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Abstract 
Until recently, research into the sustainable design of interactive systems has primarily 

focused on the direct material impact of a system, through improving its energy efficiency and 
optimizing its lifecycle. Yet the way a system is designed and marketed often has wider repercussions, 
such as rebound effects, and systemic change in practices. These effects are harder to assess (and to 
anticipate) than the direct physical impact of the construction and use of the system itself. Current 
tools are unable to account for the complexity of these effects: the underlying causal mechanisms, 
their multi-level nature, their different temporalities, and the variety of their consequences 
(environmental and societal). This is why we are seeking to develop a specific methodology and tool, 
inspired by systemic design and system dynamics. These are intended for decision-makers and 
designers of interactive systems within systems of systems (for example, in the fields of agricultural 
robotics or public transportation). In this paper, we present this modeling approach and our prototype 
tool through the example of a second-hand clothing sales platform. 
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The indirect effects of an interactive system within a sociotechnical system 

In interactive systems1 engineering, until recently, efforts to move towards a more sustainable 
future have mainly focused on the direct material impact of a system, by improving energy efficiency 
during its use and optimizing its lifecycle to reduce waste, pollution, and greenhouse gas emissions. 
However, the impact of an interactive system is not limited to the direct physical impact of its 
manufacturing, use, maintenance, and end of life (first order effect). In fact, the introduction of a new 
product (or a new technology) into society very often has indirect consequences, due to how it is used 
and the changes in societal practices it induces (Coroamă 2019). A simple example is the rebound 
effect, first identified by William Stanley Jevons in 1865 in relation to the steam train (Jevons 1865). 
The rebound effect occurs when the optimization of a system leads to a saving (in time or cost) which 
has the effect of increasing overall consumption. 

In addition to direct (first order) effects, there are several indirect effects, including: 
• direct rebound (second order) effect: A rebound effect where increased efficiency, 

associated cost reduction and/or convenience of a product or service results in its increased 
use because it is cheaper or otherwise more convenient. (ITU 2022) 
Example: In the case of the car, improved engine efficiency enables drivers to save fuel: they 

can drive more often or for longer, and, for example, live further away from their work, which results 
in an overall increase in fuel consumption. 

• indirect rebound (second order) effect: A type of rebound effect where savings from 
efficiency cost reductions enable more income to be spent on other products and services. 
(ITU 2022) 
Example: Some drivers will spend their fuel savings on other activities, such as flying on 

holiday.  
• systemic (higher order) effect: The indirect effect (including but not limited to rebound 

effects) other than first and second order effects occurring through changes in consumption 
patterns, lifestyles, and value systems. (ITU 2022) 

 
1 In this context, "interactive system" refers to a computerized system whose behavior adapts to users’ actions. 
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Example: The introduction of the car has completely changed the way cities are organized 
and how people get around, to the extent that it is difficult to do without a car in certain regions or 
for certain professions. 

Second order and higher order effects do not necessarily exceed efficiency gains and are not 
even necessarily negative. Nevertheless, it is imperative to understand them, as they are now 
perceived as potentially very impactful, in terms of intensity and duration, hence the recent interest 
in sustainability research (Coroamă 2020). These effects are on a much larger scale (the higher the 
order, the larger the scale), and are interwoven with social dynamics, practices, and lifestyles, making 
them very difficult to assess, let alone anticipate. 

 
“Systemic effects have wider boundaries of analysis and are more difficult to quantify and 

investigate but are nonetheless very relevant” as stated by the IPCC (Pathak 2021) in the Working 
Group III report and described by Gauthier Roussilhe (2022). 

 
A 'quali-quantitative' modeling methodology 

Designers, decision-makers and policymakers lack the tools and methods to understand these 
effects and to visualize the dynamics of sociotechnical systems (systems of systems). The ITU-T L. 
I480 methodology proposes mapping these effects using a consequence tree (ITU 2022), which 
consists of listing the various possible effects and ranking them in the form of a tree. This 
representation does not shed light on certain feedback dynamics, when consequences can themselves 
become causes. In addition, this tool is qualitative and does not allow orders of magnitude to be 
represented. Yet many of the problems we face are physical and quantifiable (CO2 emissions, 
depletion of resources, land artificialization, etc.). Other existing tools mainly focus on environmental 
impacts (particularly GHG) and ignore societal impacts (working conditions, access to healthcare, 
etc.). However, it is necessary to adopt a systemic approach if one intends to respect the planetary 
boundaries, as well as the social foundations, as described in the Doughnut model (Raworth 2017). 

Drawing on system dynamics (Sterman 2000) and systemic design (Jones 2020), we are 
seeking to develop a 'quali-quantitative' modeling methodology (Bornes et al. 2022) and tool (Bornes 
2023). To develop this methodology, we rely on the activities of Group Model Building (Bérard 
2010), which we integrate into the interactive systems design process. We conducted interviews with 
systemic designers and continuously assess and refine this methodology by applying it to case studies. 
Specifically, we held two workshops with professional user experience designers on the case of a 
second-hand clothing platform (partially presented in the next section), and we also plan two new 
workshops with systemic designers (Bornes et al. 2023). Additionally, we are currently collaborating 
with political stakeholders on a real-world project to study the possible impacts of a low-carbon train 
within a rural transportation system of systems (Une étude sur l’écomobilité menée à Lectoure 2023). 

The objective is to enable designers and decision-makers to represent scenarios of potential 
environmental and societal effects of design alternatives, in order to inform their design or strategy 
decisions. The ambition is to enable them to build their own model, to understand the sociotechnical 
dynamics, to get quick insights, and to be able to communicate it. The objective is to project scenarios 
of possible futures and to compare these scenarios relatively, with the help of indicators. Considering 
the uncertainty of the future, we propose a prospective approach: it is not a matter of predicting the 
most probable future, but of exploring several possible (and desirable) scenarios. To do so, we favor 
human understanding and intuition over quantitative data, building the model not only on quantitative 
data, but also on expert opinion, documentary studies, and mixed data collection methods (qualitative 
and quantitative surveys). 

 
Practical case of a second-hand clothing platform 

Let's take the simple example of a second-hand clothing platform. At first glance, we might 
imagine that it supports more sustainable practices and has a positive impact on society. However, it 
can have detrimental effects (Juge et al. 2022): 



 

 

• Transporting clothes from seller to buyer and using the platform causes carbon emissions (first 
order). 

• On average, buyers buy more items because they cost less or because they feel less guilty 
about buying second-hand (direct rebound). 

• Some sellers use the money from sales to buy unnecessary new fast-fashion clothes (indirect 
rebound). 

• Charities are suffering from a drop in donations because people are changing their habits and 
preferring to sell rather than donate (higher order rebound). 
Identifying these effects can help define mitigation levers at the product design, service, and 

business model levels. For example, filtering the results to show only items that are close to the buyer, 
offering sellers the option of donating their item rather than selling it in certain cases, encouraging 
users to use the proceeds from sales on the platform through incentives, offering services to extend 
the lifespan of clothes through repair, and so on. However, this does not allow designers and decision-
makers to determine which lever or combination of levers will have the most significant impact over 
time. 

 

 
Figure 1. Causal loop diagram (Kim, 1992) representing the influences between the different 
variables. 

 
As part of a project to redesign the platform, its business model and associated services, our 

methodology would consist of the following steps (this process is nonlinear and iterative): 
1. Bring together stakeholders from the company and experts from the fashion and second-hand 

industries (including environmental economists and sociologists). 
2. Collectively carry out a qualitative analysis of the various effects of the platform. 
3. Collectively identify the variables of interest (e.g. CO2 emissions, amount donated to 

associations, etc.), and the influencing variables (e.g. number of garments sold, number of 
users, revenue generated by sales, etc.). 

4. Collectively construct a diagram representing the influences between the different variables 
(see a simplified example in Figure 1). 

5. Collectively define a strategy for quantifying these influences:  
a. by drawing on existing studies (e.g. average emissions per km travelled), 
b. by deducing from existing quantitative data measured on the platform (e.g. the average 

percentage of sales revenue used to buy other second-hand clothes on the platform), 
c. by carrying out a specific study (observations, qualitative interviews, quantitative 

surveys, etc.) with consumers (e.g. emotional link to second-hand clothes and number 
of clothes in the wardrobe), 



 

 

d. by testing various hypotheses based on expert opinions. 
6. Iteratively build a 'quali-quantitative' model using Magnitude, the prototype modeling tool 

(see the prototype in Figure 2), and explore several scenarios through simulation, not 
forgetting to represent possible rebound effects due to the mitigation measures. 

7. Relatively compare the scenarios to collectively define a strategy at several levels (design, 
services, business), possibly including other stakeholders such as users, charities, etc. 

8. Monitor the effects of this strategy over time, in comparison with the projected scenario, and 
iterate on the strategy and model based on observed changes over time. 
This 'quali-quantitative' modeling is seen as a tool for collaborative thinking and decision 

support between different stakeholders. The relevance of the results depends on the model validity. 
However, the stakeholders are aware of the model's limitations since they have participated to its 
construction. 

 
Magnitude: our prototype modeling tool 

To propose a simplified formalism that requires minimal or no coding, and to delve into the 
concept of a modeling tool tailored to interactions between product/service design and the associated 
sociotechnical system, we decided not to use generic system dynamics tools like InsightMaker, Stella, 
or Vensim. Instead, we developed our own prospective modeling tool (see Figure 2). For this tool, 
we opted to draw inspiration from the simplicity of causal loop diagrams and the calculation 
principles of stock-and-flow modeling. 

 

 
Figure 2. Example of model building in the 'quali-quantitative' modeling tool 
 

Our prototype provides a toolbox that allows loading data from files, creating variables and 
stocks (cumulative variables) calculated at each time step, applying transformations and delays, and 
forming feedback loops. The curves of the values of variables of interest can be displayed on-demand 
in the results panel on the right. It is also possible to compare the curves of multiple simulations. 

 
Perspectives 

The results of our initial practical cases seem promising, with good engagement from the 
involved designers. We also plan to apply this modeling methodology to other practical cases in the 
ICT (Information and Communication Technology) industry and compare the contribution in 
comparison to the methods and tools mentioned in Section 2. 
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