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Abstract: Embedding sustainability into pedagogical approaches is a key priority in higher education.
Equipping students with knowledge, understanding, and skills, and developing the next generation
of innovators and leaders, can potentially provide the change needed and create a real impact in the
journey to a sustainable future. Advancement in Science, Technology, Engineering, and Mathematics
(STEM), and corresponding industries can be seen as vital for the success of meeting a majority of the
sustainable development goals, and hence the approaches taken to embed sustainability in learning
and teaching in STEM higher education programmes can be considered significant in many ways.
This paper is based on published literature over the last two decades and a semi-structured interview
with 12 university academics from a developing country. Hence, the paper reviews approaches
taken to embed sustainability in learning, teaching and assessments in STEM programmes. It also
aims to investigate the actions taken by universities to integrate sustainability in STEM education
and the remedies taken to minimise the impact of the pandemic on the effectiveness of the learning
pedagogies used to integrate sustainability concepts.
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1. Introduction

The coexistence and balance between humans and nature have been greatly challenged
by the consequences of rapid economic growth triggered by scientific and technological
innovations. As a result, the concept of sustainability, along with sustainable development
and sustainable development goals, has evoked great concern from scientists, environmen-
talists, world leaders, and many others. According to the available literature, awareness of
sustainability-related issues began in the 70s and continued being the focus of conference
themes and academic papers, and the slogan of many development plans and projects and
environmental-related activities, in the decades that followed.

As the motivations behind sustainability are complex and diverse, it has been de-
fined from many perspectives. In the general sense, sustainability is the ability to main-
tain a certain level of balanced and stable development without disturbing the harmony
between the natural world and the man-made physical world. Literally, sustainability
means a capacity to maintain some entity, outcome, or process over time [1]. According
to Stoddart et al. (2011) [2], sustainability is the efficient and equitable distribution of re-
sources intra-generationally and inter-generationally with the operation of socio-economic
activities within the confines of a finite ecosystem. Similarly, UNESCO (2012) [3] views
sustainability as a paradigm for thinking about a future in which environmental, social, and
economic considerations are balanced in the pursuit of development and improved quality
of life. Accordingly, it is obvious that the term sustainability has always been focussed on
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establishing a healthy relationship between social, economic, and environmental concepts,
and issues of the present and future. They have also concentrated on transforming the
global society, environment, and economy to the state of sustainability together.

Coupled with sustainability, the concept of sustainable development (SD) has also
become a buzzword in development discourse, and is now associated with different defi-
nitions, meanings, and interpretations [4]. Among them, the most cited definition is the
one proposed by the Brundtl and Commission report (1987): “Sustainable development is
meeting the needs of the present without compromising the ability of future generations to
meet their needs [5]”. As a whole, SD aims at achieving social and cultural progress which,
coupled with environmental equilibrium and economic growth, is a core concept within
global development policy and agenda. The academic literature represents the aforemen-
tioned elements related to sustainability as the three-pillar conception of sustainability or
the “Triple Bottom Line”: social, economic, and environmental.

In making the connections between sustainability and SD, sustainability is often
thought of as a long-term goal while sustainable development refers to the many processes
and pathways to achieve it [3]. Since education enables the young to fulfil their capabilities,
it is a crucial investment for SD [6], and Education for Sustainable Development (ESD)
extends its scope to deal with the complex amalgamation of issues relevant to environment,
society, and economy [7] while paving the way for a more sustainable and just society for all.
It encourages global changes in knowledge, skills, values, and attitudes while empowering
and equipping current and future generations to meet their needs. Extending the landscape
for SD further, the UN declared the period 2005-2014 as the United Nations Decade of
Education for Sustainable Development (DESD) in 2002, emphasising the critical role of
education in achieving sustainable development [7]. Taking the process of attaining global
sustainability another step forward, the UN declared 17 Sustainable Development Goals
(SDGs) in 2012 and education was given a crucial part because it is essential for progress
on all goals [8]. Particularly, Goal 4 focused on quality education that ensures inclusive and
equitable quality education and promotes lifelong learning opportunities for all; it linked
to almost all the SDGs in one way or another.

Young generations as well as adults spend large periods of their life on education
(formal, non-formal, and informal settings). The role of educational institutions, regardless
of the academic level, is crucial in meeting sustainable development goals as they host
basic skill development, and promote values, behaviours, and lifestyles favourable to a
sustainable future and society while developing future professionals as change agents,
and facilitating the creation of spaces where ideas are expressed freely, paradigms are
challenged, creativity is promoted, and new knowledge is acquired and generated [9].
According to the UN (2007), “Academic institutions have the potential to generate a
wave of positive change [10], and in achieving SDGs, higher education institutions have
played a responsible role by implementing and driving sustainable development initiatives
within their institutions”. In this discussion of sustainable development, McGunagle
and Zizka [11] noted that Science, Technology, Engineering, and Mathematics (STEM)
higher education programmes currently offer theoretical knowledge and industry-related
competencies that seek to prepare graduates to become leaders capable of meeting 21st-
century demands. Pahnke et al. [8] also built up the connection between STEM and
sustainability, and said that STEM disciplines are called upon to participate in the social
process of searching, learning, and shaping solutions to global sustainability issues.

Supporting the same point, Dotson et al. [12] suggested that access to quality educa-
tion in STEM is linked to reduced poverty, higher economic growth, and more resilient
democracies; these disciplines play an essential role in addressing many of the SDGs.

Scholars, practitioners, and policymakers are counting on STEM education to lead
towards global sustainability. In that process, higher educational institutions (HEI) have
been recognised as centres of knowledge generation and skill development. They are
also expected to make a concerted effort towards shifting the focus from mere learning to
learning sustainably, which is known as lifelong learning. Moreover, HEIs play a significant
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role in inculcating in students the “values and skills that contribute to social progress and
the advancement of knowledge” [10]. Hence, universities require innovative sustainability
pedagogical methods for preparing students to create a more sustainable world through rig-
orous analysis and innovative solutions [13]. Traditional methods of lecture and assessment
over-simplify complex issues and trade-offs into right or wrong answers; asking students to
regenerate pre-packaged information presented by their teachers [14] and emphasising an
individual’s knowledge-based achievements will not produce positive results in terms of
sustainability. Moreover, many research studies have shown that didactic, teacher-centred
education results in reduced cognitive, behavioural, and socio-emotional outcomes. There-
fore, educating for sustainability requires that students develop the skills to be change
agents who grapple with real-world challenges through explorations that engage multiple
ways of knowing and move beyond facts as the central form of knowledge [14]. With
respect to higher education and STEM education, a critical pedagogy including problem-
or project-based learning, cooperative or collaborative learning, experimental learning,
inquiry-based learning, case studies, and research-based learning, have been suggested
as the most appropriate approaches by scholars. Hence, this article focuses on finding
answers for the following research questions:

1.  What is the role of STEM higher education in sustainability?

2. What kind of pedagogical strategies are used in STEM higher education to promote

sustainability?

How do university academics perceive the sustainability concept in education?

4. What approaches are used usually to promote sustainability through teaching, espe-
cially during the pandemic?

w

Further, by answering the above questions, it aims to achieve the following objectives
in relation to sustainability, higher education, STEM education, and learning pedagogies:

e Review approaches taken to embed sustainability in learning, teaching, and assess-
ments in STEM programmes.

e Identify university academics’ views on promoting sustainability concept through
higher education.

e Investigate actions taken by universities to minimise the impact of the pandemic on the
effectiveness of learning pedagogies used to integrate sustainability in STEM education.

The background literature mainly focuses on the most applicable academic research
outcomes for the main topic of study under areas of STEM higher education. It discusses
the academic literary evidence for the role of STEM education in sustainability, and what
are the most significant STEM educational pedagogies promoting sustainability.

2. Role of STEM in Sustainability

In general, STEM education refers to the teaching and learning method that integrates
the content and skills of science, technology, engineering, and mathematics while providing
students with opportunities to become problem solvers, innovators, inventors, logical
thinkers, and tech literates. Alternatively, students get a chance to apply knowledge
within meaningful real-life related contexts because it supports independent thinking
and responsible action. It also reinforces engagement with technological and societal
changes while enabling students to become responsible individuals who adopt sustainable
development in their locality and, by extension, the global context.

STEM education is the integration of four disciplines with two possibilities: input
and output in education [15]. The passage of content knowledge and development of
skills in those disciplines function as the input. Conversely, STEM is also connected to
economic competitiveness in the global market, and is required to fill output requests
such as guaranteeing and maintaining energy and productivity needs [16]. Furthermore,
STEM has been identified for its potential to contribute to positive social change through
sustainability, considering that sustainability issues are inherently interdisciplinary.
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Smith and Watson [17] used the Australian context to agree with the common percep-
tion that, for future prosperity, a substantial proportion of the global workforce needs to
be educated in STEM disciplines. Further, investing in STEM education is key to produc-
tivity growth and higher living standards for our community, and it has been identified
as the driving force for economic growth. Accordingly, applicability of STEM is the way
forward for elevating sustainability in the universal perception. Hamilton and Thomas [18]
also recognised that sustainability and sustainability science are increasingly becoming an
accepted part of the general lexicon of STEM disciplines. Confirming it further, Zizka [19]
said that STEM-related subjects are integral to sustainable development and for solving
global sustainability issues in a meaningful and knowledge-based way.

In contrast to many favourable views on the relationship between STEM and sustain-
ability, Davis [20] argues that STEM’s contribution to sustainable development is limited.
According to this argument, integrated and holistic approaches, rather than narrow STEM
approaches, offer the best opportunities for successful and widespread ESD. It emphasises
the need for rethinking STEM education as sustainability is fundamentally a human prob-
lem, not a science-and-technology problem. Further, the author supports the argument
with Holbrook’s (2009) suggestion: “Education for SD has little to do with accumulating a
body of scientific knowledge, and is far more aligned with the development of personal
and social aptitudes leading to responsible citizenship (p. 44)”.

However, a sustainable future depends on a workforce of professionals knowledgeable
about creating practices, processes, and infrastructure to optimise resource management,
and a community informed about the ethics and influence of human activity on the inte-
grated environmental, economic, and social aspects of sustainability [21]. As proven by
the academic literature, systematic STEM education is capable of producing individuals to
fulfill workforce requirements, which ultimately contributes to sustainable development
both locally and globally.

2.1. University Sector

It is a known fact that higher education institutions (HEIs) play a key role in fostering
social transformations that are critical for facilitating the transition to a sustainable future.
Shepherd [22] defines higher education for sustainable development as “an approach to
education aimed at responding to societal expectations to address environmental, social,
cultural and economic issues that threaten sustainability of life on Earth”. Similarly, Leifler
and Dahlin [23] also confirm that higher education is instrumental in fostering the skills
needed for graduates to become change agents for sustainable development. As recognised
by scholars and policymakers, to best achieve the aims of the global sustainability agenda
through education, there needs to be changes in educational policies, curriculum, and
practices regardless of the academic level. Franco [24] highlights this in several studies and
confirms the importance of a major transformation in higher education that needs to occur
across all disciplines and levels of study.

Transversely, STEM higher education has been perceived as the key to propelling a
nation from (1) developing to developed, (2) a middle-income country to a high-income
country, and (3) one with a semi-skilled workforce to that with a highly skilled work-
force [25]. In that case, as Zizka [19] suggests, for addressing sustainability in STEM
education, HEIs must change the way students are taught to promote and provoke a more
sustainable mindset. HE institutions need to teach sustainability, live it, and believe in
it. Admittedly, lasting culture change requires commitment from the top. In line with
expected advancements in the 21st century, there is global awareness for a shift in HE
for sustainable development. That has been intensified with the start of the UNESCO
Decade of Education for Sustainable Development (2005-2014), and universities have taken
several approaches to rethink and amend their academic activities leading to sustainability.
Weiss et al. [26] also noted the efforts of the UN to advance the implementation of ESD in
HEIs in accordance with the strong impetus, support, and policy frameworks that have
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been put forth by the UN decade for ESD (2005-2014) as well as the subsequent (2015-2019)
Global Action Programme (GPA) and, most recently, the SDGs.

2.2. Industrial Sector

Financial instability and economic inequity, threats to food safety and increased
health risks, climate change, biodiversity loss, decline in consumable water resources, and
depletion of fossil fuels and energy sources are some of the interrelated issues that the
world is facing today. Dotson et al. [12] supposed that access to quality education in STEM
is linked to reduced poverty, economic growth, and more resilient democracies. In support
of that, as mentioned in the literature, STEM competencies greatly impact each person’s
ability to contribute to economic success nationally and globally. As indicated through
many research studies, STEM graduates come with strong soft skills (enterprise skills) and
are much more employable [11]. Additionally, STEM has been recognised as the biggest
asset to driving innovation and creativity. Moreover, a technology-and knowledge-driven
economy needs workers trained in science, technology, engineering, and mathematics [27].
Hence it is long believed that STEM disciplines play an essential role in addressing many
of the global issues related to the industrial sector.

Rapid technological advancement is a major driver of economic growth today, and
the reason for improved living standards across the globe. Digital technologies radically
transform the structure of every organisation reshaping the roles of professions. This
has immensely influenced the field of education, including teaching and learning. There
are indications of a fourth industrial revolution that is to come hand in hand with the
development of digital technologies. Consequently, the future requires workers to think
creatively, work collaboratively, deepen their emotional IQ, and integrate technology into
everything they do [27]. STEM education has the potential to produce a workforce with
a global mindset, critical thinking, problem-solving, and collaboration skill, which are
highly required for sustainable development and central to innovation and a productive,
adaptable workforce.

To prepare students for this technology-driven sustainability, the education system,
especially higher education, should focus on developing skills required for sustainable
development. Hence, HEFCE (2009) [28] states that the “greatest contribution HE can make
to sustainable development is enable students to acquire the skills and knowledge that
allow them to make a lasting difference”. HEFCE (2009:21) further suggests that in order
to do this, the higher education sector must develop curricula and pedagogy that provide
students with the required skills.

2.3. Curricular Changes and Integration of Sustainability

Over the last 20 years, scholars, activists, and others have noted that through the
research they conduct, the engagement they experience with the broader community, and
the operations they oversee, colleges and universities can serve as test sites and models for
sustainable practices and societies [29]. Therefore, in the journey to sustainability, education
should not restrict itself to just giving students information, but also provide them with an
experience that brings opportunities to work collaboratively, appreciate multiple perspec-
tives, be reflective, think critically and creatively, and act constructively [30]. According
to AASHE [29], the existing curriculum in higher education has not been developed to
examine how we can shape a sustainable world. Much of the curriculum has been de-
veloped to provide students with an increasingly narrow understanding of disciplines,
professions, and jobs, and is focused on specific knowledge and skills employed in a given
area. Consequently, to promote the change needed in society, HEIs themselves will need to
change even quicker than society as a whole through attitudes enabling the integration of
sustainability, regulations, standards, and faculty goals [23]. Alternatively, sustainability
issues are complex, and vary locally and globally at different degrees. To ensure a more
sustainable future, higher education will have to provide college and university graduates
with the skills, background, knowledge, and mental habits that prepare them to meet
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challenges in the future [29]. As a result, education for sustainability has become part of
mainstream higher education policy in many countries. It encompasses various aspects,
including knowledge of environmental, economic, and other social issues of sustainability;
nurturing of ethos and values; and the adoption of participatory teaching and learning
methods. Significantly, in the UK, progress has been largely confined to curriculum content
changes [31,32] relating to cognition and knowledge. Its authorities have failed to deliver
on other ideas, understandings, values, behaviours, and skills that are widely recognised as
important to prepare graduates for future challenges. Hence, the need for more profound
learning experiences that can equip graduates to make “informed decisions in their home,
community and working lives” is being stressed upon. It is obvious that HE providers need
to identify appropriate content and forms of teaching—learning to achieve sustainability-
focussed learning outcomes along with proper assessment that can enhance sustainability
skills and literacy in graduates.

An interdisciplinary, holistic, values-driven, and locally relevant curriculum integrated
with sustainability concepts is highly recommended in higher education. Integrating
sustainability into college and university curricula is challenging, but studies have shown
a variety of attempts in this regard. According to the report “Embedding Sustainable
Development in the Curriculum”, sustainability concepts have been fully integrated into
some university courses. In the process of integrating ESD in HEIs, Weiss [26] identified
two levels: micro and macro. At the micro level, integration is performed through teaching
and learning in courses, while at the macro level, it is carried out through programmes
and curricula.

Curriculum change processes are complex and vary remarkably, from institute to
institute, programme to programme, sometimes even from discipline to discipline. They
may even change in terms of their breadth, depth, and influences [26]. In addition to that,
cluster analysis results of the study have revealed two distinct implementation phases: ESD
can be implemented from the bottom-up, from the top-down, or both, and the impetus
can stem from manifold external or internal stakeholders. Other than that, six distinct
implementation patterns—(1) collaborative paradigm change, (2) bottom-up, evolving
institutional change, (3) top-down, mandated institutional change, (4) externally driven
initiatives, (5) isolated initiatives, and (6) limited institutional change—have also examined
in the same study:.

Leifler and Dahlin [23] specifically focussed on the views of Mulder (2017) regarding
the integration of sustainability in engineering curricula, and as they have stated, generally
the integration process follows one of two approaches, namely:

(1) Focussing on analytical approaches of the impacts of technology such as life-cycle
assessments of products.

(2) Trying to achieve a positive system transformation through management and innova-
tion related to technology and social change.

Taylor [21] specifically focussed on the possibility of integrating mathematics with
sustainability. According to Taylor, sustainability can be addressed at all levels of the
mathematics curriculum. Quantitative reasoning skills (logic, mathematics, and statistics)
are also at the core of understanding and interpreting many sustainability concepts, and
are required for making sustainability-related decisions. Further, it is essential in so many
academic disciplines—not just the sciences, engineering, and economics, but also in history,
linguistics, art, and media studies. Therefore, there are ample opportunities for introducing
sustainability examples in math courses, from algebra and geometry to calculus and
statistics, and even in advanced graduate-level courses. And the writer confirms the
argument further by saying that quantitative reasoning in mathematics and sustainability
have emerged as two similar, important, and mutually supportive themes that are critical
for the individuals’ personal, professional, and public lives [21].

Parallel to that, Susilwati [33] established the relationship between science and sus-
tainability. It was stressed that education leading to the sustainability of resources and the
environment certainly needs to be integrated into science subjects. According to the views
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of science, it reflects a holistic problem in real life. Natural science can be studied from
several angles, namely as a body of knowledge, a way of thinking, a way of investigation,
and its relation to technology and society.

Hamilton and Thomas [18] also propose a concise set of five learning objectives for
sustainability education that can be included in almost any course while not sacrificing
appropriate content.

e  Teach in context: Include sustainability-oriented content and introduce “global reali-
ties”.
Include real-life place-based examples.
Emphasise “designing the future”. Teach the tools of complexity, systems thinking,
and design thinking.

e  Explicitly recognise the ethical and affective (moods, feelings, attitudes, etc.) aspects
of the issues raised.

e  Teach specific skills that empower students to become catalysts and leaders of change.

As they said, integrating sustainability education is possible if it can be incorporated
into what is already being taught. However, there is no universal consensus on what
specific sustainability-related competencies should be included in a curriculum or how
is it to be performed, or when and where. To well establish sustainable education in the
curriculum, it would require a remarkable modification in the way subjects are taught and
learnt. To that end, more flexible pedagogical approaches combined with practical and
applied learning opportunities are essential.

3. Learning Pedagogies in Embedding Sustainability in STEM

Broadly, pedagogy is referred to the whole learning process, which includes the
learning environment, the learning community or the teacher and the students, and the
assessment or reflection on the teaching-learning process. Westbrook et al. [34] viewed
pedagogy itself as a contested term. According to Bernstein’s [35] definition, pedagogy is
“a sustained process whereby somebody(s) acquires new forms or develops existing forms
of conduct, knowledge, practice, and criteria from somebody(s) or something deemed
to be an appropriate provider and evaluator”. In particular, it can be defined as the
relationship between theories and practices used for educating somebody regardless of
the academic level. Hence, for both school and university education, novel and innovative
pedagogical methods are required to enable students to participate successfully in the
sustainability process.

Sustainability issues affect personal, professional and social life. To build competence
in sustainability and promote sustainable change, Redman [14] acknowledged the impor-
tance of integrating three critically significant elements: educational pedagogy, behavioural
change, and sustainability competencies. Hence, pedagogical approaches are given a piv-
otal place in sustainability-focused education. This has resulted in a variety of creative and
critical pedagogies. Redman [14] focused on a study performed on the effect of pedagogical
approaches on sustainability courses, and found that multi-methodological, experiential,
and active learning approaches improved students’ system thinking skills and provided
a cognitive understanding of sustainability. Redman [14] advocates three interconnected
pedagogical methods—real-world learning, critical problem-solving, and experiential
learning—considering their significance to cognitive understanding and skill-building for
sustainability. Moreover, Leifler and Dahlin [23] make references to several studies, stating
that in both research and teaching, successful sustainability initiatives are characterised by
strong inter-disciplinary activities, even ones transgressing disciplinary boundaries to reach
solutions out of reach of any one discipline. Continuing the conversation on pedagogy
for sustainable education, Sprain and Timpson [13] refer to several studies and state: “We
realise that there are other approaches to teaching sustainability, including interdisciplinary
student projects, field experiences, team-teaching with scholars from different disciplines,
and games”. Hence, to build up a positive vision of the sustainable world that aims to
create together, it is crucial to promote creativity, the ability to come up with innovative
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solutions, responsibility, respect for the work at hand and other participants, and many
other competencies through education. Teaching-learning processes containing creative
and critical pedagogies can be assumed as the vehicles to reach the expected destinations.
Specifically, teaching and learning methods for implementing STEM education as part of
an interdisciplinary curriculum vary widely. They include project-based learning, problem-
based learning, inquiry-based learning, and technology-based learning, each of which can
be used differently depending on the classroom situation [36]. The pedagogies used and
cited in empirical research studies related to STEM higher education and sustainability are
discussed below.

Case studies have been identified as a productive pedagogical approach to teaching
for and about sustainability by scholars. Sprain and Timpso [13] suggest that this pedagog-
ical tool has interdisciplinary and even trans-disciplinary applications, and appears well
suited to imply sustainability-directed STEM higher education. Furthermore, as a part of
sustainability pedagogy, the case study approach can be used across disciplines (ecology,
sociology, education, agricultural sciences, business, communication, etc.) at multiple lev-
els, including in courses that are not explicitly about sustainability, environmental concerns,
or even science. Schoolman et al. [37] also confirmed the appropriateness of the case study
approach and said that they can be used in cross-listed or interdisciplinary courses that
focus on the intersection of multiple disciplines, including courses on sustainability science,
which is often envisioned as an interdisciplinary field.

Apart from that, Sprain and Timpson [13] highlight Seager et al.’s (2011) argument
that case-based approaches are particularly well suited to teaching about sustainability
and building capacity to address the challenge of tackling wicked sustainability problems.
Further, it is acceptable that case studies can be used to build the capacities (systems
thinking, anticipatory, normative, strategic, and interpersonal competencies) necessary to
address problems of sustainability even in classes not explicitly focused on sustainability.
More broadly, case-based approaches can be used as an educational tool to help students
explore contemporary sustainability challenges.

3.1. Inquiry-Based, Problem-Based, and Project-Based Learning

Within the concept of STEM Education, inquiry, project and problem-based learning
are used to scientifically inquire about natural phenomena or problems or to introduce
new concepts to the student during the teaching-learning process. Most specifically, these
approaches address children’s inquisitiveness and thirst for exploration, their desire to
get to the bottom of things and ask questions, while encouraging them to find answers
for current issues with understanding. Common inquiry/problem/project-based STEM
Education is built on constructivist theories of learning, and has long been applied in
STEM, giving opportunities to explore ‘hands on’, experiment, ask questions, and develop
responses based on reasoning. In addition to solving problems, students build a proper
understanding of the phenomena of the natural world (‘minds on’) through in-depth study
issues just as scientists do.

Martin-Garin et al. [38] recognised problem-based learning (PBL) as the most highly
developed methodology in the university environment, where students work indepen-
dently to explore a problem. In addition, Redman [14] says that problem-based learning
centres on a complex problem that does not have a single correct solution. The critical
thinking and problem-solving process should be student-led, experiential, and collabora-
tive in order to emphasise that there is more than one correct point of view when exploring
problems. The ultimate objective in PBL is not to solve the problem but to discuss how
to solve the problem [38]. Considering the advantages of PBL, scholars have focussed on
these approaches as effective teaching approaches to address the student community.

3.2. Real-World Learning

Redman [14] emphasised the applicability of real-world learning in the pedagogy for
sustainability and mentioned, referring to several empirical studies, that “real-world explo-
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rations incorporate authentic investigations with complex goals and provide opportunities
for problem-solving while involving students’ beliefs and values”. In contrast, Brundiers
et al. [39] highlighted real-world learning opportunities that help students increase their
understanding of sustainability problems (knowledge), and complement their methodolog-
ical competence in applying problem-solving approaches (strategic competence cluster).
They also allow students to gain hands-on experience in how to link knowledge to action
for sustainability (practical competence cluster). Students learn to develop sustainability
strategies and programmes in the actual context of existing processes, politics, or tradition.
Moreover, real-world learning opportunities allow students to recognise and engage in
different forms of collaboration at different degrees of intensity (collaborative competence
cluster). Similarly, by providing assignments that focus on solving real sustainability is-
sues, educators can engage students and help institutions turn towards more sustainable
behavioural and policy norms. It also enables students to apply theory to practice, and
builds interpersonal skills for engagement with stakeholders, both of which are critical for
sustainability (Redman, 2019).

On the ground of all above, Brundiers et al. [39] suggested that through real-world
learning experiences, students can apply their classroom learning to study the sustainability
issue and engage with people in the community. Four methods for providing real-world
learning experiences to students are: (1) bringing the real world into classrooms, (2) vis-
iting the real world, (3) simulating the real world, and (4) engaging with the real world.
Project- and problem-based learning, service learning, and internships expose students to
corresponding real-world settings in communities, businesses, and governments, and have
a common focus on real-world problems. Brundiers et al. [39] suggested these as effective
in providing sustainability education since they seem to be a suitable way for students to
develop key competencies in sustainability.

In addition to the above-mentioned approaches, Dotson et al. [12] termed co-learning
framework and peer-led learning as two ways that ignite the aim to improve sustainability
and scalability of STEM coursework in communities where this type of education is absent.
Co-learning, also known as critical pedagogy, or experimental, cooperative, and/or collab-
orative learning, is a form of active, dynamic learning where students and teachers create a
collaborative learning environment, in contrast with traditional passive teaching formats.
Improved critical thinking, enhanced communication skills, improved socio-cultural aware-
ness for both teachers and students, and a significant boost in student performance have
been identified as the benefits of this approach.

In addition, Petrun Sayers et al. [40] prioritised cognitive maps as a STEM-based sus-
tainability education evaluation tool. Importantly, cognitive mapping plays an interesting
role in the field of sustainability because the tool can effectively capture the field’s interdisci-
plinary nature. It has also proven to be a tool for building and examining understanding of
additional STEM and sustainability concepts. Mathematical modelling has also been tested
as an effective pedagogical strategy in STEM projects to enrich students’ competencies
regarding sustainability in higher education [36]. Mathematical modelling describes a set of
comprehensive processes used to transform real-life problem situations into mathematical
models, draw mathematical conclusions, and then apply those conclusions back to the
real world.

Dawe et al. [41] categorised pedagogical applications commonly used for teaching
sustainability in Embedding ESD into Higher Education: Final Report for the Higher
Education Academy, teaching methods employed in the delivery of sustainability.

Conventional methods: lectures, seminars and tutorials
The personal: role models
Re-connecting to reality: real-life and real-time interpretation, field trips, environmen-
tal audits, the use of role-playing, a year abroad; and development of case-studies
e  Holistic thinking
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As a whole, the above discussed pedagogical approaches appear to be student-centred
and capable of offering a holistic education catering to the needs of education for sustain-
able development.

4. Materials and Methods

This research article has followed a qualitative approach that is mainly based on two
types of data, taken from systematic document analysis and interviews with university
academics. Literature for the analysis of the documents was exclusively retrieved from
online databases. Predetermined selection criteria were applied during the database search
in order to keep the number of articles reasonable, and to ensure the quality of the sources.
The search was restricted to peer-reviewed journal articles, conference papers, and reports
in full text. There were no restrictions on the year of publication or the geographical regions
considered, and the selection of documents followed text titles, abstracts, and whole texts
that appeared in databases of Google Scholar, J-store, Tandfonline, Elsevier, and recognised
institutional websites (e.g., UNESCO).

In the selection process, both empirical and theoretical studies were included regard-
less of the research method followed. The comprehensive search resources were completed
based on a wide range of key terms and phrases, including “Sustainability and Education
for Sustainable development, STEM higher education, Learning pedagogies for sustain-
ability learning, and STEM-related learning pedagogies”. Similar terms that are often
used interchangeably in the literature were also used. As the search action resulted in a
limited number of appropriate and accessible sources, the reference section of the recovered
texts were studied for more relevant texts. As a whole, the original samples came up to
235 documents and their abstracts, and the contents were examined in detail. This led to
the removal of duplicates and articles with directly unrelated content, and the original
samples were reduced to 57 articles. Finally, the content of the selected resources was
studied and analysed.

As the other source of data, discussions with 12 select university academics from the
Science, Engineering, Mathematics, Agriculture, Information and Communication fields
were conducted. In the selection, their preferences to participate in the discussion were
considered. The interview was a semi-structured interview, and the interviewer used a set
of predetermined questions related to the cause of the study. The respondents were allowed
to express their views on the implementation of education for sustainable development,
pedagogical approaches, and how current educational practices focussing on education for
sustainability have been impacted by the pandemic situation. Interview transcripts were
made, and responses were analysed narratively and reported according to the question
order in the interview schedule. Then the required data were organised into two main
sections to answer the research questions.

5. Results and Discussion

The following section focusses on examining learning pedagogies practised in the
process of embedding sustainability in STEM, as reported in the research literature. Further,
it prominently answers the second research question. The third and fourth questions are
answered through interview data, i.e., the experiences of university academics in delivering
sustainability concepts during the teaching-learning process.

5.1. Analysis of Learning Pedagogies in Embedding Sustainability in STEM

STEM instructions transform the conventional teacher-centred teaching-learning into
active student-centred learning with the use of the following pedagogical instructions:
inquiry, PBL, case studies, argumentation and reasoning, digital learning, computer pro-
gramming and robotics, and cooperative learning, among others. Many of the research
study results have validated the effectiveness of pedagogical strategies in STEM education
promoting ESD [36].
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There has been widespread discussion on innovative sustainability pedagogies. For
example, studies by Kiictiksayra¢ and Kirca [42] and Hansen et al. [43] have confirmed
that sustainability is closely connected with contextualised problem-based STEM projects
and, as such, is best to integrate sustainability concepts into the STEM teaching-learning
process. Furthermore, Martin-Garin et al. [38] reported the pedagogical approaches de-
veloped and applied by a multidisciplinary team in the Civil Engineering and Technical
Architecture degree programme during the academic years 2013-2014, in a university from
Spain. According to that PBL or RBL (research-based learning), life cycle assessment (LCA)
and computational thinking (CT) approaches have been used with an aim to acquire a
sustainable approach to work “soft skills” competencies into sustainability. As it reported,
implementing PBL resulted in higher achievements in exams of physical and mechanical
properties (Engineering), together with improvements in teamwork and collaboration as
well as increased awareness of climate change. As a whole, they all stress the importance
of acquiring sustainability skills through study modules as part of students’ professional
qualification profiles.

Moreover, Dobson and Tomkinson [44] stated that using inter-disciplinary problem-
based approaches to embedding SD in the curriculum is not only practicable but also
desirable. However, the approach to the design of problem scenarios has to be adjusted to
the nature of the “wickedness” of sustainability issues, and be appropriate to the student
cohort and institution.

The study of Suh and Han [36], which used mathematical modelling to bridge STEM
education with ESD, revealed that it is effective in inducing positive change in students’
perceptions about the use of STEM for predicting future societies and sustainable develop-
ment, and making responsible decisions that promote harmony among the environmental,
economic, and social domains. Further, Peter and Reid [45] argued that broader and
more holistic conceptions of mathematics allow room for integration with the broader
conceptions of sustainability, and mathematical modelling facilitates that requirement.
Cognitive mapping is a proven, useful tool for building and examining an understanding
of additional STEM and sustainability concepts. Cognitive mapping can assist instruc-
tors in tracking student progress with sustainability concepts and test the effectiveness
of curricular interventions. The method suggests how students conceptualise and organ-
ise knowledge in an open-end format, offering an alternative to multiple-choice or sheer
memorisation techniques, and moving towards a method that allows students to integrate
diverse higher-order constructs to develop metaphorical thinking [40].

Case-based teaching has long been used as an effective pedagogical practice in many
disciplines. Hardin et al. [46] and Wei et al. [47] referred to the Michigan Sustainability
Case (MSC) initiative as an innovative attempt to equip the next generation of scientists
and professionals with the competencies necessary to understand, analyse, and solve
wicked sustainability challenges. Similarly, Davis [48] also highlights the importance
of introducing and effectively integrating case studies on sustainable development into
traditional engineering disciplines. Based on his study, he concluded that case studies
allow students to visualise how sustainable development can be applied to all engineering
decisions, and also give them the capacity to understand the social, environmental, and
economic considerations associated with all projects, as well as in the application of their
knowledge and skills to make informed engineering decisions. Standing on the findings of
a study to design a MetaMAP (an interactive graphic tool for collaborating to understand
social-ecological systems and design well-integrated solutions), Maher et al. [49] discussed
the benefits of case study-design approach to achieve sustainable development goals.

Wei et al. [47] analysed the outcomes of a case study based on environmental education
and said that with regard to case studies, some evidence exists that their use promotes
knowledge gains, critical thinking, and problem-solving skills. Additional evidence in-
dicates that teaching through cases and examples that provide “real-world” relevance
(i.e., “socio-scientific issues”) increases students’ interest and engagement in learning, and
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promotes the development of higher-order thinking. The case study method fits the lessons
for teaching sustainability and addressing problems inherent in sustainable development.

Sadowski et al. [50] discussed the effect of the “game-theoretic, experiential pedagogy”,
which moves the learning experience from passive to active, apathetic to emotionally
invested, narratively closed to experimentally open, and predictable to surprising. Basically,
it focusses on ethical skill development in science and engineering students, and researchers
have seen positive results in relation to the content knowledge and sustainability ethics of
students.

Most higher education institutions tend to integrate e-learning within their peda-
gogical provisions, and it has become crucial as a result of the pandemic. It focusses on
enhancing teaching-learning, student assessment, and improving students’ satisfaction
and outcome. Even before the pandemic situation, e-learning had gained considerable
attention. Altomonte et al. [51] aimed to explore the opportunities offered by interactive
and situated learning (e-learning and m-learning) in support of education for sustainability
in disciplines of the built environment. The findings have added empirical evidence to
the view that information and communication technology-enhanced pedagogies can sub-
stantially contribute to the agenda of sustainability in higher education, primarily due to
their affordance of interactive communication and contextualisation of knowledge, while
guaranteeing flexible time and pace of learning.

As a whole, it is evident that PBL and case studies have been identified as the lead-
ing pedagogical approaches to developing sustainability skills. Game-based learning
approaches and cognitive mapping are similarly recognised as influential. There is in-
creased popularity for e-learning due to the pandemic situation too. Hence, the following
sub-topic will concentrate on discussing the experiences of academics in a developing
country, revealing the current practices related to that context.

5.2. Views of University Academics of a Developing Country
5.2.1. General Views on “Sustainability” Concepts as University Academics

The university academics who participated in the study generally view sustainability
as a very important and essential concept for everyone everywhere, especially in the
future, due to the scarcity of resources. They also perceive sustainability as a broad and
progressive concept that is relevant, and can be applied at any level (e.g., national, regional,
organisational, and personal). They recommend that sustainability be adopted in every
possible field since it is one of the major areas that need to be focussed on for ensuring the
continued existence of the world. Hence, considering its ability to uphold the individual,
the community, and the whole world, sustainability must be implemented rather than used
as an object of mere rhetoric.

Sustainability is required to create a conducive living environment while maintaining
the good of all and carrying out daily activities. It is the process of meeting one’s own needs
without compromising the ability of future generations to meet their needs. Sustainability is
a solution/approach/practice that performs well in the social, economic and environmental
dimensions. It is a concept aimed at ensuring that things exist without interrupting
other systems around them, and humans grow, develop, and gain resources without
compromising the ability of future generations to do the same.

In response to the question “What are your general views on sustainability?”, some
highlighted the relationship between education and sustainability. According to them,
“Education, research, and innovation are essential for sustainable development. University
researchers, teachers, and students work in partnership with citizens and the private and
the public sector, co-creating knowledge that can produce solutions”. Another point that
emerged from the responses was the concept of a sustainable university. “A sustainable
university is an educational institution that educates global citizens on sustainable devel-
opment, offers relevant insights on urgent societal challenges, reduces the environmental
and social footprints of its campus operations, empowers students and staff to act, and
makes sustainability a central priority”, they said. They also highlighted the importance of
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university education, and proposed that university education graph all modern techniques
and latest updates (knowledge) that need to be transferred to students. To support that,
university curriculum should provide more opportunities for students to become familiar
with sustainability concepts. University academics hold a similar perception on sustainabil-
ity to that defined in the academic literature. Additionally, they agree that sustainability
is becoming more and more important in all aspects of life, and university academics are
responsible for making a key contribution to achieving the goals.

5.2.2. Views on Education for Sustainable Development

Education on sustainable development has been perceived as a necessity and timely
topic that should be addressed at every level of education, whether school, university,
or other educational settings. Especially for higher education institutions, it is a very
important topic aligned with the objective of achieving the UN’s SDGs. Henceforth, all
forms of education should have subject components on overall sustainability as well as
those specific to the study area/field of speciality. In the same way, ESD has been suggested
as mandatory for education, and should be associated with all disciplines.

ESD has been identified as “a process that promotes the development of knowledge,
skills, understanding, values, and the actions required for creating a sustainable world that
ensures environmental protection and conservation, promotes social equity, and encour-
ages economic sustainability”. A similar explanation also emerged from the discussion:
“Education on sustainable development empowers learners with knowledge, skills, values,
and the attitude to make informed decisions and take responsible actions for environmental
integrity, economic viability, and a just society”. It is in contrast with the idea of those
who see ESD as a concept that thinks only about environmental protection. ESD has been
recognised as highly needed for every student and academic today and in the future. There
is emphasis on the need for awareness after university study.

5.2.3. Consideration Is Given for “Education for Sustainable Development” within the
Academic Activities and Pedagogies in Practice

According to the responses of the academics, a majority consider education for sus-
tainable development as essential, and they provide space for it in their teaching. However,
some were not sure about making room for ESD experiences, and provided “maybe” as
the answer. Remarkably, one even answered with a “no”, contending that within the
teaching and learning process there is no chance for the concept of ESD. This indicates the
unawareness of the importance of ESD initiatives among academics, and further, portrays
their uncertainty and lack of readiness in incorporating sustainability criteria into their
professional practices. Moreover, it sheds a critical light on the consequences that may be
expected in the future due to the lack of preparedness of university teachers for change.

On integrating sustainability concepts in university courses, it was revealed that much
consideration was given to the subject particularly in engineering. Three academics came
out with their personal involvement in integrating sustainability.

e Academic 1: “I introduced a technical elective on Sustainable Manufacturing in 2013,
and it has now become a core course in the Manufacturing and Industrial Engineering
Bachelors” programme”.

e  Academic 2: “I teach the following concepts related to sustainability: resource and
energy sustainability, environmental sustainability, product life cycle sustainability,
sustainable consumption and production”.

e  Academic 3: “I have given prominence to integrating USDGs in all my teaching and
research activities for several years now”.

The above statements reflect that academics involve themselves in sustainability initia-
tives and sometimes work in an uncoordinated manner or in isolation. Hence, it is crucial
to create collaborative networks between academics and connect them with one another
to strengthen involvement in ESD [52]. Further, it is evident that although substantial
space is given for sustainability concepts, it is still limited. Hence, more improvements are
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necessary, considering that it is a compulsory requirement. The academics specified that it
is theoretically adequate but not practically so, and further highlighted the need to update
every syllabus.

Basically, different kinds of models for teaching and learning are required to meet the
needs of the students, and it depends on many factors. Additionally, variations in methods
help students employ and develop different learning processes, making them grow as
learners, and enhancing their skills and capacities to learn and think [16]. During the
discussion, project/problem-based learning and case studies were suggested by a majority
of the academics as the most appropriate pedagogical approach to deliver sustainability
concepts. The literature suggests that case studies are a productive approach to teaching
about sustainability and teaching for sustainability. Similarly, role play, discussions and
debates, and field visits were also recommended as effective approaches by many of the
academics. Online simulations and business games were also favoured. In addition,
sustainability scholars have pointed to experiential learning strategies as ways to empower,
engage, and motivate students while also disposing of the typical compartmentalization
between action and education [14].

Although the lecture method is considered traditional and still applies in all types of
education, many prefer it for use in teaching sustainability. Seminars, tutorials, and mind
mapping were the least recommended approaches. Remarkably, one answered with a “no
idea”, and it acknowledges the capacity of academics to develop students’ sustainability
practices while highlighting the importance of timely professional training. As Seatter and
Ceulemnas [9] argued, the use of a particular methodology is highly dependent on the
target (pedagogical and educational goals) and situational specifics (regarding students,
teachers, and the learning environment) in which they will be used. Hence, if the academics
are not aware of the applicable methodologies to be used, or if they stick to the same
pedagogy for every lesson or activity during the teaching-learning process, it would hinder
the achievement of situation-specific educational goals. Universities in the 21st century are
obliged to train the younger generation to face the challenges to come, and that demands
the application of new educational practices and models in the teaching-learning process
to make it more productive. Hence, there is a rising need for updating knowledge and
professional practices. The possible reasons that academics found for not including SDGs in
their activity may have been the consequences of lack of training, opportunities, materials,
time, and unawareness of the current trends in the field. For this reason, it is essential to
train them, and motivate them to change their practices and attitude. Adding value to
activities related to the integration of SDGs in the university curriculum is also needed.

5.2.4. Believes in Embedding SD into Subjects and Teaching as a Separate Subject

The very nature of sustainable development is complex, and multidisciplinary at many
levels [53]. Almost all the academics who participated in the conversation suggested that
embedding it into subjects is the best way to improve the efficiency of passing sustainability
concepts to students at the university level. At this point, they proposed that embedding
the concepts is more efficient if it is performed in combination with problem/project-based
learning, research case studies, fieldwork assignments, and assessments on the subjects.
Contrastingly, a few think that teaching it as a separate subject would be more effective.
However, for a better sustainability learning experience, different subjects and disciplines
need to be integrated and university classes need to be connected to real-world problems
and actors. This requires applying the principles of interdisciplinary, trans-disciplinary,
and self-regulated learning [9].

5.2.5. Contribution of Academic and Non-Academic Activities at the University to
Enhance Knowledge and Skills Needed for SD

For the question on the status of current academic activities to enhance knowledge
and skills needed for sustainability development, it was revealed that the space given for
sustainability concepts was either less, moderate, or average but not adequate. Hence there



Educ. Sci. 2022, 12,225

15 of 20

is room for improvement. Furthermore, as shown at the moment, there are some initiatives
but they are still isolated and need to be connected with the mainstream across faculties,
departments, and even degree program level at universities. Nevertheless, they are trying
their best to contribute the knowledge and skills enhancement needed for sustainability
development through most academic activities.

We then tried to find out more about the opportunities provided by universities to
students to contribute their knowledge and skills for becoming a part of the journey to
sustainability. It was revealed that students benefit from volunteer projects (projects as
general electives and assignments of core modules), social activities, clubs, industrial
training, internship programmes, scientific research opportunities, field visits, competi-
tions based on sustainable concepts, seminars, lectures, and other university /faculty-level
sustainability initiatives.

The academics said: “It’s not something to teach. But it’s something to feel. We should
make them feel and get involved in it”. There are many opportunities in the industry
and civil organizations to learn and practice sustainability too. However, two participants
stated that they are not aware of such opportunities for the students, and another said it is
not applicable. It seems that there is room for improvement in their way of thinking and
practices as academics in order to create a new educational paradigm ESD.

Integrating sustainability concepts in higher education has been studied in many
contexts. Providing empirical evidence for its effectiveness, Qu et al. [54] observed sig-
nificant changes in the knowledge and attitudes of students after integrating engineering
curriculum with sustainability concepts. And that would be equally applicable for other
disciplines too. On the other hand, teaching is not the only area of activity where sustainable
development is becoming increasingly important. Research at many universities is playing
an increasingly important role, both in terms of academics and financial support [48]. On
the whole, higher education for sustainability should potentially support and facilitate
transformative learning that demands asking critical questions, continually search for new
sources and ideas, and encourage creativity and organizational learning [9]. Vice versa, the
very nature of sustainability as a contested, multilayered and multifaceted subject provides
rich opportunities for critical thinking and transformative learning [53].

5.2.6. Suggestions to Improve Academic Activities/Courses Suite to Achieve Sustainability
Locally and Globally

Referring to several studies, Qu et al. [54] specified that embedding sustainability into
the curriculum does not merely mean an add-on of new content to enhance the existing
knowledge base of sustainability. Rather, it is a fundamental element. Consequently, it is
important to automatically initiate a transformational routine, where there is expectation
that knowledge will be facilitated toward developing sustainable behaviours.

When considering the world scenario, various attempts have been made to uplift the
concept of ESD in university education. During the conversations, several suggestions
were made by the academics to improve the academic activities/courses suite to achieve
sustainability locally and globally. Basically, partnerships at all levels are considered
prominent while integrating the sustainability concept as the basis of every discipline
related to development to enhance the credibility of the subject. Along with these, creating
opportunities to update and increase the awareness of academics and students in other
countries is also seen as a timely requirement.

Besides focusing on curriculum and pedagogical practices, they agreed that curricu-
lum amendments are important because students should be provided with the experience
within the discipline. Introduction of practically oriented disciplines; adding the sustain-
ability concept to teaching and practical activities; conducting specialised workshops;
implementing modern teaching concepts (PBL, case studies); encouraging lifelong learning;
linking sustainability-related current world issues, challenges, and achievements with
academic work; focusing on global trends for sustainability during the teaching-learning
process; and providing regular insights on sustainable development were the most com-
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mon suggestions made to improve education on sustainability. Other than that, they
recommended giving more weight to topics such as “resource and energy sustainability,
sustainable consumption and production, environmental sustainability, social sustainability,
economic sustainability, and product life cycle sustainability”. All in all, it was concluded
that integrated and holistic discussion is needed in this case.

According to UNESCO [19], the goal of higher education is to support students in
developing the capacity to recognise and understand the complexity of sustainability
issues, and think critically about assumptions, biases, beliefs, and attitudes while actively
participating in their resolutions. To achieve education in sustainable development, it is
also necessary to provide individuals/students more than just the knowledge and skills
needed to recognise sustainable development, but the capacity to develop sustainable
development practices in their own world too [3].

5.2.7. The Impact of Online/Hybrid Teaching

Due to the prevailing global pandemic, the mode of education has been shifted to
digital platforms. As Gonzalez-Gomez and Jeong [55] mentioned, e-learning and online
learning are now considered as teaching-learning processes based on a proper educational
model, which allows flexible and pertinent learner-centred education due to ICTs in sus-
tainability education. Within that environment, embedding sustainability experiences in
learning and teaching practices is really challenging. Hence the impact of online /hybrid
learning was discussed, and it resulted in mixed views without being biased towards
either end.

Basically, online mode has been taken up as a way to continue education at the global
level, and accelerate the learning and teaching practice significantly through the past
two years. It has had a mixed impact, affecting students in both negative and positive
ways. However, the impact of blended learning on SD is very high, and it reinforces the
process that emerged in the discussions. Furthermore, hybrid teaching has been accepted
as the most efficient and effective alternative, although it has changed the landscape of the
journey to embedding sustainability in learning and teaching practices. Another argument
put forward was the impact of resource availability to conduct hybrid teaching-learning,
and the need for improvement to achieve productive education. So there is a greater
requirement to enhance aspects such as resources, and effective ways to convey SD ideas to
the audience.

On the other hand, it was stated that “online teaching provides fewer opportunities to
deliver and practice SD concepts due to limited opportunities to communicate and conduct
fieldwork”. Hence, it is suggested that effectiveness has decreased as online platforms are
good for discussions but not practice. Remarkably, some contradicted both the positive
and negative observations mentioned above, arguing that impact is based on the teacher
and not on the mode of teaching. Further, it was reasoned out that “if the course content
is delivered and there is emphasis on the value of the subject, it does not matter how the
lectures are delivered”.

“No idea” was also received as a response, and it once again brought into question the
up-to-dateness of the academic. It also brought into question the capabilities and attitude of
the academic as a responsible professional. The responsibility of the university is not merely
to make students knowledgeable, but also to guide them into finding new knowledge and
competencies, and making them aware of the changes and challenges. To facilitate this,
university academics need to have a clear perception of the trends and changes in the
contemporary world.

6. Conclusions

Science and technological advancements have raised the living standards of people
enormously, and this, in turn, has resulted in many global issues. In such a scenario,
transforming mere development into sustainable development became a matter of universal
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concern. Simultaneously, education started being recognised as the means for building a
future with balanced economical, ecological, and social sustainability.

Accordingly, it is important to develop learning environments that encourage students
to acquire knowledge and skills while developing the right attitude. According to Mul-
der [56], sustainability demands a specific kind of learning. Some authors call for a deep
change in society to achieve a sustainable society. “Sustainable development is not just a
matter of acquiring some extra knowledge. Attitude is also important. Moreover, it is often
necessary to change social structures”, they say.

In the way forward to sustainability, empowering present and future generations
with STEM knowledge and skills is recognised as essential. Therefore, there is a require-
ment for high-quality STEM education through which students experience innovative
pedagogical strategies, interactive learner-centred teaching, and learning environments, to
meet the requirements of ESD. Traditional teacher-centred teaching and learning methods
limit opportunities for experiential learning, critical thinking, reflective reasoning, and
involvement in solving complex problems and growing into a responsible citizen. Hence,
Pahnke et al. [8] proposed that STEM experience should promote inquiry-based learning
and scientific thinking, and encourage interactive, learner-centred teaching that enables
exploratory, action-oriented, reflective, and transformative learning. Notably, the need for
learner-centred innovative approaches for sustainability-oriented higher education has
emerged from the literature and from discussions with academics.

To achieve the goals of education for sustainability, it is obligatory to implement an
appropriate pedagogy in the teaching-learning process. In the sense of pedagogy for sus-
tainability, it is mainly problem/project-based learning, real-world or experiential learning,
case studies, and e-learning that can develop outcomes in the form of changes in individual
behaviour towards sustainability goals. They enhance the domains of knowledge, skills,
and attitudes expected in ESD. However, when analysing pedagogical approaches and
their suitability to teaching/learning SD, the traditional lecture method is still in practice.
Seatter and Ceulemans [9] confirmed it further, highlighting that current sustainability
teaching in higher education pedagogy lacks the sustenance to facilitate sustainability
thinking and behaviour, and often is stymied by a transmissive and lecture-driven delivery.
Hence, there is consensus about the need to move from the traditional way to an alternative
one so as to allow students to achieve SD competencies in both cognitive (knowledge and
understanding) and meta-cognitive (skills and abilities and attitudes) domains. However,
all pedagogical methods will not be suitable for every subject, target group, and culture
they are going to be implemented on. Therefore, the pedagogy needs to be selected suitably.
Susilwati et al. [33] suggested a pedagogy for sustainable development that consisted of
four components, which are (1) system thinking and understanding of interconnectedness,
(2) long-term, foresighted reasoning, and strategizing, (3) stakeholder engagement and
group collaboration, and (4) action orientation and change agent skills.

Attaining sustainability is a long-term process, and education is a pivotal factor in it.
It also depends on the collective participation of all the individuals involved, especially
teachers and students. Segalas et al. [57] found that students perceived sustainability as
mainly related to technology, and saw little relevance in social and attitudinal aspects.
Seatter and Ceulemans [9] also saw that challenges to teaching sustainable development in
higher education could mean that students—as future citizens—are left without insight,
commitment, or any sense of their position with regard to meaningful beliefs and actions
on sustainability. Hence, to achieve education for sustainability, the development of a
proper curriculum that has the potential to enhance skills for sustainability is a necessity.
Another important requirement for meaningful sustainability curriculum transformation is
the involvement of academics. According to Zamora-Polo and Martin [52], academics are
very important and relevant in the whole teaching-learning process because they organise
the teaching activity, and programme the learning plan that students need to take to achieve
success. Barth [16] pointed out that lack of training and different academic backgrounds
may also become barriers. Other than that, lack of knowledge of SD and interdisciplinary
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competence, lack of interest and understanding, and limitations placed on research and
further studies are also in the line. On the other hand, as Zamora-Polo and Martin [52]
stated, activities promoting sustainability have traditionally not been valued in teachers’
curricula. In that case, motivating for attitudinal change, showing readiness to work
across disciplinary boundaries, and providing the required facilities, besides training and
funding, are required to overcome the issue. On the whole, individual and collective actions
bring about the transformation in higher education, promoting learning for sustainable
development. Therefore, teachers, education policymakers, and administrators should go
for timely reforms in every context.

The establishment of education for sustainability is hindered by many major and minor
factors, with geographical, political, and socio-economical inequalities at the forefront.
Most significantly, with the pandemic, education has moved to virtual mode, specifically
impacting developing countries due to their lack of resource availability, readiness, and
other factors. Thus, more efforts are needed to reduce differences around the world.
Additionally, there has been high recognition of science, technology and instrumental
knowledge to the detriment of human development and related aspects such as ethics,
values, and social knowledge. Transforming education is the biggest deciding factor
for transforming societal systems, and as the means for meaningful development, the
requirement for sustainability education needs to be addressed with the re-orientation of
STEM education in combination with other areas such as sociology and humanities. On the
whole, to create a more sustainable world, individuals need to equip themselves with the
requisite knowledge, skills, values, and attitudes that will empower them to contribute to
sustainable development, and that can be achieved only through the collaborative effort of
all participants.
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