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Systems Engineering Human Computer Interaction
(SE) (HCI)
managing all the engineering multidisciplinary field focusing
specialties in a transversal way on the design of the interaction
to carry out complex projects between humans and machines
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sociotechnical interactive social

systems systems systems
human and technical computerised systems broader layers of society
organisations that whose behaviour adapts that benefit from and/or
operate these systems to the user's actions are affected by these
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SE & HCI should consider the interactions between

the interactive system and the social system
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Sustainability should be a central concern of

Interactive system design.

(Bremer et al.,, 2022) (Thackara, 2005, p. 12) (Blevis, 2007) (Woodward, 2007) (DiSalvo et al., 2010)
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Sustainability in Systems Engineering

reuse of parts
refurbishment

recycling
maintena nce - ’

W

-
ENERGY LIFECYCLE
EFFICIENCY OPTIMIZATION

focus on the material impact of a single system and not impact at scale: problem of the rebound effect

(Vezzoli and Manzini, 2008, p. 33) (Combaz, 2022) (Misra, 2008, p. 946)
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Sustainable HCI

SUSTAINABILITY IN
DESIGN

SUSTAINABILITY THROUGH
DESIGN

energy consumption influencing user behaviour

impact of the device life cycle indicators of consumption

criticized for being a reductive approach: need for methods and tools to address the systemic challenge of sustainability

(Mankoff et al.,, 2007, p. 2-3) (Riviere, 2021) (Giaccardi & Redstrom, 2020) (Bremer et al., 2022, p. 6) (Knowles et al., 2018, p. 1)
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Both SE and HCI fields need to be equipped to

consider the systemic aspect of sustainability

we suggest to draw inspiration from systemic design methods and tools

(Giaccardi & Redstrom, 2020) (Riviere, 2021) (Knowles et al., 2018, p. 1) (Bremer et al., 2022, p. 6)
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awareness raising
regulations

incentives...

SYSTEMIC
DESIGN

figure inspired by Jones, P. H. (2013)

INTERVENTION

ANALYSIS

DESIGN

3.0

Organizational
Transformation
Design

DESIGN

2.0

Product/Service
Design

DESIGN

1.0

Traditional
Design
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INTERACTIVE
DESIGN

(HCI & SE)

individual cars
social networks

public rental-bikes...

public rental-bike systems: (Taylor, 2015)
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Systemic design tools and methods should be
adjusted to the needs of SE and HCI fields

difference in the level of intervention need to dimension interactive systems
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we think the priority is to rework the methods and tools here, so that
interactive system designers could understand and explore the
interactions between the social system and the designed system

) \
7]

1. Framing the 3. Understanding 5. Exploring the
SYSTEMIC system the system possibility space
DESIGN
TOOLKIT 7. Fostering the
transition
2. Listening to the 4. Defining the 6. Designing the
K system desired future intervention model

figure from: Van Ael, K., Jacoby, A., Nedaei, M., Jones, P., (2021). Exploring the Activity Network Tool: Understanding and embracing the tensions
between systems. Relating Systems Thinking and Design (RSD10) Symposium. rsdsymposium.org
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Systemic design Giga Causal loop Leverage
toolkit maps diagrams analysis

ABSTRACT CONCRETE

QUALITATIVE SE are used to modelling with formalism ﬁ QUANTITATIVE

UNFORMAL / UNCONSTRAINED FORMAL / CONSTRAINED
inspired by (from left to right): Systemic Design Toolkit. (n.d.), Sevaldson, B. (2018b), Kim, D. H. (1992), Murphy, R. J. A, & Jones, P. H. (2020).
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The perspective of a quali-quantitative

Interactive modelling tool

social systems cannot be reduced to quantitative data some of the problems we face are concrete and tangible

Norman, D. A. (n.d.). Future of Design Education. Retrieved 18 February 2022, from https://www.futureofdesigneducation.org/
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interactions with designed system social or sociotechnical system and its dynamics compare scenarios and trends

orders of magnitud of strengths

thresholds

W / delays..
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interactions with designed system social or sociotechnical system and its dynamics compare scenarios and trends

J orders of magnitud of strengths
. ]
N » ' thresholds —
. ]
‘a‘ ) / \ delays... -— C/
aEEEE——
v 3years

what if we rent it? » what if the market evolves? what are the possible consequences?
‘ y“ » f k
what if we design for share? % does it change the structure? on production? on carbon footprint?

-'|° -

what if the battery last 4h, 8h...? ¢
(L /

what if the market evolve?
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interactions with designed system social or sociotechnical system and its dynamics compare scenarios and trends

orders of magnitud of strengths
thresholds

delays...

HCI has a role to play in the design of such a tool
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Who should be involved in the co-construction and when?

How do we define the boundaries of the considered system?

What parameters of the designed system should be represented?
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In this paper we have attempted to...

establish the fact that SE and HCI are both ill-equipped to design for sustainability
propose to draw inspiration from systemic design methods and tools
identify the difference in the level of intervention and analysis

infer the need to adapt the tools of systemic design

< ¢ ¢ €+ ®°

open up the perspective of a “quali-quantitative” modelling tool
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DONE DONE

- ?
case study in aviation interview of experts experiments with designers
-»> evaluate existing generic tools -> collect their feedbacks -> assess the value of the approach
-»> collect the needs of quali- -» identify some patterns of social -> evaluate the formalism of quali-
quantitative modelling systems dynamics quantitative modelling
IS — DOING
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44 Pe—
: Zed for your
development of the modelling tool case study in agricultural robotics . I
_ o ) attention!
-> assess the value of quali-quantitative modelling -»> explore the method and evaluate the tool

Page 19

RSD11 | Could systemic design methods support sustainable design of interactive systems? | Bornes, Letondal, Vingerhoeds



Références (1/3)

Blevis, E., & Stolterman, E. (2007). Ensoulment and Sustainable Interaction Design. 23.
Boy, G. A. (2017). Human-Centered Design as an Integrating Discipline. 15(1), 9.
Boy, G. A. (2020). Human-Systems Integration: From Virtual to Tangible. https://doi.org/10.1201/9780429351686

Boy, G. A. (2022). Socioergonomics: A few clarifications on the Technology-Organizations-People Tryptic. INCOSE International Symposium, 32(S1), 29-37.
https://doi.org/10.1002/iis2.12869

Bremer, C., Knowles, B, & Friday, A. (2022). Have We Taken On Too Much?: A Critical Review of the Sustainable HCI Landscape. CHI Conference on Human Factors in Computing
Systems, 1-11. https://doi.org/10.1145/3491102.3517609

Buchanan, R. (1992). Wicked problems in design thinking. Design Issues, 8(2), 5-21.

Combaz, J. (2022, January 20). L'effet rebond: Une introduction. Mediakiosque. https://mediakiosque.univ-pau.fr/video/12023-seminaire-du-dr-jacques-combaz-leffet-rebond-une-
introduction-logiciel-eco-responsable-gt-du-gdr-gpl/

Coskun, A, Cila, N., Nicenboim, I., Frauenberger, C., Wakkary, R., Hassenzahl, M., Mancini, C., Giaccardi, E., & Forlano, L. (2022). More-than-human Concepts, Methodologies, and
Practices in HCI. CHI Conference on Human Factors in Computing Systems Extended Abstracts, 1-5. https://doi.org/10.1145/3491101.3516503

Delbecq, S., Fontane, J.,, Gourdain, N., Mugnier, H., Planés, T., & Simatos, F. (2022). ISAE-SUPAERO Aviation and Climate: a literature review. https://doi.org/10.34849/a66a-w58

DiSalvo, C., Sengers, P., & Brynjarsdéttir, H. (2010). Mapping the landscape of sustainable HCI. Proceedings of the 28th International Conference on Human Factors in Computing
Systems - CHI 10, 1975. https://doi.org/10.1145/1753326.1753625

Guillén-Gosalbez, G., You, F., Galdn-Martin, A, Pozo, C., & Grossmann, I. E. (2019). Process systems engineering thinking and tools applied to sustainability problems: Current
landscape and future opportunities. Current Opinion in Chemical Engineering, 26, 170-179. https://doi.org/10.1016/j.coche.2019.11.002

Jackson, M. C. (1991). Systems Methodology for the Management Sciences. Springer US. https://doi.org/10.1007/978-1-4899-2632-6

Jackson, M. C. (2010). Reflections on the development and contribution of critical systems thinking and practice. Systems Research and Behavioral Science, 27(2), 133-139.
https://doi.org/10.1002/sres.1020

Jones, P. H. (2013). Design for care: Innovating healthcare experience. Rosenfeld Media.

Jones, P. H. (2020). Systemic Design: Design for Complex, Social, and Sociotechnical Systems. In G. S. Metcalf, K. Kijima, & H. Deguchi (Eds.), Handbook of Systems Sciences (pp. 1-25).
Springer Singapore. https://doi.org/10.1007/978-981-13-0370-8_60-1

Jones, P. H,, & Van Patter, G. K. (2009). Design 1.0, 2.0, 3.0, 4.0: The rise of visual sensemaking. New York: NextDesign Leadership Institute.
Kim, D. H. (1992). Guidelines for Drawing Causal Loop Diagrams. The Systems Thinker, 3(1), 5-6.

Korzybski, A. (1933). Science and sanity: An introduction to non-Aristotelian systems and general semantics (1. ed,, 2. print). The International Non-Aristotelian Library Publishing
Company.

Page 20 RSD11 | Could systemic design methods support sustainable design of interactive systems? | Bornes, Letondal, Vingerhoeds



Références (2/3)

Knowles, B., Bates, O., & Hakansson, M. (2018). This Changes Sustainable HCI. Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems, 1-12.
https://doi.org/10.1145/3173574.3174045

Mankoff, J. C,, Blevis, E., Borning, A, Friedman, B, Fussell, S. R,, Hasbrouck, J., Woodruff, A, & Sengers, P. (2007). Environmental sustainability and interaction. CHI '07 Extended
Abstracts on Human Factors in Computing Systems, 2121-2124. https://doi.org/10.1145/1240866.1240963

Meyer, M. W., & Norman, D. (2020). Changing Design Education for the 21st Century. She Ji: The Journal of Design, Economics, and Innovation, 6(1), 13-49.
https://doi.org/10.1016/j.sheji.2019.12.002

Morin, E. (1992). Introduction a la pensée complexe (4. tirage). ESF éd.

Murphy, R.J. A, &Jones, P. H. (2020). Leverage analysis: A method for locating points of influence in systemic design decisions. FormAkademisk - Forskningstidsskrift for Design Og
Designdidaktikk, 13(2), 1-25.

Nathan, L. P,, Blevis, E., Friedman, B., Hasbrouck, J., & Sengers, P. (2008). Beyond the hype: Sustainability & HCI. CHI '08 Extended Abstracts on Human Factors in Computing
Systems, 2273-2276. https://doi.org/10.1145/1358628.1358667

Norman, D. A. (n.d.). Future of Design Education. Retrieved 18 February 2022, from https://www.futureofdesigneducation.org/

Ralph, P., & Wand, Y. (2009). A Proposal for a Formal Definition of the Design Concept. In K. Lyytinen, P. Loucopoulos, J. Mylopoulos, & B. Robinson (Eds.), Design Requirements
Engineering: A Ten-Year Perspective (Vol. 14, pp. 103-136). Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-540-92966-6_6

Rittel, H. W. J.,, & Webber, M. M. (1973). Dilemmas in a General Theory of Planning. Springer, Vol. 4(No. 2), 16.

Riviére, G. (2021). Human-Computer Interaction against climate change: Review of a controversy. Journal d'Interaction Personne-Systéme, Volume 9, Number 1, Special...(Special
Issue...), 7101. https://doi.org/10.46298/jips.7101

Rogers, Y. (2004). New theoretical approaches for human-computer interaction. Annual Review of Information Science and Technology, 38(1), 87-143.
https://doi.org/10.1002/aris.1440380103

Rosen, M. A. (2012). Engineering Sustainability: A Technical Approach to Sustainability. Sustainability, 4(9), 2270-2292. https://doi.org/10.3390/su4092270
Rosnhay, J. de. (1975). Le macroscope: Vers une vision globale. Ed. Points.

Schon, D. A. (1983). The reflective practitioner: How professionals think in action. Ashgate.

Sevaldson, B. (2018a). Beyond user centric design. RSD7, Relating Systems Thinking and Design 7, Turin, Italy. http:;//openresearch.ocadu.ca/id/eprint/2755/

Sevaldson, B. (2018b). Visualizing Complex Design: The Evolution of Gigamaps. In P. Jones & K. Kijima (Eds.), Systemic Design (Vol. 8, pp. 243-269). Springer Japan.
https://doi.org/10.1007/978-4-431-55639-8_8

Sevaldson, B. (2019). What is Systemic Design? Practices Beyond Analyses and Modelling. 8.
Stasinopoulos, P. (2009). Whole system design: An integrated approach to sustainable engineering. Earthscan.

Page 21 RSD11 | Could systemic design methods support sustainable design of interactive systems? | Bornes, Letondal, Vingerhoeds



Références (3/3)

Systemic Design Toolkit. (n.d.). Retrieved 1 February 2022, from https://www.systemicdesigntoolkit.org/
Taylor, A. (2015). After interaction. Interactions, 22(5), 48-53. https://doi.org/10.1145/2809888
Thackara, J. (2005). In the bubble: Designing in a complex world. MIT Press.

Vanson, G., Marangé, P., & Levrat, E. (2022). End-of-Life Decision making in circular economy using generalized colored stochastic Petri nets. Autonomous Intelligent Systems, 2(1), 3.
https://doi.org/10.1007/s43684-022-00022-6

Vezzoli, C., & Manzini, E. (2008). Design for Environmental Sustainability. Springer London. https://doi.org/10.1007/978-1-84800-163-3
von Bertalanffy, L. (1950). The Theory of Open Systems in Physics and Biology. Science, 111(2872), 23-29. https://doi.org/10.1126/science.111.2872.23

Walden, D. D, Roedler, G. 3., Forsberg, K., Hamelin, R. D., Shortell, T. M,, & International Council on Systems Engineering (Eds.). (2015). Systems engineering handbook: A guide for
system life cycle processes and activities (4th edition). Wiley.

Wieck, G. (2021, April 7). Systems Mapping: How Paris meets Climate Change. Systemic Design Group. https://medium.com/systemic-design-group/systems-mapping-how-paris-
meets-climate-change-664321d31f47

Wiener, N. (1948). Cybernetics; or, Control and communication in the animal and the machine.
Woodward, I. (2007). Understanding Material Culture. SAGE Publications Ltd. https://doi.org/10.4135/9781446278987

Page 22 RSD11 | Could systemic design methods support sustainable design of interactive systems? | Bornes, Letondal, Vingerhoeds



