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i Introduction 1 State of the art ¥

Problem

CLIMATE CHANGE %

BII
(Not yet quantified)

LAND-SYSTEM
CHANGE

[Wang-Erlandsson et al., 2022]

Responsibility of engineering activities

FRESHWATER CHANGE

Freshwater use
(Blue water)

ACIDIFICATION

[Rockstrom et al., 2009a], [Persson et al., 2022],
[Rockstrom et al., 2009b], [Steffen et al., 2015b],

STRATOSPHERIC OZONE
DEPLETION

ATMOSPHERIC
AEROSOL
LOADING

(Not yet quantified)

OCEAN

Y

Link between engineering and culture

Engineering practice evolves with artefacts

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

< |

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

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

What kind of change do we need in engineering

Weak / Strong sustainability
[Dietz and Neumayer, 2007]

Engineering
science

___________________________________

. ols ideas / theories
for strong sustainability contexts?

norms / hypothesis

Understand.what is
stfong sustainability

[Friedman et al., 2006]

paradigm / worldviews

Sustainability

sciences metaphysics / cosmology

Nested knowledge model
[Sterling, 2010], [Biberhofer et al., 2019]

inable
HCI

EfS an
DfS

Su

Human
computer
interaction (HCI)
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State of the art

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

Collaboration: attention to real interaction.

“the app is not where the action is” Understand what is

stfong sustainability Studies in permaculture communities

Low-level of complexity

Sustainability Care ethics [Liu et al., 2018]
sciences [Hansen, 2020],
Artefacts that can be modified Complexity [Norton et al., 2019al,
[Norton et al., 2019b],

Artefacts enabling learning /7 i

EfS an Sustainable Human
Engi.neering DfS aHCI computer
science interaction (HCI)

Understand the characteristics of
artefacts in strong sustainability



State of the art

Understand what is
strong sustainability

Sustainability
sciences
Sustainable Human
Engineering LitR HCI computer
science interaction (HCI)

Understand the characteristics of
artefacts in strong sustainability
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State Of th e a rt ) Ethics carried [Blouin, 2012]

Attitude towards technology

v

A

Socio-technical approach Potential of ) ‘
sustainability - >
insular sytemic Approach to design engineering problems
Socio-technical system level * [Mitsch, 2012]

human

[Gagnon et al., 2009]

Spatio-social level [Kirchhoff, 2003] :\ Green engineering] |
[Alha et al., 2000] i Environ
Product-service system level R
[Seager, 2012] + Business-as-usual ! Sus'Fainal?Ie
engineering

engineering \ science

N -

Product level

Landscape of engineering for sustainability

Potential of sustainability

n
L

A

technology

We need to further explore engineering
in strong sustainability contexts. g

[Ceschin and Gaziulusoy, 2016]
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State of the art

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

actions
competencies
ideas / theories

norms / hypothesis

Ethics carried [Blouin, 2012]

believes / values
Attitude towards technology

paradigm / worldviews
Approach to design engineering problems

metaphysics / cosmology
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Findings from state of the art

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




Research questions (RQ)

-{  Engineering 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?

Digital transition

Interactions level | o

Gap 2: Understanding HCl 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?



Proposal

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 oftheart i Proposal !i Methodology i Experiments !i Results !i Conclusion !
P roposa | To better understand the alignments
p between competencies and values

Care ethics

2

Values

mmmmmmmmmmm

Socio-technical

- approach 1 Strong
Permaengineer R rong
3 sustainability I

Engineering competencies
for sustainability

Actions and
4 competencies

13
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Understanding HCI in engineering practices for strong sustainability

Values

Value Sensitive
Design

CLIMATE CHANGE %

Strong
sustainability

ooooo

uuuuuuuuuuuuu

ccccccc

2 experiments for 2
sustainability contexts

Mediation in a digital
tool: ACVnum
prototype

(1) Ecovillage: strong sust.
way of life

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

AAAAAAAAA
AAAAAAA
;;;;;;;

R

Actions and
competencies

Grid on
Competencies

\ 7
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Mediation in a digital
tool: ACVnum
prototype




CO-CONSTRUCTION D'UNE DEMARCHE D’ANALYSE DE CYCLE DE VIE

DIFFUSION DE L'EXPERTISE D’ANALYSE DE CYCLE DE VIE

Processus qu... Méthode de carac...

foomoris o oo vt e

|

..

~ Présentation des ...

o
Colleptgflerdonnées?

|

—_— .

Intégration d...



. Introduction ! State of the art r Proposal !! Methodology !i Experiments ! Results .1 Conclusion |

_______________________________________________________________________________________________ Lo e o e e e o o e e - d

ACVnum prototype

CO-CONSTRUCTION D'UNE DfMIIRCHE D'ANALYSE DE CYCLE DE UIE Care ethics
DIFFUSION DE L'EXPERTISE D'AANALYSE DE CYCLE DE VIE
Processus qu... Méthode de carac...
i . ] | -5
Collegtgafergonnéest . Présentaltion desr...
- Socio-technical
B . approach Stron
Permaengineer i < rons |
sustainability

Engineering competencies
for sustainability
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ACVnum prototype

CO-CONSTRUCTION D'UNE DEMARCHE D’ANALYSE DE CYCLE DE WIE Care ethics

DIFFUSION DE L'EXPERTISE D'ANALYSE DE CYCLE DE VIE

Processus qu éthode de carac...

QUE SOUHAITONS NOUS EVALUER?

Présentation desr...

Collegtgferdonnéest

) 20 - 30 MINUTES
. e, Voulor Strong
Permaengineer : inabili
sustainability
QUELLES SONT LES CARACTERISTIQUES DU SYSTEME
ETUDIE?
C'ESTQUOIL'A
B 10 MINUTES
Questioning the application domain
= /77

(B |

Attention to relation (not blocking action)

ssssss
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ACVnum prototype

CO-CONSTRUCTION D'UNE DEMARCHE D’ANALYSE DE CYCLE DE WIE

e s cO-CONSTRUCTION D'UNE DEMARCHE D"ANALYSE DE CYCLE DE UIE

Processus qu... Méthode de carac...

b DIFFUSION DE L'EXPERTISE D'ANALYSE DE CYCLE DE UIE
B u
=l

Collegtgferdonnéest

B resenanon degly Processus qu... Méthode de carac...
i Cri=
i acgl . : )
Permaengineer e — L Présentation desr...

Intégration d...

©

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

20



ACVnum prototype

CO-CONSTRUCTION D'UNE DEMARCHE D"ANALZ

DIFFUSION DE L'EXPERTISE D

Méthode de carac...

Processus qu...

Présentation des ...

Collegtgferdonnéest

I
[

Permaengineer

| Methodology !! Experiments i Results !
Socio-technical
approach Strong

Low-level of complexity

Supporting interaction among people
Artefact that can be modified
Artefact enabling learning

Définition des indicateurs et du modéle de caractérisation|

L'objectif de cet atelier est
d'identifier les impacts a analyser

sustainability

présents dans

uniquement

[Documentation des indicateurs]

oo | oca
X
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CO-CONSTRUCTION D'UNE DEMARCHE D"ANALZ

DIFFUSION DE L'EXPERTISE D

Processus qu... Méthode de carac...

Présentation des ...

Collegtgferdonnéest

I
[

Permaengine

Définition des indicateurs et du modeéle de caractérisation

L'objectif de cet atelier est

d'identifier les impacts a analyser

Low-level of complexity

Supporting interaction among people

Artefact that can be modified
Artefact enabling learning
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Processus qu...

Collegtgferdonnéest .

Méthode de carac...

Présentation des ...

Permaengi

Low-level of complexity

Supporting interaction among people
Artefact that can be modified
Artefact enabling learning

GreenbDeLTa

Impa ethods in Life Cycle Assessment and

their

OPTIMISATION DE LA GESTION
DES DECHETS MUNICIPAUX

Documentation des indicateurs

Impact Impact
global local

Consommation des | Cc ion des naturelles non X
ressources renouvelables

Consc ion des r r
renouvelables

Pollution atmosphérique | Effet de serre

Dégradation de la couche d'ozone
Acidification

Pollution photochimique ou smog
Autres formes de la pollution de I'air (métaux, X
poussiéres, dioxines et furanes,)

x([x[ >

...... 20NE

Pollution des eaux Eutrophisation
Rejets de composés organiques carbonés
Matieres en suspension

Métaux lourds

HERIC
o

Pollution des sols Métaux lourds

Polluants organiques

2| X[ > | | | X x| x>

Pollution par les déchets

Comment évaluer
les impacts environnementaux
au moyen de

I’analyse du cycle de vie (ACV)

Source : https://www.ademe.fr/sites/default/files/assets/documents/25165_acv_impacts.pdf

https://www.recyc-quebec.gouv.qc.ca/sites/default/files/documents/acv-sacs-emplettes-
annexe-a-methodologie.pdf
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"1 Methodology Experiments '\ Results r Conclusion

Question 1 Pas encore répondu Noté sur 1,00 " Marquer la question &

Quel est le niveau que vous vous donnez dans la compétence "capacité a travailler dans un groupe

A ‘ V l I l | I I l I O I O I e interdisciplinaire"?
¢a veut dire quoi? Cela veut dire que vous étes capable de comprendre des opinions et des besoins différents les uns des

autres, que vous étes capable de faire preuve d'empathie envers les autres membres de votre groupe.

O Niveau 0: Je n'ai jamais développé cette compétence.

RE A4
N V I VO ¢ O Niveau 1: Je comprends ce qu'est l'interdisciplinarité, sans vraiment étre capable d'en parler.

CO-CONSTRUCTION D'UNE DEMARCHE D'ANALYSE DE CYCLE DE UIE e comarnt e pesater e et
U O Niveau 3: Je connais l'interdisciplinarité car je l'ai pratiquée.
DIFFUSION DE L'EXPERTISE D'ANALYSE DE CYCLE DE VIE , ) ) o ) ) ‘ , )
O Niveau 4 : Je sais gérer des groupes interdisciplinaires, je connais le concept, les outils techniques et méthodologiques.
Processus qu... Méthode de carac... O teneaispac.

—

O ! F

= Fil

2 Question 2 Pas encore répondu Noté sur 1,00 " Marquer la question &
Présentation des ...

Coww [T
Collegtgsflergonnéest -

I 3 Pouvez-vous donner un exemple permettant de justifier votre choix? Si non, indiquez que c'est uniquement un ressenti.

CLIMATE CHANG! FRESHWATER CHANGE

Freshwater use
ue w

5
e = - BIOSPHER
Wik staatosmecozone
e

B
(Not yet quantifed)

Strong
sustainability

ATMOSPHERIC

Permaengineer

LOADING
(Not yet quantified)

OCEAN
ACIDIFICATION

24
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Mediation via ACVnum

Regular LCA tools ACVnum prototype

(1) Goal of strong sustainability 7
(2) Clarification of ethics: care ethics CO-CONSTRUCTION D'UNE DEMARCHE D'ANALYSE DE CYCLE DE VIE

DIFFUSION DE L'EXPERTISE D'ANALYSE DE CYCLE DE VIE

Questioning the application domain brocessus . e

Attention to relation (not blocking action) T

. . . Colleptgflerdonnéest % »
(3) Socio-technical approach: collaboration .:7 _— o [Rp=tel
Low-level of complexity

ml
|

TN
U
|

Intégration d...

Supporting interaction among people
System enabling learning
System that can be modified °

[
(4) Ability to act: engineering competencies .:7
for sustainability

A system supporting the development of .- =
the 8 competences

Individual expert
tool tool

Collective intelligence

25
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Experiment in an ecovillage

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)

Group work sessions
Analysis with 3 main types of codes

(1) Difficulties encountered by inhabitants ‘..‘.“.‘

(2) Elements easy to manage for inhabitants ime

———————
P nlY

(3) Competencies developed along the process S

Data collection — Exchange
on the nomenclature and
the choice of data

Exchange on
the results

Individual interviews

Choice of
indicators

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

Definition of
the stakes

Presentation

2) Interviews about the competencies developed
[Quelhas, 2019], [de I'enseignement, 2011]

26
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| Introduction !! State oftheart !i Proposal i! Methodology !! ! Results '\ Conclusion |

Experiment in a pedagogical context

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

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

Question 1 Pas encore répondu  Noté sur 1,00 " Marquer la question # Modifier la question

Quel est le niveau que vous vous donnez dans la compétence "capacité a travailler dans un groupe
interdisciplinaire"?

¢a veut dire quoi? Cela veut dire que vous étes capable de comprendre des opinions et des besoins différents les uns des
autres, que vous étes capable de faire preuve d'empathie envers les autres membres de votre groupe.

O Niveau 0: Je n'ai jamais développé cette compétence.

O Niveau 1 : Je comprends ce qu'est l'interdisciplinarité, sans vraiment étre capable d'en parler.

O Niveau 2 : Je comprends et je peux parler de linterdisciplinarité.

<

Constitution of groups
Choice of subject and “clients”

O Niveau 3: Je connais l'interdisciplinarité car je l'ai pratiquée.

V S D O Niveau 4 : Je sais gérer des groupes interdisciplinaires, je connais le concept, les outils techniques et méthodologiques.

O Je ne sais pas.

v

Question 2 Pas encore répondu  Noté sur 1,00 " Marquer la question # Modifier la question

Pouvez-vous donner un exemple permettant de justifier votre choix? Si non, indiquez que c'est uniquement un ressenti.

27
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Results

Care ethics

Values
2
: : U
Socio-technical O ...
. approach 1 Strong ‘S
Permaengineer > T
3 sustainability
Engineering competencies
for sustainability
Actions and
4 competencies

28
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Exp. pedagogy: "l see the engineers more in a role of accompanying the

Ca re eth iCS 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)

Care ethics
Values

2
[ Exp. ecovillage: Emphasize on N

empathy inrelations | o = Q@ M NVNaw
Permaengineer | But no link with engineering
“megalomania”, “incoherence”,
“absurdity”, "pushing too far”

Strong
sustainability

ooooooo

aaaaa

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)

Actions and
competencies

29
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Socio-technical approach

Exp. ecovillage

Implementation No collaboration with stakeholders external to the focus

Values
difficulties group

Whereas willingness to impact society at a local level

Socio-technical | iq ==
: approach Strong
Permaengineer o e D s
3 sustainability
Exp. pedagogy

aaaaa

Reluctance to collaborate (ACVnum groups > control .
groups) Fear to have gaps between their

. work and clients expectations
1. The client was already an expert: « No because

we had only 1 meeting with him. And he was 1. «lwas afrfaid tha.t we WO.Uld

already very engaged so he already knew all end up being a bit silly with an Actions and

environmental actions possible to conduct » LCA that.would not meet their competencies
expectations »

2. Lack of interest from the client: « | don't think they

had expectations from our work » .
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. Introduction ! State oftheart i Proposal 1 Methodology ! Experiments '\ Results r Conclusion

_______________________________________________________________________________________________ | U SR MU RS U RS U R RO R R |

Engineering competencies for sustainability
[Quelhas, 2019 co-coﬂsmacnaﬂn'mnm:lkmfn'nmvsnmax Exp. ecovillage

'DIFFUSION DE UEAPERTISE DANALYSE DE CYCLE DE W

Interdisciplinary group _ EERrmop Already high level
Self-knowledge it : e Values
: & Formulation difficult to understand
Normative competence s
Systemic thinking Low impact of ACVnum prototype
Ability to solve problems on inhabitants
Contextualisation and vision of the future N e e
Critical thinking el =T B
Strategic competence , Strong ¢
Permaengineer o e D s
sustainability

Exp. pedago
P- PECagogy Engineering competencies !

No significative difference (p>0.05) for sustainability

between control groups and ACVnum ‘

groups CHeNSTIRTONATA, mfﬂﬂﬂﬁiﬁm’m Actions and
o . ) T competencies

Difficulty with normative competence @~ = L

Intégration d.

31




- Engineering level |- oo

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

other ways of being and being practices?

RQ 1: In a context of ecological transition, to what extend engineering can evolve towards

Findings: Better understanding the link between values and actions
Lack of normative competence is an hindrance to evolve towards
g e
eeeeeee 1w ] Strong sust.
--1 Interactions level |- oo

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

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

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



Discussion and limits

* Evaluation and role of competencies
« Difficulty to assess the competencies
* Scope of answers
» Methods to better collect and analysis data

* Collaboration
* Interpretation of my results: why such a fear of collaboration?
* LCA method and LCA software? ACVnum prototype?
* Pedagogical sitvaton2 . fm=——
* Cultural difference between students and clients? = fA===—===-

ideas / theories

actions

« Still no good understanding of alignment process between values and actions .
. norms / hypothesis

* Observationsofgaps ) ———

* Analysis of their origins

paradigm / worldviews

metaphysics / cosmology

33



Perspectives

Perspective 1

Interdisciplinary group

Self-knowledge

Normative competence

Systemic thinking Assessment?
Ability to solve problems Links?
Contextualisation and
vision of the future
Critical thinking
Strategic competence

Other mediation of
HCI for engineering in
strong sustainability
contexts

Global organisation?

CO-CONSTRUCTION D'UNE DEMARCHE D'ANALYSE DE CYCLE DE VIE

'DIFFUSION DE 'EXPERTISE D'ANALYSE DE CYCLE DE WE

[Quelhas, 2019]

o
2
a
2

2
2
=
3
S
3
g
3
o
2
2
2

8
:
®
g
= Hm

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

engineering competencies for Actions and
Sustainability Competencies

34




Permaengineering: a theoretical
framework towards a strong sustainability

paradigm in design. An HCI study

Care ethics

Permaengineer

2

Socio-technical
approach

Values

///////////////

aaaa

3

Engineering competencies
for sustainability

4

Thank you for your attention

uuuuuuu

Strong
sustainability

Actions and
competencies
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