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Abstract: With the purpose of analysing if case-based teaching methodology could improve higher
education students’ knowledge about sustainable development, a quasi-experimental study was
conducted in an international project (PASSION—Partnership for Sustainable Development and Social
Innovation) and in five countries (Greece, Poland, Portugal and Sweden). Cases were interdisciplinary
and focused on sustainable development goals aligned with common worldwide dilemmas like, for
example, food consumption, organic farm or nature protection. Our sample consisted of 104 university
students aged between 18 and 58 years, where 53% were female. Standardized pre- and post-tests
were administered, and a significant improvement in sustainable development knowledge was
observed considering three main questions in the pooled dataset (t103 = −7.324; p = 0.000). Regarding
the four cases applications where results were more significant, an in-depth analysis was conducted,
allowing the project team to better understand participants answers to multiple-choice and open
questions which are analysed and discussed individually. Our results demonstrate that the case-based
teaching improved the knowledge of sustainable development goals, which is expected to induce
positive changes in pro-environmental behaviours. We also point out the potential of case-based
teaching applied in a cross-country manner. The scheme is particularly valuable in dealing with
complex sustainability dilemmas that show better their global perspectives.

Keywords: sustainability; case-based teaching; higher education; international project; pro-environmental
behaviours

1. Introduction

The 2030 Agenda for Sustainable Development was prepared and published in 2015
by the United Nations to guide citizens and institutions towards a more sustainable path,
to promote the solution to contemporary problems. It also intended to ensure the security
of both people and the planet, by encouraging audacious steps in the economy, society
and the environment [1]. Since then, sustainable development has been considered one of
the most important areas of focus in contemporary society, despite its complexities, espe-
cially regarding a large number of different stakeholders (from businesses, governments,
non-governmental organizations, and universities), that must all cooperate in unity and
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harmony in order to successfully implement the required changes to achieve sustainabil-
ity [2,3]. Further, considering the 2030 Agenda’s goals the current social and environmental
contexts have been worsening over the years and are reflected in the degradation of the
natural environment, unsustainable use of non-renewable resources and its subsequent
effects on the climate conditions and the aggravation of already existing inequalities [4].
As such, citizens must be equipped with the knowledge and skills necessary to face and
overcome the challenges that are presented to them every day. Therefore, and as pro-
posed by the United Nations Educational, Scientific and Cultural Organization (UNESCO),
Education for Sustainable Development (ESD) becomes essential in the education and
empowerment of students. Citizens alike, regarding sustainable development and the
profound transformations necessary to achieve the 17 Sustainable Development Goals
(SDGs) delineated in the previously mentioned 2030 Agenda [1,5–10]. Therefore, ESD
should be a ubiquitous model of education in the 21st century to provide all students with
the opportunity to develop the necessary competencies to make individual and collective
choices aligned with sustainable development. It should not only allow citizens to make
sustainable decisions, but it also should help them to understand how these affect the
future of the planet and, consequently, living conditions of upcoming generations. As
stated by some authors “the solution-resistance challenges to sustainability that arise at the
intersection of intertwined and complexity interacting natural and human systems demand
innovative thinking regarding the nature and purpose of education” [11]. Furthermore,
other authors [9] highlight the importance and impact of interdisciplinarity and collabora-
tion with other stakeholders in Education for Sustainable Development (ESD), enhancing
the development of important competencies, which cannot be directly taught. ESD intends
to develop pro-sustainable behaviours that are often confused with pro-environmental
behaviours (PEB). Pro-sustainable behaviours differ from PEB by incorporating the social
and economic dimensions. PEB are defined as behaviours with explicit aims to protect the
natural environment from the harmful effects of human activity [12].

Amongst the various stakeholders mentioned earlier and considering the significance
of ESD in promoting responsible citizenship, universities can play a vital and unique role in
endorsing sustainable development. Research shows that SDGs are rarely addressed within
institutions reinforcing the need to develop actions focused on future teachers’ training,
managers’ professional development and promoting social innovators [13,14]. This action
may ensure that within the institution SDGs are addressed and highlighted, which is not
always the case [6]. And, although many universities are encouraging a path towards
sustainability and the implementation of SDGs, as defined in Agenda 2030, it seems that
depending on the nature of the educational institution and of the degree programmes that
are available, they are doing it very differently. Due to that fact, in the end, they may reflect
on different levels of SDGs knowledge amongst students [6,9,15]. Taking into account
that sustainability is a global issue demanding joint efforts of various levels and fields of
expertise, it becomes crucial to find new ways to promote awareness and understanding for
pro-environmental behaviour. This, in turn, demands more holistic and joint actions that
can be ensured by the development and implementation of interdisciplinary projects. Some
researchers refer that “ESD is interdisciplinary and addresses both learning content and
pedagogy. It includes key sustainability topics (e.g., poverty, reduction, sustainable con-
sumption, climate change and disaster risk reduction) and student-centred, participatory,
and action-oriented approaches to teaching and learning” [11]. The project Partnership for
Sustainable Development and Social Innovation (PASSION) has adopted such approach.
PASSION is an international project based on the cooperation of researchers and academic
teachers from six countries (Greece, Iceland, Poland, Portugal, Sweden, and the United
Kingdom) interested in ESD. One of the PASSION’s main aims was to evaluate teaching
materials on education for sustainability, which had been previously developed within the
scope of a different, yet related project: Widening Interdisciplinary Sustainability Educa-
tion (WISE). The WISE project is another example of an initiative towards endorsing the
sustainable development by providing teachers and students with resources to expand
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their knowledge, as well as to explore and enhance their competencies regarding sustain-
ability [16]. Moreover, project Geoethics Outcomes and Awareness Learning (GOAL) was
developed by some members of PASSION project and also aimed to demonstrate the im-
portance of sustainability through developing cases, namely those related to geoethics and
geosciences [17]. All these projects seek to aid students in the development of important
competencies, such as problem-solving and decision-making, in relation to sustainable
development. The aforementioned teaching materials evaluated in the PASSION project
consist of a series of cases developed by the project partners, namely cases related to
sustainability issues within the various national contexts of the PASSION partners.

The problem of the present research was to verify if the case-based teaching methodol-
ogy could improve higher education students’ knowledge about sustainable development.
As such the present study aimed to describe the evaluation of the sessions were the teaching
materials on sustainability education developed by the PASSION project team members.
Then, taking the challenge of scrutinizing the differences between countries and univer-
sities, we analyse the results of the sessions implementations in five project partner’s
universities. After presenting results of pre-test and post-test we discuss our findings and
conclude with some recommendations for the future use of case-based methods.

1.1. Case-Based Teaching

Over a century ago, the law and business schools of Harvard University, real-world
cases began to be used in classes by Christopher Langdell instead of the traditional teaching
approaches, revolutionizing the way that classes were taught at that time [18,19]. Today,
case-based academic teaching is well established and widely applied worldwide and
across many disciplines, from biology and geology to engineering and medicine, as well
as law and business, where it first began [20,21]. Case-based teaching is a methodology
grounded on an active and student-centre class as advocated by socio-constructivism.
The potentialities of reflection, critical-thinking, group discussion, opinion-forming and
argumentation makes this methodology unique and able to form active citizens. After
analysing specific cases and with the mediator role of the instructor, learners develop
the capacity of recognizing patterns and improve problem-solving skill though several
real scenarios. According to some authors [22] various terms are used to refer to case-
based teaching such as: ‘case-study pedagogy’ [23]; ‘case-study method’ [24]; ‘case-study
instruction’ [24,25]; ‘case discussion as pedagogical method’ [26]; and ‘case reading and
discussion’ [27]. In this study, the term “case-based teaching” refers to both the case and the
teaching that happens as a result of the case use. Unlike the more traditional transmissive
model of teaching, where the knowledge flows from the teacher to the students without
much, or any, active participation from the latter, case-based teaching shifts the role of the
teacher from a simple distributor of knowledge to someone who facilitates the learning
that students can do for themselves in a much more active way. Case-based teaching
is also recognized as an effective over the traditional method in teaching and learning
arising interest and encouraging self-directed learning [28]. By using cases, which are
based on the real-world situations that students are familiar with in their daily lives and
by mobilizing previous knowledge to solve the problems presented to them, case-based
teaching is tapping into students’ natural curiosity and enhancing their critical-thinking
skills [29]. In case-based teaching, students are presented with real-life scenarios and
instructed to identify answers to the questions posed, preferably in groups. As suggested
by some authors [30] this methodology follows the idea that new knowledge is built upon
previous knowledge by associating it with experience. Therefore, case-based teaching
provides students with an opportunity to actively relate previously acquired knowledge
with real-life situations, which can also aid students in memorization by providing them
with mental anchors for the concepts they are meant to assimilate [31].

The advantages of using case-based teaching as a vehicle for learning are well known
and include subject-specific and general knowledge. Case-based teaching also intends
to foster the development of specific competencies, such as those related to collabora-
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tion, communication, and decision-making, given that often cases are approached and
addressed by students in groups, allowing for many opinions and points of view to be
explored during the discussion [32]. It develops critical thinking, collaborative learning,
and communication skills [33]. Case studies typically involve the student in an analytical,
reasoning, and decision-making process, as well as in small and large group discussions
to enable engagement with others and presentations to improve communication skills.
Thus, to achieve the above, cases can either be presented to the students as examples, as an
opportunity to analyse a situation and develop a plan of action or offered as a means to
individual reflection, which, initially, results in a more meaningful learning [19].

According to some authors [21] there are five key characteristics of the cases: (1) the
cases must be based in real life situations, (2) the cases must be based on thorough research
and study, (3) the cases must allow for the development of various perspectives during the
discussion, resulting from different thoughts and arguments, (4) the case must be explored
interactively by the students, and (5) the case must direct students towards a conclusion
through using necessary resources and dynamic discussions. Merseth [34] proposes three
uses for cases: (a) as exemplars or models of best practices that demonstrate theoretical
principles in action; (b) as opportunities for analysis of complex teaching situations and
decision-making practice and (c) to stimulate reflection and help pre-service teachers
develop reflective practice skills.

It is important to highlight, however, that there are two essential elements of case-
based teaching, and only one of them is related to the cases themselves. The first can simply
be defined as the case (the story or the scenario) and resources that the students work with
and explore. The second is related to the teaching and learning strategies to be implemented
in the classroom and which are meant to guide the students through the exploration of
the case such as, for example, the questions and specific time for discussing and sharing
ideas. Further, the teacher also plays an important role in the facilitation and promotion
of the process by posing questions and mediating debates, and, according to the nature
of the case, resorting to adequate strategies to engage students in the process such as, for
example, field trips, laboratory work and role-playing [19]. These elements are necessary
and needed to be worked in harmony with each other in order to successfully apply a
case [31]. By the end of the case exploration, students are often requested to evaluate each
other’s arguments and solutions to the case in a plenum discussion which further enables
the development of the aforementioned competences.

Case-based teaching is particularly useful in the case of ESD concerning the 2030
Agenda for Sustainable Development and the pathway towards the achievement of its
SDGs. SDGs calls for educational frameworks which allow learners to learn actively and
promote both responsibility and accountability, as well as the capacity of understanding
how the knowledge is linked to real-life situations and how one’s actions may deeply
impact the future [35].

In sum, case-based teaching can be a successful and meaningful methodology in the
education of responsible citizens capable of understanding the complexity and urgency of
contemporary problems and steering humanity towards sustainability.

1.2. Cases and Sustainable Development Goals

Within the project’s scope, five different cases were implemented in four countries:
Greece, Poland, Portugal, and Sweden. A brief description and outline of the diverse im-
plemented cases, as well as of the SDGs that each of them covers, is presented below. These
cases have been developed previously within the framework of the WISE project [36] and
are based on the research interests of the project’s participants. Our general expectation was
that through studying the above cases, the students would develop a better understanding
of sustainable development goals. Implementation of all the cases started with the same
pre-test adhering to sustainable development and was concluded by post-test. Out of
totally developed five cases thematically covering multiple SDGs, four were selected to
be tested.
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1.2.1. Dead Wood in the Białowieża Forest

The case “Dead wood in the Białowieża Forest” concerns the conservation issues of
the iconic Białowieża Forest located in Poland. The perception of the case is polarized [37].
The first perspective pertains to the assumption that the forest’s biodiversity could be
maintained without the need for human intervention, where the most important factors
are the existing ecological processes. The second perspective postulate that existing forest
biodiversity values of Białowieża Forest are largely an outcome of long-term human
actions, i.e., active forest management including logging and planting trees. Despite the
two perspectives, both sides have the same goal: to save the Białowieża Forest. The conflict
surrounding the conservation of the biodiversity in the forest became particularly dramatic
due to the outbreak of the spruce bark beetle that resulted in large quantities of new dead
wood and elevated logging of the precious forest [38]. The students are first introduced
to the case by the instructor. Next, they are asked to prepare themselves for the role-play
exercise with the representation of different stakeholders involved in the conflict. Finally,
they openly discuss their stakeholders’ role-playing experience from a meta-level. The
case intends to increase awareness regarding the complexity of biodiversity conservation
amongst the participants. The central theme of this case was connected to biodiversity
conservation SDG 15 (Life on land); however, it also incorporates four other SDGs: SDG 3
(Good health and well-being), SDG 7 (Affordable and clean energy), SDG 8 (Decent work
and economic growth), SDG 11 (Sustainable cities and communities).

1.2.2. Organic Olive Cultivation in Messinian Mani, Peloponnese

The “Organic olive cultivation in Messinian Mani, Peloponnese “case explores the
discussion within the EU regarding the subsidization of organic farming referred in some
studies [39]. It intends to simulate the stakeholders’ dialogue process as a way of public
participation in decision-making. In this case, students are encouraged to discuss the pros
and cons of policy instrument from the various stakeholders’ points of view, synthesizing
among differing opinions, in order to find a common ground for the developmental process.
The teaching adopted the experiential learning approach and Kolb’s circle stages: Concrete
Experience, Reflective Observation, Abstract Conceptualization, and Active Experimenta-
tion [40]. Strategies resorted to video presentation, role-playing, short lecture, group work,
brainstorming and discussion. Due to online teaching and in order to enhance the participa-
tory procedures, the Mural and Kahoot application were used. To support students’ skills
like teamwork, communication, presentation a one-hour preparatory online meeting was
offered. In this meeting, the role-playing strategy was introduced thought participatory
activities and energizers and students were divided into four groups (each one with a
specific role). During the classes the students collaborated under the perspective of their
role and in order to identify dilemmas and present their arguments on a scenario regarding
subsidization of organic farming. The case includes six SDGs: SDG 1 (No poverty), SDG
3 (Good health and well-being), SDG 6 (Clean water and sanitation), SDG 10 (Reduced
inequality), SDG 12 (Responsible consumption and production), SDG 15 (Life on land) and
SDG 17 (Partnership for the Goals).

1.2.3. Sustainable Food Consumption—Mitigating Food Waste

The main topic of this case is the generation of food waste and its impact on different
dimensions of sustainability. The main teaching aim was to present the food chain system
by providing students with the forecasts of agricultural land growth to satisfy increased
food demand if food production, diet, and food waste do not change. Research shows
that cropland areas may need to be 10 to 25% greater by 2050 than they were in 2005 [41].
As a result, one of the primary problems of the twenty-first century is to reconcile global
food production with biodiversity protection [42,43]. It is the students’ challenge and aim
to identify the dilemmas of consumers as they attempt to reduce food waste. Firstly, the
participants of the case are invited to learn what food waste is and what its impact is on
the economy, society, and the environment, both locally and globally. Then, students are
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invited to propose solutions to mitigate the food waste problem, assessing the costs and
benefits of determined actions regarding food waste. The case also focuses on the students’
changes of behaviour in the matter. Students are encouraged to take action against food
waste in their lives, given the knowledge and skills demonstrated. This case deals with
the following five SDGs: SDG 2 (Zero hunger), SDG 3 (Good health and well-being), SDG
4 (Quality education), SDG 10 (Reduced inequalities), SDG 12 (Responsible consumption
and production).

1.2.4. Remodelling an Ancient Farm

The case “Remodelling an ancient farm” is focused on the remodelling of an ancient
family farm in the north of Portugal towards improved sustainability, simultaneously
promoting rural tourism and pre-serving the farm’s cultural identity. It intends to demon-
strate how sustainable tourism should work in balance with the natural environment
and the community to manage the economic, social, and environmental resources. This
type of tourism is gaining interest towards a sustainable development. This approach
is thus of outmost relevance involving rural resources for local socio-economic benefits,
environmental protection, local community empowerment and engagement, preserving
the cultural and historical characteristics of the material and immaterial heritage [44,45].
The crucial aspects tackled are the culture and local traditions that generate economic and
social benefits. Groups of students, each representing different stakeholders (ecological
association, citizens that support migrants’ inclusion, town hall, economists, and family
farm) with different needs and interests, are invited to participate in a role-playing exercise
that aims to develop knowledge and competencies. The cultural heritage is of particular
focus. Groups are asked to discuss the topic together and find arguments to support their
decisions after having access to specific supporting materials that were developed for this
purpose. This process allows students to work collaboratively. The discussion is facilitated
by a mediator allowing each team to present arguments to support their own points of
view. Finally, the team that represents the family that owns farm shares with all groups the
final, sustainable decision taken. Further, this case seeks to fully integrate the economic,
social, and environmental dimensions of sustainable development. In the end, the case
aims to empower students to be able to take sustainable actions integrating four SDGs:
SDG 3 (Good health and well-being), SDG 9 (Industry, innovation, and infrastructure), SDG
11 (Sustainable cities and communities), and SDG 15 (Life on land).

1.2.5. Transformation of a Local Production Company into a Sustainable Business

The “Transformation of a local production company into a sustainable business” case
deals with a company, started in 1990, during the wave of Polish economic transformation
after the collapse of the Soviet-imposed socialist system. The company concentrated entirely
on manufacturing grinding balls for ore enrichment units in raw material mines and the
power industry in the mid-1990s. In 1997, the company gained the status of a protected
workplace, as over half of its employees have disabilities. A Protected workplace is an
enterprise that employs minimum 50% of people with disabilities. The status of such a
company gives additional profits (receives subsidy and some tax/loan ease) but also needs
to face strict requirements. The case is presented from the point of view of the current
leader of the company: a woman who inherited the company and had to operate in the
traditionally male field of business located in the patriarchal community of middle size
town in eastern Poland. Her main motivation was to keep it simple and cost-effective to
achieve a more sustainable business [46]. The entire process plan incorporates an energy-
saving technique based on heating the material just once (in two stages: pre-heating and
then heating-up), as well as the continued usage of scrap resources. Also, and taking
in consideration some authors [47], the benefits for employees with disabilities were a
priority. The participants in the session are involved in a discussion on the challenges of
management taking into account the complex factors presented from the perspective of the
new owner of the company. They are asked to propose a development strategy plan for the
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company, using sustainability concepts to suggest new approaches and also discuss some
tactics for a women working in the “men-dominated” environment. The case includes five
different SDGs: SDG 5 (Gender equality), SDG 8 (Decent work and economic growth), SDG
9 (Industry, innovation, and infrastructure), SDG 10 (reduced inequalities), and SDG 12
(Responsible consumption and production).

2. Materials and Methods

A quasi-experimental study was applied resorting to case-based teaching sessions to
test the above-mentioned teaching materials in four countries—Portugal, Greece, Poland,
and Sweden. The hypothesis that the sessions with the educational resources signifi-
cantly improve the sustainable development knowledge of higher education students was
analysed with statistical tests presented in the results’ section.

Our sample consisted of 104 university students with ages ranging from 18 to 58
years, the majority females (53%). It should be noticed that the total number of students
involved in teaching sessions was higher, but in this study, we only considered the students
that participated in both pre- and post-test. Table 1 shows the characterization of the
study sample.

Table 1. Characterization of the sample.

Country Gender Degree Program Course Study Age
(Range, Average)

Greece
(n = 38, 20%)

Male (n = 14, 37%)
Female (n = 24, 63%) Bachelor’s (n = 38, 100%)

Rural Economy and
Development (n = 20, 53%)

Other 1 (n = 18, 47%)

18–30,
M = 25

Poland 2

(n = 21, 20%)
Male (n = 12, 57%)

Female (n = 9, 43%)
Bachelor’s (n = 14, 67%)

Master’s (n = 7, 33%)

Management (n = 12, 57%)
Sociology (n = 7, 33%)

International Relations (n = 2, 10%)

19–58,
M = 26

Portugal 3

(n = 24, 23%)

Male (n = 9, 38%)
Female (n = 14, 58%)

Other (n = 1, 4%)

Bachelor’s (n = 1, 4%)
Master’s (n = 23, 96%)

Biology and Geology Teacher
Education

(n = 24, 100%)

22–58,
M = 31

Sweden
(n = 21, 37%)

Male (n = 13, 62%)
Female (n = 8, 38%)

Bachelor’s (n = 19, 91%)
Master’s (n = 2, 9%)

Forest Management (n = 19, 91%)
Sociology (n = 2, 9%)

20–32,
M = 25

All countries
(n = 104, 100%)

Male (n = 48, 46%)
Female (n = 55, 53%)

Other (n = 1, 1%)

Bachelor’s (n = 72, 69%)
Master’s (n = 32, 31%)

18–58,
M = 25

1 Plant Production Science, Animal Production and Aquaculture Science, Biotechnology, Food Science and Human
Nutrition, Natural Resources Utilisation and Agricultural Engineering 2 Citizenship: Polish (n = 20), Ukrainian
(n = 1) 3 Citizenship: Portuguese (n = 22), Brazilian (n = 2).

2.1. Sample

The sample included graduate students and master students with no particular sus-
tainability development background. The authors wanted to analyse the impact of sus-
tainability knowledge development in students with no (or few) prerequisites taught in a
specific content of formal education. Probably because of that no statistical difference was
found regarding academic year and acquisition of knowledge allowing a joint analysis.

2.2. Instrument

The project team applied standardized pre- and post-tests online before and after
applying all cases. The pre- and post-test contained three main questions about SDGs
(What is sustainable development? Are you familiar with the United Nation’s 2030 Agenda
for Sustainable Development? Rate your knowledge about sustainable development on the
below scale). In both tests the same metrics were collected: gender, age, level and field of
study, and nationality. Some multiple-choice questions were aligned with the post-test tool,
and open questions were added at the end of this test. However, the group of questions in
which we tested respondents’ knowledge and beliefs about sustainable development and
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the UN 2030 Agenda for Sustainable Development was unchanged in pre-test and post-test
(Appendix A).

It took around 5 to 10 min for students to answer the questionnaire, but the application
was not timed in each country. We asked all students participating in the course to complete
pre-tests a week before the sessions. After the case-based application, instructors send the
post-tests to the students to be filled within 24 h. The tests were implemented through
two platforms: MS Forms (Poland and Sweden) and Google Forms (Greece and Portugal).
These evaluation tools were developed jointly, so they were the same in all the testing
countries. The questions were supported in the literature review, and some (only in the
post-test) were directed to the teaching methodology used. Besides this content validation,
the reliability of the instruments was done by team members that read, answered and
improved the tests until a consensus among all was achieved. The pre-test and a post-test
were translated into national languages in order to make them as intuitive as possible for
the students (the exception were students from Sweden, who solved the questionnaires in
English because the sessions were applied in a course taught in English). Also, instructors
completed a qualitative self-assessment which was used as a supportive evaluation to
better understand the procedure undertaken in each location, but the analysis if this data
are not the subject of this paper.

2.3. Procedure

We applied different cases in different countries as convenient to the country instruc-
tors’ expertise, available time and according to the content and background of the higher
education students (Table 2). Students participation was voluntary or integrated in course
classes as part of the curricular content.

Table 2. Cases and countries of application.

Cases Titles Poland Greece Portugal Sweden

Dead wood in the Białowieża Forest (n = 7) (n = 21)
Organic olive cultivation in Messinian

Mani, Peloponnese (n = 16)

Transformation of a local production company
into a sustainable business (n = 14)

Sustainable food consumption– mitigating
food waste (n = 6)

Remodelling an ancient farm in Portugal (n = 22) (n = 18)

Due to the COVID-19 pandemic, PASSION team had to reformulate the educational
resources into online teaching and both applications of the tests had to be re-planned.
Despite that, the time for the teaching sessions was the same in all countries and all sessions
were presented online. Participants fulfilled the tests online and voluntarily, and all the data
collected was subject to analysis, following the international ethical standards extended to
the social sciences research.

3. Results

The pre- and post-tests analysis of all cases indicates a significant improvement of
sustainable development knowledge considering the three main questions in pooled dataset
(t103 = −7.324; p = 0.000) applied to the 104 participants.

In the pre-test a question was made regarding the place where participants had learned
more about sustainable development. It was not surprising to find that 73 participants
(70%) referred to higher education, 41 (39%) referred to secondary school and only 32 (30%)
named social media. Only one participant declared that he/she had never learned about
this subject.

Regarding the three behaviours that contribute the most to sustainable development
not many changes were found between pre- and post-tests. In the pre-test, higher education
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students rated those behaviours as the following: (i) thinking responsibly about what
you are buying and where it’s come from, not buying more than you need/responsible
consumerism (n = 53; 50%); (ii) recycling and reusing (n = 49; 47%); (iii) reducing waste,
including not littering, zero waste, avoiding packaging, food waste (n = 47; 45%). The
answers in the post-test were similar: (i) recycling and reusing (n = 49; 47%); (ii) thinking
responsibly about what you are buying and where it has come from, not buying more
than you need/responsible consumerism (n = 43; 41%); (ii) reducing waste, including not
littering, zero waste, avoiding packaging, food waste (n = 36; 35%).

In respect of competencies related to sustainable development, students had equal
answers in both tests, but 38 students (37%) did not answer these questions. The most
rated competency was systems-thinking (thinking of Earth as a complex system with close
connections between the environmental, social, and economy issues), with 19 answers
(18, 32%) in the pre-test and 21 (20%) in the post-test. The less important competency
mentioned in both tests was the normative competence (understanding the norms and
values that underlie human actions even in a context of conflicting interests, compromises,
and contradictions) with 17 answers (16%) in the pre-test and 16 (15%) in the post-test.

Concerning the question about which strategies are the most effective in developing
knowledge, awareness, and competencies in sustainability, in both tests, students referred
as the most important “presenting sustainable cases/dilemmas” (pre-test: n = 77 (74%);
post-test: n = 65 (63%)).

Due to the COVID-19 pandemic, the application of the cases to a wider number
of students was restricted, making it almost impossible to compare results between the
countries. However, after further analysis considering the same three main questions, more
significant results were found in four cases: (i) Remodelling an ancient farm in Portugal
applied in Greece (n = 22); Dead wood in the Białowieża Forest applied to 21 Swedish
students; Organic olive cultivation in Messinian Mani, Peloponnese taught in Greek classes
to 16 students, and Transformation of a local production company into a sustainable
business administrated in Poland (n = 14).

The case concerning the remodelling of an ancient farm in Portugal applied in Greece
gave the strongest effect (Z = −3.712; p = 0.000). The case concerning biodiversity of the
Białowieża Forest in Poland used in Sweden also have a strong impact on their knowledge
(Z = −2.531; p = 0.011). The case concerning organic agriculture implemented in Greece
to 16 participants gave collectively a slightly weaker effect (Z = −2.232; p = 0.026). Finally,
the case concerning the transformation of a local production company into a sustainable
business in Polish conditions and implemented in Poland to a sample of 14 participants
resulted in the weakest but still significant outcome (Z = 2.880; p = 0.040).

Regarding these four cases where results were significant in the three main questions,
a more in-depth analysis was conducted to some open questions of the post-test made
to the 73 students involved. One post-test open question was related to the SDGs that
students learned during the development of the case. Surprisingly, although in the lesson
plan only some goals were expected to be achieved, students mentioned the achievement
of all 17 goals in three cases: “Remodelling an ancient farm in Portugal”, “Dead wood
in the Białowieża Forest in Poland” and “Organic olive cultivation in Messinian Mani,
Peloponnese”. In the case “Transformation of a local production company into a sustainable
business” only four goals were not mentioned: goal 2—zero hunger; goal 5—gender
equality; goal 14—life below water and goal 16—peace and justice. The results reflect
not only the cross-country character of the cases as well as the appropriateness of the
chosen thematic for the cases. Moreover, concerning the relevance of the thematic, the
analysis of another open question showed that 64 participants (88%) mentioned them as
relevant. When asked about the pillar of sustainability-related to the case developed in the
sessions, and although having lots of not respondents, many students (n = 48; 66% of the
respondents) related the case to the environmental dimension of sustainable development.
Others mentioned the economic dimension (n = 46; 63% of the respondents) and few (n
= 41; 56% of the respondents) referred to the social dimension. The results reflect the
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integration of the three pillars of sustainable development in the cases, which was intended
to lead students to understand that sustainable development involves more than just
environmental issues.

The teaching methodology was considered adequate to understand the concept of
sustainable development by 69 students (94% of the respondents). The majority of students
consider that the session allowed them to cooperate with peers (n = 39; 49%), and, simulta-
neously, they reject both the assumption that the case was boring (n = 36; 49%) or that they
were unable to express their opinions (n = 50; 69%). Nevertheless, only 27 (37%) out of the
73 students that answer this final question considered that this methodology motivated
them to do their best.

4. Discussion

As mentioned, the pre- and post-tests analysis of all cases revealed a significant im-
provement in the 104 participants regarding the knowledge about sustainable development
after the application of the case-based teaching sessions. Similar results have been ob-
tained in a study [48] that concerned sustainable food applied among third year students
of the degree in Early Childhood Education. The students greatly improved their sus-
tainability competences after a period of didactic training with the projec methodology.
Although being a different teaching methodology it seems that the involvement of stu-
dents with strategies and resources directed to SDGs helps them to improve knowledge.
Some authors [49] underscored the potential of case-based approaches in equipping stu-
dents to encounter complexity, manage uncertainty, and generate innovative strategies in
sustainability perspective. Our results confirm this potential. Moreover, a cross-country
approach confirms the universality of carefully selected cases in improving sustainability
competencies among students.

It was not surprising to confirm that students’ answers regarding the place where they
had learned more about sustainable development was in higher education. The thematic
SDGs in not very explored yet in middle or secondary education and is still the higher
education system that gets more involved in its teaching. Higher education’s sustainability
curriculum is a critical level for developing graduates’ abilities and knowledge to handle
the interwoven social, ecological, and economic concerns of the twenty-first century in their
professional and personal lives [50]. It is interesting to note that school textbooks rarely
refer to SDGs neither as a specific topic nor aligned it in other content knowledge like, for
example, biodiversity or natural resources. Although mass media are commonly used to
disseminate the knowledge, and informal learning shows promising potential to foster
motivation and fascination and to increase system knowledge [50], formal learning is still
the one that supports best the acquisition and consolidation of knowledge. An interesting
example of broader application of case-based learning can be found in a Michigan Sustain-
ability Cases initiative [51]. It builds on case-based approach to support active and engaged
learning resorting to the: integration of audiovisual elements into text-based case narratives;
strong partnerships among students, faculty, and practitioners to flip the curriculum; and a
digital platform allowing flexibility in configuring case-based curriculum design.

Regarding the three behaviours that contribute the most to sustainable development
(responsible consumerism; recycling and reusing; reducing waste) the few changes ob-
served between pre- and post-tests are probably related with the topics of the cases applied
and even the background of the students. Students had also equal answers in respect of
the development of the system thinking as the main competency in the four cases. As
stated by some authors [52] “Learning about sustainability involves more than being able
to find sustainable solutions to a single problem. It means developing the ability to think
about complex human environmental systems...”. The development of key competencies
in sustainability among students from different fields of higher education demands an
interdisciplinary view on solving real-world problems [53]. This in turn requires both
greater familiarity with interdisciplinarity among academic teachers as well as students’
self-responsibility in acquiring those competencies. Developing boundary-crossing skills
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among students allowing for attaining an interdisciplinary perspective is however difficult
task [54].

Students also mentioned the acknowledgement of all goals after the application of the
individual cases. It seems this experience was their first engagement with SDGs making
very difficult the identification of a specific goals. On the other hand, cases were less
focused in specific SDS as expected. After a second look to the sessions plans of the cases,
we realized that questions raised after the presentation of the case should be more SDGs
focused so as to direct student to embrace specific goals. It is important to remind that all
cases were applied with similar lesson plans, in more or less the same time and by teachers
that were instructed to have a similar procedure. Aligned with these facts students also
mentioned that the strategies of “presenting sustainable cases/dilemmas” are the best ones
to develop SDGs. That statement seems to corroborate the previous finding: if it is the first
time they learned about it, it is also the only way they have learned about SDGs. On the
other hand, it also validates the significant impact the case-based methodology had in the
73 students participating in the four case-based sessions, since we used cases and dilemmas
to explore the diverse topics.

The teaching methodology was considered adequate to understand the concept of
sustainable development, but few students pointed out that it stimulated them to do their
best. This fact is probably related to the lack of familiarity of students and instructors to use
the case-based teaching methodology, especially in a remote environment. Studies show
that face-to-face discussions provide more social opportunities for students to construct
shared understandings, to consider multiple perspectives and generates more efficient
discussion that the online environment [55]. Literature also reveals that students should
be able to use their classroom time to satisfy their real-life demands [21,56]. By learning
with real case students develop the required citizen’s ability to diagnose a crisis, analyse
and discuss several options, and make a final decision, which is considered vital for
sustainable development.

5. Conclusions

This study showed the impact of case-based teaching online sustainable-development
sessions in four countries. Specifically, this study focused on analysing students’ responses
to a test presented before and after class instruction. Results were only significant with
cases applied in four countries, because other country samples were too small to allow
further statistical analysis. The COVID-19 pandemic was an epistemological obstacle to
the implementation of the cases in face-to-face sessions with a large group of students.
This fact made it impossible to make a wider comparison in this cross-country case-based
study on teaching sustainable development goals to university students As suggestions for
further research, we can recommend face-to-face sessions, exploitation of new cases and
larger samples making possible a wider cross-country analyses.

The results indicate that the case-based teaching improved the knowledge of sus-
tainable development goals, which are expected to be reflect in some positive changes in
pro-environmental behaviours. Our study also enhanced social and economic issues that
were also raised and assimilated by the higher education students in all countries that
participated. We also point out the potential of case-based teaching methodology to be
applied in a cross-country manner. Although being applied in remote environment, this
methodology captivated the motivation of students to learn about sustainable develop-
ment and fulfilled its goal with a positive impact. Summarizing, our findings showed:
(1) the interdisciplinarity of sustainable development goals and how easily they can be
aligned to real worldwide cases; (2) that students learning with case-based teaching tend to
present positive responses to sessions’ comprehension, demonstrating an increase of SDGs
knowledge and (3) that case-based teaching raises as a rather eclectic way of addressing
real situations from the daily life to discuss and increase knowledge that is needed to boost
attitudes and pro-environmental behaviours.
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Appendix A

Pre-Test

i. Case title: [Open answer]
ii. Fictional name: [Open answer]
iii. Age on 31st December 2020: [Open answer]
iv. Gender: Male [ ]/Female [ ]/Other [ ]
v. Country: [Open answer]
vi. Course: Bachelor’s in [Open answer]/Master’s in [Open answer]
vii. Academic background: Graduated in [Open answer]

1. What is sustainable development? Selected the definition you most agree with.

a. Sustainable development is the development that allows our needs to be met
while being aware of the environmental, social and economic limitations we
face. [ ]

b. Sustainable development is the development that meets the needs of the pre-
sent without compromising the ability of future generations to meet their own
needs. [ ]

c. Sustainable development is maintaining a balance between the human need to
improve lifestyles and the preservation of natural resources and ecosystems. [ ]

d. If you don’t agree with the definitions of sustainable development and have
your own, please write your comment here. [Open answer]

2. Are you familiar with the United Nation’s 2030 Agenda for the Sustainable Develop-
ment? Yes [ ]/No [ ]

2.1 If you are, name three of its goals. [Open answer]
3. Where did you learn about sustainable development? You can select multiple answers.

a. Primary School [ ]
b. Secondary School [ ]
c. Higher Education [ ]
d. Family [ ]
e. Friends [ ]
f. Social Media [ ]
g. TV [ ]
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h. Magazines [ ]
i. Through your own research [ ]
j. Through an eco club or council [ ]
k. Through events outside of school [ ]
l. I haven’t learnt about it [ ]
m. Others: [Open answer]

4. In your opinion which three of the following behaviours contribute the most to
sustainable development?

a. Reducing Plastic use, including micro-plastics and single use plastics [ ]
b. Reducing Waste, including not littering, zero waste, avoiding packaging, food

waste [ ]
c. Donating to charity [ ]
d. Having a Plant based diet [ ]
e. Thinking responsibly about what you are buying and where it’s come from, not

buying more than you need/Responsible Consumerism [ ]
f. Nothing, the Businesses and Governments need to make the change [ ]
g. Save Energy, Turn off Lights and Appliances [ ]
h. Cycling/Walking/Using Public Transport instead of a Car [ ]
i. Raising other people’s awareness/Campaigning [ ]
j. Protesting [ ]
k. Not Flying [ ]
l. Voting Green
m. Buying local produce or growing your own [ ]
n. Recycling and Reusing [ ]
o. Using Green/Renewable energy [ ]

5. Order, from 1 (least important) to 5 (most important), the importance of the following
competencies?

a. Thinking of Earth as a complex system with close connections between environ-
ment, social issues and economy (systems-thinking competence) [ ]

b. Predicting the consequences of Human actions in environment, society and
economy of planet Earth (anticipatory competence) [ ]

c. Understanding the norms and values that underlie Human actions even in
a context of conflict of interests, compromises and contradictions (normative
competence) [ ]

d. Developing and implementing strategic collective actions (strategic competence)
[ ]

e. Collaborating and communicating to better negotiate across diverse cultures
and social groups (interpersonal competence) [ ]

6. Which of the following strategies do you think are the most effective in developing
knowledge, awareness and competencies in sustainability? Choose only three.

a. Presenting sustainable cases/dilemmas [ ]
b. Participating in group work [ ]
c. Raising critical questions [ ]
d. Clarifying one’s own values [ ]
e. Being involved in discussions [ ]
f. Listening to lectures [ ]
g. Participating in study visits or field [ ]

7. How would you rate your knowledge about sustainable development being 1 (not
enough) and 5 (excellent)? Not enough (1)/2/3/4/Excellent (5)
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