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ABSTRACT

A healthy diet is becoming more difficult due to the increasing
amount of processed foods, misinformation, or inadequate edu-
cation about nutrition, which can lead to a variety of diseases in
the long term. Supporting people with proper nutrition and diet
education is therefore indispensable. As Augmented and Virtual
Reality have become promising technologies for education, they
are also becoming more common for diet and nutrition education
and have been featured in several studies. Both technologies can
display additional product information to the user or educate them
through new learning applications to support healthy eating. As
recent papers only address the use of AR or do not include current
research findings, this paper provides a new systematic literature
review with recent studies on AR/VR for nutrition and diet educa-
tion. This paves the way for new research and approaches in this
field and suggests future research directions. Overall, 41 out of 375
articles were extracted, categorized, and analyzed. The findings
reveal that, especially for the nutritional education of children, AR
games have a promising application. VR, on the other hand, is in-
creasingly utilized for virtual supermarkets. The applications help
users to better understand and memorize the educational materials
about nutrition and expand their knowledge about their diet. In
addition, the applications are usually easy to use and users want to
continue using them in the future.
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1 INTRODUCTION

A healthy and balanced diet is important for all people at any age
to lead a healthy life. Therefore, the World Health Organization
recommends eating various fruits, vegetables, whole grains and
little sugar, salt, or unsaturated fats to support everyone on a healthy
diet [47].

However, studies have shown that due to the increasing avail-
ability of processed foods such as fast food [1, 42] or insufficient
education about a healthy diet [63], it is becoming more and more
difficult to integrate and apply it in one’s own life. This is because
processed foods contain a high amount of calories, saturated and
trans fats, sugar or salt and thus lead to plentiful diseases such
as malnutrition, obesity, and overweight or diabetes [1, 42]. In ad-
dition, it is challenging to select from the overabundance of food
those that are healthy and distinguish between correct and incorrect
dietary and nutrition information, which results in various miscon-
ceptions [13, 14]. Nutrition education is especially indispensable
for people with special dietary needs like diabetes as knowledge
about ingredients, skills for measuring blood glucose, or settings
for integrating the disease into everyday life are needed [11].

To solve this concern, it is essential to educate people with the
proper knowledge about diet and nutrition as knowledge and eating
behavior are influenced by various factors like social status, commu-
nity, media, and education in childhood [10, 55, 59]. One promising
idea in this context is to use Augmented Reality (AR) and Virtual
Reality (VR) to support people in healthy eating and to improve
their knowledge. Applications for this have already been developed.
For example, mobile applications have been designed to provide
users with helpful product information regarding ingredients [17],
or virtual cafeterias that can create an unbiased environment to
teach about healthy eating [30].

AR and VR have been a promising topic in research in recent
years. While VR immerses the user in a virtual world, AR over-
lays digital objects into the real world. Particularly, the increase
in the supply of hardware for consumers and the simplification of
development with the help of Software Development Kits (SDK)
led to an increasing usage of both technologies. Thoroughly, the
interest in the applications in education has increased strongly in
recent years, as it motivates students to discover the material from
different perspectives [36] or it enables practicing and learning
of medical training [7] or surgeries [48]. One advantage is that
most applications are accessible through mobile devices and can
therefore be installed and applied by the majority of people on their
end devices. VR on the other side has been proven useful for the
treatment of various mental disorders, such as anxiety disorders
[50] or post-traumatic stress disorder [16], as it can create realistic,
safe, and controllable diagnostic and learning environments [27].
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In addition, VR can also be used for education, for example, in
Virtual labs, where students are allowed to conduct and experience
chemical or physical experiments in a safe environment [61].

As AR and VR both have great educational value, each technol-
ogy has been increasingly applied in the field of diet and nutrition
education [11, 30]. Using these technologies, it may be possible
to better educate or motivate people of all ages regarding healthy
eating [17, 51]. To analyze the existing scientific research in this
area, a few literature reviews have already been published on this
topic, but mostly focused on the use of AR for nutrition educa-
tion [53] or do not contain the latest research [20] and thus do
not provide a current overview of the usage of AR and VR. How-
ever, as such applications have been developed and proposed by
researchers frequently in the past years, a new systematic literature
review is demanded to analyze the current state-of-the-art of AR
and VR in nutrition and diet education and present an outline of
future research directions. For the systematic literature review, the
following research questions have been defined:

e RQ 1: How can AR and VR be utilized for nutrition and diet
education?

e RQ 2: What are the advantages and disadvantages of AR
and VR for Education in Nutrition and Diet?

e RQ 3: What future research work is needed to apply AR and
VR to Nutrition and Diet Education?

As AR and VR both cover various use cases in nutrition and diet
education, RQ 1 focuses on the usage and the technology. RQ 2
presents a summary of the study results from the research found
and answers the demand for these technologies and applications
followed by RQ 3 highlighting what future work is still needed in
this field.

The following Section 2 outlines briefly the current literature
reviews for nutrition education with AR or VR. Afterward, Section
3 describes the methods of this systematic literature review. The
main Section 4 of this paper subsequently presents the results of
the search and describes the studies that were found. Section 5 then
deals with answering each of the research questions. In the end,
Section 6 concludes with a summary of the results of this paper
and the needed future work.

2 RELATED WORK

Augmented Reality (AR) and Virtual Reality (VR) have been a topic
of intense research in the last decades. While VR interfaces sup-
port the interaction in an immersive computer-generated 3D world
and have been used in different application domains such as train-
ing [69], education [72], modeling [66], software engineering [73],
or healthcare [70], AR enables the augmentation of real-world phys-
ical objects with virtual elements and has been also applied in vari-
ous application domains such as product configuration (e.g.,[24],
[25]), prototyping [32], planning and measurements [71], robot
programming (e.g., [39], [67]), or for realizing smart interfaces (e.g.,
(38], [68]).

In the following, we especially focus on existing approaches
that primarily use AR and VR for nutrition and diet education.
Since AR and VR have already been promisingly applied in this
field and therefore presented by others in a literature review, these
studies will be presented in the following to outline why this work
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differs and why a new and revised systematic literature review is
necessary.

Saboia et al. [53] conducted a literature review on the use of
AR in nutrition education and evaluated studies between 2012 and
2017. They outlined research approaches, methods and use cases
like education, shopping, and diets or eating disorder therapies.

Paramita et al. [49] performed a study on AR for nutrition edu-
cation using findings between 2010 and 2019. Study methods and
effects on the user by applying AR in nutrition education were
mainly analyzed.

Ferrer-Garcia et al. [22] reviewed studies on VR for eating dis-
orders and obesity therapy. They categorized studies from 1986 to
2012 regarding the study design and treated disease.

McGuirt et al. [20] performed a comprehensive scoping review of
the use of Mixed Reality (MR) technologies in nutrition education
and behavior change. Here, they collected and analyzed survey
data from 92 studies from 2009 to 2018 with the help of REDCap
(Research Electronic Data Capture). The focus was on Mixed Reality
(MR) technology and use cases, study objectives, outcomes, and
user impact. They defined six research focuses for MR: nutrition
education, behavior change, consumer preferences, product testing,
concept paper, and others.

In contrast to the aforementioned works, this paper describes
and classifies both AR and VR applications for nutrition education.
Since some of the previously mentioned papers only deal with AR
or VR or only include older studies, a new systematic literature
review is necessary. Our work contributes to a systematic and
comprehensive view of the current approaches that AR or VR apply
to nutrition and diet education.

3 METHODOLOGY

This section outlines how the scientific search process regarding
AR and VR for diet and nutritional education was conducted and
which data was considered, followed by data analysis. To answer the
research questions defined in Section 1, this study was conducted
as a systematic literature review based on Kitchenham’s original
guidelines [37].

As research using AR and VR in nutrition and diet education
only began in the early 2000s, no additional time limit was applied
to the literature review.

A manual literature search, illustrated in Figure 1, was performed
using the databases Science Direct, Google Scholar, PubMed, and
IEEE Explore. The search was narrowed down using the keywords
Augmented Reality, Virtual Reality, Nutrition Education, and Diet
Education. This yielded the following results for the search terms:
AR AND nutrition education (965 results), AR AND diet education
(20 results), VR AND nutrition education (2,215), and VR AND diet
education (70 results). A total of 60 results were found on IEEE Ex-
plore, 79 results on PubMed, 109 results on Science Direct, and 3,022
results using Google Scholar. However, in all databases, many irrel-
evant results were found within the search. Since most databases
provided manageable results, all articles outside of Google Scholar
were initially considered further. On Google Scholar, on the other
hand, the results after the 5th or 6th page were no longer rele-
vant, so they were not reviewed further. After removing duplicates,
all 369 articles were scanned based on title and abstract, and any
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that did not discuss AR or VR in the context of diet or nutrition
education were removed. Subsequently, the articles found were
then examined more closely for their content. Articles containing
a literature review were filtered out, and studies on VR that were
more concerned with treating diseases such as eating disorders and
obesity were removed, as the focus of this review was on nutrition
education. Studies that were not in English were also not consid-
ered further. In addition, publications that used neither AR nor VR
were excluded. The result is 41 studies from the last 20 years.

Papers identified through
database searching » Duplicates removed (n=6)
(n=375)
\ 4
Articles and abstracts N Excluded based on
screened (n=369) "1 title/abstract (n=285)
\ 4
Studies assessed for +| Articles excluded, with
eligibility (n=84) d reasons (n=43)

Studies included (n=41)

Figure 1: Literature search and selection process

The articles obtained were then summarized and analyzed using
a table calculation program. The following data were extracted for
each study:

e Basic data such as title, authors, and year of publication.

o The technology used.

e The methods of the study such as the research approaches,
data collection, and analysis methods.

Content analysis of AR/VR for nutrition and diet education.
Results of the study.

Study limitations and future Work

4 RESULTS

This section presents the results found through the literature review.
A simplification of the study data can be found in Table 1.

The content analysis of AR and VR for nutrition and diet ed-
ucation revealed that these technologies are used in various ap-
plications, with VR being used differently for nutrition education.
Therefore, the studies found were divided into 5 use cases to further
answer RQ 1. The use cases were divided into Nutrition Education,
Nutrition Information, Grocery Shopping, and Portion Size Estimation.
Nutrition education and information were considered separate use
cases, as some studies focus on informing users about nutrition and
food ingredients rather than providing educational information.
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Of course, even just showing nutritional information will have an
educational benefit for the user in the end, but the approaches are
different. Grocery shopping was also considered a separate use case,
as it focuses on healthy grocery purchasing. Some studies focus on
helping people learn the right portion size, while others, such as
weight management education and AR-based food size changes,
are not commonly found. Furthermore, some studies refer to two
use cases. These studies were classified into the use case that was
most clearly addressed. In addition, the studies are classified into
two use cases and analyzed based on their study design, including
experimental, system development, presentation, single group pre-
and post-test, and controlled trials. Some studies, like interviews,
cannot be classified clearly into one category. At the end of the data
collection, additional statistics describing the technology used in
the studies and the study objectives were created for the analysis
to further examine RQ 1.

When looking at the technologies used, it becomes apparent that
AR is used much more often in the context of nutrition and diet
education than VR, see Figure 2. 27 studies use AR applications,
primarily mobile applications for smartphones or tablets, for ease
of use and accessibility. These applications provide additional nu-
trition information and can be used at any time, such as shopping
for groceries. Only 4 use head-mounted displays, allowing for prod-
uct information display or food size changes to influence eating
behavior. The remaining 14 studies use VR for nutrition and diet
education, enabling neutral environments like virtual cafeterias or
supermarkets. These applications help explore eating and shopping
behavior. In the following, the individual application areas of AR
and VR are explained in more detail to provide an overview of the
individual results of the research work.

Use Cases
12 1

I Mobile AR
AR with HMD

10 A s VR

Number of Studies
o ©

™
111 11

Nutrition Grocery Portion Nutrition Others
Education Shopping  Estimation Information

Figure 2: Use cases with the technology involved

4.1 Nutrition Education

The majority of research focuses on food shopping support and
exploration or nutrition education, see Figure 2. Twelve approaches
use AR [5, 11, 13, 17, 19, 23, 34, 51, 56, 64, 65, 74] whereas just two
applications found use VR [6, 35]. In mobile AR applications for
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Technology Use Cases Study Design
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. . = = = =) =) 1% > E © -
No. | Publication Year || AR | VR Z|Z|O |&A|Q|lH |&a|:wn |0Q|O
1 | Ahnetal [2] 2015 . . o
2 | Alanais et al. [3] 2023 . . o |
3 | Alhamdan et al. [4] 2020 . . .
4 | Alshebil et al. [5] 2023 . . .
5 | Bayu et al. [45] 2013 . . .
6 | Blitstein et al. [9] 2020 . . .
7 | Brown et al. [6] 2005 . . .
8 | Calle-Bustos et al. [11] 2017 . . .
9 | Chandak et al. [12] 2022 . . o |
10 | ChanLin et al. [13] 2018 . . . .
11 | Domhardt et al. [17] 2015 . . . .
12 | Eichhorn et al. [18] 2021 . . .
13 | Escarcega-Centeno et al. [19] | 2015 . . .
14 | Fernandez et al. [21] 2013 . . .
15 | Franco-Arellano et al. [23] 2024 . . o |
16 | Gutiérrez et al. [26] 2017 . . .
17 | Hariadi et al. [28] 2015 . . .
18 | Ho et al. [29] 2022 . . .
19 | Isgin-Atici et al. [30] 2020 . . .
20 | Jiang et. al [31] 2018 . o | .
21 | Juan et. al [33] 2019 . . .
22 | Kalimuthu et. al [34] 2023 || - . . |-
23 | Karkar [35] 2018 . . .
24 | Kulpy et al. [40] 2017 . . .
25 | Lam et al. [44] 2020 || - . .
26 | LeRouge et al. [41] 2015 . o |[ .
27 | Lin et al. [65] 2023 . . D .
28 | Mellos et al. [43] 2022 . . .
29 | Narumi et al. [46] 2012 . o || .
30 | Reisinho et al. [51] 2021 . . o |
31 | Rollo et al. [52] 2017 . . .
32 | Ruppert [8] 2013 . . . .
33 | Sajjadi et al. [54] 2022 . . . o |
34 | Sonderegger et al. [56] 2019 . . .
35 | Stiitz et al. [57] 2014 || - . . 1.
36 | Sullivan et al. [58] 2013 . . .
37 | Tanno et al. [60] 2018 . . .
38 | Waltner et al. [62] 2015 . o | .
39 | Wuetal. [64] 2022 . . . .
40 | Yulia et al. [74] 2018 . o | R
41 | Zhang et al. [75] 2011 . . .

Table 1: Systematic review studies
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nutrition education, the food is first scanned and recorded using a
smartphone or tablet. The food is identified along with additional
details such as its fat or calorie content. It is possible to personalize
the information, particularly for people with diabetes. The user’s
understanding of different foods is increased as they examine the
data and identify which elements are healthy. Figure 3 is an example
of one way the information could be presented.

ChanLin et al. [13] implemented such an application and con-
ducted a study on 65 college students, revealing that most learned
nutrition through media, family, and friends, leading to miscon-
ceptions. They used a mobile AR application to monitor nutrient
intake and learn about nutrition. Post-test results showed improved
knowledge and decreased misconceptions. However, further stud-
ies are required to substantiate the results. Escarcega-Centenoa et
al. [19] also developed a mobile AR application to educate about
food ingredients with a focus on sugared beverages. In the future,
this application still needs to be tested in studies and the learning
behavior analyzed.

Figure 3: AR prototype showing a) Recommendations b)
Health Impact Prediction and c) Nutritional Information,
by [26]

Another way to use AR for nutrition education is to provide
educational videos and additionally display nutrition information.
Yulia et al. [74] developed a mobile AR application for nutrition
education, focusing on traditional Sudanese food preparation. The
application was tested with teenagers, who found it enjoyable and
interested in continuing to use it. The study suggests that AR can
be a valuable tool for nutrition education.

It is often easier for children in particular to learn through play-
ing. For this reason, Reishino et al. [51], Wu et al. [64] and Lin
et al. [65] developed mobile AR games to support children in nu-
trition education and tested the games with children. Reisinho’s
"FlavorGame" [51] combines a board game with an AR application
to teach children about cooking. The experimental study showed
positive results: Participants were positive about using AR for cook-
ing simulations. However, some children had technical difficulties,
such as holding the camera still or pointing the smartphone at the
game cards. Kalimuthu et al. [34] developed a similar application
for adolescents. Franco-Arellano et al. [23] extended an existing
nutrition education application with AR mini-games and found it
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Figure 4: Virtual environment for choosing a healthy break-
fast from [35]

to be easy to use and engaging. However, technical limitations such
as limited processing power and small screen size were identified.

Nutrition education for children can also be implemented with
VR games, as Karkar et al. [35] show. An immersive VR environ-
ment was developed for this purpose, as shown in Figure 4. The
virtual space shows a dining area with healthy and unhealthy foods
for breakfast, with nutritional information on the walls. Users can
interact with the food using an HMD and receive immediate feed-
back. A controlled study with 29 schoolchildren showed that the VR
system improved learning performance compared to conventional
methods and increased interest in the subject.

Generally, one can say that especially in nutrition education for
children with AR/VR, gamification can be recognized to increase
user knowledge, engagement, and experience.

Some studies have examined nutrition education for individu-
als with special needs or health conditions, such as diabetes or
HIV-positive women. The study by Brown et al. [6] found that
women found the VR application educational and user-friendly.
Calle-Bustos et al. [11] developed a mobile AR game for children
with diabetes to help them make carbohydrate choices. The game
shows virtual food on real plates allowing users to view and analyze
the food from any position. Users choose from three food groups
and have to assign the food to the correct carbohydrate category. A
pre- and post-test study with 70 children aged 5 to 14 years showed
the AR game improved their knowledge of carbohydrate choices
and was easy to use. However, the effectiveness of AR on learning
outcomes is unclear. Domhardt et al. [17] developed a mobile AR
app that helps people with diabetes to assess carbohydrates and
is integrated into a diabetes diary. The technology from Stiitz et
al. [57] was used for this application, which was tested with six
participants of different ages. Older participants had difficulties
with smartphone interaction [17]. Carbohydrate tracking improved
blood glucose estimation, suggesting the use of AR for diabetes edu-
cation. A study by Alshebil et al.[5] revealed that patients with type
1 diabetes, regardless of gender and age, gained more knowledge
with an AR application than with traditional teaching methods
such as brochures and written material about the food groups and
basic carbohydrate counting. The mobile AR application ran on
a tablet and showed a doctor character educating the user about
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carbohydrate counting when the camera was pointed at a plate or
packaged food.

4.2 Nutrition Information

Since some studies have focused less on the specific education of
nutritional knowledge and more on the provision of nutritional
information that helps users eat healthily, this area is considered
separately. There are no applications with VR for this use case.
All five applications used AR [28, 33, 40, 45] with one application
utilizing a HMD [31]. Mobile AR applications were developed to
help users correctly interpret nutrition labels on packaged foods.
Studies by Sonderegger et al. [56] and Juan et al. [33] have shown
that these applications can significantly improve knowledge about
carbohydrate choices. To this end, an AR application was developed
and tested in a pre- and post-test study with 40 participants [33].
The participants were satisfied with the application and found it
easy to use. However, the representativeness of the study is limited
to participants from higher education, so further research with a
wider variety of participants is needed. Participant feedback also
indicated that it would be beneficial to analyze more products with
the application and to expand the information to include more
nutritional information or diet-related diseases. Sonderegger et al.
[56] prove similar results with the additional remark that further
and especially long-term studies are necessary to analyze the effects
of AR on nutrition education.

Kulpy et al. [40] developed Fruitify, a mobile AR application that
uses Unity3D and Vuforia SDK to display nutritional information for
fruits. The application uses markerless AR technology to recognize
fruits and display vitamins, minerals, and calories. It also allows
users to track and analyze their diet. In an experimental study with
20 users, the application was found to be user-friendly but was
criticized for difficulties in recognizing fruits with smooth surfaces,
lighting conditions, and resource-intensive image processing. Users
had to enter the weight of the fruit in grams, which often led to
inaccurate nutritional information. Future improvements include
portion size estimation for smooth surfaces with poor lighting
conditions and improved resource utilization.

However, nutritional information can be displayed not only on
fruit but also on all other foods. This has been addressed by Hariadi
et al. [28] and Bayu et al. [45] who both developed mobile applica-
tions to identify the food and display the correct information about
the ingredients using object and image recognition. The study out-
comes show that 92% of the foods were accurately recognized and,
on average, the names and nutrients were provided within 9,295
seconds [28].

A similar application was developed by Jiang et al. [31], which
uses Google Glasses to display nutritional information while pur-
chasing or eating food. Their system implements reverse image
search (RIS) and text mining to recognize the food and retrieve
nutritional information from a database. The system was evaluated
for recognition accuracy, speed, tracking stability, and jitter. Among
other things, their results show an accuracy of 75.9% in recognizing
real food, but they mainly had problems recognizing different types
of meat.
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4.3 Grocery Shopping

AR and VR are also applied in grocery shopping for support and
analysis. Most of the applications are in VR [3, 8, 9, 12, 18, 21], two
applications use mobile AR [2, 62] and two more AR with A HMD
[4, 26]. AR applications can scan products to obtain nutritional
information, make personalized suggestions in real-time, and raise
awareness of unhealthy products. Applications like Ahn et al. [2]
offer recommendations for allergies, diets, and unhealthy diets.
AR tags also help with navigation through the store and show
the location of recommended products or products to avoid. User
positioning is image-based, using a picture of the nearest food
item to create a tag. A pedometry algorithm matches the user’s
location with the database. AR product tags are displayed on the
user interface, which can be filtered according to individual needs.
A pre- and post-study with 15 participants showed that the AR tags
reduce the time needed to search for healthy food by two to three
times.

Waltner et al. [62] and Gutierrez et al. [26] conducted similar
studies, demonstrating the usefulness and ease of using an appli-
cation. However, more extensive tests with more products, more
precise suggestions, and more participants are needed [26]. Al-
hamdan et al. [4] developed an AR application using an HMD for
personalized grocery shopping. The system uses Convolutional
Neural Networks (CNN) trained with supermarket videos to create
a database and recognize objects. The system includes a recognition
agent, a nutrition agent that helps the user interpret the ingredients
correctly, and a health agent that has access to the user’s medical
report and can alert the user to products he or she should not con-
sume and suggest healthy alternatives. The system requires smart
glasses to display information in real-time. Tests have shown high
accuracy in recognizing food items and successful data analysis,
but no studies have been conducted with participants yet.

Apart from that, virtual supermarkets can be applied to educate
about nutrition during grocery shopping or to analyze shopping be-
havior by providing a unified simulation environment and a simple
representative environment to increase understanding of how con-
textual factors influence consumers [9]. Such virtual supermarkets
have been developed, for example, by Fernandez et al. [21], Blitstein
et al. [9], Alanis et al. [3] or Eichhorn et al. [18]. An example of this
can be found in Figure 5.

Blitstein et al. [9] used the virtual supermarket to investigate how
front-of-pack nutritional labeling influences food purchases by low-
income parents. Using the virtual supermarket, they could show
that even simple nutrition labels can help parents make healthy
purchasing decisions. Chandak et al. [12] developed a VR game that
immerses users in a virtual supermarket game, with two parts. In
the first round, no additional information is displayed, while in the
second round, all necessary information and warnings about high
sugar or carbohydrate content are displayed. A user study with
29 participants found that adding additional information led to
healthier food choices. However, it’s unclear whether the learning
success is permanent, as better food choices are more intuitive
when more product information is available.

Ruppert [8] interviewed Mr. Burke from Indiana University
Bloomington and Ms. Jones from the University of Utah College of
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Figure 5: Virtual Supermarket with a shopping list in the
upper right corner by [9]

Health about the use of VR technologies in obesity and diabetes re-
search. They discussed how eye tracking or electroencephalography
to measure brain activity can be integrated into virtual supermar-
ket simulations to analyze shopping behavior. Ms. Jones tested her
virtual supermarket with students and observed that regular vis-
its improved their understanding of nutritional information and
purchasing behavior, potentially improving physical health.

4.4 Portion Size Estimation

Many studies have also looked at portion size or calorie estimation
to help properly estimate the portions of food and the nutrients
they contain. Thereby five studies found use AR [43, 44, 52, 57, 60]
and four use VR [29, 30, 54, 75].

Stiitz et al. [57] implemented two approaches in a mobile AR
application to assist users in portion estimation and ingredient de-
termination. The first uses 3D points and a 3D shape approximation,
while in the second the nutrient content is approximated by using
a ruler. An experimental study with 28 subjects demonstrated the
application significantly helps users estimate portions and is easy
to use. Here, the approach using 3D shapes was more accurate than
the second approach. However, further analyses are required for
other types of food and complex dishes.

A similar system was developed by Zhang et al. [75], Mellos et al.
[43] or Lam et al. [44]. Lam et al. [44] conducted a controlled study
of 36 adults with and without a health science background. The
results showed that the application had a good System Usability
Scale (SUS) level of 76, but feedback from the study participants
indicated that the user interface could be improved in terms of
design and smoothness. While estimating food portions, 22.5% in
the non-health science group and 26.6% in the group with health
sciences correctly estimated sizes using the application. Overall,
the portion size was overestimated, however.

A different approach to determining portion size was taken by
Tanno et al. [60] who developed a mobile AR application with the
Apple ARKit framework that uses CNN. Here, after taking a photo,
the food and its world coordinates are detected using CNN. The
area is directly calculated using AR. As this is a 2D quantity, the
calorie percentage is then estimated using a quadratic curve. This
improves the accuracy of the calorie estimate.
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Rollo et al. [52] developed a mobile AR application to assist in
proper food portioning. A controlled study showed the tool was
easy to use and had the potential for optimal portion size. However,
it was difficult to see the real amount of food already served under
the virtually displayed food, and especially with white food, the
contrast to the white plate was too low. The application should be
tested with more dishes in the future.

VR can help users estimate portion sizes by providing virtual
cafeterias that display different food and beverage models. An ex-
perimental study by Isgin et al. [30] revealed that their system was
easy to use and efficient for nutrition education, especially with
younger people. However, it did not support other senses like smell
or touch, and adaptations were needed for people with physical
disabilities and visual-induced motion sickness [30]. Similar results
were shown in the studies by Sajjadi et al. [54] and Ho et al. [29]
who evaluated virtual environments for portion sizing. In the ex-
perimental studies, it was shown that virtual learning improves the
identification of food and the estimation of portions [29, 54]. Still,
further studies with more participants and foods are necessary to
draw representative conclusions [29, 54].

4.5 Others

A few studies were also found, which addressed other topics for
nutrition and diet education. Here, two studies utilize VR [41, 58]
and one uses an AR application with HMD [46]. Since the feeling
of satiety depends not only on the actual amount eaten but also
on external factors, Narumi et al. [46] designed an AR application
that changes the perception of food by magnifying it to influence
the feeling of satiety and food intake. An experimental study with
12 participants showed the system could control food intake and
satiety perception. However, the size of food was only adjustable
when held by hand or cutlery, and the long-term effects remain
unclear.

VR can also aid weight management through an application
developed by LeRouge et al. [41], which uses virtual avatars and
coaches. The application motivates a healthy lifestyle and allows
users to interact with personalized health coaches at any time
and from anywhere. An experimental study showed that the test
subjects enjoyed the interaction.

In the comparative study by Sullivan et al. [58], using the VR
application Second Life, it was shown that patients with VR were
able to maintain their weight more easily, but patients with per-
sonal treatment reduced their weight more. Results suggest that
by spending more time at Second Life, participants learned more
about how healthy dieting could make long-term changes in their
behaviors, and maintain anonymity, despite the lack of travel or
cost.

5 DISCUSSION

This section discusses the answers to the research questions raised
in Section 1 based on the results found through the systematic
literature research.
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5.1 RQ 1: How can AR and VR be utilized for
nutrition and diet education?

Both AR and VR can be applied to education in nutrition or diets. AR
is often deployed in the form of mobile applications, as they can be
used by various people and in any location. The Unity and Vuforia
development environments are often used to develop applications
that can recognize objects such as food packaging, fruit, or food with
the help of the smartphone camera to display additional information
about nutritional content. This can assist users in assessing foods
and correctly interpreting nutritional information. Special focus can
be placed on diabetic patients, who have to pay particular attention
to their diet, and it can also offer them help in tracking their eating
habits. To teach children about healthy nutrition, AR games can be
introduced to learn about nutrition and healthy food playfully. Of
course, VR games can also be used for children’s education.

Another area of application is grocery shopping. With the help
of AR, the user can be provided with additional important infor-
mation while shopping or be made aware of healthier alternatives
to support a healthy diet. The information can also be personal-
ized and address individual dietary needs, such as daily nutritional
requirements or allergies.

Virtual supermarkets offer a realistic environment for scientists
to analyze purchasing behavior, helping people eat healthily in
the long term. They provide product information and support pur-
chase decisions. Regular visits to virtual supermarkets can improve
long-term purchasing behavior. Mobile AR systems and virtual en-
vironments can help estimate ingredients and portion sizes, with
camera recording aiding in estimating the ingredients of the dishes
and food volume calculation. Users can interact with virtual cafete-
rias to compare portion sizes.

Other uses of AR are estimation, meal size modification, and
weight loss control. By increasing meal size and reducing food
consumption, users can feel more satisfied and manage their weight.
Virtual environments with nutrition information and virtual agents
can also aid in weight loss.

5.2 RQ 2: What are the advantages and
disadvantages of AR and VR for education
in nutrition and diet?

The advantages of mobile AR applications for nutrition and di-
etetics education are that they can be easily accessed through a
smartphone or tablet, so numerous people can be reached through
these applications. In addition, most users in the studies perceived
the AR and VR applications as easy to handle and utilize and would
continue to use them in the future. In particular, games for children
and young people were found to be fun and interesting, and they
enjoyed learning with the applications.

Through the studies, it was shown that the AR and VR appli-
cations helped participants improve their knowledge regarding
nutrition and diet so that by simply providing information, mis-
interpretations, and misconceptions can be reduced and healthier
eating decisions can be made. They also aid in estimating por-
tion sizes, calorie ratios, and food volume, thereby improving diet
monitoring and assessment. Furthermore, these applications can
help reduce weight and maintain it over time, thereby promoting
healthier eating habits.
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Virtual supermarkets can be utilized to change purchasing be-
havior and thus reduce the time spent shopping. In parallel, they
enable the scientific analysis of purchases to develop further aids
for learning healthy purchasing behavior.

The disadvantages of AR and VR, or the limitations of the studies
found, nevertheless, are that these are often only pilot studies with
a small number of participants. This means that learning successes
can only be demonstrated in a small number of people and are not
representative of the wider population, as they also only take into
account a specific population group such as members of a university
or children. In this context, it should be noted that the studies were
all conducted in different countries and, despite different cultures,
yielded similar results. Another disadvantage of the studies is that
they were mostly carried out over a short period and no long-term
effects on nutrition education have been demonstrated. In addition,
the studies were often conducted with only one group and no
control group, and thus it was not analyzed whether education
with AR and VR provides better learning outcomes for nutrition
compared to conventional methods.

The technologies can be challenging for some users, including
elderly people, who have little experience in using smartphones,
children, who find it difficult to hold the smartphone in their hands
for a longer period without covering the camera, and those with
physical disabilities or motion sickness. Additionally, there are
technical limitations such as computationally intensive applications
which can be problematic for some smartphones and head-mounted
devices such as Hololens. Furthermore, HMDs are still not wide-
spread, so smartphone applications are currently more suitable for
the majority of users.

Since other senses such as smell, taste or texture are also essential
in learning healthy cooking, it is also a disadvantage that these
senses are not yet addressed by AR or VR applications.

5.3 RQ 3: What future research work is needed
to apply AR and VR to nutrition and diet
education?

Regarding the previously described disadvantages of the use of VR
and AR, more research will be needed in the future for education
in nutrition and diet. During the systematic literature review, the
following six research challenges were extracted that require further
consideration in the future:

(1) Larger and long-term studies: For one, the studies need
to be applied to larger participants and populations, and the
results need to be compared to traditional teaching meth-
ods. It should therefore be determined in more detail which
concrete applications lead to the learning process being im-
proved and what the long-term learning achievements are.
This is for example needed in nutrition education for children
or people with special needs.

Improved product data and databases: More product data
are needed to provide additional information on more foods
regarding their ingredients, or more product information
could be shown in general and not just focus on a few in-
gredients. In addition, the studies should be conducted with
more foods to provide more meaningful results.
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(3) Improved food recognition: The recognition processes
should be improved to recognize the foods faster, more accu-
rately, and reliably or to determine their size. This should be
developed especially for those foods that are more difficult
to detect due to their surface or shape such as fruits or meat.
This challenge mainly needs to be faced in nutrition informa-
tion applications where additional information is displayed
next to the food for example during grocery shopping or for
portion size estimation applications.

(4) Limited processing power: Since image recognition, in
particular, is computationally intensive, and the applications
run on mobile devices or HMDs with limited computing ca-
pacity, it is necessary to improve the algorithms or accelerate
them.

(5) Data privacy and security: Concerning technologies, data
privacy and security is still an open issue that needs to be
considered in the future as it is not yet addressed. Most
applications use and collect a lot of personal and sensitive
health data of the users, which offers a target for data leakage.

(6) Sustainable nutrition education: The approaches found
do not yet include any education regarding sustainable nu-
trition. As food, in particular, is responsible for over a third
of human-made greenhouse emissions [15], it is necessary
to adapt eating habits sustainably and educate people about
this, because of climate change. For example, plant-based
alternatives could be provided during grocery shopping or
suggestions for reducing meat consumption.

6 SUMMARY AND FUTURE WORK

This paper reviews and analyzes recent studies on nutrition and
diet education using AR and VR. The results show that AR and VR
can enhance knowledge and change behavior by providing more
information about product ingredients and their meanings. The
research shows that users perceive AR and VR as helpful and easy
to use, leading to improved knowledge about their diet and health-
ier eating habits. Nevertheless, future research is still needed to
study the effects with long-term studies and with a larger number
of subjects and to compare them with traditional teaching meth-
ods. Additionally, user interfaces and food recognition need to be
optimized for more accurate product detection.
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