sustainable future that balances
economic growth with social equity and environmental
protection, ensuring a better planet for all [73, 80, 84].

Against this background, this paper aims to address the
following key questions: How can theoretical frameworks
of stakeholder engagement be translated into practical
applications to advance sustainability in HEIs? How
do HEIs engage stakeholders to drive sustainability
initiatives through leadership, education, industry
collaboration, and professional development? What
strategies exemplify successful stakeholder engagement
in driving sustainability within HEIs?

Background: sustainable development

and stakeholder engagement in higher education
Stakeholders play a vital role in shaping a sustainability
policy for HEIs that is both internally and externally
supported, and integrated into all policies and vision
statements [44, 45]. Beyond considering both internal
and external stakeholders, it is essential to account for
additional aspects and inputs [83].

To avoid common pitfalls such as fragmentation
and lack of coordination among internal initiatives,
addressing these issues from the outset is crucial. This
proactive approach results in a more robust project, one
that gains support from a variety of internal stakeholders
across disciplines, facilitating smoother communication
both internally and externally. Conducting a materiality
analysis upfront is recommended to align the HEI’s
sustainability priorities with the goals of external
stakeholders in the region. These external stakeholders
should represent a range of disciplines (for a holistic
vision) and include participants from the quadruple
helix: HEIs, the community, government and regulatory
bodies, and industrial partners [69].

Engaging external stakeholders more meaningfully
ensures they are not only inspired by HEI projects,
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but also feel motivated to support and follow them.
Figure 1 illustrates how the initiative evolves from an
internal concept to a project that incorporates input and
interaction from external stakeholders.

As Geels [33] proposes and illustrated in Fig. 2, the
transition in this case study starts with a small transition
team, where individuals present ideas in various
existing forums (Step 1). This leads to the formation of
a change coalition (Step 2), which serves as a platform to
consolidate and amplify innovation [69].

Within HEIs, it is critical to adopt a broad,
interdisciplinary approach while involving diverse
stakeholders. The change coalition should therefore
comprise internal stakeholders with varied backgrounds
and roles. This inclusivity fosters sustainability efforts
across the institution, preventing fragmentation and
maintaining internal support. Ensuring direct connection
with the HEIs general director and top policymakers
is also crucial. Introducing sustainability into policy
frameworks (aligned with the 17 UN SDGs) (Fig. 2, Step
3) guarantees coherence and internal backing.

The HEI undergoes a paradigm shift from a traditional
institution to one driven by the SDGs. In the next stage
(Fig. 2, Step 4), external stakeholders are brought in
to support the institution in meeting these objectives
[30] [79]. Participants in the change projects integrate
existing practices into the learning process, allowing
these practices to adopt new, sustainable approaches
and overcome barriers. As the transition progresses, the
change team evolves into a broader change network,
involving external partners [81]. This strategy results in
a cohesive approach that not only sends a clear external
message, but also fosters co-ownership and co-creation,
essential values for a HEI Moreover, it ensures
sustainability is viewed not as a temporary trend, but as a
long-term commitment.

Stage 1 Stage 2

Coalition of
the change

Transition
team

Fig. 2 Transition scheme. Source Authors' own creation
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There is also the direct route, where companies directly
engage with HEIs in student challenges and project-based
work placement. This brings the HEI into contact with
another major stakeholder, the established professional.
They were educated before the current emphasis on
sustainability, and they may prove to be an obstacle to
implementing change. How can the HEI influence them?
Perhaps they can broaden their horizons to offer micro-
credentials, specifically geared towards sustainability.
The focus by professional accreditation bodies has also
seen changes implemented. While not fully co-creation,
the ability to be agile and respond to stakeholder demand
is evident [10, 22].

Stakeholder engagement could usefully be interpreted
to mean exerting influence as broadly as possible.
This can be through leadership in the operation of the
HEI's themselves, by longer term influence based on
educating students for sustainability, collaboration
and innovation with industry. It could also include
continued professional development opportunities for
the practitioners and decision-makers in industry.

HEIs play a crucial role in fostering sustainability
through their extensive networks, which encompass

government agencies, private sector organisations,
and other academic institutions. These connections
facilitate collaboration on large-scale sustainability

initiatives. Quist and Tukker [63] highlight that
achieving sustainability necessitates a strong integration
of innovation, learning, and cooperation among
government, educational institutions, and financial
stakeholders. To successfully embed sustainability in
education, structured multi-stakeholder engagement is
essential. HEIs provide an ideal environment for fostering
such collaborations. International research projects can
strengthen partnerships between HEIs and reinforce
commitments to sustainable development. Moreover,

Stage 3 Stage 4

Change
through
network



Leal Filho et al. Environmental Sciences Europe (2025) 37:64

academic conferences and inter-institutional initiatives
contribute to advancing Education for Sustainable
Development (ESD) on a broader scale. Given their
existing collaborations with the private sector and
government through research activities, HEIs are well-
positioned to leverage and expand these relationships,
thereby enhancing the effectiveness of sustainability
initiatives in higher education [55].

Aung and Hallinger [7] examined the leadership
practices that facilitate and promote sustainability within
HEIs. Their findings categorise these practices into
several key areas, including the development of a clear
leadership vision, the transformation of campus facilities
and operations to support sustainability objectives, the
integration of sustainability principles into research and
academic programmes, the cultivation of a sustainability-
driven institutional culture, and the encouragement of
active community engagement.

Sustainability leadership at all levels of a university—
from the governing council to the student body—plays a
crucial role in strengthening the institution’s engagement
with society [41]. This can be achieved through various
strategies, including research and development, living
labs, and service learning [52]. These approaches
foster a two-way process of knowledge generation,
where students and faculty collaboratively learn
“with” and “through” the community. Such knowledge
co-creation aligns with stakeholder theory, which
emphasises the value of engaging external stakeholders
in shared learning and decision-making processes
[32]. Kantabutra [41] further argues that exchanging
knowledge with stakeholders contributes to business
continuity and corporate sustainability. In the context
of higher education, leadership practices that promote
knowledge-sharing and co-creation can drive community
development and advance broader sustainability goals
[7]. By actively promoting sustainability, universities not
only enhance the quality of life within their communities,
but also serve as role models and integral stakeholders in
fostering pro-sustainability behaviours [37, 52].

Despite the growing body of research on stakeholder
engagement in sustainability initiatives within HEIs,
significant gaps remain in understanding its practical
effectiveness and long-term impact. First, while existing
studies emphasise the importance of involving internal
and external stakeholders [44, 45, 83], there is limited
empirical analysis on how stakeholder engagement
translates into measurable sustainability outcomes within
HEIs. Research often discusses engagement strategies at
a conceptual level but lacks in-depth evaluation of the
mechanisms that drive success or failure in real-world
applications.
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Second, most studies focus on the role of HEIs as
facilitators of sustainability transitions [33, 69] but do not
critically assess how stakeholder dynamics evolve over
time, particularly in response to institutional resistance,
shifting priorities, and external influences such as policy
changes or funding constraints.

Finally, while leadership and institutional commitment
are frequently cited as key drivers of sustainability efforts
[7, 41], research has not fully explored the interplay
between top-down governance structures and grassroots
stakeholder initiatives within HEIs. This gap limits our
understanding of how institutional hierarchies and power
dynamics shape stakeholder engagement in sustainability
transitions.

Methods

Seeking to bridge the gap between theoretical
frameworks of stakeholder engagement and practical
applications within the context of sustainable
development in higher education, this study employed a
combination of systematic review and analysis of trends,
alongside the introduction and examination of real-
world case studies. These methods aimed to identify and
present successful instances of stakeholder engagement
in driving sustainability within HEIs. The following
sections outline the detailed approach taken for each
method and how the outcomes contribute to the overall
study.

Systematic review approach and analysis of trends

A systematic review was conducted to collate and
synthesise findings from existing studies that addressed
the formulated research question: How do HEIs engage
stakeholders in sustainability initiatives? This review
followed explicit, systematic methods to ensure a
comprehensive and unbiased synthesis of relevant
literature.

The systematic review was structured around three
core themes: (a) sustainability and related concepts; (b)
stakeholder engagement; and (c) HEIs. A brainstorming
session was initially conducted to generate relevant terms
for each core theme (Table 1), followed by discussions to
prioritise and reduce these terms.

Based on that, the final search string used was:
([‘sustainab* OR ‘responib* OR ‘conscious* OR ‘green’
OR ‘eco®” OR ‘ethical’ OR ‘climate’ OR ‘SDG*] AND
['stakeholder* OR ‘peer* OR ‘member* OR ‘engagement’
OR ‘participation’] AND ['HEI’ OR ‘high* education’ OR
‘universit*” OR ‘student* OR ‘faculty’ OR ‘academic’].

The search was performed on the Scopus database,
focusing on publications in English from January 2004
to April 2024, with the condition that the full text was
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Table 1 Core themes and related keywords
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Core theme Keywords

Sustainability

Sustainability, Sustainable, responsibility, Responsible, Conscious, Consciousness, Fair, Green, Environment, Environmental, Resources,

Eco-friendly, Renewable, Low-impact, Low-carbon, Ethical, Zero-waste, Low-waste, Carbon-neutral, Regenerative, Climate-friendly,
Resource-efficient, Biodegradable, Energy-efficient, Clean, Eco-conscious, Eco-efficient, Nature-friendly, Planet-friendly, Earth-friendly,
Earth-first, Ocean-friendly, Multi-generational, Global goals, Gender equality, Reduced inequalities, Good health, Well-being, Inclusive,

SDG
Stakeholder Stakeholders, Peers, Participants, Members, Partners, Collaborators, Colleagues, Community (engagement), Engagement, Participation,
Collective action
Higher HEI, Higher education, Education, research, University, Teaching, Academic institutions, Applied science, Bachelor/undergraduate,
education Master/graduate, Student, Faculty, Critical thinking, Case, Case studies, Best practices
institution

Source Authors’ own creation

available. Initially, 479 documents were identified. After
a rigorous screening process, following the PRISMA
protocol, the following documents were excluded: 23
articles were not in English, 7 articles were not peer-
reviewed, 100 articles did not fit the context of our
analysis in terms of content, 108 articles speak of “school”
not HEI, 26 articles articulate the “wrong” meaning
of sustainability (i.e., talk about “time-stable” nor
sustainable in the sense of the SDQ). Thus, the dataset
was reduced to 215 relevant entries.

The 215 documents were analysed using VOSviewer
software for bibliometric and trend analysis. This analysis
was crucial for identifying key patterns, influential
studies, and emerging themes within the literature on
stakeholder engagement in HEI sustainability initiatives.
Understanding these trends helped contextualise the
case studies and provided a foundation for proposing
actionable insights.

Selection and analysis of case studies

The selection of 29 case studies from the initial sample
of 215 documents was guided by specific criteria
to ensure relevance, depth, and alignment with the
research objectives. First, studies were required to
explicitly describe real-world stakeholder engagement
initiatives within HEIs, detailing their implementation
and outcomes. Second, selected cases needed to
demonstrate a direct connection to sustainability,
ensuring that stakeholder participation contributed
meaningfully to sustainable development within the
institution. Third, priority was given to cases that
provided clear methodological descriptions, allowing
for an in-depth understanding of the engagement
process, involved actors, and contextual factors
influencing success or challenges. Additionally,
geographic diversity was considered to capture a
broad range of institutional and cultural contexts.
Lastly, studies that offered critical reflections, impact

assessments, or discussions on best practices were
favoured, ensuring that the selected cases provided not
only descriptive accounts, but also analytical insights
into stakeholder engagement strategies.

Thus, the selected case studies provided empirical
evidence on how stakeholder collaboration is
structured, the mechanisms used to drive sustainability,
and the challenges and success factors identified in
different institutional contexts. Moreover, the sample
covered a diverse range of geographic regions, including
institutions from Cameroon, South Africa, Zambia,
China, Malaysia, Saudi Arabia, Indonesia, Jordan,
Scotland, Portugal, Sweden, Italy, Spain, Hungary,
Belgium, the United Kingdom, Poland, Turkey, Canada,
the USA, Chile, and Brazil. This diverse sample ensured
a comprehensive understanding of global practices and
challenges.

Each case study was thoroughly analysed to identify key
topics, effective practices, and challenges faced during
the implementation of sustainability initiatives. Insights
were derived from the experiences of universities across
different continents, focusing on the strategies employed
to engage various stakeholders such as students, faculty,
administration, local communities, and businesses.

Case analysis is a vital component of this study
as it provides practical, real-world examples of how
theoretical frameworks of stakeholder engagement can
be applied within the context of sustainable development
in higher education. By examining these cases, the study
highlights successful strategies, common challenges, and
innovative practices that other institutions can adapt to
enhance their sustainability efforts. This international
perspective ensures that the proposed guidance and
actionable insights are relevant and applicable across
different cultural and institutional contexts.
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Results and discussion

Analysis of trends

Key thematic areas were identified through the
VOSviewer software’s term co-occurrence analysis. As
shown in Fig. 3, the node size reflects the frequency of
occurrences, while the link width indicates the strength
of connections. Closely related terms form distinct
thematic clusters. The greater the likelihood of two terms
co-occurring, the more likely they are to form a thematic
cluster, which is represented by different colours in a
network graph [79] (van Eck and Waltman 2011).

In examining the co-occurrence of keywords, three
distinct clusters emerge, each represented by a different
colour: green, blue, and red. The green cluster, which
has the most connections, links higher education with
sustainable development, encompassing terms such
as engagement, stakeholders, student engagement,
SDGs, and similarities. The red cluster focuses on the
human aspect of the articles, including keywords like
experiment, perception, psychology, work engagement,
and schools. The blue cluster illustrates the connection
between sustainability and various educational themes,

dgs

sustainable degplopment goals

higher educagipn institutions
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incorporating terms such as students, education,
learning, teaching, stakeholder, and community
engagement.

This analysis underscores the critical role of HEIs in
advancing sustainable development, represented by the
green cluster. A growing trend within this cluster is the
alignment of HEIs with the SDGs. The integration of
SDGs into institutional strategies enhances HEIs’ ability
to drive sustainability across multiple sectors [16]. This
connection highlights the increasing responsibility of
HEIs in preparing students to incorporate sustainability
into their careers and daily lives [44, 45]. Moreover, the
strong presence of “stakeholder engagement” within
this cluster suggests a shift towards more participatory
approaches, where universities collaborate with
external actors to co-develop sustainability solutions.
This evolution indicates a growing emphasis on multi-
stakeholder governance structures in higher education
sustainability initiatives.

The red cluster reveals an intersection between
sustainability and behavioural sciences, emphasising
psychological and perceptual aspects of stakeholder

climatgghange

student afigagement

structural equition medeling

human ggpeniment
kK i
stakefgiders stakeholderangagement
major clighcal study
e
cademic lormance
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Fig. 3 Co-occurrence of the terms—VOSviewer output. Source Elaborated by the authors using VOSviewer
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engagement. The prominence of terms such as
“perception”, “psychology”, and “work engagement”
suggests an increasing academic focus on
understanding how individuals and groups internalise
and respond to sustainability efforts within HEIs.
Studies like Cottafava et al. [19] demonstrate that
transformative learning and managerial skills play a
crucial role in fostering engagement, reinforcing the
idea that sustainability education is not merely about
knowledge transfer but also about mindset shifts
and behavioural change. This trend underscores the
importance of addressing cognitive and emotional
dimensions when designing stakeholder engagement
strategies, as effective sustainability transitions require
more than institutional policies—they necessitate
changes in attitudes, motivation, and agency among
stakeholders.

The blue cluster highlights the integration of
sustainability into teaching and learning practices,
reflecting the pedagogical dimension of stakeholder
engagement. The presence of keywords such as
“education’, “learning’, and “teaching” suggests an
ongoing effort to embed sustainability into curricula
and instructional methodologies. This trend is
evident in studies like Vandaele and Stdlhammar
[82], which emphasise the need for interdisciplinary
and transformative education models. By connecting
sustainability with various social science disciplines,
this cluster underscores the importance of critically
examining institutions, structures, norms, and power
dynamics to ensure effective education for sustainable
development (ESD). Furthermore, the prominence of
“community engagement” in this cluster signals an
expansion of HEIs' educational missions beyond the
classroom, incorporating experiential learning and
real-world applications. This evolution points to a
broader shift toward applied sustainability education,
where students engage directly with societal challenges
through problem-based learning, service-learning
projects, and living labs.

By exploring these clusters in greater depth, it
becomes evident that stakeholder engagement in
higher education is evolving in multiple directions.
The green cluster highlights a macro-level institutional
shift toward integrating sustainability into governance
and strategy. The red cluster points to the need
for behavioural and psychological insights to
enhance engagement effectiveness. The blue cluster
underscores the role of pedagogical innovation in
fostering a sustainability-oriented mindset among
students and faculty. Together, these trends reflect
a multidimensional approach to sustainability in
HEIs, illustrating both opportunities and challenges

Page 8 of 20

in aligning institutional structures, individual
behaviours, and educational practices toward a more
comprehensive and impactful stakeholder engagement
strategy.

Analysis of cases

Based on the analysis of the sample, 29 real cases were
selected, including examples from Africa, Asia, Europe,
North America and South America. Table 2 shows the
key information about the cases selected.

The analysis of cases focused on identifying effective
practices to promote sustainable development via
stakeholder engagement in higher education. In
this study, “effectiveness” refers to the success of
stakeholder engagement actions, as evidenced by the
implementation of the analysed cases. Rather than
focusing on metrics or other evaluative approaches to
measure effectiveness, this study aims to elucidate the
practices themselves, emphasising how stakeholder
engagement contributed to the realisation of
sustainability initiatives within HEIs. Therefore, the
analysis is grounded in real cases and the concrete
execution of these initiatives, demonstrating the role
of stakeholder engagement in fostering sustainable
transformations in HEIs.

Insights from African universities

The cases from Cameroon, South Africa, and Zambia
illustrate that sustainable development in African
contexts is closely linked to effective stakeholder
engagement. Key themes emerge from these examples:

+ Mutual trust and collaborative frameworks:
Building mutual trust between universities
and local communities is crucial for successful
engagement. Collaborative = frameworks that
involve community members in the decision-
making process foster a sense of ownership and
commitment to the projects.

+ Relevance and local context: Ensuring that
academic endeavours are relevant to the local
context enhances the impact of university initiatives.
Engaging local voices and Indigenous knowledge
ensures that the solutions developed are culturally
appropriate and address specific community needs.

« Capacity building through co-learning: The co-
learning approach, as seen in the South African case,
demonstrates that when universities and communi-
ties learn together, it leads to more effective capacity
building and sustainable outcomes. This method pro-
motes shared knowledge creation and application,
which is critical for innovation and development.
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+ Community-centric engagement:  Universities
must prioritise community-centric engagement
by actively involving local stakeholders in research
and development projects. This approach not only
benefits the communities, but also enriches the
academic institutions with practical insights and
diverse perspectives.

Insights from Asian universities

The cases from China, Malaysia, Saudi Arabia, Indonesia,
and Jordan demonstrate that sustainable development in
Asian universities is closely linked to effective stakeholder
engagement. Several key themes emerge:

« Comparative and context-specific approaches:
Understanding the unique strengths and challenges
of different university models, as seen in the Chinese
case, allows for more effective ESD implementation
tailored to specific contexts.

+ Youth and student engagement: Engaging
students in sustainability efforts, as evidenced by
the Malaysian and Jordanian cases, is crucial for
fostering a culture of sustainability and innovation.
Universities that support and motivate students
can significantly enhance their contribution to
sustainable development.

+ Faculty insights and strategic vision: Leveraging
faculty perspectives, as highlighted in the Saudi
Arabian case, can identify gaps and opportunities for
improvement in sustainability practices. A strategic
vision and dedicated committees are essential for
advancing sustainability in higher education.

+ Benchmarking and best practices: Adopting
recognised sustainability frameworks, such as the Ul
GreenMetric, can drive significant improvements in
campus sustainability and stakeholder satisfaction, as
shown in the Indonesian case.

Insights from European universities

European universities are actively engaging in a wide
range of sustainability initiatives, emphasising the
importance of stakeholder involvement, transparent
communication, and strategic planning. Key insights
from these studies include:

+ Engaging all stakeholders: Effective sustainability
practices require active participation from all
stakeholders, including students, staff, and external
community members. Programmes like the Trébol
Programme and the climate emergency declaration at
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the University of Salamanca demonstrate the impact
of inclusive, participatory approaches.

+ Integrated thinking: Universities need to adopt
integrated thinking to align sustainability goals
with broader institutional strategies. This involves
comprehensive frameworks for measuring, reporting,
and communicating sustainability efforts, as seen
in the ISV analysis in Catalonia and the proposed
frameworks in Turkey.

» Educational integration: Sustainability must be
embedded into educational curricula and research
agendas. Initiatives in Sweden and Portugal highlight
the importance of involving academics and students

in sustainability efforts, promoting long-term
commitment and innovation.
+ Regional development: Universities can

significantly impact regional sustainability through
partnerships and community engagement. Studies
from Italy and Portugal illustrate how universities
can drive regional transformation by integrating
sustainable practices into their operations and
collaborations.

+ Challenges and barriers: Despite progress,
universities face challenges in fully implementing
sustainability ~ initiatives. = Common  barriers
include limited resources, lack of comprehensive
frameworks, and varying stakeholder priorities.
Addressing these challenges requires coordinated
efforts and strategic investments.

- Innovative approaches: Unique methodologies
and innovative approaches, such as the positive
sustainability framework at Vrije Universiteit
Brussels and the AHP/ANP framework in Turkey,
provide valuable models for other institutions
seeking to enhance their sustainability efforts.

Insights from North and South American universities

North and South American universities are engaging in
diverse sustainability initiatives, emphasising stakeholder
involvement, policy integration, and innovative
approaches. Key insights from these case studies include:

. Stakeholder engagement: Effective sustainability
initiatives require addressing the diverse needs
and expectations of stakeholders, as illustrated by
the Stetson University case and the stakeholder
networks at Uni-FACEF. Engaging students, faculty,
and the community is crucial for the success of these

initiatives.
+ Educational integration: Embedding sustainability
into educational programmes and research

agendas is essential. Universities like UBC and the
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University of Toronto demonstrate the importance of
comprehensive policies and inventories to integrate
sustainability into academic and extracurricular
activities.

+ Inclusive  participation: Ensuring diverse
representation in sustainability programmes is vital.
Studies from the University of Georgia highlight the
need for inclusive strategies to engage students from
various backgrounds, promoting equity and diverse
perspectives in sustainability efforts.

+ Student leadership: Supporting student-led
initiatives can significantly enhance sustainability
engagement. The University of Calgary’s SDGA
showcases how empowering student leaders can
foster a deeper commitment to the SDGs and drive
grassroots change within institutions.

+ Innovative methodologies: Utilising innovative
approaches, such as soft systems methodology at
Uni-FACEF, can help manage the complexity of
sustainability initiatives and enhance stakeholder
collaboration. These methodologies provide valuable
frameworks for other institutions seeking to improve
their sustainability efforts.

+ Regional development: Universities can drive
regional  sustainability = through  community
engagement and entrepreneurial  ecosystems.

The Universidad del Desarrollo case highlights
how universities can contribute to sustainable
development by addressing local and global
challenges through their core activities.

The 29 case studies from universities across
various continents analysed reveal common patterns
in advancing sustainability through stakeholder
engagement. A fundamental aspect is the integration
of all stakeholders—both internal, including students,
facultyy, and administrative staff, and external,
encompassing local communities, industries,
policymakers, and non-governmental organisations. The
successful implementation of sustainability initiatives
depends on addressing the diverse needs, expectations,
and priorities of these stakeholders, fostering a shared
vision and long-term commitment. Mutual trust,
collaboration, and continuous dialogue are crucial in
ensuring that sustainability projects remain relevant,
impactful, and culturally appropriate across different
regional contexts.

A particularly noteworthy finding is the pivotal role
of students and youth in driving sustainability and
innovation. Their engagement is not merely a byproduct
of institutional efforts but a critical force shaping the
future of sustainability in higher education. Universities
that embed sustainability within their curricula not
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only strengthen student motivation but also create a
long-term cultural shift toward sustainability-conscious
professionals. Furthermore, integrating sustainability
into research agendas serves as a key driver for faculty
involvement, encouraging interdisciplinary approaches
that address complex sustainability challenges.

Beyond curricular integration, universities play a
strategic role in building bridges between academic
knowledge and real-world applications. Sustainability
efforts gain greater traction when academic institutions
align their research and outreach activities with the
specific socio-economic and environmental needs of
their local and regional communities. Collaborative
frameworks that promote co-learning between
universities and external stakeholders have proven
particularly effective, as they foster mutual understanding
and knowledge exchange. This participatory model,
based on equity and shared decision-making, enhances
the practical applicability of sustainability initiatives and
reinforces their long-term impact.

Institutional leadership emerges as a decisive factor
in the success of sustainability initiatives. Universities
with clear strategic visions and dedicated sustainability
commitments are more likely to develop cohesive
policies that integrate sustainability across governance
structures, research priorities, and operational practices.
The effectiveness of these efforts is further amplified
by the adoption of innovative methodologies, such as
sustainability benchmarking, stakeholder networks, and
participatory governance models. These tools enable
institutions to assess progress, identify best practices,
and adapt strategies to their specific contexts.

Despite the diversity of regional and institutional
settings, these findings underscore the universal
importance of inclusive participation, community-centric
engagement, and capacity building. The integration of
sustainability into higher education requires a multi-
dimensional, collaborative approach that leverages
the strengths of various stakeholders. By fostering
interdisciplinary learning, encouraging co-creation with
communities, and embracing adaptive and innovative
frameworks, universities can play a transformative role in
advancing global sustainability. The key insights derived
from these case studies are translated into concrete
operational guidelines in the following section.

Actionable insights and guidance for HEIs
Based on the insights from real cases from around the
world, ten guidelines were formulated for HEIs seeking
to promote sustainable development through stakeholder
engagement (Table 3).

The guidelines proposed in the research paper serve
as actionable insights for HEIs by offering a structured
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Table 3 Guidelines for HEIs seeking to promote SD through stakeholder engagement

Guidelines Actions

1. Embed community perspectives

Integrate local community insights and needs into the university’s knowledge creation

and dissemination processes to ensure development efforts are relevant and effective

2. Foster mutual trust and commitment

Build and maintain mutual trust and shared commitment among all stakeholders, including national

governments, private sector, civil society organisations, and citizens, to optimise collaborative efforts

3. Culturally relevant approaches

Address socio-economic, political, and environmental issues in ways that are culturally sensitive

and relevant to ensure sustainability initiatives are well-received and impactful

4. Support student and staff engagement

Actively support and motivate students and staff by providing resources, leadership opportunities,

and recognition to translate their engagement into tangible, sustainable actions

5. Establish dedicated sustainability committees

Form dedicated committees focused on sustainability initiatives and adopt best practices

from successful institutions to drive continuous improvement and stakeholder satisfaction

6. Enhance communication and transparency

Develop methods to measure and communicate the social value created by the university, increasing

accountability and transparency with stakeholders through integrated thinking and reporting

7. Integrate sustainability into education

Develop comprehensive sustainability curricula and community-engaged learning opportunities,

fostering sustainable skills and competencies among students and staff

8. Construct efficient participatory mechanisms

Implement efficient participatory mechanisms using bottom-up approaches to ensure inclusive

and effective community involvement in sustainability initiatives

9. Balance financial and sustainability goals

Carefully manage the trade-offs between financial considerations and sustainability objectives

in university projects, preparing for potential unexpected impacts and challenges

10. Adopt inclusive and systemic approaches

Use systemic approaches to clarify stakeholder roles and formalise action networks, ensuring inclusive

recruitment and diverse representation in campus sustainability efforts

Source Authors’ own creation

approach to effectively engage diverse stakeholders in
their sustainability initiatives. These guidelines provide
concrete strategies for involving students, faculty,
administration, local communities, governments, private
sector, and civil society in decision-making processes,
ensuring a comprehensive representation of perspectives
and expertise.

By examining real-world case studies and best practices,
the paper translates theoretical frameworks into practical
applications, enabling institutions to implement inclusive
and innovative sustainability efforts. This approach not
only enhances the relevance and impact of sustainability
projects, but also fosters a sense of shared responsibility
and collaboration among all involved parties, ultimately
driving more effective and sustainable outcomes. By
leveraging these guidelines, HEIs can harness the
collective power of their stakeholders, leading to more
robust and resilient sustainable development practices.

Whereas stakeholder engagement in higher education
is important for promoting sustainable development,
there are several challenges can impede effective
collaboration. One major challenge is the lack of
awareness or understanding of the importance of
stakeholder engagement among faculty, students, and
administration. Many stakeholders may not recognise
how their involvement can contribute to sustainable
development objectives, which can lead to apathy or
reluctance to participate. To address this, institutions
should implement educational programs that emphasise

the value of stakeholder engagement and its benefits for
both the institution and the community.

Another significant challenge is the power imbalance
among stakeholders, where certain groups may
dominate discussions or decision-making processes.
For instance, faculty members may inadvertently
overshadow student voices or external partners,
leading to a narrow perspective on sustainability
initiatives. Mitigation measures include establishing
inclusive decision-making frameworks that ensure all
stakeholders have an equal opportunity to contribute.
Institutions can create committees that represent
diverse groups and facilitate open dialogues to promote
equal representation and encourage varied viewpoints.

Additionally, logistical issues such as time constraints
and competing priorities often hinder stakeholder
participation. Faculty and administrators may struggle
to balance their academic responsibilities with
engagement efforts, resulting in minimal involvement.
To counter this, institutions could schedule regular
engagement activities during designated times to
accommodate stakeholders’ availability. Incorporating
stakeholder engagement into course requirements
or institutional objectives can help align priorities
and encourage participation without overburdening
individuals.

Lastly, inadequate communication channels can lead
to misunderstandings and disengagement. Stakeholders
may struggle to access information or may not feel
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informed about ongoing initiatives. Implementing
cannot communication strategies, such as newsletters,
workshops, and social media platforms, can enhance
transparency and keep all parties informed. By
addressing these challenges through targeted actions,
HEIs can foster more effective stakeholder engagement
and advance SDGs.

Conclusions

This paper has investigated the integration of sustainable
development principles into higher education through
stakeholder engagement. It fills in a gap in respect of
research on theoretical frameworks of stakeholder
engagement on the one hand, and practical applications
on the other, within the context of sustainable
development in higher education. It also examined a set
of real-world case studies, presenting some examples of
best practices.

The conclusions from this paper have been derived
through a robust methodology that includes qualitative
analysis of case studies, stakeholder interviews, and
surveys conducted across various institutions. By
examining multiple perspectives, the research highlights
how diverse stakeholder involvement—encompassing
students, faculty, industry partners, and community
members—significantly  contributes to integrating
sustainability into educational frameworks and practices.

The study provides strong evidence that collaborative
engagement fosters innovation, enhances student
learning experiences, and cultivates a culture of
sustainability within HEIs. Thus, it can be concluded that
meaningful stakeholder engagement is vital for achieving
SDG@Gs in academic settings.

The first conclusion which can be derived from the
paper is related to the fact that the nature of the work
performed, and the scope of the activities of HEIs
put them in a key position, in fostering sustainable
development by engaging various stakeholders, including
students, faculty, administration, industry partners, and
the broader community.

Also, the experiences from the paper indicate that
successful stakeholder engagement requires a holistic
approach that encompasses a set of important elements.
The first one is inclusive participation. Engaging a diverse
range of stakeholders ensures that multiple perspectives
are considered, leading to more comprehensive and
effective sustainability initiatives. HEIs should create
platforms that facilitate dialogue and collaboration
among all relevant parties. A second element is linked
with educational programmes. Much can be gained by
incorporating sustainability into the curriculum across
disciplines. It not only helps to raise awareness, but
may also equip students with the knowledge and skills
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needed to address sustainability challenges. Ideally, study
programmes should be designed to be interdisciplinary,
reflecting the interconnected nature of sustainable
development issues.

A third element is related with institutional
commitment. Strong leadership and institutional
commitment to sustainability are very helpful in
facilitating the implementation of ideas. This includes
establishing clear policies, dedicated sustainability
offices, and integrating sustainability into the strategic
goals of the institution.

Finally, building strong partnerships with local
communities and industries can enhance the impact of
sustainability efforts. Such collaborations can provide
practical experiences for students and address real-world
sustainability challenges.

There are some key theoretical and empirical gaps that
the paper has addressed. For instance, the gap on research
that highlights the diversity of effective engagement
with diverse stakeholders, including students, faculty,
administrators, and external partners, which is essential
for integrating sustainable development into higher
education curricula and practices. The study has also
shown that the advantages of collaborative approaches,
which may foster innovation, enhance learning
experiences, and create a culture of sustainability within
institutions. A second gap is seen in respect of the need
for use of experiential learning opportunities, such as
project-based initiatives and community partnerships,
significantly improve stakeholder involvement.

In terms of key findings, a set of key ones are:

(a) Inclusivity ensures diverse perspectives are
considered, leading to more innovative and holistic
sustainability solutions.

(b) Co-creation of sustainability strategies and policies
increases stakeholder ownership, commitment, and
long-term support for initiatives.

(c) Feedback mechanisms and regular reporting on
progress help maintain accountability and adapt
strategies based on stakeholder input.

These findings underscore the importance of inclusivity,
collaboration, and communication in fostering effective
stakeholder engagement for sustainable development in
higher education.

This research underscores the value and role of
stakeholder engagement in advancing sustainable
development within higher education. In respect of the
research question “How do HEIs engage stakeholders
in sustainability initiatives?’, the answer is two-fold.
Firstly, by actively involving diverse groups—such
as students, faculty, industry partners, and local
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communities—institutions can cultivate a more inclusive
and innovative approach to sustainability challenges.
The findings reveal that meaningful collaborations not
only enhance educational outcomes but also foster a
culture of sustainability across campuses. Secondly, HEIs
need to prioritise developing structured frameworks
for stakeholder engagement, ensuring that all voices are
heard and valued, ultimately driving effective sustainable
development strategies that benefit both the institution
and the wider community.

It is also important to note what cannot be concluded
from this study. While the findings illustrate the benefits
of engagement, they do not establish a direct causal
relationship between specific engagement strategies
and sustainability outcomes. The research is qualitative
in nature, lacking quantifiable measures of success
or comparative analyses across differing engagement
models. Therefore, further research is necessary to
identify best practices, determine the effectiveness of
various engagement strategies, and quantitatively assess
their impact on sustainable development initiatives
within higher education.

The contributions of this paper to theory and practice
are twofold. The first is the fact that it has identified the
thematic focus on the topic currently being given by the
literature, and this is helpful in pointing out some areas
where improvements are needed. For example, there
is a need for studies on the effectiveness of Stakeholder
Engagement initiatives. Secondly, the examples from
various geographical regions show that the theme is
emerging, and its relevance is becoming increasingly
acknowledged.

This study addresses a perceived knowledge gap
concerning the theoretical frameworks and empirical
evidence around effective stakeholder engagement within
HEIs. While the importance of stakeholder involvement
in advancing sustainable development is recognised,
there is a lack of comprehensive studies that illustrate
successful models and practices. The paper seeks to
bridge this gap by presenting theoretical insights,
and data demonstrating how active engagement with
diverse stakeholders—such as students, faculty, industry
partners, and community members—can facilitate the
integration of sustainable development principles within
educational frameworks. From the experiences gathered,
we can list a set of 5 elements which are needed to make
stakeholder involvement on sustainability in higher
education effective:

+ Inclusive engagement: Identify and involve a diverse
range of stakeholders, including students, faculty,
staff, administrators, alumni, local communities,
industry partners, and government bodies. Ensure
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representation from underrepresented groups to
foster equity and inclusivity in decision-making
processes.

+ Clear communication and transparency: Establish
open and consistent communication channels to
share goals, progress, and challenges related to
sustainability initiatives. Use accessible language and
multiple platforms (e.g., meetings, newsletters, social
media) to keep stakeholders informed and engaged.

+ Collaborative decision-making: Involve stakeholders
in co-creating sustainability strategies, policies,
and actions to ensure their needs and perspectives
are reflected. Use participatory approaches like
workshops, focus groups, and advisory committees
to foster ownership and commitment.

+ Capacity building and education: Provide training,
resources, and workshops to empower stakeholders
with the knowledge and skills needed to contribute
effectively to sustainability efforts. Integrate
sustainability into curricula, research, and campus
operations to embed it into the institutional culture.

+ Accountability and feedback mechanisms: Establish
measurable goals and regularly monitor progress to
demonstrate the impact of stakeholder contributions.
Create feedback loops to gather input, address
concerns, and adapt strategies based on stakeholder
insights.

By incorporating these elements, HEIs can build
strong, collaborative partnerships that drive meaningful
and lasting sustainability outcomes.

In terms of the future, HEIs cannot and should not
rely on past achievements in respect of engaging internal
and external stakeholders. Rather, they need to adopt a
culture of continuous improvement, regularly assessing
and refining their sustainability initiatives. In this context,
feedback from stakeholders is essential, to ensure that the
efforts remain relevant and effective.

The limitations of this paper include its focus on three
core themes—sustainability, stakeholders, and HEIs—
resulting in a limited review of 215 documents, which
may not capture the full breadth of relevant literature.
Additionally, the case studies are based on a small
sample of 29 universities, which, while exemplary, may
not fully represent the diversity of HEIs worldwide,
particularly those in less-resourced regions. The study
also does not explore in-depth the specific challenges
or barriers faced by universities in implementing
stakeholder engagement practices, which could offer
valuable insights for overcoming obstacles in real-world
applications. Furthermore, the paper does not address
the effectiveness of stakeholder engagement initiatives,
an area that warrants further investigation.
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Overall, this paper defends the view that stakeholder
engagement is not just a beneficial practice but a
fundamental requirement for driving sustainable
development in higher education. By adopting a
comprehensive approach that involves all stakeholders,
HEIs can lead the way in creating a sustainable future. Our
findings suggest that, while challenges exist, the potential
benefits far outweigh the difficulties, making the pursuit of
a greater engagement of all stakeholders in implementing
sustainability in higher education both a noble and
necessary endeavour.
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Abstract

The necessity of sustainability teaching (ST) has recently become increasingly crucial due to several interrelated factors.
The world faces significant environmental challenges, such as climate change, biodiversity loss, deforestation, pollution,
and resource depletion. ST equips students with the knowledge and tools to address these issues and work towards a
more sustainable future. ST helps students understand these complex challenges and fosters holistic problem-solving
skills. ST at higher education institutions (HEIs) can take place in various modalities, including lectures, hands-on pro-
jects, field trips, simulations, and collaborative learning to enhance knowledge and develop competencies. The impact
of ST at HEIs may be measured through multiple avenues, such as student surveys, interviews with faculty, and research
studies on the effectiveness of sustainability courses. This paper reports on a study that assessed the current impact of
ST at HEIs. The data collection used a multi-methods approach, which included a bibliometric analysis, the assessment of
a set of case studies, and an international survey conducted with teaching staff from HEIs in 38 countries. The evidence
supporting ST is presented and discussed, indicating how current teaching programmes are being delivered and their
degree of success. The results show that the literature on ST has evolved substantially over the past years and covers a
wide range of areas, as demonstrated by the various clusters. The case studies, in turn, show multiple real-world exam-
ples of how HEls across diverse geographic regions have implemented ST practices and their implications. The paper’s
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novelty lies in its approach to evaluating sustainability education’s effectiveness and broader impacts on HEls. It offers a
unique approach by integrating assessments across multiple disciplines, showing how ST impacts students” education.
Also, the study tracks the impacts of the sustainability literature, providing insights into how sustainability education
shapes students’ professional prospects. Finally, the paper shows the status of sustainability education across different
HEIls and countries, offering a broader perspective on how it is implemented into practice. The study concludes by sug-
gesting measures that may maximise the impact of sustainability courses in HEIs curricula and, among other things, the
overall campus culture toward sustainable development.

Keywords Sustainability teaching - Sustainable development - Higher education - Curricula - Universities - Higher
education institutions

1 Introduction

Sustainability in higher education has been an evolving concept for the past 30 years. Until the mid-1980s, higher
education institutions (HEIs) mainly focused on environmental protection. Since then, they have started to widen their
approach and explore sustainable practices, emphasising the connections between energy efficiency, water conservation,
and waste reduction [1, 2]. Over the last two decades, many HEIs worldwide have embraced sustainability as an integral
part of their mission, creating comprehensive plans to reduce their environmental impact and address social justice.
The rise of sustainability as a priority has been driven by student demand, faculty research, and the development of new
technologies. Many HEIs have been implementing a range of initiatives, from creating “green” buildings and investing in
renewable energy sources to developing courses and programmes on sustainability issues [3-5].

This paper reports on a study involving a literature analysis, case studies and a survey encompassing HEls in 38 coun-
tries. The focus of this study in the higher education sector may shed some light on how HEIls handle sustainability issues
as part of their teaching programmes. To this end, a mixed-methods approach was used, employing a bibliometric analysis
of the relevant literature, case studies of sustainability teaching (ST) practices implemented in a selection of HEls globally,
and a survey to gather the perspectives of teaching staff on the perceived impacts of ST. The study addresses the chal-
lenge of evaluating the effectiveness of ST, which remains difficult due to the need for standardised assessment criteria.

Although sustainability education in a higher education context is deemed important, there are differences in the
ways it is perceived and implemented. The research aims to fill this gap by identifying some of the current approaches
and methods used. By identifying current works and practices, the study seeks to build a profile of the extent to which
sustainability education programmes are being implemented in various contexts. The findings emerging from this study
can aid policymakers, administrators, and faculty members in comprehending how they can contribute to fostering sus-
tainability within HEIs. Gaining insight into the current landscape of ST within HEls can lay the groundwork for a more
sustainable future. The novelty of the work derives from the fact that it offers an analysis of the impacts of ST, with pieces
of evidence showing how wide it may be.

2 Literature review

A three-pronged literature review is offered herein to help readers better understand what is known in current science
regarding the topic under study. One focused on the history of sustainability in HEIs, the second tackled ST, and the third
dealt with distinctive sustainability practices. Grant and Booth [6] conceded that comprehensive literature reviews could
be useful for investigating new research areas or topics when developing novel directions and practices in scholarly
works or assisting investigators in detecting trends or research gaps in any field [7].

2.1 A brief history of sustainability in HEIs

Over the years, numerous HEls have demonstrated their commitment to sustainable development (SD) by endors-
ing various declarations, including the Magna Charta of European Universities (1988), the Talloires Declaration
of University Presidents for a Sustainable Future (1990), the Halifax document "Creating a Common Future: an
Action Plan for Universities" (1991), the COPERNICUS "Universities Charter for Sustainable Development" (1994),
the Liineburg Declaration on Higher Education for Sustainable Development (2001), the Ubuntu Declaration on
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Education, Science, and Technology for Sustainable Development (2002), the Graz Declaration on Committing Uni-
versities to Sustainable Development (2005), the G8 University Summit Sapporo Sustainability Declaration (2008),
and the G8 University Summit: Statement of Action (2010), among others. International organisations such as the
Association for the Advancement of Sustainability in Higher Education (AASHE) in North America and the European
School of Sustainability Science and Research (ESSSR) in Europe play a significant role by providing up-to-date
information supporting sustainability education in higher education.

Table 1 presents a chronological overview of some of the critical milestones in the development of sustainability
education. It is noticeable that some of these are related to global efforts, e.g. the Thilisi Declaration, and some reflect
developments seen at the country level, e.g., AASHE in the United States/Canada and Environmental Association for
Universities and Colleges (EAUC) in the UK.

The publication of Our Common Future in 1987 was instrumental in establishing the widely accepted definition
of SD, focusing on meeting the needs of the present without compromising the ability of future generations to
meet their own needs [11]. Current literature has presented several factors necessary for integrating SD into univer-
sity structures, including university leadership, culture, collaboration, commitment, knowledge, and attitudes [33].
However, changing attitudes and behaviour is a multifaceted issue, and, on some occasions, simply disseminating
information is insufficient to change students’ attitudes and behaviour. Instead, HEls may increase awareness in sup-
port of sustainability through research and dissemination activities (conferences, seminars, workshops, etc.), offering
curricula in sustainability, from individual courses to well-structured study programs, for various levels of instruction
(undergraduates, postgraduates), and via promotion of environmentally responsible behaviour [34].

In addition, HEIs can contribute to SD by establishing formal and informal partnerships [35] with other key con-
tributors, such as the industry. Moreover, HEIs are better placed to contribute towards SD through three path-
ways, namely: producing graduates that address sustainability challenges, application of real-world problem-based
research, as well as engaging the private sector and civil society organisations [36]. Additionally, as knowledge
producers, HEIs can ensure that all graduates are equipped with the appropriate professional skills to achieve sus-
tainability within society [37, 38].

2.2 Sustainability teaching: its needs and challenges

Concerning education, ST in higher education has evolved in recent years to become more integrated into curricula
across disciplines [39]. Whereas it was once a marginal topic discussed in specialised courses, sustainability is now
vital to many degree programmes, including engineering, business, public policy, economics, science, technol-
ogy, and the humanities [40]. This change has been driven by a growing awareness of sustainability and the need
to prepare students to navigate the complexities of a rapidly changing global climate [41]. McCowan [42] argues
that the climate crisis acts as a driving force for pedagogical renewal in higher education. The ongoing planetary
crisis demands that climate change be integrated into sustainability education across all curricula. However, for this
integration to be truly effective, it must extend beyond simply incorporating new content into existing curricular
frameworks. Instead, it requires embedding climate change into the core values, knowledge systems, and societal
structures that underpin education [43].

In recent years, increasing efforts to incorporate the United Nations (UN) Sustainable Development Goals (SDGs)
into ST as a framework to enhance students’ sustainability knowledge and competencies has advanced ST significantly
[44-47]. Leal Filho, Shiel [48] highlight various advantages of introducing the SDGs into teaching, suggesting that this
inclusion can boost student engagement with sustainability concepts in HEIs. Seté-Pamies and Papaoikonomou [49]
argue that the SDGs provide a robust framework for integrating ethics, Corporate Social Responsibility (CSR), and sus-
tainability into education. However, the implementation of the SDGs in ST is still in its early stages and requires more
systematic efforts to increase its presence in HEIs' curricula [50]. Moreover, despite the many successful strategies reported
over the years, HEls face significant challenges in implementing sustainability practices due to a lack of planning and
institutional support. This underscores the importance of understanding what is being done within the context of ST.
There remains a need for a more systematic approach to mapping the impact of this integration and ensuring the effec-
tive implementation of sustainability policies in HEIs, as success continues to depend on the willingness and commitment
of both leadership and students to engage in sustainable activities [33, 51].
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2.3 Distinctive practices in sustainability teaching

Effective education for sustainability requires increasing interactions across disciplines that include Indigenous
knowledge and values. Western learning models of dominant education paradigms are often limited and flawed
by reductionist, anthropocentric worldviews. Therefore, the need to develop a culture of awareness about the role
and place for humanity in nature becomes a priority in ST before tackling the more pragmatic issues surrounding
the quest for achieving sustainability, thus demanding education and learning that shift towards ecocentrism [52].

Furthermore, an establishment of living labs among increasing numbers of HEIs exemplifies the more holistic
framework that has become better understood for excelling in ST [53]. Along this pedagogically inclusive trajectory,
the university campus and its resources become an ecosystem, which requires ecocentric wisdom and knowledge to
remain functional in the long run, allowing instructors and their students to comprehend the tenets of ‘health’from
the organismal to the planetary level, through a variety of hands-on and field activities [54]. Additional ST practices
that include ecological design projects in a campus-built environment were the norm of students’ learning in the
first sustainability program in the US [14] and should continue to inspire instruction in sustainability.

3 Methods

This study utilised a mixed-methods approach to assess ST in HEIs while evaluating course provisions as a distinct
component of sustainability in HEIs. It involved conducting (i) a bibliometric analysis of relevant literature, (ii) inves-
tigating case studies of ST practices implemented in a selection of HEIs globally, and (iii) a survey to gather the
perspectives of teaching staff on the perceived impact of ST.

3.1 Bibliometric analysis

The initial approach involved conducting a bibliometric analysis based on keyword co-occurrence. This method
simplifies the complexity of exploring a specific research topic by revealing clear connections between the various
research streams investigated [55]. The analysis was performed using the Scopus database. Scopus is a comprehensive
multidisciplinary abstract and citation database covering multiple scientific disciplines, including social, physical,
health, and life sciences. Compared to more restricted databases, it offers extensive, comprehensive coverage of
peer-reviewed literature, conference proceedings, patents, and other scholarly sources [56]. VOSviewer software,
a commonly used software for bibliometric analysis [57], was used to analyse scientific trends. Data collection was
accomplished on April 27, 2023.

The keywords used for data collection covered the research topics: sustainability, HEls, and teaching. Therefore, the
configured search string was the following: (TITLE ("sustainability” OR "sustainable" OR "sustainable development"
OR "sustainable development goal*" OR "SDG*" OR "2030 Agenda") AND TITLE-ABS-KEY ("HEI" OR "HEIs" OR "Higher
Education Institution*" OR "Higher Education" OR "University*" OR “College*”) AND TITLE ("teach*").

The sample selection process adhered to the flowchart shown in Fig. 1, which aligns with the guidelines of the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [58]. During the first phase (Identi-
fication), 770 documents were retrieved from the Scopus database using each key term’s “article title, abstract, and
keywords” search option without limiting the document type. In the second phase (Screening), the search was refined
to include only articles, book chapters, and reviews, reducing the number of documents to 631. Further limiting
the selection to English-language publications resulted in 596 documents. A keyword co-occurrence analysis was
performed on these documents, revealing five clusters discussed in the next section.

3.2 Case studies

The case study approach allows for an in-depth understanding of a phenomenon and strengthens the analytical
conclusions of the research. As evidence is gathered from studies with similar research interests, the theory becomes
more robust and applicable across various studies and contexts [59]. Research utilising different case studies can draw
on multiple data sources and methodologies, making it an effective method for collecting a large volume of data
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Fig. 1 The process of select-
ing publications for bibliomet-
ric analysis based on PRISMA
(Source: prepared by the
authors)

[59, 601. In this context, this study selected 20 case studies focused on ST in HEls across diverse geographic regions
informed by online secondary data and research published in peer-reviewed journals.

The selection of case studies was guided by three primary criteria: (i) the inclusion of HEls across diverse geographic
regions to ensure global representativeness, ii) the implementation of innovative and impactful ST practices as evidenced
by published studies, and (iii) the availability of peer-reviewed publications within the last decade that provided com-
prehensive documentation of these practices. These criteria were established to capture a wide range of approaches,
contexts, and challenges in ST while ensuring the reliability and comparability of the data. HEIs were chosen to reflect var-
ied institutional profiles, including differences in size, academic focus, and socio-economic contexts, to provide insights
into the adaptability and scalability of sustainability education models.

The chosen publications were analysed using content analysis, a well-established research technique that system-
atically focuses on the content of studies to derive meaningful insights and draw conclusions. The approach involved
an examination of the context, objectives, key findings, and implications of each paper to identify recurring themes
related to ST practices, techniques, and impacts in various HEls. These themes were then summarised, organised in a
tabular format, and discussed by synthesising and comparing them. This method facilitated a rigorous examination and
interpretation of the textual data within their specific contexts. By employing content analysis, the study aimed to gain
valuable insights, deepen the understanding of the phenomenon under investigation, and provide practical guidance
for future actions [61].

3.3 Survey

The third approach consisted of an online survey administered between April 27 and June 19, 2023. Content validity and
a piloting phase were conducted amongst a careful selection of field experts to ensure they captured all the essential
elements we intended to investigate [62, 63]. The choice of the experts was based on professionals working in the field
of sustainability in higher education who are considered experts. Moreover, the research team designed the questions
based on the literature review conducted in the previous research stage, such as those referred to in Table 2. Typical of
a study of this nature, closed questions were mainly used for participants to address a series of questions related to the
thematic focus. The questionnaire preparation was led by the authors, many of whom have worked together in previous
studies and have a track record in successfully designing and using such tools. After preparing a matrix, comments and

@ Discover



| https://doi.org/10.1007/543621-025-01024-z

(2025) 6:227

Discover Sustainability

Research

[0g] unjieN

[6.] eBUY ‘UosuICoy

[8£] 4eD-Apauuay ‘yeys

[£¢] uejedenis

[9/] uejedenis

[G/] uosspue|iq ‘sye||Ip\

[8¥] I91YS ‘oY e

[¥t] L1999 ‘wiy

sjuapnis buowe A>eiay|
Ayj1qeuleisns ayed|noul 0} Abajesss
e se pasn 3q ued pue ‘saydeosdde
9|qIssod aJe uoisnyul O $3SINOD Hun
M?3U JO JudWdO|aASP ‘UOIIRIUSLIOI
se yons saydeoidde subisap 9sino0)
@s ui buuofew jou syuspnis 1oy
Ayjiqeuleisns bujuies| pue buiydesy
03 Aemyied |edndeud e siayo 31dafoud
Suo3sded e pue JoulW JO 91ed1I1D e

‘SOIMAIIDR JB[NDLIND-0D YBNOoIY} Jopes|

pue Jejoyds ‘usaziyid Ayljigeureisns
uo Buisndoy Aemyaed Js13-931y1 ay |

jJuawabebus Jusp

-N3s Jo sWJd} U] suofeyiwy| asod Ing
d|genjeA ale | S 0} saydeosdde aujjuQ

sawweib

-0id Bue3UIBUS UIYHM SBWODINO

AM|IgeuleISNS J13SI|oY JO UolleIuUSW

-9|dwi |nyssaddns ay3 Bujuiwisep
ul s1Iapjoyayels Aoy ale syuapnis

pauaybiay

21om wonoq a1du3 Aljigeuleisns ay3

pue ‘sanjeA pue s||1s ‘9bpajmouy|
AjljIgeuleIsnsS Jo ssauaieme ,Suspn1S

uoneibayul

DAs apIM-A}IsIaAlun 0y saydeoudde

se Juswdo|aAap JJels pue saIpnls

9sed AJunwwod buisn 1daduod ge|
BUIAI| 's924N0SD D1UOIIID|D SAIIRAOUU|

uoneibajul

|esnoesd pue 91345U0D JO SWIS) Ul

uole}wi| e s 219Y3 Inq ‘siapjoysyels

Aysianiun buowe jussedde sy abpa

-|mouy| sHAs Buiydesy Ul passaippe
1sow sjeob ay3 aIdM €| pue || ‘v sHAS

uolsuayaidwod Ayjiqe

-uieIsns syuspnis paroidwi spoyaw

Buiyoea) se soousIDdXD 3)1j-|eas pue
buiuses| pajesbajul-yiom buippaquiy

Buiuies| soj suonesidwi iy bul

-1o|dxa pue sawodIno buluies| IS pue

Buiinyonuys 03 sayoeoudde buidojanag

swweiboid skemyied Ja13-931y3 e eIA

Bujuies| AjIqeureIsns sapIm-A}ISISAIUN

J1oj |9pow skemyjed e jo yuswdojans(

auljuo Ayjiqeureisns buiyoesy
yum sabusjjeyd pue ‘saduaiiadxe ‘gs
40 Buipuelsiapun siaydea) buissassy

suoisuswip

|E21UYD3]-UOU PUE [BDIUYDD) SDUIGUIOD
1ey} yoeoudde d13s1j0Y € BIA WNJNDLIND

BunaUIBbUD 3y} UIYIM pappaquid
1599 a4e soWodINo AYjiqeuleisng

salbobepad padueyua-AHojouyda)

Buisn sswweiboud Hussuibus jo

S9|NPOW [EDIUYIS}-UOU UIYIIM pashyul
9q ued sawodino bujules| Ajigeuleisns

WwiN[N3LLND 3103 3y} 03Ul
$HAs oY1 buippaquwis 03 saydeouddy

elUBSD( pUe OLBWY YMON

‘edaWY Y3nos ‘eisy ‘ediyy ‘adoing

ul s|3H ui uoneluswsa|dwi buiydesy
SDS JO 213s JUB1IND Y3 Bulssassy

2oualadxa Buluies| a|qeuleisns
,S1USPNIS DIRAIIOW 0} S|IH UIYHM
AJjiqeuleIsns pue sHgs Jo uoisnjdu|

$95IN0D UOI}ONPT [eJSUSD UIYNM
Ayjigeureisns jo buluiea| pue buiyoes|

buiuses| ayen
-peibispun ui Ayjiqeureisns buippaquiy

eljensny
Ul S|3H UIYHM ]S UO SI3Yded} JO SMIIA

juswdo|aAsp DU}

-adwod A}jIgeuleISNS J13S1|0Y ddUBApPE

0} sswwelboid uopednps bussu
-16ua ulyuMm Ayjigeureisns buisnju|

yoeoidde

Bujuies) papusjq e buisn sswweiboid

Bunssuibus arenpesbispun Jo S9N
-pOW UOI3RIIUNWIWIOD A1 UIYHM 1§

winjn1INd 3y} 03Ul sHgs ay3 bul
-1e4631u1 01 yoeoudde apIm-A1IsIaAluN

SI3H 3e 1S pue sHas

Aunge
-urelsns pue snds 4o buipuelsispun
,SIUSPNIS [9AJ] S Jd)seW Bulssassy

sojlels paun 8

epeue) /
eljessny 9
eiskejely S
eiskejely v

wopbury payun €

Apnis |eqo|n z

Uapamg l

9dUalJ9)9Yy

suonedidw|

sbuipuly Aoy

ann2alqo

uoibay ased

S|3H 1e Buiyoeal AyjigeuleIsns uo salpnis ase) g dqel

@ Discover



Research

| https://doi.org/10.1007/543621-025-01024-z

(2025) 6:227

Discover Sustainability

[68] eA191154 ‘NIMOH

[88] WQIISUBAS ‘BiaqWi|oH

[£8] sewoy] pue suibbiH

[98] oyji4 pue eueinid sp

[S8] 4311 ‘BsYD

[t8] sejebas ‘syonbsng

[€8] sdduq ‘suifg,0

[z8] buepp 1a1wwos

[L8] @qe1ep ‘NI

way3 noge
A|[221311D 3jUIy} pue S3NSS| [eIUBWUOL
-IAUD JO $31Ded1Ul 9Y) yUm abebua
K|9A139343 URD OYM S|enpIAIpul
salinbai A)jigeulelsns 1oy uolesnpy
uoIlIN}ISUl 3Y3 Uulym sdnoib
snoleA pue Jusawsabeuew A}IsISAIUN
W04 JUSWSA|OAUL pue sa1ba)eils
Bunpua ‘4snqoJ saiinbai ejndINd
J1wapede ojul ds3 buiesodiodu)
AM|igeuleisns 104 uoledNpa
Joj wnN>LUND 3y} bulwliojsuey je
pawie saAlzeiul JO 3d3dse [epnid e
S1 94N3|ND [RUOIIN}IISUI BY3 BulIdpISUOD)

JUSWUOIIAUS 3Y) 3dUeyus pue
9AJ25U0D 0} 96paMOUY JO Sulewop
||e JO UOI1RIOQR||0D U} S91RHSSIIAU

uonesnps A}1jIqeureIsns sA1IdaY3
UOI31d3IP 3ININY SH

Huideys 40y syybisul djqenjen apiroid

ued A)ljIgeulelsSNs 10} UoIedNPS O3l

pajelbajul ale saydeoidde [ed1606
-epad aAl3_AOUUL YDIYM 0 JUSIXD dY |

Buisoeq jeuonnuIsUl pue ‘ejndu

-In2 Apnis ‘sjeusjew | s axenbape

saiinbau A)1siaAluN e ul Apn3s Jo ease
Je1dNd e se Ayljiqeulelsns bulysijgelsy

auldidsip oynuaIds

ainjew e se Ayljiqeurelsns Jo Juswdo

-|9ASp 3y} 404 |e13uassa ale swelboud

SSOJDB $3SINOD UOI}epUNO) paleys

wn|naInNd
pue buiyoeay uojzednps Jaybiy ul
Ayjigeureisns axelbajul A|PAIDRYD

0} [e21342 st Joddns |ean3dnais
uoiednpa Aseulididsipiaiul pue Ay
-|igeulelsns Jo buipueisiapun Jaudsy
e dojaAsp 0} 9|ge 949M SI03ONJISU|
‘pauapeoiq a1am saniuniioddo uory

-e2]UNWWOD SI0IDNJISU] PUR,SIUSPNIS

S3UdPNIS Ul BupuIY}

9AI13J34 pue [ed13d dlowoid 03 s301)

-deud |esibobepad pue saydeosdde

Kseurjdidsipiaiul may e ssedwiodud
e|Nd1ND uoedNPa Alljiqeulelsng

buryenspun

snonpJe ue s| WNn[na1und ay3 JO Uols

-1n31 ybnoioyy e ybnoiyy sweiboid
Slwapede [je ojul ds3 buneibau|

wn[noLUINd 3y} uspeoiq

01 BbuiAiy Ul syuswLASIYdE pue sabu3|

-leyd yioq yum ‘bunjensspun paja
-dejl3jnwW e S| uonesnpa Ayjigeuleisns

sabua|jeyd

Jeuoljesado padey abpajmouy Jo spialy

9SI9AI JO UOIRIHIIUI DY) pUe SHOYD

9A11RI0qE||0D ‘YdIedsal PIIUSLIO
-uoloe budNpPUOod Jo ssadoid ay |

Ayljiqeuleisns 1oy uoreonps

J1oj paredoApe spoylaw buiydesy
pue saibobepad ayy jo uondope moT

Buuresy Ay noey

Joyoe| e Aq passpuly st uoneddde sy

ybnoyy usns ‘I S 40y yoeosdde jueu
-lwopaid ayy si buiuies| paseqg-1sfoid

sweiboud s, Ja3seW UeY) 3|q!

-x3|} 2low buiaq A|jesauab sweiboid

5,10]9Y2eq YUM ‘B|ndLINd 3y} JO 1s0W
Pa1NUISUOD S95IN0D A)IjIqeUIRISNS D100

bujuie)

Ayjiqeuleisns adueape 03 bujuie)

|eanynouajul pue Aieurjdidsipasiul
‘SA11eWIO)SURI) JO 1dedwi 9y3 buliojdx]
bujuies| pue buiyoesy

Aeurdiosip

-19]ul 9dUeYUSD 0} UOEINPS |eIdUSD

S dNS S95IN0D [BJUSWUOIIAUS-UOU
uj sanss| Ayljigeureisns buielbajul

uonednps Ayjiqeureisns ul buiuies|
dAI}eWIOSURI} D1JUBYINE d)e}|1D.) O}

yoeoidde |edibobepad pawiojul-is
-Al}DNJISUOD B JO [eljua3od oY) s1enjeay

e[N21IND djwapede
J19Y3 01Ul (QS3) uswdojansp 3|qe
-ujeIsns oy uonednpa axelodiodul
s|3H ueadoin3 aa1yy moy asedwod
Aujiqe
-uleIsns Joj uorednpa bunuswajdwi
ul S}OY3 119y uayrbuails oy Lojdws
syuabe abueyd sa1b91e43s MIINDY

uoleonps

13ybiy ug bujusaib winjnd1IND pue
s9|dipund Ayjigeuleisns buiusw

-9]dwi ur 9dusIadxa A} ndey saio|dx3

Ayljigeuleisns Joj uoly

-eanpa Buiyoeay ui A} noey AysisAiun

Kq pakojdwa saibajesys |edibobepad
pue spoyaw buiyoeal aebiisaau|

uon

-eanpa AjljIqeurelsns paquis o} pasu
9y} pue ‘suiaduod ‘93130e4d s,A}ndey
K)ISI9AIUN $S3SSY

Ayj1qeuieisns ul saa1bap buuelb
sweiboid Jo ejndLINd ay3 a1enjens

sapualadwod Ayjigeureisns
,S1Uspn3s uonednpa Jaybiy buidopasg

-sns elA Aylreun|didsipaaiul bupowoid

elensny /1

adoing 9l

Apnisjeqon  §L

eouswy upe]pueadoiny |

elensny €|

ueds  zl

edusWY YuoN pue adoing Ll

spuepayaN Ol

ueder 6

9OUalJ9)9Yy

suonedidw|

sbuipuly Aoy

ann2alqo

uoibay ased

(panunuod) za|qer

@ Discover



| https://doi.org/10.1007/543621-025-01024-z

(2025) 6:227

Discover Sustainability

Research

sbuipuly Apnis ay3 uo paseq sioyine ayy Aq pasedasd :221n0g

(6] HYyS-Iv ‘1exeqnqy

[L6] pOOMASUOH ‘Uosiead

[06] seddey

S9AI| [RUOIS
-s9j0.d pue [euosiad 1y} ul sabud)
-[ey> Ajiqeuleisns appdey 0} sapnune
pue ‘s||iyfs ‘9bpajmouy A1essadau ay3
yum syuspnis dinbs ued winjnouund

9y3 ojul Ayljigeureisns bunesodiodu)

Bujuies| Ayjigeureisns pue
|[EIUSWUOIIAUS SA13D3Y)3 apinoid 1snwi
uoneonps Aljigeulelsns Jo AISAIRP
[ew.i0) 343 jo syusuodwiod A3y se S|3H
sabuajjeyd Au
-llgeulelsns buissaippe usym syadse
[e21uyd3) pue uewny yjoq bunenjeas
A|Inya1ed uo siseydwa Jejndiyied e
yum ‘sautdidsip snolea o3 ajqediidde
pue san|eA ul Pa1oo0J SI 1eY) JUSJU0D
Ayjigeuleisns a1eald pinoys s|3H

S9A1329(qO 40 JUSU0D 419y}

40 Jusuodwod A3 e se Ayjigeuleisns

asiiiond sauldidsip Jualaylp ssoide
s123(0.d JU3PNIS pUe SBSIN0D M3

uonednpa ul AHsIaAlp jowoid

pue ‘UoI3dNJISUl PAIIUDI-JUIPNIS

104 swid|qoid [EIUSWUOIIAUS B3

pue yiomp|a1} d3es0diodul ‘ejndpInd

K1euydidsipsuesy dojansp 03 pasinbai
sabueyd [eIN3dNIIS JO XDe| B pUNOS

sulewop |euosisad pue

‘|es1uyoa) 21lou0ds ‘|ein}nd-o130s

‘|leIUSWUOIIAUD SSOJDR AJjIqeulelsns

buiasiyoe o3 jennussss si yoeoisdde
9A1303y9 pue |edi3deid e buineH

SJuLpPNIS Jo dAdsIad By} woly
YoJeasa4 puB WN|NJ1IND UOI1edINPa
AM|igeuleisns jo uorien|ead ayl Apnis

juswuIaA0b pue ‘Ayunw

-Wwod ‘ssauisng Ul sanjeA Ayljigeureisns

Jo ssaiboud pides ayy yum aced dosy
@53 10} uonedNpPa JaYYM 31e61ISAU|

[9A3] AYiS

-19A1IUN 3Y3 Je AYjIgeuleisns Buiyoeay

pue buiydieasas ur yoeosdde K1oayy
SW9)SAS B JO UOIIeSI|1IN 3y} dulwex]

elqely Ipnes  O¢

pue|bug pue epeued gl

[eqo|d5 8l

9dUalJ9)aYy

suonedidw|

sbuipuly Aoy

ann2alqo

uoibay ased

(panunuod) za|qer

@ Discover



Research
Discover Sustainability (2025) 6:227 | https://doi.org/10.1007/543621-025-01024-z

suggestions were made, leading to improvements. A final draft was then pre-tested, with further changes, before a final
version was agreed upon and deployed.

The survey participants were recruited via purposive, snowball, and opportunistic sampling techniques from a popu-
lation of academics involved in ST. In doing so, we took advantage of relevant networks, academic mailing lists, and
university affiliations. There were no selection criteria to choose survey participants. The participation was open. More
specifically, the invitations were sent to the various networks, and the interested colleagues volunteered to take part
and provide answers to the questions posed in the survey. There was no payment or any sort of motivation to engage.
The persons who took part did so out of interest, to which the authors are grateful. Before completing the online survey,
each participant must adhere to the ethical protocol articulated on the cover sheet, which requires consent. In total,
112 participants responded to the invitation and anonymously completed the survey. A descriptive analysis of these
data is presented.

The triangulation of bibliometric analysis, case study reviews, and survey data demonstrate a robust methodologi-
cal approach that enhances the reliability and depth of the findings. By integrating these diverse methods, the study
provides a comprehensive overview of ST in HEIs and allows for the replication of the research in different contexts.
The bibliometric analysis uncovers the structural dimensions of the knowledge base, while the case studies and survey
tool provide detailed insights into practical applications and perceptions. This mixed-methods approach ensures that
conclusions are trustworthy, evidence-based, and applicable to various academic and institutional settings, making it a
valuable model for future research.

4 Results and discussion

The focus on assessing course provisions as a distinct component of sustainability in HEIs reflects a critical aspect of insti-
tutional sustainability efforts. By evaluating course offerings, HEIs can directly address the knowledge and skills neces-
sary to promote sustainability across disciplines. This approach recognises that education is pivotal in shaping attitudes,
behaviours, and practices, influencing societal responses to environmental, social, and economic challenges. Assessing
course provisions enables HEIs to identify strengths and areas for improvement in integrating sustainability principles
into the curriculum. It serves as a means to promote interdisciplinary collaboration, ensuring that sustainability concepts
are embedded across various academic fields, cultivating a culture of sustainability that extends beyond individual
courses to permeate the broader institutional essence, and fostering a more holistic approach to sustainability education
and practice within the academic community. Consequently, this section reports and discusses the results obtained in
assessing the course provisions about addressing ST in HEls, combining the bibliometrics, case studies and survey data.

4.1 Bibliometric analysis

Education is considered a goal and a key enabler in achieving the SDGs [64]. To effectively address sustainability issues,
environmental and sustainability education should focus on imparting action-oriented knowledge [65]. HEIs have an
essential role to play in this regard. More specifically, academic staff are considered change agents and embody a pivotal
duty in affecting teaching practices that aim at maximising students’learning outcomes in this field [66]. To identify trends
in the literature about this topic, a co-occurrence analysis of keywords from relevant studies was conducted, followed by
a cluster analysis (Fig. 2). The resulting keyword co-occurrence network revealed five distinct clusters.

The red cluster encompasses curricula, innovation, professional development, engineering education, and personnel
training. The sustainability curriculum and educators are crucial in raising awareness and promoting the implementation
of sustainability concepts [67]. However, several studies indicate that there are barriers to the integration of SDGs into
curricula. Leal Filho, Shiel [48] explained that a lack of training and difficulty incorporating SDGs into courses are among
the most common reasons for not integrating these into curricula. Moreover, insufficient support from top management is
frequently identified as a significant obstacle to implementing education for sustainable development (ESD) in HEIs. These
barriers demonstrate the need for institutional support and faculty training to include sustainability in the curriculum.

The blue cluster focuses on experiential learning, integrated approaches, interdisciplinarity, problem-based learning
and skill, and leadership. The constructivist learning theory perspective, which emphasises interactive learning, can be
a practical, didactic approach to ST-related subjects. This approach involves co-creating knowledge between students
and teachers [68]. According to this approach, students actively learn while collaborating with their peers and instruc-
tors to develop a deeper understanding of SD challenges. The teacher’s role is to guide and facilitate this process rather
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Fig.2 Keywords co-occurrence network (Source: prepared by the authors based on the study findings)

than imparting knowledge. This strategy fosters critical thinking, problem-solving skills, and a deeper understanding of
complex sustainability issues that are relevant today. By adopting this approach, students can develop a more holistic and
nuanced understanding of sustainability and become better equipped to address these challenges in future endeavours
and when embarking on their professional careers.

The purple cluster primarily focuses on enhancing teaching methodologies and educator competencies in higher
education. It emphasises the professional development of educators through training in education for ESD, fostering
active learning environments, and integrating science education with ethical considerations. This cluster highlights the
role of educators as facilitators of transformative learning, where competencies such as systems thinking and interdisci-
plinary collaboration are developed to prepare students for complex sustainability challenges. Additionally, the integra-
tion of information and communication technologies emerges as a critical tool in modernising and improving teaching
practices. Teachers are critical in driving societal transformative actions [69]. However, to maximise their impact, teachers’
preparation needs to incorporate ESD and promote teachers’ competencies in the context of ESD [64]. This approach
aligns with the broader push for enhanced teacher training, increased awareness among decision-makers, and greater
involvement in cross-curricular and interdisciplinary practices. Additionally, the SDGs can be significant motivators for
encouraging academics to integrate sustainability into their teaching. These initiatives can help build capacity and create
a generation of well-equipped teachers to tackle future sustainability challenges [48].

The green cluster focuses on environmental education, SDGs, HEls, sustainable education, sustainability competen-
cies, and training, among other topics. According to Baena-Morales, Garcia-Taibo [70], the role of HEls in the Agenda
2030 is twofold. Firstly, HEIs should incorporate the SDGs into their daily activities, including teaching and research, to
promote interest in this area of knowledge. Secondly, HEIs should be agents that facilitate change and raise awareness

@ Discover



Research
Discover Sustainability (2025) 6:227 | https://doi.org/10.1007/543621-025-01024-z

among students and communities beyond their campus borders. This reflects that HEls must be more than just educa-
tional institutions but also pillars of social change. Valdivia, del Carmen Pegalajar Palomino [71] further suggest that HEIs
must reflect on their social mission and pedagogical effectiveness because they are responsible for generating social
impacts, committing to new functions while transmitting knowledge for training and disseminating, transferring, and
looking for applications of new knowledge. By embracing these roles, HEls can make meaningful contributions towards
SD and create a better world for all.

Finally, the yellow cluster is distinguished by its emphasis on pedagogical strategies and learning frameworks that
underpin ESD. It delves into transformative learning theories that promote systems thinking, enabling students to grasp
the interconnectedness of environmental, social, and economic systems. It emphasises complexity and critical thinking
as key elements for effectively empowering students to address sustainability challenges. This cluster underscores the
importance of embedding sustainability across curricula through innovative, participatory pedagogical methods. Edu-
cators play a crucial role in facilitating the development of sustainability competencies in their students [72]. To achieve
this, Dziubaniuk, lvanova-Gongne [68] suggest that teaching sustainability may require the employment of constructivist,
student-centred, and transformative pedagogies in both offline and online environments. These pedagogies transform
students’ attitudes and behaviours towards SD issues and concepts. In this regard, systems thinking is a fundamental
element of ESD. Students can problem-solve sustainability issues effectively by understanding the interconnections
between different dimensions (environmental, development, social, economic, and cultural) and the complexity of sys-
tems and situations. These ideas reinforce the importance of educators in promoting sustainability competencies and
implementing pedagogical strategies that foster meaningful change towards a sustainable future [73].

4.2 Case studies analysis

ST in HElIs assists in preparing the next generation of leaders and professionals to address SD challenges [74]. This sub-
section presents and discusses 20 exemplary case studies on ST in HEIs worldwide. It discusses real-world examples of
how HEls across diverse geographic regions have implemented ST practices and their implications. The diversity in the
selected case studies, ranging from HEls in developed to developing countries, allowed for a comparative analysis of
ST practices under varying socio-economic and environmental conditions. This approach highlights both universal and
context-specific strategies, contributing to a clearer understanding of how ST can be tailored to meet diverse institutional
needs and regional challenges.

The selected case studies were from many countries and ranged from 2005 to 2022. Their analysis revealed common
themes centred around SD teaching and the SDGs' perspectives on the need to include elements of SD within teaching
and learning (including challenges) and pedagogies. Interestingly, these emerging patterns align with the clusters from
the bibliometric analysis already presented in the previous subsection.

The analysis of the case studies suggests that HEIs view the inclusion of SD concepts and goals as pivotal for spurring
sustainability literacy among undergraduate and postgraduate students. Employing SD within academic programmes
in HEIs can support students and prepare them to address the sustainability challenges they will face along their career
paths and future workplaces. Besides this, the integration of SD is also instrumental in broadening competencies, com-
prehension, and communication skills in sustainability [80, 81, 92].

Programmes and modules (both technical and non-technical) in which the incorporation of these elements was effec-
tive were engineering and general education [48, 76, 77]. Additionally, undergraduate programmes were more flexible
than postgraduate programmes regarding including and using sustainability terms within the curriculum. Findings
from the cases reviewed suggest that the teaching of SD should be approached using holistic, interdisciplinary, trans-
disciplinary, intercultural, and multifaceted approaches [81, 90, 91]. Integrating SD principles within curricula is often
perceived as a demanding task. As such, its assimilation within the curriculum is best facilitated through broader edu-
cational transformation strategies and the involvement of multi-stakeholder levels, particularly faculty, students, and
university administrators.

Pedagogies related to ST in the reviewed cases have taken many forms. Student-centred pedagogies that have proven
to be effective in advancing the education of SD in most HEls include diverse learning approaches (e.g., work-integrated,
real-world, project-based, collaborative), in addition to critical and reflective thinking [44, 75, 84, 89]. Besides that, elec-
tronic resources, community-based case studies, living labs, co-curricular activities, capstone projects, action-oriented
research, and fieldwork have been used to promote the teaching and learning of sustainability at the institutions featured
in these cases [75, 86]. In addition, the use of pathways models, shared courses, reorientation of modules, infusion, and
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development of new modules are some of the strategies that have been used to advance the teaching of sustainability
at the HEIls considered in this work [79, 80, 83].

Challenges associated with the teaching of sustainability at these institutions of higher learning include the lack of
practical integration, low engagement among learners, particularly with online education, and the need for adequate
teaching materials and institutional support [48, 78, 84, 88]. If these limitations could be reasonably addressed, teach-
ing sustainability within HEIs could be substantially transformed to accelerate students’ development of sustainability
competencies. This will add to existing efforts, including the use of social networks [93, 94] while bolstering the personal
learning environment of students [95, 96] engaged in sustainability education.

4.3 Survey results

This subsection presents the survey results while addressing specific queries to understand how sustainability has been
integrated into teaching disciplines and courses worldwide. The survey engaged participants from 38 countries (Fig. 3),
with the highest number from the United States (n=15), followed by Nigeria (n=12), the United Kingdom (n=12), Brazil
(n=9), Saudi Arabia (n=8), India (n=7), Spain (n=6), Australia (n=5), Canada (n=4), and Portugal (n=3). The rest of the
countries either had one or two participants. It is essential to mention that this trend, which is common in studies whose
participation is voluntary, may depict a different level of involvement in ST across the globe.

Most participants fell within the age ranges 41 and 50 (n=46), 51—60 (n=26), and 31—40 (n=21). These were under-
pinned by distinct gender backgrounds, with a slight majority of females (n=57). Among all participants, there were full
professors (n=25), associate professors (n=29), assistant professors (n=27), and instructors (n=8), contributing to an
array of disciplines within the remit of sustainability.

Sustainability was recognised to be an integral component for several disciplines in this assessment, including Envi-
ronmental Studies (49; 43.8%), followed by Social Sciences (44; 39.3%), Engineering (26; 23.2%), and Business Studies (25;
22.3%). Areas such as Humanities (8; 7.1%), Biological Sciences (6; 5.4%), Agricultural Sciences (5; 4.5%), Health Sciences (3;

Fig. 3 Countries represented in the survey (Source: prepared by the authors)
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2.7%), or Chemical Sciences (2; 1.8%) were less mentioned. However, these were followed by a residual characterisation
of more specific areas by the respondents, such as Sustainability, Urban & Regional Planning, or Built Environment, among
several others, and being selected by one respondent. These choices illustrate areas that could appear marginal and not
connected solidly with sustainability when they are, nowadays. However, it is clear from the survey results that most
emphasis is given to the environmental and social sciences.

Regarding the role played by instructors in ST (Question: What is your role/s in the teaching of sustainability?) (Fig. 4),
many respondents (54; 48.2%) reported being involved in teaching a sustainability course to undergraduate students.
Other options were selected, however, with a distinctive answer, involving, for example, “having some responsibility for
implementing the university’s sustainability sub-strategy’, “leading institution-wide work on sustainability education;
delivering co-curricular learning on sustainability (workshops, events) and staff development” or “advocate for SDGs
within my University”, among other less represented answers. Thus, an apparent involvement in ST in various roles
emerged from staff within the assessed HEls. These spanned from teaching activities and guiding students in graduate
and undergraduate study programs in sustainability.

Concerning the methods used for ST (Question: What is/are your methods for teaching sustainability?), most respond-
ents reported that “case-study instruction” and “research” were their methods of choice, yielding an equal number of
answers in both categories (66; 58.9%). A third highly selected option was “project-based instruction” (63; 56.3%), followed
by “lecture only” (46; 41.1%), “co-teaching with other instructors” (37; 33%), “hybrid (mixture of online and classroom)
instruction” (31; 27.7%), “weekly seminar” (26; 23.2%), “hands-on activities through lab exercises” (23; 20.5%), “service-
learning activities” (22; 19.6%), “on-line (asynchronous) instruction” (21; 18.8%) and “peer-led instruction” (19; 17.0%).
The diversity of choices indicates the many approaches selected to address teaching in sustainability and a clear indica-
tion of effort and sound creativity in pedagogy for sustainability. Additional answer options, such as: “interactive online
exercises”, “workshops and events outside of the classroom’, or “creative practice-based design research exploration’,
received a single answer.

Table 3 reports the most representative strategies for integrating sustainability into teaching (Question: How has
sustainability been integrated into your teaching?). These results acknowledge a straightforward search for different
perspectives in creating awareness about sustainability. Interestingly, some of these opt for less common approaches,
like “Various forms of art expressions (poetry, music, photography, painting, etc.)’, thus aiming at contributing to different
aspects of promoting behavioural change. Less reported answers (1 out of 112) were: “Student-centred, activity-based
pedagogy”, “Personal behaviour change projects; links to volunteering on campus’, “International immersive experiences
in other countries’, or “Theorizing using Indigenous/local concepts and communication patterns”.

Four central answers were collected concerning the effects of ST experience by students (Question: What do you think
are the effects/impacts of your sustainability teaching on your students?) (Table 4). These outcomes included minor
choice proportions (1/112), for example, “become a sustainability advocate”, “view their major subjects through a sustain-
able development lens”, “furthering research and knowledge in sustainability discourses’, or “collaborating/continuing to
engage on policies and regulations with impact’, which highlight the consequences of efforts in fostering sustainability
awareness in students’ behaviour in the achievement of societal transformation [97, 98].

Fig.4 Teaching staff’s roles in sustainability teaching (Source: prepared by the authors based on the study findings)
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Table 3 Approaches of Variable n (%)

integrating sustainability into

teaching (n=112) Case-studies 86 (76.8)
Research 71 (63.4)
Project-based instruction 69 (61.6)
Guest Lectures 53 (47.3)
Local sustainability event reports by students 33(29.5)
Service-learning activities 26 (23.2)
Fostering students’ engagement and leadership in campus government 26 (23.2)
Hands-on activities through lab exercises 22 (19.6)
Various forms of art expression (poetry, music, photography, painting, etc.) 12(10.7)
Letter writing to local newspaper editors 4(3.6)
Source: prepared by the authors based on the study findings

Table 4 Self-reported effects Variable n (%)

of sustainability teaching,

as perceived by students Enhancing interest to want to learn more about sustainability 97 (86.6)

(n=112) Increased aspirations to ‘make a difference’in making their communities more sustainable 87 (77.7)
Take personal action to change their own life-style towards sustainability 72 (64.3)
Pursue professional careers in sustainability 67 (59.8)
Source: prepared by the authors based on the study findings

Table 5 Estimated students’attitudinal change when these are taught about sustainability teaching (n=112)

Variable n (%)

Students’interest in sustainability has increased 93 (83.0)

Students’ aspirations to pursue more knowledge in sustainability 80 (71.4)

Students’ desire to pursue careers in sustainability has increased 66 (58.9)

Students’ groups/committees engaged in making their campus and community more sustainable have become well-established 33 (29.5)

Students’ groups/committees engaged in making their campus and communities have been formed 27 (24.1)

Source: prepared by the authors based on the study findings

The reported changes in students’ attitudes toward sustainability since being exposed to the teaching are presented
in Table 5 (Question: What has changed in your students’ attitude toward sustainability since being exposed to your
teaching?). These data from the five most selected choices suggest that an effective behaviour change towards com-
munity engagement occurs when sustainability is taught. This finding is similar to insights advanced by Mbah, Shingruf
[99] and Godfrey and Feng [100].

In addition to analysing existing approaches to ST at different HEIs and for various disciplines, as well as perceived
impact, this survey quantified pointers to future opportunities and challenges in sustainability education, with some of
the insights resonating with those expressed by few authors [65, 101, 102].

When respondents were asked how likely they envision the growth of ST at their university in the next ten years (Ques-
tion: How likely do you envision the development of sustainability teaching at your university in the next ten years?)
(Fig. 5), many respondents selected the “likely” option (52%) and the “extremely likely” option (26%). Some respondents
(16%) took a neutral position when answering this question, whereas 3% selected “unlikely” and 4% “extremely unlikely”.

Regarding the challenges to ST (What are the constraints (if there are any) to teaching sustainability at your university?)
(Fig. 6), lack of instructors with expertise (52%), inconsistent institutional support (51%), rigid curricula (44%), and lack
of internal start-up funding for sustainability research (43%) were the most frequent answers. These findings agree with
the ones from Al-Nuaimi and Al-Ghamdi [103]. These results are on a convergent trajectory compared to those presented
already in the bibliometric analysis. Their intersectionality is also substantiated by actions and programs developed by
the HEls that were considered case studies. Such a triangulation of the results enhances the trustworthiness of the data.
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Fig.5 Respondents’ percep-
tion about the growth of
sustainability teaching at
their HEIs in the next 10 years
(Source: prepared by the
authors based on the study
findings)

Lack of instructors with expertise IR 520
Inconsistent, institutional support TR 519
Inflexible curricula TS 44%
Lack of internal start-up funding for sustainability research T 43%
Lack of instructors” interest IS 38%
Lack of materials and resources INEEEEEEEEEEEEEEEEEE——— 34%
Lack of projects on sustainable development IEEEEEEEEESSS——————— 30%
Lack of legislative initiatives / requirements I 2600

Fig. 6 Respondents’ perception of the challenges to teaching sustainability (Source: prepared by the authors based on the study findings)

Fig. 7 Respondents’ perception of the drivers for strengthening sustainability education at their HEIs (Source: prepared by the authors
based on the study findings)

Among the drivers that could enhance sustainability education at HEIs, most of the responses clustered around four
variables, as shown in Fig. 7 (Question: What are/could be distinctive drivers for strengthening sustainability education
a step further at your university?).

Therefore, the outcomes of this study can be used to assist policymakers, managers, and students in understanding
how to contribute to achieving an educational transformation towards sustainability within the context of HEIs. Tran-
sitioning towards sustainability in HEIs will make society greener and healthier, serving as an example for many other
institutions, as Mohammadi, Monavvarifard [33] highlighted, as there still needs to be a more systematic effort to map
this connection effectively. The practical implementation of sustainability policies in universities is strongly dependent
on the willingness and commitment of the leadership and students to engage in sustainable activities. Understanding
the current state of ST within HEls can pave the way for a more sustainable future in human communities Leal Filho,
Caughman [104] while enabling the same to lead towards a successful implementation of the SDGs, fulfilling specific
requirements [105], thus advancing sustainability in higher education, a step further [106].
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5 Conclusion and recommendations

This paper reports on a study assessing ST's current impacts on HEIs. The rationale is that ST has been gaining significant
momentum and generating positive impacts on various levels. The data collection used a multi-methods approach,
which entailed a bibliometric analysis, the assessment of a set of case studies, and an international survey conducted
with teaching staff from HEls in 38 countries, making this study one of the largest ever undertaken on the topic.

The evidence gathered illustrates four main trends. The first, derived from the bibliometric analysis, is the identifi-
cation of themes such as environmental education, SDGs, HEls, sustainable education, sustainability competencies,
and training (green cluster) and ESD, teacher education, transformative learning, systems thinking, holistic approach,
complexity, and pedagogy (the yellow cluster) as prominent ones in connection with ST. The second trend, derived
from the case studies, shows that HEIs across diverse geographic regions are implementing ST practices by using
tools such as provisions for new curricula, evaluation of current practices, and the development of competencies.
These approaches indicate that students have the potential to gain a deeper understanding of the interconnected-
ness of global issues and the relevance of adopting or adapting sustainable practices. The third trend derived from
the survey demonstrates that many teaching methods are currently deployed to enhance students’ learning about
sustainability. These include the use of case studies and research-related tools.

Moreover, “project-based learning" is emerging as a popular didactic tool. Finally, the paper has shown that interest
in sustainability issues is increasing, which illustrates how important it is to develop appropriate teaching methods
further. The paper’s novelty lies in its approach to evaluating sustainability education’s effectiveness and broader
impacts on HEls. It offers a unique approach by integrating assessments across multiple disciplines, showing how
ST impacts students” education. Furthermore, the study tracks the impacts of the sustainability literature, provid-
ing insights into how sustainability education shapes students’ professional prospects. Finally, the paper shows the
status of sustainability education across different HEls and countries, offering a broader perspective on how it is
implemented into practice. The findings have two implications for theory and practice. First, they showcase various
approaches to enhancing the impact of sustainability education. Second, they offer novel insights into how ST is
implemented at HEls, potentially shaping future educational strategies and policies.

However, this paper is not exempt from limitations. The first one is that the bibliometric analysis used a scanty
number of search strings that could only cover some topics associated with the theme, ending in April 2023. Moreo-
ver, the set of case studies needed to be more significant to account for all modalities of teaching sustainability
being used globally. Finally, the survey involved participants from 38 countries, and some regions, such as Africa,
needed to be better represented. Other studies may consider collecting complementary information, such as those
related to demographics and individual profiles of respondents. Still, they also need to make sure they comply with
the current data protection procedures, both international ones and the procedures used in their countries. Despite
these limitations, this report is valuable to the literature by highlighting the current focus on SD issues within higher
education, particularly course offerings. It illustrates the importance of further research on the topic. Moving forward,
some measures which may be used to maximise the impact of ST in university curricula should be considered:

e Employ sustainability courses across multiple disciplines and departments, such as engineering, business, social
sciences, and humanities. This approach will expose and, eventually, enable students from different backgrounds
to better understand and address sustainability challenges from diverse perspectives.

o Integrate sustainability courses into the core curriculum, making them mandatory for all students regardless of
their major. This will ensure that all graduates understand sustainability principles and challenges, regardless of
their chosen field.

e Provide training and incentives for faculty members to develop and teach sustainability courses. Faculty academic
development programmes can also help educators incorporate sustainability topics more effectively into their
existing courses and encourage the creation of new classes dedicated solely to sustainability.

e Provide students with hands-on learning opportunities, including sustainability projects, internships, and com-
munity engagement. These experiences enable students to apply theoretical knowledge in practical settings,
deepening their understanding and commitment to sustainability principles.

e Establish partnerships with businesses, non-governmental organisations (NGOs), and governmental agencies to
create real-world projects and research opportunities for students. These partnerships will assist HEIs tailor their
sustainability courses to address current and relevant issues.
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e Encourage teaching-research linkages. HEls can support research projects, initiatives, and competitions focused on
sustainability, contributing to the knowledge base and attracting more students.

e Implement sustainable practices and infrastructure on campus. HEIs can lead by example through green buildings,
renewable energy sources, waste reduction programmes, and sustainable transportation options. Such initiatives
foster a culture of sustainability among students and faculty.

e Encourage student-led sustainability initiatives. Students should have a platform to voice their ideas and actively
participate in sustainability-related activities, promoting a culture of environmental responsibility.

e This list of items needs to be more comprehensive. In addition, there is a need to support efforts in teaching, a matter
which some research centres and networks such as the Research and Transfer Centre "Sustainable Development and
Climate Change Management"' at the Hamburg University of Applied Sciences in Germany, the European School of
Science and Sustainability Research (ESSSR),2UK Consortium on Sustainability Research (UK-CSR),3the Inter-University
Sustainable Development Research Programme (IUSDRP),*and the European-North American Sustainability Research
Consortium (ENASRC)® are trying to encourage, delivering research results that may be used in support of teaching.

By implementing the measures outlined here, HEIs will maximise the impact of sustainability courses in their curricula,
fostering a generation of graduates who will become better equipped to tackle the pressing sustainability challenges
in their future careers and private lives. Moreover, to assess whether ST is practical, clear parameters are essential. These
benchmarks help evaluate whether students acquire the knowledge, skills, and values needed to address environmental
challenges. Parameters such as students’ understanding of ecological principles, ability to apply sustainable practices
in real-world contexts, and engagement with community or global sustainability efforts are crucial. Additionally, meas-
uring behavioural changes, critical thinking, and collaboration skills can reveal if ST translates into impactful action.
With defined metrics, it is easier to gauge the success of educational programmes in fostering a sustainable mindset
and driving long-term environmental solutions. It should be emphasised that the recommendations for policy-makers
presented here are derived from the literature, case studies, and survey results. Together, they provide a sound basis for
implementing these recommendations in practice.
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Abstract: Climate change is a pressing global challenge that requires immediate action. To
address this issue effectively, it is essential to engage and empower the younger generation
who will shape the future. This abstract presents the experience of Mohamed Bin Zayed
University for Humanities (MBZUH) in UAE in promoting climate action through youth
empowerment and environmental education.MBZUH has recognized the significance of
incorporating environmental education into its curriculum to foster a generation of
environmentally conscious individuals. Through a multidimensional approach, the university
has developed innovative strategies to empower students, enabling them to become active
participants in addressing climate change. These strategies encompass both formal and
informal education, leveraging various platforms and partnerships to create a comprehensive
learning environment. This study delves into the initiatives undertaken by MBZUH to empower
youth in climate action. It explores the incorporation of environmental education across
disciplines, integrating sustainability principles into existing courses, and offering specialized
programs focused on environmental science and climate studies. Additionally, it highlights the
university's efforts in promoting hands-on learning experiences, such as field trips, research
projects, and community engagement, to deepen students' understanding of climate issues and
inspire practical action.Furthermore, the study examines the role of MBZUH's collaboration
with local and international organizations, governmental bodies, and the wider community in
fostering youth empowerment and climate action. It showcases successful partnerships that
have resulted in impactful initiatives, including awareness campaigns, capacity-building
workshops, and youth-led environmental projects.By sharing the experience of MBZUH, this
study aims to provide valuable insights and best practices for promoting climate action through
youth empowerment and environmental education. It underscores the importance of
empowering the next generation with the knowledge, skills, and motivation to become effective
agents of change in addressing climate challenges.

Keywords: Climate action; Youth empowerment; Environmental Education (EE); Mohamed
Bin Zayed University for Humanities (MBZUH); Sustainability; Interdisciplinary learning;
community engagement

1. Introduction

Climate change presents a concern for our society at present due to activities, like
burning fossil fuels and cutting down forests, which have released large amounts of
greenhouse gases into the atmosphere. Causing notable disturbances, to the Earth’s
climate patterns already affecting ecosystems and economies and overall well-being
of life.

Climate change is clearly showing its impact through frequent and intense
heatwaves, droughts and wildfires. Unpredictable changes in rainfall patterns lead to
floods and severe storms while rising sea levels pose a threat to areas and island
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nations. In addition to these effects climate change exacerbates issues, like food and
water scarcity, population displacement and the decline of biodiversity (Wells, 2019).

Dealing with these issues demands efforts that engage a wide range of
stakeholders. Governments and individuals alike must now consider switching to eco
options as a necessity rather, than just an option. Yet this duty cannot be shouldered
by policymakers or experts. Climate initiatives should encompass all facets of society
with the youth holding a position, in driving change (Klein, 2014).

The youth have arole in combating climate change because they make up a large
part of the world’s population and have the innovative spirit to drive change forward
effectively and have a lot at stake in today’s decisions since they will bear the
consequences of climate actions, in the long run Their progressive mindset positions
them as influential supporters of creating a sustainable and just tomorrow (Global
Sustainable Development Report, 2019).

People’s movements like Fridays for Future and the Sunrise Movement have
proven the capabilities of youth to the global community already. These campaigns
have engaged millions of individuals. Increased awareness regarding environmental
concerns while ensuring leaders are responsible for their choices. By participating in
movements young individuals have shown that they are not merely bystanders in the
climate dilemma but rather catalysts, for transformation.

Environmental education is crucial, for unlocking the potential of young people
by providing them with the necessary tools and knowledge to comprehend climate
issues and develop solutions effectively.

This study delves into the impact of empowering individuals and promoting
environmental awareness on advancing climate initiatives at Mohamed Bin Zayed
University for Humanities by sharing real life instances of achievements and obstacles
faced along with potential prospects ahead. The intention behind presenting these case
studies is to demonstrate the role of involving youth in fostering a greener tomorrow
and encouraging broader participation in the global campaign, against climate crisis.

2. The importance of the youth in climate action

The engagement of people in addressing climate issues is crucial for several
reasons that stand out prominently in this context; Firstly, and most importantly; the
demographic significance of the youth population globally cannot be overstated. As
per the United Nations data on demographics reveal that there are over 1.8 billion
young individuals aged between 15 to 24 years old representing about one fourth of
the world’s total population statistics (World Youth Report, 2017). This substantial
demographic presence empowers the youth to influence both future directions, in
climate action initiatives.

In addition to that point mentioned earlier on climate change activism by people
has been quite impactful in driving change forward rapidly and effectively. Notably
initiatives like Fridays for Future led by Swedish activist Greta Thunberg and the
Sunrise Movement in the United States have drawn interest and brought together
millions of youths worldwide. By organizing protests strikes and advocacy efforts
these youth led movements have played a role in increasing awareness about climate
change issues, at both local and global levels. They have successfully leveraged social
media channels and community-based efforts to amplify their messages and advocate
for action, on climate change (Hadden, 2020).
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Youth driven climate movements go beyond creating awareness. They have
significantly shaped policy debates and decisions by pushing for swift and bold action
on climate change issues They have pushed governments and decision makers to focus
on climate concerns by demanding urgent and ambitious steps, towards sustainable
and eco-friendly economies (Van der 2021).

The energy and originality of people offer a new outlook on climate action and
the challenges it brings about due to climate change issues Their optimism and
creative thinking pave the way for fresh strategies and solutions to tackle these
intricate problems By leveraging the vigor and zeal of the youth we are able to unleash
their capacity as drivers of change and promoters of sustainable progress involving
young individuals, in climate initiatives not only gives them a sense of empowerment
but also enriches society by utilizing their distinct talents thoughts and viewpoints
(Rode, 2020)

3. Environmental education: What is it and why is it important?

Teaching about the environment is essential for encouraging action, on climate
change and empowering people to get involved in tackling environmental issues head
here we'll delve into what environmental education means and aims to achieve and
how it helps shape sustainable behaviors and mindsets in the younger generation.

Environmental education is described as an encompassing and multidisciplinary
method of learning that emphasizes raising awareness and understanding of the
environments connections to social and economic systems as well, as ecological
systems (UNESCO, 2017).

Environmental education has goals that involve multiple important aspects to
consider. Initially the main objective is to increase consciousness and deepen
comprehension of environmental concerns like climate change decline in biodiversity
and pollution. It emphasizes the link between human behaviors and the environment.
Moreover, this kind of education aims to enhance awareness and understanding by
offering details on environmental processes, ecosystems and the outcomes of human
activities. Empowering individuals, with knowledge enables them to make well
informed choices and undertake responsible actions.

Moreover, environmental education aims to cultivate beliefs and mindsets that
encourage caring for the environment with a reverence for nature and a commitment
to sustainable progress It aims to nurture a strong admiration for the beauty of the
outdoors and a sincere urge to safeguard and preserve it Ultimately one of its key goals
is to equip individuals, with the abilities and expertise needed to tackle environmental
issues efficiently. These abilities include analysis skills for problem solving and
effective communication for collaborating in efforts, towards impactful climate
initiatives and sustainable environmental strategies (Kollmust, 2002).

Education has an impact on shaping sustainable behaviors and mindsets, in young
people specifically when it comes to integrating environmental education into various
learning settings—both formal and informal—Ileading to several important results.

Environmental education plays a role in raising awareness, about environmental
issues and promoting sustainable behaviors among individuals.

Furthermore, teaching about the environment emphasizes the importance of
considering how different aspects such, as society, economy and nature are all
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connected. This broad view helps people understand and tackle the underlying issues
causing challenges instead of just dealing with their surface effects.

Additionally teaching about the environment promotes thinking and solving
problems. It provides people, young people with important abilities to analyze
complicated environmental problems consider different viewpoints and suggest
creative answers. This ability to assess information critically help them handle issues
effectively and decide wisely.

Lastly teaching about the environment promotes being a citizen of the Earth. It
gives people the power to get involved in environmental problems both locally and
globally making them supporters of making things better. They are more likely to take
part in community projects and help with making development that can be continued
without harming the environment showcasing well informed care, for nature (Tilbury,
2011).

Engaging people with environmental knowledge and critical thinking skills plays
a crucial role in driving effective climate action forward. Teachings about the
environment serve as a driver, in reaching this objective by giving youths a diverse
toolkit to tackle the urgent issues related to climate change. First and foremost, it
provides them with an understanding of climate change. Its root causes and far-
reaching consequences. This raises awareness. Cultivates a sense of duty to address
these pressing matters. Furthermore, environmental education fosters problem solving
abilities by nurturing thinking and fostering innovative approaches to address and
adapt to climate change — crucial skills for addressing the intricate and ever-changing
environmental issues at hand. Additionally, it promotes involvement by equipping
individuals with the information and resources needed to actively participate in
climate related activities; this includes supporting sustainable development projects;
engaging in advocacy campaigns; and playing a significant role, in decision making
procedures. In the end teaching about the environment could lead to lasting changes
in behavior by instilling values and knowledge about sustainability in people. This
could help them adopt ecofriendly habits in their daily lives and become committed
stewards of the environment for life. Ultimately this could play a role, in creating a
more sustainable and resilient future (Hungerford, 1989) (Chawla, 2012).

4. Case study: Mohamed Bin Zayed University for Humanities

Mohamed Bin Zayed University for Humanities (MBZUH) a known academic
institution focusing on humanities and social sciences based in Abu Dhabi and Ajman
caters to approximately 1000 students and holds a prominent position in promoting
sustainability despite its primary emphasis on non-scientific disciplines. In
demonstration of its dedication, to instilling consciousness and equipping students to
tackle significant global issues MBZUH actively engages in various local and
international programs including waste management workshops and participation in
COP28.

4.1. Innovative campus initiatives: Pioneering environmental awareness

While MBZUH mainly emphasizes the humanities field of study it has made an
effort to incorporate sustainability across its academic and extracurricular initiatives.
The creation of the Environment and Sustainability Club, in May 2023 which initially
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attracted 44 student members has provided a platform for individuals to delve into
sustainability dialogues launch initiatives and spearhead campus wide efforts geared
towards boosting eco consciousness. On average students participate in. Coordinate
around 13-16 environmentally focused events annually comprising various projects,
campaigns and activities. This club now plays a role in advancing the university’s
commitment, to sustainability.

In addition to that MBZUH utilizes cutting edge technologies like Artificial
Intelligence (Al) to tackle concerns via workshops and joint projects. Educational
programs provided by the university help students develop the abilities to propose
answers to worldwide environmental problems.15 % of the courses at MBZUH cover
sustainability subjects such as Natural Sciences course, Sustainable Development, in
Islamic Law and its Applications and Shaikh Zayeds Sustainable Legacy course. This
demonstrates the institutions dedication to including environmental education in its
curriculum. The university’s commitment to sustainability is evident, in its initiatives
that equip students with the skills to address environmental challenges using a variety
of disciplines.

The Ministry of Education Sustainability Workshops and other extensive
educational projects have been key in supporting MBZUH initiatives as well as
involving 1651 individuals from universities and schools in promoting environmental
education and leadership skills development programs like the Leadership and
Diplomacy Program (attended by 1437 participants) along with the Green
Communities Program (with 218 participants) which offer practical experiences
fostering a sense of responsibility, towards the environment.

4.2. Community engagement beyond campus: Expanding environmental
footprints

MBZUHs commitment to causes goes beyond its campus boundaries by
partnering with local and global groups. The university played a role in organizing
five sessions at COP28 with the theme "Youth Leading Sustainability." These sessions
discussed subjects such as Campus Environmental Projects, Country’s Sustainable
Education Programs and Women’s Empowerment, through Environmental Awareness.

During COP28 events MBZH joined forces with organizations like the Ministry
of Education and the UAE Ministry of Climate Change and Environment as well as
esteemed universities such as Zayed University, Higher Colleges of Technology (HCT)
and the University of Wollongong in Dubai (UOWND). The gatherings attracted 150
attendees with students receiving laptops in appreciation of their active involvement.
Furthermore, students from MBZUH volunteered in COP28’s designated zone to
assist with event coordination and showcase the university’s global commitment, to
environmental issues.

After COP28 has concluded its activities MBZUH has engaged in sustainability
initiatives. One notable example is the collaboration with Sorbonne University—Abu
Dhabi and Total Energy where students from MBZUH took part in La Nuit des ldéss.
The event centered on reducing plastic usage. Brainstormed innovative ideas, like
implementing a smart wall for segregating waste materials.



Journal of Infrastructure, Policy and Development 2024, 8(11), 8636.

Furthermore, MBZUH’s outdoor initiative known as the Green June Campaign
had than 100 students engaging in planting mangroves to curb greenhouse gas
emissions. This initiative showcased MBZUH’s dedication to environmental work by
giving students hands on experience, in tackling climate change.

4.3. Fostering global collaborations: Empowering youth for climate
action

During COP28 conference participation at MBZUH saw them expanding their
reach globally by emphasizing the role of people in addressing climate issues. In a
representation provided in Figure 1 it is depicted that faculty and students from the
university collaborated with various prominent organizations such as the Ministry of
Education and UAE Ministry of Climate Change and Environment along with
international entities like the University of Europe for Applied Sciences in Germany,
Manchester International Academy and Université Hassan Il de Casablanca, in
Morocco.

The collaborations allowed students at MBZUH join conversations about
sustainability and connect with government officials and environmental experts to
expand their networks and knowledge base on global climate strategies towards
making meaningful contributions, to environmental initiatives in the future.

Sustainability efforts at MBZUH are fueled by a shared sense of responsibility
and teamwork across departments within the institution. Collaborations with partners
demonstrate the effectiveness of combining skills and resources to address climate
challenges effectively. A significant portion of the faculty and staff at the university.
20% of faculty members and 10% of staff actively participate in these initiatives
alongside students. This collective effort does not highlight MBZUH commitment, to
environmental stewardship only but also fosters a collaborative atmosphere where
students are encouraged to take charge and get involved in impactful sustainability
projects. The university dedicates a budget ranging from $20K to $40K to sustain and
advance its environmental initiatives and collaborations.

Figure 1. MBZUH collaborations during COP28: A network of institutional
partnerships
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4.4. Global goals, local action: MBZUH’s role in achieving the SDGs

Mohamed Bin Zayed University for Humanities (MBZUH) despite its academic
focus not being environmental science per se is actively supporting multiple United
Nations Sustainable Development Goals (SDGs). The university efforts in education
(as shown in Figure 2) sustainability practices and empowering young people have
made substantial impacts, on the global sustainability mission by incorporating
sustainability principles into diverse programs.

Mohamed Bin Zayed University for Humanities effectively contributes to
achieving Development Goal 4 by focusing on providing quality education that
promotes inclusive learning and lifelong educational opportunities for everyone
involved in the educational process. Through its partnership with the Ministry of
Education in the UAE; MBZUH successfully organized sustainability workshops that
benefitted a total of 1651 students and educators. These workshops were not about
raising awareness on environmental concerns only but also aimed at involving
MBZUH students as mentors and facilitators empowering them to take charge and
lead by example, in the education sector. By taking a role in learning and teaching
alike students at MBZUH expanded their knowledge of sustainability matters and
school students reaped the rewards of creative instructional approaches that cultivated
a stronger respect, for nature.

Under the framework of Sustainable Development Goal 13 Climate Action (SDG
13) MBZUH has engaged in efforts to combat climate change effectively. During the
university’s Green June Initiative event more than 100 students actively took part in
planting mangroves. This activity plays a role in capturing carbon dioxide and
highlights the university’s dedication to taking tangible steps, towards addressing
climate change issues effectively. The Environment and Sustainability Club boasts 44
members serves as an engaging hub for students involved in various climate related
endeavors such as projects and research while advocating for the importance of youth
leading the way in climate action efforts.

MBZUHs commitment to Development Goal 11 Sustainable Cities and
Communities can be seen in the university’s initiatives to promote sustainable city
living. The university organizes trips such as the Farz Waste Management Visit to give
students a hands-on understanding of managing urban waste systems. This visit
teaches students about the significance of waste segregation and recycling in building
cities and how efficient waste management practices can minimize environmental
harm. By incorporating these hands-on learning opportunities into their curriculum
MBZUH empowers students to brainstorm solutions, for building sustainable urban
communities.

The University has shown progress in promoting sustainable habits in line with
SDG 12 on Responsible Consumption and Production both within the campus and
outside it. During events like La Nuit des Idées students were tasked with coming up
with ideas to cut down on plastic waste. Their efforts resulted in an award-winning
proposal, for a waste separation wall. A breakthrough that underscores the university’s
dedication to promoting responsible consumption. The occasion motivated students to
analyze waste management and encouraged them to discover creative methods to
reduce the environmental impact of consumer behaviors.
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MBZUHs involvement in SDG 17 illustrates the university’s understanding of
the significance of working to attain sustainability objectives. They have established
partnerships with local and global organizations like Total Energy, Sorbonne
University. Abu Dhabi, the UAE Ministry of Climate Change and Environment as
well as other universities such as UOWD, Zayed University, and UAE University.
These collaborations have enabled MBZUH to expand its sustainability initiatives,
exchange expertise and create environmental initiatives. The partnership structure
guarantees that the efforts by MBZUH not help the campus community only but also
support the broader worldwide push, for reaching the Sustainable Development Goals
(SDGs).

In Figure 3 we can see the involvement of students at MBZUH in different
environmental projects. This demonstrates how their actions are spread out among
Sustainable Development Goals (SDGs). The display presents the range of student
engagement with a significant focus on SDGs 4 (Quality Education) and 13 (Climate
Action) which highlights the university’s dedication to promoting environmental
consciousness and initiatives, for climate change mitigation. The graph also highlights
the significance of collaborations and eco-friendly approaches since students play a
role in supporting Sustainable Development Goals 11 and 12 while also emphasizing
Goal 17 Showcasing MBZUH commitment to promoting sustainability, on both a
local and global scale.

Figure 2. MBZUH environmental initiatives alignment with SDGs.

Figure 3. The percentage of MBZUH students participating in each SDG.
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5. Challenges and opportunities

Promoting youth empowerment and environmental education at Mohamed Bin
Zayed University for Humanities encounters obstacles that also offer chances for
progress and creativity. The availability of resources, like financial restrictions may
limit the extent and range of projects. Incorporating education into the curriculum
involves surpassing disciplinary boundaries and potential opposition to change from
stakeholders used to conventional educational approaches. Moreover, Ensuring
enduring sustainability present logistical and institutional hurdles. Nevertheless, there
are possibilities to tackle these challenges efficiently. The increasing worldwide
acknowledgment of the significance of learning and empowering young individuals
has the potential to garner backing from government officials and schools alike.
Teaming up with allies such as governmental bodies, non-governmental organizations
(NGOs) and business players can broaden the influence and effectiveness of MBZUH.
Progress in technology and the emergence of internet-based platforms present
methods, for educating and involving young people. Furthermore, the global
connectivity fosters teamwork with youth groups giving students the chance to
exchange ideas gain insights from successful strategies and participate in the wider
global environmental movement. By acknowledging and tackling these obstacles and
making use of these chances MBZUH can further improve its initiatives in
empowering people and educating about the environment ultimately nurturing a
commitment, to climate activism and environmental sustainability.

6. Conclusion and call to action

In summary and to wrap it up nicely; empowering people and teaching them
about the environment are key ingredients in driving climate action and building a
future that’s sustainable for all of us to thrive in together as a global community facing
this climate crisis head on with urgency and unity being essential factors for success
here; involving youth is vital for making real and impactful changes happen around
us all as one unit working towards a better world for everyone involved out there as
demonstrated by the experience at Mohamed Bin Zayed University for Humanities
(MBZH) where they've shown us how integrating environmental education into their
educational programs can make a significant difference while giving youths platforms
to engage actively in solving environmental issues we face today.

The achievements at MBZUH showcase how involving people can make a
significant difference in spreading awareness and coming up with creative solutions
that promote lasting change and environmentally conscious behaviors by educating
them on environmental matters and enhancing their problem-solving skills and critical
thinking capabilities to enable them to play an active role, in building a sustainable
and adaptable tomorrow.

Nevertheless, there are obstacles that remain. Issues such as resource constraints
integrating curriculum, skepticism towards change and the ability to expand
challenges that must be overcome. However, embedded within these obstacles are
chances for advancement. Government and organizational backing working together
with collaborators, advancements in technology and connections, within global youth
communities present pathways to amplify the effectiveness of initiatives focused on
empowering youth and promoting environmental education.
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That's why we urge policymakers to take action and work together with educators
and stakeholders.

Educational organizations and authorities should prioritize education by
investing in integrating sustainability concepts into curricula and providing hands on
learning opportunities, for students. This effort will equip people with the
understanding and skills needed to address the issues brought about by the climate
emergency.

Collaborating with partners like government agencies and non-profits along with
industry stakeholders is essential for our efforts to be successful and have an impact,
on empowering youth and advancing environmental education programs through
shared expertise and combined resources.

Use technology progress to improve education and involve young people more
actively in the process too by utilizing online resources and digital tools for easier
access, to education and sharing knowledge to empower them to take part in global
climate initiatives.

Appreciate the viewpoints and efforts of young people in addressing climate
issues by ensuring that there are avenues, for youth driven groups and projects to
participate in decision making processes and have their voices heard.

By adopting these measures, we can unleash the capabilities of empowering
young people and promoting environmental awareness forming a potent driver for
bringing about beneficial transformations, amidst the challenges posed by climate
change.
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Abstract

Purpose — Combating unsustainable activities is a crucial barrier to sustainable development, since they have
drastically escalated the climate change which needs an immediate attention by the Z generation. The study aims
to examine the role of sustainability literacy, institutional initiatives and individual factors in impacting university
students’ sustainable practices by giving due consideration to teacher support and student engagement.
Design/methodology/approach — With the descriptive design, a survey questionnaire was used to gather data
for this investigation, collecting responses from 419 university students from the region of Karnataka, India,
with an impressive response rate of 96%. Following the data collection, statistical techniques, such as regression
analysis, one sample t-test and structural equation modelling, were applied to evaluate the direct and indirect
impacts of numerous sustainability factors on student’s sustainable practices.

Findings — Firstly, we found that students need to have strong sustainable literacy, institutional initiatives and
individual factors to amplify their sustainable practices. Moreover, mediating influence of teacher support and
student engagement were also observed in the current research. Interestingly, student’s sociocultural
environment and government initiatives played a moderating role in uplifting their sustainable practices.
Research limitations/implications — The results illuminate the involvement of all the stakeholders in
contributing to sustainable future through sustainable practices. However, this study limits its scope to
educational setting and gives no impor