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Running long-term field studies is a valuable yet slow and costly approach to test the efficacy of interaction designs on people’s
everyday decision making and behavior. In this position paper we describe the rationale behind an interdisciplinary approach to
designing and evaluating data-driven interactive experiences for sustainable decision-making. We are a group consisting of HCI and
visualization researchers, energy-economy modeling experts who work on mitigation pathways, and behavioral economists who run
controlled experiments to study how people make decisions in an incentivized context. The intent of this collaboration is two-fold: (1)
we study how to design efficient data-driven experiences to help people build an intuition concerning the sustainability of daily choices
and actions; (2) we explore the mutual benefit of working across disciplinary boundaries to go beyond the limits of our respective
methodological toolboxes. We illustrate our approach through an example of a work-in-progress.
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1 INTRODUCTION

Providing information about the consequences of our actions and plans is fundamental to the various transition
processes required by the crucial issue of reducing human pressures on the environment. This challenge occurs at many
levels and with different actors, from individuals to governments, industry and finance. The information contained in the
climate change mitigation scenarios put forward by the latest report of the IPCC [16] is a prominent example, intending
to encourage and inform concerted actions by all relevant players. These scenarios set out the various sets of conditions,
such as the speed with which we decarbonize our societies and the approach we plan to use to achieve that goal.
However, by default the scenarios are abstract data, spit out by complex models with hundreds or even thousands of
parameters and only comprehensible for experts. Furthermore, they cannot be readily used to make everyday decisions.
Also, while carbon emissions have received much media attention, there are other planetary boundaries [24] – some of
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which we already exceeded – which have to be taken into account as well. For example, on an individual level, the
difference between a decision to buy a new phone or a refurbished one is not just monetary but also differs on direct
environmental consequences, such as required resource extraction [25]. Similarly, on the collective level, imposing
regulations on the fast fashion industry would likely result in many different consequences along the production and
use chain, such as driving up prices which reduces consumption and thus direct emissions, but also reducing water
pollution during the creation and the disposal of currently short-lived items and on the many people working for that
industry in low income countries [4]. Human-computer interfaces have a role to play in helping non-experts – that is
most of humanity – to access and make sense of the available data and translate them into actionable decisions.

We describe here one possible interdisciplinary approach for working towards this goal: (1) we use modeling tools
such as integrated assessment models to identify important levers (e.g., [20]) that people need to understand better to
make informed decisions, be it as individuals or as policy makers; (2) we design data-driven, interactive experiences that
aim to communicate the intricate interplay between these levers and relevant consequences, for example, concerning
the interplay between different dietary choices and their respective consequences concerning land use, fresh water use,
and direct emissions; (3) we evaluate these experiences to learn how different approaches affect people’s decisions.

Evaluating such research in HCI is rarely straightforward, and some have argued that the evaluation of work in the
area of sustainable HCI (SHCI) is particularly challenging [22, 23]: what we really want to know is if such work can
have some form of positive impact in the long term, while making sure that bad usability is not hurting the intended
purpose. HCI has a rich methodological toolbox to avoid the latter, but less so for determining lasting positive impact.
There is no easy way out of this, but, as Remy and colleagues have argued [22], one may be able to identify new
approaches by reflecting (among other things) on what one’s goals and available methodologies are. Looking towards
and collaborating with other disciplines can facilitate this process.

With this position paper we want to argue for an interdisciplinary approach to developing and evaluating data-driven
interactive systems for sustainable decision-making that brings together experts from HCI, environmental modeling
and behavioral economics. While such an approach will not magically solve all problems, it has valuable properties
which we describe in this article.

The motivation for this collaboration is to overcome barriers inherent in each of the respective fields. Ecological
modelers can determine the results of different behavioral patterns, but not what could encourage the behavior, nor
how to communicate the relevant information to a wide audience; HCI researchers can validate the performance of
information visualization tools, but require input about what exactly to visualize, and generally evaluate behavioral
impact in a relatively observational manner; behavioral economists design experiments targeting the determinants of
individual, strategic and collective choice, but generally lacks expertise in visualization and interaction design and in
linking them to realistic ecological models. All three fields are therefore complementary to understanding complex
environmental data and helping citizens engage in the concrete process of acting for change.

2 ENVIRONMENTAL MODELING

While it has not traditionally been the role of environmental scientists to determine how to encourage any particular
kind of behavior, studies in environmental modeling clearly show that individual choice matters. For instance, changes
in individual behavior and lifestyle have been recognized as a key factor to mitigating climate change [15]. Most
importantly, models can provide guidance as to what specific behavioral changes may have the greatest impact. With
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respect to carbon emissions, for instance, examples such as living car-free, reducing air travel, purchasing low-carbon-
footprint durable and repairable products (and keeping them longer) or switching to a green electricity supplier have
shown high mitigation potential consistent with high levels of well-being [6].

Research from environmental modeling provides reliable estimates of potential mitigation impacts, for example,
through tools such as the carbon footprint [7], or material footprint, which covers a wider range of environmental
issues [18]. Climate sciences have also developed downscaling methods [8] which could be of help to provide data-driven
information about local impacts of climate change, or local implications of climate change mitigation scenarios. They do
however lack expertise on how to design communication and visualization tools to convey their results to non-experts
and on how to study if these tools are indeed effective.

3 BEHAVIORAL ECONOMICS

Behavioral economics use experiments to provide insight into the determinants of human behavior, and the management
of common goods and associated dilemmas are one of the major research directions. The five basic principles of
experimental economics research are (i) controlled variation; (ii) causality (not correlation); (iii) minimalistic settings
validation; (iv) non-deception or common knowledge about the task (participants have information about known
and unknown rules and parameters), and (v) incentivized choice: decisions in economic experiments have real-world
consequences (usually monetary) in order to encourage participants to take their decisions seriously and align lab
decisions with basic preferences that may appear outside the lab. Behavioral experiments have a relatively strong
internal validity, based on game theoretical models and mathematical predictions [17].

Researchers in behavioral economics have been studying people’s behavior in the context of environmental decision-
making by abstracting such decisions using a variety of common experimental paradigms (see Table 1 for a summary

Public good game Public good1games are a metaphor for modeling cooperative behavior in groups with opportu-
nities for free riding. Participants have an endowment and the liberty to contribute to a public
good that will be redistributed to all, irrespective of their contribution, which allows free riders
to benefit from the efforts of the others.

Public bad game Public bad2games are a variation of public good games where participants are instead endowed
with “bads” of which they need to get rid.

Common pool resource game Common pool resources games are extraction metaphors in which a resource that benefits all
can be appropriated by self-optimizing individuals, which leads to over-extraction and a “tragedy
of the commons” in the future (some individuals will not be able to benefit from the resource).

Learning-to-forecast experi-
ment

Learning-to-forecast experiments are static or dynamic coordination games in which individuals
learn the norm or predict the equilibrium or evolution path of an unknown parameter through
repeated interaction or mental simulation. They learn either adaptively from the consequences
of their actions or through eductive targeting “in the dark”.

Table 1. Common experimental paradigms related to environmental issues

1Public goods are goods which are (1) non-excludable, that is, people who do not pay for such goods cannot be excluded, and (2) non-rivalrous,
which means that use by one person does not prevent other people to use it as well nor does it reduce their ability to access the good. Examples include
public parks or street lighting.

2Public bads are the symmetric opposite of public goods. They are non-excludable and non-rival, and negatively affect welfare. A prominent example
is air pollution.
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of particularly common ones). These basic game-forms (a) isolate and test pro- and anti-social behavior, (b) integrate
both individual and institutional (managerial) decision making, and (c) simultaneously consider the behavior of many
participants interacting with the context, but also among themselves (hence allowing analysis of aggregate behavior).
All three are important dimensions of environmental decision making – i.e., making decisions that have an impact on
the environment). The most relevant classes of paradigms include social dilemmas (public good games to model costly
effort such as recycling, and common pool resource management problems as studied by Ajdukovic and colleagues [2]
to model individualistic overexploitation of forests) and learning-to-forecast experiments (see Hanaki et al. [12], to
model energy consumption for instance) – see Table 1.

While such experiments have a strict, principled methodology, they use very simple presentation formats – in most
cases, the stimuli used are pure text and numbers shown on a computer screen. Experiments very rarely use interactive
visualizations or experiences that involve more complex presentation formats or non-conventional media (e.g., virtual-
reality displays). There have been a few attempts at using virtual representations to influence the salience of the
consequences of participants’ decisions. These experiments have used two classes of “virtual” humans: those controlled
by algorithms (agents) and those controlled by other humans (avatars), and two classes of virtual environments:
low-immersive virtual environments such as desktop renderings and (online) virtual worlds and highly-immersive
3D virtual environments [14]. More recently, Fujimi and Fujimura [11] and Mol et al. [21] tested VR interventions
with environmental and social cues for evacuation decisions in case of natural disasters. Haruvy et al. [13] find that
contributions to a public good increase when they are visible to other participants. Faralla et al. [9] examine connections
with future selves in a VR environment. The use of VR in behavioral economics experiments is mainly justified by the
need for ecological validity.

Amajor limitation of previous VR experiments in behavioral economics is that they are individual-choice experiments:
an individual observes or interacts with a representation of the world and makes decisions alone. These studies miss the
collaborative, competitive, and contagious dimensions of real human decisions, which are important, especially when
those decisions impact a shared environment. Collective actions add a layer of complexity due to the unpredictability
of others’ behavior. They also add complexity concerning the design and implementation of interactive systems with
which participants are asked to interact.

4 COMBINING OUR EXPERIMENTAL TOOLBOXES

Typical quantitative HCI methods measure people’s performance when executing certain tasks using different user
interface designs. Typical measures are time taken to complete a task and errors while doing so. A major threat to the
validity of this classic approach is the choice of task: if the task is not a justifiable abstraction of a common way in
which people can be expected to use the design, then the experiment cannot provide insights into which design “is
better”. Experimental design basically aims to operationalize “better” into something measurable, like time taken or
errors made. One could argue that in the area of SHCI, time taken is most likely not an informative measure. One could
even imagine that if people engage longer with a design, then they might take away more from that interaction. Errors
might be more relevant, as one could argue that a “good” design enables people to understand something better and
make less erroneous decisions.

However, in climate mitigation scenarios there are no obvious “right” and “wrong” decisions. Instead different kinds
of benefits and costs are attached to different kinds of decisions and one has to weigh these benefits and costs to make
an informed decision. To take individual decisions as an example, costs are often monetary, but they can also come
in terms of increased time spent (such as taking the train instead of flying), or in terms of reduced comfort (such as
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lowering the thermostat or getting up earlier to use public transportation instead of a personal car), and they can even
be more abstract, such as increased risk of unemployment. Benefits are often rather intangible and far away in time and
space, such as limiting global temperature increases to a certain level, overall well-being of the population or reduction
in inequality between or within countries.

Combining the toolboxes of HCI and behavioral economics enables researchers to study determinants of behavior
and selecting among design options before committing to designs with which it is worth running long-term field studies.

5 EXAMPLE

A first research project coming out of this collaboration centers around what we call augmented-reality waste accumu-
lation visualizations or ARwavs [3]. ARwavs are virtual representations of waste accumulation embedded in people’s
immediate physical surroundings. Figure 1 shows four examples for different types of waste produced over the course
of a day: food waste, waste water, resources for electronic devices, and plastic cups from a coffee machine. ARwavs are
a type of eco-feedback information display [10]: they make typically hidden or invisible consequences of human actions
visible, but they do not necessarily show the outcome of actual behavior, like a meter would. Instead, they enable people
to extrapolate and (virtually) accumulate potential individual or group actions over time to get a sense of the outcome.

On the HCI side, such displays can be evaluated in many ways. For instance, by questioning to what extent these
representations give a visceral sense of quantities (e.g., whether people get a better sense of the quantities compared
to alternative representations) or are engaging on affective aspects (e.g., whether people feel more emotions or feel
more engaged). A first study [3] with 20 participants focused on the latter, comparing the emotion intensities felt by
employees when seeing their company’s building waste visualized in different ways. Participants overall reported

Fig. 1. Illustrative examples of prototyped ARwavs. (a) On the top left hand corner, a user looks at the amount of waste produced by
his corporate restaurant in a week. The waste is represented by virtual trash bags which are displayed directly in the restaurant using
augmented reality. (b) On the top right hand corner, 9 Litres of water represented using water bottle next to the toilets (average flush
amount of water).(c) On the bottom left, the approximate amount of material displaced and emitted to manufacture 8 smartphones .
(d) Bottom right, the quantity of single-use plastic cups accumulated for a given period of time. Captured with Hololens 2.
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higher emotion intensities after having seen the amount of waste shown using an ARwav (see Figure 1 (a)), than a
similar visualization displayed on a screen, or a simple numerical statement of the amount of trash bags.

We conducted an experiment [1] based on a variation of a public bad game in which groups of five participants
were facing an usual recycling/incineration dilemma with an “end-of the-world” termination possibility related to
non-responsible behaviors. 277 participants were involved in this experiment. The experiment was incentivized as
participants disposed of an endowment they had to decide whether to keep or use to recycle their waste. Recycling
was costly, but the free incinerator option had a limited capacity. The selfish strategy was to incinerate as much as
possible, while hoping that others would not do the same, as an overfilled incinerator would “explode”, and this would
lead to zero profits for all. Participants had the possibility to make provisional choices and they could receive feedback
from controllers in charge of the incinerator to gauge the likelihood of it “exploding”. Those controllers had access to
the state of the incinerator through headsets in which the corresponding visualizations from[3] were implemented.
Feedback was harsher at the extreme values (low and high provisional incineration quantity) and adjustments in the
final incinerated quantity were faster when using the visualizations.

6 CONCLUSION

The mitigation of climate change is a vast problem that no single discipline can solve on its own, and researchers from
different domains work towards the same goal, moving towards a more sustainable lifestyle. Energy-economy modelers
work to identify which kinds of lifestyles are compatible with the goal, behavioral economists study which factors are
predictors of pro- or anti-social behaviors, and HCI and visualization researchers explore the vast space of sustainability
in design [5] (that is, how to consider sustainability in the material design of products), and sustainability through

design [19] (that is, how to design technology to facilitate sustainable decision-making). Each domain has accumulated
rich knowledge, which may also be of use in other domains to select among the many different options a researcher is
often confronted with when trying to decide which factors to include in a study design or which dimensions to explore
in a rich design space. Interdisciplinary approaches can be a promising way to navigate these gardens of forking paths.
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