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Responsibility of engineering activities

Link between engineering and culture

[Rockström et al., 2009a], [Persson et al., 2022], 
[Rockström et al., 2009b], [Steffen et al., 2015b], 
[Wang-Erlandsson et al., 2022]

Engineering practice evolves with artefacts

What kind of change do we need in engineering 
for strong sustainability contexts?

Introduction State of the art Proposal Methodology Experiments Results Conclusion

[Vérin, 1993], [Picon, 2004], [Dias de Figueiredo, 2014], 
[Gero and Kannengiesser, 2004]

LitR
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computer 
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Sustainable 
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Introduction State of the art Proposal Methodology Experiments Results Conclusion

LitR

Understand what is 
strong sustainability

Understand the characteristics of 
artefacts in strong sustainability

Understand engineering in 
strong sustainability contexts

What kind of change do we need in engineering 
for strong sustainability contexts?



actions
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ideas / theories

norms / hypothesis

believes / values

paradigm / worldviews

metaphysics / cosmology

State of the art
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[Dietz and Neumayer, 2007]

[Sterling, 2010], [Biberhofer et al., 2019]

[Tardif, 2003], [Quelhas, 2019]

[Friedman et al., 2006]

Nested knowledge model

Sustainability 
sciences

Sustainable 
HCI

EfS and 
DfS

Introduction State of the art Proposal Methodology Experiments Results Conclusion
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Understand what is 
strong sustainability

Engineering 
science

Human 
computer 

interaction (HCI)

What kind of change do we need in engineering 
for strong sustainability contexts?

Weak / Strong sustainability
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Care ethics [Liu et al., 2018] 

[Hansen, 2020], 
Complexity [Norton et al., 2019a], 

[Norton et al., 2019b], 

Sustainability 
sciences

Sustainable 
HCI

EfS and 
DfS

Introduction State of the art Proposal Methodology Experiments Results Conclusion

LitR

Understand what is 
strong sustainability

Engineering 
science

Human 
computer 

interaction (HCI)

Understand the characteristics of 
artefacts in strong sustainability

What kind of change do we need in engineering 
for strong sustainability contexts?

Studies in permaculture communities

Collaboration: attention to real interaction. 
“the app is not where the action is”

Low-level of complexity

Artefacts that can be modified

Artefacts enabling learning
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EfS and 
DfS
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Engineering 
science

LitR
Sustainable 

HCI
Human 

computer 
interaction (HCI)

Understand the characteristics of 
artefacts in strong sustainability

Understand engineering in 
strong sustainability contexts

What kind of change do we need in engineering 
for strong sustainability contexts?

Sustainability 
sciences
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Spatio- social level

Product- service system level

Product level
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We need to further explore engineering 
in strong sustainability contexts.

Ethics carried

Approach to design engineering problems

Attitude towards technology

Introduction State of the art Proposal Methodology Experiments Results Conclusion

Business-as-usual 
engineering Systems engineering

Sustainable 
engineering 

science

Landscape of engineering for sustainability

[Seager, 2012]

[Blouin, 2012]

[Ceschin and Gaziulusoy, 2016]

Ecological engineering

Sustainable engineering

Environmental engineering

Green engineering

Potential of sustainability

Socio-technical approach

[Kirchhoff, 2003]

[Alha et al., 2000]

[Gagnon et al., 2009]

[Mitsch, 2012]
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Sustainability 
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science

Sustainable 
HCI

EfS and 
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actions

competencies

ideas / theories

norms / hypothesis

believes / values

paradigm / worldviews

metaphysics / cosmology
Understand what is 
strong sustainability

Understand the characteristics of 
artefacts in strong sustainability

Understand engineering in 
strong sustainability contexts

Human 
computer 

interaction (HCI)

LitR What kind of change do we need in engineering 
for strong sustainability contexts?

Studies in permaculture communities



Findings from state of the art
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Goal of strong sustainability

Clarification of ethics: care ethics

Questioning the application domain

Attention to relation (not blocking action)

Socio-technical approach: collaboration

Low-level of complexity

Supporting interaction among people

Artefacts enabling learning

Artefacts that can be modified

Ability to act: engineering competencies for sustainability

An artefact which supports the development of the 8 competences 

Introduction State of the art Proposal Methodology Experiments Results Conclusion



Research questions (RQ)
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Engineering level

Interactions level

Gap 1: Design engineering in strong sustainability contexts is not enough addressed

RQ 1: In a context of ecological transition, to what extent engineering can evolve towards 
other ways of being and being practiced?

Gap 2: Understanding HCI in engineering practices for strong sustainability

RQ 2: What are the digital tools and methods to support engineering practices in line with 
strong sustainability contexts? 

Digital transition 

What kind of change do we need in engineering 
for strong sustainability contexts?

Introduction State of the art Proposal Methodology Experiments Results Conclusion



Proposal
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Proposal: In a (1) context of 
strong sustainability, (2) care 
ethics, (3) collaboration and 

(4) engineering competencies 
for sustainability enable to 

align values and actions

Goal of strong sustainability

Clarification of ethics: care ethics

Questioning the application domain

Attention to relation (not blocking action)

Socio-technical approach: collaboration

Low-level of complexity

Supporting interaction among people

Artefacts enabling learning

Artefacts that can be modified

Ability to act: engineering competencies for sustainability

An artefact which supports the development of the 8 competences 

Introduction State of the art Proposal Methodology Experiments Results Conclusion

(1) 

(2) 

(3) 

(4) 
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Proposal

Permaengineer
Strong 

sustainability

Care ethics

Engineering competencies 
for sustainability

1

4

Socio-technical 
approach

3
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Actions and 
competencies

Values

Introduction State of the art Proposal Methodology Experiments Results Conclusion

2

To better understand the alignments 
between competencies and values



State of the art
Proposal

Permaengineering

Experiment 1
Pedagogical

context

Results

Alignment 
values / 

competencies

Perspectives

Proposal Experiments Conclusion

Experiment 2
Radical 

ecological 
context

Design
ACVnum 
prototype

Empirical investigations Technical investigations Conceptual investigations

Results

Value sensitive design

Introduction

Contributions

14

Introduction State of the art Proposal Methodology Experiments Results Conclusion

Understanding HCI in engineering practices for strong sustainability
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Mediation in a digital 
tool: ACVnum 

prototype

Value Sensitive 
Design

Grid on 
Competencies

2 experiments for 2 
sustainability contexts

(1) Ecovillage: strong sust. 
way of life 

(2) Pedagogy: trajectory 
towards engineering 
practices for sust.
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Strong 
sustainability

Introduction State of the art Proposal Methodology Experiments Results Conclusion

FGInt

QuInt

Understanding HCI in engineering practices for strong sustainability

Qu

Actions and 
competencies

Values



Competences

Value Sensitive 
Design

2 experiments for 2 
sustainability contexts

- Strong sust. way of life 
(ecovillage)
- Trajectory towards 
engineering practices for sust. 
(pedagogy)
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Strong 
sustainability

Actions and 
competencies

Values

Introduction State of the art Proposal Methodology Experiments Results Conclusion

FGInt

Qu
Int

Understanding HCI in engineering practices for strong sustainability

Qu
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Mediation in a digital 
tool: ACVnum 

prototype
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Permaengineer
Strong 

sustainability

ACVnum prototype

Care ethics

Engineering competencies 
for sustainability

Socio-technical 
approach
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Introduction State of the art Proposal Methodology Experiments Results Conclusion
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ACVnum prototype

Permaengineer
Strong 

sustainability
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Introduction State of the art Proposal Methodology Experiments Results Conclusion

Questioning the application domain
Attention to relation (not blocking action)

Care ethics
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ACVnum prototype

Permaengineer
Strong 

sustainability
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Care ethics
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Questioning the application domain
Attention to relation (not blocking action)
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ACVnum prototype

21

Low-level of complexity
Supporting interaction among people
Artefact that can be modified
Artefact enabling learning

Introduction State of the art Proposal Methodology Experiments Results Conclusion

Permaengineer
Strong 

sustainability

Socio-technical 
approach
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ACVnum prototype
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Low-level of complexity
Supporting interaction among people
Artefact that can be modified
Artefact enabling learning

Introduction State of the art Proposal Methodology Experiments Results Conclusion

Permaengineer
Strong 

sustainability

Socio-technical 
approach
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ACVnum prototype

23

Low-level of complexity
Supporting interaction among people
Artefact that can be modified
Artefact enabling learning

Introduction State of the art Proposal Methodology Experiments Results Conclusion

Permaengineer
Strong 

sustainability

Socio-technical 
approach
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Permaengineer
Strong 

sustainability

ACVnum prototype

Engineering competencies 
for sustainability

24

Introduction State of the art Proposal Methodology Experiments Results Conclusion

Qu1

Int1

Actions and 
competencies



Mediation via ACVnum
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Individual expert 
tool 

Collective intelligence 
tool

(1) Goal of strong sustainability

Introduction State of the art Proposal Methodology Experiments Results Conclusion

Regular LCA tools ACVnum prototype

(2) Clarification of ethics: care ethics

Questioning the application domain

Attention to relation (not blocking action)

(3) Socio-technical approach: collaboration

Low-level of complexity

Supporting interaction among people

System enabling learning

System that can be modified

(4) Ability to act: engineering competencies        

for sustainability

A system supporting the development of 
the 8 competences 



Experiment in an ecovillage

Individual interviews

1) Motivational interviews [Pollak, 2011] & links 
with values [Friedman et al., 2006]

2) Interviews about the competencies developed
[Quelhas, 2019], [de l’enseignement, 2011]

26

time

Group work sessions
Analysis with 3 main types of codes

(1) Difficulties encountered by inhabitants
(2) Elements easy to manage for inhabitants
(3) Competencies developed along the process

Introduction State of the art Proposal Methodology Experiments Results Conclusion

In a (1) context of strong sustainability, (2) care ethics, (3) collaboration and (4) engineering competencies for 
sustainability enable to align values and actions

Heterogenous focus group (actions and competencies)

Individual interviews centred on values and competencies (7 months)
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Exchange on 
the results
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VSD

Experiment in a pedagogical context

Goal: comparison of groups using ACVnum prototype and groups without the prototype

Groups: ACVnum groups (4) and control groups (4)

27

Constitution of groups
Choice of subject and “clients”

time

VSD

VSD

Introduction State of the art Proposal Methodology Experiments Results Conclusion

In a (1) context of strong sustainability, (2) care ethics, (3) collaboration and (4) engineering competencies for 
sustainability enable to align values and actions

Qu1
Qu2

Qu3
Int1

Int2

C

C

C
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Care ethics

Permaengineer
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Exp. pedagogy: "I see the engineers more in a role of accompanying the 
transition process, with both a technical culture but also a knowledge of the 
issues of the territory in question, allowing them to dialogue and make the link 
between different actors" (student, ACVnum group)

Exp. ecovillage: Emphasize on 
empathy in relations
But no link with engineering 
“megalomania”, “incoherence”, 
“absurdity”, "pushing too far”

Question about the functional unit: "but there is no 
validation of the functional unit? "We can send you an 
email to show you [the functional unit]? (student, control 
group)

Introduction State of the art Proposal Methodology Experiments Results Conclusion

Care ethics

2

Strong 
sustainability

Actions and 
competencies

Values
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Socio-technical approach

Permaengineer

Socio-technical 
approach

3
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Exp. ecovillage

No collaboration with stakeholders external to the focus 
group

Whereas willingness to impact society at a local level

Exp. pedagogy

Reluctance to collaborate (ACVnum groups > control 
groups)

1. The client was already an expert: « No because
we had only 1 meeting with him. And he was
already very engaged so he already knew all 
environmental actions possible to conduct »

2. Lack of interest from the client: « I don’t think they
had expectations from our work »

Implementation
difficulties

Introduction State of the art Proposal Methodology Experiments Results Conclusion

Strong 
sustainability

Fear to have gaps between their
work and clients expectations

1. « I was afraid that we would
end up being a bit silly with an 
LCA that would not meet their
expectations »

Actions and 
competencies

Values



Engineering competencies for sustainability

Engineering competencies 
for sustainability

31

Exp. ecovillage

Already high level

Formulation difficult to understand

Low impact of ACVnum prototype 
on inhabitants

Exp. pedagogy

No significative difference (p>0.05) 
between control groups and ACVnum
groups

Difficulty with normative competence

Introduction State of the art Proposal Methodology Experiments Results Conclusion
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Permaengineer Strong 
sustainability

Interdisciplinary group
Self-knowledge
Normative competence
Systemic thinking
Ability to solve problems

Contextualisation and vision of the future
Critical thinking
Strategic competence 

[Quelhas, 2019]

Actions and 
competencies

Values
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Engineering level

Gap 1: Design engineering in strong sustainability contexts is not enough addressed

RQ 1: In a context of ecological transition, to what extend engineering can evolve towards 
other ways of being and being practices?

Findings: Better understanding the link between values and actions
Lack of normative competence is an hindrance to evolve towards 
strong sust. 

Findings: Artefacts can highlight the difficulty of collaboration
Difficult to change an already existing interactive tool into a strong 
sustainability one

Interactions level

Gap 2: Lack of understanding of the role of HCI in strong sustainable

RQ 2: What are the digital tools and methods to support engineering practices in line with 
strong sustainability contexts? 

Introduction State of the art Proposal Methodology Experiments Results Conclusion

What kind of change do we need in engineering for strong sustainability contexts?



Discussion and limits

• Evaluation and role of competencies

• Difficulty to assess the competencies [Wiek et al., 2011], 
• Scope of answers [Redman et al., 2021]

Ø Methods to better collect and analysis data

33

actions

competencies

ideas / theories

norms / hypothesis

believes / values

paradigm / worldviews

metaphysics / cosmology

• Still no good understanding of alignment process between values and actions
• Observations of gaps
• Analysis of their origins

Introduction State of the art Proposal Methodology Experiments Results Conclusion

• Collaboration
• Interpretation of my results: why such a fear of collaboration?

• LCA method and LCA software? ACVnum prototype?
• Pedagogical situation?
• Cultural difference between students and clients?
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Perspective 1

Interdisciplinary group
Self-knowledge
Normative competence
Systemic thinking
Ability to solve problems

Contextualisation and 
vision of the future
Critical thinking
Strategic competence 

[Quelhas, 2019]

Assessment?
Links?

Global organisation?

What is a permaengineer curricula?
Propose and test a curricula integrating 

engineering competencies for 
sustainability

In
cre

as
ing

 ris
k

space

CLIMATE CHANGE

STRATOSPHERIC OZONE
DEPLETION

FRESHWATER CHANGE

Freshwater use
(Blue water)Green

water

LAND-SYSTEM
CHANGE

OCEAN
ACIDIFICATION

ATMOSPHERIC
AEROSOL
LOADING

(Not yet quantified)

NOVEL ENTITIES

BIOSPHERE
INTEGRITY

E/MSY

BIOGEOCHEMICAL
FLOWS

P N

BII
(Not yet quantified)

ssssssssssssppppppppppppppppppppppppppppppppppppppppppppppppppppppppaaaaaaaaaaaaaacccccccccccceeeeeeeeSafe operating space

Other mediation of 
HCI for engineering in 
strong sustainability 

contexts

Perspective 2

Perspectives

Introduction State of the art Proposal Methodology Experiments Results Conclusion
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