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Abstract: This study probes the notable gap between the theoretical endorsement of the UN Sustain-
able Development Goals (SDGs), particularly SDGs 7, 12, and 13, and their tangible implementation in
higher education curricula. We hypothesize that entrenched unsustainable practices in key academic
disciplines, such as engineering and business, persist despite the global shift towards sustainability.
The study engages a diverse cohort of participants from academia, public, private, and nonprofit
sectors, chosen for their distinct roles and insights in integrating SDGs into educational and industrial
frameworks. Our research design integrates an extensive qualitative literature review and critical anal-
yses with quantitative surveys using specially designed instruments. The study was conducted with
a sample of 48 participants, representing various sectors, using specially designed survey instruments
to gauge expert opinions on the barriers and opportunities in advancing sustainable education. Our
findings identify economic and administrative hurdles as primary impediments to academia’s shift
towards sustainability. The data underscore the urgent need for targeted strategies in transitioning to
a net-zero educational paradigm. The study concludes with a call to reshape academic initiatives,
highlighting the critical role of education in preparing future leaders. It emphasizes bridging the
gap between theoretical support for SDGs and their practical application in academia, proposing
actionable strategies for this alignment.

Keywords: academic decarbonization; clean energy transition; net-zero education; sustainable
development goals; student engagement in sustainability

1. Introduction

Universities and other higher education institutions have the potential to contribute
to solving challenges such as climate change, but the extent to which this is happening in
practice is unclear and difficult to measure [1]. These institutions play a key role in the
reduction of unsustainability, but they also have the resources and influence to redirect
their activities towards progressive social and ecological ends [2]. The acknowledgment of
the crucial role that universities play in forming leaders, decision-makers, and educators
in society underscores their significance in influencing sustainability both at national
and local levels [3]. However, influencing universities to prioritize social and ecological
protection requires changes in academic practices, including research, education, outreach,
and engagement [4]. Additionally, universities need to bridge the attitude-behavior gap in
students’ climate-related actions through climate change education (CCE) which includes
enhancing students” knowledge, practical skills, and community engagement [5].

Decarbonization from a university perspective appears to consider only the physical
environment (i.e., mostly Scope 1 and 2 emissions), with only occasional consideration
of Scope 3 emissions. For example, there is a growing recognition of the importance of
integrating scientific waste approaches and circular economy principles to reduce CO,
emissions on university campuses [6]. The University of Exeter has primarily focused on
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reducing Scope 1 and 2 emissions [7], but this approach may not be sufficient, as Scope 3
emissions can make up a significant portion of a university’s carbon footprint [8]. Concerns
also extend to the hidden curriculum of sustainability in higher education and the visibility
of climate change issues on campus [9]. Here, ‘curriculum’ refers to the set of subjects within
the course curricula. To enhance the meaningful incorporation of sustainability in education,
a proposed approach involves integrating its components into curricula, programs, and
subjects across all levels of the education system through infusion or integration [10]. Thus
far, there has been very little consideration of issues such as universities’ roles in promoting
climate justice, and equity, or the content of their curricula [11]. Indeed, it is noted that
universities which turn from this paradigm to another may be best placed to deliver lasting
public value [12], particularly in the area of social impact [13].

In this context, ‘decarbonization of pedagogy in higher education’ refers to the de-
liberate and systematic efforts to reduce carbon emissions associated with educational
practices within universities. It encompasses a comprehensive approach that goes beyond
the traditional focus on physical environmental aspects, such as Scope 1 and 2 emissions, to
include a broader consideration of the ecological impact of academic activities, including
research, teaching, and outreach. The goal is to align educational practices with sustainabil-
ity principles, emphasizing a shift toward cleaner energy sources, responsible consumption
and production, and active climate action, as outlined in the United Nations Sustainable
Development Goals (SDGs), particularly SDG 7.

The incorporation of the UN SDGs into academic research and pedagogy has been
widely welcomed. However, progress in implementing these goals, especially SDGs 7
(Affordable and Clean Energy), 12 (Responsible Consumption and Production), and 13 (Cli-
mate Action), has been relatively limited across various disciplines, including engineering,
sciences, law, economics, and business. Despite the enthusiastic reception, there is still a
predominant focus on unsustainable fossil fuel industries within these disciplines, posing a
challenge to the effective integration of the SDGs into academic practice [14]. The selection
of SDGs 7, 12, and 13 as the focal points of our study is intentional, guided by their direct
relevance to the core functions of universities and their potential to catalyze transformative
change within academic institutions. SDG 7 aligns with the imperative for clean energy,
crucial for reducing carbon emissions and promoting sustainability within higher educa-
tion [15]. SDG 12 emphasizes responsible consumption and production, addressing the
need for sustainable practices within academic institutions [16]. Lastly, SDG 13 focuses
specifically on climate action, aligning with the overarching theme of decarbonization in
higher education.

In the quest to bridge the gap between theoretical knowledge and actionable steps
toward achieving the SDGs, overcoming this lack of action would benefit not only academia
but also society and industry, which are increasingly prioritizing environmental, social,
and governance issues. Indeed, some university courses are beginning to incorporate
some elements of the SDGs in their teaching, but this is limited so far [17]. The initial
state of knowledge and commitment of students towards the SDGs is not as widespread
as expected. A study conducted at the Polytechnic University of Valencia (UPV) found
that while students have some knowledge about the SDGs, they lack understanding of
their role and the responsible parties involved in achieving the goals [18]. Another study
at Universiti Teknologi MARA (UiTM) revealed that only a portion of the university
curriculum addresses the SDGs, with three goals not being addressed at all [19]. The need
for educational resources to teach the concept of the SDGs is also highlighted, with Design
Based Learning (DBL) being identified as a potential approach [20].

Contrary to previous research, this study aims to examine the opportunities and barri-
ers to overcoming this inertia via a mixed methods approach of literature review, expert
survey, and critique. This research adds to the existing knowledge base by identifying key
barriers and opportunities for accelerating clean energy transition in academic pedagogy
through an extensive literature review. While this work serves as a foundational step, it is
inherently limited by space constraints, intending to guide future research by prioritizing
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and directing efforts within each identified barrier category. Although our primary audi-
ence is WEIRD countries (Western, Educated, Industrialized, Rich, and Democratic), we
aspire to broaden this scope in future research endeavors (Figure 1).

« Review and define pedagogy and curricula to determine study scope
» Determine influences on higher education change

« Determine categorization and barriers and opportunities to
decarbonizing third level education

Survey provider determined and survey coded
Data preparation and
validation (eSS

Figure 1. Research process flow diagram (source: authors).
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« 16 questions, 3 formats
+ Demographics, barriers and opportunities,
changes to reaching and material

Discussion, conclusions,
and recommendations

Surveying

Analysis and Results

2. Background

Pedagogy is defined as the “art, science or profession of teaching”, intricately tied to
the teaching-learning process. It refers to the methods and strategies used in teaching and
educating individuals, particularly in the field of formal education [21]. While pedagogy
encompasses the broader spectrum of teaching as both an art and science, it is crucial to
acknowledge that the effectiveness of the teaching—learning process relies on appropriate
didactic strategies based on established theories and principles of science teaching [22].

Pedagogy serves as the “instructional technology” guiding the practical application of
education to influence learning outcomes. It embodies the interactive connections between
learning, teaching, and culture [23]. Innovative pedagogies provide a comprehensive and
inclusive understanding of pedagogy in the 21st century, as they involve constant research
and adaptation to meet the needs of an ever-changing society [24]. These pedagogies
embrace diverse outcomes and are collaboratively negotiated and pursued as integral
components of the teaching process, in contrast to convergent approaches that adhere to
precise planning [25]. In higher education institutions, innovative pedagogies such as
flipped classrooms, SCALE-UP, and blended teaching and learning have been found to be
effective, sustainable, and student-centered [26]. However, mobile pedagogy, particularly
in the context of distance education, exhibits regional variations in both theory and practice,
with little divergence from the traditional educational system [27].

Pedagogical practices are the means teachers use to inspire learning and guide intellec-
tual and personal development [28]. They encompass the theories, principles, and practices
of teaching and learning, and involve the design, implementation, and evaluation of educa-
tional programs and curricula. Pedagogy also encompasses the roles and responsibilities of
teachers and instructors, as well as how they interact with their students, including feed-
back and assessment and creating learning environments [29]. It is a continuous process
that changes and adapts to new knowledge, technology, and society’s needs, serving as a
link connecting principles with practical implementation.

Viewing pedagogy as being at the intersection of theory and practice, the OECD’s re-
cent assessment highlighted six clusters of innovative pedagogies, as shown in Figure 2 [30].
These pedagogical clusters serve a dual purpose: (i) they act as a matrix for categorizing
teaching approaches and recognizing overarching pedagogical methods, and (ii) they
maintain a level of flexibility, translating learning principles into specific teaching prac-
tices in order to achieve new learning objectives without succumbing to predetermined
prescriptions [23].
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Figure 2. Six innovative pedagogy clusters.

Furthermore, to address the climate crises, the education system must undergo a
process of decarbonization by integrating sustainability principles and transformative
approaches. This transformative journey involves developing new ways of living that
align with the complex nature of socioecological crises [31]. Higher education can play a
pivotal role in this transformation by fostering key competencies such as practical wisdom,
providing a robust framework for education guided by sustainability principles [32].

It is important to move from a primary focus on personal happiness and attainment
to a more balanced interest in human flourishing within the context of sustainable and
regenerative futures [33]. In terms of learning outcomes, the emphasis would be on
knowledge, skills, values, and attitudes, rather than specifically virtues [34]. Education
should strive to be holistic, transformative, and learner-centered, emphasizing learning
over metrics [35]. To effectively evaluate sustainability education, new forms of assessment
are needed. The role of education in shaping values, mindsets, and ethical behaviors for
caring and responsible societies is crucial.

In the UK, the University and College Union (UCU) defines decarbonizing the educa-
tion system as “Decarbonising our education system means transforming how and what
we learn so that education sufficiently addresses and prepares students for the climate crisis
and ecological emergency. That means our curricula must equip students with the knowl-
edge, skills, attitudes, and values to tackle the reformation of our currently carbon-intense
economic system. Furthermore, it means thinking critically and challenging the influence
of corporations like fossil fuel companies in our research, funding, and sponsorship” [36].
The UCU also states that decolonizing the curriculum is necessary for decarbonizing due to
the necessity for climate justice and addressing the systems leading to climate change [37].

Arguments for Just Transition and Climate Justice generally take a normative or
positive approach. Normatively, it is argued that improving lives and redressing wrongs is
a moral obligation; positively, it is argued that justice will maintain or enhance the social
license of governments, corporations, etc., to operate [38]. Climate justice initiatives in
higher education have been put forward to contain both climate justice frameworks and an
energy democracy approach that focuses on challenging power imbalances, i.e., following
the normative approach [12]. For curricula this means “cross-cutting curricula linking
climate justice across disciplines, programs, departments, and schools”, whilst the Mary
Robinson Foundation has defined climate justice to mean “Climate justice links human
rights and development to achieve a human-centered approach, safeguarding the rights of
the most vulnerable people and sharing the burdens and benefits of climate change and its
impacts equitably and fairly” [39].



Sustainability 2024, 16, 1998

50f 33

In searching for a roadmap to a new pedagogy, it is necessary to determine what we
are seeking to change. Drawing on the definitions, we discuss the methods, strategies,
theories, principles, and practices of teaching (i.e., the “how” and the “why” of teaching).
The fundamental “why” behind this research is sustainability. However, the “how” aspect
remains an open question. Additionally, we consider the design, implementation, and
evaluation of curricula (i.e., the “what” that is being taught, or the contents of curricula).
This paper begins by reviewing the influences on curriculum and pedagogical change. The
subsequent sections are dedicated to the methodology, results, and analysis of this study.
Finally, this study concludes with relevant suggestions for furthering the decarbonization
of curricula and pedagogy in higher education.

2.1. Influences on Higher Education Change

This study does not concern the physical decarbonization of educational buildings
or Scope 1 and 2 emissions, which have been covered previously (e.g., The School Decar-
bonization Challenge by the Energy Systems Catapult [40], or the University of Exeter’s
Green Strategy Plans [7]). Instead, this work concerns pedagogies, curricula, and the
teaching and research related activities of academics. Various means by which pedagogies
and curricula are influenced to change will be discussed.

Research on learning and cognitive psychology has the potential to inform and shape
teaching methods and pedagogies. Six specific cognitive strategies, thoroughly validated
through decades of research, include spaced practice, interleaving, retrieval practice, elabo-
ration, the use of concrete examples, and dual coding [41,42]. For instance, the University
of Edinburgh employs a web-based tool called PeerWise to support spaced practice, elabo-
ration, and dual coding among students. With PeerWise, students can create, share, and
respond to multiple-choice questions related to course topics, fostering regular review, the
establishment of connections, and the utilization of both words and images to enhance
learning [43].

Similarly, the University of Wisconsin utilizes CogSketch, a web-based tool, to facilitate
dual coding and the incorporation of concrete examples in student learning [44]. CogSketch
is a sketch-based learning environment that enables students to draw diagrams and sketches
to represent and elucidate concepts in science and engineering, encouraging the use of both
verbal and visual information for encoding and retrieval, employing concrete examples
to illustrate abstract principles [45]. Additionally, the University of California, San Diego,
employs Interleaved Mathematics Practice, a web-based tool, to promote interleaving
and spaced practice among students [46]. This homework system assigns problems from
different topics in a mixed order rather than in blocks of the same topic, enhancing retention
and transfer of knowledge [47].

As educators gain deeper insights into the intricate processes of learning and the
underlying neurological mechanisms at play during educational experiences [48,49], they
are better equipped to make targeted improvements in teaching practices. Recent research
has underscored the importance of integrating neurobiological insights into educational
practices, emphasizing that these insights can inform the development of effective teaching
strategies that optimize information retention and learning [3]. For example, understanding
the neural correlates of memory formation can lead to the development of instructional
strategies that enhance memory retention [50]. By incorporating brain-based research
findings into the classroom, educators can significantly improve teaching efficacy. The
application of neurobiological insights can facilitate the creation of teaching methods
that align with the brain’s natural processes, enhancing students” ability to grasp and
retain information. However, the dissemination of this knowledge to educators is crucial,
as it can lead to an increased understanding of cognition and brain function and the
adoption of active-learning pedagogies [49]. Therefore, the integration of neurobiological
insights into educational practices has the potential to not only enhance teaching and
learning outcomes but also contribute to the broader advancement of pedagogical practices.
Recognizing the transformative impact of neurobiological research on education, it becomes
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imperative for educators to stay informed and actively apply these insights in their teaching
methodologies. Furthermore, the scholarship of teaching and learning (SoTL) provides
opportunities for clinical faculties and preceptors to engage in research and scholarship
around teaching and learning, further contributing to the advancement of pedagogical
practices [51].

Advancements in technology have the potential to revolutionize the teaching and
learning process. This includes the provision of innovative resources and tools, along
with a fundamental shift in the delivery of didactic resources, making a substantial con-
tribution to the seamless integration of SDGs. Educational technology has already had
a profound impact on teaching and learning in the Pre-K-12 environment, with content
neutral technologies being used to customize students’ learning experiences [52]. Emerging
technologies such as augmented reality and virtual reality (AR/VR), mobile learning de-
vices, and the internet of things (IoT) offer new opportunities for promoting sustainability
within university teaching and learning [53].

The use of new technologies in education facilitates and strengthens the teaching and
learning processes, offering virtual tools that promote knowledge sharing, critical think-
ing, and skill development [54]. Technology enables communication and collaboration
among students, allowing for group discussions and collaborative projects using tools like
Zoom, Google Meet, wikis, and cloud-based apps [55]. Notably, 82% of teachers in the
United States believe that leveraging technology enhances students’ readiness for future
careers [56]. In Australia, 48% of teachers express a keen interest in enhancing their pro-
fessional development through digital learning methods aimed at engaging students [57].
Furthermore, an impressive eight in ten teachers in New Zealand affirm that the integration
of digital technologies is positively influencing student achievement [58].

Studies have demonstrated that AR/ VR technologies hold significant promise as valu-
able contributions to the educational technology “edtech” domain [59]. This is attributed
to their immersive qualities, capacity to present information in innovative and captivating
formats, and the potential to provide virtual experiences that can overcome challenges
related to cost or distance. While still in its nascent phase, there are numerous encouraging
instances of this technology being actively employed in K-12 education, higher education,
and teacher training. Its applications span various domains, encompassing STEM education
and technical training, as well as the arts and humanities.

For instance, AR/ VR technologies hold promise in creating immersive learning expe-
riences that can enhance students’ understanding of sustainability concepts [60]. Virtual
simulations can provide a virtual environment for students to explore sustainable practices
and witness the consequences of various choices on the environment. This immersive
quality of AR/VR can bridge the gap between theoretical knowledge and real-world ap-
plications in sustainable development. However, the effective integration of technology
into higher education also poses challenges, including the need for digital literacy and
accessibility considerations [61]. Addressing these challenges is crucial to ensuring that
technological advancements align with the principles of sustainability and inclusivity
within the educational context.

The ongoing fourth industrial revolution, characterized by technological advance-
ments like the IoT, artificial intelligence (Al) and Big Data [62], requires higher education
institutions to revamp their curricula to prepare students for the evolving job market [63].
The continuing social, political, economic, and technological shifts are influencing individu-
als’ lifestyles, work patterns, and educational pursuits. It appears that nations, irrespective
of their current developmental stage, will experience a digital transformation due to the un-
precedented speed at which technology is being adopted [64]. Within the university context,
digital technologies significantly influence conventional educational frameworks, altering
operational dynamics, instructional delivery methods, and student engagement approaches.
This phenomenon acts as a catalyst for digital transformation, prompting universities to
undergo evolution and adjustment in response to the evolving digital landscape.
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Digital transformation extends beyond the mere adoption of new technologies; it
encompasses substantial organizational changes to embrace digital practices and capabili-
ties. While digital disruption concentrates on the particular effects of digital technologies
on universities and education, digital transformation encompasses the more extensive
organizational adjustments necessary to leverage the potential of digital technologies and
establish a digitally oriented institution. Recent work in education research and policy
studies has questioned the idea that education alone can fix social problems [65]. This
skepticism is related to changes in job markets, whereby changes in the demand for certain
skills required by employers can drive changes in education to prepare students for these
job market changes [66]. In response to these challenges, numerous universities are transi-
tioning towards a more business-oriented model [67] to meet the expectations of students
seeking skills aligned with social needs [68].

Despite various initiatives in recent times aimed at education for sustainable devel-
opment, there is a lack of effective implementation, especially within higher education,
in a comprehensive manner. This problem includes addressing aspects such as curricu-
lum, diverse disciplines, the three dimensions of sustainable development, teachers’ atti-
tudes, content related to sustainable development, and the pedagogical content knowledge
necessary for education for sustainable development that can bring about institutional
change [69]. The challenges identified include the need to establish consensus on diverse
agendas, foster collaboration in teaching, address the lack of training in teaching education
for sustainable development, rectify the limited inclusion of education for sustainable
development content in some syllabi, and address the shortage of experts in education for
sustainable development among teacher educators [70].

Education is a dynamic process that evolves alongside society’s changing expectations.
It can adapt to reflect shifts in values, such as promoting social equity and inclusion, as well
as respond to changes in the economy. The COVID-19 pandemic has accelerated the need
for changes in teaching methods, leading to a global revolution in higher education [71].
As educational facilities closed, digital technology gained the stage in national programs to
improve and extend remote learning and create more inclusive and adaptable education
systems [72]. The e-learning market is expected to reach USD 848.12 billion by 2030, with a
Compound Annual Growth Rate (CAGR) of 17.54%, indicating an increasing embrace of
online educational platforms and digital learning resources [73].

Finally, it is crucial to acknowledge the transformative role of student feedback in
shaping education programs and practices. As educators endeavor to meet the dynamic
needs of students, their input becomes a powerful catalyst for change [74]. However,
navigating the delicate balance between integrating student feedback and adhering to
academic standards and learning outcomes poses a significant challenge. The evolving
landscape of higher education, influenced by factors such as technological advancements,
societal shifts, and global events like the COVID-19 pandemic, underscores the importance
of a nuanced approach to pedagogical adaptation [75].

The ability to assimilate feedback effectively requires educators to critically assess
and reconcile the evolving demands of students with established academic standards [76].
Striking this balance ensures that educational programs remain responsive to student
needs without compromising the integrity of learning objectives. Collaboration and the
exchange of best practices among educators, both within and across institutions, emerge
as valuable strategies in this endeavor. Such collaborative efforts not only facilitate the
sharing of insights but also contribute to the continuous improvement of teaching methods
and content.

2.2. Barriers and Opportunities for Higher Education Decarbonization

The decarbonization of higher education institutions faces several barriers, including
carbon lock-in, financial costs, and administrative challenges. Carbon lock-in, which per-
petuates the fossil fuel energy system, can hinder the adoption of low-carbon technologies
in these institutions [77]. To approach this research methodically, criteria for categorizing



Sustainability 2024, 16, 1998

8 of 33

barriers to, and opportunities for decarbonization were sought. Categories of barriers to
and opportunities for decarbonization (across Europe) have been identified as shown in
Figure 3, to which we have added Administrative and Student for this study [78].

Barriers to
decarbonize
education

Aministrative Personal

Figure 3. Main barriers to decarbonizing education systems (source: authors).

2.2.1. Economic

We perceive economic barriers and opportunities as encompassing factors associated
with research funding, university activities financing, and their impacts on the higher
education sector.

A prominent and oft used criticism in this area is the prominence of fossil fuel funding
for research and universities [79], which, particularly in the US, is very large (e.g., the
influence of the Koch family is well documented) [80]. The provision of or the removal of
this funding has a large sway over the financial viability of institutions and individuals’
research, and therefore the influence of the funding source cannot be ignored.

Related to the issue of funding is the divestment movement, now pursued by over
100 UK universities, primarily as a moral imperative, though with increasing concern over
the long term financial viability of fossil fuel intensive industries [81]. The divestment
movement seeks to limit capital flow to fossil fuel intensive companies, and in doing so
seeks to limit their growth or destroy their capital [82]. The scale of the influence of the
higher education sector in this practice is unclear, though the Dallas Fed Energy Survey for
Q2 of 2022 notes “Private investors like endowments and foundations are structurally gone
for good, and it is actually different this time” [83].

In the UK, the means of university funding is devolved and in England is currently
primarily through tuition fees, which have been abolished in Scotland [84]. This has not
always been the case, as in 2010 the majority of funding came from Funding Councils, with
this funding being an object of much political debate over the decade of the 2010s [84].
Broadly speaking, research funding has remained stable whilst teaching funding has
been cut. As such, there exists a disincentive for higher education institutions to oppose
prevailing political sentiments and norms, and an incentive to seek alternative funding
such as that from fossil fuel industries.

A consequence of lack of funding, particularly in teaching, is twofold: (i) a lack of
teaching resources and staff, and (ii) limited access to technology. This limits opportunities
to reform and modernize what and how students are being taught. Furthermore, it is noted
that most research funding is spent on STEM rather than social sciences, leading to a limited
number of perspectives and methodologies being applied [85].
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2.2.2. Political

We consider political barriers and opportunities to be those associated with domestic
and international political relations, intra and interstate. We categorize “political” barriers
within the higher education sector in either the Personal or Social sections as appropriate.

The primary political barrier identified pertains to diversity and power structures.
Many universities are considered to lack diversity, particularly in the fields of science
and engineering, which places a limit on the perspectives applied to, and connections
made between science and the wider world [86]. This is also related to the economic
barriers concerning funding, universities’ relationships with contemporary governments,
and their attitudes toward power structures. For example, in Canada, there are ongoing
financial restraints and a renewed interest in university research, which have implications
for academic decision-making bodies [87]. The power structures within universities are
complex and varied, involving faculties, students, administrators, governing boards, and
presidents. Conflict and friction can arise among these groups, affecting educational policy
and practice [88]. State governments and public colleges in the US have a symbiotic
relationship, but state support for higher education has been declining due to economic
recessions and a conservative shift in the federal government’s role. This has led to a
fundamental change in the relationship between states and public higher education, with
universities increasingly relying on tuition and private support [89].

A further consideration is that the shape of curricula is inherently political [90]. The
lack of a rigorous Marxist theory of the state and the international has led to discussions
about what a Marxist theory of imperialism and international relations would look like [91].
A Marxist theory of the international can incorporate political concepts from mainstream
theories of IR, taking into account the uneven development of capitalism at different
levels [92]. Where such curriculum contents clash with the SDGs beyond decarbonization,
such as SDG 17 regarding cooperation, might pose a barrier to decarbonization.

Other political obstacles include the influences of domestic political leadership [93],
policy inconsistency and short termism [94], partisan politics, and lobbying [95]. That
is to say that a chicken and egg problem arises concerning leadership and its legitimacy
on climate action; leaders are reluctant to lead without comprehensive direction from
electorates, who expect politicians to take action in these areas [93]. Policy inconsistency
leads to repeated curriculum change (and changing budgets) [94]. Partisan politics and
lobbying lead to the “watering down” of decarbonization efforts [95].

2.2.3. Personal

Personal barriers and opportunities are those related to the personal psychology,
motivations, and personal working habits of individuals within the higher education
system, either students or teaching and research staff.

We consider Jost’s theory of system justification to be a personal barrier [96]. Jost’s
“A Theory of System Justification” posits that consciously or unconsciously, defending
the status quo serves fundamental psychological needs for certainty, security, and social
acceptance. This motivation to maintain the current social structure is driven by a desire
to feel positive about ourselves, and our place in society, even at the expense of others.
Jost’s theory is relevant to decarbonization in that we can infer that individuals within
higher education are therefore psychologically predisposed to maintaining current curricula
and pedagogies that directly or indirectly serve the interests of fossil fuel companies.
Overcoming this barrier requires individuals to go against a system, or a large mass of
individuals to demand system change simultaneously.

Academic careers are widely known to be scarce and highly precarious. For example,
a report released by The Royal Society in 2010 stated that only 3.5% of those who complete
a PhD manage to secure a permanent research position at a university, with just 0.12% of
those PhD graduates ever becoming full professors [97]. Given this insecurity, there is a
disincentive to participate in movements that upset the status quo in the sector. Related
to this point is the large workload placed on academic staff [91]. These time constraints
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and workload pressures are known to hinder creativity and the ability to participate in
processes that may change higher education [93]. In turn, a cascading consequence of this
effect is the lack of awareness among educators of the potential for change.

The capabilities of academic staff can also pose a limitation to decarbonizing curricula,
depending on their ability to convey information and their personal beliefs regarding de-
carbonization. We have, however, not collected data on this aspect due to ethical issues; for
example, we do not wish to ask respondents to undermine the standards that their university
sets for teaching by asking their personal views on the competence of their colleagues.

Lastly, students do not pursue higher education solely for their passion for a given
subject, but also due to the desire to pursue a particular career path [98]. When this desire
for stability in future career paths is predicated upon interaction with fossil fuels, there is a
further disincentive for change.

2.2.4. Social

Social, cultural, and behavioral dynamics play a pivotal role in the decarbonization of
higher education, shaping both challenges and opportunities. The intricate interactions
between individuals, coupled with the general influences of institutional culture and
politics, contribute to a dynamic social context that influences decarbonization efforts.

Eminent scholars such as Higham and Font, as well as Poggioli and Hoffman, con-
tend that academia, marked by frequent air travel in a pervasive “flyout” culture, oper-
ates as a carbon-intensive industry, increasingly viewed as a manifestation of “climate
hypocrisy” [95,96]. While technological advancements offer limited mitigation for the envi-
ronmental impacts of air travel, the imperative for behavioral change is undeniable [99].
Moreover, these scholars assert that academics often engage in moral disengagement,
rationalizing their actions and overlooking the ecological consequences of their travels.
Addressing this issue necessitates a dual commitment: academic institutions assuming
responsibility and individual academics setting an example by conducting impact audits
and exploring low-carbon business models [100].

Cultural and institutional constraints manifest in the resistance to decarbonization of
pedagogy and curricula, presenting unique challenges. The implementation of innovations
to curricula is influenced by local culture and classroom dynamics during the decolonizing
process [101]. The increasing recognition of the need to decolonize curricula and peda-
gogy in higher education primarily focuses on addressing the perpetuation of specific
epistemological perspectives and the attainment gap [102]. However, initiating curriculum
changes may face opposition from students or the broader community, a recurring issue
across subjects ranging from climate change to race [98,103]. This resistance underscores
the importance of understanding behavioral aspects in driving change. For instance, gar-
nering support for any transformative change becomes a protracted and intricate process,
entwined with cultural and behavioral barriers, where the deficiency of political leadership
on climate action surfaces as a critical challenge [93].

Overcoming these social, cultural, and behavioral impediments requires a nuanced
understanding of institutional dynamics, coupled with proactive measures to foster a
culture of sustainability and inclusion within higher education.

2.2.5. Administrative

We conceptualize administrative barriers and opportunities as factors entrenched in
intrainstitutional regulations, organizational processes, management practices, decision-
making protocols, and overarching national regulations governing higher education.

The accreditation of many courses by national bodies, such as the Institution of
Mechanical Engineers, serves as a critical indicator, both nationally and internationally,
attesting to the quality of the respective courses [104]. Subsequently, institutional policies
and regulations concerning pedagogical modifications become significant, necessitating
the delineation of learning outcomes and imposing a level of curricular standardization.
This standardization, while promoting consistency, inadvertently acts as a deterrent to



Sustainability 2024, 16, 1998

11 of 33

change, hindering the seamless integration of novel elements, some of which could be
pertinent to decarbonization efforts. Compounding this challenge is the existence of a
“first mover” penalty for institutions proactive in changing their curricula before broader
standards evolve.

Furthermore, particularly within the physical sciences, certain curricula content’s
energy intensiveness presents a formidable barrier, as mainstream low-carbon alternatives
are currently nonexistent for incorporation into courses.

Expanding our focus on pedagogy at large, the prevalent reliance on standardized
testing and outdated evaluation and feedback mechanisms pose constraints on the adoption
of innovative pedagogical approaches and curricular changes [66]. Overcoming these
administrative challenges requires a nuanced understanding and strategic navigation of
both intrainstitutional and national regulatory landscapes.

2.2.6. Student

In this study, we define student barriers as challenges related to both the ability
and willingness of students to adapt to novel teaching content and methods. The con-
temporary job market poses formidable obstacles for graduates, encompassing factors
such as insufficient relevant work experience, limited access to job search information,
and elevated work-seeking costs, all of which impede successful employment [105]. This
predicament is further intensified by fierce competition among employers vying for top-tier
graduates [106] and a perceptible misalignment between employer expectations and the
competencies possessed by graduates.

The prevailing incentive for students to attain the highest possible grades amplifies
this scenario, as grades function as the primary discriminant in the competitive graduate job
market [107]. Consequently, this engenders a motivation for students to employ any avail-
able means to secure a high grade, potentially leading to strategic avoidance of challenging
courses, thereby compromising a comprehensive understanding of academic materials.

Additional challenges manifest in various forms, including a lack of preparedness for
rigorous courses [108], acclimatization to specific assessment types, resistance to change,
the emergence of eco-anxiety resulting in a state of paralysis rather than proactive engage-
ment [109], and the pervasive influence of misinformation on students” perceptions and
comprehension of SDG related content [110]. Furthermore, students may face challenges
in adapting to new learning environments, such as the shift to online learning during the
COVID-19 pandemic [111].

3. Method

In this section, we provide a comprehensive overview of the methodological frame-
work employed in our study, encompassing the research design, participant recruitment
strategies, survey development process, detailed data analysis procedures, and a critical
exploration of the study’s limitations.

3.1. Research Design Overview

To comprehensively address the integration of the UN SDGs into teaching and re-
search, our study employs a multifaceted approach that involves both esteemed academics
and recognized experts across diverse sectors, including public, private, and nonprofit
organizations, as shown in Figure 4.
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Figure 4. Main steps of the methodology flow process.

The survey aims to extract valuable perspectives on overcoming barriers related to
SDGs and discern potential threats impeding progress. By engaging experts outside the
confines of academia, we seek practical insights derived from real-world applications. This
external perspective will enable us to guide academic efforts more effectively, aligning
teaching and research with tangible actions taken in various sectors.

Simultaneously, a targeted exploration within academia will delve into the specific
challenges hindering the seamless integration of SDGs into teaching and research practices.
This internal inquiry provides a platform for researchers to candidly discuss these challenges
in a systematic and in-depth manner, surpassing the constraints of conventional discourse.

Through this dual-pronged methodology, we aspire to bridge the gap between theo-
retical understanding and practical implementation, fostering a more robust and informed
approach towards achieving the UN SDGs in academic and real-world contexts.

3.2. Participant Recruitment

Participants for this study were recruited through a targeted and diversified approach.
The recruitment process aimed to ensure representation from both academia and various
other sectors, including public, private, and nonprofit organizations.

1.  Potential participants were identified based on their roles in academia or relevant
sectors associated with the study’s focus on overcoming barriers to decarbonizing
higher education.

2. Invitations to participate were extended via email, and potential participants were
provided with a clear overview of the study’s objectives, emphasizing the importance
of their insights.

3.  Participants were informed about the voluntary nature of their involvement, the
anonymity of their responses, and the intended use of the collected data. They were
required to provide explicit consent before proceeding with the survey.
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4. To ensure a comprehensive understanding, efforts were made to recruit participants
with diverse demographic characteristics, including geographical location, gender,
employment rank, and field of expertise.

This recruitment strategy aimed to gather a well-rounded perspective on the challenges
and opportunities related to decarbonizing higher education, thereby promoting a more
inclusive and insightful analysis.

3.3. Survey Development

In our pursuit of a comprehensive understanding of the challenges and possibilities
associated with decarbonization, our survey instrument is meticulously designed to extract
insights from respondents. The survey probes into the nuanced landscape of barriers
and opportunities surrounding decarbonization. Beyond mere identification, our instru-
ment endeavors to elucidate the relative significance attributed by respondents to various
barriers and solutions within the context of decarbonizing third-level education. This
strategic approach aims to unveil a prioritized roadmap for the removal or incorporation
of these elements.

The survey itself, outlined in the subsequent sections, employs targeted questions
tailored to meet the specific research objectives of our project, supplementing the core data
with additional insights wherever possible.

The overarching objectives of this household survey can be distilled into four focal points:

1.  To Establish a Hierarchical Framework of Barrier Categories: Our primary aim is to dis-
cern distinct categories of barriers and establish a hierarchy, providing a nuanced under-
standing of their interplay and relative significance in the decarbonization landscape.

2. To Unveil a Hierarchy of Specific Barriers within Categories: Delving deeper, we seek
to unravel the intricacies within each identified category, discerning a hierarchy that
sheds light on the specific challenges that demand targeted attention.

3.  To Propose Solutions to Overcome Barriers: In tandem with identifying barriers,
our survey endeavors to elicit from respondents a set of viable solutions, laying the
groundwork for informed strategies to overcome the identified challenges.

4. To Assess Curriculum and Pedagogical Adjustments: Beyond barriers and solutions,
we aspire to gauge the perspectives of respondents on the augmentation or elimination
of elements within their curricula and pedagogies, contributing to the refinement of
educational approaches in the context of decarbonization.

Carefully addressing these objectives, our research aims to be a pioneering contribution
to the discourse on decarbonization in the realm of third-level education, offering not only
a comprehensive analysis but also actionable insights for informed decision-making and
strategic planning.

3.4. Data Analysis

In pursuit of originality rather than conventional novelty in concepts or methodology
within the realm of social sciences [112], our survey was systematically crafted with a
distinctive focus. Unlike studies that mainly rely on theoretical frameworks, our approach
was based on a deliberate decision to create a survey aligned with the overarching goals of
the project while avoiding predefined hypotheses adjusted to match collected data.

Our survey instrument, presented in Table 1, demonstrates our commitment to a
comprehensive approach. It was carefully developed based on a thorough literature review,
prioritizing simplicity, clarity, and participant engagement. The questionnaire, consisting
of 16 questions, was structured to be completed within approximately 15 min, recognizing
the value of participants’ time. Moreover, to enhance engagement, a concise brief was
strategically employed to inform respondents about the study’s scope.
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Table 1. Overview of survey questions and response options.

Question

Answer Options

Which country do you work in?

List of countries

Which category best describes your place of work

University, Public Sector, Private Sector, Third Sector, Other

What is your gender?

Male, Female, Prefer to self-describe, Prefer not to say

What rank best describes your current employment?

Postgraduate Researcher, Junior Academic, Senior Academic, Junior
Employee, Middle Management, Senior Management

What is your field of expertise/training?

Physical sciences, Biological sciences, etc.

Please rank the following barriers to decarbonizing
higher education (pedagogy and curricula)

Economic, Political, Personal, Social, Administrative, Add other box
with free entry. 1 is highest, 5 is lowest

How large a barrier to decarbonizing higher education
(pedagogy and curricula) do you consider the following
economic barriers

(A) the role of fossil fuel funding in research and teaching. (B) Lack of
teaching resources and staff. (C) Limited access to technology. (D)
Allocation of research and teaching funding across subjects

How large a barrier to decarbonizing higher education
(pedagogy and curricula) do you consider the following
political barriers

(A) Lack of diversity (race, gender, nationality, etc.) in higher education

teaching and research. (B) Inadequacy and uncertainty of government

funding. (C) Existing power structures and power dynamics in society.
(D) Government influence on research and teaching topics

How large a barrier to decarbonizing higher education
(pedagogy and curricula) do you consider the following
personal barriers

(A) Defending status quo as a psychological need for safety, certainty
and social acceptance. (B) The precarious nature of academic careers.
(C) The scarcity of academic positions. (D) Students’ desire to pursue a
certain career path

How large a barrier to decarbonizing higher education
(pedagogy and curricula) do you consider the following
social barriers

(A) Commonly accepted high carbon behaviors in academia e.g.,
frequent flying for conferences. (B) Cultural constraints on curricula
and pedagogy, e.g., backlash to curriculum change. (C) Institutional

constraints on curricula and pedagogy, e.g., developing “buy in”

among staff. (D) Lack of awareness of issues pertaining to
decarbonization among research and teaching staff

How large a barrier to decarbonizing higher education
(pedagogy and curricula) do you consider the following
administrative barriers

(A) The need for course accreditation. (B) Institutional regulations
regarding pedagogical and curriculum change. (C) “first mover” penalty
for those institutions who do change their curricula before standards
change. (D) the energy intensiveness of some curricula content e.g.,
certain manufacturing processes, is such that no mainstream low carbon
alternative exists to be incorporated into the course

How large a barrier to decarbonizing higher education
(pedagogy and curricula) do you consider the following
barriers relating to (undergraduate and postgraduate)
students

(A) Due to job market pressures, students prioritize achieving as high a
grade as possible even if this is to the detriment of spending time
understanding academic content. (B) Students insufficiently prepared
by prior education for the course they are undertaking. (C) Student
familiarity with a certain type of assessment or course content leads to
resistance to change. (D) Inconvenience: Students may view a change in
pedagogy as inconvenient, requiring more effort or time on their part.

How important do you consider the following as
opportunities for decarbonizing higher education
(pedagogy and curricula)

(A) The divestment movement as a catalyst for further change. (B)
Advances in research in learning and cognitive psychology. (C)
Evolution of societal norms. (D) Student feedback. (E) Collaboration
and sharing of best practice among educators. (F) Diversifying climate
change related subjects that funding is allocated to for teaching and
research. (G) Reduced precarity of academic employment

What one thing would you add, and what one thing
would you remove, from your curriculum to further
decarbonize higher education

What one thing would you add, and what one thing
would you remove, from how you teach (your
pedagogy) to further decarbonize higher education

Have you any further comments to add to this work?
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The survey used a structured assessment to investigate barriers to decarbonizing
higher education, emphasizing pedagogy and curricula. Participants were asked to rate
economic, political, personal, social, and administrative barriers to comprehensively under-
stand the challenges. Furthermore, respondents were asked to evaluate the specific size of
barriers within each category, which allowed for a more detailed understanding of their
perceived relevance.

Beyond identifying challenges, our survey investigated prospects for decarbonizing
higher education by questioning participants on various catalysts. These drivers included the
divestment movement, learning psychological improvements, cultural norms evolution, stu-
dent feedback, educator collaboration, and the diversity of climate change-related disciplines.
In addition, we examined reducing academic job uncertainty as a potential catalyst.

To capture qualitative insights, open-ended questions were strategically integrated
into the survey. Participants were encouraged to suggest additions and removals from
curricula and pedagogy, fostering a comprehensive understanding of their perspectives.
This approach emphasized the deliberate survey design choices, ensuring transparency in
the methodology employed for data collection.

The questionnaire was divided into three sections: the first dealt with respondent
demographics, while the second and third looked at challenges and solutions to higher
education decarbonization. Furthermore, recommendations for improving or streamlining
higher education pedagogy and curricula relevant to domestic and transportation energy
use were gathered. The survey was done online using Qualtrics, the leading online survey
implementation platform, and included a variety of response styles such as Likert scales,
categorical ranks, and open-ended questions.

It is noteworthy that, to ensure the integrity of participant responses, our survey main-
tained a deliberate absence of direct contact or incentives. All respondents were adults aged
18 years or older. The final dataset comprised insights from 48 respondents, and a detailed
demographic breakdown is available in Table 2. Descriptive analysis was employed to
interpret and explain the survey findings, providing a comprehensive understanding of
the diverse demographics of the survey respondents and ensuring transparency and clarity
in the participant profile.

Table 2. Demographic profile of survey respondents.

Total Samples

I
oo}

Gave consent to participate

Country

United Kingdom of Great Britain and Northern Ireland

Ireland

Canada

Switzerland

United States of America

Australia

Austria

Belgium
China
Finland

India

Italy
Netherlands
New Zealand

Rl R, R R R, R, R[INININ|®|O
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Table 2. Cont.

Total Samples

Nigeria 1
Pakistan 1
Zambia 1

Total 31

Gender

Male 28

Female 12

Prefer to self describe 0
Prefer not to say 0

Total 40

Place of work

University 31
Public Sector 3
Private Sector 5
Third Sector 1
Other 0

Total 40

Employment rank

Postgraduate Researcher 8
Junior Academic 7
Senior Academic 13
Junior Employee 0
Middle Management 4

Senior Management

Other 2

Total 40

Field of expertise/training

Social Sciences 16
Natural Sciences 5
Formal Sciences 8
Humanities 1
Arts 0
Professions 5
Other 5

Total 40

The results regarding what should be added and what should be removed from
curricula and pedagogy are outlined in Tables 3 and 4. Note that quotations have not been

edited for spelling or syntax.
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Table 3. Curriculum decarbonization recommendations: response to the question of what one
thing would you add, and what one thing would you remove, from your curriculum to further the
decarbonization of higher education?

Add Remove

“Energy Economics”

“Decentralised energy” “Linear electricity (and gas) distribution grids.”

“the lens of sustainability and global citizenship (not a subject

: ‘ ' ' “p ot th "tinf . nability into it”
but a lens into any and every aspect of university curricula)” ny subject that doesn’t infuse or integrate sustainability into it

“elegant integration of energy efficiency, renewable energy “On-site use of diesel generators, wasteful building structures and
and energy storage” transportation and commercial practices”

“social movements”

“methods for co-production/stakeholder involvement”

“Real life decarbonisation scenarios” “Foundational courses in science e.g., Biology, Chemistry”

“Interdisciplinary courses”

“a module in climate science”

“in-depth ESG reporting (business school curriculum)”

u“ ”

“more remote access” n/a

“Funding”

Table 4. Curriculum decarbonization recommendations: response to the question of what one thing
would you add, and what one thing would you remove, from how you teach (your pedagogy) to
further the decarbonization of higher education?

Add Remove

“Field experiences”

“More local case studies, problem based learning” “Full length lectures”

“Imbibing psychological ‘pushing’ attitude towards
decarbonisation into students; but that also needs this
attitudinal change into other individuals”

“Attitude of seeing decarbonisation as merely an opportunity of
saving money and being short-sighted”

“Greater saturation of smaller touching points infused and

. . . . © “Thy h th inability shoul i ject”
integrated info every subject/topic in every course” e approach that sustainability should be a topic and subject

“Upgrading” “Grading”
“outdoor pedagogy” “international excursions/study trips”
“Virtual field trips” “Physical field trips”
“Employing staff with industry experience” “Less theoretical teaching”
“Problem-based learning” “Lectures”

“mainstream sustainability through the entire curriculum”

“More online session”

With regards to items to add to curricula, a recurring theme is that of diversifying what
is taught rather than deepening an existing knowledge area. For example, the addition of “the
lens of sustainability” and “social movements” or “interdisciplinary courses”. Meanwhile,
items to be removed are those which are not future proofed, such as “linear. .. grids”.

In terms of pedagogy, recurring items to add include “problem-based learning” and
“field trips”, whilst recurring items to be removed are also “field trips” and even “lec-
tures”. This set of conflicting results suggests that pedagogy itself is much more difficult to
decarbonize than curricula and no clear direction emerges.
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The hierarchy of barriers in the study was determined through a systematic analysis
using descriptive statistics, specifically by calculating the mean score and standard de-
viation for each factor within the dataset. The mean score served as a central measure,
offering an average perception of participants towards each identified factor. This provided
a foundational understanding of the core challenges highlighted in the survey, acting as a
synthesis of the problems.

Simultaneously, standard deviation was employed to assess the dispersion of scores
around the mean. This statistical parameter played a crucial role in indicating the vari-
ability in responses, offering insights into the consensus or divergence among participants
regarding specific challenges. The extent of agreement or disagreement among respondents
was thereby revealed, adding details to the research findings.

By employing both the mean score and standard deviation, the study not only iden-
tified the average perception within each category but also the degree of variability or
consensus, contributing to the establishment of a hierarchy of barriers. Factors with higher
mean scores and lower standard deviations may be considered as more uniformly perceived
challenges, potentially occupying higher positions in the hierarchy. Conversely, factors
with lower mean scores and higher standard deviations may indicate greater variability in
perceptions, influencing their placement in the hierarchy of barriers. This dual-pronged
approach allowed for a comprehensive and nuanced determination of the hierarchy of
barriers based on the participants’ responses.

3.5. Limitations

This study acknowledges certain limitations inherent in its methodology that merit
careful consideration. Firstly, the reliance on self-reported data introduces the potential
for inaccuracies, as respondents may inadvertently provide information that is not entirely
precise. Additionally, the exclusive use of self-reported data raises concerns about the
ethical implications of obtaining information related to specific universities. Participants
may be hesitant to disclose details about their colleagues or the activities of universities
that have not explicitly consented to such inquiries.

To address the challenge of comprehensive data collection, we refrained from in-
cluding questions that might have unveiled sensitive information. Instead, we encour-
aged respondents to supplement their responses with comments, striving to capture a
broader perspective. It is important to note that our approach, while prudent, resulted
in a limitation as it required us to minimize the number of questions posed to avoid
overwhelming respondents.

Furthermore, three common limitations associated with surveys warrant consideration:
acquiescence bias in responses, the potential impact of perceived social desirability [113],
and variations in respondent knowledge. These factors underscore the need for cautious
interpretation of our results and suggest avenues for further investigation.

For instance, when respondents express a desire for increased research funding for
SDG related activities, it is crucial to recognize the potential influence of personal moti-
vations. Researchers advocating for more funding may be driven by their professional
aspirations, introducing a nuanced layer to their responses.

In light of these limitations, it is imperative to approach the findings with a degree
of suspicion and recognize the potential for bias. The identified constraints also serve
as guideposts for future research, directing attention to areas that require meticulous
exploration and methodological refinement.

While the analysis provided valuable insights, it is important to acknowledge potential
limitations, such as the reliance on mean scores and standard deviation. Future research
may explore more advanced statistical methods to further delve into the relationships and
nuances within the data.
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4. Results

The outcomes of this investigation will delineate a set of priorities aimed at advancing
the integration of net-zero principles into teaching and research, particularly within the
framework of SDGs and Environmental, Social, and Governance (ESG) criteria. This, in
turn, provides valuable insights into enhancing the educational experience for students
who are destined to become the future workforce, business and political leaders, and
responsible citizens.

The identified priorities serve as a roadmap for refining educational practices and
aligning them with the imperative of sustainability. Furthermore, they lay the founda-
tion for more effective preparation of students for their multifaceted roles in society. To
maximize the impact of these findings, it is imperative to conduct a broader and more
in-depth exploration of the uncovered priorities in the subsequent phase of this research.
This will ensure a comprehensive understanding and facilitate the development of targeted
strategies for effective implementation.

4.1. Barriers

The results regarding barriers to decarbonizing higher education are presented in
Figures 5-11. Among the various categories, economic barriers emerge as the most promi-
nent, overshadowing administrative, personal, social, political, and student-related factors.
This observation aligns with the existing literature, which emphasizes the critical impor-
tance of overcoming barriers such as time constraints, financial costs, and data reliability
in the assessment of greenhouse gas emissions [114]. Notably, administrative, personal,
and social barriers emerge as equally important contributors to the challenges in decar-
bonization efforts. In the academic sector, administrative barriers escalate the private costs
researchers encounter when attempting to decarbonize their research activities [115]. These
results underscore the significance of directing attention and resources toward addressing
challenges in research and teaching funding. Within the array of barriers, institutional
administrative inertia emerges as a significant challenge. This inertia reflects a resistance to
change within administrative structures, emphasizing the need to proactively address and
dismantle bureaucratic impediments. By doing so, educational institutions can foster an
environment that is conducive to embracing and implementing sustainable policies.

Ranking of Barriers by Category
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Figure 5. Mean ranking and standard deviation of barriers to decarbonizing higher education by
category. The highest is 1, while 6 is the lowest.
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Ranking of Economic Barriers
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Figure 6. Mean ranking and standard deviation of economic barriers to decarbonizing higher
education. The highest is 10, while 1 is the lowest.

Ranking of Political Barriers
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D) Government influence on | Ps |
research and teaching topics ! L 6.13 !

Figure 7. Mean ranking and standard deviation of political barriers to decarbonizing higher education.
The highest is 10, while 1 is the lowest.

In light of these findings, it is recommended to prioritize the allocation of resources
toward research and teaching funding as a foundational step. This strategic emphasis
aims to address economic barriers and administrative inertia, setting the stage for a more
seamless integration of sustainability measures. Investing in research and teaching funding
not only supports the development of innovative green technologies but also facilitates
curriculum enhancements that promote environmental awareness.

While acknowledging the importance of economic and administrative priorities, it is
equally imperative to recognize that other categories, such as personal, social, and political
factors, also play pivotal roles in the overall decarbonization process. Decarbonization
requires changes in the social, technical, economic, and political systems that underpin
modern societies [116]. Notably, student-related factors appear to have a comparatively
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lesser impact among the identified barriers. This may stem from factors such as limited
awareness and engagement, less direct influence in administrative decision-making, chal-
lenges in changing entrenched behaviors, and resource constraints faced by students in
contributing to decarbonization efforts within higher education institutions. These consider-
ations highlight the need for a nuanced understanding of the distinct challenges associated
with student-related factors in the broader context of sustainability initiatives. However,
by strategically focusing on economic barriers and administrative inertia initially, institu-
tions can establish a robust foundation for a comprehensive and sustainable approach to
decarbonizing higher education.

Ranking of Personal Barriers
A) Defending status quo as a

psychological need for safety, } .6 = |
certainty and social acceptance :

B) The precarious nature of i | Ps |
academic careers I 6.24 !

C) The scarcity of academic | l o ]
positions I 6.44 !

D) Students' desire to pursue | | ®. |
a certain career path I 5.17 !

0 2 4 6 8 10

Figure 8. Mean ranking and standard deviation of personal barriers to decarbonizing higher educa-
tion. The highest is 10, while 1 is the lowest.
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Figure 9. Mean ranking and standard deviation of social barriers to decarbonizing higher education.
The highest is 10, while 1 is the lowest.
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Ranking of Administrative Barriers
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Figure 10. Mean ranking and standard deviation of administrative barriers to decarbonizing higher
education. The highest is 10, while 1 is the lowest.
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Figure 11. Mean ranking and standard deviation of student barriers to decarbonizing higher educa-
tion. The highest is 10, while 1 is the lowest.

Figure 6 illustrates the survey results on economic barriers, revealing the following
hierarchy from most effective to lowest: allocation of research and teaching funding across
subjects, lack of teaching resources and staff, and the role of fossil fuel funding in research
and teaching. The prominence of the allocation of research and teaching funding across
subjects as the most critical economic barrier is justified by its overarching influence on the
entire academic ecosystem. Our research aligns with previous studies [117] highlighting
that challenges in enhancing school facilities, including integrating decarbonization efforts,
stem from both insufficient funding and a dearth of expertise. Furthermore, our study
acknowledges the pivotal role of higher education institutions in managing the carbon
footprint, fostering public awareness, and educating future leaders. It is evident that the
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allocation of funding across subjects can influence the prioritization of decarbonization
initiatives within these institutions [114].

Unequal funding distribution directly impacts the resources available for sustainability
initiatives, potentially leading to disparities in curriculum development, and hindering
the incorporation of environmentally conscious content and innovative teaching methods.
Moreover, it affects the research landscape, limiting opportunities for groundbreaking
studies on sustainable practices and technologies. As a strategic decision reflective of
institutional priorities, funding allocation sets the tone for the institution’s commitment
to sustainability. This economic barrier’s interconnected impact with other barriers un-
derscores its significance and emphasizes the need for targeted interventions to address
this foundational challenge in the pursuit of sustainable development and decarbonization
within higher education.

Figure 7 shows the outcomes of our analysis on political barriers, delineating the
following hierarchy of challenges: existing power structures, uncertainty surrounding
government funding, government impact on research and teaching, and, finally, a diversity
deficit. Notably, our findings underscore the prominence of funding as a substantial political
challenge, standing second only to the societal power structures. This insight sheds light
on the critical role of financial support in navigating political obstacles, positioning it as
a pivotal factor. Moreover, public schools, as government entities, are influenced by the
most politically engaged special interest groups, which can hinder efforts to introduce
decarbonization initiatives [118]. These findings assist policymakers and researchers by
providing actionable insights into addressing power dynamics and financial uncertainties,
thus enhancing the efficacy of strategies aimed at fostering inclusivity and overcoming
political impediments to sustainable development.

Figure 8 shows the outcomes of personal barriers, offering the following ranked per-
spective: a scarcity of academic positions, precarity of academic careers, the influence of
the status quo, and, finally, students’ career ambitions. Crucially, our findings emphasize
that the scarcity and precarity of academic careers emerge as key challenges within the
realm of personal barriers. This revelation is particularly significant, as it highlights how
the challenges associated with academic positions can hinder the willingness to take risks
such as altering curricula and pedagogy to decarbonize higher education. Student-related
issues have less impact on decarbonization initiatives in higher education institutions [119].
Overcoming these personal barriers involves addressing self-doubt, seeking support, and
acquiring the necessary qualifications and knowledge to engage in decarbonization ef-
forts within the academic sector [119]. The imperative for increased research aligned
with decarbonization and the incorporation of decarbonization into curricula underscores
the significance of tackling these personal barriers to advance decarbonization efforts in
higher education.

Figure 9 presents a visual representation of our exploration into social barriers, unveil-
ing a hierarchy that encompasses high carbon behaviors, lack of awareness, institutional
constraints linked to staff “buy-in”, and, finally, cultural constraints on curricula and
pedagogy. A noteworthy revelation from our findings is the explicit identification of the
often-criticized academic frequent flyer behavior as a discernible barrier to change within
the social context. This observation underscores the significance of addressing unsus-
tainable practices within academia, with a particular emphasis on understanding and
addressing cultural influences on curricula and pedagogy.

Individual academic staff can play a pivotal role in inspiring and informing through
their teaching, while students can demand and take forward a sustainability focus, un-
derscoring the significance of cultural influences on curricula and pedagogy [120]. Fur-
thermore, the influence of neoliberal paradigms in academia and the need to address and
disrupt the embedded culture of neoliberal economization within higher education have
been emphasized [121]. The inclusion of cultural constraints highlights our commitment to
providing a more comprehensive analysis, recognizing that cultural factors deeply shape
and perpetuate certain high carbon behaviors within the academic community. By go-
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ing into the cultural dimensions of these social barriers, we aim to contribute to a more
nuanced understanding of the interconnected challenges in fostering sustainability and
decarbonization within higher education.

The concise yet impactful nature of these results provides empirically robust insights
into the complex interplay of social factors impeding efforts to decarbonize higher edu-
cation. By pinpointing specific challenges like high carbon behaviors and institutional
constraints, this research equips stakeholders, policymakers, and educators with action-
able knowledge to foster a more sustainable and responsive academic environment. The
identification of academic frequent flyer behavior as a barrier highlights the need for tar-
geted interventions to address practices that contradict sustainability goals, making this
research particularly relevant for the ongoing discourse on transformative change within
educational institutions.

Figure 10 visually captures our results for administrative barriers, outlining a hierarchy
that includes institutional regulations, the “first mover” penalty, the energy intensiveness
of curricula content, and, finally, the necessity for course accreditation. Institutional regula-
tions can pose a barrier to decarbonization efforts. These regulations may not prioritize
or mandate the integration of sustainable practices into academic activities, creating a
challenge for those seeking to implement decarbonization initiatives [115]. The inclusion of
institutional regulations acknowledges the logistical complexities that often impede swift
changes in pedagogy.

The “first mover” penalty insight sheds light on the cautious approach of institutions,
rooted in concerns about unforeseen consequences and the potential for non-alignment with
evolving standards. The challenges of decarbonizing the public sector can provide insights
into the measures that could help educational institutions decarbonize their operations and
become more sustainable [122].

Additionally, recognizing the energy intensiveness of curriculum content highlights
the real-world constraints institutions face, balancing sustainability goals with existing
budgetary and resource limitations. The emphasis on course accreditation underscores
the institutional commitment to meeting external benchmarks, showcasing the challenges
associated with navigating accreditation requirements while simultaneously fostering
innovative educational practices.

In essence, Figure 10 provides a comprehensive visual representation of the multifaceted
administrative barriers, offering valuable insights into the motivations behind institutional
hesitancy and resistance to transformative changes in higher education. This holistic perspec-
tive allows for a nuanced understanding of the intricate challenges institutions encounter in
navigating these administrative barriers to promote sustainability and decarbonization.

These findings are particularly significant for policymakers, educational administra-
tors, and stakeholders, as they shed light on the dynamics of institutional reluctance and
the associated concerns regarding potential penalties. By addressing these administrative
barriers, educators and decision-makers can develop strategies to facilitate a more adaptive
and sustainable approach to curricula and pedagogy, thereby advancing the broader goals
of decarbonizing higher education.

Figure 11 delineates student barriers, presenting a ranking that encompasses job
market pressures, insufficient preparedness for course materials, student familiarity with
assessment types, and, finally, the perceived inconvenience associated with change. The
decarbonization of the economy is creating new jobs, causing some job losses, and changing
the skills composition of many jobs. This transition necessitates a good mix of foundational,
technical, and core skills for the green economy, requiring upskilling, reskilling, and career
guidance to mitigate the risks of job loss [123].

Additionally, the shift to green technology may not absorb many workers displaced
by the transition, leading to potential job market challenges for students in affected sec-
tors [124]. These factors contribute to the complex job market pressures that students may
encounter as they navigate the evolving landscape of decarbonization and sustainability.
Notably, our findings suggest that while students may be open to change, concerns about
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job market pressures act as a significant deterrent to supporting transformative initiatives.
This insight emphasizes the importance of addressing students” apprehensions related
to employment uncertainties to foster greater acceptance and engagement in initiatives
promoting sustainability and decarbonization.

This research holds relevance for educators, policymakers, and stakeholders aiming
to implement changes in higher education, as it underscores the pivotal role of student
perspectives and concerns. The acknowledgment of overlapping categories, such as job
market pressures being intertwined with economic barriers, reinforces the comprehensive
nature of the identified challenges. The recognition of economic conditions as the largest
category of barriers, pervasive across various facets, further solidifies the significance of
addressing financial considerations in the pursuit of sustainable educational change. This
nuanced understanding enhances the practical implications of the research and its potential
impact on informed decision-making within the academic realm.

4.2. Opportunities

Figure 12 encapsulates the findings related to opportunities for decarbonizing higher
education, presenting a ranked list that includes the evolution of societal norms, diversifica-
tion of funded subjects, collaboration, reduced precarity of academic employment, student
feedback, advances in learning, and, finally, the divestment movement.

Ranking of Opportunities

2

Figure 12. Mean ranking and standard deviation of opportunities for decarbonizing higher education.
The highest is 10, while 1 is the lowest.

Societal norms that can impact decarbonization efforts in higher education, such
as attitudes toward sustainability, resource use, and climate change, have been a focal
point in previous studies [125]. Higher education institutions, as social institutions, are
influenced by societal perspectives on environmental responsibility and sustainable de-
velopment [114]. The current study aligns with these prior findings, highlighting the
continuing significance of societal norms in shaping the commitment of higher education
institutions to decarbonization.

The COVID-19 pandemic has also affected cultural, societal, and institutional norms,
leading to changes in campus operations and potentially influencing attitudes toward
decarbonization [126]. The broader societal shifts indicated in the findings align with the
observed impacts of the pandemic on higher education. The pandemic has exacerbated
existing disparities and inequities in education, with evidence showing that it has negatively
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affected academic growth and widened pre-existing disparities, particularly for students
from historically marginalized and underserved groups [127].

Additionally, the readiness of the community and governance structures within uni-
versities, as well as the attitudes of campus stakeholders, can shape the effectiveness of
decarbonization efforts [125]. Furthermore, assessing the status of decarbonization efforts
at universities within a 2050 perspective and understanding the prevailing attitudes toward
decarbonization among campus stakeholders can help in addressing societal norms in
decarbonization efforts [119].

By expanding the scope of climate change education and research, universities can
better address the multifaceted challenges associated with climate change. This can in-
volve engaging in a broader range of disciplines and contexts, thereby leveraging the
comprehensive body of information and experience within universities to contribute signif-
icantly to addressing climate change challenges [128]. Additionally, diversifying climate
change-related subjects can contribute to the promotion of sustainable development and the
training of professionals to meet the global need for addressing climate change. Therefore,
by allocating funding to a wider array of climate change-related subjects, higher education
institutions can play a crucial role in advancing decarbonization efforts and sustainability.

In essence, our results, when considered in conjunction with the existing literature,
contribute to a more comprehensive understanding of the complex interplay between
societal norms and decarbonization efforts in higher education. These results suggest that
academia is poised to evolve in tandem with societal changes rather than taking the lead, a
phenomenon that may challenge the self-perception of universities as being at the “cutting
edge” of knowledge creation and dissemination. Additionally, the recurring theme of the
pivotal role of funding is once again underscored.

5. Discussion

The rankings of barrier categories undergo notable shifts when comparing the high-
level and more granular perspectives. At the macro level, the “Economic” category takes
precedence as the most significant barrier, only to be supplanted by other factors at
the detailed level, where it assumes a third-place ranking. Similarly, the “Social” bar-
riers, initially placed fourth in the overarching view, ascend to claim the top spot in the
nuanced breakdown.

Observing the categories of “Administrative”, “Personal”, and “Political”, one notices
perceptible changes in their perceived significance between the two levels of analysis. In-
triguingly, the “Student” category remains a constant, consistently occupying the position
of least significant barrier in both perspectives. These variations might stem from respon-
dent demographics or the inherent difference in granularity, indicating that perceptions
differ when evaluating barriers broadly versus in specific instances within each category.

Noteworthy among our findings is the prominence of “Social” barriers, emerging as
the foremost concern among respondents, reflected in the highest average mean score of
approximately 6.75. This underscores the consensus that challenges rooted in societal norms
and interactions are substantial impediments. In contrast, barriers linked to “Students”
are perceived as comparatively less pressing, garnering the lowest average mean score of
around 5.44.

Results indicate a striking diversity of opinions regarding specific barriers, with
political barriers standing out for their considerable variability in mean scores. This
variability likely arises from the intricate nature of political challenges, spanning issues
like government funding and institutional hierarchies. In contrast, administrative barriers
present a more consensual perspective among respondents, showcasing the least variability
in mean scores.

One barrier, namely “Existing power structures and power dynamics in society
(political barrier C), attains the highest mean score of 7.36. This underscores respondents
perception that challenges in academia are intricately intertwined with broader societal
structures. The influence of power dynamics in society extends to decision-making, policy
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formulation, funding allocation, and public opinion—all of which reverberate within
academia. The manifestation of societal resistance in academia could manifest as a lack
of funding, support, or public trust in initiatives addressing societal challenges. Tackling
such a barrier may necessitate an interdisciplinary approach, fostering collaboration across
academic fields and engaging external stakeholders to comprehend and navigate the
intricate web of societal power dynamics.

Furthermore, the barrier related to the “Inadequacy and uncertainty of government
funding” also garners a high mean score of 7.31 (political barrier B). The critical role of fund-
ing in research, teaching, and various academic pursuits makes uncertainty or inadequacy
in government funding a significant hindrance, particularly for initiatives addressing new
challenges like decarbonization in academia. This concern is closely tied to the top-rated
barrier concerning existing power structures, indicating a symbiotic relationship between
societal power dynamics and financial support for academic endeavors.

Despite the lower mean scores associated with barriers linked to student preferences
and behaviors, there exists substantial variability in perceptions, indicating a spectrum of
opinions on these issues. Notably, the standard deviations for barriers related to student
behaviors and preferences are relatively high, emphasizing the diverse perspectives within
the respondent pool. For instance, student barrier (A) stands out with the highest standard
deviation of 2.89, suggesting that while some respondents perceive it as a significant
obstacle, others may not, resulting in a wide range of scores. Meanwhile, student barriers
(B), (C), and (D) rank towards the lower end of the responses, underscoring the varied
opinions on these matters and highlighting the intricate nature of addressing challenges
centered around students.

Investigating the response counts further, it becomes evident that Administrative and
Personal barriers resonate with a broader audience, receiving feedback from nearly all
respondents. This widespread recognition suggests that these challenges are either widely
experienced or widely acknowledged within the academic community. The universality
of these concerns underscores their significance and emphasizes the need for comprehen-
sive strategies to address them effectively, considering their pervasive impact across the
academic landscape.

Feedback counts demonstrate variability across barriers, implying differences in rel-
evance or familiarity among respondents. Barriers such as “Inadequacy and uncertainty
of government funding” (political B), “Lack of teaching resources and staff” (economic
B), and “Institutional regulations regarding pedagogical practice” (administrative B) each
garnered feedback from 26 respondents, suggesting widespread recognition or experience
of these challenges within the academic community. On the contrary, the barrier “Lack
of diversity (race, gender, nationality, etc.) in academia” (political A) received feedback
from only 19 respondents. This does not diminish the importance of political A but may
indicate that fewer respondents felt prepared or inclined to rate it based on their experiences
or perceptions.

Regarding opportunities, the evolution of societal norms emerges as the most signifi-
cant, emphasizing the profound influence of broader societal shifts on academic landscapes.
Additionally, there is a prevailing sentiment toward diversifying academic subjects related
to climate change and fostering collaboration among academics, highlighting the value of
interdisciplinary approaches and shared best practices. While certain areas, such as the
divestment movement in universities, elicit more varied opinions, there is a consensus
favoring the transformative potential inherent in embracing societal changes and collabo-
rative endeavors in academia. This collective perspective underscores the importance of
adaptability and collaboration to address contemporary challenges in academia.

As we explore the potential opportunities revealed by the survey results, it is crucial
to recognize the nuanced nature of implementing changes across diverse academic disci-
plines and institutions. While the pursuit of sustainability in higher education is widely
acknowledged as beneficial, it is equally important to critically examine the potential chal-
lenges, trade-offs, and inherent complexities associated with these changes. The academic
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landscape is multifaceted, encompassing a broad spectrum of disciplines, institutional
structures, and regional disparities. A one-size-fits-all approach may not suffice, and a
tailored strategy that considers the unique characteristics of different academic settings
becomes imperative.

The diverse nature of academic disciplines introduces varied perspectives, method-
ologies, and priorities, necessitating a careful consideration of disciplinary nuances in any
sustainability initiative. Similarly, the structural differences between institutions, ranging
from small liberal arts colleges to large research universities, require adaptable strategies.
Regional disparities, influenced by cultural, economic, and geographical factors, further
contribute to the complexity of fostering sustainability in higher education.

6. Conclusions

At the highest level, the largest category of barriers emerging from these results
are economic barriers, followed by administrative barriers. Personal, social, political,
and student related barriers are considered less pressing, but regardless should still be
addressed, in this order.

Within economic barriers, the allocation of funding and the lack of resources and staff
are the largest issues. The overlap of economic barriers with other categories has been
noted, indeed with economic barriers appearing rather ubiquitous. Therefore, finding
greater sources of funding for teaching (and research), in addition to diversifying existing
funding sources is the most essential decarbonization step that academic institutions must
take. They should be aided in these attempts by both governments and private sources of
funding (whilst remaining mindful of the role of fossil fuel-related funding).

However, it should be noted that the three highest scoring individual barriers are
political (C and B) and social (A). This suggests a disconnect between how respondents think
about “high level” barriers compared to specific examples. Political barriers, especially
those related to power dynamics and government funding, are perceived as some of the
most significant challenges.

With regards to administrative barriers, institutional regulations are seen as the biggest
obstacle to curriculum and pedagogical change, along with “first mover” penalties, suggest-
ing universities consider that they will be penalized somehow for changing their curricula
or pedagogies. The onus is therefore on institutions to recognize that they must change
and that the processes for enabling change must be improved.

In terms of incorporating sustainability and climate change into curricula, it is recom-
mended that these themes be woven throughout courses, indeed seen as an integral part of
existing courses rather than a supplement. However, the route forward for pedagogy is
less clear.

Concerning future work, we believe developing a roadmap in each of the barrier
areas identified to be an essential next step. We have uncovered a list of priorities in this
work which should be investigated further. Furthermore, research endeavors could explore
the integration of a broader spectrum of SDGs into academic initiatives, considering their
interconnectedness and the need for a comprehensive approach to sustainable development.
If universities wish to be seen as to lead in combatting climate change, acting on the areas
described in the order of priority uncovered is essential.
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