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How can we better prepare engineering 
students to work together on dynamic, 
complex problems? Transversal  
skills are essential to maximising  
the potential of technical expertise,  
particularly when working across  
disciplines, cultures, and contexts. 

This book provides a practical approach  
for developing transversal skills based on  
the 3T PLAY Trident framework and  
evidence-informed experiential learning approach. 
Designed to enable higher education instructors to improve 
how transversal skills are taught, this book provides: 
•	Graphical activity outlines with timing, mode,  

and materials 
•	Downloadable handouts and slides 
•	Review of why transversal skills should be explicitly taught, 

which skills are under-addressed, and conditions that  
support students to develop skills 

•	Evidence-informed conceptual summaries and practice 
based tips

•	A backward design structure to create new activities  
to teach transversal skills

These resources were created as part of the  
3T PLAY project at the Swiss Federal Institute  
of Technology in Lausanne (EPFL) and  
generously funded by the LEGO Foundation.

I implemented the Chapter 3  
activity on emotional self-management  

in my 1000-student ‘engineering practice 
and design’ course. It was great to see how 
students engaged with the activity, moving  

slightly out of their comfort zones while  
developing a willingness to provide  

feedback in their project teams.
Prof. Brian Frank

Smith Engineering
Queen’s University, Canada

This book enabled me to infuse  
multiple dimensions of sustainability in  

engineering curriculum seamlessly. As an  
engineering education faculty, the structure  

of the activity guide (Chapter 4) allowed me to 
easily adapt it to my classroom context.  

It was a success from the first time and our 
students participated enthusiastically!

Dr. Rucha Joshi, Associate Professor
Innovation Lab and  

Grand Challenges Studio
Plaksha University, India

I am proud to be associated  
with 3T PLAY. This project brings  

the spirit of playfulness and excitement 
to learning through practical,  

hands-on activities. The resources have 
the capacity to improve how the most 

critical skills for society are being  
taught in higher education.
Dr Bo Stjerne Thomsen

Head of LEGO Educational Impact
LEGO Education  

Denmark 
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This book presents the 3T PLAY approach for teaching transversal skills 
to engineering students with tangible objects. Chapter 1 explains the  
evidence-informed 3T PLAY framework and the micro-experiential  
learning approach. Chapters 2-7 are detailed activity guides for teaching 
specific transversal skills. The activities seek to increase engineering 
students’ ability to integrate leadership, ethics and sustainability with 
their technical knowledge. Chapter 8 is a self-guided activity for  
educators to design new activities employing the trident and a  
micro-experiential learning approach to teach transversal skills.
This book was created as part of the 3T PLAY project at the Swiss  
Federal Institute of Technology in Lausanne (EPFL) and generously  
funded by the LEGO Foundation.
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THE 3T PLAY PROJECT

Purpose and motivation for the 3T PLAY 
project
The mission of the 3T PLAY project was to 
develop and test playful activities with tangible 
objects to teach process skills to engineering 
students. These future engineers, with their 
specialised technical skills, will lead the design 
and development of structures, systems, and 
services with far reaching consequences for 
society. The in-the-moment focus of a playful 
approach is ideally suited to learning process 
skills (compared to engineering coursework’s 
typically narrow focus on the product or result) 
and is also coherent with developing a more 
holistic skill set that includes elements such as 
creativity and collaboration. Our activities are 
designed to increase engineering students’ 
ability to apply strategies for integrating a di-
verse set of process skills with their technical 
knowledge. Our goal is to improve students’ 
ability to align their engineering actions with 
their human and planetary responsibilities, 
and therefore provide leadership, beyond 
workplace or professional codes, as  
participatory global citizens.
We call these process skills “transversal skills” 
to highlight that they are not specific to a 
particular job, task, or discipline. Yet to be 
effective, students must learn how to apply 
these skills concurrently with their disciplinary, 
technical thinking. Embedded in a premier 
engineering school, 3T PLAY employed a 
research-based approach to identifying skills 
that are under-addressed in the higher  
education literature and skills of emerging 
importance for today’s environmental, social 
and economic challenges.
At EPFL, we are convinced that our graduates 
must be able to collaborate across  
interdisciplinary and transdisciplinary teams 
to shape future innovation and contribute to a 
just and sustainable society. In response to an 
identified underrepresentation of transversal 
skills in our current curriculum, initiatives have 
been launched across the institution. The 

Centre for Transversal Skills and Career, the 
Teaching Support Center, the College of  
Management, the Discovery Learning  
Program, and the Center of Learning  
Sciences are key actors in these initiatives. 
The 3T PLAY project collaborated with all 
these partners, and worked directly with 
teachers to find fun, effective ways to develop 
students’ transversal skills. We remain  
committed to ensuring that our graduates 
enter the professional world with the complete 
skill set they need to reach their full potential 
and contribute to the extent of their abilities.
The activity guides presented in this book  
represent the applied output of the project. 
These resources are open source and available 
as PDFs via the CERN repository, Zenodo. 
See urls in the index of this book (page ii of this 
document) to access them directly.
To access the academic and research- 
oriented project outputs, please visit our  
project website https://learn.epfl.ch/wwd_
learn/3tplay-tangible-objects-for-develop-
ing-transversal-skills-in-technical-universities/

The 3Ts - Transversal skills, Tangibles 
and Technical universities  
Despite the relevance and importance of  
addressing transversal skills in engineering 
education, there has been  
underrepresentation of initiatives that provide 
practical approaches for development and 
integration of relevant learning activities. The 
name of our project, 3T PLAY, was chosen 
to embody the nature of the project targeting 
engineering students’ transversal skills  
development using playful activities with  
tangible objects. The nexus of the 3T Play 
project is shown in Figure 1, illustrating the 
interactions between Transversal skills,  
Technical universities, and Tangible objects.
While transversal skills is the term frequently 
used in European engineering education, other 
terminology for these important extra- 
disciplinary skills includes professional skills 
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and generic competencies1. In European  
engineering education, transversal skills is the 
term commonly used. When selecting specif-
ic transversal skills to address, we sought to 
identify those taught less frequently, like emo-
tional self-management. Focusing on our core  
demographic, we took care to contextualise 
the skills in ways that made them relevant, 
challenging, and engaging for engineering  
students. Using tangible objects, such as 
LEGO bricks or pasta, is the most unusual  
element of our three Ts and is key to the  
innovation. The 3T PLAY approach takes  
advantage of the affordances of tangible  
objects to create micro-experiential  
opportunities for students to practise the 
target skills.
This book presents two of the main results 
from the 3T PLAY project. First, the conceptual 
framework of the 3T PLAY trident for  
structuring learning activities targeting  
transversal skills. Second, based on the frame-
work, it presents several ‘plug-and-play’ activity 
guides for teaching specific transversal skills.
The 3T PLAY trident describes three aspects 
essential for robust skills development:  
Knowing, Experiencing, Learning from  
Experience1. This framework structures the 
activity guides presented in this book, and  
provides guidance to assist teachers in their 
implementation and adaptation of the  
experiential activities. It can also be used to 
develop new activities, for instance by  
following the steps in Chapter 8, or to evaluate 
students’ experience of learning activities1.
The activity guides are designed for teachers 
and provide a clear set of steps to guide  
students through an experiential activity  
focusing on transversal skills. Each activity is  
constructed around an opportunity, created by 
tangibles, to practice the target skills and  
encounter relevant difficulties. The activity 
guides contain a review of the target skills, 

instructions, timing, slides and handouts - just 
add tangibles! The response from the  
engineering education community has been 
very warm, and we hope you will also find the 
materials developed by the 3T PLAY project 
useful and relevant for teaching transversal 
skills.

Funding from the LEGO Foundation
The LEGO Foundation is dedicated to building 
a future where learning through play empowers 
children to become creative, engaged, lifelong 
learners. Its work is about re-defining play and 
re-imagining learning. While the LEGO  
Foundation generally focuses on children, the 
3T PLAY project sought to consider how the 
Learning Through Play philosophy could be  
implemented for engineering students to 
continue their journey towards being creative, 
engaged, lifelong learners. We remain deeply 
grateful for the joyful, challenging and creative 
opportunity afforded by the generous funding 
provided by the LEGO Foundation from 2021 
through 2024.

Figure 1: 3T PLAY innovates at the nexus of 
transversal skills, technical university students 
and tangibles

THE 3T PLAY PROJECT

1Chapter 1 contains a longer discussion on the nomenclature of these skills and the trident framework.

tangible 
objects

transversal 
skills

technical 
universities
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The Strategic and Executive Boards who 
guided the 3T PLAY project
The 3T PLAY project was a translational research 
project, spanning to model generation, empirical 
studies, and classroom implementation.  
Accordingly, the guidance of the diverse  
members of the project’s Strategic and  
Executive boards was an essential element in 
our success. The whole initiative was overseen 
by a Strategic board chaired by the (now  
emeritus) Director of College of Management of 
Technology (CDM), with input from the LEGO 
Foundation, an international leader in engineering 
education research, a representative from Swiss 
industry, and involving key actors from across 
EPFL. We express our strong appreciation for 
the insight and feedback provided, specifically to 
our three external strategic board members:
Dr. Bo Stjerne-Thomsen 
Head of LEGO Educational Impact, LEGO 
Education 
Representing the LEGO Foundation

Prof. Anette Kolmos 
Professor in Engineering Education and PBL, 
Aalborg Centre for Problem Based Learning in 
Engineering Science and Sustainability 
An international leader in engineering education

Laetitia Henriot Arsever 
Chief Information Officer, Valora Group 
An EPFL alumna representing Swiss industry

And our six strategic board members coming 
from within EPFL:
Dr. Dominique Foray 
Emeritus Director of College of Management of 
Technology
Prof. Kathryn Hess 
Associate Vice President for Student Affairs 
and Outreach
Prof. Francesco Mondada 
Academic Director of the Center for Learning 
Sciences
Prof. Veronique Michaud 
Head of Laboratory for Processing of  
Advanced Composites
Prof. Vincent Kaufmann 
Head of Laboratory of Urban Sociology
Dr. Shirit Cohen 
Deputy Head of Department, College of  
Management

x

Figure 2: The complete 3T PLAY strategic board and team in 2023 (from left) 
Dr Yousef Jalali, Marta Ruiz Cumi, Prof Francesco Mondada, Dr Jessica Dehler Zuffery,  
Pascal Vuilliomenet, Dr Tamara Milosevic, Prof Vincent Kaufmann, Dr Siara Isaac, Dr Joelyn de 
Lima, Prof Kathyn Hess, Dr Bo Sjerne‐Thomsen, Dr Roland Tormey, Laeticia Henriot Arsever, Prof 
Anette Kolmost, Prof Dominique Foray, Valentina Rossi, Dr Shirit Cohen, Prof Veronique Michaud.
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The 3T PLAY project also benefited from the 
guidance provided by its Executive board, 
composed of representatives from across the 
EPFL landscape of teaching transversal skills 
and experiential learning. We extend our  
gratitude for the long-running and regular  
contributions from:
Dr. Jessica Dehler Zufferey 
Executive Director of Center for Learning  
Sciences
Dr. Roland Tormey 
Head of the Teaching Support Centre
Pascal Vuilliomenet 
Head of the Discovery Learning Program
Dr. Tamara Milosevic 
Head of Transversal Skills and Career Centre

We would also like to thank individual teachers 
and staff from the following units for their active 
collaboration, creation of opportunities, and 
relevant, rigorous feedback:
Associate Vice Presidency for Education
Associate Vice Presidency for Student Affairs 
and Outreach

Professors, lecturers and post-docs from all 
across EPFL
Coordinators and coaches from the Discovery 
Learning Program
Excellence, mentorship and study abroad 
programs

The core 3T PLAY team and collaborators
Dr. Siara Isaac served as project manager 
and researcher, bringing an evidence‐informed, 
data‐driven approach to designing and  
documenting activities for teaching  
transversal skills. Dr. Yousef Jalali contributed 
as a researcher, bringing disciplinary expertise 
in engineering and education. Dr. Joelyn de 
Lima and Valentina Rossi are cross  
appointed at the Teaching Support Center 
(CAPE), bringing to their work at 3T PLAY a 
rich understanding of higher education  
pedagogy, interactive facilitation and  
institutional relationships. Marta Ruiz Cumi 
appears to have just two hands yet  
managed to organise and coordinate  
innumerable practical elements of the project. 
Dr. Jessica Dehler Zufferey provided robust 
pedagogical perspective, methodological  
guidance and institutional integration.

xiFigure 3: The core 3T PLAY team (from left) Dr Jessica Dehler Zuffery, Dr Siara Isaac, Valentina 
Rossi, Marta Ruiz Cumi, Dr Joelyn de Lima, Dr Yousef Jalali (at the 2024 SEFI conference).
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Other key contributions came from  
Laura Persat, who created and implemented 
the wonderful graphic design. We are  
delighted with how the structure and  
organisation afforded by her design elevates 
the contributions of this book. Dr. Natascia  
Petringa, Dr. Veronica Petrencu and Dr. Shirit 
Cohen provided valuable assistance in the 
early stages of the project. Finally, the support 
from Catherine Janssens, Yuka Nojima, and 
Sarah‐Jane Sobczak from the Philanthropy 
office has been invaluable. Contributors to 
specific activities are acknowledged in the 
relevant chapters.
At the time of writing this, we have facilitated 
workshops for 2500+ students and 1500+ 
teachers and researchers during the three 
years of the project. Downloads of the 8  
playbook chapters from Zenodo has  
exceeded 2200. We are so pleased to see the 
constructive, active engagement with these 
materials from the engineering education 
community. And we look forward to the next 
steps for the 3T PLAY approach.

How to cite this book
Isaac, S. & de Lima, J. (2024). Teaching 
Transversal Skills for Engineering Students: a 
playbook of practical activities with tangibles  
(3T PLAY, Ed.). EPFL Press, Lausanne.  
https://doi.org/10.55430/SJYVJ3TP24
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Engineering work relies on both the technical and transversal skills of  
engineers. However, it is well-documented that engineering programs may 
not adequately develop students' transversal skills. This chapter reviews 
prior research on transversal skills learning and introduces the 3T PLAY 
approach to developing these important skills. It explains what we mean by 
transversal skills and argues that transversal skills must be explicitly taught 
rather than treated as implicit. It describes how the 3T PLAY trident  
framework is an effective way to teach transversal skills. The chapter  
concludes with an introduction to the activity guides presented in the  
following chapters.

CHAPTER 1
How to develop engineering students’
transversal skills

	• Writing this chapter: Dr Siara Isaac, Dr Joelyn de Lima, Dr Yousef Jalali, Valentina Rossi, 
Dr Samuel Schmid, Dr Roland Tormey, Dr Jessica Dehler Zufferey

	• Graphic design: Laura Persat
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CONCEPTUAL AND PRACTICAL UNDERPINNINGS

What are transversal skills?
Disciplinary skills are those related to the  
specific work of the discipline, as is evident in 
how the laboratory skills of a chemical  
engineer are different from the laboratory skills 
of a mechanical engineer. However, there are 
some skills that pertain to aspects of  
engineering work that are shared across many 
disciplines, such as those related to the  
management of design projects and  
teamwork. These skills are therefore less 
connected to disciplinary contexts and can be 
applied in different environments or for different 
tasks. In this book, we refer to these skills as 
transversal skills - as they cut across not only 
different fields and disciplines, but also across 
educational, career, and professional stages. 
Representative transversal skills include  
planning, perspective-taking and collaborative 
decision-making. While critical thinking is an  
important skill applied in all disciplines, we 
would not include it as a transversal skill  
because it is necessarily very different in  
different disciplines. Well-developed critical 
thinking skills in genetic engineering are different 
in application, if not in objective, than critical 
thinking skills in civil engineering. 
Since the 1990s, decision makers within  
higher education settings have been  
responding to the increased attention to  
employability, feedback from accreditation 
bodies and shifting social contexts to integrate 
more opportunities for students to develop 

skills beyond their specific fields1–4. While there 
is a general consensus about the importance 
of transversal skills, the practical challenges of 
addressing the skills within educational settings 
remain current. Changes in requirements for 
students outcomes, identified by the  
accreditation bodies, clearly demonstrate the 
importance given to students’ attainment of 
transversal skills. For instance, the Accreditation 
Board for Engineering and Technology (ABET) 
requires engineering programs to prepare 
students for professional practice addressing 
both technical engineering skills and professional 
(transversal) competencies, among them ability 
to communicate effectively with a range of  
audiences, ability to function effectively in team, 
and ability to recognize ethical and professional 
responsibilities5. The EUR-ACE® Framework 
from the European Network for Accreditation  
of Engineering Education articulates similar 
learning outcomes6. Transversal skills deemed 
relevant for graduates are routinely included in 
institutional documentation of degree programs.
In literature, different terms are used to identify 
these (categories of) skills, including transversal, 
transferrable, professional, generic, 21st century, 
employment and soft skills7,8. Further, in the last 
two decades, the related concepts of  
competency and of competence, comprising 
knowledge, skills and attitudes, have been used 
within the literature9,10, though some scholars 
have used the terms interchangeably11.

Why moving away from the term “soft 
skills” will improve engineering education
Catherine G. P. Berdanier7

“If we shift our language, committing to the 
essential nature of professional skills, then  
we have the chance to effect two outcomes.  
First, we can start naming the elements of  
professionality that are required for our  
students to thrive as engineers and  
changemakers. Teamwork, conflict  

management, oral communication, written 
communication, social justice, equity, and  
ethical reasoning are some of the core  
competencies required for today's engineers. 
If we name these skills and assign them  
merit, then we will legitimize teaching  
professional skills as equivalent to our  
derivations of the theory. We will elevate  
essential professional strengths as core  
engineering skills.ˮ 

CHAPTER 1
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Why are transversal skills important for 
engineers and engineering students?
Although students are aware of the importance 
Current engineering students, i.e. future  
practising engineers, will be tasked with  
increasingly complex problems that cannot be 
resolved by disciplinary skills alone. Transversal 
skills will therefore be vital to successfully tackle 
these grand challenges12, especially related to 
sustainable development13,14.
Traditional engineering education focuses on 
developing students' technical and disciplinary 
skills15. However, multiple stakeholders  
including current engineering students16–18,  
engineering graduates19,20 and employers21–24 
have stressed on the need for additional  
training in transversal skills. The importance of  
including transversal skills training in the  
engineering curriculum has been further  
highlighted by researchers3,25–27, curriculum  
designers28, and accreditation bodies5,6,29. 
Transversal skills have also been shown to  
be predictive of success in students' lives  
after university30.
Weinert31 proposes two frames of reference  
relevant for transversal skills: normative, i.e., skills 
engineers should have, and empirical, i.e., skills 
practising engineers actually use in their work. 
Recent scholarly work in engineering education 
literature often employs a normative grounding 
and incorporates the perceptions of different 
stakeholders, for instance skills needed to 
support sustainable development goals32. There 
is an almost universal agreement on the skill 
categories of communication and  
teamwork skills in terms of their definition and 
transversal nature, however methods of  
classifying and describing other transversal skills 
remain inconsistent. The challenge of creating 
coherent frameworks that are useful across  
contexts and institutions remains current31,33. 
Whatever categorisation system is used, it is 
clearly essential to provide effective training on 
transversal skills to engineering students.

Why do transversal skills need to be  
explicitly taught in engineering  
programmes?
Responding to the calls from both industry and 
academia, universities have increased the focus 
on transversal skills in their curricula. However, 
including activities in the curriculum that require 
transversal skills is insufficient for students to  
initially acquire these skills. Teachers often  
assume that allowing students to practise  
transversal skills is sufficient for them to learn and 
master the skill34,35. However, studies in engineer-
ing education have shown that skill development 
requires intentional and precise scaffolding and 
instruction36,37. For instance, in an institutional 
context that assiduously mapped transversal 
skills in current curricula and then further  
enhanced the curricular offerings38, students still 
did not perceive significant presence of  
transversal skills in their training  
programmes16,17,39. Since students’ perception 
of what they are learning influences their actual 
learning40,41, pedagogical strategies targeting 
transversal skill development needs to be explicit 
and focused, as well as intentional about  
supporting the transfer of the skills from the 
classroom to teaching contexts in other  
disciplines as well as to real life scenarios42. In 
“the global state of the art in engineering  
education” report43, one characteristic that is 
common to both current and emerging leaders 
in engineering education is the emphasis placed 
on experiential learning that integrates  
transversal skills and societal relevance.  
Additionally the report stated that one of the best 
practices in engineering education was “student 
engagement in and understanding of new  
educational approaches”, which is supported by  
communicating to students about the  
pedagogical strategies used and how these 
strategies help develop their skills.

CHAPTER 1
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The 3T PLAY approach to teaching  
transversal skills
Current pedagogical approaches to  
teaching transversal skills
Students’ transversal skill development is poorly 
supported by teacher-focused approaches  
precisely because they are practical skills. Thus, 
projects are the pedagogical environment most 
often identified as where students will learn  
transversal skills37,45. Yet, as emphasised above, 
practice alone is insufficient to develop these 
skills. While there is general agreement that 
learning transversal skills requires active  
pedagogies, there is little consistency in how 
such skills are taught46 and many instructors 
have little knowledge about the conditions that 
support transversal skill development34,35. That 
insufficient pedagogical attention is given to 
teaching transversal skills is further indicated  
by instructors stating that they teach transversal 
skills despite the absence of related learning 
objectives in course documents47. Interviews 
with engineering instructors on how they teach 
transversal skills found they used many relevant 
practices (application, feedback,  
retrospective discussions) but did not find  
evidence that teachers employ a clear structure 
or pedagogical approach for transversal skill  
development47. This lack of an intentional  
pedagogical method likely means that  
interventions aimed at transversal skills are less 
effective because they are incomplete learning 
experiences. David Kolb’s experiential learning 
cycle48 describes four stages necessary to  
transform experience into knowledge: concrete 
experience, reflective observation, abstract  
conceptualisation and active experimentation. 
Kolb emphasises that experiential learning is a 
holistic and cyclical process, and that learners 
must engage with each of the steps to  
create knowledge from their experiences. Kolb’s 
learning cycle is a useful representation of why 
students do not develop their transversal skills 
from experience alone37,49. While Kolb’s learning 
cycle has been applied at the course level in  
engineering50,51, it may not be immediately  

obvious how teachers can use it to structure 
teaching interventions for transversal skill  
development. In engineering, several educators 
and researchers have proposed models and 
strategies that focus on teaching specific skills 
like creativity52 or sets of transversal skills like 
collaborative skills53. However, there is a need for 
a practical model that can be applied to  
transversal skills in general to provide guidance 
on structuring pedagogical interventions to 
develop transversal skills. The 3T PLAY project 
(Tangible objects for developing Transversal skills 
at Technical universities)* at the Swiss Federal 
Institute of Technology (EPFL) has provided such 
an approach.

The 3T PLAY trident framework
To bring more visibility to the characteristics that 
make an activity effective for the development 
of transversal skills, we developed the 3T PLAY 
trident framework shown in Fig. 1.1.

Support for the explicit teaching  
(of transversal skills)
Hattie and Donoghue44 (p. 11)

“Deep understanding … may need to  
be explicitly taught—as there is no  
assumption that students will see  
similarities and differences in contexts by 
themselves. There is a limit to what we 
can reasonably expect students to  
discover, and it may require teaching  
students to make predictions based on 
features that were told to them and that 
they may not notice on their own.  
Deliberate teaching of these surface  
features can offer a higher level of  
explanation that would be difficult or time 
consuming to discover. A higher level  
explanation is important because it  
provides a generative framework that  
can extend one understanding beyond 
the specific cases that have been  
analysed and experienced.”

* https://learn.epfl.ch/wwd_learn/developing-transversal-skills/
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Each of the three aspects of the 3T PLAY trident 
framework provides students with an important 
element for developing robust transversal skills. It 
is important that each aspect, Knowing,  
Experiencing, and Learning from experience, is 
explicitly present in the activity design to ensure 
that students are developing their skills. While 
each of the three aspects is essential to skill 
development, it is appropriate that instructors 
devote more time to some aspects than others. 
Creating engaging situations with authentic  
characteristics for students to apply their  
transversal skills in context (Experiencing) often 
requires the most time. Comparatively less time 
is typically necessary to inform students about 
the skills and strategies (Knowing) and for 
students to analyse their experiences (Learning 
from experience). The three aspects are  
described in the following paragraphs and  
illustrated by the examples in Table 1.1.
The most visible aspect of the trident framework 
is Experiencing, which represents an  
opportunity for students to practise the specific 
transversal skills being developed. Engineering 
programs have many such opportunities, for 
instance projects, which require students to use 
some transversal skills. Yet, as discussed above, 
students are rarely encouraged to focus on the 

transversal skills themselves and instead  
prioritise the quality of the result or product of 
their work42. Experiencing moments in any 3T 
PLAY activity are focused, low-risk opportunities 
to practise the relevant transversal skills while 
attending to the process, ideally with rapid  
feedback and a chance to iterate.
Knowing represents the factual knowledge,  
concepts, and heuristics that underpin a skill.
Despite the fact that engineering courses  
typically feature a significant amount of  
conceptual material, for students to effectively 
learn transversal skills, they also need  
conceptual knowledge about the transversal 
skills37,49. The Knowing aspect of the trident 
framework makes explicit the need to provide 
students with content knowledge related to 
transversal skills. Teacher presentation,  
pre-readings or videos are some formats that 
can be used to share information, such as  
models or strategies that underpin the  
transversal skills students are expected to  
implement. The “global state of the art in  
engineering education” report (Graham, 2018) 
highlighted that emerging leaders in engineering 
education inform students about what they can 
learn from an activity and how the activity helps 
develop these skills.

Figure 1.1 3T PLAY trident

KNOWING

sharing knowledge 
and concepts that 
define the targeted 
skills

applying the 
concepts and tools 
in experiential 
learning

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

EXPERIENCING

LEARNING 
FROM  
EXPERIENCE
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Our empirical work identified that the  
Knowing aspect of transversal skills  
development is not very visible to teachers35.  
Engineering teachers interviewed by Leandro 
Cruz and Saunders-Smits47 described using  
lecturing to ‘teach or create awareness’ of 
transversal skills that included ‘critical thinking, 
ideation, financial awareness and writing skills’. 
These skills have a relatively direct disciplinary 
context but were also ranked by these  
instructors as among those where students are  
strongest. Thus, while these instructors  
identified several interpersonal skills among 
students’ weakest (including interconnection/
relation ability managing conflict and  
adaptive communication), no instructors  
reported providing explicit knowledge or  
instruction on these topics.
In management and leadership training, activities 
to develop transversal skills include providing 
models to assist with understanding different  
collaboration processes and associated  
strategies and to help students recognise the 
key features of their experience. For example, 
models of distributed leadership can assist 
teams to understand limitations of classical  
leadership roles and to adopt strategies that  
promote more constructive and adaptive modes 
of collaboration. This type of knowledge appears 
to be rarely provided to engineering students, 
who are more often tasked with assignments 
and projects that require them to implement 
transversal skills but without training on the 
skills37. Thus, we recommend that students 
are provided with opportunities to acquire the 
knowledge underpinning the transversal skills 
they will practise during the activity. This enables 
them to be intentional in their practice, and to 
identify authentic implementation difficulties.  
Encountering the difficulty of not knowing how 
to do something may make students attentive to 
the value of the strategy. However, not providing 
students knowledge on the concepts and  
strategies deprives students of the opportunity 
to use their project (or the 3T PLAY activity) to 
become more proficient in implementing the skill.

Learning from experience is clearly the ultimate 
objective of an activity targeting the development 
of transversal skills. We want students to be able 
to implement the skills they practise in this  
activity in their future contexts by recognising  
situations that would benefit from specific 
strategies and successfully using the strategies 
to resolve issues or obtain desired results. This 
requires that students are able to transfer what 
they learn into new contexts, something that is 
often inadequately supported in higher  
education42. Reflection is a key mechanism for 
enabling transfer, allowing students to recognise 
patterns and causal relationships4,54. Drawing on 
Veenman’s work on metacognition55, we suggest 
that Learning from experience moments should 
be explicit for students, which means they know 
that they are analysing their experience with a 
view to improving future implementation of  
specific skills. This is an essential aspect for 
skill development and it should accordingly be 
integrated into learning activities. Although time 
is often running short at the end of a session, 
engineering students have been found to require 
guidance for reflection54 and thus activities that 
prompt students to review their experience are 
essential for enabling them to transfer their na-
scent skills to future contexts. We therefore have 
included Learning from experience visually and 
explicitly in the trident framework to ensure this 
aspect is adequately addressed.

The 3T PLAY approach to creating  
conditions for learning transversal skills
The contexts in which engineering students 
and graduates need to apply their transversal 
skills are often complex, dynamic, and involve  
challenges that present themselves differently 
each time. Clearly, students’ need for real,  
practical skills cannot be developed exclusively 
from attending lectures and reading.  
Experiential learning, where students are 
actively applying their knowledge and skills in 
context, is ideally suited to the development of 
competences to be applied in practice.  
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Below, we explore how conditions that support 
learning of transversal skills inform the 3T PLAY 
approach to designing activities.
	• Real-life challenges in implementing  
transversal skills often come from contextual 
and dynamic factors. Thus, highly structured 
tasks following a path determined by the 
instructor to elicit the accurate performance 
of procedures is poorly suited to learning 
transversal skills. We therefore recommend 
less-structured or more open-ended tasks  
that create scope for unique micro- 
experiential learning situations resulting from 
students’ intentions, knowledge, decisions, 
and team mates. We make a distinction 
between games, characterised by rules and 
specific winning conditions, and play35.  
A more playful approach with scope for  
students to experiment with different  
approaches can be promoted, as illustrated 
by the activity guides in this book, by  
setting small design or collaborative tasks. 
This approach produces activities that are 
highly engaging and relevant for students to  
experience several times.

	• Communicating clear learning objectives  
for transversal skills is a fundamental  
starting point for enabling students to develop 
these skills. Stating the intended learning  

objectives is an important initial step in the 
explicit teaching of transversal skills. It assists 
students to perceive learning expectations,  
increasing the visibility of the patterns and 
strategies related to implementing these skills. 
Hattie and Donoghue’s44 review of the impact 
of providing clear learning objectives and  
success criteria found it increased student  
attainment significantly. It also helps overcome 
students’ scepticism and increases their 
engagement43. We therefore recommend (1) 
restricting the skills students are expected to 
learn from a given activity to a maximum of 
two, and (2) explicitly informing students about 
the intended learning objectives as part of the 
introduction.

	• Students are more likely to attain the learning 
objectives if they are actively involved in  
applying and analysing the concepts and 
strategies58–60. We therefore recommend  
activities that maximise opportunities for  
students to be actively constructing their own 
understanding and skills through active  
cognitive and emotional engagement.

	• Developing new skills requires low-stakes 
(i.e. non-graded) opportunities for students to 
practise the specific skill while encountering 
relevant difficulties, receiving prompt feedback 
on their implementation, and having  

Transversal  
skill

Knowing Experiencing Learning from  
experience

Emotional self  
management  
(example from  
Chapter 3)56

strategies for  
managing your  
response when you 
feel under threat  
(slide 5, Chapter 3)56

giving negative verbal 
feedback to a partner 
(handout A,  
Chapter 3)56

reflecting on your 
emotional response and 
how you could better 
manage it in the future 
(handout B, Chapter 3)56

Negotiation  
(example from  
Chapter 4)57

principled negotiation 
and strategies for  
getting others to see 
your perspective (slides 
6+7, Chapter 4)57

defending your  
position (handouts 
B+C, Chapter 4)57

analysing the  
strategies that were 
effective for convincing 
others  
(slide 9, Chapter 4)57

Table 1.1 Illustrative examples of the three aspects, Knowing, Experiencing, 
and Learning from Experience, of the 3T PLAY trident

5

6+7 9

A B

B C
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opportunities to try again. This type of learning 
is called deliberate practice. So, while  
students likely have ample opportunities to 
implement their transversal skills during their 
disciplinary course work, the associated  
timeframes are such that the feedback and 
repeat opportunities occur months later, if ever. 
We recommend using the 3T PLAY approach 
to create the equivalent of initial rapid  
prototyping feedback loops that include  
Learning from experience reflection prompts 
and another opportunity to apply the skills. 
These experiential loops set students up for 
more advanced implementation of the skills in 
their disciplinary course work.

	• Students will generally persist longer in difficult 
learning tasks if their mindset focuses more 
on 'getting better' at something and less on 
'showing they are good'61. This is referred to as 
a mastery mindset and teachers can  
encourage students to adopt a mastery  
mindset in how course activities are structured. 
In the 3T PLAY approach, we recommend  
encouraging a mastery approach in several 
ways, including by (1) designing for  
incremental improvement, (2) focusing on the 
process of implementing the skills and not 
the quality of the final product or output of the 
work, (3) reflective prompts to examine  
difficulties and errors as learning opportunities. 
Together, these conditions can reduce the  
perceived risk of failure and encourage  
students to make the most of low-stakes  
opportunities to work on improving their skills.

	• When transversal skills are employed in  
conjunction with disciplinary skills and  
concepts, it may require students to  
simultaneously pay attention to a lot of new 
things. The range of different things a  
person is keeping in their working memory 
at once is called cognitive load and this load 
is highest when learning new things. Ulti-
mately, students will need to be able to apply 
their transversal skills in context but reducing 
complexity when first introducing new skills 
has been shown to improve learning42. This is 
fundamental to the 3T PLAY approach,  
where we encourage the creation of micro- 
experiential learning opportunities for students 
to apply the target skills in a simplified  
context by using tangibles to replace  
disciplinary tasks.

	• Misconceptions can impede learning42 and 
are not exclusive to conceptual knowledge. 
Problematic conceptual misconceptions about 
transversal skills include, for example, a limited 
understanding of leadership as primarily  
hierarchical that is ill-suited to interdisciplinary 
teams. Another type of misconception is about 
the nature of skills. For instance, accepting that 
some people have inherently better emotional 
skills as part of their personality rather than 
taking a growth-mindset approach toward 
improving emotional skills. Based on research 
evidence, we recommend directly addressing  
misconceptions to avoid the new knowledge 
being integrated into students’ flawed  
mental models.

Figure 1.2 Comparing micro-experiential activities to rapid prototyping

Test strategies for 
managing design  
projects and teamwork

	• micro-experiential activities based on brief tasks 
where we can quickly test and refine our strategies

	• opportunity to incorporate some authentic  
contextual factors with lower cognitive load

	• supports deliberate practice of key skills
	• generates analysis and feedback opportunities  
	• encourages creativity and innovation, try out 
more skills and strategies

	• facilitates multiple, brief iterations
	• allows experimentation with skills before needing 
them in a ‘full-scale’ context (course project, job 
placement, etc.)

Foster a learning culture  
that promotes  
experimentation and  
embraces failure

Reduce "cost" of learning 
skills by enabling students 
to identify their weaknesses 
early

USING SIMPLE 
MOCK-UPS TO  
TEST AND ITERATE

"FAIL FAST TO 
LEARN FAST"

BENEFITS  
FOR SKILL  
DEVELOPMENT
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	• Motivation, especially in the face of difficulty, is 
essential to learning62. Above, we highlighted 
that learning is an effortful process. Indeed, 
the discomfort of overcoming the tricky spots 
is likely where the most relevant learning will 
occur. Thus, the activity design should keep  
students engaged and moving forward when 
encountering difficulties. Deliberate practice 
requires the challenge of relevant problems – 
so we don’t want to remove the challenges. 
Rather, we recommend creating a  
counterweight of rewarding and immersive 
moments with the playful use of tangibles 
to maintain motivation. A second important 
element for student motivation is the perceived 
value of the skill being learned62. As proposed 
by Bridges and colleagues, informing students 
about how and when the target transversal skill 
will be relevant for them should be included in 
learning activities.

Why tangibles?
The conditions outlined above for teaching 
transversal skills may look a little daunting. This 
section describes how the 3T PLAY approach 
of using tangibles to create micro-experiential 
learning activities creates excellent conditions 
for learning transversal skills. The 3T PLAY 
approach employs tangible objects to create 
situations or tasks where students can  
implement relevant transversal skills in contexts 
that embody conditions that support learning. 
Given the brief but hands-on nature of these 
tasks, we refer to our activities as micro- 
experiential learning.
Tangibles are physical objects that can be  
perceived by touch, such as a marker,  
wooden block, or light bulb. Tangible objects 
have been widely used to facilitate the  
development of conceptual and procedural 
knowledge in science and engineering  
domains, often in the form of real-life or realistic 
representations. They provide means for  
visualisation and manipulation to help students 
learn abstract concepts and principles. For  
example, hands-on activities with equipment 
such as thermometers, multimeters, beakers, 
solid materials, etc., in physics laboratory63 and 
the use of three-dimensional molecular model 

sets in chemistry classes. The emphasis on the 
use of the body in the process of learning, e.g., 
creating tangible models, is supported by  
theories of embodied cognition that demonstrate 
that the body and the environment assist with 
integrating and retrieving knowledge64.  
Perceptual experiences are connected to  
physical actions and human cognition is now 
understood in its deep relationships with the 
physical world65; learning is thus grounded in 
interactions with the environment. Despite the 
potential benefits, there has been limited use of 
tangible objects to support students’  
development of transversal skills within  
engineering education. The 3T PLAY approach 
provides a practical way to leverage the  
potential of tangible objects for the development 
of transversal skills.
As outlined in the section above, conditions that 
support the development of transversal skills 
involve creating opportunities to practise and 
reflect on the application of the target skills. In 
the activities outlined in this book, we employ 
tangible objects to create opportunities where 
students can implement their skills, for instance 
in collaborative design tasks to produce a mak-
erspace for engineering projects using LEGO 
bricks (see Chapter 666) or the fastest marble 
track using pasta and playdough (see Chapter 
356). The product of these tasks is not important 
for students’ skill development, rather the 3T 
PLAY approach focuses on the skills that  
students implement during the process of  
creating the product. Specifically, the use of 
tangibles supports the conditions necessary for 
the learning of transversal skills in engineering 
education through:
Opportunities to practise the skills:  
Developing transversal skills requires that  
students practise the skills in conditions that 
promote learning. Tangibles are ideally suited to 
creating these conditions. Learning activities  
addressing transversal skills need sufficient  
contextualisation but can be impeded by an 
excessive cognitive load induced by integrating 
both new technical knowledge and new  
conceptual knowledge related to the  
transversal skills. Tangible objects can set up 
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concrete, brief and focused activities that allow 
students to perceive and target the  
development of the relevant skills35. The use of 
tangibles facilitates iterative experimentation in 
brief time periods and low-stake settings67,68 
through multiple cycles of Experiencing and 
Learning from experience. Generalisation of the 
transversal skill towards transfer in new situations 
can be supported by varying the tangible or 
changing other elements of the task context.
Playfulness:  
Activities with tangibles are playful because the 
boundaries of the real world are reduced and 
there is more scope to try new things and adopt 
different perspectives. The loose environment 
creates a safe space for exploration and risk 
taking with a positive construction of failure69. 
In play, the product is not what is important but 
rather the process. This makes learning  
experiences more low-stakes and so enables 
deliberate practice. For instance, the Chapter 
570 activity that develops skills for coaching has 
students build a duck using LEGO bricks and 
practice responding to questions about the 
ducks. This playful approach to learning  
reduces students’ fear of error and fosters a 
safe and inclusive environment71. While  
playfulness is beneficial for the whole learning 
process, it has a specific advantage with regards 
to maintaining motivation and persistence in the 
face of difficulty.

Scalable:  
Authentic projects offer irreplaceable  
opportunities for learning. However, authentic 
student projects also typically require significant 
material and supervisory resources. Tangibles, in 
contrast, can provide a safe, easy and low- 
resource opportunity for students to apply some 
of the same skills. This means that the 3T PLAY 
micro-experiential learning opportunities can 
be used alongside more authentic projects to 
provide additional, lower-resource instances for 
students to practise their skills. In a period of 
increasing student enrollments and calls to train 
more engineers with a broader range of skills, 
the capacity of tangibles to create accessible  
micro-experiential learning is highly relevant.
Externalised representation:  
Tangibles can provide an alternative to text and 
other 2D modalities for the representation of 
conceptual knowledge underpinning transversal 
skills. Teachers may provide a physical  
representation of a concept or have students 
create their own representation, compare  
different representations and develop them  
further in order to reach higher levels of  
understanding. When conceptual knowledge 
is more abstract, externalised representations 
offer important benefits for building connections 
and reducing cognitive load. In the Chapter 457 
warm-up activity, for instance, students use 
LEGO bricks to build a representation of what 
sustainability means to them. This activity helps 

Figure 1.3 And play?

Transversal skills are 
process skills, so their 
development is fostered 
by experiential learning 
situations.

Playful activities encourage students 
to stay in-the-moment
experimenting, iterating and  
implementing their transversal skills. 

It's about the journey, not the  
destination or product. 

BUT  
when the outcome 
is too important to 
students, they are 

less attentive to their 
process skills

For instance, when  
students see the  
product as valuable or  
it affects their grades
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students to create rough representations of a 
rather complex issue and start exchanging  
different perspectives. Another major advantage 
of tangibles in connection with externalisation 
is the creation of a common reference that is 
shareable with others and useful for collaborative 
learning arrangements68. Readers can refer to 
the individual and then collaborative activity  
described in Chapter 772 for an example.  
Concrete representations facilitate students’ 
interactions and rapid feedback which sup-
ports the construction of shared definitions and  
clearing up misconceptions.
Affordances:  
Different tangibles have different affordances. 
Each provides unique properties, e.g., colours 
and textures, and features for physical  
manipulation, e.g. ease of creating or changing 
a certain shape. In the 3T PLAY approach, the 
constraints and complexity of manipulating the 
tangibles (attaching, balancing, sculpting, distin-
guishing) are used to create tasks and contexts 
that require transversal skills. The tangibles for 
the activities presented in this book have been 
chosen to create specific learning  
opportunities that elicit specific transversal skills, 
such as emotional self management or  
negotiation. The same tangible can be used for 
very simple constructions (i.e. LEGO ducks in 
Chapter 570) or complex constructions (i.e. LEGO 
maker space in Chapter 666). When modifying  
learning activities or designing new ones,  
teachers should consider which tangible  
objects are suited to creating conditions that 
offer opportunities for students to implement 
the target skills and facilitate transfer of the skills.
3T PLAY framework development and  
implementation
The trident framework was created by the  
3T PLAY team35. The team referred to  
published literature about best practices  
related to teaching transversal skills,  
focussing on both experiential learning and  
lacunae in students’ skill sets. The framework 
was developed and refined to provide a  
practical and evidence-informed approach to 
teaching transversal skills.

The 3T PLAY trident framework structures the  
activities for engineering students presented 
in the subsequent chapters of this book, and 
has also been used to prepare workshops 
and learning experiences for STEM educators. 
Although developed in the context of a Swiss 
engineering university, the activities have been 
facilitated for hundreds of people, in multiple 
countries, across disciplines, and for  
various audiences.
The framework itself has been presented at  
higher education conferences on four  
continents to audiences of STEM and  
engineering educators, business teachers, 
educational researchers, pedagogical advisors, 
administrators, and curriculum developers. 
Academic articles that report on empirical testing 
the trident framework and the impact of specific 
activities are in preparation. We maintain a list of 
available publications here: go.epfl.ch/3TPLAY.

Assessing the impact of interventions that 
teach transversal skills
Evaluating students’ transversal skills serves two 
main purposes. First, it is a measure of whether 
the learning objectives are being met,  
providing feedback to instructors and institutions 
that enables them to make adjustments and 
ensure accreditation requirements are being met. 
Secondly, evaluating students’ transversal skills 
can promote student learning through  
opportunities for self-assessment and  
reflection73. Any approach that includes  
reflective processes that prompt students to set 
personal goals and to compare their current skills 
with expected standards, can increase students’ 
awareness of how and when they can improve 
their skills. This is relevant for both their imme-
diate development, and for self-assessment in 
general which is a key skill in lifelong learning74.
As transversal skills are process skills, they are 
often not directly visible in the final project output 
and may therefore not figure in the assessment 
of student projects. This likely has a direct impact 
on the lack of feedback on transversal skills  
reported by students16,17,39 but also contributes 
to the low visibility of these skills for students. 
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Thus, an important complement to the explicit 
teaching of transversal skills is the integration of 
feedback and assessment activities for  
transversal skills. In their chapter  
“Contemporary Approaches to Assessment of 
Engineering Competencies for Diverse  
Learners”, Douglas and colleagues have  
presented a socio-cognitive approach to  
designing assessment to test students’  
knowledge and skill development75. The difficulty 
of evaluating transversal skills is highlighted by 
Cruz and colleagues’ finding that most of the 99 
studies they reviewed lacked clear definitions of 
the skills and did not provide evidence of validity 
and reliability25. In this section, we review some 
of these methods with a specific emphasis on 
evaluating transversal skills.
Questionnaires are a common tool for the  
assessment of transversal skills. Questionnaire 
items are often self-assessment or peer  
assessment, but can also include knowledge 
verification or case studies. The primary  
advantage of questionnaires is their ease of  
creation and rapid administration25.  
Implementing questionnaires at both the  
beginning and end of a course can measure the 
development of skills over time, providing a clear 
indicator of progress from a formative  
perspective. This setup helps students  
understand the targeted skills from the  
outset, enhancing their engagement and  
reflective thinking throughout the course74,76. 
See the Appendix at the end of this chapter for 
a model questionnaire. Based on the 3T PLAY 
trident framework, this questionnaire contains 
items addressing Knowing, Experiencing and  
Learning from experience, and therefore  
provides information on how explicit each aspect 
was to students. This information can be  
valuable for instructors to adjust their teaching 
and is also relevant for students to better  
understand the skill development process. 
Questionnaires can also be used in combination 
with other methods to provide a more  
comprehensive assessment of students'  
transversal skills.

Other strategies for assessing students’  
transversal skills include portfolios36,77,  
interviews78 and observations25.  
Besterfield-Sacre et al.79 have proposed  
solutions to mitigate the challenges of the  
potentially time and resource intensive approach 
of observations.
In instances when the evaluation of students’ 
transversal skills will contribute to their grade,  
the use of rubrics with detailed criteria for  
scoring are recommended to improve reliability 
and fairness80. Rubrics should be developed 
based on expected learning outcomes and  
student behaviours during specific tasks to 
reduce marker bias and increase inter-rater 
consistency81–83. Using rubrics as a checklist 
to assess students’ capacity to demonstrate 
the predefined skills84 can facilitate grading and 
individualised feedback pinpointing students’ 
strengths and areas needing improvement82.
Evaluating transversal skills has clear benefits, 
however context is an important element in  
determining which assessment method to  
implement. Is the goal to fulfil accreditation  
criteria, promote life-long learning or collect  
feedback on learning? Will students receive a 
grade or formative feedback? What is an  
appropriate time frame to observe development 
of a particular skill? In general, feedback on 
whether students liked the activity is less relevant 
for learning than their intention to implement the 
skills in practice85. In addition to the model  
questionnaire in the Appendix, the strategies 
used in our empirical studies may also be  
relevant (see go.epfl.ch/3TPLAY for a list).  
We encourage you to complete the teaching of 
transversal skills, including the activities  
presented in this book, with relevant assessment 
activities that provide relevant feedback and 
increase visibility of these key skills.
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How to use this playbook to improve how 
you teach transversal skills
Overview
This book is a practical collection of resources for 
teachers. It presents the 3T PLAY approach for 
teaching transversal skills to engineering  
students with tangible objects. Although  
designed for engineering teachers and students, 
the skills and activities targeted in this book are 
applicable across STEM higher education. As a 
transition to the following chapters, we shift to 
addressing teachers more directly.
This chapter, Chapter 1, presents the  
evidence-informed trident framework used to 
structure all the activities in this book. It provides 
the theoretical grounding for the framework and 
its 3 aspects: Knowing, Experiencing, Learning 
from experience.
Each of the Chapters 2 through 756,57,66,70,72,86 
present a complete activity guide aligned with the 
trident framework (including slides and  
handouts) that addresses specific transversal 
skills. To facilitate your capacity to use these 
activities directly with your students, the chapters 
also contain background on the conceptual  
underpinnings of the skills.
Chapter 887 is a self-guided activity for you as 
an instructor to employ the trident framework to 
design your own activities to develop  
specific transversal skills.

Choosing relevant skills to teach
Engineering teachers are among those who  
perceive transversal skills as important elements 
that should be included in engineering  
curricula. You may already have clear ideas about 
the skills you would like your students to develop, 
or perhaps you may need to reflect more on your 
students’ current abilities and future contexts 
to articulate relevant learning outcomes for their 
transversal skills. Chapter 887 starts with some 
prompts to assist you to identify the skills you 
wish to teach in your course. Ideally, the  
specific skills taught in a given course would be 
part of a coherent plan based on your priorities 
and the context of your course, the program-level 
outcomes for graduate attributes defined for the 
degree program, and the needs/priorities of your 
students.
Once you have a clear idea about the transversal 
skill you would like to teach, we propose that you 
review the titles and descriptions of Chapters 
2-756,57,66,70,72,86 to see if an activity guide is  
available in this book. Then,
	• if your chosen skill is addressed by one of these 
activity guides, consider how to adapt it to your 
context (timing, number of students) while  
ensuring that you maintain each of the 3  
aspects of the trident.

	• if your chosen skill is not addressed by an 
existing activity guide, you should refer to the 
self-guided activity in Chapter 887 which will 
help you use the trident framework to design 
an activity.

Table 1.2 Rubric with two sample criteria for emotional skills

Criteria Poor Good Excellent  
(in addition to the capabilities  
described in ‘Good’)

Self-awareness Students can identify 
basic emotions they 
are feeling and  
specific causes of 
those emotions.

Students can describe their 
emotions, distinguishing  
intensity, and articulate what 
an emotion is telling them 
about interactions between 
their goals and environment.

Students can assess if their 
emotions are contributing to  
their current activity and use  
cognitive appraisals to regulate 
their emotions.

Preparation Students can  
identify situations 
likely to evoke strong 
emotions, but not 
emotions of  
moderate intensity.

Students can accurately 
identify situations which may 
trigger emotions of a range 
of intensities and account for 
this in their planning.

Students can identify the kinds 
of thinking required for an activity 
and identify strategies to  
regulate specific emotions and 
their intensity to facilitate that kind 
of thinking.
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Facilitating activities that develop transversal skills
Your role as a teacher during micro-experiential learning activities is primarily one of facilitation,  
responsible for providing structure, setting the tone, and encouraging students to fully engage 
with the activity.

DID YOU PREPARE A CLEAR  
INTRODUCTION?

WHAT QUESTIONS WILL YOU USE TO 
GUIDE STUDENTS?

DO YOUR STUDENTS HAVE OPPORTUNITIES 
TO ITERATE?

WHAT LANGUAGE WILL BEST SUPPORT  
YOUR STUDENTS’ CAPACITY TO TRANSFER?

ARE YOU READY TO RELINQUISH  
SOME CONTROL?

WHAT FEEDBACK WILL YOUR  
STUDENTS RECEIVE?

	• Stating the learning objectives and overall time 
frame is an important element of structure that 
defines the space for students to engage in the 
experiential learning. 

	• Explicitly stating that the activity is about learning 
(not assessment), that it will include some  
relevant challenges and also some fun moments, 
will assist you with setting a constructive tone.

	• When you provide direct answers to students’ 
questions, it can reduce opportunities for them 
to learn to solve their own problems.

	• Instead, try to respond with questions that guide 
students towards finding a solution themselves. 

	• See the activity on questions in Chapter 570 in 
this book and Chapter 4 in the book Facilitating  
Experiential Learning42 for more background.

	• While time is always a scarce resource,  
students’ transversal skills will improve from 
having additional opportunities to practise. 

	• Repeating the micro-experiential activities,  
optimally after analysis and feedback, minutes 
or weeks later provides lower cognitive load, 
low-risk opportunities for your students to  
iterate and improve their skills. 

	• Reframing subsequent iterations to be more 
contextualised in the relevant discipline will also 
help your students transfer their learning.

While the slides and handouts in this book are 
mainly in English, cognitive load of non-native 
speakers can be significantly higher and therefore 
impede learning. Encourage students to use the 
language they usually use with their peers.

	• Facilitating micro-experiential learning may  
temporarily mean more disorder. 

	• Allowing your students to become immersed in 
the activity means stepping back and letting them 
experience the challenges and decisions points. 

	• Try organising your classroom into islands  
(rather than rows) and then literally stepping back 
from the centre of the room to promote more 
student-focused sessions. 

	• A lively buzz of conversation and discussion is a 
sign that the activity is going well.

	• Good feedback can have a major impact on 
learning. Process-level feedback, i.e. feedback 
that focuses on the processes students apply 
while working to solve problems, is more effective 
than feedback on the quality of the final result88. 

	• This is particularly true for micro-experiential 
learning tasks which exist simply to put  
students in a situation where they can  
encounter relevant difficulties. 

	• In formulating your feedback, help students see 
patterns, concepts and strategies that underpin 
the transversal skills.

	• See the activity on feedback in Chapter 57 in 
this book and Chapter 5 in the book Facilitating 
Experiential Learning42 for more background.
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Appendix
Model Questionnaire to Assess Skill Development
For the Likert-style questions,        is strongly disagree and        is strongly agree.1 5

This questionnaire can be adapted for the skills 
targeted in your activity. It maps on to the three 
moments of the trident framework: Knowing,  
Experiencing, and Learning from experience. 
While you will likely need to modify it, do ensure 
that there is at least one question that focuses on 

each of the three aspects of the trident.  
Administering the questionnaire both before and 
after your activity/course, if possible, will likely  
provide you with the most accurate information 
about learning gains.

Knowing Skill 1 
_____________________

Skill 2 
_____________________

I know the definition and concepts 
related to this skill.

I know strategies or techniques  
used for this skill.

My one-sentence definition or  
description of this skill:

One strategy I can use for this skill is:

Experiencing Skill 1 
_____________________

Skill 2 
_____________________

I have implemented strategies or  
techniques related to this skill.

I have received feedback on my  
implementation of this skill.

I am confident in my ability to implement 
relevant strategies or techniques.

One important thing when implementing 
strategies for this skill:

Learning from experience Skill 1 
_____________________

Skill 2 
_____________________

I have ideas about how to improve  
my abilities related to this skill.

I am able to use my experience to 
improve my ability with this skill.

In one sentence, what I have learned 
about this skill is:

In the future, I will use this skill in  
these contexts:

In the future, this is the strategy I will 
implement when using this skill:

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5
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ACTIVITY OUTCOMES

This 60-minute activity is designed for university-level engineering students.
It targets the development of the following skills
1. Collaborating and managing unequal contributions
2. Using retrospective discussions for future improvement

Collaboration and team projects are common in both engineering  
studies and professional work. While there are clear benefits of working 
with diverse ideas and perspectives, collaboration also creates challenges 
including the issue of free-riders who do not pull their weight in the group. 
This experiential activity sets up a group task with unequal contributions 
that introduces students to the reasons underlying free-riding and,  
crucially, the skills to hold effective retrospective discussions to improve 
team functioning. This chapter provides the outline of an activity designed 
to teach the skills listed below, material to assist the facilitator to prepare, 
and the slides and handouts for teaching the activity.

CHAPTER 2
How to support students to develop skills 
that improve collaboration, including  
retrospective discussions
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ACTIVITY
How to support students to develop skills that improve 
collaboration, including retrospective discussions

PREPARATION 
Set up the room to create groups with 4-6 students.

3 min 3 min
INTRODUCTION REFLECTION

5 min 3 min
WARM UP PRESENTATION

Have students on the 
2 sides of the room 
each discuss one 

question related to the 
value and challenges 

of teamwork.

2

1

Explain relevance 
of collaboration and 

retrospective  
discussions, and 
what students will 
do in this activity.

Have students 
complete items 1+2 

on Handout A.

4 A

15 min
ACTIVITY

Have participants assign roles to team 
members per Handout B.

Participants complete the big and small 
tasks, respecting the limitations of which 
bricks they can manipulate. Allow groups 

to work independently for 10 minutes.

4 B

LEGO sets + bases

3

Describe  
characteristics of good 

teams, emphasise  
benefits of strategies 

that improve  
collaboration.
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ALONE

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

EXPERIENCING
applying the concepts and tools in experiential learning

KNOWING
sharing knowledge and concepts that define the targeted skills

TOTAL 60 min

5 min
REFLECTION

Have students conduct a 
retrospective discussion based 
on working together on the big 

and small tasks.
Encourage students to get 

outside their comfort zone by 
discussing negative points 

about their team’s functioning.

Have students complete 
items 3-4 on Handout A.

8 min
DEBRIEF + CONCLUSION

10 min
ACTIVITY

6

Guide students to 
debrief and discuss the 
experience, focusing on 
how they can leverage 
the skills in their future 

teamwork.

A

6

4 min
PRESENTATION

5

Describe the value 
and functioning of 
retrospectives for 

improving teamwork.

4 min
REFLECTION

Have students 
complete items 6-8 

on Handout A.

A
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CONCEPTUAL AND PRACTICAL UNDERPINNINGS OF 
THE ACTIVITY

What skills will students develop in this 
activity?
The tasks that engineers are called to  
accomplish cannot be tackled alone and  
need collaborative and constructive team 
work1,2. The importance of teamwork has been  
ingrained in the engineering profession and is 
reflected in the curricular documents3,4 that  
are used to train engineers and the  
accreditation documents that are used to  
certify these training programmes5–9. In  
engineering programmes, one way team  
working skills are taught is in the context of 
collaborative learning, where group members 
work towards a common task while helping 
each other master the skills needed for that 
task10, such as in laboratories, semester  
projects and final programme projects.  
Collaborative learning in engineering has  
been shown to be predictive of increased  
self-efficacy, improved academic performance 
and decreased stress11,12. Problem-based 
learning, a type of collaborative learning, has 
been shown to lead to increased students' 
motivation, enhanced transversal skill  
development, as well as higher levels of  
interest in and awareness of issues related  
to sustainability13–15.
Effective teams are not the result of luck, but 
the product of constructive collaborative  
strategies and team interactions. Fostering 
these elements is a matter of skill and like any 
other skill, collaborative and team skills they 
can and need to be developed. Teachers often 
assume that putting students in situations 
where they need to use the skill is sufficient to 
develop it16–18, however students need explicit 
and scaffolded instruction and support19. This 
includes providing them with strategies and 
heuristics that they can use.

Collaborating and managing unequal  
contributions 
Although engineering students recognise the 
importance of, and prioritise development of 
teamwork skills20,21, they are hesitant to engage 
in it themselves22. One of the biggest barriers 
to team working is the spectre of free-riders, or 
social loafing in teams22–29. Free-riding can be 
described as the perception by the group that 
an individual is failing to contribute equitably 
to the group project30. A study that explored 
engineering students' perceptions of free-riding 
in teams found it to be endemic, with 91.8% of 
the students reported that one or more of their 
teammates were free-riders, while only 1.3%  
reported that they themselves were  
free-riders31. This discrepancy is likely partly  
explained by the finding that while most  
individuals in engineering student teams  
contributed less than what was expected of 
them, this behaviour was situational and varied 
based on the project32. This finding that  
free-riding is contextual underlines the value  
of having strong collaboration skills that  
facilitate teamwork.
Free-riding occurs can have a negative  
effect on the group dynamics and group  
members23,30,33,34, but it also negatively impacts 
the free-riders themselves35. Free-riding occurs 
when there is conflict between the goals and  
interests of the collective (team) and the  
individuals (team members)29. Contrary to the 
common perception that free-riding is always 
intentional and that free-riders are lazy,  
apathetic and opportunistic, free-riding can  
result from other factors23,25. For example, a 
lack of attribution and equity can cause team  
members to decrease their own contributions  
because they are unaware of what the rest of 
the team is doing and believe they are doing 
most of the work24. Free-riding can also be  
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involuntary when students do not feel  
capable35 or even encouraged by other group 
members, if they perceive that another  
member has insufficient skills or their  
contribution would increase time to  
completion or decrease grades36.
Students appreciate instructor efforts to reduce 
free-riding25,37. There are multiple strategies 
23,26,28–30,32,33,36,38 that can be used to minimise 
and mitigate the impacts of free-riding.  
These include:
	• Limiting the scope of the project. Smaller 
projects typically have smaller components 
that make it easier to perceive contributions 
and where inequitable contributions also 
have a smaller impact.

	• Reducing group size. In addition to an 
increased perception of ownership, smaller 
group sizes allow for more flexibility in  
managing resources and logistics such as 
scheduling common times to work.

	• Setting out explicit team expectations,  
including the use of team contracts.

	• Early detection of free-riding and team  
friction, to allow for corrective actions.

	• Early, multiple, and specific peer evaluations. 
These increase perception of the effort put  
in by all the team members, increase  
accountability to the team, and allow for 
formative corrective actions.

Retrospective discussions for future  
improvement 
One strategy that can be effective both in  
improving collaboration and mitigating the  
effects of free-riders are retrospectives29.  
Retrospectives are periodical meetings held to 
reflect on what has been done, learn from the 
experience, and use this reflection when  
planning and strategising future actions39,40. This 
technique has been commonly leveraged as 
part of Agile project management and design 
methodologies39,41. Agile methodologies, like 
Kanban and Scrum, have short iterative loops 
which allow for incremental and intentional 

development42,43. In these short iterative loops, 
retrospectives serve as pivotal moments for 
teams to reflect on their processes, adapt, and 
continually improve44.
In engineering, retrospectives have been shown 
to have multiple positive impacts41,45–50, including:
	• Increased transparency of progression and 
therefore increased visibility of team roles.

	• Improved collaboration and knowledge  
sharing in the team.

	• Increased the quality and frequency of team 
communications.

	• Timely feedback leading to improved team 
performance.

	• Higher team satisfaction and motivation.
	• Greater levels of trust among the team 
members.

	• Improved ability to respond to changes and 
hurdles in real time.

Although hugely beneficial, retrospectives can 
also be counterproductive if not done well. 
Common issues include a lack of preparation 
for the retrospective, not voicing opinions and 
ideas, focussing only on the discussion and 
not on actionable ideas, and being too  
repetitive40,44. Even teams that use the Agile 
methodology can succumb to the pressure 
for immediate action and forgo retrospectives, 
which in turn can lead to lower long-term pro-
ductivity and stagnation51.
Therefore, strong collaboration skills should 
include skills for effective retrospective  
discussion - which is the focus of the activity 
in this chapter.

How to interest engineering students in 
learning these skills?
Although students are aware of the importance 
of collaboration and communication skills for 
their careers52,53, they often find that these  
are not adequately integrated into their  
education20,21. Students frequently report  
dissatisfaction with their proficiency in these 
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areas54,55 and express a desire to further  
develop these skills. The discrepancy between 
students' desire to learn and the lack of support 
in engineering curricula can be explained by the  
assumption among educators that group work 
during studies is sufficient for students to  
acquire these transversal skills. However,  
effective skill acquisition requires explicit  
instruction19, including providing strategies  
that students can implement17.
Therefore, emphasising that good teams are 
not a matter of luck but can be fostered can  
assist students to perceive and develop  
relevant skills. Furthermore, teaching students 
about these transversal skills can reduce  
negative attitudes toward group work. For 
some students, the prospect of collaboration 
in a group setting is a major source of concern, 
primarily due to past negative experiences such 
as uneven contribution among team members 
and the challenge of coordinating work23,56. 
Teaching students the underlying factors that 
contribute to free-riding and strategies for  
conducting effective retrospective discussions 
can assist them to develop skills relevant for 
their current and future teams. As well as  
providing excellent material for responding to 
job interview questions.

How does this activity help your students 
to develop these skills?
Project- and challenge-based activities create 
settings for engineering students to apply their 
transversal skills. However, the potential for 
students to develop their transversal skills in 
such contexts are often diminished by a lack 
of explicit instruction on and scaffolding of 
transversal skills19 and students’ difficulty in 
perceiving the skills as distinct from project 
tasks and deliverables57. In this activity, we 
created a micro-experiential opportunity that 
reproduces common teamwork difficulties, 
such as unequal contributions. This provides 
a context for students to examine their team 
functioning and engage in a retrospective  

discussion on how to improve collaboration. 
The final reflection assists students to see 
how this brief experience relates to teamwork 
challenges in educational and professional 
settings. In designing the activity, similar to the 
other activities in this handbook, we  
benefited from our trident framework as a 
practical structure for teaching transversal 
skills, highlighting conceptual underpinnings, 
procedural skills, and meta-cognitive and 
meta-emotional reflection. Please see Chapter 
158 of this book for an in-depth presentation of 
the framework.
The three aspects of the trident are:
Knowing: the factual knowledge and concepts 
that underpin a skill. For instance, the definition 
of retrospective discussions and key  
challenges to constructive debriefing.
Experiencing: focused, low-risk opportunities 
to practice the relevant skills while attending 
to the process, ideally with rapid feedback 
and a chance to iterate. For example, holding 
a retrospective discussion after a challenging 
group task.
Learning from experience: meta-cognitive 
and meta-emotional reflection about the  
experience of implementing conceptual  
knowledge and procedural skills. For  
example, reviewing how people constructively 
or detrimentally reacted during the  
retrospective discussion.
The activity in this chapter has been designed 
to include each of the aspects from our trident 
to ensure that students develop a degree  
of proficiency in the targeted skills that  
allow them to apply them in their next project. 
This activity uses LEGO bricks to provide a 
visual, concrete project output around which 
students can encounter relevant teamwork 
difficulties. The construction task can be 
replaced with another complex task that can 
be split into subtasks and roles that creates 
opportunities for coordination difficulties and 
unequal contributions.
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The importance of targeted project skills in this 
activity, collaboration and retrospective  
discussions, need to be shared with  
students, addressing the growing emphasis  
on teamwork within educational and  
professional settings. In other words,  
educators should help students to see the 
need and relevance of these skills.
In what follows, we explain the details of  
the activity when mapped onto the  
trident framework:

Knowing: The relevance of developing targeted 
project skills is explained [slide 1].  
Characteristics of effective teams and how to 
foster them is presented on [slide 3] and  
guidelines for conducting retrospective  
discussions for future improvement on [slide 5].

Experiencing: Students complete a  
2-part construction task adhering to role  
assignments that impose unequal  
contributions from members to the team 
[Handout B]. The restrictive role assignments 
seek to reproduce both structural differences 
(disciplinary skills or professional qualifications) 
and team dynamics (motivation, personality) 
through the use of different coloured bricks. 
Students then engage in a retrospective  
discussion focusing on how to improve  
collaboration in the team. Teachers should 
guide students to focus on aspects under 
their control (communication, coordination) 
and not the constraints of the roles  
themselves. Common difficulties in  
retrospective discussions include team  
members not sharing difficult feedback or 
reacting defensively.

Learning from experience: Prior to  
starting the building task, students record their 
anticipated contributions [Handout A]. After 
the building tasks, students review difficulties 
and successes encountered. Finally, students 
complete the section reviewing the  
retrospective discussion, reflecting on the  
quality of the discussion and its capacity to 
improve future collaboration.
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HANDOUT A
REFLECTION ON TEAMWORK

Expected Teamwork Distribution
1. Based on your previous team experiences, what % do you

personally expect to contribute to your team’s collaborative
tasks? Record your answer on this chart.

2. List 2-3 points that influenced your answer above
(your skills, interests, group members…)

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

4. Working alone, respond to the 3 questions in the table. Consider both practical and
psychological (in)actions.

What went well with your team’s tasks? What could be improved in your team?

What strategy should your team implement to improve collaboration?

List major collaboration difficulties List strategies to implement

5. In the second part of your team debriefing, respond together to the 2 points below.

Reflecting on the Collaborative Tasks
3. After completing the 2 constructions, record your

personal perception of the % that each person in
your team contributed.
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Reflecting on the Collaborative Tasks
3. After completing the 2 constructions, record your

personal perception of the % that each person in
your team contributed.

HANDOUT 11A

HANDOUT A
CONTINUED

Reflection on the Retrospective Discussion
6. What types of constructive and detrimental behaviours occurred during your team’s
retrospective discussion? Tick the relevant boxes below:

7. Overall, how would you evaluate the quality of your team’s retrospective discussion
and its capacity to improve future collaboration?

8. List 2 actions you can personally implement to support your (next) team’s capacity
to hold constructive retrospective discussions
• 

•

Making generalisations
Blaming another person or external 
circumstances
Comments focusing on a person, 
rather than the context or roles
Responding before listening 
(Yes, but…)
Arguing back and forth
Assigning motivations or feelings to 
others
Sharing only positive feedback,  
resulting in a superficial discussion
Behaviour and comments that  
indicate the discussion isn’t important 

Making specific, concrete proposals
Taking personal responsibility
Offering assistance
Using active listening, including 
repeating back what you heard
Sharing positive feedback and 
celebrating success
Contributing different aspects and  
perspectives to points raised by others
Guiding the discussion to focus on the 
process
Comments and behaviour that recognise 
people’s contributions to the discussion

Actions that discourage constructive 
debriefing and impede future  
improvement 

Actions that support constructive  
discussion and future improvement
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HANDOUT B
COLLABORATIVE ACTIVITY

Working as a group, follow the instructions below to build the 2-part model (big task 
+ small task). You will use LEGO bricks in 3 different sizes (small 2-dot bricks,
medium 4-dot bricks and large 8-dot bricks) and 4 different colours.
B1. Assign responsibilities to team members. Think of the colours as representing the 
different skills or disciplinary expertise of each team member (python programming or  
materials science knowledge, etc.)
NOTE each person can ONLY touch/move/assemble bricks that match their colour.

B2. Review the instructions for the 2 tasks and decide who will work on the 
small task and who on the big task. Your two sub-teams may now begin to build 
the big and small structures. You have 10 minutes to complete both structures.  

Small task

Steps
1. Start a free-standing structure by placing 3 large colour sigma bricks touching on their

long sides.
2. Now make a layer of 6 large colour rho bricks, aligned orthogonally to bricks in the layer

and extending equally beyond the second layer on all sides.
3. Check that all colour rho bricks are between layers containing colour sigma.
4. Fourth layer has 2 large colour sigma bricks connecting on their short ends and oriented

parallel to the bricks in the second layer. 2 additional large colour zeta bricks to form an X
with the colour sigma bricks on this layer.

5. The bottom layer is a single small brick, centred.

Materials
colour kappa, small 4-dot bricks
colour rho, large 8-dot bricks
colour sigma, large 8-dot bricks
colour zeta, large 8-dot bricks

For your group

 κ (kappa)

ρ (rho)

σ (sigma)

ζ (zeta)

X

*

*

X

corresponding 
colour

Assign each team member ONE role
*if you have more than 4 team members, add a second
person for rho + sigma

number
1
6
5
2
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HANDOUT B
COLLABORATIVE ACTIVITY

Working as a group, follow the instructions below to build the 2-part model (big task 
+ small task). You will use LEGO bricks in 3 different sizes (small 2-dot bricks,
medium 4-dot bricks and large 8-dot bricks) and 4 different colours.
B1. Assign responsibilities to team members. Think of the colours as representing the 
different skills or disciplinary expertise of each team member (python programming or  
materials science knowledge, etc.)
NOTE each person can ONLY touch/move/assemble bricks that match their colour.

B2. Review the instructions for the 2 tasks and decide who will work on the 
small task and who on the big task. Your two sub-teams may now begin to build 
the big and small structures. You have 10 minutes to complete both structures.  

Small task

Steps
1. Start a free-standing structure by placing 3 large colour sigma bricks touching on their

long sides.
2. Now make a layer of 6 large colour rho bricks, aligned orthogonally to bricks in the layer

and extending equally beyond the second layer on all sides.
3. Check that all colour rho bricks are between layers containing colour sigma.
4. Fourth layer has 2 large colour sigma bricks connecting on their short ends and oriented

parallel to the bricks in the second layer. 2 additional large colour zeta bricks to form an X
with the colour sigma bricks on this layer.

5. The bottom layer is a single small brick, centred.

Materials
colour kappa, small 4-dot bricks
colour rho, large 8-dot bricks
colour sigma, large 8-dot bricks
colour zeta, large 8-dot bricks

For your group

 κ (kappa)

ρ (rho)

σ (sigma)

ζ (zeta)

X

*

*

X

corresponding 
colour

Assign each team member ONE role
*if you have more than 4 team members, add a second
person for rho + sigma

number
1
6
5
2

HANDOUT 13B

HANDOUT B
CONTINUED

Big task

Steps
1. Start with the base plate. Create a single layer square of 24 small colour kappa

bricks symmetric around one 4-dot hole in the middle of the base plate and
equidistant from all 4 sides of the base plate.

2. For the second layer, add 8 large colour sigma bricks to form a continuous
outer wall.

3. The third layer starts with 2 walls each formed by 2 large and 1 medium colour
rho bricks.

4. Complete layer 2 by adding 3 small colour sigma bricks on the interior of two
opposite walls.

5. Finally, complete the colour rho layer with 6 small bricks connecting opposite walls.
6. In the final model, the colour sigma bricks are between the colour kappa and

colour rho layers, resulting in a final 3-layer structure.

Materials
base plate
colour kappa, medium 4-dot bricks
colour rho, small 2-dot bricks
colour rho, medium 4-dot bricks
colour rho, large 8-dot bricks
colour sigma, small 2-dot bricks
colour sigma, large 8-dot bricks

number
1
24
6
2
4
6
8
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Activity development and implementation
This activity was developed for engineering  
students at a Swiss technical university. 
It has since been implemented in diverse  
contexts and for diverse audiences including:
Countries
Belgium
Denmark
Switzerland
United Kingdom

Audiences
Engineering students
Teaching assistants
Pedagogical advisors
Faculty developers
Higher education teachers
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Being able to deliver feedback to peers is a key management skill and something 
engineering students report finding difficult, due to the relational and emotional  
implications. This experiential activity provides students with emotional management 
strategies and a first, low-stakes opportunity to apply them when both giving  
feedback and responding to feedback received. 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.

LEARNING OUTCOMES

ACTIVITY DESCRIPTION

CHAPTER 3
How to support students giving each other 
constructive feedback, especially when it 
is difficult to hear

This 60-minute activity is designed for university-level engineering students. 
It targets the development of the following skills
1. Formulating feedback to be “heard” by others by attending to their emotional response. 
2. Managing your emotions when receiving and responding to feedback.
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ACTIVITY 3
How to support students giving each other constructive 
feedback, especially when it is difficult to hear

PREPARATION 
Set up the room with groups of 6 or 8 students. 
Place 1 marble, 100g spaghetti, a 150 cm length 
of string and 1 pot of playdough on each table.

3 min 5 min 8 min 14 min
INTRODUCTION PRESENTATION ACTIVITYWARM UP

Explain the value
of feedback and
what they will do

in the activity.
1

State the goal of the 
activity (building the 
fastest marble run) 
and the constraints 

(materials, time, etc.).

4

After 5 minutes, interrupt  
students to ask them why they 
are engaged in the activity to 

ensure they remain attentive to 
the feedback aspect.

pasta, playdough + marbles

Describe the characteristics of  
effective feedback. Use the aspect of 
desirability to introduce the concept of 

feedback culture, which is  
developed by the following activity.

Pair students within their table group 
and have them do the preparation 

activity on handout A.

A3 + 4

Have students on the 
2 sides of the room 
each discuss one 

question related to the 
value and challenges 

of providing feedback.

2
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LEARNING FROM EXPERIENCE
stepping back and reflecting about the activity enables students 
to transfer their skills

EXPERIENCING
applying the concepts and tools in experiential learning

KNOWING
sharing knowledge and concepts that define the targeted skills

HANDOUT

SLIDES

WHOLE GROUP

SMALL GROUP

PAIRS

ALONE

53

5 min5 min 10 min10 min

TOTAL 60 min

REFLECTIONPRESENTATION DEBRIEF + CONCLUSIONACTIVITY

Describe the three major 
fear responses and the 

associated strategies for 
managing our emotions.

Students complete 
handout B reflecting 
on the feedback and  
emotional dimensions 

of their experience.

Guide students to debrief and discuss 
the experience, focusing on how they 
can leverage this experience in their 

future team work contexts.

REPEAT LOOP
Repeat 4 previous steps to allow students another opportunity to 

practice with a different person as pair.

A

B

B

7

6

6

5

Students give each other oral feedback  
based on handout A. 

The student receiving feedback should 
not talk before the feedback provider has 

finished. Encourage students to  
experience the discomfort of the feedback 
discussion, and using the emotional self 

management techniques.
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CONCEPTUAL AND PRACTICAL UNDERPINNINGS OF 
THE ACTIVITY

What skills will students develop in  
this activity?
Feedback is information obtained as the  
consequence of an action and can take  
different forms including positive behaviour,  
reinforcing feedback and negative deterrent 
feedback. Its objective is to be formative, 
meaning that the goal is to help the student 
improve unlike evaluations and assessments 
which are typically summative1. Feedback is 
an integral and powerful part of the learning 
process2 and the effect of feedback on student 
achievement has been shown to be almost 
double the average found for educational  
interventions3. This effect can be either  
positive or negative, depending on the nature 
of the feedback and the student’s ability to use 
the feedback productively4. Effective feedback 
practices are not common in higher education 
and students are often dissatisfied with the 
feedback they receive5, finding it vague  
and insufficient to identify concrete steps  
towards improvement6,7.

Feedback literacy
Therefore, in addition to providing students with 
feedback on their learning, it is relevant that 
they develop skills for giving, receiving,  
processing, and leveraging feedback. This 
group of skills is called “feedback literacy” and 
Carless & Boud’s8 proposed model for  
feedback literacy is shown in Figure 3.1.  
“Making judgements” may be the most familiar 
aspect in this figure, where we determine if the 
feedback is useful. This judgment is affected 
both by the person’s “appreciation of feedback” 
and how they “manage the emotions” elicited. If 
a student’s previous experiences with feedback 
have been useful, this appreciation can make 
them more receptive to feedback and therefore 
more likely to perceive subsequent feedback as 
useful. Similarly, a student’s affective or  
emotional response will also influence how the 
student judges feedback as overwhelming  
positive emotions may cause a student to 
ignore important feedback.

Conversely, anxiety or a sense of distress can 
lead to rejection of the feedback as a coping 
strategy. However, negative emotional  
responses are lower when students value the 
feedback9. When these interactions are  
unanticipated and their influence on what 
actions the student will ultimately undertake is 
ignored, there will be a decrease in how much 
the feedback advances the desired outcome 
of assisting the student to improve.
Well developed feedback literacy reduces  
anxiety about feedback and contributes to a 
culture where feedback is considered a tool  
for growth, not criticism. Good feedback  
literacy reinforces an environment within a team 
or organisation that welcomes feedback and 
embraces its benefits whilst acknowledging and 
managing the emotions linked to the process. 
The result is that people are able to generate 
and share feedback, as well as to digest and 
apply the feedback they receive to achieve the 
goal of implementing improvements.

Emotional competencies
Engineering is often considered to be an 
objective and dispassionate discipline, with no 
room for subjective entities like emotions10–13. 
However, emotions play an important role in 
the various dimensions of engineering  
including sustainability, ethics, social  
responsibility and equity14. Further, emotional 
competencies play a crucial role in effective 
leadership15, assisting with managing teams, 
handling difficult situations, and reducing 
stress16. Emotions are integral to collaboration 
work and therefore are ubiquitous in  
engineering work for people working in all 
roles17. Given the important role of emotional 
competencies during both university studies 
and professional work, more support should 
be provided to students in engineering  
programs18. While the term ‘emotional  
intelligence’ became popular as a way to  
emphasise the importance of these skills, it 
can give the counterproductive impression 
that emotional skills are inherent personality 
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Figure 3.1 Feedback literacy models proposed by Carless and Boud (2018)

characteristics. This activity capitalises on the 
finding that emotional skills can be improved 
with training18,19.

How to interest engineering students in 
learning these skills?
Beyond its relevance for their own learning, 
feedback literacy is important for engineering 
students because giving, receiving, and acting 
on feedback are important components of a 
professional engineer's role. It is a skill that is 
both valued by employers20 and perceived as 
lacking in the engineering curriculum by  
engineering graduates21.
Giving and receiving feedback helps engineers 
avoid the dreaded “feedback famine”, where 
poor performance persists as a consequence 
of getting insufficient feedback. Timely and 
appropriate feedback allows them to become 
more self-aware, and by doing so maximise 
their potential to perform on the task and 
within the team. When the giver and receiver 
of the feedback have high feedback literacy 
skills, the feedback interaction can potentially 
improve satisfaction and motivation, and also 
enhance trust within the team. Thus, feedback 
can benefit both the giver and the receiver22, 
and the team.
Students therefore should be trained to value 
the potential impact of feedback and to  
implement strategies to actively engage with 
it2,23–28. It is also important that students learn 

self-regulation with respect to the feedback 
they receive and use it to monitor their  
progress29,30. However, feedback discussions 
can also elicit emotions and concern about 
these emotions can influence how readily  
people give and receive feedback. While  
facilitating this activity for EPFL students,  
we have been told that avoiding potentially  
emotionally difficult conversations is a major 
reason why students hesitate to share  
feedback with their peers. Thus, attending to 
the emotional dimension of feedback should 
be integrated into feedback literacy training for 
engineers and managers. You can also consult 
[slides 3+5] for more information about how to 
do feedback well.
Finally, it is important for students to  
understand the value of emotional skills for 
engineering work. Emotions are fundamental to 
the leadership and collaboration skills that  
enable engineers to contribute more  
constructively. For instance, Boyatsis et al.17 
found that an engineer’s emotional and social 
competencies, as observed by their peers, 
significantly predicted their effectiveness.  
Emotions also inform engineering thinking,  
particularly sustainability and ethics14. When  
we conceptualise emotional skills as a  
characteristic possessed by some people 
and not by others, we discourage students 
to adopt a growth mindset with respect to 
practising and improving their capacity to have 

appreciating 
feedback

making 
judgments

taking action

managing 
emotions
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discussions with emotional dimensions. In this 
activity, students use the (sometimes difficult) 
experiences both giving and receiving  
feedback, when accompanied by relevant 
reflection, to develop and refine their emotional 
self management and feedback literary skills.

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 tasks31, a lack of 
visibility 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 practice 
them32–34. However, 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 skills34,35. In addition 
to conceptual knowledge and procedural 
skills, meta-cognitive and meta-emotional  
reflection is an important mechanism for  
learning from experience36. Meta-thinking  
also assists us to recognise patterns that 
support the transfer of skills between contexts 
and projects.
Our trident framework provides a practical 
structure for teaching transversal skills that  
addresses the issues identified above to  
ensure that students are really learning.  
Please see Chapter 137 of this playbook for  
an in-depth presentation of the framework.
The three aspects of the trident are

Knowing: the factual knowledge and concepts 
that underpin a skill. For instance, typical  
emotional reactions to threats.

Experiencing: focused, low-risk opportunities 
to practice the relevant skills while attending to 
the process, ideally with rapid feedback and a 
chance to iterate. For example, participating in 
an emotionally charged feedback discussion 
about a game (not a graded project) and then 
doing it a second time to immediately 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 one’s feelings during the 
feedback discussion and reflecting on why this 
experience was similar or different to previous 
feedback discussions.
This activity has been designed to include each 
of the aspects from our trident to ensure that 
students encounter activities that prompt the 
three types of thinking and develop a degree 
of proficiency in the targeted skills that allows 
students to apply them in their next project.
Let’s return to the specific skills of feedback 
literacy targeted in this activity. As we can see 
from Figure 1, students make more effective 
use (taking action) of feedback when they  
appreciate the value of feedback and when 
they can manage the affective aspect of their 
own and others’ emotions. So an effective 
learning activity for feedback literacy involves 
informing students about the value of  
feedback, creating an experiential opportunity 
to have a feedback discussion with an  
emotional dimension, and reflecting on the 
experience to support transfer. The 3T PLAY 
approach creates an experiential learning  
situation through the use of tangibles  
(here, marbles and pasta) that allows  
students to focus on the transversal skill in 
low-stakes, reduced cognitive load and rapid 
feedback conditions.
Knowing: [Slide 1] sets up the relevance 
of feedback literacy as skills for engineering 
students. [Slides 3+5] present some specific 
recommendations for good feedback practices 
and emotional self management.  
The guidelines for structuring feedback  
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on [slide 3] are adapted from various  
sources1,24,25,27,28. [Slide 5] describes fight-
flight-freeze38 reactions to perceived threats 
to support students to be more aware of their 
own emotional responses.
Experiencing: [Slide 4] engages students in a 
constrained activity that creates some  
frustration (coordination challenges, insufficient 
time) and therefore serves to generate some 
potentially difficult-to-hear feedback to share in 
a feedback discussion. We have proposed an 
activity with pasta and playdough but this can 
be replaced with another challenging activity, 
including disciplinary activities already present 
in your course (i.e. synthesis of aspirin, group 
problem solving assignment, etc.).
[Handouts A+B] provide the instructions for 
students to practice the feedback discussion, 
including instructions to share at least one very 
negative point of feedback. Encourage  
students to use this relatively low-risk  
opportunity to get out of their comfort zone 
and do a little emotional self-management. A 
French translation of the slides and handouts 
can be accessed here https://doi.org/10.5281/
zenodo.12811028. We have also created a 
version where Gravitrax® replaces the pasta 
and playdough https://doi.org/10.5281/zeno-
do.12802889.
Learning from Experience: The warm up 
[Slide 2] prompts students to review their  
previous experiences with feedback.  
[Handout B] and [slide 7] structure students’ 
processing of the feedback they received and 
reflection on the emotional aspect of this  
experience to assist them to improve their 
next feedback opportunity.

Activity development and implementation
This activity was initially developed for  
management students at a Swiss  
technical university.
It was then refined and implemented several 
times for engineering students, professional 
engineers, UN staff, engineering teachers, 
teaching assistants, researchers, and  
pedagogical advisors across Switzerland. 
More than 500 people have experienced  
this workshop.
It has since been implemented in diverse  
contexts and for diverse audiences including:
Countries 
Austria
Belgium
Canada
Kenya
Switzerland
United Kingdom

Conferences
QPES 2023 (Switzerland)
RCFE 2023 (Switzerland)
ICED 2024 (Kenya)

Audiences 
Engineering students 
Teaching assistants
STEM and engineering teachers
Professional engineers
Pedagogical advisors
Faculty developers
Researchers
United Nations staff
General public

57

https://doi.org/10.5281/zenodo.12811028
https://doi.org/10.5281/zenodo.12811028
https://doi.org/10.5281/zenodo.12802889.
https://doi.org/10.5281/zenodo.12802889.


HANDOUT 10A

HANDOUT A
PREPARING AND GIVING FEEDBACK

(Interview your PAIR before the group task) What skills or strengths does your 
pair expect to contribute to the group task?
1. 

2. 

(What do they expect to find difficult during the group task? 
1. 

2.

Generating feedback for your pair (after the group task)
What were your pair’s strengths and contributions during the group task? Cite specific in-
stances of how/when your pair contributed or made you feel that your contributions were 
appreciated. Include at least one really positive point.
•

•

For feedback to be useful and constructive, it should:

How could your pair have improved their contributions or better supported your participation? 
Cite specific instances and be sure to find at least one really critical or negative point to help 
them improve. 
•

•

Not be an offload of emotion: Develop awareness of your emotions - do you feel angry,  
frustrated, disrespected? What made you feel this way? How might others perceive the situation?
Be specific: Provide observations or examples, not generalisations. 
Occur at the right time: Feedback should be given promptly but strong emotions or other 
constraints may make a delay more appropriate.
Be usable: State what the person can do to implement your feedback, connecting to the 
objectives or strategies of the team / task.
Be desired: Check when and how your peers want feedback to build an environment where 
feedback most effective and seen as an opportunity for growth.
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HANDOUT A
PREPARING AND GIVING FEEDBACK

(Interview your PAIR before the group task) What skills or strengths does your 
pair expect to contribute to the group task?
1. 

2. 

(What do they expect to find difficult during the group task? 
1. 

2.

Generating feedback for your pair (after the group task)
What were your pair’s strengths and contributions during the group task? Cite specific in-
stances of how/when your pair contributed or made you feel that your contributions were 
appreciated. Include at least one really positive point.
•

•

For feedback to be useful and constructive, it should:

How could your pair have improved their contributions or better supported your participation? 
Cite specific instances and be sure to find at least one really critical or negative point to help 
them improve. 
•

•

Not be an offload of emotion: Develop awareness of your emotions - do you feel angry,  
frustrated, disrespected? What made you feel this way? How might others perceive the situation?
Be specific: Provide observations or examples, not generalisations. 
Occur at the right time: Feedback should be given promptly but strong emotions or other 
constraints may make a delay more appropriate.
Be usable: State what the person can do to implement your feedback, connecting to the 
objectives or strategies of the team / task.
Be desired: Check when and how your peers want feedback to build an environment where 
feedback most effective and seen as an opportunity for growth.

HANDOUT 11

HANDOUT B
RECEIVING FEEDBACK AND PERSONAL REFLECTION

B

RECEIVING FEEDBACK
What feedback did you receive from your pair? Note specific points, including at least 1 
positive aspect and one negative aspect.

•

•

Fear of feedback – managing emotions

How does this experience compare to other times you have given or received feedback 
from teammates? What aspects of this experience could you use to improve the feedback 
culture in your next team? 

•

•

FIGHT
Breathe.

Use active listening before reacting. 
Try to understand the other’s point 

of view. 
Avoid “Yes but…”

FLEE
Breathe. 

Remind yourself feedback is 
an opportunity to learn. 

Ask for clarification + future 
oriented advice.

FREEZE
Breathe.

Move physically, head, 
eyes, hands or feet. 

Notice your emotions. 
Ask for time to reflect.

What were your emotions when RECEIVING 
feedback?

•

•

What were your emotions when GIVING 
feedback?

•

•

What emotion management techniques 
did you use?

•

•

What emotion management techniques 
did you use?

•

•
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Slides to facilitate this activity  
(French version of the slides and handouts https://doi.org/10.5281/zenodo.12811028)

1x Handout A per student

1x Handout B per student

For each team of 6 or 8 people**

1 marble*

100g spaghetti

1 container of playdough

150 cm length of string

** These materials can be substituted with another activity or material that allows teams to engage in 
    a time-limited, high constraint activity. For instance, Gravitrax® can be used for the marble run.   
    https://doi.org/10.5281/zenodo.12802889

* To see a video of example of how the tangibles are used, visit http://go.epfl.ch/videoCh3

To access more teaching materials, please visit 
https://zenodo.org/communities/3tplay/records

http://go.epfl.ch/3TPLAY
https://doi.org/10.5281/zenodo.12811028
https://doi.org/10.5281/zenodo.12802889.
http://go.epfl.ch/videoCh3
https://zenodo.org/communities/3tplay/records
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ACTIVITY 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  
choice of materials. 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 4-6 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 individually and 

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

4 A 1-4 B

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

EXPERIENCING
applying the concepts and tools in experiential learning

KNOWING
sharing knowledge and concepts that define the targeted skills

ALONE

SLIDES

HANDOUT

WHOLE GROUP

SMALL GROUP

PAIRS

L

E

K

10 min20 min10 min

TOTAL 75 min

DEBRIEF + CONCLUSIONACTIVITYACTIVITY

Students now negotiate  
within their mixed groups to 

choose materials for a wind turbine 
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

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

group in each new group.
Review negotiation  

techniques and how  
students can use them to 
support adoption of strong 

sustainability.

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.

8

K E

L
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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 
and 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 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 incor-
porating 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 
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been found to 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 Chapter 141 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:

Knowing: 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 
to ensure that students develop a degree of 

proficiency in the targeted skills that allow them 
to apply them in their next project. This activity 
uses LEGO bricks to provide a visual, concrete 
result around which students can discuss and 
negotiate. The wind turbine can be replaced 
with product that involves multiple dimensions 
of sustainability and various perspectives. This 
could be the geographic placement of data  
centres, the choice of protein in the school  
cafeteria menu or something else entirely. 

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]  
present 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 the materials chosen. 
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. 

HANDOUT 9A1

HANDOUT A1
GEOLOGICAL ENGINEER

As a geological engineer your role is to assist your colleagues to create a  
proposal that respects 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 Alpenblick?
• …
• …

Step 1. Working together with the other “geological engineers”, define 3 
priorities to guide the choice of sustainable materials for the wind turbine  
according to your role. 

Priority 1

Priority 2

Priority 3
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HANDOUT A1
GEOLOGICAL ENGINEER

As a geological engineer your role is to assist your colleagues to create a  
proposal that respects 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 Alpenblick?
• …
• …

Step 1. Working together with the other “geological engineers”, define 3 
priorities to guide the choice of sustainable materials for the wind turbine  
according to your role. 

Priority 1

Priority 2

Priority 3
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HANDOUT A2
MECHANICAL ENGINEER

As a mechanical engineer, your role is to assist your colleagues to create a  
proposal that respects sustainability in terms of the effect on the population, 
waste, noise and interaction with local animals around the Alpenblick  
installation site.
When choosing materials to build the wind turbine, you should seek options that 
• Improve the safety of workers and 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 
priorities to guide the choice of sustainable materials for the wind turbine  
according to your role. 

Priority 1

Priority 2

Priority 3
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HANDOUT A2
MECHANICAL ENGINEER

As a mechanical engineer, your role is to assist your colleagues to create a  
proposal that respects sustainability in terms of the effect on the population, 
waste, noise and interaction with local animals around the Alpenblick  
installation site.
When choosing materials to build the wind turbine, you should seek options that 
• Improve the safety of workers and 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 
priorities to guide the choice of sustainable materials for the wind turbine  
according to your role. 

Priority 1

Priority 2

Priority 3

HANDOUT 11A3

HANDOUT A3
PRODUCTION MANAGER

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 
Alpenblick and the 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 
priorities to guide the choice of sustainable materials for the wind turbine  
according to your role. 

Priority 1

Priority 2

Priority 3
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HANDOUT A4
PROJECT COORDINATOR

As the engineer responsible for overseeing the project coordination, your  
responsibility to ensure that the team creates a winning proposal. 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 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 your choices align with the company’s stated values?
• …
• …

Step 1. Working together with the other “project coordinators”, define 3 
priorities to guide the choice of sustainable materials for the wind turbine  
according to your role. 

Priority 1

Priority 2

Priority 3
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HANDOUT A4
PROJECT COORDINATOR

As the engineer responsible for overseeing the project coordination, your  
responsibility to ensure that the team creates a winning proposal. 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 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 your choices align with the company’s stated values?
• …
• …

Step 1. Working together with the other “project coordinators”, define 3 
priorities to guide the choice of sustainable materials for the wind turbine  
according to your role. 

Priority 1

Priority 2

Priority 3

HANDOUT 13B

HANDOUT B
PROPERTIES OF MATERIALS

There are 5 materials, listed below, available for the construction of the wind turbines. 
Since your company is bidding to build 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

+ +++ 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.

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

+++ +++ 5€/kg Manufacturing this material is energy  
intensive and requires highly skilled trades-
people for the installation.

++ + 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.

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

YELLOW

GREEN

RED

BLUE

ORANGE

83



HANDOUT 14C

HANDOUT C  OPTIMISING WIND TURBINE PROTOTYPE 
FOR STRONG SUSTAINABILITY

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, produc-
tion 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. 

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.

yellow green red blue orange 

Tower 
of wind 
turbine

Blades 
of wind 
turbine
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HANDOUT C  OPTIMISING WIND TURBINE PROTOTYPE 
FOR STRONG SUSTAINABILITY

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, produc-
tion 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. 

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.

yellow green red blue orange 

Tower 
of wind 
turbine

Blades 
of wind 
turbine
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CHAPTER 4

Activity development and implementation
This activity was developed for engineering  
students at a Swiss technical university. 
It was then refined and implemented several 
times for engineering students, engineering 
teachers, researchers, and pedagogical  
advisors at the same university. More than 350 
people have experienced this workshop. 
It has since been implemented in diverse  
contexts and for diverse audiences including:
Countries
Belgium
Canada
England
Greece
India
Mexico
Portugal
Switzerland
United Kingdom

Conferences
EDUCON 2024 (Greece)
PRME-North America 2024 (Canada)
PRME-UK 2024 (England)
ISCN 2024 (Switzerland)
SEFI 2024 (Switzerland)
Audiences
High school students 
Engineering students
STEM and engineering teachers
Pedagogical advisors
Sustainability experts
Faculty developers
Researchers
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Slides to facilitate this activity 
(French version of the slides and handouts https://doi.org/10.5281/zenodo.13737378)

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 yellow
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. 
† To see a video example of how the tangibles are used, visit go.epfl.ch/videoCh4

MORE ABOUT 3T PLAY

To learn more about the 3T PLAY project and 
access research output, please visit  
go.epfl.ch/3TPLAY

To access more teaching materials, please visit  
https://zenodo.org/communities/3tplay/records 
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ACTIVITY OUTCOMES

This 75-minute activity is designed for university-level engineering students or teaching 
assistants.
It targets the development of the following skills
1. Using questions to increase students’ engagement and therefore their learning.

2. Providing process-level feedback to support the development of transferable thinking skills.

Students learn more when they are actively engaged in the learning process. While 
hands-on activities, labs and projects are moments when students are active, the 
learning benefits can be amplified with coaching strategies. This activity will enable 
student peers and teaching assistants to implement 2 evidence-based strategies, 
teaching with questions and giving process-level feedback, to support students to 
develop relevant, transferable thinking skills. 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 5
How to support students to develop 
coaching and peer teaching skills
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ACTIVITY
How to support students to develop coaching 
and peer teaching skills

PREPARATION 
Set up the room to create groups of 4-6 students. 
Get students to build a duck with 7 LEGO bricks 
while waiting to start.

5 min 6 min 5 min
INTRODUCTION REFLECTION

18 min
ACTIVITYWARM UP

Explain benefits of 
coaching skills & 
what students will 
do in the activity.

OPTIONAL REPEAT LOOP
Repeat the activity with another pair or disciplinary task.

Students then respond to the questions 
by following three steps:

Introduce steps for responding to questions one 
at a time, allowing students to practice (by asking 
each other questions about their ducks) before 
presenting the next step.

1 Welcome the question  
   but don’t answer it

3 Respond to the original 
   question with a question  
   or thinking task

2 Ask for more information

Instruct students to ask their 
partner a question about their 
own duck. Students  
respond by applying step 1.

Students respond to their peers’ 
questions by applying steps 1-3

Students respond to their peers’ 
questions by applying steps 1+2

4

5

6

Have students  
list questions they 
have been asked 

while peer teaching 
or coaching.

Encourage students  
to reflect on the  

benefits and  
challenges of the 

3 step response to 
questions.

7

3

1-2
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ALONE

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

EXPERIENCING
applying the concepts and tools in experiential learning

KNOWING
sharing knowledge and concepts that define the targeted skills

10 min18 min

TOTAL 60 min

DEBRIEF + CONCLUSIONACTIVITY

Encourage students to  
reflect on the benefits and  

challenges of giving  
feedback in 3 steps.

Guide students to discuss how 
to transfer their experiences in 

future situations.

OPTIONAL REPEAT LOOP
Repeat the activity  
with another pair or  
disciplinary task.

Students then respond to the questions 
by following three steps:

Present criteria for evaluating approaches 
to building representations. Introduce steps 
for giving feedback one at a time, allowing 
students to practise applying the criteria 
they developed in the previous activity.

1 Clarify the criteria  
   and how well the  
   work (duck) meets  
   the criteria.

3 Support transfer

2 Give process-level 
   feedback

Instruct students to ask  
their partner a question  
about their own duck. 
Students respond by  
applying step 1.

Students respond to their peers’ 
questions by applying steps 1-3

Students respond to their peers’ 
questions by applying steps 1+2

9

10

11

12

A 8
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CONCEPTUAL AND PRACTICAL UNDERPINNINGS OF 
THE ACTIVITY

What skills will students develop in this 
activity?
When students are actively engaged in the 
learning process they learn better1. In addition 
to improving academic performance, these 
student-centred pedagogies can also improve 
student engagement and attitudes towards 
learning2, and decrease achievement gaps3; 
although this benefit only occurs when  
students experience intense cognitive  
engagement4. Practices for creating active 
learning are well-established in engineering5, 
and a recent literature review of the effects 
of active learning in engineering showed that 
multiple studies documented positive learning 
outcomes not only on subject-related  
knowledge, but also on transversal skills6. 
Peer teaching has been shown to lead to 
learning gains that are comparable to  
faculty teaching7, and for both the  
peer-teachers and the peer-students8. It can 
be leveraged to both amplify active learning 
pedagogies and support the desirable transfer 
of skills and perspectives between students in 
group work and projects. In Hattie’s  
meta-analysis of pedagogical practices, peer 
teaching had one of the highest positive 
effects on student learning9. The same study 
also identified other practices with  
higher-than-average effect on student  
learning, and in this chapter we will focus on 
two such evidence-based strategies to  
enhance (peer) teaching10,11.
Teaching with questions: Using questions 
to stimulate relevant thinking is a key tenet 
of coaching. While frequently used, not all 
questions support student learning and some 
actively hinder learning12. Although teachers 
frequently use questions that target lower 
cognitive levels13, sometimes reserving  
the higher order questions for  

assessments14, it is in fact questions targeting 
higher cognitive levels that facilitate  
learning15. Additionally, even in classes that 
use questioning, it is often the teacher posing 
the questions, and one student responding. 
The downside of this one-to-one interaction 
is that the rest of the students do not benefit. 
Lowering barriers to students being able to 
respond to questions (e.g. by allowing/ 
requiring all students to respond), has been 
shown to lead to statistically significant  
improvements in academic performance and 
student engagement as well as students  
attitudes and behaviours in the class16.  
Having students generate thought provoking 
and intentional questions furthers their  
cognitive engagement while improving  
learning gains. 
The activity in this chapter involves  
practising a flexible structure for formulating 
and responding to questions that get students 
to actively learn and develop thinking skills. 
Feedback: Feedback is information given 
to the learner about their progress towards 
learning goals. Providing students with  
feedback is very effective for promoting  
student learning17, with effect sizes almost 
double that of other pedagogical  
interventions9. Feedback has been shown to 
be most effective when it makes explicit  
references to the goals that students are 
expected to achieve, or the skills they are 
expected to master9. However students are 
often dissatisfied with feedback18, particularly 
when they do not understand it or see how 
to use it to improve their performance19,20. 
Improving the feedback that students receive, 
both in the format and focus, has significant 
potential to increase learning and is the  
objective of this chapter. Other useful  
resources to help students constructively 
use the feedback they get includes skills for 
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managing the emotional aspects of giving and 
getting feedback from the activity in Chapter 
3 of this book21. Additional resources relat-
ed to structuring feedback including specific 
prompts that can be used to provide task lev-
el, process level and self-regulatory feedback 
can be found in Chapter 5 of Facilitating Ex-
periential Learning in Higher Education11, and 
Chapter 11 of Visible Learning: The Sequel9.
The activity in this chapter involves a flexible 
structure for giving effective feedback that  
focuses on the thinking and reasoning  
process to support students’ capacity to  
what they learn in different contexts. 

How to interest engineering students in 
learning these skills? 
While it is evident that peer teaching,  
teaching with questions, and providing  
feedback are very useful to enhance learning, 
they are also skills that engineering students 
will need as practising engineers. These skills 
will be particularly useful when they are  
expected to work in teams, onboard new  
colleagues, or in management roles where 
they are responsible for team capacity and 
skill building. Recent reviews of best practices 
in engineering education list both formative 
assessments (i.e. providing students with 
feedback) and questioning as two of the  
practices that enhance learning and the 
development of several other competencies 
such as self-directed learning, teamwork, 
problem solving, and analysis22,23. 
In engineering education, using systematic  
and intentional questions has been shown to  
develop critical thinking and problem solving 
skills24. Although they initially expressed  
discomfort with this methodology, engineering 
students appreciated it when they saw the 
improvements in their performance25.  
With respect to feedback, improvements in  
engineering students' performance have  
been documented when they were provided 
with individualised, structured, and  
constructive feedback26,27.

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 tasks11, a lack of 
visibility 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 them28,29. However, 
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 
skills30. In addition to conceptual knowledge 
and procedural skills, meta-cognitive and  
meta-emotional reflection is an important 
mechanism for learning from experience31. 
Meta-thinking also assists us to recognise  
patterns that support the transfer of skills  
between contexts and projects.
The activity in this chapter has been designed 
to include each of the aspects from our trident 
to ensure that students develop a degree of 
proficiency in the targeted skills and allows 
them to apply the skills in their next project. 
Please see Chapter 1 of this book for an  
in-depth presentation of the framework.32

The three aspects of the trident are 
Knowing: the factual knowledge and concepts 
that underpin a skill. For instance, the difference 
between task and process level feedback. 
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,  
practising responding to questions without 
answering them. 
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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 responses that were 
perceived as welcoming and prompted  
relevant process-level thinking.
A key element of our approach is the use of 
tangibles. This activity uses ducks made of 
LEGO bricks to provide a visual, concrete 
object to practice asking questions and giving 
feedback. The ducks can be replaced with 
other materials that allow students to make silly 
creations or a more serious disciplinary task.
Let’s return to the specific skills of peer  
teaching using questioning and feedback that 
are targeted in this activity. For engineering 
students to effectively develop these skills, they 
need to both be convinced of the utility and 
relevance of questioning and feedback both for 
their current learning and future careers.  
Since students might be unfamiliar and  
uncomfortable with questioning and providing 
feedback, providing explicit scaffolding and 
instruction is important. For these skills, an 
effective learning activity will involve informing 
students about the benefits of active learning 
strategies such as questioning and providing 
feedback, having them practise these skills 
while providing them with well scaffolded and 
explicit instructions, and reflecting on their 
experience to support transfer.
When mapped on to the trident framework, 
this looks like:
Knowing: Set up the relevance of developing 
peer teaching skills and engaging in active 
learning for engineering students [slides 1+3]. 
Strategies for responding to questions [slides 
4 - 6] and providing feedback [slides 9 - 11] 
are provided stepwise to minimise cognitive 

load. 
Experiencing: Students apply the skills of 
questioning and giving feedback in 2  
Experiencing phases. Each phase is  
scaffolded so students practise the skills just 
presented before advancing. First, students 
practise responding to questions by being 
welcoming of the question, asking for more  
information, and responding with a  
question or a thinking task [slides 4 - 6].  
At the start of the second phase [slide 8, 
handout A], students create criteria to  
structure their feedback. Students then use 
the criteria to practise three steps of giving 
feedback by clarifying the goal, stating  
positive and negative points, and asking 
how the person can improve their own work 
[slides 9 - 11]. To support your students’ 
capacity to transfer their developing skills into 
their coaching role, encourage them to use 
the language they usually use with their peers.
Learning from experience: Students are 
directed to reflect on their experience at three 
distinct points in this activity. In the warmup 
[slide 2], students recall and reflect on their 
prior experiences that are relevant to this  
activity. Students reflect on the benefits and  
challenges of teaching without telling [slide 7] 
and on the benefits and challenges of giving 
feedback [slide 12].
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HANDOUT A
EVALUATING REPRESENTATIONS

Here are 3 criteria that can be used to characterise effective approaches for building 
representations with LEGO bricks (not necessarily of ducks)
REMEMBER: focus should be on the process of building representations in general.

Coaching Skills Review
Using questions that encourage your peers to think & process information 
for themselves
1. Welcome questions.
2. Ask for more information.
3. Ask a question/give a thinking task.

Giving feedback that improves your peers’ learning
1. Clarify what the criteria are, and how well the work (duck) meets the criteria.
2. Give process-feedback.
3. Support transfer

Debriefing
• Which aspect was most difficult for you?
• How can you self-assess your questioning and feedback skills?
• When and how will you apply these 2 coaching skills?

Criteria that describe a good approach Description

Application of mentioned criteria Coherence of product (unmistakably a 
duck) with task assignment (i.e. 7 bricks)

Creative approach Experimental and whimsical approach to 
representation that brings smiles

Attention to overall appearance Attention to details humans often find at-
tractive (uniform colour, symmetry…)

107



SL
ID
E

1

De
ve
lo
pi
ng

 c
oa
ch
in
g 
an
d 
pe

er
 

te
ac
hi
ng

 sk
ill
s

St
ud

en
ts
 le
ar
n 
m
or
e 

w
he

n 
th
ey
 a
re
 a
ct
iv
el
y 

en
ga
ge
d 
in
 th

e 
le
ar
ni
ng

 
pr
oc
es
s.
 T
he

se
 le
ar
ni
ng

 
be

ne
fit
s 
ca
n 
be

 
am

pl
ifi
ed

 w
ith

 e
ffe

ct
iv
e 

co
ac
hi
ng

 st
ra
te
gi
es
.

Th
is 
se
ss
io
n 
w
ill
 h
el
p 
yo
u 

im
pr
ov
e 
yo
ur
 s
ki
lls
 fo

r
•
UU
ssiinn

gg  
qquu

eess
ttiioo

nnss
  th

at
en
co
ur
ag
e 
yo
ur
 p
ee
rs
 to

th
in
k 
&
 p
ro
ce
ss
 in
fo
rm

at
io
n

fo
r t
he

m
se
lv
es

•
G G
iivv
iinn
gg  
ffee
eedd
bbaa
cckk
  th

at
im
pr
ov
es
 y
ou

r p
ee
rs
’

le
ar
ni
ng

10
108



SL
ID
E

2

W
ar
m
 U
p

W
he

n 
so
m
eo

ne
 a
sk
s a

 q
ue

st
io
n,
 it
 d
em

on
st
ra
te
s s
om

e 
co
gn
iti
ve
 e
ffo

rt
.

Ho
w
 y
ou

 re
sp
on

d 
de

te
rm

in
es
 h
ow

 m
uc
h 
yo
u 
w
ill
 e
ac
h 
le
ar
n.


IInn
  yy
oouu

rr  rr
ooll
ee  
aass
  aa
  pp
eeee
rr  tt
eeaa
cchh
eerr
  oo
rr  cc
ooaa
cchh
,,  

ww
hhaa
tt  qq

uuee
sstt
iioo
nnss
  aa
rree
  yy
oouu

  aa
sskk
eedd
??  

11

109



SL
ID
E

3

Ac
tiv
e 
le
ar
ni
ng

 in
cr
ea
se
s s
tu
de

nt
s’
 le
ar
ni
ng

 
ou

tc
om

es

In
 a
dd

iti
on

 to
 in
cr
ea
sin

g 
le
ar
ni
ng
, a
ct
iv
e 
pe
da
go
gi
es
 c
an

 a
lso

 
de

cr
ea
se
 a
ch
ie
ve
m
en
t g
ap
s.

Th
is 
be

ne
fit
 o
nl
y 
oc
cu
rs
 w
he

n 
st
ud

en
ts
 e
xp
er
ie
nc
e 
in
te
ns
e 

co
gn
iti
ve
 e
ng
ag
em

en
t.

So
m
e 
pe
da
go
gi
ca
l p
ra
ct
ic
es
 h
av
e 
a 
hi
gh
er
‐t
ha
n‐
av
er
ag
e 
ef
fe
ct
 o
n 

st
ud

en
t l
ea
rn
in
g 
–
w
e 
w
ill
 fo

cu
s o

n 
tw

o 
su
ch
 p
ra
ct
ic
es
 to

da
y.
 

Fr
ee
m
an

 e
t a

l.,
 2
01

4;
 H
at
tie

, 2
00

9;
 T
he

ob
al
d 
et
 a
l.,
 2
02

0

12
110



SL
ID
E

4

Do
n’
t a

ns
w
er
 th

e 
qu

es
tio

n 
–
w
el
co
m
e 
it

CCoo
nntt
eexx
tt::
W
he
n 
re
sp
on

di
ng

 to
 q
ue
st
io
ns
, y
ou

 m
ay
 d
o 
m
or
e 
th
in
ki
ng

 
th
an

 st
ud

en
ts
. 

GG
ooaa
ll::  
Cr
ea
te
 a
 c
lim

at
e 
th
at
 e
nc
ou

ra
ge
s p

eo
pl
e 
to
 a
sk
 q
ue
st
io
ns
, w

hi
le
 

no
t i
m
m
ed
ia
te
ly
 a
ns
w
er
in
g 
th
em

.

HH
iinn
ttss
  ffoo
rr  ww

eell
ccoo
mm
iinn
gg  
qquu

eess
ttiioo

nnss
: “
Th
an
k 
yo
u 
fo
r t
ha
t q

ue
st
io
n”
, “
I a
m
 g
la
d 

yo
u 
as
ke
d”
, “
Th
at
 is
 a
n 
im
po

rt
an
t q

ue
st
io
n”
, “
Th
is 
is 
a 
go
od

 
th
in
g 
to
 a
sk
 w
he
n 
do

in
g 
th
is 
ta
sk
”

13


YYoo
uurr
  pp
eeee
rr  aa

sskk
ss  aa

  qq
uuee
sstt
iioo
nn  
aabb
oouu

tt  tt
hhee
iirr  
dduu

cckk
,,  uu
ssiinn

gg  
tthh
ee  
ww
aarr
mm
  uu
pp  

rree
sspp
oonn

ssee
ss  tt
oo  
ffoo
rrmm

uull
aatt
ee  
aauu
tthh
eenn
ttiicc
  qq
uuee
sstt
iioo
nnss
..

TTaa
sskk
::  WW

eell
ccoo
mm
ee  
tthh
ee  
qquu

eess
ttiioo

nn..
  DD
oonn

’’tt  
aann
ssww

eerr
  iitt
!!

111



SL
ID
E

5

U
nd

er
st
an
d 
w
he

re
 th

e 
qu

es
tio

n 
co
m
es
 fr
om

CCoo
nntt
eexx
tt::
IItt  
iiss  
iimm

ppoo
rrtt
aann

tt  tt
oo  
uunn

ddee
rrss
ttaa
nndd

  tthh
ee  
mm
oott
iivv
aatt
iioo
nn  
ooff
  aa
  qq
uuee
sstt
iioo
nn  
aann

dd  
nnoo

tt  tt
oo  
aass
ssuu
mm
ee..
  

GG
ooaa
ll::  
U
nd

er
st
an
d 
th
e 
qu

es
tio

n 
be
tt
er
 a
nd

 g
iv
e 
yo
ur
se
lf 
tim

e 
to
 fi
gu
re
 

ou
t a

 c
on

st
ru
ct
iv
e 
re
sp
on

se
. 

HH
iinn
ttss
  ffoo
rr  aa

sskk
iinn
gg  
ffoo
rr  mm

oorr
ee  
iinn
ffoo
rrmm

aatt
iioo
nn:
 “
Ca
n 
yo
u 
be

 m
or
e 
sp
ec
ifi
c?
”, 

“W
ha
t h

av
e 
yo
u 
do

ne
 s
o 
fa
r?
” 
“C
an

 y
ou

 g
iv
e 
m
e 
an

 e
xa
m
pl
e?
”, 

“W
ha
t c
au
se
d 
yo
u 
to
 a
sk
 th

is 
qu

es
tio

n?
”

14


YYoo
uurr
  pp
eeee
rr  aa

sskk
ss  aa

  qq
uuee
sstt
iioo
nn  
aabb
oouu

tt  tt
hhee
iirr  
dduu

cckk
..

TTaa
sskk
::  W

el
co
m
e 
th
e 
qu

es
tio

n.
AAss
kk  
ffoo
rr  mm

oorr
ee  
iinn
ffoo
rrmm

aatt
iioo
nn..

112



SL
ID
E

6

Re
sp
on

d 
w
ith

 a
 th

in
ki
ng

 ta
sk

CCoo
nntt
eexx
tt::
To
 le
ar
n,
 p
eo
pl
e 
ne
ed

 to
 p
ro
ce
ss
 in
fo
rm

at
io
n.

GG
ooaa
ll::  
G
et
 p
eo
pl
e 
to
 th

in
k 
an
d 
pr
oc
es
s 
in
fo
rm

at
io
n 
fo
r t
he
m
se
lv
es
, s
o 

th
ey
 k
ee
p 
de
ve
lo
pi
ng

 th
ei
r o

w
n 
sk
ill
s.
 

H H
iinn
ttss
  ffoo
rr  ss
uupp

ppoo
rrtt
iinn
gg  
llee
aarr
nnii
nngg
: “
H
ow

 c
ou

ld
 y
ou

 c
he

ck
 y
ou

r a
ns
w
er
?”
, 

“W
he

re
 c
ou

ld
 y
ou

 fi
nd

 m
or
e 
in
fo
rm

at
io
n?
” 

15


YYoo
uurr
  pp
eeee
rr  aa

sskk
ss  aa

  qq
uuee
sstt
iioo
nn  
aabb
oouu

tt  tt
hhee
iirr  
dduu

cckk
..

TTaa
sskk
::  W

el
co
m
e 
th
e 
qu

es
tio

n.
As
k 
fo
r m

or
e 
in
fo
rm

at
io
n.
 

AAss
kk  
aa  
qquu

eess
ttiioo

nn//
ggii
vvee
  aa
  tthh

iinn
kkii
nngg
  ttaa
sskk
..

113



SL
ID
E

7

Le
t's
 ta

ke
 a
 m

om
en
t t
o 
qu

es
tio

n 
ou

rs
el
ve
s

W
el
co
m
e 
qu

es
tio

ns
. 

As
k 
fo
r m

or
e 
in
fo
rm

at
io
n.
 

As
k 
a 
qu

es
tio

n/
gi
ve
 a
 th

in
ki
ng

 ta
sk
.

•W W
hhaa
tt  ww

aass
  tthh

ee  
eeff
ffee
cctt
  oo
ff  rr
eess
ppoo

nndd
iinn
gg  
iinn
  tthh

iiss  
ww
aayy
??

•WW
hhii
cchh
  sstt
eepp

  ww
aass
  tthh

ee  
mm
ooss
tt  dd

iiffff
iicc
uull
tt??

•HH
ooww

  cc
aann
  yy
oouu

  pp
rraa
cctt
iicc
ee  
tthh
iiss  
sskk
iillll
??

•HH
ooww

  cc
aann
  yy
oouu

  ssee
llff‐‐
aass
ssee
ssss
  yy
oouu

rr  aa
bbii
lliitt
yy  
ttoo
  rree

sspp
oonn

dd  
ttoo
  qq
uuee
sstt
iioo
nnss
  

ww
iitthh

  qq
uuee
sstt
iioo
nnss
??

16
114



SL
ID
E

8

Ev
al
ua
tin

g 
Re

pr
es
en
ta
tio

ns

H
er
e 
ar
e 
3 
cr
ite

ria
 th

at
 c
an

 b
e 
us
ed

 to
 c
ha
ra
ct
er
ise

ef
fe
ct
iv
e 

ap
pr
oa
ch
es
 fo

r b
ui
ld
in
g 
re
pr
es
en
ta
tio

ns
 w
ith

 L
EG

O
 b
ric
ks
 (n

ot
 

ne
ce
ss
ar
ily
 o
f d

uc
ks
)

D
es
cr
ip
tio

n
Cr
ite

ria
 th

at
 d
es
cr
ib
e 
a

go
od

 a
pp

ro
ac
h

Co
he

re
nc
e 
of
 p
ro
du

ct
 (u

nm
ist
ak
ab
ly
 a
 

du
ck
) w

ith
 ta

sk
 a
ss
ig
nm

en
t (
i.e
. 7

 b
ric
ks
)

Ap
pl
ic
at
io
n 
of
 m

en
tio

ne
d 

cr
ite

ria

Ex
pe

rim
en

ta
l a
nd

 w
hi
m
sic

al
 a
pp

ro
ac
h 
to
 

re
pr
es
en

ta
tio

n 
th
at
 b
rin

gs
 sm

ile
s

Cr
ea
tiv
e 
ap
pr
oa
ch

At
te
nt
io
n 
to
 d
et
ai
ls 
hu

m
an
s o

ft
en

 fi
nd

 
at
tr
ac
tiv
e 
(u
ni
fo
rm

 c
ol
ou

r, 
sy
m
m
et
ry
…
)

At
te
nt
io
n 
to
 o
ve
ra
ll 

ap
pe

ar
an
ce

17
115



SL
ID
E

9

W
ha
t d

oe
s e

xc
el
le
nt
 p
er
fo
rm

an
ce
 lo
ok

 li
ke
?

CCoo
nntt
eexx
tt::
St
ud

en
ts
 d
on

’t 
de
liv
er
 

be
ca
us
e 
th
ey
 d
on

’t 
kn
ow

 w
ha
t i
s 

re
qu

ire
d 
(e
ve
n 
if 
th
ey
 h
av
e 
be
en

 to
ld
).

GG
ooaa
ll::  
Re
sp
on

d 
to
 a
 p
ee
r’s
 w
or
k,
 c
la
rif
y 

w
ha
t e

xc
el
le
nt
 p
er
fo
rm

an
ce
 lo
ok
s l
ik
e.

TTaa
sskk
::  CC
llaa
rriiff
yy  
ww
hhaa
tt  tt
hhee

  cc
rriitt
eerr
iiaa
  aa
rree
,,  aa
nndd

  
hhoo

ww
  ww
eell
ll  yy
oouu

rr  pp
eeee
rr’’ss
  ww
oorr
kk  
((dd
uucc
kk))
  

mm
eeee
ttss
  tthh

ee  
ccrr
iittee

rriiaa
..

Th
e 
go

al
 is
...

Th
e 
cr
ite

ria
 a
re
…
..

“I
t i
s i
m
po

rt
an

t t
o 

de
liv
er
 a
 p
ro
du

ct
 th

at
 

m
at
ch
es
 th

e 
as
sig

nm
en

t. 
He

re
, y
ou

 
w
er
e 
to
ld
 to

 u
se
 7
 b
ric

ks
 

to
 b
ui
ld
 a
 d
uc
k.
”

H
ow

 d
oe

s 
th
e 
w
or
k 
m
ee

t t
he

 
cr
ite

ria
? 
 P
os
iti
ve
 a
nd

 n
eg
at
iv
e.

“Y
ou

r d
uc
k 
is 
im

m
ed

ia
te
ly
 id
en

tif
ia
bl
e 

as
 a
 d
uc
k 
bu

t y
ou

 u
se
d 
ei
gh

t p
ie
ce
s.”

18
116



SL
ID
E

10

He
lp
in
g 
st
ud

en
ts
 to

 d
ev
el
op

 th
ei
r s
ki
lls
 

(n
ot
 ju
st
 so

lv
e 
th
is 
pr
ob

le
m
)

CCoo
nntt
eexx
tt::
Av
oi
d 
ta
sk
‐fo

cu
se
d 
an
d 
pe
rs
on

‐
fo
cu
se
d 
fe
ed
ba
ck
; p
rio

rit
ise

pr
oc
es
s‐

fo
cu
se
d 
fe
ed
ba
ck
.

GG
ooaa
ll::  
G
iv
e 
th
e 
st
ud

en
t f
ee
db

ac
k 
on

 h
ow

 
th
ey
 a
re
 a
pp

ro
ac
hi
ng

 th
e 
pr
ob

le
m
. 

TTaa
sskk
::  C
la
rif
y 
th
e 
cr
ite

ria
 a
nd

 h
ow

 w
el
l y
ou

r 
pe
er
’s 
w
or
k 
(d
uc
k)
 m

ee
ts
 th

e 
cr
ite

ria
.

GG
iivv
ee  
pprr
oocc
eess
ss‐‐
ffoo
ccuu
ssee
dd  
ffee
eedd
bbaa
cckk
  

““HH
ooww

  dd
iidd
  yy
oouu

  ……
  //  
hhoo

ww
  cc
oouu

lldd
  yy
oouu

  ……
..””

Pr
oc
es
s f
ee

db
ac
k 
is
  

re
us
ab

le
 in

 o
th
er
 

“t
as
ks
 li
ke
 th

es
e”

Fe
ed

ba
ck
 

sp
ec
ifi
c 
to
 

th
is
 ta

sk
“H

ow
 d
o 
yo
u 
ch
ec
k 
to
 

th
at
 y
ou

 h
av
e 
m
et
 th

e 
cr
ite

ria
?”

“Y
ou

 h
av
e 

us
ed

 m
or
e 

th
an

 7
 

br
ic
ks
.”

19
117



SL
ID
E

11

He
lp
in
g 
st
ud

en
ts
 tr
an
sf
er
 th

ei
r l
ea
rn
in
g 
to
 

th
e 
ne
xt
 p
ro
bl
em

CCoo
nntt
eexx
tt::
It 
is 
di
ffi
cu
lt 
to
 tr
an
sf
er
 w
ha
t w

e 
le
ar
n 
in
 o
ne

 s
itu

at
io
n 
to
 fu

tu
re
 s
itu

at
io
ns
.

GG
ooaa
ll::  
H
el
p 
pe
er
s p

er
ce
iv
e 
th
e 

ch
ar
ac
te
ris
tic
s o

f t
hi
s s
itu

at
io
n 
th
at
 m
ad
e 

th
es
e 
sk
ill
s r
el
ev
an
t.

TTaa
sskk
::  C
la
rif
y 
th
e 
cr
ite

ria
 a
nd

 h
ow

 w
el
l t
he
ir 

w
or
k 
(d
uc
k)
 m

ee
ts
 th

e 
cr
ite

ria
. 

G
iv
e 
pr
oc
es
s‐
fo
cu
se
d 
fe
ed
ba
ck
. 

SSuu
pppp

oorr
tt  tt
rraa
nnss
ffee
rr

Su
pp

or
t s
tu
de

nt
s t
o 

tr
an

sf
er
 w
ha

t t
he

y 
le
ar
ne

d 
to
 th

e 
ne

xt
 

pr
ob

le
m

“I
n 
sit
ua

tio
ns
 li
ke
 th

is…
”

20
118



SL
ID
E

12

Le
t's
 ta

ke
 a
 m

om
en
t t
o 
de

br
ie
f a
nd

 g
iv
e 

ou
rs
el
ve
s s
om

e 
fe
ed

ba
ck

Cl
ar
ify
 th

e 
re
le
va
nt
 s
ki
lls
 a
nd

 th
ei
r s
uc
ce
ss
fu
l i
m
pl
em

en
ta
tio

n
G
iv
e 
pr
oc
es
s‐
fo
cu
se
d 
fe
ed

ba
ck

As
k 
a 
qu

es
tio

n 
th
at
 su

pp
or
ts
 tr
an
sf
er

1.
W
hi
ch
 a
sp
ec
t w

as
 m
os
t d

iff
ic
ul
t?

2.
H
ow

 c
an

 y
ou

 im
pr
ov
e 
yo
ur
 fe
ed

ba
ck
 s
ki
lls
?

3.
H
ow

 c
an

 y
ou

 s
el
f‐a

ss
es
s y

ou
r a

bi
lit
y 
to
 re

sp
on

d 
to
 p
ro
vi
de

us
ef
ul
 fe
ed
ba
ck
?

4.
W
he
n 
an
d 
ho

w
 w
ill
 y
ou

 a
pp

ly
 th

es
e 
2 
co
ac
hi
ng

 s
ki
lls
?

5.
H
ow

 w
ill
 y
o u

 tr
ac
k 
yo
ur
 p
ro
gr
es
s?

21
119



CHAPTER 5

Activity development and implementation
This activity was initially developed for student 
assistants at a Swiss technical university. The 
activity presented in this chapter is the result 
of many iterations with student and doctoral 
teaching assistants, as well as STEM  
teachers. More than 400 people have  
experienced this workshop. 
It has since been implemented in diverse  
contexts and for diverse audiences including:

Countries 
Croatia
Portugal
Tunisia
Kenya
Switzerland
Austria
Denmark
United Kingdom

Conferences
Rendez-vous-lehre 2023 (Switzerland)
CDIO 2024 (Tunisia)
MIPRO 2024 (Croatia)

Audiences 
Engineering students
Student and doctoral assistants
STEM and engineering teachers
Pedagogical advisors
Faculty developers
Curriculum developers
Researchers
United Nations staff
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Slides to facilitate this activity 

1x Handout A per student group

Mixed selection of yellow and orange LEGO bricks* so each person can make a duck†

* This tangible can be substituted with another material that allows students to create 
a silly creation (playdough, coloured pencils and paper…)
† To see a video example of how the tangibles are used, visit go.epfl.ch/videoCh5

MORE ABOUT 3T PLAY

To learn more about the 3T PLAY project and 
access research output, please visit  
go.epfl.ch/3TPLAY

To access more teaching materials, please visit  
https://zenodo.org/communities/3tplay/records 

http://go.epfl.ch/videoCh5
http://go.epfl.ch/3TPLAY
https://zenodo.org/communities/3tplay/records
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ACTIVITY OUTCOMES

This 90-minute activity is designed for university-level engineering students.
It targets the development of the following skills
1. Risk assessment and planning for projects
2. Collaboration and decision making in teams

Engineering students encounter many team projects during their studies, yet 
rarely receive practical training on core project skills that they are expected 
to implement during their projects. This activity provides students with an 
experiential introduction to core project skills contextualised to demonstrate 
the both relevance and typical implementation challenges. This activity is 
an ideal initiation for a new team that will be completing a project together, 
assisting students to both be more effective in the project and to recognise 
the opportunity to develop relevant, transferable project skills. This chapter 
provides the outline of an activity designed to teach the skills listed below, 
material to assist the facilitator to prepare, and the slides and handouts for 
teaching the activity.

CHAPTER 6
How to support students to develop skills 
for planning and risk assessment
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ACTIVITY
How to support students to develop skills for planning 
and risk assessment

PREPARATION 
Set up the room to create 4+ groups of students.  
Build the ‘machines’ in Handout B with LEGO bricks.
This activity involves an information jigsaw. When distributing handout A,  
ensure that the students in the same group all get the same handout  
(ie A1 or A2). In the next phase of the jigsaw, students form new groups such 
that there is ≥ 1 student who read A1, A2, A3 and A4 present in each group.

3 min 12 min
INTRODUCTION PRESENTATION

10 min 15 min
ACTIVITY ACTIVITY

Students reform groups such 
that ≥ 1 student has read each of 

the four Handout A. 
Students take 2’ turns to share a 
summary of what they read with 

their group.

3-4

Distribute handout A1-4 
to different groups. Have 

students read and prepare 
a short summary to share 

with their peers.

A 1-42

1

Explain  
relevance of  

planning skills, and 
what students will 
do in this activity.

Present the mini project assignment.  
Have students vote (raised hands, 2 votes 
per student) on the major challenges they 
anticipate encountering. Encourage them  

to use the strategies they just discussed to 
manage these challenges.

5-6
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ALONE

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

EXPERIENCING
applying the concepts and tools in experiential learning

KNOWING
sharing knowledge and concepts that define the targeted skills

TOTAL 90 min

30 min
ACTIVITY

* Ensure students encounter difficulties 
in their mini-project by limiting groups to 
2 orders awaiting delivery. Use the timers 

to track delivery delays.

Point students to the store 
(for buying machines) and 
the loose LEGO bricks (for 
building furnishings). Allow 
students to work on the 

mini-project independently 
with occasional updates on 

the time remaining.

Repeat the poll on difficulties to 
complete the mini project. Guide 
students to unpack reasons for 

not having enough time  
(vs. planning), aspects under their 

control (limiting scope to what 
they can deliver) and outside their 
control (requiring risk assessment 

and mitigation strategies).

8

7 B C

LEGO bricks

10 min
CONCLUSION

10 min
DEBRIEF

9 D

Have students complete 
the self assessment  

checklist on Handout D. 
Emphasize the valuable 
learning opportunity in  

projects to develop  
PROJECT SKILLS and not 
only to create the project 

deliverable.
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CONCEPTUAL AND PRACTICAL UNDERPINNINGS OF 
THE ACTIVITY

What skills will students develop in this 
activity?
Project planning and risk management are  
key project management skills that are  
widely used across industries. Project planning 
is the phase in project management where the 
specific steps required to complete a project 
are determined. This involves setting timelines, 
defining tasks within designated timeframes, 
and establishing key milestones. Risk  
assessment involves identifying potential risks 
- uncertain events that, if they occur, could 
impact the project's outcome. This process 
aims to anticipate and mitigate issues  
(realisation of uncertain events) to reduce their 
potential impact on the project1. Accreditation 
standards for engineering education programs 
underscore the significance of these  
transversal skills. Accrediting criteria from  
bodies such as ABET2 and CTI3 incorporate 
project planning and risk management.  
Moreover, the importance of these transversal 
skills in preparing graduates for the workforce 
has been explicitly emphasized by employers.4

Beyond enhancing engineering students' 
employability5,6, teaching these skills also has 
educational benefits that contribute to their  
academic success.7 Efficient project planning 
and risk assessment strategies are directly 
involved in the success of group work that  
students frequently encounter. Koolmanojwong 
& Boehm7 found groups that rated themselves 
as more competent in risk management  
tended to achieve higher grades on their  
academic projects. This underscores the 
importance of incorporating comprehensive 
planning and proactive risk management into 
the educational program to enhance student 
performance and project outcomes. Student 
projects often encounter issues such as  
uneven commitment levels among team  
members, discrepancies in skill sets or  
inconsistencies in communication strategies.8,9 

These challenges impact teamwork and lead 
to undesirable outcomes, like delayed  
completion, diminished project scope,  
substandard product quality, and the necessity 
for instructor intervention.10 It is desirable that 
students encounter these authentic difficulties 
as they provide the necessary conditions for 
students to develop relevant project planning 
and risk assessment skills.11 However, it's 
essential to assist students to not perceive 
these team-related problems as being mere 
barriers to the success of their current project 
and to recognize them as valuable learning 
opportunities.12 Students whose contributions 
to their projects involved solving planning and 
risk management issues report higher learning 
gains on these topics than students who focus 
exclusively on technical aspects.11

Planning and project management 
Student projects are inherently different from  
industry projects7,9, so many established project 
management frameworks designed for  
industrial projects do not fully align with the  
academic context13. Learning opportunities for 
project management skills should, therefore, 
likely take a general approach. Student  
projects often have a short, inflexible deadline, 
few intermediate deliverables and start  
without clear roles. This provides students with 
opportunities to learn how to establish a plan, 
set intermediate objectives and determine how 
to work collaboratively11. A recurrent issue is 
that students plan their tasks at too general a 
level11,14, with the result that students do not 
perceive delays sufficiently early and therefore 
do not update their plans. The result is often 
a mad rush to the final deadline and a final 
deliverable that may not be functional15. Since 
student projects are subject to tight deadlines7, 
small deviations from the plan may end up  
being quite problematic. However, this does 
make students projects ideal for learning  
planning skills.
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Risk assessment 
Students’ previous experiences likely enable 
them to identify some common risks in  
projects, although they may not use the term 
risks. For instance, students have probably  
encountered problems caused by team  
members with poor skills or low motivation.8,9 
They may be less aware of factors outside the 
team7, such as access to resources (booking 
the 3D printer, shipping delays, etc.) or random 
incidents (illness, equipment maintenance, 
etc.). While each risk may result in only a small 
delay, the tight timeframe of student projects 
means that they can cause significant  
disruption.7 Effective risk assessment in  
student projects must therefore include issues 
that appear to be minor, and mitigation  
strategies to reduce the potential problems 
caused when risk events do occur. For  
example, early testing high risk components or 
ordering materials in advance.11

How to interest engineering students in 
learning these skills?
Although students are aware of the importance 
of planning and risk management skills for their 
careers16,17, they often find that these are not 
adequately integrated into their education.18 
Students frequently report dissatisfaction with 
their proficiency in these areas19,20 and express 
a desire to further develop these skills. The  
discrepancy between students' desire to learn 
and the lack of support from the teaching staff 
can be explained by the assumption among 
educators that group work during studies is 
sufficient for students to acquire these  
transversal skills. However, effective skill  
acquisition requires explicit instruction21, and 
explicit teaching consumes time that could be 
devoted to fundamental competencies, leading 
educators to be reluctant to dedicate adequate 
time to it.
Emphasising how risk assessment and  
project planning are key to producing a high 
quality project output will boost some  
students' engagement, while others will be 
more interested in the value for their  

employability. Additionally, teaching students 
about these transversal skills can reduce  
negative attitudes toward group work. For 
some students, the prospect of collaboration 
in a group setting is a major source of  
concern, primarily due to past negative  
experiences such as uneven contribution 
among team members and the challenge of 
coordinating work.22,23 Teaching students how 
to implement risk assessment and project 
planning provides a clear framework and set 
of expectations for all team members, which 
helps distribute tasks evenly, clarify  
communication, and contribute to more  
positive group dynamics.

How does this activity help your students 
to develop these skills?
Project- and challenge-based activities create 
settings for engineering students to apply their 
transversal skills. However the potential for 
students to develop their transversal skills in 
such contexts are often diminished by a lack of 
explicit instruction on and scaffolding of  
transversal skills21 and students’ difficulty in 
perceiving the skills as distinct from project 
tasks and deliverables24. This activity creates a 
micro-experiential opportunity where students 
address a design task to practice essential  
projects skills in team settings and reflect on 
ways the brief experience relates to their  
experience handling engineering projects in 
educational and professional settings. In  
designing the activity, similar to the other  
activities in this handbook, we benefited from 
our trident framework as a practical structure 
for teaching transversal skills, highlighting  
conceptual underpinnings, procedural skills, 
and meta-cognitive and meta-emotional  
reflection. Please see Chapter 125 of this book 
for an in-depth presentation of the framework.
The three aspects of the trident are
Knowing: the factual knowledge and concepts 
that underpin a skill. For instance, the definition 
of risk assessment and key elements to  
consider when evaluating risk in a project.
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Experiencing: focused, low-risk opportunities 
to practice the relevant skills while attending 
to the process, ideally with rapid feedback 
and a chance to iterate. For example,  
collaboratively delivering an ungraded product 
in a short timeframe.

Learning from experience: meta-cognitive 
and meta-emotional reflection about the  
experience of implementing conceptual  
knowledge and procedural skills. For example, 
reviewing how anticipated and unanticipated 
difficulties in a project were managed and what 
approaches would be more effective.
The activity in this chapter has been designed 
to include each of the aspects from our trident 
to ensure that students encounter activities 
that prompt the three types of thinking and 
develop a degree of proficiency in the targeted 
skills that allow them to apply them in their next 
project. This activity uses LEGO bricks in 2 
ways: i) pre-built representations of the  
equipment that can be ordered (e.g., 3D  
printer, computer, or advanced toolbox) taking 
into account the limitation in the number and 
delay in shipping, and ii) a mixed selection of 
bricks for building furniture to complete the 
design. The nature of the task is open-ended, 
however students need to work as a group to 
produce a single design that respects the  
constraints. If sufficient LEGO baseplates are 
not available, groups can be given a paper 
equivalent (https://doi.org/10.5281/zeno-
do.12609232). The use of tangibles in this  
activity provides a visual, concrete project 
output around which students can encounter 
relevant project difficulties. The design task 
could be replaced with another complex task 
that creates opportunities for planning,  
collaboration and risk assessment.
The project skills of risk assessment, planning, 
collaboration and decision-making targeted in 
this activity respond to the growing emphasis 
on teamwork within educational and  
professional settings. Educators should help 
students to see the need and relevance of 

these skills for their careers. In what follows, we 
explain the details of the activity when mapped 
onto the trident framework:

Knowing: Students read the teamwork tips 
[slide 2; handouts A1,2,3,4] and prepare 
a summary to share [slides 3-4]. Note that 
students in each initial group receive the same 
handout. Then, new teams are formed so that 
there is at least one student who read each of 
the 4 handouts.

Experiencing: Students complete the 
mini-project assignment in teams, designing 
and equipping a scale mock-up of the ideal 
“makerspace” for engineering students [slide 
7]. Creating the design together, delivery  
delays in orders, and budget constraints  
create a challenging experiential opportunity 
that introduces common project challenges 
related to planning, risk assessment, and  
collaborative decision-making. It can be  
helpful for teachers to remind students to 
apply concepts from the knowledge shared 
during the earlier phases of the activity and 
actively practice the targeted skills.

Learning from experience: Prior to starting 
the mini-project design task, students reflect 
on the challenges they expect to encounter 
[slide 6]. After the mini-project, students  
evaluate their result and process with the 
self-assessment checklist [Handout D] and  
reflect on the difficulties they encountered 
[slide 8]. Here, it is important to guide students 
to unpack reasons for not having enough time 
(vs. planning), aspects under their control  
(limiting scope to what they can deliver) and 
outside their control (requiring risk assessment 
and mitigation strategies). 

https://doi.org/10.5281/zenodo.12609232
https://doi.org/10.5281/zenodo.12609232
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HANDOUT A1
TEAMWORK TIPS FOR BETTER PROJECTS

The biggest challenge, and the biggest advantage, of teamwork is the people. It is 
complicated to work in a team but having a diverse set of people is also a key element 
of success. Diverse teams are more innovative, process information better and make 
better use of data (Rock & Grant, 2016). Diverse companies perform better on the 
stock market.
1. A Great Team is Clear about Its Mission
Everyone in a great team understands the overall mission of the team and is committed 
to attaining it. This sounds simple, but having the same idea of the mission can be  
difficult – and it is important as the mission structures all the various subtasks.
2. A Great Team Agrees on How to Work Together
People come to the team with different ideas and experiences, and therefore different 
expectations about how this team will work together. Getting started together as a team 
should involve explicitly agreeing to team habits. Below is a short list – so add any other 
questions you feel are relevant for your current context:
a. When will meetings be held? Where will be they held?
b. What should someone do if they will be absent or cannot meet a deadline?
c. How will a record of decisions be made? Where will it be kept?
d. How will the team make collective decisions?

3. A Great Team is Respectful and Intentional about Communication
Communication is a recurrent challenge between any 2 people who work together. 
When more people are involved, it becomes exponentially more complicated. Teams 
need to be intentional in ensuring that everyone receives the necessary information  
(having clear procedures for recording and disseminating information) and that the 
contributions of all team members are taken into account. Do people feel comfortable 
expressing their thoughts and opinions? Do people ask questions to increase their 
understanding of a proposed idea, before finding the flaws? Are some people being 
consistently interrupted? Informal communication is an area where unintentional bias 
(Banaji & Greenwald, 2016) may lead to the contributions of some team members  
being overlooked.
TASK: Prepare a summary to share with people have not read this page
• 

•

•

•

“10 Tips for Better Teamwork”, S. M. Heathfield, 2021. https://www.thebalancecareers.com/tips-for-better-teamwork-1919225 
“Why Diverse Teams Are Smarter”, D. Rock + H. Grant, 2016 https://hbr.org/2016/11/why-diverse-teams-are-smarter
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HANDOUT A2
PLANNING TIPS FOR BETTER PROJECTS

While it is tempting to jump in and get started, complex final products and collaborative 
work require planning. And planning again. It is important to see project planning as an 
iterative process that needs to be reviewed and updated as the project progresses.
1. Know What Has to Be Done and By When
To determine what has to be done for what deadline, start on the macro scale and then 
zoom in. What is the final product (deliverable) and when must it be completed? Are 
there intermediate deliverables/deadlines? Now identify the subtasks. Once you have 
created your list of tasks, put them in chronological sequence. Perhaps task B cannot be 
done until task A is complete, but task C can be done at any time there is a gap in the 
schedule. Having a clear overview of the dependency of tasks is useful to keep an eye 
on progress and risks. Allow time for compiling, shipping, debugging, etc. to make sure 
you meet your deadlines.
2. Identify and Manage Risk
An exciting and innovative project will necessarily include some risk. Risky elements are 
those that have a narrow window of success – which may be due to technical difficulty, 
time limitations, adverse effects, or limited resources. For example, if you are building a 
device to protect an egg dropped from a height and only have 1 egg for testing.
The goal with risk management is to identify tricky spots early and take steps to avoid 
risks or to limit the potential impact. This is called assessment and mitigation. Strategies 
include tackling high-risk items early, seeking additional resources, and adapting the 
product. Like planning, risk management isn't something you do once and put away 
— your plan should be reviewed as your project and your understanding of the context 
progresses.
3. Addressing Problems and Conflicts
It can be tempting to ignore problems and hope that they will go away. And they 
might. But it is more likely that they will turn up again, probably right before a stress-
ful deadline. Encountering problems and conflicts is a completely normal part of 
working together. Great teams do not have less conflict than other teams, but they 
are better at addressing it and moving forward.
TASK: Prepare a summary to share with people have not read this page
• 

•

•

•

“10 Tips for Better Teamwork”, S. M. Heathfield, 2021. https://www.thebalancecareers.com/tips-for-better-teamwork-1919225
“PMI/ESA project time management function”. MacDonald. Project Management Quarterly, 14(1), 20–26.  

https://www.pmi.org/learning/library/time-management-project-functions-schedules-5723
134



HANDOUT 10A2

HANDOUT A2
PLANNING TIPS FOR BETTER PROJECTS

While it is tempting to jump in and get started, complex final products and collaborative 
work require planning. And planning again. It is important to see project planning as an 
iterative process that needs to be reviewed and updated as the project progresses.
1. Know What Has to Be Done and By When
To determine what has to be done for what deadline, start on the macro scale and then 
zoom in. What is the final product (deliverable) and when must it be completed? Are 
there intermediate deliverables/deadlines? Now identify the subtasks. Once you have 
created your list of tasks, put them in chronological sequence. Perhaps task B cannot be 
done until task A is complete, but task C can be done at any time there is a gap in the 
schedule. Having a clear overview of the dependency of tasks is useful to keep an eye 
on progress and risks. Allow time for compiling, shipping, debugging, etc. to make sure 
you meet your deadlines.
2. Identify and Manage Risk
An exciting and innovative project will necessarily include some risk. Risky elements are 
those that have a narrow window of success – which may be due to technical difficulty, 
time limitations, adverse effects, or limited resources. For example, if you are building a 
device to protect an egg dropped from a height and only have 1 egg for testing.
The goal with risk management is to identify tricky spots early and take steps to avoid 
risks or to limit the potential impact. This is called assessment and mitigation. Strategies 
include tackling high-risk items early, seeking additional resources, and adapting the 
product. Like planning, risk management isn't something you do once and put away 
— your plan should be reviewed as your project and your understanding of the context 
progresses.
3. Addressing Problems and Conflicts
It can be tempting to ignore problems and hope that they will go away. And they 
might. But it is more likely that they will turn up again, probably right before a stress-
ful deadline. Encountering problems and conflicts is a completely normal part of 
working together. Great teams do not have less conflict than other teams, but they 
are better at addressing it and moving forward.
TASK: Prepare a summary to share with people have not read this page
• 

•

•

•

“10 Tips for Better Teamwork”, S. M. Heathfield, 2021. https://www.thebalancecareers.com/tips-for-better-teamwork-1919225
“PMI/ESA project time management function”. MacDonald. Project Management Quarterly, 14(1), 20–26.  

https://www.pmi.org/learning/library/time-management-project-functions-schedules-5723
HANDOUT 11A3

HANDOUT A3
RESOURCE MANAGEMENT

Accomplishing your project will require certain investments (money, skills, ideas and 
time). None of these resources are endless and some will be in short supply.
1. Make Good Use of Team Members’ Skills
An effective team sees each person as valuable. This means not just identifying their 
skills but also taking care to hear different perspectives when making decisions. Working 
together is also an opportunity to learn; consider people’s personal development goals 
(rather than just what they are already good at) when assigning tasks.
What are the different skills that are required in your project? What skills do your team 
members already have, which will need to be acquired?  Learning is a key objective for 
student projects - don’t get so focused on the final product that you forget to develop 
your skills. 
2. Make Good Use of Time
There are three big parts of managing time: the deadline, time available (ie total work 
hours across all team members) and the time required. You have the most control over 
this last one, so adjust the scale your project to fit within the constraints. 
Make a list of the tasks and estimate how long each one will take. If this exceeds the 
time available, adapt early. Next, identify intermediate deadlines. Review your progress 
against the plan - identifying when you’re falling behind and adapting early is key.
3. Manage Money and Inventory
In addition to money, other resources in this category may include tools (3D printer, 
NMR…) and materials (soldering flux, Agar medium…). It is useful to begin a project 
with a good map of the resources you will need and when they will be needed 
– while 4 3D printers might sound like ample capacity for the semester, in fact they
are likely to be sitting idle for the first few weeks and then in very high demand as the
deadline looms. Keeping on top of resources means maintaining a master list of
everything that is needed and how much it costs, and then updating it as the project
evolves and inventory is consumed.
TASK: Prepare a summary to share with people have not read this page
• 

•

•

•

“10 Tips for Better Teamwork”, S. M. Heathfield, 2021. https://www.thebalancecareers.com/tips-for-better-teamwork-1919225
“Task choice, group dynamics and learning goals: Understanding student activities in teams”. Hirshfield & Chachra. 2015. IEEE Frontiers in 

Education Proceedings, pp. 1-5. 
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HANDOUT 12A3

HANDOUT A4
ASSIGNED ROLES FOR BETTER PROJECTS

With “assigned roles”, people focus their attention to a specific aspect of the project. 
These roles are independent of the individual tasks for the project. Let’s take making 
breakfast as an example. The whole team will be involved in choosing the menu and 
cooking. However, while engaging in the discussion, the Timekeeper will make sure time 
isn’t forgotten – can 20 pancakes be cooked before 8h? The Resource Manager has an 
eye on the 6 eggs –the team can’t choose to make scrambled eggs and pancakes.
When everyone is responsible for everything, inefficient duplication and problematic 
omissions occur. Assigned roles help each person learn skills to contribute constructively. 
Some Typical Roles 

TASK: Prepare a summary to share with people have not read this page
• 

•

“The POGIL Project”. (2017). https://pogil.org

Manager or Facilitator
• Focuses team on task: “Let’s do X

now and complete this on time.”
• Addresses team members by name

and ensures that everyone is heard:
“What do you think, (name)?”

Resource Manager
• Keeps on eye on the resources,

particularly money and
inventory: “We are running low on X,
we should order more now.”

Strategy Analyst
• Considers how the team is working and

how it could improve
• Proposes ways to improve the group’s

work (multivoting, coffee break, conflict
resolution…): “We have a few
different ideas. Shall we make a list on
the board?”

Recorder
• Records the important points,

decisions, assigned tasks, etc.
• Notes who was present, absent
• Ensures records are made available:

“This is an important conclusion.
Wait a minute so I can write it down
clearly.”

Questioner
• Pushes back when decisions are made

without considering other options,
potential implications or potential areas
of disagreement: “All the electrical
engineers think this is a great idea.
But what do the mechanical engineers
think?”

Timekeeper
• Make sure team starts quickly and 

remains focused
• Keeps an eye on the clock and 

communicates about deadlines:
“We have X minutes left.”
“We need to do the next question in 
5 minutes or we will be late.”
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HANDOUT 12A3

HANDOUT A4
ASSIGNED ROLES FOR BETTER PROJECTS

With “assigned roles”, people focus their attention to a specific aspect of the project. 
These roles are independent of the individual tasks for the project. Let’s take making 
breakfast as an example. The whole team will be involved in choosing the menu and 
cooking. However, while engaging in the discussion, the Timekeeper will make sure time 
isn’t forgotten – can 20 pancakes be cooked before 8h? The Resource Manager has an 
eye on the 6 eggs –the team can’t choose to make scrambled eggs and pancakes.
When everyone is responsible for everything, inefficient duplication and problematic 
omissions occur. Assigned roles help each person learn skills to contribute constructively. 
Some Typical Roles 

TASK: Prepare a summary to share with people have not read this page
• 

•

“The POGIL Project”. (2017). https://pogil.org

Manager or Facilitator
• Focuses team on task: “Let’s do X

now and complete this on time.”
• Addresses team members by name

and ensures that everyone is heard:
“What do you think, (name)?”

Resource Manager
• Keeps on eye on the resources,

particularly money and
inventory: “We are running low on X,
we should order more now.”

Strategy Analyst
• Considers how the team is working and

how it could improve
• Proposes ways to improve the group’s

work (multivoting, coffee break, conflict
resolution…): “We have a few
different ideas. Shall we make a list on
the board?”

Recorder
• Records the important points,

decisions, assigned tasks, etc.
• Notes who was present, absent
• Ensures records are made available:

“This is an important conclusion.
Wait a minute so I can write it down
clearly.”

Questioner
• Pushes back when decisions are made

without considering other options,
potential implications or potential areas
of disagreement: “All the electrical
engineers think this is a great idea.
But what do the mechanical engineers
think?”

Timekeeper
• Make sure team starts quickly and 

remains focused
• Keeps an eye on the clock and 

communicates about deadlines:
“We have X minutes left.”
“We need to do the next question in 
5 minutes or we will be late.”

HANDOUT 13B

HANDOUT B
MINI-PROJECT ASSIGNMENT > DESIGN A MAKERSPACE

Create a design for a makerspace workshop for students in a robot competition.
Technical specifications
a. The workshop space should be at least 16 uL x 16 uL.
b. It must contain at least 5 machines ordered from the store.
c. There must be at least 1 door, centered on one wall.
Resources
a. Floor template and unrestricted access to LEGO blocks
b. Order sheet
c. Store to buy furniture and equipment according to the catalog
Budget: 80K is available to equip and furnish the space
Deliverables:
• A scale LEGO model with the machines/furniture placed appropriately
• Handout C – completed with design specifications and purchases

Catalog
Machines
CNC metal or wood
3D printer plastic 
3D printer powder 
Laser cutter
Injection molding plastic
Sewing machine
Drill press
Electronic drill
Work bench
King size workbench
Powerful computer
Soldering machine
Advanced tool box

Furniture
Projector
Screen uHD
Table
Storage shelf
Sofa 
White board 
Coffee machine
Barista coffee machine
Banner for the wall
Chairs 

W x L (uL)
2x2 
1x1
1x1
1x2
2x2
1x1
1x1
1x1
1x2
2x4
1x1
1x1
1x2

W x L (uL)
1x1
0.5x4
3x2
2x6
2x4
2x1
1x1
1x2
4x0.5
1x1uL

H (uL)
2
1
1
2
2
1
3
2
3
2
1
1
1

H (uL)
1
4
2
6
2
5
1
1
2
2

30k.-
10k.-
20k.-
10k.-
40k.-
10k.-
1500.-
500.-
1500.-
5000.-
3000.-
500.-
3000.-

3000.-
2500.-
500.-
1500.-
1500.-
500.-
300.-
2000.-
200.-
150.-

EU
Asia
EU
Asia
Canada
Swiss
Swiss
EU
EU
USA
Swiss
Swiss
EU

Local
Local
Local
Local
Local
Local
Local
Local
Local
Local

10min
10min
5min
10min
5min
5min
3min
5min
5min
10min
3min
3min
5min

Dimensions Location ShippingCost*

uH unit of height
uL unit of length

*Cost not including TVA 7% and border tax 15% for shipments coming from outside your region.
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HANDOUT 14C

HANDOUT C
PROJECT DELIVERABLES

Write down 3+ functional requirements to guide your design of the space

Record your purchases in this table quantity price
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

TOTAL
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HANDOUT 14C

HANDOUT C
PROJECT DELIVERABLES

Write down 3+ functional requirements to guide your design of the space

Record your purchases in this table quantity price
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

TOTAL

HANDOUT 15D

HANDOUT D
LEARNING FROM EXPERIENCE

1. Use the checklist to evaluate the quality of your deliverables

2. Use the checklist to evaluate the quality of your group processes

3. From this mini-project, I have learned…

4. On my next project, I intend to…

≥ 5 machines or tools have been delivered and placed on the plans
Model delivered at least minimum viable product level (student teams can start 
work immediately)
Fixed elements (doors, windows, etc.) are shown, including at least one door big 
enough for the machines to be delivered

We identified major deadlines to be met
We listed tasks to be done
We identified dependencies between tasks
We defined intermediate milestones to monitor our progress
We revised our planning when new information was available

≥ 3 functional requirements are written on Handout C
Design created meets the requirements listed on Handout C
Several student teams can work simultaneously in the space
Clean and dirty equipment/tasks are separated
There is space for social / informal activities

We identified at least one major risk for the project
We identified measures to deal with the risks
We revised our risk analysis when new information was available

All the equipment present on the plans is included in the budget, 
including VAT and border tax as appropriate
Money spent does not exceed the budget nor leave ≥ 3k

We discussed the skills each team member brought to the project
We monitored the time available to complete our plan
We monitored the cost of the project

We explicitly discussed how to make collective decisions
We took actions to ensure information circulated in the team
We paid attention to the atmosphere in our team
All team members were pretty much equally involved in the project 

/10

/15

TOTAL

TOTAL

Model

Planning

Requirements

Risk  
assessment

Purchases

Resources

Teamwork
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CHAPTER 6
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Activity development and implementation
This activity was initially developed for  
engineering students involved in large scale 
interdisciplinary projects at a Swiss technical 
university. More than 400 students have  
participated, resulting in the robust activity 
presented in this chapter. It is also regularly 
facilitated for teaching assistants and  
engineering teachers involved in project work.
It has since been implemented in diverse  
contexts and for diverse audiences including:

Countries
Portugal
Denmark
United Kingdom
Switzerland

Conferences
QPES 2023 (Switzerland)

Audiences
Political science students
Social impact entrepreneurs
Engineering students
Student and doctoral assistants
STEM and engineering teachers
Researchers
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Slides to facilitate this activity 

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

1x Handout B per team*

1x Handout C per team*

1x Handout D per student

Per team of 4-6 students†

1 LEGO baseplate or paper equivalent (https://doi.org/10.5281/zenodo.12609232)
Assortment of classic LEGO bricks (150+ pieces per team)
2 timers

* This design assignment can be substituted with another collaborative task where 
   certain aspects are outside of students’ control (i.e. access to materials).
† To see a video example of how the tangibles are used, visit go.epfl.ch/videoCh6
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ACTIVITY OUTCOMES

This 90-minute activity is designed for university-level engineering students. It targets the 
development of the following competencies for creating psychological safety in teams.
1. Inquiry and question-asking 
2. Listening

The importance of psychological safety in teams has been demonstrated in different 
settings. Team performance improves when team climate allows team members to be 
their authentic selves, to ask questions and raise concerns comfortably. However, it is 
less clear how educators can support students to develop skills for cultivating  
psychological safety in their teams. Informed by the literature, this activity will help  
students to enhance their communication skills, more specifically skills for inquiry  
(asking questions) and listening, as the underlying foundation to create a  
psychologically safe team climate. Students will be introduced to conceptual  
foundations of conversational skills and will be given experiential opportunities to  
apply them in several exercises. This chapter provides the outline of an activity  
designed to teach the activity outcomes listed below, material to assist facilitators  
in preparing, and the slides and handouts for teaching the activity.

ACTIVITY 7
How to support students to cultivate 
psychological safety in their teams
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ACTIVITY
How to support students to cultivate psychological 
safety in their teams

7 min 7 min7 min 7 min

PREPARATION 
Set up the room for students to sit together with the members of their teams. 
While the activity assumes teams of 4 students at the formation stage, please 
adjust as needed for your context. Tangibles, LEGO bricks, are used to facilitate 
students' engagement and encourage authenticity and self-expression.

5 min 10 min

INTRODUCTION CONCEPTUAL  
MODEL

EXERCISE 1 EXERCISE 2WARM UP CONCEPTUAL  
MODEL

Have students complete 
the exercise on  

different forms of  
questions. Debrief with 

the whole group.

Have students complete 
the exercise on effective 

listening. Debrief with 
the whole group.

A B

6-9

Explain the complexity 
of the collaboration 

process and highlight 
the importance of a 
safe and open team 

climate.

3-5

Have students pair 
up and discuss a 

good team  
experience.

1-2

Describe the three pillars of  
psychological safety and how to 
operationalize them— introduce 
the two specific skills of asking 
genuine questions and effective 

listening.
Explain two of the major sub-skills 

related to asking genuine questions 
with examples. Invite students 

to share if they have any specific 
examples or experiences.

Explain the constituents 
of effective listening. 

Invite students to share 
specific examples or 

experiences.

10-14
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ALONE

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

EXPERIENCING
applying the concepts and tools in experiential learning

KNOWING
sharing knowledge and concepts that define the targeted skills

TOTAL 90 min

7 min7 min

DEBRIEF +  
CONCLUSION

EXERCISE 3

8 min 

REFLECTION 1

Have students reflect on 
their experience  

individually. Then, to share 
specific instances when 

peers encouraged  
participation or could  
have created a more  

positive climate.

C

20 min

ACTIVITY

Part A 
Distribute sets of LEGO bricks and 
have students make an individual 
representation of themselves as a 
member of their team. Students 
share their models in their teams, 
being mindful of conversational 

turn-taking, listening, and asking 
genuine questions.

Part B  
Have students collaborate to 

make a representation of what 
their team looks like considering 

the proposed criteria.

16-17

5 min

REFLECTION 2

Have students pair 
up and interview each 
other about teamwork 

situations that were 
difficult for them.

15

Have students reflect 
on their experience 

with the group activity,  
connecting to the  

model presented in 
slide 5.

D

Guide students to  
reflect on their overall 
experience, inviting 
them to share their 

thoughts and feelings 
and how they could do  

differently in a new 
context.

18
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CONCEPTUAL AND PRACTICAL UNDERPINNINGS OF 
THE ACTIVITY

What skills will students develop in this 
activity?
Team psychological safety is a collective 
belief among team members that the team 
is safe for interpersonal risk-taking, where 
no one withholds their ideas, questions, and 
concerns, and there are more opportunities 
for giving and receiving feedback.1,2 While 
there is consensus about the importance of 
psychological safety and its impact on team 
performance, there has been less attention 
to ways by which it can be operationalized in 
practice.3 Prominent scholars, Amy  
Edmondson and William Kahn, uncovered 
essential components of a psychologically  
safe climate; for individuals to feel  
comfortable being themselves, to feel valued, 
and to believe that others have positive  
intentions, there should be a climate of trust 
and respect among people.2,4 But what is 
underneath such a climate? In other words,  
in the context of student teams, what  
competencies would students need to create 
a “safe and open team climate”?—we use the 
two terms, psychological safety and safe and 
open team climate, interchangeably in this 
chapter. Granting the importance of quality of  
relationship in promoting psychological  
safety5, microdynamics of interpersonal  
interactions, and more specifically, what 
we say and do during conversations would 
influence team climate. Building on the limited 
conceptual discussion of promoting  
psychological safety in teams2,6-8, we used the 
term “skillful conversation” to highlight what 
members of a team should master to  
contribute to creating a safe and open team 
climate, and focusing on two essential  
interpersonal skills: inquiry and listening.  
While we present the two transversal skills 
separately in what follows, it is impossible to 
isolate one from another in conversations.

Inquiry
Asking for information is an effective way to 
encourage participation and empower  
others in any interpersonal setting. As Schein 
& Schein7 argue we may miss opportunities 
to build personal relationship, characterized 
by openness and trust, simply due to failure 
to ask humbly with the right attitude. Schein 
& Schein coined the term Humble Inquiry 
as “the fine art of drawing someone out, of 
asking questions to which you do not already 
know the answer, of building a relationship 
based on curiosity and interest in another  
person”.7 Similarly, Van Quaquebeke and 
Felps used the term Respectful Inquiry as 
a multidimensional construct of “asking 
questions in an open way and subsequently 
listening attentively, which, in their interplay, 
signal the degree to which a person invites 
an addressee to (continue to) share his/her 
thoughts on a subject during a conversational 
episode.”9, p.7 To develop inquiry skills,  
students need to be aware of different ways of 
asking questions and recognize the difference 
between telling and inquiry. For instance, 
notice how using a question like “Didn’t that 
make you angry?”, instead of “How did that 
make you feel?”, involves judgment and  
assumption that may close the door to a more 
genuine conversation. When one frames a 
question openly using the right tone, e.g., 
“Can you tell me more?” or “Can you tell me 
the whole story?”, they minimize controlling 
and influencing the direction of the  
conversation, show their vulnerability, and 
demonstrate the importance of learning, 
which is radically different compared with 
when they ask confrontive questions.7 In  
practice, students should see how framing 
open questions with an attitude of interest 
and curiosity, which demonstrates genuine 
interest in others and what they would say, 
helps people feel acknowledged and creates 
a safe climate to share and speak up.
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Listening 
Another essential component of genuine  
conversation is listening. To acknowledge  
and respect the presence of others,  
demonstrate care and concern for individuals 
and the relationship with them, and to  
understand them from their point of view  
effective listening is the key.10,11 Different terms, 
with some overlapping dimensions, have been 
used in the literature to refer to listening skills, 
among them, active listening, empathetic  
listening, and active empathetic listening. 
Importantly, understanding speakers at a more 
human level with an appreciation of their  
experience and feelings has been highlighted in 
the conceptualization and measurement of  
effective listening.12,13 In designing the activity, 
we borrowed from the listening framework 
demonstrated by DeVito10 that includes the  
five-step process of receiving, understanding, 
remembering, evaluating, and responding to 
verbal (and/or nonverbal) messages. Note that 
asking questions is critical in both  
understanding what the speaker means and  
responding. Skills for improving listening at 
each stage should be introduced, and  
students should be given opportunities to  
practice effective listening. In introducing  
listening skills, educators can use examples  
reflecting on how different things could go 
wrong in conversations in teams (or  
interpersonal) settings; here are a few  
examples: getting distracted by the  
environment; jumping over and interrupting the 
speaker—perhaps because the listener has 
something interesting to say, or they make an  
assumption about the direction of conversa-
tion, or even worse they think what is said is of 
little worth of their time—; and tendency to fix/
solve the speaker’s problem without any efforts 
in seeing the problem from the speaker’s point 
of view and appreciation of their feelings  
beyond what has been said. At a more  
fundamental level, genuine two-way  
interaction is about treating one another as a 
whole human being beyond characteristics 
and attributes;14 that is why it is important to 

encourage students to be mindful of their  
assumptions and how they may conceive  
others. This, in turn, helps them to be  
attentive in conversations and develop a sense 
of appreciation for the speaker’s effort and 
what is being said, whether they agree or not.

How to interest engineering students in 
learning these skills? 
The ability to work effectively in teams is 
among widely recognized professional skills in 
engineering education,15-17 in part due to the 
increasing demands of accreditation bodies, 
which is directly connected to the collaborative 
nature of engineering professional practice.18,19 
Working in teams requires specific  
competencies, some more context-driven 
for instance knowledge and skills pertaining 
task and its objectives, and other generic and 
transferrable to other settings, such as  
knowledge of teamwork skills or  
communication skills.20 At a more macro-level, 
the primacy of psychological safety may need 
to be shared with students to highlight the 
relevance and meaningfulness of the activity. 
There is growing evidence documenting the 
influence of a safe and open team climate on 
team effectiveness and performance.21-23 At 
a more micro-level, concerning specific skills, 
students should be given opportunities to see 
the relevance of inquiry and listening in  
promoting psychological safety. While  
implementing the activity outlined in this  
chapter in several settings at EPFL, we noticed 
how students naturally bring up components 
related to psychological safety when they are 
asked to reflect on their prior team  
experiences. The challenge is that many 
individuals take for granted that they possess 
skills in inquiry and effective listening.  
Building on students’ experiences with  
teamwork, educators can demonstrate  
examples and incorporate exercises on how 
skillful conversation can contribute to  
flourishing individual and team capacity.  
In doing so, it is essential to employ active 
learning strategies, e.g., think-pair-share,  
and whole class discussion.
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How does this activity help your students 
to develop these skills? 
Although opportunities for teamwork  
within engineering curricula have been growing 
through various experiential activities, such  
as design projects, less attention has been 
paid to the conceptual underpinnings of  
collaboration and the need for explicit  
instruction for developing teamwork  
competencies. As highlighted in several  
exemplar reports and publications, there is a 
need for systematic instruction of teamwork 
skills and paying attention to the process of 
collaboration, in addition to outcomes.18,24,25 
Empirical studies have documented the  
benefits of explicit instruction of professional 
skills.26 This activity has been designed to  
explicitly address communication  
competencies needed to build psychological 
safety, specifically at the earlier stages of the  
collaboration process, when trust and norms 
are developing within teams.27 One of the 
things that could enhance the effectiveness of 
interventions centered around psychological 
safety is creating conditions for vulnerability 
and self-disclosure.5 Incorporating  
components that encourage students to 
present their authentic selves, who they are, 
what their strengths or areas they would 
consider for improvement are in connection 
with a given task would be some strategies 
to promote authenticity and conversational 
disclosure. In terms of targeted transversal 
skills, we employed a trident framework28 as 
a practical structure for teaching transversal 
skills—please see Chapter 129 of this book for 
an in-depth presentation of the framework. 
The three aspects of the trident are:
Knowing: the factual knowledge and  
concepts that underpin a skill. For instance, 
different phases of effective listening.

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, practicing  
asking open and genuine questions in an  
interview exercise.
Learning from experience: meta-cognitive 
and meta-emotional reflection about the  
experience of implementing conceptual  
knowledge and procedural skills. For  
example, reflecting on how and when  
students encouraged participation (or showed 
genuine interest).
An important element of this activity is the use 
of tangibles. We used tangibles, LEGO bricks, 
to create opportunities to practice skills and 
facilitate students' interaction through creation 
of concrete representation. Please see  
Chapter 1 for more details on the use of  
tangibles for creating micro-experiential  
activities. It is worth noting that our approach 
to using tangibles in this particular activity is  
methodologically akin to the core process of 
LEGO Serious Play (LSP), which facilitates 
building and sharing stories about the  
intangible world.30 Specifically, we asked 
student to build and share individual models 
using LEGO bricks, and then, build shared 
models and stories.30 The process creates a 
safe environment31 that facilitates equality of 
participation and voices.32-34 It is both playful 
and meaningful. It can create a context  
involving participants in the state of “flow” 
where they can be fully engaged and  
absorbed in the activity while following a  
purpose. We posit that the overall process 
and its essential underlying components of 
tangible activity align with the overall goal of 
cultivating psychological safety. In adapting 
the activity, educators should be clear about 
the purpose and communicate that the focus 
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is on meaning/stories (rather than models). It 
is also helpful to let students know that the 
use of LEGO bricks in visualizing and  
presenting ideas may remove barriers to 
self-expression and authentic voices,32  
and enhance safety in presenting challenging 
ideas,33 otherwise hard to express. The  
process as a whole aligns with  
conceptualizations of psychological safety, 
where individuals should be their authentic 
selves without fear of negative consequences.4 
Let’s examine the details of the learning  
activity that addresses foundational skills in 
creating safe and open team climate, inquiry 
and effective listening. Notice how we started 
the activity with a reflective exercise by inviting 
students to think and discuss about a good 
team experience [slide 1]. This brief  
discussion is not only an effective warm-up, 
including when students just got to know their 
team members, but also helps educators to 
naturally make the connection with different 
aspects of the collaboration process [slide 2]. 
The illustration of the collaboration process on 
slide 235 is based on the conceptual  
frameworks on team effectiveness  
demonstrating the three core elements of  
inputs, processes, and outcomes,27, 36, 37 
which have been applied in different contexts. 
In what follows, we present the details of each 
phase, knowing, experiencing, and learning 
from experience, based on the order  
implemented.
Knowing: Students are introduced to the  
complexity of the collaboration process, the 
nature of their team project, and the 
importance of a safe and open team climate 
[slides 2-4]. To underline how psychological 
safety can be operationalized in team settings, 
students are introduced to the three pillars of 
psychological safety, framing the work as  
learning problem, acknowledging fallibility, 

and modeling curiosity38 that will be attainable 
through skillful conversation [slides 5-6].  
Focusing on inquiry skills, different forms of 
questions can be demonstrated by using 
examples. We encourage educators to invite 
students to share their examples/experiences 
[slides 7-9].
Experiencing: To help students imagine a 
challenging situation and apply what they 
have learned about the difference between 
telling and inquiry and ways to frame and 
pose questions, they are asked to complete 
the exercise I [Handout A]. Then, students  
are invited to share their insights with the 
whole group.
Knowing: Now focusing on effective listening, 
students are introduced to the major stages 
and elements of effective listening. Here again, 
students are invited to share if they have any 
specific examples or experiences [slides 10-14].
Experiencing: Students are asked to complete 
an exercise on effective listening in which they 
imagine how different responses are received 
by the speaker. They are encouraged to think 
about other potential responses and share their 
insights with the whole group [Handout B].
Experiencing: To bring the two skill sets  
together and create a more holistic and realistic 
practice situation, students are asked to pair 
up in their groups and interview each other 
about situations in which working in teams was 
difficult for them [slide 15]. Note that the theme 
again is team experience; students often have 
something to say about it; it is meaningful 
and personal. During the implementation, we 
did not give much time for preparation as this 
triggers a more authentic reflection. It is worth 
noting that teachers can choose other subjects 
for the interview, for instance, related to the 
definition and requirements of the team project.
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Learning from experience: Students are 
invited to reflect individually on the interview 
experience, what went well and what could 
be improved [Handout C]. Then, they are  
invited to share specific instances in which 
their peers encouraged their participation or 
where they could do better to create a more 
positive climate.
Experiencing: Here is another opportunity 
for students to practice and be mindful of 
effective inquiry and listening in conversations. 
Students are first asked to build a model of 
themselves as a member of their groups using 
LEGO bricks and share the model with their 
team members [slide 16]. Then, they are 
asked to make a group representation of what 
their team looks like considering the proposed 
criteria [slide 17]. The activity enables  
students to visualize ideas, experiment 
through feedback and co-construction, and 
move towards building a shared vision about 
their team and task.39 Meanwhile, it creates 
experiential opportunities for self-expression 
and practicing conversation skills.
Learning from experience: Students reflect 
on their experience with the group activity  
using LEGO bricks [Handout D]. Then,  
students reflect on their overall experience 
by answering the prompts; to be an effective 
exercise, a follow-up discussion should take 
place either in small groups (e.g., think-pair-
share) or the whole class [slide 18].

Activity development and implementation
An initial version of this activity was designed 
and implemented in a graduate-level robotics 
course at a technical institution in  
Switzerland. The study evolved through  
discussions between two authors of this 
chapter where details of the course, observed 
challenges in teamwork, and potential  
interventions were explored. We later  
implemented the activity outlined in this  
chapter in a graduate-level management 
course focusing on transition and technology 
policy. It is worth noting that for both courses 
acquiring skills in effective teamwork was one 
of the major learning objectives. When asked 
to describe their experience working in teams 
after the interventions, most students shared 
positive impressions illustrating elements of 
supportive climate, perceived comfort, shared 
expectations, and motivation—a manuscript 
is currently under preparation. In total, more 
than 250 students have experienced this 
activity.

HANDOUT 11A

HANDOUT A
EXERCISE 1

A member of your team is not contributing as expected and is becoming less  
engaged in team meetings. You are not sure why. As a team member, you are 
worried about this. 
What do you say in a one-on-one conversation?
What do you say in a team meeting?

On your own, think about different ways you could address the issue by: 

I. Telling (without questions)

Schein and Schein (2021)

II. Asking a confrontive question

III. Asking a genuine question
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EXERCISE 1

A member of your team is not contributing as expected and is becoming less  
engaged in team meetings. You are not sure why. As a team member, you are 
worried about this. 
What do you say in a one-on-one conversation?
What do you say in a team meeting?

On your own, think about different ways you could address the issue by: 

I. Telling (without questions)

Schein and Schein (2021)

II. Asking a confrontive question

III. Asking a genuine question
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HANDOUT 12B

HANDOUT B
EXERCISE 2

One of your classmates worked hard and prepared an outline for the term paper. 
Your professor asks them to change the topic and redo the entire outline. They are 
disappointed. In a meeting with several peers, they say, “I can’t believe I have to redo 
this. I really worked hard on looking at the literature and drafting the outline, and now 
I have to do it all over again.”

Based on what we have discussed on effective listening, how will each response be 
received by the person? Can you think of the main reasons?

A: “That’s not so bad; I had to entirely redo it. That’s normal.”

DeVito (2022)

B: “It is just a simple rewrite. No worries. I’ve heard several students changed their 
entire reports last semester.” 

C: “You have to rewrite the outline you’ve worked on for the past three weeks? You 
sound really frustrated.” 

Other potential responses? 
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HANDOUT 12B

HANDOUT B
EXERCISE 2

One of your classmates worked hard and prepared an outline for the term paper. 
Your professor asks them to change the topic and redo the entire outline. They are 
disappointed. In a meeting with several peers, they say, “I can’t believe I have to redo 
this. I really worked hard on looking at the literature and drafting the outline, and now 
I have to do it all over again.”

Based on what we have discussed on effective listening, how will each response be 
received by the person? Can you think of the main reasons?

A: “That’s not so bad; I had to entirely redo it. That’s normal.”

DeVito (2022)

B: “It is just a simple rewrite. No worries. I’ve heard several students changed their 
entire reports last semester.” 

C: “You have to rewrite the outline you’ve worked on for the past three weeks? You 
sound really frustrated.” 

Other potential responses? 

HANDOUT 13C

HANDOUT C 
REFLECTION 1

How was it to do this exercise? 

What have you done to create a genuine relationship with your peer? 

When you reflect on what you have said and/or have done, what are the things that 
you did well? 

When you reflect on what you have said and/or have done, what are the areas that 
you would like to work on? 

What are the moments, interactions or comments that made you feel that you are 
valued and respected by your peer?
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HANDOUT 14C

HANDOUT C
REFLECTION 1

What are the moments, interactions or comments that you think made your peer feel 
valued and respected?

Have a brief conversation with your peer and discuss how/when your peer showed 
genuine interest and encouraged your participation (at least one instance) and how/
when they could better support your participation and foster a more positive climate 
(at least one instance).
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HANDOUT 14C

HANDOUT C
REFLECTION 1

What are the moments, interactions or comments that you think made your peer feel 
valued and respected?

Have a brief conversation with your peer and discuss how/when your peer showed 
genuine interest and encouraged your participation (at least one instance) and how/
when they could better support your participation and foster a more positive climate 
(at least one instance).

HANDOUT 15D

HANDOUT D
REFLECTION 2

How was it to do this exercise? (How did it go?)

How did you show to the members of your team that you are open to questions, 
ideas, and feedback? 

Can you remember what types of questions you asked?

How did you invite the others to share ideas and concerns? 

How did you contribute to creating a safe environment? 

How did you demonstrate effective and thoughtful listening?
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Slides to facilitate this activity 

1x Handout A per student

1x Handout B per student

1x Handout C per student

1x Handout D per student

Mixed selection of classic LEGO bricks, special elements, and minifigure parts, 
and one baseplate for each team to build their group representation

MORE ABOUT 3T PLAY

To learn more about the 3T PLAY project and 
access research output, please visit  
go.epfl.ch/3TPLAY

To access more teaching materials, please visit  
https://zenodo.org/communities/3tplay/records 

http://go.epfl.ch/3TPLAY
https://zenodo.org/communities/3tplay/records
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ACTIVITY OUTCOMES

This chapter is designed for higher education teachers. 
It assists them to
1. Identify relevant transversal skills for their students
2. Design a prototype of an activity based on the trident framework to 
    develop students' level for these skills

This playbook contains several activities for teaching transversal skills. 
However, your students might need to, or want to, develop skills that are not  
addressed in these activities. This chapter is designed for just such a situation.  
The activities in this chapter will guide you to identify relevant transversal skills and 
to design corresponding experiential learning activities. Explicit scaffolding using our 
trident framework will ensure that the activity you develop includes the three  
aspects essential for robust skill development: Knowing, Experiencing and  
Learning from experience.
The time necessary for this self-paced activity varies between people, however you 
should expect to invest 60 minutes to complete a first prototype of an activity.

CHAPTER 8
How teachers can use the 3T PLAY 
trident framework to design activities 
that develop transversal skills



CHAPTER 8

192

Designing learning activities to develop 
engineering students’ transversal skills
The importance of engineering students’  
transversal skills, and associated desire to  
improve, has been documented from  
students1–4, employers5–10, alumni11,12 and  
engineering accreditation bodies13–15.
Project 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 tasks16, 
a lack of visibility exacerbated when feedback 
and assessment activities do not include  
transversal skills17. 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 them18,19. However teachers  
rarely include explicit learning activities for  
these skills20,21.
Previous work suggests that teachers would 
appreciate more practical support on how to 
incorporate opportunities for skill development 
in their courses19,21,22. This chapter provides a 
structured backward design process guide to 
implementing the 3T PLAY trident framework 
(Fig. 1) to design activities that develop  
transversal skills.

Backward Design Process
The worksheets in this chapter constitute a 
backward design approach23 to creating a new 
activity using the 3T PLAY framework for  
teaching 1-2 transversal skills. It provides a 
step-wise guide to identifying desired  
outcomes, specifying how and when students 
should be able to implement the skill, and 
structuring the components to create a learning 
experience targeting the desired skill24.
Briefly, the activities in this chapter follow the 
path below:

Identifying desired results - What skills do 
you want students to develop?
The backward design process starts with  
identifying the desired results. In the context of 
a 3T PLAY activity, this means identifying the 
skills that students will improve/develop as a 
result of participating in the new activity. This 
identification of relevant skills would ideally be 
jointly developed from priorities of the individual 
teacher and the context of their course, the 
program-level outcomes for graduate attributes 
defined for the degree program, and the needs/
priorities of the students. It is, however,  
pertinent to keep the micro-scale of the 3T 
activities in mind. This means that the skills  
targeted should be quite specific and the  
intended improvement be realistic. For instance, 
‘communication skills’ is too broad and  
specifying ‘oral presentation skills’ would better 
assist with structuring an effective activity.  
Similarly, it is unlikely that a 60-minute activity 
could feasibly increase first year students’ skills 
to the level of ‘deliver highly structured and 
engaging oral presentations’. In Worksheet A, 
you will be prompted to first identify and then 
refine a list of transversal skills relevant for your 
own context.

Determine evidence to show learning has 
occurred
Next, we consider how students’ development 
of the skill can be observed. This requires  
articulating the knowledge about the skill 
students should acquire, typical difficulties in 
implementation that they should be able to 
overcome, and the situations they should  
recognise as relevant for implementing the skill. 
The activities in Worksheet A will guide you 
through this process.

Plan the learning experience
Finally, Worksheets B1 & B2 will guide you to 
sequence the elements you developed above 
to create an experiential activity that supports 
students to develop the target transversal skills.

CONCEPTUAL AND PRACTICAL UNDERPINNINGS OF 
THIS CHAPTER



193

CHAPTER 8

Figure 8.1: The 3T PLAY trident framework

KNOWING

sharing knowledge and 
concepts that define 
the targeted skills

applying the concepts 
and tools in experiential 
learning

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

EXPERIENCING

LEARNING 
FROM  
EXPERIENCE

The 3T PLAY trident framework for  
teaching transversal skills
Our trident framework (Fig. 8.1) provides a 
practical structure for teaching transversal skills 
that addresses the issues identified above to 
ensure that students are really learning. Please 
see Chapter 125 of this book for an in-depth  
presentation of the framework.
The three aspects of the trident are
Knowing: the factual knowledge and  
concepts that underpin a skill. The importance 
of providing conceptual knowledge related to 
transversal skills is often overlooked.
For instance, knowledge of different  
persuasive strategies.
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 to obtain a mutually 
acceptable solution that incorporates your own 
priorities and then doing it a second time to 
immediately 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. This is a key 
step in transfer, that is in students being able 
to apply or implement what they learn from this 
activity in future situations.
For example, reviewing the experience to  
identify the kinds of arguments that were  
successful in persuading others and reflecting 
on why this experience was similar or different 
to previous negotiations.
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Creating experiential learning activities
To reach our objective of supporting  
engineering students’ to develop robust  
transversal skills, we need to provide them 
with opportunities to practice, to encounter 
authentic challenges, iterate, and reflect on 
their experiences. Experiential learning, where 
students actively apply their knowledge and 
skills in context, is ideally suited to the  
development of transversal skills. Please see 
Chapter 125 for a review of the conditions 
which support effective experiential learning, 
including clear learning objectives, deliberate 
practice, cognitive load, and addressing  
misconceptions.
Your activity should include each of the  
aspects from our trident to ensure that  
students encounter activities that prompt the 
three types of thinking and develop a degree 
of proficiency in the targeted skills that allows 
them to apply them in their next project. Before 
you get started designing your own activity, we 
recommend that you look back over the  
previous chapters of this playbook to identify 
some typical activities for each aspect of the 
trident: Knowing, Experiencing and Learning 
from experience.

Designing an activity is a creative process - 
creativity is fostered by a playful approach, 
collaboration and a bit of silliness. So you will 
make better progress with these worksheets 
if you start with a good mood and allow your 
thinking to make connections. Co-designing 
an activity with a small group of colleagues 
is helpful to stimulate creativity. A backward 
design process is rarely linear. Looping back 
to revise previous steps is normal and even 
encouraged to make your activity more  
consistent and focused.
In the next pages of this chapter, you will find:
	• instructions to start creating an activity using 
the 3T PLAY framework for teaching  
transversal skills (Worksheet A).

	• guidance for designing the temporal structure 
of your activity (Worksheets B1 & B2).

Additional resources in this chapter include 
support for articulating specific and relevant 
transversal skills (Appendix 1) and a  
completed example of Worksheet A  
(Appendix 2). We conclude with a section on 
piloting and revising your activity.
Let’s get started!
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The steps below will assist you to design an experiential learning activity that 
targets the development of students’ transversal skills. You will be guided through 
a backward design process, so Worksheet A starts with you defining the learning 
objective and then considering how to enable your students to accomplish the 
learning objective. 

Design processes are typically non-linear, so allow yourself to bounce forward 
and backward. In Worksheets B1 & B2, you will put your ideas and design  
elements into a timeline to create a coherent activity.

ACTIVITY DESIGN WORKSHEET A
Please allow 40+ minutes for this worksheet.

Skill 1 Skill 2

STEP 1. Identify the transversal skills that your activity will assist students to develop.

a
On a piece of scrap paper, make a list of 4-6 skills that your students should develop during your 
course. If you need a little inspiration, see the list of transversal skills in Table 8.2 in Appendix 1.

b
Use this checklist to remove or reformulate 
non-skills. For additional guidance, see Table 
8.1 in Appendix 1.
	• Is it a skill, involving know-how  
(and not just knowledge)?

	• Is it a skill students can develop  
(and not a personality characteristic)?

	• Is it formulated to point to a specific skill 
(and not a category of skills)?

c 
Review your list to
	• remove skills that are implemented  
differently depending on the discipline. Test 
this by adding 'in discipline' - for instance 
'critical thinking in water infrastructure' 
requires different approaches than 'critical 
thinking in electrical circuits' 

	• highlight skills that are used in multiple  
contexts, important for your course,  
under-developed in the curriculum or  
required by professionals

d
Review the priorities indicated by your highlighting and choose 1-2 ‘target skills’ on which to focus. 
Write these below.
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STEP 2. Identify academic and/or future professional situations that require the students 
to implement each of the target skills. You may, or may not, want to consult the worked 
example in Appendix 2.

a
When do students use this skill? And professionals? Make a list of 2-3 situations for each 
target skill.

b
Which obstacles and difficulties do students encounter when they implement the skills? 
Make a list of 2-3 difficulties for each skill.

c
Based on your responses above, choose the one skill that you will prioritise in the  
development of your activity. Highlight your choice in 1d.

ACTIVITY DESIGN WORKSHEET A

Situations for skill 1 Situations for skill 2

Difficulties about skill 1 Difficulties about skill 2

1

1

1

1

2

2

3

3

2

2

3

3
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STEP 3. What do you want students to take away from the activity? Asking this question is  
fundamental to backward design, where you identify the desired result and then work backwards 
to determine how to help students accomplish this result. 
To clarify what students should learn, imagine one of your students has a job interview and the 
interviewer says, “Tell me about a time when you need to implement [skill] and how you went 
about it.” The interviewer is likely looking for (1) a description of a situation that required this skill, (2) 
a personal account of using a specific strategy related to this skill and (ideally) (3) some insight or 
personal growth arising from their experience. 
In this step of the activity design, you will create reflective questions to help students digest their 
experiences, enabling them to recognise situations that require the target skills, to structure how 
they implement the skills, and to evaluate the effectiveness of the implementation. These  
questions are essential to students’ capacity to transfer what they learn in this activity to their 
coursework and beyond. Transfer is supported when students think about why the skills were 
needed, how they were implemented, and potential similarities or differences with ‘real’ contexts.

b
For students to learn from their experience, they need to perceive the relevant parts of 
the experience and how it connects to the target skill. What would enable students to 
evaluate how well they and their peers implemented the skills?

ACTIVITY DESIGN WORKSHEET A
LEARNING FROM EXPERIENCE

a
What are the key signs that students can use to identify situations in which the target skill 
should be implemented?
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c
Your responses above should represent the Learning from experience that your students 
need to achieve to be able to transfer (implement the skill in future situations) their learning 
to their next challenge. Reformulate your response to 3a+b as questions directed to  
students, and write them in the Learning from experience box*

ACTIVITY DESIGN WORKSHEET A
LEARNING FROM EXPERIENCE

* In Worksheet B2, you will transfer elements from the coloured boxes to the activity template.  
  It may, therefore, be more convenient to affix sticky notes in the coloured boxes and write on  
  the sticky notes.

LEARNING FROM 
EXPERIENCE
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STEP 4. This step is about creating an experiential activity to allow students to implement  
the transversal skill in a low-stakes environment. It should generate a context for students 
to implement the target skill (review your response 2a) and experience common difficulties 
(see 2b). We have found this step requires creativity and several iterations. If you are having 
difficulty getting started, we recommend adapting an activity already used in this playbook to 
refocus on the development of your target skill. 
For example,

In the Experiencing box*, write a brief description of a learning activity where students can practice 
the target skill and encounter relevant difficulties. Consider including the following details:
	• What tasks will students attempt to complete? What constraints will ensure they encounter  
authentic difficulties?

	• How much time will they have? What materials will they have available?
	• Will they work alone, in pairs, small teams or as a class?

ACTIVITY DESIGN WORKSHEET A
EXPERIENCING

creating a product requires  
organisational and problem 
solving skills.

See Chapter 2 (https://doi.org/10.5281/zenodo.13328621) 
and Chapter 6 (https://doi.org/10.5281/zenodo.11263642).

working in teams requires  
development of collaborative and 
emotional management skills. 

See Chapter 3 (https://doi.org/10.5281/zenodo.10392344)  
and Chapter 4 (https://doi.org/10.5281/zenodo.10731771).

using an object to generate 
interactions. 

See Chapter 5 (https://doi.org/10.5281/zenodo.10931765) 
and Chapter 7 (https://doi.org/10.5281/zenodo.11192095).

EXPERIENCING

https://doi.org/10.5281/zenodo.13328621
https://doi.org/10.5281/zenodo.11263642
https://doi.org/10.5281/zenodo.10392344
https://doi.org/10.5281/zenodo.10731771
https://doi.org/10.5281/zenodo.10931765
https://doi.org/10.5281/zenodo.11192095
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STEP 5. This step is about identifying existing knowledge, frameworks, and tools that can 
help students implement and develop your targeted skill. You may need to do some research 
- for many transversal skills, the ‘tools’ that students should learn to use are mental tools or 
approaches, which can make them difficult to perceive.

a
What advice do you give students when they encounter the difficulties listed in Step 2b? 
What actions do you propose they take?

b
What strategies, models or concepts informed your advice in Step 5a? Write some 
key words in Knowing box* - later, these can guide your research into models, 
strategies or concepts to provide a robust underpinning for students.

ACTIVITY DESIGN WORKSHEET A
KNOWING

KNOWING
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STEP 6. Review your responses in Step 2 and compare them to how you have developed 
Steps 4 and 5.
	• Will students receive guidance or information about how to implement the target skill 
before they experience it?

	• What elements of the activity generate experiences that allow students to reflect on the 
target skill? Will students see the relevance for future scenarios?

	• Will the activity be engaging (even fun) yet challenging?

You may want to revise or edit several aspects of your activity. Separate elements that 
occur at different times by using a separate sticky note for each. If you are making a lot of 
changes, starting again with a blank version of the worksheet might facilitate your thinking.

ACTIVITY DESIGN WORKSHEET A
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ACTIVITY DESIGN WORKSHEET B1

Worksheets B1 & B2 will help you in transforming your ideas from Worksheet A into 
a temporal outline for facilitating the activity. We recommend having your responses 
from the coloured boxes on separate sticky notes or small papers.

STEP 7. Position the 3 aspects of Knowing 
and Learning from experience, and  
Experiencing to create the activity outline  
on Worksheet B2.
a Place the Experiencing sticky note(s) in any 
central circle on Worksheet B2.
b In general, students should have access to 
Knowing elements before Experiencing to 
enable them to apply it and practice the relevant 
skills. Remember the goal is to create authentic  
experiences, where students already have the 
information yet still encounter implementation  
challenges. Place the Knowing sticky notes on 
circles before or after Experiencing depending 
on your objectives.
c Learning from experience about the current 
activity should likely occur after Experiencing.  
If Learning from experience is about how  
students can transfer the skill (implement in 
future situations), place the sticky note near the 
conclusion. For Learning from experience 
activities that leverage students’ previous  
experiences, consider placing this sticky note 
as a pre-Experiencing warm up activity to 
assist students to see the value of this activity.

STEP 8. Creating an introduction and  
conclusion for the session.
a Creating a positive, low-stakes environment 
and having students see the skill as relevant 
is important. Use your notes from Steps 1 + 2 
to create an introduction and/or warm up that 
includes a direct statement of the skill students 
will develop.
b Support students’ consolidation of learning 
with a conclusion that restates the target skill 
and assists them to pivot to future situations 
where they will apply them. If there are  
additional blank spaces on Worksheet B2,  
eliminate or ignore them.

STEP 9. Clarifying the time, mode and  
resources for the activities.
a Determine an overall length for your activity, 
keeping in mind contextual constraints. Record 
the time allocated for each moment of the  
activity at the top of the template.
b The trident framework requires that students 
encounter Knowing, Experiencing and  
Learning from experience activities. Consider 
the cumulative amount of time allocated for 
each of these elements. Does this fit with your 
learning objectives? Should some activities be 
shortened or lengthened?
c For each moment on the template, indicate if 
the class is all together, working alone, in pairs 
or small groups. This is also a good time to  
indicate when slides, handouts or other  
materials will be used.

STEP 10. OPTIONAL: In Step 1c, you identified 
some high priority skills for your students. 
Considering how your activity has developed, 
you may want to integrate the development of a 
second skill. If yes, you should repeat Steps 2-4 
for this second skill as it is essential for students 
to receive adequate structure for Knowing  
and Learning from experience, as simply 
experiencing is insufficient for robust skill  
development.

Congratulations - you now have a first  
prototype of your activity! You likely need to do 
some research to prepare the resources related 
to Knowing and to develop the student-facing  
materials such as hand-outs and slides. For 
recommendations for piloting and revising your 
activity, see the final section of this chapter.
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ACTIVITY DESIGN WORKSHEET B2
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PILOTING, FACILITATING AND REVISING  
YOUR ACTIVITY

Once you have a draft of your activity, and 
before implementing it with students, it is  
advisable to pilot it. A pilot is a small-scale  
preliminary implementation of your activity 
design. The main purpose is to test the activity 
before teaching it in your class and get  
feedback (from multiple perspectives) that is 
useful for considering revisions of your activity.

Piloting the activity
Audience: Invite a diverse audience to  
participate in your pilot. This could include 
students from the target course, students who 
have already taken that course, your peers, 
pedagogical advisors, etc.
Preparation: Plan to conduct the activity as 
you would do with students. Pay attention 
to the facilities in the room and the materials 
needed to ensure that your pilot participants 
get an authentic experience rather than  
having to imagine what they would do in a 
particular scenario.
Time: In Worksheets B1 & B2 you prepared 
the temporal outline. When piloting the activity 
try to stay as close to this plan as possible, 
while making a note of discrepancies in the 
time allotted for each step. Be sure to reserve 
time at the end to get feedback from your 
pilot participants.
Intentional feedback: A key benefit of piloting 
the activity is to get feedback from multiple 
perspectives. Consider how to make it easier 
for your pilot participants to give you useful and 
relevant feedback. This can be an open  
discussion or questionnaire, but prompting 
your participants with specific questions will 

likely produce more actionable ideas.  
Some questions you could use are:
	• Did you receive sufficient information/ 
knowledge related to this skill?

	• What additional knowledge about this skill 
would have been useful?

	• Did you have sufficient opportunities to  
practice the skill?

	• Did the reflection activities/prompts help  
you think of how you could use this skill in 
other contexts?

	• Was the time allotted to the various steps of 
this activity appropriate?

	• Were the instructions clear and explicit 
throughout the activity?

	• Were there any inconsistencies in the  
approach or flow of the activity?

	• Do you have any feedback that can be used 
to improve this activity?

Facilitating students’ learning during  
experiential activities 
Experiential learning activities may require 
teachers to adopt different teaching  
strategies from those they rely on more  
traditional settings. Effective teaching will likely 
involve alternating between facilitation  
strategies that support students to be  
immersed in the activity, refining their own 
processes for resolving difficulties, and  
strategies to prompt students to step back 
and perceive connections across contexts. 
Page 15 in Chapter 125 provides some  
practical facilitation advice. 
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Reflecting on the pilot implementation
In his book “Becoming a critically reflective 
teacher” Stephen Brookfield26 suggests using 
four different perspectives to get a holistic view 
of your teaching. Here, we propose using his 
four “lenses” to reflect on the pilot  
implementation of your activity:
You the teacher: Your critical self reflection is a 
powerful and important source of insight into 
the activity. What were your experiences when 
teaching the activity? What assumptions did 
you make when designing the activity, and 
how did these assumptions play out during 
implementation?
Your students: Understanding how your  
students have experienced the activity is 
important when reflecting on its effectiveness. 
Did they interpret your words/actions in the 
way you intended? Did something  
inconsequential to you seem very important  
to them, or vice versa? Were there any  
differences in the experiences of students  
with different backgrounds?
Your peers: Your peers may share your learning 
goals or have encountered similar challenges. 
Asking them to provide an additional viewpoint 
can bring to light issues – and solutions – that 
escape your gaze. They can also help you  
perceive and evaluate your assumptions.
Pedagogical theory and best practices: This 
is the broadest perspective that you can take.
Consulting the educational literature will allow 
you to evaluate your pedagogical choices in 
light of evidence-based practices. It will provide 
insights into why you might be facing certain 
difficulties, and what strategies you could use 
to overcome them. Additionally, it can help you 
identify which issues you can tackle easily, and 
which are systemic and/or beyond your  
control. A first step towards accessing this  
perspective could be to ask a pedagogical 
advisor to participate in the pilot.

Revising the activity
After piloting and reflecting on the activity, it is 
time to revise the activity. At this stage it is  
important to ensure that your focus remains 
on ensuring students’ learning meets the 
activity outcomes.
While multiple rounds of piloting can help 
further refine the activity, that is not always 
possible. In the absence of secondary pilots, 
you could discuss your intended changes  
with some of the participants in your first  
pilot implementation.
When you teach the activity with your  
students, consider getting additional feedback 
from your students, and then further revising it 
based on that feedback and your experience. 
If you will be teaching it to different audiences, 
consider tailoring it based on the needs and 
prior skills levels of the respective students.
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The ‘transversal’ denomination for transversal 
skills indicates that these skills can be used in 
a wide variety of situations. While not limited 
to specific disciplinary or contexts, how  
transversal skills are applied can differ  
significantly and it is therefore important to 
create contextualised, experiential learning 
opportunities for students to develop these 
skills. While these skills were often called “soft 
skills”, this term has fallen out of favour  
because it implies these skills are easy or 
peripheral, rather than really important.

In Table 8.1 below, we provide a couple  
examples of skills that are not transversal 
skills to assist with developing a clear, shared  
definition of these key skills.

SUPPORT FOR ARTICULATING SPECIFIC AND  
RELEVANT TRANSVERSAL SKILLS (APPENDIX 1)

Non-transversal and non-specific skills Explanation

How electron microscopes produce images  
of samples

This is knowledge and not a skill.
A quick test to identity knowledge is that is 
a theoretical or practical understanding,  
whereas skill is the ability to use  
knowledge effectively in context.

Performing electron microscopy on a  
sample of cellulose

This is a skill but it is more disciplinary or  
technical than transversal.

Self-discipline This is a characteristic that describes a  
person’s tendency to implement several 
skills, such as time management and  
planning. It is not in itself a skill.

Teamwork This is a whole category of skills.  
Help students to develop their skills by 
articulating what specific teamwork skills 
they will practice (collaborative decision 
making, conflict resolution, chairing a 
meeting…)

Table 8.1: Examples of knowledge, disciplinary skills and personal characteristics

Listed in Table 8.2 are some transversal skills that are useful for engineering students and  
professionals. It is not exhaustive, so please do consider additional skills for your teaching.  
It may be helpful to consult a reference list of transversal skills from your institution or  
professional body for further inspiration.
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Communication skills Organisational skills Enterprise skills

Giving oral presentations

Writing reports

Using additional languages 
(spoken, written)

Listening actively

Communicating effectively and 
appropriately across cultures

Interdisciplinary  
communication

Setting objectives

Managing time

Choosing appropriate  
methodology

Creating + recreating plans

Defining + redefining priorities

Delegating tasks

Assessing risks and  
recognising long-term  
consequences

Monitoring progress and  
implementation

Working with other  
professionals

Determining relevant societal 
issues

Applying relevant ethical, legal, 
and safety goals

Interpersonal skills Intrapersonal skills Strategic & innovative 
thinking skills

Collaborating

Taking the perspective of 
others

Managing conflict

Providing appropriate  
feedback to others

Interpreting the emotional 
states of other people

Applying negotiation  
techniques to build consensus 
and achieve desired outcomes

Adjusting behaviour and  
communication techniques  
to other people

Being aware of own internal 
processes (biological,  
emotional, cognitive) and 
apply regulation

Self assessment

Planning learning goals and 
monitoring own progress

Managing priorities

Adapting own actions when 
necessary to achieve a  
desired outcome or to fit  
with the situation

Accepting feedback from 
other people, analyse own 
behaviour according to it and 
change behaviour if necessary

Identifying and defining  
problems

Generating alternative actions 
to be undertaken in a specific 
situation

Generating multiple good  
solutions, taking into account 
the desired outcomes,  
available resources and  
circumstances

Critically analysing actions for 
their contribution to achieve 
specific goals

Creating new strategies when 
existing strategies are  
insufficient

Table 8.2: Non-exhaustive list of transversal skills relevant to engineering students 
and professionals**

** This list has been compiled from internal Swiss Federal Institute of Technology Lausanne (EPFL) materials 
    and other sources, including the CDIO syllabus27 and the Inner Development Goals28.
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COMPLETED EXAMPLE OF WORKSHEET A  
(APPENDIX 2)

EXPERIENCING

KNOWING

LEARNING FROM EXPERIENCE

SKILLS (STEP 1) 
	• making decisions in a team
	• conflict resolution ****do this one

STEP 3 
	• Was the conflict resolution process 
necessary for your team? why or 
why not?

	• Which steps of conflict resolution 
process were more difficult for you 
and for your team?

	• How did you feel during the  
difficult steps and what  
strategies did you use to  
manage your emotions?

	• Have you previously experienced 
a situation when a similar process 
would have been useful? 

STEP 4 
"Following complicated instructions" 
promise big, exciting reward for best 
team. Task for each team should 
be in 2 parts and require two of the 
same essential LEGO bricks.  
However materials provided to the 
team have only 1 such brick. Have 
students work on their part long 
enough to be invested before they 
discover the missing piece and  
have to do the conflict resolution 
process.

WARM-UP (STEP 8) 
	• How do you usually deal with 
conflict?

	• What makes you more willing 
to address conflict?

SITUATIONS (STEP 2) 
	• final week before project deadline
	• finding roles in new team

DIFFICULTIES (STEP 2) 
	• lots of talking but no progress
	• having to let go of your own ideas
	• managing emotions of self and others

•	 Creative and productive value  
of disagreement in a team

•	 Disagreement as a normal part 
of working together

•	 Process for conflict resolution 
(give steps)

•	 Emotional self management 
strategies
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Chapter development and implementation
This chapter was developed for engineering 
teachers at a Swiss technical university. It was 
then refined and implemented several times for 
engineering teachers, researchers, and  
pedagogical advisors at the same university. 
More than 175 people have used this template 
to develop their own activities. 
It has since been implemented in diverse  
contexts and for diverse audiences including:
Countries
Austria
Belgium
Canada
Denmark
United Kingdom
United States of America
Ireland
Portugal
Switzerland

Audiences
STEM and engineering teachers
Researchers
Doctoral students and postdocs
Curriculum developers
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HOW TO CITE THIS CHAPTER

MORE ABOUT 3T PLAY

LIST OF MATERIALS

Isaac, S., and de Lima, J. (with Rossi, V., Jalali, Y.). 2024.  
Chapter 8: How teachers can use the trident framework to design activities that develop 
transversal skills. In 3T PLAY (Eds.), Teaching Transversal Skills For Engineering Students: 
a practical playbook of activities with tangibles, EPFL Press, Lausanne.
https://doi.org/10.5281/zenodo.10992806

To learn more about the 3T PLAY project and to access more materials, 
please visit go.epfl.ch/3TPLAY
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To access more teaching materials or 
to share the activity you have created, 
please visit: 
https://zenodo.org/communities/ 
3tplay/records

Sticky notes

A highlighter

Orange, blue and green pens

While the only essential item to get started designing your activity is a 
way to record your ideas, it may be convenient to have

https://doi.org/10.5281/zenodo.10992806
http://go.epfl.ch/3TPLAY
https://zenodo.org/communities/3tplay/records
https://zenodo.org/communities/3tplay/records


CHAPTER 8


	BOOK ABSTRACT
	TABLE OF CONTENTS
	THE 3T PLAY PROJECT
	Purpose and motivation for the 3T PLAY project
	The 3Ts - Transversal skills, Tangibles and Technical universities
	Funding from the LEGO Foundation
	The Strategic and Executive Boards who guided the 3T PLAY project
	The core 3T PLAY team and collaborators

	CHAPTER 1 How to develop engineering students’ transversal skills
	CHAPTER 2 How to support students to develop skills that improve collaboration, including retrospective discussions
	CHAPTER 3 How to support students giving each other constructive feedback, especially when it is difficult to hear
	CHAPTER 4 How to support students to develop skills that promote sustainability
	CHAPTER 5 How to support students to develop coaching and peer teaching skills
	CHAPTER 6 How to support students to develop skills for planning and risk assessment
	CHAPTER 7 How to support students to develop skills for cultivating psychological safety in their teams
	CHAPTER 8 How teachers can use the 3T PLAY trident framework to design activities that develop transversal skills

	CHAPTER 1: 
	CHAPTER 3: 
	CHAPTER 4: 
	Button 5: 
	CHAPTER 6: 
	CHAPTER 7: 
	CHAPTER 8: 
	CHAPTER 2: 


