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Abstract. Inappropriate choices may lead to problems like food shortages, cli-
mate change, and sub-health among people. Nowadays, the conditions are becom-
ing more and more serious. However, factors that can affect people’s food choices
are complex and varied. Meanwhile, they may give different degrees of attention
and have different degrees of understanding of this problem. All these may be
the reasons that cause people to make wrong food choices or have wrong eating
habits. To better learn about people’s food choices and the reasons behind them,
both qualitative and quantitative research consisting of surveys and co-creation
workshops have been conducted. Our design is to build a virtual experience with
Virtual Reality (VR) technology to help people to better understand the impacts
of their food choices in many ways and encourage them to focus and reflect more
on their eating habits. Further, to prompt more people to adopt healthy and sus-
tainable eating habits that are good for the well-being of ourselves and the planet.
Based on the feedback from the user testing, we also determined the next-step
developing plan to further optimize the design.

Keywords: Virtual Reality · Virtual Museum · Sustainable and Healthy Diets ·
Speculative Design

1 Introduction

According to the research of J. M. Bauer & L. A. Reisch [1], unhealthy diets can
harm our health by causing high levels of obesity and non-communicable diseases.
Meanwhile, unhealthy dietary choices can indirectly cause social, psychological, and
economic disadvantages.

Environmental problems are also associated with our food consumption behaviors. J.
Vandenbroele et al. [12] illustrate in their research, that current ways of food production
and consumptionwill bring tremendous negative effects to the environment such asmore
greenhouse gas emissions, biodiversity loss, andwaste ofwater and land resources. From
the research of Clark et al. [4], we learned that “agricultural food production emits∼30%
of global greenhouse gasses (GHGs); occupies ∼40% of Earth’s land; causes nutrient
pollution that profoundly alters ecosystems and water quality; and accounts for ∼70%
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of Earth’s freshwater withdrawals from rivers, reservoirs, and ground water.” Previous
research and data alert us to re-examine our food choices and pay more attention to the
influencing factors.

However, factors that usually influence people’s food choices are complex and may
vary between different people, and constantly change dynamically. The European Food
Information Council (EUFIC) illustrates that the major determinants of food choice
fall into various categories such as Biological determinants (ex: hunger, appetite, and
taste), Economic determinants (ex: cost, income, availability), Physical determinants
(ex: access, education, skills, and time), Social determinants (ex: culture, family, peers,
and meal patterns), Psychological determinants (ex: mood, stress, and guilt), Attitudes,
Beliefs, andKnowledge about food [10]. The complexity of the influencing factorsmakes
it hard for the public to understand them comprehensively and find a balance between
them. Some people may not be aware of or even just ignore some factors when they are
making a food choice, and this could lead them to make some wrong food choices and
exacerbate the existing problems.

Therefore, our design intends to help more people better understand the effects of
their eating habits, evoke them to be more conscious about their food choices, and
encourage them to adopt healthier and more sustainable eating habits. We proposed a
new way of learning information related to food choices by building a VR museum for
people to learn actively, immerse themselves in the environment, and experience the
changes caused by their food choices.

2 Related Work

2.1 Existing Recommendations on Healthy and Sustainable Food Choices

Good health andWell-being and responsible consumption and production are two of the
Sustainable Development Goals of the United Nations [9]. It is also a concept that has
been mentioned in many studies in recent years. However, how do we practice this idea?
Are there any instructions or guidance that can help us to achieve these goals?

Through our research, we found that in much research on a nutritional diet and sus-
tainable diet, different models and recommendations were published years ago. Mag-
azines and guidance from the government have also provided some valuable sugges-
tions. For example, the nonprofit organization “Oldways” is dedicated to improving
public health by encouraging them to follow the typical traditional diet that is high in
taste, nourishment, and sustainability [11]. They have published 5 kinds of traditional
healthy & sustainable diet pyramids based on the research they have conducted together
with Cornell University and other academic institutions. The pyramids can be a good
reference for us to plan our diet as it has the image of different food on each layer.
A similar diet pyramid has been published by the Government of HKSAR Center for
Health Protection [3], which is more tailored for Hong Kong people to get a balanced
diet.

In addition to that, a model called “MyPlate” was provided by the US Department of
Agriculture [13]. It helps us to know how much we need from six different food groups:
fruit, vegetables, grains, proteins, dairy, and oil to keep a healthy eating routine. Mean-
while, another model that is associated with the “MyPlate” model has been provided by
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the Harvard University School of Public Health to show us information on how to shift
towards a planetary health diet [7].

2.2 Application of Virtual Reality (VR) Technology and the Advantage of It

In recent years, VR has been used for multiple industries including but not limited to
training and education, games, social activities, retail, exercise and training, and art and
design.

In terms of the educational purpose of our design concept, it has shown advan-
tages over other media. According to the study of Kavanagh et al. [5], VR provides the
possibility for participating in lifelike simulations/virtual explorations without potential
harm and injury.Meanwhile, interaction with educational VR systems encourages active
engagement which is better than simple passive learning. It has the potential to facili-
tate personalized learning experiences. Besides, VR technology is still fresh and novel
to most people, which can increase the enjoyment of the learning experience. What is
more, the experiential learning process facilitated by VR is more realistic and potentially
valuable to students embarking on practical fields than traditional teaching methods and
facilitates a deeper learning experience.

2.3 Affecting Factors of Human Behaviors

According to the definition provided by a psychological model called the “Fogg Behav-
ior Model”, we learned that there are three influencing factors of people’s behavior:
motivation, ability, and prompts. All factors must converge at the same time to trigger
the behavior. Changes in each factor will influence the final behavior [2].

3 Research Design

Although there are various factors even conflict considerations that may affect people’s
food choices, we assume that there might be some priorities among them. Therefore,
we conducted a survey questionnaire and followed it with a co-creation workshop to
find out the factors that are more important to most people when they are making a food
choice and the reasons why they care or do not care about specific factors.

3.1 Survey

To learn about the considerations that most people pay more attention to while making
food choices and the reasons behind them. I designed a questionnaire consisting of 11
questions and conducted the survey within 4 days. With a response rate of 78%, we
got 50 valid responses in total. From the analysis of their answers, I had the following
findings:

Findings 1. The three factors with the most impact on people’s food choices are the
taste of the food, price, and food safety. No one has put health and environmental
considerations in high priority. Some people even mentioned that they will not consider
environmental concerns when making food choices at all.
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Findings 2. Overall, people’s consideration of nutrition and food safety increases with
age. Some people may consider nutrition or food safety because of their knowledge of
nutrition or dietary restrictions they have. Health condition is also one of the contributing
factors.

Findings 3. People may not be aware that food production and consumption have some
environmental impacts because of food processing and the supply chain, and that might
prevent people from associating their food choices with environmental concerns.

In summary, the emphasis given to varied factors, people’s awareness and knowledge
of the impacts of their food consumption behavior, and the restrictions and special needs
on diet are the three key determinants and reasons behind people’s food choices. Since
the special needs and restrictions on diet may vary from different people and times and
it is highly affected by personal reasons, it may not be reasonable for us to interfere too
much. Thus, our design has paid more attention to the other two determinants of people’s
food choices.

3.2 Co-creation Workshop

Based on the findings we got from the survey, we further conducted a co-creation work-
shop with 8 participants to get more qualitative data. Also, we tried to see if knowing
the environmental impacts of their food choices will affect people’s behavior and food
choices (Based on Survey findings 1&3), and howmight people understand and interpret
the same information differently based on different experiences and mindsets.

What’s more, from the desktop research, we already learned that there are some
recommended diets and guidance on how to eat healthily and sustainably. However,
from the survey findings, we can see that not a lot of people will pay attention to the
nutrition of the food or environmentally friendly diets. Therefore, we were also trying to
discover why current guidelines on diet have not drawn enough attention or motivated
people to make changes to their food choices and eating habits, and to get inspiration on
a better way of presenting the information to people to make it intuitive and practical.
With these designed activities, more detailed and latent information about why they give
different emphasis on varied factors can be discovered.

The co-creation workshop was conducted as follows:

Activity 1: Icebreaking (see Fig. 1).
As people who participated in the workshop may not know each other, we designed an
ice-breaking activity to encourage them to talk with each other.We asked the participants
to design their avatar and rank their Top 3 food choice considerations from factors like
Nutritional view (Ingredients, food combinations, nutritional value, etc.), Food Safety,
Taste, Price, Availability (is it convenient to get it or not), Culture and religion, Envi-
ronmental concerns, Animal rights, Fairtrade, and Self-image. After that, briefly explain
why they weigh more on those factors than others.

Activity 2
After the ice-breaking,we take theSubway sandwich as an example, bring all participants
to the Subway store, and let them customize their sandwiches for lunch (may include
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Fig. 1. Co-creation Workshop Icebreaking

drinks), and observe their food/ingredients choices (see Fig. 2). Then, ask them why
they choose to customize their sandwiches with specific ingredients.

Fig. 2. Co-creation Workshop Activity 2

Activity 3
Continuingwith the last activity,we provide nutritional information about the ingredients
of the sandwich in diverse ways including the original nutrition facts label, using color
codes and images to represent different levels of sodium content, and using color codes
with range to show the different number of calories. With this information, we gave the
participants some time to learn about the information (see Fig. 3). Then, ask them how
they feel about different ways in which the nutritional information is presented, which
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one they prefer, and the reason. Also, we asked them whether they will change their
choices of ingredients to see whether the information displayed in their preferred format
can really have some influence on their food choices.

Fig. 3. Co-creation Workshop Activity 3

Activity 4
In the last activity, we introduced plant-based meat, which is a more environmental-
friendly food, to the participants and explained the difference between plant-based meat
and regular meat from the nutritional value to the environmental cost of production, from
price to taste. Besides, provide quantitative data for them to better evaluate the effects
and ask for their willingness of replacing some regular meat with plant-based meat and
why they make such a choice (see Fig. 4).

Fig. 4. Co-creation Workshop Activity 4

Key Findings
From the analysis of the qualitative data that we got from the co-creation workshop, we
got some key findings such as:

– After understandingmore about the different impacts on the environment (e.g.: carbon
footprint), over half of the participants are more willing to change their food choices
to make them more environmental-friendly.

– Most existing information about sustainable and healthy diets is text-based, which
makes it lack readability and interest and reduces the accessibility of this information
to the public.
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– It is difficult for the audience to build the connection between the provided advice
or the potential impacts and their food choices due to the insufficient representation
and visualization of its influence (on health and/or the environment), which lower the
practicability of the information and the motivation for users to optimize their eating
habits for better health and sustainable development of environment.

– 7/8 of the participants, except for onewho is on a diet and has some dietary restrictions,
said that they only want to get a general idea of whether they have made good food
choices. Calculating precise nutritional values is not necessary. Color code and/or
image can better facilitate them to make proper food choices efficiently. Visualized
information is easier for most people to understand and apply.

3.3 Insights from Research Findings

After synthesizing the findings that we got from both desktop research and primary
research and looking deeper into them, we got some key insights that can guide our
design.

Insights 1. Enhancing the comprehensibility and interest of traditional text-based infor-
mation about a healthy and sustainable diet with visualization can make it more persua-
sive and encourage more people to weigh more on it as a determinant of their food
choices. Education on the potential influence of food choices on the environment can
affect people’s food choices to some extent.

Insights 2. Adequately and clearly show the influence of people’s food choices to help
them better build connections between the cause and effects and feel themeaning of their
choices. Thereby increasing the motivation for people to optimize their eating habits.

Insights 3. Providing information in amore conciseway that helps people evaluate their
food choices efficiently can make the information more practical to people and increase
people’s willingness to practice the information.

4 Design Directions and Evaluation

With previous studies and our research findings, we choose to take the advantage of
VR technology in our design. VR as a proper medium of our design can help people
to build connections between the provided advice and/or the potential impacts and their
food choices by creating an immersive virtual environment to let people feel the changes
happening around them. It can also help people to test different food choices and know
more about the good or bad effects without doing real harm to the environment and
health. Besides, VR itself as a new medium to most people has a certain advantage in
drawing people’s attention and educating people on some knowledge.

After determining the medium, we did ideation and further brought up the specific
design ideas and strategies.
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4.1 Place-Making

When we are designing with VR, one of the most important ideas is place-making.
Place-making can guide people to explore information step by step and thereby increase
the legibility of information. Therefore, our first strategy is to create a space for explo-
ration with clear information architecture. According to research done by the Harvard
Graduate School of Education, museums provide an informal learning environment that
can encourage active learning and make learning more meaningful and robust [6]. It has
the potential of supporting our intention of creating a space for delivering information
and enabling active learning and reflection. Its effectiveness of it has also been further
verified in user testing.

4.2 Giving Meaning

With the space, we need to give meaning to it through our design to make it a place that is
easier for people to perceive and understand. To achieve this goal while also enhancing
the comprehensibility and interest of the information, we designed an experience for the
audience with various interactions with the space, multisensory information, activities,
diversified feedback, etc. We will explain more details later with the prototype.

4.3 Behavior Changing

Putting our design into the Fogg Behavior Model, behaviors that we try to trigger are to
prompt more people to pay more attention to and learn about the information related to
the effects of people’s food choices and eating habits on the environment or individual
health. Therefore, we can either lower the requirement of people’s ability to interpret and
understand the effects caused by their food choices or increase their motivation to learn
about them. We may even make changes to both factors together. In addition to that, the
prompts also matter. According to Dr. BJ Fogg’s theory [8], when the prompt activity
is too complicated, it may not work well. Therefore, we break the learning activity into
steps and make the learning process easy to follow to better prompt people to perform
the behavior that is consistent with expectations.

5 Prototypes, User Testing, and Iteration

5.1 Prototype

Based on the design ideas, we designed a museum with different theme pavilions for
the audiences to explore and learn about the impacts of their food choices on individual
health and the environment step by step. Following are the specific design strategies we
applied explained together with the prototype.

Strategy 1:Create an immersive environment for the audiences to explore and learn
actively
From previous research, we learned that museums could promote active learning with
an informal learning experience, and further improve the learning effect. Therefore, we
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took advantage of this feature and designed the overall space as a museum. From the
screenshots of prototype 1.0 (see Fig. 5), you can see the two galleries of the museum
with different themes like the impact on health and nutrition and the impacts on the
environment. Learning with a theme and step by step can make the information more
digestible and better prompt people to learn more about it. In addition, we also provide
real-time feedback on their choices and show the corresponding impact directly to make
it more impressive and immersive.

Fig. 5. Design Strategy 1

Strategy 2: Translate the text-based contents to visual information and present it
in interactive ways to make them more comprehensible and impactful to people
In this design (see Fig. 6), the audience will first match their eating habits with the
recommended ones by clicking a button. Then the audiences are encouraged to build their
diet pyramid based on the recommendation of the best-matched food pyramid. Then,
we visualized the impacts of their eating habits on the body and organs. With these
activities, the audience may have a better understanding of the information provided
since the nutrition information of different foods and the impact of food choices on
individual health has been illustrated in a more comprehensible way with the facilitation
of visualization and hands-on practices. According to the Fogg Behavior Model, the
ability that people need to understand information has been lowered.

Fig. 6. Design Strategy 2
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Strategy 3: Give audiences the freedom to do some experiments and see different
possibilities with low cost but deep impression
Strategy 3 was brought up within the developing and iteration process. It has been
applied after prototype 2.0 (including prototype 2.0). Its application helped us to break
the limitation of time and space by exaggerating the changes caused by different food
choices with visual effects (see Fig. 7).

Fig. 7. Design Strategy 3-1

It can also help the audience to try different possibilities without doing actual harm
to their health or the environment (see Fig. 8). The real-time feedback on the audiences’
food choices makes the information more impressive and lowers their mental workload.

Fig. 8. Design Strategy 3-2

5.2 1st User Testing

With the low fidelity prototype, we conducted the first round of user testing with 6
interaction design experts and adopt the cognitive walkthrough method (see Fig. 9).
The main goal of this test is to test the implementation of the design strategies, the
effectiveness of it, and to ask their attitudes towards the design concept.
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Fig. 9. Cognitive Walkthrough

We first introduced the design concept to them and then walked them through the
whole experience and asked them about their feelings and feedback on both the concept
and the design strategies.

From the cognitive walkthrough, we got many constructive suggestions on both the
concept and the design strategy. With an analysis of their feedback (see Fig. 10), we
learned that all six design experts have mentioned the overall design concept is feasible
and meaningful to them. However, in terms of the implementation of the design strategy,
there was still some room for improvement. Firstly, more details are needed to make
the museum environment feel more realistic. Secondly, adding more interaction and
gamified features to the experience and making use of more 3D elements and space
can make the experience more engaging and immersive. Last but not least, transfer
more information into a format other than text or 2D data visualization to make it more
impactful and easier for people to understand.

Fig. 10. Feedbacks from Cognitive Walkthrough
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5.3 Iteration

Based on the feedback we got from the design experts, we further developed and iterate
the prototype design and came upwith the final design. The iterationwasmainly focusing
on three aspects.

Optimizing the museum with details and a sense of consistency to make it more
realistic.Weused the same interior decoration and similar layout in all galleries and added
background music to help the audience to better immerse themselves in the museum
environment. Also, we added instruction boards with the same design style to guide the
audience through the whole visit while also providing some necessary instructions (see
Fig. 11).

Fig. 11. Iteration 1-1

Later, to make the instructions and guide more natural, we replace the instruction
board with a curator and speech bubbles, made the tone of instructions more conver-
sational, and used the curator’s movement to guide the audience through the tour (see
Fig. 12).

Fig. 12. Iteration 1-2

Bringmore interaction from2D to 3D (see Fig. 13).We did this by providing a chance
for people to learn from practice. This design encourages people to recall and reflect on
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their eating habits by customizing their diet pyramid before seeing the recommended
one that is closest to their eating habits. This prompts people to be more conscious about
their food choices as we first encourage them to recall and reflect on their eating habits
with the information we provided for them. This practice can also make the information
more comprehensible and increase the sense of participation.

Fig. 13. Iteration 2-1

Later, we also made the ingredients more customizable to help people build better
connections with their daily practices and make the information more comprehensible
and practical. For example, people can change the number of nutritional ingredients
being used to build the diet pyramid to better represent their eating habits (see Fig. 14).

Fig. 14. Iteration 2-2

Because of its educational function, we tried to be careful and rigorous about the
content being presented. In prototype 1.0, we show the influence that different eating
habits have on the body and organs. However, medical advice like the positive or negative
influences on the body may vary from different people since it is associated with factors
such as personal health conditions. The information we provided may not have reference
value or even not be accurate enough. Therefore, we choose to only focus on non-medical
suggestions in this design (see Fig. 15).

We made the visual changes more perceptible by incorporating micro landscapes
with virtual natural environments. This design allows users to learn from mistakes and
modify their choices aftermaking thewrongdecision andupgrades the overall experience
(see Fig. 16).
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Fig. 15. Iteration 3-1

Fig. 16. Iteration 3-2

5.4 2nd User Testing

In the second user testing, we conducted semi-structured user testing with 6 participants
with the iterated prototype (see Fig. 17). Each test takes 30–40 min to finish. The goal
of this user testing are:

To test the impact of the 3 design strategies

– Does it help to enhance the comprehensibility of the information?
– Does it make the information more impressive to people?
– Does it prompt people to be more reflective and cautious about their eating habits?
– How immersive is the experience?

To collect general feedback on the experience itself

– Is the information provided helpful to the audience?
– Is there anything confusing or uncomfortable about the whole experience?
– Any other content/feature they expected to see in the future?
– To what extent, the experience can increase people’s willingness to learn about
information related to sustainable and healthy eating?

With these goals, we prepared a user testing script to guide the test and reduce errors
or invalid answers caused by the way of asking questions.
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Fig. 17. User Testing

At the beginning of each test, we asked the participants about their previous experi-
ence with VR and observe the way they control the VR device to evaluate whether he/she
is design experts or common users. Also, this can help me to decide the time we would
spend on preparation (ex: show them how to use the VR device and get them familiar
with it if applicable). After 2–5 min of preparation, they can follow the guidance of the
curator of the museum to explore the VR museum freely by themselves for about 15
min. During their exploration, we observed their behaviors through the Oculus Casting
function and only provided hints and explanations when it is necessary or when they ask
how to proceed to the next step. After the exploration, we spent another 15 min asking
for their feedback with the help of the script prepared before.

With a synthesis and analysis of the feedback got from user testing, we verified
the effectiveness of the design strategy to some degree

– All participants mentioned that the interactive VR experience increased their interest
to learn since it is more vivid, comprehensible, and fresh to them

– 4/6 participants said different activities during the experience have prompted them to
reflect on their eating habits to some extent

– Half of the participants mentioned that they are impressed by VR experiences because
of the interaction and the intuitive illustration of the effects

– 4/6 participants have immersed themselves in the museum
– However, there is still some limitation of the effectiveness in education due to the
precision of the recommendation and evaluation results.

6 Conclusion and Future Work

Overall speaking, the design strategies worked well for most of the participants, and the
effectiveness has been proved to some extent. People are satisfiedwith the experience and
expected to see more advanced features andmore suggestions on their diets in the future.
Our design has brought up a new way of educating people on healthy and sustainable
diets and influencing their food choices, which is more engaging and effective.

In the future, with more advanced technical support, we can do further optimization
to make the VR experience reach the ideal version that can fully represent the design
strategies and maximize its effectiveness of it such as providing more precise recom-
mendations and/or evaluation of people’s food choices based on their food choices and
interaction with the virtual environment. In addition, more diversified content related to
food consumption can be added to the experience as well.
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