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Figure 1: Examples of situated visualizations envisioned during the workshop. On the left, each green bubble represents the positive
effect the trees have on the atmosphere and on oxygen production. On the right, the proportion of carbon dioxide in the air is
displayed and updated every time a vehicle passes behind.

ABSTRACT better future [2]. However, the consequences one can have on the

We present the results of a brainstorming exercise focused on how€nVironment may be unclear and not straightforward. There have
situated visualizations could be used to better understand the stat@©€n & variety of media campaigns promoting changes in behaviors
of the environment and our personal behavioral impact on it. Specif- WNich turn out to have a rather small impact, such as not sending
ically, we conducted a day long workshop in the French city of thank you'emails [13] or unplugging one's phone charger when not
Bordeaux where we envisioned situated visualizations of urban en-" USe [11, p. 68]. Even school text books have been found not to
vironmental footprints. We explored the city and took photos and [0CUS on the most relevant decisions one can make in ones life [19],
notes about possible situated visualizations of environmental foot-tuS l€aving people confused and increasingly concerned [2].
prints that could be embedded near places, people, or objects of Our work is based on the premise that everyday-life decisions
interest. We found that our designs targeted four purposes and usedvould be facilitated by a better understanding of how impact on

four different methods that could be further explored to test situated the environment is engrained to varying degrees in (almost) every-
visualizations for the protection of the environment. thing we do and consume. We explore in this article what kind of

. o ] questions related to environmental footprints one could ask while
Index Terms: Human-centered computing—Visualization—Visu-  walking through an urban environment. We report preliminary re-
alization techniques—Treemaps; Human-centered computing—syits of a design exercise during which we envisioned how situated

Visualization—Visualization design and evaluation methods visualizations [18] may help people to get a better understanding of
how everyday decisions and actions affect the environment and to
1 INTRODUCTION what degree.

Recent surveys show that a majority of people, across countries, are
increasingly worried about the deteriorating state of the environment 2  BackGROUND

and are ready to change their personal behavior to contribute to a ) .
Approaches to support or encourage sustainable behaviors have a

*Contact author: yvonne.jansen@cnrs.fr |0ng tradition in the eld ofEnvironmental PsyCholog)lS], and
DOI: 10.5281/zenodo.7053934 more recently in the form of eco-feedback technology [7] in the
context ofSustainable HC[10, 12]. Early work focused on mech-
anisms to show people their resource consumption — with the aim
of thereby encouraging a reduction in consumption — but there has
been much discussion over the past years whether a focus on indi-
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vidual actions is justi ed or whether research should rather focus correspond to thevhg what andwherequestions. While those are
on changes on a societal level through systemic action, within HCI certainly important to consider when designing a visualization, the
and other elds [1, 6]. While certainly systemic actions are needed answers to these questions did not result in an insightful classi ca-
for impactful changes, we explore in this article curiosity-driven tion. We therefore do not discuss them here further. Instead, we
engagement with environmental questions to help people get a bettefocus here on a categorization around the purposes of the situated
sense of where impacts on the environment are caused, but also teisualizations Why) and the mechanisms with which the situated
get a better sense of quantities and how they compare. Consequentlyisualizations tried to achieve their goals of aiding the environment
our considerations are not directed towards persuading people to(how).
change their behavior in speci ¢ ways [4], but rather to help people
surface relevant environmental data in their everyday lives. 4.1 Situated Visualization Purposes

Surfacing Urban data in the form of Situated Visualizations haS Fac|||tat|ng eco_friend'y behavior: Often |t iS hard for peop'e
previously been explored by Vande Moere and Hill [16], who discuss o know if a speci ¢ behavior can make a non-trivial positive or
a range of designs, some of which are eld studies exploring how npegative difference on the environment, which of several behaviors
people react to situated visualizations of their energy consumption,yould be the most eco-friendly, or how to concretely implement an
displayed publicly in the street for everyone to see [3,17]. Vande eco-friendly behavior. Our corpus of ideas includes several designs
Moere and Hill also discuss a few design explorations, that is, ideas meant to address these issues, such as situated visualizations showing
which have not been implemented as prototypes. Many imagin-jnformation to help locate infrastructure, such as trash cans or public
able deSIgnS are dlf Cult to rea“ze as aCtual prOtOtypes due IaCk Of transportation stopsl or to help Compare the energy ef Ciency of

accurate data or technological limitations. Here, we ignore such pypjic transport with individual transport options (see Fig. 2).
limitations and focus on whatould be interesting or relevant to

know or learn in an urban context. Our observations may serve as
directions for lifting the currently existing barriers.

3 SITUATED DESIGN EXERCISE

In June 2022, a group of seven researchers set out on an in-situ
ideation exercise in the French city of Bordeaux. We had previously
successfully used the methodology in the context of smartwatch
visualizations for sightseeing [5]. Here, we adapted the methodology
to the elicitation of situated visualizations in an urban environment.
During a three-hour walk in the city, we strolled past several sights,
busy but also lesser known streets, a park, and a restaurant. During
the walk, all participants were instructed to envision information
needs related to their own or others' environmental footprints and
situated visualizations that would go together with these information
needs. Instead of sketching out each visualization, participants took
photos of the location that would hold their envisioned visualization
and took notes on what it would show. In addition to serendipitous
ideas, every 15-30 minutes, an alarm rang, and the whole group had
to stop to devise a visualization in the current location. In contrast
to the original methodology, we did not discuss ideas while in-situ
but left discussions for the afternoon. We moved to a lab space in
the afternoon where we collected and printed all designs and spent
1-2 hours sketching the visualizations on the photographs. These
visualizations were then individually discussed and rst grouped
by the seven researchers involved in the activity. An independent
coder who had not taken part in the activity later re-categorized the
designs using the 5W1H method, that is, asking for each design the
6 questionsvha what why, where when andhow

Figure 2: Example of an envisioned situated visualization facilitating
eco-friendly behaviors by showing the numbers of passengers of a
tramway with the amount of carbon dioxide saved compared to cars.
4 ENVISIONED DESIGNS It is placed directly inside the corresponding tramway.

Overall we collected 67 different designs (corresponding to an aver-
age of approximately 10 per participant) that we attempted to group
and describe more broadly. Our rst categorizations centered around

data and data refereftsuch as cars, purchases, water, or energy. g . o . . . ) h
P 9y of situated visualizations which we imagined when in a variety of

The categorization in either data or referents was not entirely suc- ituati h t o st ind h ing billboard
cessful: Data and referents are closely related in some cases, pup'tuations such as next 1o store windows, when seeing billboar

much more abstract in others. For example, a broad category Wa'sads in the street, or wht_en Io_oking at restaurant menus. Concrete
named “places” and included visualizations at a street corner or aexamples |_n_clud_e showmg wsuahzatnong of theﬁ@ot_prlnt of

park that had very different data associated with them. The streetprOd.UCt.S visible in store Wln_dows (see Fig. 3) or on b_lIIboards, or
corner visualization involved showing paths to closest garbage cansthe likelihood that food sold in stores or restaurants will be wasted
or public transportation stops, while the visualization in the park if not bought rapidly.

showed data on plants and their history. Data and referent roughly . Ncreasing general environmental awarenessin contrast to
visualizations for facilitating eco-friendly behavior and for informing

1A data referentor physical referenis the physical object, space, or  Purchase decisions, visualizations in this category do not aim to
person to which the data refers [18]. For carbon footprint data, for example, SUpport immediate decision-making by viewers. Instead, they are
possible referents are the object or process that causes or embodies theneant to help viewers become better educated about environmental
emissions, or the person who produces, owns, or disposes of the object. ~ data, and get a better sense of the orders of magnitude involved.

Informing purchasing decisions: Such visualizations are a spe-
cial case of visualizations for facilitating eco-friendly behavior, but
they are prominent enough to merit their own category. They consist
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Figure 5: Example of an envisioned situated visualization increasing
awareness and representing the amount of recycling trash (green)
compared to regular trash (red). It is placed onto buildings from which

Figure 3: Example of an envisioned situated visualization informing - A
the data is retrieved.

purchasing decisions by allowing the comparison of different food
items based on the carbon dioxide footprint. It is displayed directly

near the corresponding food products. . . . . .
have the ability to promote positive social feelings and behavior, but,

because they can facilitate comparison between people and groups,
they also have the ability to increase social pressure.

We see as a positive aspect that some designs could t multiple
purposes. For example, one visualization shows wasted energy from
a delivery van that was left running in the street while a delivery was
being made. This visualization can raise awareness to passers-by
about the fact that idling wastes resources but can also facilitate

co-friendly behavior when the driver sees how much unnecessary
ollution was added to the air by leaving the van running. Another

Although the knowledge viewers gain may help them make decisions
later in life (e.g., vote for a speci ¢ public policy), the visualizations
were not meant for immediate personal action. Examples include
visualizations showing how much G@ stored in a speci c tree or
how much it can capture over a year (see Fig. 4).

Increasing social awarenessThese visualizations are meant to
educate and increase awareness as in the previous category, but wit

a focus on people. They show environmental footprint data speci ¢ example, which ts the category “informing purchasing decisions”

to individuals or groups of individuals, most often indirectly, by and “increasing social awareness”, is a visualization in the spirit

using objects people own or use as Qata refereptg. Examplgs inCIUdeof environmental activism. Through a hidden AR visualization
how much garbage was produced in each building (see Fig. 5), as '

well as carbon and pollution emitted by cars, buses, and trucks, IDeoverlald on advertising billboardsit shows social data about the

- . - Y > frequency with which other people typically replace their cell phones
they idling or moving on a busy road. Visualizations in this category ang why.yThis visualizationpcar?hel);)ppeogle gecide whethefto wait

to delay a phone purchase, or which models to avoid due to their
lack of longevity, but can also simply educate people about the
environmental impact of cell phone purchases.

4.2 Visualization Mechanisms

In addition to visualization purposes, we identi ed a set of mech-
anisms with which the visualizations aimed to achieve their goals.
Most situated visualizations took the form of overlays on data ref-
erents; either on infrastructure such as buildings, sculptures, or
fountains or on moving objects such as cars, trams, bikes, or people.
Shadows or re ections of people and objects were also used as em-
bedding locations that were in close connection to the data referents.
Other visualizations took the form of traces of referents showing
historic data, for example, in the form of engravings. In addition to
choices of speci ¢ embedding locations, the designs also contained
a very interesting set of four mechanisms that relate to which data
the visualizations show:

Data comparison Comparison was used mainly in two forms:
(a) to help people compare different options, places, or objects
to others and (b) to compare current data about a data referent to
historic or related data. Fig. 3, for example, was designed as a
small multiple visualization that helps people compare food items

Figure 4: Example of an envisioned situated visualization increasing and make purchasing decisions. Such a mechanism could help
general environmental awareness and representing carbon dioxide

produced over time. It is placed on a cut tree to emphasize trees’ 2similar to the concept dbcative artin William Gibson's 2007 novel
usefulness in reducing air pollution and increase breathability. Spook Country8]
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inform people concerning questions such as if buying local is Better Much remains to be explored to study how, why, where, and
Another visualization compares current to historic local pollution when situated visualizations can best help the environment. Many
data in a street which could be a useful mechanism to evaluateof the visualizations conceived during the described exercise would
reductions (or the lack of it) achieved after a change of policies, such currently be dif cult to deploy due to issues such as technological
as banning highly polluting cars. As such, showing comparisons barriers or data availability. Some of the examples would also
was common across different purposes, be it to inform, to help make require the installation of new infrastructure, which risks introducing
decisions, or to promote eco-friendly behavior. additional footprints. In such cases, one has to ask if that is indeed
Surface information which is by default often hidden Hidden necessary or if a similar effect could be achieved using existing
information refers to data that cannot easily be inferred or extracted technology, such as smartphones which are already ubiquitous. For
while in-situ. For example, how much water was needed to grow xed installations, one would also need to consider “human” issues
certain produce available in a store is data that is typically unavail- such as theft or vandalism. Finally, we also need to think about the
able when making purchasing decisions. However, importantly for cognitive impact on viewers when many visualisations appear in their
this category, the fact that water consumption is an issue might not eld of view. Information overload may be a real problem especially
even enter people's minds when buying produce. As such, surfacingwhen viewers are already engaged in an activity that is cognitively
information that is hidden could be a strong awareness mechanismintense. Yet, these words of caution should not distract from starting
in addition to being a purchasing aid. to work on situated visualizations to help the environment.
Enhancing footprints and making them concrete:In contrast Determining whether situated visualizations of ecological foot-
to the previous category, some visualizations focus on enhancingprints are actually useful can be dif cult, though. While one should
data that could be experienced or inferred to a limited degree while make sure that the visualization design used can be correctly inter-
in-situ. The two visualizations in Fig. 1, for example broadly con- preted by viewers — as we do whenever we evaluate how long it takes
cern air quality. A passer-by can, to a limited extent, sense the people to extract information correctly from a given visualization —
pollution or clarity of the air around them, but both visualizations we will need a different type of measure to determine if our situated
make their respective data visually explicit and concrete. Another visualizations can be considered effective. One possibility could be
set of visualizations we collected was focused on the energy con-long-term behavior change studies, but one has to ask, how long
sumption of lights. Here, as a passer-by one sees immediately thais enough? While climate change is a slow process, we reached a
energy is currently used to light one's path, but the amount of energy point where we need to act quickly to stay within favorable scenar-
used can vary considerably depending on what type of lighting is ios [14]. It would thus be preferable to nd measures that enabled
used, and embedded visualizations could make this explicit. us to determine the effectiveness of an approach without spending
Externalize personal knowledge for others:Some visualiza- a year on each iteration. Approaches taken in other domains could
tions focused on showing data left explicitly by others in the en- be an option and their applicability needs to be explored. For ex-
vironment. For example, situated visualizations in a dollar store ample, economists argue that the most important tool to move our
represented people's experience with the longevity of the offered societies to carbon-neutrality is the introduction of a carbon tax
products. These visualizations, for example, were envisioned in the priced such that emission goals are Pnek 2019 article built on
form of hidden AR graf ti or annotations of products or places and this and explored across multiple pre-registered experiments how

were meant to help decision makfhg comparatively less effective “Green Nudges” (such as defaulting
people to a green energy provider) reduced participants' support for
5 FUTURE RESEARCH AND CONCLUSIONS such a carbon tax [9]. That same study also suggests that providing

In this ideation exercise we have done a rst step towards envi- people with better information about the tax reduced the negative
sioning visualizations of various impacts of humans on the urban impact of the availability of the nudge. We conclude by highlighting
environment. For the very short timeframe of the exercise, essenthat there is a rich area to be explored at the intersection of visual-
tially one work day, we elicited a rich set of ideas that can each be ization, economics, and psychology to nd new ways to help people
explored further. Some visualizations aimed to aid people identify €ngage with and understand the complex and often unintuitive re-
which actions are in line with their stated attitudes [2], for exam- lationships between natural and human-made phenomena affecting
ple, by helping make purchasing decisions or nding their way to Fhe environment, and to determine if these new ways can have an
the next local transport stop. Others were of purely informational Impact.

nature, intended to help people get a sense of orders of magnitude

for carbon emissions and sequestration, such as showing the amounfA\CKNOWLEDGMENTS

of carbon sequestered in a tree. Other visualizations were trying This work was partly supported by the Agence Nationale de la
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