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Abstract
Purpose – This study aims to enhance integration of game-based learning (GBL) as a tool for conveying
intricate circular economy (CE) concepts effectively into international and interdisciplinary higher education
collaborations for the development of sustainable communities.

Design/methodology/approach – A series of game-based workshops by the Circular EELISA Community
of the EELISA European University program were examined in terms of their compliance with literature-
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based GBL characteristics and their international, interdisciplinary and online conduct. An online survey
conducted with 17 workshop and/or challenge organizers from four participating universities in different
countries revealed expert experiences and perceptions on these points.

Findings – It was found that sensory elements, rewards and game choice enhanced engagement and
motivation in all gamification, serious game and storytelling experiences, and that a combination of multiple
GBL approaches was more effective than a single-method challenge design. Diversity-friendly collaboration,
cooperation and immersion were particularly important when involving culturally and disciplinarily diverse
participants.

Practical implications – This study offers practical recommendations to improve both the performance of
GBL-based learning environments in current and future education alliances and collaborations and the
potential of GBL approaches to motivate youth to contribute to more sustainable communities across and
beyond Europe.

Originality/value – The findings underscore the value of innovative pedagogical methods in shaping
environmentally conscious mindsets and practices across institutions of higher education. To that end, this is
the first study that investigates GBL in CE education with implications for international university
cooperation.

Keywords Game-based learning, Circular economy, Higher education alliances,
CIRCULAR IN PLAYproject, EELISA European University

Paper type Research paper

1. Introduction: collaborative learning environments promoting the circular economy
Circular economy (CE) represents the transition from a linear model of consumption, in
which materials are eliminated, to a circular model that promotes their preservation, with the
overall goal of zero waste. On the one hand, it has increasingly become possible in this way
to emphasize the design of manufactured goods with added value and maximum use over
longer life cycles, develop products with multiple functions throughout their useful lives,
return orderly solid waste to the industrial sector and analyze the connections between the
environment and the energy generated and materials extracted (Arruda et al., 2021; Budiul
Berghian et al., 2021). On the other hand, implementation of the strategies of the CE, and
sustainability in general, have increasingly become project-based, and educational games are
a way to facilitate this process (Andreoni and Richard, 2023; Jaaska et al., 2021). Unlike
other traditional educational methods, where students only improve their knowledge,
educational games emphasize their involvement in different activities. The purpose of game-
based learning (GBL) in higher education is to educate students in a targeted field – CE, in
this study – by incorporating learning outcomes into game content and to form close ties
between diverse participants (i.e. those from different education levels, disciplines,
institutions, countries and cultural contexts). GBL, based upon cognitive, affective,
motivational and sociocultural theoretical foundations (Plass et al., 2015), fosters a creative
and engaging learning environment for CE’s complex context (Manshoven and Gillabel,
2021). It raises awareness of CE’s principles, impacts, opportunities and challenges more
effectively than conventional instruction methods by engaging learners, encouraging
experimentation and developing critical thinking and problem-solving skills (Manshoven
and Gillabel, 2021; Whalen et al., 2018). It also addresses the practical challenges of
diversity in international and interdisciplinary settings when bringing people together.

GBL-driven CE and sustainability tools that aim to encourage individuals and
organizations to implement sustainable practices and choices in their daily lives have lately
started to be developed and used. Even if the multidisciplinary grasp of the required
knowledge can make these topics more complex, the literature contains several studies
focused not only on students and entrepreneurs but also on any other interested parties. For
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instance, Stanitsas and colleagues (2019) identified 77 serious games developed to integrate
sustainability into scholarly curricula between 1990 and 2018, spanning multiple specific
areas of sustainability such as resource management, global warming and energy
conservation. There have been various games developed to promote CE in education settings
(Khoury et al., 2023; Lange et al., 2022; Manshoven and Gillabel, 2021; Whalen et al.,
2018). The related literature concentrates on the relationship between GBL and CE in the
context of game approaches; however, further studies are needed to determine the embedded
connections between GBL and CE in international and interdisciplinary environments.
Doing so also serves to contribute to the literature of international and cross-cultural higher
education environments promoting experiential and collaborative student learning, such as
Collaborative Online International Learning (COIL) projects that pose a collaboration
coverage as wide as Europe, North America, South America and Africa (Hackett et al., 2023;
Naicker et al., 2022; Appiah-Kubi and Annan, 2020). Consequently, this study examines the
European Engineering Learning Innovation and Science Alliance (EELISA), an initiative of
various European universities. Founded in 2020, EELISA is the first alliance of higher
education institutions created to focus on the creation of multidisciplinary communities to
identify and solve different types of social, economic and environmental challenges by
defining and implementing a new model of the European engineer rooted in society (Valdés
and Comendador, 2022). Currently, EELISA consists of 10 member universities from eight
countries, 45 active communities, 12,000 staff members, 18,500 faculty, 194,000 students
and 34 associate partners (EELISA, 2023).

This study investigates online GBL processes designed through an international and
interdisciplinary collaboration of institutions of higher education to foster sustainability- and
CE-driven attitudes and behavior among engineering students from around the world. To this
end, the case study examines game-based methodological approaches and their effectiveness
in creating original GBL content during CIRCULAR IN PLAY, a project designed to
promote CE among higher education students and the general public and supported by the
first EELISA Call for Joint Inter-institutional Activities in Communities between September
2022 and March 2023. CIRCULAR IN PLAY was a venture of the Circular EELISA
Community and the Circular and Socio-Civic Learning Hub (CIRC.LE) project supported by
the Erasmus+ program, and a product of collaboration between Istanbul Technical
University (ITU, Türkiye), Universidad Politécnica de Madrid (UPM, Spain), the National
University of Science and Technology Politehnica Bucharest (Romania) and Scuola
Superiore Sant’Anna (Italy), which have worked together to enhance the sociocivic and
green competences of the European engineer since the community’s founding in April 2021.
The project consisted of six workshops spanning three GBL approaches (i.e. gamification,
serious games and storytelling) in four workshop types, all of which provided a rich context
for assessment and discussion of the adaptability and usefulness of GBL methods in an
international, interdisciplinary and online collaboration. The study argues that GBL may
prove an effective tool in promoting CE awareness and improving the related competences
of higher education students in an alternative motivational and fun environment; however,
there are some caveats concerning its effectiveness, as learned from the GBL literature. The
paper is organized as follows: Section 2 discusses the concept, evolution and current
methods of GBL and adapts a literature-driven compilation of GBL characteristics to CE
learning; Section 3 outlines research design and methodology; Section 4 relays the results of
the case study and a discussion in three parts: the description of workshops and their GBL
approaches, expert perspectives on the relevance of the GBL characteristics to workshop
processes and methods and the perceptions of the workshops’ collaboration setting in terms
of their multinational, multidisciplinary and online conduct. Section 5 provides a critical
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discussion and conclusions regarding how and with what strategies gamification and serious
games were used as a learning method by the Circular EELISACommunity and what kind of
feedback emerged throughout the case evaluation. The results also shed light on how
European university alliances, as well as similar collaborations outside of Europe, can move
toward CE in higher education in collaborative international and interdisciplinary settings.

2. Literature review: game-based learning and the circular economy
2.1 Game-based learning as an alternative learning environment
GBL has attracted attention for its ability to increase motivation and engagement in learning
environments both individually and socially, particularly since the 20th century, due to
technological developments in the video game industry and digital media (Bado, 2022; Plass
et al., 2019; Kapp, 2012; Prensky, 2001). However, GBL as a concept long predates popular
modern forms of gaming; dating as far back as Plato and Aristotle, it is constructed upon the
idea of a game either as a constructive tool for learning or a way to relax (Hellerstedt and
Mozelius, 2019). From a Platonist perspective, the idea refers to when novel forms of
learning and relaxing emerge during an activity. Thus, it becomes crucial to define the form
of this emergence, which is called a game, in this study.

Gaming can be said to take place when concepts such as fun, amusement, relaxation and
social activity are structured through a system defined by rules with clear tasks in which
people engage and interact with and through a process and its outcomes. The game can be a
board game such as chess or a sport such as basketball, structured around strict rules, or a
game of a child built on unstable ones. However, although all these activities are constructed
upon the idea of a game, they cannot all be called GBL. How learning occurs in these
processes depends on the components of the game design and its context. Therefore, defining
the components and context of game-concerning learning activities is crucial.

In the research fields of both GBL and gamification, the tasks involved in the
abovementioned definition of a game may include features such as challenge, choice,
feedback, cooperation, interaction, immersion and conflict (Bado, 2022; Nadolny et al.,
2020; Hellerstedt and Mozelius, 2019; Nie et al., 2014; Kapp, 2012). Although these
research domains have common characteristics, their context, goals, activities and outcomes
differ. While GBL creates and facilitates a learning experience through a game, gamification
uses game elements in nongame contexts (Plass et al., 2019; Kapp, 2012; Deterding et al.,
2011). Games used for GBL can be preexisting or designed for it, depending on the cognitive
objectives linked to skill, knowledge generation and development. On the contrary,
gamification aims to motivate and engage participants, students and contributors through the
use of game elements and characteristics in various environments. These elements and
characteristics are broadly identified in the literature as points, badges, leaderboards, levels,
feedback, challenges, storytelling (narrative), role-play, avatar/virtual identity, choice, low-
risk failure, time-based tasks, task progress, time countdown, scoreboard, progress bar,
rewards, virtual goods, teammates, medals and trophies (Khaldi et al., 2023; Kalogiannakis
et al., 2021; Nadolny et al., 2020; Deterding et al., 2011). Among many attempts at
definition, Nadoly and colleagues (2020) proposed a GBL framework based on game design
by classifying game characteristics to clarify terminological confusion. Instead of directly
identifying the game elements, they constructed a framework for the design of the learning
environment, i.e. the game, which directly influenced the learning outcomes positively and
creatively (Nadolny et al., 2020; Plass et al., 2015). Therefore, it is crucial for achieving the
educational objectives to know how these learning environments are designed and in which
contexts they facilitate learning.
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2.2 Characteristics of game-based learning in a circular economy-driven context
In the past few years, numerous studies have investigated the effect of gameplay on
knowledge gain and the most important characteristics to be considered its design (Sun et al.,
2023; Nadolny et al., 2020; Plass et al., 2015), with researchers from varying perspectives
focusing on GBL elements, principles, characteristics, applications and environments. As
mentioned in the previous section, these elements, principles and characteristics require
more terminological clarity. In their influential study, Nadolny and colleagues (2020)
describe GBL as a learning environment that needs to be designed and offer a system for
defining the medium of GBL through its characteristics; the description is aligned with this
study’s undertaking of GBL, while the system offered provides an effective measure for
assessing GBL-based learning environments. This study has thus adopted Nadoly and
colleagues’ classification for GBL characteristics, compiled from 194 publications, offering
an adapted version to structure and explain the CE-driven GBL framework. This system is
structured in two tiers, divided into six primary characteristics, which are named categories
in this study for ease of reference and several secondary characteristics (Table 1).

Learning support sees to it that players, regardless of their skills or knowledge, succeed in
completing a game. Considering the diverse possibilities of the use of its characteristics, it is
no wonder that, when focusing strictly on GBL in CE and sustainability, there are many
different approaches. When the game targets professionals, the learning support can be
limited to only presenting the game mechanism and the CE and sustainability goals. In case

Table 1. Characteristics of GBL

GBL category GBL characteristic Short description

Learning support Tutorial Guided learning of game mechanics, sandbox play, explicit
and implicit direction

Support Help guidelines, forums, help buttons, in-game guided
corrections, players supporting players, teacher guidance

Challenge/variability Different levels of difficulty, extended gameplay, levels of
gameplay

Assessment Reward/positive
reinforcement

Increase in score, badges, avatar modifications, unlock of
new levels, digital coins, candy or treats, location on
leaderboard, player lives

Penalty/negative
reinforcement

Decrease in health or strength or score, end of game, time
restrictions, loss of rewards

Feedback Notifications, music cues (e.g. ticking clock), haptics, game
health

Learner control Control over gameplay Following different paths, completing side quests
Game choice Customize an avatar, changing language preferences,

selecting weapons
Immersion Sensory elements Music, 3D visuals, computer interface, boxes to physically

unlock, rumble pack
Digital immersion Augmented reality, virtual reality, GPS, virtual world

Interaction Collaboration Real or virtual teams working together for a common goal
Competition Real or virtual individuals or teams working against each

other
Other communication Interaction with computer characters, two-way chat feature

Narrative Storytelling/narration Storyline or game cohesion that provides contextual
information for learning

Source: Adapted from Nadolny et al., 2020
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the game targets an audience with limited experience and knowledge in CE or sustainability,
some preparations before the actual game can be performed (e.g., see Lange et al., 2022;
Manshoven and Gillabel, 2021; Whalen et al., 2018). Assessment corresponds to evaluation
of a player's skills and knowledge through positive or negative reinforcement and feedback.
Despite the fact that all games, including those focusing on CE and sustainability, provide in
the end a winner (an individual or a team) based on the final victory points gained,
assessment in GBL is not that simple, since it is based on dynamic experimentation coupled
with various possible strategies. Thus, most CE and sustainability games are used to deliver
specific knowledge, including the importance of CE concepts such as scarcity of resources,
resources efficiency, recycling possibilities and circular business models. As a result,
assessment can be performed not only based on the winner of the game session, but also
through pre- and post-game surveys, debriefing sessions at the end of the game, or by
individual reports or essays prepared by the players (Lange et al., 2022). Learner control
allows players to make choices and to explore the game at their pace, so that the players have
some control over the gameplay. Different strategies to nourish players’ motivation have
been reported in CE and sustainability games (Khoury et al., 2023; Lange et al., 2022). The
players must adopt the best strategy (according to their knowledge) to close their loops and
the game unfolds more or less depending on the performance of this strategy. In other cases,
the players must develop a prospering business, starting with linear economy principles and,
as the game progresses, shift to CE strategies, such as recycling, remanufacturing, lifetime
extension and repairing (Manshoven and Gillabel, 2021). This shift to CE principles depends
on the investment and management strategy adopted by the player.

Immersion in games stimulates the senses and transports the user into a state of deep
engagement with or absorption in an activity or environment. Many CE and sustainability
games use real-case scenarios and players must solve real-life problems. To make a game
experience tangible and immersive, resource exhaustion can be illustrated through a depleting
card deck can while employees, materials and products can be represented by small, tangible
pieces (Manshoven and Gillabel, 2021). These features convey material flows on the game
board, making the games highly visual. Interaction refers to the possibilities for players to
cooperate, form teams or compete with other players/teams. No matter what kind of interaction
is used, it brings only advantages in the case of CE or sustainability games. When players
cooperate, they can discuss the different CE or sustainability strategies to be used and pathways
to be followed to ensure the success of the team. When players compete with others, not only
they are focused on increasing their performance but they can learn from the different strategies
used by their opponents. Finally, narrative provides contextual anchoring, helping players to
better understand the situation from the game and inspire them to continue to play.
Sustainability games rely on real-case scenarios, so it is relatively easy for the players to relate.
The use of an engaging storyline, including unexpected events and various challenges, triggers
curiosity and fantasy, whereas studies on sustainability games report that students sometimes
even appeared emotionally concerned about running out of materials (Whalen et al., 2018).

3. Research methodology
This study uses exploratory research with mixed methods to examine the EELISA European
University program’s Circular EELISA Community’s CIRCULAR IN PLAY project
activities in terms of their GBL methodology and their adherence to literature-driven GBL
characteristics in an online, interdisciplinary and international setting. The aim is to assess and
derive lessons for the design process of CE- and sustainability-based educational workshops
targeting engineering students in Europe. Based on the characteristics of GBL compiled above,
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the methods and outcomes of the workshops were analyzed, followed by a comparative
assessment to determine the engagement and efficiency of the outcomes of GBL.

Primary data was collected through purposive sampling and an online survey conducted to
collect the impressions of the informed organizers and moderators who actively partook in the
designing, optimizing and moderation of the workshop challenges. A total of 34 professors and
researchers from the four participating universities were involved in the six workshops of
CIRCULAR IN PLAY, which were categorized into four types. To conform to the comparative
assessment nature of the research design, the organizers who participated in two or more
workshops were included in the study, resulting in a population size of 23, of which 17
volunteered to take part in the survey, achieving a 90% confidence level with a 10% confidence
interval. The distribution of the participants’ institutions is representative of the institutional
team sizes and their specializations encompassed various technical education and research
fields related to the CE (i.e. engineering of energy and environment, agroforestry and
aeronautical systems, as well as business management, urban planning, architecture and
building technology and landscape architecture). The survey was conducted in English, which
was also the language used in the international workshops of the case project.

The interview questions contained three parts. The first part collected descriptive
information. The second investigated the relevance of the four types of workshops to the 14
GBL characteristics in the form of a checkbox grid and detailed comparison of these types in
terms of the six GBL categories. The survey participants were provided with brief
descriptions of the workshop methodologies and the GBL characteristics to ensure a
common contextual knowledge basis in seeking viable responses and improving the validity
of research (Fowler, 1995). The last part elicited the participants’ opinions on the setup of
CIRCULAR IN PLAY workshops in the form of contrast-based comparisons. The data were
analyzed two-fold: The quantitative data derived from the checkbox grid were supported by
the analysis of qualitative questions coded by GBL characteristics, whereas qualitative in-
depth perceptions were assessed through content analysis under three themes of comparison:

(1) unrestricted vs restricted international scope in admitted participants;

(2) unrestricted vs restricted interdisciplinarity and multidisciplinarity in admitted
participants; and

(3) online vs in-person conduct.

In the conduct of content analysis, raw data or open-ended responses were coded into these
themes and further categorized to reveal different perceptions, including similarities and
contrasts. To allow for effective and communicable results, findings were derived in a
comparative manner in line with the comparative nature of the coding themes. Final
assessments involved the implications of the study findings for future workshops of similar
international alliances.

4. Results
4.1 Game-based methods of CIRCULAR IN PLAY
CIRCULAR IN PLAY comprised a series of six workshops – three online GBL nights in
the form of open workshops and three subsequent design activities – all of which were
associated with international events celebrating innovation and environmental science. The
primary aim of the project was to enhance participants’ awareness and knowledge of the CE
and the accompanying sociocivic competencies in a GBL setting, whereas its secondary aims
included enhancing knowledge about the EELISA Alliance and thus contributing to the
participants’ educational mobility. Each open workshop was a 2-h activity consisting of short
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Figure 1. Posters and challenges of the three open workshops of CIRCULAR IN PLAY

Table 2. CIRCULAR IN PLAY workshops and their game-based characteristics

Activity name/type Challenge name/type Challenge medium Learning approach

3VIA 2022 Trivia • Zoom (main room)
• Kahoot!

Gamification

ScapeRoom “Pictionary” • Zoom (breakout
rooms)

• Manual drawing
materials

• Google Jamboard

Serious game

“Earth’s defenders” • Zoom (breakout
rooms)

• Google Jamboard

Serious game

R-Express “Why? What? How?
When?”

• Zoom (breakout
rooms)

• Kahoot!
• Google search
• Google Jamboard

Gamification and
serious game

Circular infographics design
#1, #2, #3

Content research and
graphic design

• Zoom (main room)
• Google search
• Adobe illustrator/

Photoshop

Storytelling/narration
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informative presentations on sustainability and SDGs, EELISA and the Circular EELISA
Community, followed by game-based challenges and discussion sessions on the basics of the
CE (Figure 1, Table 2).

Held as part of the European Researchers’ Night 2022, the first workshop, 3VIA 2022: a
trivia night on the circular economy, used trivia activities involving the three main themes of
the CE: reduce, reuse and recycle. Kahoot! was the primary platform and gamification tool
and each theme was developed and delivered by a different university of the international
organizing team in one main room for individual play. The second workshop, entitled
ScapeRoom: a scientific parkour around the circular economy and socio-civic skills, was
organized as part of the 2022 Madrid Science and Innovation Week. The challenges
consisted of two custom-designed serious games that used smaller virtual rooms and Google
Jamboard to draw and visualize ideas through collective brainstorming moderated by the
participating university’s professors and researchers. The third open workshop, R-Express: a
circular economy journey to reuse destiny, was held during the week of the 2023 World
Recycling Day as part of an ATHENS Program course on the basics of the CE in the
construction sector. It merged the gamification and serious game methods in a challenge
entitled “Why? What? How? When?,” in which the participants first competed individually
in short theme-based Kahoot! sessions and then engaged in groups in moderator-led
incremental brainstorming over Google Jamboard.

The three circular infographics design workshops were held as follow-up activities of
the three open workshops, in which interested participants worked together further to
produce infographics on CE themes that they defined. The participants collaborated in
international and interdisciplinary groups of —four to six consisting of students, design
facilitators and supervisors to define a theme, collect data-based evidence and produce
context and messages to convey to the public in the form of an infographic. Over the
course of three workshops, a total of seven original infographics were designed under the
following themes:

(1) reuse in the domestic kitchen;

(2) reuse in fashion;

(3) plastic recycling;

(4) green hydrogen;

(5) green technology;

(6) the circular city; and

(7) circular rural lifestyles (Figure 2).

The final draft versions were revised based on Circular EELISA Community members’
feedback and also reformatted to cater to different online dissemination media, i.e.
institutional and private social media channels and websites.

The principal target group of all the workshops was first- and second-year university
students from the four participating countries and other EELISA Alliance member
universities; however, the audience comprised both faculty and students at all levels of
undergraduate and graduate study from the member universities, as well as across and
beyond Europe. Overall, CIRCULAR IN PLAY hosted 91 participants with students from 13
universities in 11 countries. To prepare the students for the GBL applications and context, the
challenges were preceded by short films and introductory presentations about sustainability
and the CE and ice-breaker questions intended to emphasize the diverse profiles and
understandings in the audience.
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In the gamification challenges of 3VIA 2022 and R-Express, the participants were
evaluated based on their accuracy and response time while acquiring basic knowledge about
the CE. In the serious games of ScapeRoom and R-Express, the teamwork challenge and
proposed solutions for the reduction, reuse and recycling of waste that they identified in their
daily life were assessed through short presentations from the teams, followed by a
collaborative discussion session involving both the students and the participating
universities’ professors and researchers. Each workshop earned the participants an activity
certificate and digital EELISA badges consisting of different SDGs and EELISA impact
levels – a novel EELISA recognition framework that feeds into the GBL value of the project
setting (Waite et al., 2024; EELISA, 2022).

4.2 Relevance to game-based learning characteristics
The relevance of the CIRCULAR IN PLAY workshops to the GBL characteristics was
assessed through the compiled responses of the informed survey respondents. Because the
majority of survey respondents partook in fewer than four of the workshop types in question,
the coding of data involved the responses only for the workshops involved to rule out
response bias and the resulting sums were normalized to enable comparison across different
workshops (Table 3). The responses collected indicate the existence of all GBL
characteristics except digital immersion, as enriched realities were not incorporated in the
case project design.

Figure 2. The products of the circular infographics design workshops
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In interpretation of participant perceptions of workshops regarding GBL categories, all
four workshops were particularly strong in learning support and interaction, thanks to
effective moderation and facilitation by challenge organizers and the ability to work in
smaller teams. These were followed by the assessment category for the gamification and
serious games challenges. Upon closer examination, the data obtained indicate that with the
highest median (70%) and average (61.4%) scores, R-Express, the only workshop that used
two different GBL approaches, corresponded to GBL the most broadly, closely followed by
ScapeRoom, which used two serious games in one workshop. In other words, serious games
complied with the GBL characteristics more than gamification challenges thanks to their
highly collaborative setting, while the two GBL approaches proved to be more effective than
the alternatives when combined in a challenge. Multiple methods of gamification appear to
be advantageous in support and collaboration, whereas gamification in trivia form alone is
more strongly aligned with instant feedback, sensory element and competition. Circular
infographics workshops, which used storytelling and/or narration, are relatively weakly
associated with GBL characteristics due to their noncompetitive and relatively rigid structure
(ref. game choice) and lack of penalties, although they are strong in collaboration, support
and tutorial characteristics. Furthermore, all four infographics design facilitators and the five
infographics supervisors who responded to the survey emphasized the strength of the circular
infographics workshops in terms of enhanced learning support due to the highly research-
driven structure of the storytelling and graphic design processes.

An examination of collected responses regarding GBL characteristics highlights learning
support, interaction and assessment as the leading categories for the case workshops, with
average category scores of 73.1%, 69% and 60.6%, respectively. In particular, tutorial is the
only characteristic in the higher quartile for all workshops, as the participants were provided
with prechallenge instructions and in-game directions as necessary. However, some survey
respondents stated that the challenge tutorials could have been conveyed in a more efficient
way through more thorough in-game verbal instructions for participants who needed them.
Tutorial is followed by collaboration and competition in the interaction category, which held
the highest relevance of characteristics per individual workshops. Reward was another
significant category for responders because of the point-scoring in gamification challenges as
well as the EELISA credentials and activity certificates all participants were awarded upon
completion of the workshops. Respondents generally evaluated the trivia used in 3VIA 2022
and R-Express as particularly rewarding for the participants because the scores were
delivered instantly during the game and thus increased participant engagement and
motivation.

On the contrary, all workshops demonstrated low relevance to the learner control
category. The workshop organizers emphasized avatar choice and customization in the
gamification toolkit as a positive incentive that attracted students’ attention in the game and
the two project coordinators from ITU and UPM and one supervisor described the self-
identification of the themes and tasks in the research and design aspects of the circular
infographics as a good example of control over gameplay. Narrative stands out for its low
relevance as well because of the intended scope/styles across different workshop types:
unlike the circular infographics design workshops, the open workshops of the case project
did not target a specific storyline or game cohesion. However, one participant who
participated in designing all open workshops likened narrative to a journey and favored the
serious game design of R-Express:

From my point of view, the R-express is the game that better fits the narrative criteria, since it was
designed from the beginning with a ‘journey’ that takes you from one board to another in mind.
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Another survey participant, pointing to the overarching narrative flow from the open
workshops to the subsequent infographics workshops, praised the CIRCULAR IN PLAY
setup, in which interested participants furthered diverse CE ideas from an open workshop in
an alternative and more advanced form.

It is interesting to note that the circular infographics workshops held either the lowest
or highest relevance to GBL characteristics in comparison to other workshops showcasing
gamification or serious games. This is an expected outcome because of their limited
participant structure, longer activity duration and more in-depth challenge context. In
particular, these workshops were found to be strong in support and collaboration, thanks
to the presence of supervisors and graphic design facilitators and the effective team work
maintained throughout multiple virtual meetings and background work in week-long
workshops. On the contrary, they were found to be relatively weak in challenge,
variability and immersion due to a lack of game levels and playful sensory elements, in
penalty because of a lack of negative reinforcement tactics and in competition due to a
lack of any contest pitting teams simultaneously working on different infographics themes
against one another. In their elaborated assessments, the survey participants did not show
a significant preference for gamification, serious games and storytelling approaches in
terms of collaboration styles (i.e. competition, goal, task or moderation types), implying
that in learning CE, there are benefits to all approaches to collaboration and learning,
however different they may be.

4.3 Game setting determinants: international, interdisciplinary and online
Among the three game environment characteristics that all workshops held,
internationality and interdisciplinarity were favored by the survey participants, with
different perceptions of and views regarding the online conduct. In line with EELISA’s
and thus the Circular EELISA Community’s international and interdisciplinary focus,
these two aspects were viewed to be sufficiently reflected in the case workshops by all
respondents, especially considering that participants from a total of 11 countries attended
the project’s workshops. Not only the student and moderator groups during workshops
but also the challenge organizing teams reflected on the international and
interdisciplinary nature of the workshops. The overall coordinator of the project viewed
this as a challenge in managing the workshop design process but found it useful for
increasing the scope and originality of the challenges designed and reinforcing the
anticipated diversity in university collaboration. In terms of internationality, the
respondents unanimously disagreed with the proposition that restricting the geographical
focus of participants (e.g., only Europe or the four organizing universities) would yield
better results in terms of GBL characteristics and workshops’ success. In terms of
interdisciplinarity, one criticism that arose concerned the “inevitable oversimplification”
of the workshop context due to participants’ broad disciplinary backgrounds; also noted
was that restricting the disciplines of participants (e.g., to only water resources–related
engineering fields) might have been more effective in designing richer contexts and
increasing participant interaction. Another challenge organizer suggested a contrary
view: that the focus was, or should be, on internationality rather than interdisciplinarity
in alliances such as EELISA, and that enabling the widest participation from all
backgrounds and locations possible thus surpassed the concerns above. A workshop
coordinator supported this view, claiming that heterogeneity in participant profiles
generated added value to group activities, as had been the case in all CIRCULAR IN
PLAY workshops, adding that this was the case:
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[…] as long as the level of technical knowledge necessary for participation is not very high, and
more so taking into account that the objective of the game is not to increase technical knowledge,
but rather to work on the development of personal social, civic and sustainability competencies
related to the CE. (also see Waite et al., 2024).

The fact that all workshops were organized and conducted online drew more mixed views
from survey participants, whose concerns focused on the workshop participation and
participants. Considering the need for internationality, online workshops were found to be
undoubtedly effective in attracting high participation due to the bypassed financial, temporal
and practical concerns of international physical mobility. As most of the respondents pointed
out, today’s online tools used in challenges are advanced enough to accommodate successful
remote learning activities. However, one respondent suggested that despite the advantages of
online conduct, in-person interactions could yield better communication and information
exchange among participants, which is among the main objectives of the EELISA
communities. One respondent stated that although in person workshops would provide better
results particularly in serious games and storytelling, they would result in limitations on the
geographical range and/or the number of participants, whereas another claimed that “with
good tools and good management of those tools, participants’ performance can be
maximized whether online or in person.”

5. Discussion: game-based learning-based assessments for collaborative education
activities with a circular economy focus
As in all contexts examined in the case study, games are mostly associated with having fun
(Prensky, 2001). In 3VIA 2022 and R-Express, fast-paced challenges in a trivia game format
allowed for an uplifting and motivating workshop setting. Competitive trivia games elicited
participants' attention throughout the game. In today’s social media-dominated world, where
attention-focused characteristics such as sensory elements, rewards and game choice are
increasingly sought by users, exploring ways to incorporate these elements into serious
games and even storytelling can improve GBL performance (Shen et al., 2009), particularly
for international and interdisciplinary audiences who do not know each other and meet
online. Continuation of a narrative across successive activities also appeared to motivate
participants through familiarity and continuous self-development. These approaches can be
traced in the cases from around the world adopting COIL as well, with culturally diverse
students (Hackett et al., 2023).

Relevance to fewer GBL characteristics does not necessarily mean that the game-based
activity is ineffective or insufficient (Abdul Jabbar and Felicia, 2015). The number of
targeted characteristics depends on the aim and expected outcomes of the activity, and
what matters when there is compliance with fewer characteristics is a high level of
relevance for the targeted criteria. Circular infographics design workshops are a good
example of this with their successful deliverables: for noncompetitive and highly
collaborative workshops, storytelling or narration is an effective GBL approach, as
evidenced by the workshop deliverables. Activities showcasing a high number of GBL
characteristics with low level of relevance may appeal to a larger audience or one with
diverse expectations; however, they may be more effective if they focus on emphasizing
certain characteristics among a larger variety. The case study demonstrated that a
combination of multiple GBL approaches and methods were more effective than a single-
method approach, with the downside being that it took more effort to design and conduct a
more complex challenge.

In all workshops, the collaborative element was a particular advantage for participants,
because while they collaborated to solve challenges and steer discussions, the participants
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were immersed in multicultural and multidisciplinary interaction and learning. Likewise,
the immersion experience was enriched in the case workshops through engagement. Thus,
the international collaboration spirit of EELISA appeared to be successfully reflected in
the participants, who communicated their ideas fluently on common contextual grounds
and despite differences in their locality. Emphasizing the multiculturalism and cultural
diversity of the audience and encouraging them to develop diverse CE solutions
corresponding to their different backgrounds can be a good strategy for helping
participants to appreciate disciplinary diversity as well, as a sentiment that aligns with the
aim of establishing a social-constructivist educational approach to collaborative online
learning (Guth and Rubin, 2015). In this sense, results of the case study argue against
strict restrictions on the internationality and interdisciplinarity of the workshops.

Likewise, in the three workshops, working in groups in smaller rooms allowed for higher
and more effective interaction between students and challenge moderators, where they could
more easily exchange and generate ideas or perspectives. In the circular infographic
workshops where small work groups were defined from the beginning according to the CE
themes they preferred, the increased intimacy and focus added an alternative interaction and
learning environment for the interested students, as well as the supervisors and design
facilitators, supporting the idea that group efficacy in students’ learning achievements and
awareness of problem-solving increases in well-defined groups (Sung and Hwang, 2018).
Thus, in highly diverse settings of European university alliances such as EELISA, group-
based GBL activity design may prove to be more successful than mass or individual gaming
activities. This premise inherently applies to international education alliances, networks and
programs outside of Europe, where international and interdisciplinary university
collaborations focusing on universal concepts such as CE seek similar educational diversity
and outcomes.

The circular infographics design series also allowed students and researchers to look for
CE topics that were not covered in previous workshops. With the help of storytelling, the
participants explored alternative methods of research and representation in conveying their
ideas and arguments. The participants were perceived to be content to produce solid
outcomes from the activity – with their names on the infographics – and incorporate them
into their portfolios and online channels, in addition to the EELISA badges they earned
toward building credentials supporting their higher education degree (EELISA, 2022). It was
suggested that for longer activities such as week-long infographics workshops, in-person
conduct rather than online may yield more effective outcomes thanks to increased
interaction, immersion and learner control.

6. Conclusions
The findings of this study offer insights for the integration of CE within broader higher
education collaborations, particularly in international, interdisciplinary and online settings.
Among the GBL characteristics compiled in this study, the case-oriented results underscore
the importance of incorporating tutorials and challenges to bolster learning support,
implementing rewards and real-time feedback mechanisms to enhance performance
assessment, leveraging sensory elements to heighten learner immersion, using collaboration
and competition to foster interactive engagement and crafting creative storylines to enrich
the narrative dimension of educational experiences. These findings can be used in fields other
than engineering and serve as a roadmap for educators and institutions – not only in higher
education but also in the industry – seeking to cultivate CE competences within diverse
educational contexts, ultimately contributing to the advancement of sustainability initiatives
on a global scale.
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The higher education ideal of the EU in launching the European Universities Initiative
encompasses all relevant international networks and alliances in adopting higher education
quality standards and corresponding contemporary methodologies. In the near future, with its
solid outcomes apparent in diverse settings and fields, GBL may further prove to be an
effective approach to achieving this aim. This study focuses on a GBL-based case project
produced within the EELISA framework. Similar research involving a comparative and
holistic investigation of all relevant educational alliances in Europe may be useful in
improving European educational quality ideals. Adding to this the global ideals of
sustainability and a CE, future research on the ways in which sociocivic and green
competences influence the wider shift to CE would be effective in improving the greater
European community as well as local contexts in diverse European settings. Finally,
adoption of a similar research agenda beyond Europe is imperative for the global
achievement of this shift and international and interdisciplinary learning environments.
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