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LEARNING OUTCOMES

This 75-minute activity is designed for university-level engineering students.
It targets the development of the following skills
1. Perspective taking, applied to diverse stakeholders.
2. Systems thinking, applied to facets of sustainability.
3. Negotiation.

Sustainability should be integrated into everything we do, including engineering and 
student projects. This experiential activity uses the selection of materials for a wind 
turbine to engage participants in a contextualised negotiation of multiple facets of 
sustainability. Participants first assume one of 4 engineering roles to identify specific 
sustainability priorities based on their responsibilities and expertise. Next, they  
represent the perspective of their assigned role to optimise sustainability in the  
design. This chapter provides the outline of an activity designed to teach the learning 
outcomes listed below, material to assist the facilitator to prepare, and the slides and 
handouts for teaching the activity.

CHAPTER 4
How to support students to develop skills 
that promote sustainability
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ACTIVITY
How to support students to develop skills that 
promote sustainability

PREPARATION 
Set up the room to create groups of 4 students. 
Each group should have some LEGO bricks.
This activity involves an information jigsaw.  
When distributing the handouts ensure that the students in the 
same initial group get the same handout A (at least 4 groups to 
align with the 4 roles on handouts A1-4). In the next phase of 
the jigsaw, students form new groups such that there is at least 
one student from each of the 4 initial role groups.

3 min 7 min 10 min 15 min
INTRODUCTION PRESENTATION ACTIVITYWARM UP

Distribute handout A1-4 to different groups.  
Have students read about their role and  

determine the 3 priorities from the  
perspective of their shared role.

4 A 1-4

Describe the potential of strong 
sustainability to address  

climate change. Explain how 
the skills of perspective-taking, 

negotiation and systems  
thinking assist the adoption of 

strong sustainability.

3

Have each student create 
their representation of 

sustainability with LEGO 
bricks and then share it 

with their neighbor. Listen 
in to learn more about 
students’ perspectives 

and knowledge.

2
LEGO bricks

Explain  
relevance of  

sustainability and 
what students will 
do in this activity.

1

KK

E

E
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KNOWING
sharing knowledge and concepts that define the targeted skills

SLIDES

HANDOUT

EXPERIENCING
applying the concepts and tools in experiential learning

LEARNING FROM EXPERIENCE
stepping back and reflecting about the activity enables students 
to transfer their skills

ALONE

WHOLE GROUP

SMALL GROUP

PAIRS

ACTIVITY
How to support students to develop skills that 
promote sustainability

L

E

K

10 min20 min10 min

TOTAL 75 min

DEBRIEF + CONCLUSIONACTIVITYACTIVITY

Students now negotiate  
within their mixed groups to 

find a wind turbine design that 
optimizes their conception of 

strong sustainability principles. 
Remind students to keep their 

role and priorities in mind  
as they negotiate.

8 C

LEGO turbine models

5 + 6 + 7

Guide students to debrief and  
discuss the experience in their 

groups, focusing on how strong 
sustainability is supported by  

different perspectives, systems 
thinking and negotiation.

Conclude with potential impact of 
the 3 skills addressed in this activity 
for a strong sustainability approach.

9

K

Have students form new 
groups such that ≥ one  
student from each role 
group is in each new 

group.
Review negotiation  

techniques and how  
students can use them to 

support adoption of 
strong sustainability.

E

L

B
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CONCEPTUAL AND PRACTICAL UNDERPINNINGS OF 
THE ACTIVITY

What skills will students develop in this 
activity?
Sustainability is a topic of significant importance 
in higher education, but it is not itself a skill. 
Engineering students need to develop  
transversal skills to assist in making the  
products and processes they design more 
sustainable. UNESCO has identified several 
key competencies for sustainability, including 
systems thinking, collaboration, critical thinking, 
and integrated problem-solving1. Education 
has a central role in achieving the Sustainable 
Development Goals (SDGs)2, as it is essential to 
developing the capacity needed to achieve the 
goals1. Sustainability is now generally  
understood to require a nested, holistic  
approach that integrates the dimensions of  
society, economy, and environment3. The  
concentric model on slide 3 is used in  
engineering curricula4. 
How engineers frame problems has a massive 
impact on the solutions envisaged. It influences 
the characteristics, approach, issues, and  
boundaries that ultimately guide problem  
solving activities. When engineers do not see 
ethics and sustainability as part of their  
responsibilities, they do not adequately  
incorporate these elements into their  
disciplinary thinking5. This activity focuses  
on three transversal skills relevant for  
sustainability: perspective taking, systems 
thinking and negotiation.

Perspective taking 
Perspective taking involves temporarily  
adopting another person’s point of view,  
essentially approaching empathy from a  
purposeful and relatively cognitive direction6. 
Thoroughly exploring different perspectives and 
constraints improves the quality of solutions7. 
Hess et al8 found moderate correlations  
between engineering students’ perspective- 
taking abilities and their ethical reasoning. 

Perspective taking influences how problems 
themselves are framed by designers and  
therefore the way the problem itself is  
formulated and solved9,10. Perspective taking 
has also been found to assist in negotiating 
between different points of view, including in 
business11 and romantic relationships12.  
This highlights the relevance for  
accommodating different stakeholders and  
facets of sustainability. Providing specific 
training on perspective taking is important for 
engineering students, as they have been  
found to have difficulty incorporating multiple 
stakeholder perspectives13–15.

Systems thinking 
Systems thinking is a way of reasoning which  
facilitates making inferences and predictions 
about a system based on a deep  
understanding of the components, interactions, 
and emergent dynamics within that system. 
Systems thinking skills are therefore valuable 
because they enable the efficient analysis and 
synthesis of information to gain a  
comprehensive understanding of complex  
phenomena16." This allows us to understand 
the intricacies of systems so that we may  
“better predict them and, ultimately, adjust their 
outcomes”17. Failing to consider context in a 
sufficiently broad and interconnected manner is 
a common issue for students and novice  
designers13,15. This relates to undergraduate  
students’ lack of system thinking skills18,  
especially related to sustainability19.  
Prior research on students' perceptions of 
systems thinking in engineering has shown 
that while they recognise the value of systems 
thinking, they do not perceive it as being a part 
of their instruction or assessment20. On a more 
positive note, gains have been documented in 
students’ systems thinking skills after explicit 
and holistic instruction19,21.
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Negotiation
Since engineering projects usually have  
multiple stakeholders, engineers need to have 
the skills to negotiate between these diverse 
perspectives while simultaneously ensuring 
that they advocate for the stakeholders  
who cannot voice their opinion (e.g. the  
environment), and to optimise the resources 
at their disposal22–25. Negotiation is an  
important skill for all engineers, but especially 
so for those who seek to promote  
sustainability26. Prior research has shown that 
providing engineering students with an explicit 
negotiation support system led to improved 
negotiation outcomes27, and that active  
learning strategies improve engineering  
students' self-efficacy with respect to  
negotiation skills28,29.

How to interest engineering students in 
learning these skills?
The central role for engineers in addressing 
complex problems in a sustainable manner is 
evident30. However, engineering students report 
insufficient integration of skills related to  
sustainability in the curriculum31. Direct  
observations of design processes have found 
students overlook or under-value aspects of 
sustainability and ethics5. Encouragingly, we 
have found students welcome greater  
integration of sustainability in their engineering 
programmes31, although what this would look 
like is not clear for some students.
So, for skills related to sustainability, it may be 
less a question of interesting students in  
learning the skills and more relevant to access 
their motivation for developing their skills by
• improving communication so students

perceive opportunities to develop their
skills32,33

• providing explicit instruction and scaffolding
for students' skill development34,35.

How does this activity help your students 
to develop these skills?
Project- and challenge-based activities provide 
engineering students with practical  
opportunities to use procedural skills and offer 
excellent opportunities to integrate transversal 
skills with disciplinary thinking. An important  
limitation is that students may find it difficult  
to perceive the skills as distinct from  
accomplishing the project tasks36. This lack of 
visibility is exacerbated when feedback and  
assessment activities do not include  
transversal skills. It has been conclusively  
documented that, for students to effectively 
develop transversal skills, they need instruction 
on the strategies and methods underpinning 
the skills and not just opportunities to practise 
them35,37. While there is no shortage of ways to 
make conceptual knowledge available to  
students (books, lectures, videos…),  
teachers often overlook this aspect of  
developing transversal skills32. In addition to 
conceptual knowledge and procedural skills, 
meta-cognitive and meta-emotional reflection 
is an important mechanism for learning from 
experience38. Meta-thinking also assists us to 
recognise patterns that support the transfer of 
skills between contexts and projects.
In a study with NASA engineers working on a 
design problem, two conditions that  
encouraged perspective taking were templated 
activities that focused participants’ attention 
on stakeholders’ points of view and framing or 
prompting from the facilitator to consider  
stakeholders39. We have integrated these two  
with the priority-setting component of this  
activity. In the same study, conditions that  
decreased perspective taking occurred when 
participants relied on their own experience or 
expertise, when they claimed specific identities 
or values (“since I am an engineer…”) and 
when presenting to leadership versus 
presenting to their own teammates. Role-
playing exercises and challenging cases have 
been found to  
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encourage engineering students to consider  
multiple stakeholders’ perspectives40. Here 
again, we find coherence with the approach of 
our activity that creates an engaging, low-stakes 
environment outside students' own area of 
expertise to encourage and practice  
perspective taking.
Our trident framework provides a practical  
structure for teaching transversal skills that  
addresses the issues identified above. It helps 
ensure that students are developing their skills 
in meaningful ways that will support transfer to 
future contexts. Please see Chapters 1 and 2 of 
this book for an in-depth exploration of the how 
and why of teaching transversal skills to  
engineering students. 
The three aspects of the trident are:

Conceptual knowledge: the factual knowledge 
and concepts that underpin a skill. For instance, 
different persuasive strategies for negotiating.

Experiencing: focused, low-risk opportunities 
to practise the relevant skills while attending to 
the process, ideally with rapid feedback and a 
chance to iterate. For example, negotiating an 
outcome that incorporates disparate  
perspectives, and then engaging in a second 
negotiation to apply what was learned from  
the first round.

Learning from experience: meta-cognitive and 
meta-emotional reflection about the experience 
of implementing conceptual knowledge and 
procedural skills. For example, recognising the 
kinds of arguments and responses that were 
successful in persuading others to appreciate 
your perspective and reflecting on why this  
experience was similar or different to  
previous negotiations.
The activity in this chapter has been designed 
to include each of the aspects from our trident. 
They are designed to ensure that students are 
prompted to engage in these three types of 
thinking and develop a degree of proficiency 
in the targeted skills that allows them to apply 
them in their next project.

For engineering students to effectively integrate 
sustainability into the products and systems they 
design and maintain, we need them to consider 
multiple facets of sustainability and to convince 
other people about the value and feasibility of 
sustainabile choices. For these skills, an  
effective learning activity will involve informing 
students about perspective-taking and  
negotiation strategies. They will need to  
explore sustainability from multiple perspectives 
while negotiating with other concerned  
stakeholders, and reflecting on their experience 
to support transfer.
Here is a mapping of this activity onto the 
trident framework:

Knowing [Slide 3] sets up the relevance of 
strong sustainability and perspective-taking for 
engineering students and seeks to connect to 
their current understanding. [Slides 6-7]  
presents some specific recommendations for 
effective negotiation techniques and  
perspective-taking.

Experiencing. Students are first assigned to 
one of 4 engineering roles [slide 4] each 
concerned with a specific aspect of  
sustainability [Handout A]. Working with others 
assigned the same role, they read the case 
study and identify the top priorities from their 
perspective [Handout B]. Reforming into mixed 
groups that have one of each of the four types 
of engineer, [slide 8] participants negotiate the 
percentages of five materials in the design of an 
optimally sustainable wind turbine [Handout C]. 
We have proposed using LEGO bricks to create 
a visible record of their materials choices. To  
improve the coherence with your context,  
students could design another product or 
assume different roles. LEGO bricks could be 
replaced with other coloured tangibles, pieces of 
coloured paper or a printed image that students 
shade with coloured pens.

Learning from experience [slide 9] prompts 
students to process the experience both in 
terms of the negotiation strategies they used and 
were used by others, and to consider how they 
can leverage this experience in their next project. 
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As a geological engineer your role is to assist your colleagues to make decisions that
respect sustainability in terms of the environmental and societal impacts of resource
extraction and transportation.

When choosing materials to build the wind turbine, you should seek options that
● Reduce the environmental impact of extraction and transportation of materials to

the construction site
● Improve the wellbeing of communities and workers at the extraction site

Here are some factors that might help you convince others to adopt your sustainability 
priorities in their decision making. Add other factors you deem important for the 
perspective of geological engineers
● Where do these materials come from?
● What are the working and living conditions for people at the extraction site?
● What is the environmental impact (i.e. water usage and contamination,

deforestation, CO2 production)?
● How much energy is consumed by transporting the material to Switzerland?
● …
● …

Step 1. Working together with the other “geological engineers”, define 3 top
priorities to guide the decision-making in the design of the wind turbine
according to your role.

Priority 1 

Priority 2

Priority 3 

HANDOUT    A1

HANDOUT A1 Geological engineer
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As a mechanical engineer, your role is to assist your colleagues to make decisions that
respect sustainability in terms of the effect on the population, waste, noise and 
interaction with local animals around the installation site.

When choosing materials to build the wind turbine, you should seek options that
● Improve the safety of workers or people living close to the construction site
● Reduce the environmental impact to the installation site

Here are some factors that might help you convince others to adopt your sustainability 
priorities in their decision making. Add other factors you deem important for the 
perspective of mechanical engineers.
● What effect will these materials have on the animals and plants at the installation

site?
● What will happen if pieces of the wind turbine break off or decompose on the site?
● How will people and animals living close to the turbine be affected?
● How will these materials be disposed of at the end of the wind turbine’s life?
● …
● …

Step 1. Working together with the other “mechanical engineers”, define 3 top
priorities to guide the decision-making in the design of the wind turbine
according to your role.

HANDOUT    A2

HANDOUT A2 Mechanical engineer

Priority 1 

Priority 2

Priority 3 
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As the engineer responsible for overseeing the production site, your primary 
responsibility is to the workers who will produce and construct the wind turbines. You 
know these people and do not want to expose them to health and safety issues. You are 
also concerned that if the materials are too expensive, you will struggle to pay fair wages 
to your employees. Or even that the design will not be selected by Felicity and workers 
will lose their jobs. 

When choosing materials to build the wind turbine, you should seek options that
● Respect corporate standards for ethics and safety of production process
● Ensure stable and fair employment conditions for your staff

Here are some factors that might help you convince others to adopt your sustainability 
priorities in their decision making. Add other factors you deem important for the 
perspective of production managers.
● Can the production workers handle these materials safely?
● What is the overall budget?
● Do our choices align with our company’s stated values?
● …
● …

Step 1. Working together with the other “production managers”, define 3 top
priorities to guide the decision-making in the design of the wind turbine
according to your role.

HANDOUT A3 Production manager

Priority 1 

Priority 2

Priority 3 
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As the engineer responsible for overseeing the project coordination, your responsibility 
to ensure that the team makes responsible decisions. You should work to clarify 
objectives, ensure issues are examined from multiple perspectives and that everyone’s 
contribution is taken into account in the decision-making process. 

When choosing materials to build the wind turbine, you should seek options that
● Seek out and address concerns from all stakeholders, including the engineers from

your company and the public in Alpenblick
● Ensure decisions and total energy consumed producing and installing the turbines

is coherent with your company’s sustainability policy

Here are some factors that might help you convince others to adopt your sustainability 
priorities in their decision making. Add other factors you deem important for the 
perspective of production managers.
● Is the team fully exploiting and valuing each person’s contribution?
● Is the team using criteria-based decision making?
● Do our choices align with our company’s stated values?
● …
● …

Step 1. Working together with the other “project coordinators”, define 3 top
priorities to guide the decision-making in the design of the wind turbine
according to your role.

HANDOUT A4 Project coordinator

Priority 1 

Priority 2

Priority 3 
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HANDOUT B 
Properties of Materials

There are 5 materials, listed below, available for the construction of the wind turbines.
Since the contract is for 100 turbines, the choice of material will have an important
impact on the price and sustainability profile of the turbines.

Block Strength Flexibility Cost Notes

yellow + +++ 1€/kg

This beautiful organic material is 
sustainably produced from an 
Amazonian plant, however its recent 
popularity means local communities 
are no longer able to purchase it for 
traditional rituals.

green ++ ++ 2€/kg
This material is produced in Asia 
from recycled waste collected in 
Europe. It breaks into pieces at the 
end of its lifetime. 

red +++ +++ 5€/kg
Manufacturing this material is 
energy intensive and requires 
highly skilled tradespeople for 
the installation.

blue ++ + 2€/kg

This common material has a good 
lifetime but its manufacturing 
process produces a toxic sludge 
side product. You only know this 
because a colleague used to work 
at the factory.

orange +++ + 1€/kg
This material has recently been 
banned in Norway for environmental 
reasons, although it appears unlikely 
that other countries will do the same.

HANDOUT    B
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In this group, you are each playing the role of a specific type of engineer. Each of you 
therefore bring certain priorities to optimising sustainablity. To make the choices more 
visible, the 5 brick colors represent 5 materials each with specific characteristics.

This is a role play, so you are welcome to create/add details to advance your thinking. 
The workshop facilitator can answer questions in the role of the mayor of Alpenblick.

Working together with the other “engineers”, your group will select materials for 
the  wind turbine that reflect your combined priorities for strong sustainability.

Step 1: Present yourself in your role (geological engineer, mechanical engineer, 
production manager and project coordinator) and tell your new teammates 
about the priorities for strong sustainability you set in the previous activity.

Step 2: Dissemble the LEGO bricks in your model and stack them on the outlines 
below. As you advance, you can replace these blocks with different colours 
and sizes, maintaining the equivalent of 10 “full sized” blocks in your model.

yellow green red blue orange

Tower
of wind
turbine

Blades
of wind
turbine

Step 3: From the perspectives of your different roles, propose/discuss/debate how the 
relative merits of the different materials should be represented in terms of the 
% composition in the tower + turbine blades. See Handout B for these 
characteristics.

Step 4: When you have agreed on the final % composition of your wind turbine, 
reassemble the model with your chosen bricks. 

HANDOUT    C

HANDOUT C Optimising wind turbine prototype 
for strong sustainability
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We would love to hear your ideas 
about this activity! Please visit 
go.epfl.ch/3Tfeedback

Slides to facilitate this activity 

1x Handout A per student (A1, A2, A3 or A4 in roughly equal number)

1x Handout B per group

1x Handout C per group

LEGO bricks* for each team of 4-6 people
A model wind turbine composed of 2 blocks each colour:  
red, green, blue, orange, and black
A selection of coloured blocks to allow participants to 
revise the material composition of their wind turbine.

* This tangible can be substituted with another material that provides
students with a visible representation of their choices.

https://doi.org/10.5281/zenodo.10731771
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