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Abstract

Consumers have the potential to play a large role in mitigating the climate crisis by taking
on more pro-environmental behavior, for example by making more sustainable food choices.
However, while environmental awareness is common among consumers, it is not always clear
what the current impact of one’s own food choices are, and consequently it is not always clear
how or why their own behavior must change, or how important the change is. Immersive
technologies have been shown to aid in these aspects: In this paper, we bring food production
into the home by means of handheld augmented reality. Using the current prototype, users can
input which ingredients are in their meal on their smartphone, and after making a 3D scan of
their kitchen, plants, livestock, feed, and water required for all are visualized in front of them.
In this paper, we describe the design of the current prototype and, by analyzing the current
state of research on virtual and augmented reality for sustainability research, we describe in
which ways the application could be extended in terms of data, models, and interaction, to
investigate the most prominent issues within environmental sustainability communications
research.
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FIGURE 1 - TEASER. Screenshots of the handheld augmented reality AwARe pro-
totype. (A) Home screen. (B) Ingredients list for a simple meat-centered meal. (C,
D, E) Crops, water and livestock required for the meat-centered meal, visualized in a
kitchen and dining room. (F) Room scanning process, where the user sets boundaries
in which the visualization may appear. (G) Ingredients list for a simple salad. (H, I,
J) Crops and water required for the salad, visualized in a kitchen.

1 Introduction

Climate change is a wicked problem that requires large-scale change from various directions, includ-
ing governments, businesses, and consumers. Although there is an abundance of knowledge avail-
able to consumers on issues of climate change, and environmental awareness and pro-environmental
attitudes are common, there are still issues with communication of this knowledge, such that there
is not always effective behavior change [34]. That is, there remains to be an attitude-behavior gap
[49].

There are numerous barriers that can prevent behavioral change, including a perceived psycho-
logical distance [32]: problems related to climate change are perceived as temporally, hypotheti-
cally, spatially, and socially distant. At the same time, current production and trade systems have
ensured that certain processes in fact do happen distantly from a consumer perspective. Taking
food as an example: food is imported from afar, because it may cheaper than producing it locally,
and/or it allows people to eat all foods without being restricted by local seasonal production.
Consumers are not always aware of how their food is grown, processed, transported and/or sold
[26].



To this end, immersive technologies such as virtual reality (VR) and augmented reality (AR)
are interesting innovative communication media. While VR allows users to immerse themselves
into completely virtual worlds, AR augments the real world by virtual components, and users
experience a new merged world. Users can interact with these virtual objects and other virtual
information, and engage with the information in a different way than when using conventional
communication methods. Studies have shown that in the context of environmental sustainability,
VR and AR could aid in learning [28], creating interest [18], decreasing psychological distance [9],
and even change behavior [4].

Accordingly, in project AwA Re we are interested in understanding whether and how an immer-
sive and interactive AR visualization of information on food resources has the potential to more
effectively communicate environmental issues related to food production and engage consumers in
sustainable food activities. In this paper, we present the current state of VR and AR for sustain-
ability research and zoom in on food sustainability specifically, in order to create an overview of
the most prominent questions and topics in this field. Then, we present the current prototype of
our AwARe application, which brings food production into the home by means of handheld AR.
Lastly, we describe potential future research directions and expansions to the application in order
to investigate the earlier identified questions and topics.

2 Related Work

2.1 Current state of XR for sustainability research

Recently, a systematic literature review on the use of extended reality (XR) for environmental
sustainability was conducted [13]. Here, XR refers to VR and AR collectively. The authors cate-
gorized the literature by domain, and identified the most prominently studied effects and barriers.
Firstly, 55% of XR studies were in the education domain, 18.75% in the sustainable behavior
domain, 7.5% in the awareness domain, 7.5% in connecting with nature, 5% in crowdsourcing,
3.75% in decision making, and 2.5% in the training'domain. Effects that are of highest interest
are accordingly mostly knowledge retention and recall, environmental inclination and behavior,
and immersion and embodiment. There were also a few studies measuring barriers and mediators
including emotion, self-efficacy, experience and/or psychological distance.

Based on these findings, the authors drew a number of thematic, theoretical and methodolog-
ical conclusions, some more specific to environmental research than others. Firstly, there is an
urgent need within this research field to not only study effects of XR experiences on engagement,
behavior and participation in environmental issues, but especially also the effects on the barriers
preventing these. It was also noted that empirical research on AR is especially lacking. Secondly,
XR applications were often created without a substantial reasoning of why certain features were
implemented, suggesting a lack of understanding of the benefits of these features. Thirdly, they ad-
vised to focus on XR’s known strengths and avoiding it’s known limitations in terms of interaction.
Fourthly, they urged the research community to focus on the role of user personality traits and
tailoring to specific audiences. Next, inconsistent measures are being used, making most research
incomparable. Also, questionnaires were heavily employed in the studies, and researchers should
look into both alternative methods when suitable and applying a combination of measurement
methods. Lastly, researchers should perform more comparative studies with other, possibly more
accessible, media.

2.2 XR for food sustainability

Although food is absent as a domain in the systematic review [13], the number of XR studies on
food and sustainability has been steadily increasing in the past few years.

For example, regarding education on sustainable agriculture, Garzén et al. developed a hand-
held AR application to foster aquaponics as an alternative sustainable agricultural technology in
vocational education students [23]. The application used markers to place stations of an aquapon-



ics system, trigger-images provide additional information, and each level provides extra activities.
The application was rated highly in a pilot study in terms of learning content, motivation and as
a multimedia learning resource. In a following study, Garzon et al. used the same AR application
to understand the potential to promote eco-agritourism, and found that while both condition (i.e.
using AR during a field trip versus receiving verbal explanation by a professional during the field
trip) showed an increase in knowledge directly after learning, the AR group retained more knowl-
edge than the control group one week later, and learning about aquaponics was deemed more
motivating when using the AR application compared to traditional field trips [27].

Other studies have focused on designing XR applications to visualize information that is other-
wise difficult to find or interpret. For example, Lee et al. designed an AR application to encourage
the consumption of local foods by tourists [31]. The prototype visualizes additional information
about a scanned dish, such as the food miles and stories of each ingredient and a locality score
for the dish, and uses gamification elements to encourage eating more local foods. Honee et al.
created an AR application to visualize the volume of food waste in a canteen setting based on real
world data [25]. They found that the majority of users preferred either a handheld application
over an application designed for a head-mounted display (HMD) for practical reasons or a hybrid
approach, and that the majority felt the visualization helped them understand the volume and
types of waste, especially when compared to conventional methods such as pie charts and static
images, and incentivized them to reduce food waste.

Sometimes the studies are focused on presenting potential futures. Pimentel et al. created a
VR seafood buffet, where users could pick any seafood they desired, after which they experienced
a 360° ocean acidification video [38]. The experience ends with the decreasing of the color richness
of the selected seafood, as a means of illustrating the decrease in the overall quality as a result of
ocean acidification. Similarly, Zhang et al. created a VR museum where the different pavilions
were dedicated to portraying different types of information:” one for the impact of food choices
on health, and another for the impact on the environment [52]. The museum includes interactive
installations, with the aim to make the typically text-based information more comprehensible
and impactful. This included seeing exaggerated environmental changes based on different food
choices. In a pilot study the majority of participants stated that the experience prompted them
to reflect on their eating habits to some extent.

2.3 Intervention studies

Some studies have also investigated the influence of interventions using XR visualizations on real
world food intentions or actual food choices. Plechatd et al. created a VR intervention with an
emotional narrative where middle school students could directly see the impact of their food choices
on the Rocky Mountain National Park 30 years into the future. Another group of students could
see this, too, but could also change their food choices to see the changed impact [40]. Both groups
experienced an equal increase in knowledge gain and response efficacy after the VR experience,
but there was a larger increase in self-efficacy, intentions, and knowledge transfer ability in the
latter group compared to the former group. Self-efficacy was shown to be a mediator of intentions
and transfer. In another study by Plechata et al. using the same VR application, the authors
found that seeing the degradation and changing your food choices compared to no intervention
resulted in a larger decrease in real world dietary footprint when comparing consumption one week
before and one week after the intervention [39]. They also found an increase in response efficacy
and knowledge directly after the VR intervention, but not self-efficacy, behavioral intentions, or
psychological distance, and of the behavioral predictors only knowledge lasted one week after
the intervention. Also, having split the VR group into four smaller groups based on feedback
type (generic vs. normative) and geographical distance (proximal vs. distant; the experience was
extended with Sonfjéllet National Park), normative feedback was shown to result in greater self-
efficacy scores than generic feedback, but geographical distance had no effect on these scores, and
no effects on psychological distance were found.

Meijers et al. used a VR supermarket to simulate AR product information enrichment through
impact messages, where the messages could be in the context of health, the environment, or generic



as a control [33]. They found that both environmentally and health-focused impact messages led
to more environmentally friendly virtual food choices, and that this was mediated by personal
response efficacy beliefs. They also found that personal response efficacy was a larger predictor
when health-framing was used, and conversely that collective response efficacy was a larger pre-
dictor when environmental framing was used. The impact messages did not have a direct influence
on purchasing decisions in the real world one or two weeks later, but there was an indirect effect
through personal response efficacy.

3 Application

The main purpose of the AwARe application is to, given a list of real foods or ingredients input
by the user, visualize the resources required to produce this food using a smartphone in their own
kitchen. In the current first prototype, the resources are simply: the livestock and crops that
correspond to each ingredient, feed for the livestock in the form of wheat, and water required
for all components. There are numerous potential expansions, these are described in Section 4.
Before describing a typical use session, a few design choices are addressed.

3.1 Initial design choices

Firstly, previous studies on psychological distance have almost exclusively used VR, often using it’s
persuasive qualities to evoke responses after experiencing a potential (fictitious) negative future.
Sometimes this results in a decrease in psychological distance [42, 9]; but not always [39]. I argue
that using a well-designed AR application, where there is a meaningful connection between the
content and context of the application, may aid in further decreasing this distance, by further
enhancing the proximity and personal relevance of the environmental effects. This is achieved, on
the one hand, by asking users to input their real world food choices or foods they were considering
consuming, offering a level of customization [29] and stimulating self-efficacy. On the other hand,
the user is asked to use the application in their kitchen, because a strong connection between
the content and place, i.e. semantic coupling, has the potential to create more meaningful and
impactful experiences [44].

Secondly, while similar types of visualizations have generally opted for using an HMD in order
to offer a strong sensory experience, this was purposefully not chosen here, since a final version
of the application is intended for long-term use in the home in the near future. While an initial
prototype could have been created using an HMD to understand only the experience of merging
the real and virtual, the choice was made to already perform initial user testing with a more
understandable vision of the final product. Opting for using a smartphone does come as certain
costs, such as arm fatigue, the phone temperature increasing after prolonged use, and a potentially
smaller augmented field of view, but these points were not raised during initial user tests. When
HMDs become more widespread in the future, it would be sensible to develop an HMD version of
the AwA Re application. The expected rise in visual recognition may also further alleviate the need
to explicitly scan the kitchen and input food by text. This would facilitate quick hands-free use, for
example, during meal preparation. Note that the application does not currently explicitly ask users
to create visualizations during actual meal preparation, nor does the data need to be factual (e.g.
to compare two fictional meals) , since for example the dietary footprint is not being measured.
The application can be used before meals, after meals, during other food-related moments such as
writing out a grocery list and meal-planning, and also simply during one’s free-time as a leisurely
activity.

3.2 Use description

The user starts the application and is asked to login. Once logged in, the home screen gives access
to Rooms, Recipes, Questionnaires, and Account; see Figure 1 (A). During the first use, the user
is asked to create a room, i.e. a digital twin, by scanning their kitchen. During this scan the user



traces the boundaries of available detected floor surface, see Figure 1 (F), sets the available height,
identifies any obstacles, and places two anchors. The anchors are required to save and load the
room for future use, and are in the form of pictures that need to be aligned with the real world
upon loading an existing room. While the kitchen is chosen as use space, the prototype does not
restrict the user from using a different space.

The user can add a new recipe, i.e. a list of ingredients, or open an existing one. When creating
a list, each ingredient can be searched via text using a search bar, and once found, the user can
input the quantity of that ingredient. Once all ingredients and quantities have been input, the list
can be named and saved (Figure 1 (B, G)), and loaded into the digital twin as 3D models (Figure
1 (C-E, H-J)). The resources are split between animal- and plant-based resources, and the user can
toggle between both visualizations. The reason for this split was that during implementation it
became clear that generally not all resources for a single meal would fit nicely in one kitchen space,
and expansion of the space was required in some way. On the animal-based side, the livestock is
shown, and on the plant-based side, the crops for both plant-based and feed are shown, organized
in clusters, meaning all individual plants of one type are placed near each other.. The amount of
required water for both animals and plants is present in both views.

The amount of visualized animals, plants, and water are calculated in two different ways. 3D
models for the animals and plants are calculated in a rounding up fashion. Specifically, for each
plant a ‘units-per-piece’ is saved, referring to the number of fruits or vegetables (units) per plant
(piece). The number of displayed models is the ceiling of the number of input pieces divided by
the units-per-piece. The user can input the quantity per mass or units; a mass-per-unit number is
used in the application so the user can use both quantity types. The number of displayed animals
works in a similar fashion, i.e. the number of visualized animals is the ceiling of the input mass
divided by the ‘mass-per-piece’. Water is calculated relative to the quantity input by the user,
i.e. when Xg of pork requires YL of water, then 0.5Xg of pork requires 0.5Y L of water. The
same holds for the water required for plants. Feed plants are also calculated relative to the animal
quantity input by the user just like water, and then the ceiling is taken as before.

The models are placed in such way that they are separated as would be minimally required
when farming, and such that there is always enough space for a user to traverse across the whole
space without being forced to collide with the models. All models stay in a fixed position in the
real space while the user walks through the space. A user can also select other lists of ingredients
directly after visualizing one in order to-.compare the two.

The numbers used for the required water per plant or animal [10, 17, 15, 36], plant spacing
[24, 22, 20, 21], yield per plant [37], feed per animal [16, 48, 46, 3, 47, 7], and other conversions
[35, 514 12] were taken from numerous scientific and non-scientific sources. The reason for this is
that the intention was to have the application running on dummy data before looking into using
solely scientific, validated data.

The questionnaire section provides a simple question-answer sheet that the user can fill in and
submit. The questions are intended to be adjusted by a researcher, and can be custom questions
or questions from standardized measures. These are implemented in the application in order to
gain immediate reactions by users directly after experiencing the visualization, but also such that
the user can receive notifications from the application to fill in additional questionnaires without
having to use the AR component.

3.3 Implementation

The application was created in Unity 2022.3.13f1, and consists of a number of components, see
Figure 2 for a simplified component structure. The main components are the:

e Questionnaire;

e Ingredients List, which allows the user to search for ingredients and construct a list. The
latter is shown in Figure 1 (B, G);



e Object Generation, which takes care of visualizing the objects by communicating with the
Ingredients List. Example visualizations are shown in Figure 1 (C-E, H-J);

e Room Scanning, which takes care of creating the digital twin. This process is shown in
Figure 1 (F). Object Generation relies on this component to place objects within the real
space;

e User Interface, which covers all screens the user can interact with. This includes, amongst
others, all screens in Figure 1.

For a complete description and mobile downloads of the application, see the open source project
at https://github.com/AwAReUU/OpenAwARe.

FIGURE 2 - Simplified overview of the different components of the current AwARe
prototype with their relations.

4 Potential next research steps

In this section I use insights from Section 2 on the most important research questions and current
research limitations to reflect on how the current prototype could be expanded to address these.

4.1 Experience

The current AwARe prototype can be used to create new AR experiences in the context of en-
vironmental sustainability. AR generally requires at least one of two relationships: a spatial
relationship, e.g. integrating virtual objects into a real space as is typical with HMDs, or a con-
textual relationship, e.g. scanning QR codes for more information on a certain product [45]. These
relationships can also occur simultaneously, e.g. adding spatially well-placed textual information
to a city view. In the context of AR for environmental sustainability, simple contextual relation-
ships have been attempted [14, 11], but spatial relationships are relatively unexplored. Yet, as
explained in Section 3.1, it is exactly this feature that has potential to decrease psychological
distance compared to what VR studies have achieved so far, where there is still a perceptual
divide between your life’and the concept of environmental sustainability. Furthermore, it can be
argued that requiring the user to access enriched information on their phone also requires the user
to keep switching between realities. The AwARe application provides a way to experience both
real and augmentation simultaneously as a single, merged environment. Currently, the models
are simplistic, and it would be interesting to investigate how more realistic 3D models may affect
the degree to which the environment feels merged. It is possible that users become distracted by
shortcomings in terms of realism, diminishing the potential to decrease psychological distance.

This potential to decrease the psychological distance through AR is an example of an aspect
that should be tested in a comparative study with different media, e.g. one could compare the
AwARe application with a VR version and a desktop version that show the resources in a 3D
virtual replica of your kitchen. The underlying arguments here are that specifically the realness of
the underlying environment may decrease the psychological distance when comparing AR with VR,
and that previous studies have suggested that the immersiveness of VR decreases the psychological
distance to a greater extent compared to a non-immersive desktop setting [9]. Similarly, one could
study whether the closeness to your life also has an effect on psychological distance, by comparing
the AwARe application used in the user’s own kitchen to use in a stranger’s kitchen, and to use
in a neutral space. Here, it is expected that using a kitchen increases immersion due to semantic
coupling compared to a neutral space, which may decrease psychological distance [9], and I argue
that the use of your own kitchen may further amplify this decrease.



4.2 Intervention studies

Beyond studying experiences in general, the prototype can be used as an intervention tool, to
study numerous outcomes and mediators. Firstly, it would be interesting to study whether the
current simplistic visualization could raise awareness about a few aspects of food production in
an initial pilot, such as what certain crops actually look like and the scale of growing these just
for one human or one household. The prototype could provide an accessible and engaging way to
become introduced to this topic.

Naturally, there are numerous opportunities to expand and improve the application that go
hand in hand with certain interesting effects. One of the obvious steps would be to base the
visualization on scientific data, which would be essential in the context of studying knowledge
gain and transfer.

In terms of resource information, the visualization could more accurately portray livestock feed
to not just include plant-based components, but also animal-based and other components such as
medication. In terms of food production in general, one could seek out to visualize aspects that are
not always tangible. These include (the effects of) fertilizers, pesticides, energy consumption, land
use, biodiversity, organic farming, labor, social issues, financial aspects; food miles and greenhouse
gases. While it is not entirely clear how to communicate these issues in ways that are not text- or
graph-heavy, attempts have been made to understand how to best visualize these, e.g. representing
CO02-eq emissions from food choices by balloons [43].

A future version of the application could also be used to study perceptions of environmental
sustainability, attitudes, affective consequences, appreciation of food, and connection with nature.
For example, studies have shown that taking the perspective of coral suffering from the effects of
ocean acidification can increase the inclusion of nature in the self compared to a video experience
[5]. This feeling of inclusion moreover increased the perceived imminence of risk and involvement
in the issue of ocean acidification. While AwARe does not use perspective taking, it does place
the user in the midst of the resources, confined in a space where they typically consume the final
products. In this context, an exhibition of 2D aesthetic images that were reinterpreted for CAVE
VR, with the intention of making viewers aware of what it means to be part of the natural world,
made most viewers feel transported into nature and think about nature in new ways [19]. The
exposition seemed to promote, amongst others, emotional insight and environmental sensitivity.
The immersive CAVE experience, the author suggests, could “make people aware of things that
they had become numb to, information that they had discarded—particularly, that we are a part of,
not separate from nature. In the CAVE the ordinariness of a plant is powerfully transformed and
re-discovered in virtual reality more so than if that same plant was discovered in the backyard.”
[19, sect. 3.1]. T argue that allowing users to see aspects of food production in a way they have
never been able to experience before, could yield similar findings. Of course, there was likely a
strong aesthetic component that played a role in the findings of the VR exposition. However, this
only provides more reason to further understand the role of realism of the 3D models, and the
experience of a merged environment using the AwA Re application.

Besides this, it would be interesting to study whether an intervention with AwARe could
result in behavior change, not only for example making more conscious food choices, but also
activities that transcend their own food behavior, for example in relation to food policies. Of
course, whether these are mediated by frequently studied factors such as self-efficacy, response
efficacy, and psychological distance, will be key to understanding exactly which features of the
application and of AR and communications in general has aided in making these changes occur.
In Section 3.1 it was argued how AwARe has the potential to increase self-efficacy and decrease
psychological distance.

4.3 Interaction

While the studies in Section 2.3 focused on directly visualizing the environmental impact of certain
food choices, the current prototype of AwARe does this only indirectly by allowing the user to
compare resources for different lists of ingredients. However, it is conceivable that by adding



specific forms of interaction, similar effects could be achieved. For example, Ahn et al. showed
that cutting down a tree in VR led to less use of paper napkins directly after the intervention, and
increased self-reported paper-conscious behavior and intentions which persisted after one week,
when compared to reading about excessive paper consumption through text and video [4]. A
comparable interaction in AwARe could be to chop down the fully grown crops, or slaughter the
livestock. This could be extended by the users having to put in the actual work of growing the
crops and livestock [6]. However, from an experiential perspective, it is possible the most valuable
interactions will result from creating more connections to the kitchen space, such as visualizing
water as overflowing the sink, picking fruits and vegetables and placing them on real plates, and
having to discard inedible parts of the crops into a real trash bin. The latter provides a segue
towards addressing food waste through the application, which is highly relevant in this context,
given almost 30% of produced food was wasted, of which nearly 60% is wasted in households [41].

For studying food behavior, there are two more relevant components that already exist to a
certain degree in the current prototype, but should be investigated for further expansion in future
iterations of AwARe. Firstly, the current prototype offers the user direct perspective for action,
namely by seeing the difference in required resources between multiple given lists of ingredients.
However, this does not guide users in how to make other decisions outside of the food choices
they input in the application. This should be explored in combination with the second compo-
nent, namely personalization. While the application offers customization of lists of ingredients,
providing normative feedback could help users learn about how they as individuals should make
pro-environmental choices that still fit within their lifestyle, financial means, and food availabil-
ity, tailoring the experience and communication to specific audiences. It could be worthwhile to
explore including more contextual information such as purchasing history, to better understand
where and what foods users typically buy, complementing the data gathered by the application’s
questionnaire function.

4.4 Methodological prospects

One common hurdle in XR research is that for each new research idea, a new XR experience needs
to be built, often from scratch. The current prototype has been made available to anyone who
would want to use it for their own research, or to further develop it. This could help decrease
costly development time, and aid in making future studies more comparable.

The potential to perform in-situ longitudinal studies is another aspect of the current prototype
design that could be beneficial to sustainable behavior research in general. The application is
designed as a handheld AR application in order for users to experience the application in their
own home. This contrasts almost all studies discussed in Section 2 in two main aspects. Firstly, in
most cases participants are asked to perform an experiment in a laboratory setting, where they are
taken out of their daily activities. This could further exacerbate the divide mentioned in Section
4.1. Secondly, the experiences of those same studies generally last only a short period of time
and are only performed once. Moreover, it is often the case that long-term effects are in fact only
one-week-later effects. The intention of the AwARe application is for it to be used multiple times
over the course of a much longer period, recording responses by users on any specific effect or
mediator of interest along the way.

One important note here is that it would be particularly interesting to identify a range of
potential participants for such a study. Common downfalls of studies is that participants may
self-select into the study, causing a selection bias. For the AwARe application, it is conceivable
that people that are already interested in environmental sustainability would be willing to use
such as application. Using a known food-based consumer segmentation, such as meat eaters, meat
reducers and vegetarians [8] or greens, potential greens and non-greens [50], one could first perform
a pilot study in the form of focus groups to understand the wants and needs of each group and
how to reach them through the application. Alternatively, it could be worthwhile to solely focus
on “low hanging fruit” [30]. Kolodko and Read explain in the context of littering (using general
behavioral science theory) that targeting groups with lower barriers to change, i.e. those who are
ready to change, increase the chance of intervention success and maximize the chance of reaching



a tipping point [30].

Purchasing history could also be a promising avenue to include ways to measure actual food
behavior, without relying on self-report. From an implementation perspective, it could be in-
teresting to allow users to input their ingredients not only by searching through text input, but
also by scanning barcodes (e.g. with existing APIs [2]) or even full grocery receipts (e.g. see
[1]). Naturally, there are privacy issues in this regard that would need to be resolved prior to
implementation. Similarly, the current prototype includes one obvious privacy issue, namely the
use of the camera in a user’s real home. Note that the current prototype does not collect or record
images, only digital twins that do not include any further imaging besides the two anchor images,
and it is not the intention to do so in future iterations.

5 Conclusion

In this paper the literature was explored to understand which next steps are necessary in furthering
research in the area of XR and environmental sustainability, and in particular food sustainabil-
ity. The AwARe prototype was presented, and directions for future-expansions and research were
presented, in terms of data, 3D models, and interaction, but also in terms of awareness, attitudes
and behavior. It is expected that the AwARe application could play a role in-understanding the
importance and potential of AR for environmental sustainability research, and the research com-
munity is invited to use the open source code to take the next steps in this research area.
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