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This study confirms the potential of using active learning for empowering students with knowledge and skills for sustainability during a materials educa-
tion workshop.

Active learning is a promising teaching approach that can develop sustainability competences in learners. In this paper, we investigate the
potential of active-learning pedagogies such as serious games and active-learning toolkits to deliver sustainability knowledge and skills in
materials education. We organised a workshop for 20 participants from UK Universities where they played the serious game In the Loop around
critical materials and circular economy and engaged in the Active-Learning ToolKit Sustainable Development (Granta Design/now Ansys UK
Ltd.) to assess the sustainability of a proposed policy intervention around the use of electric cars. We used a self-assessment questionnaire
and reflection sessions to deduce the level of sustainability skill developed by the participants as well as importance and performance analysis
(IPA) to help the educators understand crucial components they should concentrate their teaching and learning efforts on in the future. Finally,
we provide recommendations for educators on how to implement active learning in materials education in order to empower students with
skills for sustainability.
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H H We used a serious game and active-learning toolkit to teach criti-

DlSCUSS'O“ cal materials and the circular economy as well as to assess the
sustainability of policy interventions.

® Assessing sustainability knowledge and skills in university students We placed the students at the centre of learning allowing interac-

is receiving a lot of attention in the scientific literature and here we tivity, collaboration and direct experience of a sustainability chal-

attempted to link knowledge and skill development with active-learn- lenge.

ing methodologies applying it in a materials education workshop for We assessed the development of sustainability knowledge and skill

the first time. using a self-assessment questionnaire and reflection sessions and
analysed the results using importance/performance analysis.
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Introduction

Higher Education (HE) Institutions have a renewed mission
under the UNESCO Roadmap on Education for Sustainable
Development (ESD) for 2030! and that is to provide learners
with opportunities to develop sustainability competences in
order to navigate the socio-ecological and economic complexi-
ties of our VUCA (volatile, uncertain, complex and ambiguous)
world.? This educational imperative is also necessitated by inter-
national agreements such as the Sustainable Development Goals
(SDGs) aiming to achieve collective sustainability commitments
and a better future for all.> Higher Education community repre-
sentatives highly recommend the design of ESD into curricula
and provide specific guidelines, as in the newly developed Qual-
ity Assurance Agency and Advance HE ESD guidance.* Higher
Education Institutions already have at their disposal tools to
align learning outcomes (LOs) towards sustainability,” and also
assessment frameworks to measure sustainability competences
in students.® However, there is need to explore further the rela-
tionship between assessment of competence performance and
the learning approach used in an educational environment.

Active-learning approaches such as project and problem-
based learning, are very well studied pedagogies that have been
found to enable all sustainability competences in learners.” 8
This is because they enable the student to actively engage with
problematic or complex situations that require critical analysis
of the context and available viewpoints and order to make deci-
sions on what action to pursue. Very often, they also require
students to work in groups, thus enhancing their collaborative
capacities and conflict resolution abilities, which are impor-
tant skills in professional settings. Serious games are defined
as games that have a purpose beyond entertainment in that
they convey ideas, values and facilitate learning and skills.’
Serious games, although suggested in the literature as part of
active learning, have not been adequately investigated for their
potential to develop sustainability competences in learners.'
In addition, assessing proposed sustainability policies on the
basis of criteria as case studies is another approach that has
been suggested as yielding benefits in terms of student learn-
ing outcomes (LOs).

A literature review of assessment methodologies around
sustainability LOs and competences, reveals that although
the integration of the various components of competence is
addressed; the independent and authentic learning compo-
nents of the assessment are missing.'! Most assessment tools
take a generalist view of competences that is neither related
to the educational context applied nor to the pedagogies
used. Ploum et al.'? based on previous work by Lans et al.'?
offer a validated framework for sustainable entrepreneurship
competences assessment based on student perceived levels
of competence questionnaires that comprises six constructs.
Trencher et al. developed a comparative assessment tool to
evaluate environmental and sustainability masters programs
on their effectiveness to deliver sustainability competences
using the Wiek et al.' competences framework. Another study
conducted in German secondary education schools by Waltner

et al.’®

provides a validated paper-pencil questionnaire for
assessing sustainability competences and their socio-demo-
graphic, cognitive, affective, behavioural, application and
curriculum aspects based on the frame model of sustainability
competences.

PISA the OECD’s Programme for International Student
Assessment started to incorporate the evaluation of cross-
cutting skills such as complex and collaborative problem-
solving and in their latest assessment of 2018 they included
global competence which consists of transversal competences
related to sustainable development, citizenship and intercul-
tural understanding.'® One study shows how vignette questions
can be used to assess LOs related to sustainability awareness
and responsibility in actions,'” another study highlights the
potential of measuring knowledge about sustainable devel-
opment issues and knowledge of skills related to sustainable
development through a multiple choice test—SULITEST.!?
Lastly, there are some studies that are focusing on affective
LOs such as attitudes towards sustainable development meas-
ured through the New Ecological Paradigm Scale!® or values
related to sustainable development using a new instrument
considering Freedom, Equality, Solidarity, Tolerance, Respect
for nature and Shared responsibility.2

All the previous assessment methods may provide some
benefits to educators or other education and sustainability
stakeholders in terms of giving them information on the level
of students’ knowledge, skills, attitudes or values, a snapshot
of students’ performance toward a generalist view of sustain-
ability. In all cases, there is no link between competence devel-
opment and evaluation and the actual practice of teaching and
learning.

In this study, we aim to demonstrate how an assessment of
sustainability competences can be performed as part of an edu-
cational workshop for materials education for sustainability in
a UK University. Specifically we aim to investigate the potential
of serious games and active-learning case studies to enable the
development of sustainability LOs as our hypothesis and use as
measure of competence development, a self-assessment ques-
tionnaire and reflection sessions.

Educational conditions that enable sustainability
competence development

Competences have complex conceptualisation as they refer
to both performance ability to deliver a task and willingness to
engage in the task, and this has direct links with motivation,
worldview and values.?! This, in turn, has implications for the
educational process. On the one hand, the curriculum content,
pedagogy and assessment should ensure the defined LOs are met,
which is largely reflected in the notion of constructive align-
ment.?>>3 The consistency between competences, defined LOs,
ways to teach and assess them, is a significant indicator that the
curriculum engages students in authentic learning about sus-
tainability.!”2* On the other hand, if an assessment is to capture
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concrete learning and competence development, it needs to see
the students assessed in ways that allow them to demonstrate the
competences developed.®

Moreover, the aspirational component of sustainability
competences, related to the willingness to act and showcase
the capability embedded in knowledge and skills, is manifested
when the appropriate conditions are present.2> When design-
ing an educational intervention to enable competences, a practi-
tioner should divert from solely focusing on academic knowledge
acquisition,?® skills and excellence,?” and low order thinking
skills.?® Instead, they should focus on providing learning that can
be applied in real world settings, such as community problem-
solving and stakeholder projects.>"*® Both have been found to
equip learners with sustainability change agent skills and higher
order thinking skills.2%-3!

Content focus and rote memorisation®; theoretical teaching,
unrelated to context®? are not conducive to competence devel-
opment. On the contrary, prioritising student learning experi-
ence, which is meaningful, fosters in-depth study and critical
approach,?® promotes engagement and participation in local,
regional and global contexts.?® The latter enables transforma-
tive learning, focuses on active and collaborative engagement and
competences development.>* The educator is not the source of
all knowledge that delivers the course in a linear fashion with the
students being passive recipients of that knowledge.?® Instead,
the educator is a facilitator that supports, guides and monitors
learning processes, enables an open and interactive-learning
environment, includes practical activities and the engages stu-
dents as active contributors®® that develop discipline-specific and
transversal sustainability-related skills.® Lastly but most impor-
tantly, the assessment of learning is not about traditional sum-
mative strategies (exams, multiple choice tests) with objectives
lowin Bloom’s taxonorny%; nor about achievement.?? It aims on,
hard to assess but crucial, competences'® and thus it employs an
integrated approach®® with a variety of authentic assessment for-
mats; both formative and summative. Furthermore, it provides

26

meaningful feedback to the learners=® as it emphasises growth

and mastery>’; assesses performance and provides clear expec-

23, 37

tations for the students and assists them to improve their

learning.

Potential and limitations of active-learning
approaches to enable sustainability competences

Serious games and active-learning toolkits have been suggested
to enable sustainability competences in learners and enhance the
learning environment when used as pedagogical tools as they
enable students to immerse in real world experiences and active
problem-solving.**” Social simulation or simulation games, are
games that recreate real world problematic situations and allow
players to explore key elements of the situation*! by becoming
immersed in the game play.*? According to some authors, seri-
ous games and social simulations have the potential to transform
the classroom into an experiential learning setting®® that enables
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students to better understand concepts, develop their individual
and team working skills.?® Similarly, active-learning interventions
show promising results not only in terms of fundamental cogni-
tive gains, such as retention,? but also in terms of sustainability
competences.*’

Arecent literature review revealed that most serious games
for sustainability in particular, focus on its environmental
dimension and in terms of topics they engage users on cli-
mate change issues.*® Moreover, they aim to raise awareness
of environmental issues rather than enable the user to propose
solutions and lastly they engage the user as a citizen who has to
make sustainable decisions to improve their personal perfor-
mance, rather than a decision maker who influences policy.’
Simulations have been especially used in the context of man-
agement education, where they have been found to enhance
cognitive and affective LOs.?” On the other hand, in the con-
text of political science and international policy education,
studies report educational gains®® as well as student difficul-
ties to deal with the complexities of scenarios and inability to
appropriately manage risk.®

Criteria for active-learning approaches such
as serious games, simulations and toolkits to address
sustainability competences in Higher Education

When using serious games or simulations for teaching
sustainability in materials education, the educator should
prioritise open-ended options with no right solutions. This
way they contribute to pluralism and encourage various opin-
ions to be articulated and perspectives to be explored.?! Stu-
dents should face challenging and problematic situations that
require understanding stakeholders conflicting views and
trying to address them through critical analysis.?® These situ-
ations should be relevant to real world decision making and
policy processes.’® They should engage students in experien-
tial learning and more specifically, in active experimentation,
concrete experience, reflective observation and abstract con-
ceptualisation,®!
the latter two.

In experiential learning, the student has an active role in indi-

as normal classroom teaching only enhances

vidually constructing knowledge by comparing experiences with
existing mental models and adapting them to the new evidence
(constructivism).’? Furthermore, the student is better able to
develop competence through social interaction with peers, pro-
fessionals, academics and others (social constructivism) expand-
ing their zone of proximal development.>® Experiential learning
strongly relates with the concept of flow in which learners are
immersed in the experience and operate in a state of optimal
competence.’® In that state, their skill level is in balance with
the challenge they are facing and are highly concentrated, moti-
vated and so they are leveraging their competence to address it.
Learning happens when students are in the arousal phase, when
in other words they are pushed beyond their comfort zone (chal-
lenge is a little higher than their skills)®® to achieve flow. Flow



has been found to increase in collaborative settings thus further
supporting social constructivism premises that students learn
better in interactive environments.

An important component of enabling students to showcase
competence through a serious game or simulation is dialogue,
which is different to discussion and debate as it allows learners to
see the whole, seek connection between the parts of the problem,
question their assumptions, learn by exploring and find shared
meaning without judging other’s views and by respecting differ-
ences. Considering the limitations of serious games identified in
the literature, games that allow all three aspects of sustainability
to become visible (the environmental, social and economic) as
well as their interconnections are desirable. Moreover, aiming at
a positive vision of the future and engaging students emotionally
in the situation at hand so that they can clarify values as the root
causes of issues have been advocated for.*

During the serious games, students should be engaged in het-
erogeneous groups (could be various achievement levels, gen-
der, age and ethnic diversity or disciplinary backgrounds). This
is not only important for mixing knowledge and skills levels so
that lower performing students can become more motivated and
engaged but in HE contexts working in interdisciplinary groups
is essential for addressing complex sustainability challenges.>®

Lastly, regarding the use of digital tools in the educational
activities, they are crucially important because students are
already using these technologies in their everyday lives so much
that they are considered digital natives and so possess enhanced
digital skills.”” These skills can be further developed and applied
in creative ways to tackle sustainability issues in a world increas-
ingly influenced by digital interactions.>®

In this paper, we developed an active-learning educational
intervention around materials education for sustainability
in which the participants played a serious game on circular
economy and participated in an active-learning session around
sustainability assessment of a proposed technology. The par-
ticipants self-assessed both the importance of and their perfor-
mance in the intended competences they would develop from the
activity and then engaged in reflection activities.

The serious game in the loop

The serious game “In the Loop” is a board game that deals
with material criticality and circular economy (CE) concepts.
Both are important aspects of sustainability, as material criti-
cality is influenced by material availability, supply chain risk and
socio-environmental implications (around human rights and tox-
icity) and CEis an alternative to the resource depleting and waste
generating model of the linear economy.>® In the game, each
player or group takes on the role of a manufacturing company
CEO and aims to be the first company to reach seven ‘Progress
Points’. These points are awarded by producing products and
making strategic decisions. Even to produce high tech sustain-
ability enabling products (e.g. photovoltaics, electric vehicle

batteries), players must first mine and bid for certain materials
(e.g. neodymium, tungsten, gallium). After production, prod-
ucts and materials are immediately confined to the ‘Junkyard’
as players begin the game with linear business models. As play
progresses, players face competition over the same materials
and struggle to collect enough materials in order to produce
products and earn Progress Points. In light of this, players may
choose to purchase ‘Strategy Cards’, which also award Progress
Points, and provide players with alternatives to their linear busi-
ness models. For example, players may obtain materials from the
Junkyard or retain their materials after production. Other socio-
political changes, in the form of ‘Event Cards’ may affect game-
play and provide players with additional motivation to invest in
business strategies. As such, interlinkages between the players’
decisions, available resources, Event Cards, and Strategy Cards
emerge throughout the game and make it a complex, dynamic
system with various inputs and output possibilities.

The game was selected to challenge the views of participants
regarding the use of technology to address sustainability prob-
lems and because materials criticality and sustainability is not
adequately addressed in the University Department’s Postgradu-
ate Research Programme.

The active-learning sustainable development toolkit

The Active-learning Sustainable Development ToolKit is used
to facilitate teaching around assessing the sustainability of pro-
posed technological solutions in University programmes.®” The
ToolKit consists of a five-step methodology for tackling complex
sustainability problems that have no obvious right solutions.®!
Students are confronted with a challenging proposal and then
they follow the five-step methodology for assessment of sustain-
ability. The steps include problem definition, identifying stake-
holders and their concerns, which includes analysing stakehold-
ers, researching facts around materials, energy, society, regulation
and economics with the use of educational software (Ansys Granta
EduPack), forming a judgement by first analysing facts on the
basis of natural, manufactured, human and social capital, mak-
ing reflections, and assessing alternative solutions, including
long-term scenarios. The specific proposal we analysed using the
toolkit was: “Half of all new cars must be electric by 2030 to meet
EU emission targets ~The Times, 26 November (2015).

Materials and methods

We ran a one-day workshop with 20 participants, 16 doctoral
students of the Centre for Environmental Policy (CEP), two doc-
toral students from the Dyson School of Design Engineering of
Imperial College London, one Master’s student from Queen
Mary University and a member of Teaching Staff from CEP. The
workshop comprised playing the serious game In the Loop, and
using the Active-learning ToolKit Sustainable Development.
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The format of the workshop was such that allowed for active
learning. During the first half of the day, the instructors intro-
duced the serious game and its rules and then the players played
in groups. After the end of the game there was a group reflection
session and an individual reflection session on the experience
with the aim to help the participants consolidate their learning
and think of how they can apply what they have learnt in their
own research contexts. The workshop with the use of Active-
learning ToolKit took place on the second half of the day.

First, the instructors introduced the topic of the project
and the participants worked in groups to identify stakeholders
involved and then discussed in the classroom. They then discov-
ered data, using Ansys Granta EduPack, regarding the policy
target and had a class debate around the various environmen-
tal, social, financial and legal implications they uncovered. In
the end, they had to synthesise their findings of the proposed
intervention. After the end of the activity, the participants had a
final round of reflection on the project outcomes in small groups
and a group discussion. We provide more information about the
outcomes from the sessions and the reflections in the results sec-
tion of the paper.

To assess the development of competence in the participat-
ing students we developed a self-assessment survey based on the
competence model designed for the MSc programme Environ-
mental Technology of CEP, as the doctoral programme did not
have specified Intended LOs. The eight main types of compe-
tence in the master’s program are systems thinking, anticipa-
tory thinking, normative thinking, strategic thinking, critical
thinking, collaboration, digital skills and self-awareness.® The
students were asked to assess the importance/criticality of 46
statements of competence related to sustainability (Table 1) on
a scale from zero (not important) to five (highly important). On
a separate table, they had to assess their performance in these
46 competence statements (application of the competences) on
a scale from zero (no evidence of application) to three (plenty
of evidence for application) during participation in the active-
learning workshop.

The results were analysed using Importance Performance
analysis (IPA). IPA has been used before as an evaluative tool
in adult education and can give insight into the factors that the
trainees deem critical as educational outcomes in a specific edu-
cational setting as well as their performance with regards to the
pedagogy/teaching approach used.®? In our case, we wanted to
understand which competences the students thought were criti-
cal for achieving sustainability and of these, which they thought,
they experienced/applied during the active-learning workshop.
We analysed the results individually for all the participants to
get some insight into the effect the activities have on student
development of competence.
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Results

Results from the self-assessment questionnaire

The participants perceived all competences to be important
for sustainability, assigning lower scores to self-awareness and
digital skills and higher scores to critical, strategic thinking and
collaboration (Table 2). In terms of their self-assessed perfor-
mance during the workshop, they assign some evidence of com-
petence application during the active-learning workshop, with
lower scores assigned for normative thinking and self-awareness
and higher scores assigned to systems and critical thinking and
collaboration (Table 2).

We plotted the data for the perceived importance of compe-
tence versus the data for the perceived performance of partici-
pants in these competences during the workshop to perform an
importance-performance analysis and the results are shown in
Fig. 1.

Based on the questionnaire design, the importance is consid-
ered high or very high when the assigned value is 4 or higher
and the performance is acceptable when the assigned value is
1 or higher. Consequently, we divided the graph in Fig. 1 into
4 sections based on these thresholds and colour-coded the data
according to which quadrant they belong. Thus, Q1 includes the
blue points which represent high importance-low performance
and indicate “Concentrate here”, Q2 includes the green points
which represent high importance—high performance and indi-
cate “Good job”, Q3 includes the orange points which repre-
sent low importance-high performance and indicate “Possible
Overkill” and Q4 includes the red points which represent low
importance—low performance and indicate “Low Priority”. We
conducted the analysis based on Fig. 1 and we present the results
for the 46 competence statements in Table 3.

According to the analysis in Table 3, 26 competence state-
ments received “good job,” indicating the toolkit has met LOs
for these competences.

The competence statements to which the attention should be
paid in the “Concentrate here” quadrant, are the following six:

Include the needs of present and future generations

e Examine the norms, values, assumptions and attitudes that
underlie the problem

e Use criteria to assess alternative ideas, options, plans and
solutions

e Resolve conflict that may arise from competing world-
views, priorities and values

e Promote a culture of peace, solidarity and equality

e Evaluate the extent to which the goal/task has been
achieved

Most of them have a normative element, which is considered
important, but the active-learning session did not enable the
participants to apply it and perform well.



Table 1. Competence statements
included in the students’
questionnaire and their coding for
the analysis of the results.

Competence statements

Competence coding

1. Identify systems related to the problem in various scales, their components and
relationships

2. Investigate how history influences the problem

3. Examine the norms, values, assumptions and attitudes that underlie the problem

4. Know about political, social, economic and environmental concepts, conditions,
institutions and functions relevant to the problem

5. Use standards for collecting information such as accuracy, relevance, clarity and
precision

6. Determine knowledge, skills and method for dealing with the problem

7. Use (digital or other) tools effectively to search for, collect and visualise information

8. Form effective teams as variety of knowledge, skills and perspectives is needed

9. Communicate with team-members to establish shared understanding and responsibil-
ity about the problem

10. Identify strengths of and assign roles to team-members accordingly

11. Show respect to both people and nature

12. Build a conceptual model of the problem (consisting of elements, interactions,
cause-effect, feedback, flows)

13. Include the needs of present and future generations

14. Consider all involved stakeholders and identify their perspectives, needs and
concerns

15. Interpret information correctly in order to reason and produce robust and transparent
judgements

16. Identify tasks, set goals, describe steps, challenges, success factors, existing solu-
tions and their evidence to addressing the problem

17. Show appreciation and understanding of differences between value systems and
worldviews of different groups

18. Encourage and motivate oneself and others to proceed through tasks and fulfil roles

19. Understand and respect other peoples’ needs and show empathy

20. Promote intra and inter-generational equity and justice

21. Identify leverage points in the system to make interventions

22. Craft scenarios (possible future), make predictions (probable future) and envision
(desirable and sustainable future)

23. Generate multiple ideas, options, alternatives and solutions and elaborate on them

24. Develop effective strategies and plans to address the problem

25. Engage in well-thought action to solve the problem

26. Consider the implications of future scenarios

27. Use criteria to assess alternative ideas, options, plans and solutions

28. Weigh different values and consider trade-offs to reach a sustainable decision

29. Use (digital or other) tools effectively to support creativity, innovation and collabora-
tion between team-members

30. Use media to communicate messages and actions regarding the problem

31. Resolve conflict that may arise from competing worldviews, priorities and values

32. Promote a culture of peace, solidarity and equality

33. Negotiate between members to reach sustainable decision

34. Communicate with team-members about task progress, rules of engagement and
maintain shared understanding and commitment to the task and roles

35. Manage personal emotions and persevere in the face of challenge, uncertainty or
ambiguity

36. Consider the effect of time delays, conflicting goals and policy resistance on the
outcome of the decision

37. Consider for whom the future scenario is desirable, which and whose values it
incorporates

38. Evaluate the extent to which the goal/task has been achieved

39. Think open-mindedly to clarify assumptions, biases, inferences, distortion and
superficialities

40. Discern meaningful signal by learning to exclude fear, emotional attachment and any
other restriction

1. Give and receive constructive feedback

2. Use (digital or other) tools effectively to produce innovative outcomes (products,
technologies, policies)

3. Monitor shared understanding of problem, roles, tasks, actions, results and success

A4, Monitor understanding of difference in communication styles, values and perspec-
tives

45. Reflect on personal and collective way of thinking and action processes to improve

46. Reflect on group strategies, processes and solutions in the face of evidence and
adjust if needed

Systems thinking, SYS1

Anticipatory thinking, ANT1
Normative thinking, NOR1
Systems thinking, SYS2

Critical thinking, CRI1

Strategic thinking, STR1
Digital skills, DIS1
Collaboration, COL1
Collaboration, COL2

Strategic thinking, STR2
Normative thinking, NOR2
Systems thinking, SYS3

Anticipatory thinking, ANT2
Systems thinking, SYS4

Critical thinking, CRI2
Strategic thinking, STR3
Normative thinking, NOR3

Self-awareness, SeaAl
Collaboration, COL3
Normative thinking, NOR4
Systems thinking, SYSH
Anticipatory thinking, ANT3

Anticipatory thinking, ANT4
Strategic thinking, STR4
Strategic thinking, STR5

Anticipatory thinking, ANTS

Critical thinking, CRI3
Normative thinking, NORS
Digital skills, DIS2

Digital skills, DIS3
Collaboration, COL4
Normative thinking, NOR6
Collaboration, COL5
Collaboration, COL6
Self-awareness, SeaA?2
Systems thinking, SYS6
Anticipatory thinking, ANT6

Strategic thinking, STR6
Critical thinking, CRI4

Self-awareness, SeaA3

Self-awareness, SeaAd
Digital skills, DIS4

Critical thinking, CRI5
Self-awareness, SeaAb

Self-awareness, SeaAb
Critical thinking, CRI6
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Table 2. Criticality and Performance descriptive statistics from analysing the
pants.

self-assessment questionnaires on the intended competences for the partici-

Im

portance (0-5) Performance (0-2)

Competence Mean St. deviation Variance Mean St. deviation Variance
Systems thinking 415  0.31 0.09 122 [0.24 0.06
Anticipatory thinking 402 [0.34 0.11 1.00  [0.28 0.08
Normative thinking 413 0.27 0.07 0.91 [0.22 0.05
Critical thinking 421 [0.28 0.08 1.18  [0.15 0.02
Strategic thinking 422 (0.16 0.03 1.16  [0.21 0.04
Collaboration 4.19 34 12 1.19 (030 0.09
Self-awareness 3.63 .64 41 97  [0.25 0.06
Digital skills 3.94 13 .02 1.05 (036 0.13
Figure 1. Importance (/)— 5.00
performance (P) analysis
of the individual results of 1.25, 4.60
. . ® 1.55,4.63
the statements of perceived 450 ) 4.45-2,450 o 165,455
sustainability competence in the l dos. 4 1351&421'4 1.25%.d93% 445
.. . . [ ]
participant questionnaire (Q1 m ° 08, 4.2%'933 i o 115}15?, %) 45, 420
includes results with />4 and p ® 07,418 ¢ 0% ¢ o, 41ﬂ250 111?%;431551405 145,4.11
P<1in blue, Q2 includes results o *% e 055,395 e 08539 ¢ 18T
with />4 and P>1 in green, Q3 r ® 09383 1} §<§B 1 s
H 0.6, 3.70 T
includes results /<4 and P>1 t ¢ o 05,461
in orange and Q4 includes results a 350
with /<4 and P<1 in red). N e 05,335 © 07340 @ 09,340
c
e 3.00
® 0.7,2.82
2.50
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Performance

Results from the reflection sessions

We asked the groups of participants to reflect on playing the
serious game and think why some teams won and others did not.
The members of the winning teams mentioned they invested
early on strategies that included collecting the materials they
needed or using the junkyard for used material, pushing market
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prices up for materials they did not need and also making wise
choices about strategy cards. As the teams played the game for an
hour and a half teams who focused on short-term strategies won.

The teams who did not win, invested in longer-term and more
expensive strategies, by selecting the relevant cards and paying
a lot for materials later in the gameplay. This resulted in loss



Tahle 3. Competence statements categorised to typologies according the Importance Performance analysis (IPA).

Competence Code Category Code Category Code Category
Systems Thinking SYS1,2,3,4 | Good Job SYS5 Low Priority SYS6 | Possible Overkill
Anticipatory Thinking ANT3,4,5,6 | Good Job ANT1 Low Priority ANT2 | Concentrate Here
Normative Thinking NOR2,5 Good Job | NORL,6 Concentrate Here  |NOR3 | Possible Overkill
Critical Thinking CRI2,4,5,6 | Good Job CRI1 Possible Overkill CRI3 | Concentrate Here
Strategic Thinking STRT1,3,4,5 | Good Job STR? Low Priority STR6 Concentrate
Here
Collaboration COL1,2,5,6 | Good Job coL3 Low Priority COL4 | Concentrate Here
Self-awareness SeAd,5 Good Job | SeAl,2,3 Low Priority SeAb Possible Overkill
Digital skills DIC1,2 Good Job DIC3 Low Priority DIC4 | Possible Overkill

of money in the short-term. Their motivation was to think for
the long-term and keep collecting materials that other teams
would need in the future, as they would become unavailable.
They invested in specific strategies cards (called “private ware-
houses” in the game) to retain product ownership and imple-
ment circular economy when the competition would be unable
to mine or resources would become unavailable due to supply
disruptions.

After, we asked them to think of aspects for companies to
consider when designing products or technologies; aspects
that policymakers should consider when developing policies
for products or technologies and to reflect on trade-offs in
developing sustainable solutions for products and technolo-
gies. The results are presented in Table 4.

During the Active-learning ToolKit session, the students
used the active-learning methodology developed by Granta
Design (now Ansys UK Ltd.) and the University of Cambridge,
whereby they had to try and map the steps from the current
state to the desired future in order to meet 2030 EU emission
targets by the introduction of electric vehicles.

As a first step, they developed a stakeholder diagram and
considered the concerns of those stakeholders, which are
shown in Fig. 2.

Then they researched the facts around the environmental
impact of electric vehicles in terms of total energy use and CO,
emissions as well as the material needs in terms of Li-ion bat-
teries using the Ansys Granta EduPack programme, which are
presented in Fig. 3.

Lastly, they assessed the proposal based on the concept
of three capitals, the natural, the manufactured and the
human and social capital. The natural capital includes natu-
ral resources such as clean atmosphere, productive land fresh
water, oceans, bio-sphere, and material and energy resources;
the manufactured capital includes the built environment,
industrial capacity, and financial health of a social system;
and the human and social capital includes the knowledge,
education, culture, human health, skills and happiness and
the values that a prosperous society relies on. All three capitals
are interconnected and contribute to sustainable development.
The participants’ assessment showed that in the short-term
(in 5 years) the objective would not be achieved, as the infra-
structure is doubtful, material supply is not guaranteed and
recycling of the batteries is not in place. In the longer-term
(> 15 years) if the decarbonisation of the energy grid had hap-
pened as well as the battery recycling was available then there
would be chances of achieving the proposal. The participants
also thought about alternatives so they would rethink car use
and redefine mobility to achieve more sustainable cities in
terms of emissions.

After the Active-learning ToolKit session was over, we asked
the participants to reflect on the most important aspects of their
experience and how they would apply what they learnt in the
future. Below we present some significant quotes. In general,
participants commented on the use of systems thinking through-
out the session and how it would help them solve problems in
their own research or teaching (Box 1).
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Figure 3. (a) Total energy use, (b) CO, footprint and c. materials needs calculated with the participants during the Active-learning ToolKit implementation

(Ansys Granta EduPack 2018).

Box 1: Participant reflections

“It was the first time we heard about the concept of criti-
cal materials and included the political perspectives of
resources. We were given the opportunity to look at other
dimensions of sustainability and not only carbon emissions
mitigation.”

“For the sake of dealing with a very complex problem
we reduce our outcomes or outputs to very specific kinds
of metrics. If we are all to improve sustainability, we should
be aware of unintended outcomes or consequences. So itis
great for me to say yes it is good to transition to wind energy
in terms of CO, emissions but if there is a limit to how many
turbines we can comfortably produce within the EU because
of materials criticality then policies are limited.”

“I think it highlights our selfish approach. What my
country needs in terms of resources to develop may affect
other countries. Taking reserves from them or dumping
waste on them and polluting them. It is like I want to be
green but at the expense of other countries’ wellbeing.”

“If the countries have both the resources (raw materials)
and the technology to exploit them and produce innovative

and green products then this may cause industry to be
transferred to these emerging economies. So instead of
creating green jobs, we are losing jobs or transferring them
elsewhere.”

Discussion and conclusions

The aim of the workshop was to demonstrate the potential
of active-learning educational interventions to develop sus-
tainability competences in learners and measure these in the
participants of the workshop we organised. We developed a
self-assessment questionnaire and asked the participants to
reflect on their experiences. Both these tools for self-assessing
competence have been found effective in measuring sustain-
ability competences in previous studies.® The self-assessment
questionnaire was developed based on a competence model
developed for the evaluation of sustainability competences
in the MSc Environmental Technology® and helped us collect
the data about the participants’ view on the importance of the
competences selected for sustainability as well as on how they
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performed during the workshop. Most self-assessment ques-
tionnaires used in the literature use only the self-assessment
of performance and not how important the competence is for
participants. By including the importance component of sus-
tainability competence in the questionnaire, learners partici-
pated in the process of forming the LOs of the session instead
of being assessed on criteria selected only by the educators and
became engaged as they took ownership and felt motivated to
achieve what is crucial for them.®*

The reflection sessions offered the participants an opportu-
nity to consolidate their experience in both the serious game
and the Active-learning ToolKit, draw insights and link the
learning from both. They managed to provide more informa-
tion on the competences they developed not by being directly
asked about them, but by demonstrating it through answering
questions around how they would apply their experiences in
their own educational, professional or other settings. They also
benefited from having discussions with the other participants
reflecting on the workshop sessions and building on other’s
views and perspectives, sometimes debating the gameplay
of the serious game and how to make it more inclusive of all
sustainability dimensions or critiquing the policy options to
achieve sustainable development through the use of electric
cars and what alternatives they could explore for sustainable
mobility. Reflection sessions as part of active-learning activi-
ties that require participants to confront challenging and
open-ended situations have been found to produce positive
outcomes in terms of competence development.®’

Workshop participants considered all eight competences to
be critical or highly critical for sustainability and they thought
they were given at least some opportunities to develop those.
This is in accordance with literature around sustainability
competences that highlights systems thinking, anticipatory
thinking, critical thinking, strategic thinking, collaboration
and self-awareness as important for solving sustainability chal-
lenges.!4 ¢6-%8 Digital skills and self-awareness received lower
scores, which contradicts claims in the literature around the
importance of navigating digital and online environments for
tackling twenty-first century challenges and the importance of
reflection and understanding of one’s role in sustainability as
well as how to achieve it.*: %% 7 The latter finding supports that
experiential learning and active learning can foster the devel-
opment of sustainability competences in learners in accordance
with the published literature.: 7

According to the results of the IPA on individual data, par-
ticipants consider six competence statements to be low priority.
Itis interesting that three of them belong to the self-awareness
competence as maybe the participants think they are not that
crucial and they did not have opportunity to develop them.
According to recent research,”® self-awareness is an important
competence for sustainability practitioners as it enables them to
make decisions when these are needed on the spot, it helps them
become transformative leaders and also helps them evaluate the
effectiveness of their actions. Furthermore, self-awareness has
links with systems thinking, anticipatory thinking and strate-
gic thinking that make it highly interconnected with the other
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competences.”® The most critical aspects of self-awareness and
those the workshop did a good job in developing were giving and
receiving feedback and monitoring understanding of differences
in perspectives, worldviews and values. It seems that the active-
learning workshop offered opportunities for students to develop
the most critical dimensions of systems, anticipatory, strategic
and critical thinking and collaboration, while it also covered
some of the dimensions of normative, self-awareness and digital
skills competences.

This is supported by the reflective sessions as well. Par-
ticipants after the end of the first session on the serious game
explained that it was strategic thinking that helped some teams
win the game, because they focused on short-term strategies
that generated income. However, longer-term strategies were
selected by others who thought they could overcome material
scarcity and invest in circular economy. In the reflection ques-
tionnaire, we asked them for considerations for companies and
policy makers and to identify the trade-offs that may influence
the former in pursuing sustainable solutions. They talked a
lot about considering and anticipating future events such as
shortages of materials, cost of limited resources and future
investments that link with anticipatory thinking. Anticipatory
thinking is important not only for setting the future vision of
sustainability for a society to achieve but also to make projections
and predictions on how current decisions, plans and actions can
affect the future.™ They also mentioned holistic consideration
of factors, such as socio-political, environmental and economic,
when dealing with sustainability challenges, whole life cycle
assessment of products and unintended consequences of poli-
cies such as use of electric cars can result in material shortages
and unemployment, which align with systems thinking. They
also criticised the values that permeate our society, such as the
throwaway human attitudes, selfishness, the motto “money
equates to happiness” and making choices that benefit ourselves
but harming others (lack of empathy), which align with norma-
tive thinking. Collaboration as well as minimising competition
and achieving conflict resolution were mentioned in response to
how companies can navigate the changing landscape of material
availability and move to circular economy, but also as obstacles
they would have to overcome with the help of policy to achieve
more sustainable operations. Critical thinking is evident in
reflections around factors that affect the availability of mate-
rials, the priorities when designing policies and the impact of
sustainable solutions on different parts of the population. Self-
awareness and digital skills are still not clearly demonstrated
through the reflective sessions.

What has more interest for the active-learning workshop is
that some critical dimensions of normative, critical, strategic
thinking and collaboration were not covered even though they
we deemed crucial in the opinion of participants. Those dimen-
sions have to do with the intergenerational nature of sustain-
ability, the normative (value systems, beliefs and norms) under-
pinnings of sustainability issues as well as the values that guide
sustainability visions. According to the iceberg model of systems
thinking, those normative underpinnings (or alternatively men-
tal models) are the root causes of unsustainability and in order



to achieve whole systems change they need to be redefined for
sustainability.”® This may have to do with the format of the
workshop that was time restrained so the participants were not
given enough time to delve deeper into those issues. Lastly, some
dimensions of collaboration such as resolving conflict were not
adequately addressed mainly in the serious game session. This
again may have been as participants did not have enough time
to develop their long-term strategies which would have brought
them in situations where they would compete heavily for the crit-
ical materials needed. Last but not least, one dimension of stra-
tegic competence, evaluation of the extent to which the goal of
the strategy has been achieved was not adequately covered. One
possible reason is again that the scenarios the participants had to
actively pursue would have been achieved with long-term strate-
gies in both the serious game and the Active-learning ToolKit
and so evaluation could not be entirely completed.

Regarding the six competences that the organisers of the
workshop need to pay attention to, for the first one “Include
the needs of present and future generations”, the serious game
could have lasted longer so that the participants would have been
faced with challenging situations and have been required to plan
for the long-term. The same would have been included in the
Active-learning Toolkit as a criterion on which to assess the pro-
posed policy measure around electric vehicles not only in terms
the materials and energy needed for their manufacturing and use
but on sustainable mobility as a concept for future generations.

In terms of competence indicator “examine the norms, values,
assumptions and attitudes that underlie the problem” the par-
ticipants could spend more time conducting stakeholder analysis
and delving deeper into their mentalities. This could be further
enhanced by including it in the reflection section of the serious
game to discuss what the various stakeholders of companies, gov-
ernment and civil society think and feel about linear versus circu-
lar economy. Another activity that could be included in the toolkit
would be arole-playing game of stakeholders involved in the elec-
tric cars case study as this has been found to engage participants to
think more systemically in materials science education.™

Regarding the “use of criteria to assess alternative ideas,
options, plans and solutions” the participants could gain more
hands-on experience of generating assessment criteria aligned to
the three capitals and apply them to evaluate a proposed sustain-
able development during the Active-learning ToolKit or come up
with criteria for companies or policy makers around navigating
materials’ criticality. For the competence statement “resolve
conflict that may arise from competing worldviews, priorities
and values” one way to tweak the serious game would be to ask
companies to collaborate to achieve common sustainability goals
such as sustainable development goal (SDG) 12 sustainable con-
sumption and production and SDG17 partnership for the goals.>’
For “promoting a culture of peace, solidarity and equality” the
participants could be engaged in broader participatory visioning
exercise at the start of the workshop around what sustainable
development would look like and how can these attributes be
enacted.’® Lastly and importantly, regarding the competence
statement “evaluate the extent to which the goal/task has been

achieved” the serious game session can be adapted to require
participants to set a goal initially for their company and then
after the game is over reflect on it and if it was achieved. For the
Active-learning ToolKit session after participants assess their
options in terms of aligning with sustainable development, could
investigate data on its current achievement and assess the gap
that remains or suggest future action.

Considering the active-learning workshop in its entirety
and how it can be improved to enhance the development of the
crucial competences for sustainability, it would be worth hold-
ing the serious game and Active-learning Toolkit as part of the
same educational intervention in the future. The analysis of the
reflection questions shows that the participants developed their
competences in both sessions and worked to explore some of the
concepts they encountered in the first session, more in-depth in
the second session as they provided links between the two. How-
ever, because of the time constraints of holding both sessions
in one-day it is important to consider them as part of the same
educational activity but hold them on separate but consecutive
days so that participants have enough time to engage with both
and reflect deeply.

Finally, we suggest to materials and sustainability educators
to implement active-learning interventions in their teaching as
they help learners develop sustainability competences. Moreo-
ver, they should include their learners’ views in the development
of the LOs and the format of the activities so that they can be
more aligned with their views of what is crucial for sustainability
as well as with assessment of performance in the selected compe-
tences. Assessment of LOs can be done through self-assessment
and reflection sessions and both ways can offer rich data to the
educator to understand the needs of learners as well as to deduce
their learning progress.
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